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The laboratory medicine is advancing towards the use of
molecular techniques and molecular diagnostics for the
detection of leukemia, genetic disorders, preimplantation
screenings, pharmacogenomics, infectious diseases, and can-
cers. Molecular diagnostics dates back to 1980s but now
has grown exponentially. The field has a wide range of
applications including identifying individuals at risk of
developing certain disorders (either genetic or nongenetic),
screening of apparently healthy populations, determining
prognosis, diagnosis, and monitoring patient’s response to
therapy. Molecular diagnosis is a very helpful tool that helps
to provide very fast and accurate information about the
heritable defects. This in turn helps the physicians to provide
carrier analysis, prenatal counseling to the family members
at risk. Personalized medicine allows an individual to have a
panel of genetic tests performed to determine predisposition
to disease. Molecular diagnostics can also aid in making
decision about therapy to be used for genetic disorders.

In this special issue, we try to bring the new and existing
molecular diagnostics techniques available for the diagnosis
of heritable, cancerous, and infectious conditions.The papers
in the special issue have shown the use of new techniques that
can help the laboratory to better serve the patient population
in the coming years. This special issue has six articles, where
one review article discussed use of proteomics approach for
molecular diagnosis of the cancer, followed by an article
focusing on cancer diagnosis. These articles describe recent
advancement in the field as well as useful tools in the
assessment of cancer. One of the papers has efficiently used
the fluorescence in situ hybridization (FISH), quantitative
reverse transcriptase PCR (qRT-PCR) to track the fusion gene
in prostate cancer.

K. Tuononen et al. have compared four different methods
to identify the anaplastic lymphoma kinase (ALK) gene
rearrangements that occur in a subgroup of non-small cell
lung carcinomas (NSCLC). Q. Zou et al. have shown the
use of biomarker to monitor progression and prognosis of
gallbladder cancer. Furthermore, in this issue G. S. Pandey
et al. have described a flow cytometry-based detection of
intracellular factor VIII which plays important role in very
common genetic disorder, hemophilia A. On the same line
a PCR-based approach has been described to identify and
monitor the pathogens during the outbreak of infections.

D. Paul et al. have reviewed and discussed tissue culture-
based discovery of potential biomarkers using various mass
spectrometry-based proteomic approaches. K. Tuononen
et al. screened ALK gene fusions in lung carcinomas and
compared targeted resequencing results with several other
methods such as FISH, immunohistochemical staining and
qRT-PCR. The authors showed that resequencing results sig-
nificantly correlatedwith othermethods and emphasized that
targeted resequencing proved to be amore promisingmethod
for ALK gene fusion detection in NSCLC. Furthermore,
targeted sequencing may also help to reduce sample volume
and time required for analysis of lung carcinomas.

Q. Zou et al. showed that overexpression of PSCA and
Oct-4 in gallbladder adenocarcinomas (GBCs) correlated
with decreased patients’ survival and proposed an important
biomarker for reflecting the carcinogenesis, progression,
metastasis or invasive potential and prognosis of gallbladder
carcinoma. The authors further suggested that expression
levels of PSCA andOct-4 could be used as biomarker for early
detection of GBCs in benign lesions as well as population
screening.
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A. Fernández-Serra et al. have demonstrated the use-
fulness of a commercial tricolor probe FISH approach
for the identification of the transmembrane-serine pro-
tease gene (TMPRSS2) in combination with erythroblast
transformation-specific (ETS) member ERG (v-ets erythrob-
lastosis virus E26 oncogene homolog avian) status and pro-
vided a genetic mechanism responsible for gene fusion. They
have also described the efficient concordance between FISH
and qRT-PCR, and have demonstrated that the TMPRSS2-
ERG is specific for prostate cancer (PCa) but might not be
a good prognostic biomarker in case of PCa patients who
undergone radical prostatectomy.

Using flow cytometry-based assay, G. S. Pandey et al.
detected factor VIII protein in peripheral bloodmononuclear
cells. The authors described an indirect intracellular staining
method using various monoclonal antibodies to different
domain of human factor VIII protein. They estimated the
protein expression by measuring the mean and median
fluorescence intensities (MFI) of monoclonal antibodies and
further confirmed flow cytometry data with intracellular
staining of transiently transfected cell lines. Furthermore,
monoclonal antibodies are able to detect the intracellular
factor VIII protein in PBMCs. Together, G. S. Pandey et al.
provided rapid and reliable screening methods to detect
intracellular factor VIII levels in PBMCs of hemophilia A
patients.

Surveillance of infectious agents is one of the best ways
to monitor the appearance of infectious disease in the
population and provides a very good tool to prompt the
regulatory authorities to control the endemics. Prompt and
statistically reliable methods to detect such outbreaks require
very simple, sensitive, and specific tools and technologies. H.
Sugiura et al. used prescription surveillance and PCR-based
approach to identify the pathogens during the outbreaks
of infection. They analyzed the nationwide common cold
prescription data of Japanese surveillance system and also
experimentally proved the existence of causative agents such
asMycobacteriumpneumoniae and respiratory syncytial virus
(RSV) during the peak of prescription duration.This provides
interesting diagnostic strategies to monitor the presence of
infectious agents in the communities.

We hope that papers in this special issue will provide
some new insights and contribute to highlight the recent
advancement of clinical molecular diagnostics. As tools and
technologies improve with time, updates from laboratories
across the world will enrich our better understanding, diag-
nosis, and treatment of patients.
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PSCA and Oct-4 have been thought as markers of cancer stem cells. Although overexpression of PSCA and Oct-4 in cancer has
been reported, little is known about the clinical and pathological significance with PSCA and Oct-4 expression in gallbladder
adenocarcinoma. In this study, overexpression of PSCA and Oct-4 was detected in gallbladder adenocarcinoma (54.6% and
55.6%). Less expression of PSCA and Oct-4 was detected in the pericancerous tissues (19.6% and 21.7%), gallbladder polyps (13.3%
and 13.3%), and gallbladder epithelium with chronic cholecystitis (14.3% and 14.3%). The overexpression of PSCA and Oct-4
was significantly associated with differentiation, tumor mass, lymph node metastasis, invasion of gallbladder adenocarcinoma,
and decreased overall survival. Our study suggested that overexpression of PSCA and Oct-4 might be closely related to the
carcinogenesis, progression, metastasis, or invasive potential and prognosis of gallbladder carcinoma.

1. Introduction

Increasing data support that cancer is a stem cell-based
disease. Cancer stem cells (CSCs) are a subpopulation of
tumor cells that selectively possess tumor initiation, self-
renewal capacity, and ability to give rise to bulk populations of
nontumorigenic cancer cell progeny through differentiation.
CSCs have been found in different human cancers, including
prostate cancer [1], breast cancer [2], colon cancer [3],
pancreatic cancer [4], and head and neck squamous cell
carcinoma [5]. These observations have dramatic biological
and clinical significance due to the increasing evidence sug-
gesting that recurrence of human tumor and treatment failure
may reflect the intrinsic quiescence and drug resistance of
CSCs.

The prostate stem cell antigen (PSCA) gene was originally
identified through an analysis of genes upregulated in the
human prostate cancer LAPC-4 xenograft model [6]. The
PSCA gene is located on chromosome 8q24.2 and encodes
a 123 amino acid cell-surface protein with 30% homology to

stem cell antigen type2 (SCA-2), an immature lymphocyte
surface marker. In some studies, PSCA protein is highly
expressed by a large percentage of human prostate tumors,
including metastatic and hormone-refractory cancers, but it
has limited expression in normal tissues [7–9]. Elevated level
of PSCA in prostate tumor is correlated with the increased
Gleason score, advanced stage, progression, and death. PSCA
may therefore be a useful predictor of tumor biology and a
useful target of immunotherapy against prostate cancer [7–
9].Moreover, PSCA is also strongly expressed in nonprostatic
malignancies, including bladder cancer [10, 11], pancreatic
cancer [12–14], renal cell carcinoma [15], and diffuse-type
gastric cancer [16]. The function of PSCA in tumor biology
and the regulatory mechanism of PSCA expression remain
unknown yet. Previous studies have revealed the activities
of some homologues of PSCA including CD177, CD59, and
uPAR belonging to Ly-6 gene superfamily [17–20]. Their
activities comprise cell adhesion, cell migration, and inhi-
bition of complement-mediated hemolysis [17, 18]. Gu et al.
speculated that c-myc amplification might associate with
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PSCA overexpression in prostate cancer [8]. C-myc is known
to be one of the important oncogenic proteins. However,
PSCA expression in the benign and malignant lesions of the
gallbladder has not yet been identified.

TheOct-4 gene, a POU- (Pit-Oct-Unc-) domain octamer-
binding transcription factor, is a key regulator of self-renewal
in embryonic stem cells [21, 22]. Oct-4 appears to function
in maintaining a pluripotent potential in embryonic stem
cells and embryonic germ cells [21, 22], and it has been
shown to be necessary for embryonic stem cell formation
and self-renewal [23, 24]. It has been reported that Oct-4 was
expressed in human tumors but not in normal somatic tissues
[25]. Under the hypothesis of “cancer stem cell” in somatic
tumors, an increasing number of researchers explored the
expression of Oct-4 in human somatic tumors and somatic
tumor cell lines. Some studies have shown that Oct-4 gene
was expressed in human breast cancer cells [26], lung cancer
cells [27], bladder transitional cell carcinoma samples and
cell lines [28], prostate cancer [29], and oral cancer [30].
The expression of Oct-4 has also been shown in cancer stem
cell-like cells (CSCLCs), including human breast CSCLCs
[31]. Overexpression of Oct-4 was potentially correlated
with tumorigenesis and can affect some tumor behaviors,
such as tumor metastasis and recurrence or resistance to
therapies [32]. It is possible that overexpression of Oct-4
may contribute to the neoplastic process and play a role
in cancer stem cell theory [33, 34]. Although Oct-4 has
been thought to be a molecular marker of tumor germ cells,
little is known about its expression in gallbladder carcinoma
(GBC).

GBC is a relatively rare neoplasm but highly lethal disease
despite the improvement in diagnostic techniques. With an
incidence of 0.8% to 1.2%, this is the most common biliary
tract tumor and the fifth most common malignancy of the
gastrointestinal tract [35]. The 5-year prognosis for all stages
of gallbladder carcinoma is about 5% [36, 37], while the
median survival for patients with suspected cancers is 9.2
months [38]. However, the molecular mechanisms involved
in the pathogenesis of GBC have not been clearly defined;
especially the CSC and CSC antigens underlining gallbladder
carcinogenesis are poorly understood.

Because of the lack of patients with bile duct neoplasm,
little is known about the clinical or pathological significance
with PSCA and Oct-4 expression in gallbladder adeno-
carcinoma. In this study, we used immunohistochemical
analysis to examine PSCAandOct-4 expression in the benign
and malignant lesions of the gallbladder and attempted to
elucidate the clinical and pathological significance of changes
in GBC.

2. Materials and Methods

2.1. Specimens and Clinicopathologic Materials. A total of
204 gallbladder specimens, including 108 gallbladder ade-
nocarcinoma tissues, 46 peritumoral tissues, 15 gallbladder
polyps, and 35 chronic cholecystitis tissues, were studied
with preapproval from Ethics Committee of Human Study of
Central South University.This study complied with the Code

of Ethics of the World Medical Association (Helsinki Dec-
laration of 1964, as revised in 2002). These samples were
collected between 1996 and 2006. All diagnoses were based
on morphological criteria, immunohistochemical staining,
and clinical findings. Among the 108 adenocarcinoma cases,
31 cases are males (28.7%), and 77 cases are females (71.3%)
with an average age of 52.6 ± 11.2 years. The histopathologic
types of these adenocarcinoma cases include 9 adenoma
canceration (8.2%, 7 well-differentiated and 2moderately dif-
ferentiated), 29 well-differentiated adenocarcinoma (26.9%),
29 moderately differentiated adenocarcinomas (26.9%), 30
poorly differentiated adenocarcinoma (27.8%), and 11 muci-
nous adenocarcinomas (10.2%). The invasion was evaluated
according to the standard criteria for T-stages [39]. Among
the 108 adenocarcinomas, 14 cases are at T1, 35 cases are at T2,
37 cases are at T3, and 22 cases are at T4 stage; 59 cases had
regional lymph node metastasis (54.6%), and 58 cases had
gallstones (53.7%). Among these adenocarcinoma tissues,
34 cases were with radical resection (31.5%), 48 were with
palliative surgery (44.4%), and no operationswere performed
for 26 cases (24.1%) with only surgery biopsy due to local
invasion into critical structures ormetastasis beyond regional
confines. Survival information of 67 cases among the 108
adenocarcinomas was obtained through letters and phone
calls. Among them, 20 cases survived over 1 year, and 47 cases
survived less than 1 year. The chronic cholecystitis, gallblad-
der polyps, and peritumoral tissueswere diagnosed according
to the published standard criteria [40]. According to the
criteria for dysplasia described byDowling and Kelly [41], the
35 cases of chronic cholecystitis (15 had chronic cholecystitis
only, and 20 had chronic cholecystitis accompanied by gall-
bladder stone) were classified into normal, mild, moderate,
or severe dysplasia: 11 cases without cellular atypia as normal
mucosa, 12 cases with mild cellular atypia as mild dysplasia,
7 cases with moderate cellular atypia as moderate dysplasia,
and 5 cases with severe cellular atypia as severe dysplasia.
Among the 15 cases with gallbladder polyps, pathological
examination confirmed that 10 polyps had normal-to-mild
epithelial dysplasia, and 5 had moderate to severe dysplasia.
Among the 46 peritumoral tissues (distance from cancer ≥
3mm), 10 tissueswere normal, 10 tissuesweremild dysplastic,
12 tissues weremoderate dysplastic, and 14 tissues were severe
dysplastic.

All of these specimens were fixed by 4% formaldehyde,
followed by conventional paraffin-embedded sectioning.

2.2. Immunohistochemistry. The staining of PSCA and Oct-
4 was made by immunohistochemical method of EnVi-
sion (ChemMateTMEnVison +/HRP/DAB; rabbit/mouse
two step staining method) according to the manufacturer’s
protocol (DAKO laboratories, CA, USA). All tissues were cut
into 4 𝜇m thick sections. The rabbit anti-human PSCA and
Oct-4 antibodieswere purchased fromMaixin Biotechnology
(Maixin, Inc., Fujian, China). The positive control of PSCA
is prostate cancer section, and the positive control of Oct-
4 is seminoma section. The negative control of PSCA and
Oct-4 is the 5% fetal bovine serum liquid (pH7.4) substituted
primary antibody. The positive product of PSCA and Oct-4
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Table 1: PSCA and Oct-4 expression in benign and malignant lesions of gallbladder.

Tissue types Total no. PSCA Oct-4
Pos. nos. (%) 𝜒

2 ∗

𝑃 Pos. nos. (%) 𝜒
2 ∗

𝑃

GBC 108 59 (54.6) 60 (55.6)
PT tissue 46 9 (19.6) 16.08 <0.01 10 (21.7) 14.89 <0.01
G. polyp 15 2 (13.3) 8.99 <0.01 2 (13.3) 9.39 <0.01
C. cholecystitis 35 5 (14.3) 17.40 <0.01 5 (14.3) 18.16 <0.01
∗Compared with gallbladder adenocarcinoma (GBC). PT tissue: peritumoral tissue; G. polyp: gallbladder polyp; C. cholecystitis: chronic cholecystitis; Pos.
nos. positive numbers.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 1: PSCA and Oct-4 expression in the benign and malignant lesions of gallbladder. EnVision immunohistochemistry, original
magnification ×200. PSCA and Oct-4 positive reaction was mainly localized in the cytoplasm. (a) PSCA positive expression in poorly
differentiated gallbladder adenocarcinoma; (b) PSCA positive expression in severe atypical hyperplasia of gallbladder epithelium of
peritumoral tissues. (c) PSCA positive expression in adenoma with moderate dysplasia; (d) Oct-4 positive expression in moderately
differentiated gallbladder adenocarcinoma; (e) Oct-4 positive expression in severe atypical hyperplasia of gallbladder epithelium of
peritumoral tissues; (f) Oct-4 positive expression in moderate atypical hyperplasia of gallbladder epithelium in chronic cholecystitis; (g)
Oct-4 positive staining with 4 scores is observed in adenomatous polyps with moderate atypical hyperplasia; (h) Oct-4 positive staining with
4 scores is observed in chronic cholecystitis with moderate atypical hyperplasia.

was brown-yellow, which mainly located in cytoplasm, occa-
sionally in nucleus. The percentage of cells staining positive
for PSCAandOct-4was estimated:<5%, (0 score); 6%–10% (1
score); 11%–20% (2 score); 21%–50% (3 score);>50%(4 score).
The staining intensity was classified as negative (0 score),
weak (1 score), moderate (2 score), or strong (3 score). Then,
two parts of the score were added up to get the case total
score. The cases with total score ≤2 were considered to be
negative cases; the cases with total score ≥3 were considered
to be positive cases [42, 43].

2.3. Statistical Analysis. Data was analyzed using the sta-
tistical package for the Social Sciences Version 13.0 (SPSS
13.0). The interrelationships of PSCA or Oct-4 expression
with clinicopathological features were analyzed using 𝜒2 or
Fisher’s exact test. The Kaplan-Meier survival analysis and
log-rank tests were used for univariate survival analysis. The
Cox proportional hazards model was used for multivariate
survival analysis and to determine the 95% confidence
interval.

3. Results

3.1. Expression of PSCA and Oct-4 in the Benign and Malig-
nant Lesions of Gallbladder. EnVision immunohistochem-
istry revealed that positive reaction for PSCA and Oct-
4 was mainly localized in the cytoplasm, occasionally in
the nucleus (Figure 1). As shown in Table 1, among the
108 cases of gallbladder adenocarcinoma, PSCA and Oct-
4 were positively expressed in 59 (54.6%) and 60 (55.6%)
cases, respectively. Among the 46 cases of pericancerous
tissues, PSCA and Oct-4 were positively expressed in 9
(19.6%) and 10 (21.7%) cases, respectively. Among the 15
polyp cases, positive expression of both PSCA and Oct-4
was observed in 2 cases (13.3%). Among 35 cases of chronic
cholecystitis, there were 5 positive cases for both PSCA
and Oct-4 (14.3%). The rates of PSCA and Oct-4 positive
expression in adenocarcinoma were significantly higher than
the in the pericancerous tissues (𝜒2 PSCA = 16.08; 𝜒2 Oct-
4 = 14.88; 𝑃 < 0.01), polyp (𝜒2 PSCA = 8.99; 𝜒2 Oct-4 =
9.39; 𝑃 < 0.01), and gallbladder epithelium with chronic
cholecystitis (𝜒2 PSCA = 17.40; 𝜒2 Oct-4 = 18.16; 𝑃 < 0.01).
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Table 2: The association of PSCA and Oct-4 expression with the clinicopathological characteristics of gallbladder adenocarcinoma.

Clinicopathological characteristics Total no. PSCA Oct-4
Pos. nos. (%) 𝜒

2
𝑃 Pos. nos. (%) 𝜒

2
𝑃

Sex
Male 31 16 (51.6) 0.16 >0.05 17 (54.8) 0.01 >0.05
Female 77 43 (55.8) 43 (55.8)

Age (years)
≤45 24 14 (58.3) 0.17 >0.05 16 (66.7) 1.54 >0.05
>45 84 45 (53.6) 44 (52.4)

Differentiation∗

Well 36 14 (38.8)

15.12 <0.01

13 (36.1)

13.31 <0.05Moderately 31 16 (51.6) 18 (58.1)
Poorly 30 25 (83.3) 24 (80.0)
Mucinous A. 11 4 (36.4) 5 (45.5)

Tumor size (cm)
<2 cm 31 12 (38.7) 4.47 <0.05 10 (32.3) 9.56 <0.01
≥2 cm 77 47 (61.0) 50 (64.9)

Lymph node metastasis
No 49 19 (38.8) 8.04 <0.01 19 (38.8) 10.23 <0.01
Yes 59 40 (67.8) 41 (69.5)

T stages
T1 14 5 (35.7) 7.73 <0.05 4 (28.6)

17.24 <0.01T2 35 15 (42.9) 13 (37.1)
T3 37 23 (62.2) 25 (67.6)
T4 22 16 (72.7) 18 (81.8)

Gallstones
No 50 27 (54.0) 0.01 >0.05 28 (56.0) 0.01 >0.05
Yes 58 32 (55.2) 32 (55.2)

∗Comparison between well-differentiated and moderately differentiated adenocarcinomas: 𝜒2PSCA = 1.09, 𝑃 > 0.05; 𝜒2Oct-4 = 3.23, 𝑃 > 0.05.
∗Comparison between wel-differentiated and poorly differentiated adenocarcinomas: 𝜒2PSCA = 7.29, 𝑃 < 0.01; 𝜒2Oct-4 = 6.98, 𝑃 < 0.01.
∗Comparison between moderately differentiated and poorly differentiated adenocarcinoma: 𝜒2PSCA = 6.96, 𝑃 < 0.01; 𝜒2Oct-4 = 3.42, 𝑃 < 0.05.
Mucinous A.: mucinous adenocarcinoma.

Interestingly, moderate-to-severe atypical hyperplasia was
observed in the epithelium of benign gallbladder with higher
PSCA and Oct-4 expression. These results suggested that
both PSCA and Oct-4 are highly expressed in gallbladder
adenocarcinoma, and they could be regarded as molecular
markers to evaluate the malignant transformation of GBC.

