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Abstract

Introduction: It is a challenging task to distinguish between benign and malignant lesions in patients with biliary strictures.
Here we analyze whether determination of target gene mRNA levels in intraductal brush cytology specimens may be used
to improve the diagnosis of bile duct carcinoma.

Materials and Methods: Brush cytology specimens from 119 patients with biliary strictures (malignant: n = 72; benign:
n = 47) were analyzed in a retrospective cohort study. mRNA of IGF-II mRNA-binding protein 3 (IGF2BP3), homeobox B7
(HOXB7), Forkhead box M1 (FOXM1), kinesin family member 2C (KIF2C) and serine/threonine kinase NEK2 was determined
by semi-quantitative RT-PCR using the DCt method.

Results: IGF2BP3 (p,0.0001), HOXB7 (p,0.0001), and NEK2 (p,0.0001) mRNA expression levels were significantly increased
in patients with cholangiocarcinoma or pancreatic cancer. Median DCt values differed by 3.5 cycles (IGF2BP3), 2.8 cycles
(HOXB7) and 1.3 cycles (NEK2) corresponding to 11-fold, 7-fold and 2.5-fold increased mRNA levels in malignant versus
benign samples. Sensitivity to detect biliary cancer was 76.4% for IGF2BP3 (80.9% specificity); 72.2% for HOXB7 (78.7%
specificity) and 65.3% for NEK2 (72.3% specificity), whereas routine cytology reached only 43.1% sensitivity (85.4%
specificity). Diagnostic precision was further improved, when all three molecular markers were assessed in combination
(77.8% sensitivity, 87.2% specificity) and achieved 87.5% sensitivity and 87.2% specificity when molecular markers were
combined with routine cytology.

Conclusions: Our data suggest that measuring IGF2BP3, HOXB7 and NEK2 mRNA levels by RT-PCR in addition to cytology
has the potential to improve detection of malignant biliary disorders from brush cytology specimens.
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Introduction

It is a challenging task for gastroenterologists to distinguish

between benign and malignant lesions in patients with biliary

strictures [1]. Although current diagnostic imaging methods such

as transabdominal ultrasonography (US), computed tomography

(CT), and magnetic resonance imaging (MRI) achieve a rather

high sensitivity for detecting bile duct pathology, they cannot

reliably differentiate between malignant and benign biliary

strictures [2]. Therefore, intraductal procedures, such as endo-

scopic retrograde cholangiography (ERC) with brushings for

routine cytology (RC) and intraductal forceps biopsy are often

applied to identify patients with biliary malignancy [3,4,5].

Unfortunately, even if intraductal diagnostic procedures are

combined (cholangioscopy, brush cytology, fine needle aspiration

cytology and forceps biopsy), sensitivity to diagnose malignant

biliary strictures reaches only 20–65% [3,6,7,8,9,10]. Newer

techniques, e.g. the Spyglass Spyscope system, can improve the

diagnosis of biliary strictures but require additional equipment,

and thus are not available in many hospitals [11,12].

Low diagnostic yields of established intraductal diagnostic

techniques is partly due to the growth and differentiation

pattern of bile duct cancer, which frequently comprises tumors

with a high content of fibrotic tissue, making morphological

diagnosis difficult. To improve diagnostic precision, detection of

tumor-associated molecular markers in routine cytology speci-

mens by highly sensitive RT-PCR assays has emerged as a new

diagnostic tool [13,14]. In a previous study, we described that
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RT-PCR based semi-quantitative measurement of candidate

gene mRNA from intraductal brush cytology specimens enables

to detect cholangiocellular carcinoma with high diagnostic

precision [15]. However, this study was limited by a small

sample size, lack of patients with pancreatic cancer, and a

selection of candidate genes that are over-expressed in

cholangiocarcinoma cell lines, the in vivo expression of which,

however, still remains unclear.

Recently, Obama et al. analyzed global gene-expression profiles

of 25 intrahepatic cholangiocarcinomas using tumor cell popula-

tions purified by laser microbeam microdissection and a cDNA

microarray technique [16]. This approach identified more than 50

genes which were frequently up-regulated in biliary cancer. Up-

regulated expression was most conspicuous for FOXM1, IGF2BP3

[KOC], KIF2C, and HOXB7. Moreover, Kokuryo et al. recently

identified NEK2 as an additional gene with high expression in

cholangiocarcinomas [17]. Increased gene expression of HOXB7,

KIF2C, NEK2, FOXM1 and IGF2BP3 has also been reported for

several other types of cancer [18,19,20,21,22,23,24,25,26,27],

suggesting that these genes may be associated with tumor growth

in general. Of note, up-regulation of these genes has also been

found in pancreatic cancers [28,29,30,31,32,33].

