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Abstract: Pancreatic ductal adenocarcinoma (PDAC) represents one of the most common cancers with dismal prog-
nosis. Definitive diagnosis of PDAC remains challenging due to the lack of specific biomarkers. A transcription factor 
essential for pancreatic development named HNF-1B can be a potential biomarker for PDAC. However, HNF-1B was 
not entirely specific for PDAC and can be expressed in cancers of Müllerian tract, kidney, lung, bladder and pros-
tate. To solve this issue, we investigated the expression of a panel of well-established lineage-specific biomarkers 
for non-pancreatic origins, including TTF1 and Napsin A for lung, RCC for kidney, ER and PR for breast, NKX3.1 for 
prostate, PAX8 for Müllerian tract, GATA3 for breast and bladder, and keratin CK7 and CK20 in 149 PDACs, using 
immunohistochemistry and tissue microarray. A two-tier scoring system for HNF-1B expression in tumor cells was 
used. Chi-square and Fisher’s exact tests were performed using SAS software version 9.4 to test the association 
between HNF-1B expression and tumor morphology and differentiation. The results showed that PAX8 was focally 
positive in 6 cases (4.0%). GATA3 was focally positive in 5 cases (3.4%). Napsin A was all negative except for 1 case 
with focal weak staining. All other lineage-specific markers such as TTF1, RCC, ER, PR and NKX3.1 were completely 
negative in all PDACs. Consistent with our previous result, the majority of PDACs (88.6%) was positive for HNF-1B, 
including 78 cases (59.1%) with “strong” and 54 cases (40.9%) with “weak” staining pattern. There was no signifi-
cant association between HNF-1B expression and cytoplasmic clearing morphology. Addition of keratins may further 
aid the diagnosis of PDAC since the majority of PDACs (84.6%) was CK7+/CK20-, only a minority of PDACs (11.4%) 
was CK7+/CK20+, 2.7% were CK-/CK20-, and 1.3% were CK7-/CK20+. In conclusion, HNF-1B can serve as a use-
ful biomarker to aid the diagnosis of PDAC when combined with other lineage-specific biomarkers to exclude the 
other origins. 
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) ac- 
counts for approximately 90% of all pancreatic 
primary cancers. According to 2019 Cancer 
Statistics, PDAC is the tenth and ninth leading 
cancer type in males and females, respectively, 
and the incidence rate continues to increase 
[1]. Pancreatic cancer accounts for the fourth 
leading cancer-related death in both genders in 
the United States with the all-stage 5-year sur-
vival rate of 9% [2], which is the lowest among 
all cancers. With new emerging immunothera-

py, neoadjuvant and adjuvant therapies, the 5- 
year overall survival rate is significantly impro- 
ved to approximately 24% [3], even if the initial 
treatment was delayed [4]. PDAC is also one of 
the most common primaries in presentations  
of cancer from an unknown primary (CUP) [5]. 
CUP is associated with dismal prognosis with a 
median survival of 5-11 months after the initial 
diagnosis [6]. Due to the lack of specific serum 
biomarkers to diagnose PDAC, histomorpholo- 
gy and immunohistochemical studies become 
very informative to confirm the diagnosis, alth- 
ough this approach has been challenging. 
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Hepatocyte nuclear factor 1B (HNF-1B) is a 
nuclear transcription factor and is among the 
top enriched master regulators in the normal 
pancreas [7]. HNF-1B and its homodimer or 
heterodimer partner HNF-1A play an important 
role in early organogenesis including pancre- 
atic development. Mutations of HNF-1B were 
associated with severe developmental abnor-
malities including pancreatic agenesis or hy- 
poplasia, multicystic renal disease, abnormal 
hepatobiliary tract and abnormal Müllerian 
tract [8-10]. Although it is unclear if HNF-1B 
plays any role in carcinogenesis, it was highly 
expressed in certain types of cancers includ- 
ing ovarian clear cell carcinoma [11, 12], PDAC 
[13, 14], yolk sac tumor [15], and a few others 
[14, 16]. The decreased HNF-1B expression  
in poorly differentiated adenocarcinoma may 
suggest a tumor suppressor role of HNF-1B in 
PDAC [7, 13]. Recently our study demonstrat- 
ed that HNF-1B was exclusively expressed in 
benign pancreatic ductal epithelium but not  
in the acini or islet cells, and high positivity  
of HNF-1B was observed in both primary and 
metastatic PDACs by immunohistochemistry 
(IHC) [14]. Except for in cancers mentioned 
above, HNF-1B was also infrequently express- 
ed in lung adenocarcinoma, bladder urothelial 
carcinoma and prostate adenocarcinoma in 
our previous study [14]. Since PDAC and major-
ity of its mimickers are typically positive for 
cytokeratin 7 (CK7), definitive diagnosis of PD- 
AC can be extremely challenging for surgical 
pathologists in the absence of specific bio-
markers. In this study, we intended to com- 
pare the expression of HNF-1B with a large 
panel of well-established lineage-specific bio-
markers to aid the diagnosis of PDAC. 

