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Marius Eugen Ciurea, Stelian Mogoantă, and Ion Rogoveanu
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Hepatocellular carcinoma (HCC) has had a continuous
increase worldwide in incidence over the last two decades.
The development of HCC has a complicated process and
correlates to numerous risk factors including hepatitis virus
infection, alcoholism, food toxins, diabetes, obesity, smoking,
congenital liver diseases, and errors of metabolism. Molecu-
lar links are also identified, which characterize tumorigenic
intracellular pathways and suggest molecular targeted thera-
pies.

Each year, HCC is diagnosed in approximately 630,000
people worldwide and more than half of the new cases come
from China. Correct understanding and interpretation of the
details of carcinogenesis, establishment, and progression of
this cancer is of paramount importance for its treatment
with good outcome. There are many therapeutic modalities
for treatment of HCC but evidence-based approach to the
multidisciplinary management is substantial.

This special issue contains the research papers focusing
on the current general interest in HCC, including basic
research, laboratory study, diagnosis, and treatment. Study
on molecular aspects of HCC is a highlight of this special
issue, involving microRNAs, genes, tumor markers, and so
forth. We hope that these articles will stimulate the lasting
exertion to unveil the mechanism of HCC development and
progression and cast new insights into HCC establishment
and management.

Yong-Song Guan
Mohammad Ahmad Al-Shatouri

Qing He
Wei Mike Liu
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Background and Aims. Hepatocellular carcinoma (HCC) remains a leading cause of death by cancer worldwide. Computerized
diagnosis systems relying on novel imagingmarkers gained significant importance in recent years. Our aim was to integrate a novel
morphometric measurement—the fractal dimension (FD)—into an artificial neural network (ANN) designed to diagnose HCC.
Material and Methods. The study included 21 HCC and 28 liver metastases (LM) patients scheduled for surgery. We performed
hematoxylin staining for cell nuclei and CD31/34 immunostaining for vascular elements. We captured digital images and used an
in-house application to segment elements of interest; FDs were calculated and fed to an ANN which classified them as malignant
or benign, further identifying HCC and LM cases. Results.User intervention corrected segmentation errors and fractal dimensions
were calculated. ANNs correctly classified 947/1050 HCC images (90.2%), 1021/1050 normal tissue images (97.23%), 1215/1400 LM
(86.78%), and 1372/1400 normal tissues (98%). We obtained excellent interobserver agreement between human operators and the
system. Conclusion. We successfully implemented FD as a morphometric marker in a decision system, an ensemble of ANNs
designed to differentiate histological images of normal parenchyma from malignancy and classify HCCs and LMs.

1. Introduction

Hepatocellular carcinoma (HCC) represents a major health
concern as it represents the third cause of cancer-related
mortality [1, 2] and fifth in incidence [1–5], being at the
same time the second most prevalent liver tumor (after
liver metastases) and first hepatic primary malignancy [2].
Curative treatment is reserved for early stages of the disease;
tumor size and number as well as the state of previous liver

disease play an essential role [6–8].Therefore, early diagnosis
and the requirement for precise identification are essential
for improving the management of these patients. The latest
guidelines underline the need for new biomarkers designed
to identify responders to therapy and for trial enrichment [8].

As the primary diagnosis methods for HCC rely on
contrast-enhanced arterial uptake imaging, liver pathology
is usually reserved to tumors of undetermined origin or
too small to be properly investigated noninvasively, or for
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the evaluation of treatment in clinical or experimental trials
[7, 8]. Hence, the clinician needs accurate and rapid diagnosis
on small pathology samples.

The use of computerized aided methods for histological
evaluation of tissue samples has been present in usual
practice for several decades; however, great improvements
were obtained in recent years, with the rapid evolution of
computational methods and the increased complexity of
algorithms. Fractal image analysis with the determination of
fractal dimension (FD) emerged as useful tools for classifica-
tion of natural shapes that do not follow normal geometrical
conformations [9, 10]. This method is nowadays used in
pathology [11–16] as well as in other medical imaging fields,
providing precise quantification for various elements. The
spatial distribution profile in relation to the gauge of a given
space represents the basis formostmethods of calculating the
fractal dimension, models based on the work of Hausdorff
and Kolmogorov being the most suitable for quantitative
appreciation [17–19].

Computer-aided diagnosis (CAD) systems are indepen-
dent decision systems employed in medical management
of several pathologies, with an emphasis on various malig-
nancies [20–24]. From the multitude of currently available
artificial intelligence systems, the most useful tools have been
proven to be based on machine learning (ML), especially
artificial neural networks (ANN). Found in various iterations,
ANN systemsmimic the architectonics of the human brain in
order to solve classification problems, thus making excellent
decision-making systems inmedical diagnostics and progno-
sis [22–24].

In this paper, we present a novel application of fractal
image analysis with FD calculation and integration in an
ANN model for classifying liver tumors and especially HCC
diagnosis.

2. Materials and Methods

2.1. Patient Selection. The studywas conducted in accordance
with the Declaration of Helsinki. Patients were not subjected
to any investigation or operatory maneuver other than those
appropriate for their condition. Informed consent for all
procedures was obtained as standard procedure required and
supplemental written acknowledgement on the inclusion in
the study was given prior to manipulation and interpretation
of the histological fragments. The Ethical Committee of the
University of Medicine and Pharmacy of Craiova as well as
that of the University Hospital expressed their consent to the
study.

We prospectively included between January 2010 and
December 2012 a total of 49 patients scheduled for surgery—
21withHCCand 28with livermetastases (LM). Interventions
were performed within the Department of Surgery, Univer-
sity Hospital of Craiova. Tumors were removed along with
healthy tissue during lobectomies following usual protocols,
and we collected fresh tissue samples for histological process-
ing and analysis.

Patients were selected from those diagnosed with liver
tumors scheduled for surgery with the intent of performing
liver resection. For HCC this implied patients with Stage 0 of

disease, according to the Barcelona criteria [6, 8]. After the
intervention, we surveyed the patients for a minimum period
of six months to make sure the initial diagnosis was correct
and to evaluate their postoperative condition.

2.2. Pathology Specimens and Expert Interpretation. Hema-
toxylin staining was used for nuclear chromatin disposi-
tion and immunohistochemical staining with CD34/CD31
antibodies was used for assessing vascular patterns. Both
techniques have been previously described in detail by our
group [25]. Briefly, for immunostaining we used overnight
incubation with an anti-CD34 and anti-CD31 antibody cock-
tail (Clones QBEnd-10, Dako, and, JC70A, 1 : 100 dilution,
resp.) and then used a polymer-HRP system for amplifi-
cation (Dako, Denmark). Detection was performed with
33diaminobenzidine (Dako, Denmark) and counterstained
with hematoxylin for marking the nuclei.

A total of ten slides were prepared for each case, five
with tumoral parenchyma and five with normal surrounding
tissue. We then proceeded to record 100 consecutive images
(10 per each slide) and digitally stored them for each patient.
Weused aNikonEclipse 90imicroscope (Apidrag, Bucharest,
Romania) with apochromatic 40x and 60x objectives for
imaging, coupled to a dedicated 5-megapixel CCD camera for
recording the uncompressed images.

Two pathologist experts in diagnosing HCC and LM,
blinded to the initial diagnosis, gave their interpretation on
each image (DP and MC). Their assessment was tested with
the agreement coefficient by using the weighted Kappa test.
The strength of the agreement as expressed with the Kappa
coefficient [26] was quantified as negligible (values between
0.00 and 0.20), slight (0.21–0.40), moderate (0.41–0.60), great
(0.61–0.80), and excellent (0.81–1.00).

2.3. Image Processing and Calculation of FDs. Uncompressed
images in Bitmap format were processed in a custom-
created computer program. The software was created as an
application in MATLAB (MathWorks, USA). The software
interface is presented in Figure 1. The process through which
blood vessels and cellular nuclei were selected is illustrated in
Figure 2.

The image color spacewas translated from red-green-blue
(RGB) signature to a hue-saturation-value (HSV) defined
color space which allowed segmenting each image and
extracting the nuclear signatures and vascular axels.The soft-
ware threshold eliminated any element under 10 pixels, con-
sidered artifacts. This step also allowed us to ignore incom-
plete nuclei which did not fit entirely in the imaging field.

In order to make it even easier to segment the nuclei or
vascular elements, the “value” parameter was set constant;
thus, the whole color space became two-dimensional. By
using a color threshold and selecting the “blue” or the
“brown” pixels from the images we were able to clearly
determine the nuclei/vascular elements from the background
and automate the selection.

By using the fractal box-counting algorithm, FDs were
obtained as the regression slope of the regression line for the
log-log plot of the scanning box size and the count from a
box-counting scan.
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(a)

(b)

(c)

Figure 1: (a)–(c) An overview of the interface designed for selecting and calculating FDs. (a) An individual image is loaded; then values for
the reference hues and standard deviations as well as the desired saturations can be either typed in the designated box or manually selected
with the mouse cursor on the image representation on the left. (b)The operator receives a visual confirmation of the selection and can further
adjust the parameters in order to make it more accurate. (c) The FD is calculated and a graphical representation of the log-log function is
presented to the user. After the cycle is completed, the user can batch-process entire series of images. Values for FDs are automatically saved
as lists of comma-separated values and are fed to the ANN system.

A fractal dimension is a synthetic index for characterizing
fractal patterns or sets by quantifying their complexity as a
ratio of the change in detail to the change in scale. Basically, in
our approach, this is a non-Euclidian morphological param-
eter that aims to quantify the roughness or the irregularity of
the perimeter line of the nuclei or of the vessels’ outlines.

Starting from the general formula of the FD, consider 𝑒 as
the box length (scale),𝑁(𝑒) as the number of boxes required
to cover the structures (detail), FD as the fractal dimension,
and 𝐶 as a constant number:

𝑁(𝑒) = 𝐶 ∗ 𝑒
DF
. (1)

We obtained the numerical approximation of the FD:

FD = slope(
Log (𝑁 (𝑒))
Log (𝑒)

) . (2)

The nuclear fractal dimension (FD) on each image was
estimated by using an in-house implementation of the box-
counting algorithm using MATLAB.The algorithm returned

the FD of a binary image object using the polyfit MATLAB
standard function for obtaining the slope and was designed
as follows.

(1) Pad the image with background pixels so that its
dimensions are a power of 2 (0 is background).

(2) Set the box size “𝑒” to the size of the image.
(3) Compute 𝑁(𝑒), which corresponds to the number of

boxes of size “𝑒” which contains at least one object
pixel.

(4) If 𝑒 > 1 then 𝑒 = 𝑒/2 and repeat step (3).
(5) Compute the points log(𝑁(𝑒)) × log(1/𝑒).
(6) Use the least squares method to fit a line to the points.
(7) The returned FD (Hausdorff) is the slope of the line.
We registered and automatically analyzed 100 images per

patient (10 images for each slide, 10 slides equally divided
between tumor and normal parenchyma), totaling at 4900
images for all cases.This high number ensured a large enough
sample for the ANN system described below.



4 BioMed Research International

HCC LM

(a) (a)

(b) (b)

(c) (c)

Figure 2: (a)–(c)The process of selecting vessels and nuclei for calculating FDs. (a)The initial pathology images.The pathologist can observe
the large pleomorphic nuclei and the enlarged nucleus/cytoplasm ratio as well as the prominent nucleoli. Also, after immunohistochemical
staining for newly formed blood vessels, the relative paucity in the case of LM as opposed to HCC can be observed. (b)The vessels are selected
automatically by the software. (c) The same process is applied on the predefined color channels for cellular nuclei.

2.4. Computerized Diagnostic System Based on Artificial
Neural Networks. The resulting FDs were automatically fed
by the software application to a double-layer feed-forward
ANN designed to classify images as malignant or benign;
furthermore, a second ANN collected all mean FDs of malig-
nant images from each case and determined if the tumor
was more likely to be HCC or LM. Both the ANN models
were developed in MATLAB and fully integrated within
the graphical interface. As we established from previous
work, optimal ANN layout for classification tasks in image
processing is usually the simplest.Thus, we chose the network
architecture to contain only one hidden layer, with an input
layer and one layer dedicated for the output (Figure 3).

Briefly, ANNs are made up of multiple interconnected
units called “neurons,” each containing a transfer function.
They are organized in “layers” which usually perform a
function—mostANNmodels contain, for instance, one input
layer (for receiving the parameters) and one output layer for
giving results, based on calculations made in intermediate
layers by interconnected neurons. Neurons are connected by
“synapses” and the ones in the intermediate layers attribute
“weights” to each variable, based on the strength of the

connection. If a connection is used multiple times to reach a
solution, that parameter gains importance towards a decision,
thus establishing a hierarchy within the system [27–29].

In ourmodel, neurons in the hidden layer of the firstANN
associated transfer and processing functions for each FD of
all elements in a given image. The sum of products between
synaptic weights and neuron values classified them as benign
and malignant (i.e., identifying if it is an image of normal
parenchyma or from the tumor area). Similarly, the second
ANN received the mean FDs per malignant image for each
set corresponding to a patient and attributed weights to each
value. By summing them this ANN reached a conclusion of
either HCC or LM. The suggestions given by the networks
also received a probability score—the percentage from the
ideal score for the ideal value.

For both ANN models, the sets of FDs (for elements in
an image and for each patient, resp.) were randomly divided
into training, validation, and testing sets, respectively (50%
training, 25% validation, and 25% testing). In short, during
the training phase the system learned how to classify an image
by comparing the values obtained in the evaluation with the
correct diagnosis, therefore establishing the weights of each
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FD1 FD2

FD5 FD6 FD7 FD8

FD9 · · · · · · FDn

Variables
Input layer Hidden layer Output layer

Output
(classification)

FD3 FD4

Back-propagation algorithm

Figure 3: Graphical representation of an ANN. The FDs are imputed to corresponding neurons in the first layer of the ANN, which in turn
send the data to all neurons of the hidden layer. The neurons in this intermediate layer establish an importance value for the output layer,
which presents the user with a result, classifying the image into one category.

Table 1: Characteristics of the patient lot.

Hepatocellular carcinoma Liver metastases
Men Women Men Women

Number of cases 17 4 20 8
Median age (min/max)∗ 54 (48/69) 59 (44/68) 51 (43/66) 50 (46/70)

Preexisting conditions
Chronic viral hepatitis B 3 0 0 0
Chronic viral hepatitis C 2 1 1 0
Cirrhosis (B) 6 3 0 0
Cirrhosis (C) 3 0 0 0
Cirrhosis (B and C) 2 0 0 0
Other malignancies 0 0 20 8
Alcohol consumption 9 0 8 0
Smoking 11 2 14 3

Characteristics of the tumor
Single tumor∗∗ 17 4 17 6
Median size (min/max)∗∗∗ 1.9 (1.0/2.0) 1.7 (1.0/1.9) 6.1 (2.4/7.1) 5.9 (2.1/8.2)
∗Age in years; ∗∗for multiple tumors, only the largest in size is reported in the table; ∗∗∗diameter in centimeters.

synapse. We used a back-propagation algorithm and 10-fold
cross validation which we previously used [27–30] in order
to minimize overfitting (ultraclassify based on rigid rules).
We were able to change the learning rate and determine the
number of epochs (iterations needed for completion of the
training phase) and perform adjustments in real time.

A workflow of the whole study protocol can be observed
in Figure 4.

3. Results

3.1. Characteristics of the Patient Lot. We included a total
of 49 patients (37 men) who met the inclusion criteria and
were available for at least six months of followup. Their
characteristics are summarized in Table 1. No patient died or
dropped out during the follow-up period. We could observe
that tumors were more prevalent in men (37 men versus
12 women), with a 4.25 : 1 male : female ratio for HCC and
2.5 : 1 ratio for LM. All but one of the HCC patients had

a history of chronic viral hepatitis infection, either B (12
cases, 9 with cirrhosis) or C (6 cases, 3 with cirrhosis); we
also found two cases with cirrhosis of mixed B and C viral
etiology. All LM cases had other prediagnosed tumors (14
colon adenocarcinomas found during colonoscopy, 12 lung
cancers confirmed by chest radiograph and CT scan, and
two gastric cancers confirmed on endoscopy) for which they
underwent curative treatment (data not shown). One LM
patient had a history of chronic viral C hepatitis. We also
acknowledged the importance of both alcohol intake and
smoking as a risk for developing cancer, with both habits
being highly prevalent in our patient lots.

All HCCs were single tumors with diameters below 2 cm,
making them ideal candidates for liver resection. For LM, 5
cases presented multiple tumors; the median diameters were
approximately three times higher than those of HCCs.

3.2. Human Histological Interpretation. The two pathologists
randomly reviewed the images recorded from slides and
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21patients

HCC

28patients
Liver

metastases

Tumour

Parenchyma

5 slides 5 slides
Haematoxylin Haematoxylin

CD31/CD34CD31/CD34

50RGB images
×

21/28 cases

50RGB images
×

21/28 cases

Color space conversion to hue/saturation/value
color space

Operator
intervention

Automated
segmentation

FDs of all
elements

Artificial neural network 1

Artificial neural network 1

Malignant Benign

HCC LM

Exclusion of elements
below a

threshold

Central area
I II

III

Periphery

10-pixel

Figure 4: Overview of the study protocol. Tissue samples from the liver resection pieces of 49 patients with either HCC (21) or LM
(28) undergo hematoxylin staining and CD31/34 immunohistochemistry. RGB images are converted in the HSV space and elements are
semiautomatically segmented with the calculation of FDs for each element, either cell nuclei or vascular axels. Elements below a 10-pixel
threshold are automatically excluded, and the remaining data is fed to a first ANN which classifies the image as either malignant or benign.
All malignant images are further classified by a 2nd ANN into either HCC or LM. (The RGB and HSV images provided as examples are
reproduced from http://commons.wikimedia.org/wiki/User:SharkD and were originally licensed under the Creative Commons Attribution-
Share Alike 3.0 Unported license.)

gave their expert opinion based on the overall appearance
of the image. The Kappa coefficient was calculated and
the agreement between the two observers was found to be
excellent (Kappa of 0.998; standard error of Kappa = 0.001;
95% confidence interval = 0.996–0.999).

The first pathologist correctly identified 99.6% of all
HCC images while the second pathologist correctly identified

99.4% of all HCC images (Table 2); four images were misin-
terpreted by both as being LM. In the case of LM, the first
pathologist identified 98.4% of the images and the second
pathologist identified 98.8%of the images (Table 3); 17 images
were misinterpreted by both as being HCC. No normal
parenchyma image was misinterpreted by any of the two
pathologists, and no image from any of the tumors was
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Table 2: Number of correct interpretations of random images by the
first pathologist.

Identified as. . . Correct diagnosis
HCC LM Normal tissue

HCC 1046 4 0
LM 22 1378 0
Normal tissue 0 0 2450

Table 3: Number of correct interpretations of random images by the
second pathologist.

Identified as. . . Correct diagnosis
HCC LM Normal tissue

HCC 1044 6 0
LM 17 1383 0
Normal tissue 0 0 2450

interpreted as normal. When they reviewed all images from
each case, both pathologists gave the correct diagnosis on a
per case basis.

3.3. Fractal Analysis of Histological Images. The interface
allowed us to select the hue interval and the saturation level
manually and set the reference values for all images.This was
possible for two independent elements, in our case for cellular
nuclei and vascular vessels (see Figures 1(a) and 1(b)). Visual
inspection of a given image was possible; however, FDs were
batch-calculated by the software (Figure 1(c)). Overall, the
automated segmenting algorithm correctly selected 92% of
the HCC image sets (1932/2100) and 90% of the metastases
sets (2520/2800). Manual corrections were applied to the
other images in order to provide an accurate FD calculation
(i.e., not to over- or underselect a certain element, either
nuclei or vascular vessels). We thus obtained the two sets of
variables to be fed into the first ANN system—the FDs for
nuclei and for vascular elements (see Table 4 for an overview
of the data).

Once theANNdecided an image represented amalignant
area, the software calculated two median FDs per image and
further fed the data on a per patient basis to the second ANN
system, in order to evaluate whether it is a case of HCC or of
LM (see Figure 3 for details on the working protocol).

3.4. The ANN Decision System. The first ANN system suc-
cessfully identified all 2450 images obtained from the two
tumor types (Table 5). However, the systemmisinterpreted 57
(2.32%) images of healthy parenchyma as being malignant.
The overall sensitivity and specificity of the first ANN were
100% and 97.6%, respectively.

The second ANN system thus received 2507 images as
malignant (including the 57 misinterpreted images from the
first ANN analysis). Its sensitivity was 90.19% and specificity
was 86.78%. It correctly classified 947/1050 (90.2%) and
1215/1400 metastases (86.78%) and classified the wrongly
included parenchyma images into HCC (27 images) and LM
(30 images).

Table 4: Distribution of FDs obtained for individual cell nuclei and
blood vessels via automated analysis. This data constituted input
parameters for the first ANN.

Cell nuclei Blood vessels
Median FD per element

HCC 1.78 1.83
LM 1.64 1.41
Normal tissue 1.21 1.12

Minimum FD per element
HCC 1.23 1.63
LM 1.18 1.11
Normal tissue 1.03 1.02

Maximum FD per element
HCC 1.91 1.96
LM 1.94 1.63
Normal tissue 1.68 1.36

Table 5: Number of correct interpretations of random images (after
the completion of the training phase) by the ANN system.

Identified as. . . Correct diagnosis
HCC LM Normal tissue

HCC 947 103 0
LM 185 1215 0
Normal tissue 27 30 2403

We then proceeded to calculate the Kappa level of agree-
ment between theCAD system and the two human operators,
obtaining excellent agreement in both comparisons. The
results are presented in Table 6.

4. Discussions

We present here what we believe is the first automated
system to integrate fractal image analysis of liver tumors
and parenchyma into a computer-aided diagnostic system,
by providing fractal dimensions to a combined system of
single-layer feed-forward artificial neural networks that can
classify histology images into liver primary or secondary and
recognize normal parenchyma.

We have previously reported in a pilot study [25] the
first results of using FD in discriminating between HCC
and various cases of LM; our previous results showed good
discriminating capabilities of this morphometric parame-
ter on a small number of cases with a large number of
extracted images. We now established on this extended lot of
prospectively selected patients that indeed FD can be used to
discriminate betweenmalignant and benign histology images
and more specifically can differentiate HCC from LM.

Fractal analysis relies on the morphological complexity
and the intrinsic self-similarity that most natural shapes
occurring in nature possess. Calculation of FD is performed
by quantifying the ability of an item to fill the space it
resides in. For bidimensional structures that are represented
in the plane of a digitized image, for instance, the FD can
only be between 1 (corresponding to a straight line) and 2
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Table 6: The level of agreement between the CAD system relying on FDs and the human operators that subjectively evaluated the images.

Comparison Kappa Standard error 95% confidence interval Force of concordance
Observer 1 and CAD 0.978 0.003 0.973–0.983 Excellent
Observer 2 and CAD 0.898 0.005 0.887–0.909 Excellent

(a filled circle that matches the density of the space). Usage
of FD has proved to be beneficial in pathology, as various
structures could be evaluated in this manner, especially in
neural structures, tumor angiogenesis, or fibrotic processes
within the liver [31–35].

The RGB color model is good for presenting images on a
computer screen to a human operator, as itmimics the human
eye model. The problem with its Cartesian representation (a
cube with each axis representing a base color) is that it is
nonintuitive in the matter of the “next” or closest color when
trying true images color comparisons. Moreover, we used
real images from histological stained tissue in which we were
interested in brown (CD31/34 immunolabeling for vessels)
and blue (hematoxylin for nuclei) colors. It was thus possible
to have similar values of both colors in the same pixel and
therefore we could not decide if it is part of the element of
interest or of the surrounding elements. The HSV is one of
the most common cylindrical-coordinate representations of
points in an RGB color model. The representation rearranges
the geometry of RGB in an attempt to be more intuitive and
perceptually relevant than the Cartesian representation.

Delides et al. [16] used FD as a prognostic factor for
laryngeal carcinoma, while Goutzanis and his team proved
that increased FD for cellular elements is inversely correlated
with survival in oral cancer. The results presented in our
study can be successfully applied when analyzing response
to chemotherapy. It can evaluate the posttreatment state of
newly formed blood vessels after Sorafenib usage and can
possibly stratify patients according to response rates.

A very recent study concluded that if a resected liver
tumor contains poorly differentiated components, it is safe
to assume poor prognosis and high recurrence rates [36].
The system described here can find its utility in this field, as
FDs are sensitive morphometric tools for assessing cellular
and vascular features. Other previous studies also theorized
on the usage of FD in cancer prognosis [34, 35]; our system
integrates ANNs into the diagnosis and therefore can increase
the specificity and sensitivity of such a method.

Our system relied on a perceptron feed-forward hidden-
layer ANN and used back-propagation algorithms.This setup
was proven to be the better choice when designing medical
diagnosis tools; its simple architecture is best suited to avoid
overfitting and is at the same time one of the fastest available
[20, 27]. The use of automated image interpretation tools in
medicine greatly depends on the quality of the data received
by the system, and machine-based learning systems can
increase the accuracy of any image analysis tool that is based
on quantitative assessment of feature elements [37–40]. The
effectiveness of this layout was proven by excellent training
and validation times, with few cycles being sufficient for
optimal results. The testing phase maintained the fast rates
already shown in the previous phases. We calculated the

Kappa coefficient in order to determine the interobserver
agreement between the ANN system and human operators
and found excellent correlation between their interpretations.

The system can therefore be integrated in training
applications for medical practitioners or can serve as an
independent assessor for aiding pathologists in presenting
a diagnosis. It will be available on the World Wide Web
as a free online tool and can be accessed at the address
hepfracnet.umfcv.ro. Current imaging analysis methods are
heavily dependent on the experience of the pathologist,
and they rely on subjective interpretations; introducing a
parameter that is size irrelevant such as FD in conjunction
with a learning system can prove to be extremely beneficial
for improving both the time needed for a diagnosis and
medical decisions. Previous studies [22–24] showed that both
tumor grade and vascular invasion can be predicted by the
use of ANNs; furthermore, clinical decision-making can
benefit from the use of computer-aided diagnostic systems.

Our study suffers from some limitations; HCC patients
that qualify for liver resection are usually selected from those
with an early diagnostic and are therefore somewhat less
frequent. Therefore, we could not include a large number
of patients and also did not try to stratify the lot based on
histological grading. We believe that in such low numbers
the system can be able to differentiate different stages of
HCC; however, these results may not be reproducible in
larger cohorts. Our pilot statistical study on the usage of FDs
for HCC diagnosis [25] showed promising results in terms of
identifying the type of LM; however, as we already predicted,
these results could not be reproduced in this larger-scale
design. The study may benefit from an increased number of
heterogeneous images from more HCC cases, as the nature
of ANNs is to evolve with an increased training dataset.
Also, experimenting with other architectures or types of
machine learning techniques may provide improved results.
The use of other patient data (from both patient history and
blood tests, for instance) as well as imaging parameters can
greatly improve the accuracy of a CAD system in diagnosing
liver focal lesions. In this manner, as some of our previous
researches suggest, metastases can be further classified
according to origin and a multitude of other liver lesions
may be well diagnosed [27–29].

In conclusion, we successfully proved that nuclear and
vascular FDs calculated from histological images are good
quantifiers for morphological aspects of liver parenchyma
and can therefore fit perfectly as input variables in a
perceptron feed-forward hidden-layer ANN system. Our
implementation could distinguish between malignant and
benign histological images and further classify malignant
images into either HCC or LM, thus distinguishing between
primary and metastatic tumors within the liver. This system
may have excellent applications in telemedicine, medical
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training, or time-efficient diagnostic of HCC cases and can
positively influence response to both surgical and drug-based
treatments.

Conflict of Interests

The authors have no conflict of interests to declare.

Authors’ Contribution

Costin Teodor Streba, Dan Ionut, Gheonea, and Letit,ia Adela
Maria Streba share equal contribution in the study design
and preparation and drafting of the paper and share first
authorship. Costin Teodor Streba and Dan Ionut, Gheonea
proposed the idea and performed all the experiments; Mircea
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Organ-specific characteristic of endothelial cells (ECs) is crucial for specific adhesion of cancer cells to ECs, which is a key
factor in the formation of organ-specific metastasis. In this study, we developed a coculture of TMNK-1 (immortalized liver
sinusoidal ECs) with 10T1/2 (resembling hepatic stellate cells) to augment organ-specific characteristic of TMNK-1 and investigated
adhesion of two pancreatic cancer cells (MIA-PaCa-2 and BxPC-3) in the culture. MIA-PaCa-2 and BxPC-3 adhesion in TMNK-
1+10T1/2|coating culture (TMNK-1 monolayer over 10T1/2 layer on collagen coated surface) were similar. However, in TMNK-
1+10T1/2|gel (coculture on collagen gel surface),MIA-PaCa-2 adhesion was significantly higher than BxPC-3, which was congruent
with the reported higher propensity of MIA-PaCa-2 than BxPC-3 to form liver metastasis in vivo. Notably, as compared to BxPC-
3, MIA-PaCa-2 adhesion was lower and similar in TMNK-1 only culture on the collagen coated and gel surfaces, respectively.
Investigation of the adhesion in the representative human umbilical vein ECs (HUVECs) cultures and upon blocking of surface
molecules of ECs revealed that MIA-PaCa-2 adhesion was strongly dependent on the organ-specific upregulated characteristics of
TMNK-1 in TMNK-1+10T1/2|gel culture. Therefore, the developed coculture would be a potential assay for screening novel drugs
to inhibit the liver-microvasculature specific adhesion of cancer cells.

1. Introduction

Metastasis is a series of well-defined interrelated steps
through which cancer/tumor cells of a primary tumor in an
organ form secondary tumors/metastases in other organs.
During metastasis process cancer cells from a primary tumor
locally invade the surrounding tissue, enter the nearby vascu-
lar system (intravasation), and go into the vascular system of
a distant organ mainly by blood circulation.Then, they arrest
and adhere to the vascular wall (i.e., endothelium) of the
organ and migrate inside the organ parenchyma (extravasa-
tion), survive in the microenvironment in ways that facilitate
their proliferation, and finally form macroscopic secondary

tumors (colonization) [1]. Secondary tumors but not the
primary tumors are responsible for 90% of cancer-associated
mortality [1]. Therefore, a comprehensive understanding
of the mechanism involved in each step of metastasis is
necessary to develop novel drugs to reduce the mortality of
cancer patients [2].

Theoretically, circulating cancer/tumor cells (CTCs) can
disseminate and form secondary tumors in all organs [3].
However, clinical observations indicate that cancer cells show
a remarkable preference for certain organs to form secondary
tumors [4, 5]. For example, cancer cells originating from
breast frequently metastasize to bone, liver, brain, and lung,
whereas cancer cells originating in pancreas preferentially
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metastasize to liver and lung [4, 5]. In addition, cancer cell
lines originating from the same organ can formmetastases in
a particular organ at different rates. For example, orthotopic
implantation of pancreatic cancer cell MIA-PaCa-2 in the
mouse pancreas caused liver metastasis at a higher rate
(almost five times higher) than another pancreatic cell line
BxPC-3 [6].

Organ-specific arrest and adhesion of cancer cells to
the vascular system of the organs are an initiating and
a crucial step responsible for the organ-specific pattern
of metastasis. [3, 4, 7–9]. Cancer cell can be specifically
arrested in an organ vasculature depending on the various
mechanical characteristics (anatomical, size restriction, and
blood flow) of the vascular system [4]. Moreover, cancer cell
can preferentially adhere to the endothelium/endothelial cells
(ECs) of an organ owing to the specific and efficient adhesive
interactions between cancer cell and endothelium [8, 9].

Among the numerous factors present in vascular environ-
ment, characteristic/phenotype of ECs is one of the crucial
factors that influence the adhesive interactions betweenCTCs
and ECs [8, 10]. Although ECs share certain common proper-
ties, they show variation in regard to structure, antigenic and
cell surface determinants, adhesionmolecules, andmetabolic
functions from organ to organ [11].The unique organ-specific
phenotype of the ECs is undoubted determinant for the
specific adhesion of cancer cells and thereby plays a crucial
role in the formation of organ-specific pattern of metastasis
[8, 10].

Microvascular wall is composed of two interacting cell
types. ECs form the inner lining of the wall and perivascular
cells, referred to as pericytes (PCs), and envelop the surface
of the vascular tube [12]. Pericytes form a network of long
cytoplasmic processes which directly contact ECs and there-
fore communicate with ECs by direct physical contact and
paracrine signaling pathways [12]. Communication between
ECs and PCs is a crucial component of the vascular microen-
vironment which modulates ECs as well as PCs phenotype
[12–16].

After the lymph nodes, liver is the second most com-
monly affected organ by metastasis [17]. Liver involvement
is a major determinant of survival from cancer as 30–70% of
patients dying of cancer have hepatic metastases [17]. In vivo
studies suggest that successful arrest/adhesion of cancer cells
to the liver is not merely a mechanical process but depends
on specific interactions between the cancer cells and the liver
endothelium [18, 19]. These interactions contribute to the
metastasis efficacy and therefore represent useful therapeutic
targets for controlling metastasis process [3, 20].

In this context, the objective of this study is to develop a
culture model for liver endothelium, which would preserve
liver-specific characteristic of ECs and provide a readily
applicable yet improved in vitro model to investigate liver-
specific adhesion and subsequent processes (e.g., migration)
of cancer cells. Culture system of this kind has the potential of
screening novel drugs to inhibit interactions between cancer
cells and liver endothelium.

In the study, to mimic liver endothelium, we developed
a coculture of TMNK-1 (immortalized human liver sinu-
soidal ECs) [21] and 10T1/2 (model cells for PCs which are

equivalent to hepatic stellate cells) [12, 22] under various
conditions. We investigated the influence of TMNK-1 char-
acteristics in the cultures on the adhesion behavior of two
pancreatic cancer cell lines (MIA-PaCa-2 and BxPC-3) and
correlated the outcome with their propensity to form metas-
tasis in the liver [6]. In addition, we confirmed the correlation
by examining adhesion of these cancer cells in HUVECs
(replacing TMNK-1) containing cultures and evaluating the
role of liver-microvasculature specific surface molecules on
adhesion of the cancer cells.

2. Materials and Methods

2.1. Routine Cultures of 10T1/2, TMNK-1, HUVECs, MIA-
PaCa-2, and BxPC-3. 10T1/2, HUVECs, MIA-PaCa-2, and
BxPC-3 were purchased from Japan Collection of Research
Bioresources Cell Bank, Lonza, Inc., AntiCancer, Inc., andDS
Pharma, Japan. TMNK-1 cells were kindly provided by Dr.
Naoya Kobayashi, Okayama University, Japan, respectively.
These cells were routinely cultured in 100mm tissue culture
treated polystyrene (TCPS) dishes. Cell inoculation densities
were 1 × 105 cells/dish (for 10T1/2 and TMNK-1), 2 × 105
cells/dish for HUVECs, and 1 × 106 cells/dish (forMIA-PaCa-
2 and BxPC-3). All cells were cultured for 4 days before
the subsequent subculture. Culture medium was changed
once during the culture period. Composition of the culture
medium for 10T1/2, TMNK-1, MIA-PaCa-2, and BxPC-3 was
high glucose DMEM (DMEM; Gibco) containing 10% fetal
bovine serum (FBS; Gibco), 1%MEM nonessential amino
acids (Gibco), 100U/mL penicillin, and 100U/mL strepto-
mycin (Gibco). Culture medium for HUVECs was EGM-2
BulletKit (Lonza, Inc.). The cells were maintained in a 37∘C
humidified environment containing 5% CO

2
.

2.2. Experimental Culture of TMNK-1 (or HUVECs) and
TMNK-1 (or HUVECs) + 10T1/2. Diluted (0.15mg/mL for
collagen coating) or concentrated (2.4mg/mL for collagen
gel) solution of collagen 1-P (Nitta Gelatin, Inc., Japan)
was prepared according to the manufacturer’s instructions.
Sufficient volume of diluted or concentrated solution was
added to the TCPS well plates (250 𝜇L and 50 𝜇L for each
well in the 24-well and 96-well plate, resp.) to cover the
whole culture surface. Afterwards, plates were incubated in
the laminar flow hood at room temperature (for collagen
coating) or in the incubator at 37∘C (for collagen gel) for
30 minutes. Plates containing collagen coating solution were
aspirated and air-dried in the laminar flow hood for 2 hrs
before using them as collagen coated plates, whereas the
plates containing concentrated solutionwere directly used for
subsequent inoculation of 10T1/2 cells.

10T1/2 was inoculated at 2 × 104 cells/cm2 in the collagen
coated TCPS well and on the collagen gel (day 0). On the
following day (day 1), TMNK-1 was inoculated at 1.5 × 105
cells/cm2 on the 10T1/2 layer in the collagen coated and gel
cultures. TMNK-1 alone was also inoculated in the collagen
coated TCPSwell and on the collagen gel. In a similar fashion,
we prepared culture of HUVECs with or without 10T1/2 on
collagen gel surface. Notably, the ratio of 10T1/2 density to



BioMed Research International 3

TMNK-1 (or HUVECs) density was kept similar to the ratio
of hepatic stellate cells to human liver sinusoidal endothelial
cells (hLSECs) in the liver [23]. Culture medium of the wells
was changed every day and the wells were used for cancer
cell adhesion assay on day 4. In some experiments, 10T1/2
and TMNK-1 were stained with PKH67 and PKH26 dyes
(Sigma Aldrich) according to themanufacturer’s instructions
for visualizing the morphology of the cells. From here on,
TMNK-1 only and TMNK-1 + 10T1/2 culture in the colla-
gen coated wells would be designated as TMNK-1|coating
and TMNK-1 + 10T1/2|coating culture, respectively, whereas
respective cultures in the gel would be designated as TMNK-1
(of HUVECs)|gel and TMNK-1 (or HUVECs) + 10T1/2|gel.

2.3. Adhesion Assay of MIA-PaCa-2 and BxPC-3 in the
Experimental Culture. Both cancer cells were stained with a
cytoplasmic dye (CMFDA, Life Technologies, Inc.) according
to the manufacturer’s instruction.Then, the cancer cells were
suspended in a culture medium containing 0.5% FBS; MIA-
PaCa-2 or BxPC-3 cells were added at 5 × 104 cells/well in the
experimental cultures in 96-well plate and incubated for 90
minutes in the incubator. Afterwards, the unattached cancer
cells were gently washed with the culturemedium three times
and 200𝜇L of cell lysis buffer was added in each well (0.5%
Triton X-100 solution in PBS, Sigma-Aldrich) to release the
dye from cancer cells into the buffer.

To measure the dye intensity in the buffer, 100 𝜇L of the
buffer was transferred from each well to a well in a glass-
bottom 96-well plate (Iwaki). The intensity was measured by
using a fluorometric plate reader (PerkinElmer) at 485 nm
excitation and 535 nm emission. For each culture condition,
dye intensity in the buffer transferred from the respective
culture without any cancer cells was used as blank. The
number of adhered cancer cells in the cultures was calculated
from the calibration curves prepared by measuring intensity
in the bufferwhichwas prepared by lysing stained cancer cells
at different concentrations.

2.4. Immunostaining. In case of TMNK-1|coating or TMNK-
1 + 10T1/2|coating culture, respective cultures in glass bottom
96-well plate were used for immunostaining of various
markers in TMNK-1. However, owing to the thickness of
the gel culture, which can impair confocal microscopy, we
prepared vertical cross sections of the gel cultures embedded
in paraffin for the immunostaining (Saipaso Research Center,
Tokyo, Japan). We also prepared vertical cross sections
stainedwith haematoxylin and eosin (HE) and took images of
these samples with a transmitted light microscope (Olympus,
Inc.).

The primary antibodies against the markers were anti-
VAP-1 (2 𝜇g/mL, Lifespan Biosciences), anti-LYVE-1 (2𝜇g/
mL, Reliatech GmbH), anti-Stabilin-1 (2𝜇g/mL, Santa Cruz,
Inc.), and anti-ICAM-1 (2.5 𝜇g/mL, R&D, Inc.). The sec-
ondary antibody was conjugated with Alexa Fluor 488 or
594 (5 𝜇g/mL, Life Technologies, Inc.). Immunostaining of
the cultures and the vertical cross sections was carried out
according to the protocols provided by manufacturers or
described elsewhere [24].

Images of the samples were taken by a confocal micro-
scope (Olympus, Inc.). The average pixel intensity of the
whole image area (for immunostaining of the collagen coated
cultures) and of a line which coincided with the TMNK-1
layer (topmost layer) in the vertical cross sections of the gel
cultures was measured by using ImageJ software (NIH). To
compare the image intensities on a common basis, intensity
of the TMNK-1 + 10T1/2|coating and TMNK-1 + 10T1/2|gel
cultures was normalized by the intensity of the TMNK-
1|coating and TMNK-1|gel culture, respectively. At least five
images from two samples for each culture condition were
used to measure the intensity.

2.5. Adhesion of MIA-PaCa-2 and BxPC-3 under Blocking of
Surface Molecules of ECs in the Cultures. To block ICAM-1,
experimental wells were incubated with anti-ICAM-1 anti-
body (10 𝜇g/mL, R&D) or isotype IgG (as control, 10 𝜇g/mL,
R&D) for three hours before the addition of cancer cells in the
wells. In the VAP-1 blocking experiments, before the addition
of cancer cells, the wells were incubated for 30 minutes with
a peptide GGGGGGGGK (as control peptide; termed as P1
hereafter) or GGGGKGGGG (effective peptide; termed as P2
hereafter). Though both of these peptides fit in the active-
site channel of VAP-1, P2 inhibits VAP-1 more efficiently
than P1 as P1-VAP-1 contacts are much poorer than P2-VAP-
1 contacts [25]. Synthesized peptides were obtained from
Life Technologies, Inc.; and working concentration of both
peptides was 0.4mg/mL.

2.6. Statistical Analysis. Student’s t-test for comparing two
groups was performed for statistical evaluation by using the
demo version of GraphPad software (GraphPad Software,
Inc.). Differences with 𝑃 < 0.05 (∗), 𝑃 < 0.01 (∗∗), or
𝑃 < 0.001 (∗∗∗) were considered to be statistically significant.
All data were presented as the mean ± SEM (or −SD).

3. Results

3.1. TMNK-1 + 10T1/2 Culture in the Collagen Coated Well
(TMNK-1 + 10T1/2|Coating). To achieve close contact bet-
ween 10T1/2 and TMNK-1, which is crucial for the communi-
cation between these cell types [12, 26, 27], we first inoculated
10T1/2 in the well. Then, on the following day, we inoculated
TMNK-1 which subsequently formed continuous mono-
layer over the 10T1/2 layer (Figure 1). Interestingly, upon
the addition of TMNK-1, monolayer morphology of 10T1/2
changed into a dispersed morphology containing cyto-
plasmic processes (Figure 1) which is a hallmark of endothe-
lial cell and pericyte interactions [22].

3.2. MIA-PaCa-2 and BxPC-3 Adhesion in the TMNK-1
+ 10T1/2|Coating Culture. To study the effect of TMNK-
1 characteristic on the adhesion behavior of cancer cells,
we investigated MIA-PaCa-2 and BxPC-3 adhesion in the
TMNK-1 + 10T1/2|coating and TMNK-1|coating (as a basis
for comparison) cultures. In fact, cancer cells adhesion is
a common assay to characterize their propensity to form
metastases in a certain organ in vitro [28–30]. As compared
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(a) (b) (c)

Figure 1: Images of the cells in the collagen coated well cultures on day 4. (a) Monolayer morphology of 10T1/2 cells (red) without TMNK-1.
(b) 10T1/2 cells (red) show a dispersed morphology containing cytoplasmic processes (indicated by arrows) with TMNK-1. (c) Monolayer of
TMNK-1 (green) over 10T1/2 cells. Scale bar represents 200𝜇m.
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Figure 2: BxPC-3 andMIA-PaCa-2 adhesion in the TMNK-1 only and TMNK-1 + 10T1/2 cultures in the collagen coated wells. Columns and
error bars represent mean ± SEM of two independent experiments. Each independent experiment had six wells for each culture condition.
Statistical significance is shown using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

to BxPC-3, MIA-PaCa-2 adhesion was lower and similar in
the TMNK-1|coating and TMNK-1 + 10T1/2|coating culture,
respectively (Figure 2). However, MIA-PaCa-2 adhesion in
both cultures was not congruent with the reported higher
propensity of MIA-PaCa-2 than BxPC-3 to form liver metas-
tasis in vivo (almost five times higher) [6].

3.3. TMNK-1 + 10T1/2 Culture on Collagen Gel Surface
(TMNK-1 + 10T1/2|Gel). Rigid collagen coated TCPS might
not be an innate substrate for the culture, thereby impairing
the characteristics of the TMNK-1 + 10T1/2 culture, which
in turn affected the cancer cell adhesion. We speculated that
collagen gel might provide a better substrate (as gel bears
a better resemblance to the soft nature of an organ) which

would enable an innate adhesion of cancer cells. To examine
that, we cultured TMNK-1 with 10T1/2 on the top of collagen
gel instead of the collagen coated TCPS. We also cultured
TMNK-1 alone on the gel surface (TMNK-1|gel, as a basis for
comparison).

Similar to the collagen coated TCPS culture, monolayer
morphology of 10T1/2 on the gel changed into a network
morphology containing cytoplasmic processes upon the
inoculation of TMNK-1 (Figures 3(a) and 3(b)). However, as
compared to the TMNK-1 + 10T1/2|coating culture, 10T1/2
in the TMNK-1 + 10T1/2|gel culture showed lower coverage
and more cytoplasmic processes (Figures 1(b) and 3(b)).
TMNK-1 formed continuousmonolayer over the 10T1/2 layer
(Figure 3(c)). HE staining of the vertical cross sections of the
gel cultures indicated no extensive growth or migration of
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Figure 3: Images of the cells in the collagen gel cultures on day 4. (a)Monolayermorphology of 10T1/2 cells (red) without TMNK-1. (b) 10T1/2
cells (red) show a dispersed morphology containing cytoplasmic processes (indicated by arrows) with TMNK-1. (c) TMNK-1 cells (green)
form monolayer over 10T1/2. (d) Haematoxylin and eosin (HE) staining of vertical cross section of TMNK-1 only culture. (e) HE staining of
TMNK-1 + 10T1/2 culture. Some 10T1/2 cells in the culture can be distinguished by their elongated morphology beneath the TMNK-1 layer.
Scale bars represent 200𝜇m (for (a), (b), and (c)) and 100𝜇m (for (d) and (e)).

TMNK-1 or 10T1/2 in the gel cultures even after 5 days of
culture (Figures 3(d) and 3(e)).

3.4. MIA-PaCa-2 and BxPC-3 Adhesion in the TMNK-1 +
10T1/2|Gel Culture. We investigated the cancer cell adhesion
in the TMNK-1 + 10T1/2|gel and TMNK-1|gel cultures
(as a basis for comparison). In the TMNK-1|gel, MIA-
PaCa-2 adhesion showed a higher tendency than BxPC-3
(though not statistically significant, Figure 4). However,
MIA-PaCa-2 adhesion was significantly higher than BxPC-3
in TMNK-1 + 10T1/2|gel (Figure 4). The higher MIA-PaCa-2
adhesion in the TMNK-1 + 10T1/2|gel culture was congruent
with its higher propensity than BxPC-3 to form liver metas-
tasis in vivo [6].

3.5. Characteristics of TMNK-1 in Various Culture Conditions.
The observed variation in cancer cell adhesion in the cultures
might have resulted from the different characteristics of
TMNK-1 under various culture conditions (rigid TCPS,
gel, and 10T1/2). To confirm this, we investigated TMNK-
1 characteristics in the different cultures by analyzing the
expression of various makers (VAP-1, LYVE-1, Stabilin-1,
and ICAM-1) which are normal phenotypic markers of
primary human liver sinusoidal endothelial cells (hLSECs)
[31–33].

VAP-1, LYVE-1, and Stabilin-1 are newer surfacemolecule
makers to characterize the normal phenotype of hLSECs.
They all have important role on leukocyte adhesion to

endothelium. Interestingly, all these phenotypicmarkerswere
significantly upregulated in TMNK-1 in the TMNK-1 +
10T1/2|gel culture (Figures 5 and 6(a)). ICAM-1 is constitu-
tively expressed highly in hLSECs and plays an important
role in the interactions with cancer cells [10, 33]. Similar to
the other markers, ICAM-1 expression was highest in the
TMNK-1 + 10T1/2|gel culture (Figure 6(b)). These results
indicated that TMNK-1 characteristic was better preserved
in the TMNK-1 + 10T1/2|gel, whereas the phenotype in all
other cultures was at basal level. These results together with
adhesion results confirmed that adhesion of cancer cells
strongly depended on the TMNK-1 characteristics in the
cultures. More importantly, only in the TMNK-1 + 10T1/2|gel
culture, where TMNK-1 preserved upregulated characteristic,
MIA-PaCa-2 and BxPC-3 adhesion was congruent with
their propensity to form liver metastasis in vivo. This is in
accord with the crucial role of organ-specific characteris-
tics of ECs on the formation of organ-specific pattern of
metastasis.

3.6. MIA-PaCa-2 and BxPC-3 Adhesion in HUVECs +
10T1/2|Gel Culture. To confirm that the observed adhe-
sion pattern of cancer cells was only specific to hepatic
sinusoidal endothelial cells (i.e., TMNK-1), we investigated
cancer cell adhesion in cultures containing ECs from a tissue
other than liver. For this, we investigated MIA-PaCa-2 and
BxPC-3 adhesion in HUVECs containing cultures: HUVECs
+ 10T1/2|gel and HUVECs|gel cultures (as a basis for
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Figure 4: BxPC-3 andMIA-PaCa-2 adhesion in the TMNK-1 only and TMNK-1 + 10T1/2 in the collagen gel cultures. Columns and error bars
represent mean ± SEM of two independent experiments. Each independent experiment had six wells for each culture condition. Statistical
significance is shown using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

comparison).We opted for gel condition as it provided better
microenvironment for the culture as compared to the coat-
ing condition. HUVECs formed continuous monolayer on
collagen gel with or without 10T1/2 cells (see Supplementary
Figure 1 in the Supplementary Material available online at
http://dx.doi.org/10.1155/2014/241571).

Adhesion of MIA-PaCa-2 was significantly higher than
BxPC-3 in both HUVECs|gel and HUVECs + 10T1/2|gel
cultures (Figure 7). In addition, there was a significant
increase in adhesion of both cancer cells in HUVECs +
10T1/2|gel culture as compared to that inHUVECs|gel culture
(Figure 7). However, in case of TMNK-1 containing gel
cultures, similar significant increase was observed only in the
adhesion ofMIA-PaCa-2 (Figure 4).These observations indi-
cated that adhesion capability of MIA-PaCa-2 was inherently
higher than BxPC-3 and ECs from different tissue locations
modulated adhesion of these cancer cells in a different
way.

3.7. Adhesion of MIA-PaCa-2 and BxPC-3 in the Cultures
under Blocking Condition. Higher adhesion of MIA-PaCa-
2 than BxPC-3 in both TMNK-1 and HUVECs containing
cultures undermined the correlation between adhesion of
these cancer cells and their propensity to form organ-specific
metastasis. However, from the observation that cancer cell
adhesion was modulated differently in different EC cultures,
we speculated that some liver-microvasculature specific sur-
face molecules of ECs modulated adhesion of cancer cells in
the TMNK-1 but not HUVECs containing cultures.

To confirm this, we investigated cancer cell adhesion
in the cultures by blocking two surface molecules of ECs:
VAP-1 and ICAM-1. We selected to block VAP-1 and ICAM-
1 on the following two reasons. Firstly, our preliminary
blocking experiments by using specific antibodies indicated
that VAP-1 and ICAM-1 influenced MIA-PaCa-2 adhesion
in TMNK-1 + 10T1/2|gel culture in a greater extent than
others (LYVE-1 and Stabilin-1) (data not shown). Secondly,
VAP-1 and ICAM-1 are phenotypic markers of TMNK-1
[31–33] and their amounts in inactivated HUVECs are low
[34, 35].

We first investigated role of VAP-1 and ICAM-1 on the
adhesion of cancer cells in the TMNK-1 containing cultures.
We inhibited/blocked VAP-1 by using two peptides: P1 (as
control peptide) and P2 (as effective peptide). P1 and P2
bind with VAP-1 poorly and efficiently, respectively [25].
We blocked ICAM-1 by using an anti-ICAM-1 antibody.
Upon blocking with the peptides or antibody, adhesion of
both cancer cells was unchanged in TMNK-1|gel cultures
(Figure 8). However, in the TMNK-1 + 10T1/2|gel culture,
adhesion of both cancer cells showed a decreasing tendency
and MIA-PaCa-2 adhesion decreased significantly under
blocking with the peptides or antibody (Figure 8).

Then, we evaluated the role of VAP-1 and ICAM-1 on
the adhesion of cancer cells in HUVECs containing cultures.
However, in the respective HUVECs containing cultures,
blocking of VAP-1 or ICAM-1 did not cause any change in
the adhesion of both cancer cells (Figure 9).

These results indicated that though adhesion capability of
MIA-PaCa-2 might be inherently higher than BxPC-3, the
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Figure 5: Expression of TMNK-1 phenotypic marker VAP-1 (a) and LYVE-1 (b) in various culture conditions. (a1), (a2), (b1), and (b2) and
(a3), (a4), (b3), and (b4) show representative images showing the expression of the respective markers in the collagen coated and gel cultures,
respectively. Similarly, (a5) and (b5) and (a6) and (b6) show the average pixel intensity of the immunostaining in the cultures. Intensity was
averaged from at least five images taken from two samples for each condition. Columns and error bars represent mean ± SEM. Statistical
significance is shown using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

higher adhesion of MIA-PaCa-2 in TMNK-1 + 10T1/2|gel
culture was controlled by liver-microvasculature specific
surface molecules of ECs. Therefore, the higher adhesion
of MIA-PaCa-2 than BxPC-3 in the TMNK-1 + 10T1/2|gel,
irrespective of the higher adhesion of MIA-PaCa-2 than
BxPC-3 in the HUVEC cultures, reflected their propensity to
form liver metastasis in vivo.

4. Discussion

Various studies showed that adhesion of cancer cells in
primary culture of organ-specific ECs, ECs cultured on

organ-specific matrix components, and cryostat section of
organs correlated well with the propensity of cancer cell to
form metastasis in certain organs [28–30]. In our study, for
the first time, we correlated higher propensity ofMIA-PaCa-2
than BxPC-3 to form liver metastasis based on their adhesion
behavior in an in vitro culture by using continuous cell lines
TMNK-1 and 10T1/2 asmodel cells for organ-specific ECs and
PCs.

As we systemically varied culture condition, MIA-PaCa-
2 adhesion showed a gradual increase over the BxPC-
3 adhesion (by examining Figures 2 and 4 side by side
from left to right). This relative change in the MIA-PaCa-2
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Figure 6: Expression of TMNK-1 phenotypic marker Stabilin-1 (a) and ICAM-1 (b) in various culture conditions. (a1), (a2), (b1), and (b2) and
(a3), (a4), (b3), and (b4) show representative images showing the expression of the respective markers in the collagen coated and gel cultures,
respectively. Similarly, (a5) and (b5) and (a6) and (b6) show the average pixel intensity of the immunostaining in the cultures. Intensity was
averaged from at least five images taken from two samples for each condition. Columns and error bars represent mean ± SEM. Statistical
significance is shown using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

adhesion compared to the BxPC-3 adhesion, together with
the expression of various markers in cultures (Figures 5
and 6), presumably indicated the sequential regulation of
TMNK-1 phenotype from basal to elevated level (though
some change was not measurable) in the cultures. There-
fore, the basal level of TMNK-1 might not have achieved
the organ-specific EC characteristic. On the other hand,
TMNK-1 + 10T1/2|gel culture achieved the organ-specific EC

characteristic, and thereby adhesion of the cancer cells in
that culture correlated with their propensity to form liver
metastasis.