All these genes exert pivotal roles in the control of proliferation

and differentiation.

The Forkhead Box M1 (FOXM1) transcription factor is a key

cell cycle regulator involved both in the transition from G1 to S

phase and the progression to mitosis. Altered FOXM1 signaling is

associated with a variety of different tumors [34,35]. IGF2BP3 is

an oncofetal RNA binding protein which regulates insulin-like

growth factor-II (IGF-II) transcripts and is involved in the post-

transcriptional regulation of cell proliferation during embryogen-

esis [36]. KIF2C is a member of the kinesin-13 subfamily of

kinesin-related proteins involved in chromosome segregation and

correction of kinetochore–microtubule interactions during mitosis.

KIF2C is over-expressed in breast and gastric cancer cells [37,38].

HOXB7 is over-expressed both at the mRNA and protein level in

human biliary cancer specimens but not detectable in normal

biliary epithelium [39].

NEK2, a member of the serine/threonine kinase family, has

been implicated in regulation of centrosome separation and

spindle formation. Over-expression of NEK2 in various carcinoma

cell lines suggests involvement of NEK2 in tumor development

[17].

Because of their prominent role in the control of cell

proliferation and differentiation, we considered these proteins as

potential new diagnostic markers for biliary cancer. Thus, in the

present study we established semi-quantitative RT-PCR assays for

the detection of IGF2BP3, NEK2, KIF2C, FOXM1, and HOXB7

mRNA in biliary brush cytology specimens and evaluated their

diagnostic precision as diagnostic markers for malignant bile duct

strictures.

Materials and Methods

Ethics Statement
The reported studies were approved by the Institutional Review

Board of the Bonn University Ethics Committee (008/04). Written

informed consent was obtained from the patients prior to sample

collection. Samples were coded and data stored anonymously.

Patients
A total of 119 Caucasian patients with bile duct strictures

(51 women, 68 men, median age 71.0 (23–94) years) were enrolled

into this study. None of these patients had evidence for IgG4-

associated autoimmune cholangitis or pancreatitis. Further patient

characteristics are summarized in table 1.

A patient was considered to have a malignant stricture if there

was (1) cytologic or histologic evidence of malignancy confirmed

by tissue sampling by ERCP, percutaneous biopsy, surgical

exploration, or autopsy or (2) a clinical course (over at least

12 months after enrollment) suggesting malignancy on the basis of

new radiographic abnormalities such as metastases, infiltration of

the mass into large blood vessels, lymphadenopathy with positive

findings in positron emission tomography or (3) tumor-related

death (death certificate diagnosis).

Patients were considered to have benign strictures if they did not

have any of the aforementioned findings both during complete

initial work-up and a follow up examination at 12 months or later

to exclude disease progression.

Samples
Brush specimens were obtained from biliary strictures using

standard cytology brushes (Uno brush, MTW, Wesel, Germany)

at routine ERCP. The brushes were passed across the lesion

using 3–6 to-and-fro movements. Smears for cytological

examination were prepared on site as part of routine diagnostic

work-up; the remaining adherent cell material was immediately

washed from the brush with 350 mL of RLT lysis buffer

(RNeasy-Kit, Qiagen, Hilden, Germany) supplemented with 1%

beta-mercapto-ethanol (Sigma-Aldrich, St. Louis, MO, USA)

under vortexing, then samples were centrifuged and stored at –

80uC until further use.

