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Reactive oxygen species (ROS) induce or protect cellular
oxidative damage. ROS are also known to play an important
role in apoptosis, autophagy, endoplasmic reticulum stress,
mitochondrial dysfunction, cellmigration, and invasion.This
special issue presents the recent advances in basic research
and association studies of some natural products and chemi-
cal drugs for cancer and disease treatments.

The papers by M.-G. Lee et al. and H.-W. Huang et al.
reported the antioxidant/tyrosinase suppression/wound re-
pair properties and antiproliferative effect on oral cancer of
Cinnamomum osmophloeum Kanehiraand Cryptocarya con-
cinnaHance root extracts, respectively. Similarly, S.-C. Chien
et al. reported the protective effect of Chinese herbal medi-
cine “Jia-wei-xiao-yao-san” against chemical-induced hepa-
tic fibrosis in rats.

Y. Fong et al. reported the antiproliferative and antiapo-
ptotic effects on lung cancer cell lines of sirtinol, a sirtuin
inhibitor. W.-C. Lee et al. reported that indoxyl sulfate (IS)
induced oxidative stress and endothelial dysfunction in
chronic kidney disease patients can be due to mitochondrial
dysfunction and impaired biogenesis which can be reverted
by treatment with antioxidants.

The papers by B. Huang et al. and P.-H. Chen et al.
provided the findings on the upstream role ofH

2
S and arsenic

in modulating protein S-nitrosylation in endothelial cells
and keratinocytes, respectively. W.-T. Chang et al. reported

that epirubicin/progesterone combination is effective in
increasing apoptosis and inversely decreasing autophagy on
HA22T/VGH cells and can potentially be used to treat
hepatocellular carcinoma.

The papers by S.-J. Wu et al. and P.-H. Chen et al. pro-
vided the cancer association studies of betel quid-consuming
patients in terms of oxidative stress response genes such as
polymorphisms for the human retinoic acid (RA) 4-hydro-
xylase (CYP26), the monoamine oxidase, and the cytochr-
ome P450, family 26, subfamily B, polypeptide 1 (CYP26B1)
genes.

Finally, the paper by Y.-R. Lin et al. introduced the pro-
teomics technique for evaluating cytotoxicity of unmodi-
fied nano-Fe

3
O
4
based on tandem mass spectrometry (LC-

MS/MS) and T.-C. Cheng et al. provided the in silico virtual
screening to discover specific inhibitors for intestinal E. coli
𝛽-glucuronidase.

Hsueh-Wei Chang
Shao-Yu Chen
Li-Yeh Chuang
Sanjay Guleria

Hindawi Publishing Corporation
e Scientific World Journal
Volume 2015, Article ID 860563, 1 page
http://dx.doi.org/10.1155/2015/860563

http://dx.doi.org/10.1155/2015/860563


Research Article
Discovery of Specific Inhibitors for Intestinal
E. coli 𝛽-Glucuronidase through In Silico Virtual Screening

Ta-Chun Cheng,1 Kuo-Hsiang Chuang,1 Steve R. Roffler,2 Kai-Wen Cheng,3

Yu-Lin Leu,4 Chih-Hung Chuang,5 Chien-Chaio Huang,5 Chien-Han Kao,6

Yuan-Chin Hsieh,6 Long-Sen Chang,3 Tian-Lu Cheng,5,6,7 and Chien-Shu Chen8

1Graduate Institute of Pharmacognosy, Taipei Medical University, 252 Wu Hsing Street, Taipei 11031, Taiwan
2Institute of Biomedical Sciences, Academia Sinica, 128 Section 2, Academia Road, Nankang, Taipei 11529, Taiwan
3Institute of Biomedical Science, National Sun Yat-Sen University, 70 Lienhai Road, Kaohsiung 80424, Taiwan
4Department of Pharmacy, Chia Nan University of Pharmacy and Science, 60 Section 1, Erh-Ren Road, Tainan 71710, Taiwan
5Department of Biomedical and Environmental Biology, Kaohsiung Medical University, 100 Shih-Chuan 1st Road,
Kaohsiung 80708, Taiwan
6Graduate Institute of Medicine, Kaohsiung Medical University, 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan
7Center for Biomarkers and Biotech Drugs, Kaohsiung Medical University, 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan
8School of Pharmacy, China Medical University, 91 Hsueh-Shih Road, Taichung 40402, Taiwan

Correspondence should be addressed to Tian-Lu Cheng; tlcheng@kmu.edu.tw and Chien-Shu Chen; cschen7@mail.cmu.edu.tw

Received 15 August 2014; Accepted 27 August 2014

Academic Editor: Li-Yeh Chuang

Copyright © 2015 Ta-Chun Cheng et al.This is an open access article distributed under theCreative CommonsAttribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Glucuronidation is a major metabolism process of detoxification for carcinogens, 4-(methylnitrosamino)-1-(3-pyridy)-1-butanone
(NNK) and 1,2-dimethylhydrazine (DMH), of reactive oxygen species (ROS). However, intestinal E. coli 𝛽-glucuronidase (e𝛽G)
has been considered pivotal to colorectal carcinogenesis. Specific inhibition of e𝛽G may prevent reactivating the glucuronide-
carcinogen and protect the intestine from ROS-mediated carcinogenesis. In order to develop specific e𝛽G inhibitors, we found
that 59 candidate compounds obtained from the initial virtual screening had high inhibition specificity against e𝛽G but not
human 𝛽G. In particular, we found that compounds 7145 and 4041 with naphthalenylidene-benzenesulfonamide (NYBS) are
highly effective and selective to inhibit e𝛽G activity. Compound 4041 (IC50 = 2.8 𝜇M) shows a higher inhibiting ability than
compound 7145 (IC

50
= 31.6 𝜇M) against e𝛽G. Furthermore, the molecular docking analysis indicates that compound 4041 has

two hydrophobic contacts to residues L361 and I363 in the bacterial loop, but 7145 has one contact to L361. Only compound 4041
can bind to key residue (E413) at active site of e𝛽G via hydrogen-bonding interactions. These novel NYBS-based e𝛽G specific
inhibitors may provide as novel candidate compounds, which specifically inhibit e𝛽G to reduce e𝛽G-based carcinogenesis and
intestinal injury.

1. Introduction

Glucuronidation represents a major route of drug meta-
bolism in the liver [1–3]. Many carcinogens and xeno-
biotics are detoxified by conjugation with a glucuronide
acid to increase their water solubility, thus facilitating their
excretion [4, 5]. For example, the 4-(methylnitrosamino)-
1-(3-pyridy1)-1-butanone (NNK) and 1,2-dimethylhydrazine
(DMH), which lead to reactive oxygen species- (ROS-)
mediated DNA damage, mutagenesis, and carcinogenesis,

can be metabolized and detoxified to glucuronide form
by UDP-glucuronosyltransferases (UGTs) [6–8]. However,
when the glucuronide conjugates enter the intestine through
enterohepatic circulation, they can be hydrolyzed and their
toxicity can be reversed by E. coli 𝛽-glucuronidase (e𝛽G) [9–
11], which would induce intestinal injury [5, 12–14] and colon
carcinogenesis. In addition, chemotherapy-induced diarrhea
(CID) and intestinal damage have been clinically demon-
strated in several chemotherapeutic drugs such as CPT-11
[15–17], 5-FU [18], and oxaliplatin [19]. There is a specific
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𝛽G inhibitor, glucaro-1,5-lactone, which has been shown
to alleviate CPT-11-induced mucosal damage in the small
intestine in vivo [5]. However, glucaro-1, 5-lactone of the
current treatments against CID is limited and not effective,
since it preferentially inhibits human 𝛽G (h𝛽G) activity [20],
which may induce mucopolysaccharidoses (MPS) [21, 22].
The current treatments against CID are limited and not
effective. Therefore, it is crucial to develop an e𝛽G specific
inhibitor, which cannot affect h𝛽G activity, as an effective
treatment against carcinogenesis and CID.

The crystal structures of h𝛽Gand e𝛽Ghave been reported
[16, 17]. In addition, e𝛽G has a unique “bacteria loop”
(LGIGFEAGNKPKELYSE) [16] which is absent in h𝛽G.
Some known drugs such as Amoxapine [23, 24] and Loxapine
[23] and e𝛽G inhibitors [16] have been also demonstrated to
interact with the residues of bacterial loop and active sites of
e𝛽G [16, 24]. Those reports indicate that the area around the
unique loop and the active site is an important target for e𝛽G
inhibitor selection.

For the development of specific e𝛽G inhibitors, we
demonstrated a crystal structure of recombinant e𝛽G (pro-
vided by Steve R. Roffler, Institute of Biomedical Sciences,
Academia Sinica, Taipei, Taiwan) in complexwithD-glucaro-
1, 5-lactonewhich revealed that the inhibitorwas bound at the
residues (E413, E504) of active site. And,we further compared
the active center between e𝛽G and h𝛽G though overleap.
We obtained candidate compounds that selectively inhibit
e𝛽G via computational screening by DOCK 4.0 program
[25, 26] and X-ray crystal structure of e𝛽G. A chemical
database (SPECS) containing ∼300,000 commercially avail-
able compounds was computationally screened against a grid
box enclosing the unique bacterial loop at e𝛽G active site.
To prove whether the candidate compounds can effectively
inhibit e𝛽G without affecting h𝛽G activity, compounds were
examined based on their specific inhibition for e𝛽G versus
h𝛽G by in vitro 𝛽G activity-based assays. The binding motifs
of e𝛽G specific inhibitors were determined by molecular
docking studies.Thenovel e𝛽Gspecific inhibitormay provide
a highly effective and selective agent to prevent e𝛽G-based
carcinogenesis and CID.

2. Materials and Methods

2.1. Expression and Purification of 𝛽G Protein. Plasmid
pRESTB containing 𝛽G gene and a histidine tag at the N-
terminus was constructed as described [27]. Recombinant
𝛽G (human and E. coli) was produced by isopropyl 𝛽-
D-thiogalactopyranoside (IPTG) induction of BL21 (DE3)
bacteria. 𝛽G was purified from bacterial supernatants by
affinity chromatography on nickels Sepharose 6 Fast Flow
(GE Healthcare). The column was washed by phosphate-
buffered saline (PBS), with 50mM imidazole, and 𝛽G was
eluted by PBS with 250mM imidazole. The purified 𝛽G was
desalted on a Sephadex G-25 column equilibrated with PBS
and stored at −80∘C.

2.2. Virtual Screening of e𝛽G Specific Inhibitors. The virtual
screening was performed using the DOCK 4.0 program

and the X-ray crystal structure of e𝛽G (provide by Steve R.
Roffler). The B-chain structure of protein, water molecules,
and the cocrystallized inhibitor D-glucaro-1,5-lactone were
removed. The remaining A-chain protein structure was used
to prepare the target site for docking simulations. The active-
site region of e𝛽G was specified as the target site for ligand
docking in virtual screening. Briefly, a molecular surface
around the target site was generated with the MS program
using a 1.4 Å probe radius and this surface was used to
generate with the SPHGEN program 43 overlapping spheres
to fill the target site. A grid box enclosing the target site was
created for grid calculations with dimensions 19.3 × 22.4 ×
15.6 Å. The force filled scoring grids were calculated with
the GRID program using a distance-dependent dielectric
constant of 4r, an energy cutoff distance of 10 Å, and a
grid spacing of 0.3 Å. The database for virtual screening was
the SPECS compound collection, which included ∼300,000
commercially available compounds (downloaded from the
ZINC database web site). The DOCK 4.0 program performs
docking simulations using a distance-matching algorithm.
The matching parameters used to run virtual screening were
set as follows: distance tolerance = 0.5, distance minimum =
2.5, nodes maximum = 10, and nodes minimum = 4. The
SPECS database was computationally screened against the
active site of e𝛽G using the force field scoring function based
on interaction energy. Virtual screening was performed on
a Silicon Graphics Octane workstation with dual 270MHz
MIPS R12000 processors.

For compound selection, the docking models of
the 4724 top-ranked compounds (energy score values
≤ −42.00 kcal/mol) were visually inspected using the
software PyMOL. Together with consideration of chemical
diversity, the selection of compounds was assisted by analysis
of the docking models with respect to shape fitting and
hydrogen-bonding and hydrophobic interactions. Finally,
we selected 59 compounds for enzyme inhibition assays
against E. coli and human 𝛽Gs. The compounds for testing
were purchased from the SPECS Company. The SPECS ID
number and docking energy score for compounds are listed
in the supporting information.

2.3. In Vitro 𝛽G-Activity Assay of e𝛽G Specific Inhibitors.
The candidate compounds were purchased from SPECS
(The Netherlands). Each candidate was provided as a solid
power and dissolved in 100% DMSO (Sigma-Aldrich) to
10mMas stock. Candidates were screened for their inhibition
specificity of e𝛽G versus h𝛽G, which were conducted at pH
7.3 or pH 5.4, in triplicate, respectively. 40𝜇L purified 𝛽Gwas
treated with 10 𝜇L compound solution at 37∘C for 30min and
sequentially incubated with 50𝜇L of pNPG (Sigma-Aldrich)
at 37∘C for 30min. Reactions were quenched with 5 𝜇L of 2N
sodium hydroxide (Sigma-Aldrich). Each reaction consisted
of 3.75 ng purified 𝛽G, 50 𝜇M compound, and 5mM pNPG
in PBS containing 10% DMSO and 0.05% BSA (Sigma-
Aldrich). 𝛽G-activities were measured by color development
of pNP detected on a microplate reader at OD 405 nm.
Results are displayed as percent of 𝛽G activity compared with
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the untreated control. For IC
50
determination, compounds at

various concentrations (100 𝜇M to 0.001𝜇M) were added.

2.4. Molecular Docking Studies of e𝛽G Specific Inhibitors.
The crystal structure of e𝛽G for the virtual screening was
also utilized in the docking studies of compounds 7145 and
4041. Hydrogen atoms were added to the A-chain protein
structure, and the resulting structure was used in the docking
simulations. The 3D structures of compounds were built and
optimized by energy minimization using the MM2 force
field and a minimum RMS gradient of 0.05 in the soft-
ware Chem3D 6.0 (CambridgeSoft Corp., Cambridge, MA).
Docking simulations were performed using the GOLD 5.0
program [28] on an HP xw6600 workstation with Intel Xeon
E5450/3.0GHz Quadcores as the processors. The GOLD
program utilizes a genetic algorithm (GA) to perform flexible
ligand docking simulations. In the present study, for each of
the 30 independent GA runs, a maximum number of 100000
GA operations was performed on a single population of 100
individuals. Operator weights for crossover, mutation, and
migration were set to 95, 95, and 10, respectively. The Gold-
Score fitness function was applied for scoring the docking
poses of compounds. The docking region was defined to
encompass the active site of e𝛽G. The best docking solution
(with the highest GOLD fitness score) for a compound was
chosen to represent the most favorable predicted binding
mode to e𝛽G.

3. Results

3.1. Comparison of the Active Site Structures of e𝛽G and
h𝛽G. To identify the active site of e𝛽G, recombinant full-
length e𝛽G was purified and shown to hydrolyze pNPG to
PNP for detecting 𝛽G activity. The enzyme was crystallized
in complex with an established inhibitor, D-glucaro-1, 5-
lactone. Crystal structure of e𝛽G (provided by Steve R.
Roffler) in complex with D-glucaro-1, 5-lactone revealed that
the inhibitor was bound at residues (E413 and E504) of
the active site (Figure 1(a)). To compare the structures of
the active centers between e𝛽G and h𝛽G (PDB ID 1BHG),
𝛽Gs were analyzed by computer simulation technology. After
superimposition, the crystallized structure of e𝛽G is 45%
similar to h𝛽G. Moreover, there is a “bacterial loop” within
e𝛽G which is absent in h𝛽G (Figure 1(b)). Similar results
have been also shown in other reports [16]. This e𝛽G unique
loop of the active center is an ideal target site for screening
compounds that can selectively inhibit e𝛽G activity.

3.2. In Silico Virtual Screening of e𝛽G Inhibitor Candidates.
To identify potential e𝛽G inhibitors that can selectively block
e𝛽G activity, but not h𝛽G, the virtual screening proceeded
based on the different structures of the active center between
e𝛽G and h𝛽G.The SPECS database (∼300,000 commercially
available compounds) was computationally screened against
the “grid box” which contains the bacterial loop of e𝛽G and
active site using the DOCK program (version 4.0). Fifty-nine
candidate compounds were acquired from the initial virtual
screening which was designed to target the bacterial loop

of e𝛽G and its active site. The docking energy scores of 59
candidate compounds measured by the DOCK program are
−43 to −55 kcal/mol (Table S1 in the Supplementary Material
available online at http://dx.doi.org/10.1155/2014/740815).

3.3. Screening of e𝛽G Inhibitor Candidates by In Vitro 𝛽G
Activity Assay. To prove whether these 59 candidate
compounds can effectively inhibit e𝛽G without affecting
h𝛽G activity, 50𝜇M compounds were examined for their
specific inhibition for e𝛽G versus h𝛽G by in vitro 𝛽G-based
activity assays, in which the conversion of pNPG to PNP
was detected by measuring the increases in PNP absorbance
at OD 405 nm. The result showed that all the 59 candidate
compounds displayed selective inhibition against e𝛽G
activity. The inhibiting ability against e𝛽G activity, especially,
was >95% in 7 candidates of e𝛽G specific inhibitors (Table
S1). Based on these results, we concluded that the pocket site
in the unique loop and active site of e𝛽G are an ideal site
to screen e𝛽G specific inhibitors through virtual screening.
We found that compound 7145 (4-tert-butyl-N-(4-oxo-
1(4H)-naphthalenylidene-benzenesulfonamide) can inhibit
>95% e𝛽G activity and does not hamper h𝛽G activity
at 50𝜇M condition (Table S1). The result indicated that
the derivatives of naphthalenylidene-benzenesulfonamide
(NYBS) might effectively and specifically inhibit the e𝛽G
activity. Based on the NYBS structure, we performed
the substructure search and then found compound 4041
(4-methyl-N-(4-oxo-3-(1H-1,2,4-triazol-5ylsulfanyl)-1(4H)-
naphthalenylidene)benzenesulfonamide). In particular,
compound 4041 has been shown to be a more potent
e𝛽G antagonist than compound 7145. Figure 2 and Table 1
show that while compound 4041 (IC

50
= 2.8 𝜇M) can

selectively inhibit >80% e𝛽G activity, at 10 𝜇M, the inhibition
of compound 7145 (IC

50
= 31.6 𝜇M) is 55% inhibition.

Compared to D-saccharic acid 1,4-lactone (saccharolactone),
which showed higher inhibition on h𝛽G, our candidate
compounds displayed specificity against e𝛽G activity
(Figure 2). Based on these results, we concluded that the
derivatives of NYBS may provide a novel specific inhibitor to
reduce e𝛽G-based intestinal injury and CID.

3.4. Molecular Docking Studies of e𝛽G Specific Inhibitors. To
predict the binding modes of compounds 7145 and 4041
in the active site of e𝛽G, we performed molecular docking
studies using theGOLD 5.0 program. As depicted in Figure 3,
the docking model revealed that compound 7145 forms four
hydrogen bonds to e𝛽G. Three of the hydrogen bonds, to
residues Y468, Y472, and R562, arise from the SO

2
group of

compound 7145. The carbonyl group on the bicyclic 4-oxo-
1(4H)-naphthalenylidene ring can form one hydrogen bond
with H296. Compound 7145makeshydrophobic interactions
with the surrounding residues, including W549, F554, F164,
V355, V446, M447, F448, Y468, and Y472. The residue
L361 in the bacterial loop makes hydrophobic contact with
compound 7145. Compound 7145 showed a GOLD fitness
score of 62.09.

The docked orientation of compound 4041 is
considerably different from that of compound 7145
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Table 1: The structure, IC50, and GOLD fitness scores of compound 7145 and compound 4041 docked into the active site of e𝛽G.

Compound Structure GOLD fitness scorea IC50 (𝜇M)

7145 O

O

O
S

N 62.09 31.6

4041

O

O

O

S

S

N

N

N NH

64.91 2.8

aDocking simulations were performed using the GOLD 5.0 program.

Bacterial loop

D-glucaro-1, 5-lactone

E413

E504

(a)

Bacterial loop

E413

E504

h𝛽G
e𝛽G

(b)

Figure 1:The crystal structure of e𝛽G and h𝛽G. (a)The crystal structure of e𝛽G bound with the inhibitor D-glucaro-1,5-lactone in the active
site was used in the virtual screening. A docking box (red line) was defined to enclose the active site for virtual compound screening. (b)The
e𝛽G (green) and h𝛽G (purple) were modeled by superimposing.The e𝛽G contains a “bacterial loop” (yellow) not found in the h𝛽G.The E413
and E504 are two catalytic residues in the active site of e𝛽G.

(Figure 3). For compound 4041, the bicyclic 4-oxo-1(4H)-
naphthalenylidene ring points towards M447 and makes
a 𝜋-𝜋 stacking interaction with Y472. In contrast, the
bicyclic ring of compound 7145 is oriented in the opposite
direction to M447 and located very close to the experimental
binding position of the inhibitor D-glucaro-1,5-lactone.
Compound 4041 is hydrogen bonded to residues Y472

and R562 through the SO
2
group and to E413 through the

1,2,4-triazole moiety. Compound 4041 makes hydrophobic
interactions with the surrounding residues, including V446,
M447, Y472, and L561. The residues L361 and I363 in the
bacterial loop make hydrophobic contact with compound
4041 (Figure 4). Compound 4041 has a GOLD fitness score
of 64.91 higher than that of compound 7145. Figure 5 shows
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Figure 2: Specific inhibition of compounds 7145 and 4041 against
e𝛽G. Compound 7145 and compound 4041 acquired from ligand
docking in virtual screening were evaluated based on their selective
inhibition for recombinant e𝛽G versus h𝛽G. 10𝜇M of compound
7145, compound 4041, saccharolactone, and 10% DMSO (control)
was incubated with purified e𝛽G (◻) and h𝛽G (◼), respectively. 𝛽G
activity was determined by hydrolysis of the pNPG substrate. Error
bars represent SD;𝑁 = 3.
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Figure 3: Binding model of compound 7145. Predicted binding
mode of compound 7145 in the active site of e𝛽G from the docking
study. Compound 7145 (yellow) and some amino acid residues
(cyan) interacting with the inhibitor are shown as stick structures.
The red dashed lines indicate hydrogen-bonding interactions. The
residue L361 (purple) in the bacterial loop makes hydrophobic
contact with compound 7145.

an overlay of the docking pose of compound 4041 with the
bound orientation of an e𝛽G-specific inhibitor [16] observed
in the cocrystal structure of e𝛽G. In comparison to the
cocrystallized inhibitor, compound 4041 has similar binding
interactions with e𝛽G, including hydrogen bonding to the
catalytic residue E413 and close contact with the bacterial
loop. Based on these results, we suggest that binding to
the active site and the bacterial loop of e𝛽G may provide
selective abilities of inhibitors against e𝛽G.

R562

R562

L561

Y472

M447

V446

E413

L361

I363
Bacterial loop

Figure 4: Binding model of compound 4041. Predicted binding
mode of compound 4041 in the active site of e𝛽G from the docking
study. Compound 4041 (yellow) and some amino acid residues
(cyan) interacting with the inhibitor are shown as stick struc-
tures.The red dashed lines indicate hydrogen-bonding interactions.
The residues L361 and I363 (purple) in the bacterial loop make
hydrophobic contact with compound 4041.

Glu413

Bacterial loop

Figure 5: Bindingmodel of compound 4041 in the crystal structure.
Overlay of the docking pose of compound 4041 (yellow) with the
bound orientation of an e𝛽G-specific inhibitor (gray) observed in
the cocrystal structure of e𝛽G.

4. Discussion

In this study, we have obtained potent and selective e𝛽G
inhibitors from in silico virtually screening and further
confirmed their inhibition specificity by in vitro 𝛽G activity-
based assay. All the 59 candidate compounds from the
initial screening showed high effective and selective inhi-
bition against e𝛽G. We identified the two most promising
compounds, compound 7145 and its derivate compound
4041, showing IC

50
values of 31.6 𝜇M and 2.8 𝜇M, respec-

tively. Importantly, compound 4041with naphthalenylidene-
benzenesulfonamide displayed inhibition selectivity against
e𝛽G by binding to the active site at E413 and the unique loop
of e𝛽G at L361 and I363.
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High-throughput screening (HTS) allows researchers to
screen millions of compounds for lead identification in drug
discovery. However, this method is limited by the size of
compound library. Generally, a compound library is quite
costly, and the screening process is time-consuming; thus,
the limitations have become more apparent. Hence, virtual
screening has become an important tool to access novel drugs
for lead indentation [29]. The hit rate of virtual screening
can reach up to 2–24% which is much higher than HTS with
0.01–0.001% [30]. In our study, we obtained 59 potential e𝛽G
inhibitors via virtual screening of a library which consisted
of ∼300,000 compounds. All candidate compounds showed
specific inhibition against e𝛽G, but not h𝛽G, and met the
criteria as virtual screening. The structure-based virtual
screening can select compounds with no range limitation and
narrow down the candidates for further evaluation, which
saves both money and time.

h𝛽G is a lysosomal enzyme of normal tissues, and quite
low levels of h𝛽G are found in serum [31, 32]. In contrast,
e𝛽G is mainly found in the intestine. Both h𝛽G and e𝛽G
catalyze hydrolysis of 𝛽-D-glucuronic acid residues from the
nonreducing end of glycosaminoglycans [33, 34], but the
enzymehas a unique acidic optimumpH.While h𝛽Gdisplays
maximal catalytic activity at pH 4–4.5 [32, 35], e𝛽G exhibits
optimal activity at neutral pH. Inhibiting h𝛽G may cause
MPS [21, 22], a lysosomal storage disease that can affect
appearance, physical abilities, organ and system functioning,
and, inmost cases, mental development. It is crucial to screen
compounds that can only block e𝛽G activity but not affect
h𝛽G.

A unique loop structure was found in e𝛽G which lacked
h𝛽G after superimposition of two 𝛽Gs, which provides a
target site to screen compounds that can distinguish the two
𝛽Gs [16]. We found 59 candidate compounds which can
selectively inhibit e𝛽G activity through molecular docking
against the grid box enclosing the bacterial loop and active
site of e𝛽G. Some known drugs, such as Amoxapine and
Loxapine, have been demonstrated to interact with the
residues of bacterial loop and active site of e𝛽G and inhibit
variant bacterial 𝛽G activity [24]. Wallace and colleagues
indicated that the key residues of bacterial loop are L361 and
F365 [16], indicating that we can develop the e𝛽G specific
inhibitor by targeting the unique loop of e𝛽G. In this report,
compound 4041 can bind to E413 (key residue in active
site of e𝛽G) through the 1,2,4-triazole moiety but not show
in the compound 7145. Furthermore, compound 4041 has
twohydrophobic contacts to residues L361 and I363 in the
bacterial loop. But, compound 7145 shows one hydrophobic
contact withresidue L361. In e𝛽G activity assay, compound
4041 (IC

50
= 2.8𝜇M) also shows a higher inhibiting ability

than compound 7145 (IC
50

= 31.6 𝜇M). We concluded that
the inhibiting ability of e𝛽G has positive correlation with the
interacting quantities to the active site and the unique loop of
e𝛽G.

e𝛽G inhibitors can be developed as a chemotherapy
adjuvant to reduce CID [16, 24]. CID is a main side effect that
occurs in up to 50–80% of patients depending on chemother-
apy regimen [36]. There are several studies indicating that
inhibiting 𝛽G activity can reduce CID and intestinal injury

[37]. Inhibition of intestinal 𝛽G by antibiotics could reduce
CPT-11-induced diarrhea in vivo. But, antibiotics will kill all
native gut floras, including probiotics within the digestive
tract, which is not recommended for chemotherapeutic
patients. Moreover, the e𝛽G has also been considered to play
a pivotal role in the development of colon carcinogenesis. For
example, the DMH and NNK (ROS based carcinogen) have
been report that their glucuronidemetabolitemay be re-toxic
by e𝛽G and induce intestinal damage and colon tumor in
vivo [6–8, 12–14]. e𝛽G specific inhibitors may act as colon
cancer chemoprevention agents by reducing the generation of
xenobiotics from glucuronide metabolites. Thus, the specific
e𝛽G inhibitor can be applied in nutrient supplement for
cancer prevention.

5. Conclusions

In conclusion, we have identified that two compounds,
compound 7145 and compound 4041, can selectively inhibit
e𝛽G activity without disrupting h𝛽G activity by binding to
the active site and the unique loop within e𝛽G. Because of
their high specificity and efficacy against e𝛽G, they have great
potential to be developed as a chemotherapy adjuvant for
antidiarrhea treatment and cancer chemoprevention agent.
Moreover, we proved that inhibitors for the desire enzymes
can be selected from virtual screening based on the structure
docking showing a high hit rate, whichmay provide a fast and
inexpensive approach for new drug discovery.
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Cinnamomum osmophloeum Kanehira belongs to the Lauraceae family of Taiwan’s endemic plants. In this study, C. osmophloeum
Kanehira extract has shown inhibition of tyrosinase activity on B16-F10 cellular system first. Whether extracts inhibited mushroom
tyrosinase activitywas tested, and a considerable inhibition ofmushroom tyrosinase activity by in vitro assayswas presented.Animal
experiments of C. osmophloeum Kanehira were carried out by observing animal wound repair, and the extracts had greater wound
healing power than the vehicle control group (petroleum jelly with 8% DMSO, w/v). In addition, the antioxidant capacity of C.
osmophloeum Kanehira extracts in vitro was evaluated. We measured C. osmophloeum Kanehira extract’s free radical scavenging
capability, metal chelating, and reduction power, such as biochemical activity analysis.The results showed that a high concentration
of C. osmophloeum Kanehira extract had a significant scavenging capability of free radical, a minor effect of chelating ability, and
moderate reducing power. Further exploration of the possible physiologicalmechanisms and the ingredient components of skincare
product for skin-whitening, wound repair, or antioxidative agents are to be done.

1. Introduction

Skin, made up of three layer cells including, epidermis,
dermis, and hypodermis, is the largest vertebrates organ
in the human body. Human skin is commonly exposed to
oxidative stresses from solar ultraviolet (UV) radiation and
free radicals as well as its induced cellular reactive oxygen
species (ROS) [1, 2], which are the common reasons for tumor
genesis or skin aging. To protect skin fromUV radiation, skin
operates complex defense system including skin thickening,

pigment synthesis, and a network of nonenzymatic and
enzymatic antioxidative mechanisms [2]. In addition to a
significant responsibility, in the prevention of human skin
UV-caused damage, which increases melanocytes transfer
of melanosomes to keratinocytes, melanin determines skin
color [3]. Hyperpigmentation is commonly cared with ther-
apeutic drugs or cosmetics of pigment-reducing or skin-
whiten abilities. During the melanin synthesis processes,
tyrosinase is classified to be the rate-limiting oxidase at first
two steps [4]. It catalyzes the pigments production such as
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(a) (b)

Figure 1: The photos of Cinnamomum osmophloeum Kanehira. (a) Leaves. (b) A whole plant.

eumelanin and phenomelanin. Two types of pigments pro-
duction were reported, including the L-tyrosine hydroxyla-
tion to 3,4-dihydroxy-L-phenylalanine (L-DOPA) and then
the L-DOPA oxidation to dopaquinone (a biochemical pre-
cursor to pigments) [5]. In the active site for tyrosinase, two
copper ions are essential to catalyze colorful pigments or
melanin by oxidative stress. To antagonize tyrosinase activity
can reduce the syndrome of hyperpigmentation and derma-
tological disorders.

Skin as the first immune defense line of human plays
a noteworthy role in avoiding various biological, chemical,
mechanical, and physical damages [1, 2]. Chronic or acute
severe injuries on the skin, such as abrasions, burns, leg
ulcers, or lesions, in consequence considerable losses of der-
mal tissues pose huge challenges to the therapeutic processes.
Keratinocytes in epidermis and fibroblasts in dermis are the
first stop for body protection against external stimulus or
for the skin wound healing [6]. In terms of wound healing,
wound closure is known to be initiated by fibroblast migra-
tion from its margins. Based on the migratory force, resis-
tance from the regenerated tissuemay lead to fibroblast differ-
entiation [7], which is featured by the local expression profiles
of skin cells, such as several growth factors and the extracel-
lular matrix. Skin wound healing is a cutting edge study for
many medicine fields [8].

Smoking factors, salted food, or environmental toxicants
bring about various oxidative stresses to humanbeing [9].The
level of excessive free radicals produces a high oxidative stress
which is a negative effect against the normal skin and results
in aging or some diseases. Through biochemical processes,
the intracellular physiological oxidants are engendered from
nonenzymatic systems such as those involving enzymatic
catalysis, transitionmetals, various oxidases that transformed
them into the reactive nitrogen species, or reactive oxygen
species [1]. If antioxidants are invigorated, they can signif-
icantly prevent or reduce the oxidative pressure damages
[10]. There are several important components constructed to
cellular membrane lipids from the phospholipids, membrane
proteins, polyunsaturated fatty acids, cholesterol, and nucleic
acids [11]. Excessive free radicals and ROS cause oxidative
pressure injury on lipids, proteins, and DNA, and the damage
eventually induced cellular damage, aging, neural disorders,
diabetes, atherosclerosis, inflammatory, cancer, and cardio-
vascular disease, especially unwanted pigment accumulation
[12].

Cinnamomum osmophloeum Kanehira is commonly rec-
ognized as indigenous cinnamon or pseudocinnamomum.
The natural plant is native to broad-leaved forests of Taiwan’s
endemic plants (Figure 1) and lots of exercises as a Chinese
herbalmedicine, including tannin, resin,mucilage, sugar, and
essential oil, among which essential oils had excellent inhibi-
tions on bacterial pharmacological characteristics [13]. This
plant contains many nutrients such as manganese, dietary
fiber, iron, and calcium, commonly used as a spice and fla-
voring agent formany foods [14]. Various biofunctional appli-
cations have been found that C. osmophloeum Kanehira has
high anti-inflammatory and antioxidative properties which
plays a key role in tissue repair of traditional medicine [15].
Moreover, C. osmophloeum Kanehira could be used as a
xanthine oxidase inhibitor formanagement of hyperuricemia
and related medicinal situations including gout, hence a
potential drug [16].

2. Materials and Methods

2.1. Reagents and Materials. All the reagents were purchased
from Sigma Chemical (St. Louis, MO), including dimethyl
sulfoxide (DMSO), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 3-
(4,5-dimetylthiazol-2-yl)-2,5-diphenyl, tetrazolium bromide
(MTT), 3-tert-butyl-4-hydroxyanisole (BHA), ethylenedi-
aminetetraacetic acid (EDTA), FeCl

3
, FeCl

2
⋅4H
2
O, kojic acid,

L-tyrosine, mushroom tyrosinase, potassium ferricyanide
[K
3
Fe(CN)

6
], trichloroacetic acid and vitamin C, and other

highest purity chemical buffers and reagents. Cell culture
reagents were purchased from GIBCO BRL (Gaithersburg,
MD), including fetal bovine serum (FBS) and Dulbecco’s
modified Eagle medium (DMEM).

2.2. Extraction of C. osmophloeumKanehira Leaves. Theplant
specimen was authenticated by Ladies Biotech Co., LTD,
where voucher specimens were kept. Dry leaves of C. osmo-
phloeum Kanehira (0.6 kg) were sliced and soaked in 3 L
ethyl alcohol for one day before further three ethyl alcohol
extractions. After filtration, the extracts were evaporated to
final weight of 8.49 g.

2.3. B16-F10 Melanoma Cell Cultures. The melanoma B16-
F10 cells (BCRC 60031 in ATCC) were maintained at 37∘C
under 5% CO

2
atmosphere by feeding the medium (10mM
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HEPES, 13.4mg/mL DMEM, 100 𝜇g/mL streptomycin sul-
fate, 143U/mL benzylpenicillin potassium, and 24mM
NaHCO

3
, pH 7.1) with 10% FBS [17].

2.4. B16-F10 Cell Viability. MTT assay was used to eval-
uate the effects of cell viabilities for the treatments of C.
osmophloeum Kanehira extracts [17]. Briefly, cells (6 × 103
cells/well) were plated in 96-well plates for overnight. Cells
were treated with either vehicle (DMSO) or indicated con-
centrations of eachsample for 24 h. Subsequently, 0.5mg/mL
MTT in 100 𝜇L of fresh medium was used to replace the
mediumand the reactionwas performed in a 37∘Ccell culture
incubator for 2 h. The generating crystals were dissolved in
100 𝜇L of DMSOwith smooth shaking for 10min in darkness.
Finally, the absorbance (𝐴) value of this reactionwas detected
at 595 nm by multiplate reader (UV-vis, BioTek, Winooski,
VT). Cell viability (%) was formulated as follows:

Cell viability (%) = 100 ×
ODsample

ODcontrol
. (1)

2.5. B16-F10 Cellular Tyrosinase Activity. The tyrosinase
activity was dependent on the dopachrome formation rate
as previously described [17]. Melanoma B16-F10 cells (105
cells/well) were seeded in a 12-well plate with 1,000 𝜇L of
medium, and theywere treatedwith indicated concentrations
of extracts for 48 h. After PBS washing, B16-F10 cells lysed
with 1% triton X-100/PBS and 50 𝜇L of 2mM L-tyrosine were
added. Standing for 3 h at 37∘C in darkness, its absorbance
at 490 nm was examined spectrophotometrically, where the
tyrosinase activity evaluation formula was similar to (2).

2.6. B16-F10 Cellular Melanin Contents. The cellular melanin
contents were measured with minor modifications as previ-
ously described [17]. Briefly, B16-F10 melanoma cells (2.5 ×
105 cells/well/1500 𝜇L of medium) plated in 6-well plates
were treated with extracts and incubated for 48 h. After
dissolving in 10% DMSO with 50 𝜇L of 2.0N NaOH for 1 h
at 90∘C, cell lysates were centrifuged at 10,000×g for 10min
to collect the supernatants for melanin determination using
spectrophotometer at 475 nm with similar formula to (2).

2.7. Mushroom Tyrosinase Activity. The mushroom tyrosi-
nase activity was measured with minor modifications as
previously described [18, 19]. The various concentrations of
extracts were added: 2 𝜇L with 68𝜇L of 50mM phosphate
buffer (pH 6.8), 10 𝜇L of 0.5 units/mL of mushroom tyrosi-
nase, and 10 𝜇L of the mixture. The absorbance of the mush-
room tyrosinase inhibition assay at 490 nmwas determined at
5min per interval until 30 minutes with a 96-well plate spec-
trophotometer, where kojic acid was regarded as a positive
control. Mushroom tyrosinase activity (%) was formulated as
follows:

Mushroom tyrosinase activity (%)

= 100 − [100 ×
(𝐴 − 𝐵) − (𝐶 − 𝐷)

(𝐴 − 𝐵)
] ,

(2)

where 𝐴 is the OD value under no sample; 𝐵 is the OD
value under no sample and tyrosinase; 𝐶 is the OD value
under sample; and 𝐷 is the OD value under sample but no
tyrosinase.

2.8. Animal Experiments. Six-week-old male Wistar rats are
used. These rats are kept on standard rat chow and water ad
libitum for 1week before challenging.The animal studieswere
performed under authorization from the Animal Use Com-
mittee of Kaohsiung Medical University. The experimental
rats were housed on a 12/12-hour light-dark cycle with the air
conditioner and adequate supply of food and water. Twelve
rats were grouped into two sets, that is, petroleum jelly and
C. osmophloeum Kanehira extracts (experimental groups).
The wound healing of skin was measured with minor mod-
ifications as previously described [20]. After rats were anes-
thetized, its dorsal hair was shaved and the wounds of 1 cm
in diameter were generated. After a back skin excising, the
wounds of all experimental rats were quickly coveredwith the
petroleum jelly (8% DMSO, w/v) or 0.8mg extracts, where
the petroleum jelly was used as a reference.

