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Abstract

Background: The differentiation between pancreatic head cancer (PHC) and distal cholangiocarcinoma (DCC) can
be challenging because of their anatomical and histopathological similarity. This is an important problem, because
the distinction has important implications for the treatment of these malignancies. However, there are no biomarkers for
the differential diagnosis of PHC and DCC. The present study aimed to identify novel diagnostic immunohistochemical
biomarkers to distinguish PHC from DCC.

Methods: Liquid chromatography tandem mass spectrometry (LC-MS/MS) was employed to detect candidate
proteins. Ten PHC and 8 DCC specimens were analyzed by LC-MS/MS. Selected proteins were evaluated,
using immunohistochemical analysis, to determine whether they would be appropriate biomarkers. Finally, we
generated biomarker panels to improve diagnostic accuracy. We applied these panels to clinically difficult
cases (cases in which different diagnoses were made before and after operation).

Results: Consequently, 1820 proteins were detected using LC-MS/MS. Fifteen differentially expressed proteins
were selected as candidates based on semi-quantitative comparison. We first performed immunohistochemical
staining on samples from the small cohort group (12 PHCs and 12 DCCs) using 15 candidates. KRT17,
ANXA10, TMEM109, PTMS, and ATP1B1 showed favorable performances and were tested in the next large
cohort group (72 PHCs and 74 DCCs). Based on immunohistochemical analysis, KRT17 performed best for the
diagnosis of PHC as a single marker; additionally, PTMS exhibited good performance for the diagnosis of
DCCs. Moreover, we indicated the KRT17+/ANXA10+/PTMS- staining pattern as a biomarker panel for the
correct diagnosis of PHC and KRT17−/ANXA10−/PTMS+ for the diagnosis of DCC. After immunohistochemical
staining for examining samples from the clinically difficult cases, these panels showed satisfactory diagnostic
performance with 85.7% (6/7) accuracy.

Conclusions: We conclude that 5 proteins and 2 biomarker panels are promising for distinguishing PHC from
DCC, and patients with an equivocal diagnosis would benefit from the application of these biomarkers.
Confirmatory studies are needed to generalize these findings to other populations.
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Background
Pancreatic cancer is the fourth leading cause of cancer
death in Europe and the United States with an overall
5-year survival rate of only about 7% [1–3]. Conversely, bil-
iary tract cancer is a relatively rare disease in Western
countries; however, the incidence of biliary tract cancer ap-
pears to have been increasing worldwide over the last few
decades, particularly in East Asia. Biliary tract cancer is cur-
rently the sixth leading cause of death in Japan [3–5].
Oncologic therapies differ between pancreatic cancer

and biliary tract cancer. Gemcitabine monotherapy had
been the standard first-line treatment for patients with
unresectable pancreatic cancer and the only therapeutic
option for unresectable biliary tract cancer; however, the
efficacy of this regimen was unsatisfactory [6]. In the last
decade, the FOLFIRINOX (combination of oxaliplatin
and irinotecan plus 5-fluorouracil) regimen improved
overall survival and progression-free survival in patients
with metastatic pancreatic cancer [7]. In addition, a
combination chemotherapy consisting of nab-paclitaxel
plus gemcitabine also improved prognosis [8]. On the
other hand, the ABC-02 (Advanced Biliary Tract Can-
cer) study had established gemcitabine plus cisplatin as
the standard first-line chemotherapy for patients with
unresectable biliary tract cancer [9].
Biliary tract cancers are typically classified as intrahepa-

tic cholangiocarcinoma (ICC), perihilar cholangiocarci-
noma, distal cholangiocarcinoma (DCC), and gallbladder
cancer [10]. In terms of pancreaticobiliary anatomy, the
distal bile duct passes through the head of the pancreas.
In general, the diagnosis of pancreatic head cancer (PHC)
and DCC is made based on histomorphological evaluation
of endoscopic biopsy before treatment [11]. The histo-
logical type of both pancreatic and biliary tract cancers is
typically adenocarcinoma [12, 13]. Because of their ana-
tomical and histopathological similarity, the distinction
between PHC and DCC is sometimes difficult [14]. Pa-
tients with an equivocal diagnosis might not receive
optimum chemotherapy as well as the effect expected
from the treatment. Therefore, there is an urgent need to
identify novel diagnostic markers for distinguishing PHC
from DCC.
Mass spectrometry-based proteomics is an indispensable

tool for biomarker discovery. Shotgun proteomics com-
bines mass spectrometry (MS) and liquid chromatography
(LC) to comprehensively identify proteins in complex mix-
tures [15]. Formalin-fixed paraffin-embedded (FFPE) tissues
have routinely been archived in hospitals for a long period.
We previously reported prognostic protein markers in pan-
creatic ductal adenocarcinoma and diagnostic protein
markers in extrahepatic cholangiocarcinoma identified by
proteomic approach using FFPE tissue [16–18].
Although several immunohistochemical markers have

been studied to distinguish pancreatic cancer from

cholangiocarcinoma, the studies primarily focused on
ICC and included ICC cases in the biliary tract cancer
group [19–21]. There are no immunohistochemical
markers for the differential diagnosis of PHC and DCC.
This study reveals novel diagnostic markers in the differ-
entiation between PHC and DCC using shotgun proteo-
mics of FFPE tissues.

Methods
A brief workflow of our study is depicted in Fig. 1.