Although the presence of 10T1/2 did not have any remark-
able contribution to the TMNK-1 phenotype in the collagen
coated culture, it influenced the phenotype significantly in
the gel culture. Two reasons plausibly explained the obser-
vation: (1) gel provided more natural and soft substrate for
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Figure 7: BxPC-3 andMIA-PaCa-2 adhesion in theHUVECs only andHUVECs + 10T1/2 in the collagen gel cultures. Columns and error bars
represent mean ± SEM of two independent experiments. Each independent experiment had six wells for each culture condition. Statistical
significance is shown using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

both TMNK-1 and 10T1/2 for establishing effective cellular
communications as compared to rigid TCPS surface and
(2) substrate stiffness modulated 10T1/2 behavior [36]. Dif-
ference in the 10T1/2 morphology between the TMNK-1 +
10T1/2|coating and TMNK-1 + 10T1/2|gel cultures indicated
a possible contribution of the gel to the resulting culture
microenvironment (Figures 1(b) and 3(b)).

We observed that both less efficient inhibitor (P1; selected
to be used as control peptide) and efficient inhibitor (P2) of
VAP-1 influenced adhesion of cancer cells (Figure 8). Both of
these peptides fit in the active-site channel of VAP-1; however,
P1-VAP-1 contacts are much poorer than P2-VAP-1 contacts
[25]. Therefore, loose conformation of P1 in the active-site
channel of VAP-1 might have been sufficient to inhibit cancer
cell adhesion. In addition, Yegutkin and coworkers showed
that though P2 inhibited leukocyte adhesion on endothelial
cells in a flow-based adhesion assay, P1 did not have any
influence on the adhesion [25]. However, we investigated
cancer cell adhesion in static condition.Therefore, flowmight
have some effects on the efficacy of the peptides.This suggests
that it is important to screen peptides or other blocking
molecules for their efficacy in flow-based cultures besides
static cultures.

Among TMNK-1|gel, TMNK-1 + 10T1/2|gel,
HUVECs|gel, and HUVECs + 10T1/2|gel, only in the
TMNK-1 + 10T1/2|gel adhesion of cancer cells decreased
upon blocking of VAP-1 and ICAM-1 (Figures 8 and 9).
Owing to the basal/negligible level of VAP-1 and ICAM-1
in TMNK-1 only (Figures 5 and 6) and all HUVECs
[34, 35] cultures, these surface molecules plausibly affected

the cancer cell adhesion minimally, which explained the
minimum effect of the blocking. On the other hand,
upregulated level of these surface molecules in the TMNK-1
+ 10T1/2|gel culture (Figures 5 and 6) had significant effect on
the adhesion of cancer cells (Figure 4), which was revealed
by the blocking experiments (Figure 8). In the TMNK-1
+ 10T1/2|gel culture, though both cancer cells showed a
decreasing tendency under the blocking condition, only
MIA-PaCa-2 adhesion decreased significantly (Figure 8).
This reflected that liver-microvasculature specific surface
molecules of ECs had a critical role which specifically
contributed to the higher adhesion of MIA-PaCa-2 than
BxPC-3. Notably, higher adhesion of MIA-PaCa-2 than
BxPC-3, which was modulated by markers of hLSECs,
correlated with the higher propensity of MIA-PaCa-2 than
BxPC-3 to form liver metastasis.

Besides the classical role of ICAM-1 on cancer cell
adhesion, our studies demonstrated role of VAP-1 on cancer
cell adhesion. In addition, our study showed that though
the adhesion behavior of a type of cancer cells (e.g., MIA-
PaCa-2) can be similar in various EC cultures, the mecha-
nism controlling the adhesion might be different (i.e., effect
of VAP-1 and ICAM-1 in the TMNK-1 but not in the
HUVECs culture). Therefore, it is crucial to screen various
drugs, which target cancer cell adhesion to endothelium,
by using in vitro cultures which can mimic organ-specific
microvasculature property as the culture developed in this
study.

After the organ-specific adhesion of cancer cells in the
organs, efficacy of the metastasis formation might depend
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Figure 8: Adhesion of BxPC-3 (a) and MIA-PaCa-2 (b) in the TMNK-1 only and TMNK-1 + 10T1/2 in the collagen gel cultures upon
blocking of VAP-1 ((a1) and (b1)) and ICAM-1 ((a2) and (b2)). In the VAP-1 blocking experiment, two peptides were used: GGGGGGGGK
(P1, as control) and GGGGKGGGG (P2, effective peptide), which bound poorly and efficiently with VAP-1, respectively [25]. ICAM-1 was
blocked with anti-ICAM-1 antibody, while control was an isotype IgG antibody. Columns and error bars represent mean − SD of two to three
independent experiments. Each independent experiment had four to six wells for each culture condition. Statistical significance is shown
using symbols ∗( 𝑃 < 0.05), ∗∗( 𝑃 < 0.01), and ∗∗∗( 𝑃 < 0.001).

on their migration in the organs [19]. PCs can also involve
in the cancer cell migration and colonization in an organ
[17, 18].Therefore, in addition to the cancer cell adhesion, the
developed culture would provide an improved culture model
for investigating cancer cell migration and colonization (in
the gel region).

5. Conclusions

We systematically developed a coculture system to mimic
liver-specific microvasculature by using continuous cell
lines as model cells for organ-specific endothelial cells and
pericytes. Endothelial cells in the coculture maintained an
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elevated level of organ-specific phenotype which was crucial
for the correlation between adhesion of cancer cells and
their propensity to form liver metastasis in vivo. The culture
system provides a promising means for screening novel
drugs to inhibit cancer cell and endothelium interactions
and to investigate details of these interactions in an in vivo
mimicking organ-specific manner.
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Background. Hepatocellular carcinoma (HCC) patients require different treatment strategies according to disease extension, liver
function, and patient’s fitness.We evaluatedHCCmultidisciplinarymanagement in clinical practice.Methods. Consecutive patients
were followed and treated with tailored medical, locoregional, and surgical treatments, according to disease stage and patient’s
fitness (age, Cumulative Illness Rating Scale (CIRS)). Activity, efficacy, and safety were evaluated. Results. Thirty-eight patients
were evaluated: median age, 74; elderly 92%; CIRS secondary 28 (74%); Child-Pugh A 20 (53%), B 11 (29%); and Barcelona Clinic
Liver Cancer (BCLC) 0 2 (5%), A 9 (24%), B 10 (26%), C 13 (34%), and D 4 (11%). Overall survival (OS) was 30 months. At 9
months median follow-up, among 25 unresectable HCC, OS was 10 months; BCLC B–D unfit for sorafenib showed OS 3 months.
Ten patients (40%) received sorafenib: Child-PughA5 (50%) andB 5 (50%) and disease control rate 89%, progression-free survival 7
months, and OS 9months. G3-4 toxicities: anorexia, hypertransaminaemia, hyperbilirubinemia, and hypercreatininemia. Limiting
toxicity syndromeswere 40%, allmultiple sites.Conclusion. HCCpatients requiremultidisciplinary clinicalmanagement to properly
select tailored treatments according to disease stage, fitness, and liver function. Patients suitable for sorafenib should be carefully
selected, monitored for individual safety, and prevalently characterized by limiting toxicity syndromes multiple sites.

1. Introduction

Hepatocellular carcinoma (HCC) is a highly aggressive dis-
ease; only 10–20% of patients are candidates for curative
surgery. In Western countries, the disease is diagnosed at
early stages in 30–40% cases and is amenable to potentially
curative treatments, such as surgical resection and liver
transplantation and locoregional radiofrequency ablation [1].
Therapeutic options are stage dependent. Five-year survival
up to 60–70% can be achieved in selected patients [1]. Rea-
sons for tumor unresectability include coexisting advanced
cirrhosis, large primary lesion, multifocal disease, invasion

and thrombosis of major blood vessels, poor hepatic reserve,
and extrahepatic metastases. Disease that is diagnosed at an
advanced stage or progressing after locoregional therapy has
a dismal prognosis, owing to the underlying liver disease
and lack of effective treatment options. Approximately 80%
have unresectable tumors, and the prognosis is very poor,
with a median survival of only 4 months [2]. Treatment
options for unresectableHCCmay include locoregional [3–9]
and systemic [10] therapy. Transarterial chemoembolization
can increase survival in randomized studies, in a minority
of patients. Thus, for the majority of HCC patients with
unresectable tumors, best supportive care and systemic
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chemotherapy remain the main options for palliative treat-
ment.

First line monochemotherapy, or more intensive regi-
mens, reported overlapping activity and efficacy in phase
III trials, ranging between objective response rate (ORR)
10–20.9% and overall survival (OS) 4–8.7 months [11, 12].
Conventional cytotoxic chemotherapy has not provided clin-
ical benefit or prolonged survival for patients with advanced
HCC [13]. Anthracyclines (i.e., doxorubicin) have been the
most effective drugs, yielding up to 20% ORR, and 4 months
median OS [11]. Cisplatin, interferon, doxorubicin, and flu-
orouracil (PIAF) used in combination showed promising
activity in a phase II study. In a phase III randomized trial,
median OS of the doxorubicin and PIAF arms was 6.8
months and 8.7 months (𝑃 = 0.83) and ORR 10.5% and
20.9%, respectively, not significantly different. Neutropenia,
thrombocytopenia, and hypokalemia were significantly more
common in patients treated with PIAF [12].

Cellular signalling mediated by the RAF-1 and vascu-
lar endothelial growth factor (VEGF) pathways has been
implicated in the pathogenesis of HCC [14–17]. Sorafenib
is a multikinase inhibitor that targets the RAF/MAP/ERK
signalling pathway: it inhibits the serine-threonine kinases
RAF-1 and B-RAF and the receptor tyrosine kinase activity
of VEGF receptors (VEGFRs) 1, 2, and 3 and platelet-derived
growth factor receptor𝛽 (PDGFR-𝛽); it also targets KIT, FTL-
3, and RET [18, 19]. In a mouse xenograft model of human
HCC, sorafenib showed antiproliferative activity in liver-
cancer cell lines, reduced tumor angiogenesis and tumor-cell
signalling, and increased tumor-cell apoptosis [20].

Sorafenib was the first agent significantly increasing
clinical outcome of advanced HCC [21–23]. A phase 2 study
enrolling advanced HCC and Child-Pugh class A or B status
indicated a median OS 9.2 months and a median time to
progression 5.5months [21]. Grade 3/4 drug-related toxicities
included fatigue (9.5%), diarrhea (8.0%), and hand-foot skin
reaction (5.1%). Two phase III trials reported progression-
free survival (PFS) 2.8–5.5 months and OS 6.5–10.7 months
[22, 23]. AdvancedHCCpatients, mostly Child-PughA, were
randomly assigned to sorafenib or placebo. In the SHARP
trial, >90% ECOG performance status 0-1 were enrolled
and showed median OS significantly longer compared to
placebo arm, 10.7 months versus 7.9 months (hazard ratio
0.69); the median time to symptomatic progression did not
differ significantly (4.1 and 4.9months, resp.); median time to
radiologic progression was significantly different (5.5 months
and 2.8 months, resp.). ORR in the sorafenib group was
2%; disease control rate was significantly higher (43% versus
32%, resp.). In the Asia-Pacific phase III trial [23], patients
were more likely to be younger, with HBV-related disease,
symptomatic disease, and a higher number of tumor sites.
Median OS and median time to progression were lower in
both treatment and placebo groups (6.5 versus 4.2 months
and 2.8 versus 1.4months, resp.), even if significantly different
(hazard ratio 0.68 and 0.57, resp.).

Clinical management of HCC faces with different options
of treatment according to extension of disease, liver func-
tional stage (Child-Pugh class), and patients’ fitness (age,
performance status (PS), and comorbidities). In clinical

practice, a decision-making process including nutritional,
functional, and comorbidity status is required to tailor first
line medical treatment with sorafenib in the advanced stage.
Elderly HCC patients are prevalent, and primary clinical
challenge is proper selection of tailored treatments, according
to prognostic factors, and by weighing expected safety and
efficacy. Elderly status (age > 65 years), PS > 2, and/or
comorbidities representmajor features determining toxicities
and limiting quality of life of treated patients, thus limiting
indication of sorafenib.

Here we report an experience of multidisciplinary man-
agement and selection of tailored multimodality treatment
options of consecutive HCC patients in clinical practice,
according to defined clinical criteria.

2. Materials and Methods

2.1. Patient Eligibility. Consecutive HCC patients were eval-
uated by a multidisciplinary disease management team and
treated in clinical practice with medical, locoregional, and/or
surgical treatments, chosen among those in indication and
approved for HCC treatment in different stages. Thus, it was
not a clinical trial and any approval by ethics committee and
institutional review boardwas not necessary, because patients
were treated with conventional treatments without any addi-
tional medical intervention out of the best common clini-
cal practice. Patients had radiological and/or histologically
confirmed diagnosis of HCC, age ≥ 18 years. Patients were
classified according toCumulative Illness Rating Scale (CIRS)
[24], Child-Pugh score, and Barcelona Clinic Liver Cancer
(BCLC) stage. Treatment options were tailored according
to age (< or ≥75 years) and patient’s fitness (PS, CIRS).
Patients with PS 3 were not treated with sorafenib. Criteria
to define patients unfit for standard treatment strategies
were uncontrolled severe diseases; cardiovascular disease
(uncontrolled hypertension, uncontrolled arrhythmia, and
ischemic cardiac diseases in the last year); thromboembolic
disease, and coagulopathy, preexisting bleeding diatheses. All
patients provided written informed consent to the proposed
treatment option. All patients were registered in HCC reg-
istry of Regione Abruzzo, Italy (Hepaca registry), active from
September 2010.

2.2. Methods

2.2.1. Treatment Strategies. Medical treatment included sora-
fenib 400–800mg/die orally administered, according to
patient’s fitness. Locoregional therapy was the conventional
transarterial chemoembolization (cTACE), with administra-
tion of doxorubicin 30–50mg.

2.2.2. Study Design. Activity and efficacy were evaluated.
Clinical evaluation of response was made by CT scan;
RMN was added based on investigators’ assessment. Patients
were evaluated at baseline, and every two-three months
by a multidisciplinary team, consisting of medical oncol-
ogist, radiologist, interventional radiologist, hepatobiliary-
pancreatic surgeon, gastroenterologist, infectivologist, and
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Table 1: Patients’ features.

Overall patients Unresectable HCC Patients treated
with sorafenib

Patients untreated
with sorafenib

Total number (%) Total number (%) Total number (%) Total number (%)
Number of patients 38 25 (66) 10 (40) 15 (60)
Sex

Male/female 30/8 19/6 8/2 11/4
Age, years

Median 74 74 73 74
Range 58–86 63–85 63–80 65–85

Elderly
≥65 <75 years 18 (47) 12 (48) 4 (40) 8 (53)
≥75 years 17 (45) 11 (44) 5 (50) 6 (40)

WHO performance status
0 10 (26) 6 (24) 4 (40) 2 (13)
1 21 (55) 13 (52) 6 (60) 7 (47)
2 6 (16) 5 (20) — 5 (33)
3 1 (3) 1 (4) — 1 (7)

CIRS stage
Primary 2 (5) 2 (8) — 2 (13)
Intermediate 8 (21) 4 (16) 2 (20) 2 (13)
Secondary 28 (74) 19 (76) 8 (80) 11 (73)

Liver disease
Hepatitis 9 (24) 5 (20) 2 (20) 3 (20)
Cirrhosis 24 (63) 18 (80) 7 (70) 11 (73)

Etiology
HBV 1 (3) 1 (4) 1 (10) —
HCV 13 (34) 9 (36) 2 (20) 7 (47)
HBV + HCV 1 (3) — — —
Alcoholic 15 (39) 10 (40) 3 (30) 7 (47)
Idiopathic 8 (21) 3 (12) 2 (20) 1 (7)

Complications
Varices 12 (31.5) 8 (32) 4 (40) 4 (27)
Thrombosis 7 (18) 5 (20) 1 (10) 4 (27)
Splenomegaly 14 (37) 12 (48) 6 (60) 6 (40)

Laboratory tests
Thrombocytopenia 6 (16) 5 (20) 3 (30) 2 (13)
Hypertransaminasemia 22 (58) 19 (76) 7 (70) 12 (80)
Cholestasis 24 (63) 21 (84) 10 (10) 11 (73)
Hyperbilirubinemia 11 (29) 11 (44) 5 (50) 6 (40)

Number of involved sites
1 24 (63) 11 (44) 4 (40) 7 (47)
≥2 14 (37) 14 (56) 6 (60) 8 (53)

Sites of metastases
Lung 3 (8) 3 (12) 1 (10) 2 (13)
Lymph nodes 11 (29) 11 (44) 5 (50) 6 (40)
Bone 3 (8) 3 (12) 2 (20) 1 (7)
Ascites 9 (24) 8 (32) 3 (30) 5 (33)
Pleural effusion 2 (5) 2 (8) — 2 (13)
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Table 1: Continued.

Overall patients Unresectable HCC Patients treated
with sorafenib

Patients untreated
with sorafenib

Total number (%) Total number (%) Total number (%) Total number (%)
Liver nodules

Single 9 (24) 2 (8) — 2 (13)
Multiple 29 (76) 23 (92) 10 (100) 13 (87)

Diagnosis
Clinical 24 (63) 19 (76) 6 (60) 13 (87)
Histophatological 14 (37) 6 (24) 4 (40) 2 (13)
𝛼fetoprotein at DMT
evaluation

Negative 17 (48) 6 (24) 2 (20) 4 (27)
Positive 3 (8) 4 (16) 2 (20) 2 (13)
≥200 ng/mL 10 (26) 13 (52) 6 (60) 7 (47)
Unknown 8 (21) 2 (8) — 2 (13)

Child-Pugh score at DMT
evaluation

A 20 (53) 11 (44) 5 (50) 6 (40)
B 11 (29) 12 (48) 5 (50) 7 (47)
C 3 (8) 2 (8) — 2 (13)
Unknown 4 (10) — — —

BCLC stage at DMT
evaluation

0 2 (5) — — —
A 9 (24) 2 (8) — 2 (13)
B 10 (26) 7 (28) 3 (30) 4 (27)
C 13 (34) 13 (52) 6 (60) 7 (47)
D 4 (11) 3 (12) 1 (10) 2 (13)

DMT treatment choice
Follow-up 11 (29) 2 (8) — 2 (13)
Surgery 1 (2) — — —
Biopsy 3 (8) 3 (12) — 3 (20)
TACE 5 (13) 3 (12) — 3 (20)
Sorafenib 12 (32) 12 (48) 10 (100) 2 (13)
Best supportive care 6 (16) 5 (20) — 5 (33)

Sorafenib treatment
800mg/die 3 (8) 3 (30) 3 (30) —
600mg/die 3 (8) 3 (30) 3 (30) —
400mg/die 4 (10.5) 4 (40) 4 (40) —

WHO: World Health Organization; CIRS: Cumulative Illness Rating Scale; TACE: transarterial chemoembolization; DMT: disease management team.

pathologist, sharing and dynamically evaluating common
multidisciplinary treatment strategies. Follow-up was sched-
uled every two-three months up to disease progression or
death.

Toxicity was registered according to National Cancer
Institute Common Toxicity Criteria (version 4.0). Limiting
toxicity (LT) was defined as grade 3-4 nonhematologic
toxicity, grade 4 hematologic toxicity, febrile neutropenia,
or any toxicity determining >2 weeks delay of medical
treatment. To discriminate individual safety, limiting toxicity
syndromes (LTS), consisting of at least a LT associated or

not to other limiting or G2 toxicities, were evaluated, as
previously reported [25, 26]. LTS were classified into limiting
toxicity syndromes single site (LTS-ss), characterized only by
the LT, and limiting toxicity syndromes multiple sites (LTS-
ms), characterized by ≥2 LTs or a LT associated to other, at
least G2, nonlimiting toxicities.

Clinical criteria of activity and efficacy were ORR, PFS,
and OS: ORR, evaluated according to RECIST criteria [27]
and PFS and OS, evaluated using the Kaplan-Meier method
[28]. PFSwas defined as the length of time from the beginning
of treatment and disease progression or death (resulting from
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any cause) or to the last contact and OS as the length of
time between the beginning of treatment and death or to last
contact. Log-rank test was used to compare OS [29].

3. Results

3.1. Patient Demographics. From September 2010 to Octo-
ber 2013, 38 new patients were evaluated by the HCC
multidisciplinary team at S. Salvatore Hospital, L’Aquila,
Italy. Clinical features of patients were (Table 1): male 79%;
median age, 74 years; young-elderly 47% and old-elderly
45%; PS 0-1 81%. CIRS stage: primary 5%, intermediate 21%,
and secondary 74% (28 patients). Underlying liver disease
was hepatitis 24%, cirrhosis 63% (24 patients) and HCV-
related 34% and alcoholic 39%. Complications of liver disease
were thrombosis 18%, splenomegaly 37%, and varices 31.5%;
altered baseline laboratory tests were thrombocytopenia 16%
(6 patients), hypertransaminasemia 58%, cholestasis 63%,
and hyperbilirubinemia 29%. Involved tumoral sites other
than liver were observed in 37% (14 patients): metastatic
sites were lung 8%, lymph nodes 29%, bone 8%, ascites 24%,
and pleural effusion 5%. Liver nodules were single 24% (9
patients) and multiple 76% (29 patients). Diagnosis of HCC
was clinical in 24 patients (63%) and histopathological in
14 (37%). Previous therapies were surgery 9 patients (24%)
and TACE 10 (26%). At the time of the multidisciplinary
team evaluation: alphafetoprotein negative 17 (48%), positive
3 (8%), ≥200 ng/mL 10 (26%), unknown 8 (21%); Child-
Pugh score A 20 (53%), B 11 (29%), and C 3 (8%); BCLC
stage 0 2 (5%), A 9 (24%), B 10 (26%), C 13 (34%), D 4
(11%). Treatment choiceswere: follow-up in 11 patients (29%),
surgery 1 (2%), biopsy 3 (8%), TACE 5 (13%), sorefenib 12
(32%), and best supportive care 6 (16%).

Twenty-five HCC patients (66%) showed unresectable
HCC or advanced/metastatic HCC: 10 (40%) were treated
with sorafenib; 15 (60%) were unfit for treatment with
sorafenib due to age and/or CIRS and/or performance status
3, liver functional status, and altered laboratory tests.

3.2. Demographics of Patients Treated with Sorafenib. Clin-
ical features of the 10 patients treated with sorafenib were
(Table 1): median age, 73 years; young- and old-elderly, 4
(40%) and 5 (50%), respectively; PS 0, 4 (40%), 1, 6 (60%);
and CIRS stage intermediate 2 (20%), secondary 8 (80%).
Baseline altered laboratory tests were thrombocytopenia 3
(30%), transaminase elevation 7 (70%), cholestasis 10 (100%),
and hyperbilirubinemia 5 (50%). Involved tumoral sites were
1 in 4 patients (40%) and ≥2 in 6 (60%); metastatic sites were
lung 1 (10%), lymph nodes 5 (50%), bone 2 (20%), and ascites
3 (30%); liver nodules were multiple in all patients. Diagnosis
of HCCwas clinical in 6 patients (60%) and histopathological
in 4 (40%). Previous locoregional treatments (TACE) were
performed in 3 patients (30%). At the time of the multi-
disciplinary team evaluation alphafetoprotein was negative
2 (20%), positive 2 (20%), and ≥200 ng/mL 6 (60%); Child-
Pugh score was A 5 (50%) and B 5 (50%); BCLC stage was B 3
(30%), C 6 (60%), and D 1 (10%). Sorafenib was administered
in selected patients (Child-PughA/B andBCLC stage B–D) at

Table 2: Activity and efficacy of sorafenib.

Intent-to-treat Analysis
Number %

Enrolled patients 10 100
Evaluable patients 9 90
Objective response 2 22 (CI ± 29)

Partial response 2 22
Complete response — —

Stable disease 6 67
Progressive disease 1 11
Median progression-free survival, months 7

Range 2–34
Progression events 8 80

Median overall survival, months 9
Range 4–35+
Deaths 7 70

different doses, according to age and CIRS stage: 800mg/die
in 3 patients (30%), 600mg/die 3 (30%), and 400mg/die 4
(40%).

3.3. Overall Activity and Efficacy. Among the overall 38
patients, at a median follow-up of 15.5 months, median OS
was 30 months (0–88+): 21 events occurred (Figure 1(a)).
Among 25 unresectable HCC, at a median follow-up of
9 months,median OS was 10 months (0–46): 18 events
occurred (72%) (Figure 1(b)). Among 15 patients with unre-
sectable HCC or with advanced/metastatic HCC unfit for
treatment with sorafenib, median OS was 6 months (0–40+):
11 events occurred (73%). In this subgroup, BCLC B, C, andD
HCC patients showed median OS 3 months (0–25), trendily
worse compared with BCLC B, C, and D HCC patients
treated with sorafenib (𝑃 = 0.073) (Figure 1(c)).

3.4. Sorafenib Activity and Efficacy. Among the 10 patients
who underwent medical treatment with sorafenib, 9 were
evaluable for activity (Table 2). The intent-to-treat analysis
showed 2 partial responses (22%), 6 stable diseases (67%), and
1 progressive disease (11%). Disease control rate was 89% (𝛼
0.05, CI ± 22). Median PFS was 7 months (2–34): 8 events
occurred (Figure 2(a)). Median OS was 9 months (4–35+): 7
events occurred (Figure 2(b)).

3.5. Dose-Intensity and Toxicity. Median number of cycles
per patient was 4 (range 1–9). Median received dose intensity
(rDI) per cycle was 315 (124–800)mg/die, 39% of the recom-
mended dose.

G3-4 toxicities, by patients, in 45 cycles, were (Table 3)
anorexia, 1 (10%); hypertransaminaemia, 4 (40%), hyper-
bilirubinemia, 1 (10%); and hypercreatininemia, 2 (20%).
G2 toxicities were anorexia 3 (30%), diarrhea 4 (40%),
constipation 2 (20%), asthenia 5 (50%), epistaxis 2 (20%),
hand-foot syndrome 1 (10%), hypertransaminaemia, 1 (10%),
hyperbilirubinemia, 3 (30%), cholestasis 1 (10%), hypothy-
roidism 2 (20%), and thrombocytopenia 2 (20%). No case
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Figure 1: Kaplan-Meier survival estimate. (a) Overall hepatocellular carcinoma patients, overall survival. (b) Unresectable hepatocellular
carcinoma patients, overall survival. (c) Unresectable hepatocellular carcinoma patients, BCLC stages B, C, and D, fit versus unfit for
sorafenib.

of thrombosis, hemorrhage/bleeding, cardiac or cerebrovas-
cular ischemia, G4 neutropenia, febrile neutropenia, severe
thrombocytopenia, or toxic deaths were observed. LTS were
observed in 4 out of 10 patients (40%), all LTS-ms charac-
terized by LT associated to other, at least G2, nonlimiting
toxicities (Table 4). LTS were (Table 5) G2 thrombocytopenia
for more than 2 weeks associated to G2 neutropenia; G2
hand-foot syndrome associated to G2 anorexia, G2 asthenia,
and G2 hypothyroidism; G2 hyperbilirubinemia associated
to G2 hypertransaminasemia; and G2 hyperbilirubinemia
associated to G3 hypertransaminasemia, G4 cholestasis, G2
hypothyroidism, and G2 diarrhea.

4. Discussion

The present experience of clinical management of consecu-
tive HCC patients by our multidisciplinary team in clinical
practice showed that patients were mostly elderly (92%),
equivalently young- and old-elderly, and prevalently with
CIRS stage secondary (74%), PS 0-1 (81%), an underlying
cirrhosis (63%), Child-Pugh A/B 82%, BCLC B-D 71%.
Patients with unresectable or advanced/metastatic HCCwere
66% mostly (60%) unfit for sorafenib, due to elderly and/or
CIRS and/or performance status 3, altered liver functional
status, and 40% fit for sorafenib. Median OS of unresectable
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Figure 2: Kaplan-Meier survival estimate. Patients treated with sorafenib. (a) Progression-free survival. (b) Overall survival.

or advanced/metastatic HCCwas 10 months, and BCLC B–D
patients unfit for sorafenib showed trendily worse prognosis
(3 months).

HCC patients treated with sorafenib had PS 0-1, Child-
Pugh class A and B, and received a median dose intensity
315mg/die (39%). The present tailored approach, based on
evaluation of elderly status and/or CIRS and functional liver
status, as prevalently addressing selection of suitable patients
and different doses of sorafenib, was associated with a disease
control rate 89%, PFS 7 months and OS 9 months that
requires further prospective validation. A complex decision-
making process discriminating patients’ fitness and tailoring
medical treatment is challenging in this disease, mostly
affecting elderly patients with comorbidities. Our experience
of multidisciplinary and tailored clinical management is in
agreement with prospective phase II/III trials evaluating
sorafenib in different populations, mostly characterized by
Child-Pugh class A, that reported significantly increased PFS
2.8–5.5 months and OS 6.5–10.7 months [21–23]. Subgroup
analyses suggested that sorafenib is effective irrespective of
the baseline ECOG PS (0–2), tumor burden (presence or
absence of macroscopic vascular invasion and/or extrahep-
atic spread), presence or absence of either lung or lymph
nodes metastasis, tumor stage, prior therapy, and disease
etiology (alcohol-related or HCV-related HCC) [30, 31].
Child-Pugh class B benefited to the same extent as class A
patients in terms of activity and PFS, but with lower OS
[32] (3.2 versus 9.5 months) [33–39]. In a large retrospective
study, median OS was 5.5 months compared to 11.3 months,
respectively [35]. The prospective GIDEON trial confirmed
that safety profile and time to progression of sorafenib was
generally similar, and median OS was shorter in Child-Pugh
class B patients [38, 40], 5.2months compared to 13.6months,

respectively [40]. In Asian patients with advanced HBV-
related HCC, there were no significant differences in clinical
benefit, OS (5.5 versus 5 months), grade 3/4 hematologic
toxicities.

Randomized studies showed that significantly prevalent
grade 3/4 toxicities [22, 23] were weight loss, hand-foot skin
reaction (5–11%), diarrhoea (6–8%) [22], hypophosphatemia
(11%), thrombocytopenia (4%), and fatigue (3.4%). Hand-
foot skin reaction and diarrhoea were the most common
adverse events resulting in dose reductions. Sorafenib-
associated adverse events led to dose reductions and inter-
ruptions in 26% and 44% of patients, respectively. Grade
3/4 adverse events in the Child-Pugh A and B groups,
respectively, included hyperbilirubinemia (14% and 53%),
ascites (3% and 5%), and encephalopathy (3% and 13%), and
were more frequent in Child-Pugh class B subgroup [34].
In the GIDEON trial, the incidence of adverse events was
similar across subgroups, although serious adverse events
were more common in Child-Pugh class B patients [40].
In advanced HBV-related HCC, there were no significant
differences in grade 3/4 hematologic toxicities and non-
hematologic toxicities [41]. In our experience of tailored
treatment according to patient’s age and CIRS status and
careful safety monitoring, cumulative G3-4 toxicities were
anorexia (10%), hypertransaminasemia (40%), hyperbiliru-
binemia (10%), hypercreatininemia (20%).More, G2 diarrhea
was observed in 40%. Elderly HCC patients treated with
sorafenib showed 40% individual LTS, previously reported by
our group as significantly more frequent in elderly metastatic
colorectal cancer patients [25, 26]. LTS were almost exclu-
sively characterized by LTS-ms, mainly including thrombo-
cytopenia, hand-foot syndrome, liver dysfunction, anorexia,
asthenia, hypothyroidism, and diarrhea.
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Table 3: Cumulative toxicity.

Patients Cycles
Number 10 45
NCI-CTC Grade 1 2 3 4 1 2 3 4
Nausea (%) 1 (10) — — — 1 (2) — — —
Vomiting (%) 1 (10) — — — 1 (2) — — —
Anorexia (%) 4 (40) 3 (30) 1 (10) — 14 (31) 4 (9) 1 (2) —
Diarrhea (%) 1 (10) 4 (40) — — 6 (13) 7 (16) — —
Hypoalbuminemia (%) — — — — — — — —
Constipation (%) — 2 (20) — — 1 (2) 2 (4) — —
Stomatitis/mucositis (%) 2 (20) — — — 12 (27) — — —
Asthenia (%) 4 (40) 5 (50) — — 30 (67) 5 (11) — —
Hypertension (%) 1 (10) — — — 1 (2) — — —
Hypotension (%) — — — — — — — —
Gengival recession/gengivitis (%) — — — — — — — —
Rhinitis (%) 1 (10) — — — 1 (2) — — —
Epistaxis (%) — 2 (20) — — 2 (4) 2 (4) — —
HFS (%) — 1 (10) — — 3 (7) 1 (2) — —
Hyponatriemia (%) 2 (20) — — — 2 (4) — — —
Hypertransaminasemy (%) 3 (30) 1 (10) 2 (20) 2 (20) 14 (31) 13 (29) 2 (4) 1 (4)
Hyperbilirubinemia (%) 4 (40) 3 (30) 1 (10) — 17 (38) 5 (11) 4 (9) —
Cholestasis (%) 2 (20) 1 (10) 1 (10) — 12 (27) 11 (24) 14 (31) 1 (2)
Hyperammoniemia (%) 3 (30) — — — 5 (11) — 2 (4) —
Hypercreatininemia (%) 2 (20) — 2 (20) — — — — —
Hypothyroidism (%) — 2 (20) — — — 2 (4) — —
Anemia (%) — — — — — — — —
Leucopenia (%) 2 (20) 1 (10) — — 5 (11) 1 (2) — —
Neutropenia (%) — 1 (10) — — 2 (4) 1 (2) — —
Thrombocytopeny (%) 4 (40) 2 (20) — — 8 (18) 6 (13) — —

Table 4: Distribution of limiting toxicity syndromes.

Overall
No. %

Patients 10 100
Limiting toxicity syndromes (LTS) 4 40
LTS single-site (LTS-ss) — —
LTS multiple-sites (LTS-ms) 4 40

Single LT plus G2-3 4 40
Double LTs — —

LT: limiting toxicity; G: grade.

cTACE can increase survival in selected patients with
inoperable intermediate HCC (BCLC stage B) [1, 3], with 1-,
2-, and 3-year survival of 75%, 47%, and 26%, respectively [1].
After TACE, tumor microenvironment becomes deranged
with increased hypoxia, leading to upregulation of hypoxia
inducible factor-1𝛼, which in turn upregulates VEGF and
PDGFR and increases tumor angiogenesis [42, 43], that may
have adverse protumor consequences [44, 45]. There has
been interest in combining antiangiogenic targeted agents
with TACE to decrease post-TACE angiogenesis, to improve

the efficacy of locoregional therapy, and to decrease the
incidence of systemic disease. Preclinical models combin-
ing transarterial embolization with antiangiogenic agents
reported a reduction in tumor volume and vessel density, as
well as a prolongation in survival compared with transar-
terial embolization alone [46]. In nonrandomized phase II
studies, sorafenib concomitant with TACE or doxorubicin-
eluting beads (DEB) TACE was well tolerated and effective
in unresectable HCC [47–51]. In a phase III randomized
trial, sorafenib when given after TACE did not significantly
increase time to progression orOS in patients who responded
to TACE, potentially due to delays in starting sorafenib after
TACE (median 9 weeks) and/or low daily sorafenib doses
[52].

The present experience based on multidisciplinary man-
agement in clinical practice of a small cohort of consecutive
HCC patients in a single institution to select proper tailored
treatment options, based on comorbidity and functional
liver status, requires further validation in a wide popula-
tion. Careful selection of HCC patients suitable for further
development of therapeutic strategies in HCC, integrating
sorafenib with TACE, and including innovative targeted
agents, according to prognostic and predictive biomarkers, is
mandatory.
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Table 5: Limiting toxicity syndromes.

Patients # Age (years) LT Associated toxicity
LT G2-G3

1 70 Thrombocytopenia G2 > 2
weeks — Neutropenia G2

2 75 Hand-foot syndrome G2 —
Anorexia G2
Astenia G2

Hypothyroidism G2
3 71 Hyperbilirubinemia G2 — Hypertransaminasemy G2

4 65 Hyperbilirubinemia G2 —

Hypertransaminasemy G3
Cholestasis G4

Hypothyroidism G2
Diarrea G2

LT: limiting toxicity; G: grade.

5. Conclusion

In clinical practice, HCC patients require multidisciplinary
clinical management and selection of tailored locoregional
and medical treatments, according to disease stage and
patient’s age and comorbidities. HCC patients suitable for
sorafenib treatment should be carefully selected and moni-
tored for individual safety.
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Previously, we found that the expression of microRNA-146a (miR-146a) was downregulated in hepatocellular carcinoma (HCC)
formalin-fixed paraffin-embedded (FFPE) tissues compared to the adjacent noncancerous hepatic tissues. In the current study, we
have explored the in vitro effect ofmiR-146a on themalignant phenotypes of HCC cells. MiR-146amimic could suppress cell growth
and increase cellular apoptosis in HCC cell lines HepG2, HepB3, and SNU449, as assessed by spectrophotometry, fluorimetry, and
fluorescence microscopy, respectively. Furthermore, western blot showed that miR-146a mimic downregulated EGFR, ERK1/2, and
stat5 signalings. These effects were less potent compared to that of a siRNA targeting EGFR, a known target gene of miR-146a.
Moreover, miR-146a mimic could enhance the cell growth inhibition and apoptosis induction impact of various EGFR targeting
agents.Themost potent combination was miR-146a mimic with cetuximab, presenting a synergistic effect. In conclusion, miR-146a
plays a vital role in the cell growth and apoptosis of HCC cells and inducing miR-146a level might be a critical targeted molecular
therapy strategy for HCC.

1. Introduction

Hepatocellular carcinoma (HCC) represents a major form of
primary liver malignancy in adults worldwide. The tumori-
genesis and development of HCC is typical of a multistage
process. Major risk factors for HCC include infection with
HBV or HCV, alcoholic liver disease, and most probably
nonalcoholic fatty liver disease [1–7]. The progression is
considered to deregulate genes that are critical to biological
cellular procedures such as cell cycle control, apoptosis, cell
migration, and metastasis [8–15]. However, the sensitivity
and specificity of these markers remain imperfect [15].
Therefore, new biomarkers are needed to help to understand

the causes of hepatocarcinogenesis and to predict response
possibilities towards different therapeutic methods.

The current therapies for HCC are challenged. New
molecular therapies for HCC include epidermal growth
factor receptor (EGFR) inhibitors, for instance, gefitinib,
erlotinib [16, 17], cetuximab [18–21], and antiangiogenic
compounds, such as bevacizumab [22, 23] and sunitinib [24].
In a phase III trial, patients with advanced HCC treated with
the molecular targeted agent sorafenib had an increase in
survival of approximately 3 months [25–29]. Nevertheless,
new agents must be developed to treat advanced HCC.

MicroRNAs (miRs), small noncoding single-stranded
RNAs of 19–24 nucleotides in length, negatively regulate the
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expression of numerous target genes at the posttranscrip-
tional and/or translational levels and play a vital role in
the initiation and deterioration of HCC. Extensive profiling
studies over the past several years have indicated that many
miRNAs are abnormally expressed in HCC tissues [30–34].
Previously, we found that miR-146a expression was lower in
HCC than that in their paracancerous liver tissues.The lower
miR-146a expression was also related to advanced clinical
TNM stage and distantmetastasis [35]. In order to investigate
the role of miR-146a on the malignant phenotypes of HCC
cells, we performed in vitro experiments in the current study
to explore the effect of miR-146a on the cell proliferation,
viability, caspase-3/7 activity, apoptosis, and regulation of cel-
lular signals in HCC cells lines Hep3B, HepG2, and SNU449.
Furthermore, we studied the potential of miR-146a mimic as
a therapeutical strategy by combining it and different EGFR
target agents, including tyrosine kinase inhibitors (TKIs)
gefitinib, erlotinib, and monoclonal antibody cetuximab.

2. Materials and Methods

2.1. RT-qPCR. The total RNA including miRNA was iso-
lated from HCC cells as reported [36–41]. Combination of
RUN6B and let-7a was used as the housekeeping gene for
the detection of miR-146a expression. GAPDH was used
as internal reference for EGFR mRNA. The primers for
miR-146a, RNU6B, and let-7a were included in TaqMan
MicroRNA Assays (4427975, Applied Biosystems, Life Tech-
nologies Grand Island, NY, USA). Sequence of miRNA and
references used in the paper were miR-146a (Applied Biosys-
tems Cat. number 4427975-000468): UGAGAACUGAAU-
UCCAUGGGUU;RNU6B (Applied BiosystemsCat. number
4427975-001093): CGCAAGGAUGA CACGCAAAUUCG-
UGAAGCGUUCCAUAUUUUU; let-7a (Applied Biosys-
tems Cat. number 4427975-000377): UGAGGUAGUAGGU-
UGUAUAGUU. The reverse primers were also used for
the reverse transcription with TaqMan MicroRNA Reverse
Transcription Kit (4366596, Applied Biosystems, Life Tech-
nologies Grand Island, NY, USA) in a total volume of 10 𝜇L.
Real-time qPCR for miRNA was performed with Applied
Biosystems PCR7900. The alteration ratio of miR-146a was
(1–1/2ΔΔCq) × 100% [37, 41]. Real time RT-qPCR for EGFR
was performed as reported [36, 38–41].

2.2. Inhibition and Reexpression of mir-146a in HCC Cells.
The human HCC-derived cell lines HepG2 (HB-8065),
HepB3 (HB-8064), and SNU449 (CRL-2234) were pur-
chased from the American Type Culture Collection (ATCC,
Rockville, MD, USA). They were cultured as previously
described [42–44]. All in vitro experiments were performed
in triplicate. HCC cells were planted in 24-well plates (2.5
× 104 cells per well) or 96-well plates (2.5 × 103 cells
per well) and incubated at 37∘C for 24 h. The cells were
transfected with miR-146a inhibitor, miRNA inhibitor neg-
ative control, miR-146a mimic, and miRNA mimic nega-
tive control, respectively (Ambion, Life Technologies Grand
Island, NY, USA) at a final concentration of 200 nmol/L
for 96 h using combiMAGnetofection (OZ BIOSCIENCES,
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Figure 1: Transfection efficiency of miR-146a inhibitor and miR-
146a mimic in HepG2 cells. HepG2 cells (2.5 × 104 cells per well in
24-well plate) were planted and transfected with miR-146a inhibitor,
miR-146a mimic, and their negative controls up to 96 h. Real time
RT-qPCR was performed to detect the level of miR-146a and delta
delta Cq was calculated. Negative control 1: negative control of
miRNA inhibitor; Negative control 2: negative control of miRNA
mimic.

Marseille Cedex 9, France) in accordancewithmanufacturer’s
procedure. MiRNA mimics are small, chemically modified
double-stranded RNA molecules designed to specifically
bind to and mimic endogenous miRNA molecules. They can
enablemiRNA functional analysis by upregulation ofmiRNA
activity. MiRVana miRNA Mimic Negative Control Number
1 was used as miRNA mimic negative control in the current
study and it is a random sequence miRNA mimic molecule
that has been extensively tested in human cell lines and
tissues and validated not to produce identifiable effects on
known miRNA function. MiRNA inhibitors are chemically
modified, single-stranded nucleic acids designed to specif-
ically bind to and inhibit endogenous miRNA molecules.
These ready-to-use inhibitors can be introduced into cells
using transfection or electroporation parameters similar to
those used for siRNAs. Anti-miR Negative Control Number
1 was used as inhibitor negative control in the present study
and it is a random sequence anti-miR molecule that has
been extensively tested in human cell lines and tissues and
validated to produce no identifiable effects on knownmiRNA
function. EGFR TKIs gefitinib, erlotinib, and EGFR-specific
monoclonal antibody cetuximab (2mg/mL, 13.719 𝜇M) were
purchased from Selleckchem, Munich, Germany. All agents
were prepared as described previously [36–41]. The EGFR
specific siRNA was described previously [36–39] (sequence:
GCAAAGTGTGTAACGGAATAGGTAT). The EGFR spe-
cific siRNA was transfected into HCC cells with the same
method as above.

2.3. Cell Biological Function Detections. Cell proliferation,
cell viability, apoptosis and nuclear morphology, and
caspase-3/7 activity were performed as described previously
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Figure 2: Time dependent effect of miR-146a on cell proliferation in HCC cell lines. HepG2, HepB3, and SNU449 cells (2.5 × 103 cells per
well in 96-well plate) were cultured for 24 h and then transfected with miR-146a inhibitor, miR-146a mimic, EGFR siRNA, and their negative
controls (200 nM) up to another 96 h. Cell proliferation was assessed per day with MTS assay (CellTiter 96 Aqueous One Solution Cell
Proliferation Assay). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to blank and negative controls at the same time point.
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Figure 3: Time dependent effect of miR-146a on cell viability in HCC cell lines. HepG2, HepB3, and SNU449 cells (2.5 × 103 cells per well
in 96-well plate) were cultured for 24 h and then transfected with miR-146a inhibitor, miR-146a mimic, EGFR siRNA, and their negative
controls (200 nM) up to another 96 h. Cell viability was monitored using fluorimetric detection of resorufin (CellTiter-Blue Cell Viability
Assay). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to blank and negative controls at the same time point.

[36–41, 43, 44] to study the effects of miR-146a inhibitor
and miR-146a mimic. Western blot was performed as
described previously [36–41, 43, 44]. The following primary
antibodies were used: phospho-EGFR (Tyr1173, clone 9H2,
Upstate), total-EGFR (2232, Cell Signaling Technology),
phospho-AKT/PKB (pS473, Invitrogen), total-AKT (9272,
Cell Signaling Technology), phospho-ERK1/2 (pTpY185/187,
Invitrogen), total-ERK1/2 (9102, Cell Signaling Technology),
phospho-stat5 (pY694, BD Biosciences), total-stat5 (9363,
Cell Signaling Technology), caspase-3 (8G10, 9665, Cell

Signaling Technology), and 𝛽-actin (Sigma-Aldrich
N.V.).

2.4. Statistical Analysis. SPSS19.0 (Munich, Germany) was
performed for statistical analysis. Results were representative
of minimal three independent experiments unless stated
otherwise. Values were presented as the mean ± standard
deviation (SD). One-way analysis of variance (ANOVA) test
was used to analyze significance between different groups.
The least significant difference (LSD) method of multiple
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Figure 4: Dose dependent effect of miR-146a on cell growth in HCC cell line HepG2. HepG2 cells (2.5 × 103 cells per well in 96-well plate)
were cultured for 24 h and transfected with miR-146a inhibitor, miR-146a mimic, EGFR siRNA, and their negative controls with increasing
concentrations for 96 h (0–200 nM). (a) Cell proliferation tested with MTS assay. (b) Cell viability detected using fluorimetric detection of
resorufin (CellTiter-Blue Cell Viability Assay). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to blank and negative controls with the same concentration.

comparisons between two groups was applied when the
probability for ANOVAwas statistically significant. Statistical
significancewas determined at a𝑃 < 0.05 level. In the analysis
of additivity and synergism, the theoretical zero-interaction
(exactly additive) dose-response curve for each miR-146a
mimic + other agent combination was calculated by applying
Bliss independence criterion [45] and was also assessed by
the Biosoft CalcuSyn program (Ferguson, MO, USA). The
combination index (CI) was used to express synergism (CI

< 1), additive effect (CI = 1), or antagonism (CI > 1) [37, 38,
40, 41, 43, 46].

3. Results

3.1. MiR-146a Inhibited Cell Growth in HCC Cells. Transfec-
tion efficiency was first confirmed using real time RT-qPCR
(Figure 1).The effect of miR-146a on cell growth was detected
using three independent assays, including MTS tetrazolium
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Figure 5: Time dependent effect of miR-146a on cell caspase-3/7 activity in HCC cell lines. HepG2, HepB3, and SNU449 cells (2.5 × 103
cells per well in 96-well plate) were cultured for 24 h and then transfected with miR-146a inhibitor, miR-146a mimic, EGFR siRNA, and
their negative controls (200 nM) up to another 96 h. Caspase-3/7 activity was detected using Apo-ONE Homogeneous Caspase-3/7 Assay.
∗

𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to blank and negative controls at the same time point.

assay, fluorimetric resorufin viability assay, and Hoechst
33342/propidium iodide (PI) double fluorescent chromatin
staining, respectively. MTS tetrazolium assay revealed that
cell proliferation increased slightly in HepG2 cells 96 h after
transfection compared to blank and negative controls with
miR-146a inhibitor. MiR-146a inhibitor exerted no influence
on HepB3 or SNU449 cells. After transfection with the miR-
146a mimic, a large reduction in proliferation was examined
at 72 and 96 h in all the three cell lines tested, although less
than the effect of siRNA targeting EGFR (Figure 2). The cell
growth inhibitory effect showed a time dependent manner.
To verify these results, the effect on cell viability was assessed

by using a fluorimetric resorufin viability assay (Figure 3)
and Hoechst 33342/PI double fluorescent chromatin staining
(data not shown), which largely mirrored the results from
MTS assay.The effect of miR-146a on cell growth suppression
showed also a dose dependent manner (Figure 4).

3.2. MiR-146a Mimic Induced Apoptosis in HCC Cells. To
validate whether miR-146a is able to influence apoptosis,
the CellTiter-Blue assay was multiplexed with a fluorescent
caspase-3/7 assay. The results showed that with the miR-
146a inhibitor, caspase-3/7 activity was slightly less than the
blank and negative controls, but indicated no significant
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Figure 9: Effect of miR-146a on EGFR and its downstream pathway signals in HCC HepG2 cells. HepG2 cells (2.5 × 104 cells per well in
24-well plate) were cultured for 24 h then transfected with miR-146a inhibitor, miR-146a mimic, EGFR siRNA, and their negative controls
(200 nM) up to another 96 h. Western blot and signal intensity of the bands were shown. Antibodies included phospho-EGFR (p-EGFR),
total-EGFR (t-EGFR), p-ERK1/2, t-ERK1/2, p-AKT, t-AKT, p-stat5, t-stat5, and 𝛽-Actin. M: mock control; C1: negative control for miRNA
inhibitor; Inhi: miR-146a inhibitor; C2: negative control for miRNA mimic; Mimi: miR-146a mimic; Si: EGFR siRNA.

change. However, with the miR-146a mimic, caspase-3/7
activity was markedly enhanced in all three HCC cell lines
tested (Figure 5) with a time and dose dependent manner.
Similar to the result of cell growth, the effect of miR-146a
on caspase activity was much milder than that of siRNA
targeting EGFR. The time and dose dependent effect on
apoptosis was confirmed microscopically by Hoechst 33342
and PI double fluorescent staining (Figures 6, 7 and 8).

3.3. Contribution of miR-146a in Relevant Cellular Signal-
ing. To investigate the contribution of miR-146a in the
regulation of cellular signaling, we examined the signaling
of EGFR, AKT, ERK, and stat pathways by using west-
ern blot, which are related to cell survival, apoptosis, and
invasion. These pathways were influenced little with miR-
146a inhibitor transfection. However, the phospho-EGFR,
phospho-ERK1/2, and phospho-stat5 were downregulated by
miR-146a mimic 96 h after transfection, although weaker
than EGFR siRNA (Figure 9).

3.4. Synergistic Effect of miR-146a Mimic and Cetuximab.
EGFR is a confirmed target gene of miR-146a as previously
reported [41, 47, 48].We desired to explore the combinatorial
effect of miR-146a mimic and agents targeting EGFR (small
molecular inhibitors or monoclonal antibody), using the
colorimetric MTS formazan proliferation assay and caspase
activity assay. The inhibition of cell proliferation was much
stronger with miR-146a mimic in combination with gefitinib,
erlotinib, or cetuximab, compared to single drug or single
miR-146a mimic in HepG2 cells (Figure 10). However, for

gefitinib and erlotinib, the proliferation curve of the com-
binatorial treatment was not significantly higher than the
Bliss independence curve, which indicated an additive effect.
Surprisingly, the combination of miR-146a mimic and cetux-
imab showed an extremely higher inhibitory effect compared
to the Bliss independence curve, which suggested a possible
synergy in cell growth suppression (Figure 10). Furthermore,
the combination of miR-146a mimic and cetuximab also gave
a significantly higher caspase-3/7 signal than single treatment
(Figure 11). In addition, western blot proved that with the
combination of miR-146a mimic and cetuximab, the caspase-
3 protein level was reduced and cleaved caspase-3 expression
was increased (Figure 12). Meanwhile, the EGFR and down-
stream pathway signals were also further downregulated with
miR-146a mimic combined with cetuximab, especially p-
EGFR and p-ERK1/2 (Figure 13). To verify the additive or
synergistic nature of combining EGFR targeted agents with
the miR-146a mimic, a CI was calculated [37, 38, 40, 41, 45].
This unambiguously showed that the effect of gefitinib or
erlotinib and miR-146a was additive (data not shown). With
regard to the combination of cetuximab andmiR-146amimic,
the effect was indeed entirely synergistic (Figure 14).

4. Discussion

Previously, we found that the relevant miR-146a expression
in the HCC tissues and cultured cells was significantly lower
than that in the adjacent noncancerous hepatic tissues. More-
over, miR-146a expression in early clinical stages (I and II)
was remarkably higher than that in advanced stages (III and
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Figure 10: miR-146a mimic enhanced the growth inhibitory effect of EGFR targeting agents in HCCHepG2 cells. HepG2 cells (2.5 × 103 cells
per well in 96-well plate) were cultured for 24 h then transfected with miR-146a mimic and negative control (200 nM). Meanwhile, gefitinib,
erlotinib, and cetuximab were added and the cells were cultured up to another 96 h. MTS was performed as above and the proliferation
inhibition rate was calculated. Bliss independence curve indicated the theoretical situation in which the combinational effect of miR-146a
mimic and other agents was exactly additive. ∗𝑃 < 0.05, compared to agent alone. Bliss independence criterion was applied to analyze the
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IV). Lower level of miR-146a was also found in HCC patients
withmetastasis compared with those withoutmetastasis [35].
These results strongly suggest that miR-146a acts as a tumor
suppressor miRNA in HCC. To further explore the function
of miR-146a on the malignant phenotypes of HCC cell, we
performed a series of in vitro experiments.