2.9. Measurement of the Wound Area. Digital camera
(Coolpix P6000, Nikon, Japan) was used to record the pro-
gression of skin wound after 0, 1, 3, and 5 days with protocol
parameters (aperture: F/7.2, shutter speed: 1/60). The wound
dressing was not removed under healing period unless the
substance was easy to detach manually. The area of each
skin wound was determined by SPOT software (Diagnostic
Instruments, Inc., Sterling Heights, MI, USA). Some random
Sani-Chips were visualized on wound sites; however, wound
size measurements were not interfered. The wound healing
index was formulated as follows:

Wound area of day 𝑁
Wound area of day 0

× 100%. (3)

2.10. Determination Antioxidation Ability by DPPH∙ Radical
Scavenging. The principle of antioxidation determination is
based on the color change of DPPH to light yellow if free
radicals are scavenged [21].Themore the light color rendered,
the higher the antioxidant capacity from the component.
Suitable concentration doses of C. osmophloeum Kanehira
extracts were added to 1 𝜇L andwith 99 𝜇L of DPPH solution.
WhenDPPH reactedwith antioxidants or vitaminC (positive
control), it changed to reduced form and led to a lower
absorbance at 517 nm. The scavenging activity (%) of DPPH
radical was formulated as follows:

Scavenging activity (%) = 100 ×
(ODcontrol −ODsample)

ODcontrol
.

(4)

2.11. Metal Chelating Activity. Metal chelating activity was
measured with slight modifications as previously described
[5]. Briefly, C. osmophloeum Kanehira extracts dissolved in
DMSO were mixed with a reagent containing 10 𝜇L of 2mM
FeCl
2
⋅4H
2
O. To initiate the reaction with the addition of
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20𝜇L of 5mM ferrozine, the solution was vigorously shaken
and then it was stood for 10min at room temperature. EDTA
was regarded to be a positive control. Its absorbance at 562 nm
was calculated as the chelating activity (%) and its method
was alike to (4).

2.12. Reducing Power. The reducing power of C. osmo-
phloeum Kanehira extracts was determined according to the
previousmethod [21].The extracts were incubatedwith 85 𝜇L
of 67mM phosphate buffer (pH 6.8) and 2.5𝜇L of 20%
K
3
Fe(CN)

6
at 50∘C for 20min. After the addition of 160 𝜇L

of trichloroacetic acid (10%), it was centrifuged at 3,000×g
for 10min to collect the supernatant (75𝜇L) for reacting
with 2% FeCl

3
(25 𝜇L). BHA was regarded to be a positive

control. Finally, its absorbance at 700 nm was measured by
spectrophotometer.

2.13. Statistics. Data are indicated as a mean and standard
deviation in triplicate at least. Its difference significance was
evaluated by Student’s 𝑡-test.

3. Results and Discussion

3.1. B16-F10Cytotoxicity ofC. osmophloeumKanehira Extracts.
Melanoma B16-F10 cells were cultured in the indicated doses
of tested extracts (10, 25, 50, 100, and 200𝜇g/mL). In Figure 2,
the cell viability was determined by MTT assay. The prolif-
eration of B16-F10 cell was inhibited by extracts in a dose-
responsive manner ranging from 10 to 200𝜇g/mL. When
the mouse melanoma cells were incubated in a higher assay
surrounding 100 𝜇g/mL, the viabilities of extract-treated B16-
F10 cells were more than 50% at 48 h treatment, suggesting
that extracts had discernable cytotoxic effect on mouse
melanoma cells.

3.2. C. osmophloeum Kanehira Extracts on B16-F10 Cellular
Tyrosinase Activity andMelanin Content. We further investi-
gated the in situ cellular tyrosinase and melanin suppressions
of extracts. The melanin generation mechanisms contain the
L-tyrosine hydroxylation and the L-DOPA oxidation to its
corresponding dopaquinone to form pigment by additional
multiple biosynthesis steps through the enzymatic tyrosinase.
We verified that the extracts had the tyrosinase-inhibiting
ability andmelanin content effectiveness inmousemelanoma
cell, B16-F10. In Figure 3(a), the extracts had revealed supe-
rior obvious suppressions even at a moderate quantity con-
centration to both tyrosinase activity and melanin content.
Additionally, Figure 3(b) shows that melanin contents and
tyrosinase activities were highly correlated under the same
dose-responsive manner upon C. osmophloeum Kanehira
treatments. Both tyrosinase activity and melanin content
decreased in a similar dose-dependent tendency, when we
increased dosages of extracts, indicating that the inhibition
of cellular tyrosinase activity might induce the epidermal
melanin reduction. But interestingly, extracts at the concen-
tration 100𝜇g/mL, the cell viability remained 52% (Figure 2),
and the tyrosinase activity was 18% lower than cell via-
bility (Figure 3(a)). Melanin content did not show evident
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Figure 2: The cytotoxicity of C. osmophloeum Kanehira extracts
on marine melanoma B16-F10 cells. Data: the mean value ± SD
(triplicate values for three independent experiments); ∗ < 0.01,
∗∗ < 0.001.

reduction. On the contrary, with highest concentration of
C. osmophloeum Kanehira extracts at 50𝜇g/mL, the melanin
content was decreased for low cell viability. As the tendency
of tyrosinase activity was lower than cell viability, themelanin
content was a bit higher than cell viability.

3.3. Measurement of C. osmophloeum Kanehira Extracts on
Mushroom Tyrosinase Activity. We previously reported that
UV exposure may induce the oxidative stress which is
prone to be skin darkening and ROS generation for tumor
progression [22, 23]. For the prevention of skin darkening and
the hyperpigmentation, we evaluated the inhibitory effects of
C. osmophloeum Kanehira extracts using in vitro mushroom
tyrosinase inhibitory assay. The inhibition effectiveness of
C. osmophloeum Kanehira extracts demonstrates moderate
suppression to the activity ofmushroom tyrosinase at 200𝜇M
(Figure 4). Accordingly, these compounds have the potential
use for supplements in industry of cosmetics and pharmaceu-
ticals.

3.4. Evaluation of the In Vivo Wound Size Assay. In order
for C. osmophloeum Kanehira extracts to be utilized as a
dermal agent, they should exhibit minimal toxicity towards
normal tissues. The wound-healing performance of the C.
osmophloeum Kanehira extracts was measured by an animal
model in terms of the full thickness wound assay and
monitored by image analysis of excision wound area. We dis-
covered that themice displayed no obvious evidences of gross
toxicity during the course of the treatment period. The body
weight of the mice was also monitored at an interval of every
other day over the course of this study. The results showed
that the body weight of mice in the treatment and the control
groups was not significantly different over the duration of the
experiment (data not shown). Additionally, the mean values
of the heart, liver, and kidney weights after sacrifice between
these two groups of mice were not significantly changed.
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Figure 3: The inhibitory effects of various concentrations of C. osmophloeum extracts on B16-F10 cells. (a) The tyrosinase activity and (b)
the melanin content of B16-F10 cells were incubated with indicated concentrations of C. osmophloeum extracts. Data: the mean value ± SD
(triplicate values for three independent experiments); ∗ < 0.01, ∗∗ < 0.001.
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Figure 4: The inhibitory effects of various concentrations of C.
osmophloeum extracts and kojic acid on mushroom tyrosinase for
5 minutes. Data: the mean value ± SD (triplicate values in three
independent experiments); ∗ < 0.01, ∗∗ < 0.001.

The wound areas of both petroleum jelly (8% DMSO, w/v)
and 0.8mg extract treatment groups were decreased in a
time-dependent manner (Figure 5). Wound areas of extract-
treatment groups at days 0, 1, 3, and 5 were 100 ± 0.1%,
86.7 ± 5.8%, 63.0 ± 6.1%, and 42.7 ± 6.4%, respectively, which
were smaller than those of petroleum jelly group (100±0.4%,
96.7 ± 5.8%, 83.3 ± 11.5%, and 73.0 ± 11.3%) (Figure 5(a)). In
the beginning of the wound creation, the experimental group
displayed smaller area than that of petroleum jelly group
which showed a constant repair trend after 3 days. The
C. osmophloeum Kanehira-treated wound healing displayed
over 30% and 50% wound area closure after 3 and 5 days,
respectively (Figure 5(b)).Therefore, the repairing ability and
the wound shrinking ratio of the extract experimental group
were higher and more effective.

3.5. Antioxidative Properties of C. osmophloeum Kanehira
Extracts. Accumulating evidence shows that free radical
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Figure 5:The wound healing of C. osmophloeum extracts on animal
model. (a) Wound healing after 0, 1, 3, and 5 days after injury.
After the full thickness excisions of 1 cm in diameter were made, the
petroleum jelly (8%DMSO, w/v) or 0.8mgC. osmophloeum extracts
covered on the hurt. For injury group, wounds were not covered for
control. At the first day, the wound healing area from petroleum jelly
(8% DMSO) group was smaller than that of C. osmophloeum group
until 5 days. (b) The differences between wounds of petroleum jelly
(8% DMSO, w/v, blue solid triangle) and 0.8mg C. osmophloeum
group (orange solid circle) were statistically significant at day 5.
Data: the mean value ± SD (triplicate values in two independent
experiments); ∗ < 0.01, ∗∗ < 0.001.

increases can lead to skin melanin overexpression and speed
up the variety of oxidations of lipids in manufactured food
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Table 1: Measurement of C. osmophloeum extracts on antioxidant
experiments. The data were expressed as a mean value in three
independent experiments.

C. osmophloeum
extract
(𝜇g/mL)

DPPH
scavenging (%)

Metal chelating
ability (%)

Reducing
power

(OD 700)
1 ≤10.0 ≤10.0 0.09 ± 0.00
10 ≤10.0 ≤10.0 0.10 ± 0.00
50 ≤10.01 ≤10.0 0.18 ± 0.02
100 13.23 ± 0.01 ≤10.0 0.27 ± 0.03
250 38.97 ± 0.02 ≤10.0 0.48 ± 0.02
Vitamin Ca 80.82 ± 0.00 — —
EDTAb — 80.76 ± 0.01 —
BHAc — — 0.56 ± 0.03
“—” is no testing.
aVitamin C was used as a positive control on DPPH assay at 100𝜇M.
bEDTA was used as a positive control on metal chelating ability at 100𝜇M.
cBHA was used as a positive control on reducing power at 100 𝜇M.

and cosmetics [1]. Natural antioxidants, particularly free radi-
cal eliminating abilities, are essential to skin caring. In Table 1,
the inhibitory data for extracts to DPPH from 0 to 250𝜇g/mL
were found. Based on this information, extracts showed a
dose-dependent manner in our testing conditions and might
function as chain-breaking agents or radical ion neutralizers
inhibiting the generation of excess free radicals in reference
to control of 100 𝜇M vitamin C.

Several literatures reported that reducing power and
metal ions-chelating ability from a reagent are commonly dis-
played through antioxidative effect [18, 19]. In Table 1, the fer-
rous ion chelating data of C. osmophloeum Kanehira extracts
were found. When the complex formation of ferrozine and
Fe(II) is interfered, it was detectable spectrophotometrically.
Therefore, C. osmophloeum Kanehira extracts were demon-
strated to have few Fe(II) chelating belongings.

The measurement of reducing power is one of the easy
and effective methods by reacting with a Fe(III) ferricyanide
complex [18, 19]. The solution color changes from light
yellow to dark green and blue depended on the level of
antioxidants within samples. As shown in Table 1, C. osmo-
phloeum Kanehira extracts reducing powers were com-
pared to similar antioxidative power with 3-tert-butyl-4-
hydroxyanisole (BHA) at 100𝜇M.

4. Conclusion

Various biochemical characterization properties of C. osmo-
phloeum Kanehira extracts were explored within this study.
In the cellular experiments, extracts had tyrosinase inhibition
effect and melanin content diminution but were cytotoxic.
The extracts might have lower cell viabilities to contribute to
the results in both inhibited tyrosinase activity and reduced
melanin content. In the animal model, we found that the
extracts could repair the wound. The antioxidative assays
suggested that high concentration of extracts had moderate
antioxidative abilities in terms of DPPH scavenging capacity

and reducing power ability except metal chelating. In the
future, we will analyze purification from C. osmophloeum
Kanehira extracts to find an effective antioxidant and tyrosi-
nase inhibitor.
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Indoxyl sulfate (IS) contributes to oxidative stress and endothelial dysfunction in chronic kidney disease patients. However, the role
of mitochondria in IS-induced oxidative stress is not very clear. In this study, we examined whether mitochondria play a pivotal
role in modulating the effects of antioxidants during IS treatment. In the context of human umbilical vein endothelial cells, we
found that IS had a dose-dependent antiproliferative effect. In addition, we used flow cytometry to demonstrate that the level of
reactive oxygen species increased in a dose-dependent manner after treatment with IS. High doses of IS also corresponded to
increased mitochondrial depolarization and decreased mitochondrial DNA copy number andmitochondrial mass. However, these
effects could be reversed by the addition of antioxidants, namely, vitamin C and N-acetylcysteine. Thus, our results suggest that
IS-induced oxidative stress and antiproliferative effect can be attributed to mitochondrial dysfunction and impaired biogenesis and
that these processes can be protected by treatment with antioxidants.

1. Introduction

Indoxyl sulfate (IS) is a uremic toxin associated with vascular
disease and mortality in chronic kidney disease (CKD)
patients [1]. Increased reactive oxygen species (ROS) gener-
ation contributes to tissue dysfunction [2]. Moreover, IS is a
known cause of oxidative stress in endothelial cells [3–5], and
it has been shown to strongly decrease the levels of cellular
antioxidants such as glutathione (GSH) [3] and increase the
production of mitochondrial superoxide [6]. Additionally, IS
has been reported to inhibit nitric oxide generation and cell
proliferation in vascular endothelial cells [4].

Recently, many studies have investigated compounds
that may be capable of regulating IS levels. For example,
Kremezin (AST-120), an oral clinical drug with spherical

adsorptive carbon, was reported to absorb IS in the gut,
decreasing the IS levels in circulation in CKD patients [7];
this improved endothelial function and restored GSH levels
[5]. This research provides evidence of the significant role of
IS modulators in CKD patients.

Since IS is known to induce oxidative stress, it is rea-
sonable to hypothesize that antioxidants could counteract
IS-induced ROS production. Antioxidants such as vitamin
E, vitamin C, and N-acetylcysteine (NAC) were reported
to inhibit IS-induced ROS generation and antiproliferative
effect in human umbilical vein endothelial cells (HUVECs)
[3, 4]. Furthermore, several signaling pathways appear to
be regulated in IS-treated cells. For example, IS inhibits
nitric oxide generation and cell proliferation through ROS-
mediated Nox4 overexpression in HUVECs [4]. In addition,
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IS upregulates intercellular adhesion molecule-1 (ICAM-1)
and monocyte chemotactic protein-1 (MCP-1) expression via
ROS-activated NF-𝜅B signaling [8, 9].

Mitochondria are the major ROS-generating organelles
[10, 11], and mounting evidence shows that mitochondrial
dysfunction may lead to many diseases [12–14]. Although
IS-induced ROS generation and antiproliferative effects were
reported, the role of mitochondria in this process has not
been elucidated yet.

We hypothesized that IS-induced oxidative stress results
in mitochondrial dysfunction and impaired mitochondrial
biogenesis. To address this hypothesis, we assessed cell via-
bility, ROS generation, mitochondrial membrane potential,
mitochondrial DNA copy number, and mitochondrial mass
in IS-treated HUVECs and investigated the effects of antiox-
idants (vitamin C and NAC) on mitochondrial function and
biogenesis.

2. Materials and Methods

2.1. Cell Lines and Chemical Information. HUVECs were
incubated in a humidified atmosphere with 5% CO

2
at 37∘C.

Culture medium was prepared as follows: 400mL of M199
medium (Gibco, Grand Island, NY), 100mL of fetal bovine
serum (Sigma-Aldrich, St. Louis, MO), 25000U/vial heparin
(China Chemical & Pharmaceutical, Tainan, Taiwan), 5mL
of penicillin/streptomycin (Gibco), and 7.5mg of endothelial
cell growth supplement (ECGS) (Millipore, Billerica, MA).
IS, ascorbic acid, NAC, crystal violet, and dimethyl sul-
foxide (DMSO) were purchased from Sigma-Aldrich, and
IS, ascorbic acid, and NAC were further reconstituted to
0–250𝜇g/mL, 200𝜇M, and 10mM for use in experiments,
respectively.

2.2. Cell Viability Assay. Cell viability was measured by
crystal violet assay [15]. Cells were seeded in 96-well plates
(5×103 cells/well), treated with IS at indicated concentrations
(0, 50, 125, and 250𝜇g/mL) for 48 h, and washed thrice
with phosphate-buffered saline (PBS). Crystal violet reagent
(0.05% in PBS) was added to these cells and the mix was
incubated for 2 h at 37∘C; the cells were then washed 10 times
with PBS and air-dried. The cells were incubated with 100 𝜇L
of DMSO for 1-2 h to completely dissolve the dye. Finally, the
absorbance of these plates was read at 570 nm on amicroplate
reader.

2.3. Intracellular ROS Detection. Intracellular ROS was
detected using 2,7-dichlorodihydrofluorescein diacetate
(DCFH-DA) [16]. For this purpose, HUVECs (2 × 105 cells)
were incubated with different concentrations of IS (0, 50, 125,
and 250 𝜇g/mL) for 48 h. Cells were then stained with 10 𝜇M
DCFH-DA (Molecular Probes, Life Technologies, Carlsbad,
CA) for 30min at 37∘C and detached with trypsin/EDTA.
Cells were collected in PBS, washed twice by centrifugation
(1500 rpm for 5min), and resuspended in 0.5mL of PBS.
ROS production was measured by flow cytometry utilizing a
fluorescence-activated cell scanner machine (BD Biosciences

FACScan system). It was expressed as the mean fluorescence
intensity (MFI), which was calculated by CellQuest software.

2.4. Measurement of Mitochondrial Membrane Potential
(MMP). Rhodamine 123 (Invitrogen, Life Technologies,
Carlsbad, CA) was used to measure MMP, as described
previously [17]. In brief, 2 × 105 cells were plated in each
well of six-well plates and they were allowed to attach for 16–
18 h. After being treated with drugs for 48 h, the cells were
harvested by trypsinization, washed in PBS, and resuspended
in 200 ng/mL Rhodamine 123. After incubation for 30min
at 37∘C, the cells were washed three times and resuspended
in 500mL of PBS. Cytofluorimetric analysis was performed
using a BD Biosciences FACScan system. The fluorescence
intensity of IS-treated cells was adjusted to that of the
untreated control.

2.5. RNA Extraction and Mitochondrial DNA Copy Number.
After drug treatment for 48 h, cellular RNA was extracted
by PureLink RNA Mini Kit (Ambion, Life Technologies,
Carlsbad, CA) and reverse-transcribed to cDNA using
SuperScript First-Strand Synthesis System (Invitrogen, Life
Technologies, Carlsbad, CA). Mitochondrial DNA (mtDNA)
copy number was assessed using real-time polymerase
chain reaction (PCR) and adjusted with nuclear DNA
(𝛽-actin gene) by using primers against MT-ND1 (for-
ward: 5-TGGGTACAATGAGGAGTAGG-3 and reverse: 5-
GGAGTAATCCAGGTCGGT-3) and actin (forward: 5-
TCACCCACACTGTGCCCATCTACGA-3 and reverse: 5-
CAGCGGAACCGCTCATTGCCAATGG-3), as described
previously [18, 19].The threshold cycle number (Ct) values of
𝛽-actin and ND1 genes were calculated using the following
formula: relative copy number (Rc) = 2ΔCt, where ΔCt =
Ct 𝛽-actin − Ct ND1.

2.6. Mitochondrial Mass. Mitochondrial mass was deter-
mined as described previously with slight modification [20].
In brief, the mitochondria and cytoskeleton (F-actin) were
stained by MitoTracker red (Invitrogen, Life Technologies,
Carlsbad, CA) and phalloidin (Molecular Probes, Life Tech-
nologies, Carlsbad, CA), respectively, and observed using a
fluorescence microscope (Olympus BX-UCDB-2; Olympus
Corporation, Tokyo, Japan). Image area was analyzed by the
Image Pro-Plus version 7.0 (Media Cybernetics, Rockville,
MD) system. Only cells with intact cytoplasmic phalloidin
staining were counted. Mitochondrial mass was calculated as
follows:

mitochondrial mass = mitochondrial area
cytoskeleton area

× 100. (1)

3. Results

3.1. Cell Viability of IS-Treated HUVECs. The viability of
HUVECs treated with the indicated concentrations of IS
for 48 h is shown in Figure 1. Cell viability was found to
be inversely correlated with IS dose ranging from 0 to
250 𝜇g/mL. In addition, the antiproliferative effect of IS
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Figure 1: Cell viability of IS-treated HUVECs. Cells were treated
with 0, 50, 125, and 250 𝜇g/mL of IS for 48 h and subjected to crystal
violet assay. Data, mean ± SD (𝑛 = 12). ∗∗𝑃 < 0.0001.
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Figure 2: ROS generation of IS-treated HUVECs. Quantification
analysis of relative ROSmean intensity of DCFH-DA (% of control).
Cells were treated with 0, 50, 125, and 250 𝜇g/mL of IS for 24 h. Data,
mean ± SD (𝑛 = 3). ∗𝑃 < 0.01; ∗∗𝑃 < 0.001 compared to the control.

on HUVECs significantly increased in a dose-dependent
manner (Figure 1).

3.2. ROS Generation of IS-Treated HUVECs. The mean flu-
orescence intensity of DCFH-DA was used to measure the
relative ROS content (% of control) in IS-treated HUVECs.
The results indicated that increasing doses of IS corresponded
to higher levels of ROS (Figure 2).

3.3. MMP of IS-Treated HUVECs. The mean fluorescence
intensity of Rhodamine 123 was used to measure the relative
MMP levels (% of control) in IS-treated HUVECs. Figure 3
shows that MMP was reduced in IS-treated HUVECs. How-
ever, the addition of antioxidants such as vitamin C or NAC
was able to counteract the effect of IS with regard to MMP
(Figure 3).
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Figure 3: Role of antioxidants in IS-inducedmitochondrial depolar-
ization in HUVECs. Quantification analysis of relative MMP mean
intensity (% of control) of Rhodamine 123. Cells were treated with IS
125 𝜇g/mL alone as the positive control, cotreated with IS 125𝜇g/mL
and vitamin C 200 𝜇M or NAC 10mM for 48 h. Cells without IS
treatment were regarded as the negative control. Data, mean ± SD
(𝑛 = 2). ∗𝑃 < 0.05 compared to the control.

3.4. Mitochondrial Function in IS-Treated HUVECs. Mito-
chondrial DNA (mtDNA) expression was measured to quan-
tify mitochondrial function in HUVECs treated with IS.
In accordance with our previous findings, we saw that
mtDNA copy number was dramatically reduced in IS-treated
HUVECs, compared to untreated controls. Moreover, these
effects could be reversed by the addition of either vitamin C
or NAC.

3.5. Mitochondrial Biogenesis in IS-Treated HUVECs. We
assessed the effect of IS treatment on mitochondrial biogene-
sis by measuring mitochondrial mass in IS-treated HUVECs.
To this end, we stained the mitochondria, cytoskeletal net-
works, and nuclei by using MitoTracker red, phalloidin, and
DAPI, respectively. Using imaging software, we were able
to quantify the mitochondrial mass relative to that of the
entire cell (Figure 5(b)); increase in the number of loci of red
fluorescent staining indicates increased mitochondrial mass
in the cytoplasm. Our results show that mitochondrial mass
was dramatically reduced in IS-treated HUVECs compared
to controls and that we could counteract these effects with
the addition of vitamin C or NAC.

4. Discussion

IS is a known risk factor for cardiovascular disease in CKD
patients [1, 21]. Findings from the present and previous
studies [3–5] supported the idea that IS can induce antipro-
liferative effects and ROS generation in a dose-dependent
manner. ROS generationwas commonly reported, along with
mitochondrial depolarization and apoptosis, for example,
cancer cells treatment with natural products [22–24]. Simi-
larly, we found that IS induced mitochondrial depolarization
and cell death, although the cause of death was not verified
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Figure 4: Role of antioxidants in IS-induced mtDNA copy number
changes in HUVECs. Quantification analysis of relative mtDNA
copy number (% of control) was shown. Cells were treated with IS
125 𝜇g/mL alone as the positive control, cotreated with IS 125 𝜇g/mL
and vitamin C 200 𝜇M or NAC 10mM for 48 h. Cells without IS
treatment were regarded as the negative control. Data, mean ± SD
(𝑛 = 2). ∗∗𝑃 < 0.005 compared to the IS only. VITC: vitamin C.

to be apoptosis. Moreover, the sensitivity of mitochondria-
based methods for cell viability detection like MTT or MTS
[23, 24] is better than the crystal violet assay used in the
current study. For small dosage effect of IS, the MTT/MTS
assays can be considered.

Vitamin C [25] and NAC [26] are both well-known
scavengers of free radicals. Interestingly, oxidative stress
associated with other ROS-generating drugs such as imida-
cloprid [27] and melamine [28] was shown to be thwarted
by treatment with vitamin C. In addition, liver carcinogen-
esis induced by diethylnitrosamine was mediated by ROS
generation and was reversed by NAC in animal models
[29]. Furthermore, pretreatment withNACpartly rescued IS-
induced antiproliferative effects and nitric oxide generation
in HUVECs at 48 h IS treatment [5]. In our study, we
focused on the effect of IS on mitochondrial dysfunction and
found that both vitamin C and NAC significantly protected
HUVECs from IS-induced mitochondrial dysfunction.

The ROS production of HUVECs stimulated by IS was
dose dependent. However, IS could activate NADPH oxidase
(NOX) to increase ROS production [3]. It could also relate
to mitochondria dysfunction. Accordingly, the origin of
ROS production (NOX or mitochondria) after adding IS
to HUVECs remains unclear. Using NOX inhibitors [3] or
p22phox siRNA [30] for NOX and monitoring cytochrome
C oxidase activity may further address this issue.

Many researchers have quantified mitochondrial bio-
genesis in terms of mitochondrial DNA copy number and
mitochondrial mass. For example, knockdown of manganese
superoxide dismutase (MnSOD) was reported to increase
mtDNA copy number and mitochondrial mass in normal
rat kidney cells [31], and overexpression of mitochondrial
transcription factor A (TFAM) increased mtDNA copy num-
ber and preserved transformation-induced oxidative stress
in lymphoblastoid cells [32]. Here, we have shown that IS

M
ito

Tr
ac

ke
r

re
d

Ph
al

lo
id

in
H

oe
ch

st

Control IS IS + VITC IS + NAC

(a)

Control IS IS + VITC IS + NAC

100

80

60

40

20

0

P = 0.18

∗

M
ito

ch
on

dr
ia

l m
as

s (
%

)

(b)

Figure 5: Role of antioxidants in IS-induced mitochondrial mass
changes in HUVECs. Cells were treated with IS 125 𝜇g/mL alone
as the positive control, cotreated with IS 125 𝜇g/mL and vitamin C
200 𝜇M or NAC 10mM for 48 h. Cells without IS treatment were
regarded as the negative control. The fluorescent dyes and colors
were MitoTracker (red), phalloidin (green), and Hoechst 33258
(blue). (a) Representative confocal microscopy. (b) Quantification
analysis of relative mitochondrial mass (% of control). Data, mean ±
SD (𝑛 = 2). ∗𝑃 < 0.01 compared to the IS only.

reduced mtDNA copy number and mitochondrial mass in
HUVECs and that these results could be reversed with the
addition of vitamin C and NAC. However, some valuable
assays including mtDNA deletion assay [33, 34], may offer
complementary information on how much effect that IS had
on mtDNA reduction. Moreover, the possible presence of the
large mtDNA deletions may partly explain that IS-induced
marked reduction of PCR-based mtDNA copy number to
low level (Figure 4) while the IS-inducedmitochondrial mass
seems to maintain stable level (Figure 5).

Other antioxidants may have the potential to improve
mitochondrial function and biogenesis. For example, red
wine polyphenols such as resveratrol enhance mitochondrial
biogenesis in coronary arterial endothelial cells via sirtuin 1
activation [20]. Interestingly, other members of the sirtuin
family are linked to ROS generation [35]; sirtuin 2 over-
expression induced ROS generation in non-small-cell lung
cancer [36], and sirtuin 2 was reported to induce alveolar
mitochondrial biogenesis in the animal model of Staphylo-
coccus aureus pneumonia [37]. These findings indicate the
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potential roles of ROS-signaling proteins in the regulation of
mitochondrial biogenesis.

Recently, many mitochondrial biogenesis-related tran-
scription factors have been identified. These include perox-
isome proliferator-activated receptor gamma coactivator 1-
alpha (PGC-1𝛼; PPARGC1A) [38], mitochondrial transcrip-
tion factors A (TFAM), B1 (TFB1M), and B2 (TFB2M) [39],
nuclear respiratory factor 1 (NRF1) [40], nuclear factor,
erythroid 2-like 2 (NRF2; NFE2L2) [37], and estrogen-related
receptor-𝛼 (ESRRA) [41]. Further research is necessary to
examine alterations in the expression of these transcription
factors in IS-treated cells.This will offer better understanding
of themolecular networks that are involved in helping human
endothelial cells cope with IS-mediated injuries.
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BQ chewing may produce significant amounts of reactive oxygen species (ROS), resulting in oral mucosa damage, and ROSmay be
metabolized by CYP26 families. Because the CYP26 polymorphisms associated with malignant oral disorders are not well known,
we conducted an association study on the associations between the single nucleotide polymorphisms (SNP) of CYP26 families and
the risks ofmalignant oral disorders. BQ chewers with theCYP26A1 rs4411227C/C+C/G genotype andC allele showed an increased
risk of oral and pharyngeal cancer (adjusted odds ratio (aOR) = 2.30 and 1.93, respectively). The CYP26B1 rs3768647 G allele may
be associated with oral and pharyngeal cancer (aOR = 3.12) and OPMDs (aOR = 2.23). Subjects with the rs9309462 CT genotype
and C allele had an increased risk of oral and pharyngeal cancer (aOR = 9.24 and 8.86, respectively) and OPMDs (aOR = 8.17 and
7.87, respectively).The analysis of joint effects between the CYP26A1 rs4411227 and CYP26B1 rs3768647/rs9309462 polymorphisms
revealed statistical significance (aOR = 29.91 and 10.03, respectively). Additionally, we observed a significant mRNA expression of
CY26A1 and CYP26B1 in cancerous tissues compared with adjacent noncancerous tissues. Our findings suggest that novel CYP26
polymorphisms are associated with an increased risk of malignant oral disorders, particularly among BQ chewers.

1. Introduction

Approximately 600 million people chew betel quid (BQ) in
the world [1], primarily in South/Southeast Asia and the
South Pacific islands [2]. BQ without tobacco is an addictive
and psychostimulant substance and is a group I human
carcinogen, as stated in an evaluation by the International
Agency for Research on Cancer (IARC) [3, 4]. Additionally,

areca nut (AN) is the primary component in BQ, which has
also been categorized as a group I human carcinogen by the
IARC [4]. BQ usage is increasingly recognized for its asso-
ciation with malignant oral disorders [4–10]. The malignant
oral disorders include oral potentially malignant disorders
(OPMDs) (i.e., oral submucous fibrosis (OSF), leukoplakia,
erythroplakia, and lichen planus) and cancers of the oral cav-
ity and pharynx. Epidemiological studies have indicated that
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BQ chewing can elevate the risk of malignant oral diseases
[4–10]. A recent study found that the percentage of male BQ
chewers was more than 85% among oral cancer patients [9].

A previous study suggested that chewing BQ may pro-
duce significant reactive oxygen species (ROS), such as the
hydroxyl radical, which may induce the oxidative damage
of oral tissue [11]. ROS are capable of inducing nucleotide
modification and the generation of DNA double stranded
breaks [12] and cellular 8-hydroxy-2-deoxyguanosine (8-
OH-dG) induced DNA oxidative damage [13]. In granu-
locyte-differentiated HL60 cells, a previous report indicated
that all-trans retinoid acid (at-RA) induces NADPH oxidase-
mediated ROS generation [14].

The cytochrome P450 (CYP) 26 family via oxidative
metabolism to partially regulate intracellular RA compounds
(such as the concentration of at-RA) affected the balance
of retinoic acid (RA) in homeostasis as well as their related
signal transduction [15]. RA is a vitamin A-activatedmetabo-
lite that primarily regulates cell growth, differentiation, and
apoptosis in the important mechanism of fetal development
as well as adult life activities [16]. RA exhibits its cardio-
protective effects by preventing cardiomyocyte apoptosis and
ROS generation [17]. The at-RA can produce apoptosis [18]
by inducing ROS formation in rat Sertoli cells [18, 19].
In granulocyte-differentiated HL60 cells, at-RA produces
NADPH oxidase-mediated ROS formation [14].

In this CYP26 family, there are two major isoforms,
CYP26A1 and CYP26B1, that can be induced by RA [15]. RA
compounds usually control their content through a precise
balancing mechanism. We speculated that BQ use would
change RA metabolism via the stimulation of CYP26B1 in
the oral mucosa, and the metabolism of RA is crucial for
the occurrence of oral cancer [9]. This in vivo regulation
was primarily through CYP26A1 and CYP26B1 metabolism
[20], andwe speculated that this regulationmay be associated
with ROS. Thus, the specific aim of this association study
was to investigate the role of CYP26 family (CYP26A1 and
CYP26B1) single nucleotide polymorphisms (SNPs) in the
risk of OPMDs and oral and pharyngeal cancers.

2. Methods

2.1. Participants and Data Collection. Patients with oral/pha-
ryngeal cancers (𝑁 = 211) and OPMDs (𝑁 = 218) were
identified from the Department of Oral and Maxillofacial
Surgery, Kaohsiung Medical University Hospital in Taiwan,
between 2006 and 2010. Healthy controls (𝑁 = 218) were
recruited from a community oral health survey. All volun-
teers signed written informed consent and provided whole
blood. The study was approved by the Institutional Review
Board of Kaohsiung Medical University Hospital (KMUH-
IRB-970413, KMUH-IRB-950315, and KMUH-IRB-950094).
The characteristics of the demographic variable and the status
of substance use (such as alcohol, BQ, and cigarette use)
were investigated by trained interviewers. Alcohol drinkers
included current and former drinkers. Smokers included
current and former smokers. Alcohol users, BQ chewers,
and cigarette smokers were defined as alcoholic beverage
consumption (irrespective of quantity) at least once per week

for longer than 6 months, at least one quid of BQ chewed per
day for longer than 6months, and at least 10 cigarettes smoked
per week for longer than 6months, respectively. A cumulative
lifetime BQ exposure (pack-years) was defined as the number
of packs consumed multiplied by chewing years. One pack
was defined as chewing 10 quids per day. Eight subjects with
oral cancerous tissue and adjacent noncancerous oral tissue
were collected during necessary surgery resection. These
tissue specimens without chemotherapy or radiation therapy
were analyzed. Informed consents was also signed by eight
oral and pharyngeal patients.

2.2. DNA Extraction and Genotyping. Eight c.c. of peripheral
blood was collected in tubes containing ethylenediaminete-
traacetic acid (EDTA). Genomic DNA was extracted from
the peripheral blood samples using the QIAamp DNA Mini
Kit (Qiagen) according to the manufacturer’s instructions.
The extracted DNA samples were stored at −80∘C until
examination. DNA concentrations were checked via optical
density at 260–280 nm (NanoDropND-2000;ThermoFisher
Scientific Inc.).

Single-nucleotide polymorphisms (SNPs) of CYP26A1
and CYP26B1 were selected withminor allele frequency from
a public reference database in the Chinese HapMap-CHB.
SNPGenotypingwas performed using a TaqmanGenotyping
Assay according to themanufacturer’s instructions. All assays
and gDNA were conducted in 384-well plates, and PCR was
performed. After PCR amplification, an endpoint plate read
was performedusing anAppliedBiosystemsViiA7Real-Time
PCR System.The Sequence Detection System (SDS) Software
analyzed the fluorescence measurements made during the
plate read to plot fluorescence (Rn) values based on the
signals from each well. The plotted fluorescence signals
indicate which alleles are in each sample.

2.3. Real-Time qRT-PCR Analysis. The total RNA was
extracted fromoral cancerous tissues, as well as their adjacent
noncancerous tissue using TRIzol (Invitrogen, Carlsbad, CA,
USA) and the commercial protocol of the manufacturer
as described [21]. Before further real-time qRT-PCR PCR
analysis, each cDNA pool was prepared at −20∘C. For real-
time PCR assays, specific oligonucleotide primer pairs were
purchased from Roche Universal ProbeLibrary. The reac-
tions of real-time qRT-PCR were analyzed using the Roche
LightCycler Instrument 1.5 with a LightCycler FastStart DNA
MasterPLUS SYBR Green I kit (Roche Cat. 03 515 885 001,
Castle Hill, Australia). The fold change of the expression of
the target gene relative to the internal control gene GAPDH
in each sample was calculated using the following formula:
2−ΔΔCt where ΔCt = Cttarget gene − Ctinternal control and ΔΔCt =
ΔCttest sample − ΔCtcontrol sample.

2.4. Statistical Analysis. The control genotype distribution
complied with the Hardy-Weinberg equilibrium (𝑃 ≥ 0.05).
In this statistical analysis, the questionnaire data included
the demographic information, substance use (alcohol, betel
quid, and cigarette use), and history and disease status (nor-
mal controls, OPMDs, and oral/pharynx cancer). General
linear model (GLM) analysis was used for comparing the
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Table 1: Distribution of male betel quid chewers associated with characteristics of selected demographic factors.

Oral and
pharyngeal
cancer

(𝑁 = 211)

OPMDs
(𝑁 = 56)

Control
(𝑁 = 218) 𝑃 value

BQ chewers 𝑁 (%)a 𝑁 (%) 𝑁 (%)
Age (mean ± S.D., years) 50.12 ± 9.15 49.19 ± 11.18 43.57 ± 8.58 <0.05
Ethnicity

Hokkien 181 (85.78) 44 (78.57) 174 (79.82) 0.20
Others 30 (14.22) 12 (21.43) 44 (20.18)

Education (years)
≤9 127 (60.19) 29 (51.79) 141 (64.68) 0.19
>9 84 (39.81) 27 (48.21) 77 (35.32)

Alcohol drinking status
Nondrinkers 68 (31.28) 16 (28.57) 55 (25.23) 0.38
Drinkers 145 (68.72) 40 (71.43) 163 (74.77)

Age at starting drinking (mean ± S.D., years) 22.58 ± 6.89 20.14 ± 4.85 18.60 ± 4.73 <0.05
Years of alcohol drinking 24.32 ± 8.63 26.94 ± 10.23 19.21 ± 8.29 <0.05

Cigarette smoking status
Nonsmokers 16 (7.58) 4 (7.14) 8 (3.67) 0.20
Smokers 195 (92.42) 52 (92.86) 210 (96.33)

Age at starting smoking (mean ± S.D., years) 19.01 ± 4.06 19.35 ± 5.08 17.38 ± 9.77 0.05
Average amount of smoking (cigarette/day) 26.12 ± 14.47 27.10 ± 15.18 16.06 ± 11.03 <0.05
Years of cigarette smoking 27.89 ± 9.20 28.96 ± 9.12 26.19 ± 7.22 0.05

BQ chewing status
Age at starting chewing (mean ± S.D., years) 22.17 ± 6.53 22.66 ± 8.23 18.99 ± 5.07 <0.05
Years of BQ chewing 21.96 ± 8.55 21.39 ± 9.44 18.60 ± 9.16 <0.05
Average amount of chewing (quids/day) 34.01 ± 35.39 34.66 ± 27.10 30.83 ± 34.99 0.59
Cumulative lifetime BQ use (pack-years)a 73.91 ± 73.58 69.78 ± 53.28 58.73 ± 72.09 0.10

The 𝑃 < 0.05 indicated statistical significance, and it was calculated via the Chi-square or GLM test (post hoc was compared using the Bonferroni test). Means
within each row (in capital letter) followed by the different letter are statistically significant differences (via the Bonferroni test (𝑃 < 0.05)).
aOne chewed pack corresponds to 10 betel quids.

differences in the means between three groups, and post hoc
comparisons were analyzed using the Bonferroni test. Using a
multinomial logistic regressionmodel to control for potential
confounders, such as demographic factors (continuous age,
ethnicity, and education levels) and substance use (cigarette
and alcohol use), an exact 𝑃 value, adjusted odds ratio (aOR),
and 95% confidence interval (CI) were produced for our
tables. All statistical analyses were performed using the SAS
Statistical Package (Version 9.1.3, SAS Institute Inc.).