Patient characteristics and FFPE tissue samples
We retrospectively searched patients with PHC and
DCC, who underwent surgical resection between April
1998 and December 2016 in our hospital. None of the
patients received radiation or neoadjuvant chemotherapy
prior to surgery. ICC, perihilar cholangiocarcinoma, gall-
bladder cancer, and carcinoma of the ampulla of Vater
were excluded. We adopted well, moderate, and poorly
differentiated adenocarcinomas; rare histologic variants
were not included. In total, 99 PHCs and 96 DCCs were
examined. The pathological diagnosis and clinicopatho-
logical stage were determined according to the Union
for International Cancer Control (UICC) 7th edition
[22]. We selected 10 PHCs and 8 DCCs for proteomics.
The remaining 89 PHCs and 88 DCCs samples served in
the validation phase. We divided these 177 samples into
three groups: small cohort group, large cohort group,
and verification cohort group. The small cohort group
(cohort 1) was composed of 12 PHCs and 12 DCCs for
immunohistochemical screening. First, we performed
immunohistochemical staining on the small cohort
group and selected candidate proteins to minimize time
and material consumption. The large cohort group (co-
hort 2), which was comprised of 72 PHCs and 74 DCCs,
was used for the evaluation of diagnostic performance
by immunohistochemistry. Based on immunohistochem-
ical results of the large cohort group, we selected candi-
date proteins and generated biomarker panels consisting
of three candidate proteins to improve diagnostic accur-
acy. All types of biomarker panels were evaluated in
terms of sensitivity, specificity, positive likelihood ratio,
and negative likelihood ratio. The remaining 5 PHC and
2 DCC cases were defined as clinically difficult cases to
diagnose (cohort 3). These cases had completely
opposite diagnoses between pre- and post-operation; 5
patients diagnosed as DCC preoperatively were conse-
quently revealed as PHC by pathological findings, and
vice versa. The pathologic diagnoses were carefully
re-reviewed by a pathologist with an expertise in pan-
creaticobiliary malignancies to ensure accuracy. Finally,
we applied the biomarker panels to the clinically difficult
cases to verify the effectiveness of the biomarker panels.
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Laser micro-dissection and protein extraction
Target lesions were initially detected on serial sections
stained with hematoxylin and eosin. For laser
micro-dissection, 10-μm sections were cut onto DIR-
ECTOR slides (Expression Pathology, Gaithersburg, MD,
USA). All sections were deparaffinized three times with xy-
lene 5min, rehydrated with graded ethanol solutions and
distilled water, stained with hematoxylin, and then
air-dried. Leica LMD6000 (Leica Microsystems GmbH,
Germany) was used, and about 30,000 cancer cells (8mm2)
were collected into the cap of a 0.2mL polymerase chain
reaction tube. Peptide extraction was performed with a
Liquid Tissue MS Protein Prep kit (Expression Pathology)
following manufacturer’s instructions.

Shotgun proteomics by LC-MS/MS
All peptide-mixture samples were analyzed in LC-MS/MS
using a Finnigan LXQ linear ion-trap mass spectrometer
(Thermo Fisher, San Jose, CA, USA) [18, 23]. A capillary
reverse phase LC-MS/MS system (ZAPLOUS System:
AMR, Tokyo, Japan) composed of a Paradigm MS4
(Michrom BioResources, Auburn, CA, USA), an HTC
PAL autosampler (CTC Analytics, Zwingen, Switzerland),
and a Finnigan LXQ linear ion-trap mass spectrometer
was equipped with an ADVANCE nanospray ionization
source (Michrom BioResources).

Data analysis and protein identification
Protein identification was performed using MASCOT
software (version 2.3.02, Matrix Science, UK). The MS/
MS spectral raw data were searched against Homo sapiens

entries in the Swiss-Prot database (Release 2011.03,
20,234 entries). Peptide and fragment mass tolerants were
2.0 Da and 1.0 Da, respectively. Trypsin specificity was ap-
plied with a maximum of 2 missed cleavages. Methionine
oxidation and N-formylation including formyl (K), formyl
(R), and formyl (N-terminus) were considered as variable
modification. A P-value less than 0.05 was considered sig-
nificant. Reported results were obtained from triplicate
LC-MS runs for each sample.

Semi-quantitative comparison with spectral counting
The spectral counting method was utilized for compari-
son of protein expressions across all tissue samples. The
spectral count value was determined by the number of
peptide spectra with high confidence (Mascot ion score,
P < 0.05). Fold changes in the expressed proteins on a
base-2 logarithmic scale were calculated using the ratio
from spectral counting (RSC) as defined by Old et al.
[24]. RSC > 1 or < − 1 was consistent with fold changes
> 2 or < 0.5, respectively. Spectral index (SpI) was also
used to assess the differences in relative abundances of
identified proteins between the 2 groups. SpI values
ranged from − 1 to + 1 with values near 0 indicating
similar relative peptide abundance between the 2 groups.
Proteins satisfying the following conditions were candi-
dates for the study: RSC > 1 or < − 1, SpI > 0.6 or < − 0.6,
and P < 0.01 by the non-parametric G-test.

Immunohistochemistry
FFPE samples from 177 patients were used for a valid-
ation analysis. Sections (4-μm thick) cut from the FFPE

Discovery phase

Validation phase

Shotgun proteomics
1. Clinical tissue: 10 PHC tissues and 8 DCC tissues

2. Tumor cell isolation by laser microdissection

3. Label free proteomics

4. Semi-quantitative analysis 

Immunohistochemistry
1. Small cohort group: 12 PHC tissues and 12 DCC tissues

2. Large cohort group: 72 PHC tissues and 74 DCC tissues

cohort1

cohort2

a) Rsc > 1, or < -1
b) SpI > 0.6, or < -0.6
c) Statistic G test (P  < 0.01)

Five candidate biomarkers: KRT17, ANXA10, TMEM109, PTMS, ATP1B1

3. Verification cohort group: 7 difficult cases to diagnosis cohort3

Fig. 1 Brief workflow of this study for biomarker discovery and validation. Rsc: Protein ratio from spectral counting, SpI: Spectral index, PHC: Pancreatic
head cancer, DCC: Distal cholangiocarcinoma
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blocks were deparaffinized with xylene and rehydrated
with graded alcohol followed by distilled water. For anti-
gen retrieval, tissue slides were heated in an autoclave at
120 degrees Celsius for 5min in a citrate acid buffer (10
mM citric acid, pH 6.0). Sections were covered with the
diluted primary antibody and incubated at 4 degrees over-
night. Endogenous peroxidase activity was blocked by
methanol containing 0.3% hydrogen peroxidase. The la-
beled antigens were identified by the horseradish peroxid-
ase EnVision System (DAKO, Glostrup, Denmark) after
incubating for 60min at room temperature. Color devel-
opment was visualized with 3,3′-diaminobenzidine tetra-
hydrochloride (Dojindo Lab, Kumamoto, Japan). The
sections were lightly counterstained with hematoxylin.
Technical details for immunohistochemistry are given in
Additional file 1: Table S1.