3.2. The Correlation between PSCA and Oct-4 Expression
Levels with Clinicopathologic Features of Gallbladder Adeno-
carcinoma. As shown in Table 2, the positive rates of PSCA
and Oct-4 were significantly lower in the cases of well-
differentiation, with small tumor size (<2 cm in diameter),
nometastasis of lymph node, and at T1 stage than in cases
of poor differentiation, with larger tumor size (≥2 cm in
diameter), with metastasis of lymph node, and at T3 or T4
stage (𝑃 < 0.05 or 𝑃 < 0.01). There was no significant
correlation between the expression levels of PSCA and Oct-4
with other clinicopathological characteristics, such as the sex,
age, and history of gallstones.

3.3. The Association of PSCA and Oct-4 Expression with
Survival in Gallbladder Adenocarcinoma Patients. Survival
information of 67 patients among the 108 gallbladder ade-
nocarcinoma patients was followed up through letters and
phone calls. Among the 67 cases, 35 (52.2%) and 37 (55.2%)
patients were PSCA and Oct-4 positive, respectively. Of the
67 cases with followup, 20 cases survived over one year,
and 47 cases survived less than one year, with a mean
survival time of 9.6 ± 5.2 months. The positive rate of PSCA
and Oct-4 in the cases that survived over one year was
significantly lower than in those cases that survived less
than one year (PSCA: 30.0% versus 61.7%, 𝑃 < 0.05; Oct-
4: 35.0% versus 63.8%, 𝑃 < 0.05). The univariate Kaplan-
Meier survival analysis revealed that tumor pathological type
(𝑃 = 0.031), tumor diameter (𝑃 = 0.003), lymph node
metastasis (𝑃 = 0.005), T stages (𝑃 = 0.003), and operative
procedure (𝑃 < 0.000) were associated with overall survival
in cases with adenocarcinoma. The overall survival was
inversely associated with negative or decreased expression
of PSCA (𝑃 = 0.013) and Oct-4 (𝑃 = 0.029). In addition,
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Figure 2: PSCA and/or Oct-4 expression and survival in patients with adenocarcinoma of gallbladder. (a)The Kaplan-Meier plots of overall
survival in patients with gallbladder adenocarcinoma and with PSCA positive and negative expression Levels. (b) The Kaplan-Meier plots of
overall survival in patients with gallbladder adenocarcinoma and with Oct-4 positive and negative expression Levels. (c) The Kaplan-Meier
plots of overall survival in patients with gallbladder adenocarcinoma and with PSCA (+) (−) and Oct-4 (+) (−).

the average survival time in patients having PSCA (−) Oct-4
(−) expression was significantly higher than in ones having
PSCA (+) Oct-4 (+) (𝑃 = 0.013) (Table 3; Figure 2). The
Cox multivariate survival analysis showed that the overall
survival was negatively associated with tumor pathological
type, tumor diameter, lymph node metastasis, T stages, and
operative procedure as well as PSCA or Oct-4 expression.
The above factors were independent prognosis markers for
gallbladder carcinoma. According to the risk rank, PSCA

overexpression was the most significant predicator of short
overall survival, followed by lymph nodemetastasis (Table 4).

4. Discussion

Although the overexpression of PSCA and Oct-4 was pre-
viously reported in some cancer, to our knowledge, this is
the first report showing PSCA and Oct-4 expression in the
benign andmalignant lesions of the gallbladder. In this study,
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Table 3: Relationship between PSCA and Oct-4 expression, clinicopathological characteristics, and average survival of gallbladder
adenocarcinoma patients.

Clinicopathological characteristics Samples (𝑛) Average survival (month) 𝑃 value
Sex

Male 19 10.0 (4–16) 0.910
Female 48 10.0 (4–18)

Age (years)
≤45 11 8.0 (4–14) 0.121
>45 56 10.0 (4–18)

Pathological types
Adenoma 8 12.0 (8–18)

0.031
Well 20 10.0 (4–18)
Moderately 20 10.0 (4–18)
Poorly 12 8.0 (4–10)
Mucinous A. 7 10.0 (6–16)

Tumor size (cm)
<2 20 14.0 (4–18) 0.003
≥2 47 8.0 (4–18)

Lymph node metastasis
No 36 12.0 (4–18) 0.005
Yes 31 8.0 (4–18)

T stages
T1 10 12.6 (6–18)

0.003T2 26 11.4 (4–18)
T3 23 9.5 (4–18)
T4 8 7.0 (4–10)

Operative procedure
Radical 26 12.7 (4–18)

<0.001
Nonradical 41 8.9 (4–16)

PSCA
+ 35 9.3 (4–18) 0.013
− 32 11.6 (4–18)

Oct-4
+ 37 9.5 (4–18) 0.029
− 30 11.5 (4–18)

PSCA + Oct-4
PSCA (+) Oct-4 (+) 24 8.9 (4–18)

0.021PSCA (+) Oct-4 (−) 11 10.7 (4–16)
PSCA (−) Oct-4 (+) 13 9.7 (4–16)
PSCA (−) Oct-4 (−) 19 12.5 (6–18)

we used an extensive collection of human gallbladder ade-
nocarcinoma and benign lesions of the gallbladder samples
to demonstrate the clinical and pathological significance of
PSCA and Oct-4 expression in GBC. We found that 54.6%
of adenocarcinoma exhibited overexpression of PSCA and
55.6% of adenocarcinoma exhibited a significantly elevated
Oct-4 level. In the gallbladder epithelium of benign lesions
with higher PSCA and Oct-4 expression, moderate-to-severe
atypical hyperplasia was observed.Moreover, PSCA andOct-
4 overexpression levels were important factors associated
with the invasion, metastasis, and poor prognosis of gallblad-
der adenocarcinoma. Thus, overexpression of PSCA and/or

Oct-4 can be used as a biological marker to predict the
progression and prognosis of gallbladder adenocarcinoma.

Atypical epithelial hyperplasia of the gallbladder is
thought to be one of the premalignant conditions of gall-
bladder carcinoma [44]. It has been estimated that the time
period required for progression from atypical hyperplasia, to
carcinoma in situ, to invasive carcinoma would be about 15
years [45]. Severe atypical hyperplasia and carcinoma have
been found in situ in more than 90% of GBCs [46]. In
this study, we examined the PSCA and Oct-4 expression in
the benign and malignant lesions of the gallbladder tissues.
Our study showed that the rate of PSCA and Oct-4 positive



BioMed Research International 7

Table 4: Multivariate Cox regression analysis of overall survival in 67 gallbladder carcinoma patients.

Groups Factors RC∗ SE∗ RR∗ 𝑃 value 95% confidence interval
Lower Upper

Pathological types
Adenoma

/well/moderately
/poorly/mucinous
adenocarcinoma

0.589 0.425 1.83 0.305 0.78 4.1

Tumor size (cm) <2.0/≥2.0 0.978 0.433 3.01 0.021 1.15 6.27
Lymph node metastasis No/yes 1.114 0.521 3.33 0.041 1.10 8.46
T stages T1/T2/T3/T4 0.978 0.318 2.64 0.021 1.49 4.85
Resection procedure Radical/nonradical 1.409 0.515 4.09 0.005 1.52 11.08
PSCA −/+ 1.025 0.487 3.36 0.045 1.07 7.24
Oct-4 −/+ 0.754 0.336 2.37 0.039 1.10 4.11
∗RR: relative risk; ∗SE: standard error; ∗RC: regression coefficients.

expression was significantly higher in adenocarcinoma than
that in pericancerous tissues, polyp, and gallbladder epithe-
lium with chronic cholecystitis. Moderate-to-severe atypical
hyperplasia was observed in the gallbladder epithelium of
benign lesions with higher PSCA and Oct-4 expression.
In contrast, in the epithelium of gallbladder with mild
atypical hyperplasia or normal tissues, PSCA and Oct-4
expression was lower or negative. To determine the clinical
significance of PSCA and Oct-4 expression, we analyzed
the correlations of PSCA and Oct-4 expression levels with
several clinicopathological factors. We found that PSCA and
Oct-4 overexpression was significantly correlated with the
differentiation of adenocarcinoma,metastasis of lymph node,
and T stages. Thus, PSCA and Oct-4 might play a critical
role in carcinogenesis and progression of gallbladder ade-
nocarcinoma. Our data may corroborate with the previous
reports on other malignancies including prostate and renal
cancers [7–11, 13, 29, 30]. Furthermore, this interpretation
was strengthened by the prognostic data. In this study,
we demonstrated that the survival time in patients with
overexpression of PSCA and Oct-4 was significantly shorter
than that in patients with lower expression. Multivariate Cox
regression analysis indicated that overexpression of PSCA
and Oct-4 was an independent predictor of worse prognosis
in GBC. Taken together, PSCA and Oct-4 might be used as
valuable biological markers to screen for neoplasia at a range
of benign lesions and to reflect the prognosis of GBC.

GBC is commonly diagnosed when it is unresectable,
and palliative treatment is the main approach of medical
care. However, the chemotherapy and radiation therapy offer
little benefit in GBC [39]. Chemoresistance presents a major
obstacle to the efficacy of chemotherapeutic treatment of
cancer. Some studies demonstrated that chemoresistant cells
displayed CSC features and overexpressed Oct-4 [27, 47,
48]. The regulatory mechanisms relating to Oct-4 in tumor
chemoresistance have not been fully elucidated yet. Previous
studies have revealed that expression of Oct-4 was increased
in chemoresistant cancer cells due to DNA demethylation
regulation of Oct-4. The overexpression of Oct-4 in liver
cancer cells induced activation of TCL1, AKT, and ABCG2

to mediate chemoresistance [47]. In lung cancer-derived
CD133-positive cells (LC-CD133 (+)), higher Oct-4 expres-
sion coexpressed the multiple drug-resistant marker ABCG2
and showed significant resistance to chemotherapy agents
and radiotherapy.The treatment effect of chemoradiotherapy
for LC-CD133 (+) could be improved by the treatment of
Oct-4 siRNA [27]. Moreover, Hu et al. showed that murine
Lewis lung carcinoma 3LL cells and human breast cancer
MCF7 cells expressed Oct-4 at high levels. SiRNA against
Oct-4 decreased the cancer stem cell-like cells (CSCLCs)
number and markedly inhibited tumor growth. The Oct-
4 might maintain the survival of CSCLCs partly through
Oct-4/Tcl1/Akt1 by inhibiting apoptosis [48]. In our study,
we found that 55.6% of gallbladder adenocarcinoma over-
expressed Oct-4. Furthermore, Oct-4 was overexpressed in
the poorly differentiated adenocarcinoma with larger tumor
size (≥2 cm), having lymph node metastasis and invasion.
The survival time in patients with overexpression of Oct-
4 was significantly shorter than that in patients with lower
Oct-4 expression. We speculated that overexpression of Oct-
4 might play a crucial role in maintaining the self-renewing,
cancer stem cell-like, chemoradioresistant properties and
tumorigenesis in gallbladder adenocarcinoma. Overexpres-
sion of Oct-4 might be involved in chemotherapy and
radiation therapy resistance in GBC by influencing CSC
or CSCLCs. These data indicated that targeting Oct-4 may
have important clinical applications in GBC therapy. Further
studies are required to explore the unknown mechanisms
relating to Oct-4 in GBC.

To improve GBC patients’ prognosis, there is an urgent
need for developing novel therapeutic strategies. Recent
advances in tumor biology have led to the development of
specific molecular-targeted therapies. However, the current
molecular-targeted therapeutic agents in GBC are limited.
PSCA, a glycosylphosphatidylinositol- (GPI-) anchored cell-
surface glycoprotein, has been reported to be overexpressed
in more than 80% of prostate cancers [6, 8]. PSCA was also
upregulated in some nonprostatic cancers including bladder,
pancreatic, renal, gastric, and lung cancers [10–16, 49]. The
significant cell-surface expression of PSCA in localized and
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advanced cancer, together with its restrictive expression in
normal tissues, makes PSCA an attractive candidate tar-
get protein for metastatic and hormone-refractory prostate
cancer [50–52]. Anti-PSCA monoclonal antibody treatment
has been demonstrated to exhibit prostate cancer-specific
cytotoxicity and to inhibit tumor growth and metastasis
[50, 51]. It has also been reported that several PSCA-derived
peptide vaccines could effectively induce PSCA-specific and
long-lasting cellular and humoral immune responses against
prostate cancer [53]. Related therapy studies of PSCA were
also used to nonprostatic malignancies, including lung can-
cer [49] and pancreatic cancer [12]. Moreover, increasing
researches showed that Oct-4 was also probably a potential
gene therapeutic target for cancer, and targeting Oct-4
might have important clinical applications in cancer therapy.
Knockdown of Oct-3/4 expression by RNA interference
reduced migration and invasion of bladder cancer cells [28].
Based on these various research data, the PSCA and Oct-
4 might be functionally important and novel therapeutic
molecular targets for GBC.

In conclusion, our study revealed that the expression of
PSCA and Oct-4 was increased in gallbladder adenocarci-
noma.The overexpression of PSCA and Oct-4 was correlated
with decreased survival and might serve as important bio-
logical marker for reflecting the carcinogenesis, progression,
metastasis, or invasive potential and prognosis of gallbladder
carcinoma. Measurement of PSCA and Oct-4 expression
could be a tool for early detection of GBC in benign lesions
as well as population screening. The development of gene
therapy to target PSCA and Oct-4 can be applied to GBC and
may hold promise to improve patient survival.
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Prostate cancer (PCa) is a very heterogeneous disease, and there are constraints in its current diagnosis. Serum PSA levels, digital
rectal examination (DRE), and histopathologic analysis often drive to overdiagnosis and overtreatment. Since 2005, the presence of
the genetic rearrangement between transmembrane-serine protease gene (TMPRSS2) and the erythroblast transformation-specific
(ETS) member ERG (v-ets erythroblastosis virus E26 oncogene homolog avian) has been demonstrated in almost half of PCa cases.
Both FISH and RT-PCR are useful tools for detecting these rearrangements, but very few comparatives between both techniques
have been published. In this study, we included FFPE tumors from 294 PCa patients treated with radical prostatectomy with more
than 5 years of followup. We constructed a total of 20 tissue microarrays in order to perform break-apart and tricolor probe FISH
approaches that were compared with RT-PCR, showing a concordance of 80.6% (𝑃 < 0.001). The presence of TMPRSS2-ERG
rearrangement was observed in 56.6% of cases. No association between TMPRSS2-ERG status and clinicopathological parameters
nor biochemical progression and clinical progression free survival was found. In conclusion, this study demonstrates that both
FISH and RT-PCR are useful tools in the assessment of the TMPRSS2-ERG fusion gene status in PCa patients and that this genetic
feature per se lacks prognostic value.

1. Introduction

Prostate cancer (PCa) is a heterogeneous disease, which
ranges from indolent to lethal behaviour [1]. The diagno-
sis may be clinically suspect based on an elevated serum
prostate specific antigen (PSA) and/or abnormal digital rectal
examination (DRE), the definitive diagnosis established by
histopathologic examination of needle biopsy tissue. How-
ever, both PSA andDRE often lead to both overdiagnosis and
overtreatment presenting limitations when differentiating

between indolent and aggressive PCa [2]. In addition, biopsy
is also far from being optimal because it has demonstrated
a lack of sensitivity and high risk of morbidity for patients
[3]. Hence, in this context, there is an increasing demand
of specific biomarkers for PCa diagnosis that also provides
information regarding the prognosis of the disease.

In 2005 a novel set of fusion genes were described in
nearly half of the PCa cases [4] involving the 5-untranslated
region of TMPRSS2 (21q22) and the codifying region of
some transcription factors such as ERG (21q22), ETV1 (7p21),
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and ETV4 (17q21) among others [5]. To date, there are
10 different genes involved in these genetic fusions [6].
However, TMPRSS2-ERG is the most prevalent, and more
than 20 variants of the TMPRSS2-ERG fusion transcripts
have been described [6, 7], and the exon 1 of TMPRSS2
with the exon 4 or 5 of ERG (T1E4 or T1E5, resp.) are
the two most frequently involved variants [8]. The main
mechanisms by which the TMPRSS2-ERG fusion genes are
produced are interstitial deletion and balanced translocation
[9]. Because of their specificity, detection of these fusion
genes could be a valuable ancillary diagnostic tool in the early
detection of PCa [10]. In fact, these rearranged genes can be
detected either by fluorescence in situ hybridization (FISH),
reverse transcription polymerase chain reaction (RT-PCR)
techniques [7, 11–14], or branchedDNA (bDNA) analysis that
is a very sensitive approach [15].

FISH is considered the gold standard in the detection of
fusion rearrangements; the break-apart strategy is the main
approach used for this propose [12]. Yoshimoto et al. devel-
oped a three-colour assay able to distinguish between the two
mainmechanisms of gene rearrangement forTMPRSS2-ERG,
the interstitial deletion, or the reciprocal translocation [16].
In this sense, a commercial FISH assay comprising three-
color (tricolor) probes has been developed that are able to
discriminate between the putative fusion gene partners and
the different gene rearrangement mechanisms.

The aim of this study is to compare FISH and RT-PCR
techniques in the assessment of the TMPRSS2-ERG fusion
gene in a series of 294 cases of PCa and to establish the
prognostic usefulness of a commercial FISH tricolor deletion
probe.

2. Material and Methods

2.1. Case Selection. Formalin fixed and paraffin-embedded
(FFPE) blocks corresponding to PCa patients were retrieved
from the archives of the Biobank of the Fundación Instituto
Valenciano de Oncoloǵıa according to the following criteria:
radical prostatectomy specimens and no history of previous
treatment for PCa (including androgen deprivation therapy
or chemotherapy prior to surgery). We obtained 294 PCa
specimens that met these criteria during the period between
1996 and 2008. All patients gave written informed consent,
and the study was approved by the Ethics Committee of
our institution (reference no. 2006-07). The clinical data
were reviewed from the clinical records and stored in a
PCa-specific database. The main characteristics and patient
demographics are shown in Table 1. In addition, we also
analyzed 20 samples of normal prostate tissue as controls
obtained from radical cystectomies neither of which was
benign prostatic hyperplasia or PCa. Haematoxylin and eosin
(H&E) stained slides were reviewed and Gleason pattern was
assigned.

2.2. TMAs Construction. We constructed 19 tissue microar-
rays (TMAs) comprising 294 tumor samples and another
TMA with 20 samples of normal prostatic tissue used as
control, containing three representative nonnecrotic cores of

Table 1: Demographics and main clinical and pathological features
of the analyzed series.

Parameters 𝑛 %
PSA
<10 ng/mL 186 63.3
10–20 ng/mL 66 22.4
>20 ng/mL 42 14.3

Gleason-sp
≤6 118 40.1
7 139 47.3
8–10 37 12.6

cT
≤cT2b 273 92.9
≥cT3a 19 6.5

pT
≤pT2 160 54.4
≥pT3 133 45.2

pN∗

pN0 190 64.6
pN ≥ 1 10 3.4

Perineural invasion
Negative 126 42.7
Positive 145 49.2

SP: specimen, cT: clinical stage, pT: pathological stage, PSA: prostatic-
specific antigen, and pN: pathologic stage with respect to lymph node status.
∗Lymphadenectomy was limited to the obturator fossa in most of the cases
at the inclusion period.

each case (1mm in diameter). TMAs were constructed using
a manual tissue arrayer (Beecher instruments, Silver Spring,
MD).

2.3. Fluorescence In Situ Hybridization (FISH). TMPRSS2-
ERG fusion status was determined by using both a break-
apart assay and a triple-labelled colour commercial probe
KBI-10726 (Poseidon, Kreatech Diagnostics, The Nether-
lands) flanking both TMPRSS2 and ERG. This probe is
designed to detect the deletion between TMPRSS2 and ERG
at 21q22 region but also translocations involving this region
with other genes such as ETV1 or ETV4.

For the break-apart assay we used two noncommercial
flanking probes (red (R) and green (G)) to ERG to detect rear-
rangements affecting this gene [5]. BAC clones covering both
distal and proximal regions of ERG on chromosomes 21q22,
CTD-2341018, and CTD-219A22, respectively, were obtained
from Children’s Hospital Oakland Research Institute (Oak-
land, CA, USA). The selection of these BAC clones was
performed using the genome browser from Centre de Reg-
ulació Genòmica, Barcelona, Spain (http://davinci.crg.es/).
BAC DNA isolation was performed according to Qiagen
Plasmid MIDI kit protocol (Qiagen Inc., Valencia, CA) and
was labelled using a nick translation kit (AbbottMolecular,
Abbott Park, IL). CTD-219A22 and CTD-2341018 BACs were
labelled with the Spectrum Red-dUTP (AbbottMolecular)
and Spectrum Green-dUTP (AbbottMolecular), respectively.
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The cytogenetic localization of all BACs was verified by
hybridization to normal metaphase spreads (G-banding with
inverted DAPI).