We first investigated the contribution of miR-146a to cell
growth and apoptosis in HCC cells and also compared the
effect of miR-146a mimic to the siRNA specially targeting
EGFR mRNA, since EGFR was documented as a target of

miR-146a in various cancers [41, 47–50]. In the current study,
the EGFR protein was downregulated in HCC HepG2 cells
after transfection of miR-146a mimic, which implies that
EGFR is a target of miR-146a in HCC. The miR-146a mimic
decelerated the cell growth in all the cell lines tested (HepG2,
HepB3, and SNU449), using three independent assays. Addi-
tionally, miR-146a mimic enhanced the caspase-3/7 activity
and induced apoptosis in HCC cell lines. This could partially
be explained by the downregulation of EGFR and the down-
stream pathways as shown by western blot, especially ERK1/2
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Figure 13: Effect of combining miR-146a mimic and cetuximab on EGFR and its downstream pathway signals in HCC HepG2 cells. HepG2
cells (2.5 × 104 cells per well in 24-well plate) were cultured for 24 h then transfected with miR-146a mimic and negative control (200 nM).
Meanwhile, cetuximab was added and the cells were cultured up to another 96 h. Western blot and signal intensity of the bands were shown.
Antibodies included phospho-EGFR (p-EGFR), total-EGFR (t-EGFR), p-ERK1/2, t-ERK1/2, p-AKT, t-AKT, p-stat5, t-stat5, and 𝛽-Actin. M:
mock control; Cetu: cetuximab; Mimi: miR-146a mimic; comb: combination of cetuximab and miR-146a mimic.
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Figure 14: Combinational effect of cetuximab and miR-146a mimic in HepG2 cells. Cetuximab (0.001, 0.01, 0.1, 1, and 10𝜇M) was combined
with miR-146a mimic (0.001, 0.025, 0.05, 0.1, and 0.2 𝜇M) and cell proliferation was detected by MTS assay. Biosoft CalcuSyn program was
used to calculate (a) median-effect plot, (b) dose-effect curve, and (c) CI. This indicates synergistic effect since CI < 1, (d) log 10 (CI).
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and stat5, though HCC HepG2 expresses low level of p-stat5
at the basic line. However, the effect of miR-146a mimic
on inhibiting cell growth and inducing apoptosis was much
weaker than that of an EGFR-specific-siRNA. Since different
mechanism could be involved in the process of EGFR gene
silencing, probably much higher dosage of miR-146a mimic
is needed to reach the same effect of EGFR siRNA. The miR-
146a inhibitor had little effect on the function of HCC cells,
which could be related to the limited downregulation of miR-
146a level. With miR-146a inhibitor, the ΔΔCq was about 2
times higher than the negative controls, in contrast withmiR-
146a mimic; the ΔΔCq was about 9 times lower than the
controls.

The suppressive role of miR-146a on the malignant
phenotype of HCC cells makes it tempting to develop novel
therapeutical strategies of inducing miR-146a levels. When
we combined the miR-146a mimic together with different
EGFR TKIs or cetuximab in HCC cells, miR-146a mimic
was found to enhance the cell proliferation inhibition and
apoptosis induction by TKIs and cetuximab, the strongest
effect obtained when combined with cetuximab. Synergistic
effect was obtained with the combination of miR-146a mimic
and cetuximab. Western blot also confirmed that the EGFR,
ERK1/2, and stat5 pathways were strongly inhibited with
this combination. Since EGFR siRNA has stronger effect
than miR-146a mimic, we wondered if the combination of
EGFR siRNAand cetuximab could produce evenmore potent
synergistic effect. Indeed, EGFR siRNA plus cetuximab have
very powerful effect on cell growth inhibition and apoptosis
induction (unpublished data on file). The level of miR-146a
in cancer cells can also be upregulated by other agents. For
example, Li et al. found that reexpression of miR-146a by
nontoxic “natural agents,” including 3,3-diindolylmethane,
and isoflavone, has antitumor effects in pancreatic cancer
[47].

5. Conclusions

Since miR-146a was found to be related to the HCC metas-
tases, further in vitro studies are planned to identify the
mechanism of miR-146a in metastasis. Other possible target
genes of miR-146a, such as TRAF6, IRAK1, and NUMB,
will also be tested. On the other hand, cell growth inhibi-
tion and apoptosis induction by miR-146a mimic represent
great relevance due to its possible therapeutic potential. The
application of miR-146a mimic might thus be a promising
approach to HCC therapies in the future, for both in vivo
studies and clinic trials.
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ence of RT-qPCRprimer position onEGFR interference efficacy
in lung cancer cells,” Biological Procedures Online, vol. 13, no. 1,
article 1, 2011.

[37] G. Chen, P. Kronenberger, E. Teugels, I. A. Umelo, and J.
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Hepatocellular carcinoma (HCC) has been known as one of the most lethal human malignancies, due to the difficulty of early
detection, chemoresistance, and radioresistance, and is characterized by active angiogenesis andmetastasis, which account for rapid
recurrence and poor survival. Its development has been closely associated with multiple risk factors, including hepatitis B and C
virus infection, alcohol consumption, obesity, and diet contamination.Genetic alterations and genomic instability, probably resulted
from unrepaired DNA lesions, are increasingly recognized as a common feature of human HCC. Dysregulation of DNA damage
repair and signaling to cell cycle checkpoints, known as the DNA damage response (DDR), is associated with a predisposition to
cancer and affects responses to DNA-damaging anticancer therapy. It has been demonstrated that various HCC-associated risk
factors are able to promote DNA damages, formation of DNA adducts, and chromosomal aberrations. Hence, alterations in the
DDR pathways may accumulate these lesions to trigger hepatocarcinogenesis and also to facilitate advanced HCC progression.
This review collects some of the most known information about the link between HCC-associated risk factors and DDR pathways
in HCC. Hopefully, the review will remind the researchers and clinicians of further characterizing and validating the roles of these
DDR pathways in HCC.

1. The Common Causes of Genetic Alterations
and Genomic Instability in HCC

Liver cancer is the sixth most common cancer overall but
the third most frequent cause of cancer death [1, 2]. Among
primary liver cancers, hepatocellular carcinoma (HCC), the
major histological subtype, is associated with multiple risk
factors, including hepatitis B and C virus (HBV and HCV)

infection, alcohol consumption, obesity, and diet contami-
nation (Figure 1). HCC frequently arises in the context of
chronic injury and inflammation that promote DNA damage
and chromosomal aberrations [3], which trigger a prompt
set of signaling events known as the DNA damage response
(DDR) pathways which coordinate DNA repair, cell cycle
arrest, and ultimately cell death or senescence [4–6]. There
are several types of DNA damage and corresponding repair
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Figure 1: (a) A diagram of the potential involvement of DDR pathway in HCC. (b) Short summary of the link between HBV and HCV
infections and DDR pathways in HCC.

mechanisms that have been implicated inHCC such as stalled
DNA replication fork by homologous recombination (HR)
[7], base mismatches by mismatch repair (MMR) [8], and
the most serious form of DNA damage, double-strand break
(DSB) [9], by nonhomologous end joining (NHEJ) [10, 11]
(Figure 1). Aberrations ofDDRmay ravage genomic integrity,
trigger hepatocarcinogenesis, and facilitate advanced HCC
development. It is increasingly recognized that both genetic
alteration and genomic instability are common features of
human HCC. Hence, better understanding of the roles of
DDR pathways may help us to develop the strategies for

treatment or prevention of HCC. It will be worthy to remind
people of the importance of DDR pathways in HCC.

Genomic instability including telomere erosion [12–14],
chromosome segregation defects [15, 16], and alterations
in the DDR pathways [17, 18] has been regarded as a
common feature of human HCC. Various genetic alterations
accumulate during hepatocarcinogenesis that change the
signal transduction network [19]. Although different types of
liver carcinogenesis models have been described [19–22], the
direct link of genetic and epigenetic changes to this cancer
remains undetermined. A failure to repair these genetic or
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genomic alterations probably resulted from DNA damages,
caused by many risk factors, may lead to hepatocarcinogene-
sis and continuously contribute to further HCC progression.
In addition to its direct impacts on genomic integrity, DNA
damage can also increase viral DNA integration into the
host genome [23]. Integration of HBV DNA and resulting
induction of genomic instability is one of the proposedmech-
anisms suggested for HBV-related liver carcinogenesis [24].
In addition, HBV DNA integration can also occur in human
satellite DNA sequences [25]; genomic repetitive sequences
are suspected to be hotspots for HBV DNA integration [26].

Frequent mutations of coding nucleotide repeats are
thought to contribute significantly to carcinogenesis asso-
ciated with microsatellite instability (MSI), one kind of
genomic instability. Microsatellite alterations have been
widely and frequently reported, mainly when cirrhosis is
associated with HBV infection [27–31]. However, the fre-
quency of MSI in HCC tumors exhibits large variations.
More than 10% (10–43%) of HCCs in European, American,
Japanese, and black Southern African patients have been
shown to exhibit MSI at one or more microsatellite markers
[28–38], whereas this phenotype has rarely been observed in
other European, American, Japanese, Taiwanese, Korean, and
Chinese series of HCC tumors [39–47]. Several human can-
cers have been under extensive loss of heterozygosity (LOH),
another kind of genomic instability, including breast cancer,
ovarian cancer, renal cell carcinoma, HCC, lung cancer, and
colorectal cancer; a number of deleted chromosomal regions
that are important in those cancers have been identified [48–
52].

Since with genetic alterations, genomic instability, and
alterations of DDR pathways have been recognized as a
common characteristic of HCC, we will shortly review their
relationships with multiple risk factors, including hepatitis
B and C virus infection, alcohol consumption, and diet
contamination as follows.

1.1. Common Chemical Carcinogens in HCC Development.
The aflatoxin-liver cancer risk relationship is one of the
most documented examples of a disseminated environmen-
tal chemical carcinogen [53]. Aflatoxin B1 (AFB1), a well-
established animal hepatocarcinogen, is a suspected HCC
risk factor in hyperendemic areas like Sub-Saharan Africa,
Southeast Asia, and Southern China, where dietary staples
are highly contaminated [17]. Prospective epidemiological
studies have shown a more than multiplicative interaction of
HBV or HCV and aflatoxins in terms of HCC risk. Studies of
the metabolism of AFB1 revealed that the compound is acti-
vated to its electrophilicDNA-binding form through an epox-
idation pathway. Furthermore, activation and DNA binding
produces identical DNA adduct profiles, with theN7 position
of guanine representing the only site of adduct formation [18].
In regions where exposure to AFB1 and chronic exposure to
HBV are frequently concomitant, there is a high incidence of
HCC that often harbors TP53 mutations [54]. It is possible
that aflatoxin-induced DNA adducts are fixed as mutations
due to the HBV-related increase in cell proliferation and
hyperplasia, thus promoting the clonal expansion of mutant

cells.Mutations ofTP53 such as the transversion in codon 249
(guanine (G) to thymine (T)), which causes an arginine (R)
to serine (S) substitution, are present in 50% of HCCs [55, 56]
and have been related to consumption of AFB1-contaminated
food [57, 58]. Studies from Qidong and Guanxi, China, and
South Africa revealed that the mutation occurs at the codon
249 hotspot in exon 7 of the TP53 gene in HCC patients [57,
59–62]. The target organ for metabolism of AFB1 is the liver.
Following ingestion with AFB1-contaminated food, AFB1
may bemetabolized by cytochrome P450 enzymes to reactive
genotoxic intermediates (aflatoxin B1-8,9-oxide, AFBO) or
hydroxylated (to AFQ1 and AFM1) and demethylated (to
AFP1) to become less harmful than AFB1.The highly reactive
genotoxic compound, AFBO, can bind to liver cell DNA
as a result, and DNA adducts are formed, namely, 8,9-
dihydro-8 (N7guanyl)-9-hydroxy-AFB1 (AFB1 N7-Gua) [63–
66]. If this is not repaired before DNA replication, the DNA
adducts interact with the guanine base of the DNA and cause
mutational effects in the TP53 tumor suppressor gene [63,
65, 67], resulting in hepatocarcinogenesis. Mutated R249S-
TP53 protein expression may lead to inhibition of apoptosis,
inhibition of TP53-mediated transcription, and stimulation
of liver cell growth in vitro [55].

Malignant transformation of hepatocytes may occur
as a consequence of various aetiologies, such as alcohol,
in the context of increased cellular turnover induced by
chronic liver injury, regeneration, and cirrhosis. Alcohol
intake has been definitely recognized as a cause of chronic
liver diseases, including HCC [68]. An indirect mechanism
includes the development of cirrhosis, which is probably
the most common pathway to liver carcinogenesis in devel-
oped countries [69]. Chronic alcohol use of greater than
80 g/day for more than 10 years increases the risk for HCC
approximately 5-fold. Nevertheless, alcohol use of less than
80 g/day is associated with a nonsignificant increased risk
for HCC [70]. The risk does not decrease with abstinence
because HCC can also occur in a noncirrhotic liver. The
mechanisms by which alcohol causes HCC are incompletely
understood but may include chromosomal loss, oxidative
stress, a decreased retinoic acid level in the liver, altered
DNA methylation, and genetic susceptibility [68]. Acetalde-
hyde, the primary metabolite of ethanol, is suspected to
play a major role in alcohol-related carcinogenesis. The
binding of DNA and formation of DNA adducts represent
one mechanism by which acetaldehyde could trigger the
occurrence of replication errors or mutations in oncogenes
or tumor suppressor genes [71, 72]. Thus, the development
of acetaldehyde-derived DNA adducts may be an important
mechanism in the carcinogenicity of alcoholic beverages [73].
Ingested ethanol is mainly oxidized by the enzymes alcohol
dehydrogenase (ADH), cytochrome P-450 2E1 (CYP2E1),
and catalase to form acetaldehyde, which is subsequently
oxidized by aldehyde dehydrogenase 2 (ALDH2) to produce
acetate. N (2)-Ethylidenedeoxyguanosine (N (2)-ethylidene-
dG) is the major adduct formed in this reaction. Although
some DNA adducts formation is demonstrated to be an
initiation step of carcinogenesis [74, 75], it is still unclear
whether these alcohol-related DNA adducts are true factors
or initiators of cancer. Future studies are needed to better
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characterize and to validate the roles of these DNA adducts
in human study.

1.2. The Link between Inflammation and ROS-Mediated DNA
Damage to HCC Development. Activated inflammatory cells
release free radicals, such as reactive oxygen species (ROS)
and nitric oxide reactive species (NOS), which in turn can
cause DNA damage and lead to gene mutations, thus foster-
ing neoplastic transformation. Inflammation and oxidative
stress associated with chronic active hepatitis may result in
DNA damage and mutations. The chronic inflammation is
characterized by the continued expression of cytokines and
recruitment of immune cells to the liver. In fact, hepatic
oxidative stress is also strongly associated with increased risk
for HCC in patients with chronic HBV and HCV infections
[76, 77]. On the other hand, obesity and inflammation-
associated metabolic disorders are also able to promote
increased secretion of cytokines (known as adipokines) by
adipose tissue [78], as well as inflammatory cells, which
include resident liver macrophages or Kupffer cells (KCs) [78,
79]. Hypertrophic adipocytes resulted from deposition and
accumulation of excess lipids secrete free fatty acids (FFAs),
and together with various immune cells which release various
proinflammatory cytokines including tumor necrosis factor
(TNF), interleukin-6 (IL-6), IL-1𝛽, IL-8, IL-10, IL-18, and IL-
17, as well as more specialized adipokines, such as leptin and
adiponectin [78, 80–85]. Among all of these cytokines, IL-
6 is both proinflammatory and a useful marker for obesity-
associated inflammation. In the liver, IL-6 is mainly secreted
by KC and hepatic stellate cells (HSC) and to a lesser extent
by stimulated hepatocytes [86, 87]. Earlier studies have also
revealed that both IL-6 and TNF increase hepatic production
of C-reactive protein (CRP), a major acute phase protein,
which is a nonspecific but sensitive marker of infection and
tissue inflammation that is increased in obesity [88–90].

The balance of cytokines is also critical for regulating
the type, extent, function, and outcome of inflammatory
cell infiltrates. Profibrotic cytokines (IL-4 and IL-13) are
produced by the increased population of NKT cells in
chronically infected livers [91, 92]. Emerging data suggest
that the inflammatory milieu represents a favorable niche
for genetic mutations leading to cancer. A consequence of
chronic inflammatory responses initiated by viral infection
is the release of free radicals, such as ROS and NOS [93,
94]. The inflammatory response includes the activation of
macrophage and neutrophil cells that result in a complex
spectrum of chemically reactive species that damage DNA
and other biomolecules [95]. Activated macrophages over-
produce NO and superoxide (O

2𝑖

−) that combine rapidly
to form peroxynitrite (ONOO−). The latter decomposes
to reactive intermediates that can cause damage to DNA
and other biomolecules. The activated neutrophils, on the
other hand, contribute to the myeloperoxidase-mediated
generation of hypochlorous acid (HOCl)—a potent oxidizing
and halogenating agent [95]. While many of the DNA lesions
formed are oxidized forms of DNA bases themselves [96, 97],
more bulky DNA lesions can also arise from the endogenous
peroxidation of lipids that generate highly reactive aldehyde

derivatives that react with DNA [98]. The generation of
guanine radical intermediates also leads to the formation of
cross-linking reactions with thymine [98, 99]. Intriguingly,
NO could contribute to viral persistence by means of its
antiapoptotic effect in hepatocytes and may itself induce
viral mutations and promote a selective suppressive effect
on Th1 cells [94]. NO can also directly influence liver cell
survival by preventing apoptosis through activation of the
nuclear factor kappa B (NF-𝜅B) signaling pathway [100]. ROS
and other oxidative stress-related intermediates contribute to
death, the perpetuation of chronic inflammatory responses,
fibrogenesis, with a major focus on hepatic chronic wound
healing, and liver fibrogenesis [101]. In addition, ROS are
also involved in necrosis and apoptosis of hepatocytes and
HSC activation [102, 103]. Together, these oxygen-derived
free radical species are able to induce several alterations and
structure/function modifications of cancer-related proteins
and gene mutations, including those related to cell-cycle
control, apoptosis, lipid peroxidation, and DNA repair.

The chronic inflammation affectsmany cellular pathways,
leading to fibrosis and cirrhosis and finally hepatocarcino-
genesis. Liver injury induces tissue repair and liver regenera-
tion, which involve deregulated growth and death of hepato-
cytes. High cell turnover induces several critical alterations
for malignant transformation, including structural and/or
functional modifications of proteins involved in cell-cycle
control, apoptosis, oxidative stress, lipid peroxidation, and
DNA repair damage [104, 105]. Moreover, TNF-𝛼-induced
NF-𝜅B activation plays a key role in hepatocarcinogenesis
[106, 107].

Several major classes of free radical scavengers, such as
catalase, superoxide SOD, and glutathione peroxidase (GSH-
P), were investigated in various types of liver damage, and
they afforded effective protection against the oxidative insults
to hepatic parenchyma [108].High levels of ROS, fromphago-
cytic cells, such as KCs, protect the organism from external
pathogens; however, lower amounts of ROS mainly from
HSC actively participate in the regulation of intracellular
signaling [103, 109]. Platelet-derived growth factor (PDGF)
is the most potent mitogen of HSC and is, therefore, likely
to be an important mediator during liver fibrogenesis [110].
Interestingly, NAD(P)H is expressed in HSC and produces
ROS, which, in turn, induces the production of PDGF;
again, this molecule increases mitosis of HSC [109]. These
results strongly suggest that ROS plays an important role in
fibrogenesis increasing PDGF throughout.

2. The Impact of DDR Pathways on
HCC Development

It has been revealed that aberrations of DNA repair proteins
such as hOGG1,XRCC1, TP53, Poly(ADP-ribose) polymerase
1 (PARP-1), Mre11-Rad50-Nbs1 (MRN) complex, and ataxia
telangiectasia-mutated (ATM) kinase were correlated with
HCC [111–117]. Lack of Ku70, a DNA repair protein that takes
part in NHEJ pathway, showed high proliferative activity
with increased cyclin D1 and loss of TP53 via proteasomal
degradation, thus suggesting that defects in NHEJ pathway
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lead to chromosomal instability and facilitate development
of HCC [118]. In addition, MRN complex, a DSB sensor
[119] and DNA binding protein [120], recruits ataxia ATM
to participate in two major DNA repair pathways that are
responsible for DSB: HR and NHEJ [121–123]. It has also
been reported that mutant TP53 can interact with Mre11 and
thereby impair the proper function of MRN complex and
subsequent activation of ATM [124]. Moreover, inactivation
of DNA repair contributes to development of HCC has been
revealed [125, 126].

Base excision repair (BER) pathway constitutes the
primary defense mechanism against lesions generated by
DNA damaging agents like viruses [127]. Two DNA repair
genes, hOGG1 and XRCC1 that encode DNA glycosylase
enzyme [113] and scaffold protein [128] responsible for BER
pathway, have been implicated with hepatitis virus-related
liver cancer [129–131]. Furthermore, genetic polymorphisms
of DNA repair genes reduce DNA repair capacity [132].
For instance, hOGG1, Cys326Cys, and Ser326Cys genotypes’
XRCC1 codon 399 variant Arg/Gln allele has been recently
shown to be associatedwith increasedHCC risk (Table 1) [111,
112]. Recent study has also reported that Ser326Cys polymor-
phism in hOGG1 gene is associated with HCC carcinogenesis
in Eastern Asians [113].The nucleotide excision repair (NER)
process is the most important repair pathway for elimination
of DNA damage caused by exogenous agents including UV
light, DNA-adducing carcinogens, and some endogenously
generated oxidative lesions [133]. NER is a multistep process
involving more than 25 polypeptides; it consists in an initial
damage recognition step, followed by an incision to either
side of the lesion and the removal of the damage-containing
oligonucleotide, DNA repair synthesis, and finally reseal of
the strand by a DNA ligase [134]. Overexpression of two
key genes involved in the early steps of the NER process,
ERCC1 and XPC, is associated with liver fibrogenesis and
cancer and could be related to the well-recognized resistance
of HCC to chemotherapeutics [135]. Several studies have
revealed multiple genetic alterations of the mismatch repair
(MMR) genes in hepatocarcinogenesis [136]. Among the
MMR genes, human Mut L homologues 1 and 2 (hMLH1
and hMSH2) play important roles in DNA repair [137–139].
Immunohistochemical studies of MMR genes in HCC are
few [40, 140–143]. HCC lacking both O6-methylguanine-
DNA methyltransferase (MGMT) and hMLH1 is correlated
with an advanced stage and a poor prognosis.Mgmt-targeted
(Mgmt−/−) mice treated with alkylating agents develop HCC
[144]. Reduced expression of hMSH2 and hMLH1 in both
HCC and ANCLT suggests that this event occurs at early
stages of HCV-related hepatocarcinogenesis. Moreover, the
significant association between reduced expression of both
MMR genes and poor histologic grades of the tumor claims
that these proteins are involved in the process of cancer
progression [136].

AlthoughMRNcomplex has crucial physiologic activities
in cell response to DNA damage, the role of defective MRN
complex in HCC is still rarely described. A current study has
reported that HBV infection downregulates the protein level
of Mre11, and HCV core protein can interfere the formation

of MRN complex by binding on Nbs1 and inhibit subsequent
activation of ATM and other DNA repair proteins [116, 117].
Nevertheless, patients with occult HCV infection have been
suggested to have high phosphorylated ATM, ATR, H2AX,
and TP53, along with active recruitment of MRN complex,
and further result in Bax-triggered mitochondria-mediated
cellular apoptosis in lymphocyte [145]. These studies raised a
question: which is a better strategy, to activate or to inhibit
ATM activity, in treating HCC patients? Recently, Wang et
al. revealed that GL331, a topoisomerase II inhibitor, activates
autophosphorylation ofATMat S1981 and extends activations
of DNA damage signaling pathways including TP53/p21 and
Chk2/Cdc25A cascades to reach S phase arrest inHepG2 cells
(Table 1) [146]. A small molecular inhibitor, CGK733, which
targets kinase activity of ATM, can obviously reverse the
resistance of HepG2 to taxol treatment (Tables 1 and 3) [147].
Besides, a synthetic cytotoxic effect was obtained in HepG2
cells when cotreated with sorafenib (multikinase inhibitor)
and KU55933 (ATM inhibitor) (Tables 2 and 3) [148]. These
results suggest that the ATM signaling pathway may serve as
a novel target for the clinical treatment of HCC patients with
chronic hepatitis B.

Genomic instability has long been proposed to be amech-
anism by which a cell may acquire the necessary properties
for invasion andmetastasis [149].The tumor suppressor TP53
has been well known in maintaining a stable genome under
the toxic insults through its role in promoting cell-cycle
checkpoints, DNA repair, and apoptosis [149]. It has been
revealed that mutated T53 gene was found in approximately
50% of hepatoma cells [114]. And mutant TP53 often gains
additional oncogenic functions that endow cells with growth
and survival advantages and differences in radiosensitivity
[150, 151]. Recently, investigators have revealed that TP53-
mutated cells provide much more resistance to radiotherapy
than TP53 null (Hep3B) and wild type TP53 cells (HepG2),
suggesting the loss or mutation of TP53 proteins produced
radioresistance [115]. It has been also reported that mutant
TP53 can interact with Mre11 and thereby impair the proper
function of MRN complex (Table 1) [124]. Abrogation of
Mre11 function limits the phosphorylation and activation
of ATM, resulting in bypassing of the G2/M DNA damage
checkpoint. Loss of this checkpoint severely reduces the
ability for efficient HR, resulting in less conservation of
genetic information and accumulation of DNA damage and
genetic errors [124].

PARP-1 is encoded by ADP-ribosyltransferase (ADPRT)
gene, which regulates gene transcription, cell death signaling,
and DNA repair through production of the posttranslational
modification poly(ADP-ribose) [152], and its activation is
one of the early responses to DNA damage [153]. Aberrant
protein residue at V762A in PARP-1 has defective cellular
response for oxidative DNA damage and contributes to
prostate cancer susceptibility (Table 1) [154]. In addition, a
recent study has showed that alteration of PARP-1 at residue
A762A significantly depresses PARP-1 activity and is related
to increased risk of cervical cancer (Table 1) [155]. In HCC,
HBV may confer the development of HCC via octameric
tandem repeats that can bind on PARP-1, and this interaction
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Table 1: Summary of aberrations of the DDR pathways and their subsequent effects.

DNA repair protein Mutation or polymorphism Effect Reference
OGG1 Ser 326 Cys Increased risk of HCC. [112]

XRCC1
Arg 280 His Increased susceptibility to HBV infection. [112]
Arg 399 Gln Increased risk of HCC. [111]

Arg 194 Trp and Arg 280 His Increased risk of bladder cancer. [240]

TP53

Arg 273 His, Arg 175 His, and
Cys 135 Tyr

TP53 GOF mutants stimulate EMT features through binding to and
transrepressing the promoter ofmiR-130b in endometrial cancer cells. [241]

Arg 248 Trp
TP53 GOF mutant interacts with the nuclease Mre11 and suppresses

the loading of the MRN complex to DNA DSB, subsequently
impairing the activation of ATM.

[124]

Alteration of protein residues in
a.a. 302–320

Retained associate with topoisomerase I and induced its activity
during times of DNA stress in a regulated fashion, facilitating DNA
repair. Suggested to lead to inappropriate topoisomerase I activity,

resulting in an increase in recombinogenic events.

[242]

PARP-1 Val 762 Ala
Depressed PARP-1 activity is related to increased risk of cervical

cancer, smoking-related lung cancer, and prostate cancer
susceptibility.

[154, 155, 243]

Mre11 C 1714 T MutantMre11 found at codon 1714C→T, which encodes a
prematurely truncated protein, is suggested to be eliminated by NMD. [244]

Rad50
Ser 635 Gly

Rad50 phosphosite-specific mutant supported normal activation of
ATM in Rad50-deficient cells but failed to correct radiosensitivity,

DNA DSB repair, and an S-phase checkpoint defect in
Rad50-deficient cells.

[245]

Hook domain replace with six
a.a. residues from 684 to 689:
Asn-Ala-Ala-Ile-Arg-Ser

Rad50 zinc hook mutant leads to MRN complex which failed to load
to chromosomal DSB and exhibits very limited recruitment of DNA

repair proteins.
[246]

Nbs1
657del5 The Nbs1 657del5 founder allele is associated with an increased risk of

breast cancer. [247]

Ser 706 X Results in a premature stop at codon 706 and a truncated Nbs1 protein
that lacks the extreme C-terminal ATM recruitment motif (ARM). [248]

ATM

Ser 367 Ala and Ser 2996 Ala Both the S367A and S2996A mutants were defective in correcting
radioresistant DNA synthesis in A-T cells. [249]

Ser 1893 Ala

Defective activation of ATM was manifested as defective substrate
phosphorylation of TP53, Chk2, Nbs1, and SMCI in A-T cells

transfected with ATM S1893A mutant failed to correct
radiosensitivity, radiation-induced chromosome aberrations, and the

defective G2/M checkpoint.

[250]

Ser 1981 Ala

ATM is sequestered with a dimer or multimer with its kinase domain
bound to an internal domain of a neighbouring ATMmolecule

containing serine 1981. A mutation occurs at autophosphorylation
site, which leads to ATM unable to be released from other ATM

molecules, and fails to phosphorylate other cellular substrates while
DNA is damaged.

[251]

suppressed the DNA repair activity of PARP-1 and even
increased the replication efficiency of HBV [156].

3. Interplay between Viral Infection/Protein
and DDR Pathways in HCC

The relation of the virus to the development of HCC is
through chronic hepatitis and cirrhosis [157]. A study directly
assessing 8-oxo-deoxyguanosine in human liver revealed
that both HBV and HCV infections were associated with

DNA damage [158]. Almost all patients with virus related
HCC have an underlying cirrhosis. The hepatocyte necrosis
and mitosis of chronic hepatitis favor nodular regeneration
which, in appropriate circumstances, is followed by hepato-
cyte dysplasia and carcinoma [159]. Although nodular regen-
eration and cirrhosis remain themost important antecedents,
the tumor can develop in the absence of cirrhosis. In this
case, and by analogy with the HBV-like woodchuck chronic
hepatitis, necroinflammatory activity may be an important
requisite [160].
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Table 2: Roles of DNA DSB repair proteins in HCC.

DSB repair related proteins Functions Reference

p53 binding protein 1 (53BP1)

53BP1 enhances TP53-mediated transcriptional activation via binding on DBD of TP53.
53BP1 is also used as an indicator of DNA damage and has been shown to rapidly localize
to regions of DNA double-strand breaks. 53BP1 has a binding site for phosphorylated

H2AX and colocalizes with phosphorylated H2AX at sites of damage.

[252, 253]

Phospho-H2AX (𝛾H2AX) H2AX is a potential regulator of DNA repair and is a useful tool for detecting DNA
damage, which also frequently occurs in preneoplastic lesions of HCC. [186, 254]

Ku70 (XRCC6)

Toll-like receptor 4 (TLR4) protects against HCC carcinogenesis by enhancing the
expression and function of DNA repair protein Ku70. Ectopic expression of Ku70 protects

against HCC initiation and progression by restoring the cellular senescent response,
decreases DNA damage, and promotes programmed cell death in TLR4-deficient livers.

[255, 256]

Ku80 (XRCC5)
Overexpression of Ku80 obviously inhibits cell proliferation ability of HCC cells,

SMMC7721, in vitro and in vivo, through functions as a tumor suppressor by inducing
S-phase arrest in a TP53-dependent pathway.

[257]

DNA-PKcs
Tissue staining results showed that the highest ratio of DNA-PKcs positive expressing

cells was detected in HCC than in cholangioadeno carcinomas biliary
cystadenocarcinomas.

[258]

Ataxia telangiectasia mutated
kinase (ATM)

Autophosphorylation of ATM at S1981 extends activations of DNA damage signaling
pathways to reach S phase arrest in HepG2 cells. Inhibited activity of ATM improves the

cytotoxicity of taxol and serafenib in HepG2 cells.
[146–148]

Table 3: Summary of the involvement of the DDR pathways in potential therapy resistance in HCC.

Protein DNA repair pathway Underlying effects Reference

Chk-1 HR
Shh ligand abolished RT-induced phosphorylation of Chk-1 as well
as impairing the repair of DNA DSB, which results in HCC cells,

HA22T, and Sk-Hep1, resistant to radiotherapy.
[232]

Chk-2
UCN-01 promotes the cytotoxicity of paclitaxel in paclitaxel

resistant HCC cells (SNU449, SNU398, SUN368, SNU354, and
HepG2 cells) via inhibiting activity of Chk-2.

[233, 259]

ECCR1 NER HCC patients with increased nuclear staining of ERCC1 are
positively correlated with resistance of cisplatin treatment. [236]

XPC
Increased XPC is associated with liver fibrogenesis and cancer and

could be related to the well-recognized resistance of HCC to
chemotherapeutics.

[135]

ATM
HR or NHEJ Small molecular inhibitor, CGK733, which targets kinase activity

of ATM can obviously reverse HBV-positive HCC cells, [147]

KU55933, ATM inhibitor cotreat with sorafenib, multikinase
inhibitor, shows synthetic cytotoxicity to HepG2 cells. [148]

3.1. HBV. Chronic infection with HBV is a major risk factor
for the development of HCC.The virus encodes a 17 kDa pro-
tein,HBx, which is thought to be involved in the development
of HBV-associated HCC [161]. Epidemiologic studies have
shown that chronic HBV infection is associated with a 100-
fold increase in the risk forHCCdevelopment relative to non-
carriers, placing HBV in the forefront among known human
carcinogens [162, 163]. The integration of HBV DNA into
hepatocytes is an integral step for persistent viral infection
that leads to chronic hepatitis B infection, which ultimately
causes HCC [164]. Viral DNA integration rearranges both
host and viral genes, leading to the production of altered
protein products and making hepatocytes more susceptible
to HCC [165]. In addition, the insertion of viral genome may
result in chromosome deletions and other general genomic
instability [24] that activates several pathways switching on

HCC development [166]. As HBV is a DNA virus which
integrates its genome inside the host genome, during HBV
infection, viral replication occurs inside infected hepatocytes
within viral capsids. In this manner, viral genome conceals
itself from pattern recognition receptors (PRRs), of innate
immune system, preventing the detection of initial HBV
infectious particles [167] PPRs including Toll-like receptors
(TLRs) [168, 169] that recognize the pathogen-associated
molecular patterns leading to a change of macrophage
phenotype. These macrophages secrete ROS, such as type
I interferons (IFNs) (IFN-𝛼 and IFN-𝛽), NO, and other
cytokines and chemokines. It was studied that the general
production of NO and ROS by activated macrophages may
also cause hepatocytes destruction [170]. ROS can cause
oxidative protein andDNAdamage [171]. ROS also affects the
central cellular processes such as apoptosis and proliferation
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leading to the development of cancer [172]. Genes that
are involved in DNA damage such as CCND1, CDKN1A
(p21CIP1/WAF1), MSH2, MSH3, TP53, and XIAP [173] along
withmodified gene expression andmutations are all required
participants in the process of carcinogenesis. It was found
that oxidative stress is associated with hepatitis B activity and
XRCC1 gene is putatively associated with DNA damage [112].

Studies with transgenic mice provide conflicting results.
Some X protein of HBV (HBx) transgenic mice develop liver
cancer [174], while others do not [175–177]. However, HBx
can serve as a cofactor for HCC in those transgenic mice that
do not develop spontaneous tumors [176, 178, 179]. A cofactor
role for the X protein is also observed in woodchuck hepatitis
virus transgenicmice that do not spontaneously develop liver
tumors [180]. Integrated viral DNA sequences might act in
cis to modify host gene expression or encode viral proteins
that may interfere with normal cellular functions either
directly or indirectly. Accordingly, the inactivation of cellular
proteins by viral proteins has been proposed as a potential
mechanism of malignant transformation of hepatocytes by
HBV [181]. Recent studies have shown that the HBx binds to
cellular TP53 [182, 183] and, in vitro, inhibits TP53 sequence-
specific DNA binding, TP53 transcriptional activity, and its
association with the transcriptional factor ERCC3. Previous
discussion showed that HBx antigen also participates in pro-
cesses that are associatedwith the progression of chronic liver
disease, including angiogenesis and fibrosis. Moreover, HBx
expression affects DNA repair in a TP53-dependent manner
[184]. Binding of HBx on TP53 leads to inhibition of TP53-
dependent DNA repair, thereby DNA damage accumulation
in HBV-infected cells, and subsequently depressed TP53-
dependent apoptosis [183, 185, 186]. Furthermore, recent
study has also indicated that HBsAg disrupts promyelocytic
leukemia- (PML-) mediated DSB HR repair or apoptosis,
which may facilitate hepatocarcinogenesis [18]. Based on
these data, it has been suggested that HBV may affect a
wide range of TP53 functions [183]. ATM and ATR kinases
phosphorylate Ser-15 and Ser-20 of p53 following DNA
damage [187, 188]. HBx also sensitizes hepatocytes to p53
apoptosis via activation of the p38MAPK pathway, which
couples p53 stabilization and p53 activation, by E2F1 induc-
tion and ATR activation, respectively [189]. In addition, HBx
can impair the ATR-dependent phosphorylation of Chk1 and
monoubiquitination of FANCD2. Overexpression of ATR
reverts the MMC-induced phenotype of Chk1 and FANCD2
in HBx transformed cells [190]. The defect of intra-S-phase
checkpoint may further result in accumulation of genomic
instability. Many pathways of cellular immune system are
activated during HBV infection. The deregulation of signal-
ing pathways including MAPKs, TP53, sex steroid, Wnt/𝛽-
catenin, transforming growth factor 𝛽 (TGF𝛽), PI3 K/AKT,
cytokines, NF-𝜅B, and Hedgehog (Hh) were found to be
closely related with HCC development [191]. In addition,
HBV heat shock proteins can upregulate three dominant
groups of genes including oxidative and metabolic stress
and growth and apoptosis-related genes [192]. The level of
inflammatory cytokines such as IL-6 is also found to be
increased in HCC cells [193]. Level of IL-6 may also predict
the shift from viral hepatitis to HCC in humans [194] due

to Hh signal activation. It has been documented that the
expression of HBx andHh is highly correlated in human liver
cancer cell lines [195].

3.2. HCV. HCV infects more than 170 million people in
the world. The importance of HCV infection in HCC and
non-Hodgkin’s B-cell lymphomas has been well documented
[196, 197], indicating that HCV is a unique nonretroviral
oncogenic RNA virus. From the genetic perspective, cancer
represents the phenotypic consequence of the accumulation
of mutations or deletions of DNA involving the inactivation
of tumor suppressor genes and the activation of oncogenes
by a stepwise process. It has recently demonstrated that HCV
infection induces DNA damage that leads to a mutator phe-
notype [198]. In addition,HCV infection is able to causeDSBs
and to enhance the mutation frequency of cellular genes,
including protooncogenes and immunoglobulin genes [199].
HCV-induced inflammation and oxidative stress have been
also implicated as risk factors for liver damage and cancer
development [200–202]. Patients with greater intrahepatic
oxidative stress have a higher incidence of HCC recurrence
[203]. Generally, HCV infection can induce the production
of total NO, that is, NO

𝑋
which includes both nitrites (NO

2

−)
and nitrates (NO

3

−); there is an association between the viral
load and the level of NO

𝑋
in the serum of HCV-infected

patients [204]. Enhanced levels of inducible nitric oxide syn-
thase (iNOS) expression (implying excessive NO formation)
in the liver ofHCV-infected patients also positively correlated
with viral load and severity of hepatic inflammation [94]. In
several human gastrointestinal neoplasms, including HCV-
associated HCC, the immunologic (type II) isoform of
NO synthase (NOS), that is, inducible NOS (iNOS), which
generates NO from L-arginine in inflamed tissues, is elevated
[205]. The enhanced levels of iNOS in HCV-associated T
lymphocytes correlated with the high level of expression
of HCV proteins [206]. Other observations supported this
finding [207–209] and suggested that an important treatment
optionmay includemodulation ofNOmetabolism to prevent
HCC pathogenesis and improve patient outcomes [207].
Therefore, one of the means by which HCV exerts its effects
upon infected cells is likely oxidative stress, including NO
production. Furthermore,Maki et al. [203] demonstrated that
HCV-induced inflammation causes oxidative DNA damage
and promotes hepatocarcinogenesis. In particular, generation
of ROS and NOS associated with the decreased antioxidant
defense seemed to promote the development and progression
of hepatic and extrahepatic complications of HCV infection
[210].

The HCV genome contains a large open reading frame
encoding a polyprotein precursor of 3,010 to 3,033 amino
acids and an untranslated region at the 59 and 39 ends of
the genome. This polyprotein is processed into at least 10
proteins, 4 of which are structural proteins (core, E1, E2, and
p7) and 6 nonstructural (NS) proteins (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B) in the order from the 59 end [211–
214]. HCV core protein activated SRE-, NF-𝜅B-, and AP-
1-associated signals, and NS4B protein activated the NF-
𝜅B-associated signal [100]. Interestingly, HCV core protein
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also binds to the Nbs1 protein and inhibits the formation
of the Mre11/Nbs1/Rad50 complex, thereby affecting ATM
activation and inhibiting DNA binding of repair enzymes.
These data indicate that HCV infection inhibits multiple
DNA repair processes to potentiate chromosome instabil-
ity in both monocytes and hepatocytes. These effects may
explain the oncogenicity and immunological perturbation of
HCV infection [117]. Moreover, replication of both genome-
lengthHCVRNA (HCV-O, genotype 1b) and the subgenomic
replicon RNA is notably suppressed in ATM- or Chk2-
knockdown cells. HCVNS3-NS4A interacted with ATM and
HCV NS5B interacted with both ATM and Chk2. These
results suggest that the ATM signaling pathway is critical for
HCV RNA replication and may represent a novel target for
the clinical treatment of patients with chronic hepatitis C
[215].

4. DDR-Based Therapy Resistance in HCC

Dysfunction of one DNA repair pathway may be compen-
sated for by the function of another compensatory DDR
pathway, which may be increased and may contribute to
resistance to DNA-damaging chemotherapy and radiother-
apy [10]. Human cancers exhibit genomic instability and an
increased mutation rate due to underlying defects in DNA
repair. Cancer cells are often defective in one of six major
DNA repair pathways, namely, mismatch repair (MMR),
BER, nucleotide excision repair (NER), HR, NHEJ, and
translesion synthesis (TLS) [216]. Dysregulation of DNA
damage repair and signaling to cell-cycle checkpoints, known
as the DDR, is associated with a predisposition to cancer and
affects responses to DNA-damaging anticancer therapy.

HCC has been known as one of the most lethal
human malignancies, due to the difficulty of early detec-
tion, chemoresistance, and radioresistance [217, 218], and is
characterized by active angiogenesis and metastasis, which
account for rapid recurrence andpoor survival [219]. Transar-
terial embolization (with or without chemotherapy) has been
a general treatment choice for unresectable HCC through
and is the standard of care for patients with preserved
liver function and asymptomatic, noninvasive multinodular
HCC confined to the liver [220, 221]. However, hypoxia
also has been revealed to be associated with proliferation,
angiogenesis, epithelial mesenchymal transition (EMT), a
critical process for tumor invasion, and metastasis as well
as chemoresistance and radioresistance in HCC [219, 222,
223]. Additionally, HCC is unique as it frequently reoccurs
after treatment irrespective of the different etiological factors
including HBV and C HCV, alcohol abuse, and nonalcoholic
steatohepatitis [224–226]. One possible reason for the fre-
quent recurrence of HCC might be due to many patients
being affected with hepatitis virus-associated chronic liver
inflammation [224, 227].

DNA damaging agents are widely used in treatment of
hematological malignancies and solid tumors [228]. How-
ever, DDR also protects against genomic instability, and may
enable cancer to become resistant to IR and chemotherapy
drugs by enhanced DNA repair of the lesions [229, 230].

In addition, the development and progression of HCC is
significantly correlated to the accumulation of genomic alter-
ations [231]. Sonic hedgehog (Shh) ligand induced signaling
is critical to embryogenesis and resistance to chemotherapy.
Recent study showed that HCC cells, HA22T, and Sk-Hep1
are resistant to radiotherapy upon treatment of Shh lig-
and and reduced the radiotherapy-induced phosphorylation
of Chk-1 as well as impairing the repair of DNA DSB.
This phenomenon can be partly reversed by Shh antibody
neutralization, suggesting that activation of Shh signaling
protects HCC cells against ionizing radiation in an autocrine
manner. Impairment of DNA damage repair might involve
mechanism of Shh-induced radioresistance [232]. Inhibition
of G2 DNA damage checkpoint by UCN-01 also promotes
the cytotoxicity of paclitaxel in paclitaxel resistant HCC
cells (SNU449, SNU398, SUN368, SNU354, and HepG2
cells) [233]. Excision repair cross complementation group
1 (ECCR1) belong to the nucleotide excision repair (NER)
pathway and are essential to the repair of cisplatin DNA
adducts [234]. Ueda et al. indicated that high nuclear staining
of ECCR1 was found in 33% of paraffin-embedded HCC
tissue (𝑛 = 43), which is positively associated with succinic
dehydrogenase, a major target aimed by cisplatin in mito-
chondria [235] and resistance to treatment of cisplatin [236].
A previous study has shown that overexpression of two NER
genes, ERCC1 and XPC, is associated with liver fibrogenesis
and cancer and could be related to the well-recognized
resistance of HCC to chemotherapeutics [135]. It has been
implicated thatmolecules involved inDNArepair or cell cycle
checkpoints can be targets to enhance tumor radiosensitivity
[237]. Taken together, these observations suggest that the
drugs targeting DNA repair related proteins may be applica-
ble to improve radioresistance and chemoresistance of HCC.

5. Conclusions

The accumulation of genetic alterations and genomic insta-
bility, partly resulted from causing DNA damages of HCC-
associated risk factors and a concomitant failure of repair-
ing lesions, is currently regarded as a common feature of
HCC [231]. These risk factors have been proposed directly
or indirectly to form DNA adducts and to produce ROS
and NOS, which in turn cause DNA damage and lead to
gene mutations, thus fostering neoplastic transformation. In
addition, they can also target certain genes of the DDR
pathways through indirect induction of multiple oncogenic
signaling to counter the DDR pathways or through their
own proteins to interrupt the DDR genes. For instance, it
is now clear that HBV, probably through HBx, potentiates
damage to DNA in infected cells, probably by inhibiting
various aspects of the DDR. As many other viruses, HBV
inactivates TP53 following infection. HBx binds directly to
TP53 and inhibits its transcriptional activation properties
[182, 238]. It also inhibits the association of TP53 with
transcription factors such as ERCC3/XPD and ERCC2/XPB
[183, 239] and, as a consequence, abrogates TP53-induced
apoptosis [183]. Since TP53 plays a key role in maintenance
of the integrity of the genome, such a mechanism of TP53
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inactivation would establish a direct link between HBV
infection and the malignant transformation of hepatocytes.
More interestingly, DNA damages can also increase viral
DNA integration into the host genome [23] and further
induce genomic instability [24–26]. These studies straightly
point out the importance of these risk-factors-associated
genetic alterations, genomic instability, and alterations of
the DDR pathways in HCC development and treatment. On
the other hand, the reason why HCC is one of the most
lethal human malignancies is at least in part due to its easy
production of chemoresistance and radioresistance [217, 218].
AlthoughDDRmay protect against genomic instability, DDR
also helps cancer to become resistant to IR and chemotherapy
drugs by enhancing DNA repair of the DNA lesions [229,
230]. Furthermore, various DDR pathways can compensate
for each other and contribute to resistance to DNA-damaging
chemotherapy and radiotherapy [10, 229, 230]. It has been
implicated thatmolecules involved inDNArepair or cell cycle
checkpoints can be targets to enhance tumor radiosensitivity
[237].

Taken together, a better understanding of the involve-
ment of DDR in HCC may help us to develop the strategies
for treatment or prevention of HCC. The development of
drugs targeting DDR pathways may be applicable to improve
radioresistance and chemoresistance of HCC and further
prolong their survival. Herein, we present the critical involve-
ment of the DDR pathways in HCC. Hopefully, this review
will enforce the researchers and clinicians to further explore
and validate the impacts and underlyingmechanisms of DDR
pathways in HCC.
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and S. Langouët, “Overexpression of the twonucleotide excision
repair genes ERCC1 and XPC in human hepatocellular carci-
noma,” Journal of Hepatology, vol. 43, no. 2, pp. 288–293, 2005.

[136] T. E. A. Helal, N. S. Khamis, T.M. El-Sharkawy, O. H. Nada, and
N. A. Radwan, “Immunohistochemical expression of mismatch
repair genes (hMSH2 and hMLH1) in hepatocellular carcinoma
in Egypt,” APMIS, vol. 118, no. 12, pp. 934–940, 2010.

[137] F. S. Leach, N. C. Nicolaides, N. Papadopoulos et al., “Mutations
of a mutS homolog in hereditary nonpolyposis colorectal
cancer,” Cell, vol. 75, no. 6, pp. 1215–1225, 1993.

[138] N. Papadopoulos, N. C. Nicolaides, Y.-F.Wei et al., “Mutation of
a mutL homolog in hereditary colon cancer,” Science, vol. 263,
no. 5153, pp. 1625–1629, 1994.

[139] R. Fishel, M. K. Lescoe, M. R. S. Rao et al., “The humanmutator
gene homolog MSH2 and its association with hereditary non-
polyposis colon cancer,” Cell, vol. 75, no. 5, pp. 1027–1038, 1993.

[140] Y. Wani, K. Notohara, C. Tsukayama, and S. Okada, “Reduced
expression of hMLH1 and hMSH2 gene products in high-grade
hepatocellular carcinoma,” Acta Medica Okayama, vol. 55, no.
2, pp. 65–71, 2001.

[141] S. Matsukura, K. Miyazaki, H. Yakushiji, A. Ogawa, Y. Chen,
and M. Sekiguchi, “Combined loss of expression of O6-
methylguanine-DNA methyltransferase and hMLH1 acceler-
ates progression of hepatocellular carcinoma,” Journal of Surgi-
cal Oncology, vol. 82, no. 3, pp. 194–200, 2003.

[142] S. Matsukura, H. Soejima, T. Nakagawachi et al., “CpG methy-
lation of MGMT and hMLH1 promoter in hepatocellular carci-
noma associated with hepatitis viral infection,” British Journal
of Cancer, vol. 88, no. 4, pp. 521–529, 2003.

[143] M. R. Hussein, “Alterations of p53, Bcl-2, and hMSH2 pro-
tein expression in the cirrhotic, macroregenerative, dysplastic
nodules and hepatocellular carcinomas in Upper Egypt,” Liver
International, vol. 24, no. 6, pp. 552–560, 2004.

[144] T. Iwakuma, K. Sakumi, Y. Nakatsuru et al., “High incidence
of nitrosamine-induced tumorigenesis in mice lacking DNA
repairmethyltransferase,”Carcinogenesis, vol. 18, no. 8, pp. 1631–
1635, 1997.

[145] A. Bhargava, G. V. Raghuram, N. Pathak et al., “Occult hepatitis
C virus elicits mitochondrial oxidative stress in lymphocytes
and triggers PI3-kinase-mediated DNA damage response,” Free
Radical Biology and Medicine, vol. 51, no. 9, pp. 1806–1814, 2011.

[146] Y. J. Wang, X. G. Chen, Z. Y. Xiao, G. T. Liu, and H. Sun,
“Induction of cell cycle arrest by GL331 via triggering an ATM-
dependent DNA damage response in HepG2 cells,” Journal of
Asian Natural Products Research, vol. 14, no. 7, pp. 657–664,
2012.

[147] H. Wang, B. Zuo, H. Wang et al., “CGK733 enhances multi-
nucleated cell formation and cytotoxicity induced by taxol in
Chk1-deficient HBV-positive hepatocellular carcinoma cells,”
Biochemical andBiophysical ResearchCommunications, vol. 422,
no. 1, pp. 103–108, 2012.

[148] S. Fujimaki, Y. Matsuda, T. Wakai et al., “Blockade of
ataxia telangiectasia mutated sensitizes hepatoma cell lines to
sorafenib by interfering with Akt signaling,” Cancer Letters, vol.
319, no. 1, pp. 98–108, 2012.

[149] W. Hanel and U. M. Moll, “Links between mutant p53 and
genomic instability,” Journal of Cellular Biochemistry, vol. 113,
no. 2, pp. 433–439, 2012.

[150] K.-R. You, J. Wen, S.-T. Lee, and D.-G. Kim, “Cytochrome
c oxidase subunit III: a molecular marker for N-(4-
hydroxyphenyl)retinamide-induced oxidative stress in
hepatoma cells,” Journal of Biological Chemistry, vol. 277,
no. 6, pp. 3870–3877, 2002.

[151] L. T. Ng, L.-C. Chiang, Y.-T. Lin, and C.-C. Lin, “Antiprolifer-
ative and apoptotic effects of tetrandrine on different human
hepatoma cell lines,”TheAmerican Journal of Chinese Medicine,
vol. 34, no. 1, pp. 125–135, 2006.

[152] M. F. Langelier and J. M. Pascal, “PARP-1 mechanism for cou-
pling DNA damage detection to poly(ADP-ribose) synthesis,”
Current Opinion in Structural Biology, vol. 23, no. 1, pp. 134–143,
2013.

[153] V. Schreiber, F. Dantzer, J.-C. Amé, and G. De Murcia,
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Intrahepatic portal hypertension accounts for most of the morbidity and mortality encountered in patients with liver cirrhosis,
due to increased portal inflow and intrahepatic vascular resistance. Most treatments have focused only on portal inflow or vascular
resistance. However, miRNAmultitarget regulation therapymay potentially intervene in these two processes for therapeutic benefit
in cirrhosis and portal hypertension. This review presents an overview of the most recent knowledge of and future possibilities
for the use of miRNA therapy. The benefits of this therapeutic modality—which is poorly applied in the clinical setting—are still
uncertain. Increasing the knowledge and current understanding of the roles of miRNAs in the development of intrahepatic portal
hypertension and hepatic stellate cells (HSCs) functions, as well as their potential as novel drug targets, is critical.

1. Introduction

Portal hypertension is one of the more common and severe
complications that develops in patients with chronic liver
diseases. The most common intrahepatic cause is cirrhosis
[1]. The subsequent increases in portal venous inflow and
intrahepatic vascular resistance are major factors for the
maintenance of portal hypertension [2]. The mechanisms
underlying these processes are incompletely understood.
However, hepatic stellate cells (HSCs) have been shown to be
involved and are regulated bymany signal transduction path-
ways and genes, including transforming growth factor-beta
(TGF-𝛽)/SMAD, platelet-derived growth factor (PDGF), and
vascular endothelial growth factor (VEGF) [3–5].

Unfortunately, no nonsurgical treatments have been vali-
dated for thesemultiple pathways and targets simultaneously.
However, miRNA therapy offers novel possibilities. miRNAs
are small noncoding RNAs of 21–25 nt, which usually neg-
atively modulate gene expression at the posttranscriptional

level by incomplete or complete complementary binding to
target sequences within the 3 untranslated region (UTR) of
miRNA [6]. More than 30% of all genes are estimated to be
miRNA-regulated. In contrast to traditional agents that target
one specific protein [7], miRNAs exhibit a unique multitar-
geted pattern of action. Complementarity between the “seed
sequence” of a single miRNA and the 3 UTR of multiple
genes, most of which are recognized as members of signal
pathways, results in the downregulation of mRNA and/or
protein levels. Thus, miRNAs may serve as the simultaneous
regulator of multiple genes and their subsequent signaling
pathways.

Moreover, an accumulating body of evidence suggests
that miRNAs are associated with a wide range of cellular pro-
cesses, including angiogenesis, cell growth, cell proliferation,
and vascular integrity, that have been extensively analyzed
in hepatic cells or tissues. Divergent miRNA patterns were
observed during chronic liver diseases of various etiologies
[8, 9]. In this regard, we have reviewed the growing body
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of evidence that suggests miRNA involvement in the devel-
opment of intrahepatic portal hypertension and biological
behavior of HSCs.