Evaluation of immunohistochemical staining
Two authors (T. T. and T. S.) evaluated all slides of im-
munostained sections and scored for percentage of im-
munoreactive cells (labeling index). Immunoreactivity
was regarded as positive if more than 10% tumor cells
showed staining. Nuclear immunoreactivities for annexin
A10 (ANXA10) and parathymosin (PTMS) were
assessed, while cytoplasmic staining was considered
positive for the other 13 proteins.

Statistical analysis
All statistical analyses were performed using JMP soft-
ware version 13.0 (SAS Institute, Cary, NC, USA).

Fisher’s exact test was applied to assess the statistical
significance of differences in the validation phase. To
evaluate diagnostic performance, we used 2 by 2 contin-
gency tables with binomial 95% confidence intervals.

Results
A total of 195 cases were assessed in this study. Clinical
and histopathological data for each cohort group are
summarized in Table 1.

Protein identification by shotgun proteomics and
semiquantitative comparison
In the shotgun proteomic analysis, we identified 1361
proteins in PHC and 1274 in DCC. In total, 1820 pro-
teins were identified. The identified proteins were
semi-quantitatively compared using the spectral count-
ing method. Candidate proteins were chosen based on
Rsc > 1 or < − 1, SpI > 0.6 or < − 0.6, and also statistical
significance (p < 0.01 by nonparametric G test). We se-
lected 18 proteins with different expression levels in the
PHC and DCC groups. Shotgun proteomics revealed 5
proteins to be overexpressed in PHC as compared with
in DCC, and 13 proteins to be overexpressed in DCC.
Three ribosomal proteins were excluded from further
analysis. Therefore, we set these 15 proteins as candi-
dates for the validation phase (Table 2).

Validation by immunohistochemical staining
The 15 candidates were first validated in the small co-
hort group including 12 PHC and 12 DCC to access cell

Table 1 Clinical and histopathological data

MS IHC: Small cohort group IHC: Large cohort group IHC: Clinically difficult cases

PHC DCC PHC DCC PHC DCC PHC DCC

N 10 8 12 12 72 74 5 2

Sex

Male 5 5 8 10 38 55 5 1

Female 5 3 4 2 34 19 0 1

Age

Mean 64.5 70.1 65.4 73.4 63.1 68.6 70.2 63

Range 48–79 60–76 50–82 63–79 27–82 47–83 65–76 52–74

Histology

Well 0 4 1 2 8 12 1 0

Moderate 10 4 9 6 61 55 4 1

Poor 0 0 1 2 3 7 0 1

UICC Stage

I 1 4 0 2 7 24 0 0

II 8 4 9 9 52 48 5 1

III 1 0 0 0 1 0 0 0

IV 0 0 3 1 12 2 0 1

MS Mass spectrometry, IHC Immunohistochemistry, PHC Pancreatic head cancer, DCC Distal cholangiocarcinoma, UICC Union for international cancer control
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Table 2 Proteins identified in shotgun proteomics

Accession
Number

Gene Protein name Spectral counting method G-test

Spectral count Rsc SpI G-
score

P-value

PHC DCC

Up-regulated in PHC

Q9UJ72 ANXA10 Annexin A10 62 9 −2.49 0.70 39.2 < 0.01

Q04695 KRT17 Cytokeratin-17 119 20 −2.37 0.62 68.8 < 0.01

P21333 FLNA Filamin A 124 21 −2.36 0.66 71.4 < 0.01

P06702 S100A9 S100 A9 39 6 −2.36 0.63 23.7 < 0.01

Q9BVC6 TMEM109 Transmembrane protein 109 16 2 −2.27 0.66 10.8 < 0.01

Up-regulated in DCC

P05026 ATP1B1 Sodium/potassium-transporting ATPase subunit beta-1 0 15 3.84 −0.88 21.6 < 0.01

P21397 MAOA Amino oxidase A 2 24 3.10 −0.70 23.7 < 0.01

P20962 PTMS Parathymosin 0 7 2.86 −0.63 9.71 < 0.01

P02671 FGA Fibrinogen alpha chain 2 17 2.63 −0.79 14.7 < 0.01

P55011 SLC12A2 Solute carrier family 12 member 2 0 5 2.46 −0.63 6.75 < 0.01

P04040 CAT Catalase 2 14 2.37 −0.76 11.0 < 0.01

P11940 PABPC1 Polyadenylate-binding protein 1 1 9 2.33 −0.91 7.78 < 0.01

P31327 CPS1 Carbamoyl-phosphate synthase 1 23 104 2.27 −0.61 64.0 < 0.01

P40227 CCT6A T-complex protein 1 subunit zeta 3 15 2.07 −0.62 9.68 < 0.01

P60842 EIF4A1 Eukaryotic initiation factor 4A-1 9 28 1.65 −0.73 12.0 < 0.01

Rsc Protein ratio from spectral counting, SpI Spectral index, PHC Pancreatic head cancer, DCC Distal cholangiocarcinoma

Table 3 Immunohistochemical staining results of 15 candidate proteins

Gene Protein name IHC: Small cohort group IHC: Large cohort group

PHC DCC P-value PHC DCC P-value

Putatively PHC specific by MS

ANXA10 Annexin A10 7/12 (58%) 1/12 (8.3%) 0.0272 59/72 (81.9%) 36/74 (48.7%) 0.0001

KRT17 Cytokeratin-17 10/12 (83.3%) 6/12 (50%) 0.193 55/72 (76.4%) 21/74 (28.4%) 0.0001

FLNA Filamin A 1/12 (8.3%) 1/12 (8.3%) 1

S100A9 S100 A9 2/12 (16.7%) 1/12 (8.3%) 1

TMEM109 Transmembrane protein 109 9/12 (75%) 5/12 (42%) 0.214 48/72 (66.7%) 27/74 (35.4%) 0.0003

Putatively DCC specific by MS

ATP1B1 Sodium/potassium-transporting ATPase subunit beta-1 3/12 (25%) 7/12 (58%) 0.324 30/72 (41.7%) 45/74 (60.8%) 0.0310

MAOA Amino oxidase A 6/12 (50%) 5/12 (42%) 1

PTMS Parathymosin 1/12 (8.3%) 9/12 (75%) 0.0028 20/72 (27.8%) 45/74 (60.8%) 0.0001