The FISH assay was carried out on 3 𝜇m thick FFPE tissue
sections. After deparaffinization, tissue sections were treated
with a commercial FFPE tissue section kit (MAD-FISH-PKII,
Master Diagnostica, Granada, Spain) following the manu-
facturer’s instructions. Briefly, the slides were immersed in
thiocyanate solution at 80∘C for 30 minutes and then treated
with a protease solution for 10 minutes at 37∘C. Afterwards,
the tissue sectionswere pretreated and probeswere denatured
at 80∘C for 5 minutes and hybridized overnight at 37∘C
using the hybridization System HyCrome (Euroclone S.pA.,
MI, Italy). Posthybridization washes were performed using a
posthybridization solution (MAD-FISH-PKII, Master Diag-
nostica, Granada, Spain) for 2 minutes at 72∘C and then,
the slides were counterstained with 7 𝜇L of 4, 6-diamino-2-
phenylindole (DAPI II, Vysis, Downers Grove, IL). Results
were visualized using a ZEISS, Imager.Z1 fluorescent micro-
scope with the AxioCam HRc camera the AxioVision 4
software (Carl ZEISS MicroImaging GmbH, Germany).

2.4. Criteria for the FISH Interpretation. The main mecha-
nisms of the TMPRSS2-ERG rearrangement are interstitial
deletion or translocation [17]. In our break-apart strategy, two
yellow (Y) or R and G adjacent signals indicate a normal
pattern, with no rearrangement in any of the two alleles.
Whereas one Y and one R or G signal alone or one Y signal
plus one R and one G separated signals indicate interstitial
deletion and translocation, respectively. Thirty-eight cases
of PCa were evaluated using break-apart probe in order to
compare this approach with tricolor probes (Figure 1).

The Poseidon TMPRSS2-ERG FISH (21q22) Del, Break,
TC (Kreatech Diagnostics, Netherlands) consists of three
probes: R, G, and blue (B). A nonrearranged case would show
a triplet of RGB signals; however, a translocated case would
be represented by one triplet signal corresponding to the
normal allele accompanied by another B and G fused and a
separated R signal. On the contrary, an interstitial deletion
would be shown by one fused triplet signal plus a B and R
fused signal. Another predominant pattern consisting of one
fused signal plus a B and G adjacent signal was also observed,
called the break pattern. Moreover, a fused RGB signal with
a separated B/G or R signal alone was assigned to unknown
rearrangement (Figure 1).

A total of 50 nuclei of each of the three cores per
case were counted. The cutoff was established using the 20
prostate tissue controls by counting 150 cells looking for the
translocation. After samples were evaluated, the average and
standard deviation of the nuclei with rearrangementwere cal-
culated.Then, a cutoff percentage was calculated as 3 positive
standard deviations of the average percentage of rearrange-
ment observed in normal tissues. Finally, this percentage was
established in 15% of cells showing an altered FISH pattern.

2.5. TMPRSS2-ERG Detection by RT-PCR. One representa-
tive FFPE block was identified from each case and three

sections of 20𝜇m thick were obtained for total RNA extrac-
tion.TheRNAquantification, RT-PCR, and the identification
of TMPRSS2-ERG fusion transcripts were carried out as
previously described in [18] (Figure 2).

PCR products of those TMPRSS2-ERG positive cases
were purified, quantified, and sequenced on an ABI3130xl
sequencer using the BigDye terminator v3.1 kit (Applied
Biosystems, Inc., Foster City, CA) with specific primers.
Sequencing Analysis v5.2 software (Applied Biosystems, Inc.,
Foster City, CA) and NCBI blast tool (http://www.ncbi
.nlm.nih.gov/BLAST/ were used to confirm the sequences
involved in the TMPRSS2-ERG fusions.

2.6. Performance Test. Considering FISH as gold standard,
the sensitivity, specificity, positive predictive values (PPV)
and negative predictive values (NPV) were calculated for RT-
PCR technique.

2.7. Statistical Analysis. Binary variables were used for the
statistical analysis reflecting the positivity status of the mea-
sures. The association between TMPRSS2-ERG and clinico-
pathological parameters (categorical) was assessed using a
chi-square test to determine homogeneity or linear trend
for ordinal variables. The significance level was established
at 5%. The impact of the biological factors on biochemical
(BPFS) and clinical progression free survival (PFS) was
analyzed by Log-rank tests. Biochemical progression was
defined as serum PSA level >0.4 ng/mL during followup,
whereas clinical progression was defined as local (prostatic
fossa), regional (lymph nodes), or distant (metastasis). Uni-
variate predictors of both BPFS and PFS were entered into
a Cox proportional hazards model using stepwise selection
to identify the independent predictors of poor outcome,
with a confidence interval (CI) of 95%. Statistical analysis
was carried out using the SPSS statistical software package
(version 15.0.1, SPSS Inc., Chicago, IL, USA).

3. Results

Since the three-color assay is a novel approach for TMPRSS2-
ERG analysis, a break-apart FISH was first conducted in
two TMAs including 38 cases in order to validate the
tricolor Kreatech probes. Both approaches presented good
concordance measured by chi-square test with a concordant
rate of 80.6%, a 13.8% false positive rate (FP), and 15.8% false
negative rate (𝑃 = 0.013) taking break-apart assay as the gold
standard.

For the whole series, using tricolor probes, 162 out
of the 294 PCa samples (55.1%) were positive for genetic
rearrangement. One hundred nineteen of these positive
cases (40.5%) showed a break-apart pattern and 35 (11.9%)
an interstitial deletion pattern. The remaining 8 (2.7%)
cases corresponded to undetermined fusion mechanisms.
The presence of TMPRSS2-ERG rearrangement or the type
of fusion mechanism assessed by means FISH showed no
correlation with any of the clinicopathological parameters
studied.Therewas only a trend towards statistical significance
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(B3)

(b)

Figure 1: (a) Patterns obtained in the tricolor probe FISH analysis. Three fused signals indicate two normal alleles (A1); a balanced
translocation pattern is considered with a fused (RGB) signal and an adjacent BG with a separated R signals (A2); interstitial deletion
is indicated by a RGB signal and a B and R adjacent signals (A3); one RGB signal plus only one R, B, or G signal (A4, A5, A6, resp.)
corresponds to undetermined rearrangements. (b) Patterns of the dual color break-apart assay: normal pattern with two RG signals (B1);
balanced translocation is indicated by a RG signal plus a G and R separated signals (B2); one RG signal plus a R signal indicates interstitial
deletion (B3).
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Figure 2: Gel electrophoresis showing representative results for the
TMPRSS2-ERG gene status determined by RT-PCR. Lane 1: size
marker; lines 3, 4, 5, and 8: positive cases showing a PCR product
between the bands of 100 and 200 bp of the size marker; lanes 2, 6,
and 7 are negative cases, and lane 9 is a negative template control.

between the presence of perineural invasion and the fusion
gene detected by the tricolor FISH assay (𝑃 = 0.054)
(Table 2).

With the RT-PCR approach, 152 out of the 294 (51.7%)
showed expression of the TMPRSS2-ERG fusion gene. One
hundred and twenty-nine cases (43.9%) harbored the T1E4
variant (TMPRSS2 exon 1 fused to the exon 4 of ERG),
whereas 11 (3.7%) expressed the T1E5 variant. The identifi-
cation of fusion gene variant was not possible in two (0.7%)
cases.

Taking tricolor FISH as gold standard for determination
ofTMPRSS2-ERG, RT-PCR showed a sensitivity of 79.3% and
a specificity of 81.9%with a Positive PredictiveValue (PPV) of
80.9% and a Negative Predictive Value (NPV) of 80.2%. FISH
and RT-PCR assays showed concordant results in 237 out of
294 cases (80.6%, 𝑃 < 0.001) (Table 3).

Since FISH and RT-PCR showed a good agreement
in the assessment of TMPRSS2-ERG status, we considered
those cases as positive which presented the rearrangement
determined by any of the two procedures. The presence of
TMPRSS2-ERG according to this criterion showed no cor-
relation with any of the clinical and pathological parameters
(Table 4). However, and as aforementioned, there was a trend
towards the statistical significance between the presence of
TMPRSS2-ERG and perineural invasion (𝑃 = 0.091).

Regarding the prognostic implications of the presence
of gene fusion, Table 5 shows the results of both the uni-
variate and multivariate analyses of the clinicopathological
and molecular parameters for both BPFS and PFS. Neither
the TMPRSS2-ERG status nor the mechanisms of genetic
rearrangement were related to the clinical outcome in our
series (Figure 3).

4. Discussion

Currently, the standard diagnostic method for PCa is the
pathological evaluation of prostate biopsy in patients with
an elevated serum PSA level and/or an abnormal DRE.
However, this clinical approach lacks sufficient sensitivity [19]
being necessary for the discovery of new biomarkers that
can improve the accuracy of PCa diagnosis. The objective of

Table 2: Correlation between the mechanism of the rearrangement
and the clinical and pathological parameters.

Parameters TMPRSS2-ERG
negative (%)

Break
apart
(%)

Interstitial
deletion (%) 𝑃

PSA
<10 ng/mL 85 (47) 73 (73) 23 (23)
10–20 ng/mL 29 (45.3) 29 (45.3) 6 (9.4) 0.907
>20 ng/mL 18 (43.9) 17 (41.4) 6 (14.6)

Gleason-sp
2–6 56 (49.6) 45 (39.8) 12 (10.6)
7 57 (41.9) 61 (44.9) 18 (13.2) 0.693
>7 19 (51.4) 13 (35.1) 5 (13.5)

cT
≤cT2b 122 (45.9) 109 (41) 23 (23) 0.251
≥cT3a 9 (50) 9 (50) 0 (0)

pT
≤pT2 75 (48.7) 60 (39) 19 (12.3) 0.639
≥pT3 57 (43.5) 58 (44.3) 16 (12.2)

pN∗

pN0 84 (45.4) 75 (40.5) 26 (14.1) 0.177
pN ≥1 2 (20) 7 (70) 1 (10)

Perineural
invasion

Negative 63 (51.2) 44 (35.8) 16 (13) 0.054
Positive 53 (38.1) 70 (50.4) 16 (11.5)

Table 3: Crosstabs with the parameters of the comparison between
RT-PCR and FISH techniques.

Fish
𝑃

Negative Positive
RT-PCR

Negative 122 (80.2%) 27 (19%)
<0.001

Positive 30 (19.7%) 115 (81%)

this study was to assess whether TMPRSS2-ERG fusion gene
determined by tricolor FISH assay or RT-PCR could be used
as part of the diagnostic panel of PCa.

Several strategies can be employed when a FISH exper-
iment is designed. For instance, break-apart probes are
widely validated in numerous studies constituting a valuable
tool for determination of TMPRSS2-ERG in PCa [4, 20–
22]. However, this approach has its limitations. A positive
result indicates that ERG is rearranged, but a second deter-
mination of TMPRSS2 would be necessary to confirm the
presence of TMPRSS2-ERG because there are other genes
that could be rearranged with ERG such as NDRG1 and
SLC45A3 [23, 24]. With a tricolor strategy one determination
is enough to demonstrate the involvement of both genes.
Furthermore, although the break-apart FISH has been widely
used in investigation, this technique does not have diagnostic
approval because noncommercial homemade probes are
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Table 4: Correlation between the presence of TMPRSS2-ERG
determined by FISH and/or RT-PCR and the CPP.

Parameters TMPRSS2-ERG
Negative (%)

TMPRSS2-ERG
Positive (%) 𝑃

PSA
<10 ng/mL 85 (64.4) 101 (62.3)
10–20 ng/mL 28 (21.2) 38 (23.5) 0.899
>20 ng/mL 19 (14.4) 23 (14.2)

Gleason-sp
2–6 50 (37.9) 68 (42)
7 61 (46.2) 78 (48.1) 0.292
>7 21 (15.9) 16 (9.9)

cT
≤cT2b 123 (93.2) 150 (93.8) 0.514
≥cT3a 9 (6.8) 10 (6.3)

pT
≤pT2 74 (56.1) 86 (53.4) 0.369
≥pT3 58 (43.9) 75 (46.6)

pN∗

pN0 82 (96.5) 108 (93.9) 0.317
pN ≥ 1 3 (3.5) 7 (6.1)

Perineural invasion
Negative 61 (51.7) 65 (42.8) 0.091
Positive 57 (48.3) 87 (53.3)

∗Lymphadenectomy was limited to the obturator fossa in most of the cases.

used.However, theKreatechPoseidonFISHprobes have been
developed specifically for their use in the clinical context
constituting a valuable ancillary test in the PCa diagnosis.

In the series herein presented, the FISH analysis showed
that 55.1% of PCa carried the TMPRSS2-ERG fusion gene
of which 40.5% showed a split signal pattern and 11.9%
evidenced an interstitial deletion. Remarkably, none of the
analyzed cases showed the balanced translocation pattern
consisting of one triplet signal (RGB) plus a B and G adjacent
signals with a separated R signal as indicated by the com-
mercial suppliers. However, the most frequent pattern was
a triplet fused signal plus a BG signal (the pattern so-called
break). This signal might correspond to a balanced translo-
cation in which the R signal is not visible. However, it is also
possible that the break pattern indicates an unknownmecha-
nism of rearrangement between TMPRSS2 and ERG. In eight
(2.7%) cases harboring the fusion gene, it was not possible to
determine the mechanism by which the rearrangement was
produced. Seven of these cases were scored asTMPRSS2-ERG
positive by RT-PCR, indicating a rearrangement between
both genes.The frequency of theTMPRSS2-ERG is consistent
with the series already published, ranging from 15% to 78%
[14, 17, 25, 26]. However, some differencesmight be explained
by variations in the cohorts under study, low number of cases
in some series, or sample selection bias [17, 25].

When referring to FISH, there are many questions asso-
ciated with the interpretation of the results, for instance,

the presence of multiple signals representing polyploidy or
multiple copies of TMPRSS2-ERG difficult to interpret [27];
the number of nuclei that should be counted; and, the score
of rearranged nuclei to be scored as positive [27, 28]. In our
series, we evaluated a median of 150 nuclei per case and
selected a 15% of rearranged nuclei as the optimum detection
for TMPRSS2-ERG, and that discriminates between PCa and
normal prostate tissue. This cutoff is similar to the one used
by Machado et al. in the determination of EWSR1 in Ewing
sarcoma by means of break-apart assay [27].

Unlike FISH, RT-PCR provides some advantages such as
lower cost of the procedure and its capacity of discriminating
different variants of the TMPRSS2-ERG fusion gene. In this
regard, some authors have shown an association between
some of these fusion subtypes with good [29] and poor
prognoses [30]. However, because of its high sensitivity and
cross-contamination, RT-PCR may on occasion give false
positive results. Hence, RT-PCR is an interesting and useful
technique in the diagnostic setting and should be considered
as potential complement to FISH.

To our knowledge, there is only one study comparing
FISH and RT-PCR in the determination of TMPRSS2-ERG
in PCa showing a concordance of 84.7% [21], very similar to
the herein reported. In the literature, there are other exam-
ples that compare FISH and RT-PCR in different settings
[27, 31, 32]: in breast cancer the comparison between both
techniques in the determination the HER2 status has shown
a good concordance ranging between 80–97% [33–35]; in the
case of dermatofibrosarcoma protuberans, this concordance
is of 67% for detection of COL1A1-PDGFB rearrangement
[28]; and finally, in Ewing Sarcomas, several studies showed
concordances between 55.5 and 100% [31, 36–38].

Regarding the association with clinical and pathological
parameters, no correlation between the rearrangementmech-
anisms and the surrogate prognostic parameters was found.
A trend towards statistical significance was observed between
the presence of TMPRSS2-ERG and a higher perineural
invasion, which is a surrogate parameter of poor prognosis,
although as an individual variable it loses its importance as a
prognostic value in most of multivariate analyses.

One important question to be addressed in this context
is the prognostic implications of the presence of fusion
gene in PCa samples. To date, it remains controversial, and
there are many studies defending the relationship between
TMPRSS2-ERG and both good [29, 39, 40] and poor [12,
17, 30, 41] prognoses. In addition, other many authors find
no correlation between the presence of TMPRSS2-ERG and
PCa outcome [42]. Interestingly, Attard et al. reported that
the presence of TMPRSS2-ERG resulted from an interstitial
deletion accompanied by a high copy number of this gene
(the so called class 2+ Edel), with a poor prognosis [12], but
to date, there are no studies confirming these observations.
A recent work of Tomlins et al. reported a prognostic panel
composed by TMPRSS2-ERG and PCA3 measured in urine
samples by means of transcription-mediated amplification
[43]. In addition, our group reported the different prognostic
panel in PCa that harbors the fusion gene indicating that
the determination of this biomarker would be useful in
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Figure 3: Kaplan-Meier plots of the univariate survival analysis. (a) Biochemical progression free survival (BPFS) according to theTMPRSS2-
ERG statusmeasured by FISH and/or RT-PCR. (b) BPFS according to themechanism of the rearrangement determined by tricolor FISH assay.

distinguishing groups of PCa patients defined by differential
prognostic indicators [18].

Despite the great number of studies published on this
matter, and due to differences with regard to the technology
used to determine TMPRSS2-ERG status and the heterogene-
ity of the cohorts, it is difficult to draw conclusions about
the prognostic involvement of this biomarker. Herein we
have analyzed a well-defined cohort with a long followup in
order to avoid these problems and no differences between the
TMPRSS2-ERG status and the genetic mechanisms by which
it has been produced with the prognosis of patients with PCa
have been found.

In summary, we have demonstrated the usefulness of a
commercial tricolor probe FISH approach for the identifica-
tion for theTMPRSS2-ERG status and the geneticmechanism
responsible of this fusion gene, as well as high grade of con-
cordance between this strategy and RT-PCR. Furthermore,
we have proved that the TMPRSS2-ERG status, although
specific for PCa, is not valid as a prognostic biomarker in PCa
patients treated with radical prostatectomy.
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Accurate diagnosis and proper monitoring of cancer patients remain a key obstacle for successful cancer treatment and prevention.
Therein comes the need for biomarker discovery, which is crucial to the current oncological and other clinical practices having the
potential to impact the diagnosis and prognosis. In fact, most of the biomarkers have been discovered utilizing the proteomics-
based approaches. Although high-throughput mass spectrometry-based proteomic approaches like SILAC, 2D-DIGE, and iTRAQ
are filling up the pitfalls of the conventional techniques, still serum proteomics importunately poses hurdle in overcoming a wide
range of protein concentrations, and also the availability of patient tissue samples is a limitation for the biomarker discovery. Thus,
researchers have looked for alternatives, and profiling of candidate biomarkers through tissue culture of tumor cell lines comes up
as a promising option. It is a rich source of tumor cell-derived proteins, thereby, representing a wide array of potential biomarkers.
Interestingly, most of the clinical biomarkers in use today (CA 125, CA 15.3, CA 19.9, and PSA) were discovered through tissue
culture-based system and tissue extracts. This paper tries to emphasize the tissue culture-based discovery of candidate biomarkers
through various mass spectrometry-based proteomic approaches.

1. Introduction
Cancer is a genetically and clinically diverse disease. The
concept of early detection has attracted the attention of both
physicians and researchers for decades and thus evolved the
concept of “Biomarker” [1]. According to the definition of
National Cancer Institute (USA), “biomarker is a biological
molecule found in blood, other body fluids, or tissues that
is a sign of a normal or abnormal process, or of a condition
or disease.” The ideal biomarker should be easily detectable,
highly sensitive and specific for its target phenotype as well
as economically feasible [2]. A biomarker may be used to
monitor the body responses to a treatment for a disease
or condition. It is also referred to as a molecular marker
or biosignature. It can be any molecule like DNA, RNA,
proteins, or metabolites [3]. Although the survival rate of
cancer patients has increased in the last 20 years, newer
diagnostic methods with improved sensitivity and specificity
are essential for the proper detection and prognosis of this
fatal disease.

Discovery of biomarkers through the analysis of patient
serum or tissue is a conventional approach being used since
the beginning of diagnosis of cancer, but the broad range of
serum proteome and availability of patient tissue samples are
the major hurdles. Thus, the use of tumor cell lines becomes
an attractive option for the study and discovery of candidate
biomarkers since the cells possess a rich source of secreted as
well as cellular proteins. Secretome comprising the secretory
proteins in the culture media, also referred to as conditioned
media (CM), serve as a potent source for biomarkers due to
ease and effectiveness of detection; however, nowadays even
cellular proteins are also providing important information
about disease conditions. Thus, this model system can serve
as an early provider of potential biomarkers. An overview
of tissue culture-based model system for candidate cancer
biomarker discovery is represented in Figure 1. A number of
studies have used the cell culture-based system to identify
the potential biomarkers [4–6]. The clinical significance of
using cell lines to understand biological functions lies in the



2 BioMed Research International

Whole-cell 
lysate

Tissue culture

CM

Digestion of 
proteins

MS identification Data acquisition and 
analysis

LC-MS/MS or MALDI-MS/MS

In-gel or in-solution approach

Figure 1: An overview of biomarker discovery using tissue culture. Cancer cells are cultured in plates. The CM as well as cells is collected
separately. Extracted proteins from each fraction are processed for either in-gel or in-solution digestion followed by the detection of peptides
by mass spectrometric approach. Data analysis leads to detection of candidate biomarkers.

fact that they can be examined through various techniques
and that they display the same heterogeneity as the primary
tumors as well as different grades [7, 8].