3. Results

All subjects (𝑁 = 485) were BQ chewers. Among these, 56
OPMDs patients, 211 oral and pharyngeal cancer patients,
and 218 healthy controls were recruited in this case-control
study. The demographic characteristics, alcohol use status,
and cigarette use status are shown in Table 1. There was
statistical significance in the average ages among oral and
pharyngeal cancer patients, OPMDs patients, and healthy
controls (50.12 ± 9.15, 49.19 ± 11.18, and 43.57 ± 8.58 years
old, respectively). The distribution of ethnicity, education

levels, alcohol drinking status, and cigarette smoking sta-
tus showed no statistically significant differences. Oral and
pharyngeal cancer patients exhibited significantly older age
at drinking initiation compared with controls (𝑃 < 0.05).
The oral and pharyngeal cancer andOPMDs patients showed
a significantly higher average amount of smoking than the
controls (𝑃 < 0.05). In terms of BQ chewing, we observed
that oral and pharyngeal cancer and OPMDs patients had
a significantly longer duration of chewing and older age at
chewing initiation than the controls (𝑃 < 0.05). Additionally,
oral and pharyngeal cancer and OPMDs patients had higher
cumulative lifetime BQ use compared with the controls.

3.1. The Distribution of Genetic Polymorphisms between Oral
and Pharyngeal Patients and Control Groups. Between the
oral and pharyngeal patients and control groups, the dif-
ference in genotype frequency distribution was statistically
significant for CYP26A1 rs4411227 (Table 2). After adjusting
for covariates (age, ethnicity, education, alcohol drinking,
and cigarette smoking), the results showed that BQ chewers
with the rs4411227 C/G genotype or C/C+C/G combined
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Table 2: Distribution of CYP26 families genotype and allele frequency among malignant oral disorders patients and control groups.

Oral and
pharyngeal
cancer

(𝑁 = 211)

OPMDs
(𝑁 = 56)

Controls
(𝑁 = 218) Oral and pharyngeal cancer versus controls OPMDs versus controls

BQ chewers 𝑁 (%) 𝑁 (%) 𝑁 (%) aOR (95% CI) 𝑃 aOR (95% CI) 𝑃

CYP26A1
rs4411227

Genotype
G/G 130 (61.61) 40 (71.43) 170 (77.98) 1.00 1.00
C/G 74 (35.07) 14 (25.00) 43 (19.72) 2.38 (1.48–3.84)b∗ 0.0004 1.39 (0.67–2.90) 0.3792
C/C 7 (3.32) 2 (3.57) 5 (2.29) 1.65 (0.46–5.95) 0.4417 0.80 (0.09–7.46) 0.8430

Combined
genotype

G/G 130 (61.61) 40 (71.43) 170 (77.98) 1.00 1.00
C/C + C/G 81 (38.39) 16 (28.57) 48 (22.02) 2.30 (1.45–3.64)∗ 0.0004 1.33 (0.65–2.70) 0.4389

Allele
G 334 (79.15) 94 (83.93) 383 (87.84) 1.00 1.00
C 88 (20.85) 18 (16.07) 53 (12.16) 1.93 (1.30–2.88)∗ 0.0012 1.22 (0.65–2.29) 0.5447

CYP26B1
rs887844

Genotype
G/G 115 (54.50) 25 (44.64) 133 (61.01) 1.00 1.00
A/G 96 (45.50) 31 (55.36) 85 (38.99) 1.38 (0.91–2.09) 0.1273 1.87 (1.01–3.49)∗ 0.0482

Allele
G 326 (77.25) 81 (72.32) 351 (80.50) 1.00 1.00
A 96 (22.75) 31 (27.68) 85 (19.50) 1.26 (0.89–1.80) 0.1941 1.55 (0.93–2.57) 0.0898

rs3768647
C/G 103 (48.82) 34 (60.71) 218 (100.00) 1.00 1.00
G/G 108 (51.18) 22 (39.29) 0 (0.00) —a —a

Allele
C 103 (24.41) 34 (30.36) 218 (50.00) 1.00 1.00
G 319 (75.59) 78 (69.64) 218 (50.00) 3.12 (2.28–4.27)∗ <0.0001 2.23 (1.40–3.54)∗ 0.0007

rs9309462
T/T 198 (93.84) 52 (92.86) 216 (99.08) 1.00 1.00

C/T 13 (6.16) 4 (7.14) 2 (0.92) 9.24
(1.90–45.00)∗ 0.0059 8.17 (1.25–53.52)∗ 0.0285

Allele
T 409 (96.92) 108 (96.43) 434 (99.54) 1.00 1.00

C 13 (3.08) 4 (3.57) 2 (0.46) 8.86
(1.84–42.59)∗ 0.0065 7.87 (1.22–50.54)∗ 0.0298

aOR was adjusted by continuous age, ethnicity, education level, alcohol drinking, and cigarette smoking habits.
aNonestimated: because the number of samples is equal to zero.
b∗
𝑃 < 0.05.

genotype had an approximately 2-fold increased risk for the
development of oral and pharyngeal cancer relative to those
with the G/G genotype. The subjects with the C allele had
a significantly higher risk of oral and pharyngeal cancer
than those in the control groups (aOR = 1.93; 95% CI =
1.30–2.88). There were no significant differences in the geno-
type distribution of CYP26B1 rs887844 between the oral
and pharyngeal patients and the controls (𝑃 values >0.05).

Compared with the control groups, the subjects with the
rs3768647 G allele had a significantly higher independent
risk for oral and pharyngeal cancer (aOR = 3.12; 95% CI =
2.28–4.27). After adjusting for covariates, the subjects with
the rs9309462 C/T genotype (aOR = 9.24; 95% CI = 1.90–
45.00) or C allele (aOR = 8.86; 95% CI = 1.84–42.59) had a
significantly higher independent risk for oral and pharyngeal
cancer compared with the control groups.
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Table 3: Joint effects between CYP26A1 and CYP26B1 polymorphisms among malignant oral disorders patients and control groups.

Oral and
pharyngeal
cancer

(𝑁 = 211)

OPMDs
(𝑁 = 56)

Controls
(𝑁 = 218)

Oral and
pharyngeal cancer
versus controls

OPMDs versus
controls

BQ chewers 𝑁 (%) 𝑁 (%) 𝑁 (%) aOR (95% CI) aOR (95% CI)
CYP26A1 rs4411227 CYP26B1 rs887844

Allele Allele
G G 272 (64.45) 75 (66.96) 298 (68.35) 1.00
C G 54 (12.80) 6 (5.36) 53 (12.16) 1.13 (0.72–1.76) 0.39 (0.15–1.02)
G A 62 (14.69) 19 (16.96) 85 (19.50) 0.83 (0.56–1.23) 0.90 (0.50–1.62)
C A 34 (8.06) 12 (10.71) 0 (0.00) —a —a

CYP26A1 rs4411227 CYP26B1 rs3768647
Allele Allele

G C 62 (14.69) 26 (23.21) 170 (38.99) 1.00 1.00
C C 41 (9.72) 8 (7.14) 48 (11.01) 2.51 (1.45–4.34)b∗ 1.17 (0.48–2.82)
G G 272 (64.45) 68 (60.71) 213 (48.85) 3.64 (2.51–5.26)∗ 2.14 (1.28–3.59)∗

C G 47 (11.14) 10 (8.93) 5 (1.15) 29.91
(10.75–83.23)∗ 11.25 (3.18–39.77)∗

CYP26A1 rs4411227 CYP26B1 rs9309462
Allele Allele

G T 327 (77.49) 92 (82.14) 382 (87.61) 1.00 1.00
C T 82 (19.43) 16 (14.29) 52 (11.93) 1.85 (1.23–2.77)∗ 1.07 (0.55–2.08)
G C 7 (1.66) 2 (1.79) 1 (0.23) 9.44 (1.08–82.43)∗ 4.58 (0.27–77.85)
C C 6 (1.42) 2 (1.79) 1 (0.23) 10.03 (1.05–95.60)∗ 12.20 (0.99–151.07)

aOR was adjusted by continuous age, ethnicity, education level, alcohol drinking, and cigarette smoking habits.
aNonestimated: because the number of samples is equal to zero.
b∗
𝑃 < 0.05

3.2. The Distribution of Genetic Polymorphisms between the
OPMDs Patients and Control Groups. There were no differ-
ences in rs4411227 polymorphism distribution between the
OPMDs patients and controls (Table 2). After adjusting the
covariates (age, ethnicity, education, alcohol drinking, and
cigarette smoking), the subjects carrying the rs887844 A/G
genotype had amarginally enhanced risk for OPMDs (aOR =
1.87; 95% CI = 1.01–3.49; 𝑃 = 0.0482) compared with the
G/G type. Individuals with the rs3768647 G allele had a 2.23-
fold greater risk of OPMDs compared with those with the
C allele (aOR = 2.23; 95% CI = 1.40–3.54). The subjects
with the rs9309462 C/T genotype and C allele showed a
significantly higher risk compared with the subjects with the
TT and T allele genotype (aOR = 8.17; 7.87, respectively).

3.3. The Gene-Gene Joint Effects in the Risk of Oral and
Pharyngeal Cancer and OPMDs. We further analyzed the
gene-gene joint effects in the risk of oral and pharyngeal
cancer and OPMDs (Table 3), after adjusting the covariates
(age, ethnicity, education, alcohol drinking, and cigarette
smoking). BQ chewers with the CYP26A1 rs4411227 C allele
and CYP26B1 rs3768647 G allele had the highest risk of oral
and pharyngeal cancer compared with the subjects carrying
the CYP26A1 rs4411227 G allele and CYP26B1 rs3768647 C
allele (aOR = 29.91; 95% CI = 10.75–83.23). Similarly,
individuals carrying the CYP26A1 rs4411227 C allele and

CYP26B1 rs3768647 G allele had the highest risk of OPMDs
relative to the subjects carrying the CYP26A1 rs4411227 G
allele and CYP26B1 rs3768647 C allele (aOR = 11.25;
95% CI = 3.18–39.77). BQ chewers with the CYP26A1
rs4411227 C allele and CYP26B1 rs9309462 C allele had the
highest risk of oral and pharyngeal cancer compared with
the subjects carrying the CYP26A1 rs4411227 G allele and
CYP26B1 rs9309462 T allele (aOR = 10.03; 95% CI =
1.05–95.60). However, there were no significant differences
on gene-gene joint effects between the presence of the
CYP26A1 rs4411227 and CYP26B1 rs9309462 genetic varia-
tions regarding the risk of OPMDs.

3.4. The CYP26A1 and CYP26B1 mRNA Expression of Oral
Paired Tissue andAdjacentNoncancerous Tissues. We investi-
gated CYP26A1 and CYP26B1 quantitative mRNA in expres-
sion in eight patients (numbers 1, 2, 3, 4, 5, 6, 7, and 8)
(Figure 1). Compared with their adjacent noncancerous tis-
sues, tumor tissues exhibited the consistent downregulation
mRNA of CYP26A1 and CYP26B1 in patients number 2, 3, 5,
and 6 (expression >2-fold change in numbers 2, 3, and 5). In
patients number 1 and 8, the upregulation of the expression
of CYP26A1 and CYP26B1in cancerous tissue was observed,
compared with their adjacent noncancerous tissues. In the
cancer tissue of number 4, a slightly decreased expression of
CYP26A1 and increased expression of CYP26B1 were found.
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Figure 1: The induced mRNA of CYP26A1 and CYP26B1 in
human oral cancer tissue (T) and its adjacent normal tissue (N).
Paired tissue samples (tumor and adjacent normal tissue) without
chemotherapy/radiation therapy were analyzed. Compared with
human adjacent tissue (𝑁 = 8), the relative fold change was
calculated in triplicate (columns, mean; bars, SD) using the formula
2−ΔΔCt.

CYP26A1 expressionwas lower in the cancer tissue of number
7 compared with its adjacent tissue, but the expression of
CYP26B1 was higher in the cancer tissue than in the adjacent
tissue.

4. Discussion

The International Agency for Research on Cancer (IARC)
has indicated that betel quid without tobacco can cause oral
cancer and has stated that, in experimental animals, there
is sufficient evidence to establish the carcinogenicity of the
areca nut; there is limited evidence for the carcinogenicity
of arecoline [4]. The areca nut (AN) is a major ingredient
of BQ, and arecoline is the most abundant AN alkaloid. In
detoxifying AN or arecoline, two monooxygenase systems
(cytochrome P450 and flavin-containing monooxygenases)
are implicated in phase I metabolism [22]. A previous report
indicated that the monooxygenase activity of CYP26B1 may
be involved in the detoxification process of BQ chewing [22].
Furthermore, CYP26B1 has been demonstrated to participate
in the metabolism of at-RA and has been indicated to play
a major role in the protection of specific tissues for at-RA
exposure [23]. A recent study demonstrated that the retinoic
acid-metabolizing enzymes CYP26A1 and CYP26B1 are sig-
nificantly overexpressed in colorectal cancer tissue [24].

This is the first study to indicate that the mRNA expres-
sion of CYP26 families (CYP26A1 and CYP26B1) and their
SNP variants play a novel role in the occurrence or devel-
opmental mechanism of malignant oral disorders. In our
analysis, we evaluated the risk effect of CYP polymorphisms
among BQ chewers. These findings showed that BQ chewers

with CYP26A1 risk polymorphism (rs4411227) may enhance
the risk of oral and pharyngeal cancer. Also, subjects carrying
CYP26B1 risk polymorphism (rs3768647/rs9309462) have
an increased susceptibility to oral malignant disorders. The
CYP26A1 rs4411227 and CYP26B1 rs3768647/rs9309462 may
have significant joint effects in the risk of oral malignant
disorders (particularly in oral and pharyngeal patients)
among BQ chewers. To rule out differences in gene expres-
sion between different individuals, we collected paired oral
tissues to observe the significant expression of CYP26A1 and
CYP26B1. Overall, these findings seem to have strengths on
the role of CYP26A1 and CYP26B1 in the etiology of oral
malignant disorders.

4.1. The Susceptible Metabolic CYP26B1 Gene. The CYP26B1
gene is located on chromosome 2p13.2 and covers a total
of eighteen thousand base pairs. After transcription, the
CYP26B1 gene formed 6 exons and 8.57 kb introns and
included an approximately 3 kb long untranslated 3 region
[25, 26]. It is also a single-oxygenase enzyme (monooxyge-
nase) that catalyzes many reactions, such as those involving
drug metabolism and the synthesis of hormones, cholesterol,
and lipids. However, the catalytic function of CYP26B1 can
catalyze at-RA into a hydroxylated form; this also refers to
the process of the oxidation of RA through the added oxygen
in number 4 seat of the carbon skeleton, subsequently metab-
olizing RA into the polar and inactive form (such as 4-oxo-,4-
OH-,5,6-epoxy and 18-OH-all-trans-retinoic acid) to activate
it [27] while not affecting the cell physiology. A previous
report suggested that CYP26B1 appears to be necessary in
the physiological role of RA catabolism, whereas CYP26A1
played an important role given excessive RA in the cells [28].

4.2. The Susceptible Metabolic CYP26A1 Gene. CYP26A1
is located on chromosome 10q23-q24 [29]. CYP26A1 and
CYP26B1 are at-RA hydroxylases that are responsible for
the catalytic formation of similar metabolites in a cellular
system; there is only 40% similarity among the CYP26A1
gene sequence and CYP26B1 gene sequence [30]. CYP26A1
is a hydroxylation enzyme for the major metabolism of RA
and transforms RA into an inactive RA hydroxy derivative
[31, 32]. CYP26A1 has high specificity for at-RA and oxidation
RA to form 4-OH-RA, 18-OH-RA, and 4-oxo-RA [33].
Scholars found that CYP26A1 had a higher catalytic ability
compared with CYP26B1 and that CYP26A1 was primarily
responsible for the metabolism of at-RA and provides a pro-
tective barrier to avoid at-RA overexposure [30]. CYP26A1
may be associated with the metabolism of RA in human
epidermal keratinocytes [28]. A previous report indicated
that, in long term sunlight-damaged skin cells and in the
increased expression of RA-metabolizing enzymes, CYP26A1
may cause a deficiency of vitamin A, which could potentially
lead to the malignant transformation of keratinocytes in the
early development of skin cancer [34].

A review article indicated that the inhibition of CYP26A1
expression reduces tumorigenicity through the use of RA
metabolismblocking agents (RAMBAs) [15]. Previous studies
demonstrated that an increased expression of CYP26A1 was
found in human familial adenomatous polyposis adenomas,
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sporadic colon cancers, and primary ovarian cancer [20, 35].
A report noted that RA can induce CYP26A1 expression
in neuroblastoma, breast cancer, and lung cancer cell lines
[36]. In breast cancer or colon cancer cells, CYP26A1 gene
expression can be induced via the receptor of vitamin A [37].
In breast epithelial adenocarcinoma tissue cultures, head and
neck squamous cell carcinoma cells, and acute promyelocytic
leukemia (acute promyelocytic leukemia) cells, an increased
expression of CYP26A1 and increased catabolic activity of RA
can be detected [38–40].

Additionally, 42% (27/65) of tissue samples removed
from breast cancer patients had CYP26A1 overexpression;
CYP26A1 overexpression may induce intracellular RA con-
sumption, thus pushing the cells toward tumorigenicity;
CYP26A1 may be recommended as a candidate oncogene
[41]. Researchers found that some CYP450 genes (e.g.,
CYP26A1) in primary ovarian cancer have significantly
higher expressions compared with normal ovarian tissues
[35]. Additionally, CYP26A1 overexpression in Barrett’s eso-
phagus adenocarcinoma may cause the consumption of
intracellular vitaminA acid [42], whereas other reports found
that the expression of CYP26A1 is lower in normal human
epidermal cells [43, 44]. After RA treatment, at-RA turnover
rates are approximately 18-fold higher in squamous head
and neck cancer cell lines compared with normal oral ker-
atinocytes; 4-oxo-RA and 4-hydroxy-RA are also generated
in the former. Two squamous head and neck cancer cell lines
have increased expressions of CYP26 A1 mRNA and showed
the highest metabolism of RA [33]. In head and neck cancer
patients, the adjacent normal oral keratinocytes showed a 15-
fold higher normal oral keratinocyte turnover rate compared
with noncancer patients [45]. The above results suggest that
RA metabolism potentially played a role in the develop-
ment of oral cancer. Similarly, recent studies indicated that
the increased expression of CYP26A1 genes was related to
head and neck cancer [33]. This study also suggested that
increasing concentrations of endogenous RA and CYP26A1
inhibitors will be applied in the future treatment of cancer or
novel therapies for skin diseases [15, 46].

4.3. Retinoic Acid (RA) and Cancer Development. Previous
studies reported that the damage of normal RA homeostasis
signaling was associated with the development of cancer
[47]. The damage to normal RA signaling may be due to
the decreased expression of the RA receptor, the decreased
transcriptional response of the RA target gene, and increased
RA metabolism [48]. Since 1920, vitamin A deficiency has
been associated with cell carcinogenesis [49]. Vitamin A
deficiency may be associated with increased susceptibility to
cancer, and low amounts of vitaminA intakemay increase the
risk of human cancer [50].

Research data indicated that increased RA compound
intake can reduce different varieties of squamous cell car-
cinoma (such as oral cancer, lung cancer, pharynx cancer,
cervical cancer, and bladder cancer); therefore, the deficiency
of RA ingestion may result in excessive cell proliferation
(hyperplasia) and hyperkeratosis and cause carcinogenesis in
oral cavity cells [51]. RA compounds and their isomers can
be applied to treat or prevent cancer and skin diseases [48].

A series of intervention studies has indicated that vitamin
A can effectively reduce the remission of betel chewers with
oral leukoplakia and that it suppressed the occurrence of new
oral lesions [52–54]. Previous studies recommended the use
of RA treatment for the remission of malignant transfor-
mation among BQ chewers with OPMDs; this mechanism
may be due to the inhibition of BQ compounds promoting
carcinogenesis rather than to them inhibiting the initiation
of carcinogenesis development [52, 54, 55]. Additionally, a
review article suggested that the inhibition of CYP26 enzyme
activity could help to increase the half-life of RA and would
be clinically effective for future applications.

CYP polymorphisms related ROS provide important
insight into the importance of clinical diagnostic tools (e.g.,
screen test of SNP) in BQ chewers for the prevention of
malignant oral disorders [56]. The study limitations were a
smaller sample size for evaluation of mRNA expression and
lack of phenotype information among patients. In the future
research, we will collect sufficient samples to confirm expres-
sion of CYP26A1 and CYP26 B1 in betel quid-related malig-
nant oral disorders.

In conclusion, this study suggested that BQ chewers with
ROS related to CYP26A1 and CYP26B1 polymorphisms are
associated with an increased risk of oral and pharyngeal can-
cer and OPMDs. Our findings may be useful in identifying
subjects who are at an increased risk for the development of
oral malignant disorders.
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Betel quid (BQ) and areca nut (AN) (major BQ ingredient) are group I human carcinogens illustrated by International Agency for
Research on Cancer and are closely associated with an elevated risk of oral potentially malignant disorders (OPMDs) and cancers
of the oral cavity and pharynx. The primary alkaloid of AN, arecoline, can be metabolized via the monoamine oxidase (MAO)
gene by inducing reactive oxygen species (ROS). The aim of this study was to investigate whether the variants of the susceptible
candidateMAOgenes are associatedwithOPMDs and oral and pharyngeal cancer. A significant trend ofMAO-AmRNAexpression
was found in in vitro studies. Using paired human tissues, we confirmed the significantly decreased expression of MAO-A and
MAO-B in cancerous tissues when compared with adjacent noncancerous tissues. Moreover, we determined that MAO-A single
nucleotide polymorphism variants are significantly linked with oral and pharyngeal cancer patients in comparison to OPMDs
patients [rs5953210 risk G-allele, odds ratio = 1.76; 95% confidence interval = 1.02-3.01]. In conclusion, we suggested that susceptible
MAO family variants associated with oral and pharyngeal cancer may be implicated in the modulation of MAO gene activity
associated with ROS.
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1. Introduction

Oral and pharyngeal cancer is one of the most prevalent
cancers in the world. In Taiwan, cancers of the oral cavity
and pharynx were the fourth most prevalent cancers among
males [1]. In 2010, the age-standardized incidence rate was
estimated to be 40.56 per 100,000 persons (adjusted by the
world population in 2000) for oral and pharyngeal cancer
in Taiwanese males [1]. Also, the age-standardized mortality
rate of males for oral and pharyngeal cancer in 2010 was
14.71 per 100,000, which leads to oral and pharyngeal cancer
being ranked as the fourth leading cause of death due to
cancer. Several studies suggested that betel quid (BQ) use
may increase the risk of cancers of the oral cavity and phar-
ynx and of oral potentially malignant disorders (OPMDs),
including erythroplakia, leukoplakia, lichen planus, and oral
submucous fibrosis (OSF) [2–4]. In addition, malignant
transformation ofOPMDs can result in the occurrence of oral
and pharyngeal cancer [5].

There are approximately 600 million BQ chewers in
the world [6]. Following nicotine, alcohol, and caffeine,
BQ chewing is the fourth most frequently used addictive
and psychoactive substance in the world [7]. BQ and AN
(the major ingredients in various methods of BQ chewing)
have been evaluated as group I carcinogens for humans by
the International Agency for Research on Cancer [2]. In
mammalian cells, arecoline was major alkaloid in AN, and
it can induce cytotoxicity [8–10]. In human endothelial cells,
the effects of cell cycle arrest, cytotoxicity, and apoptosis
could be induced by arecoline treatment [11]. Arecoline is
the major compound among the AN alkaloids, and it may
be metabolized by MAO gene via xenobiotic metabolism,
which is involved in phase I biotransformation [12]. AN
extract or arecoline induces cell necrosis through increasing
reactive oxygen species (ROS) [13] andROSmay be produced
by MAO catalysis [14]. Microarray analysis screening data
indicated that 100𝜇g/mL arecoline treatment in a commercial
normal human gingival fibroblast (HGF) cell linemay induce
MAO-A gene expression [12]. Therefore, we assume that the
MAO-A gene may be associated with arecoline induction
in oral cells and may be implicated in the occurrence or
development of oral and pharyngeal cancer. To the best of our
knowledge, no study has examined the correlation between
the MAO gene variations and oral and pharyngeal cancer
or OPMDs. The specific aim of this paper was to investigate
whether susceptible MAO genes are associated with oral and
pharyngeal cancer and OPMDs.

2. Materials and Methods

2.1. Study Subjects. This study was approved by the Ethical
Review Committee of the Institutional Review Board (IRB)
of Kaohsiung Medical University (KMU) Chung-Ho Memo-
rial Hospital (KMUH-IRB-950094, KMUH-IRB-950315, and
KMUH-IRB-970413). A total of 260 male patients diagnosed
with oral and pharyngeal cancer and 68 male patients
diagnosed with OPMDs participated in the study. Males
with oral and pharyngeal cancer or OPMDs were selected
from the Department of Otolaryngology and Division of

Oral and Maxillofacial Surgery, Department of Dentistry
at KMU Hospital. In this study, all participants agreed to
undersign awritten informed consent. All cases of oral cancer
or OPMDs were histologically confirmed by pathologists
or surgeons. By signing the informed consent, all subjects
agreed to answer a questionnaire administered by trained
interviewers and to provide blood samples for experimen-
tal analysis. Additionally, the informed consent permitted
the collection of oral cancerous tissue and noncancerous
adjacent oral tissue (a safe margin) from cancer patients
during necessary surgery resection. Oral cancerous tissue
and adjacent noncancerous tissues were collected without
radiation therapy or chemotherapy.

2.2. Isolation and Culture of Human Gingival Fibroblasts
(HGF). Normal gingival tissue samples were obtained from
the biopsy specimens during periodontal surgery on healthy
subjects, all of whom provided informed consent. The study
was approved by the hospital ethics committee (KMUH-
IRB-20110031). HGF were isolated following a previously
described method with some modifications [15, 16].

2.3. Cytotoxicity Assay. Normal clinical oral tissue was iso-
lated to culture human gingival fibroblasts (HGF). Oral
epidermal gingival squamous carcinoma, Ca9-22 cell line,
was purchased from the Cell Bank of Japanese Collection
of Research Bioresources (JCRB number JCRB0625). The
details of our cell culturemethod were shown in our previous
study [17]. Cells were treated with various concentrations
(0, 50, 100, 200, 400, and 800 𝜇M) of arecoline incubated
for 24 h and 48 h. The MTT was used to evaluate the cell
proliferation for 2 h in CO

2
incubator (37∘C). In an ELISA

reader (Bio Tek el800), cells were treated by usingDMSO, and
the absorbance (570 nm)was exploredwith thewavelength of
reference (630 nm) after the removal of the culture medium.
The percent of viable cells was shown in comparison with the
vehicle controls.

2.4. Real-Time qRT-PCR Analysis. Following the commercial
protocol of the manufacturer, the total RNA was extracted
from the cells and tissues using TRIzol (Invitrogen, Carlsbad,
CA, USA) as described [18]. Each cDNA pool was stored at
−20∘C until further qRT-PCR analysis. The primer pairs of
specific oligonucleotide were selected from Roche Universal
ProbeLibrary for qRT-PCR assays.The reactions of qRT-PCR
using SYBR Green I kit were performed on the Roche Light-
Cycler Instrument 1.5 system. The expression or repression
of the target gene compared to the GAPDH gene (internal
control) was calculated by the formula: 2−ΔΔ𝐶𝑝 , where Δ𝐶

𝑝
=

𝐶
𝑝target gene − 𝐶𝑝internal control and ΔΔ𝐶𝑝 = Δ𝐶𝑝cancerous tissue −
Δ𝐶
𝑝adjacent noncancerous tissue in each sample.

2.5. Protein Extraction andWestern Blotting. Thecell samples
were washed with wash buffer [10mM HEPES, pH 7.4,
containing 140mM NaCl, 4mM KCl, and 11mM glucose].
Cell lysate samples were obtained by sonication in lysis
buffer [250mM HEPES, pH 7.7, containing 1mM EDTA,
0.1mM neocuproine, and 0.4% (w/v) CHAPS]. The protein
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Figure 1: The effects of different arecoline concentrations on the viability of HGF and Ca9-22 cells for 24 h and 48 h. (a) HGF cells viability.
(b) Ca9-22 cells viability. An asterisk (∗) indicates a statistically significant difference (𝑃 < 0.05).

concentration was determined using the BCA protein assay
reagent (Thermo Fisher Scientific Inc., Rockford, IL, USA).
The cell lysate (40𝜇g) was mixed with SDS-PAGE sample
buffer [62.5mM Tris-HCl, pH 6.8, 3% (w/v) SDS, 5% (v/v) 2-
mercaptoethanol, and 10% (v/v) glycerol] and was then sepa-
rated by SDS-PAGE.The blottedmembranes were hybridized
with monoclonal antibodies (Merck Millipore Corporation,
Billerica, MA, USA), developed with the SuperSignal West
Femto reagent (ThermoFisher Scientific Inc.), and exposed to
X-ray films. The images on X-ray films from three replicates
were scanned using a digital scanner (Microtek International
Inc., Hsinchu, Taiwan) and were analyzed using Progenesis
Samespots v2.0 software (NonLinear Dynamics) to deter-
mine the level of protein expression.

2.6. Statistical Analysis. The assay results of MAO gene
expression were presented as the mean and standard errors
(SE) of the mean (mean ± SE) for each group. Between
the control and treatment groups, one-way ANOVA and
Tukey’s honestly significant difference (HSD) test for post
hoc multiple comparisons were used to evaluate statistical
significance of the relative fold change. We also estimated
the trend of dose-dependent effects for cell viability and
MAO-A mRNA expression using a Cochran-Armitage trend
test (𝑃 for trend). Because of the small sample size (𝑁 =
8) for the paired tissue, we conducted a nonparametric
Wilcoxon signed-rank test to compare the protein expression
differences between cancer tissue and its adjacent tissue.

The association between allele and diseases was estimated
by chi-square (𝜒2) test and an unconditional logistic regres-
sion model; odds ratio (OR), 95% confidence interval (CI),
and exact 𝑃 value were estimated. All statistical analysis was
carried out using the IBM SPSS Statistics 19 (SPSS, Chicago,
IL) and SAS Statistical Package (Version 9.1.3, SAS Institute

Inc., Cary, NC, USA). Results that were considered signif-
icantly statistically different were marked with an asterisk
(𝑃 < 0.05).

3. Results

3.1. HGF and Ca9-22 Cells Viability. MTT assay was used
to estimate cell viability (%) after HGF and Ca9-22 cells
exposure to six different concentrations (0, 50, 100, 200,
400, and 800 𝜇M) of arecoline for 24 h and 48 h. After the
arecoline concentration was increased, cell survival gradually
decreased in a time- and dose-dependent manner (Figure 1).

3.2. The mRNA Expression of MAO-A in HGF Cells and
Oral Cancer Cell Lines (Ca9-22). Figure 2 showed that, at
200, 400, and 800 𝜇M arecoline, the expression of MAO-A
was above 2-fold and was statistically significant at the 400
and 800 𝜇M doses in HGF cells (𝑃 < 0.05). An increasing
trend effect (𝑃 < 0.0001) for MAO-A expression could be
observed in HGF cells when the arecoline dose increased
gradually. In cancer cell lines (Ca9-22), compared with the
untreated control group, mRNA expression of MAO-A was
increased slightly at 50𝜇M. Conversely, a greater than 2-
fold change in the downregulation of MAO-A was found
to be statistically significant at 100, 200, 400, and 800𝜇M
arecoline treatments comparedwith the control group (0𝜇M)
(𝑃 < 0.05); the change in downregulation was particularly
significant at 800𝜇M arecoline in the Ca9-22 cancer cell line
(the mean fold change ± standard errors (SE) was −8.55 ±
0.33). When the arecoline dose was gradually increasing, a
decreasing trend effect (𝑃 < 0.0001) for MAO-A expression
could be observed.

3.3. The MAO-A and MAO-B mRNA and Protein Expression
of Paired Tissue in Oral Cancer Patients. In comparison
with their adjacent noncancerous tissues, the downregulation
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Figure 2: The mRNA expression of MAO-A after arecoline treatment at different concentrations (0, 50, 100, 200, 400, and 800 𝜇M). (a)
Normal human gingival fibroblast cells (HGF). (b) Cancer cells (Ca9-22 cell line). The average fold change (mean ± standard errors (SE)) of
theMAO-A gene wasmeasured in triplicate; error bars indicate SE ofmean.Multiple comparisons ofmeanMAO-A expression were analyzed
by one-way ANOVA, and a post hoc comparison was performed by Tukey’s HSD test. The 𝑃 value for the trend is presented, and an asterisk
(∗) indicates a statistically significant difference (𝑃 < 0.05) compared with cells without treatment.
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compared with adjacent tissue (𝑁 = 6).

mRNA of MAO-A and MAO-B for cancer tissues were
observed in patients numbers 152, 154, 156, 163, 167, and 168
(Figure 3). Using Western blotting, we investigated MAO-
A and MAO-B quantitative protein expression from eight
patients (numbers 136, 149, 152, 156, 163, 167, 174, and 186)
(Figure 4). Compared with their adjacent noncancerous
tissue, downregulation of protein expression of MAO-A and
MAO-B in cancerous tissue was shown in patients numbers
149, 156, 163, 167, 174, and 186, excluding number 136 and

number 152. MAO-A expression was higher in number 136
cancer tissue than in its adjacent tissue, but MAO-B expres-
sion was lower in cancer tissue than in the adjacent tissue.
In number 152 cancer tissue, slightly increased expression of
MAO-A and decreased expression of MAO-B were found.

3.4. MAO-A Single Nucleotide Polymorphism (SNP) Analysis.
We selected a total of 260 males with oral and pharyngeal
cancer and 68 males with OPMDs. All of these participants
have a habit of BQ chewing. Table 1 shows that compared
with OPMDs patients, BQ chewers who had the MAO-A A-
allele (SNP rs2283725) had an increased risk of oral cancer
(OR = 1.69; 95% CI = 0.98–2.90), although at borderline
significant level. BQ chewers who had the MAO-A G-allele
(SNP rs5953210) had a significantly increased risk (OR =
1.76; 95% CI = 1.02–3.01) of oral cancer (𝑃 < 0.05).

4. Discussion

BQ chewing is an emerging health-associated issue in Asia
and the South Pacific islands, as well as among diverse
migrant populations in western countries. This is the first
study to indicate that variants of the MAO gene may be
related to BQ-related oral and pharyngeal cancer occurrence.
The MAO gene is present in human blood and neuron
synapses, and it catalyzes deamination effects of biogenic
amines and regulates the concentration of several neuro-
transmitters (such as dopamine, serotonin, norepinephrine,
and catecholamines) in the central nervous system, which
plays an important role in physiology and behavior [19].
The MAO gene is divided into two types. The MAO-A gene
is primarily responsible for the metabolism of serotonin
and norepinephrine and may indirectly affect mood and
impulse control; the MAO-A gene is a major determinant of
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Figure 4: (a)The induced protein expression of MAO-A andMAO-B of human oral tumor (T) tissues compared with their adjacent normal
(N) tissues. (b)The protein expression of MAO-A andMAO-B was presented by relative fold; the average fold (mean ± SE) was calculated in
triplicate.

Table 1: Distribution of BQ chewers with MAO-A allele types between oral and pharyngeal cancer and OPMDs male patients.

Oral and pharyngeal cancer OPMDs
𝑃a OR (95% CI)

𝑁 (%)a 𝑁 (%)
BQ chewers

rs2283725
Allele

G 95 (36.5) 33 (49.3) 0.0572 1.00
A 165 (63.5) 34 (50.7) 1.69 (0.98–2.90)

rs5953210
Allele

A 94 (36.3) 34 (50.0) 0.0393 1.00
G 165 (63.7) 34 (50.0) 1.76 (1.02–3.01)b∗

aStatistical 𝑃 values were estimated by chi-square (𝜒2) test; b∗𝑃 < 0.05.
BQ: betel quid; OPMDs: oral potentially malignant disorders; OR: odds ratio; 95% CI: 95% confidence interval.
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Table 2: Clinical characteristics and substance use status comparison of male BQ chewers with oral cancer (𝑁 = 10).

Number Age Tumor site ICD 9 code TNM Stage Pathological diagnosis Aa Bb Cc

136 45 Tongue 141 T2N1M0 III SCCd + + +
149 71 Oral 145.9 T2N0M0 II Verrucous carcinoma − + +
152 46 Tongue 141 T2N0M0 II SCC + + +
154 39 Buccal 145 T3N0M0 III SCC + + +
156 57 Buccal 145 T3N0M0 III SCC, grand II NA + +
163 39 Oral 145.9 T2N0M0 II SCC, grand II − + +
167 45 Tongue 141 T2N0M0 II SCC, grand II + + +
168 56 Buccal 145 T2N0M0 II SCC + + −

174 45 Buccal 145 T4N1M0 IV A SCC − + +
186 46 Buccal 145 T4N1M0 IV A SCC + + +
aAlcohol use.
bBetel use.
cCigarette use.
dSCC: squamous cell carcinoma.
NA: no information can be available.

MAO activity [20]. The MAO-B gene is associated with the
metabolism of dopamine and phenylethylamine [20].

Past studies only focused on the association of the
MAO-A gene with other cancers and never explored its
association with oral pharyngeal cancer, specifically. Also,
the relationship between MAO-B and cancer has rarely been
mentioned.Mikula et al. found that downregulation ofMAO-
Amay be associated with the occurrence of colon cancer [21].
MAO-A gene was downregulated in lymph node status (𝑁

0
)

of gastric cancer [22]. In prostate cancer, Peehl et al. noted
that there is a high expression of MAO-A in patients with a
high tumor grade [23]; the targeting of antidepression drugs
on MAO-A may provide potential future applications in the
treatment of prostate cancer [24]. Two studies have shown
that MAO-A gene expression is suppressed in cholangiocar-
cinoma patients [25, 26]. A case-control study also found
that tumor cells had high concentrations of metanephrine in
patients with pheochromocytoma, which may be due to the
downregulation of MAO-A [27]. Rybaczyk et al. found that
MAO-A exhibited significantly lower expression in cancerous
tissue than its noncancerous control tissue in human, mouse,
and zebrafish studies [28].

To our knowledge, population data regarding the rela-
tionship between the MAO gene and oral and pharyngeal
cancer among BQ users has not been available. Previ-
ous studies have indicated that arecoline can cause many
adverse effects in cells, such as cytotoxicity, carcinogenicity,
immunotoxicity, and genotoxicity [8–11]. Arecoline may be
metabolized by the MAO gene via xenobiotic metabolism,
which is involved in phase I biotransformation. To simulate
the oral cells of Taiwanese men, we cultured normal HGF
cells from the biopsy specimens. In the in vitro model,
our results suggested that in primary cell culture of HGF,
treatment with arecoline may increase expression of MAO-A
in a dose-dependent manner. Conversely, Ca9-22 cancer cells
treated with higher concentrations of arecoline may induce
downregulation of MAO-A.

To exclude individual differences of gene expression in
humans, paired tissues from oral cancer patients were used

to explore the mRNA and protein expression of MAO-A and
MAO-B. The clinical characteristics and substance use status
(alcohol, betel, and cigarette use) of the oral and pharyngeal
patients were shown in Table 2. Overall, in the in vivomodel,
our data indicated that patients (numbers 152, 154, 156, 163,
167, and 168) showed consistent downregulation of MAO-
A and MAO-B mRNA in oral cancer tissue compared with
noncancerous adjacent tissue. DecreasedMAO-A andMAO-
B protein expression was found to be statistically significant
in cancerous tissue compared with adjacent noncancerous
tissue among 8 patients using the nonparametric Wilcoxon
signed-rank test (𝑃 < 0.05, Figure 5).

Generally, the protein expression of the MAO gene
exhibited downregulation in oral cancer tissue compared
with noncancerous tissue, and this performance is consistent
with mRNA levels. This pattern was also observed in the cell
model; the normal HFG cells with higher doses of arecoline
showed higher mRNA expression, and the cancerous Ca9-
22 cells with higher doses of arecoline showed lower mRNA
expression. We speculated that the differences of mRNA
expression observed between normal HFG cell and cancer
Ca9-22 cell may be associated with the cancer type, but this
phenomenon needs to be confirmed in further study.

