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mRNA expression of CDH3, IGF2BP3, and BIRC5
in biliary brush cytology specimens is a useful
adjunctive tool of cytology for the diagnosis
of malignant biliary stricture
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Abstract
Although advances have been made in diagnostic tools, the distinction between malignant and benign biliary strictures still remains
challenging. Intraductal brush cytology is a convenient and safe method that is used for the diagnosis of biliary stricture, but, low
sensitivity limits its usefulness. This study aimed to demonstrate the usefulness of mRNA expression levels of target genes in brush
cytology specimens combined with cytology for the diagnosis of malignant biliary stricture. Immunohistochemistry for cadherin 3
(CDH3), p53, insulin-like growth factor II mRNA-binding protein 3 (IGF2BP3), homeobox B7 (HOXB7), and baculoviral inhibitor of
apoptosis repeat containing 5 (BIRC5) was performed in 4 benign and 4 malignant bile duct tissues. Through endoscopic or
interventional radiologic procedures, brush cytology specimens were prospectively obtained in 21 and 35 paitents with biliary
strictures. In the brush cytology specimens, the mRNA expressions levels of 5 genes were determined by real-time polymerase chain
reaction. Immunohistochemistry for CDH3, p53, IGF2BP3, HOXB7, and BIRC5 all showed positive staining in malignant tissues in
contrast to benign tissues, which were negative. In the brush cytology specimens, the mRNA expression levels of CDH3, IGF2BP3,
HOXB7, and BIRC5were significantly higher in cases of malignant biliary stricture compared with cases of benign stricture (P=0.006,
P<0.001, P<0.001, and P=0.001). The receiver-operating characteristic curves of these 4 mRNAs demonstrated that mRNA
expression levels are useful for the prediction of malignant biliary stricture (P=0.006, P<0.001, P<0.001, and P=0.002). The
sensitivity and specificity, respectively, for malignant biliary stricture were 57.1% and 100% for cytology, 57.1% and 64.3% for CDH3,
76.2% and 100% for IGF2BP3, 71.4% and 57.1% for HOXB7, and 76.2% and 64.3% for BIRC5. When cytology was combined with
the mRNA levels of CDH3, IGF2BP3, or BIRC5, the sensitivity for malignant biliary stricture improved to 90.5%. The measurement of
the mRNA expression levels of CDH3, IGF2BP3, and BIRC5 by real-time polymerase chain reaction combined with cytology was
useful for the differentiation of malignant and benign biliary strictures in brush cytology specimens.

Abbreviations: AUC = area under the receiver-operating characteristic curve, BIRC5 = baculoviral inhibitor of apoptosis repeat
containing 5, CDH3 = cadherin 3, ERCP= endoscopic retrograde cholangiopancreatography, HOXB7= homeobox B7, IGF2BP3=
insulin-like growth factor II mRNA-binding protein 3, IHC = immunohistochemistry, PTC = percutaneous transhepatic
cholangiography, ROC = receiver-operating characteristic, RT-PCR = real-time polymerase chain reaction.

Keywords: brush cytology, cholangiocarcinoma, endoscopic retrograde cholangiopancreatography, messenger RNA,
polymerase chain reaction
Editor: Somchai Amornyotin.

Funding: This research was supported by the Institute of Clinical Medicine
Research of Bucheon St. Mary’s Hospital, Research Fund, BCMC13AH05. The
cytology brushes used in this study were donated by Cook Medical Inc.

The authors report no conflicts of interest.
a Department of Internal Medicine, b Institute of Clinical Medicine Research,
c Department of Hospital Pathology, d Department of Radiology, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea.
∗
Correspondence: Jae Hyuck Chang, Division of Gastroenterology, Department

of Internal Medicine, Bucheon St. Mary’s Hospital, College of Medicine, The
Catholic University of Korea, 327, Sosa-ro, Wonmi-Gu, Bucheon 420-717,
Republic of Korea (e-mail: wwjjaang@catholic.ac.kr).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All
rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Medicine (2016) 95:27(e4132)