Table 1. Clinical characteristics of patients.

malignant strictures benign strictures

Diagnosis
n (%)

52 (72) Cholangiocarcinoma 13 (27.7) Cholelithiasis

22 (42.3) Klatskin’s Tumor 13 (27.7) Inflammation

21 (40.4) Carcinoma of the
common bile duct

9 (19.1) Primary Sclerosing
Cholangitis

5 (9.6) Carcinoma of the
intrahepatic bile ducts

8 (17.0) Pancreatitis

4 (7.7) Papillary Carcinoma 3 (6.4) Surgical trauma

20 (28) Pancreatic Cancer 1 (2.1) Primary Biliary
Cirrhosis

18 (90) Carcinoma of the
pancreatic head

2 (10) Intrapancreatic ductal
carcinoma

Gender (m/f) 49/23 19/28

Age# 71.0611.7 61.3617.1

Bilirubin# 5.8867.64 1.6262.1

GGT# 528.26591.8 331.96420.8

ALT# 133.26184.1 66.3668.8

AST# 104.96100.1 64.9655.1

AP# 380.56251.5 244.06223.5

LDH# 253.36254.7 236.46109.4

#Mean 6 SD;
GGT: Gamma glutamyl transpeptidase, ALT: Alanine aminotransferase, AST:
Asparagine aminotransferase, AP: Alkaline phosphatase, LDH: Lactate
dehydrogenase.
doi:10.1371/journal.pone.0042141.t001

Diagnosis of Biliary Cancer by Marker mRNAs
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Routine Cytology
Cytopathologists with particular expertise for RC independently

reviewed the RC, and were blinded to the clinical records without

knowledge of the other test results. RC specimens were interpreted

as either positive for malignancy, suspicious for malignancy,

atypical, negative for malignancy, or with inadequate cellularity

for interpretation.

RNA Extraction and Reverse Transcription
Total RNA was extracted using the RNeasy Mini Kit (Qiagen,

Hilden, Germany) according to the manufacturer’s instructions.

The extracted RNA was eluted in 40 mL of RNAse-free water and

stored at –80uC. Elimination of genomic DNA and reverse

transcription was carried out using the QuantiTect Reverse

Transcription Kit (Qiagen, Hilden, Germany) according to the

manufacturer’s standard protocol.

Quantitative Real Time PCR
For each PCR run 1 mL of the obtained cDNA was used as

template. PCR was carried out in a final volume of 10 mL on a

LightCycler instrument using the LightCycler FastStart DNA-

Master SYBR Green 1 kit (Roche Molecular Diagnostics,

Mannheim, Germany). The reaction mix contained a 3.5 mM

concentration of MgCl2. Primers, corresponding to nucleotide

sequences of HOXB7 (sense: 59-TGCGAAGCTCAGGAACT-

GAC-39, antisense: 59-TCATGCGCCGGTTCTG-39) and the

house-keeping gene glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) (sense: 59-AGGGGGGAGCCAAAAGGG-39, anti-

sense: 59-TGCCAGCCCCAGCGTCAAAG-39) were purchased

from TibMolbiol (Berlin, Germany) and used at a final

concentration of 0.5 mM each. For analysis of IGF2BP3,

KIF2C, FOXM1 and NEK2 mRNA expression commercially

available QuantiTect Primer Assays (Qiagen, Hilden, Germany)

were used at a final primer concentration of 0.5 mM each. For

all PCRs an identical amplification protocol was used consisting

of an initial denaturation step at 95uC for 10 min, followed by

40 cycles (denaturation at 95uC for 2 sec, annealing at 60uC for

5 sec, extension at 72uC for 15 sec) and fluorescence acquisition

at 72uC.

PCR products were identified by melting curve analysis (95uC
for 10 sec, 65uC for 15 sec and a slow ramp (0.2uC/sec) to 95uC
with continuous fluorescence acquisition). The LightCycler

software version 3.5 was used in all PCR experiments.

Semiquantitative Analysis of Target Gene Expression
To compare target gene-specific transcripts in malignant

samples to those in benign samples, their Ct (threshold cycle)

values were normalized in a first step by subtracting the Ct value

of the GAPDH control (DCt = Ct, target – Ct, control) [40]. For

representative samples see figure 1. Over-expression of gene-

specific mRNA in malignant samples was calculated by subtract-

ing the normalized median DCt of malignant samples and benign

samples (DDCt = median DCt, malignant – median DCt, benign).

Overexpression ratios were calculated as 2DDCt [41].

Statistical Analysis
Statistical analysis was performed with SPSS software version

17.0.0 (SPSS Inc., Chicago) and GraphPad Prism for Windows

version 4.00. Data were checked for normal distribution, and

compared by two-tailed t-tests as appropriate using JavaStat

(http://statpages.org/ctab2x2.html). Data are reported as means

6 standard deviations, unless stated otherwise. Correlations were

determined by non-parametric Spearman rank correlation. ROC

analysis was performed with the MedCalc software (version

7.3.01). Results with P,0.05 were regarded as statistically

significant.