2. HSCs and Intrahepatic Modulation of
Portal Pressure

Portal hypertension, a major complication of cirrhosis, is
caused by both augmented intrahepatic vascular resistance
and increased portal blood flow [10]. Accumulating evidence
from in vitro and in vivo studies suggests that HSCs are key
players in the pathogenesis of increased intrahepatic vascular
resistance and blood flow in chronic liver diseases, in which
HSCs proliferate, acquire characteristics of contractile cells,
and undergo transdifferentiation into amyofibroblast pheno-
type [11]. In the normal liver,HSCs are located in the perisinu-
soidal space (space of Disse) beneath the endothelial barrier.
Because of this anatomical location, resting HSCs may also
play a role in modulating intrahepatic vascular resistance
and blood flow at the sinusoidal level, although with limited
capacity to contract or relax in response to various vasoactive
mediators [12]. After acute or chronic injury to the liver,HSCs
are activated, and their morphological and physiological
characteristics change dramatically during myofibroblastic
transdifferentiation. The most important phenotypic alter-
ations of activated HSCs, as defined by their actions in
liver fibrogenesis, are the proliferation of autocrine and/or
paracrine proinflammatory, profibrogenic, and promitogenic
cytokines; inordinate extracellular matrix (ECM) synthesis
and secretion; resistance to apoptosis; increased contractility;
and others [13].

The initial event in the pathophysiology of portal hyper-
tension is increased vascular resistance to portal blood flow,
which is caused primarily by structural changes, such as
fibrotic scar tissue and regenerative nodules compressing
portal and central venules [10]. Furthermore, swelling of
hepatocytes and capillarization of hepatic sinusoids (loss of
endothelial fenestrations and collagen deposition in the space
of Disse) also contribute to increased vascular resistance
[11]. Although architectural changes are prominent, several
studies have shown a variable, dynamically activated HSC
contractility, as well as compression of the sinusoids and the
space of Disse, which significantly contribute to the increased
pressure within the sinus and increased intrahepatic resis-
tance typical of portal hypertension [14]. The imbalance
between endogenous vasoconstrictors (such as endothelin-
1, angiotensin II, thrombin, 𝛼-adrenergic stimuli, and sub-
stance P) and vasodilators (including nitric oxide (NO), H

2
S,

somatostatin, and carbon monoxide (CO)) is responsible for
the dynamically activated HSC contractility [15].

According to Ohm’s law (Δ𝑃 = 𝑄 × 𝑅), the change
in portal pressure along a vessel (Δ𝑃) equals the product
of the portal blood flow (𝑄) and the resistance to flow (𝑅)
[16]. In the normal liver, intrahepatic resistance changes
with variations in portal blood flow, thereby keeping portal
pressure within normal limits. In hepatic cirrhosis, however,
intrahepatic resistance and splanchnic blood flow are both
increased. Therefore, portal hypertension is caused by a
combination of decreased compliance and increased portal

blood flow. Although the hyperdynamic circulation in the
splanchnic blood vessels is mainly responsible for the
increased blood flow in the portal vein and contributes to
its maintenance and aggravation in a more advanced stage
of portal hypertension, the hepatic sinusoid, as principal site
of blood flow regulation, is a potential target in intrahepatic
modulation of portal pressure [17]. Due to the anatomical
location of HSCs, which embrace the sinusoids and provide a
favorable arrangement for sinusoidal constriction, HSCs play
a critical role in modulating this increased blood flow at the
sinusoidal level. Meanwhile, HSCs can also produce angio-
genic molecules (such as VEGF and angiopoietin-1), thereby
stimulating pathological sinusoidal remodeling and vascular
structural changes [18]. Some investigators showed that small
molecule inhibitors of receptor tyrosine kinases that target
the growth factor pathways leading to angiogenesis and
sinusoidal remodeling (i.e., VEGF, PDGF, and angiopoietin-
1) are capable of lowering blood flow, most likely through a
dual and converging antifibrogenic and antiangiogenicmech-
anism of action that affects HSCs [19] (Figure 1).

3. miRNA Regulation Linked to
Biological Behavior of HSCs

During the process of hepatic injury, HSCs are known to be
activated or “transdifferentiated” to myofibroblast-like cells,
which play a pivotal role in ECM remodeling and hepatic
blood flow regulation [20]. Recent studies have attempted
to reveal the mechanism underlying HSC activation. As a
result, hundreds of genes relevant to various functions have
been reported to play a role in the process [21]. However, full
understanding of HSC activation remains beyond our reach
because of its complexity, especially considering the intricate
regulation of gene expression. Fortunately, identification of
multiple miRNAs, along with a comprehensive description
of the miRNA/mRNA interaction network, may add to our
knowledge of gene regulation throughout HSC activation.
Microarray hybridization and quantitative RT-PCR analysis
identified numerousmiRNAs that are differentially expressed
during HSC activation. Data are summarized from different
studies that revealed 47 significantly upregulated (miR-874,
29C∗, 501, 349, 325-5p, 328, 138, 143, 207, 872, 140, 193, Let-7a,
let-7b, let-7c, let-7e, 125b, 130a, 130b, 132, 145, 152, 184, 199a,
199a-3p, 199a-5p, 21, 210, 214, 218, 22, 221, 222, 27a, 27b, 30a,
30c, 30d, 301a, 31, 34b, 34c, 345-5p, 349, 425, 450, and 455) and
53 significantly downregulatedmiRNAs (miR-341, 20b-3p, 15,
15b, 16, 375, 122, 146, 146a, 92a, 92b, 126, 126∗, Let-7f, 10a, 10a-
5p, 101a, 122a, 125a, 139-5p, 150, 151∗, 181a, 187, 19a, 19b, 192,
194, 195, 207, 26a, 26b, 29a, 29b, 29c, 30a-5p, 30b, 30c, 30d, 301,
335, 355, 338, 378, 422b, 450a, 483, 497, 520b, 520c, 721, 877,
and 9) in rat HSCs during activation [22–28]. miRNAs with
and without asterisks are derived from the same precursor
miRNA. Increasing evidence indicates that these miRNAs
target genes that are implicated in a variety of biological
processes, including cell proliferation, cell differentiation, cell
cycle regulation, and apoptosis [29–31].

Previously, we have reported that miR-15/16 is involved in
regulating apoptosis and proliferation in activated HSCs by
interfering with the expression of Bcl-2 and CCND1, thereby
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Figure 1: HSCs and intrahepatic modulation of portal pressure.

mediating resistance to apoptosis and cell cycle arrest [26,
29]. Further, miR-150, -194, -146a, -29, -195, and -19b have
demonstrated inhibitory effects on both fibrogenesis and pro-
liferation of activated HSCs, while overexpression of miR-21,
-27a/b, and -181b has been shown to result in cell proliferation
[23, 30–37]. HSC activation is also characterized by accu-
mulation of excess ECM components and fatty acids, which
disrupt livermicrocirculation and lead to liver injury [38, 39].
MiR-29b has been identified as the most effective suppressor
of type I collagen (Col1A1) at the mRNA and protein level via
its direct binding to the Col1A1 3 UTR [40]. An increasing
number of studies have proved that hepatic lipid metabolism
irregulation increases hepatic endocannabinoid production,
promotes hepatic fibrogenesis, enhances the hepatic vaso-
constrictive response to endothelin-1, and aggravates hep-
atic microcirculatory dysfunction; these events subsequently
increase intrahepatic resistance and portal hypertension in
nonalcoholic steatohepatitis cirrhotic rats [41]. miRNAs have
now been identified as potent posttranscriptional regulators
of lipidmetabolism genes involved in cholesterol homeostasis
and fatty acid oxidation. For example, retinoid X receptor
alpha, which is indicated to be a new regulator in fat
metabolism and cell proliferation during HSC activation,
was confirmed to be the target of miR-27a and -27b [30].
These findings may not only highlight the essence of portal
hypertension due to HSC activation, but may also facilitate
novel therapeutic strategies against portal hypertension and
offer insight into its progression (Table 1).

Apart from the miRNA mimics, miR-128 inhibitor was
employed to uncover the 157 transcripts downregulated by
miRNA [44]. Gene silencing of dicer (a key enzyme for
miRNA maturation) further highlights the global action of
miRNA inhibition in HSCs. In detail, inhibition of dicer
led to the significant reduction of miR-138, -143, -140,
and -122 levels, of which miR-138 exhibited the strongest
decline. Many fibrosis-related genes, including phosphatase
and tension homolog deleted on chromosome 10 (PTEN),
Ras GTPase activating-like protein 1 (RASAL1), acyl-CoA
synthetase long-chain family member 1 (ACSL1), and p27,
are regulated at the mRNA level after being targeted by
differentially expressed miRNAs. Suppression of collagen

synthesis in activated HSCs occurs as a result [45]. miRNA
inhibitors, therefore, are indicated as another approach to the
antifibrosis treatment.

4. Signaling Pathways and Key Factors
Regulated in HSCs by miRNAs

Recent studies have attributed HSC activation to the reg-
ulation of many signal transduction pathways, including
lipid metabolism and cell cycle regulation, and the signaling
pathways of TGF-𝛽/SMAD, PDGF, nuclear factor kappa-
light-chain-enhancer of activated B cells (Nf-𝜅B), mitogen-
activated protein kinase (MAPK), Wnt, VEGF, and oth-
ers [46–50]. Furthermore, changes in miRNAs and their
inhibitory effect on gene expression, especially those relevant
to signal transduction, add to our knowledge of the regulatory
mechanisms of HSC activation. Bioinformatic interpretation
[51] revealed that 13 signal transduction pathways were over-
represented, while 22 were downregulated, in the activation
of HSCs. Some of the signal transduction pathways have been
shown to play a significant role in this process, of which TGF-
𝛽 and PDGF/VEGF-like growth factor are likely the most
important [52, 53]. It is widely accepted that early proliferative
responses in HSC activation are mainly mediated by TGF-
𝛽/SMAD pathways. TGF-𝛽-mediated HSC activation is, in
general, considered to be the ECM producer responsible for
fibrogenesis and has been identified to be amechanistic factor
in intrahepatic vascular resistance and pressure regulation
[54]. Furthermore, animal experiments have shown thatHSC
activation is often accompanied by an increase in the level
of TGF-𝛽1 and that inhibition of TGF-𝛽1 synthesis, as well
as TGF-𝛽 receptor blockade, can significantly reduce the
pressure of portal hypertension [55]. Therefore, intervention
of this signaling pathway (particularly inhibition of TGF-𝛽1
levels) may be an important target for the prevention and
treatment of portal hypertension due to liver cirrhosis.

miRNAshave been reported to be central players in antifi-
brotic and profibrotic signaling pathways and in related gene
regulation during HSC myofibroblastic transdifferentiation
[51]. HSC activation is a pivotal event in the initiation and
progression of hepatic fibrosis and a major contributor to
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Table 1: MicroRNAs linked to HSCs.

miRNA Predicted target and confirmation
level Putative pathway in fibrosis References Expression during

HSCs activation
miR-15b Reporter gene assay (Bcl-2) Apoptosis [26] ↓

miR-16 Reporter gene assay (Bcl-2)
Target protein changes (CCND1)

Apoptosis
cell cycle and cell proliferation [26, 29] ↓

miR-126 Reporter gene assay (VEGFA) VEGF/PI3k/Akt/CCND1 pathway and
VEGF-A/Ca2+ pathway [42] ↓

miR-122 Target mRNA changes (P4HA1) Collagen production [27] ↓

miR-150 Target protein changes (cmyb) Cell activation and proliferation [23] ↓

miR-19b Reporter gene assays (TGF-𝛽RII) TGF-𝛽 signaling [37] ↓

miR-194 Target protein changes (rac1) Cell activation and proliferation [32] ↓

miR-195 Reporter gene assays (cyclin E1) Cell proliferation [35] ↓

miR-29 family
Reporter gene assays
(different collagens, PDGF-C,
VEGF-A, and IGF-I)

ECM synthesis [34, 40, 43] ↓

miR-335 Target mRNA changes
(tenascin-C)

Cell activation
and migration [25] ↓

miR-146a Reporter gene assays (smad4) TGF-𝛽 signaling [33] ↓

miR-34a Reporter gene assay (ACSL1) Lipids biosynthesis [28] ↑

miR-27b, miR-27a Reporter gene assay (RXR-a) Lipid accumulation and
cell proliferation [30] ↑

miR-199a/b Reporter gene assay (Dyrk1) ECM synthesis via
calcineurin/NFAT signaling [28] ↑

miR-221/222 Reporter gene assay (CDKN1B) Cell activation [24] ↑

miR-21 Target protein changes (PTEN) PTEN/Akt pathway [31] ↑

miR-181b Reporter gene assay (P27) Cell proliferation [36] ↑

collagen deposition driven by TGF-𝛽. Inhibition of TGF-𝛽
signaling by miR-19b was confirmed by decreased expression
of TGF-𝛽 signaling components, such as TGF-𝛽 receptor
II (TGF-𝛽RII) and SMAD3, which further blocked TGF-
𝛽-induced expression of 𝛼1(I) and 𝛼2(I) procollagen and
COL1A1 mRNAs [56]. Recently, He et al. [57] reported
that HSC miR-146a expression was downregulated in a
dose-dependent manner in response to TGF-𝛽1 stimulation,
as observed with one-step real-time quantitative RT-PCR.
Moreover, He and colleagues confirmed that the overexpres-
sion of miR-146a suppressed TGF-𝛽-induced HSC prolif-
eration and increased the HSC apoptosis index by target-
ing SMAD4. As for the TGF-𝛽/SMAD signaling pathway,
SMAD3 is considered to function as an R-smad and SMAD4
functioned as Co-SMAD, while SMAD7 functioned as an
anti-SMAD. Elevated miR-21 has been observed to act as
a profibrogenic miRNA by its repression of the TGF-𝛽
inhibitory SMAD-7 protein [58].

Although some effects of a variety of signaling pathways
in reducing intrahepatic vascular resistance are important,
they are not sufficient to block intrahepatic portal hyperten-
sion. Recent data suggest that intrahepatic angiogenesis may
also be involved in sinusoidal systemic circulation and portal
hypertension [11]. In cirrhosis, tissue hypoxia is postulated to
stimulate angiogenesis [59]. Hypoxia stimulates the produc-
tion of VEGF, which is one of the most important angiogenic
growth factors [60]. Recent studies also suggest that HSCs are
the major contributors to angiogenesis [61]. This may occur
through direct and indirect mechanisms.The former include
the activation and proliferation of HSCs, which require
tightly regulated autocrine and/or paracrine fibrogenetic
factors such as VEGF [62]. Conversely, indirect mechanisms
are also likely to be important and include the ability of HSCs
to secrete angiogenic factors that promote angiogenesis [63].
With the initiation of angiogenesis, the collateral circulation
in the liver is formed. This increases sinusoidal blood flow,
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Figure 2: Summary of the miRNAs and the TGF-𝛽 pathway
involved in HSCs. The particular TGF-𝛽 signaling pathway affected
by miRNAs is described in detail in the review.

leading to increased portal pressure [11]. Experiments have
shown that treatment of portal hypertensive rats with SU5416
(a specific inhibitor of the VEGF receptor) resulted in a
significant and marked decrease (44%) in portal venous
inflow and decreased portal venous resistance by 93% [64].

Therefore, small-molecule inhibitors that target the
growth factor pathways leading to angiogenesis and vascular
resistance (i.e., VEGF, TGF-𝛽1) can lower portal hyperten-
sion.This is probably through dual and converging antifibro-
genic and antiangiogenic actions that affect HSCs. Fortu-
nately, miRNAs have emerged as new players of gene regula-
tion during angiogenesis in vascular diseases [65].The VEGF
family and related pathways are widely known as the most
potent angiogenic inducers during angiogenesis, vasculogen-
esis, and tumorigenesis [66]. Plenty of miRNAs have been
associated with these pro- and antiangiogenic factors. For
example, miR-29 is downregulated during fibrosis and acts
as an antifibrogenic mediator not only by targeting colla-
gen biosynthesis but also by interfering with proangiogenic
factors via PDGF-C, VEGF-A, and IGF-I [43]. Aquaporin-1
(AQP1), confirmed to be regulated by osmotically sensitive
miRNAs, promotes angiogenesis, fibrosis, and portal hyper-
tension after bile duct ligation [67]. The miR-126 family is
considered to be associated with angiogenesis and is impli-
cated in vessel development and vascular integrity by
directly repressing negative regulators of the VEGF pathway,
including the Sprouty-related protein SPRED1 and phos-
phoinositol-3 kinase regulatory subunit 2 (PIK3R2/p85-beta)
[42]. Recent studies confirmed that restoring HSCs with Lv-
miR-126∗ resulted in decreased proliferation, accumulation
of ECM components, and cell contraction, while also neg-
atively regulating the VEGF/PI3k/Akt/CCND1 pathway and
VEGF-A/Ca2+ pathway by partially targeting VEGF-A [68].
These findings illustrate that a single miRNA can regulate
vascular integrity and angiogenesis, providing a new target
for modulating intrahepatic microcirculation (Figures 2 and
3).
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Figure 3: Summary of themiRNAs and theVEGF pathway involved
in HSCs. The particular VEGF signaling pathway affected by
miRNAs is described in detail in the review.

Apart from TGF-𝛽-regulated fibrogenesis and VEGF-
induced angiogenesis, other signaling pathways relevant to
the biological behavior of HSCs in intrahepatic portal hyper-
tension have been reported previously in rat HSCs during
activation [69]. Nevertheless, the use of microRNA therapies
remains uncertain and is poorly applied in clinical portal
hypertension. Increasing the knowledge and the translational
potential of this idea is critical for its realization.

5. Therapeutic Delivery of miRNAs to
the Liver

In vivo delivery of miRNAs is central to miRNA-based
therapy. Different methods, using mainly viral and nonviral
vehicles, have been developed to increase the targeting and
efficiency of miRNAs. For nonviral vehicles, a liposomal
delivery system, YSK05-MEND, was used to systemically
administer anti-miRNA oligonucleotides (AMOs) to the liv-
ers ofmice at a low dose [70]. A cationic lipid-based nanopar-
ticle system reflects a novel systemic delivery agent for
miRNA. Intravenous administration of interfering nanopar-
ticles (iNOPs), which are prepared by lipid-functionalized
poly-L-lysine dendrimer, results in 83% specific silencing of
target miRNA. The specific silencing of miR-122 by iNOP-
7 is long-lasting and does not induce an immune response
[71]. Lipid-based nanoparticles (LNPs) containing oleic acid
(OA), an unsaturated fatty acid, also demonstrate the delivery
efficacy of miRNA and the inhibition of the target (Bcl-w)
to a greater degree than with Lipofectamine 2000 [72]. A
peptide vector has recently proved to be another type of
miRNA delivery system. MPG, which is a 27-residue peptide
vector containing the hydrophobic domain derived from the
fusion sequence of HIV-1 gp41 and the hydrophilic domain
derived from the nuclear localization sequence of SV40 T-
antigen, is capable of delivering both miR-122 mimic and
inhibitor into mouse liver cells and effectively regulating
cholesterol levels [73]. On the other side, viral vectors,
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including adenovirus, adeno-associated virus (AAV), and
lentivirus, have beenwidely employed to delivermiRNAs into
liver cells (hepatocytes, HSCs, etc.).

6. Conclusion and Perspective

In contrast to traditional inhibitors and monoclonal anti-
bodies that target one specific protein, miRNAs exhibit a
unique, namely, multitargeted, pattern of action. Limited
complementarity between “seed sequence” of single miRNA
and 3 untranslated region (3UTR) ofmultiple genes,most of
which are recognized to be themembers of signal pathways, is
sufficient to downregulate their mRNA and/or protein levels
[74, 75]. As a result, different signal pathways may be under
the control of one miRNA.

A lot of signal pathways (TGF-𝛽, VEGF, Apoptosis,
etc.), concerning different phenotypes (apoptosis, collagen
production and secretion, etc.), are involved in the biological
behavior of HSCs. Most of themmay serve as the therapeutic
targets of liver fibrosis. Notably, TGF-𝛽 and VEGF are
two important signaling pathways that may promote portal
hypertension through multiple mechanisms [68, 76]. No val-
idated treatments exist for these two targets simultaneously;
however, miRNA therapy offers novel possibilities. Hence,
restoring some intracellular miRNAs may lead to reduced
HSCproliferation and contractility and suppressed angiogen-
esis by targeting the TGF-𝛽 and VEGF-mediated signal-
ing pathway, thereby reducing hepatic portal shunting and
improving the sinusoidal microcirculation. These findings
may not only increase our current knowledge about the
significance of HSC biological behavior, but may also provide
a novel therapeutic strategy against intrahepatic vascular
resistance and increased portal blood flow in chronic liver
diseases.
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Transarterial chemoembolization (TACE) could achieve a better survival benefit than conservative treatment for advanced
hepatocellular carcinoma (HCC) with portal vein tumor thrombosis (PVTT). In this retrospective study, all HCC patients with
Child-Pugh score<7 and PVTTwhowere consecutively admitted to our center between January 2006 and June 2012 and underwent
TACEwere enrolled.The efficacy and safety of TACEwere analyzed. Prognostic factors were determined byCox regression analysis.
Of the 188 patients included, 89% had hepatitis B virus infection, 100% were at Barcelona Clinic Liver Cancer stage C, and 81%
(𝑛 = 152) and 19% (𝑛 = 36) were at Child-Pugh classes A and B, respectively. The incidence of procedure-related complications
was 88%. No procedure-related death was found.The median overall survival was 6.1 months. Type of PVTT (hazard ratio [HR] =
2.806), number of tumor lesions (HR = 2.288), Child-Pugh class (HR = 2.981), and presence of metastasis (HR = 1.909) were the
independent predictors of survival. In conclusion, TACE could be selectively used for the treatment of advanced HCC with PVTT.
But a high rate of postoperative adverse events should not be undermined in spite of no procedure-related death. Preoperative type
of PVTT, number of tumor lesions, Child-Pugh class, and metastasis could predict the prognosis of these patients.

1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most com-
mon malignancy and is the third leading cause of cancer-
related mortality worldwide [1, 2]. Indeed, a large number
of HCC patients are diagnosed at intermediate or advanced
stage, in which curative therapy, such as hepatic resection,
radiofrequency ablation, and liver transplantation, could not
be performed [3, 4]. According to the Barcelona Clinic Liver
Cancer (BCLC) group recommendations [3, 4], transarterial
chemoembolization (TACE) should be the standard treat-
ment option for intermediate HCC (BCLC B stage) [5].

Portal vein tumor thrombus (PVTT) is negatively associ-
ated with the HCC patients’ survival [6]. And it is tradition-
ally considered as the contraindication for TACE [4], because
the presence of PVTT potentially induces the development
of acute liver failure or infarction after TACE. For advanced
HCC patients with PVTT, sorafenib monotherapy demon-
strated significant survival benefits in two large multicenter
randomized controlled trails [7, 8]. However, a retrospective
study by Pinter et al. compared the efficacies of TACE and
sorafenib in advanced stage HCC patients (35% of patients
treated with TACE had PVTT) and found there was no
significant difference between these two treatments in terms
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of overall survival. Notably, the median overall survival in
TACE group was longer than that in sorafenib group (9.2
months versus 7.4 months) [9].

Furthermore, several studies have shown that TACE
could be safely performed in HCC patients with PVTT and
might improve the survival [10–12]. More recently, a meta-
analysis of 8 comparative studies, including 3 prospective
and 5 retrospective studies, further confirmed this survival
benefit for advanced HCCwith PVTT, even with main portal
vein obstruction [13]. Herein, we conducted a large-sample
retrospective study of 188 advanced patients with PVTT to
analyze the safety and efficacy of TACE and to determine the
prognostic factors.

2. Patients and Methods

All advanced HCC patients with PVTT treated with TACE in
our center between January 2006 and June 2012 were enrolled
in this retrospective study. The diagnosis of HCC was based
on the recommendations of the European Association for
the Study of Liver Disease (EASL) or American Association
for the Study of Liver Diseases (AASLD) [3, 4]. Eligibility
criteria were as follows: (1) Eastern Cooperative Oncology
Group score 0–2 points; (2) Child-Pugh score 5–7 points;
and (3) the absence of portal cavernoma that is characterized
by a tangle of tortuous hepatopetal collateral veins bypassing
the occluded portal vein for the patent segmental vessel.
This retrospective study was approved by the institutional
review board of XijingHospital. Before treatment, all patients
received the detailed information about the TACE operation
and provided the written informed consent for the TACE
operation. Baseline data before TACE were extracted from
the medical records. Patients underwent routine follow-up
physical examinations, laboratory tests (blood count, liver
function tests), and CT during weeks 4 and 8 after initiation
of treatment and every 8 weeks thereafter. The chest X-ray
was also performed every 8 weeks. The end of follow-up was
either death or December 2012.

In our study the type of PVTT was divided as follows:
Type I, tumor thrombosis involving the main portal vein
trunk; Type II, tumor thrombosis involving right/left portal
vein or segment branches without involving main portal vein
trunk.

2.1. TACE Procedure. TACE procedure has been previously
described [14]. TACE consisted of an injection containing a
mixture of chemotherapeutic agents and lipiodol (2–20mL)
followed by embolizationwith gelatin foamor polyvinyl alco-
hol until complete stasis was achieved in the tumor-feeding
vessels; the chemotherapeutic agents used concurrently
included doxorubicin (10–50mg), epirubicin (10–50mg), cis-
platin (10–110mg), and/or mitomycin (2–10mg). Before Jan-
uary 2011, a combination of doxorubicin with epirubicin, cis-
platin, or mitomycin was used. After that, doxorubicin alone
was used. Tumor-feeding vessels were selected/superselected
whenever possible. TACEwas repeated “on demand” depend-
ing on the radiological response. When residual viable
tumors were confirmed or new lesions developed in patients

with adequate hepatic function, repeated TACE procedures
were carried out. TACE-related complications were carefully
recorded. Postembolization syndrome included fever, nausea,
vomiting, and abdominal pain [15].

2.2. Evaluation of the Effects of TACE. The routine follow-up
program was uniform for all patients and included a serum
AFP assay, abdominal ultrasonography, and liver function
test every one month at the first year and every three months
thereafter. Contrast-enhanced CT scans were performed
every 1-2 months during the first 3 months to evaluate the
tumor response. The Response Evaluation Criteria in Solid
Tumors (RECIST) was used to measure the tumor response:
CR (complete response) is disappearance of all target lesions;
PR (partial response) is 30–99% decrease in the sum of the
longest diameter of the target lesions; SD (stable disease) is
neither PR nor progressive disease; PD (progressive disease)
is more than 20% increase in the sum of the longest diameter
of the target lesions. Thereafter, contrast-enhanced CT scan
was performed every 3 months for surveillance.

2.3. Statistical Analysis. Continuous variables were summa-
rized as the mean values (± standard errors); categorical vari-
ables were expressed as frequencies. Median overall survival
was calculated according to the Kaplan-Meier method and
was compared using the log-rank test. Overall survival was
measured from the date of TACEprocedure to death fromany
cause. Univariate and multivariate Cox regression analysis
was performed to assess the prognostic factors related to
patient’s survival. Variables included in the univariate analysis
were gender (female versusmale), age, ascites (yes versus no),
red blood cell count, white blood cell, hemoglobin concen-
tration, prothrombin time, international normalized ratio,
alanine aminotransferase level, aspartate aminotransferase
level, alpha fetoprotein, albumin level, total bilirubin level,
creatinine, ECOG score (0 versus 1-2), Child-Pugh class (class
A versus class B), type of PVTT (Type I versus Type II),
tumor size, number of tumor lesions (≥3 versus <3), bilobar
(yes versus no), extrahepatic metastasis (yes versus no), and
arteriovenous fistula (yes versus no). A hazard ratio (HR)
with 95% confidence interval (CI) was calculated for each
variable. All variables with 𝑃 < 0.10 in univariate analyses
were included in the subsequent multivariate analysis. 𝑃
value of <0.05 was considered the level of significance.
All statistical calculations were performed using SAS 9.3
(Statistical Analysis System, SAS Institute Inc., USA).

3. Results

During the enrollment period, a total of 296 advanced HCC
patients with PVTT were admitted to our center. Among
them, 108 patients were excluded from this study, because
19 patients presented with portal cavernoma and 89 patients
had a Child-Pugh score >7 points. Thus, 188 patients were
enrolled.

Baseline characteristicswere summarized inTable 1.Hep-
atitis B virus infection was the most common etiology of
HCC. All patients were classified as BCLC C stage. Among



BioMed Research International 3

Table 1: Patient baseline characteristics (𝑛 = 188).

Parameter Number %
Age/years, mean (range) 49.89 (18–80)
Gender

Male 167 88.3
Female 21 11.2

Ascites
Yes 51 27.1
No 137 72.9

Tumor size/cm, mean (range) 8.8 (2–18.8)
Number of tumor lesions
≥3 102 54
<3 86 46

Extrahepatic metastasis
Yes 22 11.7
No 166 88.3

Type of PVTT
Type I 90 47.9
Type II 98 52.1

Arteriovenous Fistula
Yes 32 17
No 156 83

Child-Pugh class
A 152 80.9
B 36 19.1

ECOG
0 18 9.6
1 168 89.4
2 2 1.1

Laboratory tests, mean (range)
Alpha fetoprotein 40486 (1–121000)
Hemoglobin (g/L) 130.1 (80–193)
Platelets (109/L) 146.8 (25–480)
International normalized ratio 1.5 (0.83–38.3)
Alanine aminotransferase (U/L) 53.7 (5–984)
Aspartate aminotransferase (U/L) 83.8 (15–1242)
Albumin (g/L) 37.8 (24–50.4)
Total bilirubin (𝜇mol/L) 20.1 (6–112)
Creatinine 80.2 (43–193)

BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncol-
ogy Group; AFP: 𝛼-fetoprotein; PVTT: portal vein tumor thrombosis.

them, 152 and 36 patients were Child-Pugh classes A and B,
respectively. 22 patients had extrahepatic metastasis, mainly
in lung, abdominal lymph node, and bone. 90 patients had
tumor thrombosis in main portal vein and 98 in portal vein
branches. The number of tumor lesions was >3 and <3 in
101 and 86 patients, respectively. The mean number of TACE
sessions was 1.87 (1–9). The majority of patients (150; 79.8%)
had 1-2 sessions, while 27 (14.4%) had 3-4 sessions, 10 (5.3%)

had 5-6 sessions, and 1 (1%) had 9 sessions.Themean follow-
up time was 8.6 months (95% CI 1.7–29.8). Hospitalization
duration was 7 days in 123 patients, 8 days in 14 patients, 9
days in 22 patients, 10 days in 18 patients, 11 days in 6 patients,
and 12 days in 5 patients.

3.1. Safety. The incidence of procedure-related complications
was 88%. The most common complication was abdominal
pain (75%), fever (71.3%), abdominal distension (28.2%),
nausea (26.1%), and fatigue (7.4%). 16 patients had no compli-
cation after TACE treatment, 17 had one type of complication,
108 had two types of complications, 34 had three types
of complications, and 13 had four types of complications.
Most of the TACE-related complications occurred 2 or 3
days after the procedure in hospital and lasted up to 10
days. All complicationswere safely controlled by conservative
treatment. No procedure-related death was recorded.

3.2. Efficacy. After TACE, the assessment of tumor response
using the RECIST criteria classified 0 (0%), 31 (26.3%), 116
(61.7%), and 41 (21.8%) patients as CR, PR, SD, and PD,
respectively.

By December 2012, only one patient had survived. The
median overall survival was 6.1 months (95% CI: 5.6–6.5).
Survival rates at 1 year and 2 years were 21.3% and 5.5%,
respectively. The median survival time was significantly
longer in Child-Pugh A patients than in Child-Pugh B
patients (7.5 months versus 3.8 months, 𝑃 < 0.0001)
(Figure 1(a)).

The median overall survival was significantly longer in
patients with Type II PVTT than in those with Type I PVTT
(8.4 months versus 4.1 months, 𝑃 < 0.0001) (Figure 1(b)).
Among the Child-Pugh A group, the median overall survival
of patients with Type I PVTT and those with Type II PVTT
was 4.3 months and 9.8 months, respectively (𝑃 < 0.0001)
(Figure 2(a)). For patients with Child-Pugh B, there was still
significant difference between patients with Types I and II
PVTT (3.4 months versus 5.6 months, 𝑃 = 0.01).

The median overall survival was significantly longer in
patients without extrahepatic metastasis than in those with
(6.2months versus 3.9months,𝑃 = 0.0009) (Figure 1(c)).The
significant difference remained in Child-Pugh A (extrahep-
atic metastasis: 4.4 months, versus no extrahepatic metasta-
sis: 7.8 months, 𝑃 = 0.01) (Figure 2(b)) and B (extrahepatic
metastasis: 2.2 months, versus no extrahepatic metastasis: 4.3
months, 𝑃 = 0.005) patients.

The median overall survival was significantly longer
in patients with 1-2 tumor lesions than in those with ≧3
tumor lesions (8.1 months versus 4.5 months, 𝑃 < 0.0001)
(Figure 1(d)). The significant difference remained in Child-
Pugh A patients (1-2 tumor lesions: 9.7 months, versus ≧3
tumor lesions: 5.3 months, 𝑃 < 0.0001) (Figure 2(c)), but not
in Child-Pugh class B patients (1-2 tumor lesions: 4.1 months,
versus ≧3 tumor lesions: 3.7 months, 𝑃 = 0.65).

3.3. Prognostic Factors. In univariate analysis, total bilirubin
(HR = 1.012, 95% CI: 1.001–1.023, 𝑃 = 0.026), Child-Pugh
classification (HR = 4.324, 95% CI: 2.862–6.532, 𝑃 < 0.001),
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Figure 1: Comparison of overall survival in advanced hepatocellular carcinoma patients with portal vein tumor thrombosis according to the
Child-Pugh classification (a), type of portal vein tumor thrombosis (b), metastasis (c), and number of tumor lesions (d).
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Figure 2: Subgroup comparison of overall survival in advanced hepatocellular carcinoma patients with portal vein tumor thrombosis and
Child-Pugh class A according to the type of portal vein tumor thrombosis (a), metastasis (b), and number of tumor lesions (c).
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type of PVTT (HR = 3.570, 95% CI: 2.623–4.851, 𝑃 <
0.001),number of tumor lesions (HR = 2.589, 95% CI: 1.891–
3.546, 𝑃 < 0.001), and metastasis (HR = 2.206, 95% CI:
1.388–3.504, 𝑃 = 0.0008) were associated with survival. In
the multivariate analysis, Child-Pugh classification (HR =
2.981, 95% CI: 1.919–4.631, 𝑃 < 0.001), type of PVTT (HR
= 2.806, 95% CI: 2.024–3.890, 𝑃 < 0.001), number of tumor
lesions (HR = 2.288, 95% CI: 1.634–3.203, 𝑃 < 0.001), and
metastasis (HR = 1.909, 95% CI: 1.157–3.149, 𝑃 = 0.011) were
the independent predictors of survival (Table 2).

4. Discussion

The rationale of TACE was based on the fact that tumor
growth mostly depends on the blood supply from hepatic
artery in HCC patients [16]. Theoretically, this procedure
could not be permitted in the presence of PVTT in HCC
patients, because the coexistence of portal vein and hepatic
artery obstruction potentially induces the development of
liver failure and infarction [17]. In the current AASLD
guidelines, the presence of PVTT is still considered as the
main contraindication for TACE [4]. However, in Asia,
many clinicians still consider TACE to be a useful treatment
for patients with unresectable HCC and PVTT [18]. Two
previous studies demonstrated that TACE could be safely
performed in HCC patients with PVTT [11, 19]. Results
from several comparative studies also supported the survival
benefit of TACE in comparison with conservative treatment
[12, 20–22].Thebeneficial effect of TACE is further confirmed
by a recent meta-analysis [13]. Nevertheless, because of the
various inclusion criteria, the results of survival in these
studies are quite heterogeneous ranging from 5months to 8.7
months. Thus, it should be warranted to analyze the prog-
nostic factors of advanced HCC patients with PVTT treated
with TACE, thereby accurately selecting the candidates. Our
study might be the biggest series ever reported in a single
center to evaluate this issue. Two major findings of our study
were as follows: (1) although a higher incidence of postem-
bolization syndrome was observed, no procedure-related
death occurred and (2) four baseline variables, including
Child-Pugh classification, type of PVTT, number of tumor
lesions, and metastasis, should be fully evaluated before
TACE procedures in advanced HCC patients with PVTT.

Due to a high incidence of chronic hepatitis B virus infec-
tion, the incidence of HCC and its related death is higher in
Asian countries than that in Western countries [23]. Indeed,
TACE is often used for advanced HCC in Asian countries,
such as China, Japan, and Korea [24]. Contrarily, the BCLC
strategy and AASLD practice guidelines recommend that
sorafenib is the sole standard treatment option of advanced
HCC patients [3, 4]. A retrospective study by Pinter et al.
showed that themedian overall survival was 9.2months (95%
CI: 6.1–12.3 months) for 34 patients treated with conventional
TACE with doxorubicin plus lipiodol or drug-eluting beads
and 7.4 months (95% CI: 5.6–9.2 months) for 63 patients
treated with sorafenib alone (𝑃 = 0.377) [9]. Their findings
substantially challenged the current recommendation and
supported the use of TACE in the setting of advanced HCC.

Table 2: Predictors for survival after TACE in multivariate analysis.

Variables Multivariate analysis
HR 95% CI 𝑃

Total bilirubin 1.007 0.994–1.021 0.300
Child-Pugh class (class A versus class
B) 2.981 1.919–4.631 <0.001

Type of PVTT
(Type I versus Type II) 2.806 2.024–3.890 <0.001

Number of tumor lesions (≥3 versus
<3) 2.288 1.634–3.203 <0.001

Extrahepatic metastasis
(yes versus no) 1.909 1.157–3.149 0.011

TACE: transarterial chemoembolization; BCLC: Barcelona Clinic Liver
Cancer; CI: confidence interval; HR: hazard ratio.

Indeed, the median overall survival in our study (6.1 months)
was comparable to that reported from one randomized
controlled Asian trial in which advanced HCC patients
were treated with sorafenib (6.5 months) [7]. Additionally,
the complication rate of TACE in our study (88%) was
comparable to that of sorafenib reported in the Asian trial
(81.9%) [7]. More importantly, no death was attributed to the
use of TACE, which was consistent with results from the use
of sorafenib. Moreover, it should be noted that the cost of
sorafenib is high and the economic level of HCC patients
is often low in developing countries, thereby precluding the
wide applications of this drug. Accordingly, the use of TACE
in these patients should be considered.

In addition, although the incidence of procedure-related
complications was 88%, these adverse events could be safely
controlled and there was no procedure-related death. This
important result demonstrated that TACE could be safely
performed in patients with PVTT, even in cases with main
portal vein obstruction. We consider that identification and
superselective catheterization of tumor feeder vessels make a
contribution to the safety of TACE procedure.

An important limitation of our study was the retro-
spective nature. But the data regarding survival status were
accurate and well recorded by our team. Additionally, we did
not include the patients with relatively poor liver function in
our study. This was primarily because TACE might not be
suitable for these patients and the survival benefit might be
unclear.

5. Conclusions

This large retrospective study demonstrated that TACE could
be selectively used for the treatment of advanced HCC with
PVTT. But a high rate of postoperative adverse events should
not be undermined in spite of no procedure-related death.
Additionally, type of PVTT, number of tumor lesions, liver
function, and metastasis are helpful for clinicians to predict
the prognosis of these patients and select the candidates.
Thus,HCCpatients with Type I PVT, Child-Pugh B class, and
extrahepatic metastasis might be considered poor candidates
for TACE. Conversely, further prospective randomized con-
trolled studies might be required to compare the efficacy of



BioMed Research International 7

TACE with sorafenib in HCC patients with Type II PVT and
Child-Pugh class A but without extrahepatic metastasis.

Abbreviations

AASLD: American Association for the Study of
Liver Disease

BCLC: Barcelona Clinic Liver Cancer
CI: Confidence interval
CT: Computed tomography
HCC: Hepatocellular carcinoma
HR: Hazard ratio
MPV: Main portal vein
PVTT: Portal vein tumor thrombosis
TACE: Transarterial chemoembolization.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding to the publication of this paper.

Authors’ Contribution

Lei Liu, Cheng Zhang, Yan Zhao, Xingshun Qi, Hui Chen,
andWei Bai contributed equally to this work. Lei Liu, Cheng
Zhang, Daiming Fan, and Guohong Han conceived and
designed the experiments; Lei Liu, Cheng Zhang, Wengang
Guo, Wei Bai, Zhanxin Yin, Daiming Fan, and Guohong
Han performed the experiments; Lei Liu, Cheng Zhang, Yan
Zhao, Xingshun Qi, Hui Chen, Chuangye He, Wengang Guo,
Zhanxin Yin, Wei Bai, Daiming Fan, and Guohong Han
analyzed the data; Lei Liu, Chuangye He, Wengang Guo,
Zhanxin Yin, Daiming Fan, and Guohong Han contributed
reagents/materials/analysis tools; Lei Liu, Xingshun Qi, and
YanZhaowrote the paper; YanZhao, XingshunQi,Hui Chen,
Daiming Fan, and Guohong Han revised the paper.

References

[1] H. B. El-Serag, “Hepatocellular carcinoma,” New England Jour-
nal of Medicine, vol. 365, no. 12, pp. 1118–1127, 2011.

[2] A. Forner, J.M. Llovet, and J. Bruix, “Hepatocellular carcinoma,”
The Lancet, vol. 379, no. 9822, pp. 1245–1255, 2012.

[3] European Association for the Study of the Liver and European
Organisation for Research and Treatment of Cancer, “EASL-
EORTC clinical practice guidelines: management of hepatocel-
lular carcinoma,” Journal of Hepatology, vol. 56, no. 4, pp. 908–
943, 2012.

[4] J. Bruix and M. Sherman, “Management of hepatocellular
carcinoma: an update,”Hepatology, vol. 53, no. 3, pp. 1020–1022,
2011.

[5] J. M. Llovet and J. Bruix, “Systematic review of randomized
trials for unresectable hepatocellular carcinoma: chemoem-
bolization improves survival,”Hepatology, vol. 37, no. 2, pp. 429–
442, 2003.

[6] P. Tandon and G. Garcia-Tsao, “Prognostic indicators in hep-
atocellular carcinoma: a systematic review of 72 studies,” Liver
International, vol. 29, no. 4, pp. 502–510, 2009.

[7] A. L. Cheng, Y. K. Kang, Z. Chen et al., “Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with advanced

hepatocellular carcinoma: a phase III randomised, double-
blind, placebo-controlled trial,”TheLancet Oncology, vol. 10, no.
1, pp. 25–34, 2009.

[8] J.M. Llovet, S. Ricci, V.Mazzaferro et al., “Sorafenib in advanced
hepatocellular carcinoma,” New England Journal of Medicine,
vol. 359, no. 4, pp. 378–390, 2008.

[9] M. Pinter, F. Hucke, I. Graziadei et al., “Advanced-stage hep-
atocellular carcinoma: transarterial chemoembolization versus
sorafenib,” Radiology, vol. 263, no. 2, pp. 590–599, 2012.

[10] G. E. Chung, J. Lee, H. Y. Kim et al., “Transarterial chemoem-
bolization can be safely performed in patients with hepatocellu-
lar carcinoma invading the main portal vein and may improve
the overall survival,”Radiology, vol. 258, no. 2, pp. 627–634, 2011.

[11] H. S. Lee, J. S. Kim, I. J. Choi, J. W. Chung, J. H. Park,
and C. Y. Kim, “The safety and efficacy of transcatheter
arterial chemoembolization in the treatment of patients with
hepatocellular carcinoma and main portal vein obstruction. A
prospective controlled study,” Cancer, vol. 79, no. 11, pp. 2087–
2094, 1997.

[12] J. Luo, R. Guo, E. C.H. Lai et al., “Transarterial chemoemboliza-
tion for unresectable hepatocellular carcinoma with portal vein
tumor thrombosis: a prospective comparative study,” Annals of
Surgical Oncology, vol. 18, no. 2, pp. 413–420, 2011.

[13] T. C. Xue, X. Y. Xie, L. Zhang, X. Yin, B. H. Zhang, and Z.
G. Ren, “Transarterial chemoembolization for hepatocellular
carcinoma with portal vein tumor thrombus: a meta-analysis,”
BMC Gastroenterology, vol. 13, p. 60, 2013.

[14] Y. Zhao, W. J. Wang, S. Guan et al., “Sorafenib combined with
transarterial chemoembolization for the treatment of advanced
hepatocellular carcinoma: a large-scale multicenter study of 222
patients,” Annals of Oncology, vol. 24, no. 7, pp. 1786–1792, 2013.

[15] D.A. Leung, J. E. Goin, C. Sickles, B. J. Raskay, andM.C. Soulen,
“Determinants of postembolization syndrome after hepatic
chemoembolization,” Journal of Vascular and Interventional
Radiology, vol. 12, no. 3, pp. 321–326, 2001.

[16] T. Nakashima and M. Kojiro, “Pathologic characteristics of
hepatocellular carcinoma,” Seminars in Liver Disease, vol. 6, no.
3, pp. 259–266, 1986.

[17] J. W. Chung, J. H. Park, J. K. Han et al., “Hepatic tumors:
predisposing factors for complications of transcatheter oily
chemoembolization,” Radiology, vol. 198, no. 1, pp. 33–40, 1996.

[18] M. Omata, L. A. Lesmana, R. Tateishi et al., “Asian pacific asso-
ciation for the study of the liver consensus recommendations on
hepatocellular carcinoma,” Hepatology International, vol. 4, no.
2, pp. 439–474, 2010.

[19] C. S. Georgiades, K. Hong, M. D’Angelo, and J. H. Geschwind,
“Safety and efficacy of transarterial chemoembolization in
patients with unresectable hepatocellular carcinoma and portal
vein thrombosis,” Journal of Vascular and Interventional Radiol-
ogy, vol. 16, no. 12, pp. 1653–1659, 2005.

[20] K. M. Kim, J. H. Kim, I. S. Park et al., “Reappraisal of
repeated transarterial chemoembolization in the treatment of
hepatocellular carcinoma with portal vein invasion,” Journal of
Gastroenterology and Hepatology, vol. 24, no. 5, pp. 806–814,
2009.

[21] J. H. Wang, C. S. Changchien, T. H. Hu et al., “The efficacy of
treatment schedules according to Barcelona Clinic Liver Cancer
staging for hepatocellular carcinoma-survival analysis of 3892
patients,” European Journal of Cancer, vol. 44, no. 7, pp. 1000–
1006, 2008.

[22] Z. J. Niu, Y. L. Ma, P. Kang et al., “Transarterial chemoem-
bolization compared with conservative treatment for advanced



8 BioMed Research International

hepatocellular carcinoma with portal vein tumor thrombus:
using a new classification,”Medical Oncology, vol. 29, no. 4, pp.
2992–2997, 2012.

[23] J. Ferlay, H. Shin, F. Bray, D. Forman, C. Mathers, and D. M.
Parkin, “Estimates of worldwide burden of cancer in 2008:
GLOBOCAN2008,” International Journal of Cancer, vol. 127, no.
12, pp. 2893–2917, 2010.

[24] K. Takayasu, S. Arii, I. Ikai et al., “Prospective cohort study of
transarterial chemoembolization for unresectable hepatocellu-
lar carcinoma in 8510 patients,” Gastroenterology, vol. 131, no. 2,
pp. 461–469, 2006.



Review Article
MicroRNAs in Hepatocellular Carcinoma:
Carcinogenesis, Progression, and Therapeutic Target

Chao-Hung Hung, Yi-Chun Chiu, Chien-Hung Chen, and Tsung-Hui Hu

Division of Hepatogastroenterology, Department of Internal Medicine, Chang Gung Memorial Hospital-Kaohsiung
Medical Center, Chang Gung University College of Medicine, 123 Ta Pei Road, Niao Sung Kaohsiung 833, Taiwan

Correspondence should be addressed to Chao-Hung Hung; chh4366@yahoo.com.tw

Received 7 December 2013; Revised 16 February 2014; Accepted 12 March 2014; Published 2 April 2014

Academic Editor: Wei Mike Liu

Copyright © 2014 Chao-Hung Hung et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Hepatocellular carcinoma (HCC) is the third leading cause of death from cancer, with dismal outcomes and an increasing incidence
worldwide. Hepatocarcinogenesis is a multistep process that progresses from chronic hepatitis through cirrhosis and/or dysplastic
nodule toHCC.However, the detailedmolecular pathogenesis remains unclear.MicroRNAs (miRNAs), small noncodingRNAs that
regulate the translation ofmany genes, have emerged as key factors involved in several biological processes, including development,
differentiation, and cell proliferation. Recent studies have uncovered the contribution of miRNAs to the cancer pathogenesis, as
they can behave as oncogenes or tumor suppressor genes. In addition, other studies have demonstrated their potential values in
the clinical management of HCC patients as some miRNAs may be used as prognostic or diagnostic markers. In this review, we
summarize current knowledge about the roles of miRNAs in carcinogenesis and progression of HCC.We also discuss the potential
application of miRNAs as diagnostic biomarkers and their potential roles in the intervention of HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
malignancy and the third-leading cause of cancer-related
death in theworld [1].The incidence rates ofHCCare increas-
ing in many parts of the world, including the United States
and central Europe. The overall 5-year survival rate is 5–9%
from the time of clinical diagnosis of HCC, and the dismal
prognosis is largely caused by late detection of the tumors
[2, 3]. Although the 5-year survival is better for patients who
undergo curative resection if the tumor is detected early,
these patients still have a high rate of recurrence [4, 5].
Etiologically, hepatocarcinogenesis is closely associated with
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections [6–8]. More than 90% of HCC cases develop in
chronically inflamed liver as a result of viral hepatitis and
alcohol abuse and in increasing incidence in patients with
nonalcoholic fatty liver disease [9]. However, the underlying
molecular pathogenesis is not completely understood.

HCC is pathologically and clinically heterogeneous. The
prognosis depends on the aggressiveness of the HCC and

residual liver function [10]. The progression of HCC is
thought to involve the deregulation of genes that are critical
to cellular processes such as cell cycle control, cell growth,
apoptosis, and cell migration and spreading. In the past
decades, studies have focused on investigating the genes
and proteins underlying the development of HCC [11, 12].
Recently, an increasing number of reports have described a
new class of small regulatory RNAmolecules termedmicroR-
NAs (miRNAs) that are implicated in HCC development and
progression.

miRNAs are a class of small noncoding RNAs that
negatively regulate gene expression by interacting with the
3 untranslated region (UTR) of protein-coding mRNA.
By recruiting the RNA-induced silencing factor complex,
miRNAs binding generally leads to translational suppression
and/or degradation of the target transcript [13–16]. MiRNAs
have emerged as key factors involved in several biological
processes, including development, differentiation, cell prolif-
eration, and tumorigenesis [17]. The involvement of miRNAs
in cancer pathogenesis has been well established, as they can
behave as oncogenes or tumor suppressor genes depending
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on the cellular function of their targets [18]. Dysregulation
of miRNAs in cancer has been repeatedly described, for
example, in prostate, bladder, and kidney cancer [19], breast
cancer [20], and colon cancer [21].

This review will elaborate on the aberrant expression
of miRNAs in HCC and the pathological implications and
molecular functions of some well-characterized oncogenic
and tumor suppressive miRNAs. Furthermore, we will dis-
cuss the clinical prospect of miRNAs as diagnostic and
prognostic biomarkers of HCC and their potential roles in
cancer treatment.

2. miRNAs Generation and Function

2.1. miRNAs Biogenesis. The generation of mature miRNAs
is a multistep process that starts with the initial transcription
of their genes by RNA polymerase II. This results in long,
capped, and polyadenylated primary miRNAs of approxi-
mately 1–4 kb [22]. These transcripts are then cleaved by the
microprocessor complex which consists of the nuclease Dro-
sha and the double-stranded RNA-binding protein DiGeorge
syndrome critical region gene 8 (DGCR8) into a precursor
miRNA of 60–100 nucleotides. The pre-miRNA is subse-
quently transported from the nucleus to the cytoplasm by
exportin 5 and further cleaved by the RNase enzyme Dicer
into double-stranded miRNAs [23]. These two strands are
separated by helicases, and the mature strand is incorporated
into the RNA-induced silencing complex (RISC). The brief
summary of miRNA biogenesis is shown in Figure 1.

Typically, mature miRNAs regulate gene expression
through sequence-specific binding to the 3 UTR of a target
mRNA, but recent evidence indicates that miRNAs can also
bind to other regions of a target mRNA [24, 25].ThemiRNA-
mRNA interaction usually causes translational repression
and/or mRNA cleavage and thus reduces the final protein
output. However, this traditional understanding of miRNAs
as negative regulators of gene expression has recently been
challenged by the discovery of new and unexpected mech-
anisms of action of miRNAs. This includes evidence that
miRNAs can also increase the translation of a target mRNA
by recruiting protein complexes to the Adenylate-uridylate-
(AU-) rich elements of the mRNA [26], or they can indirectly
increase the target protein output by derepressing mRNA
translation by interactingwith proteins that block the transla-
tion of the target gene [27]. Also, there is evidence indicating
that miRNAs can switch the regulation from repression to
activation of target gene translation in conditions of cell cycle
arrest [26].

In addition to functioning within cells, miRNAs are
abundant in the bloodstream and can act at neighboring cells
and at more distant sites within the body in a hormone-
like fashion, suggesting that they can mediate both short-
and long-range cell-cell communication [28, 29]. MiRNAs,
together with RNA-binding proteins, can be packaged and
transported extracellularly by exosomes or microvesicles [30,
31]. Likewise, miRNAs in the bloodstream can be taken up
by the recipient cells via endocytosis and further bound to
intracellular proteins such as toll-like receptors (TLR) [28].
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into RISC

miRNA gene
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Pre-miRNA
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Mature miRNA
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Figure 1: Brief summary in miRNA biogenesis. (1) initial tran-
scription by RNA polymerase (Pol II) into primary miRNA (pri-
miRNA) (2) processing byDrosha-DGCR8 into a precursormiRNA
(pre-miRNA) (3) export of the pre-miRNA via Exportin-5 from the
nucleus to the cytoplasm (4) cleaved by theRNase enzymeDicer into
double-stranded miRNAs (5) incorporation into the RNA-induced
silencing complex (RISC).

2.2. miRNAs Regulation and Interaction. Although miRNAs
typically repress target gene expression, recent work has
revealed that regulation in the miRNA pathway is a two-
way street. Not only can base pairing between a miRNA
and its target result in repressed target expression, but these
interactions can also have an impact on the levels of the
miRNA [32]. However, the reciprocal effect of targets on
miRNAs remains entirely unclear. In some cases, target
interactions offer a protective influence on miRNA stability,
whereas in others the outcome is miRNA degradation [33,
34].

In addition to the binding between miRNA and 3
UTR of its target mRNA, recent studies have identified a
direct interaction between two individual miRNAs through
sequence match [35, 36]. Chen et al. provided functional
evidence of miRNA-miRNA interaction between miR-107
and let-7. Using a mutation system, they further identified
the essential role of an internal loop within the miR-
107::let-7 duplex, which provided important clues for further
investigation on the underlying mechanism [35]. This newly
discovered regulation sheds light on our current knowledge
in the posttranscriptional control of miRNA. Considering
the interaction and the multifaceted roles of miRNA, the
regulation network of miRNA becomes more complex than
we originally thought.

3. miRNAs in Hepatocarcinogenesis

miRNAs fine-tune all physiological and many pathological
processes that are fundamental to normal liver functions
and liver disease [37]. Recently, advanced progress has been
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made in identifying miRNAs as important regulators of gene
expression and their association with or control of various
liver diseases such as viral hepatitis, fibrosis, and HCC [38–
40].There is nowmounting experimental evidence indicating
that miRNAs may act as oncogenes or tumor suppressors
by directly or indirectly controlling the expression of key
proteins involved in cancer-associated pathways [18].