FGA Fibrinogen alpha chain 0/12 (0%) 2/12 (16.7%) 0.478

SLC12A2 Solute carrier family 12 member 2 5/12 (42%) 7/12 (58%) 0.684

CAT Catalase 2/12 (16.7%) 4/12 (33.3%) 0.640

PABPC1 Polyadenylate-binding protein 1 5/12 (42%) 6/12 (50%) 1

CPS1 Carbamoyl-phosphate synthase 1 1/12 (8.3%) 4/12 (33.3%) 0.312

CCT6A T-complex protein 1 subunit zeta 6/12 (50%) 7/12 (58%) 1

EIF4A1 Eukaryotic initiation factor 4A-1 4/12 (33.3%) 5/12 (42%) 1

MS Mass spectrometry, IHC Immunohistochemistry, PHC Pancreatic head cancer, DCC Distal cholangiocarcinoma

Takenami et al. BMC Cancer          (2019) 19:318 Page 5 of 10



type specific staining. Table 3 shows the positive rate for
each protein in both tumor groups. Among the 15 pro-
teins, we found the immunohistochemical results of the
small cohort group were compatible with those of the
shotgun proteomic analysis. We imposed the conditions
to select for further evaluation; the positive rate was
higher than 50% in either group and fold change between
the two groups was more than 1.5-fold. ANXA10,
cytokeratin-17 (KRT17), transmembrane protein 109
(TMEM109), sodium/potassium-transporting ATPase
subunit beta-1 (ATP1B1), and PTMS demonstrated favor-
able results and were, therefore, transferred to the next
validation stage using the large cohort group of 72 PHC
and 74 DCC. The representative staining patterns of these
5 proteins are shown in Additional file 2: Figure S1.
The result of the immunohistochemical analysis in the

large cohort group is described in Table 3. The diagnos-
tic performance of candidate proteins when discriminat-
ing between PHC and DCC are listed in Table 4. All 5
proteins yielded p values below 0.05 in the Fisher’s exact
test. KRT17 stained 76.4% of PHC and 28.4% of DCC.
KRT17 provided the best diagnostic performance for the
diagnosis of PHC (76.4% sensitivity, 71.6% specificity,
2.69 positive likelihood ratio, 0.33 negative likelihood ra-
tio). Similar to KRT17, ANXA10 staining was frequently
positive in PHC (81.9%) and moderately in DCC
(48.7%). KRT17, ANXA10, and TMEM109 were as-
sumed to be expressed in PHC by proteomic analysis;
whereas, PTMS and ATP1B1 demonstrated an overex-
pression in DCC. Immunohistochemical staining of
PTMS revealed more positively in DCC (60.8%) com-
pared to PHC (27.8%). Positive staining for ATP1B1 was
observed in 60.8% of DCC and 41.7% of PHC samples.
PTMS exhibited better performance (60.8% sensitivity,
72.2% specificity, 2.19 positive likelihood ratio, 0.54
negative likelihood ratio) than ATP1B1.

Combination of candidate proteins for biomarker panels
In addition to single diagnostic markers, we generated
biomarker panels consisting of our candidate proteins to
improve diagnostic accuracy. As the result of the stain-
ing patterns in the large cohort group, PHC exhibited a
KRT17+/ANXA10+/PTMS- staining pattern, which was
seen in 34 cases (47.2%). Six of 74 DCC cases (8.1%)
showed this combinatorial pattern. When used for the
diagnosis of PHC, the sensitivity, specificity, and posi-
tive/negative likelihood ratio were 47.2, 91.9% and 5.82/
0.574, respectively (Table 4). In contrast, DCC had a ten-
dency to show a KRT17−/ANXA10−/PTMS+ staining
profile in 17 cases (23.0%). Of 72 PHC cases, this immu-
noreactive pattern was demonstrated in only 2 cases
(2.8%). The sensitivity, specificity, and positive/negative
likelihood ratio of the KRT17−/ANXA10−/PTMS+
immunophenotype were 23.0, 97.2%, and 8.27/0.792, re-
spectively, for the diagnosis of DCC (Table 4). These
panels yielded low sensitivity, but high specificity com-
pared with single diagnostic markers.

Immunohistochemical verification for biomarker panels in
clinically difficult cases
We selected 5 PHC and 2 DCC clinically difficult cases,
which had opposite diagnoses between preoperative in-
vestigations and pathological findings. We applied 5 can-
didate proteins to these cases to achieve correct
diagnoses (Fig. 2). KRT17+/ANXA10+/PTMS- panel
diagnosed correctly 4 of 5 PHC cases, which were con-
sidered as DCC in preoperative imaging; whereas,
KRT17−/ANXA10−/PTMS+ panel diagnosed 2 of 2
DCC cases correctly.

Discussion
Pancreatic and biliary tract cancers are aggressive malig-
nancies with poor prognoses and low survival rates [1, 3, 4].

Table 4 Diagnostic performances of 5 candidate proteins and biomarker panels

Target Positive in PHC Positive in DCC SN SP LR (+) (95% CI) LR (−)(95% CI) P-value

Single marker for PHC diagnosis

KRT17 55/72 21/74 76.4% 71.6% 2.69 (2.50–2.90) 0.330 (0.299–0.364) 0.0001

ANXA10 59/72 36/74 81.9% 51.3% 1.68 (1.63–1.72) 0.352 (0.303–0.408) 0.0001

TMEM109 48/72 27/74 66.7% 63.5% 1.82 (1.72–1.94) 0.525 (0.490–0.563) 0.0003

Single marker for DCC diagnosis

PTMS 20/72 45/74 60.8% 72.2% 2.19 (2.04–2.35) 0.543 (0.520–0.566) 0.0001

ATP1B1 30/72 45/74 60.8% 58.3% 1.45 (1.39–1.54) 0.672 (0.635–0.711) 0.031

Panel for PHC diagnosis

KRT17+/ANXA10+/PTMS- 34/72 6/74 47.2% 91.9% 5.82 (4.18–8.11) 0.574 (0.559–0.590) 0.0001

Panel for DCC diagnosis

KRT17−/ANXA10−/PTMS+ 2/72 17/74 23.0% 97.2% 8.27 (3.46–19.7) 0.792 (0.786–0.798) 0.0003

PHC Pancreatic head cancer, DCC Distal cholangiocarcinoma, SN Sensitivity, SP Specificity, LR (+) Positive likelihood ratio, LR (−) Negative likelihood ratio, CI
Confidence interval
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The distal bile duct is located within the head of the pan-
creas. On account of their close anatomical proximity and
histopathological similarity, it is sometimes difficult to dis-
tinguish PHC from DCC [14]. The distinction between
PHC and DCC has important implications for patient man-
agement, especially in chemotherapy [7–9]. Thus, it is es-
sential to find new diagnostic markers for the distinction
between PHC and DCC.
Several studies have identified protein markers to dis-