The MAO-A gene is located on chromosome Xp11.3, and
the MAO-B gene is located on the chromosome Xp11.23
region. In this study, one SNP (rs2283725, located on intron
3) of MAO-A was selected to analysis. The other one located
on the 5 intergenic region (rs5953210, located on 5 near
gene) was also included to allow ascertainment of linkage
disequilibrium (LD) extent beyond the gene boundaries.
Previous reports have indicated OPMDs are significant pre-
dictors for malignant transformation to oral and pharyngeal
cancer [5, 29, 30]. BQ chewers with both MAO-A SNPs,
rs2283725 and rs5953210, were associated with the risk of oral
and pharyngeal cancer occurrence compared with OPMDs.
The rs5953210 risk G-allele was significantly associated with
the risk of oral and pharyngeal cancer (OR = 1.76; 95%
CI = 1.02–3.01) and the rs2283725 risk A-allele at borderline
significant level (OR = 1.69; 95% CI = 0.98–2.90). Overall,
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Figure 5: Boxplot of protein expression among 8 patients. (a) MAO-A protein expression between oral tumor (T) tissue and the oral normal
(N) adjacent tissue; (b) MAO-B expression between oral tumor (T) tissue and the oral normal (N) adjacent tissue.

our results suggest that MAO-A variants may contribute to
genetic susceptibility to oral and pharyngeal cancer in BQ
chewers. In addition, BQ chewers with risk allele combined
with cigarette or alcohol use significantly increased the risk of
oral and pharyngeal cancer (data not shown). A case-control
study of 2,572 Caucasian men suggested that a rare 5-copy
variation of the MAO-A variable-number tandem repeat
(VNTR) genotype may be associated with the development
of prostate cancer; the frequency of the rare 5-copy variation
in the case group (0.5%) was lower than the frequency in
the control group (1.8%) and reduced the risk of prostate
cancer (OR = 0.30; 95% CI = 0.13–0.71) [31]. A previous
report indicated that, in gastric cancer, changes to the MAO-
A gene may be related to the DNA copy number of cancerous
tissue with a statistically significant linear correlation [32].
Limitations of this study were small sample size to present
the expression of MAO-A mRNA and protein. A large size
of sample was needed to confirm expression of MAO-A and
MAO-B in betel quid-related oral and pharyngeal cancer.
Additionally, we cannot take OPMDs specimen for further
research, because it is very difficult to recruitOPMDs patients
willing to undergo surgery and sign the informed consent.

In conclusion, this report is the first study to consider
how downregulation of the MAO gene family (MAO-A and
MAO-B) and MAO-A SNP variants play an important role
in the occurrence or development mechanism of oral and
pharyngeal cancer. Our previous report demonstrated that
BQ chewing may significantly produce ROS, which may
contribute to oxidative injury of oral tissue [33]. A screen
tool of MAO at-risk variations may be useful to prevent
the occurrence of oral and pharyngeal cancer among BQ
chewers. In the future, these studies may provide new insight
into the relationship between malignant transformation of
OPMDs and oral and pharyngeal cancer in the modulation
of MAO gene activity associated with ROS.
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Cryptocarya-derived natural products were reported to have several biological effects such as the antiproliferation of some cancers.
The possible antioral cancer effect of Cryptocarya-derived substances was little addressed as yet. In this study, we firstly used the
methanolic extracts of C. concinna Hance roots (MECCrt) to evaluate its potential function in antioral cancer bioactivity. We
found that MECCrt significantly reduced cell viability of two oral cancer Ca9-22 and CAL 27 cell lines in dose-responsive manners
(𝑃 < 0.01). The percentages of sub-G1 phase and annexin V-positive of MECCrt-treated Ca9-22 and CAL 27 cell lines significantly
accumulated (𝑃 < 0.01) in a dose-responsive manner as evidenced by flow cytometry. These apoptotic effects were associated with
the findings that intracellular ROS generation was induced in MECCrt-treated Ca9-22 and CAL 27 cell lines in dose-responsive
and time-dependent manners (𝑃 < 0.01). In a dose-responsive manner, MECCrt also significantly reduced the mitochondrial
membrane potential in these two cell lines (𝑃 < 0.01–0.05). In conclusion, we demonstrated thatMECCrtmay have antiproliferative
potential against oral cancer cells involving apoptosis, ROS generation, and mitochondria membrane depolarization.

1. Introduction

Oral squamous cell carcinoma (OSCC) is a type of cancer that
frequently occurs in oral cavity. Although it is comparatively
easy to clinically inspect by a dentist or to detect by some
OSCC tumormarkers [1, 2], this carcinoma is usually ignored

by patients especially for the early stage. Subsequently, OSCC
is frequently diagnosed at advanced stages which then lead
to high mortality [3]. Therefore, the drug development of
antioral cancer is still necessary and remains to be a challenge.

Natural products have improved the drug discovery
for anticancer therapy [4]. For example, some anticancer
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drugs derived from natural products were approved by the
United States Food and Drug Administration [5]. In basic
researches, natural products with antioral cancer effects have
increasingly being reported. This holds for the ethanolic and
methanolic extracts of red algaGracilaria tenuistipitata [6, 7],
crude extracts of Selaginella tamariscina (oriental medicinal
herb) [8], green tea [9], goniothalamin from Goniothalamus
species [10], and 4𝛽-hydroxywithanolide E fromgolden berry
[11].

Cryptocarya plants (family Lauraceae), comprising about
350 species worldwide, are widely distributed in the tropics
and subtropics [12]. This plant group is well known for
its common secondary metabolites, containing alkaloids,
flavonoids, and 𝛼-pyrones [12–15]. Several biological effects
of Cryptocarya-derived natural products have been reported
that include anti-dengue virus [16], anti-HIV [17], anti-
tuberculosis [18], antiplasmodial [19], antitrypanosomal [20],
and anti-inflammatory [21] function.

Anticancer effects of crude extracts of Cryptocarya plant
are known as well. For example, the ethanolic extracts of fruit
and trunk bark of C. obovata showed 56% and 23% growth
inhibition of human KB cells at 10 𝜇g/mL, respectively [22].
Methanolic extracts of the leaves of C. griffithiana provide
cytotoxicity forhuman HL60 promyelocytic leukemia cells
[23].

Recently, accumulating findings for anticancer effects
of pure compounds isolated from Cryptocarya plants were
reported, especially from methanolic extracts. For example,
compounds isolated frommethanol extracts of the trunk bark
of C. infectoria [24], the trunk bark of C. costata [25], and
the wood of C. konishii [26] were reported to be cytotoxic
to leukemia cells. Compounds from methanolic extracts of
leaves of C. chinensis, were shown to be cytotoxic to human
lung cancer and glioblastoma cells [27]. These drugs were
isolated from the trunk bark, wood, and leaves ofCryptocarya
sp. However, the bioactivity of the roots of Cryptocarya
plants remained little investigated, particularly with respect
to antioral cancer.

Because C. concinna Hance is an evergreen plant com-
monly distributed in low-altitude forests in Taiwan [28], it is
easy to preparemethanolic extracts of the roots ofC. concinna
Hance (namely, forMECCrt).We, therefore, chose twoOSCC
cell lines, that is, Ca9-22 and CAL 27, to evaluate the possible
anticancer function of MECCrt and investigate their drug
mechanisms in terms of cell viability, cell cycle distribution,
apoptosis, reactive oxygen species (ROS) generation, and
mitochondrial depolarization.

2. Materials and Methods

2.1. Cell Cultures and Methanolic Extracts of C. concinna.
Two human OSCC cell lines Ca9-22 and CAL 27, purchased
from the Cell Bank, RIKEN BioResource Center (Tsukuba,
Japan) and the American Type Culture Collection (ATCC;
Virginia, USA), respectively, were incubated in DMEM/F12
(3 : 2) medium (Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (Gibco), 100U/mL
penicillin, 100 𝜇g/mL streptomycin, and 0.03% glutamine.

These two cell lines were humidly incubated at 37∘C with 5%
CO
2
in the humid atmosphere.

C. concinna was identified by one of the authors (Ih-
Sheng Chen) and its roots were collected at Mudan, Pingtung
County, Taiwan, in May 2004. A voucher specimen (Chen
6153) has been deposited in the Herbarium of the School
of Pharmacy, College of Pharmacy, Kaohsiung Medical
University. The dried roots of C. concinna were processed
by slicing and cold methanol-extraction for three times at
room temperature. Finally, the solutionwas evaporated under
reduced pressure to yield the methanolic extract (MECCrt).
MECCrt was stored at −20∘C and dissolved in dimethyl
sulfoxide (DMSO) before treatment.

2.2. Cell Viability. Cell viability was measured by the
CellTiter 96 AQueous one solution cell proliferation assay
(MTS) (Promega Corporation, Madison, WI, USA) as pre-
viously described [11]. Ca9-22 and CAL 27 cell lines were
seeded at a density of 1 × 105 and 2 × 105 cells per well in
a 6-well plate, respectively. After plating for 24 h, these cells
were incubated with different concentrations of MECCrt for
24 h and finally subjected to a MTS assay applying an ELISA
reader at 490 nm.

2.3. Cell Cycle Progression and Sub-G1 Population. Propidium
iodide (PI, Sigma, St. Louis, MO, USA) was added to stain
the cellular DNA content [29]. In brief, 3 × 105 cells per
well in 6 well plates were plated for 24 h and then treated
with vehicle (DMSO; 1𝜇L/2mL culture medium) as a control
or 5, 10, 15, 20, and 25 𝜇g/mL of MECCrt for 24 h. After
exposure termination, cells were centrifuged, washed twice
with PBS, fixed overnight with 70% ethanol, and centrifuged.
Subsequently, the cell pellets were resuspended in 50𝜇g/mL
PI reagent and stand for 30min at 37∘C in darkness. Cell
cycle distribution was evaluated by a flow cytometer (BD
Accuri C6; Becton-Dickinson, Mansfield, MA, USA) and a
BD Accuri C6 Software (version 1.0.264).

2.4. Apoptosis. To validate apoptosis in MECCrt-treated oral
cancer cells, annexin V (Strong Biotect Corporation, Taipei,
Taiwan) [30]/PI (Sigma, St Louis, MO, USA) method was
used [31]. Briefly, 3 × 105 cells per well in 6 well plates were
plated for 24 h and then treated with vehicle or indicated con-
centrations of MECCrt for 24 h. Subsequently, apoptotic cells
were stained for 30minwith 100𝜇L binding buffer containing
2 𝜇L of annexin-V-fluorescein isothiocyanate (FITC) stock
(0.25 𝜇g/𝜇L) and 2𝜇L of PI stock (1mg/mL). Finally, it was
suspended with 400 𝜇L PBS for analysis of a flow cytometer
(BD Accuri C6; Becton-Dickinson) and its software.

2.5. Intracellular ROS. The dye 2,7-dichlorodihydroflu-
orescein diacetate (DCFH-DA) was used to detect ROS by
its fluorescence change [7]. Cells at the density of 3 × 105 in
2mL medium per well in 6 well plates were plated for 24 h.
Different concentrations of MECCrt were added to Ca9-22
cells for 6 h and 12 h. After washing with PBS, 100 nMDCFH-
DA in PBS was added to cells in 6 well plates at cell culture
incubator for 30min. After trypsinization, PBS washing, and
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Figure 1: Cell viability of two oral cancer cells was inhibited by MECCrt. Oral cancer Ca9-22 and CAL 27 cell lines were treated with various
concentrations ofMECCrt (0, 5, 10, 15, and 20 𝜇g/mL) for 24 h.The cell viability was measured by theMTS assay. Data, means ± SDs (𝑛 = 18).
∗∗
𝑃 < 0.01 against vehicle.

centrifugation, cell pellets were resuspended in 1mL PBS
before analyzing by a flow cytometer (BDAccuri C6; Becton-
Dickinson) and its software.

2.6. Mitochondrial Membrane Potential. MitoProbe
DiOC

2
(3) assay kit (Invitrogen, Eugene, OR, USA) was

applied to analyze mitochondrial membrane potential
(MMP) as described previously [10]. Briefly, 3 × 105 cells
in 2mL medium per well in 6 well plates were plated for
24 h. After MECCrt treatment, 10 𝜇L of 10 𝜇M DiOC

2
(3)

was added per well and incubated in a cell culture incubator
for 20min. After being harvested, cells were washed
and resuspended in 1mL PBS for analysis using a flow
cytometer (BD Accuri C6; Becton-Dickinson) and its
software.

2.7. Statistical Analysis. The significance of differences was
determined by Student’s 𝑡-test compared with the test data
with the vehicle controls. Data are expressed as means ± SDs.

3. Results

3.1. Antiproliferation in MECCrt-Treated Two Oral Cancer
Cell Lines. Based on MTS assay (Figure 1), the relative cell
viability (%) of oral cancer Ca9-22 cells at indicated concen-
trations of MECCrt (0, 5, 10, 15, and 20𝜇g/mL) was 100.0 ±
0.7, 93.3 ± 2.3, 71.4 ± 3.0, 57.6 ± 1.6, and 48.4 ± 1.2, after
24 h, respectively. The relative cell viability (%) of CAL 27
cells at indicated concentrations of MECCrt (0, 5, 10, 15, and
20𝜇g/mL) was 100.0 ± 0.8,119.3 ± 4.9, 86.9 ± 10.0, 29.8 ± 6.2,
and 28.4 ± 5.5, respectively. The MTS-based cell viabilities of
MECCrt-treated twooral cancerCa9-22 andCAL27 cell lines
significantly reduced in a dose-responsive manner (𝑃 < 0.01
compared to the vehicle).

3.2. Sub-G1 Population in MECCrt-Treated Two Oral Can-
cer Cell Lines. The MECCrt-treated effects of cell cycle
distribution profiles are demonstrated in Figure 2(a). After
MECCrt treatment (Figure 2(b)), the sub-G1 populations (%)
ofMECCrt- (0, 5, 10, 15, 20, and 25 𝜇g/mL) treated oral cancer
Ca9-22 cells were 5.0 ± 0.3, 6.7 ± 0.1, 18.1 ± 0.6, 17.9 ± 0.7,
16.5±0.3, and 22.4±1.3 and those ofMECCrt-treatedCAL 27
cells were 6.7±1.7, 5.1±1.1, 7.9±0.1, 28.3±1.0, 52.6±0.2, and
69.1 ± 0.1, respectively. These sub-G1 changes significantly
accumulated in a dose-responsive manner (𝑃 < 0.01).

3.3. Apoptosis of MECCrt-Treated Two Oral Cancer Cell Lines.
To validate the possible outcome of apoptosis in MECCrt-
induced sub-G1 accumulation of these two oral cancer cells,
annexin V/PI profiles of flow cytometry were generated
(Figure 3(a)). In Figure 3(b), the percentages of annexin V-
positive intensities forMECCrt (0, 5, 10, 15, 20, and 25𝜇g/mL)
treatment of Ca9-22 cells were 9.3 ± 0.2, 8.6 ± 0.3, 11.7 ± 0.9,
22.3 ± 0.8, 40.0 ± 0.2, and 54.4 ± 1.7 and those of MECCrt-
treated CAL 27 cells were 24.8 ± 0.1, 17.5 ± 0.3, 20.7 ± 0.4,
59.8±1.7, 79.4±0.2, and 85.3±0.5, respectively. Accordingly,
MECCrt treatments significantly increased in annexin V-
positive intensities of two oral cancer Ca9-22 and CAL 27 cell
lines in a dose-responsive manner (𝑃 < 0.01).

3.4. ROSGeneration inMECCrt-Treated TwoOral Cancer Cell
Lines. To validate the role of ROS in the MECCrt-induced
apoptosis of two oral cancer cell lines, a DCFH-DA assay of
flow cytometry was chosen. Figures 4(a) and 4(b) show the
relative ROS-positive staining (%) of two oral cancer Ca9-
22 and CAL 27 cell lines for the different concentrations of
MECCrt treatment for 6 and 12 h incubation. After MECCrt
treatment for 6 h, the relative ROS-positive staining (%) of 0,
5, 10, 15, 20, and 25 𝜇g/mL MECCrt-treated Ca9-22 cells was
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Figure 2: The sub-G1 accumulation of two oral cancer cells was induced by MECCrt. Oral cancer Ca9-22 and CAL 27 cell lines were treated
with 0, 5, 10, 15, 20, and 25 𝜇g/mL of MECCrt for 24 h. ((a) and (b)) Representative cell cycle distribution profiles of flow cytometry for
MECCrt-treated oral cancer Ca9-22 and CAL 27 cells and vehicles at 24 h, respectively. ((c) and (d)) Statistics analyses for the percentages of
sub-G1 population in (a) and (b), respectively. Data, means ± SDs (𝑛 = 3). ∗∗𝑃 < 0.01 against vehicle.

100.0 ± 1.8, 106.7 ± 0.4, 131.2 ± 0.8, 140.6 ± 1.6, 150.6 ± 0.3,
and 183.1 ± 7.8 and that of MECCrt-treated CAL 27 cells was
100.0 ± 0.8, 114.1 ± 1.4, 142.3 ± 1.5, 161.1 ± 0.7, 179.8 ± 1.1,
and 185.1 ± 1.4, respectively. After MECCrt treatment for
12 h, the relative ROS-positive staining (%) of 0, 5, 10, 15,
20, and 25𝜇g/mL MECCrt-treated Ca9-22 cells was 100.0 ±
2.3, 124.1 ± 0.4, 166.4 ± 1.2, 184.8 ± 0.6, 193.3 ± 0.3, and
200.5 ± 0.0 and that of MECCrt-treated CAL 27 cells was
100.0±0.9, 140.7±1.4, 177.1±0.3, 193.8±0.1, 198.6±0.1, and
199.4 ± 0.1, respectively. Accordingly, MECCrt treatments
significantly increased in both dose-responsive and time-
dependent manners in these two oral cancer cell lines (𝑃 <
0.05) (Figures 4(c) and 4(d)).

3.5. MMP Depolarization in MECCrt-Treated Two Oral Can-
cer Cell Lines. Figures 5(a) and 5(b) show the MMP profiles
of DiOC

2
(3)-positive intensities for the vehicle andMECCrt-

treated oral cancer cell lines in 24-hour treatments. Treated

with MECCrt (0, 5, 10, 15, 20, and 25𝜇g/mL) for 24 h,
the DiOC

2
(3)-positive (%) intensities of Ca9-22 cells were

100.0 ± 2.9, 96.1 ± 2.4, 94.0 ± 1.6, 76.8 ± 1.4, 45.6 ± 1.4,
and 25.0 ± 1.1, respectively. Similarly, the percentages of
DiOC

2
(3)-positive (%) intensities ofMECCrt-treatedCAL27

cells were 100.0 ± 1.5, 114.2 ± 0.7, 108.9 ± 1.3, 51.3 ± 0.5,
27.3 ± 0.5, and 7.5 ± 0.4, respectively. Accordingly, MECCrt
significantly reduced DiOC

2
(3)-positive intensities of two

oral cancer Ca9-22 and CAL 27 cell lines in a dose-responsive
manner (𝑃 < 0.01–0.05).

4. Discussion

We discovered for the first time that methanolic extracts of
the roots ofC. concinnaHance have an antiproliferative effect
on two oral cancer cell lines. The proliferation inhibiting
function of MECCrt against oral cancer Ca9-22 and CAL 27
cell lines was dose-responsive (Figure 1).



The Scientific World Journal 5

104

105

106

102.7

104

105

106

102.7

103.1 104 105 106106.4 103.1 104 105 106106.4 103.1 104 105 106106.4

Ca
9

-2
2

0 𝜇g/mL 5𝜇g/mL 10𝜇g/mL

15𝜇g/mL 20𝜇g/mL 25𝜇g/mL
Annexin V intensity Annexin V intensity Annexin V intensity

PI
 in

te
ns

ity
Ca

9
-2
2

PI
 in

te
ns

ity

(a)

15𝜇g/mL 20𝜇g/mL 25𝜇g/mL
Annexin V intensity Annexin V intensity Annexin V intensity

104

105

106

102.7

104

105

106

102.7

103.1 104 105 106106.4 103.1 104 105 106106.4 103.1 104 105 106106.4

0 𝜇g/mL 5𝜇g/mL 10𝜇g/mL

PI
 in

te
ns

ity
PI

 in
te

ns
ity

CA
L 
27

CA
L 
27

(b)

Ap
op

to
tic

 ce
lls

 (%
)

∗∗

∗∗

∗∗

∗∗

60

50

40

30

20

10

0
0 5 10 15 20 25

MECCrt (𝜇g/mL)

(c)

Ap
op

to
tic

 ce
lls

 (%
)

∗∗

∗∗

∗∗

∗∗
∗∗

10

20

30

40

50

60

70

80

90

0 5 10 15 20 25

MECCrt (𝜇g/mL)

(d)

Figure 3: Apoptosis of two oral cancer cells was induced byMECCrt. Oral cancer Ca9-22 and CAL 27 cell lines were treated with 0–25𝜇g/mL
of MECCrt for 24 h. ((a) and (b)) Representative results of annexin V/PI double staining of flow cytometry for MECCrt-treated oral cancer
Ca9-22 and CAL 27 cell lines and vehicle controls at 24 h, respectively. ((c) and (d)) Quantification analysis of apoptosis for MECCrt-treated
oral cancer Ca9-22 and CAL 27 cell lines in (a) and (b), respectively. Data, means ± SDs (𝑛 = 3). ∗∗𝑃 < 0.01 against vehicle.
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Figure 4: Reactive oxygen species (ROS) generation of two oral cancer cell lines was induced by MECCrt. Oral cancer Ca9-22 and CAL 27
cell lines were treated with different concentrations (0–25𝜇g/mL) of MECCrt for 6 and 12 h. ((a), (b)) Representative ROS profiles of flow
cytometry for MECCrt-treated oral cancer Ca9-22 and CAL 27 cell lines. ((c) and (d)) Statistics analysis of relative ROS intensity in (a) and
(b), respectively. Data, means ± SDs (𝑛 = 3). ∗∗𝑃 < 0.01 against vehicle.
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Figure 5: Depolarization of mitochondrial membrane potential (MMP) of Ca9-22 and CAL 27 oral cancer cell lines was induced by
MECCrt. Oral cancer Ca9-22 and CAL 27 cell lines were treated with different concentrations (0–25𝜇g/mL) of MECCrt for 24 h. ((a), (b))
RepresentativeMMPprofiles of flow cytometry forMECCrt-treated oral cancer Ca9-22 andCAL 27 cells. ((c) and (d))Quantification analysis
of relative MMP intensity in (a) and (b), respectively. Data, means ± SDs (𝑛 = 3). ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 against vehicle.
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The anticancer effects for other Cryptocarya-derived
compounds from methanolic extracts of nonroot parts have
been reported earlier. For example, for murine leukemia
P-388 cells, the IC

50
values of 2,4-dihydroxy-5,6-

dimethoxychalcone, and isodidymocarpin, isolated from
tree bark of C. costata, were 5.7 and 11.1 𝜇M [25] and IC

50

values of the chalcone derivative (desmethylinfectocaryone)
and phenolic compound (infectocaryone), isolated from
wood of C. konishii, were 2.17 and 0.8 𝜇M [26] at 48 h,
respectively. For compounds from leaves of C. chinensis, the
IC
50

values of infectocaryone and cryptocaryanone A were
at the 𝜇M level for human lung cancer NCI-H460 cells and
glioblastoma SF-268 cells [27]. These Cryptocarya-derived
compounds from methanolic extracts of nonroot parts
showed the IC

50
values ranging from 0.8 to 11 𝜇M. This is

close to our preliminary result that the IC
50

of the clinical
anticancer drug cisplatin at 24 h treatment in oral cancer
Ca9-22 cells is 3.06 𝜇g/mL (10.2 𝜇M) (data not shown). In
the present study, the IC

50
values of the MECCrt in oral

cancer Ca9-22 and CAL 27 cell lines at 24 h were 18.67 and
13.22 𝜇g/mL, respectively. Although the IC

50
values of the

MECCrt were about 3-4 folds of cisplatin for oral cancer
cells, its crude extract nature has to be concerned. Therefore,
it is warranted to further investigate the particular bioactive
components that are included in the methanolic extracts of
Cryptocarya concinnaHance roots.

Moreover, the anticancer effect for trunk bark of
C. infectoria-derived methanol extracts was reported to
be cytotoxic to KB cells [24]. KB cells were regarded
as oral epidermal carcinoma, however, it was recently
validated to have marker chromosomes and DNA
finger printings of human cervical cancer HeLa
cells (http://www.ncbi.nlm.nih.gov/mesh?Db=mesh&term=
KB+Cells) [32]. Accordingly, the anticancer effect of oral
cancer by the bioactive compounds from Cryptocarya plant
remains unclear. Conversely, we here demonstrate the
antioral cancer effect of methanolic extracts of a Cryptocarya
species for the first time, using two OSCC cell lines Ca9-22
and CAL 27.

In several anticancer drugs [6, 7, 10, 11, 33–36], ROS
generation is one of the common strategies to inhibit cancer
cell proliferation. ROS plays a vital role in early stages
of apoptosis [37] and leads to MMP depolarization [38,
39]. Escaping apoptosis is demonstrated to be involved in
the drug resistance of cancer cells [40, 41]. To enhance
apoptotic induction of anticancer drugs may interfere the
drug resistance if there. In the present study, we observed that
apoptosis was inducible by MECCrt in two OSCC cell lines
as it was demonstrated by sub-G1 monitoring and annexin
V/PI assay.We also found that MECCrt significantly induced
the ROS level and reduced the MMP level in two oral cancer
cell lines in dose-responsive ways. These findings suggest
that oxidative stress may be involved in theMECCrt-induced
antiproliferative effect in two oral cancer Ca9-22 and CAL 27
cell lines. However, the role of oxidative stress in MECCrt
need to be further examined by the ROS scavenger such as
N-acetylcysteine [42] to confirm if raised ROS has played a
critical role in the process of apoptosis. Furthermore, the ROS
may generate nonapoptotic effect like autophagy described

in literature [43, 44]. Therefore, it was warranted to further
investigate the role of autophagy in MECCrt-treated oral
cancer cell lines in future.

5. Conclusions

We demonstrated the antiproliferative and apoptotic effects
of MECCrt through ROS generation and mitochondrial
depolarization in twoOSCC cell lines.Therefore, these results
suggest that MECCrt has anticancer potential for oral cancer
therapy.
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We synthesized unmodified Fe
3
O
4
nanoparticles (NPs) with particles size from 10 nm to 100 nm. We cultured NRK-52E cell lines

(rat, kidney) and treated with Fe
3
O
4
NPs to investigate and evaluate the cytotoxicity of NPs for NRK-52E cells. Through global

proteomics analysis using dimethyl labeling techniques and liquid phase chromatography coupledwith a tandemmass spectrometer
(LC-MS/MS), we characterized 435 proteins including the programmed cell death related proteins, ras-related proteins, glutathione
related proteins, and the chaperone proteins such as heat shock proteins, serpin H1, protein disulfide-isomerase A4, endoplasmin,
and endoplasmic reticulum resident proteins. From the statistical data of identified proteins, we believed that NPs treatment causes
cell death and promotes expression of ras-related proteins. In order to avoid apoptosis, NRK-52E cell lines induce a series of
protective effects such as glutathione related proteins to reduce reactive oxygen species (ROS), and chaperone proteins to recycle
damaged proteins. We suggested that, in the indigenous cellular environment, Fe

3
O
4
NPs treatment induced an antagonistic effect

for cell lines to go to which avoids apoptosis.

1. Introduction

In general, nanoparticles (NPs) are a group of particles with
diameter size between one nanometer to one hundred nano-
meters. NPs have properties such as a high specific surface
area and have a high potential to be a good catalytic agent,
and therefore NPs have been widely used in fields such
as antibacterial [1], antimicrobial [2, 3], drug delivery [4],
and global use in research [5, 6]. However, having high
catalytic potential, NPs weremodified with polysaccharide or

chitosan to avoid cytotoxicity [2, 3]. Based on the response of
toxicity,NPs such as those that use silver and titaniumdioxide
were evaluated for cytotoxicity, DNA damage, and reactive
oxygen species (ROS) [7–9]. Especially in AgNPs, numerous
studies showed that in cellular responses, 100 nm AgNPs
induced serine/threonine protein kinase (PAK), phosphatase
2A, andmitogen-activated protein kinase (MAPK) pathways,
and 20 nm AgNPs induced ROS, SUMOylation, and protein
carbonylation [10]. Moreover, published papers increasingly
show that proteomics analysis and LC-MS/MS were utilized
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to demonstrate the effects of NPs, such as quantitative pro-
teomics to evaluate AgNPs exert cellular responses [10],
AgNPs treatment directly involved in ROS, metal detoxifica-
tion according to genomics and proteomics results [11], and
the toxic effects and behavior in Caenorhabditis elegans [12].

Previous studies reported that in vitro experiments and
AgNPs exposure directly induced ROS, cell death, apoptosis,
and inflammation [13, 14]. In animal model studies, female
rats had AgNPs accumulation in kidney regions, especially
in the glomerulus [15]. A variety of reports showed evidence
that AgNPs treatment has cytotoxicity in proteomics and
genomics; however no evaluated studies of other NPs are
described with Fe

3
O
4
or gold nanoparticles.

MS-based quantitative proteomics has been developed at
a marvelous rate in the past two decades for biomarker dis-
covery and drug screening. In addition, proteomics provides
numerous proteins expression profiles using quantitative
techniques to estimate and established the relationships using
bioinformatics software. Current quantitative comparisons
between specimens both with drug treatment and without
treatment or normal and abnormal tissues are beneficial to
identify the proteins with upregulation or downregulation
and to set up biologic mechanisms and pathways [16, 17].
However in complicated tissue specimens, abundant proteins
interfere with the detection of rare proteins. Multiple dimen-
sional separation systems were used to fractionate peptides
into different fractions through liquid phase chromatography
(LC) to decrease the samples’ complication and to increase
the amount of protein identification [16, 18].

In this work, we synthesized bare Fe
3
O
4
NPs and charac-

terized the size of NPs by transmission electron microscope
(TEM). After treatment with unmodified Fe

3
O
4
NPs, we

next utilized dimethyl labeling quantitative reagents to label
the tryptic peptides of NRK-52E cell lines with treated and
untreated Fe

3
O
4
NPs [19]. In global proteomics research

coupled with LC-MS/MS, we demonstrated 435 identified
proteins in NRK-52E cell lines by Mascot and simultane-
ously quantitated 311 proteins through the use of Mascot
Distiller bioinformatics software. We classified proteins into
chaperone proteins, cell death related and apoptotic proteins,
ras-related proteins, and glutathione related proteins. Using
STRING for protein-protein interaction [20], we demon-
strated the relationships between Fe

3
O
4
NPs andmultifarious

proteins.

2. Materials and Methods

2.1. Chemical Reagents. Sodium acetate, ferric chloride
(FeCl
3
), ferrous chloride (FeCl

2
), sodium cyanoborohydride

(NaBCNH
3
), and trifluoroacetic acid (TFA) were obtained

from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile
(MeCN) was bought fromMerck (Seelze, Germany). Ammo-
nium hydrogen carbonate (NH

4
HCO
3
), hydrochloric acid,

sodium hydroxide, sodium dodecyl sulphate (SDS), and
ethanol were purchased from J. T. Baker (Phillipsburg, NJ,
USA). Formaldehyde-D

2
solution (20% solution in D

2
O)was

purchased from Isotec Corp. (Miamisburg, OH, USA), while
formaldehyde-H

2
solution (36.5%–38% in H

2
O), potassium

chloride (KCl), sodium chloride (NaCl), sodium dihydrogen
phosphate (NaH

2
PO
4
), potassium dihydrogen phosphate

(KH
2
PO
4
), dimethyl sulfoxide (DMSO), formic acid (FA,

98%–100%), and iodoacetamide (IAM) were purchased from
Sigma (St. Louis, MO, USA). Trypsin was purchased from
Promega (Madison, WI, USA). The protein concentration
of cell lysate was determined by Bradford assay based on
the measurement BSA calibration curve (Thermo, Rockford,
IL, USA). Deionized H

2
O with a resistance of 18.2MΩ was

obtained using a Millipore water system.

2.2. Fabrication of Fe
3
O
4
Nanoparticles (NPs) by Hydrother-

mal Precipitation. The nanoscale magnetic iron oxide par-
ticles were prepared by hydrothermal homogeneous copre-
cipitation [21–23]. Ferric chloride (FeCl

3
, 5.2 g) and ferrous

chloride (FeCl
2
, 2.0 g) were dissolved with sonication in

50mL clean glassware containing aqueous hydrochloric acid
(2M, 25mL) at 50∘C. Subsequently, themixture was degassed
continuously using a nitrogen gas cylinder. Sodium hydrox-
ide (NaOH 150mL, 2M) was slowly injected drop by drop
into the glassware. The color of the solution transformed
from yellow to orange, and finally the color shifted to black
through the NaOH dripping down. After incubation at 50∘C
for one hour, the supernatant was removed through a strong
magnet absorbing NPs.The generated NPs were then washed
with deionized water and removed by a centrifugal tube with
1,800 rpm for two minutes. Then finally the NPs were rinsed
with 0.5M HCl, deionized water and ethanol sequentially.

2.3. Characterization of Fe
3
O
4

by Transmission Electron
Microscope (TEM). The size of the synthetic Fe

3
O
4
NPs was

characterized by a JEOL JEM 1200-EX transmission electron
microscope (TEM) with the accelerating voltage 80 keV. One
𝜇L of the nanoparticles solutionwas dropped on a cupric grid
with stabilized carbon, and subsequently the surplus solution
evaporated in the atmosphere.

2.4. NRK-52E Cell Culture, the Conditions of Fe
3
O
4
NPs Treat-

ment, and Protein Concentration. The cells, NRK-52E (CRL-
1571; AmericanTypeCultureCollection,Manassas, VA), were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Sigma-Aldrich) and supplemented with 5% fetal bovine
serum (FBS) and 1% penicillin (Gibco, Grand Island, NY,
USA). Cells were cultured in a 100mm dish with a 5% CO

2

incubator at 37∘C. Until cells reached 80% confluence, they
were cultured with the absence of serum medium for 24
hours. After starvation cells were treated with 1 ng Fe

3
O
4

NPs in each dish for 24 hours, and comparison groups were
treated with dimethyl sulfoxide (DMSO). After being washed
three times with phosphate-buffered saline (PBS), the cells
were lysed with modified RIPA buffer containing 1% NP-40,
0.1% SDS, 150mMNaCl, 50mMTris-HCl, and 1 tablet/10mL
of Roche minicomplete protease inhibitor cocktail at pH 7.5.
Finally, the protein concentration of NRK-52E cell lysate was
determined using the Bradford assay.

2.5. Tryptic Digestion, Dimethyl Labeling, Desalting, and
Fractionation. Samples of lysated protein solution 60𝜇L
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containing 100 𝜇g of total proteins treated with Fe
3
O
4
NPs

and DMSO were reduced by reaction with 0.7𝜇L of 1M
DTT and 9.3 𝜇L of 7.5% SDS at 95∘C for 5 minutes. The
sample bottles were put on ice and then for alkylation were
treated with 8 𝜇L of 50mM IAM at room temperature for 30
minutes in the dark with agitation. Furthermore, sample pro-
teins were precipitated by 52 𝜇L of 50% trichloroacetic acid
(TCA) with incubation on ice for 15 minutes. By centri-
fugation to remove the supernatant, the protein pellets were
washed in different solutions according to priority with
150 𝜇L of 10% TCA, 250 𝜇L of deionized H

2
O, 250𝜇L of

acetone, and two times with 250 𝜇L of deionized H
2
O.

After removing the supernatant, the protein pellets were
digested in 2𝜇g of trypsin in 200𝜇L 50mM NH

4
HCO
3

(pH 8.5). An additional 2𝜇g of trypsin was added after
4 hours of tryptic digestion, and then the samples were
digested for 14 hours at 37∘C. Eventually the tryptic digestion
samples were dried by vacuum centrifugation to remove
the digested buffer. For labeling procedures, the lyophilized
samples were redissolved in 180 𝜇L of 100mM sodium acetate
buffer at pH 5.5. Simultaneously the treated NPs samples
were labeled using 10 𝜇L of 4% formaldehyde-D

2
and then

those samples treated DMSO were labeled using 10 𝜇L of 4%
formaldehyde-H

2
. Both of the samples were vortexed for 5

minutes, followed by treatmentwith 10𝜇L of 600mMsodium
cyanoborohydride for 1 hour. Finally, the labeled solutions
were combined after adjusting to pH 2-3 using 10%TFA/H

2
O

for desalting by a homemade C18 cartridge desalting kit.
After vacuum centrifugation drying, the triplicate combined
samples were fractionated with a hydrophilic interaction
chromatography (HILIC) separated system. HILIC system
was performed using an L-7100 pump system (Hitachi,
Tokyo, Japan) connecting a TSK gel Amide-80HILIC column
(2.0mm × 150mm, 3 𝜇m particle size; Tosoh Biosciences,
Tokyo, Japan) with a flow rate of 200𝜇L/min. The mobile
phase system was used for gradient elution: solvent (A) was
0.1% TFA in water; solvent (B) was 0.1% TFA in 100%MeCN.
The eluted fraction from the homemade C18 cartridge was
dissolved in 25 𝜇L of solution containing 85% MeCN and
0.1% TFA and then injected into the 20 𝜇L sample loop.
Furthermore, the gradient was performed as follows: 95% (B)
for 2 minutes; 95%∼60% (B) for 32 minutes; 60%∼5% (B) for
10 minutes; 5% (B) for 5 minutes; 5%∼95% (B) for 1 minute;
and 95% (B) for 10 minutes. Each fraction contained 1.2mL
buffer in the total of 10 collected fractions, and finally every
fraction was dried in a vacuum centrifuged system.

2.6. Protein Identification by LC-MS/MS Analysis. The vac-
uum dried lyophilized samples were redissolved in 10 𝜇L of
0.1% FA in H

2
O and analyzed using a Thermo LTQ Orbitrap

XL (Thermo Fisher Scientific, San Jose, CA). A total of
10 𝜇L of sample was injected onto a C18 capillary pretrapped
column (0.3mm × 5mm, 5 𝜇m particle size, Agilent Zorbax
XDB); HPLC loading pump and separation was performed
by a C18 column (i.d. 75𝜇m × 150mm, 3 𝜇m particle size,
Micro Tech, Fontana, CA). A LC-MS/MS separation was
performed using anAgilent 1200 seriesNanoflowpump (Agi-
lent Technologies, Santa Clara, CA). The flow rate of loading

pump was set at 5 𝜇L/min, and the gradient pump was set at
300 nL/min. The mobile phases consisted of (A) 0.1% FA in
water and (B) 0.1%FA in 100%MeCN.The linear gradientwas
as follows: 2% (B) in 2 minutes, 2%∼40% (B) in 40 minutes,
40%∼95% (B) in 8 minutes, 95% (B) in 2 minutes, 95%∼
2% (B) in 1 minute, and 2% (B) in 7 minutes. The digested
peptides were detected by a voltage of 1.8 kV in the positive
detection ion mode. The separated system with full scanning
mode conditions was set at𝑚/𝑧 400–1600Da with resolution
= 30,000. The data-dependent mode was set according to
a priority to select peptides which were detected with 5
high-intensity signals in the MS mode and transferred into
collision chamber for fragmentation with a collision energy
of 35 eV. The fragmented ions were analyzed and detected at
second MS analyzer with a mass range of 𝑚/𝑧 100–2000Da.
To exclude ions with similar𝑚/𝑧 and avoid interferences, the
data-dependent mode was also set a repeat duration of 30
seconds.

2.7. Mascot Database Search and Mascot Distiller Quantita-
tion. The software Xcalibur (version 2.0.7, Thermo Scientific
Inc., San Jose, CA) was utilized to control Orbitrap XL
and to acquire the MS and fragmentation data. The raw
data including MS and MS/MS spectra were converted to a
suitable file type by the Mascot Distiller software (version
2.5.1.0 (64 bits),Matrix Science Ltd., London, UK) to perform
protein identification and quantitation. The parameters of
the Mascot Distiller were set as follows: “Orbitrap res MS2”
(default parameter setting) for peak list transformation;
“Rattus” for the taxonomy in the Swiss-Prot databank of
the Mascot search engine; zero allowable missed cleavages
for tryptic digestion; dimethylation (MD) for quantitation;
fixedmodificationwas selected carbamidomethyl for cysteine
modification; peptide tolerance of 10 ppm with precursor
ions; and 0.8Da tolerance for MS/MS. Peptides charge was
selected when they had charges of 1+, 2+, and 3+, and the
instrumentwas set to “ESI-trap.” Finally, the protein quantita-
tive result was listed by the heavy-labeled/light-labeled (D/H)
ratios from the Mascot Distiller.