Wehavewitnessed a tremendous improvement in the past
decade in the field of high-throughput research that heralds
the initiation of a new era in the area of biological science
research. Almost all proteomic biomarker discovery plat-
forms usemass spectrometry (MS) as the central technique in
association with other proteomic approaches. MS has certain
advantages like prediction ofmolecularmass with the highest
specificity and sensitivity with the use of smallest amount of
sample [9–11]. Different mass spectrometry-based proteomic
approaches have been used to identify biomarkers from
various sources and are broadly classified into two categories:
gel-based (2-DE and 2D-DIGE) and gel-free (SILAC, iTRAQ)
techniques [12–14]. Detection of biomarkers through two-
dimensional gel electrophoresis (2-DE) is the most widely
used gel-based approach [15]. Improvements over the years
have provided us with a more sensitive and high-throughput
gel-based technique termed as two-dimensional difference
gel electrophoresis (2D-DIGE). This is based on the dif-
ferential excitation-emission properties of fluorescent dyes
such as Cy2, Cy3, and Cy5 [16]. Apart from the gel-based
techniques, gel-free techniques have been dominating the
field of biomarker discovery in the last decade. Stable isotope
labelling by amino acids in cell culture (SILAC), which relies
on the incorporation of amino acids with substituted stable
isotopic nuclei such as H2, C13, and N15, is highly suitable
for tissue culture-based model system [17]. Another very
sensitive gel free technique known as isobaric tags for relative
and absolute quantitation (iTRAQ) is also amethod of choice
[18].

Moreover, these MS-based proteomic tools have
advanced satisfyingly since the last decade and hence have
become capable of simultaneously identifying thousands of
proteins even from very small amounts. MS advancement
has helped enormously in the identification and delivery of

candidate biomarkers for cancer diagnosis, prognosis and
monitoring of treatment regimen.

2. Mass Spectrometry-Based Proteomics

MS has increasingly become the method of choice for all
the proteomic approaches available to date. As the name
indicates, “mass spectrometry” determines the molecular
mass of a charged particle by measuring its mass-to-charge
(m/z) ratio. Basically, a mass spectrum is a plot of ion
abundance versus m/z. A mass spectrometer consists of an
ion source that converts molecules to ionized analytes, a
mass analyser that resolves ions according to m/z ratio, and
a detector that registers the number of ions at respectivem/z
value. The mass analyser depends on three key parameters:
sensitivity, resolution, and mass accuracy. The sensitivity,
resolution, and accuracy of advanced mass spectrometers
allow the detection of femtogram levels of individual proteins
in complex mixtures. As recognized by the 2002 Nobel Prize
in Chemistry, innovation of electrospray ionization (ESI)
and matrix-assisted laser desorption/ionization (MALDI)
techniques has made it possible to ionize big molecules such
as proteins, peptides, and nucleotides for mass spectrometric
analysis. ESI generates ions at atmospheric pressure by
injecting a solution-based sample through a small capillary
(Figure 2(a)). MALDI produces ions by pulsed-laser irra-
diation of a sample which is cocrystallized with a solid
matrix that can absorb the wavelength of light emitted by the
laser (Figure 2(b)). Protonation or deprotonation is the main
source of charging for the ions generated in ESI/MALDI.MS-
based proteomics is a widely used approach to find protein
sequence from unknown samples by correlating the sequence
ions generated from tandemmass spectral datawith sequence
information available in protein databases. MS-based pro-
teomics analyses of complex protein mixture usually require
a starting amount in the range of 0.1–10𝜇g, depending on
the experimental setup and the type of mass spectrometer
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Figure 2: (a) A schematic representation of ESI-MS—solvent along with sample flows from the needle with electrical potential generating
charged droplets. The droplets carry the sample, and they are desolvated by applying heat and nebuliser gas to produce ions. These ions are
now separated according to m/z ratio in the mass analyzer and registered by detector. (b) A schematic representation of MALDI-MS—the
sample is mixed with the matrix and allowed to crystalize on the MALDI plate, when the laser hits the sample-matrix mixture on the plate,
matrix absorbs the energy of the laser to get vaporized along with samples. Next, the charge exchange takes place from matrix and sample
ions are generated.

used. ESI is playing an increasingly conspicuous role in
the study of the protein structure, folding, and noncovalent
interactions [19]. Recently, MALDI imaging has allowed
biomolecular profiling of tissue sections and single cells [20].
In combinationwith chromatographic separation techniques,
MS is playing an important role in discovering the biomarkers
for various diseases. Many research groups have been using
MS-based techniques in order to identify potential cancer
biomarkers for diagnostic aswell as therapeutic purposes [21–
25].

3. Mass Spectrometry-Based Quantitative
Proteomic Strategies towards
Biomarker Discovery

Cancer remains amajor cause of mortality worldwide despite
the progress in detection, diagnosis, and therapy. Early
diagnosis of cancer improves the likelihood of successful
treatment and can save many lives. Thus, early diagnostic
biomarkers are highly important for detection and diagnosis
in cancer, but due to the lower sensitivity and lack of
specific biomarkers, there is an urgent need to discover new
and better biomarkers that would be helpful in improving
cancer diagnosis, prognosis and treatment. Proteomics is
the most powerful technique which can help to discover
novel candidate biomarkers for cancer. Current progress in
proteomics has been largely due to recent advancements in
MS-based technologies.This powerfulMS-based quantitative
proteomic technologies can aid in the identification of all
differentially expressed proteins and their posttranslational
modifications during cancer progression which can be used
as biomarkers for early diagnosis and monitoring disease

treatment in cancers. Moreover, the candidate biomarkers
for other diseases, like diabetes, cardiovascular, and so forth,
are also discovered with the help of these techniques [26,
27]. This section focuses on different mass spectrometry-
based proteomic strategies and explores their applications in
potential biomarker discovery.

4. 2D Gel Electrophoresis (2-DE)

The 2-DE method is a primary technique regularly used
in proteomic investigations [15]. In this method, extracted
proteins are resolved in the first-dimension based on their
isoelectric point (pI) followed by molecular weight in the
second-dimension (Figure 3). The gels are then stained by
either Coomassie Brilliant Blue or silver stain to visual-
ize the protein spots. Using 2-DE software, differentially
expressed protein spots are excised and identified by mass
spectrometry [28]. This approach could lead to separation
and identification of about 2000 unique spots. Using the
2-DE, Braun et al. successfully identified 64 differentially
regulated proteins in cancer by mass spectrometry and
showed that microfilamental network-associated proteins are
frequently downregulated in leukocytes of breast cancer
patients [29]. These are functionally important for all central
processes and highly relevant for all stages of tumorigenesis-
like metastasis [29]. Similarly, Cancemi et al. identified S100
group of proteins that are preferentially expressed in tumor
samples than their normal counterpart.They have used breast
cancer as subject of study and established for the first time
the importance of the S100 group of proteins as potential
biomarkers [30].

This technique is also being routinely used for the pro-
teomic profiling of cancer cells treated with drugs (in vitro).
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Figure 3: An outline of 2-dimensional gel electrophoresis (2-DE). The extracted proteins are solubilized in rehydration buffer. The proteins
are immobilized on IPG strips of different pH ranges depending on the requirement of the experiment. In the first-dimension, the proteins are
separated on the basis of their isoelectric points (pI) and are further resolved according to their molecular weight in the second-dimension.
Finally, protein spots of interest are excised and subjected to tryptic digestion followed by MS.

Strong et al. studied the differential regulation of mitochon-
drial proteome of Adriamycin-resistant MCF-7 breast cancer
cells.They have identified 156 unique proteins and established
coproporphyrinogen III oxidase and ATP synthase alpha
chain to be responsible for the chemotherapeutic resistance
[31]. Similar kind of study has been carried out by Lee
and coworkers to show hnRNPA2 and GDI2 proteins to be
associated with paclitaxel resistance in ovarian cancer cell
lines [32].Theyhave established a paclitaxel resistance subline
SKpac from the sensitive counterpart SKOV3 followed by
quantitative proteomic analysis and further validated their
findings by western blotting. These examples demonstrate
the potency of 2-DE approach in the discovery of novel
proteins involved in tumorigenesis and chemotherapeutic
drug response. However, 2-DE still has its limitations like
the inability to resolve too basic, too acidic, and hydrophobic
proteins. The ampholytes used for the generation of pH
gradient are not stable at extreme acidic and basic pH and are
therefore unsuitable for use. In addition, the membrane pro-
teins due to their highly hydrophobic nature pose problems
in solubilisation, making them difficult to resolve. Repro-
ducibility and low relative quantification accuracy are other
major obstacles which arise due to factors such as run to run
variation and limitation of the detection methods available
[33]. Requirement of huge amount of sample and inability
to detect low abundance proteins is also a major drawback.
Though 2-DE has its limitations, still it will be a method
of choice for proteomic study because of its robustness and
simplicity.

5. 2D Difference Gel
Electrophoresis (2D-DIGE)

The 2D-DIGE method is an improved version of 2-DE
technique. In this technique, two different protein samples
(control and diseased) and one internal control (mixture
of control and diseased sample in equal proportion) are

labelled with any of the three fluorophores: Cy2, Cy3, or Cy5.
These fluorophores have the identical charge and molecular
mass but unique fluorescent properties. This allows us to
discriminate them during scanning using appropriate optical
filters [16, 34]. The labelled samples are then mixed together
and separated on a single gel. The best part of this technique
is the use of the same internal pool for all the gels that
serves as an internal control for normalization (Figure 4)
[16, 34].The gel is scanned by an advanced scanner which can
resolve the three different wavelengths: 488 nm (Cy2), 532 nm
(Cy3), and 633 nm (Cy5). Each of the samples generates its
unique image. This technique eliminates gel-to-gel variation,
enhances sensitivity (order of 4 magnitudes), and is less
laborious [35, 36]. However, the sample source variation of
2D-DIGE is as vivid as 2-DE. This technique is routinely
used for the discovery of candidate biomarkers as well as
any quantitative proteomic data generation and therapeutic
drug development. Zhang et al. used this technique for the
identification of differentially expressed proteins between
early submucosal noninvasive and invasive colorectal cancer
[37]. They have established a Fischer-344 rat model for
the invasive and noninvasive colorectal cancer and found
two candidates, transgelin (upregulated) and carbonic anhy-
drase 2 (CSII) to play significant role in CRC. They have
also validated these candidates through fluorescence-based
quantitative polymerase chain reaction, western blotting and
immunohistochemistry assays [37]. In a similar kind of
study, isocitrate dehydrogenase 1 (IDH1) was detected and
validated as a potential biomarker for nonsmall cell lung
carcinoma [38]. They have identified IDH1 as a potential
biomarker in different NSCLC cell lines and further validated
it using patient tissue samples via different techniques like
western blotting, immunohistochemistry, knockdown assay,
and xenograft model. Although the relevance of IDH1 via
different genomic and molecular biology techniques is well
established now, the basis of its potential was established
by this kind of proteomic studies [38]. In another study,
Banerjee et al. used 2D-DIGE in combination with MS for
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Figure 4: An outline figure of 2D-DIGE. Proteins are extracted from the samples and are labelled with different fluorophores as Cy 3 for
sample 1, Cy 5 for sample 2, and Cy 2 for the pooled internal standard. All the samples are resolved in the same 2D gel followed by protein
spot pattern detection by scanning the gel in respective wavelength for the Cy dyes; the merging of all of them yields an overlay image
consisting of all three Cy dyes. The images are analyzed to get potential candidates of interest.

the identification of prognostic biomarkers in glioblastoma
multiforme using human astrocyte cells and HTB12 human
astrocytoma cells [39]. Similarly, Sinclair et al. used this tech-
nique to identify the candidate tumor suppressor biomarker
in ovarian cancer cell lines: TOV-112D and TOV-21G. They
have employed 2D-DIGE and 2D-LC-MS/MS with tandem
mass tagging (TMT) to identify potential tumor suppressors
in cell lysate [40]. In a separate study, Wilmes et al. compared
the proteomic profile of paclitaxel and peloruside-A-treated
HL-60 promyelocytic leukemic cells [41]. This technique is
a widely used and accepted one in the field of quantitative
proteomics. Although the major limitations of 2-DE still
apply to 2D-DIGE, but the introduction ofmore sensitive 2-D
DIGE technique has overcomemost of the limitations such as
requirement of huge amount of sample and inability to detect
low abundance proteins. Although in the past decade gel-free
techniques have developed immensely, 2D-DIGE has kept its
position in proteomic research and will be there for years to
come.

6. Stable Isotope Labelling by Amino Acids in
Cell Culture (SILAC)

The use of quantitative proteomic techniques for the identi-
fication of potential biomarkers is a fast gaining ground. For
cell culture-based comparative proteomic studies, SILAC is
a method of choice [17]. A number of amino acids such as
arginine, leucine, and lysine with stable isotope are suitable
for use in SILAC, but lysine and arginine are the two most
commonly used labelled amino acids. This method solely

relies on metabolic incorporation of labelled (heavy) amino
acids during cell proliferation. Two different populations of
cells (tumor cells and normal cells) are cultured in vitro
under similar conditions except that tumor cells are grown
in media containing heavy isotope of an amino acid (e.g.,
C13 labelled arginine) and the normal cell line is grown in
usual media. The cells are allowed to grow as usual for over
five to seven passages to ensure >95% labelling [42]. Once
the cell lysates are prepared, the samples are combined in a
1 : 1 stoichiometric ratio. Prepared samples are then separated
on a SDS-PAGE and further subjected to in-gel trypsin
digestion followed by MS analysis. The samples may also
be digested in-solution before analysis. During the analysis
by mass spectrometer, different isotope composition can be
differentiated as the labelled amino acids will induce a shift
in the m/z ratio in comparison to the unlabelled amino
acids.This process ensures that a particular peptide fragment
of diseased sample differs from its normal counterpart in
m/z ratio and hence enabling them to be detected by mass
spectrometry (Figure 5). Geiger et al. identified prognostic
biomarkers such as IDH2, CRABP2, and SEC14L2 for overall
breast cancer survival [43]. They have done the stage-specific
analysis of proteome using tissue culture-basedmodel system
and further validated them using the patient tissue samples.
They validated the candidates via immunohistochemistry
and tissue array of human tumor samples. These kinds of
holistic studies have helped us to find the potential biomarker
for monitoring disease progression and prognosis (CRABP2
and IDH2 are markers of poor prognosis and SEC14L2 is a
marker of good prognosis) [43]. Kashyap et al. used SILAC-
based proteomic investigation for the discovery of new
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Figure 5: A schematic overview of SILAC. Cells are grown in normal and heavy amino acids containing media for 6 generations to achieve
maximal incorporation of heavy amino acids. The proteins are extracted from both populations of cells and mixed in equal proportion and
then subjected to either in-gel or in-solution digestion. Relative abundance of the digested peptides is determined from the ratio of heavy-
to-light peptide signals as obtained fromMS.

candidate biomarkers in oral squamous cancer using tissue
culture-based system [44]. In a similar type of study, Wang et
al. established the regulatory network of karyopherin subunit
alpha-2 (KPNA2) as a novel cargo protein in nonsmall cell
lung carcinoma (NSCLC) to further establish KPNA2 as a
candidate biomarker for NSCLC [45]. In a different kind
of approach, Cuomo et al. used this versatile technique for
the identification of histone signatures in breast cancer cell
lines. They specifically focused on histone H3 and H4 and
came up with “breast cancer-specific epigenetic signature,”
with implications for the characterization of histone-related
biomarkers [46]. Moreover, the use of this technique is
no longer confined to in vitro cell culture. Recently, the
founder of this technique, Matthias Mann, has come up
with a variation for the use of SILAC in vivo [47]. Here,
the authors labelled the mice by continuous feeding of
either natural or heavy isotope lysine-containing food for
four generations. They isolated blood samples and organs to
evaluate the incorporation of heavy isotope and found that all
the proteins were labelled in the second generation. Further,
they validated their result by comparing the proteomes
from platelets, heart and erythrocytes from 𝛽1-integrin, 𝛽-
parvin, and kindlin-3 deficient mice, respectively [47]. They
proposed that it is a novel technique, which can be used to
monitor the function(s) of a gene at a proteomic level in
vivo by generating knockout mouse of that gene. Although
in vivo SILAC mouse model is a great advancement, the
same technique cannot be applied to human subjects. SILAC’s
advantage lies in the nonrequirement of targeted analysis of
specific proteins or peptides, as every peptide is labelled and
can be quantified depending on the degree of resolution and

instrument sensitivity. It is also more robust and accurate
than other quantitative techniques. However, SILAC also has
few drawbacks like it cannot be used directly to human tissue
samples as well as autotrophic cells (plant cells). Moreover,
costly reagents are also an obstacle [48]. Although SILAC has
its own set of disadvantages, it has immense potential and is
yet to be exploited fully. It is gaining popularity quickly and
will continue to be used as a significant tool in quantitative
proteomic studies.

Super-SILAC is an improved version of SILAC. As a
single-cell line cannot represent the heterogeneity of tumor
tissue, super-SILAC helps to enhance the sensitivity and
robustness of tissue culture-based model system for quan-
titative proteomic approach [49]. This method relies on the
use of a mix of several SILAC-labelled cell lines as an inter-
nal standard for more comprehensive representation of the
tumor proteome. Geiger et al. have used this method to show
that it represents the tumor heterogeneity better than SILAC.
They have used a panel of breast cancer, glioblastoma, and
astrocytoma cell lines that represent the internal standards
for these tumor types [50]. Boersema et al. used super-SILAC
with LC-MS/MS to identify N-glycosylated proteins in cell
secretome and patient blood samples. They have used 11
breast cancer cell lines that represent different stages of breast
cancer and took few cell lines representing the super-SILAC
mix as internal standard for more accurate quantification.
Enriched N-glycosylated proteome mainly comprised the
membrane and secretory proteins. They have validated the
identified candidates in human blood samples [51]. Lund et
al. have used it for the study of metastatic markers in primary
tumors.They compared the proteome of tumors derived from
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inoculation of a panel of isogenic human cancer cell lineswith
different metastatic capabilities into the mammary fat pad of
immunodeficient mice [52]. As of now, it does show a great
potential to serve as a relative proteomic quantitationmethod
for understanding molecular aspects of cancer biology and
perhaps as a convenient approach for candidate biomarker
discovery. Due to its high accuracy and low error rate, it is
becoming the method of choice in quantitative proteomics.

7. Isobaric Tagging Reagent for Absolute
Quantitation (iTRAQ)

Another popular and comprehensive quantitative technol-
ogy is Isobaric Tagging Reagent for Absolute Quantitation
(iTRAQ) introduced by Ross et al. [18]. iTRAQ label con-
sists of a reporter group (variable mass of 114–117Da), a
balance group, and an amine-reactive group that reacts at
lysine side chains and NH

2
-terminal. In iTRAQ, samples are

labelled after trypsin digestionwith four independent iTRAQ
reagents. The labelled samples are pooled and the tagged
peptides are fractionated by strong cation exchange (SCX)
chromatography, and each desalted fraction is subjected to
tandem mass spectrometry [53]. The reporter groups of
the iTRAQ reagent generate reporter ions for each sample
with mass/charge (m/z) of 114, 115, 116, and 117 during
MS/MS. These reporter ions allow the differentiation of
the different samples in MS and furnish the necessary
quantitative information (Figure 6). Recently, electrostatic
repulsion-hydrophilic interaction chromatography (ERLIC)
and off-gel fractionation have evolved as an alternative to
the cumbersome process of SCX chromatography [54, 55].
ERLIC method separates peptides on the basis of electro-
static repulsion and hydrophilic interaction and is found
to be increasing the proteome coverage [54]. In off-gel
fractionation, the samples are rehydrated on a gel strip and
further separated up to 24 fractions according to pI [55].
iTRAQ method can also be improved to perform absolute
quantification by adding internal standard peptide. Recently,
Eight-plex iTRAQ reagents have also become commercially
available that allows the quantification of eight different
samples in a single run. The advantage of iTRAQ labelling
is that signal obtained from combined peptides enhances
the sensitivity of detection in MS and MS/MS. However, the
variability in labelling efficiencies and the costly reagents are
major limitations of this high fidelity technique [56]. The
use of this powerful technique is gradually becoming the
method of choice in the field of biomarker discovery. In a
study by Rehman and coworkers, this technique was used
for candidate biomarker discovery associated with metastasis
using both patient sample as well as prostate cancer cell lines
[57]. They have pooled serum samples from three different
stages of prostate cancer patient group as nonprogress-
ing samples, progressing samples, and metastatic samples
followed by identification of a set of potential prognostic
biomarkers that may be involved in disease progression
and metastasis. They have identified eEF1A1 as a novel
candidate biomarker significantly showing increase in all
three groups of samples when compared to benign prostatic

hyperplasia (BPH) samples. They have also validated their
results in 11 frequently used prostate cancer cell lines to
show eEF1A1 expression validation both at the translational
and transcriptional levels. Further, they have also identified
C-reactive protein (CRP) that is already established as a
potentialmarker for bonemetastatic prostate cancer [57]. In a
similar type of study,metastasis-related candidate biomarkers
have been identified in colorectal cancer cell lines. They
labelled the whole-cell lysates of SW480 (primary cell line)
and SW620 (lymph node metastatic variant of SW480) with
4-plex iTRAQ followed by 2D-LC and MALDI-TOF/TOF to
identify 𝛽-catenin and calcyclin binding protein (CacyBP)
as differentially expressed. CacyBP degrades 𝛽-catenin.Thus,
these two proteins show a very nice inverse correlation
in the progression of metastasis and hence are potential
candidate biomarkers [58]. In another study, it has been
used for the profiling of tyrosine phosphorylation level in
breast cancer progression using MCF10AT breast cancer cell
line [59]. Using complementary MALDI- and ESI-based
mass spectrometry, they have identified 57 unique proteins
comprising tyrosine kinases, phosphatases, and other sig-
naling network proteins that might play significant role
during disease progression. For the first time, they have
identified SLC4A7 (sodium bicarbonate cotransporter) and
TOLLIP (Toll interacting protein) as novel tyrosine kinase
substrates associated with cancer development providing
valuable insights into the disease progression [59].