Results

Based on our classification criteria biliary strictures were

considered to represent malignant and benign disease in 72 and

47 patients, respectively. Thirty-one of the 72 patients with

malignant strictures had been correctly detected by routine

cytology alone (43.1% sensitivity) and malignancy had definitely

been excluded in 40 of the 47 patients with benign strictures

(85.1% specificity). However, routine cytology failed to detect

malignancy in 22 patients and remained indeterminate in further

19 patients, so that overall a correct diagnosis of malignancy was

missed by cytology in 41 of 72 patients.

Messenger-RNA Expression of Candidate Genes
Sufficient mRNA could be extracted in each analyzed brush

cytology specimen, and target gene mRNA expression levels of

IGF2BP3, HOXB7, and NEK2 were significantly higher in the

brush specimens from patients with malignant strictures than in

those from patients with benign biliary strictures (DCt IGF2BP3:

9.5862.87 vs.13.0862.38, p,0.0001; DCt HOXB7: 8.3463.08

vs. 11.1362.51, p,0.0001; DCt NEK2: 8.6061.86 vs.

9.9161.81, p,0.0001) (figure 2). Median DCt values differed

by 3.5 cycles (DDCt IGF2BP3), 2.8 cycles (DDCt HOXB7) and

1.3 cycles (DDCt NEK2), indicating approximately 11-fold, 7-

fold and 2.5-fold increased mRNA levels in the malignant

samples compared to benign strictures. In contrast, mRNA

expression levels of FOXM1 and KIF2C did not differ

significantly between the groups (DCt FOXM1: 9.4161.83 vs.

10.0061.23, p,0.13; DCt KIF2C: 10.2862.04 vs. 11.1361.55,

p,0.06) (figure 2). Therefore, these markers were excluded

from the further analysis.

In patients with malignant strictures, there was a significant

positive correlation between the mRNA expression levels of

IGF2BP3, NEK2 and HOXB7 (table 2). In contrast, no

correlations between any two markers were found in patients

with benign strictures (table 3).

Finally we checked if baseline differences in gender distribution

and bilirubin levels had any effects on gene expression levels.

Statistical analysis by independent t-test and Spearman rank

correlation did not provide evidence that sex or bilirubin levels

were associated with expression levels of IGF2BP3, NEK2 and

HOXB7 (data not shown).

Diagnostic Precision of Single Candidate Genes
To assess the diagnostic precision of up-regulated expression for

individual candidate genes, we next analyzed our data by receiver

operating characteristic (ROC) (figure 3). Concerning HOXB7,

the area under the ROC curve (AUC) was 0.768 (standard error

[SE]: 0.044; 95% CI 0.681–0.841). The optimal cut-off value for

HOXB7 was DCt , = 9.4, which corresponded to 72.2% [95%

CI 65.4–77.5] sensitivity and 78.7% [95% CI 68.3–86.8]

specificity. Using the prevalence of our patient cohort, we

calculated a positive predictive value (PPV) of 83.9% and a

negative predictive value (NPV) of 64.9% (figure 3A). For

IGF2BP3 the AUC was 0.830 (SE: 0.038; 95% CI 0.75–0.89),

with an optimal cut-off value at DCt , = 11.46 (sensitivity: 76.4%

[95% CI 69.8–81.4]; specificity: 80.9% [95% CI 70.7–88.5]; PPV:

85.9%; NPV: 69.1%) (figure 3B). ROC analysis of NEK2 yielded

an AUC of 0.694 (SE: 0.050; 95% CI 0.602–0.775) with an

optimal cut-off value of DCt , = 9.27 (sensitivity: 65.3% [95% CI

Diagnosis of Biliary Cancer by Marker mRNAs
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58.2–71.2]; specificity 72.3% [95% CI 61.5–81.5]; PPV: 78.3%;

NPV: 57.6%) (figure 3C).

Operative Performance of Combined Genetic Markers
To improve diagnostic precision we next analyzed, whether

sensitivity and specificity was improved if the results of the single

target genes were analyzed in combination. In a first analysis the

combination of two tests was considered positive when at least one

candidate gene was positive (DCt level below the cut-off level) and

negative when DCt were above the cut-off for both genes. As

expected, combined analysis improved sensitivity and decreased

specificity for the detection of malignant strictures as compared to

the analysis of single parameters:

The combination of IGF2BP3 and NEK2 achieved the best

sensitivity (90.3%) but only poor specificity (59.6%). The

combination of HOXB7 and NEK2 reached a sensitivity of

87.5% with a specificity of 59.6%, whereas the combination of

IGF2BP3 and HOXB7 had slightly lower sensitivity (86.1%) with

a specificity of 61.7%.