criminate pancreatic adenocarcinoma from cholangio-
carcinoma. Ney et al. suggested podocalyxin-like protein
1 (PODXL-1) as a useful biomarker to differentiate pan-
creatic adenocarcinoma from biliary adenocarcinoma
[21]. Their immunohistochemical analysis demonstrated
the expression of PODXL-1 in 44% (71/160) of pancre-
atic adenocarcinomas, whereas none (0/18) of the intra-
hepatic and one (1/13) of the extrahepatic were stained.
Hooper et al. combined two proteins, human pancreatic
cancer fusion 2 (HPC2) and N-cadherin, for an immu-
nohistochemical differential biomarker panel [19]. HPC2
staining was observed in 80% (48/60) of pancreatic can-
cers and 32% (10/31) of cholangiocarcinomas; whereas,
N-cadherin stained 27% (16/60) of the pancreatic can-
cers and 58% (18/31) of cholangiocarcinomas. They

developed a biomarker panel composed of both proteins,
and improved the specificity and positive likelihood
ratios. A biomarker panel composed of four proteins
(S100P, pVHL, MUC5AC and KRT17) was reported to
be helpful in discriminating between primary ICC and
metastatic PDAC by Lok et al. [20]. However, their stud-
ies adopted intrahepatic cases, for the most part, and set
them into the cholangiocarcinoma group.
In the current study, we employed a shotgun MS

approach, which has advantages in the detection of low
abundance proteins with broad proteome coverage to ef-
fectively detect biomarker candidates for the discovery
phase [25]. In clinical practice, pathological and immu-
nohistochemical studies are essential for the final diag-
nosis in detecting pancreaticobiliary malignancy. The
majority of pancreatic and biliary tract neoplasms is his-
tologically classified into tubular adenocarcinoma, which
shows similar morphological features regardless of the
origin [12, 13]. Therefore, immunohistochemical analysis
plays a key role in the final diagnosis, and, so, we
adopted immunohistochemical staining for the valid-
ation phase in this study. Through this framework, we
identified 5 proteins as biomarkers in distinguishing
PHC from DCC and strongly suggest that KRT17,
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Fig. 2 Immunohistochemical verification for 2 biomarker panels in cohort 3. PHC: Pancreatic head cancer, DCC: Distal cholangiocarcinoma, Original
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ANXA10, TMEM109, PTMS, and ATP1B1 are promis-
ing biomarkers.
Among these proteins, KRT17, ANXA10, and TMEM109

were supposed to be good markers for the diagnosis of
PHC. Unfortunately, so far, there are no reports on the
function of human TMEM109. However, in several studies,
it has been suggested that KRT17 and ANXA10 are related
to pancreatic cancer. KRT17 is a basal/myoepithelial cell
keratin and is generally expressed in normal human epithe-
lia, such as salivary glands, prostate, and breast [26, 27].
Studies have demonstrated that the expression of KRT17
might be a useful marker in differentiating pancreatobiliary
adenocarcinoma from extra-pancreatobiliary adenocarcin-
oma [28–30]. Chu et al. reported 38 of 46 pancreatic cancer
cases (83%) were positive for KRT17 and 17 of 24 (71%)
ICC [28]. The immunohistochemical positive rate in pan-
creatic cancer is in line with our study (76%), but the posi-
tive rate in DCC slightly differs from our study (28%),
partly because of genomic differences in DCC and ICC [31,
32]. KRT17 was able to discriminate between two groups
with a sensitivity of 76.4% and specificity of 71.6%, and pro-
vided the best performance for the diagnosis of PHC
among candidate proteins.
The annexin family is a calcium and phospholipid

binding protein, which plays important roles in multiple
physiological processes, such as differentiation and pro-
liferation [33, 34]. Several annexins have been reported
to associate with tumorigenesis [35]. Previous studies
showed annexin A10 expression in the normal gastric
mucosa and gastric adenocarcinoma [36, 37]. Lu et al.
evaluated the expression in both noncancerous and pri-
mary carcinomas of major organs [38]. The authors
demonstrated that ANXA10 was expressed in 78% pan-
creatic adenocarcinoma and 51% extrahepatic cholangio-
carcinoma. Both immunohistochemical results were
almost in line with our analysis. Moreover, they reported
that no expression of ANXA10 was observed in the nor-
mal bile duct and pancreatic duct, and indicated that the
expression of ANXA10 is an early event in the develop-
ment of pancreatic and biliary adenocarcinoma. By using
the MS-based proteomic analysis, Padden et al. reported
that ANXA1 and ANXA10 are promising biomarkers
distinguishing ICC from pancreatic cancer by immuno-
histochemistry [39]. In the latest paper by the same au-
thors, they demonstrated the diagnostic performance of
14 immunohistochemical markers, including ANXA10
and KRT17, to distinguish ICC from hepatic metastases
of pancreatic ductal adenocarcinoma and concluded
ANXA10 had the highest diagnostic potential of all sin-
gle markers [40].
On the other hand, PTMS and ATP1B1 were expected

to be profitable markers for the diagnosis of DCC.
PTMS is a small nuclear acidic protein that works as a
co-activator of the glucocorticoid receptor [41, 42]. In

addition, it also affects the transcriptional activity of
NF-Kappa B, which plays important roles in the inflam-
matory pathway; however, little is known about PTMS
functions in cancer [42]. Xin-Zhang et al. reported that
PTMS was differentially expressed in nasopharyngeal
carcinoma versus the adjacent non-tumor tissue using
isobaric tags for the relative and absolute quantification
(iTRAQ) method [43]. In the current study, PTMS pro-
vided good diagnostic performance for the diagnosis of
DCC with a sensitivity of 60.8% and specificity of 72.2%.
Na+/K + -ATPase is an integral membrane protein es-