Received: 6 April 2016 / Received in final form: 6 June 2016 / Accepted: 10
June 2016

http://dx.doi.org/10.1097/MD.0000000000004132

1

1. Introduction

The incidence of bile duct cancer has continued to increase
worldwide, and it is particularly common in Asia and the Middle
East. Unfortunately, this cancer has a poor prognosis, with a 5-
year survival rate of less than 30% even in patients with localized
extrahepatic bile duct cancer.[1] Although early detection and
complete resection are the only effective curative approaches for
this dreadful cancer, sensitive tumor markers to detect this tumor
during their early stages still have not been developed, and many
patients present with late-stage disease.
Patients with bile duct cancer usually present with biliary

stricture, and it is often difficult to differentiate malignant from
benign biliary strictures. Many imaging studies including trans-
abdominal or endoscopic ultrasonography, multichannel dy-
namic computed tomography, magnetic resonance imaging, and
positron emission tomography-computed tomography facilitate
the diagnosis of malignant biliary strictures. Although these
imaging modalities possess various sensitivities, a final patholog-
ical diagnosis by biopsy is required to confirm malignancy. Since
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a bile duct with a tumor is narrow, and the targeting of the tumor
with biopsy forceps by fluoroscopic guidance is indirect, a bile
duct biopsy is a challenging procedure. Even with a successful
biopsy, the size of the biopsy specimen is often insufficient for a
proper diagnosis.
Brush cytology through the biliary stricture is a convenient and

safe method for pathological diagnosis. However, brush cytology
is limited by low sensitivity, although its specificity is high.[2,3]

Therefore, adjunctive tools combinedwith cytology are needed to
increase the sensitivity of brush cytology. As for these attempts,
some approaches have been investigated using brush cytology
specimens such as fluorescence in situ hybridization,[4,5] mRNA
expression levels of specific tumor-related genes,[6–10] and DNA
analysis.[11,12] Among them, the measurement of target gene
mRNA expression levels is a promising adjunctive tool. To
determine tumor-specific target genes, a gene expression micro-
array was used. It revealed many up-regulated genes in primary
biliary cancers and biliary cancer-derived cell lines.[13] Fifty-two
commonly up-regulated genes associated with bile duct cancers
have been detected by a genome-wide analysis, and strong
cadherin 3 (CDH3) and baculoviral inhibitor of apoptosis repeat
containing 5 (BRIC5), survivin) immunohistochemical staining in
cholangiocarcinoma has been observed.[14] Recent studies have
found that the mRNA levels of some genes such as S100 calcium-
binding protein P (S100P), nimA-related kinase 2 (NEK2), msh
Homeobox 2 (MSX2), insulin-like growth factor II mRNA-
binding protein 3 (IGF2BP3), and homeobox B7 (HOXB7)
increased in brush cytology specimens of malignant biliary
stricture.[6–10] It was also reported that the immunohistochemical
expression of p53 was effective in the diagnosis of bile duct
cancer.[15,16] Thus, additional supporting data are needed to
clarify the appropriate target genes and the usefulness of target
gene mRNA expression combined with cytology. This study
aimed to evaluate whether cytology combined with the mRNA
expression of 5 promising tumor-related genes (CDH3, BIRC5,
IGF2BP3, HOXB7, and p53) in brush cytology specimens is
useful for the differentiation of malignant and benign biliary
strictures.
2. Methods

2.1. Patients

Patients with benign or malignant biliary strictures who were
consecutively admitted to our institute from April 2013 to May
2014 and who consented to participate in the study were
prospectively included. After a sufficient sample size was
obtained, the recruitment of patients was stopped. The patients
were followed up over 1 year until May 2015. The target
sensitivity of mRNA expression was 80%, at which rate the
sensitivity of the combination of cytology and mRNA expression
was over 90%. The conditions were as follows: a=0.05, power
80%, sensitivity of mRNA expression in benign tissue=30%,
and ratio of cases of malignant-to-benign strictures=2:1. The
minimum required sample sizes of malignant and benign patients
were 21 and 11, respectively (32 total). Malignant biliary
stricture was diagnosed based on the results of brush cytology,
endoscopic retrograde forcep biopsy, percutaneous forcep
biopsy, or surgical biopsy. Benign biliary stricture was diagnosed
when the initial examination, which included the pathological
evaluation, was negative for malignancy, and when no change in
the lesion was demonstrated after more than 1 year. The
exclusion criteria were as follows: young age (<20 years), no
2

consent given, and malignant biliary stricture due to conditions
other than bile duct cancer such as pancreatic cancer, stomach
cancer, hepatocellular carcinoma, or metastatic lymph nodes.
2.2. Ethics