In an alternative analysis of our data a combination of two test

results was considered positive when both candidate genes were

positive (DCt level below the cut-off level); and negative when at

least one or both genes were negative. In this second analysis

specificities were increased to 91.5–97.9% but sensitivities dropped

to 50.0–62.5%.

Best diagnostic precision was observed, when results of all

three target genes were analyzed together and a combination

was considered positive if DCt levels of any two genes were

below the cut-off value (table 4). In this setting 77.8% sensitivity

at 87.2% specificity was achieved, which enabled correct benign

and malignant diagnoses in 81.5% of all patients. No significant

differences could be observed when patients with cholangiocar-

cinomas (sensitivity 75.0 [66.8–80.5]; specificity 87.2 [78.2–

93.3]; accuracy 80.8 [72.2–86.6]) (table 5) and pancreatic

cancers (sensitivity 85.0 [68.8–94.1]; specificity 87.2 [80.4–91.1];

accuracy 86.6 [76.9–92.0]) (table 6) were analyzed separately.

Diagnostic precision was even more increased, when cytology

results were analyzed together with up-regulated expression of our

three target genes. Brush cytology results together with detection

of increased HOXB7, IGF2BP3 and NEK2 mRNA reached

87.5% sensitivity (63 of 72) and 87.2% specificity (41 of 47),

corresponding to a PPV of 91.3% and a NPV of 82.0%. Finally a

diagnostic accuracy of 87.4% was achieved which enabled a

correct diagnosis in 104 of the 119 patients.

Figure 1. Amplification curve analysis of a representative benign and malignant sample, respectively.
doi:10.1371/journal.pone.0042141.g001
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Figure 2. Differences in threshold cycle numbers between target genes (HOXB7, IGF2BP3, NEK2, FOXM1, KIF2C) and the house-
keeping gene GAPDH (DCT) between patients with malignant (grey boxes) and benign (white boxes) biliary strictures. Results are
shown as Box plots with (10-, 25-, 50-, 75-, and 90-percentiles).
doi:10.1371/journal.pone.0042141.g002

Table 2. Correlation between candidate gene DCT levels in
patients with malignant strictures.

DCT
HOXB7

DCT
NEK2

DCT
IGF2BP3

DCT HOXB7 Correlation (Spearman) 1 0.259 (*) 0.602 (**)

Significance (2-sided) 2 0.028 0.0001

N 72 72 72

DCT NEK2 Correlation (Spearman) 0.259 (*) 1 0.333 (**)

Significance (2-sided) 0.028 2 0.004

N 72 72 72

DCT IGF2BP3 Correlation (Spearman) 0.602 (**) 0.333 (**) 1

Significance (2-sided) 0.0001 0.004 2

N 72 72 72

(*) Correlation is significant at a niveau of 0.05 (2-sided).
(**) Correlation is significant at a niveau of 0.01 (2-sided).
doi:10.1371/journal.pone.0042141.t002

Table 3. Correlation between candidate gene DCT levels in
patients with benign strictures.

DCT
HOXB7

DCT
NEK2

DCT
IGF2BP3

DCT HOXB7 Correlation (Spearman) 1 0.158 20.086

Significance (2-sided) 2 0.290 0.564

N 47 47 47

DCT NEK2 Correlation (Spearman) 0.158 1 0.273

Significance (2-sided) 0.290 2 0.064

N 47 47 47

DCT IGF2BP3 Correlation (Spearman) 20.086 0.273 1

Significance (2-sided) 0.564 0.064 2

N 47 47 47

(*) Correlation is significant at a niveau of 0.05 (2-sided).
(**) Correlation is significant at a niveau of 0.01 (2-sided).
doi:10.1371/journal.pone.0042141.t003
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Discussion

Correct diagnosis of bile duct strictures is a challenge, taking

into account that current techniques with intraductal brush

cytology and biopsies have low diagnostic yields [3,6,7,8,9].