3. Results and Discussion

3.1. Fe
3
O
4
NPs Synthesis and Characterization. Bare and

unmodified Fe
3
O
4
NPs were synthesized by hydrothermal

precipitation and NPs were fabricated by chemical method to
have a uniform particle size. In Figure 1, TEM images showed
that we took three photos of Fe

3
O
4
NPs with 20 nm, 50 nm,

and 100 nm scale bars. It is considered that NPs with a higher
surface area are easier to aggregate with other NPs; therefore
through the aggregation in Fe

3
O
4
NPs there were Fe

3
O
4

particles generated above 100 nm if no additional protective
agent was modified onto Fe

3
O
4
(Figure 1(c)). We considered

that Fe
3
O
4
NPs with dispersive diameter sizes are suitable for

cytotoxicity evaluation due to the fact that NPs found in the
environment have random sizes.

3.2. Schematic Representation of Samples Pretreatments, Frac-
tionation, Protein Identification, and Protein Quantitation.
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(a) (b) (c)

Figure 1: TEM images of Fe
3
O
4
NPs with different sizes as follows: (a) 20 nm, (b) 50 nm, and (c) 100 nm scale bars.
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Figure 2: Simplified flow chart of sample pretreatment, fractionation, and analysis using LC-MS/MS.

For protein quantitation, the procedures and using reagents
including formaldehyde-H

2
, formaldehyde-D

2
, and sodium

cyanoborohydride (NaBCNH
3
) were obeyed as following the

previous literature [19]. By utilization of dimethyl labeling,
the differences of protein expressions in treatment with and
without NPs was enabled to be determined. In the mass spec-
trum, the proteins of NRK-52E treated NPs were labeled as
formaldehyde-D

2
and proteins of untreated NPs were labeled

as formaldehyde-H
2
. In the same sequential peptides, how-

ever, different treatments had a mass difference 4Da or 8Da
depending on the use of the labeling agent. Off-line HILIC
fractionation was utilized to decrease the complication of the
mixed samples [16, 18]. Through LC-MS/MS, the proteins
identification and quantitative ratios of D/H peptides were
identified and calculated using the bioinformatic Mascot
Distiller software to finally generate a protein list. The
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Figure 3: MS/MS spectrum of the peptide sequence GVDNTFADELVELSTALEHQEYITFLEDLK (𝑚/𝑧 1168.60, 3+), which is a peptide of
complement component 1Q subcomponent-binding protein (C1qBP).

schematic flow chart of the process is shown in Figure 2 from
sample pretreatment and protein identification to protein
quantitation.

3.3. Quantitative Results of NRK-52E Proteins Associated with
Fe
3
O
4
NPs. From the statistical results we identified 435 pro-

teins, of which 311 proteins have a D/H ratio and 124 proteins
which we were unable to specific values. For example,
complement component 1Q subcomponent-binding protein
(C1qBP) was identified with an arithmetic average D/H
ratio of 4.23. Figure 3 showed the peptide belonging to
C1qBP having sequences GVDNTFADELVELSTALEHQEY-
ITFLEDLK which was fragmentized by collision induced
dissociation (CID), and its MS/MS spectrum was illustrated
by y-ions and b-ions. From a quantitative standpoint in
support of the Mascot Distiller in bioinformatics software,
the result of protein list showed that the D/H ratio belonging
to GVDNTFADELVELSTALEHQEYITFLEDLK peptide was
4.23. Simultaneously the raw data from LC-MS/MS that we
extracted from the labeled peptide of C1qBP by 𝑚/𝑧 1165.92
(3+, H-labeled) and 1168.60 (3+, D-labeled) presented signals
of peak area and peak height (Figure 4(a)) and showed the
isotope pattern of H-labeled peptide and D-labeled peptide
(Figure 4(b)) which demonstrated the changes in different
labeling. The statistical results showed that peak area was
4.42-fold in D/H ratio and peak height was 4.22-fold; the
statistical data was calculated and shown in Table 1.

3.4. Differentially Expressed Proteins of NRK-52E by Treat-
ment with Fe

3
O
4

NPs. In this study, we used Fe
3
O
4

NPs to treat NRK-52E and used bioinformatics software
to generate proteins identification and proteins quantitation

Table 1: The MS intensities of peptide GVDNTFADELVELSTALE-
HQEYITFLEDLK labeled H (𝑚/𝑧 1165.92) and labeled D (𝑚/𝑧
1168.60) in peak area and peak height.

𝑚/𝑧 Peak area Peak height Ratio of area Ratio of height
1165.92 4084412 1240520 4.42 4.22
1168.60 18036323 5230797

with a protein list (the protein list is shown in the electronic
supplementary information available online in Supple-
mentary Materials at http://dx.doi.org/10.1155/2014/754721).
In the protein list, we observed that when Fe

3
O
4
NPs

were treated, ras-related proteins were expressed includ-
ing ras-related protein Rab-7L1 (RAB7L RAT, 3.2-folds),
ras-related protein Rab-1A (RAB1A RAT, 2.3-folds), ras-
related protein Rab-2A (RAB2A RAT, 1.6-folds), ras-related
C3 botulinum toxin substrate 1 (RAC1 RAT, 1.2-folds),
ras-related protein Rap-1A (RAP1A RAT), and ras-related
protein Rab-7a (RAB7A RAT). Accor-ding to previous
studies, ras-related proteins were associated with cancer
cell metastasis [24, 25], and ras-related C3 botulinum
toxin substrate 1 was associated with differential roles
such as cell proliferation which could be inhibited by
miR-101 [26] and signal transduction to upregulate in
esophageal squamous cell carcinoma and esophageal adeno-
carcinoma [27].

We also identified related proteins in cell death and
apoptosis, such as apoptotic protease-activating factor 1
(APAF RAT, 780.9-folds), programmed cell death protein
10 (PDC10 RAT, 233.2-folds), galectin-1 (LEG1 RAT, 1.75-
folds), and programmed cell death 6-interacting protein

http://dx.doi.org/10.1155/2014/754721
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Figure 4: (a) Extracted ions of 𝑚/𝑧 1165.92 (H-labeled) and 𝑚/𝑧 1165.92 (D-labeled) showing signals of peak area (AA) and peak height
(AH). (b) MS spectrum of GVDNTFADELVELSTALEHQEYITFLEDLK which are labeled formaldehyde-H

2
and formaldehyde-D

2
. These

two labeled peptides are shown in a coeluted isotopic pattern.

(PDC6I RAT). Apoptotic protease-activating factor 1 acti-
vated procaspase-9 and modulated cellular apoptosis [28].
However, programmed cell death protein 10 promotes cell
proliferation and protects malignant T cells from apoptosis
[29].The galectin family played different roles in cell apopto-
sis such as galectin-7 enhancing apoptosis, but galectin-1 has
the opposite effect [30]. In accordance with previous studies
and the proteins quantitative list, we considered that the
treatment of Fe

3
O
4
NPs caused an antagonistic effect. Fe

3
O
4

NPs induced expression of ras-related proteins and induced
programmed cell death protein 10, galectin 1 to promote
cell metastasis, proliferation, and progression. However, the
apoptotic protease-activating factor 1 promoted cell to go to
apoptosis.

A variety of glutathione-related proteins with high
expression were identified, such as glutathione reductase
(Fragment), glutathione S-transferase Mu 1, glutathione S-
transferaseMu 2, glutathione S-transferase P, and glutathione
S-transferase alpha-3. We thought that Fe

3
O
4
NPs induced

reactive oxygen species (ROS) to cause overexpression of
glutathione-related proteins. After one day of Fe

3
O
4
NPs

treatment, a strong magnet was utilized to recover the resid-
ual NPs, but there were no NPs to be recycled.We considered
that the NPs had transferred into ferric ions (Fe3+) and
ferrous ions (Fe2+) and that endogenous hydrogen peroxide
(H
2
O
2
) reacted with ferrous ions to compose hydroxide free

radicals (Fenton reaction) [31, 32]. A variety of reports show
that ROS effects are exhibited when NPs were treated [7, 14].
However, ferrous ion (Fe2+) is an initiator in the Fenton
reaction, and ferrous ions will react with hydrogen peroxide
to produce hydroxide free radicals.

3.5. Chaperone Proteins Overexpression and STRING Net-
works Establishment. We also characterized chaperone pro-
teins such as heat shock proteins, serpinH1, protein disulfide-
isomerase, endoplasmin, and endoplasmic reticulum resi-
dent protein.
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Table 2: Statistic classification of related proteins in NRK-52E cell lines with Fe3O4 NPs treatment.

UNIPROT
accessiona

UNIPROT
accession
numbera

Protein identification Molecular
mass (kDa)b

Number of
peptidesb Ratioc

Cell death and apoptosis related proteins
APAF RAT Q9EPV5 Apoptotic protease-activating factor 1 146.1 2 780.9
PDC10 RAT Q6NX65 Programmed cell death protein 10 25.0 2 233.2
LEG1 RAT P11762 Galectin-1 15.5 5 1.75
PDC6I RAT Q9QZA2 Programmed cell death 6-interacting protein 99.2 n.d. n.d.

Ras-related proteins
RAB7L RAT Q63481 Ras-related protein Rab-7L1 23.7 2 3.2
RAB1A RAT Q6NYB7 Ras-related protein Rab-1A 23.4 13 2.3
RAB2A RAT P05712 Ras-related protein Rab-2A 24.1 3 1.6
RAC1 RAT Q6RUV5 Ras-related C3 botulinum toxin substrate 1 22.4 2 1.2
RAP1A RAT P62836 Ras-related protein Rap-1A 21.8 n.d. n.d.
RAB7A RAT P09527 Ras-related protein Rab-7a 24.3 n.d. n.d.

Glutathione related proteins
GSHR RAT P70619 Glutathione reductase (Fragment) 47.8 2 3.1
GSTM1 RAT P04905 Glutathione S-transferase Mu 1 26.7 2 2.8
GSTM2 RAT P08010 Glutathione S-transferase Mu 2 26.5 3 2.4
GSTP1 RAT P04906 Glutathione S-transferase P 24.1 6 1.5
GSTA3 RAT P04904 Glutathione S-transferase alpha-3 25.9 4 1.2

Chaperone proteins
HSBP1 RAT Q8K3X8 Heat shock factor-binding protein 1 8.7 2 2.8
HS90B RAT P34058 Heat shock protein HSP 90-beta 86.0 32 2.7
SERPH RAT P29457 Serpin H1 47.7 30 2.5
HS90A RAT P82995 Heat shock protein HSP 90-alpha 87.7 31 2.4
HSP74 RAT O88600 Heat shock 70 kDa protein 4 97.0 2 2.2
HSP7C RAT P63018 Heat shock cognate 71 kDa protein 72.8 40 1.9
PDIA4 RAT P38659 Protein disulfide-isomerase A4 75.1 9 1.8
CH60 RAT P63039 60 kDa heat shock protein, mitochondrial 62.6 29 1.6
CH10 RAT P26772 10 kDa heat shock protein, mitochondrial 11.2 3 1.6
GRP78 RAT P06461 78 kDa glucose-regulated protein 74.4 19 1.6
ENPL RAT Q66HD0 Endoplasmin 95.4 17 1.6
PDIA1 RAT P04785 Protein disulfide-isomerase 59.1 24 1.6
ERP29 RAT P52555 Endoplasmic reticulum resident protein 29 29.3 3 1.6
PDIA6 RAT Q63081 Protein disulfide-isomerase A6 49.6 4 1.5
PDIA3 RAT P11598 Protein disulfide-isomerase A3 58.6 17 1.3
a
Protein accession and protein accession number were received from the UNIPROT database available online: http://www.uniprot.org/uniprot (accessed on
May 25, 2014).
bMolecular weight and number of protein peptides according to the Swiss-Prot database in the Mascot search engine.
cRatio values of each protein according to protein list in the Mascot Distiller.

Eventually, we used the STRING (vision 9.1, http://string-
db.org/) database to establish the interactions between chap-
erone proteins and related proteins to demonstrate the
relationships between Fe

3
O
4
NPs and the associated proteins

[20]. The relationships between chaperone proteins, ras-
related proteins, glutathione related proteins, and cell death
and apoptosis related proteins are listed in Table 2 and illus-
trated by STRING in Figure 5. Heat shock proteins connected

http://www.uniprot.org/uniprot
http://string-db.org/
http://string-db.org/
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Figure 5: Schematic representation of the networks between cell death and apoptosis related proteins, ras-related proteins, glutathione related
proteins, and chaperone proteins.

with each other and related ras-related C3 botulinum toxin
substrate 1 and then combined to glutathione related proteins.

4. Conclusion

This is a pioneer experiment to show the cellular responses
through Fe

3
O
4
NPs treatment. We hypothesized an antag-

onistic effect in NRK-52E cell lines which is presented as
cell death, apoptosis, and cancerization via programmed
cell death protein and ras-related proteins; however there
are protective mechanism proteins in NRK-52E such as
chaperone proteins and glutathione related proteins. In future
work, we shall generate or purchase Fe

3
O
4
NPs in a smaller

size to confirm the size effect of NPs, and we also need more
evidence to prove the ROS effect induced via ferrous ions and
to explain the tendency towards apoptosis or to avoid cell
death.
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Sirtuins, NAD+-dependent deacetylases, could target both histones and nonhistone proteins in mammalian cells. Sirt1 is the major
sirtuin and has been shown to involve various cellular processes, including antiapoptosis, cellular senescence. Sirt1 was reported to
be overexpressed in many cancers, including lung cancer. Sirtinol, a specific inhibitor of Sirt1, has been shown to induce apoptosis
of cancer cells by elevating endogenous level of reactive oxygen species. In the study, we investigated the effect of sirtinol on
the proliferation and apoptosis of nonsmall cell lung cancer (NSCLC) H1299 cells. The results of proliferation assay and colony
formation assay showed the antigrowth effect of sirtinol. The annexin-V staining further confirmed the apoptosis induction by
sirtinol treatment. Interestingly, the levels of phosphorylated Akt and 𝛽-catenin were significantly downregulated with treating the
apoptotic inducing doses. On the contrary, sirtinol treatment causes the significantly increased level of FoxO3a, a proapoptotic
transcription factor targeted by Sirt1. These above results suggested that sirtinol may inhibit cell proliferation of H1299 cells by
regulating the axis of Akt-𝛽-catenin-FoxO3a. Overall, this study demonstrates that sirtinol attenuates the proliferation and induces
apoptosis of NSCLC cells, indicating the potential treatment against NSCLC cells by inhibiting Sirt1 in future applications.

1. Introduction

Cancer is one of the leading causes of death worldwide. Lung
cancer has higher mortality than other cancers in both men
and women [1]. More than 80% of lung cancer patients are
nonsmall cell lung cancer (NSCLC). NSCLC can be classified
by the location, including adenocarcinoma, squamous cell
carcinoma, and large cell lung carcinoma [2, 3].The treatment
options for patients with NSCLC include surgery, radiation
therapy, chemotherapy, and targeted therapy. Chemotherapy
is given as main treatment for more advanced cancers or

for patients who are not healthy enough for surgery [4].
The chemotherapy for NSCLC treatment is developed and
improved recently. However, the poor prognosis and drug
resistance contribute to the low survival rate of NSCLC
patients [5, 6].

Sirtuin (Sirt) family is a class III HDAC. In yeast, sirtuin
protein plays an important role for lifespan extension in
response to metabolic and other environmental stresses [7–
10]. SIRT family proteins also target various nonhistone pro-
teins including structural protein, signal intermediates, and
transcription factors [11]. At least seven homologues (Sirt1–7)
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have been identified in mammalian cells [12–14]. Among
Sirt proteins, the physiological role of Sirt1 in mammalian
cells has been reported to prevent tumorigenesis and ensure
cellular longevity, and the continuous prevention of apoptosis
may induce the tumorigenesis [15]. Previous studies showed
that Sirt1 overexpression in cancer correlates with silencing of
tumor suppressor genes [16].

Akt is a serine/threonine kinase which has been shown to
be associated with proliferation and survival [17].The overex-
pression and constitutively activation of Akt was observed in
many cancers, including lung cancer [6] and breast cancer [5]
cells, which are highly correlated with the chemoresistance of
cancer cells. On the contrary, Forkhead box O3a (FoxO3a),
a transcription factor, is the downstream target of Akt [17].
FoxO3a can promote anticell growth or apoptosis signaling
through either inducing expression of the proapoptotic Bcl-2
such as Bim [18], stimulating the expression of death receptor
ligands, including Fas ligand and tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL), or increasing
the protein levels of cyclin-dependent kinase inhibitors [19].
Aberrant Akt-mediated phosphorylation of FoxO3a causes
the survival and proliferation of cancer cells. Therefore,
the signaling axis of Akt and FoxO3a regulates cell growth
and survival may shed the light on developing a promising
strategy for lung cancer treatment [17, 18, 20, 21].

The tumor suppressor forkhead family of transcription
factors (FOXO) is one of SIRT1 substrate. The acetylation
of FOXO3 increases in response to oxidative stress [22].
Therefore, FOXO3 could control the balance between stress
resistance and apoptosis through its downstream targets
such as GADD45 and Bim [23]. For example, Frazzi’s work
reported that resveratrol-induced apoptosis of Hodgkin lym-
phoma cells is involved in the inhibition of SIRT1 and the
hyperacetylation of FoxO3 [24].

In this study, we demonstrated antigrowth and apoptosis-
inducing effect of sirtinol on lung cancer cells. The sirtinol-
induced antiproliferation and apoptosis of lung cancer via
FoxO3a-Akt were investigated and discussed.

2. Methods

2.1. Reagents. Sirtinol was purchased from Calbiochem
(Darmstadt, Germany). Sirtinol was dissolved in 100%
DMSO at concentration of 10mM and stored at −20∘C until
use. The following compounds were obtained from Gibco
BRL (Maryland, USA): Dulbecco’s modified eagle medium
(DMEM), Ham’s F-12 Nutrient Mixture (F-12) fetal bovine
serum (FBS), trypan blue, penicillin G, and streptomycin.
Dimethyl sulfoxide (DMSO), ribonuclease A (RNase A), and
propidium iodide (PI) were purchased from Sigma-Aldrich
(Missouri, USA). Antibodies against FoxO3a were obtained
from Epitomics (California, USA). Annexin V-FITC staining
kit was purchased from Strong Biotech (Taipei, Taiwan).
Antibodies against phospho-Akt, 𝛽-catenin, Sirt1, and 𝛽-
actin were purchased from Santa Cruz Biotechnology (Cal-
ifornia, USA). Anti-mouse and anti-rabbit IgG peroxidase-
conjugated secondary antibodies were purchased fromPierce

(Illinois, USA). The anti-rabbit Rhodamine-conjugated anti-
body was purchased from Abcam (Cambridge, UK).

2.2. Cell Culture. Human nonsmall cell lung cancer (NSCLC)
cell lines H1299 were obtained from American Type Culture
Collection (ATCC;Virginia,USA).All tested cellsweremain-
tained in DMEM/F-12 in 1 : 1 ratios (pH 7.4) supplemented
with 10% FBS and 1% penicillin-streptomycin (100 units/mL
penicillin and 100 𝜇g/mL streptomycin). All cells were incu-
bated in a humidified atmosphere incubator containing 5%
CO
2
at 37∘C.

2.3. Proliferation Assay. The cell proliferation of H1299 cells
was determined by trypan blue dye exclusion assay [25]
combinedwithCountessAutomatedCell Counter performed
according to the manufacturer’s instruction (Invitrogen; Cal-
ifornia, USA). 1 × 105 cells were seeded in 12-well plates and
treated with indicated concentrations of sirtinol (0, 10, 20,
and 50 𝜇M) for 24 h and 48 h, respectively. After incubation,
the cells were stained by 0.2% trypan blue and counted by
Countess.

2.4. Apoptosis Assessment. To examine the apoptosis assess-
ment of H1299 cells after being sirtinol treated, Annexin-
V/PI double staining [26] was performed to detect the
externalization of phosphatidylserine (PS). 3 × 105 cells were
seeded onto a 6-well plate and incubated for 24 h and treated
with different concentrations of sirtinol (0, 5, 10, 20, and
50 𝜇M) for 24 h, respectively. Afterwards, cells were harvested
and stained by Annexin-V staining kit (Strong Biotech,
Taipei, Taiwan) according to the manufacturer’s manual. The
cells were washed in 1 × Annexin-V buffer (HEPES, NaCl,
CaCl
2
⋅2H
2
O) and stained by Annexin-V for 30min in 37∘C

water bath. The cells were analyzed by flow cytometry (FACS
Calibur; Becton Dickinson; California, USA). The results
of apoptosis assessment were analyzed by using the FlowJo
software (Treestar, Inc.; California, USA).

2.5. Colony Formation Assay. 100 cells were planted onto
a 6-well plate, and, after 24 h incubation, the cells were
treated with different concentrations of sirtinol (0, 10, 20,
and 50 𝜇M). After 15 days incubation, the colonies of cells
were glutaraldehyde-fixed and stained with crystal violet
(0.01%w/v) for 1 h. The diameter of colonies was determined
by Image-Pro Plus software (Media Cybernetics; Maryland,
USA).

2.6. Cell Cycle Analysis. 3 × 105 cells were seeded in 6-well
plates and incubated for 24 h. The cells were treated with
different concentrations of sirtinol (0, 10, 20, and 50𝜇M) for
24 h. Then, the cells were harvested and fixed with ice-cold
75% ethanol for at least 24 h at −20∘C. Ethanol-fixed cells
were collected by centrifugation and washed with PBS. After
centrifugation, the cells were resuspended in 500𝜇L PBS
containing 2.5 𝜇g/mL RNase A and incubated for 30min in
37∘C water bath. Then, the cells were centrifuged and stained
by propidium iodide (PI) [27].The cells were analyzed by flow
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cytometry.The cell cycle distribution results were analyzed by
using the FlowJo software [28].

2.7. Western Blot Analysis. 6 × 105 cells were harvested and
lysed with 1 × RIPA lysis buffer. Lysates were centrifuged at
13000 rpm for 30min and the protein concentration in the
supernatant was determined. 40 𝜇g of protein was resolved
by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
Afterwards, the proteins were electrotransferred to the nitro-
cellulose membrane (PALL; Michigan, USA) and blocked
with 5% fat-free milk in PBS-T buffer (1 × PBS containing
0.1% Tween 20) for 1 h. Then the membranes were incubated
with primary antibodies against specific proteins overnight at
4∘C.The blot was washed by PBS-T buffer and incubated with
corresponding secondary antibodies for 90min. The signals
were detected by an enhanced chemiluminescence (ECL)
detection kit (Amersham Piscataway; New Jersey, USA) [29].

2.8. Statistical Analysis. Differences between DMSO- and
sirtinol-treated cells were analyzed in at least triplicate exper-
iments. The significance of the differences was analyzed by
Student’s 𝑡-test, with 𝑃 < 0.05 considered significantly.

3. Results

3.1. Sirtinol Exerts Antiproliferative Effect towards NSCLC
Cells. We used sirtinol, a specific and direct inhibitor of the
sirtuin class of deacetylase activity, to inhibit Sirt1 in H1299
cells [30]. To investigate the effect of sirtinol on cell prolifer-
ation, the NSCLC cell line H1299 was treated with different
concentrations of sirtinol for 24 and 48 h, respectively. The
cell viable cells were measured by trypan blue staining assay
combined with automatic cell counter.The results of both cell
proliferation assay and colony formation assay showed the
antigrowth effect of sirtinol onNSCLCH1299 cells, especially
at the dose of 20 and 50 𝜇M sirtinol treatment (Figures 1
and 2). We also examined whether sirtinol induced NSCLC
H1299 cells apoptosis. We treated the cells with different
concentrations of sirtinol (0, 10, 20, and 50𝜇M) and then
conducted the flow cytometry-based Annexin V and PI
double staining assay. The cellular apoptosis was detected at
high concentration of sirtinol treatment (Figure 4).

3.2. The Effect of Sirtinol on Regulating Cell Cycle Distribution
of H1299 Cells. In previous study, Sirt1 has shown to exert the
ability to induce cell cycle arrest and resistance to oxidative
stress [31]. Therefore, we examined whether sirtinol induced
NSCLCH1299 cell cycle disturbance. After sirtinol treatment,
the cells were stained by PI, and detected the cell cycle
distribution by flow cytometry (Figure 3). The result showed
that the highest dose (50𝜇M) of sirtinol treatment induces
G1-phase accumulation.

3.3. The Effect of Sirtinol on Modulating the Expression of Pro-
survival Proteins. Sirt1 was reported to deacetylate various
nonhistone protein targets, including p53, NF-𝜅B, 𝛽-catenin,
and FoxO3a [32–34]. Because H1299 cells do not express
the tumor suppressor p53 protein, we used Western blot
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Figure 1: Effect of sirtinol on cellular proliferation of H1299 cells.
H1299 cells treated with different concentrations (5, 10, 20 and
50 𝜇M) of sirtinol for 24 h and 48 h, respectively. The cell survival
was determined by the trypan blue staining assay combined with
the Countess Automated Cell Counter. ∗∗𝑃 < 0.001 against vehicle
control.

to analyze the protein level of 𝛽-catenin, NF-𝜅B p65, and
FoxO3a after sirtinol treatment (Figure 5). NF-𝜅B p65 is a
critical transcription factor that regulates inflammation and
cell proliferation and differentiation. NF-𝜅B was reported
to be aberrantly expressed and constitutively activated in
lung cancer [35, 36]. However, the results of Western blot
showed that no significant changes of NF-𝜅B p65 protein
levels were observed (data not shown), suggesting that the
antiproliferative effect of sirtinol on lung cancerH1299 cells is
NF-𝜅B p65-independent. On the contrary, the previous study
showed that sirt1 plays a tumor suppressive role mediated
through inhibition of 𝛽-catenin [37]. The protein level of 𝛽-
catenin was decreased only in cytotoxic concentrations 20
and 50 𝜇M, suggesting that 𝛽-catenin did not involve in Sirt1-
induced cells invasiveness, and Sirt1may play a role as a tumor
promoter in H1299 cells.

The transcription factor FoxO3a has a crucial role in
mediating the cytostatic and cytotoxic effects of anticancer
drug [38, 39]. Recent study suggested that FoxO3a may
be a major mediator for the cytotoxic effect of cisplatin
in lung cancer cells [40]. More recently, Zheng’s work
demonstrated that ectopic expression of FoxO3a enhanced
p21CIP1/WAF1 expression and berberine, a compound derived
from traditional Chinese medicine-induced apoptosis in
human lung adenocarcinoma cells [41], indicating the impor-
tant role of FoxO3a in the initiation of apoptosis in cancer
cells.

Furthermore, FoxO3a is a well-known nonhistone target
of Sirt1. It has been reported that Sirt1 would deacetylate
and repress FoxO3a activity and reduce forkhead-dependent
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Figure 2: Sirtinol inhibits the colony formation of lung cancer cells. H1299 cells were treated with different concentrations (5, 10, 20 and
50 𝜇M) of sirtinol for 15 days, respectively. Afterwards, the cells were glutaraldehyde-fixed and stained with Giemsa stain for 1 h. (a) The
colony formation analysis of H1299 cells. (b) The quantification analysis of the colony diameter. Data are represented as mean ± SD (𝑛 = 3).
∗
𝑃 < 0.01 compared with the vehicle control.
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Figure 3: The effect of sirtinol on cell cycle distribution of lung cancer cells. H1299 cells treated with indicated concentrations (from 5
to 50 𝜇M) of sirtinol for 24 h, respectively. Cells were stained with PI and detected the cell cycle distribution by flow cytometry. (a) Flow
cytometry profile represents PI staining in 𝑥-axis and cell number in 𝑦-axis. (b) The quantitative analysis of cell cycle distribution. Different
letter notations indicate the statistical significance between drug treatment and vehicle (a versus b and a versus c indicate the 𝑃 < 0.05 and
0.001, resp.).

apoptosis [23]. In the result of Western blot, FoxO3a
was increased after sirtinol treatment, suggesting that Sirt1
represses the protein level of FoxO3a in NSCLC H1299 cells.

We next examined the proteins that involve in cel-
lular proliferation and metastasis protein, including the

phosphorylation of Akt [42–44] (Figure 5). The phospho-
rylation of levels of Akt was decreased only in cytotoxic
concentrations 20 and 50𝜇M, suggesting that Akt did not
involve in sirtinol-induced inhibition of cells’ invasiveness
but the apoptosis pathway.
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Figure 4: Sirtinol induces apoptosis of H1299 cells. Cells were treated with indicated concentrations of sirtinol and stained with Annexin-V
and PI at 24 h, respectively. (a) Flow cytometry profiling represents the results of Annexin-V-FITC staining. (b)The quantificative analysis of
cell apoptosis. Different letter notations indicate the statistical significance between sirtinol treatment and vehicle (a versus b and a versus c
indicate the 𝑃 < 0.05 and 0.001, resp.).
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Figure 5: Modulation of protein levels in NSCLC H1299 cells after
sirtinol treatment. H1299 cells treated with indicated concentrations
(10, 20, and 50 𝜇M) of sirtinol for 24 h, respectively. The results of
Western blot of Sirt1 nonhistone target protein, including FoxO3a,
Akt phosphorylation, and 𝛽-catenin. 𝛽-Actin as an internal control.

4. Discussion

Sirt1 has been shown to be involved in a variety of biological
processes, including transcriptional silencing, stress respons-
es, aging, apoptosis, tumorigenesis, and cellular metabolism

[45, 46]. It targets diverse histone and various nonhistone
proteins including structural protein, signal intermediates,
and transcription factors, such as 𝛼-tubulin, p53 [47–49],
FoxO [20, 23, 31], E2F1 [50], NF-𝜅B [51, 52], and Ku70 [53].
Additionally, Sirt1 has been shown to overexpress in several
cancer cells, including breast, prostate, ovarian, and colon
cancer cell lines [46, 54–58]. Recent studies showed the
tumorigenicity role of Sirt1. For example, Sirt1 was reported
to promote cell migration and invasion of prostate cancer
[59, 60]. Consistently, our preliminary result also showed
that Sirt1 would overexpress in NSCLC cell lines (data not
shown).

The production of ROS has been resulted in cellular
damage and genomic instability [61]. Furthermore, many
anticancer drugs could induce apoptosis by increasing the
level of endogenous ROS in the cancer cells [62, 63]. Recent
study showed that sirtinol treatment induces the apoptosis of
lung carcinoma 549 cells by increasing the level of endoge-
nous ROS [64].

Accordingly, we proposed the positive role of Sirt1 in
the progression of NSCLC cells. We used sirtinol, a specific
inhibitor of sirtuin, to inhibit Sirt1. Our results showed
that sirtinol exerts a significant cytotoxicity towards NSCLC
H1299 cells with a dose-responsive manner (20 and 50𝜇M).
The Western results showed that sirtinol-induced inhibition
of Sirt1 resulted in the increased transcription factor FoxO3a.
These above results suggest a close correlation of sirtinol-
induced antilung cancer and the regulation of Akt-FoxO3a
signaling pathway (Figure 6).
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Figure 6: Possible model of sirtinol-induced antiproliferation and
apoptosis in lung cancer cells. Sirtinol downregulates the activation
of prosurvival Akt serine/threonine kinase and the protein level of
𝛽-catenin, a proliferation-associated transcription factor, insulting
in the cell cycle G

1
-phase accumulation and the growth arrest.

On the contrary, sirtinol treatment causes the upregulation of the
proapoptotic transcription factor FoxO3a, a target of both Akt
signaling and Sirt1. This may render H1299 cells more sensitive to
apoptosis. Finally, sirtinol induces the apoptosis of lung cancer cells.

5. Conclusions

In this study, we used sirtinol, a specific inhibitor of Sirt1, to
investigate the role of Sirt1 in the apoptosis and proliferation
of H1299 cells. Sirtinol treatment causes the cell cycle arrest
and apoptosis of lung cancer cells. Furthermore, sirtinol-
induced inhibition of Sirt1 activity may increase the protein
levels of the transcription factor Foxoa3a whereas it down-
regulates the activation of Akt and the protein level of 𝛽-
catenin after sirtinol treatment. Our recent work suggests
that sirtinol-induced antiproliferation and apoptosis of lung
cancer cells may be correlated with Akt-FoxO3a signaling
pathway (Figure 6).
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Arsenic is a class I human carcinogen (such as inducing skin cancer) by its prominent chemical interaction with protein thio (-SH)
group. Therefore, arsenic may compromise protein S-nitrosylation by competing the -SH binding activity. In the present study, we
aimed to understand the influence of arsenic on protein S-nitrosylation and the following proteomic changes. By using primary
human skin keratinocyte, we found that arsenic treatment decreased the level of protein S-nitrosylation.This was coincident to the
decent expressions of endothelial nitric oxide synthase (eNOS) and inducible nitric oxide synthase (iNOS). By using LC-MS/MS,
around twenty S-nitrosoproteins were detected in the biotin-switched eluent. With the interest that arsenic not only regulates
posttranslational S-nitrosylation but also separately affects protein’s translation expression, we performed two-dimensional gel
electrophoresis and found that 8 proteins were significantly decreased during arsenic treatment. Whether these decreased proteins
are the consequence of protein S-nitrosylation will be further investigated. Taken together, these results provide a finding that
arsenic can deplete the binding activity of NO and therefore reduce protein S-nitrosylation.

1. Introduction

Protein S-nitrosylation, the covalent attachment of nitric
oxide (NO) to protein thio (-SH) group, is an important post-
translational modification that affects a wide variety of pro-
teins for cellular signaling in normal physiology and a broad
spectrum of human diseases [1, 2]. S-nitrosylation signaling
controls a number of cellular processes, such as protein-
protein interactions [3], nuclear transcriptions [4], and
membrane-associated proteins activation [5, 6]. Pathophys-
iology is correlated with hypo- or hyper-S-nitrosylation of
specific protein targets rather than a general cellular insult
due to not only the loss of or enhanced nitric oxide synthase

activity but also the denitrosylation by a major denitrosy-
lase, S-nitrosoglutathione reductase (GSNOR) [1]. Abnormal
protein S-nitrosylation causes many diseases such as cardio-
vascular, musculoskeletal, and neurological dysfunction [7].
Furthermore, autophagy, a vacuolar degradation for long-
lived and aggregate-prone proteins, plays an important role
in neurodegeneration. Inhibition of autophagy by S-nitro-
sylation results in stress-mediated protein aggregation in
neurodegenerative diseases [8, 9].

S-nitrosylation is also associated with cancer [10]. Poten-
tialmechanisms of S-nitrosylation in carcinogenesis are focu-
sed on apoptosis and DNA repair [11]. Survival of tumor cell
could be induced by inactivation of proapoptotic signaling
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or activation of antiapoptotic pathways [12]. Inhibition of
caspase protease by protein nitrosylation promotes extended
survival of malignant cells [13]. For example, nitrosylation
of caspase 9 inhibits the mitochondrial pathway of apop-
tosis in cholangiocarcinoma cell line [14]. Additionally, p53
induces apoptotic cell death and causes cell cycle arrest in
response to various stresses [15]. S-nitrosylation of p53 sup-
presses p53-mediated apoptosis in colon carcinogenesis
[16]. Bcl-2, a major anti-apoptotic regulatory protein,
was regulated by S-nitrosylation in various carcinoma
tissues [11, 17, 18]. S-nitrosylation is shown to modu-
late the activity, stability, and cellular localization of key
DNA repair proteins, including O(6)-alkylguanine-DNA-
alkyltransferase (AGT), 8-oxoguanine glycosylase (Ogg1),
apurinic-apyrimidinic endonuclease 1 (APE1), and DNA-
dependent protein kinase catalytic subunit (DNA-PKcs) [19].
Inactivation of AGT by S-nitrosylation is found in hepatocar-
cinogenesis [20]. Moreover, S-nitrosylated APE1 export from
the nucleus to the cytoplasm is described in colon adenomas,
breast cancer, and hepatocellular carcinomas [21]. Also,
S-nitrosylated DNA-PKcs shows increased transcriptional
expression and activity in HEK-293 [22].

It is well known that arsenic, a human carcinogen, showed
its chemical carcinogenesis activity by interaction with pro-
tein -SH groups. By its -SH binding activity, therefore,
arsenic may compromise protein S-nitrosylations in cells. In
addition, it is reported that arsenic has a significant effect
on NO production in the endothelium [23]. Arsenic remains
one of the most concerned environmental toxicants, which
has been classified as a group I human carcinogen by the
International Agency for Research on Cancer (IARC). Epi-
demiological studies demonstrated that long-term exposure
to inorganic arsenic through either ingestion or inhalation
is associated with an increased risk of malignant cancers in
the urinary bladder, lung, and especially skin, since arsenic
tends to concentrate in keratinocytes [24]. However, the role
of S-nitrosylation induced by arsenic in skin carcinogenesis
remains unclear. In the present study, we hypothesize that
arsenic can alter protein S-nitrosylation and NO production
in skin keratinocyte. Our contribution is identifying inter-
actions between arsenic and S-nitrosylation axis in ker-
atinocytes that can provide the novel molecular and pharma-
cological strategies for potential clinical applications.

2. Materials and Methods

2.1. Human Keratinocyte Culture. Freshly obtained prepuce
specimenswere used to cultivate the primary human cultured
keratinocytes. Briefly, normal human prepuce specimens
were washed with PBS, then cut into small pieces, and incu-
bated in medium containing 0.25% trypsin overnight at 4∘C.
The epidermal sheet was lifted from the dermis using a fine
forceps. The epidermal cells were pelleted by centrifugation
(500×g, 10min) and dispersed into individual cells by
repeated aspiration with a pipette. Isolated keratinocytes
must be cultured in commercialized keratinocyte serum free
medium (Invitrogen, Carlsbad, USA) at 37∘C in a humidified
incubator with 5% CO

2
atmosphere with or without sodium

arsenite (Sigma, St. Louis, USA) treatment (10𝜇M). This
primary keratinocyte culture protocol using human skin
samples has been approved by Institutional Review Board
of Kaohsiung Medical University Hospital (KMUH-IRB-
960119).

2.2. Cell Lysis and Proteins Extraction. Keratinocytes after
treatment were washed with cord buffer [NaCl (0.14M), KCl
(4mM), glucose (11mM), and HEPES (10mM, pH 7.4)] and
then lysed with 100𝜇L of lysis buffer [Hepes (250mM,
pH 7.7), EDTA (1mM), neocuproine (0.1mM), and CHAPS
(0.4%, w/v)]. After centrifugation, protein supernatant is col-
lected and protein concentrations are determined with BCA
assay reagent (Thermo Fisher Scientific Inc, Rockford, IL,
USA).

2.3. Biotin SwitchMethod for Purifying S-Nitrosoproteins. The
biotin switch method was used according to previous study
[22, 25]. Cells were washed with 1 × cord buffer (10mM
HEPES, pH 7.4, 0.14M NaCl, 4mM KCl, and 11mM glu-
cose). Protein lysates were obtained using ultrasound and
lysis buffer (250mM HEPES, pH 7.7, 1mM EDTA, 0.1mM
neocuproine, and 0.4% (w/v) CHAPS). The free thiols were
methylated with blocking buffer (225mM HEPES, pH 7.7,
0.9mM EDTA, 0.09mM neocuproine, 2.5% (w/v) SDS, and
20mM MMTS) at the ratio of 0.8mg/1mL and were incu-
bated at 50∘C for 20min with agitation. To remove residual
MMTS, the MMTS-treated lysate was precipitated with cold
acetone and the resulting pellet was resuspended in HENS
buffer (250mM HEPES, pH 7.7, 1mM EDTA, 0.1mM
neocuproine, and 1% (w/v) SDS). This was followed by addi-
tion of one-third of the HENS suspension’s final volume of
4mM N-[6-(biotinamido) hexyl]-3-(2-pyridyldithio) pro-
pionamide (biotin-HPDP/DMF)mixedwith 1mMascorbate.
The protein lysate/biotin-HPDP mixture was incubated at
room temperature for 1 hour to allow biotinylation to occur.
These mixtures were precipitated with cold acetone to
remove excess biotin-HPDP and then resuspended in HENS
buffer. The biotinylated proteins (i.e., the former S-nitro-
soproteins) were recovered using neutravidin-agarose beads
(15 𝜇L/permg of initiated protein input) in neutralization
buffer (20mM HEPES, pH 7.7, 100mM NaCl, 1mM EDTA,
and 0.5% (v/v) Triton X-100). The agarose beads were rinsed
with washing buffer (20mM HEPES, pH 7.7, 600mM NaCl,
1mMEDTA, and 0.5% (v/v) Triton X-100). The biotinylated
proteins were eluted by elution buffer (20mMHEPES, pH 7.7,
100mM NaCl, 1mM EDTA, and 100mM 2-ME). We added
100 femtomole of BSA in the eluent as a standard in the
subsequentMS/MS analysis.The salt and detergent in eluents
were removed by SpinOUT and DetergentOUT resins (Geno
Technology Inc., MO, USA).