All participants provided their written informed consent to
participate in this study. This study was approved by Bucheon St.
Mary’s Hospital Institutional Research Board (HC12TISI0135)
and was conducted in complete compliance with the Declaration
of Helsinki.
2.3. Immunohistochemistry and interpretation

Surgical specimens from 8 patients who underwent surgery were
embedded in paraffin and were diagnosed as benign (4) or
malignant (4); these specimens were subjected to immunohis-
tochemistry (IHC). IHC was performed on 3-mm thick paraffin
sections using an automated immunohistochemical stainer
(Ventana Medical Systems, Inc., Tucson, AZ) according to the
manufacturer’s protocol. The sections were deparaffinized using
EZ Prep solution (Ventana). Deparaffinized tissue sections were
pretreated with cell-conditioning solution (Ventana) at 95°C for
60minutes. To block the endogeneous peroxidase activity, the
ultraviolet inhibitor step was performed at 37°C for 4minutes
before the detection of the primary antibody. The primary
antibodies were diluted in Dako antibody diluent (Dako
Cytomation, Glostrup, Denmark) with background-reducing
components and were used at the following dilutions: p53 (1:100
dilution, Dako), HOXB7 (1:100 dilution, Abcam Ltd., Cam-
bridge, UK), IGF2BP3 (1:50 dilution, Abcam Ltd.), CDH3
(prediluted, Abcam Ltd.), and BIRC5 (1:250 dilution, Abcam
Ltd.). The sections were incubated with primary antibodies at
room temperature for 32minutes, and staining was then detected
using the EnVision Plus system (Dako, Carpinteria, CA); this is a
ready-to-use, peroxidase-based dual-link kit that detects primary
mouse and rabbit antibodies. The reaction was developed with
diaminobenzidine (DAB; Dako) for 5minutes, and the slides were
counterstained with hematoxylin II (Ventana) for 4minutes and
bluing reagent (Ventana) for 4minutes. Negative control sections
were treated in the same manner, but they were incubated with
antibody diluent instead of the primary antibody.
The immunohistochemical staining was interpreted indepen-

dently by JAK and THK, who were blinded as to the results. The
expression of each antibodywas quantified based on the extent of
staining. The expression was considered positive if distinct
immunoreactivity was observed in one-third or more of the
tumor cells with a more than mild staining intensity.
2.4. Brush cytology

All patients underwent endoscopic retrograde cholangiopan-
creatography (ERCP) to evaluate the biliary strictures, and brush
cytology was attempted during ERCP. If brush cytology failed
during the ERCP, percutaneous transhepatic cholangiography
(PTC) was performed. In those cases, brush cytology was
performed 1 or 2 days later via the tract used for PTC. A standard
cytology brush catheter (Cytomax II double lumen cytology
brush, Cook Endoscopy, Winston-Salem, NC) was used for the
brush cytology under fluoroscopic guidance. The brush and its
sheath were inserted into the bile duct over a guidewire and were
positioned near the stricture site. The brush was advanced from
the sheath and was moved back and forth across the biliary



Table 1

Gene expression assays used for real-time polymerase chain reaction.