8. Label-Free Techniques

To overcome the difficulties in labelling techniques such as
high cost of the reagents, higher concentration of sample
requirement, and incomplete labelling, researchers are turn-
ing tomass spectrometry-based label-free shotgun proteomic
technology. It is a very high throughput technique that opens
up a new era in the discovery of potential biomarkers.
Label-free technology is based on the assumption that the
peak area of a peptide in the chromatogram is directly
proportional to its concentration [60, 61]. This strategy is
generally based on two classes of measurements; the first
is based on the measurements of ion intensity changes like
peptide peak areas or peak heights in chromatogram, and
the second is the spectral counting in the MS/MS analysis.
Recently, label-free approaches have been used for absolute
quantification in addition to the relative quantification of
peptides/proteins. Initially, protein abundance was estimated
using protein abundance index (PAI), but later on it was
converted to exponentially modified PAI (emPAI) which
is routinely used for determining absolute protein abun-
dance. Recently, a modified way of spectral counting termed
absolute protein expression (APEX) profiling has been used
to measure the absolute protein concentration. Decyder
MS from GE Healthcare, Protein Lynx from Waters, and
SIEVE from Thermo Electron are some of the commercially
available softwares for label-free analysis. This technology
is applied for candidate biomarker discovery mostly using
clinical samples. Ishihara et al. have used it to identify
N-glycoproteins as potential biomarkers in hepatocellular
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Figure 6: Experimental outline of iTRAQ. Proteins are extracted from either tissue samples or cultured cells and subjected to proteolytic
digestion. The digested peptides are then labelled with isobaric tags followed by the pooling of the samples. The samples are then fractioned
through SCX followed by tandem mass spectrometry analysis.

carcinoma [62]. Similarly, it was used by Old and coworkers
to identify differentially expressed proteins in K562 human
erythroleukemia cells [63].They used peptide spectral counts
and LC-MS/MS to study the simulation effect under different
conditions that promote cell differentiation by mitogen-
activated protein kinase pathway activation [63].

Like other techniques, this technique also has its own
advantages and limitations. It seems to be a promising
technique for shotgun quantitation and cheap, simplistic,
and less complicated in terms of analysis. The limitation of
this technique is redundancy in detection which may arise
from the peptides which are shared between more than
one protein, leading to the suppression effect. In addition,
label-free quantification methods suffer from less accurate,
semiquantitative, and are not suitable for low abundance and
short proteins. Another drawback is in the normalization
of the data while exploring multiple samples in multiple
reactions [23, 60, 61]. While considering this technique for
the quantitation, one should consider that the correlation
of MS/MS spectra with a protein is only an approximation
owing to the errors arising due to false identification. Proteins
of low abundance could still be present in the sample in spite
of the spectral count being zero and also larger proteins can
give rise to more tryptic digests, hence more spectral counts.
The fact that the signal for a given peptide is governed by
many factors like efficiency of fragmentation and ionization
in electrospray should also be taken into consideration.Thus,
the spectra in MS/MS accounting for the identification of a
protein can only be used as an indication of its abundance in
the sample [64]. These limitations have left us with the scope
for more improvement.

9. Stable Isotope Dilution Mass
Spectrometry (SID-MS)

In contrast to the relative quantification proteomic ap-
proaches, tandem mass spectrometry-based selected reac-
tion monitoring (SRM), and multiple-reaction monitoring

(MRM) techniques have been used for absolute quantifica-
tion of proteins in combination with stable isotope dilution.
This MS-based absolute quantification method relies on the
incorporation of known quantities of isotope-labelled stan-
dards, which display very similar chromatographic properties
to the target compounds but can be distinguished by their dif-
ference inm/z [65].This isotope dilution method is generally
a targeted approach which is focused on a limited set of pro-
teins. In this method, first initial analysis requires identifica-
tion of signature peptides for targeted proteins followed by an
internal standardization performed by spiking stable isotope-
labelled peptides into the samples in defined amount before
analysis. Quantification is performed by comparing the peak
height or peak area in the extracted ion chromatograph
of the isotope-labelled and the native forms of a signature
peptide [65]. The major advantage of this method is good
linearity and excellent precision, but the accuracy and ability
to determine the true abundance of target protein strongly
depend on the choice of signature peptide selected and the
purity of internal standard. The disadvantage of this method
is that it is limited to small number of proteins because
suitable internal standards need to be purchased/synthesized.
The second disadvantage is that this kind of experiments can
be preferably done in triple quadrupole mass spectrometers
but not all available tandem mass spectrometers. First time,
Kippen and coworkers used this method for precise determi-
nation of insulin, C-peptide, and proinsulin levels in blood
of nondiabetic and type II individuals [66]. Gerber et al.
successfully used this method for absolute quantification of
proteins and phosphoproteins from cell lysates [67]. Kuzyk
and coworkers used this technique to develop a method for
the quantitation of 45 serum proteins in human plasma [68].
Recently, Jiang et al. quantified endogenous cystic fibrosis
transmembrane conductance regulator (CFTR) in HT29 and
BHK cells usingMRM-MS and oxygen stable isotope dilution
[69]. Apart from these notable studies, SID-MS has been used
for the quantification and verification of potential biomarkers
in pancreatic [70], prostate cancer [71], and cardiovascular
diseases [72]. SID-MS-based quantification is filling the gap
between the discovery and validation phases, which may
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promote potential biomarkers towards clinical trials and
thereby their development as diagnostic tools.

10. Role of Tissue Culture and Proteomics in
Candidate Biomarker Discovery

Despite the development of the omic technologies, the
search for candidate biomarkers that would provide detailed
information on diagnosis, prognosis, and disease monitoring
has remained largely elusive. The serum proteome of patient
samples is largely (>95%) covered by the most abundant 20
proteins and the potential biomarkers are from the remaining
5% of the proteins, thereby yielding very few cancer biomark-
ers which are in current clinical use [73]. The availability
and number of patient tissue samples are also a limitation.
Therefore, researchers thought of an alternative approach
comprising tissue culture-based candidate biomarker discov-
ery systems to gain insight into different cancers.

The cancer proteome can be classified into two broad
groups: secretome and cellular proteome. Secretome, com-
prising the secretory proteins, plays important roles in vital
cellular functions and they can act locally as well as system-
ically. The secretome reflects the functionality of a cell in
a given environment [74]. The proteins or their fragments
are secreted from cancer cells into the media termed as
conditioned media (CM). Therefore, secretory proteins can
function as novel candidate tumor markers for different
cancers and can be extracted from tissue culture media
of human cancer cell lines. CM, as a source for potential
biomarkers, is increasingly becoming popular as revealed by
the surge in the number of recent publications [75–77]. On
the other hand, analysis of cellular proteome has also given
insight into the pathogenesis and has helped us to come up
with candidate biomarkers such as Hv1 (voltage-gated proton
channel) [78]. The authors reported that Hv1 is specifically
expressed in highly metastatic human breast tumor tissues
and cell lines and that its level significantly correlated with
tumor size, classification, and disease-free survival [78, 79].

Breast cancer cell lines, specifically MCF7, have been
widely used as a model to explore potential breast cancer
biomarkers [80]. Jung et al. identified potential biomarkers
in lung cancer using tissue culture-based approaches [81].
It is becoming increasingly clearer that cell lines are as
heterogeneous as primary tumors [8].

Although the in vitro cell culture model provides us with
great advantages, it also has its own set of disadvantages as
reported by Kulasingam andDiamandis, like a single-cell line
has multiple variants that makes this system complex. More-
over, it is yet to reach the stage where it can mimic the tumor
microenvironment as well as its real characteristics, and oth-
ers [6]. The three-dimensional (3D) cell culture techniques
have made the things more reliable and versatile because
of mimicking the in vivo conditions [82]. Therefore, their
usage for candidate biomarker discovery is more relevant.
Moreover, the field of drug discovery and disease prevention
largely depends on the tissue culture-based model system,
majorly relying on high-throughput proteomics techniques,
because there is no scope for direct human trials of newly

developed lead molecules [83, 84]. Recently, there have been
a lot of reports where researchers have tried to find out the
working mechanism of a drug through proteomic, genomic,
and many other techniques [85, 86]. Currently, there is a
major concern regarding the drug resistance, which implies
the nonresponsiveness of a disease for a certain drug at
its working concentration. Researchers are relying heavily
on robust proteomic approaches for finding the probable
“culprits” for this drug resistance [87–91]. The studies using
tissue culture-based candidate biomarker discovery platform
are shown in Table 1.

11. Advantages of Tissue Culture in
Biomarker Discovery and Diagnosis

Cancer cell lines are themost widely usedmodels to study the
deregulation in cancer as well as the identification of potential
biomarkers for the early detection and prognosis of cancer
[92, 100]. Both the cellular milieu and conditioned medium
(CM) serve as a rich source of potential biomarkers. The
clinical relevance of using cell lines is already well established
[101, 102]. As PSA (prostate-specific antigen), the existing
biomarker for detection of prostate cancer poses problems;
there is a need for a more accurate biomarker. Qian et al.
identified Spondin 2 (Spon-2) as a candidate biomarker for
prostate cancer [92]. They first identified the extra-cellular
proteins by 2-DE coupled with LC-MS/MS. Further, they
concentrated on Spon-2 as it was consistently overexpressing
in prostate cancer cell secretome, and then they validated
their findings in human prostate cancer tissue samples.
Moreover, they have checked the sensitivity and specificity
of Spon-2 by receiver operator characteristic (ROC) curve
analysis. Spon-2 also out rated PSA in the patient samples in
terms of sensitivity and specificity [92]. Similarly, Lee et al.
showed high-mobility group protein B1 (HMGB1) as a better
prognostic marker over carcinoembryonic antigen (CEA) for
colorectal carcinoma [102]. They have used 10 colon cancer
cell lines along with a normal colon cell line CCD18Co and
detected the presence of HMGB1 in the secreted medium.
Further, they validated their findings in patient sera also.They
have proven the diagnostic value of HMGB1 in a cohort of
219 colorectal patient samples along with 75 control samples.
HMGB1 showed more stage-specific diagnosis value than
CEA. When HMGB1 and CEA are combined, the overall
diagnostic sensitivity is improved when compared to CEA
alone (42% versus 25.6%) and the stage 1 cancer diagnosis
(47% versus 5.9%) [102]. This kind of study sets the platform
for the identification of potential new prognostic biomarkers
thatmight be a tedious job using patient samples directly.The
cell culture-basedmodel systempossesses its ownuniqueness
and benefits.The availability and the number of patient tissue
samples always present a challenge for the researchers at least
in countries with poor public awareness. This is where the
easy availability of cell lines (cancerous and normal) comes
in.They can also be easily propagated compared to the patient
sample. The other advantage is that the cell culture-based
model system is cost effective compared to the patient sample
system.This system also has the versatility that patient sample
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Table 1: Tissue culture-based candidate biomarkers discovery in different cancers.

Cancer types Cell lines used Biomarker identified Clinical relevance Quantitative
techniques used Reference

Breast cancer

21T series of Breast cancer
cell lines

HMT-3522-S1, MFM223,
HCC202 and HCC2218,
HCC1599, HCC1143,

HCC1937, MCF7, MCF10A,
MDA-MB-453

TIMM 17A
IDH2, CRABP2, SEC14L2

Disease prognosis
Disease progression and

monitoring

SILAC and
LC-MS/MS
SILAC and

MALDI-MS/MS

[5]
[44]

Prostate
cancer PC3, LnCAP, 22Rv1

Follistatin, chemokine
(C-X-C motif) ligand 16,

Pentraxin 3, and spondin 2
Disease progression and

monitoring

Two-dimensional
chromatography and

tandem mass
spectrometry
2D-DIGE,

MALDI-MS/MS

[76]
[92]

Lung cancer
1198 and 1170-I, BEAS-2B

and 1799
CL1-0 and CL1-5

PGP9.5, TCTP, TIMP-2,
and TPI
KPNA2

Disease monitoring
Disease detection and
progression monitoring

2DE and MS
SILAC, LC-MS/MS

[81]
[46]

Gastric
cancer AGS and MKN7 GRN Disease detection and

monitoring
2D-LC-MS/MS and

iTRAQ [93]

Pancreatic
cancer

PANC1, BxPc3,
MIA-PaCa2, SU.86.86

Anterior gradient homolog
2, syncollin,

olfactomedin-4, polymeric
immunoglobulin

receptor, and collagen
alpha-1(VI) chain

Early disease detection and
monitoring LC-MS/MS, ELISA [94]

Colorectal
cancer

Tumor samples were
cultured in vitro EFEMP2 Detection and monitoring 1D-LC-MS/MS [95]

Head and
Neck cancer

SCC4, HSC2, SCC38, and
AMOSIII

alpha-enolase, peptidyl
prolyl isomerase

A/cyclophilin A, 14-3-3 z,
heterogeneous

ribonucleoprotein K, and
14-3-3 s

Disease detection and
progression monitoring

LC-MS/MS, western
blot [96]

Oral cancer
OEC-M1 and SCC4
OEC-M1 and SCC4

Mac-2 BP
Guanylate-binding protein

1 (GBP1)

Early detection of disease
Disease detection and

progression

MALDI-TOF MS
1D and LC-MS/MS

[97]
[98]

Renal cell
carcinoma

786-O, Caki-1, A498,
ACHN OS-RC-2, HK-2,

HUVEC
FoxM1 Detection and potential

drug target
IHC, western blot,

ELISA [99]

system does not have. The cell culture-based system can be
used to check the potential efficacy of a novel lead molecule
which can be a prospective drug over various types of cancers.
This kind of studies also allows us to get an insight into a
drug’s mechanism of action.

CM of cancer cells allows us to search for potential
biomarkers at the level of secretome. This approach offers
various advantages like removal of the potential infectious
sources. Few of the currently available biomarkers also
pose problems, as for pancreatic cancer, the best available
marker is CA19.9; however, the false positive rates of this
marker are high as they are also elevated in nonneoplastic
conditions like acute and chronic pancreatitis, hepatitis, and
biliary obstruction [103].The cell secretome possesses a great

advantage for the dissection of potential biomarkers; as for
the clinical use, the best biomarkers are those that can
be detected in body fluids. The cell secretome indirectly
represents the proteins that can be found in the body fluids
of a patient, so the identified secretory proteins can be a good
biomarker. Moreover, the dynamic range of the secretome
is very low compared to cell lysate, so it is a better source
for the profiling of biomarkers for diseases like cancer. It
is a noninvasive method for the detection of biomarkers
rather than directly encountering the patient samples, and the
availability of so many cell lines that represent the different
stages of the disease helps to provide relevant information
[104]. It also effectively bypasses the large amount of serum
proteins present in the body fluids of patients. Importin
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alpha subunit-2 (also called KPNA-2) was identified as a
candidate biomarker by Wang and colleagues using CL1-0
and CL1-5 lung cancer cell lines. They have integrated the
data of cancer cell secretome and transcriptome of adeno-
carcinoma tissues. Further, they have validated their results
by immunohistochemistry, and, moreover, they have shown
thatKPNA-2 andCEA in combination producemore efficient
diagnostic capacity in the patients [105]. A similar approach
was taken by Kulasingam and Diamandis to identify the
candidate biomarkers in breast cancer cell lines using a
panel of three breast cancer cell lines: MCF-10A, BT474, and
MDA-MB-468. They have identified low abundant proteins
like elafin and kallikrein family of proteins along with
highly abundant proteins by using “bottom-up” proteomic
technique via 2D-LC-MS/MS on a linear ion trap (LTQ) as
a potential drug target as well as candidate biomarker [106].
Using this technique, Ahmed et al. have identified a candidate
biomarker, immunoreactive integrin-linked kinase (ILK) for
ovarian cancer [107]. Similarly, the cell line established from
human prostate cancer was confirmed to release PSA when
cultured in serum-free CM [108]. This system can be easily
modified to allow us to study the prognostic and diagnostic
markers under different conditions. If we wish to study the
differential regulation of a candidate prognostic biomarker
in different disease conditions, it is only possible by the
use of tissue culture model system. Another very important
advantage of this system over the patient tissue sample is the
relatively easy detection of the less abundant proteins, which
are the source of potential biomarkers. In patient sample, the
high abundant proteins like albumin and immunoglobulin
create problem for the detection of less abundant proteins
through high throughput techniques like mass spectrometry.

Nowadays there are ways to remove high abundant
proteins. In most cases, it seems to affect the protein con-
centration in a big way and people are still trying to find
a way to improve this technique. It is often cumbersome
to reproduce the data using patient samples because of the
heterogeneity. The physical as well as physiological status of
the patient plays important role in the tumor biology, but
cell culture-based system offers a better way to solve this
problem as we have a way to propagate the cells for passages
and the results can be more easily reproduced in this system
as we can use the same lineage of cells for the study. This
system allows us to detect the alterations at proteome level
which is also possible for patient sample study but again it
is more labour intensive, time consuming, and expensive. In
well-defined experimental conditions, the proteome of a cell
line should reflect the genetic changes of a cell. To get an
in vivo insight into the disease, researchers use cancer cell
xenograftmodel system.More recently, 3D cell culture system
has become a model of choice. Mikesh et al. have used this
system to successfully identify molecular markers associated
with melanoma [109]. CD151 was identified as a potential
prognostic marker for breast cancer. The researchers have
used MDA-MB-231 as a model system. In tumor xenograft
model, CD-151 knockdown cells showed reduced tumori-
genecity compared to normal tumor cells. CD-151 also affects
the tumor vasculature. Moreover, the overall survival rate
of CD-151 positive patients was 45.8% compared to CD-151

negative patients. Further, they have deciphered its molecular
modulator network to establish it as a novel drug target [110].
In a similar kind of study, Yao et al. have used a lectin affinity-
based approach to enrich as well as increase the detectable
number of secreted proteins in the CM of cultured tissues
followed by LC-MS/MS and identified EFEMP2 as a potential
marker for early detection of colorectal carcinoma (CRC).
They have also proven it to be superior to CRCbiomarker and
CEA and validated their results by immunohistochemistry
[95]. Lee and coworkers have established H+-myo-inositol
transporter SLC2A13 as a potential biomarker for cancer stem
cell (CSC) in oral squamous cell carcinoma (OSCC) [111].
Head and neck carcinoma is one of the poorly understood
cancer and there is a need of biomarkers for its diagnosis and
prognosis at early stages. Ralhan et al. have used proteomic-
based approaches to identify new potential biomarkers for
head and neck carcinoma [96]. They have analyzed the
secretory medium of different head and neck cancer cell
lines via LC-MS/MS and identified a panel of potential
biomarkers. Further, they have validated their results via
immunoblotting in patient sera also [96].Once identified, few
of these potential biomarkers can be undertaken for clinical
trials to further investigate their potential as biomarkers.
Similarly, tissue culture-based model system has been used
to mine for potential biomarkers in other cancers as well
(Table 1) [93, 94, 97–99].

As stated, there are various advantages of using tissue
culture-based candidate biomarker discovery but ultimately
the studies have to be carried out in patient sample to
validate a potential candidate as a biomarker for diagnosis,
prognosis, or disease monitoring.This in no way undermines
the potential of tissue culture-based model in potential
biomarker discovery as the validation can be achieved by
alternative means, but the identification is less cumbersome
using this system. The initial studies which include the study
of differential expression of a candidate in normal versus
malignant cells, their mode of action, or whether they can
be used as a potential drug target, have to be done using
tissue culture-based model system. It creates the foundation
based upon which we can carry forward the hunt for novel
biomarkers not only in the field of oncology but also for other
prevalent diseases.

12. Future Perspective

The inherent capability of mass spectrometry along with
its sensitivity, speed, and specificity when combined with
tissue culture-based model provides a promising tool for the
discovery of candidate potential biomarkers (Table 2). In this
paper, we have tried to emphasize the use of tissue culture
as model for biomarker discovery along with brief outline
of different mass spectrometry-based quantitative proteomic
techniques that are routinely used in such studies. With the
advancement of mass spectrometry-based proteomic tech-
niques and bioinformatics tools, tissue culture-based model
system becomes the most beneficial choice for the identifica-
tion of potential biomarkers. The CM of these cell lines also
serves as a potent source of biomarkers. The contemporary
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Table 2: Different mass spectrometry-based proteomic approaches with its merits, demerits, and compatibility towards tissue culture.