Therefore, new diagnostic approaches are needed to reliably

distinguish malignant from benign biliary strictures to offer

patients appropriate therapy. Measuring tumor-associated gene

expression in biliary tract specimens is a potentially useful tool for

a reliable diagnosis of bile duct cancer.

Taking advantage of two recent studies which had investigated

global gene expression patterns in human cholangiocarcinomas,

we selected IGF2BP3, NEK2, and HOXB7 as candidate target

genes and studied their mRNA expression levels in brush cytology

specimens because robust up-regulation of these genes had

consistently been found in biliary cancer [16,17].

In line with previous studies, we found significantly higher

mRNA expression levels of IGF2BP3, HOXB7, and NEK2 in

brush cytology specimens from patients with malignant disease

than in those obtained from patients with benign biliary strictures

which enabled us to define cut-off values by ROC analysis.

Based on these cut-off values, we next stratified gene expression

levels in positive (DCt below cut-off) and negative (DCt above the

cut-off) and calculated sensitivities and specificities to detect bile

duct malignancy. By this approach sensitivities of single genetic

marker genes ranged from 65.3–76.4% with specificities between

72.3–80.9%. Routine brush cytology also achieved a high

specificity (85.1%). However, sensitivity of cytological diagnostic

was low (16.7–43.7%). This was in good agreement with

previously published data concerning diagnostic accuracy of

cytology [9], since most other authors also had reported good

specificity but insufficient sensitivity [8,9,42]. Of note, analysis of

expression levels of marker genes also enabled identification of

pancreatic cancers as underlying disease of biliary strictures with

high accuracy whereas diagnostic performance of routine brush

cytology was insufficient (sensitivity 5–15%). Moreover, cytological

interpretation is also hampered by prior biliary manipulations such

as stenting which can affect the morphology of cells in cytology

Figure 3. ROC analysis for HOXB7 (figure A), IGF2BP3 (figure B) and NEK2 (figure C) as diagnostic markers for biliary malignancy in
patients with biliary strictures. Graphs show sensitivity plotted versus 100% - specificity.
doi:10.1371/journal.pone.0042141.g003

Table 4. Performance Characteristics for Entire Group (CCC and Pancreatic Cancer) (n = 72).

Cytology Single gene expression
Combined gene expression
profiles

Cytology/Gene
expression#

M = M S&M = M HOXB7 IGF2BP3 NEK2 1 positive 2 positive 3 positive

Sensitivity (%) 16.7 43.1 72.2 76.4 65.3 93.1 77.8 43.1 87.5

(95% CI) (11.3–21.1) (36.5–47.7) (65.4–77.5) (69.8–81.4) (58.2–71.2) (87.2–96.8) (71.5–81.9) (38.1–44.2) (81.7–91.3)

Specificity (%) 85.1 85.1 78.7 80.9 72.3 46.8 87.2 97.9 87.2

(95% CI) (76.9–92.0) (75.1–92.2) (68.3–86.8) (70.7–88.5) (61.5–81.5) (37.8–52.5) (77.7–93.5) (90.3–99.6) (88.3–93.1)

PPV (%) 63.2 81.6 83.9 85.9 78.3 72.8 90.3 96.9 91.3

(95% CI) (42.9–80.1) (69.2–90.3) (76.0–90.0) (78.5–91.5) (69.8–85.5) (68.2–75.79) (83.1–95.1) (85.7–99.4) (85.2–95.3)

NPV (%) 40.0 49.4 64.9 69.1 57.6 81.5 71.9 52.9 82.0

(95% CI) (36.1–43.2) (43.6–53.5) (56.3–71.6) (60.4–75.6) (49.0–64.9) (65.8–91.4) (64.1–77.1) (48.8–53.8) (73.6–87.3)

Accuracy (%) 43.7 59.7 74.8 78.2 68.1 74.8 81.5 64.7 87.4

(95% CI) (37.2–49.1) (51.8–65.2) (66.5–81.2) (70.14–84.2) (59.5–75.3) (67.7–79.3) (74.0–86.5) (58.7–66.1) (80.3–92.0)

M = malignant; S&M = suspicious and malignant.
#Cytology: M = S&M; Gene expression: 2 of 3 positive.
doi:10.1371/journal.pone.0042141.t004
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smears [43], whereas such procedures do not seem to affect

expression levels of the selected target genes.