Gene Abbreviation Reference sequence Assay number

Cadherin 3 CDH3 NM_001793 Hs00999925_m1
Baculoviral inhibitor of apoptosis repeat containing 5 BIRC5 NM_001012270 Hs04194392_s1
Tumor protein p53 p53 NM_000546 Hs01034249_m1
Insulin-like growth factor II mRNA binding protein 3 IGF2BP3 NM_006547 Hs00559907_g1
Homeobox B7 HOXB7 NM_004502 Hs04187556_m1
Actin, beta b-actin NM_001101 Hs99999903_m1

BIRC5=baculoviral inhibitor of apoptosis repeat containing 5, CDH3= cadherin 3, HOXB7=homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3.
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stricture site 10 times. Then, the brush was withdrawn into the
catheter, and the catheter with the brush was retrieved. The
retrieved brush was soaked and shaken in saline to remove the
specimens from the brush. The saline specimen mixture was
immediately submitted to the laboratory for mRNA expression
analysis. Then, the brush catheter was re-inserted for the
conventional cytology work-up. Brush cytology was performed
again using the same maneuver as the first brush procedure. After
retrieval of the brush catheter, the brush portion of the brush
catheter that contained the specimens was cut, soaked in
CytoRich Red Preservative Fluid, and then sent to the pathology
department. There, the specimens were separated from the brush,
and the fluid that contained the cells was centrifuged for 5
minutes at 1500rpm. Tris-buffered saline was added to the
precipitate, and the mixture was re-centrifuged. The cytology
specimen slides were produced automatically using the precip-
itates. After the brush cytology, biopsies with forceps were
performed when possible.
2.5. Cytological evaluation

The pathologist (JAK) who was blinded to the mRNA results
evaluated the brush cytology slides. The cytological results were
classified as follows: malignant, suspicious for malignancy,
atypia, and benign. In the present study, “malignant” and
“suspicious for malignancy” were considered positive for
malignancy.
2.6. RNA extraction and reverse transcription

The brush specimens in the saline were centrifuged for 10minutes
at 2000rpm at 4°C, and 5 volumes of RNA Protect Cell Reagent
(Qiagen, Valencia, CA) were added to one volume of cell pellet.
Then, the cells were mixed by shaking, pipetting, or vortexing,
and were stored at –70°C before RNA purification, which was
Table 2

Patient characteristics.

Malignant stricture (n=21)

Diagnosis, n Carcinoma of common bile duct, 14
Klatskin tumor, 3

Gallbladder cancer, 4

Males/females 9/12
Age, mean±SD 69.3±12.5
Brush cytology
by ERCP 12 (57%)
PTC 9 (43%)

Forcep biopsy 11 (52%)

ERCP= endoscopic retrograde cholangiopancreatography, PTC=percutaneous transhepatic cholangiogr
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performed using the RNeasy Plus Micro Kit (Qiagen) according
to the manufacturer’s protocol. Specifically, 1mg of purified total
RNA was reverse transcribed into first-strand cDNA using a
Quantitect Reverse Transcription Kit (Qiagen), which includes a
genomic DNA elimination step.
2.7. Real-time polymerase chain reaction

Real-time polymerase chain reaction (RT-PCR) amplification
and relative quantification of CDH3, p53, IGF2BP3, HOXB7,
BIRC5, and b-actin mRNAs were performed using TaqMan gene
expression assays (Table 1, Applied Biosystems, Foster City, CA)
in a LightCycler 480 PCR system (Roche, Manheim, Germany).
All assays used similar amplification efficiency, and a DCT
experimental design was used for relative quantification. The
reactions were performed in a 20-mL volume in duplicates using a
TaqMan Probe Master Mix (Roche), and 10ng of cDNA was
used in each reaction. b-actin served as an endogenous control. A
no-template control was included in each quantitative RT-PCR
experiment to confirm the absence of DNA contamination in the
reagents used for the amplification. The results were analyzed by
LightCycler 480 software 1.2 (Roche).
2.8. Statistical analysis

For quantitative variables, the mean± standard deviation (SD)
was given. Quantitative variables were analyzed by a Mann–-
Whitney U test or Pearson chi-square test. Receiver-operating
characteristic (ROC) curves were plotted, and the areas under the
ROC curves (AUC) were calculated to determine the diagnostic
ability of the mRNA expression of each gene. The cut-off mRNA
expression values were determined using the ROC curves. The
sensitivity, specificity, positive predictive value, negative predic-
tive value, and 95% confidence intervals (CIs) were calculated for
each individual diagnostic method and combined diagnostic
Benign stricture (n=14) P