Proteomic
approach Merits Demerits Compatibility with

tissue culturea References

2-DE
(i) Robust
(ii) Simplistic
(iii) Highly suitable for MS analysis

(i) Involves large amount of sample
(ii) Low throughput
(iii) Poor recovery of hydrophobic proteins

∗ ∗ ∗ [15, 33]

2D-DIGE
(i) Multiplexed
(ii) Better quantitation
(iii) Minimized gel to gel variation

(i) Not suitable for MS analysis
(ii) Expensive Cy dyes
(iii) Poor recovery of hydrophobic proteins

∗ ∗ ∗∗ [16, 34]

SILAC
(i) High-throughput
(ii) Robust and accurate
(iii) Sensitivity and simplicity

(i) Only suitable for tissue culture model
(ii) Costly reagents
(iii) Not applicable to tissue samples

∗ ∗ ∗ ∗ ∗ [25, 48]

Super-SILAC

(i) Better representation of tumor
heterogeneity
(ii) Accurate quantitation
(iii) Less error rate

(i) Only suitable to tissue culture model
(ii) Costly reagents
(iii) Internal standard library required

∗ ∗ ∗ ∗ ∗ [50]

iTRAQ
(i) Multiplexed
(ii) Applicable to versatile samples
(iii) Better quantitation

(i) Incomplete labelling
(ii) Involves high amount of sample
(iii) Expensive reagents

∗ ∗ ∗∗ [18, 56]

Label free
(i) Involves less amount of sample
(ii) Broader applicability
(iii) Avoid labelling

(i) High-throughput instrumentation
(ii) Redundancy in detection
(iii) Not suitable for low abundant proteins

∗ ∗ ∗∗ [61, 64]

SID-MS
(i) Absolute quantitation
(ii) Targeted approach
(iii) Applicable to versatile samples

(i) Applicable to limited number of proteins
(ii) Internal standards are required
(iii) Generally used for validation

∗ ∗ ∗ [65, 68]

aNumber of “∗” indicates extent of compatibility.

biomarkers generally used in clinics such as carbohydrate
antigen CA 125, CA 19.9, and PSA were discovered using
cancerous cell lines or tumor extracts [112]. It is likely that the
tumor microenvironment or the tumor itself can be a source
of biomarkers allowing for better sensitivity and specificity
as well as proper diagnosis of the disease. However, in tissue
culture-based system, the role of tumormicroenvironment in
biomarker discovery is yet to reach its peak. The 3D culture
methods are currently being used that can be considered as
an alternative to 2D culture system which receives criticism
for its inability to mimic tumor microenvironment. The
CM enriched with secretory proteins is largely used for the
identification of potential cancer biomarkers. It acts as a
perfect source for the potential biomarkers, and to date the
majority of the biomarkers being used clinically are secretory
proteins. Proteome profiles of many cancers are influenced
by hormones, and tissue culture-based model system serves
as a promising approach to study this process. Hormonal
stimulation of the cells followed by different gel-based or gel-
free proteomic approaches to identify differentially expressed
proteins serves as an approach to search for the “cause-effect”
candidates. Tissue culture-based model system can also be
used in the field of pharmacokinetics and drug discovery.
The potential effect of a drug can be assessed by using
tissue culture-based system. The differential expression of
proteins upon drug treatment also provides the insight into
the mechanism of action as well as potential drug targets.
Moreover, these differentially expressed proteins can serve as
potential biomarkers for drug response in clinics.

There has been a rapid fruitful development of MS-based
proteomic techniques in the last decade that has immensely

helped researchers in candidate biomarker discovery. First,
there was 2-DE and then its 2D-DIGE that enhances the
accuracy of quantitation utilizing very littel amount of
sample. Now, there are techniques like SILAC and iTRAQ
which are more advanced versions of labelling techniques
in combination with improved chromatographic, and mass
spectrometric techniques provide better resolution. Recently,
people have started moving towards label-free quantitation,
which is the most advanced form of relative quantitation-
based proteomic technique. With this advancement, the
number of potential biomarkers will certainly increase, but
we have to be very careful and critical in choosing the
biomarkers that can be used clinically. It is not tough to
anticipate more development in the near future that will
make tissue culture-based systems for potential biomarker
discovery more robust, sensitive, and reliable. This will lead
to the discovery of useful biomarkers for patient diagnosis,
prognosis, treatment, andmonitoring not only for cancer but
also for other diseases.
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Flow cytometry is widely used in cancer research for diagnosis, detection ofminimal residual disease, as well as immunemonitoring
and profiling following immunotherapy. Detection of specific host proteins for diagnosis predominantly uses quantitative PCR and
western blotting assays. In this study, we optimized a flow cytometry-based detection assay for Factor VIII protein in peripheral
blood mononuclear cells (PBMCs). An indirect intracellular staining (ICS) method was standardized using monoclonal antibodies
to different domains of human Factor VIII protein. The FVIII protein expression level was estimated by calculating the mean
and median fluorescence intensities (MFI) values for each monoclonal antibody. ICS staining of transiently transfected cell lines
supported the method’s specificity. Intracellular FVIII protein expression was also detected by the monoclonal antibodies used in
the study in PBMCs of five blood donors. In summary, our data suggest that intracellular FVIII detection in PBMCs of hemophilia
A patients can be a rapid and reliable method to detect intracellular FVIII levels.

1. Introduction

Hemophilia A (HA) is a bleeding disorder caused by lack
of or a defective Factor VIII (FVIII) protein [1, 2] and
results from defects in the Factor 8 (F8) gene. Infusion of
plasma-derived or recombinant (r)-FVIII protein permits the
efficient management of this chronic disease [3]. The most
significant adverse event, which occurs in approximately 20%
of patients overall, is the development of antidrug antibodies
which inhibit infused FVIII function [4, 5].

The F8 gene is large gene that contains of 26 exons
and spans 186 kb at Xq28 region of X chromosome [6]. An
assessment of genetic defects in 1000 hemophilia subjects
showed point mutations, inversions, deletions, abnormal
splice sites, and so forth, in the F8 gene [7].

In addition to mutations, the lack of expression of the
endogenous F8 gene is also a risk factor for the development

of inhibitors [8, 9]. For example, a previous report demon-
strated expression of the truncated FVIII protein in HA
patients [10]. These truncated or defective FVIII proteins are
synthesized in the cytosol of various cells and tissues andmay
be trapped inside the lysosomal vacuoles. Clinical studies
correlating various mutations in the F8 gene with prevalence
of inhibitors are also generally consistent with the premise
that the synthesis of an endogenous FVIII polypeptide chain
is necessary for inducing central tolerance. A recent systemic
review showed the risk of inhibitor development in patient
with different types of F8 gene mutations [11].

Current methods estimate plasma levels of endogenous
FVIII using techniques such as ELISA; however, some defec-
tive proteins may be synthesized but not secreted. Thus it
is also important to develop methods for the intracellular
detection of FVIII. Such methods would also be useful
to understand the distribution of FVIII in different cells
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Table 1: Antibodies used to detect expression of FVIII by flow
cytometry.

Antibodies 1 × 106 cells
Isotype Concentration (mg/mL) Dilution

Isotype IgG2a 0.1 1 : 100
ESH8 IgG2a 0.1 1 : 100
ab41188 IgG2a 0.1 1 : 100

and tissues and better understand intracellular trafficking of
FVIII.

In vivo protein expression has been studied predom-
inantly by mRNA-based quantitative PCR. Such methods
though useful may not be very informative as mRNA expres-
sion levels do not necessarily correspondwith protein expres-
sion levels [12]. Western blotting and ELISA are routinely
used and are better suited methods to detect protein expres-
sion in vivo. However, these techniques are not appropriate
to simultaneously study FVIII protein expression levels in
distinct cell types.

Flow cytometry is an established high-throughput tech-
nique to identify intracellular levels of protein and as such
has become an integral tool in immune monitoring and
cancer diagnostics [13–15]. Similarly, the cytoplasmic staining
and detection of coagulation factor ADAMTS13 protein have
been analyzed previously using flow cytometry [16]. The
clinical relevance of high-throughput techniques to quantify
intracellular levels of FVIII has been illustrated by the recent
finding that FVIII mutation can cause HA even though
specific activity is not affected. It was demonstrated that
the point-mutation N1922S exhibits specific activity which is
comparable to that of the wild-type protein; however, poor
secretion of the N1922S mutant leads to mild HA [17]. Flow
cytometry is well suited to identify and compare cytoplasmic
levels of FVIII in both heterologous expression systems as
well as in a patient’s cell and tissue samples.

Here, we optimized an ICS assay based on commercially
availablemonoclonal antibodies to study the endogenous and
transient expression level of intracellular FVIII protein in
mammalian cell lines such as NIH-3T3, HEK-293, and CHO.
We applied this method to detect endogenous expression
level of intracellular FVIII protein in human PBMCs.

2. Materials and Methods

Reagents. phosphate buffer saline (PBS, Hyclone) and bovine
serum albumin (Acros Organic) were used in preparation of
flow cytometry washing buffer. Fixing and permeabilization
agents (IntraPrep, Beckman Coulter) were used for ICS. Cells
were resuspended in 200𝜇L of 1% paraformaldehyde (EMS
microscopy) in PBS before flow cytometry analysis. Primary
mouse anti-human FVIII unlabelled monoclonal antibodies
ab41188 (Abcam Inc.) and ESH8 (AmericanDiagnostica Inc.)
were used for intracellular staining (Table 1).Themonoclonal
antibody ab41188 binds to the N terminal of A3 domain
of FVIII protein while monoclonal antibody ESH8 [18–20]
binds to the C2 domain of FVIII protein. Both antibodies
can detect the full-length wild-type protein (Figure 1). Alexa

A1 A2 B domain A3 C2 C2

Heavy chain Light chain

ab
41

18
8

ES
H

8

Figure 1: Schematic diagram of FVIII protein showing the binding
epitope of anti-FVIII monoclonal antibodies ab41188, and ESH8.
The monoclonal antibody, ab41188 binds to the N terminal of A3
domain, while ESH8 binds to the C2 domain of the FVIII protein.

Fluor 488 conjugated goat anti-mouse secondary antibody
(Invitrogen) was used to detect the signal from primary
monoclonal antibodies used in flow cytometry.
Preparation of PBMCs. heparinized venous blood was col-
lected from unrelated healthy registered blood donors of
the NIH Blood Bank. Mononuclear cells were isolated by
centrifugation on lymphocyte separation medium (Cellgro,
USA). 1 : 1 diluted blood with PBS (pH7.4) was loaded on
5mL of lymphocyte separation media (LSM-cell grow) in
a 50mL BD Falcon tube. After centrifugation for 30min at
250 g, buffy coat containing mononuclear cells was collected
in a 50mL tube and washed with PBS twice by centrifugation
at 200 g for 10min to separate the platelets. The viable
cell number was obtained using a Cellometer cell counter
(Nexcelom Bioscience, MA, USA) following staining with
trypan blue.
Plasmid Vector. the full-length recombinant FVIII protein
expression vector was used for the transfection studies with
various cell lines. The vector was developed to express FVIII
protein in a backbone derived from the pcDNA3 plasmid
containing an ampicillin resistance cassette. The vector con-
tains cDNA-polyA cassette under the control of a strong
CMV promoter and a positive neomycin (Neo) selection
marker. The HOW1-WT expression vector contains cDNA
corresponding to the H3 haplotype [9] of the human F8 long
isoform. The expression vector was designed by genOway,
France and was amplified in E. coli and purified using CsCl
gradient centrifugation by Loft strand Laboratories (MD,
USA).
Cell Culture and Transfection. mouse embryonic fibroblast
(NIH-3T3), Chinese hamster ovary (CHO), and human
embryonic kidney (HEK-293) cells (ATCC, VA, USA) [21]
were cultured in DMEM supplemented with 10% fetal bovine
serum and incubated in 5% CO

2
at 37∘C with slightly

modified protocol. Cells in the exponential growth phase
were detached with 0.025% trypsin EDTA from a tissue
culture dish (Falcon, NJ, USA). 1 × 106 of these cells
were inoculated on a 25 cm2 flask with 5mL of DMEM
supplemented with 10% FBS. After 24 hours of incubation
with 60–80% confluence, the cell growth, fresh complete
medium was replenished for an additional 1 hour before
transfection. The F8 constructs were transfected with Gene
Jet transfection reagents (Sigmagen Lab, USA) in a DNA
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Figure 2: Estimation of endogenous expression of FVIII in untransfected cells. Fixed and permeabilized cells were incubated with anti-
FVIII monoclonal antibodies ab41188 and ESH8. Binding of FVIII protein was detected using Alexa Fluor 488 labeled goat anti-mouse IgG
secondary antibodies. Each histogram depicts the fluorescence intensity of 10,000 cells stained with isotype control (blue), IgG2a ab41188
(red), and ESH8 (orange). Figures depict the ICS staining in (a) mouse fibroblasts (NIH-3T3), (b) Chinese hamster ovary, (CHO) and (c)
human embryonic kidney (HEK-293) cells.
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Figure 3: Transient expression of human FVIII in transfected cells. Cells were transfected with plasmid vectors containing wild-type full-
length human F8 gene. 24 hours after transfection, cells were incubated with anti-FVIII monoclonal antibodies ab41188 and ESH8 followed by
incubation with Alexa Fluor 488 labeled goat anti-mouse IgG secondary antibodies and detection by flow cytometry. Histograms depict the
fluorescence intensity of 10,000 cells stained with ab41188 (red) or ESH8 (orange) antibodies. The untransfected cells are shown with dotted
lines and the transfected cells with solid lines. Figures depict the ICS staining in (a) mouse fibroblasts (NIH-3T3), (b) Chinese hamster ovary
(CHO), and (c) human embryonic kidney (HEK-293) cells.

Gene Jet (3 : 1) complex ratio. After 6 hours of exposure,
transfection reagents containing medium were replaced with
complete DMEM culture medium, supplemented with 10%
fetal bovine serum (Invitrogen, USA). Cells were harvested 16
hours after transfection and the intracellular FVIII expression
was detected by flow cytometry.

Flow Cytometry Analysis. transfection efficiency, following
the transfection of NIH-3T3, CHO, and HEK-293 cells, was
estimated by staining with monoclonal antibody to FVIII

protein. Cells were harvested and washed twice with washing
buffer. Cells were fixed and permeabilized using IntraPrep
reagents followed by incubation with diluted (1 : 100) mon-
oclonal antibodies in 0.2% BSA in PBS for 1 hour at RT.
The FVIII protein expression was detected by using goat
anti-mouse secondary antibody conjugated with Alexa Flour
488. Flow cytometry data was analyzed with FLOWJO (Tree
Star, OR, USA). The mean and median fluorescence signal
intensity was defined as intensity of cells lying within a
predefined gate. The appropriate gating for the live cells was
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Figure 4: Expression of human FVIII protein is dose dependent. 1 × 106 𝑁𝐼𝐻-3𝑇3 cells were grown overnight and transfected with 0𝜇g,
2.5 𝜇g, 5𝜇g, and 10𝜇g of full-length human F8 gene for 24 hours. Histograms depict the fluorescence intensity of 10,000 cells labeledwith ESH8
(a) or ab41188 (b). Cells labeled with the isotype control are depicted in blue, and the intensity of color (light to dark) represents increasing
dose of the transfected F8 vector. The median fluorescence of cells transfected with increasing concentrations of the F8 gene is depicted in
the lower panels; ESH8 (c) and ab41188 (d).

defined on unstained fixed and permeabilized cells on FSC
versus SSC dot plot. Same gating parameters were applied for
all samples in the same experiment.

3. Results

3.1. Endogenous Expression of FVIII in Cell Lines. We used a
transient expression system for standardizing the flow cytom-
etry assay to detect endogenous FVIII. Several mammalian
cell lines have been used to express recombinant proteins.We
first determined whether the human anti-FVIII monoclonal
antibodies used in the assay detected endogenous FVIII (if
any) in three cell lines, NIH-3T3, CHO, and HEK-293. As
the antibodies ab41188 and ESH8 are raised against human
FVIII, we would expect them to detect FVIII in HEK-293
cells but not in the rodent cells. Figure 2 shows an increase
in the fluorescence signal compared to the isotype control

when all three cell lines stained with the anti-human-FVIII
monoclonal antibodies ab41188 and ESH8. This suggests that
basal levels of FVIII are expressed in cell lines commonly
used for transfection experiments and that anti-human-FVIII
antibodies show some cross-species reactivity.

3.2. Expression of Human F8 Gene in Different Cell Lines.
We next transiently transfected all three cell lines (NIH-3T3,
CHO, and HEK-293) with a wild-type full-length human F8
plasmid vector. As negative controls we used cells mock-
transfected with unrelated vector. After 24 hrs the cells were
permeabilized and incubated with anti-FVIII monoclonal
antibodies ab41188 and ESH8. Figure 3 shows increased
labeling by both ab41188 and ESH8 in cells transfected with
F8 compared to the untransfected cells. Similarly, cells trans-
fected with F8 plasmid vector showed a 4–12-fold increase in
the fluorescence signal compared to untransfected cells.Thus,
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Figure 5: No shift in fluorescence intensity in unpermeabilized
PBMCs. Representative histogram showing flow cytometry anal-
ysis of human unpermeabilized PBMCs stained with monoclonal
antibodies ESH8 (orange) and ab41188 (red). Minimal shift in the
fluorescence intensity of the anti-FVIII antibodies was observed
compared to the isotype control (blue).

increased levels of human FVIII were detected in all three cell
lines: NIH-3T3 (Figure 3(a)), CHO (Figure 3(b)), and HEK-
293 (Figure 3(c)) when they were transfected with human F8
compared to the untransfected controls.

3.3. Expression of Human F8 Gene Is Dose Dependent. To
further demonstrate that the flow-cytometry assay being
developed is specific to FVIII, we investigated the dose
dependency of the fluorescent signal. NIH-3T3 cells were
transfected with 0, 2.5, 5, and 10 𝜇g of human F8 plasmid
vector as described above and labeled with the monoclonal
antibodies ab41188 and ESH8. The histograms (Figures 4(a)
and 4(b)) show that there is an increase in the fluorescent
signal with increasing concentrations of F8 plasmid vector.
Moreover a plot of the median fluorescence at each concen-
tration of the F8 plasmid vector shows a dose-dependent
increase in the signal for both antibodies (Figures 4(c) and
4(d)). These data suggest that the assay detects the specific
FVIII protein that is being transfected.

3.4. Expression of Human F8 Gene in Human PBMCs. To
demonstrate the utility of this assay in detecting intracellular
FVIII in human samples, PBMCs obtained from blood-
bank donors were stained with ab41188 and ESH8 antibodies
according to the method developed above. Minimal shift in
the fluorescence of the anti-FVIII antibodies was observed
compared to the isotype control antibodies in nonpermeabi-
lized cells (Figure 5). The flow-cytometry staining analysis

with permeabilized PBMCs cells shows that, there is a 10–20-
fold increase in fluorescence intensity when anti-FVIII anti-
bodies are used compared to the isotype control antibodies
(Figures 6(a), 6(b), 6(c), 6(d), and 6(e)).

4. Discussion

There is an unmet need for a robust assay to detect intracel-
lular FVIII. Currently the extracellular levels of FVIII protein
are often estimated to determine the so-called cross-reactive
material (CRM) status of hemophilia A patients. Here we
have developed a flow-cytometry-based assay to estimate
intracellular levels of FVIII.

We used a transient expression system to standardize
the flow-cytometry-based assay. Recombinant human FVIII
protein products have been produced in CHO cells for many
years [22–24]. NIH-3T3 cells have also been used to express
FVIII protein in vitro by retroviral vector-mediated F8 gene
transfer [25]. Recently, HEK-293 cells have been used to
produce recombinant human FVIII protein in laboratory
scale [26]. Therefore, we selected these cell lines for present
investigation.

We demonstrate that while endogenous FVIII can be
detected in the cell lines NIH-3T3, CHO, and HEK-293,
there is a significant increase in the fluorescence signal when
the cells are transfected with human F8 (Figures 2 and 3).
Although HEK-293 cells are of human origin and thus the
endogenous FVIII should be detected with the human anti-
FVIII antibodies used in this study, they showed the lowest
levels of protein (Figure 2). This suggests that the expression
of endogenous FVIII in HEK-293 cells is indeed low.

When an equivalent amount (10𝜇g) of F8 plasmid vector
was used to transfect all three cells lines, NIH-3T3 cells
showed the highest (3-fold) increase in the fluorescence
signal compared to the nontransfected cells. In addition
the NIH-3T3 cells showed higher transfection efficiency
with consistent intracellular FVIII expression (Figure 3). We
therefore used this expression system to determine the dose
dependence of the assay.

Using NIH-3T3 cells transfected with F8 plasmids vector
we demonstrate clear dose dependence (Figure 4) in the
increase in the fluorescence signal when either ab41188 or
ESH8 was used as the detector antibody. This result demon-
strates that the detection of FVIII in the flow-cytometry assay
is specific and that the assay can be used for semiquantitative
measurements.

The transient expression systemcoupledwith flowcytom-
etry to detect intracellular levels of FVIII-based assay would
be very useful in studying the intracellular trafficking or
wild-type proteins as well as mutants and polymorphic
variants of the protein. Thus, for example, there are over
2500 reports that describe 898 unique missense mutations
in hemophilia A patients (for comprehensive data base,
see http://hadb.org.uk/). It is not clear whether all these
mutations result in a defective FVIII with respect to activity.
It is plausible that at least some of these mutations cause the
disease due to improper trafficking resulting in the protein
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Figure 6: Expression of endogenous FVIII protein in human PBMCs. (a–e) PBMCs were isolated from five unrelated human donors using
lymphocyte separation medium and gradient centrifugation. Fixed and permeabilized PBMCs were incubated with anti-FVIII monoclonal
antibodies ab41188 and ESH8. Binding of FVIII proteinwas detected usingAlexa Fluor 488 labeled goat anti-mouse IgG secondary antibodies.
Each histogramdepicts the fluorescence intensity of 10,000 cells labeledwith the isotype control IgG2a (blue), ab41188 (red), or ESH8 (orange).
(f) Bar and whisker plots show the median fluorescence of all five donors when using IgG2a isotype control antibody and the FVIII-specific
antibodies ESH8 and ab41188. On each box, the central mark is the median, the edges of the box are the 25th and 75th percentiles, and the
whiskers extend to the most extreme data points. The fluorescence is significantly higher when the cells are labeled with the FVIII-specific
antibodies ESH8 and ab41188, than when labeled with the isotype control antibody, IgG2a (𝑃 = 0.03 and 0.01, resp.).

not being secreted as has been recently demonstrated for the
FVIII mutant, N1922S [17].