3.1. Downregulation of Tumor-Suppressing miRNAs in HCC.
Downregulation of subsets of miRNAs is a common finding
in HCC, suggesting that some of these miRNAs may act
as putative tumor suppressor genes. Restoration of tumor
suppressive miRNAs leads to cell cycle block, increased
apoptosis, and reduced tumor angiogenesis andmetastasis by
inhibiting migration and invasion. Of these miRNAs, miR-
122 and miR-199 appear to be particularly important in HCC
[61, 62, 81].

The liver-specific miR-122 is the most abundant miRNA
in the liver, and it plays an important role in regulating
hepatocyte development and differentiation [82, 83]. MiR-
122 is downregulated in HCC tumor tissues and cancer cell
lines, and overexpression of miR-122 has been found to
induce apoptosis and suppress proliferation in HepG2 and
Hep3B cells [41]. The role of miR-122 in liver cancer has
been demonstrated directly by the generation of miR-122
knockout mice [84, 85]. These mice were characterized by
hepatic inflammation, fibrosis, and development of sponta-
neous tumors similar to HCC, demonstrating the tumor-
suppressor function of this miRNA and its important role
in liver metabolism and differentiation of hepatocytes [84,
85]. Previous studies have found that cyclin G1 is a direct
target of miR-122 [49] and that miR-122/cyclin G1 interaction
modulates p53 activity and affects doxorubicin sensitivity in
human HCC cells [86]. In a mouse model, the absence of
cyclin G1 is associated with less susceptibility to developing
liver tumors [87].

All three members of the miR-199 family, that is, miR-
199a-1, miR-199a-2, and miR-199b, have emerged as being
frequently downregulated in HCC [63, 88]. Phenotypically,
enforced expression of miR-199a in HCC cells leads to
cell cycle arrest at G1 phase, reduced invasive capability,
and enhanced susceptibility to hypoxia [63, 88]. In HCC
patients, downregulation of miR-199a was associated with a
higher recurrence rate and shorter time to recurrence after
surgery. These effects could be explained by modulation of
target genes, such as MET, mammalian target of rapamycin
(mTOR), and hypoxia-inducible factors (HIF)-1𝛼 [63, 88,
89]. Another important target of miR-199 in HCC is CD44,
which is a transmembrane glycoprotein involved in cell-cell
interaction, cell adhesion, and migration [90].

The majority of downregulated tumor-suppressing miR-
NAs in HCC and their involvements with cellular processes
are listed in Table 1.

3.2. Upregulation of Oncogenic miRNAs in HCC. Oncogenic
miRNAs that are upregulated in HCC potentially target
many tumor suppressive genes. Experimental suppression
of oncogenic miRNAs helps restoring expression of tumor

suppressive genes that initiates apoptosis and inhibits cell
proliferation, angiogenesis, and metastasis in HCC. Func-
tional analysis of these oncogenic miRNAs and their targeted
genes in liver cancer will help in understanding the role of
miRNAs in hepatocarcinogenesis as molecular biomarkers
and possible targets for development of oncogenic miRNAs-
targeted therapy of HCC. Among the miRNAs that are
upregulated in HCC, there is evidence in support of the
tumor-promoting activity of miR-221/mir-222 and miR-21
[91–94].

MiR-221 and miR-222 are two highly homologous miR-
NAs and upregulated in several types of human tumors,
which act as oncogenes or tumor suppressors, depending on
tumor system [95]. HCC cells overexpressing miR-221 show
increased growth, proliferation, migration, and invasion
capability [96, 97]. There is a strong relationship between
the high expression of miR-222 and tumor progression and
patient survival. Overexpression of miR-222 confers cell
migratory advantages in HCC through enhancing Protein
Kinase B (AKT) signaling [78].

MiR-21 is the most commonly overexpressed miRNA
in cancer and a proven oncogene [94]. There are many
mechanisms associated with elevated miR-21 levels. The
encoding genetic locus, 17q23, is amplified in many solid
tumors [98, 99]. In addition, miR-21 expression is stim-
ulated by a variety of cancer-associated pathways such as
hypoxia, inflammation, activator protein (AP)-1, and steroid
hormones [100–102]. MiR-21 is upregulated in HCC cells
and tissues, which are associated with the capacity of cancer
cell migration and invasion in HCC, where the miR-21
expression is inversely correlated with the protein expression
of its targeted gene, programmed cell death 4 (PDCD4), and
signaling molecules of its downstream pathway [103]. MiR-
21 can also regulate HCC cellular proliferation and tumor
growth by inducing epithelial to mesenchymal transition
(EMT) through AKT/ERK pathways [104].

More upregulated oncogenic miRNAs in HCC and their
involvements with cellular processes are listed in Table 2.

3.3. Deregulated miRNAs in Cell Cycle and Apoptosis. Several
miRNAs have been reported to be implicated in cell cycle
regulation.Of them,miR-26a andmiR-195, whichwere found
to be significantly downregulated in HCC, might block the
G(1)/S transition by repressing retinoblastoma- (Rb-)E2F
signaling through targeting multiple molecules, including
cyclin D1, cyclin-dependent kinase (CDK)6, and E2F3 [43,
44]. MiR-34a, as a downstream target of tumor suppressor
p53, can function as a link between p53 signaling and the cell
cycle regulation by targeting cyclin D1, CDK4, and CDK2 in
HCC [47].MiR-221 andmiR-222 have been reported to target
CDKN1B/p27/Kip1 and CDKN1C/p57/Kip2, while miR-223
participates in regulating the G2/M transition mediated by
stathmin-1 [73]. In addition, miR-193b and miR-520b can
induce cell cycle arrest and inhibit the invasion andmigration
of HCC cells by the suppressing the ability of HCC cells to
form colonies [105, 106].

There are a number of deregulated miRNAs involved
in the regulation of apoptosis. Besides cell cycle regulation,
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Table 1: Downregulated tumor-suppressing miRNAs in HCC.

miRNA Target genes Characteristics References
MiR-1 c-Met, ET-1 Metastasis, proliferation [41]
MiR-7 PIK3CD, mTOR, p70S6K Tumorigenesis, metastasis [42]
MiR-26a CDK6, cyclin D1 Cell cycle [43, 44]
MiR-29 Bcl-2, Bcl-w, Ras Apoptosis [45, 46]
MiR-34a cyclin D1, CDK4, and CDK2, c-Met Cell cycle, proliferation, apoptosis, metastasis [47, 48]
MiR-122 cyclin G1, Bcl-w, TACE Apoptosis, angiogenesis, metastasis [49–51]
MiR-124 ROCK2, EZH2 Metastasis [52]
MiR-125b Bcl-2, Bcl-w Apoptosis [53]
MiR-126 VEGF, VCAM-1 Angiogenesis, metastasis [54–56]
MiR-141 EMT Metastasis [57, 58]
MiR-146a TRAF6, IRAK1 Metastasis [59]
MiR-195 CDK6, cyclin D1 Cell cycle, apoptosis [43, 44]
MiR-198 c-Met Metastasis [60]
MiR-199a mTOR, PAK4 Cell growth, apoptosis [61–63]
MiR-200 EMT Metastasis [57, 58]
MiR-449 c-Met Metastasis [64]
ET1: endothelin-1.

Table 2: Upregulated oncogenic miRNAs in HCC.

miRNA Target genes Characteristics References
MiR-15a Bcl-2, cyclin D1, AKT3 Proliferation, apoptosis [65]
MiR-16-1 Bcl-2, cyclin D1, AKT3 Proliferation, apoptosis [65]
MiR-17 c-Myc, E2F Angiogenesis [66, 67]
MiR-18 c-Myc, E2F Angiogenesis [66, 67]
MiR-19 c-Myc, E2F Angiogenesis [66, 67]
MiR-20a c-Myc, E2F Angiogenesis [66, 67]
MiR-21 PTEN metastasis [68]
MiR-25 Bim Apoptosis [69]
MiR-92-1 c-Myc, E2F Angiogenesis [66, 67]
MiR-93 Bim Apoptosis [69]
MiR-106b Bim Apoptosis [69]
MiR-148a PTEN Metastasis [70]
MiR-155 RhoA, TLR Metastasis [56, 71]
MiR-216a PTEN Metastasis [72]
MiR-221 Bmf; CDKN1B/p27/Kip1; CDKN1C/p57/Kip2, PTEN Apoptosis; proliferation, angiogenesis [73–77]
MiR-222 AKT, PTEN Metastasis, angiogenesis [51, 74, 78]
MiR-224 Bcl-2, Bcl-w Apoptosis [79]
MiR-519d PTEN Metastasis [80]

miR-221 and miR-222 enhance the resistance to TNF-related
apoptosis-inducing ligand- (TRAIL-) induced apoptosis
by negatively regulating phosphatase and tensin homolog
(PTEN) and metalloproteinase inhibitor 3 (TIMP3) [74].
MiR-221 can also downregulate twomembers of proapoptotic
B-cell lymphoma- (Bcl-) 2 family, Bcl-2-modifying factor
(Bmf), and p53 upregulated modulator of apoptosis (PUMA)
[75, 76]. The expression of three members of miR106b-
25 cluster (miR-25, miR-93, and miR-106b) is inversely
correlated with Bim expression [69]. On the contrary, miR-
125b [53], miR-224 [79], miR-29 [45], and miR-122 [107] can
target the antiapoptotic members, Bcl-2, inducing myeloid

leukemia cell differentiation protein (Mcl-1), and Bcl-2-like
protein 2 (Bcl-w).

Many miRNAs have been shown to regulate the expres-
sion of proteins in tyrosine kinase receptors (RTKs), which
initiates a signaling cascade that eventually leads to cell pro-
liferation and survival. MiR-216a [79], miR-21 [68], miR-148a
[70], miR-221/222 [76], and miR-519d [80] can downregulate
PTEN in HCC, leading to the activation of phosphatidyli-
nositide 3-kinases (PI3K)/AKT/mTOR pathway. In addition,
miR-7 regulates PI3K/AKT pathway by targeting to PIK3CD,
mTOR, and p70S6K [42]. Restoring attenuated levels of miR-
199a-3p inHCC cells led toG1-phase cell cycle arrest, reduced
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invasive capability, enhanced susceptibility to hypoxia, and
increased sensitivity to doxorubicin-induced apoptosis [63].
c-Met can also be suppressed by other miRNAs including
miR-1 [41], miR-198 [60], miR-449 [64], and miR-34a [48].

4. miRNAs in HCC Progression

4.1. miRNAs Function in Angiogenesis. Angiogenesis and
metastasis play important roles in the progression and recur-
rence of HCC. MiRNAs are highly expressed in endothelial
cells, and recent data suggest that they regulate aspects
of vascular development and angiogenesis [108]. Several
miRNAs have been identified that exert proangiogenic or
antiangiogenic effects [54, 108–110]. MiR-221 and miR-222
are known to modulate the angiogenic properties of human
umbilical vein endothelial cells [77, 111].Throughdirectly reg-
ulating downstream targets, such as c-kit, p27Kip1, p57Kip2,
and cyclin G1, miR-221 and miR-222 impact migration and
proliferation of endothelial cells [111]. In addition, the miR-
15a-16-1 cluster can promote apoptosis as well as inhibit cell
proliferation and vascular endothelial growth factor (VEGF)
expression by targeting Bcl-2, cyclin D1, wingless type
Mousemammary tumor virus (MMTV) integration site fam-
ily member 3A (WNT3A), AKT serine/threonine-protein-
kinase (AKT3), ribosomalprotein-S6,Mitogen-activated pro-
tein (MAP)-kinases, and NF-kappaB activator MAP3-KIP3
[65]. MiR-122 can inhibit angiogenesis and intrahepatic
metastasis by suppressing the expression of tumor necrosis
factor-𝛼-converting enzyme (TACE) [50]. Thus, loss of miR-
122 expression in patients with liver cancer is correlated with
the presence of metastasis and a shorter time to recurrence
[51].

While some miRNAs can inhibit angiogenesis, other
miRNAs can stimulate new vessel formation. MiR-126, an
endothelial-specific miRNA, can modulate VEGF levels and
endothelial cell proliferation, whereas knockout of miR-126
leads to loss of vascular integrity and neoangiogenesis [54,
55]. MiR-296 can modulate the expression of VEGF receptor
2 and platelet-derived growth factor (PDGF) receptor 𝛽
by directly targeting the hepatocyte growth factor-regulated
tyrosine kinase substrate (HGS), whichmediates degradation
of the growth factor receptors [112]. The miR-17-92 cluster,
which contains miR-17, miR-18, miR-19a, miR-19b-1, 20a, and
miR-92-1, is the first oncogenic miRNAs identified in human
[113]. Although the major known function of the miR-17-92
cluster is related to transcriptional factors c-Myc, E2F, and
their autoregulatory loop [66, 67], this cluster also enhances
tumor angiogenesis by targeting thrombospondin-1 (TSP1),
connective tissue growth factor (CTGF), and a number of
proangiogenic targets [109].

4.2. miRNAs Modulate Metastasis. Several miRNAs are also
involved in the metastasis through the regulation of EMT.
Five members of the miR-200 family (miR-200a, miR-
200b, miR-200c, miR-141, and miR-429) and miR-205 are
able to increase E-cadherin expression, decrease vimentin
expression, inhibit EMT, and prevent migration and invasion
of cancer cells [57, 58]. MiR-155 expression is increased

in cancer cells and plays a positive role in transforming
growth factor (TGF) 𝛽-induced EMT and cell migration and
invasion by targeting Ras homolog gene family, member A
(RhoA) [71]. By downregulating Rho-associated coiled-coil
containing protein kinase 2 (ROCK2) and histone-lysine N-
methyltransferase (EZH2), miR-124 represses cytoskeleton
reorganization and EMT, ultimately inhibiting the invasive
and/or metastatic potential of HCC [52]. MiR-29a can
promote EMT and cancer metastasis in cooperation with
oncogenic Ras signaling by repressing the expression of
tristetraprolin (TTP), a protein involved in the degradation of
messenger RNAs with AU-rich 3-untranslated regions [46].

It is possible that miRNAs that regulate cell proliferation
and apoptosis have critical roles in cancer cell survival and
arrest in the circulation duringmetastasis process [114]. MiR-
126 expression is often downregulated in cancers and is able
to decrease leukocyte and possibly cancer cell adherence to
endothelial cells by targeting vascular cell adhesion molecule
(VCAM)-1 on endothelial cells [56]. In addition, many
miRNAs have been discovered to play important roles in
modulation of T and B lymphocytes activation, innate, and
adaptive immune responses [115]. MiR-155 is required in con-
ventional and regulatory T lymphocyte differentiation and
activation, B lymphocyte development, and TLR response
[115]. Cancer suppressing miR-146a can regulate TLR and
cytokine signaling through a negative feedback regulation of
TNF receptor-associated factor 6 (TRAF6) and IL-1 receptor-
associated kinase 1 (IRAK1) genes [59]. MiR-150, miR-17∼92
clusters, andmiR-181 are important regulators of the immune
system and therefore could participate in cell survival and
arrest in circulation [115, 116].

The interacting network of the key miRNAs and their
target genes in HCC initiation and progression is shown in
Figure 2.

5. miRNAs as Therapeutic Targets for HCC

5.1. miRNAs as Diagnostic Markers for HCC. Sensitive and
specific cancer biomarkers are essential for early detection
and diagnosis of HCC, as well as for developing preven-
tive screening. However, current methods are insufficient
for detecting HCC at early stages. Advances in magnetic
resonance imaging and computed tomography have greatly
improved imaging of focal hypervascular masses consistent
with HCC, but these procedures are costly and not readily
available in developing countries. Laboratory data including
serum alfa-fetoprotein (AFP) and des-gamma carboxypro-
thrombin (DCP) levels have been used as HCC biomarkers
for a long time. However, the accuracy of AFP is modest
(sensitivity: 39–65%; specificity: 76–94%). One-third of cases
of early-stage HCC (tumors < 3 cm) are missed using AFP
analysis [117], and serum AFP levels are also elevated in
patients with benign liver diseases, such as hepatitis and
cirrhosis [118, 119].

Many miRNAs are dysregulated in HCC; thus, it is to be
expected that circulating miRNA levels are also affected by
HCCprogression.Thehigh stability ofmiRNAs in circulation
makes them perfect biomarkers, especially for detection of
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Figure 2: The interacting network of the key aberrant miRNAs and their target genes in HCC initiation and progression. Downregulated
tumor suppressing miRNAs in HCC are indicated in black ellipse and upregulated oncogenic miRNAs are indicated in white ellipse. Target
genes having a positive effect on the cell process are indicated in white circle, while genes having a negative effect are indicated in black circle.

early stage, presymptomatic diseases [120]. It is interesting
that circulating miR-21 [121, 122], miR-222 [122], and miR-
223 [123] were found to be upregulated in the serum/plasma
of HCC patients associated with HBV or HCV. Circulating
miR-21 level was significantly higher in HCC patients than
in those with chronic hepatitis and healthy controls. Receiver
operating characteristic (ROC) analysis of miR-21 yielded an
area under the curve (AUC) of 0.773 when differentiating
HCC from chronic hepatitis, and an AUC of 0.953 when
differentiating HCC from healthy control. Both sets of values
were superior to AFP as biomarker in HCC [123]. At the
same time, serum levels ofmiR-1, miR-25, miR-92a, miR-206,
miR-375, and let-7f were also significantly elevated in HCC
patients [124].

Serum miR-15b and miR-130b levels were also found
to be upregulated in HCC [125]. MiR-130b had the largest
area under the curve (0.913), with a sensitivity of 87.7%
and a specificity of 81.4% for detecting HCC, and miR-
15b had the highest sensitivity for detecting HCC of the

miRNAs examined (98.3%), although its specificity was very
low (15.3%). The high sensitivity of circulating miR-15b and
miR-130b as biomarkers for HCC holds promise for patients
with early-stage HCC, who may have low AFP levels despite
the presence of disease. Similarly, serum miR-16 was found
to be a more sensitive biomarker for HCC than serum AFP
and DCP levels [126].The combination of miR-16, AFP, AFP-
L3%, andDCP yielded the optimal combination of sensitivity
(92.4%) and specificity (78.5%) for HCC overall and when
analysis was restricted to patients with tumors size smaller
than 3 cm [127]. In addition, a recent meta-analysis in which
eight studies were included showed the diagnostic value of
miRNAs for HCC as follows: pooled sensitivity 0.87 (0.72–
0.98), pooled specificity 0.90 (0.76–1.00), pooled positive
likelihood ratio 8.7 (3.52–97.45), pooled negative likelihood
ratio 0.13 (0.02–0.31), and pooled diagnostic odds ratio 86.69
(19.06–2,646.00) [128].

Although the sensitivity and stability of miRNAs as
biomarkers are suitable for a clinical setting, appropriate
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controls need to be used in a research setting because
HCC is often accompanied by viral hepatitis, cirrhosis, or
other underlying liver conditions [37]. When assessing the
specificity of a miRNA for detecting HCC, it is critical to
ensure that patients and controls are matched not only by age
and sex, but also by the etiology and severity of the underlying
liver disease.

5.2. miRNAs in HCC Therapy. There is now accumulated
evidence indicating that strategies based on modulation of
miRNA activity could be a novel approach to cancer therapy.
Previous studies have demonstrated that inhibition of miR-
122 by administration of anti-miRNA oligonucleotides in
nonhuman primates is a promising approach for reducing
miRNA activity in the adult liver without toxicity [129].These
proofs of principle established the basis for the various studies
that have been performed in cancer models in vivo. Another
study has demonstrated that restoration of tumor suppressive
miR-122 makes HCC cells more sensitive to sorafenib treat-
ment via downregulation of multidrug resistance genes [130].
Conversely, suppression of oncogenic miR-221 by antago-
miRs resulted in prolonged survival and significant reduction
in the number and size of tumors in comparison with
untreated animals [131]. Similarly, HCC cells transfected with
anti-miR-21were significantly sensitive to chemotherapywith
combined interferon-𝛼 and 5-FU [132].

Recently, the first miRNA-targeted drug, a molecule
known as miravirsen SPC3649, has been used in various
phase I studies and is currently in a phase II trial for the
treatment of chronic hepatitis C [133]. This trial stemmed
from the discovery of involvement of miR-122 in HCV RNA
accumulation, showing that treatment of chronically infected
nonhuman primates with an locked nucleic acid (LNA)-
modified anti-miR-122 oligonucleotidewaswell tolerated and
led to long-lasting suppression of HCV viremia [134, 135].

6. Conclusion

In this review, we summarize the role of miRNAs in car-
cinogenesis and progression of HCC as well as the diagnostic
and therapeutic potential in some miRNAs. Collectively, the
investigative studies performed till now have resulted in a
better understanding of cancer-relatedmiRNA functions and
their roles as tumor suppressors and oncogenes. Given the
implication of a large number of miRNAs in the control
of key tumor suppressors and oncogenes, the deregulation
of specific miRNAs has been shown to greatly influence
HCC development, invasiveness, prognosis, and treatment
response. From a diagnostic point of view, high stability
of miRNAs in circulation makes them perfect biomarkers.
However, lack of studies on preneoplastic and early neoplastic
lesions does not allow to discriminate whichmiRNAs are real
drivers of the carcinogenic process. In addition, the discovery
of aberrantmiRNAs and their corresponding targets has con-
tributed to the development ofmiRNA-based therapeutics for
HCC. Although technological advances indicate that the use
of miRNAs or antagomir as therapeutics is feasible and safe,

more studies are still needed to move this field forward into
the clinical setting.
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[77] Y. Suárez, C. Fernández-Hernando, J. S. Pober, andW. C. Sessa,
“Dicer dependent microRNAs regulate gene expression and
functions in human endothelial cells,” Circulation Research, vol.
100, no. 8, pp. 1164–1173, 2007.

[78] Q. W.-L. Wong, A. K.-K. Ching, A. W.-H. Chan et al., “miR-
222 overexpression confers cellmigratory advantages in hepato-
cellular carcinoma through enhancing AKT signaling,” Clinical
Cancer Research, vol. 16, no. 3, pp. 867–875, 2010.



10 BioMed Research International

[79] Y. Zhang, S. Takahashi, A. Tasaka, T. Yoshima, H. Ochi, and K.
Chayama, “Involvement of microRNA-224 in cell proliferation,
migration, invasion, and anti-apoptosis in hepatocellular carci-
noma,” Journal of Gastroenterology and Hepatology, vol. 28, no.
3, pp. 565–575, 2013.

[80] F. Fornari, M. Milazzo, P. Chieco et al., “In hepatocellular carci-
nomamiR-519d is up-regulated by p53 and DNA hypomethyla-
tion and targets CDKN1A/p21, PTEN, AKT3 and TIMP2,” The
Journal of Pathology, vol. 227, no. 3, pp. 275–285, 2012.

[81] J. Hou, L. Lin, W. Zhou et al., “Identification of miRNomes in
human liver and hepatocellular carcinoma reveals miR-199a/b-
3p as therapeutic target for hepatocellular carcinoma,” Cancer
Cell, vol. 19, no. 2, pp. 232–243, 2011.

[82] K. Morita, A. Taketomi, K. Shirabe et al., “Clinical significance
and potential of hepatic microRNA-122 expression in hepatitis
C,” Liver International, vol. 31, no. 4, pp. 474–484, 2011.

[83] J. Chang, E. Nicolas, D. Marks et al., “miR-122, a mammalian
liver-specificmicroRNA, is processed from hcrmRNA andmay
downregulate the high affinity cationic amino acid transporter
CAT-1,” RNA Biology, vol. 1, no. 2, pp. 106–113, 2004.

[84] S. H. Hsu, B. Wang, J. Kota et al., “Essential metabolic, anti-
inflammatory, and anti-tumorigenic functions of miR-122 in
liver,” The Journal of Clinical Investigation, vol. 122, no. 8, pp.
2871–2883, 2012.

[85] W. C. Tsai, S. D. Hsu, C. S. Hsu et al., “MicroRNA-122 plays a
critical role in liver homeostasis and hepatocarcinogenesis,”The
Journal of Clinical Investigation, vol. 122, no. 8, pp. 2884–2897,
2012.

[86] F. Fornari, L. Gramantieri, C. Giovannini et al., “MiR-122/cyclin
G1 interaction modulates p53 activity and affects doxorubicin
sensitivity of human hepatocarcinoma cells,” Cancer Research,
vol. 69, no. 14, pp. 5761–5767, 2009.

[87] M. R. Jensen, V.M. Factor, A. Fantozzi, K.Helin, C.-G.Huh, and
S. S. Thorgeirsson, “Reduced hepatic tumor incidence in cyclin
G1-deficient mice,”Hepatology, vol. 37, no. 4, pp. 862–870, 2003.

[88] X. Q. Jia, H. Q. Cheng, X. Qian et al., “Lentivirus-mediated
overexpression of microRNA-199a inhibits cell proliferation
of human hepatocellular carcinoma,” Cell Biochemistry and
Biophysics, vol. 62, no. 1, pp. 237–244, 2012.

[89] S. Kim, U. J. Lee, M. N. Kim et al., “MicroRNA miR-
199a∗ regulates the MET proto-oncogene and the downstream
extracellular signal-regulated kinase 2 (ERK2),” The Journal of
Biological Chemistry, vol. 283, no. 26, pp. 18158–18166, 2008.

[90] J. C. Henry, J.-K. Park, J. Jiang et al., “MiR-199a-3p targets
CD44 and reduces proliferation of CD44 positive hepatocellu-
lar carcinoma cell lines,” Biochemical and Biophysical Research
Communications, vol. 403, no. 1, pp. 120–125, 2010.

[91] F. Fornari, L. Gramantieri, M. Ferracin et al., “MiR-221 controls
CDKN1C/p57 and CDKN1B/p27 expression in human hepato-
cellular carcinoma,” Oncogene, vol. 27, no. 43, pp. 5651–5661,
2008.

[92] R. Medina, S. K. Zaidi, C.-G. Liu et al., “MicroRNAs 221 and
222 bypass quiescence and compromise cell survival,” Cancer
Research, vol. 68, no. 8, pp. 2773–2780, 2008.

[93] J. A. Chan, A. M. Krichevsky, and K. S. Kosik, “MicroRNA-21
is an antiapoptotic factor in human glioblastoma cells,” Cancer
Research, vol. 65, no. 14, pp. 6029–6033, 2005.

[94] M.-L. Si, S. Zhu, H. Wu, Z. Lu, F. Wu, and Y.-Y. Mo, “miR-21-
mediated tumor growth,” Oncogene, vol. 26, no. 19, pp. 2799–
2803, 2007.

[95] M. Garofalo, C. Quintavalle, G. Romano, C. M. Croce, and G.
Condorelli, “MiR221/222 in cancer: their role in tumor progres-
sion and response to therapy,” Current Molecular Medicine, vol.
12, no. 1, pp. 27–33, 2012.

[96] P. Pineau, S. Volinia, K. McJunkin et al., “MiR-221 overex-
pression contributes to liver tumorigenesis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 107, no. 1, pp. 264–269, 2010.

[97] Q. Yuan, K. Loya, B. Rani et al., “MicroRNA-221 overexpression
accelerates hepatocyte proliferation during liver regeneration,”
Hepatology, vol. 57, no. 1, pp. 299–310, 2013.

[98] G.-J. Wu, C. Sinclair, S. Hinson, J. N. Ingle, P. C. Roche, and F. J.
Couch, “Structural analysis of the 17q22-23 amplicon identifies
several independent targets of amplification in breast cancer cell
lines and tumors,”Cancer Research, vol. 61, no. 13, pp. 4951–4955,
2001.

[99] K. Kasahara, T. Taguchi, I. Yamasaki, M. Kamada, K. Yuri, and
T. Shuin, “Detection of genetic alterations in advanced prostate
cancer by comparative genomic hybridization,”Cancer Genetics
and Cytogenetics, vol. 137, no. 1, pp. 59–63, 2002.

[100] S. Fujita, T. Ito, T. Mizutani et al., “miR-21 gene expression trig-
gered by AP-1 is sustained through a double-negative feedback
mechanism,” Journal of Molecular Biology, vol. 378, no. 3, pp.
492–504, 2008.

[101] J. Ribas and S. E. Lupold, “The transcriptional regulation
of miR-21, its multiple transcripts, and their implication in
prostate cancer,” Cell Cycle, vol. 9, no. 5, pp. 923–929, 2010.

[102] P. Bhat-Nakshatri, G. Wang, N. R. Collins et al., “Estradiol-
regulated microRNAs control estradiol response in breast can-
cer cells,” Nucleic Acids Research, vol. 37, no. 14, pp. 4850–4861,
2009.

[103] L. Zhou, Z. X. Yang, W. J. Song et al., “MicroRNA-21 regulates
the migration and invasion of a stem-like population in hepa-
tocellular carcinoma,” International Journal of Oncology, vol. 43,
no. 2, pp. 661–669, 2013.

[104] L. Bao, Y. Yan, C. Xu et al., “MicroRNA-21 suppresses PTEN
and hSulf-1 expression and promotes hepatocellular carcinoma
progression through AKT/ERK pathways,” Cancer Letters, vol.
337, no. 2, pp. 226–236, 2013.

[105] C. Xu, S. Liu, H. Fu et al., “MicroRNA-193b regulates pro-
liferation, migration and invasion in human hepatocellular
carcinoma cells,” European Journal of Cancer, vol. 46, no. 15, pp.
2828–2836, 2010.

[106] W. Zhang, G. Kong, J. Zhang, T. Wang, L. Ye, and X. Zhang,
“MicroRNA-520b inhibits growth of hepatoma cells by target-
ing MEKK2 and cyclin D1,” PLoS ONE, vol. 7, no. 2, Article ID
e31450, 2012.

[107] C. J.-F. Lin, H.-Y. Gong, H.-C. Tseng, W.-L. Wang, and J.-
L. Wu, “miR-122 targets an anti-apoptotic gene, Bcl-w, in
human hepatocellular carcinoma cell lines,” Biochemical and
Biophysical Research Communications, vol. 375, no. 3, pp. 315–
320, 2008.
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As the fifth most common cancer in men and the eighth most common cancer in women, hepatocellular carcinoma (HCC) is
the leading cause of cancer-related deaths worldwide, with standard chemotherapy and radiation being minimally effective in
prolonging survival. Virus hepatitis, particularly HBV and HCV infection is the most prominent risk factor for HCC development.
Mammalian target of rapamycin (mTOR) pathway is activated in viral hepatitis and HCC. mTOR inhibitors have been tested
successfully in clinical trials for their antineoplastic potency and well tolerability. Treatment with mTOR inhibitor alone or in
combination with cytotoxic drugs or targeted therapy drug scan significantly reduces HCC growth and improves clinical outcome,
indicating that mTOR inhibition is a promising strategy for the clinical management of HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is amalignant tumorwhose
incidence is increasing in many countries. It is the fifth most
common cancer in men and the eighth most common cancer
in women. HCC is the leading cause of cancer-related deaths
worldwide, with standard chemotherapy being minimally
effective in prolonging survival [1].

Among many factors such as environmental pollution,
fatty liver, and excessive alcohol consumption, virus hepatitis,
particularly HBV and HCV infection, has been considered
as the most important high risk factor of HCC, especially in
Asian countries. At the molecular level, mammalian target of
rapamycin (mTOR) pathway was found to be associated with
HCC development including chronic viral hepatitis [2, 3].
Inhibitors of mTORwere thus postulated to be prominent for
the clinical treatment of HCC.

2. mTOR

2.1. Structure of mTOR Complex. mTOR is a member of
PI3K-related protein kinases (PIKK).The structure of mTOR

is similar to other PIKK family members. The amino ter-
minus of mTOR is a cluster of HEAT (Huntingtin, Elon-
gation factor 3, A subunit of protein phosphatase 2A, and
TOR1) repeats, followed by FAT (FRAP, ATM, and TRRAP)
domain, FKBP12-rapamycin binding (FRB) domain, Ser/Thr
kinase catalytic domain, and the carboxyl-terminal FAT
(FATC) domain. HEAT domain can mediate protein-protein
interactions and FRB domain is a conserved 11 kDa region
necessary for the binding of rapamycin and regulatory-
associated protein of mTOR (RAPTOR) [4].

According to different subunits, mTOR can be formed as
two kinds of complexes, mTORC1 and mTORC2 (Figure 1).
Both mTOR complexes contain mTOR, DEP domain-
containingmTOR-interacting protein (DEPTOR), andmam-
malian lethal with SEC13 protein 8 (mLST8). The unique
components of mTORC1 are regulatory-associated protein of
mTOR (RAPTOR) and proline-rich Akt substrate of 40Kda
(PRAS40). mTORC2 possesses rapamycin-insensitive com-
panion of mTOR (RICTOR), protein observed with RICTOR
(PROTOR), and mammalian stress-activated map kinase-
interacting protein 1 (mSIN1). Among them, PRAS40 is a
negative regulator of mTOR and has a conserved leucine
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Figure 1: The structure of mTORC1 and mTORC2. The core
mTOR machinery consists of mTOR, DEPTOR, and mLST8. The
combination of core mTOR machinery with different proteins
constitutes mTOR1 and mTORC2.

charge domain (LCD) which can be phosphorylated by
AKT [5, 6]. mLST8 can mediate protein-protein interactions
while mSIN1 contains a Ras-binding domain (RBD) and a
pleckstrin homology which can interact with phospholipid.
Currently, the structures of RICTOR and PROTOR are still
not clear.

Rapamycin can inhibit the mTORC1 but not mTORC2,
because rapamycin binds with FKBP12 to disrupt the inter-
action of mTOR with RAPTOR but not RICTOR [7–9]. The
rapamycin-induced dissociation of mTOR from RAPTOR
eventually prevents interaction of the mTOR with a number
of substrates [10, 11]. However, long-term rapamycin treat-
ment can inhibit mTORC2 [12]. This effect may involve the
changes of intracellular pool of mTOR and thus reduce the
assembly of mTORC2.

2.2. Regulation of mTOR Activation. mTORC1 can be acti-
vated by diverse factors, such as growth factors, vari-
ous cytokines, Toll-like receptor ligands, cell energy levels,
hypoxia, and DNA damage. The activation of mTORC1 plays
an important role in protein synthesis, ribosome biogenesis,
and autophagy. Activated mTORC1 can phosphorylate the
downstream signalingmolecules including S6K1 or RPS6KN1
(ribosomal protein S6 kinase, 70 kDa, polypeptide 1) and
eukaryotic translation initiation factor-binding protein 1 (4E-
BP1). Activation of S6K1 can promote the expression of ribo-
somal protein and translation regulating protein to regulate
protein syntheses. Nonphosphorylated 4E-BP1 can bind to
eIF-4E to inhibit mRNA translation. Once phosphorylated
by active mTOR, 4E-BP1 are dissociated from eIF-4E so
that eIF-4E can bind to other translation initiation factors
to initiate protein translation [13, 14]. Tuberous sclerosis
complex 1- (TSC1-) TSC2 tumor suppressor complex is a
negative regulator of mTOR. As a GTP activating protein
(GAP), TSC2 or tuberin inactivates Ras homologue enriched
in brain (Rheb) which can directly bind to and activate
mTOR. TSC1 or hamartin does not have a GAP domain but
it acts as a stabilizer of TSC2 by preventing it from degra-
dation. The activity of TSC1-TSC2 is regulated by protein
phosphorylation. Activated PI3K-Akt signaling can phos-
phorylate and inhibit TSC1-TSC2 while LKB1-AMPK can
activate TSC1-TSC2 by phosphorylation at different residues
(Figure 2) [15, 16].

The activation ofmTORC1 can be regulated by several fac-
tors through signaling pathways including PI3K/Akt/mTOR,
LKB1/AMPK/mTOR, andMAPK pathway. Once activated by
extracellular signals such as growth factors andnutrient, PI3K
can phosphorylate PIP2 to form PIP3 [17]. As a result, Akt
and its activator phosphoinositide-dependent protein kinases
1 (PDK1) translocate to the plasma membrane by binding to
PIP3. When phosphorylated at Thr308 and Ser473, Akt can
activate mTOR by inhibiting TSC1-TSC2 [18]. In addition,
Akt can suppress PRAS40 by phosphorylation to eliminate
its inhibition on mTORC1.

Studies have shown that acids metabolism in mam-
malian cells is adjusted by LKB1/AMPK/mTOR signal
pathway. mTOR pathway can be activated by adenosine
monophosphate-activated protein kinases (AMPKs) that in
turn can be activated by LKB1. AMPKs change their con-
formation in response to the intracellular AMP/ATP ratio.
When AMP/ATP ratio drops, LKB1 can bind to AMPK
subunit to activate AMPKby phosphorylation.The activation
of AMPK will inhibit mTOR activation, reduce protein
synthesis, and inhibit cell proliferation [19].

In addition, mTOR activity can be regulated in response
to the availability of amino acids [20, 21]. Ras-related
(Rag) GTPases, a family of four related small GTPase, are
responsible for amino acid-regulated mTOR activity [22, 23].
Rag GTPases interact with the RAPTOR, the subunit of
mTORC1, in an amino acid-dependent manner, allowing
interaction of mTORC1 with Rheb. The Rags exist as obligate
heterodimers. Depletion of either heterodimer partners can
inhibit mTORC1 while overexpression of the heterodimer
will rescue mTORC1 from suppression by amino acid with-
drawal. Some specific amino acids may play distinct roles
in the regulation of mTOR activity. For example, glutamine
in combination with leucine activates mammalian TORC1
(mTORC1) by enhancing glutaminolysis and 𝛼-ketoglutarate
production [24]. Inhibition of glutaminolysis prevented acti-
vation of RagB and mTORC1 while constitutively active Rag
heterodimer activatedmTORC1 in the absence of glutaminol-
ysis. Conversely, enhanced glutaminolysis or a cell-permeable
𝛼-ketoglutarate analog stimulated lysosomal translocation
and activation of mTORC1.

3. mTOR and Viral Hepatitis

3.1. mTOR and HBV Infection. Chronic HBV infection is a
crucial factor for the development of HCC. In HepG2 cells,
HBV RNA transcription and subsequent DNA replication
were inhibited by the expression of a constitutively active
Akt1 [25]. This inhibition of HBV gene transcription seems
to be mediated by mTOR activation since rapamycin can
abolish this inhibition. Furthermore, inhibitors of PI3K, Akt,
and mTOR can increase the transcription of viral RNA as
well as the replication of HBV DNA in HBV-overexpressing
cells. Consistently, expression of HBsAg was much higher in
adjacent tissues than in tumor tissues that contain high level
of PI3K-Akt activity [26].

In contrast towild type pre-S antigen,HBVpre-Smutants
are viral oncoproteins to induce endoplasmic reticulum (ER)
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Figure 2:The regulation ofmTOR.The activity ofmTOR can be regulated by PI3K-Akt and LKB1-AMPK pathway. ActivatedmTOR regulates
transcriptional activity of FOXO1-FOXO3a and protein translation by pS6 and eIF-4E.

stress in ground glass hepatocytes (GGHs) that have been
recognized as the precursor lesions of HCC [27]. In addition,
the existence of pre-S mutants in serum of HBV carriers
can predict the development of HCC. Interestingly, the
expression of pre-S mutants is associated with the activation
of Akt/mTOR signaling inHCC cells [28]. Pre-Smutantsmay
upregulate VEGFR-2 to activate Akt/mTOR which can be
attenuated by VEGF-A neutralization.

Intriguingly, the activation of mTOR can repress HBsAg
synthesis by facilitating the interaction of histone deacetylase
1 (HDAC1)with YinYang1 (YY1), a transcription factor which
bound to pre-S1 promoter [29]. Such a feedback regulation
of HBsAg expression during HBV-initiated tumorigenesis
is that mTOR inhibitors may activate HBV replication in
patients with chronic HBV infection. Indeed, everolimus was
associatedwith the risk of HBV reactivation [30]. In addition,
the knockdown of histone deacetylase 1 (HDAC1) can abolish
this inhibitory effect of the mTOR on pre-S transcription.
The HDAC1 inhibitors that have been intensively under
evaluation for their anticancer effect may also lead to the
reactivation of HBV.

HBV X (HBx) protein encoded by the HBV X gene
plays a crucial role in the pathogenesis of HBV-related HCC
by promoting cell cycle progression, inactivates negative
growth regulators, and binds to and inhibits the expression
of p53 tumor suppressor gene and other tumor suppressor
genes and senescence-related factors [31]. The expression of
mTOR and PI3K/Akt in HCC cells can be increased by HBx
transfection [32]. Interestingly, HBx transfection increased
the formation of autophagosomes and autolysosomes and
upregulated microtubule-associated protein light chain 3,
beclin 1, and lysosome-associated membrane protein 2a.
HBx-induced autophagy was further increased by mTOR
inhibitor rapamycin but blocked by treatment with the
PI3K-Akt inhibitor LY294002, indicating that HBx activates
autophagy through PI3K-Akt-mTOR pathway. HBx activated
mTOR seems to depend on I𝜅B kinase 𝛽 (IKK𝛽) [33]. IKK𝛽

inhibitor Bay 11-7082 or silencing IKK𝛽 expression using
siRNA reversed HBx-induced S6K1 activation, HBx upregu-
lated cell proliferation, and vascular endothelial growth factor
(VEGF) production. Similarly, mTOR inhibition reduced
the growth, invasion, epithelial-to-mesenchymal transition,
and metastasis of HBx-expressing HCC cells [34]. In the
HBx transgenic mouse model, pIKK𝛽, pS6K1, and VEGF
expressions were higher in cancerous than noncancerous
liver tissues. Furthermore, pIKK𝛽 levels were strongly corre-
lated with pTSC1 and pS6K1 levels in HBV-associated human
hepatoma tissues, and higher pIKK𝛽, pTSC1, and pS6K1
levels were correlated with a poor prognosis in these patients.

3.2. mTOR and HCV Infection. HCV infection contributes to
the rising incidence of HCC in many developed countries,
such as Spain, France, Italy, and Japan, where the proportion
caused by the HCV ranges from 50% to 70% [35]. HCV non-
structural protein NS5A is a crucial factor in viral replication
and diverse cellular events. NS5A can activate PI3K-mTOR
signaling by directly binding to the p85 subunit of PI3K
(Figure 3) [36]. Inhibition of PI3K abrogated NS5A-activated
mTOR. In addition, NS5A can interact with FKBP38, an
immunosuppressant FK506-binding protein. NS5A activated
mTOR by releasing it from FKBP38 even in the absence of
serum [37]. Rapamycin or NS5A knockdown can block S61 K
and 4E-BP1 phosphorylation that were increased in HCV
replicon cells and NS5A-Huh7 cell.

Strikingly, HCV infection can activate mTOR in an
autophagy-dependent manner. HCV induced autophagy by
upregulating beclin 1 to activate mTOR signaling pathway,
which in turn promoted hepatocyte growth [38]. HCV
induced mTOR activated and phosphorylation of eIF-4E
were impaired in autophagy-deficient HCC cells.

Stable NS5A expression in HCC cells led to the resistance
to apoptosis that was abolished by the silence of FKBP38
through RNA interference [39]. Moreover, NS5A can repress
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Figure 3: Regulation and function of mTOR in viral hepatitis and HCC development. In HCV infection, NS5A can activate mTOR through
PI3K/Akt pathway or impair the combination between mTOR and FKBP38. The complex formed by mTOR and NF-𝜅B can downregulate
the expression of PTEN. In HBV infection, pre-S1 can activate Akt/mTOR pathway through upregulation of VEGFR-2. YY1-HDAC1 complex
can inhibit the transcription from the pre-S1 promoter as a negative feedback. HBx can increase the expression of mTOR and PI3K/Akt. S6K
can activate PAK1 to regulate actin cytoskeleton and cell motility.

the activation of caspase-3 and poly(ADP-ribose) poly-
merase which was abrogated by rapamycin or NS5A knock-
down, indicating that NS5A suppresses apoptosis specifically
through mTOR pathway.

Interestingly, mTOR can influence the regulation of HCV
RNA replication [40]. For example, mTOR downstream
kinase p21-activated kinase 1 (PAK1) has been found to take
part in antiviral signaling. The suppression of PAK1 by PI3K
inhibitor or rapamycin enhanced viral RNA and protein
affluence in established replicon HCV cell lines. Similarly,
knockdown of S6K abolished PAK1 phosphorylation and
enhanced HCV RNA affluence while knockdown of eIF-
4E increased viral RNA affluence without affecting PAK1
phosphorylation.

4. mTOR and HCC

As an important part of PI3K/Akt pathway which is critical to
cancer development, mTORwas aberrantly activated in most
if not all human carcinogenesis. mTOR was activated in pre-
cancerous cirrhotic tissues in addition to chronic viral hepati-
tis tissues [2]. A small-scale immunohistochemistry staining
analysis revealed that 33 out of 73 (45%) HCC patients
had increased expression of total S6k which correlated with
mTOR activation as well as tumor nuclear grade and tumor
size [41]. Moreover, in a larger cohort of HCC patients,
mTOR pathway was more remarkably altered in tumors with
poor differentiation, high TNM stage, vascular invasion, and
other poor prognostic features [42]. The expression of pS6
was further confirmed as an independent prognostic factor
for HCC.

The activation of mTOR can confer many growth advan-
tages to cancer stem or progenitor cells such as promoting cell
proliferation and resistance to apoptosis induced by various
stress signals such as hypoxia and nutrient deficiency. In
addition, mTOR can regulate telomerase activity in hep-
atocarcinogenesis. Treating HCC cells (SMMC-7721) with
rapamycin significantly reduced telomerase activity by down-
regulating hTERT protein level but not hTERT transcription,
indicating [43].

Neovascularization in tumor is closely associated with
tumor growth. Tumors that form as a result of mTOR
activation are highly vascularized and inhibition of mTOR
by rapamycin can diminish the process of angiogenesis. The
activation ofmTORC1 can promote a variety of angiogenesis-
related proteins, such as hypoxia-inducible factor 𝛼 (HIF𝛼)
and vascular endothelial growth factor (VEGF). Under
hypoxia condition, cancer cells can produce HIF𝛼 through
mTOR-dependent manner [43]. When oxygen is sufficient,
activated mTOR can promote the translation of HIF𝛼mRNA
by the activation of 4E-BP1 or S6K1 [44]. Inhibition of mTOR
activity in human hepatoma cells reduced HIF𝛼 expression
without reducing its mRNA or promoting its degradation
[45]. In addition to affecting its expression, mTOR can also
directly regulate the activity of HIF𝛼 [46]. Activation of
mTORbyRheb overexpression potently enhances the activity
of HIF𝛼 and VEGF secretion during hypoxia. RAPTOR
directly interacts with HIF𝛼 which requires an mTOR sig-
naling (TOS) motif located in the N terminus of HIF𝛼. The
mutant of HIF𝛼 lacking this TOSmotif was unable to bind to
the coactivator CBP/p300 and lost its transcriptional activity
and proangiogenesis function.
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Autophagy plays a crucial role in tumor suppression
by eliminating damage cells. mTOR has a regulatory role
for autophagy and malignant cells often exhibit defects in
autophagy [47]. Autophagy-deficient mice such as beclin 1
heterozygous mice have an increased incidence of sponta-
neous tumors and also can accelerate the development of
precancerous lesions induced by hepatitis B infection [48].
Therefore, mTORmay indirectly induce tumorigenesis by the
suppression of autophagy.

4E-BP1 is a downstreammTORC1 key factor in regulating
cell proliferation. Activated eIF4E preferably promote trans-
lation of tumor-related genes such as cell cycle regulatory
proteins or antiapoptotic proteins like MCL1 [49]. While the
relevance of mTORC1 to human carcinogenesis has been
well-documented, whether mTORC2 is critical to human
cancer development remains unknown. Recently, RICTOR,
the unique structure of mTORC2, was found to be necessary
to the tumor formation of PTEN-deficient prostate epithelial
cells in nude mice, indicating that mTORC2 can function
in synergy with PI3K to promote tumorigenesis [50]. In
addition, inhibition of mTORC2 reduced proliferation and
anchorage-independent growth of human cancer cells by
inducing downregulation of cyclin D1 and cell cycle arrest at
G1 phase [51].

Hepatic steatosis is a risk factor for HCC in addition to
chronic viral hepatitis. PTEN expression is downregulated
in the livers of rats and humans having steatosis, which
was accompanied by high plasma levels of fatty acids [52].
Unsaturated fatty acids can downregulate PTEN expression
via activation of a complex formed by mTOR and NF-kB in
HepG2 cells.

Aberrant lipogenesis plays a pivotal role in the develop-
ment of human HCC [53].The AKT-mTORC1-S6K1 pathway
facilitated lipogenesis via posttranscriptional and transcrip-
tional mechanisms. In a NASH liver, activation of AKT
and the mTOR pathway in turn triggered the development
of HCC [54]. mTORC1 is crucial for the activation of
the sterol regulatory element-binding proteins (SREBPs),
primary transcription factors regulating genes involved in
lipid and sterol synthesis [55, 56]. For example, fatty acid
synthase (FAS) is encoded by a target gene of SREBP and is
upregulated in some human cancers [57]. Overexpression of
FAS is an early phenomenon in chemically, spontaneous, and
hormonally induced rat hepatocarcinogenesis that was found
to be associated with the activation of PI3K-Akt pathway [58,
59]. In addition, mTOR pathway can upregulate glycolysis
in HCC [60]. It is crucial to the transcriptional regulation
of glucose transporters and various rate-limiting glycolytic
enzymes such as pyruvate kinase M2 (PKM2) [61]. The
levels of PKM2 expression are upregulated in human cancer
cells to stimulate the transactivation of glycolytic genes [62–
65]. Transcription factors including HIF𝛼 and c-Myc are
important to such transactivation effect of mTOR signaling
[66, 67].

5. mTOR Inhibitors for HCC Treatment

mTOR inhibitors inhibit mTOR complex 1 (mTORC1)
mainly through interacting with FK506-binding protein 12

(FKBP12). At present, there are 3 analogues of rapamycin
with potent biological properties and pharmacokinetics have
been tested in clinical trials, RAD001 (everolimus), CCI-
779 (temsirolimus), and AP23573 (deforolimus). RAD001
(everolimus) is an orally bioavailable analogue and CCI-779
(temsirolimus) is a soluble ester analogue while AP23573
(deforolimus) is a nonprodrug analogue of rapamycin.mTOR
inhibitors have been tested successfully in clinical trials for
their antineoplastic potency and well tolerability in different
malignancies, including renal cell carcinoma, pancreatic neu-
roendocrine tumors, subependymal giant cell astrocytomas,
and breast cancer [68–72].

mTOR inhibition significantly reduces HCC growth
and improves survival primarily via antiangiogenesis. After
the treatment of mTOR inhibitor sirolimus for 4 weeks,
rats implanted with hepatoma cells had significantly longer
survival and developed smaller tumors, fewer extrahepatic
metastases, and less ascites than controls [73]. Sirolimus
treatment reduced intratumor microvessel density, leading
to extensive necrosis. Moreover, vascular sprouting and tube
formation of aortic rings were also impaired.

Basically, mTOR inhibitors are well tolerated. To eval-
uate the best dosing schedules, thirty-nine patients with
locally advanced or metastatic HCC (Child-Pugh class A
or B) were enrolled in an open-label phase 1 study and
randomly assigned to daily (2.5–10mg) or weekly (20–70mg)
everolimus in a standard 3 + 3 dose-escalation design. Dose-
limiting toxicities (DLTs) occurred in five of 21 patients in
the daily and two of 19 patients in the weekly cohort. Daily
and weekly maximum tolerated doses (MTDs) were 7.5mg
and 70mg, respectively. Grade 3/4 adverse events with a ≥
10% incidence were thrombocytopenia, hypophosphatemia,
and alanine transaminase (ALT) elevation. In four hepatitis
B surface antigen- (HBsAg-) seropositive patients, grade 3/4
ALT elevations were accompanied by significant increases in
serumHBV levels.The incidence of hepatitis flare in HBsAg-
seropositive patients with andwithout detectable serumHBV
DNA before treatment was 46.2% and 7.1%, respectively.

Another phase 1 trial of temsirolimus combined with
sorafenib showed that the maximum-tolerated dose (MTD)
was temsirolimus 10mg weekly plus sorafenib 200mg twice
daily [74]. Grade 3 or 4 adverse events were hypophos-
phatemia, infection, thrombocytopenia, hand-foot skin reac-
tion (HFSR), and fatigue. There is another trial that showed
that the MTD of everolimus in combination with standard-
dose sorafenib was 2.5mg daily [75]. Most common adverse
events are diarrhea, HFSR, and thrombocytopenia.

The randomised clinical trial to compare two everolimus
dosing schedules showed 7.5mg better than 70mg daily in
patients with HCC. Disease control rates in the daily and
weekly cohorts were 71.4% and 44.4%, respectively [76].
Treatment of HCC patients withmTOR inhibitors can induce
temporary PR (partial response) or SD (stable disease) [77].
In 21 advanced HCC patients treated with sirolimus once
daily, one had PR and five had SD at 3 months. The median
survival was 6.5 months (0.2–36 months).

Interestingly, the intraliver and intra-abdominal growths
of patient-derived hepatocellular carcinoma xenografts
were inhibited by bevacizumab plus rapamycin treatment to
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a significantly greater degree than bevacizumab or rapamycin
monotherapy [78]. Reductions in tumor growth by
bevacizumab plus rapamycinwere associatedwith reductions
in tumor microvessel density as well as the expression of
VEGF, cyclin D1, and cyclin B1. Eventually, mouse survival
was greatly prolonged after the combination treatment.

In addition, mTOR inhibitor can suppress tumor growth
and sensitize tumor cell to chemotherapy or other target
therapy [79–82]. For example, RAD001 alone can repress cell
proliferation but not induce apoptosis. However, RAD001 in
combination with cisplatin can induce a remarkable increase
in the number of apoptotic cells both in vitro and in vivo
by downregulating the expression of prosurvival molecules
such as Bcl-2 and survivin [79]. Similarly, the combination
of rapamycin with doxorubicin displayed better anticancer
effect compared to either of the single agent treatments
[83]. Moreover, mTOR inhibitor attenuated the doxorubicin-
induced inhibition of endothelial cell proliferation. For
example, doxorubicin can stimulate expression of p21 which
was reversed by the addition of rapamycin. Furthermore,
mTOR can inhibit HCC development in synergy with many
other anticancer agents such as 5-fluorouracil (5-Fu) [81],
microtubule inhibitors [84], and vinblastine [82]. In addition
to chemotherapy drugs, target therapy agents such as pro-
teasome inhibitor, bortezomib, can synergize with rapamycin
to reduce growth, repress mobility, and induce apoptosis of
HCC cells [85]. Another phase 1 trial of temsirolimus com-
bined with sorafenib showed that the maximum-tolerated
dose (MTD) was temsirolimus 10mg weekly plus sorafenib
200mg twice daily [74]. Grade 3 or 4 adverse events were
hypophosphatemia, infection, thrombocytopenia, hand-foot
skin reaction (HFSR), and fatigue. Two of 25 patients had
a PR and 15 of 25 had SD. There is another trial that
showed that the MTD of everolimus in combination with
standard dose sorafenib was 2.5mg daily [75]. Median time
to progression was 4.5 months and overall survival was 7.4
months. Most common adverse events are diarrhea, HFSR,
and thrombocytopenia. In addition to chemotherapy and
target therapy, the effect of radiation therapy can also be
augmented by mTOR inhibitors. For example, RAD001, at
clinically relevant nanomolar concentrations, enhanced the
efficacy of radiation inHCCcells.The induction of autophagy
may account for this effect [86].