Materials and methods

Study materials

A total of 149 primary PDAC resection speci-
mens were retrospectively retrieved from for-
malin fixed paraffin embedded (FFPE) blocks. 
This study was approved by Institution Review 
Board (IRB). All tumor slides were reviewed to 
document tumor histomorphology. The size of 
tumor and tumor grade were extracted from  
the electronic pathologic staging record and 
confirmed by reviewing representative slides. 
Two-millimeter core tissue microarrays (TMA) 
were constructed with duplication from one re- 

presentative FFPE tumor block and adjacent 
non-neoplastic pancreas as internal control. 

Immunohistochemistry (IHC)

TMA 5-µm sections of FFPE were stained by  
IHC with monoclonal antibodies against a  
panel of lineage-specific biomarkers including 
HNF-1B, ER, PR, RCC, GATA3, NKX3.1, TTF1, 
Napsin A, cytokeratin CK7 and CK20, and  
polyclonal antibody for PAX8. Briefly, deparaf-
finization and antigen retrieval were done us- 
ing usual heat-based methods. All the condi-
tions, reagents and detection were listed in 
Table 1. For HNF-1B, antigen retrieval was car-
ried out with 1 mM EDTA (pH 8.0), followed by 
heating in a 770-Watt microwave oven for 14 
minutes, cooled to room temperature, and 
rinsed in distilled water before staining proce-
dure on the Dako Autostainer instrument (Agi- 
lent, Santa Clara, CA). Ventana UltraView DAB 
(Ventana Medical Systems) reagents were ap- 
plied for detection, visualization and counter- 
staining. 

An arbitrary 2-tier scoring system was used  
for HNF-1B expression: “strong” if the nuclear 
stain in any tumor cells was clearly visualized  
at 20 × magnifications; and “weak” if the nu- 
clear stain in tumor cells was clearly visualized 
at 100 × magnifications. 

Statistical analysis

For the first three statistical analyses, we per-
formed the Pearson’s Chi-square test for all  
the data frequency tables, since at least 80% 
of the cells in the 2 × 3 tables had an expect- 
ed value greater than 5. For the last analysis 
when the tables were sparse with small cell  
values, Fisher’s Exact test were conducted be- 
cause of a large number of cells with expected 
count less than 5. For all these analyses, we 
used SAS software version 9.4 with Proc Freq.

Results

Morphological features of PDAC 

Multiple variants of histomorphology of PDAC 
were observed including small glands, large 
ducts, clear cytoplasm, mucinous cells and 
undifferentiated cells with representative mor-
phology showing in Figure 1. There was no sig-
nificant difference of HNF-1B stain between  
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Table 1. Primary antibody information and IHC working conditions
Primary Antibody Manufacturer Clonality Clone Concentration Control Detection
HNF-1B ThermoFisher cat# MA5-24605 Mouse monoclonal CL0374 1:800 Pancreas Ventana Ultraview
TTF1 Cell Marque cat# 343M-98 Mouse monoclonal 8G7G3/1 Ready to use Thyroid Ventana Ultraview
Napsin A Ventana cat# 760-4867 Mouse monoclonal MRQ-60 Ready to use Lung Ventana Ultraview
NKX3.1 Ventana cat# 760-5086 Rabbit monoclonal EP356 Ready to use Prostate cancer Ventana Ultraview
GATA3 Cell Marque cat# 390M-18 Mouse monoclonal L50-823 Ready to use Breast ductal cancer Ventana Ultraview
ER Ventana cat# 790-4325 Rabbit monoclonal SP1 Ready to use Normal breast Ventana Ultraview
PR Ventana cat# 790-4296 Rabbit monoclonal 1E2 Ready to use Normal breast Ventana Ultraview
PAX8 Proteintech Group cat# 10336-1-AP Rabbit polyclonal --- 1:100 Thyroid Ventana Ultraview A&B Amp
RCC Ventana cat# 760-4273 Mouse monoclonal PN-15 Ready to use RCC kidney Ventana Ultraview
CK7 Ventana cat# 790-4462 Rabbit monoclonal SP52 Ready to use Tonsil Ventana Ultraview
CK20 Ventana cat# 790-4431 Rabbit monoclonal SP33 Ready to use Colon Ventana Ultraview
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the cases with clear cytoplasm and non-clear 
cytoplasm (P = 0.887). Among all 149 PDAC 
cases, 6 cases were well differentiated, 95 
cases were moderately differentiated, and 48 
cases were poorly differentiated.