sential for cellular osmotic regulation and maintenance
of the electrochemical gradients [44, 45]. ATP1B1
encodes the beta 1 subunit of Na+/K + -ATPase. In a re-
cent study, an overexpression of ATP1B1 was shown to
predict a poor prognosis in cytogenetically normal acute
myeloid leukemia and could be an unfavorable prognos-
tic biomarker [46].
To enhance the diagnostic efficiency, we generated op-

timal immunohistochemical panels composed of KRT17,
ANXA10, and PTMS. The KRT17+/ANXA10+/PTMS-
immunophenotype demonstrated better performance for
the diagnosis of PHC than any other biomarker panels
and achieved a sensitivity of 47.2% and specificity of
91.9%. On the other hand, the KRT17−/ANXA10
−/PTMS+ staining pattern had good performance for
the diagnosis of DCC. This panel improved the specifi-
city to 97.2% for the DCC diagnosis, although it showed
a sensitivity of 23.0%. Specificity is more important than
sensitivity for differential diagnoses, and it is extremely
difficult to distinguish PHC from DCC in certain pa-
tients for which these panels will be of clinical value
given the high specificity.
Finally, we performed immunohistochemical verifica-

tion for these biomarker panels using clinically difficult
cases, which had opposite diagnoses between pre- and
post-operation. The KRT17+/ANXA10+/PTMS- panel
was detected in 4 of 5 PHC; whereas, the KRT17
−/ANXA10−/PTMS+ panel was detected in 2 DCC. The
panels showed satisfactory diagnostic performance with
85.7% accuracy.
When evaluated individually, patient number 1 was a

case with biliary stricture and no obvious tumor in the
head of the pancreas. The patient presented with pain-
less jaundice. Contrast-enhanced computed tomography
(CT) showed intrahepatic and extrahepatic bile duct
dilatation down to the superior border of the pancreas,
but no obvious pancreatic mass was seen. Endoscopic
retrograde cholangiopancreatography confirmed an
obstruction in the distal bile duct with biliary brush
cytology positive for malignancy. Therefore, the patient
was diagnosed with DCC preoperatively and underwent
resection. However, pathological findings of the speci-
men revealed pancreatic ductal adenocarcinoma that
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involved the distal bile duct. In general, typical imaging
of pancreatic ductal adenocarcinoma demonstrates a
low-density hypovascular mass on a CT scan obtained in
the appropriate phase [47]. In some cases, however, CT
scan shows an ambiguous iso-density lesion which is in-
sufficient to diagnose. The application of our panel
might be more appropriate in patients with atypical im-
aging or in cases of contrast allergy.
This study has several limitations. First, this study was

performed in a Japanese-only patient cohort. Further
studies in different ethnic groups and geographical loca-
tions are needed to generalize our findings. Second, the
sensitivities and specificities of the biomarker panels are
based on tumors with previously known histologic diag-
noses. A prospective study applying these algorithms to
neoplasms of unknown origin is needed to validate the
diagnostic performance of our candidate proteins. Third,
this study utilized solely surgically resected tumor speci-
mens. In clinical practice, the definitive diagnosis of pan-
creaticobiliary malignancies rely primarily on samples
obtained by endoscopic ultrasound-guided fine needle
aspiration biopsy or transpapillary forceps biopsy [11,
48]. Confirming the utility of these proteins in biopsy
samples will allow our biomarker panel to become useful
and valuable for patients with pancreaticobiliary malig-
nancy in the clinical setting.

Conclusions
We performed a proteomic analysis with archival FFPE to
discover novel biomarkers, which can discriminate PHC
from DCC. KRT17, ANXA10, TMEM109, PTMS, and
ATP1B1 were identified as candidate proteins for diagnos-
tic biomarkers. With respect to single biomarkers, KRT17
provided the best performance for the diagnosis of PHC,
whereas PTMS showed good performance for the diagno-
sis of DCC. Furthermore, we demonstrated the KRT17
+/ANXA10+/PTMS- and KRT17−/ANXA10−/PTMS+
immunophenotypes can be promising biomarker panels
for the diagnosis of PHC and DCC, respectively.

Additional files

Additional file 1: Table S1. Antibodies used for current study.
(DOC 45 kb)

Additional file 2: Figure S1. Representative immunostaining pattern of
5 candidate proteins. Original magnification: × 200, Scale bars represent
100 μm. (PDF 212 kb)

Abbreviations
ANXA10: annexin A10; ATP1B1: sodium/potassium-transporting ATPase
subunit beta-1; CT: computed tomography; DCC: distal cholangiocarcinoma;
FFPE: formalin-fixed paraffin-embedded; ICC: intrahepatic
cholangiocarcinoma; KRT17: cytokeratin-17; LC: liquid chromatography;
MS: mass spectrometry; MS/MS: tandem mass spectrometry; PHC: pancreatic
head cancer; PTMS: parathymosin; TMEM109: transmembrane protein 109

Acknowledgements
We would like to thank Emiko Shibuya and Keiko Inabe (Department of
Surgery, Tohoku University Graduate School of Medicine, Sendai, Japan) for
the technical assistance, and Editage (www.editage.jp) and Eugene J Park for
English language editing.

Consent for publications
Not applicable.

Funding
This work was supported by JSPS KAKENHI Grant Number JP16H05410,
JP17K16527 and the Clinical Research Promotion Program for Young
Investigators of Tohoku University Hospital. The funding body had no role in
the design of the study, collection, analysis, and interpretation of data, and
in writing the manuscript.

Availability of data and materials
All data generated and analyzed during the current study are available from
the corresponding author on reasonable request.

Author’s contributions
TT (1st author), SM, HK, and TT (7th author) conceived and designed the
experiment; SM and TT (7th author) conducted the proteomics; TT (1st author),
TS, and TF performed histopathological assessment; TT (1st author), SM, and HK
wrote the manuscript; TS, TF, TM, TT (7th author), HH, KN, FM, TN, and MU
revised the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This study was approved by the Ethics committee of Tohoku University
Graduate School of Medicine (Approval No: 2016–1-747). The requirement of
informed consent was waived and an opt-out method was used due to the
retrospective design of the study.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Surgery, Tohoku University Graduate School of Medicine, 1-1
Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8574, Japan. 2Department of
Pathology and Histotechnology, Tohoku University Graduate School of
Medicine, Sendai, Japan. 3Department of Histopathology, Tohoku University
Graduate School of Medicine, Sendai, Japan.