Although mTOR inhibitors have shown great potential
for the treatment of HCC patients, surrogate biomarkers are
necessary to identify suitable patients so as to improve clinical
efficacy and prevent drug resistance. For example, rapamycin
can activate PI3K-Akt in an insulin-like growth factor-
dependent manner by relieving S6K1-dependent inhibitory
phosphorylation of IRS-1, thus preventing IRS-1 degrada-
tion and enhancing PI3K activation. Rapamycin can inhibit
S6K1-dependent IRS-1 serine phosphorylation, increase IRS-
1 protein levels, and promote association of tyrosine-
phosphorylated IRS-1 with PI3K [87]. Such a negative
feedback regulation is important to maintain homeostasis.
However, the disruption of this negative feedback by mTOR
inhibitors may attenuate the therapeutic effect. Fortunately,
there are also some agents that havemultiple targets including
mTOR and PI3K. For example, NVP-BEZ235 is a dual

inhibitor of PI3K and mTOR. It can decrease the levels of p-
Akt and p-S6K and repress cell proliferation in HCC cell lines
[88]. Moreover, it can repress tumor growth without loss of
body weight. Interestingly, combination of everolimus with
NVP-BEZ235 can synergistically suppress the proliferation
of HCC cells [89]. PI-103, a dual PI3K/mTOR inhibitor,
in combination with sorafenib can effectively inhibit the
proliferation of HCC cells by blocking both Ras/Raf/MAPK
and PI3K/Akt/mTOR pathways [90].

6. Conclusions and Perspectives

mTOR plays an important role in viral hepatitis and HCC
development. mTOR inhibitors can repress cell growth both
in vitro and in vivo. Preliminary clinical trials indicated that
mTOR inhibitors alone or in combination with cytotoxic
drugs or targeted therapy drugs can improve clinical out-
comes of HCC patients. However, no RCTs have proven the
benefits of everolimus treatment in HCC. Novel biomarkers
are warranted to identify suitable HCC patients who may
benefit from the treatment of mTOR inhibitors. Although the
most common adverse events are tolerated, it is noteworthy
that mTOR is associated with HBV virus replication and
mTOR inhibitors may cause hepatitis B reactivation. HCC
cells are prone to develop multiple drug resistance due to
the heterogeneity and fragile genome. Therefore, the combi-
nation of mTOR inhibitors with conventional chemotherapy
drugs and target therapy agentsmight be a promising strategy
for the future application of mTOR inhibitors.
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Long noncoding RNAs (lncRNAs) have been attracting immense research interests. However, only a handful of lncRNAs had
been thoroughly characterized. They were involved in fundamental cellular processes including regulation of gene expression at
epigenetics as well as tumorogenesis. In this paper, we give a systematic and comprehensive review of existing literature about
lncRNA involvement in hepatocellular carcinoma. This review exhibited that lncRNAs played important roles in tumorigenesis
and subsequent prognosis and metastasis of hepatocellular carcinoma and elucidated the role of some specific lncRNAs such as
MALAT1 and HOTAIR in the pathophysiology of hepatocellular carcinoma and their potential of being therapeutic targets.

1. Introduction

Human genome only composes about 25,000 protein-coding
genes as published by the International Human Genome
Sequencing Consortium [1].The remaining bigger portion of
human genome was not functional and being considered as
“junk DNA” [2, 3]. Studies have explored these “junk DNA”
based on RNA deep sequencing and genome-wide analysis
that the “junk DNA” was not derived from any known genes
and does not encode any protein [4, 5]. Most of the “junk
DNA” is intron DNAs [6], which are also called noncoding
DNA (ncDNA) [7]. Some ncDNAs are transcribed into
functional noncoding RNA (ncRNA), while the others are
either not transcribed or transcribed to RNA of unknown
function.

ncRNAs are classified into small ncRNAs and long
ncRNAs (lncRNAs) based on size. Small ncRNAs include
siRNAs, piRNAs, and miRNAs that have a length of less
than 200 nucleotides (nt). lncRNAs are greater than 200 nt in

length, frequently up to 100 kb [5]. Many types of ncRNA do
have known biological functions, such as transcriptional and
translational regulation of protein-coding sequences [8, 9].

lncRNAs are located in nuclear or cytosolic fractions.
They are usually transcribed by RNA polymerase II but
have no open reading frame and map to intronic and inter-
genic regions. Moreover, lncRNAs display epigenetic features
common to protein-coding genes, such as trimethylation of
histone 3 lysine 4 (H3K4me3) at the transcriptional start site
(TSS) and trimethylation of histone 3 lysine 36 (H3K36me3)
throughout the gene body. It has been estimated that nearly
15,000 lncRNAs are presented in the human genome, but only
a small fraction is expressed in a given cell type [10, 11].

lncRNAs were initially thought to be the product of
a “noisy” inconsequential transcription resulting from low
RNA polymerase fidelity [12]. Recent studies have demon-
strated that lncRNAs regulated several biological processes
such as transcription, translation, cellular differentiation,
gene expression regulation, cell cycle regulation, chromatin
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modification, and nuclear-cytoplasmic trafficking [13–15].
Tripathi et al. found that lncRNA MALAT1 modulated
expression of cell cycle genes and was required for G1/S and
mitotic progression [16]. Li et al. found that theHox transcript
antisense intergenic RNA (HOTAIR) induced PTEN methy-
lation, thus promoting human laryngeal squamous cancer
cell proliferation [17].

2. Role of lncRNA in Cancer

2.1. Mechanism of Cancer Development. Cancer is a genetic
disease—a result of dysregulation of genomic networks [18].
Despite extensive study, the majority of the genetic com-
ponents of cancer susceptibility have not been linked to
individual genes [19, 20]. Exploration of the role of regulatory
elements variation, such as ncDNA, in gene expression
may become a key development in exploring the molecular
mechanisms of cancer.

The ncDNA serves not only as a substrate for DNA-
binding proteins that in turn control both the expression
and 3D architecture of the genome but also as a template for
transcription of vast numbers of ncRNAs [21]. Both the small
ncRNAs and lncRNAs play a central role in regulating cellular
activities in Eukaryotes. The alteration and dysregulation of
several ncRNAs have been reported in several types of human
cancers [22].

2.2. Effect of lncRNA on Cancer. The mechanisms through
which lncRNA contributes to the cancer development are
diverse. Evidences suggested that one of the major roles
of lncRNA was to guide the site specificity of chromatin-
modifying complexes to affect epigenetic changes [21].
lncRNA could regulate gene expression at transcriptional and
posttranscriptional level by targeting either local or distant
genes [23]. Recently, lncRNAs have also shown their tumori-
genic potential by modulating transcription of p53 [24]. A
3 kb lncRNA, linc-RNA-p21, transcriptionally activated by
p53, collaborated with p53 in order to control gene expres-
sion in response to DNA damage. Silencing of linc-RNA-
p21 depresses the expression of hundreds of genes through
interaction with heterogeneous nuclear rib nucleoprotein K
(hnRNP-K), thus promoting apoptosis of abnormal cells or
restraining tumors [25].

Dysregulated expression of lncRNA in cancer marks
the spectrum of disease progression and may serve as an
independent predictor for patient outcomes. Dr. Han et al.
conducted lncRNA and mRNA profile comparison between
glioblastoma and normal brain tissue. Their results indicated
that the lncRNA expression profile in glioblastoma tissue
was significantly altered and associated with recurrence and
malignant progression of GBM [26]. Dr. Shu et al. found
that a new lncRNA GAS6 antisense RNA 1 (lncRNA GAS6-
AS1) was downregulated in non-small-cell lung cancer, and
its expression served as an independent predictor for overall
survival. Low expression of lncRNA GAS6-AS1 was associ-
ated with poor prognosis [27]. Results of Jia’s team showed
that overexpression of long noncoding RNA PCAT-1 was

a novel biomarker of poor prognosis in patients with colorec-
tal cancer [28].

2.3. Long Noncoding RNA as Oncogene. Cancer is a genetic
disease. Epigenetic events play key roles in promoting tumor
initiation and progression. Chromosomal instability is a
common molecular event in cancer development and is
associated with cancer invasiveness and metastasis [29].
lncRNAsmediate epigenetic changes by recruiting chromatin
remodeling complexes to specific genomic loci. lncRNAmay
serve as oncogene in cancer development and progression.
Several examples illustrated the silencing potential of lncR-
NAs [30]. A recent study found that 20% of 3300 human
lncRNAs were bound by polycomb-repressive complex 2
(PRC2) [31]. A lncRNAX-inactive-specific transcript (XIST),
which is encoded by XIST gene, recruits the chromatin
regulator PRC2 to this chromosome and promotes the for-
mation of heterochromatin through histone modifications.
Dysfunction of XIST may trigger the chromatin instability
and promote caner development.

Another important effect of lncRNAs on chromatinmod-
ification in cancer was exemplified by the lncRNA, antisense
noncoding RNA in the INK4 locus (ANRIL). It controls
the epigenetic status of the INK4b/ARF/INK4a locus by
interactingwith subunits of PRC1 and PRC2.High expression
of ANRIL has been found in certain cancer tissues such as
melanoma and prostate cancers [32].

Many literatures show that hundreds of lncRNAs are
sequentially expressed in the human homeobox (Hox) loci
[33]. Transcription of these lncRNAs could demarcate chro-
mosomal domains of gene silencing [34]. And overexpres-
sion of these lncRNAs can accelerate cancerogenesis. HOX
antisense intergenic RNA (HOTAIR) regulates HOXD gene
expression through induction of repressive chromatin state
[11]. Overexpression of HOTAIR was found in breast and
colon cancers and was associated with metastasis and poor
prognosis [30, 35, 36].

Another lncRNA serving as oncogene is retinal noncod-
ing RNA 2 (RNCR2). Rapicavoli et al. found that RNCR2
plays a critical role in regulating mammalian retinal cell
proliferation. Knockdown of RNCR2 resulted in an increase
of both amacrine cells and Muller glia [37]. Also, lncRNA
CCAT1 may be an oncogene. Level of lncRNA CCAT1 was
markedly increased in gastric carcinoma tissue comparing
with normal tissue, and overexpressed CCAT1 promoted
cancer cell proliferation and migration [38].

The lncRNA,metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1), is a highly conserved nuclear ncRNA.
It acts as a molecular decoy serving as a structural link in rib
nucleoprotein (RNPs) complexes. Ji and colleagues developed
a MALAT1 knockout model in human lung tumor cells [39].
They found that MALAT1 did not alter alternative splicing
but rather actively regulated gene expression including a
set of metastasis-associated genes. Consequently, MALAT1-
deficient cells were impaired in migration and formed fewer
tumor nodules in mouse xenograft. Antisense oligonu-
cleotides (ASO) that block MALAT1 prevented metastasis
formation after tumor implantation.
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Natural antisense transcripts (NATs) are a large class
of lncRNA transcribed from the antisense DNA strand to
other transcripts and overlap in part with sense RNA. NATs
can exert their regulatory functions by acting as epigenetic
regulators of gene expression and chromatin remodeling
[40]. NATs have been implicated in several processes such
as RNA translation and transcriptional interference, where
they play a pivotal role in cancer. Alpha hypoxia-inducible
factors (𝛼HIF), which are derived from the 3 UTR of HIF1,
represent the first case of overexpression of a NAT associated
with a specific humanmalignant disease: non-papillary clear-
cell renal carcinomas. Moreover, it has been demonstrated
that 𝛼HIF expression was a poor prognosis marker in breast
cancer [41].The ANRILmentioned above also is an antisense
lncRNA originating from the INK4B-ARF-INK4A locus,
which contains three tumor suppressor genes. ANRIL was
found to be overexpressed in prostate cancer tissues. Repres-
sion of ANRIL expression was associated with a reduction in
cellular proliferation and increased the expression of both p16
Ink4A and p15 INK4B, which are encoded by CDKN2A and
CDKN2B, respectively [42].

BOKAS is a natural antisense transcript of Bok, a proap-
optoticmember in theBcl-2 family.The expression of BOKAS
was found in testis and certain cancer tissues but not in other
normal adult tissues. Overexpression of BOKAS was able to
inhibit Bok-induced apoptosis in HeLa cells [43].

Another example of NAT is Zeb2/Sip1, which regulates
E-cadherin expression by increasing the level of Zeb2 pro-
tein, a transcriptional repressor of E-cadherin. This finding
suggested a role of ncRNAs in the control of epithelial
morphology [44, 45].

2.4. LongNoncodingRNAasTumor Suppressor. In addition to
these lncRNAs acting as oncogenes, there are also lncRNAs
with tumor suppressor function. One well-known example
is the lncRNA Growth Arrest-Specific 5(GAS5) [46]. It was
originally identified in mouse NIH3T3 fibroblasts [47, 48].
GAS5 binds to the DNA-binding domain of the glucocor-
ticoid receptor (GR) and acts as a decoy glucocorticoid
response element (GRE), thus competing with DNA GREs
[49]. GAS5 negatively regulates the survival of lymphoid and
breast cells and is aberrantly expressed in several cancers
[50]. Pickard et al. showed that GAS5 promotes apoptosis of
prostate cells after irradiationwithUV, and lowGAS5 expres-
sion therefore reduces the effectiveness of chemotherapeutic
agents [24, 51].

Recent studies have unveiled other properties of lncR-
NAs. For instance, lncRNAs can regulate mRNA stability.
One example is the tumor suppressor pseudogene PTENP1.
The 3 UTR region of this gene is very similar to the
untranslated region of PTEN transcript [52]. Both of these
regions bind to the same set of miRNAs. PTENP1 pseudo-
gene belongs to the group of competing endogenous RNAs
(ceRNAs). It may act as “decoy” by protecting PTEN mRNA
from binding to common miRNA and therefore allowing
expression of the tumor suppressor protein. Similarly, KRAS
and KRAS1P transcript levels were found to be positively
correlated, corroborating that pseudogene functions mirror

the role of their cognate genes as explained by the miRNA
decoy mechanism. Specific mutations at the binding site
of these pseudogenes impair their activity, thus promoting
tumor progression.

3. Role of lncRNA in
Hepatocellular Carcinoma

Hepatocarcinogenesis is a complex process associated with
accumulation of genetic and epigenetic changes that occur
during initiation, promotion, and progression of the disease
[53]. Abnormal lncRNAs expression can influence genes
associated with hepatocarcinogenesis [22]. Recently, many
studies focused on the contributions of lncRNAs to HCC
development, revealing that differential expression of lncR-
NAs played critical roles in hepatocarcinogenesis, microvas-
cular invasion, and metastasis [54–58].

Studies showed that lncRNAs play important roles in
cell cycle control [59, 60], which is one of the molecu-
lar mechanisms in cancerogenesis [61]. Dr. Yang and his
colleagues found that one lncRNA, named lncRNA-HEIH,
was overexpressed in HCC tissue compared with normal
liver tissues using microarray. Downregulation of lncRNA-
HEIH induces 𝐺(0)/𝐺(1) arrest that may be caused by the
interaction of lncRNA-HEIHwith enhancer of zeste homolog
2 (EZH2). lncRNA-HEIH increases the binding of EZH2 lev-
els, thus influencing expression of EZH2 target genes. Their
study showed that the expression level of lncRNA-HEIH
in hepatitis B virus- (HBV-) related HCC was significantly
associated with recurrence of tumor and was an independent
prognostic factor for survival [62].

lncRNAs may also participate in the HBV-related hepa-
tocarcinogenesis. Hepatitis B virus X protein (HBx) has been
implicated as an oncogene in both epigenetic modifications
and genetic regulation during hepatocarcinogenesis [63].
Huang et al. identified one lncRNA, named HBx-related long
noncoding RNA (lncRNA-Dreh) that was downregulated by
HBx protein [58]. lncRNA-Dreh could bind to the intermedi-
ate filament protein vimentin, repress its expression, and thus
change the cytoskeleton structure and inhibit tumor metas-
tasis [58]. It acts as a tumor suppressor in the development
of HBV-HCC, which inhibits HCC growth and metastasis in
vitro and in vivo. These findings support a role of lncRNA-
Dreh in tumor suppression and survival prediction of HCC
patients.

Angiogenesis in HCC is one of the risk factors for HCC
metastasis [64]. A novel lncRNA was found to be associ-
ated with microvascular invasion in HCC, named lncRNA-
associated microvascular invasion in HCC, lncRNA-MVIH
[65]. Dr. Yuan et al. found that lncRNA-MVIHcould promote
tumor growth and intrahepatic metastasis by contributing
to active angiogenesis both in vitro and in vivo through the
inhibition of phosphoglycerate kinase 1 (PGK1) secretion
[65].

A lncRNA, highly upregulated in liver cancer (HULC),
was found to contribute to tumorigenesis of HCC [66, 67].
HULC was characterized as a novel mRNA-like ncRNA
presenting in the cytoplasm aswell as plasma [68] and playing
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Table 1: Long noncoding RNA expressed in the HCC.

LncRNA ID Dysregulation Upstream
regulators

Downstream
targets

Cellular
functions

Clinicopathological
features

lncRNA-Dreh Downregulated HBx protein Vimentin Cytoskeleton structure Prognosis
lncRNA HEIH Upregulated EZH2 Cell cycle Prognosis

PRC2
lncRNAMVIH Upregulated PGK1 Microvessel growth Metastasis

Prognosis
HULC Upregulated CREB miR-372 Proliferation Metastasis

HBx p18
HOTAIR Upregulated Suz-Twelve PRC2 Chrome state Metastasis

LSD1 Prognosis
MDIG Upregulated c-Myc and RB H3K9me3 DNA repair Prognosis

IGF2
macrosatellite X56

Jhdm3a
MALAT1 Upregulated TGF-beta Caspase-3 Proliferation Metastasis

Caspase-8 Apoptosis Prognosis
BAX Migration
BCL-2 Invasion
BCL-XL Synaptogenesis
PRC1

MEG3 Downregulated cAMP p53 Proliferation Prognosis
MDM2
GDF15

an important role in posttranscriptional modulation of gene
expression [69]. Depletion of HULC resulted in a significant
deregulation of several genes involved in liver cancer. Fine
tuning of HULC expression is part of an autoregulatory loop
in which inhibition of expression and activity of microRNA,
miR-372, allows lncRNA upregulated expression in liver
cancer [67]. In HBV-related liver cancer, HBx induces upreg-
ulation of HULC, which in turn suppresses the expression
of p18 and facilitates proliferation of HCC [70]. HULC is
specifically increased in blood and tumor tissue of HCC
patients and has the potential to be a biomarker. Higher
HULC expression was found to be positively correlated with
Edmondson histological grades or with HBV positive status
[69, 71].

HOTAIR is a lncRNA that was identified from the HOXC
locus (12q13.13) [30]. HOTAIR forms a complex with the
polycomb-repressive complex 2 (PRC2), composed of EZH2,
SUZ12, and EED, and binds to trimethylate histone H3
at lysine 27 (H3K27me3), thereby inhibiting HOXD gene
expression [72]. Studies have demonstrated that HOTAIR
can reprogram chromatin state to promote cancer metastasis
[30]. Upregulation of HOTAIR is associated with metastasis
of gastric cancer, lung cancer, and esophageal squamous
cell carcinoma [73–77]. It is also a prognosis biomarker of
esophageal squamous cell carcinoma [74] and overexpressed
in hepatocellular carcinoma [78]. Ishibashi et al. found that

HOTAIR was overexpressed in 13 out of 64 HCC patients
[79]. Patients with HOTAIR expression had significantly
bigger primary tumor sizes and poorer prognoses than those
without HOTAIR expression.

Mineral dust-induced gene (MDIG), a lncRNA, was first
identified in chronic lung diseases resulting from occupa-
tional exposure to mineral dust in the mining industry.
MDIG was independently identified in human glioblastoma
cell line T98G cells. The expression of MDIG is regulated
by the c-Myc oncogene and named as myc-induced nuclear
antigen 53 (mina53) [80]. Dysfunction of MDIG was found
in several types of solid cancers including gastric carcinoma
[81], esophageal squamous cell carcinoma [82], and lung
cancer [83]. Overexpression of MDIG was observed in
hepatocellular carcinoma [84]. Ogasawara et al. detected the
expression of MDIG in 53 surgically resected HCC tissues
through immunohistochemistry. Their results showed that
MDIGwas expressed in the nuclei of cancer cells in the tumor
nodule and MDIG expression was high in the tumors larger
than 2 cm in diameter than in those smaller than 2 cm. Also,
MDIG expression was higher in poorly differentiated HCC
than in well-differentiated HCC [85].

H19 is an imprinted, maternally expressed oncofetal gene.
Studies have identified H19 as an oncogene [86, 87]. Over-
expression of H19 was found in hepatocellular carcinoma.
Ariel et al. detected that H19 was overexpressed in 13 of 18
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HCC cases.Their results suggested thatH19might be used for
histopathological and cytological diagnosis of hepatocellular
carcinoma [88].

Metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) is a lncRNA of 7 kb that is involved in cell growth
and cell cycle progression [89]. Overexpressed MALAT1 was
found in many solid tumors such as lung cancer, cervical
cancer, and HCC [39, 90, 91]. Dr. Lai and his team have
evaluated the expression of MALAT1 by quantitative real-
time PCR in 9 liver cancer cell lines and 112HCCpatients.The
results of their study showed that MALAT1 was upregulated
in both cell lines and clinical tissue samples. MALAT1
was suggested to be an independent prognostic factor for
predicting HCC recurrence. Patients with high expression
level of MALAT1 had a significantly increased risk of tumor
recurrence [92].

Maternally expressed gene 3 (MEG3) is a humanhomolog
of mouse Gtl2. MEG3 is highly expressed in the normal
human pituitary, including normal gonadotrophic cells [93].
Expression ofMEG3 in tumor cells results in growth suppres-
sion, p53 protein increase, and activation of p53 downstream
targets. MEG3 expression is lost in human gonadotroph-
derived pituitary adenomas andmost human tumor cell lines.
Dr. Zhang and his colleagues found that the expression of
MEG3 is associated with pathogenesis and progression of
meningioma [94]. Dr. Huang and his team found that MEG3
is downregulated in HCC compared to normal liver tissues
[95]. Expression of MEG3 may be regulated by microRNA-
29 [96].

4. Conclusions

Cancer is widely perceived as a heterogeneous group of
disorders with markedly different biological properties.
Researches proved that cancers were caused by a series of
clonally selected genetic changes in key tumor-suppressor
genes and oncogenes. Dysfunction of lncRNA plays key role
in cancerogenesis as shown in Table 1. Abnormal expression
of lncRNA might interrupt gene expression in genetic and
epigenetic level and was associated with prognosis of hepa-
tocellular. This implied the possibility of lncRNA to become
a therapeutic target of liver cancer.
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We evaluated clinicopathological factors affecting survival and recurrence after initial hepatectomy in non-B non-C (NBNC)
hepatocellular carcinoma (HCC)patientswith comparison to hepatitis B orC virus, paying attention to relationship between alcohol
consumption and histopathological findings. The medical records on the 201HCC patients who underwent initial hepatectomy
between January 2000 andApril 2013 were retrospectively reviewed. NBNCpatients had higher prevalence of hypertension (47.4%),
diabetes mellitus (35.5%), alcohol consumption (>20 g/day) (61.8%), and preserved liver function than hepatitis B or C patients.
The 5-year survival rate of NBNC patients (74.1%) was significantly better than hepatitis B (49.1%) or C (65.0%) patients (NBNC
versus B, 𝑃 = 0.031). Among the NBNC patients, there was no relationship between alcohol consumption and clinicopathological
findings including nonalcoholic fatty liver disease activity score (NAS). However, the 5-year OS and RFS rates in the alcohol-
unrelated NBNC patients tend to be better than in the alcohol-related. By multivariate analysis, independent factors for OS in
NBNC patients were Child-Pugh B/C, intrahepatic metastasis (im), and extrahepatic recurrence. NBNC patients, who were highly
associated with lifestyle-related disease and preserved liver function, had significantly better prognosis compared to hepatitis B/C
patients; however, there was no association between alcohol consumption and histopathological findings.

1. Introduction

Primary liver cancer including hepatocellular carcinoma
(HCC) is the fifth most frequently diagnosed cancer world-
wide [1], and chronic viral hepatitis and liver cirrhosis
following hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection had been reported to be responsible for most HCCs
[2]. Although Japan has had one of the highest incidence rates
of HCC associated with chronic HCV infection [3], a nation-
wide follow-up survey by the Liver Cancer Study Group of
Japan found that the proportion of hepatitis virus-related

HCC had decreased over the previous decade, possibly due
to the promotion of antiviral therapy, whereas the number
of other HCC patients (mostly non-B non-C HCC: NBNC-
HCC) had more than doubled during the same period from
6.8% to 17.3% [4].

It remains controversial whether NBNC-HCC patients
have comparable prognosis to HCC patients with HBV or
HCV. In the previous studies, NBNC-HCC patients had a
poorer prognosis than hepatitis virus-related HCC patients
because NBNC-HCCs were often detected at an advanced
stage incidentally without followup [5–7]. In contrast, a few
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studies reported that the postoperative outcome of NBNC
patients were better than that of HBV or HCV patients,
because hepatitis virus-related patients had poor liver func-
tion,more advanced tumors, andmulticentric carcinogenesis
in the remnant liver [8, 9]. These conflicting results are
considered to be due to the fact that the clinicopathological
characteristics in NBNC patients still remain unclear because
various clinical factors including age, gender, alcohol con-
sumption, and DM are involved in the carcinogenesis and
progression of NBNC-HCCs.

Nonalcoholic fatty liver disease (NAFLD) and non-
alcoholic steatohepatitis (NASH) have recently assumed
increasing attention for their relationship with HCC [10–
15]. Although laboratory test and radiographic findings may
be suggestive of NAFLD, histological evaluation is still the
gold standard for accurate diagnosis of NAFLD/NASH by
assessing the degree of steatosis, the distinct necroinflam-
matory lesions and fibrosis of NASH, and distinguishing
NASH from simple steatosis or steatosis with inflammation.
Recently, feature-based semiquantitative scoring system of
NAFLD, NAFLD activity score (NAS), was developed by
the pathology committee of the NASH Clinical Research
Network [16], and the feasibility of this score was reported
as optimal scoring system for predicting steatohepatitis [17].
Nevertheless, there have been few reports examining the
prevalence of steatohepatitis in NBNC-HCC patients and/or
regarding the relationship between their surgical outcomes
and degree of steatohepatitis.

The aim of the present study was to clarify the clin-
icopathological features of the NBNC-HCC patients who
underwent initial hepatectomy by evaluating the factor
affecting survival and recurrence after hepatectomy, paying
attention to relationship between alcohol consumption and
histopathological findings including NAS.

2. Patients and Methods

2.1. Patient Groups

2.1.1. Comparison among Three Groups according to Hepatitis
Virus. We retrospectively reviewed a total of 201 primary
HCC patients who consecutively underwent initial hepa-
tectomy at the Mie University Hospital between January
2000 and April 2013. All patients were divided into the
following three groups based on the presence of serum
antigens/antibodies for hepatitis virus B/C: group B (𝑛 = 32)
which were positive for HBs-Ag and negative for HCV-Ab;
group C (𝑛 = 93) which were negative for HBs-Ag and
positive for HCV-Ab; and group NBNC (𝑛 = 76) which were
negative for both HBs-Ag and HCV-Ab. In the present study,
none of NBNC-HCC patients included the known etiologies
such as primary biliary cirrhosis, other biliary cirrhosis (such
as primary sclerosing cholangitis and secondary biliary cir-
rhosis), autoimmune hepatitis, metabolic diseases (Wilson’s
disease, hemochromatosis, and glycogen storage disease),
congestive diseases including Budd-Chiari syndrome, and
parasitic diseases.

2.1.2. Subgroup Analysis of NBNC-HCC according to Alcohol
Consumption. According to the summary of talks presented
at the American Association for the Study of Liver Diseases
Clinical Single Topic Conference on NASH [18], a reasonable
cut-off level of daily alcohol consumption, which would be the
threshold at which steatohepatitis becomes alcohol-related, is
20 g ethanol. Therefore, all patients in group NBNC (𝑛 = 76)
were further divided into the following two groups based on
the daily alcohol consumption:NALP (nonalcoholic patients)
(𝑛 = 30) in which alcohol consumption was less than
20 g ethanol/day and ALP (alcoholic patients) (𝑛 = 46) in
which it was 20 g or more ethanol/day. A history of alcohol
consumption was obtained from interviews with patients or
their families.

2.2. Methods. We compared various factors in the three
groups according to hepatitis virus in all patients and alcohol
consumption in groupNBNC in order to clarify clinicopatho-
logical characteristics of each group, including (1) lifestyle-
related factors such as obesity, hypertension (HTN), and
DM; (2) preoperative clinical factors such as neutrophil-to-
lymphocyte ratio (NLR), indocyanine green retention rate at
15 minutes (ICG R15), Child-Pugh class (A or B/C), tumor
size (maximum diameter and more than 10 cm or less) on
dynamic CT scan, Barcelona Clinic Liver Cancer (BCLC)
stage (0/A or B/C) [19], andMilan criteria (within or beyond)
[20]; (3) surgical factors such as surgical procedures (more
than 2 sectionectomy or less) and surgical curability (R0
or R1/2); (4) pathological factors of the resected specimen
such as intrahepatic metastasis (im) and histological findings
of noncancerous liver; and (5) postoperative factors such as
Clavien-Dindo classification for postoperative complications
(I/II or III–V) [21] and posthepatectomy liver failure (PHLF)
grade (0/A or B/C) [22].

2.3. Definition of Obesity, Hypertension, DM, and Cigarette
Smoking. Obesity was defined as body mass index (BMI)
≧25 kg/m2 according to the criteria of the Japan Society for
the Study of Obesity [23]. Hypertension was diagnosed by
a systolic blood pressure of more than 140mmHg and/or
diastolic blood pressure of more than 90mmHg or by
prescription of antihypertensive agents. DM was diagnosed
according to the 2006 World Health Organization (WHO)
criteria [24]. Cigarette smoking includes past history of
smoking.

2.4. Definition of NLR. The NLR was calculated from the
differential count by dividing the absolute neutrophil count
by the absolute lymphocyte count. The cut-off level of NLR
was defined as 4.0 according to the previous report [25].

2.5. Determination of the Type of Hepatectomy. After diag-
nosis of HCC, the most appropriate surgical procedure was
selected based on the tumor characteristics and underlying
the hepatic functional reserve of each patient by using
ICGR15, LHL15, and hyaluronic acid according to our
previous report [26].
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2.6. Patient Follow-Up after Hepatectomy. Followup after
surgery comprised periodic blood tests and monitoring of
the tumormarkers (serum 𝛼-fetoprotein (AFP) level and des-
r-carboxyprothrombin (DCP) level). Dynamic CT images
and/or MRI of the liver were carried out every 3-4 months
until two years after hepatectomy and thereafter they were
performed every 6 months. Chest CT, whole abdominal CT,
brain MRI, and bone scintigraphy were done if recurrence of
extrahepatic HCC was suspected.

2.7. Histological Examination of Noncancerous Liver in Group
NBNC. In group NBNC, the noncancerous regions of the
surgical specimens were stained with hematoxylin and eosin
(H&E) and Masson’s trichrome and reevaluated by a single
experienced pathologist (T.S.) who was unaware of the labo-
ratory data and the clinical course, according to the National
Institutes of Health-sponsored NASH Clinical Research Net-
work system, which is called the Kleiner’s scoring system [24]
as follows.The elements of NAS and the stage of fibrosis were
scored with separate scores for steatosis (0–3), hepatocellular
ballooning (0–2), lobular inflammation (0–3), and fibrosis
(0–4). NAS was the sum of the first three features and ranged
from 0 to 8. Fibrosis according to the NAS was scored from 0
to 4 (0: none, 1: perisinusoidal or periportal, 2: perisinusoidal
and periportal, and 3: bridging and 4: cirrhosis). NAS of 5
or more correlated with a diagnosis of NASH, and NAS of
less than 3 were diagnosed as “not NASH.” As the authors
emphasized, theNASwas originally designed to assess overall
histologic change before and after therapeutic intervention
trials and was not intended as numeric values to replace a
pathologist’s diagnostic determination of steatohepatitis.

2.8. Statistical Analysis. All continuous values except for
patient age are presented as medians and ranges (minimum–
maximum). Patient age is presented as mean ± SD. Con-
tinuous variables were compared using Student’s t-test or
one-way analysis of variance (ANOVA) and Mann-Whitney
U-test or Kruskal-Wallis method, and categorical variables
were compared using Pearson’s chi-squared test. The over-
all survival (OS) and recurrence-free survival (RFS) were
calculated using the Kaplan-Meier method and tested using
the log-rank test. In evaluating factors affecting OS, the
Cox regression model with stepwise variable selection was
used for multivariate analysis. Statistical data analysis was
performed using the SPSS program, version 20.0 (SPSS,
Chicago, Ill. USA). A 𝑃 value less than 0.05 was considered
statistically significant.

3. Result

3.1. Comparison among Three Groups according to
Hepatitis Virus

3.1.1. Preoperative Findings. The lifestyle-related andpreoper-
ative clinical findings in the three groups are listed in Table 1.
The mean age of patients was the highest in group NBNC
followed by groupsC andB (𝑃 < 0.001).Thepatients in group
NBNC had significantly higher prevalence of hypertension

(47.4%) and DM (35.5%) than those in the other groups (𝑃 =
0.004 and 𝑃 = 0.041, resp.). The incidence of patients with
alcohol consumption of 20 g/day or more was the highest in
group NBNC followed by groups C and B. In the laboratory
data, the platelet counts and PT were the highest in group
NBNC followed by groups C and B (𝑃 = 0.020 and𝑃 = 0.002,
resp.). ICG R15 was the lowest in group NBNC followed by
groups B and C (𝑃 = 0.027). AFP levels were the lowest in
group NBNC (𝑃 < 0.001) followed by groups C and B. The
percentage of the patients with tumors more than 10 cm in
diameter was higher in groups NBNC (18.4%) and B (21.9%)
than in group C (2.2%) (𝑃 = 0.001 and 𝑃 = 0.001, resp.). The
proportion of the patients with tumors beyondMilan criteria
was higher in groups NBNC (50.0%) and B (46.9%) than in
group C (28.0%) (𝑃 = 0.009).

3.1.2. Intraoperative, Pathological, and Postoperative Factors.
As shown in Table 2, the proportion of the patients who
neededmore than two sectionectomywas significantly higher
in groups NBNC and B than in group C (𝑃 = 0.002). There
were no significant differences in operative times, intraop-
erative blood loss, and surgical curability. In pathological
examination, the proportion of simple nodular type was
significantly lower in groups NBNC and B than in group C
(𝑃 = 0.025), and the proportion of vp(+) was the second
highest in groupNBNC (𝑃 = 0.016).The proportion of NL in
noncancerous liver was significantly higher in group NBNC
than groups B and C and the proportion of LC was the lowest
in group NBNC followed by groups B and C (𝑃 < 0.001 and
𝑃 = 0.020, resp.).

3.1.3. Cumulative Overall Survival and Recurrence-Free Sur-
vival. The survival curves of OS and RFS rates are shown
in Figure 1. The median follow-up periods were 20 months
(range, 0–136 months) for all patients. The 1- and 5-year OS
rates were 88.3% and 74.1% in groupNBNC, 88.9% and 65.0%
in group C and 76.5%, and 49.1% in group B, respectively,
showing significant difference between groups NBNC and B
(𝑃 = 0.031).The 1- and 5-year RFS rateswere 67.6% and 43.8%
in group NBNC, 73.3% and 29.2% in group C, and 56.6%
and 27.6% in group B, respectively. There was no significant
difference in RFS rates between the three groups.

3.2. Subgroup Analysis of NBNC-HCC according to Alcohol
Consumption. The lifestyle-related and preoperative clinical
findings in the two subgroups are listed in Table 3. In NALP,
the proportions of female and noncigarette smokers were
significantly higher than those in ALP (𝑃 = 0.001 and 𝑃 =
0.007, resp.). As shown in Table 4, there were no significant
differences in intraoperative, pathological, and postoperative
factors between the two subgroups.

Table 5 shows the data based on the scores of steatosis,
lobular inflammation, ballooning and fibrosis, the NAS, and
NASwith fibrosis score.Moderate and severe steatosis, which
is score of 2 (33–66%) and 3 (66% or more), was found
only in 2 patients (6.6%) in NALP and 2 patients (4.3%) in
ALP. Furthermore, NASH, which was defined as NAS of 5 or
more, was found in 2 patients (6.7%) in NALP.There were no
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Figure 1: Comparisons of overall survival and recurrence-free survival rates after hepatectomy between patients in groups B, C, and NBNC.
(a) Overall survival. The survival rate of NBNC patients (unbroken thick line) was significantly better than that of B patients (unbroken line,
𝑃 = 0.031). (b) Recurrence-free survival. There were no significant differences in survival rates of three groups.

Table 1: Lifestyle-related and preoperative clinical factors.

B (𝑛 = 32) C (𝑛 = 93) NBNC (𝑛 = 76) 𝑃 value
Age (years) 61.1 ± 13.6 67.2 ± 6.6 71.0 ± 9.2 <0.001
Gender (male/female) 23/9 70/23 67/9 0.058
Obesity 3 (9.4%) 17 (18.3%) 15 (19.7%) 0.412
Hypertension 6 (18.8%) 26 (28.0%) 36 (47.4%) 0.004
DM 5 (12.0%) 20 (21.5%) 27 (35.5%) 0.041
Cigarette smoking 19 (59.4%) 55 (59.1%) 47 (61.8%) 0.933
Ethanol ≧ 20 g 5 (15.6%) 38 (40.9%) 46 (60.5%) <0.001
Albumin (g/dL) 3.6 (2.3–4.5) 3.7 (2.8–4.5) 3.8 (2.5–5.0) 0.104
Total bilirubin (mg/dL) 0.5 (0.2–1.2) 0.5 (0.2–1.4) 0.5 (0.2–1.3) 0.873
Platelet count (×104/mm3) 14.0 (4.3–48.9) 16.1 (4.4–51.0) 19.2 (6.7–51.6) 0.020
NLR 2.21 (0.79–4.90) 1.92 (0.52–14.16) 2.16 (0.67–12.80) 0.271
PT (%) 82.9 (64.3–105.0) 90.0 (63.4–122.7) 95.4 (54.8–131.4) 0.002
ICG R15 (%) 12.7 (4.4–19.7) 14.0 (2.8–42.3) 10.9 (1.6–36.7) 0.027
Child-Pugh B/C 2 (6.3%) 5 (5.4%) 6 (7.9%) 0.802
AFP (ng/mL) 110.0 (1–605100) 14.0 (2–11675) 6.0 (1–48157) <0.001
DCP (mAU/mL) 267.0 (10–174400) 148.0 (10–23950) 87.0 (11–85330) 0.653
Multiple tumors 10 (31.3%) 25 (26.9%) 22 (28.9%) 0.885
Tumor size (cm) 5.2 (1.0–20.0) 3.0 (0.7–11.0) 4.5 (1.0–17.0) 0.001
≧10 cm 7 (21.9%) 2 (2.2%) 14 (18.4%) 0.001
BCLC stage B/C 8 (25.0%) 16 (17.2%) 18 (23.7%) 0.484
Beyond Milan criteria 15 (46.9%) 26 (28.0%) 38 (50.0%) 0.009
Preoperative TACE 17 (53.1%) 60 (64.5%) 42 (55.3%) 0.356
DM: diabetes mellitus; NLR: neutrophil-to-lymphocyte ratio; PT: prothrombin time; ICG R15: indocyanine green retention rate at 15 minutes; AFP: serum 𝛼-
fetoprotein; DCP: des-r-carboxyprothrombin; BCLC: Barcelona Clinic Liver Cancer; TACE: transcatheter arterial chemoembolization.
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Table 2: Intraoperative, pathological and postoperative factors.

B (𝑛 = 32) C (𝑛 = 93) NBNC (𝑛 = 76) 𝑃 value
≧2 sentionectomy 13 (40.6%) 17 (18.3%) 32 (42.1%) 0.002
Operative Time (min.) 352 (177–658) 333 (135–750) 367 (173–983) 0.142
Blood loss (g) 1137 (38–8488) 1182 (5–8307) 1226 (200–36000) 0.590
Curability R0 27 (84.4%) 88 (94.6%) 70 (92.1%) 0.181
Simple nodular type 12 (37.5%) 54 (58.1%) 30 (39.5%) 0.025
Poorly differentiated 6 (18.8%) 14 (15.1%) 6 (7.9%) 0.218
fc(+) 24 (75.0%) 63 (67.7%) 44 (57.9%) 0.182
vp(+) 17 (53.1%) 24 (25.8%) 28 (36.8%) 0.016
vv(+) 5 (15.6%) 4 (4.3%) 7 (9.2%) 0.109
im(+) 6 (18.8%) 7 (7.5%) 7 (9.2%) 0.181
Non-cancerous liver NL 1 (3.1%) 1 (1.1%) 23 (30.3%) <0.001
CH 17 (53.1%) 44 (47.3%) 29 (38.2%) 0.288
LC 14 (43.8%) 48 (51.6%) 23 (30.3%) 0.020
Clavien-Dindo ≧ III 5 (15.6%) 19 (20.4%) 12 (15.8%) 0.688
PHLF B/C 7 (21.9%) 28 (30.1%) 18 (23.7%) 0.526
90-day mortality 4 (12.5%) 6 (6.5%) 6 (7.9%) 0.552
Intrahepatic recurrence 13 (40.6%) 47 (50.5%) 25 (32.9%) 0.068
Extrahepatic recurrence 7 (21.9%) 8 (8.6%) 7 (9.2%) 0.096
fc: formation of capsule; vp: microscopic portal vein invasion; vv: microscopic hepatic vein invasion; im: intrahepatic metastasis; NL: normal liver; CH: chronic
hepatitis; LC: liver cirrhosis; PHLF: posthepatectomy liver failure.

Table 3: Lifestyle-related and preoperative clinical factors in Group NBNC according to alcohol consumption.

NALP (𝑛 = 30) ALP (𝑛 = 46) 𝑃 value
Age (years) 73.3 ± 6.3 69.7 ± 10.9 0.491
Gender (Male/Female) 22/8 45/1 0.001
Obesity 7 (23.3%) 8 (17.4%) 0.525
Hypertension 13 (43.3%) 23 (50.0%) 0.569
DM 11 (36.7%) 16 (34.8%) 0.867
Cigarette smoking 13 (43.3%) 34 (73.9%) 0.007
Albumin (g/dL) 3.7 (2.5–5.0) 3.9 (2.8–4.6) 0.658
Total Bilirubin (mg/dL) 0.5 (0.2–1.3) 0.5 (0.2–0.9) 0.834
Platelet count (×104/mm3) 20.8 (8.0–40.4) 17.8 (6.7–51.6) 0.100
NLR 2.12 (0.87–12.80) 2.15 (0.79–7.43) 0.461
PT (%) 93.0 (54.8–131.4) 100.5 (63.4–131.4) 0.714
ICG R15 (%) 11.4 (0.3–29.0) 9.9 (1.6–31.5) 0.124
AFP (ng/mL) 7.0 (1–48157) 5.0 (1–7153) 0.398
DCP (mAU/mL) 94.0 (14–85330) 80.0 (11–15387) 0.741
Child-Pugh B/C 3 (10.0%) 3 (6.5%) 0.583
Multiple tumors 10 (33.3%) 12 (26.1%) 0.496
Tumor size (cm) 5.0 (1.0–15.0) 3.8 (1.2–17.0) 0.229
≧10 cm 6 (20.0%) 8 (17.4%) 0.774
BCLC stage B/C 9 (30.0%) 9 (19.6%) 0.296
Beyond Milan criteria 19 (63.3%) 19 (41.3%) 0.060
Preoperative TACE 15 (50.0%) 27 (58.7%) 0.456
NALP: non-alcoholic patients; ALP: alcoholic patients; DM: diabetes mellitus; NLR: neutrophil-to-lymphocyte ratio; PT: prothrombin time; ICG R15:
indocyanine green retention rate at 15 minutes; AFP: serum 𝛼-fetoprotein; DCP: des-r-carboxyprothrombin; BCLC: Barcelona Clinic Liver Cancer; TACE:
transcatheter arterial chemoembolization.
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Table 4: Intraoperative, pathological and postoperative factors in Group NBNC according to alcohol consumption.

NALP (𝑛 = 30) ALP (𝑛 = 46) 𝑃 value
≧2 sentionectomy 13 (43.3%) 19 (41.3%) 0.861
Operative Time (min.) 385 (173–983) 340 (202–572) 0.073
Blood loss (g) 1182 (200–36000) 1280 (200–33478) 0.663
Curability R0 29 (96.7%) 41 (89.1%) 0.449
Simple nodular type 9 (30.0%) 21 (45.7%) 0.172
Poorly differentiated 2 (6.7%) 4 (8.7%) 0.748
fc(+) 18 (60.0%) 26 (56.5%) 0.764
vp(+) 12 (40.0%) 16 (34.8%) 0.645
vv(+) 2 (6.7%) 5 (10.9%) 0.536
im(+) 2 (6.7%) 5 (10.9%) 0.536
Non-cancerous liver NL 8 (26.7%) 15 (32.6%) 0.582
CH 12 (40.0%) 17 (37.0% ) 0.789
LC 9 (30.0% ) 14 (30.4%) 0.968
Clavien-Dindo ≧ III 7 (23.3%) 5 (10.9%) 0.145
PHLF B/C 9 (30.0%) 9 (19.6%) 0.296
90-day mortality 1 (3.0%) 5 (10.9%) 0.234
Intrahepatic recurrence 11 (36.7%) 14 (30.4%) 0.572
Extrahepatic recurrence 3 (10.0%) 4 (8.7%) 0.848
NALP: non-alcoholic patients; ALP: alcoholic patients; fc: formation of capsule; vp: microscopic portal vein invasion; vv: microscopic hepatic vein invasion;
im: intrahepatic metastasis; NL: normal liver; CH: chronic hepatitis; LC: liver cirrhosis; PHLF: posthepatectomy liver failure.

Table 5: Histopathological examination based on Kleiner’s classification.

Item Score/Code NALP (𝑛 = 30) ALP (𝑛 = 46) 𝑃 value

Steatosis

0 24 (80.0%) 39 (84.8%) 0.588
1 4 (13.3%) 5 (10.9%) 0.745
2 1 (3.3%) 2 (4.3%) 0.824
3 1 (3.3%) 0 (0.0%) 0.213

Lobular inflammation

0 1 (3.3%) 0 (0.0%) 0.213
1 18 (60.0%) 34 (73.9%) 0.202
2 8 (26.7%) 11 (23.9%) 0.786
3 3 (10.0%) 1 (2.2%) 0.135

Ballooning
0 20 (66.7%) 35 (77.1%) 0.369
1 8 (26.7%) 7 (15.2%) 0.220
2 2 (6.7%) 3 (6.5%) 0.980

Fibrosis

0 2 (6.7%) 0 (0.0%) 0.076
1 10 (33.3%) 11 (23.9%) 0.369
2 3 (10.0%) 11 (23.9%) 0.126
3 6 (20.0%) 11 (23.9%) 0.689
4 9 (30.0%) 13 (28.3%) 0.870

NAS 2 (0–5) 2 (1–4) 0.290
NAS with fibrosis 4 (0–9) 4 (2–8) 0.996
NALP: nonalcoholic patients; ALP: alcoholic patients; NAS: nonalcoholic fatty liver disease (NAFLD) activity score, NAS of 5 was found in two patients (6.7%).

significant differences in all of the histopathological factors,
NAS andNASwith fibrosis score between the two subgroups.

The survival curves of OS and RFS in NALP and ALP
are shown in Figure 2. The median follow-up periods were
15 months (range, 0–128 months). The 1- and 5-year OS rates

in NALP versus ALP were 89.4% versus 87.9% and 84.4%
versus 68.7%, respectively, showing no significant difference.
The 1- and 5-year RFS rates in NALP versus ALP were 62.5%
versus 71.9% and 57.3% versus 31.9%, respectively, showing no
significant difference.
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Figure 2: Comparisons of overall survival and recurrence-free survival rates after hepatectomy between patients in group NBNC. (a) Overall
survival. There were no significant differences in survival rates of two subgroups. (b) Recurrence-free survival. There were no significant
differences in survival rates of two subgroups.

Table 6: Multivariate analysis of factors contributing to overall
survival and recurrence-free survival in group NBNC.

Overall survival Hazard ratio (95% CI) 𝑃 value
Child-Pugh B/C 19.667 (1.346–287.340) 0.029
im(+) 31.064 (1.965–491.024) 0.015
Extrahepatic recurrence 31.717 (1.261–797.764) 0.036
im: intrahepatic metastasis.

Table 6 shows the results obtained by multivariate anal-
ysis of factors influencing on OS. Child-Pugh B/C, im(+)
and extrahepatic recurrence were identified as independent
indicators of OS.

4. Discussion

To clarify the clinicopathological features of the NBNC-
HCC patients with initial hepatectomy, we first compared the
patient- and tumor-related factors among the three groups
B, C, and NBNC. In the patient-related factors, NBNC
patients were characterized by association with lifestyle-
related diseases (DM, HTN, and alcohol consumption) and
preserved liver function (platelet counts, PT, ICG R15, and
higher prevalence of NL in noncancerous liver).

To the best of our knowledge, there have been seven
reports comparing clinicopathological features among the
patients with hepatitis virus-related and nonhepatitis virus-
related HCCs all of which were from Japan after 2000, and,
among them, four included less than 30 NBNC patients
[8, 9, 27, 28] and the other three after 2012 included more
than 60 NBNC patients (𝑛 = 60, 129, and 168, resp., [6,
29, 30]). Therefore, the results of our study were compared
with those of the latter three reports. However, none of them
focused on lifestyle-related diseases precisely, especially in
NALFD/NASH. All of the previous three reports demon-
strated that NBNC patients had much better preoperative

liver function (platelet count and ICG R15), and Kudo et al.
[30] reported that the incidence of liver cirrhosis was signifi-
cantly lower in NBNC patient (34%) than in HBV (52%) and
HCV (56%) patients, which were similar to our results.

As of the tumor-related factors, Kaibori et al. [6] reported
that NBNC and HBV patients had significantly higher AFP
and DCP levels than HCV patients, while the other two
reports showed no difference in AFP and DCP levels among
the three groups. The two reports demonstrated that tumor
sizes were larger in NBNC (median [cm]: 5.57, 5.8) and
HBV (median [cm]: 5.43, 5.4) patients than in HCV (median
[cm]: 3.55, 4.0) patients, which were similar to our results.
All of the three reports showed no significant differences in
microvascular invasion and surgical margin among the three
groups, which were similar to our results.

As of intraoperative and postoperative factors, the pro-
portion of the patients with two sectionectomy was signifi-
cantly higher in groups NBNC and B than in group C, reflect-
ing tumor size in each group.There were no significant differ-
ences in operative times, intraoperative blood loss postopera-
tivemorbidity, and 90-daymortality among the three groups.

In the present study, the 5-year OS rates were 74.1% in
group NBNC, 65.0% in group C, and 49.1% in group B,
showing significant difference between groups NBNC and
B, while there was no significant difference in RFS rates
between the three groups. The previous three reports [6, 29,
30], however, demonstrated conflicting results: two reports
showed significantly better survival in NBNC patients than
in HBV and HCV patients, while the other report showed
no survival difference in the three groups. In the former
two reports [6, 30], since tumor-related factors did not
differ significantly among the three groups, it was considered
that good liver function at the initial hepatectomy might
prevent early recurrence in NBNC patients. In the latter
report [29], they suggested that the lack of difference in
survival after curative resection might be because NBNC
patients were associated with larger tumors but a better
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hepatic functional reserve. In our study, as of patient-related
factors in NBNC patients, hepatic functional reserve was best
preserved and the proportion of NL in noncancerous liver
was the highest. While, as of tumor-related factors in NBNC
patients, althoughAFP levels were the lowest, the percentages
of the patients with tumors more than 10 cm in diameter
and tumors beyondMilan criteria were high, showing similar
percentages to HBV patients. Furthermore, the proportion
of the patients who needed more than two sectionectomy
was higher in groups NBNC and B than in group C. Taking
these results together, it was considered that well-preserved
liver function after initial hepatectomy in NBNC patients
might contribute to survival benefit even if tumor recurrence
occurred.

We furthermore performed subgroup analysis of NBNC
patients based on alcohol consumption using cut-off level of
ethanol 20 g/day.The proportions of female and noncigarette
smokers were significantly higher in NALP than in ALP.
Between the two subgroups, there were no significant differ-
ences in all of the other clinicopathological factors, including
preoperative liver function and NAS. The OS and RFS rates
in NALP were higher than those in ALP, although there were
no statistical significant differences.Thismight be because the
patient number was not so large and further investigationwill
be needed to clarify the influence of alcohol consumption on
their prognosis. Kudo et al. [30] also analyzed the 163 NBNC
patients by dividing the three groups according to alcohol
consumption: nonalcoholic liver disease (non-ALD: ethanol
less than 20 g/day), mild ALD (ethanol 20 g–80 g/day), and
severe ALD (ethanol 80 g/day or more). They revealed that
severe ALDwas associated with beingmale, small tumor size,
and LC, although they did not examine the degree of steato-
hepatitis. They concluded that preoperative excessive alcohol
intake decreased DFS rate of HCC occurrence after surgery.

In multivariate analysis of factors influencing on OS
in group NBNC, Child-Pugh B/C, im(+), and extrahepatic
recurrence were identified as independent indicators of OS.
Several previous studies on prognostic factors in NBNC-
HCC patients identified gender, serum albumin level, DCP,
tumor size, tumor capsule, and tumor differentiation as sig-
nificant independent factors for OS [6, 9, 29–31]. Therefore,
in terms of OS, preoperative liver functions such as serum
albumin and Child-Pugh class are important as patient-
related factor and degree of tumor malignancy as tumor-
related factor, showing the results similar to those in hepatitis
virus-related HCC patients.

In conclusion, NBNC-HCC patients, who were char-
acterized by association with lifestyle-related disease and
preserved liver function, had significantly better prognosis
compared to HBV and HCV patients. Significant prognostic
factors in NBNC patients were preoperative poor hepatic
functional reserve and tumor extension, which were similar
to those in hepatitis virus-relatedHCCpatients. In an attempt
to clarify the association of NALFD/NASH with HCC by
examiningNAS in the resected specimens, however, we could
not demonstrate any association.
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Hepatocellular carcinoma (HCC) incidence is increasing worldwide in recent years. Most HCC cases develop in the presence of
advanced chronic liver disease related to chronic hepatitis C virus (HCV) infection, chronic hepatitis B (HBV) infection, and
alcohol abuse. Approximately 15–50% of HCC cases are classified as idiopathic, suggesting that other risk factors are responsible for
its rising incidence. Recent studies suggest that nonalcoholic fatty liver disease (NAFLD) can be associated with these “idiopathic”
cases. NAFLD progresses slowly and can develop into liver cirrhosis, liver failure, and HCC. In the last few years, NAFLD has
received more attention because of its high prevalence worldwide.

1. Introduction

Hepatocellular carcinoma (HCC) is considered the 5th most
common cancer in the world and is responsible for 5% of
all malignant tumors in humans [1]. In recent years, a rising
incidence has been observed in many countries including
America, Europe, and Asia [2, 3]. Most HCC cases develop
in the presence of advanced chronic liver disease related to
chronic hepatitis C virus (HCV) infection, chronic hepatitis
B (HBV) infection, and alcohol abuse. Approximately 15–
50% of HCC cases are classified as idiopathic, suggesting that
other risk factors are responsible for its rising incidence [3].
Cryptogenic cirrhosis (CC) is observed in 5–30% of patients
with advanced liver disease. Recent studies suggest that
nonalcoholic fatty liver disease (NAFLD) can be associated
with these “idiopathic” cases [4]. NAFLD progresses slowly
and can develop into liver cirrhosis and liver failure. In the
last few years, NAFLD has received more attention because
of its high prevalence worldwide [5]. The theory that HCC is
part of the natural history of NAFLD comes from 4 research
fields: (1) retrospective studies that demonstrated HCC,
which is developed from CC, related to NAFLD risk factors;
(2) case reports; (3) prospective studies that evaluated late
complications from NAFLD patients; and (4) metabolic risk
factors, hepatocarcinogenesis, and animal models.