Choledocholithiasis, 8
Postsurgery, 2
Inflammation, 1
Idiopathic, 3

7/7 0.678
70.0±11.8 0.987

0.074
12 (86%)
2 (14%)
2 (14%) 0.022

aphy, SD= standard deviation.

http://www.md-journal.com


Figure 1. Hematoxylin–eosin and immunohistochemical stains of benign and malignant bile duct tissues (�200). A, B, Hematoxylin–eosin staining in benign and
malignant tissues; C, D, CDH3 staining in benign andmalignant tissues; E, F, IGF2BP3 staining in benign andmalignant tissues; G, H, HOXB7 staining in benign and
malignant tissues; I, J, BIRC5 staining in benign and malignant tissues; K, L, p53 staining in benign and malignant tissues. BIRC5=baculoviral inhibitor of apoptosis
repeat containing 5, CDH3=cadherin 3, HOXB7=homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3.
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methods. P values that were less than 0.05 were considered
significant. Statistical analyses were performedwith SPSS, version
20 (SPSS, Inc., Chicago, IL).
3. Results

3.1. Patient characteristics

In all, 38 patients were initially enrolled; 2 patients with
malignant biliary stricture and 1 patient with benign biliary
stricture were excluded due to inappropriate specimens. All
cytology procedures were safely performed without unwanted
harm to the patients. Finally, 35 patients were enrolled in the
study, and their detailed characteristics are described in Table 2.
The malignant biliary strictures consisted of common bile duct
carcinoma, Klatskin tumor, and gallbladder carcinoma. Four
patients with gallbladder cancer exhibited direct invasion into the
liver and bile duct, which resulted in bile duct stricture and
jaundice. The benign strictures consisted of choledocholithiasis,
postsurgical complications, inflammatory strictures, and idio-
pathic strictures. The mean age of the patients was 69.6±12.1
years, and the total number of male patients was 16 (46%). Brush
cytology was performed by the ERCP method in 24 patients
(69%) and by the PTC method in 11 patients (31%).
3.2. Immunohistochemistry

Immunohistochemistry stains for BIRC5, IGF2BP3, CDH3,
HOX7, and p53 showed positive staining in all 4 malignant
tissues (Fig. 1). IGF2BP3, CDH3, and HOX7 were strongly
expressed in more than half the area in all malignant tissues
(Fig. 1D, F, and H). Staining for BIRC5 and p53 revealed
moderate to high intensity of expression in one-third to one-half
4

the area (Fig. 1J and L). These 5 genes were not expressed in
benign tissues (Fig. 1E, I, and K), except that CDH3 and HOX7
showed mild expression in the epithelium and in epithelial and
stromal cells in 1 benign specimen, respectively (Fig. 1C and G).

3.3. mRNA expressions in brush cytology specimens

The expression levels of CDH3, IGF2BP3, HOXB7, and BIRC5
mRNA in malignant biliary strictures were significantly higher
than in benign strictures (P=0.006,<0.001, <0.001, and 0.001,
respectively; Fig. 2). However, the p53 mRNA expression levels
did not differ between the benign andmalignant biliary strictures.
The ROC curves demonstrated that the CDH3, IGF2BP3,
HOXB7, and BIRC5 mRNA expression levels were useful for the
prediction of malignant biliary stricture (P=0.006, <0.001,
<0.001, and 0.002, respectively; Fig. 3). The AUCs were 0.776
(95% CI 0.605–0.946) for CDH3, 0.476 (95% CI 0.280–0.672)
for p53, 0.874 (95% CI 0.750–0.998) for IFG2BP3, 0.898 (95%
CI 0.796–1.000) for HOXB7, and 0.818 (95% CI 0.674–0.963)
for BIRC5. The AUCs of IFG2BP, HOXB7, and BIRC5 were
higher than 0.8. The AUC of HOXB7, which exhibited the
highest diagnostic ability for malignant biliary stricture, was the
highest at 0.898.