Received: 28 May 2018 Accepted: 28 March 2019

References
1. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM.

Projecting cancer incidence and deaths to 2030: the unexpected burden of
thyroid, liver, and pancreas cancers in the United States. Cancer Res. 2014;
74:2913–21.

2. Fernández Moro C, Fernandez-Woodbridge A, Alistair D'souza M, Zhang Q,
Bozoky B, Kandaswamy SV, et al. Immunohistochemical typing of
adenocarcinomas of the Pancreatobiliary system improves diagnosis and
prognostic stratification. PLoS One. 2016;11:e0166067.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68:7–30.

4. Randi G, Malvezzi M, Levi F, Ferlay J, Negri E, Franceschi S, et al.
Epidemiology of biliary tract cancers: an update. Ann Oncol. 2009;20:146–59.

5. Katanoda K, Matsuda T, Matsuda A, Shibata A, Nishino Y, Fujita M, et al. An
updated report of the trends in cancer incidence and mortality in Japan.
Jpn J Clin Oncol. 2013;43:492–507.

6. Burris HA 3rd, Moore MJ, Andersen J, Green MR, Rothenberg ML, Modiano
MR, et al. Improvements in survival and clinical benefit with gemcitabine as
first-line therapy for patients with advanced pancreas cancer: a randomized
trial. J Clin Oncol. 1997;15:2403–13.

Takenami et al. BMC Cancer          (2019) 19:318 Page 9 of 10

https://doi.org/10.1186/s12885-019-5548-x
https://doi.org/10.1186/s12885-019-5548-x
http://www.editage.jp


7. Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y, et al.
FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J
Med. 2011;364:1817–25.

8. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, et al.
Increased survival in pancreatic cancer with nab-paclitaxel plus gemcitabine.
N Engl J Med. 2013;369:1691–703.

9. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A, et
al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N
Engl J Med. 2010;362:1273–81.

10. Marcano-Bonilla L, Mohamed EA, Mounajjed T, Roberts LR. Biliary tract
cancers: epidemiology, molecular pathogenesis and genetic risk
associations. Chin Clin Oncol. 2016;5:61.

11. Network NCC. NCCN clinical practice guidelines in oncology: pancreatic
adenocarcinoma version 2. 2016. http://www.nccn.org/professionals/
physician_gls/pdf/pancreatic.pdf. Accessed Aug 31 2017.

12. Nakanuma Y, Sato Y, Harada K, Sasaki M, Xu J, Ikeda H. Pathological
classification of intrahepatic cholangiocarcinoma based on a new concept.
World J Hepatol. 2010;2:419–27.

13. Blechacz B, Gores GJ. Cholangiocarcinoma: advances in pathogenesis,
diagnosis, and treatment. Hepatology. 2008;48:308–21.

14. Razumilava N, Gores GJ. Classification, diagnosis, and Management of
Cholangiocarcinoma. Clin Gastroenterol Hepatol. 2013;11:13–e4.

15. Washburn MP, Wolters D, Yates JR 3rd. Large-scale analysis of the yeast
proteome by multidimensional protein identification technology. Nat
Biotechnol. 2001;19:242–7.

16. Takadate T, Onogawa T, Fujii K, Motoi F, Mikami S, Fukuda T, et al.
Nm23/nucleoside diphosphate kinase-a as a potent prognostic marker
in invasive pancreatic ductal carcinoma identified by proteomic analysis
of laser micro-dissected formalin-fixed paraffin-embedded tissue. Clin
Proteomics. 2012;9:8.

17. Takadate T, Onogawa T, Fukuda T, Motoi F, Suzuki T, Fujii K, et al. Novel
prognostic protein markers of resectable pancreatic cancer identified by
coupled shotgun and targeted proteomics using formalin-fixed paraffin-
embedded tissues. Int J Cancer. 2013;132:1368–82.

18. Maeda S, Morikawa T, Takadate T, Suzuki T, Minowa T, Hanagata N, et al.
Mass spectrometry-based proteomic analysis of formalin-fixed paraffin-
embedded extrahepatic cholangiocarcinoma. J Hepatobiliary Pancreat Sci.
2015;22:683–91.

19. Hooper JE, Morgan TK, Grompe M, Sheppard BC, Troxell ML, Corless CL, et
al. The novel monoclonal antibody HPC2 and N-cadherin distinguish
pancreatic ductal adenocarcinoma from cholangiocarcinoma. Hum Pathol.
2012;43:1583–9.

20. Lok T, Chen L, Lin F, Wang HL. Immunohistochemical distinction between
intrahepatic cholangiocarcinoma and pancreatic ductal adenocarcinoma.
Hum Pathol. 2014;45:394–400.

21. Ney JT, Zhou H, Sipos B, Buttner R, Chen X, Kloppel G, et al. Podocalyxin-like
protein 1 expression is useful to differentiate pancreatic ductal
adenocarcinomas from adenocarcinomas of the biliary and gastrointestinal
tracts. Hum Pathol. 2007;38:359–64.

22. Sobin LHGM, Wittekind C. TNM classification of malignant Tumours. 7th ed.
Oxford: Wiley-Blachwell; 2009.

23. Kawamura T, Nomura M, Tojo H, Fujii K, Hamasaki H, Mikami S, et al.
Proteomic analysis of laser-microdissected paraffin-embedded tissues: (1)
stage-related protein candidates upon non-metastatic lung
adenocarcinoma. J Proteome. 2010;73:1089–99.

24. Old WM, Meyer-Arendt K, Aveline-Wolf L, Pierce KG, Mendoza A, Sevinsky JR,
et al. Comparison of label-free methods for quantifying human proteins by
shotgun proteomics. Mol Cell Proteomics. 2005;4:1487–502.

25. Qian W-J, Jacobs JM, Liu T, Camp DG, Smith RD. Advances and challenges
in liquid chromatography-mass spectrometry based proteomic profiling for
clinical applications. Mol Cell Proteomics. 2006;5:1727–44.

26. Troyanovsky S, Leube R, Franke W. Characterization of the human gene
encoding cytokeratin 17 and its expression pattern. Eur J Cell Biol. 1992;59:
127–37.