2.4. Mass Spectrometric Assay. Around 100 ng eluents were
reduced, alkylated, and trypsin digested according to the
user’s guideline (In-Gel Tryptic Digestion Kit,Thermo Fisher
Scientific, IL, USA). The peptide lysates were further desalt-
ing with Proteomics C18 Column (Mass solution Ltd., Taipei,
Taiwan) and then subjected to mass analysis by nLC/Q-TOF
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Figure 1: The arsenic decreases protein S-nitrosylation in primary keratinocytes. (a)The scheme of biotin switch showed that the NO on the
cysteine residue was replaced by biotin. (b) After biotin switch, 40 𝜇g of biotinylated lysates treated with 10𝜇Mof arsenic for 1 h was separated
by SDS-PAGE.The blottedmembrane was prestained by Ponceau S and western blotted with actin (1 : 3000). Both two were applied as loading
control. Streptavidin-HRP (1 : 3000) was applied to detect biotinylated proteins.The decreased S-nitrosylated proteins after arsenic treatment
were indicated as triangle.

tandem mass spectrometry (Micromass, Manchester, UK).
MS data were searched for against the NCBI database using
an in-house MASCOT search program (Matrix Science,
London, UK). Search parameters were set as mass values:
monoisotopic, proteinmass: unrestricted, peptidemass toler-
ance: ±0.4Da, fragmentmass tolerance: ±0.4Da,maxmissed
cleavages: 1, and the instrument type: ESI-QUAD-TOF.

2.5. Western Blot Analysis. Forty micrograms of cell lysates
with various treatments was mixed with equal volume of
sample buffer [Tris-HCl (62.5mM, pH6.8), SDS (3%, w/v),
2-mercaptoethanol (5%, v/v), and glycerol (10%, v/v)] and
then separated by SDS-PAGE. The gel was transferred to
PVDF membranes (Millipore, MA, USA) and immunoblot-
ted with antibodies: eNOS (1 : 3000, Cell Signaling Tech.
MA, USA), iNOS (1 : 3000, Cell Signaling Tech. MA, USA).
The membranes were visualized with the SuperSignal West
Femto reagent (Thermo Fisher Scientific, IL, USA) on X-ray
films.The images on X-ray films were scanned using a digital
scanner (Microtek International Inc.) and the density was
calculated by the Progenesis Samespots v2.0 software (Non-
Linear Dynamics, Newcastle, UK).

2.6. Two-Dimensional Gel Electrophoresis. Extracted protein
(1mg) was precipitated with 3 volumes of cold acetone at
−20∘C for at least 20min. After centrifugation, the protein
pellets were air-dried for 5min, dissolved in sample buffer
[9M urea, 2% (w/v) CHAPS, 60mM DTT, and 2% (v/v, pH
4–7) IPG buffer (GEHealthcare BioSci., NJ, USA)], and incu-
bated for at least 30min to denature proteins completely. The
protein solution was mixed with rehydration solution [8M
urea, 2% (w/v) CHAPS, and 0.5% (v/v, pH 4–7) IPG buffer]
to reach a final volume of 340 𝜇L and then soaked into an
18 cmDryStrip (pH 4–7, GEHealthcare BioSci.) for up to 12 h
on Ettan IPGphor system (GEHealthcare BioSci.). Isoelectric
focusing (IEF) was performed with the accumulated voltage

set to 32 kVh. After IEF analysis, stripped gels were equili-
brated with trisbuffer [50mM Tris-HCl, pH 8.8, containing
2% (w/v) SDS, 6M urea, 30% (v/v) glycerol, and 60mM DL-
dithiothreitol (DTT)] for 20min.The stripped gels were then
alkylated in the same buffer containing 135mM iodoacetic
acid for additional 20min.The equilibrated IEF strip was laid
on the top of a vertical SDS-PAGE system to perform the 2-
DE.

2.7. Image Analysis. The gels were stained with VisPRO dye
(Visual Protein Biotech., Taipei, Taiwan) and scanned with a
digital scanner (Microtek International Inc.). The transla-
tional levels were calculated by ImageMaster software (GE
Healthcare BioSci.). The gel slices excised from the silver-
stained gel were digested with trypsin for 4 hours at 37∘C (In-
Gel Tryptic Digestion Kit, Thermo Fisher Scientific Inc.) and
then subjected to mass spectrometric analysis.

3. Results and Discussion

3.1. Arsenic Reduces Protein S-Nitrosylation. Biotin switch is
now the most popular methodology for identifying S-nitro-
soproteins in various tissues [22]. In the present study, the
procedure of biotin switch was simply indicated (Figure 1(a)).
By treatment with 10 𝜇M of arsenic for 1 hour, at least three
groups of protein S-nitrosylationwere significantly decreased
in keratinocytes (Figure 1(b)). These biotinylated proteins,
that is, NO-bound S-nitrosylated proteins, were purified from
streptavidin conjugated agarose and then analyzed by LC-
MS/MS. Totally, 20 and 13 S-nitrosoproteins were separately
identified in the control and arsenic treatments. This was
coincident to the decreased NO production and the reduced
S-nitrosylated proteins.

3.2. Arsenic Decreases the Expressions of eNOS and iNOS. It
has been reported that NO in keratinocytes was produced
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Figure 2: Arsenic attenuates the expressions of eNOS and iNOS. (a) Cells treated with 1 or 10 𝜇M of arsenic for 0.5, 24 were used to monitor
eNOS variations. (b) For investigating iNOS level, the cells were incubated with same concentration of arsenic for 48 hours. (c, d) The
expression levels of eNOS and iNOS were statistically calculated from three repeats. Relative folds of protein levels shown as means ± S.E.
compared to control. Statistical significance ( ∗𝑃 < 0.05, ∗∗𝑃 < 0.01) analyzed using Fisher’s LSD.

Table 1: Identification of arsenic-modulated proteins with nLC-MS/MS.

Spot number Protein namea Accession
numberb

MW (kDa)/pI
Thero.c

MW (kDa)/pI
Exp.d

Sequence
coverage (%)

MOWSE
score

Peptides
Matched

287
Transformation

upregulated nuclear
protein

460789 51.0/5.1 54.5/4.9 12 268 3

631
26S proteasome

non-ATPase regulatory
subunit 13 isoform 1

157502193 42.9/5.5 44.3/5.2 19 380 8

720 60S acidic ribosomal
protein P0 4506667 34.2/5.7 39.2/5.0 18 326 7

735 60S acidic ribosomal
protein P0 4506667 34.2/5.7 39.2/6.2 29 422 7

749 60S acidic ribosomal
protein P0 4506667 34.2/5.7 38.9/6.5 36 636 9

858 Cathepsin D
preproprotein 4503143 44.5/6.1 30.4/5.3 25 422 9

899 NADH-Ubiquinone
reductase 4758788 30.2/6.9 26.4/5.8 40 575 8

905 Enoyl-CoA hydratase 1922287 31.3/8.3 26.4/6.1 16 180 3
aFunction of the protein obtained via theMASCOT software (http://www.matrixscience.com) search program by querying the NCBI database.The parameters
were set at peptide mass tolerance ±0.4Da and allowed missed cleavage 1.
bAccession number from NCSI database.
cTheoretic protein molecular weight and pI annotated in NCBI database.
dExperimental protein molecular weight and pI calculated from 2-DE gel.
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Figure 3: Translational proteome regulated by arsenic. The cell lysates (1mg) treated with 10𝜇M of arsenic for 1 h were separated by 2-DE
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through the activation of eNOS and iNOS [23]. Therefore,
in the present study, we examined the expressions of both
enzymes in the existence of arsenic. As shown in Figures 2(a)
and 2(b), the significant decreases of their expressions were
observed.

3.3. Arsenic Modulates Translational Proteome in Ker-
atinocytes. In addition to elucidating those posttranslational
S-nitrosylated proteins, we further investigated the proteins
changed in their expression levels. By using 2-DE, 8 proteins
showed a dramatic decrease in the expression level (Figures
3(a) and 3(b)). These identified proteins are annotated func-
tion in (Table 1).More specifically, HNRNPK is a pre-mRNA-
binding protein, which has been identified to be involved
in arsenic-induced apoptosis in acute myeloid leukemia
cells [26]. PSMD13 is proteasome protein regulating the

degradation of ubiquitinated proteins, which has been iden-
tified in fetal fibroblasts from glutathione deficient mouse
using arsenic-induced apoptosis model by cDNAmicroarray
[27]. RPLP0 is a ribosomal protein, in general conditions,
constantly expressed in cells (house-keeping gene). The
functional interactions between arsenic and RPLP0 required
further investigations. CTSD is a protease active in intracel-
lular protein breakdown. Increased CTSD has been identified
in arsenic-treated human lymphoblastoid cell lines correlated
with autophagy [28]. However, here, we found arsenic treat-
ment decreased CTSD in human keratinocytes. NDUFS3 is a
subunit of the mitochondrial membrane respiratory chain
NADH dehydrogenase (Complex I). Decreased NDUFS3 has
been identified in hepatoma cell line [29]. Indeed, our previ-
ous study has identified the dose response between arsenic
and NDUFS3 in human keratinocytes. Low concentrations



6 The Scientific World Journal

(0.1–1.0 𝜇M) of arsenic increased NDUFS3 associated with
keratinocyte proliferation. High concentration (5.0𝜇M) of
arsenic decreased NDUFS3 correlated with cell death [30].
This decreased NDUFS3 was represented in our current data.
ECHS1 is a catalytic enzyme in mitochondrial fatty acid
betaoxidation pathway; however, direct evidence between
ECHS1 and arsenic is not yet clarified. To summarize, from
our proteomic data, altered apoptosis and mitochondrial
metabolic functions were the dominant effects of arsenic on
human keratinocytes.

4. Conclusion

In the current study, we concluded that arsenic can compete
with nitric oxide in binding cysteine residues so that the
protein S-nitrosylation is inhibited. Whether the decreased
S-nitrosylation is correlated to arsenic-induced pathology
attracts a great attention in the further study. In addition, the
homeostasis of cellular apoptosis andmitochondrial dysfunc-
tions is worthy of further study.
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Rodŕıguez-Ariza, “Nitric oxide and cancer: the emerging role of
S-nitrosylation,” Current Molecular Medicine, vol. 12, no. 1, pp.
50–67, 2011.

[11] A. K. Iyer, N. Azad, L. Wang, and Y. Rojanasakul, “Role of S-
nitrosylation in apoptosis resistance and carcinogenesis,” Nitric
Oxide, vol. 19, no. 2, pp. 146–151, 2008.

[12] S. Ghavami, M. Hashemi, S. R. Ande et al., “Apoptosis and can-
cer: mutations within caspase genes,” Journal of Medical Genet-
ics, vol. 46, no. 8, pp. 497–510, 2009.

[13] J. B. Mannick, A. Hausladen, L. Liu et al., “Fas-induced caspase
denitrosylation,” Science, vol. 284, no. 5414, pp. 651–654, 1999.

[14] N. J. Török, H. Higuchi, S. Bronk, and G. J. Gores, “Nitric
oxide inhibits apoptosis downstream of cytochrome c release by
nitrosylating caspase 9,” Cancer Research, vol. 62, no. 6, pp.
1648–1653, 2002.

[15] A. Vazquez, E. E. Bond, A. J. Levine, andG. L. Bond, “The genet-
ics of the p53 pathway, apoptosis and cancer therapy,” Nature
Reviews Drug Discovery, vol. 7, no. 12, pp. 979–987, 2008.

[16] J. L. Williams, P. Ji, N. Ouyang, L. Kopelovich, and B. Rigas,
“Protein nitration and nitrosylation by NO-donating aspirin in
colon cancer cells: Relevance to itsmechanismof action,”Exper-
imental Cell Research, vol. 317, no. 10, pp. 1359–1367, 2011.

[17] N. Azad, V. Vallyathan, L. Wang et al., “S-nitrosylation of Bcl-
2 inhibits its ubiquitin-proteasomal degradation: a novel anti-
apoptotic mechanism that suppresses apoptosis,”The Journal of
Biological Chemistry, vol. 281, no. 45, pp. 34124–34134, 2006.

[18] P. Chanvorachote, U. Nimmannit, C. Stehlik et al., “Nitric oxide
regulates cell sensitivity to cisplatin-induced apoptosis through
S-nitrosylation and inhibition of Bcl-2 ubiquitination,” Cancer
Research, vol. 66, no. 12, pp. 6353–6360, 2006.

[19] W. Xu, L. Liu, G. C. M. Smith, and L. G. Charles, “Nitric
oxide upregulates expression of DNA-PKcs to protect cells from
DNA-damaging anti-tumour agents,”Nature Cell Biology, vol. 2,
no. 6, pp. 339–345, 2000.

[20] W. Wei, B. Li, M. A. Hanes, S. Kakar, X. Chen, and L. Liu,
“S-nitrosylation from GSNOR deficiency impairs DNA repair
and promotes hepatocarcinogenesis,” Science Translational
Medicine, vol. 2, no. 19, Article ID 19ra13, 2010.

[21] J. Jones Larry E., L. Ying, A. B.Hofseth et al., “Differential effects
of reactive nitrogen species on DNA base excision repair initi-
ated by the alkyladenine DNA glycosylase,” Carcinogenesis, vol.
30, no. 12, pp. 2123–2129, 2009.

[22] M. T. Forrester, J. W. Thompson, M. W. Foster, L. Nogueira, M.
A. Moseley, and J. S. Stamler, “Proteomic analysis of S-nitro-
sylation and denitrosylation by resin-assisted capture,” Nature
Biotechnology, vol. 27, no. 6, pp. 557–559, 2009.

[23] Y. Kumagai and J. Pi, “Molecular basis for arsenic-induced
alteration in nitric oxide production and oxidative stress: impli-
cation of endothelial dysfunction,” Toxicology and Applied
Pharmacology, vol. 198, no. 3, pp. 450–457, 2004.

[24] C. J. Chen, Y. C. Chuang, T. M. Lin, and H. Y. Wu, “Malignant
neoplasms among residents of a blackfoot disease-endemic area



The Scientific World Journal 7

in Taiwan: high-arsenic artesianwell water and cancers,”Cancer
Research, vol. 45, no. 11, pp. 5895–5899, 1985.

[25] B. Huang, C. L. Liao, Y. P. Lin, S. C. Chen, and D. L. Wang,
“S-nitrosoproteome in endothelial cells revealed by a modified
biotin switch approach coupled with western blot-based two-
dimensional gel electrophoresis,” Journal of Proteome Research,
vol. 8, no. 10, pp. 4835–4843, 2009.

[26] F. Gao, Y. Wu, M. Zhao, C. Liu, L. Wang, and G. Chen, “Protein
Kinase C-delta mediates down-regulation of heterogeneous
nuclear ribonucleoprotein K protein: involvement in apoptosis
induction,”Experimental Cell Research, vol. 315, no. 19, pp. 3250–
3258, 2009.

[27] S. Kann, C. Estes, J. F. Reichard et al., “Butylhydroquinone pro-
tects cells genetically deficient in glutathione biosynthesis from
arsenite-induced apoptosis without significantly changing their
prooxidant status,” Toxicological Sciences, vol. 87, no. 2, pp. 365–
384, 2005.

[28] A. M. Bolt, R. M. Douglas, and W. T. Klimecki, “Arsenite expo-
sure in human lymphoblastoid cell lines induces autophagy and
coordinated induction of lysosomal genes,” Toxicology Letters,
vol. 199, no. 2, pp. 153–159, 2010.

[29] D. R. Yoo, S. A. Chong, and M. J. Nam, “Proteome profiling of
arsenic trioxide-treated human hepatic cancer cells,” Cancer
Genomics and Proteomics, vol. 6, no. 5, pp. 269–274, 2009.

[30] C. Lee, S. Wu, C. Hong et al., “Aberrant cell proliferation by
enhancedmitochondrial biogenesis viamtTFA in arsenical skin
cancers,”The American Journal of Pathology, vol. 178, no. 5, pp.
2066–2076, 2011.



Research Article
Expression of a Splice Variant of CYP26B1 in
Betel Quid-Related Oral Cancer

Ping-Ho Chen,1,2 Ka-Wo Lee,3,4 Cheng-Chieh Hsu,5 Jeff Yi-Fu Chen,6 Yan-Hsiung Wang,1,7

Ker-Kong Chen,1,8 Hui-Min David Wang,9 Hurng-Wern Huang,5 and Bin Huang10,11

1 School of Dentistry, College of Dental Medicine, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road,
Kaohsiung 80708, Taiwan

2 Cancer Center, Kaohsiung Medical University Hospital, No. 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan
3Department of Otolaryngology, Kaohsiung Medical University Hospital, No. 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan
4Department of Otolaryngology, College of Medicine, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road,
Kaohsiung 80708, Taiwan

5 Institute of Biomedical Sciences, National Sun Yat-sen University, No. 70 Lienhai Road, Kaohsiung 80424, Taiwan
6Department of Biotechnology, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan
7Orthopaedic Research Center, College of Medicine, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road,
Kaohsiung 80708, Taiwan

8Division of Conservative Dentistry, Department of Dentistry, Kaohsiung Medical University Hospital,
No. 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan

9Department of Fragrance and Cosmetic Science, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road,
Kaohsiung 80708, Taiwan

10Department of Biomedical Science and Environmental Biology, College of Life Science, Kaohsiung Medical University,
No. 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan

11Department of Biological Sciences, National Sun Yat-sen University, No. 70 Lienhai Road, Kaohsiung 80424, Taiwan

Correspondence should be addressed to Hurng-WernHuang; sting@mail.nsysu.edu.tw and Bin Huang; huangpin2@yahoo.com.tw

Received 1 May 2014; Accepted 1 June 2014; Published 7 July 2014

Academic Editor: Li-Yeh Chuang

Copyright © 2014 Ping-Ho Chen 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.

Betel quid (BQ) is a psychostimulant, an addictive substance, and a group 1 carcinogen that exhibits the potential to induce adverse
health effects. Approximately, 600 million users chew a variety of BQ. Areca nut (AN) is a necessary ingredient in BQ products.
Arecoline is the primary alkaloid in the AN and can be metabolized through the cytochrome P450 (CYP) superfamily by inducing
reactive oxygen species (ROS) production. Full-length CYP26B1 is related to the development of oral pharyngeal cancers. We
investigated whether a splice variant of CYP26B1 is associated with the occurrence of ROS related oral and pharyngeal cancer.
Cytotoxicity assays were used to measure the effects of arecoline on cell viability in a dose-dependent manner. In vitro and in
vivo studies were conducted to evaluate the expression of the CYP26B1 splice variant. The CYP26B1 splice variant exhibited lower
expression than did full-length CYP26B1 in the human gingival fibroblast-1 and Ca9-22 cell models. Increased expression of the
CYP26B1 splice variant was observed in human oral cancer tissue compared with adjacent normal tissue, and increased expression
was observed in patients at a late tumor stage.Our results suggested that theCYP26B1 splice variant is associatedwith the occurrence
of BQ-related oral cancer.

1. Introduction

Betel quid (BQ) chewing is an emerging health-associated
problem in Asia and among diverse migrant populations
in western countries. Approximately, 600 million people

worldwide chew BQ [1]. BQ is a psychostimulant and an
addictive carcinogenic substance [2, 3]. The areca nut (AN)
is the primary ingredient in various BQ products, and the
International Agency for Research on Cancer (IARC) has
classified the AN as a group I human carcinogen based

Hindawi Publishing Corporation
e Scientific World Journal
Volume 2014, Article ID 810561, 8 pages
http://dx.doi.org/10.1155/2014/810561

http://dx.doi.org/10.1155/2014/810561


2 The Scientific World Journal

on findings indicating that it is associated with an elevated
risk for oral potentially malignant disorders (OPMDs, such
as leukoplakia, oral submucous fibrosis, erythroplakia, and
lichen planus) and cancers of the oral cavity, pharynx, and
esophagus [3–7].

In Taiwan, the quantity of BQ production increased
approximately 44-fold from 1961 to 2001 [3]. In Taiwan alone,
2 million people are habitual BQ users, accounting for 10%
of the island’s Han Chinese population. BQ is typically used
by men (men: 16.5%; women: 2.9%) [8], aboriginal people,
blue-collar workers, people with low levels of education, and
smokers and drinkers. A recent intercountry ABC study
indicated that chewing rates among men (15.6%) were sig-
nificantly higher than those among women (3.0%) in Taiwan
[9]. In 2010, the age-standardized incidence rate of oral and
pharyngeal cancer in Taiwanese men, adjusted based on the
2000 world population, was 40.56 per 100 000, ranking as
the fourth most prevalent cancer [10]. The age-standardized
mortality rate for oral and pharyngeal cancer was 14.71 per
100 000, indicating that this cancer also ranks as the fourth
highest cause of cancer deaths.

BQ, the fourth most frequently consumed psychoactive
substance worldwide (after caffeine, nicotine, and alcohol), is
a masticatory mixture combining the AN, betel leaf, slaked
lime, and locally varied flavorings [11]. Our previous results
indicated that chewingBQmay generate significantly reactive
oxygen species, such as the hydroxyl radical, which may
result in oxidative damage in the oral mucosa [12]. In serum-
starved oral cells, theANextract induces pyknotic necrosis by
increasing reactive oxygen species (ROS) levels [13]. Arecol-
ine is the most abundant alkaloid in the AN and is known
to induce cytotoxicity in vivo and in vitro in mammalian
cells [14–16]. A previous study indicated that arecoline can
induce cell cytotoxicity, cycle arrest, and apoptosis in human
endothelial cells [17]. In human cells, arecoline was reported
to induce the production of ROS [18], which are capable
of inducing nucleotide modification and the generation
of cellular 8-hydroxy-2-deoxyguanosine-induced oxidative
DNA damage [19]. A previous report indicated that all-trans
retinoic acid (at-RA) induces NADPH oxidase-mediated
ROS generation in granulocyte-differentiated HL60 cells
[20]. In rat Sertoli cells, at-RA can generate apoptosis [21] by
inducing ROS production [21, 22].

Previous studies have indicated that CYP26B1, a member
of the cytochrome P450 (CYP) superfamily, is a primary
at-RA metabolizing enzyme. The at-RA is a structure of
retinoic acid (RA), which is an active derivative of vitamin A.
Dietary retinol (vitamin A) has beenmetabolized into at-RA.
Numerous reports have suggested that RA deficiency may
be associatedwith carcinogenesis [23–26]. Insufficient retinol
intake is related to hyperkeratosis and hyperplasia of the oral
mucosa [25]. A report indicated that remission in OPMD
patients with BQ chewing habits treated with RA may result
from suppression of the promoting action of AN ingredients
rather than inhibition of tumor initiation [27].

Our previous studies indicating that arecoline induces
both in vivo and in vitro suggest that the CYP26B1 variants
play a vital role in BQ-related oral and pharyngeal cancers
[7, 28]. We investigated whether susceptible CYP26B1 genes

and, particularly, their splicing variants are associated with
oral and pharyngeal cancer.

2. Methods

2.1. Cytotoxicity Assay. Detailed information on the cell cul-
turing procedure is provided previously [29, 30].We obtained
normal human gingival fibroblasts (HGF-1) from the Amer-
ican Type Culture Company (ATCC number CRL-2014) and
Ca9-22 cells (a cell line of oral epidermal gingival squamous
carcinoma) from the Japanese Collection of Research Biore-
sources Cell Bank (JCRB number JCRB0625). The arecoline-
conditioned medium (0.05–0.8mM) was freshly prepared
from arecoline hydrobromide (Sigma) in a growth medium
(DMEM/F12). Cells were seeded into 96-well plates at a
density of 104 cells per well for 1 day and were then treated
with various concentrations (0, 0.05, 0.1, 0.2, 0.4, and 0.8mM)
of arecoline for 24 h in a CO

2
incubator. MTT (Sigma)

solution (5mg/mL) was added to the cells and incubated
for 2 h at 37∘C. After the culture medium was removed,
the cells were dissolved using DMSO, and absorbance was
detected at 570 nm in an ELISA reader (Bio Tek el800), with
a reference wavelength of 630 nm. The data are presented as
the percentage of viable cells compared with the controls.

2.2. Western Blotting Analysis. Details on the method used
for western blotting are provided in our previous report
[7]. Mouse antihuman CYP26B1 monoclonal antibodies
(Abnova, Taipei City, Taiwan) were used as the first antibody
at a 1 : 1000 dilution, and a horseradish-peroxidase conjugated
antimouse antibody (Cell signaling Co.) was used as the
second antibody at a 1 : 1000 dilution. Both antibodies were
dissolved in 3% nonfat dry milk (GE Healthcare, Uppsala,
Sweden) in 0.05% TBST (8 g NaCl, 0.2 g KCl, 3 g Tris, 0.5%
Tween 20, dd H

2
O to 1 L, and pH 7.4). Peroxidase activity

was detected using an ECL detection kit (GEHealthcare) and
recorded using the HyperFilm TMMP (GE Healthcare).

2.3. Study Participants. The Department of Otorhinolaryn-
gology and the Dentistry Department of Kaohsiung Medical
University (KMU) Hospital recruited 10 male oral cancer
patients. This study was approved by the institutional review
board (IRB) of the Human Experiment and Ethics Com-
mittee of KMU (KMU-IRB-950070 and KMU-IRB-950072).
The volunteers agreed to provide written informed consent,
provide oral cancerous tissue (necessary for resection), and
complete questionnaires. Pairs of cancer tissue and adjacent
noncancerous oral tissue were collected from patients with
oral cancer for use in a CYP26B1 gene expression assay.
Pathologists or surgeons histologically confirmed that all
cases were cases of oral cancer. Demographic data, informa-
tion regarding previous substance use, and clinical informa-
tion on the participants were collected by administering a
questionnaire and analyzed.

2.4. Identification of CYP26B1 and CYP26B1 Splice Variant
mRNA Expression in HGF-1 and Ca9-22 Cells. The mRNA
levels of CYP26B1 and expression levels of theCYP26B1 splice
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Figure 1: Effect of arecoline on the viability of HGF-1 and Ca9-22 cells. Different concentrations of arecoline were incubated with HGF and
Ca9-22 cells for 24 h. Cell viability was determined using anMTT assay. (a) Arecoline induced cell death in various concentrations of arecoline
in HGFs. (b) Arecoline induced cell death in various concentrations of arecoline in Ca9-22 cells.

variant inHGF-1 and Ca9-22 cells treated with arecoline were
determined using semiquantitative PCR. Briefly, total RNA
was isolated using a Trizol kit (Roche).The integrity and qual-
ity of total RNA were determined using DU 800 (Beckman
Coulter). Total RNA was subjected to High-Capacity cDNA
Reverse Transcription Kits (Applied Biosystems) to obtain
complementary DNA (cDNA). PCRs were performed to
investigate the expression of the genes. We designed the PCR
primers in CYP26B1 gene exon 1 and exon 3 positions with
oligonucleotide primers directed against cDNA sequences of
CYP26B1 (forward 5-TCTTTGAGGGCTTGGATCTG-3,
reverse 5-GGATCACCAGCTGGATCTTG-3). The PCRs
were performed as follows: initial denaturation at 94∘C for
5min; 35 cycles of denaturation at 94∘C for 30 s; annealing
at 53∘C for 30 s; extension temp. 72∘C for 1min; and holding
at 72∘C for 7min to complete the reaction. The RT-PCR
products were electrophorized in 2% agarose gel and then
stained with ethidium bromide. The semiquantitation of
mRNA expression was determined by subjecting the RT-PCR
products to densitometry (Epson 1640U). The cDNA (about
0.2 𝜇g) was used as a template in a PCR amplification reaction
to obtain gene products of 2 lengths: full-length CYP26B1
composed of 464 nucleotides and a CYP26B1 splice variant
composed of 244 nucleotides.

The results of sequencing the 2 gene products by using
NCBI BLAST indicated that the products were 99% to 100%
similar (Figures 2(a) and 2(b)).The excitation intensity of the
band from the agarose gel revealed that, even when the same
cDNA concentration and number of cDNA reaction cycles
were applied, CYP26B1 gene expression in the normal HGF-1
cell line was much lower than that of oral cancerous Ca9-22
cells.

2.5. Statistical Analysis. The one-way ANOVA and Bonfer-
roni multiple comparison test were applied to analyze the
relative fold change in the treatment groups compared with

the control (HGF-1 or Ca9-22 without arecoline treatment),
and a statistically significant difference (𝑃 < 0.05) is indicated
using an asterisk. All statistical analyses were performed
using the IBM SPSS Statistics 19, and the results were
considered statistically significant when 𝑃 < 0.05.

3. Results

3.1. Cell Viability of HGF-1 and Ca9-22 Cells. We used the
MTT assay to evaluate cell viability following exposure to
6 concentrations (0, 0.05, 0.1, 0.2, 0.4, and 0.8mM) of
arecoline for 24 h. Cell survival gradually decreased after
increasing the arecoline concentration in a dose-dependent
manner. Figure 1(a) shows that arecoline reduced cell survival
predominantly in a dose-dependentmanner, and cell survival
approached approximately 70% at arecoline concentrations
of 0.4mM and 0.8mM. When the HGF-1 cells were treated
with 0.05, 0.1, 0.2, 0.4, and 0.8mM arecoline for 24 h, cell
survival was 94%, 82%, 72%, 68%, and 68% compared with
the control group, which did not receive arecoline treatment.
This result was also observed in cultured Ca9-22 cells, of
which viability remarkably decreased and reached about 60%
at the concentration of 0.8mM (Figure 1(b)). When the Ca9-
22 cells were treated with 0.05, 0.1, 0.2, 0.4, and 0.8mM
arecoline for 24 h, cell survival was 90%, 89%, 76%, 72%, and
63% compared with the control group.

3.2. Expression of the Full-Length (57 kDa) CYP26B1 and
CYP26B1 Splice Variant (49 kDa) in Cells. In normal HGF-1
cultures treated with various concentrations of arecoline, the
expression of the full-length CYP26B1 protein and the splice
variant exhibited significant upregulation compared with the
control according to western blot analysis (Figure 3(a)). In
normal HGF-1 cultures treated with doses of 0.4 and 0.8mM
arecoline, the expression of the full-length CYP26B1 protein
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Figure 2: Expression of full-length CYP26B1 (57 kDa) and the CYP26B1 splice variant (49 kDa) in HGF-1 and Ca9-22 cell lines. CYP26B1
and the CYP26B1 splice variant were examined using RT-PCR. (a) Expression of the CYP26B1 gene in nontreated HGF-1 cells. (b) Expression
of the CYP26B1 gene in nontreated Ca9-22 cells. (c) Full-length CYP26B1 and the splice variant. M: marker; lane 1: template 2 𝜇g; lane 2:
template 20 𝜇g; lane 3: template 2 𝜇g; lane 4: template 20 𝜇g.

exhibited significant upregulation (2.4-fold and 2.7-fold, sep-
arately) compared with the control (Figure 3(b)). Expression
of the CYP26B1 splice variant exhibited significant minor
upregulation (1.6-fold and 1.5-fold, separately) at doses of 400
and 800 𝜇M arecoline in normal HGF cultures compared
with the control (Figure 3(c)).

Similarly, in cancerous oral Ca9-22 cell cultures, the
expression of full-length CYP26B1 and the splice variant
exhibited significant upregulation compared with the control
(Figure 3(d)). In cancerous oral Ca9-22 cell cultures treated
with arecoline (0.2mM, 0.4mM, and 0.8mM), we observed
significantly increased expression of full-length CYP26B1
(the fold changes were 2.7-fold, 3.1-fold, and 3.1-fold, resp.;
Figure 3(e)). Expression of the CYP26B1 splice variant signif-
icantly increased only in cancerous oral Ca9-22 cell cultures
treated with 800 𝜇M arecoline (Figure 3(f)).

3.3. Expression of the CYP26B1 Splice Variant (49 kDa) in the
Study Population. The oral cancer tissue exhibited consistent
upregulation in the protein levels of the CYP26B1 splice
variant. Figure 4(a) shows that the protein expression of the
CYP26B1 splice variant (𝑁 = 8 paired sample) was an

average of 6.44-fold higher in human oral squamous cell
carcinoma (OSCC) tissue than in the adjacent noncancerous
tissue. When a 2.0-fold change was defined as the threshold,
6 of 8 (75%) paired samples were considered significantly
upregulated (>2-fold) in a range from 2.32-fold to 24.72-
fold. The cases that did not exhibit significant upregulation
were cases 151 (1.74-fold) and 158 (1.11-fold). The clinical
characteristics of the patients are shown in Figure 4(b). The
results indicated that patients with late-stage (stage III or
stage IV) carcinoma exhibited a greater than 2-fold change
in expression of the CYP26B1 splice variant.

4. Discussion

BQ chewing is a popular habit among Taiwanese men.
Although BQ ingredients vary among regions worldwide, the
AN is the primary component. Our previous study indicated
that variants of full-length CYP26B1 may be associated
with the occurrence of BQ-related OSCC [7]. In addition,
a previous study indicated that RA metabolizing enzymes
CYP26B1 are overexpressed significantly in colorectal can-
cer and that CYP26B1 is significantly associated with the
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Figure 3: Expression of CYP26B1 induced by arecoline for 24 h in cultured HGF-1 and Ca9-22 cells. (a) Expression of full-length CYP26B1
(57 kDa) and the splice variant (49 kDa) in HGF-1 cells exposed to arecoline at various concentrations compared with the control, which did
not receive arecoline treatment; (b) densitometric analysis of the expression of full-length CYP26B1 bands in HGF cells; (c) densitometric
analysis of the expression of the CYP26B1 splice variant in HGF-1 cells; (d) expression of full-length CYP26B1 (57 kDa) and the splice variant
(49 kDa) inCa9-22 cells exposed to arecoline at various concentrations comparedwith the control; (e) densitometric analysis of the expression
of full-lengthCYP26B1 bands inCa9-22 cells; (f) densitometric analysis of the expression of theCYP26B1 splice variant inCa9-22 cells.Mean ±
SD; ∗𝑃 < 0.05; ∗∗𝑃 < 0.01; 𝑛 = 3.

prognosis of colorectal cancer patients [31]. According to our
thorough review of relevant research, no previous study has
explored the relationship between the expression activity of
the CYP26B1 splice variant and oral cancer.

Arecoline is a primary alkaloid in the AN. The IARC
stated that evidence obtained from animal experiments
strongly indicates that theAN is carcinogenic and that limited

evidence indicating that arecoline is carcinogenic has been
obtained from animal experiments [3]. In this experiment,
normal oral cells (HGF-1) and oral cancer cells (Ca9-22) were
used as cell models to explore whether arecoline treatment
causes cell toxicity and affects cell survival. At 0.8mM
arecoline, the cell viability of HGF-1 cells was 68% and Ca9-
22 cell survival was 63% compared with the control group.
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Figure 4: Protein level of the CYP26B1 splice variant (49 kDa) in human OSCC tissue (T) and adjacent normal tissue (N). (a) Level of
CYP26B1 splice variant protein expression in 10 pairs of oral tumor tissue and adjacent tissue; 𝛽-actin was used as a control for protein
loading and detection. (b) Expression protein fold change level of CYP26B1 in 10 pairs of oral tumor tissue compared with the adjacent
normal tissue.

Using a cell viability curve, we observed that increasing the
concentration of arecoline resulted in declining cell survival.
Previous studies have shown that arecoline can cause carcino-
genicity, cytotoxicity, immunotoxicity, and genotoxicity [32–
34]. Stimulated human peripheral blood mononuclear cells
and human keratinocytes can secrete and release cytokines,
causing arecoline to regulate inflammatory processes [35,
36]. A previous report indicated that arecoline induced
ROS generation, suggesting that oxidative stress plays a
role in arecoline-mediated cell death, gene regulation, and
inflammatory procedures in human keratinocytes [34].

CYP systems are considered to contribute to detoxifica-
tion of arecoline and the AN during phase I metabolism [37].

A metabolic map of arecoline in mice revealed that CYP or a
flavin-containingmonooxygenasemight create 3 forms ofN-
oxide metabolites or arecoline [38]. Although the CYP26B1
splice variant lacks exon 2 in the coding region, it still has the
ability to downgrade at-RA [39]. A previous study indicated
that full-lengthCYP26B1 plays a crucial role in the catabolism
of at-RA and regulation signaling [40], whereas the splice
variant of CYP26B1 exerts slight or no influence on at-RA
regulation [39].

The expression levels of CYP26B1 and its splice variant
were examined according to both mRNA and protein levels
in HGF-1 and Ca9-22 cells, which represented normal and
cancerous oral cells. We observed that arecoline can induce
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expression of both forms of CYP26B1 and that this induction
rate is greater for full-length CYP26B1 in cancer cells (i.e.,
Ca9-22). The expression of full-length CYP26B1 was higher
than that of the splice variant of CYP26B1 in HGF-1 and
Ca9-22 cells treated with arecoline. Our arecoline cell toxicity
data obtained from the MTT assay indicated that, when
the quantity of CYP26B1 is higher, Ca9-22 cells are more
susceptible to arecoline. This in vitro observation revealed
that the expression of full-lengthCYP26B1 plays a greater role
than does that of the CYP26B1 splice variant and is consistent
with a previous report [39]. Using paired human oral cancer
tissues with long-term chewing habits, we confirmed that the
expression of the CYP26B1 splice variant was consistently
higher in oral cancerous tissues than in adjacent noncancer-
ous tissues. Expression of the CYP26B1 splice variant was 2-
fold higher in 6 of 8 cancer tissues (75%) than in adjacent
noncancerous tissues. Our results indicated that the protein
expression of cases 136, 144, 154, 166, 169, and 176 was more
than 2-fold (the greatest fold change was 24.7), and their
stages were late (stage III or stage IV).

Arecoline, which is known to exert adverse effects, is
correlated with BQ exposure [41] and can produce cytotox-
icity, possibly causing the monooxygenase enzyme system
(such as CYP26B1) to continue the oxidative metabolism of
arecoline. The 6-ring structure of at-RA, which is metab-
olized by CYP26B1, is similar to that of arecoline. The
mechanism through which CYP26B1 metabolizes arecoline
remains unknown. We speculate that CYP26B1 plays a role
in arecoline catalysis during phase I metabolism. Arecoline
can stimulate the high expression of CYP26B1 or cellular at-
RA, causing cancer cells to carry on the apoptosis pathway
and to maintain balance and survival, resulting in CYP26B1
overexpression. However, the physiologic importance of the
increased induction rate and quantity of CYP26B1 by areco-
line, accompanied by ROS generation in oral cancer cells,
requires further investigation.

A limitation of this study was the relatively small sample
size. Because this research was more difficult to get paired
tissue specimen, we suggested that the future research needs
a larger number of samples to confirm expression of a splice
variant of CYP26B1 in betel quid-related oral cancer.

5. Conclusion

We observed an association between a splice variant of
CYP26B1 and BQ-related oral cancer, thus providing insight
into the molecular mechanism of full-length CYP26B1 and
a splice variant of CYP26B1 as well as their joint effects in
the development of BQ-related oral cancer. This research
may provide a valuable contribution into the importance
of screening tests for the chemoprevention strategies and
effective treatments for BQ-related oral cancers.
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Jia-wei-xiao-yao-san (JWXYS) is a traditional Chinese herbal medicine that is widely used to treat neuropsychological disorders.
Only a few of the hepatoprotective effects of JWXYS have been studied.The aim of this study was to investigate the hepatoprotective
effects of JWXYS on dimethylnitrosamine- (DMN-) induced chronic hepatitis and hepatic fibrosis in rats and to clarify the
mechanism through which JWXYS exerts these effects. After the rats were treated with DMN for 3 weeks, serum glutamic
oxaloacetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT) levels were significantly elevated, whereas
the albumin level decreased. Although DMN was continually administered, after the 3 doses of JWXYS were orally administered,
the SGOT and SGPT levels significantly decreased and the albumin level was significantly elevated. In addition, JWXYS treatment
prevented liver fibrosis induced by DMN. JWXYS exhibited superoxide-dismutase-like activity and dose-dependently inhibited
DMN-induced lipid peroxidation and xanthine oxidase activity in the liver of rats. Our findings suggest that JWXYS exerts
antifibrotic effects against DMN-induced chronic hepatic injury. The possible mechanism is at least partially attributable to the
ability of JWXYS to inhibit reactive-oxygen-species-induced membrane lipid peroxidation.
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1. Introduction

The benefits of Chinese herbal medicines in treating chronic
diseases, including chronic liver disease, have recently
attracted the attention ofWestern practitioners. Jia-wei-xiao-
yao-san (Kami-shoyo-san; TJ-24, JWXYS) is a traditional
complex Chinese herbal medicine consisting of 10 medic-
inal herbal preparations. JWXYS is an officially approved
prescription drug in China and Taiwan. Although some
reports have addressed the neuropsychological activities of
JWXYS, its hepatoprotective effects have not been adequately
clarified [1, 2]. The aim of this study was to investigate
the hepatoprotective effects of JWXYS and to evaluate the
mechanism through which JWXYS exerts these effects.

