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ABSTRACT 
 
Introduction 
Pancreatic malignancy, primarily Pancreatic Ductal Adenocarcinoma (PDAC), presents a significant 
challenge due to its aggressive nature and late-stage diagnosis. This study explores the role of von 
Hippel-Lindau gene product (pVHL) in PDAC and non-neoplastic pancreatic tissues, investigating their 
relationship with PDAC clinicopathological characteristics.  
 
Methods 
This research was carried out at the Faculty of Medicine Universitas Indonesia/Dr. Cipto 
Mangunkusumo General Hospital. The cases analyzed spanned from January 2012 to September 
2023. Immunohistochemistry of pVHL was used, and the Histoscore/H-score calculations were utilized 
to classify pVHL expression as either high or low. 
 
Results 
A total of 54 cases of PDAC and non-neoplastic pancreatic tissue exhibited varying levels of pVHL 
expression. Cases of PDAC with positive surgical margin, absence of lymphovascular and perineural 
invasion, pT2, pN0, M0 stage, and survival exceeding 7 months were the profiles in which low pVHL 
expression was detected. Significant result was found on the correlation between pVHL with pN status.  
  
Conclusion 
The levels of pVHL expression varied between PDAC and non-neoplastic pancreatic tissue. There were 
no differences in the clinicopathological profile of PDAC tumors, except for pN stage. Further research, 
with a larger sample size, is needed to determine pVHL's diagnostic value and its expression in different 
clinicopathological profiles. 
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INTRODUCTION 
Pancreatic cancer exhibits a sub-

stantial fatality rate. In the year 2020, a total of 
495 773 cases and 466,003 deaths were 
reported globally, with the highest incidence in 
Asia.1,2 The incidence of pancreatic cancer in 
Indonesia was recorded at 5 781 cases, and the 
mortality rate in the country was reported at 5 
690 cases, ranking it as the 11th leading cause 
of death.1 

Pancreatic Ductal Adenocarcinoma 
(PDAC) is a prevalent malignancy, affecting 85-
90% of pancreatic cancer cases. Only 20-25% 
are eligible for surgery, necessitating a biopsy 
or fine needle aspiration or with ultrasound 
guidance as the best option for PDAC 
diagnosis.3 However, distinguishing PDAC from 
non-neoplastic pancreatic disorders, particu-
larly in cases of mass-forming chronic pancrea-
titis, remains challenging both radiologically 
and pathologically.4,5 Pathological examina-
tions often reveal overlap between well-
differentiated adenocarcinoma and reactive 
ductal epithelium, further emphasizing the need 
for specific markers to differentiate PDAC from 
non-neoplastic/reactive pancreatic tissue.6,7  

von Hippel-Lindau gene product 
(pVHL) is a protein produced by the VHL tumor 
suppressor gene located in the chromosome 
area 3p25-p26.8–10 pVHL plays a role in the 

degradation of hypoxia-inducible factor 1 /HIF-

1.9,11 The absence of normal pVHL function 

will cause HIF-1 to evade the proteasomal 
degradation process and triggering the 
transcription, which is involved in angiogenesis, 
glucose metabolism, cell survival, and tumor 
progression.9 pVHL also has roles in both 
chromosome and p53 protein stabilization. 
Based on previous studies, pVHL expression in 
non-neoplastic pancreas can be found in the 
ducts, acini, and cells of the islets of 
Langerhans, while in PDAC cases, there is a 
loss of pVHL expression.5,12 There is limited 
research on the use of pVHL immuno-
histochemistry in studying PDAC and non-
neoplastic cases, especially in relation to 
clinicopathological factors in Asian populations, 
specifically in Indonesia.11,13 Therefore, this 
study aims to determine pVHL expression in 
both PDAC and non-neoplastic pancreas 
tissues and assess pVHL expression based on 
various clinicopathological parameters of 
PDAC tumors, including tumor differentiation, 

lymphovascular invasion, perineural invasion, 
surgical margin status, staging, and survival. 
 
METHODS 
 This research is an observational 
analytical study employing a cross-sectional 
research design conducted at the Department 
of Anatomical Pathology, Faculty of Medicine 
Universitas Indonesia/Dr. Cipto 
Mangunkusumo General Hospital from August 
2023 to October 2023.  