27. Troyanovsky S, Guelstein V, Tchipysheva T, Krutovskikh V, Bannikov G.
Patterns of expression of keratin 17 in human epithelia: dependency on cell
position. J Cell Sci. 1989;93:419–26.

28. Chu PG, Schwarz RE, Lau SK, Yen Y, Weiss LM. Immunohistochemical
staining in the diagnosis of pancreatobiliary and ampulla of Vater
adenocarcinoma: application of CDX2, CK17, MUC1, and MUC2. Am J Surg
Pathol. 2005;29:359–67.

29. Miettinen M, Nobel MP, Tuma BT, Kovatich AJ. Keratin 17:
Immunohistochemical mapping of its distribution in human epithelial tumors
and its potential applications. Appl Immunohistochem. 1997;5:152–9.

30. Goldstein NS, Bassi D. Cytokeratins 7, 17, and 20 reactivity in pancreatic and
ampulla of Vater AdenocarcinomasPercentage of positivity and distribution
is affected by the cut-point threshold. Am J Clin Pathol. 2001;115:695–702.

31. Borger DR, Tanabe KK, Fan KC, Lopez HU, Fantin VR, Straley KS, et al.
Frequent mutation of Isocitrate dehydrogenase (IDH)1 and IDH2 in
cholangiocarcinoma identified through broad-based tumor genotyping.
Oncologist. 2012;17:72–9.

32. Marks EI, Yee NS. Molecular genetics and targeted therapeutics in biliary
tract carcinoma. World J Gastroenterol. 2016;22:1335–47.

33. Gerke V, Moss SE. Annexins: from structure to function. Physiol Rev. 2002;82:
331–71.

34. Masaki T, Tokuda M, Ohnishi M, Watanabe S, Fujimura T, Miyamoto K, et al.
Enhanced expression of the protein kinase substrate annexin in human
hepatocellular carcinoma. Hepatology. 1996;24:72–81.

35. Mussunoor S, Murray GI. The role of annexins in tumour development and
progression. J Pathol. 2008;216:131–40.

36. Kim J, Kim MA, Jee CD, Jung EJ, Kim WH. Reduced expression and
homozygous deletion of annexin A10 in gastric carcinoma. Int J Cancer.
2009;125:1842–50.

37. Lu SH, Chen YL, Shun CT, Lai JN, Peng SY, Lai PL, et al. Expression and
prognostic significance of gastric-specific annexin A10 in diffuse- and
intestinal-type gastric carcinoma. J Gastroenterol Hepatol. 2011;26:90–7.

38. Lu SH, Yuan RH, Chen YL, Hsu HC, Jeng YM. Annexin A10 is an
immunohistochemical marker for adenocarcinoma of the upper
gastrointestinal tract and pancreatobiliary system. Histopathology. 2013;63:
640–8.

39. Padden J, Ahrens M, Kalsch J, Bertram S, Megger DA, Bracht T, et al.
Immunohistochemical markers distinguishing Cholangiocellular carcinoma
(CCC) from pancreatic ductal adenocarcinoma (PDAC) discovered by
proteomic analysis of microdissected cells. Mol Cell Proteomics. 2016;15:
1072–82.

40. Kalsch J, Padden J, Bertram S, Pott LL, Reis H, Westerwick D, et al. Annexin
A10 optimally differentiates between intrahepatic cholangiocarcinoma and
hepatic metastases of pancreatic ductal adenocarcinoma: a comparative
study of immunohistochemical markers and panels. Virchows Arch. 2017;
470:537–43.

41. Okamoto K, Isohashi F. Macromolecular translocation inhibitor II (Zn(2
+)-binding protein, parathymosin) interacts with the glucocorticoid receptor
and enhances transcription in vivo. J Biol Chem. 2005;280:36986–93.

42. Okamoto K, Hirata-Tsuchiya S, Kitamura C, Omoteyama K, Sato T, Arito M, et
al. A small nuclear acidic protein (MTI-II, Zn2+ binding protein,
Parathymosin) that inhibits transcriptional activity of NF-kappaB and its
potential application to Antiinflammatory drugs. Endocrinology. 2016;157:
4973–86.

43. Cai XZ, Zeng WQ, Xiang Y, Liu Y, Zhang HM, Li H, et al. iTRAQ-based
quantitative proteomic analysis of nasopharyngeal carcinoma. J Cell
Biochem. 2015;116:1431–41.

44. Apell HJ, Karlish SJ. Functional properties of Na,K-ATPase, and their structural
implications, as detected with biophysical techniques. J Membr Biol. 2001;
180:1–9.

45. Morth JP, Pedersen BP, Toustrup-Jensen MS, Sorensen TL, Petersen J,
Andersen JP, et al. Crystal structure of the sodium-potassium pump. Nature.
2007;450:1043–9.

46. Shi J-l FL, Ang Q, Wang G-j, Zhu J, Wang W. Overexpression of ATP1B1
predicts an adverse prognosis in cytogenetically normal acute myeloid
leukemia. Oncotarget. 2016;7:2585–95.

47. Miura F, Takada T, Amano H, Yoshida M, Furui S, Takeshita K. Diagnosis of
pancreatic cancer. HPB (Oxford). 2006;8:337–42.

48. Rizvi S, Gores GJ. Pathogenesis, Diagnosis, and Management of
Cholangiocarcinoma. Gastroenterology. 2013;145. https://doi.org/10.1053/j.
gastro.2013.10.013.

Takenami et al. BMC Cancer          (2019) 19:318 Page 10 of 10

http://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
http://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://doi.org/10.1053/j.gastro.2013.10.013
https://doi.org/10.1053/j.gastro.2013.10.013

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient characteristics and FFPE tissue samples
	Laser micro-dissection and protein extraction
	Shotgun proteomics by LC-MS/MS
	Data analysis and protein identification
	Semi-quantitative comparison with spectral counting
	Immunohistochemistry
	Evaluation of immunohistochemical staining
	Statistical analysis

	Results
	Protein identification by shotgun proteomics and semiquantitative comparison
	Validation by immunohistochemical staining
	Combination of candidate proteins for biomarker panels
	Immunohistochemical verification for biomarker panels in clinically difficult cases

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Consent for publications
	Funding
	Availability of data and materials
	Author’s contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