HNF-1B expression in PDAC 

HNF-1B was normally expressed in adjacent 
non-neoplastic pancreatic ductal epithelium 

with strong nuclear staining, which served as 
internal positive control (Figure 1 insert). All  
the stains were nuclear and/or nuclear mem-
branous with clean background, and no cyto-
plasmic or cytoplasmic membranous staining 
patterns were observed in this study with a 
monoclonal antibody. Of all the 149 PDAC ca- 
ses, HNF-1B was expressed in a total of 132 
cases (88.6%) with diffuse or patchy nuclear 
and/or nuclear membranous staining. Among 

Figure 1. Variable HNF-1B nuclear expression in PDAC by IHC. (A) Representative case of PDAC on H&E stain and 
strongly positive for nuclear HNF-1B by IHC (B). (C) Representative case of PDAC on H&E stain and weakly positive 
for nuclear HNF-1B by IHC (D). (E) Representative case of PDAC on H&E stain and negative for HNF-1B by IHC (F). 
Insert in (F) showing HNF-1B positive control of adjacent non-neoplastic pancreatic ducts. Original magnifications: 
100 ×.
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the 132 HNF-1B positive PDAC cases, 78 ca- 
ses (59.1%) showed “strong” staining pattern 
(Figure 1A, 1B), and 54 cases (40.9%) show- 
ed “weak” staining pattern (Figure 1C, 1D). 
Within all 17 negative PDAC cases (Figure 1E, 
1F), 12 (70.6%) of them were poorly differenti-
ated (grade 3), and 5 (29.4%) of them were 
moderately differentiated (grade 2). Fisher’s 
exact test showed that there was statistically 
significant difference of HNF-1B expression 
among the tumor differentiation of grade 3  
and combined grade 1 and 2 (P = 0.004). 

CK7 and CK20 expression pattern in PDAC

The majority of PDACs (126/149 cases, 84.6%) 
were positive for keratin CK7 and negative for 
CK20 with few exceptions in this cohort: 17/ 
149 cases (11.4%) were CK7 and CK20 both 
positive, 4/149 cases (2.7%) were both CK7 
and CK20 negative, and 2/149 cases (1.3%) 
were CK7 negative and CK20 positive. 

Focal expression of PAX8, GATA3 and Napsin 
A in PDAC 

Of all the 149 PDAC cases, PAX8 was focally 
expressed in 6 cases (4.0%) with nuclear stain-
ing (Figure 2A, 2B). Five of them were poorly 
differentiated and one of them was moderate- 
ly differentiated. Among the 5 PAX8 focal posi-
tive poorly differentiated cases, two of which 
were HNF-1B negative.

GATA3 was focally expressed in 5 cases (3.4%) 
with nuclear staining (Figure 2C, 2D). Three  
of them were moderately differentiated and 
two of them were poorly differentiated. Among 
two GATA3 focal positive poorly differentiated 
cases, one showed strong positive HNF-1B 
staining and the other one showed negative 
HNF-1B staining. Napsin A was all negative ex- 
cept for 1 case (0.7%) with focal weak stain- 
ing (data not shown), while the HNF-1B in this 
case was strongly positive. PAX8 positive con-

Figure 2. Representative case of PDAC on H&E stain (A) and showed weak positivity of PAX8 by IHC (B). Insert in (B) 
showing PAX8 positive control from benign thyroid tissue. Representative case of PDAC on H&E stain (C) and showed 
weak positivity of GATA3 by IHC (D). Insert in (D) showing positive control of GATA3 from benign urothelial epithelium. 
Original magnifications: 200 ×. 
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trol from benign thyroid tissue and GATA3 po- 
sitive control from bladder were stained appro-
priately (Figure 2B and 2D inserts, respec- 
tively).