The study began by collecting all 
paraffin blocks of all cases based on inclusion 
criteria, namely all cases of resected PDAC 
(designated as PDAC group) and non-PDAC 
pancreatic cases with sufficient areas of non-
neoplastic pancreatic tissue (designated as 
non-neoplastic group) from January 2012 to 
September 2023. Cases with mixed 
histopathological diagnosis and those of which 
paraffin blocks were not available were 
excluded. Sample selection was carried out 
using simple random sampling from eligible 
cases that fullfilled the inclusion and exclusion 
criteria. Immunohistochemistry was performed 
on 3 to 4 μm sections with antigen retrieval 
procedure using heat-induced epitope retrieval 
and non-specific protein blocker using  Tissue 
Primary (containing 3% hydrogen peroxide), 
and Background Blocker, each for 20 minutes. 
Each section was incubated with mouse 
monoclonal primary antibody VHL40 sc-135657 
(Santa Cruz Biotechnology) with a dilution of 
1:100 for 60 minutes. Detection system using 
PolyVueTM Plus Mouse/Rabbit Enhancer, 
PolyVueTM Plus Mouse/Rabbit HRP label each 
for 15 minutes, and a mixture of 1 drop (50μl 
per drop) Stable DAB/Plus TM chromogen and 
1 ml Stable DAB/PlusTM buffer for 30 seconds. 
Counter-staining was carried out using Mayer's 
Hematoxillin. Negative controls and positive 
controls were included in each batch, with the 
positive control being biliary epithelium of 
human gallbladder tissue, internal positive 
control being non-neoplastic pancreatic acini, 
and negative controls were preparations that 
were not incubated with primary antibodies.The 
expression of pVHL was evaluated by a 
pathology resident and a pathologist 
specialized in digestive and hepatobiliary 
pathology. Immunohistochmical staining was 
assessed through a light microscope (Olympus 
CX23), with observations made on tumor cells 
in the PDAC group and non-neoplastic 
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pancreatic ductal and asinar cells in the non-
neoplastic group. 

Immunohistochemical staining of pVHL 
was assessed in the cytoplasm and/or cell 
membrane, with or without staining in the cell 
nucleus. Cell staining (positivity) indicated 
retention of expression, while lack of staining 
(negativity) indicated loss of expression. 
Semiquantitative assessment was conducted 
using Histoscore/H-score calculations on 500 
cells, based on the number of stained cells and 
the intensity of staining. The staining intensity 
was categorized as negative, weakly positive, 
moderately positive, and strongly positive. 
QuPath version 0.4.4 was used for all 
calculations. H-score calculation was done 
using the formula = (1x% weakly stained 
cells)+(2x% moderately stained cells)+(3x% 
strongly stained cells). To determine the cut-off 
value, the Receiver Operating Characteristic 

(ROC) curve and the Youden index were used, 
with pVHL expression classified as 'high' if the 
H-score was greater than or equal to the cut-off 
and 'low' if it was lower than the cut-off. Data 
were analyzed using SPSS version 25.0. 

 
RESULTS 
Clinicopathological Profile of Research 
Subjects 

The results of a search of archived data 
from the Department of Anatomical Pathology, 
FMUI/RSCM, from January 2012 to September 
2023 revealed 28 cases of pancreatic resection 
in the PDAC group and 51 cases of pancreatic 
resection included in the non-neoplastic group. 
After excluding the 6 cases, a total of 27 PDAC 
cases and 27 cases of non-neoplastic cases 
were obtained. Demographic and clinico-
pathological data for all samples from this study 
can be seen in Table 1. 

 

Table 1. Demographic and clinicopathological profile of cases (n=54). 