In an HA patient, on the other hand, the expression (or
lack thereof) of FVIII is an important factor in determining
the risk of developing inhibitors. A flow-cytometry-based

assay to estimate the intracellular levels of FVIII used in
conjunction with an ELISA to determine the plasma levels
of FVIII in HA patients would be a useful addition. We
therefore demonstrated the utility of this assay in detecting
FVIII in PBMCs obtained from normal donors (Figure 6).
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Fluorescence-based assays can show considerable variability
day to day. However, the box and whisker plot of the pooled
data (Figure 6(f)) clearly show that PBMCs labeled with
either of the FVIII-specific antibodies, ESH8 or ab41188,
exhibit significantly higher median fluorescence intensity
than cells labeled with the isotype control.

The semiquantitative flow cytometry-based method
described here can be used to detect and compare intra-
cellular FVIII levels. As the method can reliably estimate
intracellular FVIII levels in PBMCs, it can be used to
compare intracellular levels of FVIII in patient samples to
correlate genetic defects with hyposecretion of the protein.
Identification of patients with F8 mutations that result in a
protein with wild-type specific activity but with impaired
secretion may benefit from small-molecule-based treatment
strategies aimed at rescuing the trafficking of the protein.
In addition, by estimating both the intracellular and plasma
levels of FVIII in patient samples, it may be possible to
more accurately reevaluate this important risk factor for
immunogenicity.

5. Conclusions

We have developed a reliable and robust flow cytometric
method to detect intracellular levels of FVIII in a transient
expression system as well as in human PBMCs.

Disclaimer

The findings and conclusions in this paper have not been
formally disseminated by the Food and Drug Administration
and should not be construed to represent any agency deter-
mination or policy.
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Syndromic surveillance, including prescription surveillance, offers a rapid method for the early detection of agents of bioterrorism
and emerging infectious diseases. However, it has the disadvantage of not considering definitive diagnoses. Here, we attempted to
definitively diagnose pathogens using polymerase chain reaction (PCR) immediately after the prescription surveillance system
detected an outbreak. Specimens were collected from 50 patients with respiratory infections. PCR was used to identify the
pathogens, which included 14 types of common respiratory viruses and Mycoplasma pneumoniae. Infectious agents including M.
pneumoniae, respiratory syncytial virus (RSV), rhinovirus, enterovirus, and parainfluenza virus were detected in 54% of patients.
For the rapid RSV diagnosis kit, sensitivity was 80% and specificity was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be calculated and specificity was 100%. Many patients were found to be
treated for upper respiratory tract infections without the diagnosis of a specific pathogen. In Japan, an outbreak ofM. pneumoniae
infection began in 2011, and our results suggested that this outbreakmayhave included false-positive cases. By combining syndromic
surveillance and PCR, we were able to rapidly and accurately identify causative pathogens during a recent respiratory infection
outbreak.

1. Introduction

Japanese traditional surveillance is based on definitive diag-
nosis and is enforced by the infection control laws in Japan for
the early detection of agents of bioterrorism and outbreaks of
emerging infectious diseases. After the infectious disease is
diagnosed at sentinel medical institutions, at least 10 days are
required until it is announced nationwide.Therefore, a major
fault of this surveillance system is the delay in disseminating
information.

A surveillance system that can identify the early stages of
an outbreak of infectious disease is necessary.Therefore, syn-
dromic surveillance systems have been implemented inmany

countries since 1995 [1]. Syndromic surveillance monitors
changes in the number of patients according to symptoms
such as fever, vomiting, diarrhea, and rash for further inves-
tigations. Information regarding the identification of local
infectious disease outbreaks, such as school absenteeism,
emergency room visits, and prescriptions of therapeutic drug
against infectious diseases, are also subjects of the survey [2].
Syndromic surveillance can offer a rapid method to detect an
outbreak of infection compared with traditional surveillance;
such surveillance systems are currently usedworldwide [3, 4].

In some cases, an infectious outbreak can be detected
on the same or the following day. Although syndromic sur-
veillance provides rapid results, it has the disadvantage that
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Figure 1: Number of reported RSV cases from sentinel medical
institutions in Japan. There are approximately 500 sentinel medical
institutions in Japan, which are selected from those equipped with
departments of pediatrics and internalmedicine andwithmore than
300 beds.

definitive diagnoses are not considered. In other words, in
general, its specificity may be lower than that of traditional
surveillance systems. Laboratory testing performed on all
symptomatic patients can yield a very high specificity, but
is cost prohibitive, whereas laboratory testing on selected
patients for syndromic surveillance can detect some specific
aberrations at a lower cost, thereby overcoming the short-
comings of both systems. The current study highlights an
example to further analyze this possibility.

In the fall of 2011, the number of patients with symptoms
of upper respiratory tract infections markedly increased in
Japan. Infectious disease weekly reports (IDWRs) (http://
www.nih.go.jp/niid/ja/idwr.html in Japanese), which consti-
tute the traditional and official Japanese sentinel surveillance
system, reported a higher incidence of respiratory syncy-
tial virus (RSV) (Figure 1) and M. pneumoniae infections
(Figure 2). A primary feature of M. pneumoniae respiratory
infections is the degree of the symptom worsening from
mild upper respiratory tract inflammation to pneumonia.M.
pneumoniae infection is associated with exanthem, hemolytic
anemia, gastrointestinal damage, arthritis, and various neu-
rological symptoms [5].

Outbreaks of M. pneumoniae persisted throughout June
2012, although it is unclear why this organism has continued
to be responsible for such a widespread national outbreak
in Japan since the fall of 2011 [6]. Koike et al. [7] detected
only 40 patients (14.5%) among 275 suspected cases of M.
pneumoniae infection from 2006 to 2008 in Japan. A clinical
diagnosis of M. pneumoniae infection is difficult without
laboratory confirmation. In many sentinel hospitals, the M.
pneumoniae-specific IgM antibody rapid detection test is
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Figure 2: Patients per sentinel medical institution reporting M.
pneumoniae infections.

used, but during screening, a positive result in the test
does not always indicate acute infection by this organism.
We suspect that the outbreak of M. pneumoniae infection
included false-positive cases [7, 8].

IDWRs are very important for clinicians, enabling them
to identify the seasonal prevalence of known diseases. How-
ever, these reports become available after a minimum of 10
days following patient examinations. Therefore, traditional
and official surveillance systems have the distinct disadvan-
tage of being slow and are limited to reporting pathogens
chosen in advance.

In the fall of 2011, by monitoring the increase in the
number of combination cold medications (active ingredi-
ents: salicylamide, acetaminophen, anhydrous caffeine, and
promethazine methylene disalicylate) prescribed since 2009,
the prescription surveillance system detected an increase in
the number of patients with symptoms of upper respiratory
tract infections. On September 26, 2011, we noticed the
first unusual peak and began to carefully monitor the real-
time prescription surveillance system and observed a second
peak on October 3, 2011 (Figure 3). However, monitoring
prescriptions for combination cold medications does not
lead to the identification of the pathogens responsible for
the illnesses being treated. Thus, we conducted pathogen
identification using the PCR method after being alerted by
the prescription surveillance system on October 4, 2011 (the
following day).

The purpose of the present study was to evaluate whether
the PCR method triggered by the results of the prescrip-
tion surveillance system can rapidly and accurately identify
causative pathogens of local outbreaks of infection. Our
results allowed for earlier diagnoses at medical facilities
and the dissemination of this information among other
institutions to avoid inappropriate use of antibiotics and
instigate measures against the spread of infectious diseases.
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Figure 3: Combination cold medication prescriptions recorded by the prescription surveillance system over time. On September 26, 2011, we
noticed an unusual peak and then carefully monitored the real-time prescription surveillance and found a second peak on October 3, 2011.
We confirmed this abnormality and began this study on the following day (October 4, 2011).

2. Materials and Methods

2.1. Prescription Surveillance. Although very common in the
US and other countries, there is no nationwide syndromic
surveillance system to electronicallymonitormedical records
in Japan. Because of the low prevalence of electronic medical
records and a restrictive privacy policy, we perform prescrip-
tion surveillance nationwide for syndromic surveillance by
monitoring the number of prescriptions for certain types of
drugs such as anti-influenza medications.

There are approximately 45,000 pharmacies that deliver
almost half of the prescribed drugs nationwide and almost all
record prescriptions electronically. The prescription surveil-
lance systemwas developed by the InfectiousDisease Surveil-
lance Center of the National Institute of Infectious Dis-
eases in collaboration with EM Systems Co. Ltd. (Osaka,
Japan), a leading provider of prescription surveillance used
by pharmacies through the Application Server Provider
(ASP) system. The ASP system is very useful for syndromic
surveillance because data transfer is unnecessary. Thus, it
can dramatically decrease costs and maintain a high level
of confidentially. Its widespread use started in April 2009,
and approximately 6,300 (13%) Japanese pharmacies actively
participated in the program as of October 2011.

The ASP system tracks prescription information, but
patient symptoms and diagnoses are not recorded. Categories
of syndromic surveillance include the type of prescribed
drugs. Currently, the syndromic surveillance system moni-
tors several types of drugs, including those for relief of fever
and pain due to common colds, as well as antiviral agents,

anti-influenza medications (except amantadine), and anti-
varicella zoster virus (VZV) drugs.The surveillance of the last
two is also classified by age: <15, 16–64, and >65 years. Data
collection and analysis are automatically performed every
night, and the results are available on the home page of a
secure internet site early the next morning.

Monitoring the usage of anti-influenza and anti-VZV
drugs is particularly useful for early detection of outbreaks of
infection because these drugs are used only to treat specific
viral infections.

2.2. Clinical Samples. Between October 4 and 28, 2011, 50
patients were included in the present study who either pre-
sented at a single clinic with a chief complaint of respiratory
symptoms or fever or were suspected of having respiratory
tract infections after being identified through the syndromic
prescription surveillance system. In Japan, a rapid diagnosis
kit suitable for use at outpatient clinics is currently available,
and the costs are covered by the national health insurance
program. The tests allow for rapid detection of infections
caused by the influenza virus, RSV, and adenovirus. A total
of 18 pharyngeal swabs to screen for adenovirus infections
and 32 nasal swabs to screen for RSV and influenza viral
infections (rapid RSV) were collected [9]. Viruses were
extracted from the swabs using immunochromatography
(IC) kits with approximately 500𝜇L of a mucolytic agent
provided by the manufacturer. After the assay, approximately
200𝜇L of the agent remained in the IC-kit tubes. This
medical waste was transferred to universal transportmedium
(359C; Copan Italia S.p.A, Brescia, Italy) and analyzed using



4 BioMed Research International

Table 1: Hyper-PCR primers.

Pathogen Primer Base sequence (5-3) Polarity Reference
RSV-A RSA-F TGC AAG CAG AAA TGG AAC AAG T + [14]

106 bp RSA-R AAT AAT GAT GCT TTT GGG TTG TTC A −

RSV-B RSB-F GATGGCTCTTAGCAAAGTCAAGTTAA + [15]
104 bp RSB-R TGTCAATATTATCTCCTGTACTACGTTGAA −

Parainfluenza 1 PIS1+ CCGGTAATTTCTCATACCTATG + [16]
317 bp PIS1− CCTTGGAGCGGAGTTGTTAAG −

Parainfluenza 3 Para3.1 CTCGAGGTTGTCAGGATATAG + [16]
189 bp Para3.2 CTTTGGGAGTTGAACACAGTT −

Rhinovirus SRHI-1-NIID CGGGTAGCTTCCACCACCAGCCCTT + [16]
549 bp SRHI-2 GGGACCAACTACTTTGGGTGTCCGTGT −

Enterovirus entR1 ATTGTCACCATAAGCAGCCA + [17]
172 bp entE2 CCTCCGGCCCCTGAATG −

H1N1 2009 swH1-F2 TCATGCGAACAATTCAACA + Present study
127 bp swH1-R2 TGGGGCTACCCCTCTTAGTTTG −

real-time polymerase chain reaction (PCR) [10] and Hyper-
PCR [11], which is a faster technique compared with the
previously available PCR applications. Thus, we used Hyper-
PCR for the applicable pathogens. The CycleavePCR respi-
ratory infection-pathogenic virus detection kit (Takara Bio,
Shiga, Japan) was used to detect 11 types of viruses: human
RSV types A and B, human parainfluenza virus types 1–3,
humanmetapneumovirus, influenza A and B viruses, human
adenovirus, human bocavirus, and human rhinovirus. The
Thermal Cycler Dice Real Time System II MRQ (Takara Bio)
was used to detect and identify the 11 types of viruses detected
by the CycleavePCR kit [10]. Hyper-PCR [11] was performed
using the One Step SYBR High Speed RT-PCR Kit (Hyper-
PCR) (Takara) to detect RSV typesA, B, humanparainfluenza
virus types 1, 3, human rhinovirus, enterovirus, and influenza
A (H1N1) 2009 (primers are listed inTable 1) using theHyper-
PCR MK IV PCR system (Trust Medical, Hyogo, Japan). The
accuracy of the Hyper-PCRmethods was confirmed by com-
parisonwith other conventional PCRmethods. Conventional
PCR was used to detectM. pneumoniae [12]. In addition, the
presence of coronavirus infection was tested in patients from
whom no infectious agents were detected [13].

3. Ethical Considerations

This study only collected anonymous information that cannot
be associated with individual patients. Patient samples were
collected during the course of medical care provided at the
participating facilities, and all examinations and testing for
pathogens occurred at the request of the medical facilities for
the purposes of diagnosis and treatment.This study used only
existing medical records and documents, and oral informed
consent was obtained from all patients.

4. Results

After testing the specimens, we provided the results to a
medical institution within 4 days including the conveyance

period.The 50 patients tested in this study included 2 infants
(1 male and 1 female, aged <1 year), 25 children (12 males and
13 females, aged 1–6 years), 10 elementary school pupils (6
males and 4 females, aged 7–12 years), 4 minors (2 males and
2 females, aged 13–18 years), 8 adults (3 males and 5 females,
aged >18 years), and 1 patient (age unavailable).

Table 2 lists the pathogens detected by the PCR analysis
stratified by age in the 27 patients. In children, enterovirus,
rhinoviruses, RSV, and parainfluenza viruses were detected,
whereas M. pneumoniae was detected only in elementary
school pupils and minors. In the remaining 23 patients, no
pathogens were detected. These 23 patients were also found
to be negative for coronavirus.

PCR was used to obtain definitive viral diagnoses via
rapid RSV and adenovirus diagnosis kits, and the sensitivity
and specificity were calculated for these test kits. For the
rapid RSV diagnosis kit, sensitivity was 80% and specificity
was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be
calculated and specificity was 100%.

RSV infections were detected using the rapid diagnosis
kit, but rhinovirus, enterovirus, and parainfluenza virus
infections were not. The causative pathogens were unknown
in many patients, although they were nevertheless treated for
upper respiratory tract infections.

Evaluation of the incidence of various symptoms in
patients infected with different pathogens showed that rhi-
noviruses were detected in nasal swab specimens more often
than other viruses and patients with rhinovirus infections
were less likely to present with fever (Table 3).

All RSV-positive patients were children, 80% of whom
presented with coughing. All patients who were tested using
the rapid adenovirus detection kit showed negative results.
However, all these patients also tested negative for adenovirus
using sensitive PCR tests. Thus, adenovirus was not con-
sidered to be the causative organism of this suspected out-
break.



BioMed Research International 5

Table 2: Numbers of pathogens detected by PCR according to age.

Infants Children Elementary school pupil Minor (junior high school student or older) Adult
Enterovirus 0 2 1 0 1
Mycoplasma pneumoniae 0 0 1 1 0
Parainfluenza 1 0 2 0 0 1
Rhinovirus 2 9 0 0 1
Rhinovirus + parainfluenza 1 0 1 0 0 0
Rhinovirus + RSV-A 0 1 0 0 0
Rhinovirus + RSV-A and RSV-B 0 1 0 0 0
RSV-A 0 2 0 0 0
RSV-B 0 1 0 0 0

Table 3: Incidences of symptoms detected in infections according to individual pathogens (𝑛 = 50).

Number of infections Fever Headache Nasal discharge Pharyngeal pain Cough
Mycoplasma pneumoniae 2 0% 0% 0% 50% 100%
Enterovirus 4 67% 25% 75% 25% 25%
Parainfluenza 1 3 33% 33% 33% 0% 67%
Rhinovirus + parainfluenza 1 1 0% 0% 0% 0% 100%
Rhinovirus 12 20% 0% 67% 0% 83%
Rhinovirus + RSV-A 1 0% 0% 100% 0% 100%
Rhinovirus + RSV-A + RSV-B 1 100% 0% 100% 0% 100%
RSV-A 2 100% 0% 100% 0% 100%
RSV-B 1 100% 0% 0% 0% 0%
None 23 21% 13% 57% 30% 35%

5. Discussion

Here, we examined a combination of syndromic surveil-
lance and PCR testing and showed the potential to identify
pathogens during the early stage of an outbreak of respiratory
infections. In the future, it would be desirable to develop an
M. pneumoniae diagnosis kit that can diagnose pathogens
from nasal or pharyngeal swabs at outpatient clinics or the
bedside of patients.

In Japan, two official pathogen surveillancemethods have
been conducted under the infection control laws: sentinel
pathogen surveillance and active surveillance. The official
pathogenic surveillance has been conducted at sentinelmedi-
cal institutions regardless of outbreaks. On the other hand, in
patients with serious diseases, active pathogenic surveillance
has sometimes been conducted on the basis of notifica-
tions by medical institutions. However, active surveillance
is conducted only when an infection spreads widely enough
to cause serious problems in a particular region and the
surveillance of pathogensmay not be timely enough tomount
a response to control outbreaks. Pathogenic surveillance for
all patients with signs of an infection would detect agents
of bioterrorism and emerging infectious diseases; however,
the cost would be prohibitive.Therefore, system coordination
to perform pathogen surveillance based on early detection
of outbreaks is necessary. The scheme proposed by the
present study uses PCR testing triggered by detection alerts
from syndromic surveillance systems. In general, syndromic
surveillance offers earlier detection of infectious diseases than

traditional surveillance. Moreover, if the pathogen remains
unknown following bedside testing using several rapid tests
or other typical examinations, the proposed scheme requires
the collection of specimens as soon as possible and sending
them to a laboratory for definitive diagnoses. However, it
takes a few days to transfer the specimens and a few extra days
for the information of the identified pathogen to be shared
amongmedical facilities, public health centers, and local gov-
ernments in the involved areas. In the proposed scheme, we
can use pathogenic information to control ongoing outbreaks
and, hopefully, decrease the number of potential infections.

Thus far, syndromic surveillance with pathogenic testing
has been conducted by collecting samples from patients
receiving telephone consultations [18] and those receiv-
ing emergency department consultations [19]. Syndromic
surveillance using electronic medical records has been com-
binedwith testing for the influenza virus [20]. However, these
systems have focused only on rapid testing and are mainly
used for influenza monitoring [20, 21]. Therefore, syndromic
surveillance trials for nonspecific pathogens using PCR for
undiagnosed infectious diseases, similar to the present study,
have not been performed before.

In the present study, an outbreak was detected by routine
syndromic surveillance, in which samples were regionally
collected for PCR analysis. These tests for viral infections
allowed for differentiation between bacterial and viral infec-
tions, thus facilitating treatment without the unnecessary
use of antibiotics. Although the present laboratory tests
cannot be performed for all individual clinical diagnoses, the
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results were immediately made available to clinicians for the
treatment of other patients with similar symptoms.

The symptoms reported in the present study were rather
mild; therefore, no patient required hospitalization, and
no further testing was performed in undiagnosed patients.
However, if severe cases were to occur, careful identification
of pathogens would be desirable. Rhinoviruses were detected
in nasal swab specimens more frequently than other viruses.
Therefore, it is likely that children who present with nasal
discharge and mild fever may be reservoirs for rhinoviruses
[22]. Testing for respiratory viral infections in emergency
room outpatients by PCR analysis showed that the most
frequently detected viruses were picornaviruses, including
rhinoviruses [23]. When children present with coughing as
the main symptom, RSV should be considered as the most
likely pathogen.

The finding that M. pneumoniae infection was not
detected in infants and children, but rather in elementary
school pupils and minors, was consistent with reports that
M. pneumoniae may often cause asymptomatic infections
before the age of 5 years, after which immunity decreases as
children become susceptible to symptomaticM. pneumoniae
infections [5].

In Japan, nationwide outbreaks of M. pneumoniae began
in 2011 and continued as of January 2012, during which time
M. pneumonia, rhinovirus, enterovirus, parainfluenza virus,
and RSV have been identified. Our results suggested that
this outbreakmay include false-positive cases and subsequent
inappropriate prescriptions of antibiotics.

An increased frequency of macrolide-resistant M. pneu-
moniae became widely reported in the Japanese media in
the fall of 2011 [24]. Therefore, this news may have induced
an abnormal increase in the number of patients (Figure 2).
The rapid test available in Japan for M. pneumoniae uses
sera samples [25]. Although general clinics may outsource
M. pneumoniae antibody testing and cold hemagglutinin
testing, blood testing is usually not performed in cases ofmild
pediatric illnesses.