1.1. Retrospective Studies: Hepatocellular CarcinomaWasAsso-
ciated with Cryptogenic Cirrhosis. In a retrospective case-
control study, the prevalence of CC in 641 patients with
HCC was 6.9%. Risk factors for NAFLD, mainly obesity and
diabetes, weremore common in patients with CCwhen com-
pared to patients with chronic hepatitis and alcoholic liver
cirrhosis.Theprevalence of obesity before the onset of cirrho-
sis was 41% in CC compared to 16% in the control group (𝑃 =
0.008). Diabetes mellitus was twice as prevalent in CC as the
control group (50% versus 20%,𝑃 = 0.0034). Previous dyslip-
idemia, mainly hypertriglyceridemia, was observed in 22%
and 5% of patients in the CC and control group, respectively.
The majority of patients were male (74% and 72%, resp.) in
both groups, but patients in the CC group were older (69
versus 64 years of age, 𝑃 < 0.001). Tumor findings were
similar in both groups;most patients presentedwith a solitary
lesion measuring less than 30mm [4].

In a cohort of 105 HCC patients, CC was the second
etiology (29%), only after HCV (51%). Compared to others
etiologies, the majority of CC patients were female (60%
versus 28%, 𝑃 = 0.001), obese (58% versus 25%, 𝑃 = 0.02),
diabetic (47% versus 8%, 𝑃 = 0.006), and hypertriglyceri-
demic (16% versus 2%, 𝑃 = 0.001). In 20% of CC cases,
liver biopsies showed steatosis, lobular inflammation, and
ballooning degeneration, but steatosis was severe (more than
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Table 1: Case reports of HCC associated with NAFLD [7].

Case number Age (years) Sex Comorbidity
Interval between
liver disease and
HCC (years)

Number/size (cm) HCC Liver histology Treatment Survival

1 52 F DM 4 Mult/— Cirrhosis Resection Dead
2 62 M DM, Ob 4 1/3 Cirrhosis PEI Dead
3 72 F DM 10 3/1.4 Cirrhosis NR NR
4 67 F DM 0 1/2.6 Fibrosis Resection NR
5 66 F DM 2.5 1/1.5 Cirrhosis Resection Recurrence
6 68 F NR 2 1/2 Cirrhosis TAE Alive
7 69 F DM, Ob 0.5 1/2.5 Cirrhosis TAI Recurrence
8 72 M Ob 0 1/3 Cirrhosis TAE, PEI Recurrence
9 63 M DLP, Ob 0 1/2 Cirrhosis Resection Alive
10 56 M DM 0 Mult/6 Cirrhosis TAE Dead
11 76 M DM, Ob 10 1/1.9 Cirrhosis RFA Alive
12 74 M DM, Ob 0 1/4 Fibrosis Resection NR
13 64 M DM, Ob 0 1/— Steatosis TAE, resection Alive
14 67 F Res. Ins 2 2/1.5 Cirrhosis TAE Dead
15 64 M Ob, DLP 0 Mult/13 Fibrosis NR Dead
16 70 M DM, Ob 0 1/4.5 Cirrhosis TAE, resection NR
M: male, F: female, DM: diabetes mellitus, Ob: obese, DLP: dyslipidemia, Mult: multinodular, PEI: percutaneous ethanol injection, TAE: transarterial
embolization, TAI: transarterial chemotherapy infusion, RFA: radiofrequency ablation, and NR: not reported.

30% of hepatocytes) in only half the patients. Fifty percent
of patients had a histologic diagnosis or clinical suspicion of
NAFLD. In this cohort, 13% of HCC cases were considered
related to NAFLD. In this group, tumors from CC patients
were larger and the chance of receiving a potentially curative
therapy was limited, which can be explained by less frequent
HCC surveillance in CC patients [6].

Between January 2010 and December 2012, 42 patients
with HCC related to either NAFLD or CC were retrieved
retrospectively from 2 centers in Brazil (Instituto do Câncer
do Estado de São Paulo and Universidade Federal do Rio
Grande do Sul). This included patients from an observation
study ofHCC inNAFLDof the FLIP consortium.Themedian
age of the patients was 66.5 years (range of 25–80 years) and
male gender predominated (𝑛 = 26; 62%). Thirty (71%) of
NAFLD-related cases and 12 (29%) CC cases were collected
over 24 months. There were 4 patients without evidence of
cirrhosis according to liver biopsy and/or clinical evaluation.
In the NAFLD group, most patients (81%) presented with
metabolic syndrome risk factors, such as obesity, diabetes,
arterial hypertension, or dyslipidemia. HCC was diagnosed
in a screening program in 55% of the 42 patients (there was
one noncirrhotic patient). HCC was diagnosed based on the
noninvasive diagnostic criteria of the American Association
for the Study of Liver Diseases (AASLD) in 24 patients (57%)
and the diagnosis was confirmed by histology in 18 patients
(43%, unpublished results).

1.2. Case Reports of HCC in Cirrhosis Related to NAFLD.
Clinical and histological characteristics of 16 HCC cases

associated with NAFLD, reported until 2007, were described
in a review study from Bugianesi [7] (Table 1). Most patients
were male, and the age at diagnosis varied from 56 to 74 years
(average of 66 years). One or more risk factors for metabolic
syndrome were present at the NAFLD diagnosis, mainly
obesity and diabetes. In half the cases, HCC was diagnosed
at the first medical visit. In the remaining cases, the interval
between liver disease diagnosis and HCC varied from 6
months to 10 years. HCCwasmultifocal or larger than 30mm
in 50% of cases, but well differentiated in most cases. Seven
patients were eligible for hepatic resection, and local ablative
therapy was used in others. In most cases, the serum alpha-
fetoprotein was normal at HCC diagnosis.

In 2009, our group reported 7 cases of HCC in patients
withNAFLD confirmed by histology. Four patients weremale
and the median age was 63 years. Obesity and diabetes were
observed in 57% of patients and one patient was noncirrhotic.
Among cirrhotic patients, most of them (71%) had a Child-
Pugh score of A. Four patients presented with multifocal
HCC and the tumor size varied from 10 to 52mm with 57%
of cases having a tumor smaller than 30mm. All patients had
alpha-fetoprotein levels less than 100 ng/mL at diagnosis. For
HCC therapy, liver resection was performed in 2 patients,
transarterial chemoembolization in 3 patients, percutaneous
ethanol injection in 2 patients, and liver transplant in 1 patient
[8].

1.3. Prospective Studies of Nonalcoholic Steatohepatitis (NASH)
andHCC. Thenatural history ofNASHhas been evaluated in
cohort studies and liver biopsy sequential studies to analyze
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the clinical outcome and progression to cirrhosis and HCC.
Themain limitations of these studies are the reduced number
of patients and short follow-up periods.There are few studies
that correlate HCC development in patients with NAFLD,
probably due to the low rate of fibrosis progression [9].

A study that evaluated 420 patients with NAFLD identi-
fied cirrhosis in 5% after a follow-up period of 7 years. Only
3% of patients progressed to cirrhosis, including 2 cases of
HCC. Survival was shorter than in the general population
and liver disease was the third cause of death in this group of
patients (after cancer and cardiovascular disease). Only 2 out
of 420 patients developed HCC (0.5%), but this rate was 10%
in patients with liver cirrhosis (2 out of 21 patients). Results
from this study confirmed the bad prognosis in patients with
NAFLD-related cirrhosis; 33% of patients died from compli-
cations of liver disease, suggesting that surveillance may be
helpful in this subgroup [10]. We anticipate that prospective
studies about the natural history of NAFLD with longer
follow-up periods and larger numbers of patients will deter-
mine the real incidence of HCC in patients with NAFLD-
related cirrhosis.

Risk factors for HCC were evaluated in another prospec-
tive study that followed 137 Japanese patients with NAFLD
since 1990. The median age was 70 years and around 88%
of patients with HCC had advanced liver fibrosis. Other risk
factors for HCC were lower aminotransferases levels and
histological activity. The cumulative incidence of HCC was
7% in 5 years and it was the main cause of death. Surveillance
for early detection of HCC in patients with NAFLD and
advanced fibrosis was highly recommended in this study [11].

One study compared the risk of developing HCC in
NASH- to HCV-cirrhotic patients. Yearly cumulative inci-
dence of HCC was found to be 2.6% in patients with
NASH-cirrhosis, compared with 4.0% in patients with HCV-
cirrhosis (𝑃 = 0.09) [12]. Another study compared the risk of
developing HCC in NASH-cirrhotic to alcohol liver disease
patients, and the development rates of HCC of these 2 con-
ditions were quite similar [13].

HCC can be considered a rare complication in patients
withNAFLD, but it should not be underestimated. First, HCC
is a common complication after the establishment of cirrho-
sis, with an approximately 7 to 21% prevalence, mainly in
obese and overweight patients, and an incidence of 10%
during follow-up (7 years) [10]. Second, the HCC diagnosis is
generally performed during the first visit of the patient and
the tumor is oftenmultifocal with large dimensions that limit
the available treatments [6].Third, patients are older and have
more comorbidities at the time of HCC diagnosis, whichmay
reduce the applicability of potentially curative therapies, such
as liver transplantation [11]. These findings justify a surveil-
lance program mainly after the establishment of cirrhosis.

1.4. Metabolic Risk Factors, Hepatocarcinogenesis, and Animal
Models in NAFLD. Themechanisms of hepatocarcinogenesis
in NAFLD patients are related to cirrhosis and underlying
disease (e.g., carcinogenic potential of steatosis andmetabolic
dysregulation). In obese and diabetic patients, HCC develop-
ment can be attributed to the presence of NAFLD. Evidence

suggests that adiposity and diabetes can increase the inci-
dence, death rate, or both in a variety ofmalignant neoplasms
in human beings [14].

2. Metabolic Syndrome and the Risk of HCC

2.1. Obesity and HCC. Obesity is recognized as an important
risk factor for carcinogenesis in many malignant neoplasms.
A National Cancer Institute study followed 900,000 adults
from 1982 to 1998 and registered more than 57,000 cancer-
related deaths [14]. These data indicate that weight is asso-
ciated with higher cancer mortality. In patients with a BMI
≥35 kg/m2, mortality rates were 52% higher in men and 62%
higher in women. A linear positive correlation was observed
in Hodgkin lymphoma, multiple myeloma, and colorectal,
liver, breast, gallbladder, pancreas, uterus, cervix, and kidney
cancers. Amongmen, liver cancer showed the highest relative
risk increase.

Obesity also represents a risk factor for HCC in patients
with cirrhosis from other etiologies. In liver transplant
patients in the USA, the HCC incidence was a little higher
in obese patients (4% versus 3%, 𝑃 = 0.013). Multivariate
analysis identified obesity as an independent risk factor for
HCC in cryptogenic and alcoholic cirrhosis but not in HCV,
HBV, autoimmune hepatitis, and primary biliary cirrhosis
[15]. This finding suggests that HCC in obese patients may
be related to two factors: NAFLD and the carcinogenic effect
of obesity per se.

2.2. Diabetes and HCC. Epidemiologic studies demonstrated
an increased risk for HCC in patients with diabetes mellitus
type 2 (DM2). In cohort studies, patients withDM2presented
with a 3-fold increased risk of developing HCC and, in the
presence of hepatitis, cirrhosis, and alcohol abuse, this risk
increased 4-fold [16]. In a case-control study, HCV and DM2
increased the HCC risk 37-fold (𝑃 < 0.0001), suggesting a
synergic effect [17].

The incidence of HCC among patients with (𝑛 = 173,643)
or without DM2 (𝑛 = 650,620), excluding all patients that
had liver disease before or in the first year of follow-
up, was analyzed in a large longitudinal study. During the
observational period of 10 to 15 years, the incidence of HCC
increasedmore than 2-fold among diabetics (incidence rate =
2.39 versus 0.87/100,000 persons/year), and was higher in
patients with longer follow-up times. There was evidence for
a causal relation based on DM2 preceding the development
of HCC and the DM2 time exposure [18].

The absolute risk for HCC development in patients with
DM2 and obesity can be considered low; however, the
pandemic of these two diseases can transform this small
number into a great number of HCC cases. In fact, almost
35% of the adult population in the USA and a great propor-
tion of the worldwide population are overweight or obese,
including children [19, 20], and this is associated with a
higher prevalence of DM2. In a period of one year, the DM2
prevalence increased from 7.3% to 7.9% in the USA general
population [21]. In the next decades, HCC cases related to
obesity and DM2 are projected to increase, while viral
etiology cases will tend to decrease.



4 BioMed Research International

Obesity

Lipids 
accumulation

Insulin 
resistance

Oxidative 
stress

DNA lesion

Inflammatory response

IL-6 TNF

STAT

Oncogenic signals

Adipocytokines

Diet rich in 
fructose/lipids

Endocrine 
disorders

Hereditary 
factors

Sedentary NF-𝜅B
lifestyle

Figure 1: Mechanisms of carcinogenesis in NAFLD adapted from: Sun & Karin, Journal of Hepatology, 2011; Toffanin, Friedman, Llovet,
Cancer Cell, 2010.

3. Hepatocarcinogenesis in NAFLD

Most HCC cases are diagnosed in patients with cirrhosis after
long term follow-up. It is not clear, however, if the neoplastic
process begins after the establishment of cirrhosis or in earlier
stages of liver disease. Steatosis per se and the physiopatho-
logical mechanisms of NAFLD have carcinogenic potential.
During the carcinogenesis, epithelial hyperplasia and dyspla-
sia generally precedemalignant tumors bymany years [22]. In
human beings, HCC has rarely been identified in a liver with
only steatosis. In ob/ob rats (insulin-resistant and obese),
HCC develops in the absence of cirrhosis [23]. In ob/ob rats,
the proliferation of hepatocytes is increased compared to
apoptosis, suggesting that this misbalance promotes an
increase in liver mass [24]. The absence of inflammation or
fibrosis suggests that cell survival is promoted by insulin
resistance in hepatocarcinogenesis.

Most molecular events that lead to HCC need better clar-
ification, but the main steps to cancer development (ini-
tiation, promotion, and progression) present a clear cor-
relation with the NAFLD physiopathology [25]. Obesity is
related to insulin resistance and augmentation of insulin-like
growth factors, which act as a mitogen to stimulate cellular
growth [26] (Figure 1). In addition, obesity is associated with
hyperestrogenemia, which is also implicated in the prolifera-
tion of hepatocytes [27].

Proliferation of oval cells (progenitor cells of hepatocytes,
which have been implicated as the origin of many liver
tumors) has been observed in many patients with NAFLD in
experimental studies [28]. Increased production of reactive
oxygen specimens and DNA oxidative injury may also

contribute toHCCdevelopment [29, 30]. Oxidative stress can
contribute to mutations in regulatory genes, including tumor
suppressors such as p53 and PTEN (phosphatase tensin
homolog) [31]. Also, elevated production of ROS can increase
fatty acids in the endoplasmic reticulum or peroxisomes and
can modulate PPAR-alpha by intrahepatic lipids. Sustained
activation of PPAR-alpha induces HCC in AOX-absent,
PPAR-alpha, and PPAR/alpha/AOX mice and rats, probably
through transcriptional activation of regulatory genes of
PPAR-alpha and ROS generation.

Recently, our group published a tissue microarray study
that demonstrated, in all spectrums of NAFLD, that Sur-
vivin, an antiapoptotic protein, was expressed differently
in NASH-HCC related tissues compared with HCV-HCC
related tissues [32]. Also, in another tissue microarray study,
we identified thatmTORwas differently expressed inNAFLD
cirrhosis compared with other causes of cirrhosis [33]. These
findings suggest that carcinogenesis-related NAFLD can fol-
low different molecular pathways to fibrosis-cirrhosis HCC.

Several small animal models of nonviral HCC have been
characterized and demonstrated that carcinogenesis in
NAFLD has peculiar aspects.The liver-specific Pten deficient
mouse is a transgenicmouse that develops NASH, adenomas,
and HCC and is bred by mating Ptenflox/flox mice with Alb-
Cre transgenic mice. These animals develop steatohepatitis
associated with cancer cell expression of PPAR𝛾. HCC was
seen in 83% of animals that were 74–78 weeks old [34].

Fatty change, cirrhosis, and HCC have also been
described in Sprague Dawley and Fisher rats exposed to
diethylnitrosamine, administered either weekly by intraperi-
toneal injection for 3 weeks or daily in the drinking water
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(110mg/L) for 10 weeks. Following exposure, 94% (68 of 72
animals) developed HCC by 37 weeks [35]. In 2008, our
group published a rodent model that replicates many fea-
tures of NASH including steatohepatitis, ballooning, fibrosis,
cirrhosis, and HCC. Oval cell proliferation was evident and
the presence of anti-CK 19 positivity in the cancer suggested
that the malignancy is originated in oval cells. This model
developed HCC in 16 weeks [36]. Recently, Hoshida et al.
published a review describing some animal models of HCC,
including NAFLD-HCC models [37].

4. Final Considerations

Studies about HCC inNAFLD are scarce and aremostly from
retrospective studies and case series. The long and indolent
progression of the disease limits prospective studies. HCC
seems to be a rare but disturbing complication of NAFLD
that is related to the higher incidence of metabolic syndrome.
Cirrhotic patients with NAFLD show important risk factors
for HCC development and have a worse prognosis because
they are older and present with other comorbidities. The
role of cirrhosis, steatosis, and metabolic derangement in
hepatocarcinogenesis needs to be elucidated. A better under-
standing of genetic andmetabolic determinants of hepatocyte
growth and differentiation can lead to the development of
new pharmacological therapies. The main efforts must be
directed toNAFLDprevention through promotion of healthy
measures.
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In our study, we evaluated the feasibility of a new sampling method for splenic stiffness (SS) measurement by Quantitative Acoustic
Radiation Force Impulse Elastography (Virtual Touch Tissue Quantification (VTTQ)).We measured SS in 54 patients with HCV-
related cirrhosis of whom 28 with esophageal varices (EV), 27 with Chronic Hepatitis C (CHC) F1–F3, and 63 healthy controls.
VTTQ-SS was significantly higher among cirrhotic patients with EV (3.37m/s) in comparison with controls (2.19m/s, 𝑃 < 0.001),
CHC patients (2.37m/s, 𝑃 < 0.001), and cirrhotic patients without EV (2.7m/s, 𝑃 < 0.001). Moreover, VTTQ-SS was significantly
higher among cirrhotic patients without EV in comparison with both controls (𝑃 < 0.001) and CHC patients (𝑃 < 0.01).
The optimal VTTQ-SS cut-off value for predicting EV was 3.1m/s (AUROC = 0.96, sensitivity 96.4%, specificity 88.5%, positive
predictive value 90%, negative predictive value 96%, positive likelihood ratio 8.36, and negative likelihood ratio 0.04). In conclusion,
VTTQ-SS is a promising noninvasive and reliable diagnostic tool to screen cirrhotic patients for EV and reduce the need for upper
gastrointestinal endoscopy. By using our cut-off value of 3.1m/s, we would avoid endoscopy in around 45% of cirrhotic subjects,
with significant time and cost savings.

1. Introduction

Chronic hepatitis C virus (HCV) infection represents a
worldwide health concern, with 170 million chronically
infected subjects, whose risk of developing cirrhosis within
20 years is estimated to be around 10% to 20% [1, 2].

Portal hypertension (PH) is associated with the most
severe complications of cirrhosis, such as ascites, hepatic
encephalopathy, and bleeding from esophageal varices (EV).
Gastroesophageal varices are present in approximately 50%
of patients with liver cirrhosis [3–5]. The most accurate
method to evaluate PH is themeasurement of the hepatic vein
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pressure gradient (HVPG). It has been demonstrated that
a HVPG value higher than 10mmHg predicts the presence
of EV, while a value higher than 12mmHg is predictive for
variceal bleeding [6]. However, the evaluation of HVPG is
an invasive procedure, which is limited to highly specialized
centers and experienced operators.

As variceal bleeding is a life-threatening condition, cur-
rent guidelines recommend routine upper gastrointestinal
endoscopy to be performed at the time of diagnosis in all
patients with known cirrhosis for EV screening and grading.
The endoscopic procedure should allow the identification
of high-risk subjects, requiring prophylactic treatment with
nonselective beta-blockers. Unfortunately, a number of rea-
sons may limit the universal spread of endoscopic screening
in cirrhotic patients. Firstly, universal endoscopic screening
is expensive, time consuming, and invasive [7]. Secondly,
since the point prevalence of medium/large varices (those
requiring a prompt identification) is approximately 15%–25%,
the majority of subjects undergoing endoscopic screening
either do not have EV or do not require any prophylactic
therapy. Furthermore, since only 40% of Child-Pugh class A
cirrhotic have EV in comparison with 85% of Child-Pugh
class C patients, it seems mandatory to promptly identify
the variceal risk in the lower Child-Pugh class cirrhotic
population. Thus, many efforts have been made to develop
noninvasive surrogate predictive methods for a prompt
identification of patients at high risk of EV carriage. Some
biochemical markers (aspartate aminotransferase (AST) to
platelets ratio index) or mixed indexes (platelets count to
spleen diameter ratio) have been shown to partially correlate
with the presence of EV [8, 9]. As for imaging techniques,
it has been suggested that Magnetic Resonance Imaging
and Computed Tomography scan may obviate the need or
frequency of endoscopic screening among cirrhotic patients
[10, 11]. The ultrasound-based Quantitative Acoustic Radi-
ation Force Impulse Elastography (Virtual Touch Tissue
Quantification (VTTQ)) has recently been shown to accu-
rately estimate liver fibrosis by measuring liver stiffness (LS)
and could be used for monitoring disease progression or
predicting development of liver-related complications; the
degree of liver fibrosis is a predictive factor for hepatocellular
carcinoma (HCC) development also [12]. Furthermore, it has
been suggested that measurement of spleen stiffness (SS) by
VTTQ (VTTQ-SS) may predict the presence of EV [13–15].
The spleen of cirrhotic subjects is characterized not only
by passive congestion, due to PH, but also by increased
fibrosis, angiogenesis, and hyperactivation of the splenic
lymphoid compartment [16, 17]. These changes, which are
responsible for splenomegaly, may increase SS and may be
quantified by transient elastography [18] or VTTQ itself [13–
15]. Nevertheless, no data are available on the actual spatial
distribution of splenic viscoelasticity in cirrhosis nor stan-
dardized models have been proposed for spleen sampling by
VTTQ.

The aim of the present study was

(i) to compare the values of SS of cirrhotic subjects
(with and without EV), measured by VTTQ, with
those found among healthy controls and patients

with HCV-related chronic hepatitis (fibrosis stages
F1–F3),

(ii) to evaluate the reliability of VTTQ-SS as a surrogate
predictor of EV in a cohort of subjects with recently
diagnosed HCV-related cirrhosis.

2. Patients and Methods

2.1. Cirrhotic Patients. Between January 2009 and January
2011, 73 consecutive patients presenting at the Outpatient
Infectious Diseases Unit of the Garibaldi Nesima Hospital in
Catania were newly diagnosed as affected with HCV-related
liver cirrhosis and considered for enrolment in the present
study. In this stage, the diagnosis was based only on a clinical,
virological, and ultrasound evaluation.

Subsequently, throughout a 6-month clinical followup,
19 patients were excluded from the study, 17 because of
development of severe cirrhosis-related complications or
comorbidities (7 patients had hepatocellular carcinoma, 4
severe sepsis, 3 spontaneous bacterial peritonitis, 2 colonic
cancer, and 1 lung cancer) and 2 because of refusal to enter
the study.

Thus, 54 patients were finally enrolled, 15 with a diagnosis
of histologically confirmed Child-Pugh class A cirrhosis
and 39 with a clinical diagnosis of Child-Pugh class B
cirrhosis. None of the patients had a concomitant HBV
and/or HIV coinfection, none had either autoimmune or
metabolic disease. Alcohol abuse was excluded by question-
naire. Patients were not under treatment with beta-blockers,
diuretics, antibiotics, interferon, or ribavirin by the time of
study onset. Moreover, no patient had evidence of cardiac
or renal insufficiency. All patients signed a written informed
consent prior to study inclusion, in accordance with the
Declaration of Helsinki. Patients were asked to hide their
clinical features to the ultrasound operator.

Each patient underwent a consecutive 2-day protocol.
On the first day, a complete clinical and biochemical eval-
uation was performed. Then, patients were examined with
VTTQ by a single well-experienced operator (LR), blinded
to biochemical and clinical data, at the private Outpatient
Clinic “Ultrasuoni” inCatania. On the second day, all patients
underwent upper gastrointestinal endoscopy. All endoscopic
evaluations were performed by a single operator (blinded to
biochemical and echographic results) at theGaribaldiNesima
Hospital in Catania.

2.2. Chronic Hepatitis C Subjects. We enrolled in the study
27 subjects with a virological and histological diagnosis of
chronic hepatitis C (CHC), matched for gender and age
distribution with the cirrhotic group. Patients with HBV or
HIV coinfection, alcohol abuse, and those under antiviral
treatment were excluded from the study. Written informed
consent was obtained from each subject at enrolment. Bio-
chemical tests and VTTQ were performed on the same day.

2.3. Healthy Controls. 63 healthy adult volunteers, matched
to cases on age, gender, and ethnic group, were selected as
controls among the members of the staff of our institution.
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Figure 1: Sites for spleen stiffness measurement by Quantitative
Acoustic Radiation Force Impulse Elastography (VTTQ). Cranial
section: 1: external, 2 and 3: central, and 4: internal; intermediate
section: 5: external, 6: central, and 7: internal; caudal section: 8:
external, 9: central, and 10: internal.

They all had normal liver function tests, negative HBsAg,
HCV Antibodies, HIV Antibodies, and normal abdominal
ultrasonography. All subjects gave their written informed
consent prior to study enrolment.

2.4. Methods

2.4.1. Quantitative Acoustic Radiation Force Impulse Elastog-
raphy (VTTQ). B-mode standard ultrasonography scanning
and quantitative ARFI elastography (VTTQ) were performed
using a Siemens Acuson S2000 (Siemens AG, Erlangen,
Germany) with a 4Cl transducer, as described in detail else-
where [12]. SS was measured with VTTQ only by intercostal
approach. The examined patient, fasting for at least 12 hours,
was lying in right lateral decubitus. The transducer was
perpendicular to the longitudinal axis of the spleen, the line of
the VTTQ ROI aligned with the transducer axis. The VTTQ
ROI, measuring 10mm in depth and 5mm in width, was
placed in 10 different sites from the upper to the inferior
splenic pole. In order to cover uniformly the spleen, we
conducted a stratified random sampling. The stratification
variables were (Figure 1)

(1) the section, as the spleen was subdivided into three
sections, subdiaphragmatic, intermediate, and cau-
dal, and measurements were taken along the corre-
sponding thickness diameter,

(2) the part of each section (external, central, and inter-
nal).

The subdiaphragmatic section provided 4measurements:
1 medial, 2 central, 1 lateral. The other two sections provided
3 measurements: 1 medial, 1 central, and 1 lateral. This
difference was due to the fact that the subdiaphragmatic
section was larger. We chose the best intercostal space to
maximize the surface area of each section on the frontal
plane. Figure 2 summarizes our sampling method. We then
calculated the median value of the 10 measurements.

Figure 2: A summary of spleen sampling sites by Quantitative
Acoustic Radiation Force Impulse Elastography (VTTQ).

2.4.2. Interobserver Agreement. Since the procedure could
rely on some degree of subjective interpretation by the inves-
tigator, we conducted a prior double blind experiment on 16
randomly selected patients among those further enrolled in
the study. Briefly, patients were examined for SS by VTTQ
as described above by two independent operators within
the same day: one operator (LR) was a well-experienced
echographiste with a long-term (>4 years) training in ARFI
technique, and the other operator (MP) was a young
physician who received a prior 4-hour training in ARFI
procedure.

2.4.3. Intraobserver Agreement. Twenty-one randomly
selected patients among those who entered the study were
summoned again to the Outpatient “Ultrasuoni” Clinic four
weeks after the first VTTQ-SS examination and submitted
to a new VTTQ-SS evaluation by the same experienced
operator (LR).The operator, who was still unaware of clinical
and endoscopic data, could not access to the previous ARFI
results.

2.4.4. Upper Gastrointestinal Endoscopy. Upper gastrointesti-
nal endoscopywas performed using a flexible video gastro-
scope (Video Pentax Gastro).

EV were classified as follows.

(i) Grade 1: small straight varices;
(ii) Grade 2: enlarged tortuous varices, occupying less

than one third of the lumen;
(iii) Grade 3: large, coil-shaped varices, occupying more

than one third of the lumen.

EVwere also classified on the basis of presence or absence
of red wheals.

2.5. Statistical Analysis. Statistical analysis was performed
using statistical computing software R and Graphpad Prism
4. Continuous variables are expressed as median (interquar-
tile range, IQR) and compared by nonparametric Kruskal-
Wallis test. Categorical variables are presented as number
of cases (percentage) and were compared by the 𝜒2 test
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Table 1: Demographic, clinical, echographic, and endoscopic char-
acteristics of the 54 patients with HCV-related cirrhosis.

Variables 𝑁 = 54

Age (years)∗∗ 72 (63–79)
Sex, male/female∗ 25 (46.3)/29 (53.7)
HCV RNA ∗ 105 (IU/mL)e 4.92 ± 2.11

HCV genotype 1/2/3/4∗ 38 (70.4)/4 (7.4)/12
(22.2)/0 (0)

Child-Pugh class A/B∗ 15 (27.7)/39 (72.3)
Total bilirubin (mg/dL)∗∗ 1.3 (0.7–3.1)
AST (IU/L)∗∗ 57 (22–111)
ALT (IU/L)∗∗ 66 (31–138)
Albumin (g/dL)∗∗ 3.8 (2.5–4.1)
Gamma globulins (g/dL)∗∗ 2.9 (2.1–3.3)
Platelet count ∗ 103/𝜇L∗∗ 111 (34–212)
International normalized ratio (INR)∗∗ 1.29 (1–1.98)
Echographic spleen diameter (cm)∗∗ 13.9 (9.9–17.8)
Esophageal varices (EV), yes/no∗ 28 (51.8)/26 (48.2)
EV

Grade 1∗ 11 (39.3)
Grade 2∗ 11 (39.3)
Grade 3∗ 6 (21.4)
Red wheals, yes/no∗ 2 (7.1)/26 (92.9)

∗Data presented as 𝑁 (%) ∗∗Data presented as median (IQR) eData
presented as mean ± standard deviation.
AST: aspartate aminotransferase; ALT: alanine aminotransferase; IQR:
interquartile range.

or Fisher’s exact test, when appropriate. Correlations between
different parameters were analyzed by Spearman correlation
coefficients. A logistic regression model was used to assess
the impact of SS, spleen diameter and platelet count on the
presence of EV.

The best cut-off value to predict the presence of EV
was determined by Kolmogorov-Smirnov index, that is, a
natural generalization to continuous test of Youden index
for binary test [19]. Receiver operating characteristic (ROC)
curveswere generated to assess the diagnostic performance of
VTTQ-SS for the detection of EV.The ROC-curve represents
the sensitivity (Se) plotted against 1-specificity (Sp) for all
possible cut-off values. The most commonly used index
of accuracy is the area under the ROC curve (AUROC),
with values close to 1 indicating higher diagnostic accuracy.
Finally, we calculated the likelihood ratio (LR) and we
graphically represented our data with a Fagan nomogram,
which is a graphical tool for estimating how much the result
of a diagnostic test changes the probability that a patient has a
disease.

Pearson’s correlation coefficient was used to evaluate
intraobserver agreement; Bland-Altman method was used
to assess the agreement between VTTQ-SS measurements
obtained by two different observers on the same patients
[20].
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Figure 3: Distribution of spleen stiffness median values measured
by Quantitative Acoustic Radiation Force Impulse Elastography
(VTTQ) among healthy controls, CHC patients and cirrhotic
patients with or without esophageal varices (EV). Splenic stiffness
(SS) was significantly higher among cirrhotic patients with EV
(3.37m/s) in comparison with controls (2.19m/s, 𝑃 < 0.001), CHC
patients (2.37m/s, 𝑃 < 0.001), and cirrhotic patients without EV
(2.7m/s, 𝑃 < 0.001). Moreover, SS was significantly higher among
cirrhotic patients without EV in comparisonwith both controls (𝑃 <
0.001) and CHC patients (𝑃 < 0.01).

3. Results

3.1. Overall Characteristics of Study Population. Table 1 shows
the demographic, clinical, echographic, and endoscopic char-
acteristics of the 54 cirrhotic patients enrolled in the present
study.

Following upper endoscopy evaluation, 48.2% of cir-
rhotic patients showed no EV, 20.4% had grade 1 EV, 20.4%
had grade 2, and 11% had grade 3. Red wheals were observed
in 7.1% of patients with EV.The characteristics of the group of
cirrhotic patients with EV and those without EV are shown in
Table 2. Platelet count, bilirubin levels, and spleen diameter
on sonography significantly differed between the two groups
(𝑃 < 0.05).

As for CHC patients, HCV genotype was 1a/b in 88%
of patients, 2 in 3.7%, and 3 in 7.4%. 29.6% of them had F1
fibrosis, 40.8% had F2 fibrosis, and 29.6% had F3 fibrosis.
Mean HCV-RNA plasma level was 3.77±1.16 ∗ 105 IU/mL.

3.2. Comparison of SS by VTTQ in the Subject Groups.
VTTQ-SS values were higher in cirrhotic patients with EV,
when compared with cirrhotic subjects without EV, CHC
patients, and controls, as shown in Figure 3. In fact, the
median values of spleen stiffness were 2.19 (IQR 1.83–2.31)
m/s for controls, 2.37 (IQR 1.96–2.58) m/s for CHC patients,
2.7 (IQR 2.31–3.03) m/s for cirrhotic patients without EV,
and 3.37 (IQR 3.21–3.62) m/s for those with EV (𝑃 <
0.001 versus controls, CHC patients, and cirrhotic sub-
jects without EV). Moreover, VTTQ-SS was significantly
higher among cirrhotic patients without EV in compari-
son with both controls (𝑃 < 0.001) and CHC patients
(𝑃 < 0.01).

3.3. Distribution of SS Median Values. To evaluate the vari-
ability associated with SS measurements, we divided patients
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Table 2: Characteristics of cirrhotic patients with esophageal varices (EV) compared to cirrhotic patients without EV by Kruskal-Wallis test.

Cirrhotics with esophageal
varices (𝑁 = 28)

Cirrhotics without
esophageal varices

(𝑁 = 26)
Age (years)∗∗ 76 (63–81) 68 (62–75)
Sex, male/female∗ 13 (46.4)/15 (53.6) 12 (46.1)/14 (53.9)
HCV RNA ∗ 105 (IU/mL)e 4.66 ± 2.37 5.11 ± 1.91

HCV genotype 1/2/3/4∗ 18 (64.3)/2 (7.1)/8 (28.6)/0 (0) 20 (77)/2 (7.7)/4 (15.3)/0 (0)
Child-Pugh class A/B∗ 8 (28.5)/20 (71.5) 7 (27)/19 (73)
Total bilirubin (mg/dL)∗∗ 1.9 (1–3.1)∗∗∗ 1.1 (0.7–2.8)∗∗∗

AST (IU/L)∗∗ 55 (27–111) 58 (21–105)
ALT (IU/L)∗∗ 63 (39–136) 69 (30–129)
Albumin (g/dL)∗∗ 3.4 (2.1–3.6) 3.9 (2.7–4.1)
Gamma globulins (g/dL)∗∗ 3.0 (2.4–3.3) 2.8 (2.1–3.1)
Platelet count ∗ 103/𝜇L∗∗ 96 (34–206)∗∗∗ 124 (65–212)∗∗∗

International normalized ratio (INR)∗∗ 1.11 (1–1.59) 1.31 (1.23–1.97)
Echographic spleen diameter (cm)∗∗ 14.1 (11.6–17.8)∗∗∗ 11.8 (9.1–12.7)∗∗∗
∗Data presented as𝑁 (%) ∗∗Data presented as median (IQR) eData presented as mean ± standard deviation ∗∗∗𝑃 < 0.05.
AST: aspartate aminotransferase; ALT: alanine aminotransferase; IQR: interquartile range.
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Figure 4: Evaluation of interquartile range (IQR) variability accord-
ing to spleen stiffness (SS) median values. IQR was significantly
higher among subjects with SSmedian values >3m/s in comparison
with those having SS <2m/s (𝑃 < 0.001) or between 2 and 3m/s
(𝑃 < 0.05). Analogously, IQR was higher among subjects with SS
median values between 2 and 3m/s than thosewith SSmedian values
<2m/s (𝑃 < 0.01).

into 3 subgroups according to SS median values (SS <2m/s,
2-3m/s, >3m/s) and we found that the IQR was significantly
higher among subjects with SS median values >3m/s in
comparison with those having SS <2m/s (𝑃 < 0.001) or
between 2 and 3m/s (𝑃 < 0.05). Analogously, IQR was
higher among subjects with SS median values between 2 and
3m/s than those with SS median values <2m/s (𝑃 < 0.01)
(Figure 4).

3.4. SS Measurement for Predicting EV. The best VTTQ-SS
cut-off value to predict the presence of EV, as determined

by Kolmogorov-Smirnov index, was 3.1m/s. The diagnostic
accuracy (AUROC) for the prediction of EV was 0.959
(95% confidence interval (CI) 0.91–1), Se 96.4%, Sp 88.5%,
positive predictive value (PPV) 90%, negative predictive
value (NPV) 96%, positive likelihood ratio (PLR) 8.36, and
negative likelihood ratio (NLR) 0.04 (Figure 5).

Figure 6 shows nomographic depiction to estimate
posttest probability of having EV from pretest probability
and likelihood ratio. Using the pretest probability of 51.8%
(the overall prevalence of EV in our cohort), the posttest
probability was 90%.With a negative likelihood ratio of 0.04,
the posttest probability diminished to 4%.

3.5. Relationship between SS, Platelet Count, Spleen Diameter,
and EV. In our cohort of cirrhotic patients, SS measured by
VTTQ showed a significant negative correlation with platelet
count (𝑟 = −0.328, 𝑃 = 0.015) but not with spleen diameter
(𝑟 = 0.245, 𝑃 = 0.073). Furthermore, we found that only SS,
but not spleen diameter and platelet count, was associated
with the presence of EV (𝑃 = 0.005) when using a logistic
regression model.

3.6. Intra- and Interobserver Agreement. By Bland-Altman
method, there was no significant difference between VTTQ-
SS values of the 16 patients obtained from two different
sonographers (Figure 7). Median VTTQ-SS value was 3.3
(IQR 2.7–3.65) m/s for the expert operator and 3.12 (IQR
2.48–3.56) m/s for the novice operator.

Similarly, VTTQ-SS, as evaluated on 21 patients by the
same operator in two different time points, was not sig-
nificantly different (2.97 (IQR 2.52–3.23) m/s for the first
measurement versus 2.66 (IQR 2.45–3.33) m/s for the second
one). Pearson’s correlation coefficient was 0.933 (0.84–0.97).
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Figure 5: Receiver operating characteristic (ROC) curve of
spleen stiffness measured by Quantitative Acoustic Radiation Force
Impulse Elastography (VTTQ) for the prediction of esophageal
varices. AUROC: area under the ROCcurve; CI: confidence interval;
NLR: negative likelihood ratio; NPV: negative predictive value; PLR:
positive likelihood ratio; PPV: positive predictive value.

4. Discussion

PH is a common consequence of chronic liver diseases,
leading to the formation of esophageal and gastric varices
and other severe complications, such as portosystemic
encephalopathy and sepsis [3, 4]. HPVG is considered the
gold standard for the evaluation of PH and the best surrogate
indicator of prognosis in cirrhotic patients [5]. Unfortu-
nately, it is an invasive and expensive procedure, which
is not routinely available in clinical practice. According to
current guidelines [6], upper gastrointestinal endoscopy is
recommended for the detection of EV and the assessment of
the bleeding risk. However, considering the invasiveness and
costs of both types of investigations, there is a pressing need
for new noninvasive surrogate markers. In the present study,
VTTQ-SS was characterized by a high diagnostic accuracy
for the prediction of EV in cirrhotic patients, independent
of related parameters, such as spleen diameter and platelet
count. In particular, splenic VTTQ showed an excellent
sensitivity (96%) and specificity (88%) and a 96% negative
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Figure 6: Fagan’s Nomogram for esophageal varices (EV). Using
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our cohort), the posterior probability of having EV was 90%. LR:
likelihood ratio; Prior Prob.: pretest (prior) probability; Posterior
Prob.: posterior probability.
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predictive value. Of importance, by applying the cut-off value
of 3.1m/s to the entire population of cirrhotic patients, we
would be able to avoid endoscopy in around 45% of them.
Our study suggests that VTTQ-SS is able to identify among
patients with cirrhosis those who could delay the onset of
endoscopic followup, as having a low probability of bearing
EV. In fact, in our experience a cut-off value <3.1m/s was
able to accurately rule out the presence of EV, supporting the
possibility to reserve upper gastrointestinal endoscopy only
to patients with SS >3.1m/s.

So far, only few reports have assessed the possibility
to use ARFI elastography of the spleen as a noninvasive
diagnostic tool for the presence of EV [13–15, 21, 22]. In
keeping with our observations, Ye et al. have described a
significant linear correlation between SS and variceal grade
in a cohort of patients with chronic hepatitis B, being
3.16m/s the optimal cut-off established by the authors for
predicting the presence of EV (Se 84.1%, Sp 81%) [21]. In
a recently published work of Takuma et al. [15], a cut-off
value of 3.18m/s was able to identify cirrhotic patients with
EV with a 98.4% negative predictive value, Se 98.5%, and
Sp 60.1%; a cut-off of 3.3m/s was used to rule out the
presence of high-risk varices. Analogously, Bota et al. found
SS and LS to be significantly higher in a cohort of newly
diagnosed patients with grade 2-3 EV, in comparison with
those bearing grade 0-1 EV.Their cut-off for predicting grade
2-3 EV was >2.55m/s (AUROC 0.578, Se 96.7%, and Sp
47.6%) and the authors elaborated a new score including LS,
SS, and the presence of ascites to predict the presence of
significant EV (AUROC 0.721, 69.6% accuracy), which was
much better than LS and SS alone [13]. These results are in
contrast with a previous study of the same group, where the
authors failed to detect any significant differences in themean
SS values between cirrhotic patients with and without EV
[22].

In comparison with previous reports, our study showed a
higher diagnostic performance of VTTQ in predicting EV. A
possible explanation is the systematic and extensive sampling
of the spleen, which may have been able to adequately
represent the heterogeneity of SS distribution. Bota et al. [13]
took their measurements 1-2 cm under the capsule, which
may not adequately represent the whole splenic parenchyma.
Analogously, Ye et al. [21] measured SS in the middle portion
of the spleen and 1-2 cm below the splenic capsule, even
though their cut-off for predicting EV was quite close to ours
(3.16m/s).

In the study of Takuma et al. [15], SS was measured 1
cm below the spleen capsule; again, although their cut-off
(3.18m/s) did not differ significantly from ours, it should
be noticed that their sampling method was different from
that proposed in the present study, as they took only five
valid measurements for each patient, excluding from further
analysis any SS value with an IQR to median value ratio
greater than 30% or a success rate less than 60%.The authors
did not report the number of excluded measurements.
Moreover, this approach did not systematically evaluate the
spatial distribution of splenic viscoelasticity and introduces
a subjective criterion in the choice of valid measurements.
On the contrary, we extensively measured SS throughout

the splenic parenchyma in order to assess the variability of SS
and obtain a representative sampling of the spleen. In addi-
tion, our method demonstrated an excellent reproducibility
as assessed by data on inter- and intraobserver agreement.
In fact, no significant differences in VTTQ-SS values were
found between an expert operator and a novice one, thus
demonstrating that VTTQ-SS is easy to perform and does not
require a specific training.

Our study has some limitations. Firstly, it was carried
out on a relatively small number of subjects. Secondly, only
few patients had large EV, so we were not able to identify a
cut-off value for large varices. Nevertheless, our preliminary
data seem to suggest that VTTQ would work much better
and more safely in the selection of cirrhotic patients for
endoscopic screening rather than to identify high-risk large-
sized varices. Finally, in this preliminary study, we have
intentionally omitted to evaluate LS, but it would be worthy
for further research to evaluate both LS and SS to validate the
combined algorithm suggested byBota et al. [13] and establish
the accuracy of both LS and SS to predict the development
of HCC in patients with chronic hepatitis [23–26]. Our
findings need further enforcement either by themeasurement
of HPVG or by an extensive internal and external validation,
including patients with cirrhosis of different etiology.

In conclusion, our study suggests that VTTQ-SS could
represent an easy-to-perform, noninvasive, reproducible
diagnostic tool which can be performed altogether with the
routine echographic exam in cirrhotic patients in order to
limit and/or delay the indications of endoscopic screening
for EV among patients with HCV-related cirrhosis. Further
longitudinal studies are needed to confirm our data.
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Increasing evidence supports the important role of cancer stem cells (CSCs). Many reports suggest that epithelial cell adhesion
molecule (EpCAM) is a useful marker for cancer stem cells in hepatocellular carcinoma (HCC). To elucidate the mechanisms
of cancer stem cells, the development of specific molecular targeted drugs has become very important. In the present study, we
examined the EpCAM expression pattern and its characteristic expression in resected HCC. We studied the drug resistance of
EpCAM expression cells. EpCAM expression was detected significantly more frequently with hepatitis B virus (HBV) than with
other etiologies. InHCC resection patients who had received prior treatment (transcatheter arterial embolization or hepatic arterial
infusion chemotherapy), EpCAM was strongly expressed. In particular, very strong expression was observed after hepatic arterial
infusion chemotherapy. The PLC/PRF/5 human HCC cell line expressed bimodal EpCAM, and EpCAM-positive cells had CSC
cell potency.The EpCAM expression in EpCAM-positive cells increased significantly by treatment with cisplatin. EpCAM-positive
cells showed better viability than EpCAM-negative cells when treated with ciplatin. Collectively, our results suggest that cancer
stem cells are highly expressed in hepatitis B and have potential anticancer drug resistance.

1. Introduction

Worldwide, hepatocellular carcinoma (HCC) is the fifth
most frequently diagnosed cancer [1] in human; however,
it is the second most frequent cause of cancer death. In
the early stages of hepatocellular carcinoma, when patients
still maintain a hepatic functional reserve, local treatment
such as hepatic resection or radiofrequency ablation is rel-
atively effective [2]; however, many patients have repeated
recurrence and died. For advanced hepatocellular carcinoma,
hepatic arterial infusion chemotherapy (HAIC) is sometimes
effective [3, 4]. Also, recently sorafenib [5] has come into
use, but satisfactory results [6] have not been shown yet.
Therefore, considering the current therapy options for HCC,
finding a new therapeutic target molecule has become very
important.

Recently, there have been many studies [7–9] about
cancer stem cells. Among heterogenous cell populations, the
role of a relatively small fractionwith potent growth potential,
so-called cancer stem cells (CSCs), in tumorigenicity has

been emerging. CSCs are estimated to comprise about 0.03–
29% of tumor cells [10]. If CSCs survive treatment with
anticancer drugs, a small number of cancer stem cells can
grow again, acquiring the ability to resist anticancer drugs.
Therefore, the development of a treatment with a molecular
mechanism for cancer stem cells is important.

Some markers of CSCs in HCC have been reported (i.e.,
CD133 [11, 12], CD90 [13], CD13 [14], and epithelial cell
adhesion molecule (EpCAM) [15–17]). EpCAM is intricately
linked with the cadherin-catenin pathway, and the funda-
mental Wnt/𝛽-catenin signaling pathway is responsible for
intracellular signaling and polarity [18]. At first, EpCAM
was reported as a marker of the cancer stem cell in the
pancreatic carcinoma and the breast cancer. In addition,
EpCAM appears in human hepatic progenitor cell.Therefore,
we thought that EpCAM could become a useful cancer
stem cell marker in a HCC. We have reviewed EpCAM
in the previous reports. We have reported that PLC/PRF/5
expressed bimodal EpCAM [17]. The EpCAM-positive cell
subpopulation showed higher colony formation and higher
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expression of other putative CSCmarkers (i.e., CD133, CD90,
and ABCG2) than did EpCAM-negative cells. Furthermore,
the bifurcate differentiation from EpCAM-positive cells
into both EpCAM-positive and EpCAM-negative cells was
obvious both in vitro and in vivo, while EpCAM-negative
cells sustained their phenotype. Sorted EpCAM-positive and
EpCAM-negative populations from PLC/PRF/5 were sepa-
rately inoculated in NOD/scid/𝛾 cnull (NOG) mice, and the
growth wasmonitored. EpCAM-positive cells needed a lower
number to form a tumor than did EpCAM-negative cells.
In addition, EpCAM-positive cells showed earlier onset and
formed larger tumors than did the same number of EpCAM-
negative cells. Accordingly, we considered that EpCAM-
positive PLC/PRF/5 cells could be used as a model CSC cell
line.

In the present study, we examined the EpCAMexpression
pattern and characteristics of EpCAM expression in HCC
using resected HCC specimens. Additionally, we conducted
in vitro studies of EpCAM-expressing PLC/PRF/5 cells.

2. Materials and Methods

2.1. Patients. Specimens were obtained during operations
for HCC lesions from 2005 to 2010 in Tohoku University
Hospital (𝑛 = 71). 58 patients had surgery without previous
treatment. The other 13 patients received previous treatment
(transcatheter arterial chemoembolization (TACE), 𝑛 = 9;
hepatic arterial infusion chemotherapy (HAIC), 𝑛 = 4)
before the operation. Table 1 shows the clinical profiles of
the 58 HCC patients. In our hospital, the HAIC protocol
was fluorouracil (5-FU) (250mg/day for 5 days/week for
4 weeks), cis-diamminedichloroplatinum (CDDP) (10mg–
5mg/day for 5 days/week for 4 weeks), and levofolinate
calcium 100mg. These drugs were administered continu-
ously using an ambulatory balloon infusion pump. Most of
the patients received 2 courses of the treatment to shrink
the tumor prior to surgery. Written informed consent was
obtained from each patient, and the study was approved
by the Ethics Committee of Tohoku University School of
Medicine (number 2008-241). We analyzed the correlation
between EpCAM expression and the patient’s characteristics
such as etiology, age, gender, tumor size, liver status, and
tumor factors.

2.2. Immunohistochemical Staining. Formalin-fixed and
paraffin-embedded tissues were sectioned into 2 mm-thick
slices. They were heated twice for 5 minutes in 10mM citrate
buffer (pH 6.1, Target Retrieval Solution; Dako, Glostrup,
Denmark) in a microwave oven after deparaffinization.
The specimens were treated with 3% hydrogen peroxide in
methanol for 10 minutes and incubated with an antiepithelial
specific antigen (ESA) antibody (Ab) [B29.1 VU-ID9] (Gene
Tex, Irvine, CA) at 4∘C overnight. After incubation with
peroxidase-conjugated anti-mouse IgG Ab as a secondary Ab
(Nichirei, Tokyo, Japan) for 30 minutes at room temperature,
the sections were developed using a NovaRED substrate kit
(Vector laboratories, Burlingame, CA) and counterstained
with hematoxylin.

2.3. Cell Lines andCell Cultures. HumanHCCcell linesHuh7,
HepG2, Hep3B, Li-7, and PLC/PRF/5 were obtained from
the Cell Resource Center for Biomedical Research, Tohoku
University. Cells were cultured in DMEM (high glucose)
with L-glutamine and phenol red (Wako, Osaka, Japan)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) (Sigma-Aldrich) at 37∘C in 5% CO

2
atmosphere.

2.4. Antibodies and Flow Cytometry Analysis. The following
monoclonal antibodies were used. The biotinylated-anti-
ESA (EpCAM) Ab was from Gene Tex. Streptavidin-PE
(BD biosciences, San Jose, CA) was used as a secondary
reagent for biotinylated Abs. The HCC cell lines were
detached with Accutase (Chemicon, Billerica, CA) for 15
minutes at 37∘C. The dissociated cells were washed twice
with phosphate buffered saline (PBS) and resuspended with
staining buffer (PBS containing 0.5% bovine serum albumin
(BSA), 2mM ethylenediaminetetraacetic acid (EDTA), and
20mMHEPES) at 1× 106/100 𝜇L. FcR-blocking reagent (Mil-
tenyi Biotec) was added to inhibit the unspecific binding of
antibodies. Cells were stained for 40 minutes on ice. Dead
cells were eliminated using propidium iodide (PI). Flow-
cytometric analysis was performed by FACS Canto II (BD
biosciences), and the collected data were analyzed using
FACS Diva software (BD biosciences). Gating was set based
on the isotype-staining profiles.

2.5. Cell Sorting. Cell lines were stained using the same
protocol as for the flow-cytometric analysis. Cell sorting was
performed by FACS Aria II (BD biosciences) using FACS
Aria’s purity sorting mode. The purity of the sorted cells was
evaluated by flow cytometry. The purity after sorting was
typically more than 95%.

2.6. Statistical Analysis. Statistical analyses were performed
using software JMP.Table 1was evaluatedwithKruskal-Wallis
test or 𝑋2 test. Figures 2 and 4 were evaluated with Fisher’s
exact test. Figures 3 and 5were evaluated with Student’s t-test.
Values of 𝑝 < 0.05 were considered statistically significant.

3. Results

3.1. EpCAM Expression in Nontumor Tissues and Tumor Tis-
sues. Significant difference in the clinical profiles, except age
and ALT, was not accepted (Table 1), because cancer occurs
in hepatitis B virus (HBV) patients earlier than in those
with other etiologies, and [non-B, non-C (NBNC) hepatitis]
patients had relatively normal livers. In nontumor tissues,
cholangiocytes and normal hepatocytes expressed EpCAM.
In particular, EpCAM was expressed at the regenerating
region in normal hepatocytes (Figure 1(a)). On the other
hand, the stained area and intensity varied in theHCC tissues
in each case. At high magnification, the EpCAM expression
was heterogeneous. HCC tissues were divided into four
grades according to the level of EpCAM(Grade 0 (0%), Grade
1 (<10% or diffusely weakly expression), Grade 2 (≥10% and
<50%, resp.), and Grade 3 (≥50%)) (Figure 1(b)). Grades 1 to
3 were EpCAM positive, and Grade 0 was EpCAM negative.
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Table 1: Clinical profiles of 58 hepatocellular carcinoma patients. They had surgery without previous treatment.