Both study groups (patients with malignant and benign

strictures) differed significantly with respect to gender distribution

and bilirubin levels. However, there was no association between

target gene expression levels and patient gender or serum

bilirubin. Thus, it is unlikely that differences in the composition

of both study populations biased our results.

Up-regulated expression of IGF2BP3, NEK2 and HOXB7

mRNA in our study confirms recent reports suggesting detection

of tumor-associated gene expression profiles in biliary tract

specimens as potentially useful tools in the diagnosis of bile duct

cancer. For example, telomerase mRNA was detected by in situ

hybridization in 6/8 brushing samples from patients with bile duct

cancer and a correct diagnosis was possible in all patients after

combination with results of routine cytology [44]. Other authors

have reported specific detection of telomerase activity in 11/13

(85%) and 6/8 (75%) biopsy samples from patients with bile duct

carcinoma [45,46]. Likewise, analysis of peptide profiles in bile by

capillary electrophoresis/mass spectrometry has recently been

validated to reliably differentiate between benign and malignant

biliary lesions [47]. However, these novel detection techniques are

rather time and cost intensive and are available at only few

locations. Alternatively, Chapman and colleagues recently dem-

onstrated that - despite rather poor integrity - mRNA isolated

from brushings of macroscopically normal bile ducts or benign

strictures (n = 4) and malignant biliary strictures (n = 6) is

nevertheless suited for molecular analysis of biliary pathology

using sensitive qPCR and microarray techniques [48]. Differential

gene expression by microarray analysis identified 1140 up-

regulated genes and 1001 down-regulated genes between benign

and malignant biliary strictures. In a selection of 45 up-regulated

genes including HOX genes microarray results were validated by

qPCR. Our study extends this strategy to a considerably greater

number of patients and confirms that combining molecular

analysis of selected genetic markers with conventional cytology

Table 5. Performance Characteristics for Patients with CCC (n = 52).

Cytology Single gene expression
Combined gene expression
profiles

Cytology/Gene
expression#

M = M S&M = M HOXB7 IGF2BP3 NEK2 1 positive 2 positive 3 positive

Sensitivity (%) 21.2 53.8 71.2 76.9 71.2 94.2 75.0 50.0 88.5

(95% CI) (14.0–27.3) (45.3–60.1) (62.3–78.1) (68.3–83.4) (62.1–78.7) (86.8–97.9) (66.8–80.5) (43.4–51.6) (81.0–93.3)

Specificity (%) 85.1 85.1 78.7 80.9 72.3 46.8 87.2 97.9 87.2

(95% CI) (77.2–91.9) (75.6–92.0) (68.9–86.4) (71.4–88.0) (62.3–80.7) (38.6–50.9) (78.2–93.3) (90.6–99.6) (78.9–92.6)

PPV (%) 61.1 80.0 78.7 81.6 74.0 66.2 86.7 96.3 88.5

(95% CI) (40.5–78.7) (87.3–89.2) (68.9–86.4) (72.5–88.5) (64.6–81.8) (61.0–68.8) (77.2–93.1) (83.6–99.3) (81.0–93.3)

NPV (%) 49.4 62.5 71.2 76.0 69.4 88.0 75.9 63.9 87.2

(95% CI) (44.8–53.3) (55.5–67.5) (62.3–78.1) (67.1–82.7) (59.8–77.4) (72.6–95.7) (68.0–81.2) (59.1–65.0) (78.9–92.6)

Accuracy (%) 51.5 68.7 74.7 78.8 71.7 71.7 80.8 72.7 87.9

(95% CI) (44.0–57.9) (59.7–75.2) (65.4–82.1) (69.8–85.6) (62.2–79.6) (63.9–75.6) (72.2–86.6) (65.8–74.4) (80.0–92.9)

M = malignant; S&M = suspicious and malignant.
#Cytology: M = S&M; Gene expression: 2 of 3 positive.
doi:10.1371/journal.pone.0042141.t005

Table 6. Performance Characteristics for Patients with Pancreatic Cancer (n = 20).