To investigate the hepatoprotective effect of JWXYS,
chronic liver injury was induced by dimethylnitrosamine
(DMN) [3–6]. Studies have reported that DMN can induce
lipid peroxidation in the liver, thereby reducing hepatic tissue
blood flow and leading to acute liver damage and even
fulminant hepatitis [7, 8].

In the present study, we examined the hepatoprotective
effect of JWXYS by determining the levels of serum glutamic
oxaloacetic transaminase (SGOT), serum glutamic pyruvic
transaminase (SGPT), albumin in the serum, and histopatho-
logical changes in rat hepatic tissues.The antioxidative effects
of JWXYS on liver tissues and the superoxide-dismutase-
(SOD-) like activity of JWXYS were evaluated to determine
the possible mechanism.

2. Methods

2.1. Drugs and Chemicals. JWXYS (Kami-shoyo-san; TJ-24)
was provided by Koda Pharmaceutical (Taoyuan, Taiwan). It
consists of 10 medicinal herb preparations, namely, Angelica
sinensis radix (3.0 g), Bupleurum falcatum radix (3.0 g), Paeo-
nia albiflora (3.0 g), glycyrrhizae radix (2.0 g),MoutanRadicis
cortex (2.0 g), Gardenia fructus (2.0 g), Zingiber officinale
rhizome (1.0 g), Atractylodis macrocephalae rhizome (3.0 g),
Poria cocos (3.0 g), and Mentha arvensis (1.0 g). JWXYS was
dissolved in 0.9% NaCl at concentrations of 100, 300, and
1000mg/2mL before use.

DMN and silymarin were purchased from Sigma (St.
Louis, MO, USA). Before use, DMN was dissolved in 0.9%
NaCl at a concentration of 1%, and silymarin was dis-
solved in 1% carboxymethylcellulose at a concentration of
200mg/2mL.

2.2. Animals. Male Wistar rats (110–130 g; BioLasco Tai-
wan, Taiwan) were used. The Institutional Review Board at
China Medical University (Taichung, Taiwan) reviewed and
approved the study protocols. The animals were allowed to
acclimate for at least 7 days on a standard laboratory diet
(Fu-So, Taipei, Taiwan) under environmentally controlled
conditions (25±1∘C and 55% ± 5% humidity) with free access
to food and tap water. A 12 h light/dark cycle was maintained,
and hardwood chips were used as bedding.

In this study, 60 rats weighing 160–240 g were ran-
domly divided into 6 groups: control (normal saline-treated),

DMN-treated, DMN-treated + silymarin (200mg/kg), and
DMN-treated + JWXYS (100, 300, and 1000mg/kg) groups.

2.3. Dimethylnitrosamine-Induced Liver Injury and Treat-
ments. Dimethylnitrosamine (DMN) can induce hepatic
sinusoidal endothelial injury and coagulation necrosis pri-
marily in the central and periportal regions of the lobule
[9, 10]. It is usually used to induce experimental liver fibrosis
[4]. In our study, DMN was dissolved in normal saline and
then intraperitoneally (i.p.) administered to rats 3 times per
week at doses of 10mg/mL/kg. After 3 weeks of inducing
liver damage, DMN was continually i.p. administered to
the 5 experimental groups, but not to the normal saline
control group (1mL/kg), for the following 3 weeks. From
the beginning of the subsequent 3-week period, JWXYS
(100, 300, and 1000mg/2mL/kg) was orally administered 3
times per day on 3 days in each week to 3 experimental
groups. Before the rats were sacrificed, they were starved for
24 h after the final oral administration of JWXYS. Silymarin
(200mg/2mL/kg) was orally administered to the silymarin
group 3 times per day for 3 weeks.

2.4. Serum Biochemical and Pathological Evaluation. The
protective effect of JWXYS against DMN-induced liver injury
was evaluated by assessing the SGOT, SGPT, and serum
albumin levels and by examining histopathological sections
of the liver of all experimental animals [7].

2.5. Antioxidative Effect of Jia-Wei-Xiao-Yao-San. A study
reported that (+)-alpha-tocopherol (vitamin E) can scav-
enge DMN-induced superoxide-free radical production [11].
Therefore, vitamin E was used as a positive control in this
study.

To compare the antioxidative effects of JWXYS and
vitamin E (0.5mM) (as a positive control) in rat liver
homogenates, FeCl

2
-induced lipid peroxidation was deter-

mined based on the formation of a malonic dialdehyde-
(MDA-) thiobarbituric acid (TBA) product according to a
modified method described by Yuda et al. [12].

Furthermore, to evaluate the inhibitory activity of JWXYS
against DMN-induced lipid peroxidation, MDA-TBA prod-
ucts of JWXYS- (100, 300, and 1000mg/kg) treated rat livers
weremeasured using themethoddescribed byYuda et al. [12].

2.6. Superoxide-Dismutase-Like Activity Test. To evaluate the
superoxide-scavenging activity of JWXYS, a cytochrome C
reduction method developed by McCord and Fridovich
was used [13]. Each data point represents the percent of
superoxide inhibition (SI, %), and each assay was conducted
in triplicate. Xanthine oxidase (XOD) converts xanthine
to uric acid, yielding superoxide anions as a byproduct
and subsequently converting ferricytochrome C directly to
ferrocytochrome C, which exhibits absorbance at 550 nm.
When a compound exhibits superoxide-scavenging activity,
a reduction in ferricytochrome C occurs. Inhibition of XOD
can reduce the production of superoxide anions, and XOD
inhibition was measured according to the method described
by Frederiks and Bosch [14].
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Table 1: Effects of JWXYS and silymarin on the body weights of rats with DMN-induced chronic liver injury.

Group Time after DMN treatment (day)
0 14 28 42

A Normal control 148.0 ± 12.2 214.0 ± 13.3 282.0 ± 33.9 348.8 ± 35.5
B DMN (10mg/kg) 143.7 ± 23.3 190.7 ± 19.3 225.7 ± 10.5 265.7 ± 11.0∗

C DMN (10mg/kg) + silymarin (200mg/kg) 145.0 ± 20.0 193.2 ± 16.8 273.2 ± 22.0 325.2 ± 28.7
D DMN (10mg/kg) + JWXYS (100mg/kg) 144.7 ± 17.3 190.7 ± 16.9 272.7 ± 16.3 324.8 ± 16.2
E DMN (10mg/kg) + JWXYS (300mg/kg) 145.0 ± 16.9 190.2 ± 16.9 273.0 ± 16.4 325.6 ± 17.2
F DMN (10mg/kg) + JWXYS (1000mg/kg) 145.0 ± 20.0 195.2 ± 16.9 277.0 ± 17.2 331.8 ± 18.2#

Each value is presented as the mean ± SE (𝑛 = 10).
∗
𝑃 < 0.05, significantly different from Group A.

#
𝑃 < 0.05, significantly different from Group B.

2.7. Statistical Analysis. Statistical significance was calculated
by conducting a one-way analysis of variance coupled with
Dunnett’s test. 𝑃 values less than 0.05 indicated statistical
significance.

3. Results

3.1. Body Weight. As shown in Table 1, after treatment with
DMN for 42 days, the body weights of rats significantly
decreased (𝑃 < 0.05). By contrast, the bodyweights of the rats
significantly increased (𝑃 < 0.05) after they were treated with
JWXYS (1000mg/kg) in the second 3-week period compared
with those of the group treated with only DMN.

3.2. Histological Observations. Histological observations
confirmed the hepatoprotective effect of JWXYS. Figure 1(a)
shows a normal control rat liver, in which no necrosis or
inflammation was observed. By contrast, the liver of rats
treated with 10mg/kg of DMN exhibited marked widening,
inflammation, and a fibrotic portal area, with irregular
borders forming a spiked appearance and portal-bridging
fibrosis. Nodular transformation was apparent (Figure 1(b)).
In the liver of silymarin- (200mg/kg) treated rats, only
moderate widening and a fibrotic portal area with bridging
fibrosis were observed (Figure 1(c)).

The protective effect of JWXYS (100, 300, and
1000mg/kg) against DMN-induced chronic liver injury
was determined by examining histological changes in rat
livers. The livers of the rats in the JWXYS (100mg/kg) group
exhibited moderate widening and a fibrotic portal area with
bridging and mild inflammatory cell infiltration, which were
also observed in the silymarin- (200mg/kg) treated group
(Figure 1(d)). By contrast, in the livers of rats treated with 300
and 1000mg/kg of JWXYS, only mild focal fibrotic changes
of the portal area and mild bridging were noted (Figures
1(e) and 1(f)). Thus, histological improvements in the livers
of rats treated with 300 and 1000mg/kg of JWXYS were
obviously more substantial than those in the livers of rats
treated with 100mg/kg of JWXYS or 200mg/kg of silymarin.

3.3. Serum Biochemical Assay. As shown in Table 2,
the SGOT and SGPT levels of the experimental groups
were significantly elevated, whereas the albumin level

decreased after DMN treatment compared with those
of the normal control group. The results indicated that
DMN can induce chronic active hepatitis and diffuse liver
injury.

By contrast, treatment with JWXYS (100, 300, and
1000mg/2mL/kg) or silymarin (200mg/2mL/kg) during the
second 3-week period significantly prevented further DMN-
induced elevations in serum GOT and GPT levels and a fur-
ther decrease in the serum albumin level (Table 2). According
to these results, JWXYS exhibited strong hepatoprotective
effects against DMN-induced chronic hepatic injury in rats.
Thehepatoprotective ability of 300 and 1000mg/kg of JWXYS
was greater than that of silymarin alone.

3.4. FeCl2-Stimulated Lipid Peroxidation In Vitro. Although
JWXYS (10mg/kg) significantly inhibited 51.71% of FeCl

2
-

stimulated lipid peroxidation in vitro, 0.5mM vitamin E
inhibited 71.10% of FeCl

2
-stimulated lipid peroxidation.

JWXYS (0.1, 1.0, and 10mg/kg) significantly and dose-
dependently inhibited FeCl

2
-stimulated lipid peroxidation in

vitro. Nevertheless, we proved that JWXYS (100, 300, and
1000mg/kg) dose-dependently inhibitedDMN-induced lipid
peroxidation in rat livers (in vivo). No significant difference
was observed between treatments with 1000mg/kg of JWXYS
(69.00%) and 0.69mM vitamin E (71.16%) (Table 3).

3.5. Superoxide-Dismutase-Like Activity. The SOD-like activ-
ity (SI%) of JWXYS (0.01, 0.1, and 1.0mg/mL) was exam-
ined to clarify the superoxide-scavenging ability. The activ-
ity of vitamin E (8mg/kg) was set to 100% of SOD-like
activity. The results indicated that the SOD-like activity
levels of JWXYS at 0.01, 0.1, and 1.0mg/mL were 33.77%,
68.83%, and 94.81%, respectively. JWXYS at 1.0mg/mL exhib-
ited the strongest superoxide-scavenging activity (94.81%)
(Table 4).

XOD converts xanthine to uric acid, thus yielding super-
oxide anions as a byproduct [15]. Therefore, inhibition of
XOD can reduce the production of superoxide anions. As
shown in Table 4, the levels of XOD inhibition (SI%) induced
by JWXYS at 0.01, 0.1, and 1.0mg/mL were 11.90%, 14.29%,
and 83.33%, respectively. These results showed that JWXYS
dose-dependently inhibited XOD activity.
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(a) (b)

(c) (d)

(e) (f)

Figure 1: Histological examination performed by conducting Masson trichrome staining, 100x of JWXYS-treated and untreated rat liver. (a)
vehicle, normal saline; control, normal liver; (b) DMN alone with marked widening, inflammation, and fibrotic portal tracts with bridging
fibrosis. Nodular transformation was apparent. (c) DMN + 200mg/kg of silymarin with moderate widening and fibrotic portal tracts with
occasional bridging fibrosis; (d) DMN + 100mg/kg of JWXYS with moderate widening and fibrotic portal tracts with bridging fibrosis and
mild inflammatory cell infiltration; (e) DMN + 300mg/kg of JWXYS with focal mild fibrotic change of the portal tracts and bridging fibrosis;
(f) DMN + 1000mg/kg of JWXYS with mild to moderate fibrotic portal tracts with bridging fibrosis.

4. Discussion

Chronic hepatitis B, hepatitis C, and alcoholism are themajor
risk factors for developing liver cirrhosis and hepatocellular
carcinoma.The pathway for the progression to liver cirrhosis
is the fibrotic process in the liver of patients with the afore-
mentioned risk factors [16, 17].Therefore, antifibrotic therapy
for chronic hepatitis is a crucial topic. A previous study
revealed that the combination of interferon and ribavirin

exerted an antifibrotic effect in treating chronic hepatitis C.
However, the effect was limited, and concerns have been
raised regarding the costs and side effects [18–20]. Studies
have suggested that alternative agents such as silymarin, sho-
saiko-to, halofuginone, imatinibmesylate, phosphodiesterase
inhibitors, and endothelin-A-receptor and angiotensin antag-
onists have antifibrotic effects in chronic hepatitis [20, 21].

Shimizu et al. reported that the traditional Chinese herbal
medicine sho-saiko-to (as it is called in Japanese), which
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Table 2: Effects of JWXYS on the SGOT, SGPT, and albumin levels in rats with DMN-induced chronic liver injury.

Group SGOT SGPT Albumin
(IU/L) (IU/L) (g/dL)

A Normal control 105.3 ± 13.9 24.2 ± 3.3 4.45 ± 0.02
B DMN (10mg/kg) 320.1 ± 42.3## 80.3 ± 11.8## 3.24 ± 0.04#

C DMN (10mg/kg) + silymarin (200mg/kg) 200.4 ± 17.6∗∗ 66.7 ± 11.1∗∗ 3.87 ± 0.14∗∗

D DMN (10mg/kg) + JWXYS (100mg/kg) 211.3 ± 15.6∗∗ 70.1 ± 7.6∗ 3.76 ± 0.15
E DMN (10mg/kg) + JWXYS (300mg/kg) 193.6 ± 11.8∗∗ 63.3 ± 7.3∗∗ 3.86 ± 0.16∗∗

F DMN (10mg/kg) + JWXYS (1000mg/kg) 168.3 ± 9.9∗∗ 47.3 ± 6.8∗∗ 3.96 ± 0.18∗∗

Values are presented as the mean ± SE (𝑛 = 10).
#,##
𝑃 < 0.05 and 0.01, significantly different from Group A.

∗,∗∗
𝑃 < 0.05 and 0.01, significantly different from Group B.

One-way analysis of variance coupled with Dunnett’s test.
P values < 0.05 indicated significance.

Table 3: Inhibitory effects of various doses of JWXYS on FeCl2-
induced (in vitro) and DMN-induced (in vivo) lipid peroxidation in
rat livers.

Group
MDA

(nmole/mg
protein)

Inhibition
rate (%)

A Normal control 1.69 ± 0.11
In vitro

B FeCl2 2.63 ± 0.08∗∗

C FeCl2 + vitamin E (0.5mM) 0.76 ± 0.05## 71.10
D FeCl2 + JWXYS (0.1mg/kg) 2.10 ± 0.05## 20.15
E FeCl2 + JWXYS (1.0mg/kg) 1.44 ± 0.06## 45.25
F FeCl2 + JWXYS (10mg/kg) 1.27 ± 0.03### 51.71

In vivo
G DMN 3.71 ± 0.05∗∗

H DMN + vitamin E (0.69mM) 1.07 ± 0.05△△△ 71.16
I DMN + JWXYS (100mg/kg) 2.79 ± 0.05△△ 24.80
J DMN + JWXYS (300mg/kg) 2.21 ± 0.06△△ 40.43
K DMN + JWXYS (1000mg/kg) 1.15 ± 0.03△△△ 69.00
Each value is presented as the mean ± SE (𝑛 = 6). Vitamin E was used as the
positive control.
∗∗
𝑃 < 0.01, significantly different from Group A.

##,###
𝑃 < 0.01 and 0.001, significantly different from Group B.

△△,△△△
𝑃 < 0.01 and 0.001, significantly different from Group G.

One-way analysis of variance coupled with Dunnett’s test.
P values < 0.05 indicated significance.

features effects similar to those of silibinin, exhibited radical-
scavenging ability and antifibrotic properties in activated
hepatic stellate cells in vitro and in porcine serum-induced
fibrosis in vivo [22]. Like sho-saiko-to, JWXYS is an option
for treating patients with chronic hepatitis in China and other
Asian countries.

As shown in Table 1, JWXYS eliminated the effect of
DMN-induced body weight loss in rats. In addition, we
observed that JWXYS treatment inhibited DMN-induced
hepatic injury and fibrosis in a dose-dependent manner. The
effects of JWXYS were stronger than that of silymarin (Fig-
ures 1(e) and 1(f)). As shown in Table 2, JWXYS significantly
diminished the DMN-induced hepatitis and severe diffuse

Table 4: Effects of JWXYS on SOD-like activity and XOD inhibi-
tion.

Group
SOD-like
activity
(SI%)∗

XOD
inhibition
(SI%)#

A Vitamin E (8mg/kg) 100.00
B JWXYS (0.01mg/mL) 33.77 11.90
C JWXYS (0.1mg/mL) 68.83 14.29
D JWXYS (1.0mg/mL) 94.81 83.33
∗Measured using the cytochrome C reduction test.
#Measured using the XOD inhibition test.
Vitamin E was used as the positive control.
SI: superoxide inhibition.

liver injury, thereby disrupting the sequence of events leading
to liver fibrosis.

Recent research has indicated that chronic liver injury
and hepatic fibrosis are related to oxidative stress, including
that caused by reactive oxygen species (ROS) and lipid per-
oxidation [23, 24]. Studies have suggested that antioxidants
such as SOD, catalase, and estradiol significantly prevent
lipid peroxidation and exacerbation of liver fibrosis [25–27].
Indeed, as shown in Table 4, JWXYS inhibited XOD activity
in a dose-dependent manner. XOD converts xanthine to uric
acid, yielding superoxide anions as a byproduct [15], and the
inhibition of XOD can substantially reduce the production
of superoxide anions, thus reducing superoxide-induced lipid
peroxidation and subsequent liver fibrosis.

Furthermore, our study revealed that the Chinese herbal
medicine, JWXYS, significantly inhibited FeCl

2
-stimulated

(in vitro) and DMN-induced (in vitro) lipid peroxidation in
a dose-dependent manner (Table 3). In the cytochrome C
test, we confirmed that JWXYS exhibits a dose-dependent
antioxidative activity (Table 4). Furthermore, in another
experiment we performed, JWXYS exhibited no hepatotoxic
effect in Wistar rats even at a dose of 2000mg/kg orally
administered for 6 weeks (data not shown).

Our study has limitations because, to extrapolate con-
clusions regarding humans from experimental data on rats,
the dose must be validated in clinical trials. The mechanism
through which JWXYS acts in cellular pathways remains
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undetermined. Immunohistochemical analysis of markers
such as alpha-smooth muscle actin in activated hepatic stel-
late cells and sets of in vitro culture studies on parenchymal
cells and nonparenchymal cells might provide additional evi-
dence supporting the molecular mechanisms through which
JWXYS exerts antifibrotic effects. Moreover, in an ongoing
follow-up study conducted in our laboratory, JWXYS exhib-
ited strong free-radical-scavenging and antioxidant activity
and inhibited free-radical-induced hepatic fibrosis. We will
continue to conduct research on this topic.

5. Conclusions

We reported that JWXYS exhibits obvious dose-dependent
antifibrotic effects against chronic hepatic injury that are
similar to those exhibited by sho-saiko-to. This protective
effect was noted even in a condition in which DMN was
continually administered. The mechanism may at least par-
tially be due to the inhibitory effect of JWXYS on lipid
peroxidation and its superoxide-scavenging activities. We
hope that, after additional evidence has been accumulated,
JWXYS will be applied as an alternative clinical medication
for chronic hepatitis and hepatic antifibrotic therapy because
of its efficiency, low cost, and fewer side effects.
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Hydrogen sulfide (H
2
S) and nitric oxide (NO), two endogenous gaseous molecules in endothelial cells, got increased attention with

respect to their protective roles in the cardiovascular system. However, the details of the signaling pathways between H
2
S and NO

in endothelia cells remain unclear. In this study, a treatment with NaHS profoundly increased the expression and the activity of
endothelial nitric oxide synthase. Elevated gaseousNO levels were observed by a novel and specific fluorescent probe, 5-amino-2-(6-
hydroxy-3-oxo-3H-xanthen-9-yl)benzoic acid methyl ester (FA-OMe), and quantified by flow cytometry. Further study indicated
an increase of upstream regulator for eNOS activation, AMP-activated protein kinase (AMPK), and protein kinase B (Akt). By using
a biotin switch, the level of NO-mediated protein S-nitrosylation was also enhanced. However, with the addition of the NO donor,
NOC-18, the expressions of cystathionine-𝛾-lyase, cystathionine-𝛽-synthase, and 3-mercaptopyruvate sulfurtransferase were not
changed. The level of H

2
S was also monitored by a new designed fluorescent probe, 4-nitro-7-thiocyanatobenz-2-oxa-1,3-diazole

(NBD-SCN) with high specificity. Therefore, NO did not reciprocally increase the expression of H
2
S-generating enzymes and the

H
2
S level. The present study provides an integrated insight of cellular responses to H

2
S and NO from protein expression to gaseous

molecule generation, which indicates the upstream role of H
2
S in modulating NO production and protein S-nitrosylation.

1. Introduction

Gasmolecules that are produced by cells have been discussed
for several decades regarding their protective role in the
vascular system. Recently, the diverse physiologic actions of
carbon monoxide (CO), nitric oxide (NO), and hydrogen
sulfide (H

2
S) and their role in preventing diseases through

the mediation of gas-regulating and -sensing mechanisms
have attracted a great deal of interest [1]. For example,
NO plays an important role in the regulation of the car-
diovascular function through a posttranslational protein S-
nitrosylation on the cysteine residue [2]. In our previous

study, a mechanical shear flow is regarded as protective for
endothelial cells (ECs), leading to a series S-nitrosylation of
proteins [3]. Investigating the reported mechanisms of NO
on EC protection, the NO-mediated S-nitrosylated proteins,
such as F1F0-ATPase, reduced the generation of Ca2+ and
ROS inmitochondria during ischemia/reperfusion injury [4].
NO was also reported to be essential in the prevention of
irreversible oxidative stress and finally provided protection
from several diseases including cancer, diabetes, and neuron
degeneration [5–7].

The toxic effects of hydrogen sulfide (H
2
S) on liv-

ing organisms have been recognized for nearly 300 years.
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Figure 1: NaHS increases the expression and serine 1177 phosphorylation of eNOS. (a) ECs pretreated by diluting concentrations of NaHS
(1 𝜇M, 10 𝜇M, 50 𝜇M, and 100𝜇M) for 2 h. (b) ECs treated with NaHS (50𝜇M) for 0.5, 2, and 12 h. Blotted membranes were separately
hybridized with eNOS and peNOSS1177 antibodies. ((c) and (d)) Relative folds of protein levels shown as means ± S.E. compared to control.
Statistical significance ( ∗𝑃 < 0.05; ∗∗𝑃 < 0.01) analyzed using Fisher’s LSD.

In recent years, however, interest has been directed towards
H
2
S as the third gaseous mediator, which has been shown to

exhibit potent vasodilatory activity both in vitro and in vivo.
This is assumed to be realized by opening vascular smooth
muscle KATP channels [8]. Of the three enzymes, cystathio-
nine-𝛾-lyase (CSE), cystathionine-𝛽-synthase (CBS), and
3-mercaptopyruvate sulfurtransferase (3-MST) can utilize
L-cysteine as a substrate to produce H

2
S. Deficiency of

H
2
S-producing enzymes results in some disorders such as

homocystinuria, which is characterized by mental retarda-
tion, skeletal abnormalities, increased urine homocysteine,
increased risks of thromboembolism, and early onset of
atherosclerosis [9–11]. H

2
S was also reported to protect

against vascular remodeling from endothelial damage [12].
Recently, a signaling molecule for H

2
S was shown to regulate

vascular relaxation and angiogenesis via potassium channel
S-sulfhydration [13–15].

With a similar physiological function, it is interesting to
discuss the interactions between H

2
S and NO in respond-

ing stimuli. In the reports cited above, H
2
S and NO in

synergy might regulate smooth muscle relaxation and also
mitochondrial integration [16, 17]. H

2
S triggers late-phase

preconditioning in the postischemic small intestine by an
NO- and p38 MAPK-dependent pathway [18]. Despite H

2
S

inhibiting NO production in lipopolysaccharide-stimulated
macrophages, the H

2
S can also stimulate NO production

from other cells [19, 20].
Because of the technical difficulty in detecting gaseous

molecules, in the current study, not only monitoring the reg-
ulations of theses enzymes but also quantifying themolecules
of H
2
S andNO specifically with the new designed fluorescent

probes. Therefore, we question here if H
2
S has any upstream

role in the regulation of endothelial NO production.

2. Materials and Methods

2.1. Cell Culture and Drug Treatments. The EAhy 926 cell
line was kindly donated by Cora-Jean S. Edgell, University of
North Carolina, Chapel Hill. EAhy 926 cells were cultured in
DMEM supplemented with fetal bovine serum (FBS, 10%),
streptomycin (100 𝜇g/mL), and penicillin (100U/mL). ECs
were replaced by the same medium containing 2% FBS and
incubated overnight prior to the experimental NaHS and
NOC-18 treatments.

2.2. Cell Lysis and Protein Extraction. ECs were washed with
cord buffer after treatment [NaCl (0.14M), KCl (4mM),
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Figure 2: Elevated NO levels monitored by specific fluorescent probes. (a) ECs treated with NaHS (50 𝜇M) for 2 h stained by FA-OMe and
observed by fluorescent microscopy. (b) FA-OMe signals calculated by flow cytometry. (c) FA-OMe signals observed by confocal microscopy.
Bar = 20 𝜇m.

glucose (11mM), and HEPES (10mM, pH 7.4)] and then
lysed with 100 𝜇L of lysis buffer [HEPES (250mM, pH 7.7),
EDTA (1mM), neocuproine (0.1mM), and CHAPS (0.4%,
w/v)]. After centrifugation, protein supernatant was collected
and protein concentrations were determined with BCA
assay reagent (Thermo Fisher Scientific Inc., Rockford, IL,
USA).

2.3. Western Blot Analysis. Forty micrograms of cell lysates
with various treatments were mixed with an equal volume of
sample buffer [Tris-HCl (62.5mM, pH 6.8), SDS (3%, w/v),
2-mercaptoethanol (5%, v/v), and glycerol (10%, v/v)] and
then separated by SDS-PAGE. The gel was transferred to
PVDF membranes (Millipore, MA, USA) and immunoblot-
tedwith antibodies: eNOS (1 : 3000; Cell Signaling Tech.,MA,
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Figure 3:The expression levels of AMPK and Akt in the presence of
NaHS. (a) ECs treated with NaHS (50𝜇M) for 0.5, 2, and 12 h. The
blotted membranes hybridized with AMPK antibody. (b) Relative
folds of protein levels shown as means ± S.E. compared to control.
Statistical significance ( ∗𝑃 < 0.05; ∗∗𝑃 < 0.01) analyzed using
Fisher’s LSD.

USA), peNOS𝑆1177 (1 : 2000; Cell Signaling Tech.), AMPK
(1 : 3000; Cell Signaling Tech.), Akt (1 : 2000; Cell Signaling
Tech.), cystathionine-𝛾-lyase (CSE, 1 : 1000; Abnova, Taipei,
Taiwan), cystathionine-𝛽-synthase (CBS, 1 : 1000; Abnova),
and 3-mercaptopyruvate sulfurtransferase (3-MST, 1 : 1000;
Abcam, Cambridge, UK). The membranes were visualized
with the SuperSignal West Femto reagent (Thermo Fisher
Scientific, IL, USA) on X-ray films. The images from X-
ray films were scanned using a digital scanner (Microtek
International Inc.) and the density was calculated by the
Progenesis Samespots v2.0 software (NonLinear Dynamics,
Newcastle, UK).

2.4. Application of Fluorescent Probes and Imaging Con-
ditions. For NO detection, 5-amino-2-(6-hydroxy-3-oxo-
3H-xanthen-9-yl)benzoic acid methyl ester (FA-OMe) was
designed [21]. ECs with NaHS treatment were coincubated
with 10 𝜇M of FA-OMe for 4 h prior to imaging. The ECs
were washed three times with PBS buffer and then bathed
in 2mL of PBS. The images were obtained by the fluo-
rescence microscope (𝜆ex 460 nm, 𝜆em 524 nm; Axiovert

40 CFL, Zeiss). As for 4-nitro-7-thiocyanatobenz-2-oxa-1,3-
diazole (NBD-SCN) that was used for detecting H

2
S, the

cells were incubated with 5𝜇M NBD-SCN for 30min and
then subjected to fluorescencemicroscope (𝜆ex 460 nm, 𝜆em
550 nm) [22]. For confocal fluorescence images study, ECs
were seeded at a density of 2 × 105 cells/well on cover glasses
(24× 24mm2) and grown for 24 h.The cells with 10 𝜇Mof FA-
OMe incubation were fixed with 4% formaldehyde solution
for 20min at room temperature. Cell nuclei were stained
with 40,6-diamidino-2-phenylindole (DAPI). Cover glasses
containing fixed ECs were mounted in a mixture of PBS and
glycerol (1 : 1) on a microscopic slide. The cells were observed
using a laser scanning confocal imaging system (Olympus
FluoView 300) consisting of Olympus BX51 microscope and
a 20mW output argon ion laser.

2.5. Flow Cytometry Assay. After fluorescence microscope
observation, the ECs were washed twice with PBS and
detached by tryptic reaction. ECs were collected by centrifu-
gation and then resuspended in PBS. The fluorescence was
immediately measured by the Accuri C6 flow cytometer (BD,
NJ, USA) with excitation and emission settings of 488 and
530 nm, respectively. The fluorescence strength was obtained
from 1 × 104 cells and statistically calculated from three
repeats.

2.6. Evaluation of Protein S-Nitrosylation. The cell lysates
(200𝜇g) after NaHS treatment were blocked by methyl
methanethiosulfonate (MMTS), reduced by ascorbate, and
labelled by biotin according to reported guideline [23]. The
biotinylated lysates were then subjected to a reductant-
free SDS-PAGE and western blotted with streptavidin-HRP
(1 : 3000) following a previous study [24].

3. Results and Discussion

3.1. NaHS Increased the Protein Level of eNOS and the
Phosphorylation on Serine 1177 Residue. Endothelial nitric
oxide synthase (eNOS) is responsible for endothelial nitric
oxide (NO) production and the enzyme activity is reported
to be highly affected by posttranslational phosphorylation
on serine 1177 residue (S1177) [25]. In this study, with the
treatment of different concentrations of NaHS (1∼100 𝜇M),
we found that 50𝜇M of NaHS can significantly enhance
both the eNOS expression and the phosphorylation of the
serine 1177 residue (peNOS𝑆1177) (Figures 1(a) and 1(c)). This
concentration conforms well with several vascular research
articles [26]. At this concentration, the highest expression
level of eNOS and peNOS𝑆1177 was observed at 2 hours
(Figures 1(b) and 1(d)).

3.2. Cellular NO Was Precisely Determined by Specific Fluo-
rescent Probes. In addition to the expression of eNOS, the
levels of NOmolecules were further measured by the specific
fluorescent probe FA-OMe. This can distinguish NO and
other reactive oxygen species (ROS) from reactive nitrogen
species (RNS) [21]. After NaHS treatment, the NO level
was increased from 34.7 ± 2.9% to 66.4 ± 3.8% at 2 hours
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Figure 4: Detection of protein S-nitrosylation. (a) Scheme representing the procedures of modified biotin switch. Biotin-labeled lysates
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(Figures 2(a) and 2(b)). By using confocalmicroscopy, despite
the fact that the basal fluorescence in the control treatment
was difficult to see, the broadly distributed NO was observed
in the cytosol and also in the nuclei (Figure 2(c)).

3.3.The Expression Profiles of AMPKandAkt in the Presence of
H
2
S. 5 AMP-activated protein kinase (AMPK) is an enzyme

that plays a role in cellular energy homeostasis. Besides
protein kinase B (Akt), AMPK is also reported to activate
eNOS by phosphorylating Ser1177 in response to various
stimuli [27]. In the current study, H

2
S increased the protein

level of AMPK at 2 h and returned to a basal level at 12 h.
However, sustainable expressions of Akt were observed from
0.5 to 12 h (Figures 3(a) and 3(b)).This indicated that H

2
S can

stimulate eNOS activity through AMPK and Akt pathways.
Similar findings were also reported recently [28, 29].

3.4. H
2
S-Increased Bioavailability of NO That Can Enhance

Protein S-Nitrosylation. According to previous data, we con-
firmed that NO level got elevated by H

2
S. Since protein

S-nitrosylation/denitrosylation is regarded as important in
cardioprotection, its investigation of protein S-nitrosylation
is, hence, important for applied medical purposes [2, 3, 30].
By using a modified biotin switch, we could identify at least
8 groups of increased S-nitrosoproteins and 2 groups of
decreased S-nitrosoproteins (Figure 4). With the excellent
performance in analyzing S-nitrosoproteins, mass spectrom-
etry will be introduced in further identification of these
proteins [24].

3.5. NO Did Not Reciprocally Increase the Expression of H
2
S-

Generating Enzymes and theH
2
S Level. After confirming that

H
2
S can increase NO at the cellular level, we also examined

whether NO can be synchronized at elevated H
2
S levels.

As shown in Figure 5, three key enzymes are involved in
the cellular H

2
S synthesis: CSE, CBS, and 3-MST. These

were not changed by NOC-18 treatment (Figures 5(a) and
5(b)). Although several studies indicated thatH

2
S-generating

enzymes can also be exerted by NO [31], we could not find
differences in our microscopic and flow cytometric analysis
(46.0 ± 3.1% and 43.3 ± 4.8% separately) using NBD-SCN
fluorescence probe (Figures 5(c) and 5(d)). The reported
study demonstrated that H

2
S promotes NO production in

ECs via the activation of a cascade of phosphorylation events,
starting from p38 MAPK and Akt to eNOS, and this can
be through NO-dependent or NO-independent mechanisms
cascade. Thus, H

2
S may be a key regulator for angiogenic

signalling pathways, whether they required NO or not [32].
This might indicate that NO works as a downstream gaseous
transmitter in the endothelium.

4. Conclusion

In the present study, hydrogen sulfide increased nitric oxide
production. This was not only concluded by studying related
enzymes, but also confirmed directly by detecting the final
products where NO levels were observed by a novel and
specific fluorescent probe, FA-OMe, and quantified by flow
cytometry. The level of H

2
S was also monitored by a new
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Figure 5: Investigation of H
2
S biosynthesis under the treatment of NO. (a) ECs which treated NO donor, NOC-18 (250 𝜇M), for 0.5, 2, and

12 h were subjected to western blot analysis with CSE, CBS, and 3-MST antibodies. (b)The statistic data showed that no significance (𝑃 = ns)
was observed between treatments. (c) NBD-SCN was applied to detect cellular H

2
S level specifically. (d) Fluorescent signals were calculated

by flow cytometry.

designed fluorescent probe, NBD-SCN, with high specificity.
The present study provides an integrated insight of cellular
responses to two gaseous molecules from protein expres-
sion to gaseous molecule generation, which indicates the
upstream role of H

2
S in modulating NO production and

protein S-nitrosylation.
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Hepatocellular carcinoma (HCC) is the leading cause of cancer-related deaths worldwide. Epirubicin can induce intracellular
reactive oxygen species and is widely used to treat unresectable HCC. Progesterone has been found to inhibit the proliferation
of hepatoma cells. This study was designed to test the combined effects of epirubicin and progesterone on human hepatoma
cell line, HA22T/VGH. These cells were treated with different concentrations of epirubicin with or without the coaddition of
30 𝜇M progesterone and then analyzed for apoptosis, autophagy, and expressions of apoptotic-related proteins and multidrug-
resistant gene. Epirubicin treatment dose-dependently inhibited the growth of HA22T/VGH cells. Addition of 30𝜇Mprogesterone,
which was inactive alone, augmented the effect of epirubicin on the inhibition of growth of HA22T/VGH cells. Cotreatment with
progesterone enhanced epirubicin-induced apoptosis, as evidenced by greater increase in caspase-3 activity and in the ratio of the
apoptosis-regulating protein, Bax/Bcl-XL.The combination also caused a decrease in autophagy and in the expression of multidrug
resistance-related protein 1 mRNA compared to epirubicin alone. This study shows the epirubicin/progesterone combination was
more effective in increasing apoptosis and inversely decreasing autophagy on HA22T/VGH cells treated with epirubicin alone,
suggesting that this combination can potentially be used to treat HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer in men and the seventh in women, and it is the third
most common cause of cancer-related deaths worldwide [1,
2]. Liver resection, local ablation therapy, and liver transplan-
tation are the suggested curative therapies for HCC, while
transarterial chemoembolization (TACE) has been used to
treat unresectable HCC with some clinical efficacy [3–5].

Anthracyclines, such as doxorubicin or epirubicin, have
been widely used to treat advanced HCC, to prevent or

treat postoperative recurrence, and to downstage the dis-
ease before liver transplantation by systemic infusion or
by transarterial route [6, 7]. Acting as topoisomerase-II
inhibitors, anthracycline drugs induce DNA damages and
acute oxidative stress in cells [8, 9]. And the quinine group of
anthracyclines can cause one electron reduction to produce
a semiquinone [9, 10]. The free radical semiquinone conse-
quently produces reactive oxygen species (ROS), including
superoxide anions, hydrogen peroxide, and hydroxyl radicals
[9, 10]. ROS are reported to be involved in epirubicin-induced
apoptosis in hepatoma cell lines [10]. Furthermore, epirubicin
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is less cardiotoxic than doxorubicin [6].Therefore, epirubicin
iswidely used inEurope andAsia in the treatments of cancers,
including HCC [6, 8].

However, the side effects of anthracyclines include car-
diomyopathy, immunosuppression, and the development of
primary or secondary drug resistance, which may sometimes
adversely affect survival, recurrence, and extrahepatic metas-
tases in HCC patients [11–13]. And HCC cells themselves are
usually resistant to chemotherapeutic agents, the response
rates of chemotherapy in HCC are reported to be only 10.5%–
20.6%, and, generally, overall survivals have been less than 12
months for advanced HCC patients [6, 12].

Autophagy, a survival mechanism of some cancer cells,
can be induced during starvation, chemotherapy, radiation,
hypoxia, and some endocrine therapies [14, 15]. Sun et al
reported that autophagy could protect breast cancer cells
from epirubicin-induced apoptosis and facilitate the develop-
ment of epirubicin resistance [16]. Progesterone can reverse
multidrug resistance gene expression in epirubicin-treated
urethral cancer cell lines via p-glycoprotein pathway [17].
And megestrol (a progestin drug) treatment has produced
some efficacy in advanced HCC in some clinical studies
[18, 19]. Therefore, combining epirubicin with progesterone
might be a potential strategy for treating HCC, as it might
allow for the smaller doses of epirubicin, which is generally
toxic, while increasing its effectiveness against HCC and
decreasing epirubicin-related side effects.

Our previous study showed HA22T/VGH cells are sus-
ceptible to changes in redox status and oxidative stresses also
induce apoptosis in these cells [20]. This study tested the
effect of combining epirubicin with progesterone to treat a
metastatic, poorly differentiatedHCC cell line, HA22T/VGH.
To evaluate the therapeutic effect of this combination, we
analyzed occurrence of apoptosis and autophagy, expressions
of their related proteins, and the expression of multidrug
resistance-related protein 1 (MRP-1) gene.