Profile 
PDAC (n=27) 

n (%) 
Non-Neoplastic (n=27) 

n (%) 

Age   
>50 years old 17 (63)   9 (33.3) 
≤50 years old 10 (37) 18 (66.7) 

Gender   
Male 16 (59.3)   5 (18.5) 
Female 11 (40.7) 22 (81.5) 

Degree of tumor differentiation   
Well differentiated   3 (11.1) n/a 
Moderately differentiated 20 (74.1) n/a 
Poorly differentiated   4 (14.8) n/a 

Lymphovascular invasion   
Present   9 (33.3) n/a 
Absent 18 (66.7) n/a 

Perineural invasion   
Present   9 (33.3) n/a 
Absent 18 (66.7) n/a 

Surgical margin status   
Positive 14 (51.9) n/a 
Negative 13 (48.1) n/a 

pT stage   
pT1    7 (25.9) n/a 
pT2  12 (44.4) n/a 
pT3    8 (29.6) n/a 
pT4                            0 (0) n/a 

pN stage   
pN0 14 (51.9) n/a 
pN1   8 (29.6) n/a 
pN2   5 (18.5) n/a 

M stage   
M0 26 (96.3) n/a 
M1 1 (3.7) n/a 

Survival   
≤7 months   4 (14.8) n/a 
>7 months   4 (14.8) n/a 
Not yet determined 2 (7.4) n/a 
No data 17 (63.0) n/a 
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The study found that most patients in 
the PDAC group were over 50 years old (mean 
age 54.4 ± 8.2 years old), with a median tumor 
size of 3 cm (range of 1 to 12 cm). Most 
subjects in the non-neoplastic group were ≤50 
years old (mean age 37.85 ± 19.46 years old). 
Most tumors were moderately differentiated, 
with no lymphovascular or perineural invasion 
with positive surgical margin, pT2, pN0, and M0 
stage. The mean survival of the patients is 5.5 
months ± 3.62 months.  

The average H-score obtained in all 
cases was 99.52 ± 67.15, with the average H-
score in the PDAC group being 99.95 ± 72.97, 
and the median H-score in the non-neoplastic 
group was 88 (ranging from 2.6 to 241.7). 

The Area Under Curve (AUC) on the 
ROC curve was made to determine the H-score 
cut-off value. The AUC of pVHL in this study 
was 47.7% (95% CI 31,9%-63,5%) with a p-
value of 0.769. The cut-off value for H-score 
was 165.1 (sensitivity 25.9% and specificity 
85.2%).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. pVHL staining intensity in PDAC and Non-
Neoplastic tissue (400 times magnification). A-D. 
PDAC (arrow): A. Negative, B. Weak positive, C. 
Moderate positive, D. Strong positive; E-H. Non-
neoplastic (arrow): E. Negative, F. Weak positive, G. 
Moderate positive, H. Strong positive 

Table 2. pVHL expression in PDAC and non-neoplastic pancreatic tissue based on predominant features (n=54). 

 
 
 

pVHL expression 
PDAC 
n (%) 

Non-neoplastic 

Ductus 
n (%) 

Acinus 
n (%) 

Negative    2 (7.4) 1 (3.7) 0 (0) 
Weak positivity    14 (51.9) 15 (55.6) 0 (0) 
Moderate positivity 10 (37)   8 (29.6) 0 (0) 
Strong positivity    1 (3.7)   3 (11.1)   27 (100) 

 

2 

2 2 

2 
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pVHL Expression based on PDAC 
Clinicopathological Profile 

An analysis of the relationship between 
the clinicopathological profile and the pVHL 
expression category was conducted. As shown 
in Table 3, besides the significant difference in 

pN stage, no significant differences found in 
other clinicopathological profile. Low pVHL 
expression is more common in PDAC with no 
lymphovascular or perineural invasion, positive 
surgical margin, pT2, pN0, M0 stage, and 
survival more than 7 months.  

 
Table 3. Bivariate analysis of clinicopathological profile and pVHL expression in PDAC (n=27). 