Cytology Single gene expression
Combined gene expression
profiles

Cytology/Gene
expression#

M = M S&M = M HOXB7 IGF2BP3 NEK2 1 positive 2 positive 3 positive

Sensitivity (%) 5.0 15.0 75.0 75.0 50.0 90.0 85.0 25.0 85.0

(95% CI) (0.9–17.8) (5.6–28.8) (57.3–87.5) (57.5–87.3) (32.7–66.5) (73.3–97.1) (68.8–94.1) (13.7–29.1) (68.8–94.1)

Specificity (%) 85.1 85.1 78.7 80.9 72.3 46.8 87.2 97.9 87.2

(95% CI) (83.4–90.5) (81.1–91.0) (71.2–84.0) (73.4–86.1) (65.0–79.3) (39.7–49.8) (80.4–91.1) (93.1–99.6) (80.4–91.1)

PPV (%) 12.5 30.0 60.0 62.5 43.5 41.9 73.9 83.3 73.9

(95% CI) (2.3–44.4) (11.2–57.6) (45.9–70.0) (47.9–72.8) (28.4–57.8) (34.1–45.2) (59.9–81.8) (45.7–97.0) (59.8–81.8)

NPV (%) 67.8 70.2 88.1 88.4 77.3 91.7 93.2 75.4 93.2

(95% CI) (66.4–72.1) (66.9–75.0) (79.7–94.0) (80.2–94.1) (69.4–84.8) (77.8–97.6) (85.8–97.3) (71.7–76.8) (85.8–97.3)

Accuracy (%) 61.2 64.2 77.6 79.1 65.7 59.7 86.6 76.1 86.6

(95% CI) (58.7–72.4) (58.6–72.4) (67.1–85.1) (68.7–86.5) (55.3–75.5) (49.7–64.0) (76.9–92.0) (69.4–78.6) (76.9–92.0)

M = malignant; S&M = suspicious and malignant.
#Cytology: M = S&M; Gene expression: 2 of 3 positive.
doi:10.1371/journal.pone.0042141.t006
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can markedly improve diagnostic identification of patients with

malignant biliary disorders.

In contrast, immunostaining for p53 overexpression in biliary

brush cytology specimens did not increase the diagnostic accuracy

for bile duct cancer in two separate studies with 10 and 13

patients, respectively [42,49]. A variety of other markers have

been evaluated in order to improve the diagnosis of bile duct

carcinoma in bile samples but in general sensitivity and specificity

have remained disappointing (reviewed in [50]). Shi et al. recently

analyzed KRAS2 mutations in neoplastic and non-neoplastic

pancreatobiliary diseases [51]. In this study KRAS2 mutations

were detected in 14/16 (87.5%) malignant samples and 9/28

(32.1%) benign samples, with significantly higher mutation levels

in the neo-plastic samples. However, in a subsequent study Kipp et

al. showed that KRAS mutations could be found in only 29% of

cholangiocarcinoma specimens as compared to 69% of pancreatic

adenocarcinoma samples [52]. Thus, KRAS mutation analysis

might be of limited diagnostic value in patients with biliary

strictures caused by non-pancreatic malignancies. In our study,

however, diagnostic performance of target gene expression

analysis was similar in patients with cholangicarcinomas and

pancreatic cancers.

Diagnostic sensitivity of routine cytology was also increased by

using fluorescence in-situ hybridization (FISH) and digital image

analysis (DIA) on specimens from fine needle aspirations [53].

When applied to brush cytology FISH may also increase cancer

detection rate in patients with biliary strictures [54]. However, in

the study by Kipp et al. polysomic FISH results could be identified

in only 41% (17/41) of cholangiocarcinoma specimens [52].

On the other hand, LightCycler-based RT-PCR determination

of HOXB7, IGF2BP3 and NEK2 mRNA provides a quick,

inexpensive, and reliable method, because all genes can be

processed simultaneously in the same amplification protocol. For

instance, in our study it took only 2 hours for entire sample

processing and approximately 20 J per patient to obtain the

results from the molecular analysis. Apart from improved

diagnostic performance the novel real time RT-PCR method

has further advantages. Compared to intraductal biopsies and fine

needle aspirations, brush cytology does not require additional

effort for sample acquisition and thus carries a low complication

risk. It can be applied also to tight strictures with relative ease and

probably reflects a low sampling error [8]. However, future

prospective studies in independent cohorts are warranted to

confirm our results.

In conclusion, our data suggest that RT-PCR based detection of

IGF2BP3, NEK2, and HOXB7-mRNA from intraductal brush

cytology specimens may become a valuable additional tool that in

combination with routine cytological examination has promising

potential to improve the overall diagnostic yield of intraductal

brush cytology in patients with bile duct strictures.
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