TTF1, RCC, ER, PR and NKX3.1 expression in 
PDAC

The remaining biomarkers including TTF1, RCC, 
ER, PR and NKX3.1 were completely negative  
in all PDACs. PR stained normal endocrine cells 
in adjacent pancreatic islet cells; however, PR 
was completely negative in all PDACs. In other 
words, well-established lineage specific bio-
markers for the breast, lung, prostate, kidney 
and Müllerian tract origin were largely negative 
in PDAC (Table 2). All positive controls were 
stained appropriately for each marker.

Discussion 

PDAC is one of the most common cancers fre-
quently presented with metastasis, and defini-
tive diagnosis of PDAC in surgical pathology 
practice remains challenging due to the lack  
of specific biomarkers. We hypothesized that 
transcription factor HNF-1B essential for nor-
mal pancreas development may serve as a 
potential diagnostic marker for PDAC. In our 
previous study [14], a polyclonal antibody ag- 
ainst HNF-1B showed high sensitivity but sub-
optimal specificity for the diagnosis of PDAC.  
To further determine the utility of HNF-1B as a 
biomarker for PDAC, exclusion of non-pancre- 

atic origins using a panel of lineage-specific 
markers for the Müllerian tract, kidney, lung, 
bladder and prostate is essential [11, 17-20]. 
Consistent with our previous results [14], HNF-
1B was highly expressed in PDACs with a po- 
sitive rate of 88.6% using a monoclonal anti-
body against HNF-1B in current study. Impor- 
tantly, most other lineage-specific biomarkers 
were not expressed in PDAC, except for PAX8 
and GATA3 rarely showing focal positivity in 
PDAC. This result greatly increased the confi-
dence that HNF-1B can serve as the biomark- 
er for PDAC when other lineage-specific mark-
ers are negative. To our knowledge, this is the 
first investigation of a large panel of lineage-
specific biomarkers in PDACs. 

The role of HNF-1B in PDAC carcinogenesis or 
progression is not entirely clear. In this cohort, 
the majority (70.1%) of HNF-1B negative PD- 
ACs was poorly differentiated carcinomas, wh- 
ereas the minority (29.4%) of HNF-1B negative 
cases was moderately differentiated carcino-
mas. HNF-1B negativity in tumor cells was sig-
nificantly associated with tumor differentiation 
grade 3 compared with grade 1 and 2. In other 
words, HNF-1B was more likely to be positive  
in well to moderately differentiated PDACs and 
can be attenuated or lost in poorly differen- 
tiated cancers. Interestingly, a recent study by 
Janky and colleagues showed a gradual loss  
of nuclear HNF-1B expression from well differ-
entiation towards moderate and poor differen-
tiation of PDAC [7], which is consistent with  
our findings. Other studies have shown that 
HNF-1B seems to play an essential role in the 
pathogenesis of both prostatic and ovarian 
cancers [11, 19], to some extent reflecting its 
developmental role in these organs. In addi-
tion, in vitro studies suggested that HNF-1B 
may play a tumor suppressor role and suppre- 
ss epithelial-to-mesenchymal transition (EMT), 
a well-characterized mechanism for cancer  
progression and metastasis [21]. Overexpres- 
sion of HNF-1B in a prostatic cancer cell line 
triggered mesenchymal-to-epithelial morpho-
logical transition [21]. These findings suggest 
that loss of HNF-1B expression in cancer cells 
including PDAC might contribute to cancer pro-
gression. Although other report has shown an 
association of strong staining of HNF-1B with 
clear cytoplasmic variant of PDAC and poor 
prognosis [13], there was no statistical signifi-

Table 2. Expected reactivity of biomarkers in 
PDAC
Biomarkers Reactivity in PDAC
CK7 +
CK20 -
HNF-1B +
CDX-2* -
TTF1 -
Napsin A -
GATA3 -
ER -
PR -
PAX8 -
NKX3.1 -
RCC -
*Note: CDX2 was based on our previous study result 
[14].
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cance between the HNF-1B expression and his-
tomorphology in this cohort. 

Conclusion

IHC is a feasible and cost-effective test rou- 
tinely performed in surgical pathology labs. 
HNF-1B can be a useful biomarker to aid the 
diagnosis of PDAC when other lineage-specific 
biomarkers are negative to exclude the Mül- 
lerian tract, kidney, lung, prostate, and bladder 
origins by IHC. Combined with our previous 
study, a minimal panel including CK7, CK20, 
HNF-1B and CDX2 is suggested in the workup 
of PDAC, and the most common predicted im- 
munophenotype would be CK7+, CK20-, HNF-
1B+ and CDX2- in PDAC.
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