HBV HCV NBNC
Number 18 23 17
Age 56.0 ± 10.1 65.6 ± 8.3 69.8 ± 8.0 𝑝 = 0.0003

Sex (male/female) 14/4 15/8 15/2 𝑝 = 0.2369

Differentiation (wel/mod/por) 2/12/4 4/12/5 5/7/5 𝑝 = 0.7967

Tumor size (mm) 53.3 ± 52.3 42.3 ± 25.1 66.2 ± 42.3 𝑝 = 0.0756

ALT (IU/L) 61.1 ± 37.3 60.5 ± 48.7 32.6 ± 34.0 𝑝 = 0.0027

𝛾GTP (IU/L) 98.2 ± 86.8 79.3 ± 70.2 114.8 ± 153.3 𝑝 = 0.9223

Alb (g/dL) 4.1 ± 0.3 4.0 ± 0.4 4.0 ± 0.3 𝑝 = 0.5170

Plt (×103/𝜇L) 161.2 ± 43.6 160.6 ± 48.2 213.6 ± 78.9 𝑝 = 0.0932

AFP (ng/mL) 1630.9 ± 2743.8 961.6 ± 2956.0 2717.8 ± 10983.9 𝑝 = 0.1753

AFP-L3 (%) 18.2 ± 22.7 16.0 ± 20.1 14.1 ± 23.9 𝑝 = 0.4964

PIVKA-II (AU/L) 48377.1 ± 132988.9 10912.2 ± 43623.6 16646.0 ± 39322.3 𝑝 = 0.5643

Data expressed as mean ± SD. ALT: alanine aminotransferase; 𝛾GTP: 𝛾-glutamyl transpeptidase; Alb: albumin; Plt: platelet; AFP: alpha-fetoprotein; AFP-L3
(%): LCA-reactive alpha-fetoprotein isoform; PIVKA-II: protein induced by vitamin K absence or antagonists-II. Sex and differentiation analyzed by 𝜒2 test.
Other data analyzed by Kruskal-Wallis test.

Table 2: Expression grade of EpCAM in resected HCCs.

Grade 0 Grade 1 Grade 2 Grade 3 Total
HBV 4 5 3 6 18
HCV 12 5 5 1 23
NBNC 10 0 4 3 17
Total 26 10 12 10 58

Table 3: Clinical profiles of surgery alone patients and patients who received prior treatment.

Non prior treatment Prior treatment (TACE or HAIC)
Number 58 13
Age 63.9 ± 10.3 62.6 ± 9.9 𝑝 = 0.7322

Sex (male/female) 14/4 15/8 𝑝 = 0.2369

Etiology (HBV/HCV/NBNC) 18/23/17 3/7/3 𝑝 = 0.6470

Tumor size (mm) 52.7 ± 40.8 28.6 ± 18.9 𝑝 = 0.0118

ALT (IU/L) 52.5 ± 42.7 35.8 ± 17.9 𝑝 = 0.3683

𝛾GTP (IU/L) 95.6 ± 104.7 58.5 ± 29.4 𝑝 = 0.4438

Plt (×103/𝜇L) 176.3 ± 61.6 172.8 ± 112.2 𝑝 = 0.2553

Child-Pugh classification (𝐴/𝐵) 58/0 11/2 𝑝 = 0.024

AFP (ng/mL) 1684.1 ± 6325.6 2529.1 ± 7414.3 𝑝 = 0.6936

Data expressed as mean ± SD. Sex, etiology, and Child-Pugh were classification analyzed by 𝜒2 test. Other data were analyzed by Kruskal-Wallis test.

3.2. High Expression of EpCAM in HBV Patients. An analysis
of 58 primary HCC tissues (etiology: HBV, 𝑛 = 18; HCV, 𝑛 =
23; NBNC, 𝑛 = 17) was conducted. Table 2 shows the EpCAM
expression grades in the resected HCCs. No significant
difference was recognized in each etiology according to the
grade. Grade 0 was EpCAM negative, and Grades 1 to 3 were
EpCAMpositive. In 78%of theHBVpatients (14/18), EpCAM
expression was found in the resected HCC. Such expression
was significantly higher than in those with other etiologies
(HCV, 47%; NBNC, 41%) (Figure 2). No differences were
found between HCV and NBNC patients.

In Grade 3, a rise of the AFP was significant in compari-
son with the other grades (Figure 3); however, no other char-
acteristics showed correlation with the EpCAM expression.

3.3. High Expression of EpCAM in Previously Treated HCC
Resection. Either transarterial chemoembolization (TACE)

or hepatic arterial infusion chemotherapy (HAIC) was per-
formed on the patients prior to surgery. These patients were
operated for residual HCC. Table 3 shows the clinical profiles
of the surgery alone patients (𝑛 = 58) and patients (𝑛 = 13)
who received prior treatment (TACE or HAIC). Among the
significant clinical profile differences, only the tumor size
and Child-Pugh classifications were accepted. Those patients
receiving the treatments before the resection showed very
high expression of EpCAM (Figure 4(a)). In 92% of the
patients that received previous treatment (12/13), EpCAM
expression was found. In particular with patients who had
resection after HAIC treatment, very strong expression was
observed in all positive cases (Figure 4(b)).

3.4. EpCAM-Positive PLC/PRF/5 Cells Had Anticancer
Drug Resistance Potency. The FACS analysis of 5 different
HCC-derived cell lines showed various staining patterns
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Cancer region (low magnification) Cancer region (high magnification)

(a)

Grade 0 Grade 1 Grade 1

Grade 2 Grade 3

(b)

Figure 1: Immunohistochemical staining of EpCAM in resected HCCs. (a) EpCAM expression was observed in bile duct (black arrows).
Many hepatocytes did not express EpCAM, but it was expressed in the regenerated damaged liver tissue like that caused by cirrhosis (red
arrows). EpCAM expression in hepatocellular carcinoma (under panels). (b) Black arrows indicate cells with high EpCAM expression in
HCC. EpCAM (Grade 0 (0%), Grade 1 (<10%, or diffusely weakly expression), Grade 2 (≥10% and <50%, resp.), and Grade 3 (≥50%)).
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Figure 2:The frequency of EpCAMexpression in each etiology.The
frequency of EpCAM expression in resected HCCs was determined
for EpCAM+ (white bars) and EpCAM−(black bars).
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Figure 3: AFP of each grade of EpCAM expression. The average is
shown with SD.

(Figure 5(a)). Among them, PLC/PRF/5 showed a unique
bimodal pattern of EpCAM expression. Previously, we
reported [17] that EpCAM-positive cells had cancer stem
cell (CSC) potency. In this study, we demonstrated that
the expression of EpCAM had increased in the treatment-
resistant HCC. We used PLC/PRF/5 to investigate the effect
of anticancer drugs on the EpCAM-positive cells. PLC/PRF/5
cells showed increased frequency of EpCAM-positive cells
depending on the concentration of cisplatin (Figures 5(b)
and 5(c)). Next, we sorted PLC/PRF/5 [17] positive cells and
negative cells using a cell sorter. The cells were exposed to
various doses of cisplatin for 24 hrs. The cell viability was
determined byMTS cell proliferation assay. EpCAM-positive
cells showed better viability than EpCAM-negative cells after
cisplatin treatment (Figure 5(d)).

4. Discussion

Many studies [15, 19] have reported that EpCAM-positive
cells in HCC are cancer stem cells. In our previous study,
we reported [17] that EpCAM-positive cells in PLC/PRF/5
had high tumorigenicity, high colony formation, and differ-
entiation potency. We used Lentivirus to introduce EpCAM
cDNA to EpCAM-negative cell clones; however, the CSC
potency did not improve as compared to EpCAM-positive
cells. Therefore, EpCAM-positive cells did not only have the
EpCAM gene but also had the characteristics of cancer stem
cells. For this reason, we think EpCAM serves well as a CSC
marker in HCC.

Hepatitis B is known to develop HCC faster than other
etiologies. Carcinogenesis from HBV appeared at ages about
10 years younger than that from other etiologies in this
study. Although several mechanisms have been suggested
to explain the formation of HCC in hepatitis B patients,
the mechanism still remains uncertain [20]. In cancer stem
cell theory, it is thought that hepatitis B patients are more
susceptible to forming cancer stem cells than patients with
other etiologies. Our present study also showed results
supporting this presumption; however, the promoting factor
for cancer stem cells in HBV was not revealed. Arzumanyan
et al. [21] and Wang et al. [22] suggested that HBx promotes
cancer stem cells with EpCAM by activating 𝛽-catenin and
the epigenic upregulation ofmiR-181. In addition, Chisari and
Ferrari reported that HBx protein generates cancer stem cells
from hepatic progenitor cells. We think that the likelihood
of HBx acting as a promoting factor for cancer stem cells
is high but this would not explain everything, because HBs
antigen causes cancer and forms a microenvironment that
evades immunity [23]. Moreover, HBe antigen-transfected
HepG2 cell lines showed the upregulation of EpCAM in our
study (data not shown). Our present study did not suggest
distinct differences between hepatitis C patients and non-
C non-B hepatitis patients in terms of carcinogenesis. This
is because, for hepatitis C, inflammation is a contributing
factor for carcinogenesis as compared to hepatitis B. It has
been reported that HCV core results in carcinogenesis at a
high rate by continuously activating PPAR𝛼 [24]. We think
that inflammation also induces the formation of cancer stem
cells but that it is more complicated than HBV. Therefore,
we think that it is very useful to clarify the mechanism
of carcinogenesis resulting from HBV in order to explain
the mechanisms for cancer stem cells. We think that many
CSCs are included in the HBV-related HCC. Actually, high
expression of EpCAM admits HBV-related HCC in other
studies [25]. However, it cannot be said that the prognosis of
the HCC fromHBV is poor. Because overall survival of HCC
is influenced from not only the extension of cancer but also
the liver function. The hepatitis B patients who can control
fibrosis of the liver with the antiviral drug are not inferior to
other etiologies in overall survival.

HCV and NBNC patients did not express more EpCAM
than HBV patients. It was shown that its effect on the cancer
stem cells of HCV was lower than that on those of HBV. It
is thought that, in HCV, CSCs are caused through oxidative
stress.



6 BioMed Research International

TACE and HAIC
Nontreatment region Posttreatment region

Grade 3
Grade 2

Grade 1
Grade 0

0

20

40

60

80

100

(%
)

∗

∗p < 0.05 (Fisher’s exact test)

(a)

Post-TACE: EpCAM+ Post-CHAI: EpCAM+

(b)

Figure 4: (a) Frequency of EpCAM expression in nontreated regions and posttreatment regions (TACE and HAIC). (b) Immunohistochem-
ical staining of EpCAM in resected HCCs previously treated.

Yamashita et al. described AFP+ EpCAM+ cells as a more
precise marker of CSC [19]. Our results did not show any
relation with AFP when the EpCAM expression level was low
but, with Grade 3 expression, significant AFP expression was
also shown. AFP is expressed in plasma so it cannot be simply
compared, but we believe EpCAM serves well as a marker for
locating the cancer stem cells.

Generally, it is thought that HCC has anticancer drug
resistance. Even though the anticancer drug treatment
shrinks the cancer, but if CSCs still remain, they proliferate
and gradually acquire anticancer drug resistance. Our study
has shown that EpCAM-positive cells were very strongly
expressed in the remaining cancer, even when treated
by strong anticancer treatment such as HAIC. However,
our study is limited because the amount of HCCs that
were resected after the HAIC was very small. Nonetheless,
EpCAM expression was increased in cases that were treated
with TACE. In addition, our CSC model HCC cell line
(EpCAM-positive cells in PLC/PRF/5) supported the result

that EpCAM-positive cells had anticancer drug resistance.
EpCAM-positive cells are not formed after the application
of an anticancer drug to EpCAM-negative cells. Therefore,
EpCAM-positive cells are thought to have anticancer drug
ability.

In many studies, which were conducted in vitro, it was
reported that CSCs have anticancer drug ability. Only a
few studies have reported CSCs in the remaining cancer
after treatment with anticancer drugs for HCC. Our study
suggested that HAIC was very effective, but finally the
remaining tumor required resection. If CSCs really exist,
it is assumed that they will accumulate in the lesion. In
our present study, we used clinical specimens to clarify the
possible existence of CSCs in the remaining postanticancer
drug-treated lesions. We showed that the EpCAM-positive
cell of the PLC/PRF/5 had a characteristic of CSCs such
as tumorigenicity or the differentiation ability in a previous
study. Furthermore, we showed that EpCAM-positive cells
had anticancer drug resistance in the model cell line of the
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Figure 5: EpCAM-positive cells of PLC/PRF/5 had anticancer drug resistance potency. (a) Flow-cytometric analysis of various surface
molecules in HCC cell lines. Percentages of the indicated molecule-positive cells are indicated. A representative result of three independent
staining experiments is shown. (b)-(c) PLC/PRF/5were exposed to various doses of cisplatin for 24 hr.The results of flow-cytometoric analysis
are shown.The average of 3 independent experiments is shown with SD. (d)The cell viability was determined by MTS cell proliferation assay
after exposure to various doses of cisplatin. The average of 3 independent experiments is shown with S.E.M.



8 BioMed Research International

CSCs in this study and EpCAM-positive cells accumulated
in the treatment-resistant HCC from the resected specimens.
We show that there are CSCs in an EpCAM-positive cells, and
in other words, our study suggests the novel idea of many
EpCAM-positive cells that are included inHBV-relatedHCC.
Also the CSC showed possibility of being promoted by HBV.
We assume that the development of CSCs could be clarified
by further study of that target of the mechanism. Also, the
development of new treatments may become possible in the
future.

5. Conclusion

EpCAM is a good marker for CSC in HCC. Our results
suggest that CSCs are highly expressed in hepatitis B and have
the potential anticancer drug resistance.
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Aim. Recently, the utility of tumormarkers in the hepatocellular carcinoma (HCC) field has received a good deal of attention. Here,
we review and summarize the results of studies on the roles played by the 𝛼-fetoprotein (AFP) and prothrombin induced by the
absence of vitamin K or antagonist-II (PIVKA-II) responses in terms of the monitoring of outcomes and prediction of prognosis
after various HCC treatments.Methods. Studies lodged in PUBMED and that satisfied our inclusion criteria were reviewed. Results.
We reviewed 12 studies measuring both AFP and PIVKA-II responses in HCC patients treated in various ways. The results are
presented by treatment modality. Conclusion. Measurement of AFP and PIVKA II marker levels before and after HCC treatment is
clinically useful in monitoring of treatment outcomes and prognosis and in predicting recurrence and survival.

1. Introduction

Although treatments and surveillance have improved, hepa-
tocellular carcinoma (HCC) remains difficult to cure, partic-
ularly when the disease is progressive. Because only limited
treatment options are available, the prognosis is poor [1].
Thus, early diagnosis or detection of disease progression
after treatment remains key to effective control of HCC.
Imaging assessment remains the gold standard for evaluation
of responses after various HCC treatments [2–4]. However,
radiological analysis of HCC patients with vascular invasion
or multiple lesions may not yield clear data on disease
development, especially in cirrhotic patients. In addition,
extensive desmoplastic and inflammatory reactions, and
ischemic changes and tissue edema, develop after transar-
terial chemoembolization (TACE) or radiotherapy and may
mask improvement in tumor size that is normally detectable
by conventional imaging modalities, including radiology [5].

One possible way to deal with this limitation is via mea-
surement of tumormarkers, yielding information ancillary to
imaging data. Such markers have been studied previously [6,
7]. Measurement of 𝛼-fetoprotein (AFP) level is simple and is
already used widely for routine surveillance and noninvasive
diagnosis of HCC and to evaluate prognosis and monitor
recurrence following treatment [5, 6]. However, AFP serum
levels can also be increased in patients with other nontumor-
ous hepatic disorders, including acute and chronic hepatitis
of any type, cirrhosis, and/or massive hepatic necrosis, and
may reflect (general) hepatic inflammatory and regenerative
activity [6, 8, 9]. However, serum prothrombin induced
by the absence of vitamin K or antagonist-II (PIVKA-II)
measurement not only more specifically differentiates HCC
from other hepatic diseases [10, 11], but PIVKA-II levels are
not also usually correlated with those of AFP [12, 13]. Thus,
measures of PIVKA-II and AFP are independent. Although
the AFP serum level reflects the intrahepatic tumor burden,
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assessment of serum PIVKA-II level reflects the extent of
vascular invasion, including portal vein thrombosis and
extrahepatic disease extension [14], and is regarded as com-
plementary to serumAFPmeasurement.Thus, measurement
of both PIVKA-II and AFP levels may yield useful informa-
tion on treatment response and prognosis in HCC patients.
Because the half-lives of the two serummarkers are only a few
weeks [15], changes in serumAFP and PIVKA-II levels before
and after treatmentmay provide clinically useful information
on both treatment outcome and prognosis.The clinical utility
of simultaneous AFP and PIVKA-II measurement was first
report by Aoyagi et al. in 1996 [16]. Since then, many studies
have focused onuse of a combination of the levels of these two
markers to assess treatment response, to predict prognosis
and indeed to diagnose HCC [17–23].

Multimodal treatment is mandatory in HCC patients,
and the prognostic cutoff values, and predictive powers, of
AFP and PIVKA-II levels will differ according to the chosen
treatment modality.Therefore, we reviewed and summarized
the results of studies on the utilities of AFP and PIVKA-II
levels in monitoring of treatment outcomes and predicting
prognosis.

2. Methods

2.1. Search Strategy. Acomputerized English-language search
of PUBMED was performed in September 2013. Studies
published at any time were included. After a preliminary
search of the MeSH database, we used the terms “AFP and
PIVKA-II,” “AFP and DCP,” “combination tumor markers,”
“HCC,” “treatment response,” and “prognosis” to search titles
and/or abstracts.

2.2. Study Eligibility and Critical Appraisal. We carefully
reviewed all studies on AFP and PIVKA-II markers in the
HCC context and selected studies (1) dealing with both AFP
and PIVKA-II, (2) featuring measurement of both tumor
markers before and after treatment of HCC, and, (3) focusing
on the roles played by both tumor markers in assessing
treatment outcomes or predicting prognosis and survival.We
found 12 studies thatmet these criteria when investigating the
utilities of various HCC treatment modalities (Table 1).

3. Results

3.1. Serum AFP and PIVKA-II Levels in Patients Who Under-
went Curative Hepatic Resection to Treat HCC. Six studies
measured both AFP and PIVKA-II levels in patients who
underwent curative hepatic resection [20, 24–28].

3.1.1. Monitoring Treatment Outcomes. Yamamoto et al.
reported that the favorable predictive values of pretreatment
AFP and PIVKA-II levels in terms of postoperative recur-
rence had AUROCs of 0.79 and 0.91, respectively [26]. The
sensitivity and specificity of recurrence detection improved
simultaneously when both AFP and PIVKA-II levels were
measured (sensitivity, 66.7%; specificity 47.9%) compared to

those obtained when AFP levels alone (sensitivity, 60.1%;
specificity, 45.2%) or PIVKA-II levels alone (sensitivity,
62.9%; specificity, 47.9%) [20] were assessed. Patients with
high pretreatment levels of AFP and PIVKA-II experienced a
significantly higher incidence of tumor recurrence after cura-
tive treatment [20, 25], associated with the more unfavorable
tumor characteristics of patients with higher levels of AFP
and PIVKA-II [20, 21]. Chon et al. found that pretreatment
AFP and PIVKA-II levels were significantly higher in patients
with microscopic vessel invasion, or multiple tumors, com-
pared to others [20]. The roles played by tumor markers in
reflecting microscopic vessel invasion or tumor multiplicity
can compensate for limitations of current prognostic systems.

The concern was whether changes in tumor marker
levels after treatment would yield additional information
on patients who underwent curative resection [20, 24, 25,
28]. Changes in tumor marker levels after curative hepatic
resection provide information on both the pattern and
probability of recurrence. In one study, high preoperative
serum AFP and PIVKA-II levels were associated with early
recurrence (within 6 months) after curative resection [26].
Such patients had higher preoperative AFP and PIVKA-II
values than did those who developed recurrences >6 months
after surgery. Also, patients experiencing extrahepatic recur-
rences had higher preoperative marker levels than did those
with intrahepatic recurrences.

3.1.2. Prediction of Survival. SerumAFP and PIVKA-II levels
were also predictive of survival in many studies [20, 24–27].
Changes in tumor marker levels 3 months after operation
significantly predicted HCC recurrence [20]. If marker levels
did not fall, recurrence was likely [20, 24, 25]. Patients
with high AFP and PIVKA-II levels after curative treatment
experienced significantly poorer overall survival than those
with normal marker levels [25]. In addition, not only high
levels of markers per se, but also shorter doubling times of
increases in marker levels were linked to significantly poorer
disease-free and overall survival [27].Thus, rapid elevation of
marker levels reflects aggressive behavior of remnant tumors
after curative treatment.

Upon multivariate analysis to evaluate the predictive
values of marker levels in terms of survival, elevated serum
levels of AFP and/or PIVKA-II both before and after surgery
independently predicted disease-free or overall survival, as
did tumor size, tumor number, and the existence of vascular
invasion [20, 24, 25].The numbers of markers elevated before
operation and shorter doubling times of marker values were
also predictive of survival [25, 27].

3.2. Serum AFP and PIVKA-II Levels in Patients with TACE.
Two studies have examined the kinetics of both AFP and
PIVKA-II levels in HCC patients treated via transarterial
chemoembolization (TACE) [22, 29].

3.2.1. Monitoring Treatment Outcomes. Radiological mor-
phology after TACE is sometimes nonhomogenous and
inconsistent because of irregular uptake of lipiodol and
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Table 1: Studies regarding both AFP and PIVKA-II in the patients who underwent various treatment modalities for HCC.

Author Year Number of
patients

Treatment
modality

Tumor
marker

Cutoff value of
markers

Definition of tumor
marker response

(change from baseline)

Toyoda et al. [24] 2012 173 Curative
resection

AFP
AFP-L3
PIVKA-II

20 ng/dL
5%

40mAU/mL
—

Chon et al. [20] 2012 267 Curative
resection

AFP
PIVKA-II

20 ng/dL
40mAU/mL —

Nanashima et al. [25] 2011 470 Curative
resection

AFP
PIVKA-II

20 ng/mL,
200 ng/mL†
40mAU/mL,
400mAU/mL†

—

Yamamoto et al. [26] 2009 714 Curative
resection

AFP
PIVKA-II

20 ng/mL
40mAU/mL —

Masuda et al. [27] 2010 210 Curative
resection

AFP
PIVKA-II

20 ng/mL
40mAU/mL —

Nanashima et al. [28] 2006 63 Curative
resection

AFP
PIVKA-II

20 ng/mL
40mAU/mL —

Lee et al. [22] 2013 115 TACE AFP
PIVKA-II

20 ng/mL
40mAU/mL ≥50% reduction

Park et al. [29] 2012 327 TACE AFP
PIVKA-II

10 ng/mL
40mAU/mL ≥50% reduction

Lee et al. [23] 2012 60
67

HAIC
CCRT

AFP
PIVKA-II

20 ng/mL
20mAU/mL ≥20% reduction

Park et al. [14] 2013 111 CCRT AFP
PIVKA-II

200 ng/mL
60mAU/mL ≥50% reduction

Kuzuya et al. [30] 2011 48 Sorafenib AFP
PIVKA-II —‡ —

Nakazawa et al. [31] 2013 59 Sorafenib AFP
PIVKA-II

10 ng/mL
40mAU/mL

≥20% increase Twofold
increase

†Patients were divided into 3 groups with low and high cutoff values of tumor markers in this study.
‡Tumor marker ratio was evaluated in this study.

necrosis, evident on follow-up imaging, and this can com-
promise imaging-based measurements of tumor responses
[32, 33]. Lee et al. and Park et al. evaluated the serum
levels of AFP and PIVKA-II in efforts to overcome this
limitation [22, 29]. Radiological responses were assessed
using the modified Response Evaluation Criteria in Solid
Tumors (mRECIST), and each patient was considered to
show a complete response (CR), a partial response (PR),
stable disease (SD), or progressive disease (PD), as described
in previous reports [3]. When the percentage declines in
tumormaker levels after treatment (frompretreatment levels)
were evaluated, the reductions in both AFP and PIVKA-II
levels in patients exhibiting a CR or PR were significantly
greater than in those with SD or PD [29]. In addition, a strong
association between the radiological response and serum
AFP and PIVKA-II levels was evident [29]. However, such an
association was questioned in another study [22]. The AFP
serum level was significantly correlated with the radiological
response, but the serum level of PIVKA-II was not.

3.2.2. Prediction of Survival. Park et al. found significant
differences in median overall survival times between tumor

marker responders and nonresponders [29]. Upon mul-
tivariate analysis, the PIVKA-II and AFP responses were
significant indicators of overall survival independent of host,
tumor, and serological factors, when pretreatment values
were compared with those 3 and 6 months after treatment.
Lee et al. found that pretreatment AFP levels indepen-
dently predicted progression-free survival, but pretreatment
PIVKA-II levels did not. In terms of overall prediction of
survival, the pretreatment PIVKA-II level, the presence of
cirrhosis, the tumor number, and the AFP response were all
independent predictors [22]. The cited authors performed a
subanalysis to determine whether a combination of the AFP
and PIVKA-II responses would improve the prognostic value
of either alone. After stratifying patients with AFP and/or
PIVKA-II responses into combined tumor marker respon-
ders, and those without AFP and PIVKA-II responses into
combined tumormarker nonresponders, overall survival was
significantly longer in the former than the latter group (39.0
versus 21.5 months; log-rank test, 𝑃 = 0.011). In addition,
the combined tumor marker response was an independent
predictor of overall survival, together with tumor size and
the presence of cirrhosis. However, in terms of prediction of
progression-free survival, no difference was evident between
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the two groups. Thus, the combined tumor marker response
did not independently predict progression-free survival upon
multivariate analysis.

3.3. Serum AFP and PIVKA-II Levels Patients Receiving
HAIC or CCRT to Treat HCC. Two studies examined the
kinetics of both AFP and PIVKA-II levels in HCC patients
undergoing hepatic artery infusional chemotherapy (HAIC)
or concurrent chemoradiation therapy (CCRT) [14, 23].

3.3.1. Monitoring Treatment Outcomes. Lee et al. evaluated
the clinical utilities of AFP and PIVKA-II levels as predictors
of treatment outcomes in patients with advanced HCC
receiving HAIC (𝑛 = 60) or CCRT (𝑛 = 67) [23]. In
patients who underwent HAIC, the overall response (both
CR and PR, according to WHO criteria) was significantly
higher in AFP responders than nonresponders (36.0% versus
8.6%, 𝑃 = 0.009) and also in PIVKA-II responders than
nonresponders (50.0% versus 2.5%, 𝑃 < 0.001). However, no
difference in disease control rate (the total of CR, PR, and
SD, according to WHO criteria) between AFP or PIVKA-
II responders and nonresponders was evident. In patients
who underwent CCRT, only the overall response rate of
PIVKA-II responders was significantly better than that of
PIVKA-II nonresponders (42.2% versus 13.6%, 𝑃 = 0.019);
neither the overall response nor the disease control rate of
AFP responders differed from those of AFP nonresponders.
Another study on the clinical utilities of AFP and PIVKA-
II levels in patients undergoing CCRT (𝑛 = 111) focused
on whether a combination of AFP and PIVKA-II marker
levels could be used to subdivide patients into prognostic
groups [14]. Four groups were defined: A↓P↓ [AFP response
(+) and PIVKA-II response (+)]; A↓P↑ [AFP response (+)
and PIVKA-II response (−)]; A↑P↓ [AFP response (−) and
PIVKA-II (+)]; A↑P↑ [AFP response (−) and PIVKA-II (−)].
Not only the overall response but also the disease control rate
was the best in the A↓P↓ group, followed (in order) by the
A↓P↑, A↑P↓, and A↑P↑ groups. Notably, this study showed
that treatment outcome and prognosis differed significantly
among patients varying in the PIVKA-II response, evenwhen
patients exhibited an AFP response. In addition, a combina-
tion of the responses of both tumor markers predicted the
pattern of disease progression, extrahepatic versus intrahep-
atic. Extrahepatic disease occurred more frequently in the
A↓P↑ group and intrahepatic disease more frequently in the
A↑P↓ group (50.0% versus 28.6% for extrahepatic disease;
50.0 versus 71.4% for intrahepatic disease, respectively; 𝑃 =
0.001).This is because the serumAFP level reflects the tumor
burden, whereas the serum PIVKA-II level reflects the extent
of vascular invasion (portal vein thrombosis and extrahepatic
disease extension) [34].

3.3.2. Prediction of Survival. In patients who underwent
HAIC, AFP responders experienced significantly better over-
all survival than did AFP nonresponders (17.3 versus 6.4
months, 𝑃 < 0.001), whereas the survival of PIVKA-II
responders did not differ from that of PIVKA-II nonre-
sponders [23]. Similar results were seen in patients who
underwent CCRT. The overall survival of AFP responders

was significantly longer than that of AFP nonresponders (17.6
versus 8.7 months, 𝑃 = 0.014), but PIVKA-II responders
and nonresponders did not significantly differ in this context.
Rather, PIVKA-II responders among CCRT-treated patients
showed significantly better progression-free survival than did
nonresponders (9.2 versus 3.1 months, 𝑃 < 0.001). Multi-
variate analysis revealed that the AFP response was indepen-
dently predictive of overall survival in patients treated with
HAIC or CCRT, whereas the PIVKA-II response predicted
only progression-free survival in patients treated with CCRT.
Park et al. found that the prognoses of AFP responders could
be further divided in terms of whether such patients were
also PIVKA-II responders [14]. Patients in the A↓P↓ group
had significantly longer progression-free and overall survival
than did those of the A↓P↑ group (16.2 versus 5.1 months,
𝑃 = 0.009; 26.3 versus 7.3 months, 𝑃 = 0.017, resp.) [14]. In
addition, of patients who showed a discordant tumor marker
response (A↓P↑ or A↑P↓), those of the A↑P↓ groupwhowere
AFP nonresponders had better progression-free and overall
survival than did A↓P↑ patients (10.1 versus 5.1 months, 𝑃 =
0.038; 22.4 versus 7.3months,𝑃 = 0.038, resp.).Thepredictive
power (in terms of survival) of the two combined tumor
markers was better than that of AFP alone, and comparable to
that of the radiological response, according to the mRECIST
criteria.

3.4. Serum AFP and PIVKA-II Levels in Patients Given
Sorafenib to Treat HCC. Two studies investigated the kinetics
of both AFP and PIVKA-II after administration of sorafenib
to patients with advanced HCC [30, 31].

3.4.1. Monitoring Treatment Outcomes. Kuzuya et al. [30]
measured tumor marker ratios (the concentrations of tumor
markers 2 and 4 weeks after treatment, divided by the values
before treatment). At 2 weeks, the AFP (but not the PIVKA-
II) ratio was significantly higher in patients with PD than in
thosewith PR or SD.At 4weeks, both ratios were significantly
higher in patients with PD than in those with PR or SD.
The median AFP level did not change by either 2 or 4
weeks after commencement of sorafenib in the PR + SD
group, but a significant increase was evident in the PD group.
Similarly, Nakazawa et al. found an early increase in AFP
level (more than 20% that of the baseline value) within
4 weeks after commencement of sorafenib in PD patients
[31]. However, median PIVKA-II levels did not fall after
commencement of sorafenib, even in the PR + SD group, in
two studies [30, 31]. Rather, the median PIVKA-II levels at
both 2weeks and 4weeks increased significantly over baseline
in both the PR + SD and PD groups [30]. Such elevation of
PIVKA-II levels even in patients who are responding well
had been reported in previous studies [35, 36]. One possible
explanation is that sorafenib-mediated inhibition of angio-
genesis rendered tumor cells hypoxic, increasing PIVKA-
II production [30, 36]. Therefore, the elevated PIVKA-II
levels seen after administration of sorafenib may indicate not
only tumor progression but also tumor responsiveness, and
caution must be exercised when interpreting changes in AFP
and PIVKA-II levels together.
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3.4.2. Prediction of Survival. Kuzuya et al. assessed the cumu-
lative time to progression (using the RECIST criteria) and
cumulative overall survival after dividing patients into two
groups: those with low and high tumormarker ratios 4 weeks
after treatment [30]. First, the median time to progression
was significantly longer in the low than the high AFP ratio
group (3.5 versus 2.1 months, 𝑃 = 0.021), and the median
overall survival tended to be higher in the former than the
latter group, but the difference was not statistically significant
(9.3 versus 5.1 months, 𝑃 = 0.089). In terms of PIVKA-
II levels, no significant difference in either cumulative time
to progression or overall survival was evident between the
low and high PIVKA-II ratio groups. Nakazawa et al. found
that pretreatment PIVKA-II levels over 1,000mAU/mL and
an early increase in AFP level were independent predictors
of poor overall survival. Further, an early rise in AFP level
was the only independent predictor of poor progression-free
survival [31].

4. Summary and Perspectives

The clinical utilities of tumor markers of HCC remain
controversial. The potential roles played by tumor markers
tend to be underrated in western reports, being considered
of greater value in eastern settings. Recently, a combination
of AFP and PIVKA-II levels has been recommended for
diagnosis of HCC malignancy in Japan [17]. Most prior
work on tumor markers focused on their possible diagnostic
utility. However, as we have shown, measurement of marker
levels both before and after HCC treatment is clinically valu-
able to monitor treatment outcomes (in combination with
radiological analysis) and to predict prognosis, recurrence,
and survival. Serum biomarkers demonstrate great potential
for use in monitoring therapeutic effects and for predicting
outcomes early in HCC treatment. Earlier studies used
different “normal” values of AFP and PIVKA-II levels and
variously defined measures of tumor response. It is necessary
to standardize these measures during future evaluation of the
importance of tumor markers in patients treated for HCC.
In addition, HCC patient subdivision into groups defined by
simultaneous consideration of AFP and PIVKA-II levels may
yield interesting results.

In conclusion, measurement of a combination of tumor
markers before and after HCC treatment is clinically valuable
in terms of monitoring treatment outcomes (together with
radiological analysis), and to predict prognosis recurrence,
and survival.
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We cocultured calycosin with human hepatocellular carcinoma cell line (BEL-7402) to investigate the effect on cell proliferation.
Calycosin canmarkedly block the cell growth inG

1
phase (𝑃 < 0.01) on the IC

50
concentration.Therewere seventeen genes involved

in cell-cycle regulation showing differentially expressed in treated cells detected by gene chip. Eight genes were upregulated and
nine genes were downregulated. Downregulated TFDP-1, CDKN2D, and SPK2 and upregulated CDC2 and CCNB1 might affect
cell cycle of tumor cells. Furthermore, we checked the transcription pattern using 2D gel method to find different expression of
proteins in human hepatocellular carcinoma cells after exposure to calycosin. Fourteen proteins were identified by matrix-assisted
laser desorption/ionization-time of flight-mass spectrometry (MALDI-TOF-MS). Twelve proteins expression were increased such
as transgelin 2, pyridoxine 5-phosphate, stress-induced-phosphoprotein 1, peroxiredoxin 1, endoplasmic reticulum protein 29, and
phosphoglycerate mutase 1. Only thioredoxin peroxidase and high-mobility group box1 proteins’ expression decreased. Both genes
and proteins changes might be relate to the mechanism of antitumor effect under treatment of calycosin. In conclusion, calycosin
has a potential effect to inhibit the BEL-7402 cell growth by inhibiting some oncogene expression and increasing anticancer genes
expression, what is more, by blocking cell cycle.

1. Introduction

Astragalus mongholicus can improve body’s specific and non-
specific immune functions, promote immunocytokine gener-
ating, and inhibit the growth of tumor cells. Astragalus mon-
gholicus enhances immune function by increasing the activity
of certain white blood cells which increases the production of
antibodies (IgA and IgG), increases the production of inter-
feron, and stimulates natural killer cells.

In addition to boosting immunity,Astragalus has antibac-
terial, anti-inflammatory, and antiviral effects. It contains
numerous components, including polysaccharides, flavon-
oids, triterpene glycosides, amino acids, and trace minerals.
Besides the main function of enhancing the NK cells activity,
a series of studies also indicated the remarkable inhibition of
flavonoids of Astragalus (TFA) on human hepatoma cell line
BEL-7402 and a variety of leukemia cells proliferation in vitro

[1, 2], and Xu Du-juan found that Astragalus significantly
inhibited the growth of transplanted hepatoma (HepA) in
mice and sarcoma (S180) and the growth ofHeLa cells in vitro
[3]. These studies denoted that the ingredients in Astragalus
not only had the antitumor effect on the overall level but also
had direct inhibition on tumor cell in vitro. Reported TFA
also blocked the cell-cycle in G

0
/G
1
phase, after incubating

HeLa cells together for 5 days [3].
However, there were no reports about the inhibitory

action of calycosin, one of the capital chemical compositions
of TFA on tumor cells and the mechanism of anti-tumor.The
calycosin was a main active ingredient of the Astragalus and
liquorice [1]. In this study, neutral red (NR) assay, flow cytom-
etry, gene chip detection, and two-dimensional gel electro-
phoresis were performed to investigate the effect of calycosin
on human hepatocellular carcinoma cell line (BEL-7402), in
an attempt discover some detailedmechanism.We found that
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calycosin can hinder BEL-7402 cells into S phase and inhibit
tumor cell proliferating rapidly by blockage in G

1
phase.

2. Materials and Methods

2.1. Materials. Calycosin was isolated and identified by the
Department of Biochemistry of Chinese People’s Liberation
Army (PLA) General Hospital. The kits of cell-cycle were
offered by the company of BD.The gene chips of human cell-
cycle were prepared and analyzed by the CapitalBio Corpo-
ration.

2.2. Culture of BEL-7402 Cells. Human hepatocellular carci-
noma cell line (BEL-7402) was obtained from the Chinese
Academy of Science Shanghai Institute of Cell Biology. BEL-
7402 cells were cultured in RPMI1640 medium (GIBCO)
containing penicillin and streptomycin and 10% inactivated
fetal bovine serum under the conditions of 37∘C, 5% CO

2
.

When the cells were at the stage of logarithm growth, all the
experiments were carried out.

2.3. Determination of the 50% Inhibitory Concentration (IC
50
)

of Calycosin. The IC
50

was measured by neutral red (NR)
assay. The BEL-7402 cells in the stage of logarithm growth
were added into 96-culture plate at the density of 1 × 104 per
well in 0.1 mL volume. Different concentrations of drugs were
added (final concentrations were 0.004, 0.011, 0.035, 0.111,
0.352, and 1.113mmol/L) after 24 hours of incubation, four
duplicates in each group.After 24 hours of incubation, neutral
red was added to a final concentration 50mg/L. Staining
solution was discarded after of being incubated for 2 hours
under the condition of 37∘C. Then to each well was added
100 𝜇L extract solution (volume fraction of 1% the acetic
acid and 50% ethanol), settled at room temperature for 20
minutes. ODwas determined in the wavelength of 570 nm by
the ELISA instrument and the growth inhibited rate of cancer
cells was calculated.

2.4. Determination of Cell-Cycle by Flow Cytometry. Each
25 cm2 culture flask was plated with cells at the density of
7.5 × 105. Drugs were added at the concentration of the IC

50
.

After 24 hours the cells were digested by trypsin and washed
twice by PBS. Precooled 70% ethanol was then added to
start fixation for at least 12 hours at 4∘C. Fixed cells were
washed twice by PBS. RNaseA was then added to the final
concentration of 50𝜇g/mL and incubated at 37∘C for 30
minutes. Propidium iodide (PI) was added and the labeled
cells were loaded to Model ABC flow cytometry analyzer for
analysis.

2.5. Preparation of RNA. Total RNA was prepared from
control cells and treated BEL-7402 cells using Trizol reagent.
Cells were washed twice by PBS; then Trizol reagent was
added (1ml Trizol for 5–10 × 106 cell) to extract the RNA
according to the standard operation. RNA was concentrated
by the precipitation method of isopropyl alcohol, purified
by the NucleoSpin RNA clean-up kit. The OD of the RNA

was measured by the spectrophotometer and the quality of
the RNA was checked by the denaturing formaldehyde gel
electrophoresis.

2.6. Determination of Gene Expression of Cell-Cycle. The
samples were labeled with fluorescence by the method of
RNA labeling and then were air-dried after being purified.
The labeled samples were dissolved in hybridization solution
and hybridized at 42∘C overnight. The samples were washed
in the washing solutions 1, followed by washing solution 2.
Hybridized gene chips were scanned after being dried using
dual-channel laser scanner of LuxScan 10K/A (CapitalBio
Corporation). The images of gene chip were analyzed by
image analysis software of CapitalBio (CapitalBio Corpora-
tion). Then the signal of pictures was changed into digital
signal. The data in the gene chip were normalized by the
Lowess method. At last, the differentially expressed genes
were determined by the one-class method of SAM. The test
was repeated twice.

2.7. Two-Dimensional Gel Electrophoresis and Collection and
Analysis of Gel Images. The BEL-4702 cells were divided into
two groups, one group which was treated with calycosin at
the concentration of IC

50
and the blank. Cell proteins were

separated by 2DE method and then silver-stained.
Two-dimensional electrophoresis gel after being stained

was scanned using gel-image scanner (AmershamPharmacia
Biotech Company) and digital image document was analyzed
by software (Image Master 2D Elite 5.0) for obtaining the rel-
ative molecular mass Mr, pI, isoelectric point pI, and relative
amount of proteins.

2.8. Mass Spectrum Identification of Differentially Expressed
Protein Points. Protein dose for two-dimensional gel elec-
trophoresis was added to 1mg and then stained. Decol-
oration, trypsin enzymolysis in gel, and extraction of peptide
were proceeded on after some differential protein points
were excised; last peptide mass fingerprint spectrum (PMF)
was analyzed using MALDI-TOF-MS. Evaluation of results
reliability depended on the matching rate of peptides and
sequence coverage rate of matched peptides on correspond-
ing proteins.

2.9. Statistical Method. SPSS15.0 software was used for analy-
sis IC
50
was calculated by pro method (Probit).The statistical

discrepancy between cell-cycleswas examined by 𝑡-test. Clus-
ter 3.0 software was used for gene expression, the method of
hierarchical and average linkage for cluster analysis. Differen-
tial expression genes were analyzed for statistical significance
on MAS (molecule annotation system).

3. Results

3.1. Examination IC
50

of Calycosin on BEL-7402 Cell. The
BEL-7402 cells were treated with calycosin for 24 hours in
different dosages of calycosin as shown in Table 1. The inhi-
bition of calycosin on hepatocellular carcinoma cell at con-
centration of between 0.035 and 1.113mmol/L was shown
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Table 1: The effect of calycosin on proliferation of BEL-7402 cells
(𝑥 ± 𝑠).

Calycosin concentration
(mmol/L) OD value Inhibition rate %

Control (0.5% DMSO) 0.421 ± 0.045 0.5
0.004 0.410 ± 0.036 3.1
0.111 0.306 ± 0.013

∗∗ 27.7
0.352 0.156 ± 0.042

∗∗ 63.1
1.113 0.084 ± 0.021

∗∗ 80.1
Data expressed as mean 𝑥 ± 𝑠, ∗∗𝑃 < 0.01 compared with control.
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Figure 1: The effect of calycosin on proliferation of BEL-7402 cells.

as the significant dose-effect relationship. After the effect of
calycosin on BEL-7402 for 24 hours, IC

50
was 0.246mmol/L

by Probit analysis and the 95% confidence interval was 0.189–
0.336mmol/L (Figure 1).

Different concentrations of calycosin were added (final
concentrations were 0.004, 0.011, 0.035, 0.111, 0.352, and
1.113mmol/L), four duplicates every group, including blank
and solvent control (0.5%DMSO). It shows that calycosin
has a significant inhibitory effect on human hepatocellular
carcinoma BEL-7402 cell in vitro. ∗∗means that 𝑃 < 0.01
compared with control.

3.2. Calycosin Reduces the Proliferation of BEL-7402 Cells.
Calycosin was added at the concentration of the IC

50
. After

24 hours the cells were digested by trypsin and washed twice
by PBS. The labeled cells were loaded to Model ABC flow
cytometry analyzer for analysisThe calycosin could block the
cell growth cycle in G

1
phase significantly comparing with

control group (Figure 2) causing remarkable decrease of S
phase (Table 2).

3.3. The Effect of Calycosin on Gene Expression of Cell-
Cycle and Check Points. The A260/A280 value of total RNA
extracted from samples was between 1.60 and 1.75. In 10%
agarose gel electrophoresis, the bands of 18S rRNA and 28S
rRNA were clear and the band of 28S was the double of

Table 2:The effect of calycosin on cell cycle of BEL-7402 cells (𝑥±𝑠).

Group G
1
Stage (%) S Stage (%) G

2
/M Stage (%)

Control
(0.5% DMSO) 63.31 ± 0.99 28.84 ± 0.82 7.86 ± 0.67

Calycosin 74.27 ± 2.31
∗∗
12.94 ± 4.53

∗∗
12.79 ± 2.28

∗∗

Data expressed as mean 𝑥 ± 𝑠, ∗∗means 𝑃 < 0.01 compared with control.
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Figure 2: Effect of calycosin on BEL-7402 cell-cycle; ∗∗means that
𝑃 < 0.01 compared with control.

bands of 18S. The total RNA extracted could be used for
chip hybridization. The probe marked with Cy3 (control)
and Cy5 (calycosin) were hybridized with the 100 genes
which were related to cell-cycle. 18 strips of differentially
expressed genes were obtained (Figure 3); the ratio below
1 was regarded as downregulated gene and above 2 as
upregulated gene. The upregulated and downregulated ratios
of calycosin-treated/control were 3.602 ± 1.652 and 0.315 ±
0.128, respectively.

The data in the gene chip was normalized by the Lowess
method. The differentially expressed genes were determined
by the one-class method of SAM. The test repeated twice. 18
strips of differentially expressed geneswas related to cell-cycle
were obtained, 8 strips of expressed genes were upregulated,
and 10 genes were downregulated.

3.4. Mass Spectrum Identification of Differentially Expressed
Proteins. One piece of 2DE gel could be divided into approx-
imate 1200 protein points after being analyzed by ImageMas-
ter 2DElite 5.0 software. Repeated three times each group, the
matching rate of same sample was more than 95 percent. The
differentially expressed points marked on 2DE spectrum of a
graph stained with coomassie brilliant blue (Figure 4), these
on the drawing of partial enlargement between calycosin
treated and control. 13 proteins for upregulated expression, 2



4 BioMed Research International

3.5000

3.0000

2.5000

2.0000

1.5000

1.0000

0.5000

0.0000

RB
X1

CD
K7

CD
C2

M
CM
6

CC
N

G
1

U
BE
3

A
CC

N
B1

SK
P1

A
TF

D
P1

CD
KN
1

C
CK

S1
RA

D
9

CD
KN
1

A
SK

P2
CD

KN
2

D
CC

N
D
3

RA
D
5
1

M
CM
5

Changed genes

Ra
tio

Figure 3: Effect of calycosin on cell-cycle genes expression of BEL-
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Figure 4: Differentially expressed proteins of human hepatoma
carcinoma cells after the treatment of calycosin on 2DE gels.

proteins for downregulated expression, and 3 proteins disap-
pearance in calycosin-treated groupwere shownby 2-DEgels.
TheMr and pI of differentially expressed protein points were
shown (Table 3).

Two-dimensional electrophoresis gel after stained was
scanned using gel-image scanner and digital image docu-
ment was analyzed by software for obtaining the differently
expressed proteins.

14 species of proteins were identified by mass spectrum
(Table 4). Sites of some proteins did not match theoretical
Mr and pI because of the posttranslational modification such
as glycosylation and phosphorylation. 14 species of proteins
including thioredoxin Peroxidase B, keratin 1, stress-induced-
phosphoprotein 1 (Hsp70/Hsp90-organizing protein) iso-
form 1, abhydrolase domain containing 14B, pyridoxine 5-
phosphate oxidase, LIM and SH3 protein 1, peroxiredoxin 1,
neuropolypeptide h3, transgelin 2, high-mobility group box
1, nonmetastatic cells 1, protein (NM23A) expressed in iso-
form, endoplasmic reticulum protein 29 isoform 1 precursor,
phosphoglycerate mutase 1 (brain), and biliverdin reductase
B were identified by mass spectrometric detection.

Table 3: Isoelectric point and molecular weight of the differentially
expressed proteins of human hepatoma carcinoma cells after treat-
ment by calycosin.

Spot PI Mr (kD) Expression
2 5.44 21795 ↓

8 9.74 19617 ↓

9 5.80 22708 ↑

10 6.77 28975 ↑

21 8.44 24400 ↑

22 7.42 20913 ↑

23 8.27 22096 ↑

26 6.41 18964 —
31 6.61 29698 ↑

32 6.62 29969 ↑

37 7.81 68037 ↑

42 5.42 19641 ↑

52 6.77 28975 ↑

58 6.67 28786 ↑

3 8.15 65999 ↑

34 5.94 22332 ↑

61 7.13 22105 ↑

33 6.62 29969 —
PI represents isoelectric point; Mr represents molecular weight; “↑” repre-
sents the upregulated protein; “↓” represents the downregulated protein; “—”
represents the disappeared protein.

4. Discussion

In our research, calycosin, one of major monocompounds
extracted from TFA, was firstly demonstrated on the inhibi-
tion on growth of BEL-7402 cells in vitro. The proliferative
ratio of tumor cells mainly depended on the length of G

0
/G
1

phase and the ability of cell division [4]. We discovered that
calycosin could mainly block growth of BEL-7402 cells in G

1

phase cells in S phase causing to diminish markedly, after
BEL-7402 cells being incubated with calycosin for 24 hours.

Flavonoids from plants can inhibit growth of tumor cell
by regulating check points of cell-cycle [5–7]. Some studies
had manifested that BEL-7402 cells had upregulated TFDP
and E2F expression [8]. TFDP1 is a heterodimerization part-
ner for members of the E2F family of transcription factors.
E2F1/TFDP1 forms a complex involved in cell-cycle progres-
sion by the regulation of expression of cell-cycle promoters
(cyclin A, cyclin E, and CDK2). TFDP-1 is one of the driver
genes, which leads to higher tumor aggressiveness through
deregulation of cell-cycle.Our results demonstrated that caly-
cosin could downregulate the expression of TFDP1. In addi-
tion, abundant studies showed the high expression of SKP2
was one characteristic of human tumor growth [9–11], and
SKP2 was not only used as an independent prognosis of can-
cer patients, but also as a new target of antitumor drugs and
gene therapy [9]. In our results, calycosin affected two check
points gene transcription; for example TFDP-1 and SKP2
were markedly downregulated and CDC2 and CCNB1 were
upregulated expression and downregulated expression of
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Table 4: Differentially expressed proteins of human hepatoma carcinoma cells after treatment by calycosin.

Spot Protein name NCB Inr ID no. Sequence coverage (%) Score Protein expression
2 Thioredoxin peroxidase B gi|9955007 69 187 ↓

3 Keratin 1 gi|119395750 50 159 ↑

8 High-mobility group box 1 gi|119628863 48 80 ↓

21 Transgelin 2 gi|4507357 88 483 ↑

22 Neuropolypeptide h3 gi|913159 74 102 ↑

23 Peroxiredoxin 1 gi|4505591 79 220 ↑

31 LIM and SH3 protein 1 gi|5453710 69 98 ↑

32 Pyridoxine 5-phosphate oxidase gi|8922498 41 78 ↑

34 Abhydrolase domain containing 14B gi|14249382 58 233 ↑

37
Stress-induced phosphoprotein 1
(Hsp70/Hsp90-organizing protein)

isoform 1
gi|114638255 67 180 ↑

42 Nonmetastatic cells 1, protein (NM23A)
expressed in isoform a

gi|38045913 63 77 ↑

52 Endoplasmic reticulum protein 29
isoform 1 precursor

gi|5803013 61 129 ↑

58 Phosphoglycerate mutase 1 (brain) gi|119570326 61 135 ↑

61 Biliverdin reductase B gi|4502419 70 219 ↑

“↑” represents the upregulated protein; “↓” represents the downregulated protein.

CDKN2D which may block the G
1
/S and G

2
/M transition in

cancer cells.
Also we tried to investigate themechanism of calycosin in

human hepatocellular carcinoma cell by screening different
proteins expression in treatment groups. We identified 12
proteins expression increasing and 2 proteins expression
decreasing. The upregulated expression of transgelin 2, pyri-
doxine 5-phosphate oxidase, stress-induced phosphoprotein
1 (StIP1), peroxiredoxin 1, and biliverdin reductase B sug-
gested that they played a key role in mechanism of calycosin
antitumor function. Transgelin 2 protein expression is upreg-
ulated by calycosin. Previous studies show that transgelin 2
expression is decreased in some cancers. Transgelin 2was also
proved to have relationship with hepatitis B and liver carci-
noma.The oncogene Ras inhibits the expression of transgelin
2 genes in thoracic wall and large bowel neoplasm and some
other cancers [12–16].The inhibition effect on tumor cell pro-
liferation of calycosin might be caused by upregulated trans-
gelin 2 protein expression. Calycosin can increase the PNPO
protein expression. A series of researches indicated that
PNPO could regulate cell proliferation and apoptosis [17], but
lack in liver or neurogenic tumor [18]. Calycosin can cause
stress-induced phosphoprotein 1 (StIP1) expression increase.
StIP1 as a crucial chaperone has the possibility to substantial
accommodation of cytogenesis in tumor, stress reaction, and
cell proliferation and differentiation [19]. The expression
of StIP1 is obviously downregulated in paclitaxel-resisted
ovarian cancer cell strain OC3/Tax300 [20]. Calycosin can
also increase two antioxidant proteins which have functions
in antitumor. Peroxiredoxin, belonging to antioxidant protein
superfamily involved in cell proliferation and differentiation,
enhances activity of NK cell and protects free radical sensitive

protein and DNA normal replication. The downregulation
expression of Pdx1 was closely related to the balance between
oncogene and antioncogene destroyed and the invasiveness of
giant cell tumor of bone (GCTB) [21]. Biliverdin reductase B
was increased by calycosin and produced bilirubin which has
protection function for organism.We also found two proteins
which are crucial for cancer cell growth expression inhibited
by calycosin. Thioredoxin peroxidase B (Prx II) is a novel
inhibitor of apoptosis of cancer cells [22]. They efficiently
reduced the intracellular level of H

2
O
2
produced stimulated

by various cell surface ligands.The peroxiredoxins family was
reported to be closely related to various causes of liver fibrosis.
They were found to be upregulated in liver fibrosis caused by
chemical induction. Prx II has shown a significant upregu-
lation at the middle-stage fibrosis and played an important
role in hepatocarcinogenesis [23]. Research showed that the
hepatocellular carcinoma cells proliferation and clone forma-
tion decreased and cell apoptosis was enhanced obviously
when Prx II expression was inhibited [24]. Prx II also has
shown a downregulation in the hepatocellular carcinoma
cells after being treated with calycosin, which might be
related to the antitumor mechanism of calycosin. We found
that calycosin can inhibit thioredoxin peroxidase B protein
expression. High-mobility group box 1 protein (HMGB1),
a chromatin-associated nuclear protein and extracellular-
damage-associated molecular pattern molecule (DAMP), is
an evolutionarily ancient and critical regulator of cell death
and survival. Over-expression of HMGB1 is associated
with each of the hallmarks of cancer including unlimited
replicative potential, angiogenesis, evasion of apoptosis, self-
sufficiency in growth signals, and insensitivity to inhibitors
of growth. In our study, calycosin downregulated HMGB1,
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which may be related to the antitumor mechanism of caly-
cosin on hepatocellular carcinoma cells.

In conclusion, calycosin can inhibit cell growth of BEL-
7402 by blocking cell-cycle and regulating some tumor genes
translation.The cell-cycle-related genes which we found only
in RNA array chip but not in the 2D gel maybe because the
expression quantity is limited.Themolecularmechanismwas
related to downregulated expression of TFDP-1, SKP2, and
CDKN2D and upregulated expression of CDC2, CDK7, and
CCNB1. And then we discovered certain proteins related
to antitumor including transgelin 2, PNPO, StIP1, PDX 1,
biliverdin reductase B, HMGB1, and Prx II which were
changed after calycosin treatment. The functions of differen-
tially expressed proteins may have a possibility to be involved
in antitumor mechanism of calycosin.
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