3.4. Sensitivity and specificity

Using the ROC curves, the cut-off values were determined to be
0.00212 for CDH3 mRNA expression, 0.000999 for IGF2BP3
mRNA expression, 0.00137 for HOXB7 mRNA expression, and
0.000129 for BIRC5 mRNA expression. The respective sensitivi-
ties and specificities are described in Table 3. The sensitivities of
IGF2BP3 mRNA and BIRC5 mRNA were the highest at 76.2%,
whereas the next highest sensitivity was that of HOXB7 mRNA



Figure 2. RelativemRNA expression levels in brush cytology specimens frommalignant and benign biliary strictures. ThemRNA expression levels of CDH3/b-actin
(A), p53/b-actin (B), IGF2BP3/b-actin (C), HOXB7/b-actin (D), and BIRC5/b-actin (E) in brush cytology specimens were compared between benign and malignant
biliary strictures. The box and whisker plot show the median, interquartile range, and range of values. BIRC5=baculoviral inhibitor of apoptosis repeat containing 5,
CDH3=cadherin 3, HOXB7=homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3.
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at 71.4%. The lowest sensitivity was for CDH3 mRNA and
cytology at 57.1%. When cytology and one of the expression
levels of CDH3, IGF2BP3, or BIRC5 mRNAwere combined (the
specimens were diagnosed as malignant if either of the 2 tests was
positive for malignancy), the sensitivity increased to 90.5% (95%
CI 68.2–98.3; Table 4). In particular, when the cytology results
were combined with IGF2BP3 mRNA expression, the sensitivity
and specificity were maximized to 90.5% and 100%, respective-
ly, with an accuracy of 94.3%.
4. Discussion

This study demonstrated that CDH3, IGF2BP3, HOXB7, and
BIRC5 are expressed in malignant bile duct tissues, and that the
mRNAs expression levels of these genes in brush cytology
specimens combined with cytologic analysis are useful diagnostic
markers for malignant biliary stricture.
The differentiation between malignant and benign biliary

strictures is crucial to determine the treatment plan in patients
with biliary stricture. Since pancreatico-biliary tract surgeries are
major operations, and patients who undergo this particular type
of surgery exhibit considerable morbidity and mortality,
unnecessary major surgery in patients with benign biliary
strictures should definitely be avoided. In addition, the
confirmation of malignancy before surgery is important so that
the patients understand the necessity of the surgery and their
5

subsequent prognosis. Although various imaging modalities
facilitate the diagnosis, they are not without flaws, and they each
have various and limited sensitivities. Consequently, the
pathological diagnosis of biliary strictures is necessary for a
confirmative diagnosis. Several ways to obtain the specimens may
be attempted. Brush cytology or forcep biopsy during ERCP or
PTC, needle biopsy by endoscopic ultrasonography, and biopsy
using percutaneous transhepatic choledochoscopy, mother baby
scope, Spyglass system, or direct peroral choledochoscopy have
been introduced. These methods are promising, but a majority of
them are not widely used due to high cost, difficulty with the
techniques, and a lack of established results.
Brush cytology is one of the conventional methods that is easy

to perform and has low cost and high specificity. However, the
utility of brush cytology is limited due to its low sensitivity.[3] In
addition to the basic limitation of cytology itself compared with
biopsy, brush cytology often yields only a small number of
malignant cells due to the growth pattern and nature of bile duct
cancers. Therefore, tools that can facilitate a diagnosis based on a
small specimen size are needed to improve the conventional brush
cytology yield. RT-PCR, which has a high sensitivity, can detect
specific mRNA even with a very small number of malignant
cells.[7] Therefore, the detection of tumor-associated gene
overexpression in biliary tract specimens using PCR may be
effective in the diagnosis of bile duct cancer. Several tumor-
related genes have been shown to be up-regulated in bile duct

http://www.md-journal.com


[13,14]