2. Materials and Methods

2.1. Reagents and Antibodies. Epirubicin hydrochloride
(Pharmorubicin) was purchased from Pfizer Italia S.R.L.
(Milano, Italy), progesterone from Sigma-Aldrich (St.
Louis, MO, USA), acridine orange from Molecular Probes
(Eugene, OR, USA), protein assay reagents from Bio-Rad
Laboratories (Hercules, CA, USA), and TRIzol reagent from
Invitrogen Life Technologies (Carlsbad, CA, USA). All other
chemicals were of analytical grade and purchased from
Sigma-Aldrich (St. Louis, MO, USA). Mouse monoclonal
antibodies against light chain-3 (LC-3), Beclin-1, or Bax,
rabbit polyclonal antibodies against Bcl-XL, and goat
polyclonal antibodies against 𝛽-actin were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Horseradish peroxidase-conjugated anti-mouse, -goat, and
-rabbit IgG antibodies were purchased from BD Pharmingen
Inc. (San Diego, CA, USA).

2.2. Cell Line, Cell Culture, and Drug Treatments. HA22T/
VGH cell line was obtained from the Food Industry Research

and Development Institute in Hsinchu, Taiwan (BCRC num-
ber: 60168) and was cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco BRL, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS) (Hyclone, Auck-
land, NZ), 2mML-glutamine (Gibco BRL, Grand Island, NY,
USA), 0.1mM nonessential amino acids (Gibco BRL, Grand
Island, NY, USA), 100 units/mL of penicillin, and 100 𝜇g/mL
of streptomycin (Gibco BRL, Grand Island, NY, USA) at 37∘C
in a humidified chamber with 5% CO

2
. To investigate the

effects of epirubicin andprogesterone, various concentrations
of epirubicin and progesterone were added to the culture
medium for an indicated time period and then the cells were
harvested and analyzed.

2.3. Cell Growth. After epirubicin and progesterone treat-
ment, the cells were harvested and viable cells were counted
using a dye exclusion technique as described previously [21].
Briefly, the cell suspension was centrifuged at 5,000×g; the
supernatant was discarded, and the cell pellet was resus-
pended in serum-free medium. One volume of 0.4% Trypan
blue (Gibco BRL, Grand Island, NY, USA) was added to one
volume of cell suspension, and then cells were counted in
a hemocytometer after incubation at room temperature for
3min. All counts were done in triplicate.

2.4. TUNEL Assay. Terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) assays were per-
formed using an APO-BrdU TUNEL Assay Kit (Molecular
Probes, Eugene, OR, USA) according to the manufacturer’s
directions as described previously [21]. Briefly, the cells were
incubated for the indicated time before being trypsinized,
washed with phosphate-buffered saline (PBS), and fixed in
2% paraformaldehyde (pH 7.4) for 15min. The fixed cells
were washed twice in PBS and stored at −20∘C in 70%
ethanol for 12–18 h prior to performing the TUNEL assay.
After removing the 70% ethanol by centrifugation, the cells
were washed twice in wash buffer and then incubated at 37∘C
for 60min with DNA-labeling solution containing terminal
deoxynucleotidyl transferase and BrdUTP. After washing
twice with rinse buffer, the cells were resuspended for
30min in the dark at room temperature in antibody solution
containingAlexa Fluor 488-labeled anti-BrdU antibody. Flow
cytometric analysis was subsequently performed using a
Coulter Epics XL cytometer (Beckman Coulter, Miami, FL,
USA) to quantify the fluorescence intensity for determination
of apoptotic status. The data were analyzed using WINMDI
software version 2.8 (Scripps Research Institute, La Jolla, CA,
USA), with a minimum of 1 × 104 cells per sample being
evaluated in each case.

2.5. Caspase-3 Colorimetric Protease Assay. The activity of
caspase-3 was detected using an ApoTarget caspase-3 col-
orimetric protease assay kit (Invitrogen Corp., Camarillo,
CA, USA) according to the manufacturer’s instructions as
described previously [21]. Briefly, we induced apoptosis in
cells by epirubicin and/or progesterone treatments while
concurrently incubating a control culture without induction.
We then counted cells as pellet 3–5×106 cells per sample.
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The cells were resuspended in 50𝜇L of chilled Cell Lysis
Buffer, incubated on ice for 10min, and then centrifuged for
1min in a microcentrifuge (10000×g). Supernatant (cytosol
extract) was transferred to a fresh tube and put on ice and
protein assay reagents (Bio-Rad Laboratories, Hercules, CA,
USA) were used. Each cytosol extract was diluted to a con-
centration of 50–200𝜇g protein per 50𝜇LCell Lysis Buffer (1–
4mg/mL). A 50𝜇L of 2 × reaction buffer (containing 10mM
DTT)was added to each sample followed by 5 𝜇L of the 4mM
DEVD-pNA substrate (200𝜇M of final concentration). The
samples were incubated in the dark at 37∘C for 2 h. Samples
were read in a microplate reader set at 405 nm. Fold increase
in caspase-3 activity was determined compared to that in
untreated controls.

2.6. Detection of Autophagy with Acridine Orange Staining.
Formation of acidic vesicular organelles (AVOs), a morpho-
logical characteristic of autophagy, was quantified by acridine
orange staining as described previously [22]. In brief, acridine
orange (1 𝜇g/mL) was added 30min prior to collection, and
after being washed with PBS, cells were analyzed using the
Coulter Epics XL cytometer (Beckman Coulter, Miami, FL,
USA). Green (510–530 nm) and red (>650 nm) fluorescence
emission from 1 × 104 cells illuminated with blue (488 nm)
excitation light was measured. The data were analyzed using
WINMDI software version 2.8 (Scripps Research Institute, La
Jolla, CA, USA), with a minimum of 1 × 104 cells per sample
being evaluated in each case.

2.7. Western Blotting. Sample preparation and Western blot-
ting procedures were performed as described previously
[21]. Briefly, cells were harvested and cytosolic extracts were
prepared using lysis buffer (20mM Tris-HCl (pH 7.2), 2mM
EGTA, 5mM EDTA, 500 𝜇M sodium orthovanadate, 10mM
sodium fluoride, 1% Triton X-100, 0.1% SDS, and protease
inhibitor cocktail). Protein concentrations were determined
using protein assay reagents. Forty to sixty micrograms
of protein lysate was analyzed by SDS-polyacrylamide gel
electrophoresis. After transfer of the proteins from the gel to
a nitrocellulose membrane (Amersham Pharmacia Biotech,
Freiburg, Germany), the membranes were blocked for 1 h
at room temperature in PBS with 0.05% Tween 20 (PBS-T)
containing 5% nonfat drymilk, and then they were incubated
with specific primary antibodies and horseradish peroxidase-
conjugated secondary antibodies.The immunoreactive bands
were visualized using an enhanced chemiluminescence kit
(Perkin-Elmer Life Sciences, Boston, MA, USA).

2.8. Reverse Transcription-Polymerase Chain Reaction (RT-
PCR). Total RNA was extracted from cells with TRIzol
reagent (Invitrogen Life Technologies, CA, USA) according
to the manufacturer’s instructions as described previously
[23]. The complementary DNA (cDNA) was synthesized
from random hexadeoxynucleotide primed reverse tran-
scription from 2𝜇g of total RNA using M-MLV reverse tran-
scriptase (Promega Corporation, WI, USA) according to the
manufacturer’s directions. Polymerase chain reaction (PCR)
was then performed using the Dream Taq DNA polymerase

(Thermo scientific, MA, USA) on an Applied Biosystems
Gene Amp9700 PCR system (Applied Biosystems, Foster,
CA, USA).The thermocycling began with 94∘C for 5min fol-
lowed by 30 cycles of 94∘C for 1min, 60∘C for 1 min, and 72∘C
for 1min, and then followed by 70∘C for 10min. PCR primers
sequences were as follows: multidrug resistance-related pro-
tein 1 (MRP-1) forward, 5-AGG TGGACCTGT TTC GTG
AC-3; reverse, 5-ACCCTGTGATCCACCAGAAG-3, and
GAPDH forward, 5-GAC ATC AAG AAG GTG GTG AAG
CAG-3; reverse, 5-GCG TCA AAG GTG GAG GAG TGG-
3. The amplified PCR products were analyzed on 2% agarose
gels and photographs were taken. The intensity of each
band was calculated by densitometry analysis and the results
were expressed as a percentage of the optical density of the
corresponding GAPDH band.

2.9. Statistical Analysis. Comparisons among the groups of
cells, one-way analysis of variance (ANOVA), and Fisher’s
least significant difference test were performedusing the SPSS
17.0 statistical software (SPSS, Chicago, IL). All experiments
were performed at least thrice. All data are expressed as the
mean ± standard deviation (S.D.). Value differences were
considered significant if 𝑃 < 0.05.

3. Results and Discussions

3.1. Inhibition of Cell Growth. To gain initial insight into the
effects of epirubicin alone or in combination with proges-
terone on cell growth of hepatoma cell line, HA22T/VGH
cells were treated for 24 or 48 h without or with different
doses of epirubicin in the absence or presence of 30 𝜇M
progesterone. The IC

50
of progesterone was 100 𝜇M and

almost not cytotoxic to HA22T/VGH cells at concentrations
<50 𝜇M (data not shown). Therefore, a concentration of
30 𝜇M progesterone was the dosage chosen for the cotreat-
ment with epirubicin. During the 24 h incubation period, the
untreated HA22T/VGH cells proliferated, while the growth
of the cells treated with epirubicin ≥0.3 𝜇M was significantly
inhibited. The addition of 30𝜇M progesterone significantly
augmented epirubicin’s inhibition of growth at concentration
of ≥0.1𝜇M (Figure 1(a)). During 48 h incubation, epirubicin
inhibited cell growth in a dose-dependent manner and the
coaddition of progesterone augmented its effect (Figure 1(b)).

3.2. Induction of Apoptosis and Expressions of Apoptosis-
Related Proteins. Apoptotic cells were measured by flow
cytometric analysis after TUNEL staining (Figure 2(a)). After
24 h treatment with epirubicin, a significant increase in the
percentage of TUNEL-positive apoptotic cells was seen as
compared with controls at concentrations ≥0.1 𝜇M epiru-
bicin. Although progesterone alone did not cause a signif-
icant change in the number of apoptotic cells, using it in
combination with epirubicin at concentrations ≥0.3 𝜇M had
a stronger effect. The fluorescence intensities of apoptotic
cells of HA22T/VGH cells treated with 30𝜇M progesterone,
0.3 𝜇M epirubicin, or combination therapy were 102.2 ±
20.3%, 193.8 ± 20.0%, and 264.0 ± 38.0%, respectively, com-
pared with those of controls (Figure 2(a)). Figure 2(b) shows
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Figure 1: Effects of epirubicin on cell growth without or with progesterone addition. HA22T/VGH cells were treated with different
concentrations of epirubicin without or with 30𝜇M progesterone for 24 h (a) or 48 h (b). Results are expressed as the mean ± standard
deviation (S.D.) for three separate experiments. E: epirubicin; P30: 30𝜇Mprogesterone. ∗𝑃 < 0.05 compared to the corresponding untreated
controls. #𝑃 < 0.05 compared to the corresponding epirubicin-treated group.

that adding 30 𝜇M progesterone to 0.3 𝜇M epirubicin treat-
ment produced more caspase-3 activity (212.5 ± 10.6%) than
using 0.3𝜇M epirubicin alone (126.0 ± 5.7%). These results
showed epirubicin at concentration of 0.3𝜇M activated
caspase-3 and induced apoptosis, and combining the two
drugs had a significant effect on apoptosis in HA22T/VGH
cells.

To determine whether the treatment-induced apoptosis
was associated with altered expression of apoptosis-relating
proteins, HA22T/VGH cells were treated for 24 hwith 0.3𝜇M
epirubicin in the presence or absence of 30𝜇M proges-
terone and analyzed byWestern blotting. Figure 3 shows that
progesterone alone had no significant effect (94.8 ± 10.6%
versus 100 ± 0.0%) on the antiapoptotic protein, Bcl-XL
levels, whereas epirubicin caused a decrease (71.1 ± 13.6%
versus 100 ± 0.0%; 𝑃 < 0.05), compared with those of
controls. The combination of epirubicin and progesterone
caused a marked decrease in expression of Bcl-XL compared
to 0.3 𝜇Mepirubicin alone (13.9 ± 4.8% versus 71.1 ± 13.6; 𝑃 <
0.05). Meanwhile, progesterone alone had no effect on the
proapoptotic protein, Bax levels; epirubicin alone decreased
Bax levels. The coaddition of progesterone and epirubicin
significantly lessened the decrease of Bax levels compared to
epirubicin alone (84.7 ± 31.3% versus 38.0 ± 7.1%; 𝑃 < 0.05).
Thus, the ratio of proapoptotic/antiapoptotic factor, Bax/Bcl-
XL, was extremely enhanced by the combination therapy,
which can partly explain why apoptosis was increased by the
combination (Figure 3).

Activation of caspase-3 is an essential step in apoptosis.
Our results demonstrated progesterone augmented caspase-3
activity of epirubicin-treated HA22T/VGH cells significantly.
Epirubicin or doxorubicin can induce intracellular ROS
[8, 9]. ROS production may interact with Fas-associated

death domain (FADD) pathway and FADD sequence can
result in activation of caspase-3 which has been reported
in various cancer cell lines [24, 25]. This study also found
that progesterone interferedwith the expression of apoptosis-
regulating proteins, upregulating Bax and downregulating
Bcl-XL, in the epirubicin-treated HA22T/VGH cells. It is
currently unknown whether progesterone initially triggers
apoptosis upstream from caspase-3 or not. Bcl-XL expression
is important for the inhibition of apoptosis initiated by
various cellular stresses in human HCC cells [26, 27]. We,
therefore, propose that the Bcl-2 family may contribute to
the improved efficacy of treating HA22T/VGH cells with a
combination of epirubicin and progesterone. On the other
hand, the expression of the progesterone receptor and its
potential role in HA22T/VGH cells have not been reported
till now; however, some studies have evaluated the role of the
progesterone receptor-mediated apoptosis in other human
hepatoma cells. Cheng et al. demonstrated that treatment
with RU486, a progesterone receptor antagonist, inhibits the
progesterone-mediated response to estradiol pretreatment in
tumor necrosis factor-induced apoptoticHuh-7 cells [28]. On
the contrary, Zhang andChow reported that the progesterone
receptor is not involved in the action of megestrol-induced
apoptosis in HepG2 cells [29]. Thus, further studies on the
potential role of the progesterone receptor in HA2T/VGH
cells are necessary.

3.3. Autophagy Reduction by Combination. It has been
reported that autophagy can be induced during chemother-
apy [30, 31]. To determine whether the treatments had
an effect on autophagy induction, HA22T/VGH cells were
treated for 24 h with 0.3 𝜇M epirubicin in the presence or
absence of 30 𝜇M progesterone, then subjected to acridine
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Figure 2: Apoptosis induction by epirubicin without or with progesterone addition. HA22T/VGH cells were treated with indicated
concentrations of epirubicin without or with 30𝜇M progesterone for 24 h and evaluated by (a) TUNEL staining or (b) caspase-3 activity.
Results are expressed as the mean ± standard deviation (S.D.) for three separate experiments. C: untreated cells, E0.03: 0.03 𝜇M epirubicin,
E0.1: 0.1 𝜇M epirubicin, E0.3: 0.3 𝜇M epirubicin, and P30: 30𝜇M progesterone. ∗𝑃 < 0.05 compared to the untreated controls. #𝑃 < 0.05
compared to the corresponding epirubicin-treated group.

orange staining, and analyzed by flow cytometry. Figure 4
shows both epirubicin and progesterone increased autophagy
compared to controls by AVOs analysis, though epirubicin
was more effective than progesterone. Surprisingly, coaddi-
tion of progesterone significantly reduced the epirubicin-
induced increase of autophagy. To further explore the expres-
sion of autophagy-related proteins, HA22T/VGH cells were
treated for 24 h with 0.3 𝜇M epirubicin in the presence
or absence of 30 𝜇M progesterone and then subjected to
Western blotting. As shown in Figure 5, neither epirubicin
nor progesterone had an effect on Beclin-1 levels, but the
combination of the two significantly reduced Beclin-1 levels.
The expressions of proteins of Beclin-1 of HA22T/VGH cells

treated with 0.3 𝜇M epirubicin, 30 𝜇Mprogesterone, or com-
bination therapy for 24 h were 119.9 ± 19.5%, 113.6 ± 1.4%, and
77.4 ± 2.6%, respectively, compared with those of controls.
Figure 5 also shows progesterone had no effect on LC3-I
levels, whereas epirubicin markedly reduced LC3-I levels,
indicating that it may convert LC3-I to LC3-II. Interestingly,
coaddition of progesterone to epirubicin treatment signifi-
cantly reversed LC3-I levels. The expressions of proteins of
LC3-I of HA22T/VGH cells treated with 0.3𝜇M epirubicin,
30 𝜇M progesterone, or combination therapy for 24h were
21.5 ± 16.2%, 76.6 ± 17.3%, and 99.8 ± 25.6%, respectively,
compared with those of controls. This is compatible with the
results of AVOs formation shown in Figure 4.
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Figure 3: Western blotting shows Bax and Bcl-XL expressions of HA22T/VGH cells after epirubicin and/or progesterone treatment for 24 h.
Results are expressed as the mean ± standard deviation (S.D.) for three separate experiments. C: untreated cells, E0.3: 0.3𝜇M epirubicin, and
P30: 30 𝜇M progesterone. ∗𝑃 < 0.05 compared to the untreated controls. #𝑃 < 0.05 compared to epirubicin-treated group.

Many studies have indicated that autophagy can serve
as a survival mechanism for cancer cells and suggested that
autophagy inhibitor might enhance the antitumor effects
of chemotherapy or target therapy agents in vivo [30, 31].
In addition, Shen et al. reported inhibition of autophagy
could enhance proapoptotic effects of ZD6474 in glioblas-
toma cells [31]. Greene et al. also reported inhibition of
late-stage autophagy synergistically enhanced pyrrolo-1, 5-
benzoxazepine-6-induced apoptotic cell death in human
colon cancer cells [32]. In this study, progesterone was
found to be able to reduce epirubicin-induced autophagy
in HA22T/VGH cells. There are some interactions between
autophagy and apoptosis mediated by Beclin-1 and Bcl-XL
proteins [32–34]. Beclin-1 is an autophagy-related protein,
while Bcl-XL is an anti-apoptosis-related protein. How-
ever, Bcl-XL and Bcl-2 have been reported to be negative
regulators of Beclin-1 [33–35]. Bcl-XL can inhibit Beclin-
1 activity by stabilizing Beclin-1 homodimerization [34].
Akar et al. reported that doxorubicin induced autophagy

through the upregulation of Beclin-1, which was further
enhanced by siRNA-mediated Bcl-2 silencing MCF-7 cells
[36]. The expressions of Beclin-1 and AVOs were compatible
in Figures 4 and 5, indicating that 30 𝜇M progesterone
could decrease the expression of AVOs in HA22T/VGH cells
treated with 0.3 𝜇M epirubicin and these effects may be
induced by suppression of expression of Beclin-1. In contrast,
the present study found that after progesterone was added,
the expressions of Bcl-XL and Beclin-1 both were reduced.
Our results proved that progesterone in combination with
epirubicin could increase the epirubicin-induced apoptosis
and decrease epirubicin-induced autophagy in HA22T/VGH
cells. Therefore, the decreased expression of Beclin-1 could
not be explained by the interactions between Beclin-1 and
Bcl-XL described above.

Thus, Figure 4 displays progesterone increased autophagy
compared to controls maybe due to the fact that 30 𝜇M
progesterone does not augment the expression of Bcl-
XL shown in Figure 3. It has been demonstrated that
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Figure 4: Epirubicin and/or progesterone effect on autophagy induction.HA22T/VGHcells were treatedwith epirubicin and/or progesterone
for 24 h then stainedwith acridine orange and followed by flow cytometric analysis of autophagy. Results are expressed as themean± standard
deviation (S.D.) for three separate experiments. C: untreated cells, E0.03: 0.03𝜇Mepirubicin, E0.1: 0.1 𝜇Mepirubicin, E0.3: 0.3 𝜇Mepirubicin,
and P30: 30 𝜇M progesterone. ∗𝑃 < 0.05 compared to the untreated controls. #𝑃 < 0.05 compared to epirubicin-treated group.

the Toll-like receptor 4 (TLR4)—myeloid differentiation
factor 88 (MyD88) pathway can mediate lipopolysaccha-
ride (LPS)—induced autophagy by reducing the binding
of Beclin-1 and Bcl-2 and thus triggers autophagy activa-
tion in human and murine macrophages [37, 38]. Su et
al. reported progesterone inhibited TLR4-mediated innate
immune response in murine macrophages [39]. Hepatocytes
also express TLR4 receptors and are responsive to LPS
[38, 40]. Our preliminary study also shows combination of
progesterone and epirubicin can decrease epirubicin-induced
expression of TLR4 and MyD88 and sequent production
of interlukin-6 in HA22T/VGH cells (unpublished data).
Thus, coaddition of progesterone significantly reduced the
epirubicin-induced autophagy in HA22T/VGH cells which
may be caused by inhibition of TLR4-MyD88 pathway by

progesterone. However, further studies on the potential role
of TLR4 and MyD88 pathway in HA22T/VGH cells are
necessary.

The microtubule-associated protein 1-light chain-3
(LC3) is an ubiquitin-like molecule which is a mammalian
homologue of the autophagy-related Atg8 encoded product
in yeast [41]. During the fusion of autophagosomal
membranes, cytosolic LC3 (LC3-I) is conjugated to
phosphatidylethanolamine (PE) through two consecutive
ubiquitylation-like reactions catalyzed by the E1-like
enzyme (Atg7) and E2-like enzyme (Atg3) to form the LC3-
phospholipid conjugate (LC3-II) [42, 43]. During the fusion
of autophagosomes with lysosomes, intra-autophagosomal
LC3-II is also degraded by lysosomal proteases [41, 43].
In this study, we found epirubicin alone enhanced
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Figure 5: Western blotting shows Beclin-1 and LC3-I expressions in HA22T/VGH cells after epirubicin and/or progesterone treatment for
24 h. Results are expressed as the mean ± standard deviation (S.D.) for three separate experiments. C: untreated cells, E0.3: 0.3𝜇Mepirubicin,
and P30: 30 𝜇M progesterone. ∗𝑃 < 0.05 compared to the untreated controls. #𝑃 < 0.05 compared to epirubicin-treated group.

the formation of AVOs but decreased the expression of
LC3-I, whereas coaddition of progesterone decreased the
formation of AVOs and reversed the expression of LC3-I.
These results indicate that epirubicin may promote the
turnover of LC3-I to LC3-II, a possibility that is compatible
with epirubicin-induced formation of AVOs during the same
incubation period (24 h). And addition of progesterone to
epirubicin to treat HA22T/VGH cells significantly decreased
epirubicin-induced autophagy.

3.4. Decrease of Multidrug Resistance-Related Protein 1 (MRP-
1) mRNA Expression by Combination. We examined the
MRP-1 mRNA expression in 0.3 𝜇Mepirubicin and/or 30 𝜇M
progesterone treated HA22T/VGH cells for 6, 12, or 24 h by
RT-PCR analysis. As Figure 6 shows, there was no significant
difference in MRP-1 mRNA expression by epirubicin and/or
progesterone treatment for 6 h or 12 h, whereas cotreat-
ment of epirubicin and progesterone produced lower MRP-
1 mRNA expression after 24 h treatment, suggesting that the
combination might lessen drug resistance in HA22T/VGH
cells. The expressions of MRP-1 mRNA HA22T/VGH cells
treated with 0.3 𝜇M epirubicin, 30 𝜇Mprogesterone, or com-
bination therapy for 24 h were 120.1 ± 19.0%, 109.6 ± 21.0%,
and 69.0 ± 12.0%, respectively, compared with those of con-
trols. There are many studies indicating that chemotherapy

can evoke drug resistance and that this resistance may be
related to the expression of multidrug resistance-related pro-
tein gene, MRP-1 [44, 45]. Expression of multidrug resistance
protein 1 (MRP-1) has been commonly observed in liver tissue
and HCC cell lines treated with doxorubicin [46, 47]. It
also has been reported that enhanced autophagy can induce
drug-resistance in epirubicin-treated breast cancer cells [16]
and increase of autophagy can induce production of MRP-1
[48]. This study found that the addition of progesterone to
epirubicin-treated HA22T/VGH cells significantly decreased
the expression of multidrug resistance-related protein 1
(MRP-1) gene, a decrease that might be related to the
reduction of autophagy. Because the mechanisms underlying
this possibility are not fully clarified in this study, more in
vitro and in vivo studies are required.

4. Conclusions

Epirubicin is an anthracycline drug that can induce intra-
cellular ROS [8, 9]. This study showed that epirubicin treat-
ment inhibited the growth of HA22T/VGH cells in a dose-
dependent manner. The addition of 30 𝜇M progesterone,
which was inactive by itself, augmented epirubicin’s inhibi-
tion of growth of cancer cells. Cotreatment with progesterone
resulted in enhancement of the epirubicin-induced apoptosis,
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Figure 6: Epirubicin and/or progesterone effect on MRP-1 expres-
sion. HA22T/VGH cells were treated with epirubicin and/or pro-
gesterone for 6, 12, or 24 h, and then MRP-1 mRNA was analyzed by
RT-PCR.TheMRP-1 mRNA expression was normalized to GAPDH
mRNA. The density of band was expressed as the relative density
compared to that in untreated cells (control), taken as 100%. Results
are expressed as the mean ± standard deviation (S.D.) for three
separate experiments. C: untreated cells, E0.3: 0.3𝜇M epirubicin,
and P30: 30 𝜇Mprogesterone. ∗𝑃 < 0.05 compared to the untreated
controls. #𝑃 < 0.05 compared to epirubicin-treated group.

as evidenced by greater increase in caspase-3 activity and
in the ratio of the apoptosis-regulating protein, Bax/Bcl-XL.
The cotreatment also caused a decrease in autophagy, but
decreased Beclin-1 and reversed LC3-I expressions. Further-
more, this combination reduced mRNA expression of the
multidrug resistance-related protein 1 (MRP-1) gene.

However, clinical results of systemic single-epirubicin
chemotherapy for palliative treatment of advanced HCC or
prevention of postoperative recurrence in HCC have not
been suggested [3, 6, 11, 12]. However, local embolization
of unresectable or advanced HCC with epirubicin or dox-
orubicin through hepatic artery (TACE) has been suggested
as a palliative treatment in west and east countries [3, 4].
Therefore, the present study shows the coadministration
of epirubicin and progesterone might be a feasible and
rational choice of therapy for clinical HCC treatment and this

combination is worth further evaluation. However, more in
vitro and in vivo studies are required.
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Background.The interval between intra-arterial infusion chemotherapy (IAIC) and surgery was investigated in terms of its effects
on survival in patients with locally advanced oral squamous cell carcinoma (OSCC).Methods.This retrospective study analyzed 126
patients who had completed treatment modalities for stage IV OSCC. All patients were followed up for 3 years. Kaplan-Meier and
Cox regression methods were used to determine how survival was affected by general factors, primary tumor volume, TNM stage,
and duration of neoadjuvant chemotherapy. Results. In 126 patients treated for locally advanced OSCC by preoperative induction
IAIC using methotrexate, multivariate analysis of relevant prognostic factors showed that an IAIC duration longer than 90 days
was significantly associated with poor prognosis (hazard ratio, 1.77; 𝑃 = 0.0259). Conclusions. Duration of IAIC is a critical factor
in the effectiveness of multimodal treatment for locally advanced OSCC. Limiting the induction course to 90 days improves overall
survival.

1. Introduction

Invasive oral squamous cell carcinoma (OSCC) accounts for
most malignant disorders of the oral cavity. In Taiwan, oral
cancer is currently the fourth most common cancer in males
[1]. Although 80–90% of patients with early stage OSCC
are cured, outcomes remain poor in those with advanced
stage tumors [2, 3]. In OSCC stages IVA and IVB, short-
induction chemotherapy achieves high primary remission
rate with possible organ preservation and acceptable toxicity
[4]. For controlling the progression of cancer, intravenous

systemic or regional intra-arterial infusion chemotherapy
(IAIC) via superselective catheterization has varying success
[5–7]. Kaohsiung Medical University Hospital (KMUH) and
many other centers have used IAIC for decades to treat head
and neck cancers, and preoperative superselective infusion
generally obtains a good response with minimal toxicity [8–
13]. For patients in early stages of OSCC, the main curative
modality is either surgery or radiotherapy [14]. For patients
in advanced stages, however, a multidisciplinary approach
is usually applied; for example, dissection of the primary
tumor and selected regional lymph nodes is combined with
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salvage treatments such as radiotherapy and chemotherapy,
which have a high therapeutic ratio [14, 15]. For OSCC in
an advanced stage but still operable, the typical treatment
modality is radical ablative surgery followed by radiotherapy
or radiochemotherapy, which is the same treatment applied
in laryngeal and pharyngeal squamous cell carcinoma [16, 17].

However, no clinical trials have compared the beneficial
effects between IAIC and surgery. At our hospital, systemic
intravenous chemotherapy is not the typical neoadjuvant
therapy for OSCC. The standard therapy is IAIC followed by
surgical intervention and postoperative concurrent chemora-
diotherapy. Therefore, this retrospective study investigated
how the IAIC-surgery interval affects outcomes of treatment
for locally advanced OSCC.

2. Materials

2.1. Patient Characteristics. This study retrospectively ana-
lyzed 126 consecutive patients who had received IAIC treat-
ment for OSCC at KMUH from 2005 to 2010. Inclusion
criteria included histologically confirmed primary OSCC
originating from cheek mucosa, no distant metastasis at
presentation, and no previous treatment of a malignancy
at any oral cavity site. The analysis excluded patients who
did not complete the therapeutic protocol and those who
had incomplete medical records. The remaining patients
who had locally advanced IVA or IVB lesions (without
distant metastasis) and who met the enrollment criteria were
enrolled for further analysis. Patients who had received a
multidisciplinary therapeutic treatment regimen of regional
chemotherapy, surgery, and irradiation were retrospectively
analyzed. Institutional review board approval was obtained
before beginning data collection. Due to the small number
of female patients, only male patients were enrolled. The
126 enrolled patients had a median age of 50.6 years. The
AJCC TNM staging system was applied retrospectively in
all patients (Table 1). The mean follow-up period was 29.2
months (range 4.6–84.8 months). The date of the last follow-
up was recorded as the date of the last admission, the date of
the last outpatient visit, or the date of death.

2.2. Pretreatment Evaluation. The pretreatment evaluation
included history, clinical examination, hematological evalua-
tion, and primary tumor biopsy. Before beginning treatment,
the extent of the spread was determined by bone scan, chest
X-ray, contrast-enhanced computed tomography (CT) of the
head and neck, and ultrasound scan of the abdomen. All
patients were restaged according to 7th edition of the AJCC
cancer-staging manual for the oral cavity.

2.3. Treatment Protocol. A totally implantable port-catheter
system (Jet Port PlusAllround; PFM,Cologne,Germany)was
used for continuous IAIC as described previously [11]. Briefly,
the catheter tip was placed on a branch of the feeding artery
proximal to the tumor. The tumorous area and the proper
position of the catheter tip were confirmed by staining with
patent blue V (Guerbet Co, France).

Table 1: Patients’ characteristics.

Characteristics Number of patients who
completed treatment (%)

Number of all
patients (%)

Number of patients 126 1,459
Median age (years) 50.6 52.5
Age range (years) 28–82 22–87
Differentiation

I 74 (72.5) 760 (64.0)
II 26 (25.5) 394 (33.2)
III 2 (2) 33 (2.7)

T stage
1 1 (0.8) 341 (23.4)
2 12 (9.5) 420 (28.8)
3 8 (6.3) 122 (8.4)
4 1 (0.8) 3 (0.2)
4A 104 (82.5) 563 (38.6)
4B 0 (0) 8 (0.5)

N stage
0 21 (16.7) 633 (43.4)
1 55 (43.7) 505 (34.6)
2 49 (38.9) 308 (21.1)
3 1 (0.8) 11 (0.8)

IAIC-OP interval
Range (months) 0.4–14 0–14.8
≥90 days 54 (42.9) 132 (45.2)
<90 days 72 (57.1) 160 (54.8)

Methotrexate 50mg was infused intra-arterially every
24 hrswith leucovorin 6mg given intramuscularly every 6 hrs
during the course of methotrexate infusion. Methotrexate
was given continuously for a mean period of 7.5 days and
the regimen was changed to weekly bolus of 25mg via intra-
arterial route. The patients received IAIC for 2-3 months
before surgery.

No patients had received other treatments before under-
going IAIC. Surgical resection including the primary site
with neck dissection was performed 2 weeks after completion
of intra-arterial chemotherapy when the mucositis had sub-
sided. After surgical resection, OSCC risk factors identified
by pathology were evaluated before performing radiotherapy.

2.4. Treatment Evaluation. Each patient was clinically evalu-
ated in follow-up examinations performed at 1- to 3-month
intervals. Disease-free survival was defined as the date of
treatment to the date that evidence of recurrence was noted.

2.5. Statistical Analysis. The association between IAIC dura-
tion and treatment response was analyzed by Pearson chi-
square test. Survival rates were calculated by Kaplan-Meier
method and compared by Cochran-Mantel-Haenszel test.
Overall survival (OS) was calculated from the time of initial
diagnosis to the time of death of any cause. Patients who had
survived or who were disease-free at the end of the follow-up
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Table 2: Tumor distribution in the oral cavity.

Tumor site 𝑁 (%)
Buccal mucosa 68 (54)
Gum 27 (21.4)
Tongue 20 (15.9)
Other 11 (8.7)
Total 126 (100)

were censored. Potential confounding factors were adjusted
and analyzed by Cox proportional hazard regression analysis.
The statistical analysis was performedwith JMP version 9. All
statistical tests were performed at a 0.05 significance level.
Estimated results were reported with the hazard ratio (HR)
and 95% confidence interval (CI).

3. Results

3.1. Characteristics of Prognostic Factors. In this retrospective
review of Taiwan population of consecutive patients who had
received IAIC for OSCC, the inclusion criteria were the fol-
lowing: histologically confirmed primary OSCC originating
from cheek mucosa, no distant metastasis at presentation,
and no history of treatment for a malignancy at an oral
cavity site. Patients were excluded if they did not complete
the therapeutic protocol or if their medical records did not
contain the data required for the analysis in this study. After
the exclusions, 126 patients who had locally advanced lesions
in OSCC stages IVA or IVB (without distant metastasis)
and who met all enrollment requirements were enrolled for
further analysis (Table 1).The sites of locally advanced OSCC
in the enrolled patients included the tongue (15.9%), gums
(21.4%), buccal mucosa (54%), and other (8.7%) (Table 2).

3.2. Contribution of Prognostic Characteristics to Mortality in
Locally Advanced Buccal Cancer. Since the review of medical
records for the enrolled patients revealed varying durations of
IAIC, this study determined the optimal duration of IAIC in
terms of overall survival. A receiver operating characteristic
(ROC) curve analysis of the sensitivity and specificity of
various IAIC durations in predicting 3-year overall survival
in the 126 patients with locally advancedOSCC indicated that
the optimal duration of IAIC was 90 days. Univariate Cox
regression analysis indicated that longer durations of IAIC
(>90 days) (hazard ratio [HR], 1.95; 95% confidence interval
[CI] 1.19–3.24; 𝑃 < 0.0085), mucosa sites compared to gum
sites (HR, 2.27; 95% CI, 1.11–5.25; 𝑃 = 0.0235), tongue sites
compared to gum sites (HR, 2.50; 95% CI, 1.01–6.47; 𝑃 =
0.0477), and other sites comparing to gum sites (HR, 2.93;
95% CI, 1.07–7.96; 𝑃 = 0.0360) were each associated with OS
in patients with OSCC (Table 3).

Age and differentiation were not significantly associated
with survival. Multivariate analysis was used to assess the
effect of long duration of IAIC (>90 days) on OS, indepen-
dently of other factors. The results showed that >90 days
IAIC retained a statistically significant association with OS
(HR, 1.77; 95% CI, 1.07–2.97; 𝑃 = 0.0259). According to
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Figure 1: Interval between intra-arterial infusion chemotherapy
(IAIC) and surgical resection: effect on overall survival. Kaplan-
Meier plots of overall survival in patients with locally advanced oral
squamous cell carcinoma: IAIC-surgery intervals ≥90 days versus
IAIC-surgery intervals <90 days. CTOP: duration of induction
chemotherapy before surgical resection.

the multivariate analysis, mucosa comparing to gum was the
only other significant risk factor with regard to OS (HR, 2.08;
95%CI, 1.02–4.84;𝑃 = 0.0451). Kaplan-Meier survival curves
showed that prolonged (>90 days) neoadjuvant chemother-
apy (Figure 1) was associated with poor survival (Log-Rank
𝑃 = 0.0077).

4. Discussion

After excluding patients with early stage OSCC, female
patients, and patients with incomplete medical records, the
final analysis included 126 patients registered at KMU Hos-
pital for treatment of locally advanced OSCC. Multivariate
analysis of relevant prognostic factors showed that a long
duration of IAIC was significantly associated with a poor
prognosis.Themaximum benefit of IAIC was observed when
IAIC was limited to 90 days. To the best of our knowledge,
this study is the first to report survival rates and prognostic
factors in patients who have received induction IAIC for
locally advanced OSCC.

The use of IAIC to treat locally advanced cancers began
in the 1980s [13]. Since then, it has been widely used as a
palliative modality to treat various conditions, particularly
head and neck cancer. Compared to intravenous systemic
chemotherapy, the theoretical advantage of IAIC is its capa-
bility to deliver higher drug concentrations to the tumor site
but with lower systemic toxicity [18]. However, no guidelines
have been established for selecting the optimal duration of
induction chemotherapy before surgical resection (CTOP)
for locally advanced OSCC, and no guidelines are available
for predicting how the duration of induction chemotherapy
affects the oncologic outcome. Our study showed that the
duration of IAIC correlated with overall survival, and the
ROC assay showed that patients who had received 90 days
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Table 3: Univariate and multivariate analysis of prognostic factors in locally advanced OSCC receiving neoadjuvant IAIC.

Survival
Univariate Multivariate

HR 95% CI 𝑃 value HR 95% CI 𝑃 value
Age 0.98 0.95–1.00 0.0890
Differentiation

I 1.00
II + III 1.78 0.97–3.14 0.0616

Sites
Gum 1.00 1.00
Mucosa 2.27 1.11–5.25 0.0235 2.08 1.02–4.84 0.0451
Tongue 2.50 1.01–6.47 0.0477 2.24 0.90–5.83 0.0826
Others 2.93 1.07–7.96 0.0360 2.41 0.88–6.66 0.0865

IAIC-OP interval ≥90 1.95 1.19–3.24 0.0085 1.77 1.07–2.97 0.0259

of IAIC presented with the best survival. However, Kaplan-
Meier survival analysis showed that hazard ratios varied in
a time-dependent fashion (Figure 1). The IAIC revealed a
protective effect in the early stage of a multiple treatment
modality and apparently improved survival (Figure 1, dot-
ted line). However, treatment outcomes worsened as the
duration of chemotherapy increased and as the delay in
surgical intervention increased. The probable explanation
is that prolonged IAIC causes selective killing of certain
strains of malignant cells and causes fibrosis of locoregional
tissue. Indicators of a poor outcome of subsequent salvage
treatment, radiotherapy, or adjuvant chemotherapy include
the presence of a radiotherapy-resistant strain and a hypoxic
environment.

The Cox regression assay of age, differentiation, and
CTOP duration revealed one statistically significant factor.
The Cox regression results were consistent with the hypoth-
esis based on chi-square analysis. Despite recent advances
in aggressive combined treatment regimens, for example,
radical surgery, chemoradiation, neoadjuvant chemotherapy,
and target therapy, the long-term survival of OSCC patients
has not substantially improved and responses to different
treatment modalities are still difficult to predict. However,
high morbidity and mortality rates are expected in patients
who present with an advanced stage of the disease, low
Karnofsky status, or bad habits [19]. Despite advances in the
diagnosis and therapeutic treatment of OSCC, the prognosis
for advanced stages of the disease remains poor.

5. Conclusion

This study revealed that when followed by appropriate surgi-
cal resection, selective lymph node dissection, and adjuvant
radiotherapy, IAIC has an important contributing role in
improving survival of OSCC by reducing systemic toxicities.
However, the maximal benefit of IAIC is conferred when
chemotherapy is limited to 90 days. Prolonged neoadjuvant
IAIC obtains adverse outcomes.
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