In the future, it would be desirable to develop M.
pneumoniae diagnostic kits using nasal or pharyngeal swabs
at outpatient clinics or bedside. Until such kits for the
diagnoses ofM. pneumoniae and other infectious diseases are
developed, syndromic surveillance with PCR testing offers
a useful countermeasure against infectious outbreaks. In
this study, we could not detect single infectious agents that
explained the outbreaks; however, our results excluded M.
pneumoniae.

The present study was limited to a single clinic. There-
fore, further studies involving more facilities should be
undertaken. It is also necessary to develop a network and
sample transportation system among the facilities partaking
in the syndromic surveillance system and to adequately staff
laboratories with experienced technicians.

Syndromic surveillance data has been mathematically or
statistically analyzed in many studies. However, when an
abnormal value is reported by syndromic surveillance, there
are many cases in which the pathogens cannot be identified
by the calculations introduced in these articles.

6. Conclusion

When M. pneumoniae and RSV infections were prevalent
nationwide during the fall of 2011, we observed an abnormal
increase in common cold prescriptions through the Japanese
surveillance system andwere able to evaluate the incidence of
various pathogens via PCR testing.
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Anaplastic lymphoma receptor tyrosine kinase (ALK) gene rearrangements occur in a subgroup of non-small cell lung carcinomas
(NSCLCs). e identi�cation of these rearrangements is important for guiding treatment decisions. e aim of our study was
to screen ALK gene fusions in NSCLCs and to compare the results detected by targeted resequencing with results detected by
commonly usedmethods, including �uorescence in situ hybridization (FISH), immunohistochemistry (IHC), and real-time reverse
transcription-PCR (RT-PCR). Furthermore, we aimed to ascertain the potential of targeted resequencing in detection of ALK-
rearranged lung carcinomas.We assessedALK fusion status for 95 formalin-�xed para�n-embedded tumor tissue specimens from
87 patients with NSCLC by FISH and real-time RT-PCR, for 57 specimens from 56 patients by targeted resequencing, and for 14
specimens from 14 patients by IHC. All methods were performed successfully on formalin-�xed para�n-embedded tumor tissue
material. We detected ALK fusion in 5.7% (5 out of 87) of patients examined. e results obtained from resequencing correlated
signi�cantly with those from FISH, real-time RT-PCR, and IHC. Targeted resequencing proved to be a promising method for ALK
gene fusion detection in NSCLC. Means to reduce the material and turnaround time required for analysis are, however, needed.

1. Introduction

Chromosomal rearrangements involving anaplastic lym-
phoma receptor tyrosine kinase (ALK), a member of receptor
tyrosine kinase family, have been detected in various cancers
[1]. ALK rearrangements create an oncogenic ALK tyrosine
kinase that activates many downstream signaling pathways
resulting in increased cell proliferation and survival [1]. In
non-small cell lung carcinoma (NSCLC), the most common
ALK rearrangement is a fusion ofALK gene and echinoderm
microtubule-associated protein-like 4 (EML4) gene, formed

as a result of a small inversion within the short arm of
chromosome 2, where the genes are located [2]. EML4-
ALK fusion protein serves as a therapeutic target for an
ALK tyrosine kinase inhibitor, which has showed promising
results when used in treating NSCLC patients carrying ALK
rearrangement [3–6]. In addition to EML4, otherALK fusion
partners have also been reported in lung cancer, including
TFG [7], KIF5B [8], and KLC1 [9].

ALK gene rearrangements can be screened by various
methods, including commonly used �uorescence in situ
hybridization (FISH), immunohistochemistry (IHC), and
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real-time reverse transcription-PCR (RT-PCR). Further-
more, next-generation sequencing technology holds a great
potential as a new tool for cancer diagnostics [10]. Each of
these methods has their own advantages and disadvantages.
Hence, the optimal method to detect ALK fusions in NSCLC
remains to be determined.

In this study, we screened ALK gene fusion status by
FISH, IHC, real-time RT-PCR and targeted resequencing.
Our aim was to compare the results obtained from these
four methods in order to see how well they correlate with
each other. We especially wanted to �nd out how well FISH,
IHC, and real-time RT-PCR support the sequencing results.
Moreover, we aimed to prove the suitability of targeted rese-
quencing for testing of formalin-�xed paraffin-embedded
(FFPE) tumor material. To our knowledge, this is the �rst
paper comparing these four methods as means of ALK gene
fusion identi�cation.

2. Materials andMethods

2.1. Patients. Archived formalin-�xed paraffin-embedded
tumor specimens were collected from 87 non-small cell
lung carcinoma patients operated during 2005–2011 at the
Hospital District of Helsinki and Uusimaa (HUS), Finland.
Based on the WHO 2004 classi�cation, 80 of the patients
were diagnosed with adenocarcinoma, four with large cell
carcinoma, one with squamous cell carcinoma, and two
with unclassi�ed NSCLC. Selection of the patients for the
analyses was not random. e selected patients were mainly
nonsmokers and those with adenocarcinomas. e EGFR
gene mutation status was previously assessed for 57 patients,
of which 9 carried EGFR mutation. e mean age of the
patients was 63.7 years, ranging from 44 to 82 years. About
half of the patients were male (𝑁𝑁 𝑁 𝑁𝑁) and half were female
(𝑁𝑁 𝑁 𝑁𝑁). e tumor tissue percentage of the specimens was
con�rmed by a pathologist to be >20%.

For ALK fusion testing, we applied dual-color, break-
apart FISH, real-time RT-PCR, immunohistochemistry, and
targeted resequencing. Interpretation of the results was done
in double-blindmanner without knowing the results by other
methods.

2.2. Fluorescence In Situ Hybridization. We performed �uo-
rescence in situ hybridization on 95 FFPE tumor specimens
from 87 patients (two separate samples from 8 of the
patients), for which the tumor tissue sections (2.5 𝜇𝜇m) were
�xed on microscope slides. Deparaffinization of the sections,
slide pretreatment, protease pretreatment, hybridization with
Vysis LSI ALK Dual Color Break Apart FISH probes, slide
washing, and counterstaining by DAPI were done following
the manufacturer’s protocol (Abbott Molecular Inc., Des
Plaines, IL, USA). Paraffin melting and hybridization were
performed using StatSpin ermoBrite Slide Processing Sys-
tem (Abbott Molecular Inc.). e results were viewed by
�uorescence microscope. For each sample, the number of
fused signals, single orange signals, and single green signals
was counted in 50 nuclei. Cells containing at least one green
and orange signal pair split apart by ≥2 signal diameters
(pair-signal type fusion), or a single orange signal without

corresponding green signal (single-signal type fusion), were
considered to contain ALK gene rearrangement (positive).
Fused or adjacent green and orange signals, or a single green
signal (deletion of the corresponding orange signal), were an
indication of a negative cell. Samples with ≥15% of positive
cells were considered positive.

2.3. Immunohistochemistry. Immunohistochemical stainings
were done to 14 specimens from 14 patients using mouse
monoclonal ALK antibody (clone 5A4, Novocastra, Newcas-
tle, UK), 1 : 100 with OptiView DAB detection Kit (Ventana,
Tucson, Arizona, USA), and CC1 buffer in BenchMark XT
(Ventana, Tucson, Arizona, USA). Due to long permission
procedures, ALK immunostaining was performed only for
FISH positive and some negative cases.

2.4. Real-TimeRT-PCR. Weevaluated 95 FFPE tumour speci-
mens from87 patients for the presence of anEML4-ALK gene
fusion using the AmoyDx EML4-ALK fusion gene detection
kit (Amoy Diagnostics, Xiamen, China). Following xylene
deparaffinization of a 16 𝜇𝜇M FFPE section, total RNA was
extracted using theRNeasy FFPEKit (QiagenGmbH,Hilden,
Germany) according to the manufacturer’s protocol. RNA
was quanti�ed using the Qubit �uorometric quantitation
system (Life Technologies, Carlsbad, CA, USA). 100–500 ng
of the extracted RNA was used for reverse transcription and
real-time PCR in each of the four reactions of the EML4-ALK
fusion gene detection kit according to the manufacturer’s
protocol. Reaction 1 ampli�es EML4-ALK variants 1, 2, 3a,
and 3b, reaction 2 EML4-ALK variants 4 & 4′, reaction 3
EML4-ALK variants 5a, 5b, 5′, and 8, and reaction 4 the
reference gene beta-actin. All assays were performed on
an ABI7500 instrument (Applied Biosystems, Foster City,
USA). Assay reactions achieving Ct values of ≤30 cycles were
considered positive for one of the variants detected by that
reaction mixture.

2.5. Next-Generation Sequencing

2.5.1. DNA Isolation. DNA was isolated from FFPE NSCLC
tissue specimens using QIAamp DNA Mini Kit (Qiagen
GmbH, Hilden, Germany). e isolation was performed
according to the manufacturer’s instructions for genomic
DNA puri�cation from paraffin-embedded tissue material
with following modi�cations: xylene was added twice and
100% ethanol was added three times for careful paraffin
removal, samples were incubated at 90∘C for 1 h aer
overnight cell lysis, Buffer AL was added normally but an
incubation at 70∘C for 10min was not performed, and in the
last step of the protocol, QIAamp Mini spin column loaded
with water was incubated at room temperature for 5min
before �rst centrifugation, and at 50∘C for 5min before the
�nal centrifugation to increase the DNA yield. DNA was
eluted in 50 𝜇𝜇L of puri�ed water. DNA concentration was
measured by Qubit �uorometer (Life Technologies).

2.5.2. Target Capture. We selected 192 genes associated with
lung cancer for target enrichment. Baits were designed to
capture all exons, 3′UTR, and 5′UTR regions of all genes,
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including ALK and EML4 genes. Additional baits were
designed from intronic region between exons 19 and 20 of
ALK gene to capture all breakpoint variants of ALK fusion
gene. Baits were designed with e-array (Agilent Technologies,
Inc., Santa Clara, CA, USA) and RNA baits obtained from
Agilent. A total of around 1MB region, including 2676 target
regions, was captured.

2.5.3. Targeted Sequencing. 2-3𝜇𝜇g of DNA, isolated from 57
formalin-�xed para�n-embedded tumor specimens from 56
patients, was fragmented, ligated to adapters, and enriched
for target regions using Agilent’s SureSelect in-solution target
capture and enrichment protocol. Paired-end sequencing
of the target-enriched libraries was performed on Illumina
HISeq2000 sequencer (Illumina, Inc., San Diego, CA, USA).

2.5.4. Primary Analysis. Data obtained from sequencing was
processed with a variant-calling pipeline (VCP) developed at
the Finnish Institute of Molecular Medicine (FIMM) [11].
Sequence reads were �ltered for quality, paired-end reads
aligned to the reference genome with the Burrows-Wheeler
Aligner (BWA) [12], and duplicate fragments removed by
rmdup algorithm. For variant calling, VCP utilized SAM-
tools’ pileup [13]. Single nucleotide variation (SNV) calling
and read end anomaly (REA) calling were based on FIMM’s
own developed algorithm. Detection of indels was performed
with the Pindel [14], and Circos [15] was used for visualiza-
tion of anomalously mapping paired-end (PE) reads. Results
were visualized in the Integrative Genomics Viewer (IGV)
[16].

For identifying ALK fusions from data, all exons and
intronic region of ALK (chr2:29,446,208-29,448,431 in build
GRCh37 of the human reference genome) were checked for
anomalously mapped paired-end reads within this region.

3. Results

FISH and real-time RT-PCR were performed on all the 87
NSCLC cases, targeted resequencing on 56 cases, and IHC on
14 cases. Successful results were obtained from all specimens
by each method. Table 1 lists all ALK-positive cases detected
by FISH, IHC, real-time RT-PCR, and targeted resequencing.

We detected ALK rearrangement by FISH in �ve patients
and one replicate sample. Two of the positive cases had pair-
signal type fusion and three of them had single-signal type
fusion. We also detected one ALK fusion-positive borderline
case with 20% of positive cells observed by �rst reader.
Aer evaluations by two other readers, it was, however,
considered negative (<15% of positive cells). No ALK fusion
was observed in this case by real-time RT-PCR, targeted
resequencing, or IHC.

Using real-time RT-PCR, we identi�ed EML4-ALK
fusion variants 1, 2, or 3a/b (without distinguishing between
them) in �ve patients and one replicate sample.

Targeted resequencing revealed four patients and one
replicate sample harboring EML4-ALK fusion (the �h
positive patient was not studied by targeted resequencing).
All positive cases by targeted resequencing had a breakpoint
in intronic region between exons 19 and 20 of ALK, and in
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F 1: A Circos plot visualizing the detection of EML4-ALK
fusion in lung cancer patient (LC14) by targeted resequencing.

intron 13 ofEML4, corresponding the fusion variant 1 in real-
time RT-PCR system. Table 1 shows detailed breakpoints of
the fusions in ALK gene.

By IHC, we detected ALK staining in �ve cases. e
results of FISH, real-time RT-PCR, targeted resequencing,
and IHC corresponded to each other, and no discrepant
results were observed. Figures 1 and 2 show a detection
of ALK fusion-positive result by targeted resequencing, and
Figure 3 represents examples of ALK fusion-positive results
detected by FISH, real-time RT-PCR, and IHC.

In total, we detected �ve (5.7%) ALK-positive cases in 87
NSCLC patients studied altogether.ree of these �ve EML4-
ALK fusion containing tumors were adenocarcinomas and
two were large cell carcinomas. Of all the studied cases, four
men and one woman carried ALK fusion, while 41 men and
41 women were considered ALK negative. All the patients
with ALK gene rearrangement were nonsmokers, and their
age ranged between 44 and 63 years (mean age = 50.4 years).
e age range amongALK fusion negative patients was 45–82
years (mean age = 64.5 years). None of the patientswithEGFR
mutation harbored ALK gene fusion. All replicate samples
of the 8 patients included in our study showed concordant
results in each method used.

4. Discussion

Non-small cell lung carcinoma patients harboring ALK gene
rearrangement have been reported to bene�t from tyrosine
kinase inhibitor treatment [3–6], which makes the reliable
screening of ALK fusions important. In addition to the com-
monly used FISH, IHC, and RT- PCR, targeted resequencing
holds great potential in the detection ofALK rearrangements.

We studied NSCLCs using FISH, IHC, real-time RT-
PCR, and targeted resequencing to detect ALK gene rear-
rangements. e results obtained from all four methods were
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F 2: Detection of EML4-ALK fusion in lung cancer patient (LC14) by targeted rese�uencing. Targeted rese�uencing identi�ed
anomalously mapped pairs on chromosome 2. e pairs map to ALK (a) and EML4 (b) in inverted orientation.
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F 3: Detection of ALK fusion in lung cancer patient (LC14) by FISH, real-time RT-PCR, and immunohistochemistry. (a) FISH
performed with Vysis LSI ALK Dual Color Break Apart FISH probes detected ALK fusion as split red and green signal. (b) An example
results graph from real-time RT-PCR showing change in the normalized reporter signal (delta Rn) against PCR cycle number for reaction 1
of the AmoyDx EML4-ALK fusion gene detection kit. (c) and (d) Immunohistochemistry revealed strong expression of ALK in ALK-fusion
positive patient (c) and no expression in ALK-fusion negative patient (d).
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interpretable andnodiscrepancies between themethodswere
observed. Table 2 shows the comparison of the methods used
for ALK fusion screening in this study.

FISH is a relatively rapid, well-standardized, rather
expensive method which only requires a small amount of
tumor biopsy. e FISH assay performed in this study is the
FDA-approved companion diagnostic for the NSCLC crizo-
tinib, which uses probes that target to ALK locus on chro-
mosome2p23, thus recognizing allALK gene rearrangements
including non-EML4-ALK fusion partners. FISH could not,
however, identify the fusion partner nor can it distinguish
between different fusion variants. e interpretation of FISH
results is rather subjective, and a considerable variability in
interpretation of FISH results between readers have been
reported [17]. In our study, all cases were evaluated by two
experienced viewers, who read the signals for most of the
cases fast (10 to 30 minutes) and reliably. e borderline
ALK-positive case (20% of positive cells) observed by �rst
FISH reading was evaluated by two other readers, who both
detected <15% of positive cells. As the mean value of the
three analyses was less than 15% of positive cells, the sample
was considered, according to the provider of the FISH kit,
negative, underlining the relevance of reevaluation of the
borderline positive cases.e results from real-time RT-PCR,
targeted resequencing, and IHC support the interpretation,
since no ALK fusion was detected in this case by these
methods.

Immunohistochemistry is a rapid and relatively inexpen-
sive method for diagnosing ALK-rearranged NSCLCs that
require only a small biopsy sample. A great advantage of
immunohistochemistry is that tissue morphology is retained
during analysis, and thus the detection of ALK fusions can
be focused on the tumor areas. We performed immunohisto-
chemistry by usingALK antibody clone 5A4, the use of which
has showed good sensitivity in ALK fusion detection in lung
carcinomas [18–20]. In the present study, the results obtained
from IHCwere readily interpreted, and all ALK positive cases
showed a strong positive staining.

Real-time RT-PCR is a fast and sensitive method for
detection of expressed EML4-ALK gene fusions in NSCLC.
It recognizes known EML4-ALK fusion variants for which
speci�c primers have been designed, not other ALK gene
rearrangements. e real-time RT-PCR method used in this
study was able to identify 10 EML4-ALK fusion variants of
which variants 1, 2, or 3a/3b were detected. Only a small
amount of RNA (100–500 ng) was needed for the test as a
starting material. Although two samples gave only 84 ng and
90 ng of input RNA, the b-actin Ct values were considered
acceptable (a Ct value <30). All in all, the assay worked 100%
in all runs and the results were reproducible.

Targeted resequencing is a promising method for detec-
tion of ALK gene rearrangements. In the present study, the
baits for sequencing were designed to capture all break-
point variants of ALK fusion gene. We observed 73–96%
of target 20-fold coverage in our samples, which shows a
great efficiency of the target enrichment. All patients with
EML4-ALK fusion detected by resequencing had EML4-ALK
fusion variant 1, which is the most common variant observed
in 33% of NSCLC patients [21]. e results obtained by

targeted resequencing were interpretable and in signi�cant
correlation with results obtained by the commonly used
methods, indicating the reliability and sensitivity of targeted
resequencing in EML4-ALK gene fusion identi�cation. How-
ever, an accurate sensitivity analysis by dilution series could
not be performed using the material available for our study.
Regarding the probability of false positive results, targeted
resequencing did not detect any anomalously paired reads
from ALK region in any of 51 ALK fusion negative (FISH,
real-time RT-PCR, IHC) specimens, proving the speci�city of
targeted resequencing in ALK fusion detection. In addition
to the detection of known ALK gene fusions, targeted
resequencing holds a great advantage over other methods
by enabling the simultaneous screening of novel ALK fusion
partners as well as other lung cancer-related gene mutations,
fusions and copy number alterations, saving time and mate-
rial in the long run. In this study, we selected 192 lung cancer-
related andmiRNA genes for resequencing, although we only
focused on the ALK fusions here. Targeted resequencing also
provides a huge amount of novel information, for instance,
increasing our knowledge of resistance of some NSCLCs to
tyrosine kinase inhibitor treatment. However, the method
still faces many challenges before it is applicable to an average
laboratory of pathology. For example, expertise is needed for
analysis and interpretation of the sequencing results, as well
as means to lower the cost and speed up the turnaround time.
Furthermore, sequencing requires a relatively large amount
of DNA, which might be difficult to isolate from small FFPE
biopsies. In the present study, the amount of DNA in two
analyzed specimens was less than the optimal 2-3𝜇𝜇g (1.6 𝜇𝜇g
and 1.7𝜇𝜇g, resp.) but interpretable results were obtained.

Similarly, as targeted resequencing can be used for detec-
tion of ALK gene rearrangements and other gene fusions in
lung carcinomas, it can be applied on detection of fusions in
other diseases, such as in hematologic malignancies and sar-
comas, in which multiple chromosomal translocations have
been characterized, some of them with clinical importance
[22, 23].

We detected ALK gene fusion in 5.7% of NSCLCs, which
supports previous studies reporting EML4-ALK fusion in
∼3–13% of NSCLC patients [2, 3, 24–27]. However, our
material does not present random cohort from NSCLCs,
since the samples were mainly nonsmoking patients with
adenocarcinoma. In our study, none of the patients with
EGFR mutation had an ALK gene rearrangement (data
not shown), which is in line with the literature, indicating
that EML4-ALK fusion tends to occur in adenocarcinomas
lacking EGFR mutation [17, 19, 26–29].

Formalin-�xed, paraffin-embedded tumor specimens are
oen the only tumor tissue material available for diagnostic
purposes. Hence, the feasibility of FFPE to the detection
methods is essential for reliable ALK fusion screening. In
this study, we showed that FFPE material is applicable for
all the four methods used for ALK gene fusion detection.
However, it is important to note the low prevalence and
limited selection of ALK gene fusions within the patient
population, which is a common issue for the development,
validation, and comparison ofALK gene fusion assays, as well
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as for the assessment of the clinical relevance of the various
ALK gene rearrangements.

5. Conclusions

Our study proved that FISH, IHC, real-timeRT-PCR, and tar-
geted resequencing can be performed successfully on FFPE
tumor specimen material. We found signi�cant concordance
among the four methods studied. Our results support the
use and further development of targeted resequencing in
detection of ALK gene fusions.
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