Figure 3. Receiver-operating characteristic (ROC) curve analyses for the relative mRNA expression levels as diagnostic markers of malignancy in the biliary tract.
ROC curves for CDH3 (A), p53 (B), IGF2BP3 (C), HOXB7 (D), and BIRC5 (E) were plotted. The area under the ROC curves (AUC) and P values are shown in the
curves. The cut-off values (arrows) are indicated in each curve. BIRC5=baculoviral inhibitor of apoptosis repeat containing 5, CDH3=cadherin 3, HOXB7=
homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3.
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cancer based on a microarray analysis, and tumor-related
gene mRNAs isolated from biliary brush specimens have been
demonstrated to be suitable for the molecular analysis of biliary
diseases using PCR and microarray.[17] Furthermore, RT-PCR
for detection of mRNA is a rapid, inexpensive, and reliable
method, and all genes can be processed simultaneously during the
same amplification protocol.[10] The mRNA expression levels of
several tumor-related genes, including MSX2, human aspartyl
(asparaginyl) beta-hydroxlase (HAAH), HOXB7, S100P,
IGF2BP3, and NEK2, have been recently studied.[6–10] In the
present study, themRNA levels ofHOXB7 and IGF2BP3were re-
evaluated, and the mRNA of CDH3, p53, and BIRC5 were
assessed for the first time to determine their efficacy in the
diagnosis of bile duct cancer based on brush cytology. The
mRNAs expressed in the tumors showed a somewhat wide range
Table 3

Performance characteristics of cytology and mRNA expressions for

Cytology CDH3

Sensitivity (%) (95% CI) 57.1 (34.4–77.4) 57.1 (34.4–77.4)
Specificity (%) (95% CI) 100 (73.2–100) 64.3 (35.6–86.0)
PPV (%) (95% CI) 100 (69.9–100) 70.6 (44.0–88.6)
NPV (%) (95% CI) 60.9 (38.8–79.5) 50.0 (26.8–73.2)

BIRC5=baculoviral inhibitor of apoptosis repeat containing 5, CDH3= cadherin 3, CI= confidence interv
negative predictive value, PPV=positive predictive value.
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of expression. The level of mRNA expression in the tumor might
depend on various factors such as tumor differentiation and
individual variation.
CDH3 is a calcium-sensitive cell adhesionmolecule that plays a

role in cell growth and differentiation.[18,19] CDH3 is overex-
pressed in the majority of pancreatic cancer and in various other
malignancies, including bile duct, gastric, and colorectal
cancers.[14,20–22] CDH3 overexpression was reported to be
associated with an aggressive phenotype and poor prognosis of
endometrial carcinomas.[18] In this study, CDH3 mRNA was
significantly highly expressed in malignant biliary strictures and
was a good predictor of malignant biliary stricture. The
sensitivity improved to 90.5% when CDH3 mRNA levels were
combined with conventional cytology. IGF2BP3 is an onco-fetal
RNA-binding protein that promotes tumor cell proliferation by
malignant biliary stricture.

IGF2BP3 HOXB7 BIRC5

76.2 (53.5–90.9) 71.4 (47.7–87.8) 76.2 (52.5–90.9)
100 (73.2–100) 57.1 (29.6–81.2) 64.3 (35.6–86.0)
100 (75.9–100) 71.4 (48.7–87.8) 76.2 (52.5–90.9)
73.7 (48.6–89.9) 57.1 (29.6–81.2) 64.3 (35.6–86.0)

al, HOXB7=homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3, NPV=



Table 4

Performance characteristics of combined diagnostic methods for malignant biliary stricture.

CDH3 + cytology IGF2BP3 + cytology HOXB7 + cytology BIRC5 + cytology

Sensitivity (%) (95% CI) 90.5 (68.2–98.3) 90.5 (68.2–98.3) 85.7 (62.6–96.2) 90.5 (68.2–98.3)
Specificity (%) (95% CI) 64.3 (35.6–86.0) 100 (73.2–100) 57.1 (29.6–81.2) 64.3 (35.6–86.0)
PPV (%) (95% CI) 79.2 (57.3–92.1) 100 (79.1–100) 75.0 (52.9–89.4) 79.2 (57.3–92.1)
NPV (%) (95% CI) 81.8 (47.8–98.8) 87.5 (60.4–97.8) 72.7 (39.3–92.7) 81.8 (47.8–96.8)