Clinicopathological Profile 
pVHL expression 

p-value OR (95% CI) Low 
n (%) 

High 
n (%) 

Degree of tumor differentiation     
   Well differentiated* 3 (13) 0 (0) 1.000f Reference 
Moderately differentiated*  16 (69.6)     4 (100)  n/a 
   Poorly differentiated   4 (17.4) 0 (0)  n/a 
Lymphovascular invasion     

   Present   6 (26.1) 3 (75) 0.093f 0.118 (0,010-1.359) 
   Absent 17 (73.9) 1 (25)  Reference 
Perineural invasion     
   Present   9 (39.1) 0 (0) 0.268f n/a 
   Absent 14 (60.9)     4 (100)  Reference 
Surgical margin status     
   Positive margin 13 (56.5) 1 (25) 0.326f 3.900 (0.351-43.364) 
   Negative margin 10 (43.5) 3 (75)  Reference 
pT stage     
   pT1   7 (30.4) 0 (0) 0.545f Reference 
   pT2* 10 (43.5)   2 (50)  n/a 
   pT3*   6 (26.1)   2 (50)  n/a 
   pT4^        0 (0) 0 (0)   
pN stage     
   pN0 14 (60.9) 0 (0) 0.041f Reference 
   pN1*   6 (26.1)   2 (50)  n/a 
   pN2*        3 (13)   2 (50)  n/a 
M stage     
   M0 22 (95.7)    4 (100) 1.000f Reference 
   M1 1 (4.3) 0 (0)  n/a 
Survival     
   ≤ 7 months        3 (13)   1 (25) 1.000f n/a 
   > 7 months   4 (17.4) 0 (0)  Reference 
   Not yet determined^ 2 (8.7) 0 (0)   
   No data^ 14 (60.9)   3 (75)   

*: analyzed after merged 
^: not included in the analysis 
f: Fischer's test 

 
DISCUSSION 
Clinicopathological Profile of Research 
Subjects 

A large proportion of PDAC cases 
found in this study (37%) were found at ages 
≤50 years old. According to the WHO 2019 
report, most patients are diagnosed between 
the ages of 55 and 85, with a median age at 
diagnosis of 70 years old, which is older than 
the average age of PDAC patients in this 
study.14 Cases diagnosed with PDAC at a 
younger age (<50 years old) can be classified 

as early onset pancreatic cancer (EOPC), a 
group predominantly composed of individuals 
of Asian descent, as indicated by previous 
studies. In our study, PDAC was more common 
among males.15 These findings might be 
related to the history of smoking, obesity, and 
alcohol consumption, which have long been 
recognized as risk factors for PDAC.14,16 
Meanwhile, in non-neoplastic cases, a younger 
mean age was observed compared to the 
PDAC group. 
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In this study, lymphovascular and 
perineural invasion was found in 33.3% of the 
PDAC cases. These findings could be 
attributed to the tumor replacing endothelial 
cells and growing along the vascular wall, 
making it difficult to identify clear lympho-
vascular invasion, and the lack of adequate 
sampling in the peripancreatic area, which 
contains more vasculature and nerve fibers. 
17,18 
 
pVHL Expression based on PDAC 
Clinicopathological Profile 

This study revealed no significant 
differences in pVHL expression related to the 
degree of differentiation, lymphovascular 
invasion, perineural invasion, surgical margin, 
pT and M stage, or survival in the PDAC group. 
The only significant differences were related to 
pN stage. The reduction in functional pVHL, an 
inhibitor of HIF, can lead to disinhibition of HIF 
and increased transcription of factors 
influencing angiogenesis and tumorigenesis. 
Therefore, pVHL expression should 
theoretically be reduced in tumors with higher 
grades and stages, which contradicts the 
findings of this research.8,9 While no other 
studies have linked pVHL expression to the 
clinicopathological profile in PDAC tumors, 
research on pVHL expression in renal clear cell 
carcinoma has shown that high pVHL 
expression protects against higher grades. 19 
The inconsistencies in pathological findings in 
this study may be attributed to the non-specific 
markers used.  

This study's limited sample size limits 
its diagnostic utility, as it only serves as a 
comparative expression study. Additionally, no 
previous studies compare pVHL antibody 
staining in PDAC clinicopathological profiles, 
requiring larger samples for establishing 
diagnostic value. Further research is needed to 
specifically study the expression of pVHL in 
each clinicopathological profile of PDAC. 
 
CONCLUSION 
 The levels of pVHL expression varied 
between PDAC and non-neoplastic pancreatic 
tissue. There were no differences in the 
clinicopathological profile of PDAC tumors, 
except for pN stage. Further research is needed 
to specifically study the expression of pVHL in 
each clinicopathological profile of PDAC. 
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