BIRC5=baculoviral inhibitor of apoptosis repeat containing 5, CDH3= cadherin 3, CI= confidence interval, HOXB7=homeobox B7, IGF2BP3= insulin-like growth factor II mRNA-binding protein 3, NPV=
negative predictive value, PPV=positive predictive value.
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enhancing IGF-II protein synthesis, and induces cell adhesion and
invasion by stabilizing CD44 mRNA.[23] IGF2BP3 expression
has been studied in multiple types of human neoplasms such as
malignant mesothelioma and biliary cancer.[8,10,14,24] IGF2BP3
has been shown to be a biomarker of enhanced tumor
aggressiveness, and its expression has been correlated with
increased risk of metastases and decreased survival of patients
with esophageal squamous cell carcinoma, bladder cancer, and
colon cancer.[25–27] In the present study, IGF2BP3 mRNA was
significantly highly expressed in malignant biliary strictures and
was a good predictor of malignant biliary stricture. Particularly,
the sensitivity and specificity of the diagnostic methods were
highly increased to 90.5% and 100%, respectively, if cytology
was combined with IGF2BP3 mRNA expression. HOXB7 is a
homeobox-containing gene and transcription factor that is
normally expressed during development and that is aberrantly
overexpressed in ovarian and breast cancer.[28,29] HOXB7 is
overexpressed at both the mRNA and protein levels in biliary
cancer, but is not detectable in normal biliary epithelium.[13,14]

Our study demonstrated that HOXB7 mRNA was significantly
highly expressed in malignant biliary stricture and was the best
predictor of malignant biliary stricture among the studied genes
based on the 0.898 AUC. BIRC5 is expressed during fetal
development and is undetectable in terminally differentiated
adult tissues. However, BIRC5 is prominently expressed in
transformed cell lines and in all of the most common human
cancers, including lung, colon, pancreas, prostate, and breast
cancer.[30] BIRC5 is involved in the inhibition of apoptosis;
therefore, elevated BIRC5 expression may play a crucial role in
the development of intrahepatic cholangiocarcinoma.[14] Nuclear
BIRC5 expression in cholangiocarcinoma was shown to be
associated with poor prognosis.[31] In the current study, BIRC5
mRNA was significantly highly expressed in malignant biliary
strictures and was also a good predictor of this condition. The
sensitivity improved to 90.5% when the CDH3 mRNA levels
were combined with cytology. p53 is a representative tumor
suppressor gene. Point mutations in the p53 gene represent one of
the most common genetic alterations found in human cancer.
High immunohistochemical p53 expression in cholangiocarci-
noma has been reported,[15] and p53 immunostaining combined
with histology of specimen obtained by biopsy forceps improved
the sensitivity of the diagnosis of bile duct cancer.[16] However,
other studies reported that p53 immunocytochemistry added no
definite additional value to brush cytology in the discrimination
between benign and malignant strictures.[32,33] Our study
showed that p53 mRNA had no significant role in the
differentiation of bile duct cancer based on brush cytology.
In this study, IHC was done in the specimens of 8 patients.

Although the IHC demonstrated obvious differences between
malignant and benign tissues, the number of IHC stains was not
sufficient for a statistical comparison. We wanted to confirm the
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protein expression of the target genes in a preliminary IHC study
before mRNA expression study. Further IHC researches in the
future may provide more detailed information such as tissue
expression levels of genes or the relationship between gene
expressions and tumor differentiation. The power of our study
had been set to 80% in the sample size calculation, but the actual
power was 74.2% due to slightly lower sensitivity of mRNA
expression in malignant strictures than we had expected.
Although this power is within an acceptable range, it could
limit the application of this study. Hopefully, further study with a
larger number of patients will be performed to validate our study.
In conclusion, CDH3, IGF2BP3, and BIRC5 mRNA expres-

sion levels as determined by RT-PCR combined with cytology
were effective for the differentiation of malignant and benign
biliary strictures in brush cytology specimens. Therefore, target
gene mRNA in brush cytology is a useful adjunctive diagnostic
tool of cytology for the diagnosis of malignant biliary stricture.
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