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Background : Our aim was to undertake a comprehensive analysis of the expression of key
molecular markers in a series of pancreatic ductal adenocarcinomas and to determine their
association with clinicopathologic variables. Methods : By using immunohistochemical stain-
ing, we examined the expressions of five tumor suppressor genes (p53, p21WAF1, p16, Rb,
Smad4) and a growth factor receptor (c-erbB-2) in 52 surgically resected pancreatic ductal
adenocarcinomas. Results : Abnormal nuclear overexpression of p53 was noted in 28/52
(53.8%) cases. Total loss of p21WAF1, p16, Rb, and Smad4 was detected in 15/52 (28.8%),
33/52 (63.5%), 4/52 (7.7%), and 26/52 (50%) cases, respectively. Overexpression of c-erbB-
2 was noted in 21/52 (40.4%) cases. Forty-nine (94.2%) cases revealed aberration of at least
one of the markers examined. There was a positive correlation between p53 and c-erbB-2
overexpression (p<0.05). Among the examined genes, overexpression of c-erbB-2 was
found to have a positive relationship with the tumor stage (p<0.05). There was also a signifi-
cant correlation between the histologic grade and the number of abnormally expressed
genes per tumor (p<0.05). Conclusion : Among the various tumor-associated proteins eval-
uated in this study, c-erbB-2 could have the most likely clinical implication.
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INTRODUCTION

Pancreatic ductal adenocarcinoma is one of the most common
causes of cancer death worldwide and in Korea.1,2 It is associated
with a median survival period of 4-6 months and 90% mortali-
ty within one year. The lack of methods of early detection and
the limited effects of surgical intervention and adjuvant therapy
contributed to the high mortality rate.1

It is a common view that cancers arise as the result of an accu-
mulation of damages in the critical regulatory genes, and there-
fore, improved knowledge and understanding of these alterations
would enhance our ability to diagnose and manage human tumors.
In pancreatic cancer, genetic alterations such as K-ras and p53
mutations, and p16 and Smad4 loss has been reported to be the
most common events.3 However, there have been only a limited
number of studies examining comprehensive evaluations of alter-
ations in cancer-associated genes.4-7

p53, p21WAF1, p16, and Rb are regulators of the cell cycle.
They participate in G1-S restriction, one of the important steps
abrogated in malignant human neoplasms.8 Smad4 is one of the

most important downstream components of transforming growth
factor- (TGF- ) signaling pathway and is inactivated frequent-
ly in pancreatic cancers.9 c-erbB-2 is a proto-oncogene that is close-
ly related to the epidermal growth factor receptor and has been
found to be amplified and overexpressed in a number of human
adenocarcinomas.10

In this study, we performed a comprehensive immunohisto-
chemical evaluation of above six proteins in 52 surgically resect-
ed pancreatic ductal adenocarcinomas, and searched for any rel-
evant clinicopathologic correlations.

MATERIALS AND METHODS

Tissue Samples

The pancreatic resection samples from 52 patients with patho-
logically defined pancreatic ductal adenocarcinomas were ana-
lyzed. The samples were collected by Seoul National University
Hospital and Inje University Seoul Paik Hospital from 1990 to
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1999. All tissues were routinely fixed in 10% buffered formalin
and embedded in paraffin blocks.

Immunohistochemistry

Core tissue biopsies (2 mm in diameter) were taken from indi-
vidual paraffin-embedded pancreatic tissues (donor blocks) and

arranged in a new recipient paraffin block (tissue array block) using
a trephin apparatus (Superbiochips Laboratories, Seoul, Korea).
The resulting tissue array block (SFH-CM1) contained 52 carci-
nomas and 5 nonneoplastic pancreatic tissue cores with more than
one ductal structure. Four-micrometer thick sections of the tissue
array block were subjected to immunohistochemical study. After
the deparaffin and antigenic retrieval processes, the slides were

Fig. 1. Representative photomicrographs of the immunohistochemical staining for p53 (A) and c-erbB-2 (B) in pancreatic ductal adeno-
carcinomas. Tumor cells demonstrate nuclear overexpression of p53 (A) and membranous overexpression of c-erbB-2 (B). Representa-
tive photomicrographs for p21WAF1 (C&D), p16 (E&F), Rb (G&H) and Smad4 (I&J): p21WAF1, p16 and Rb are expressed in tumor cell nuclei
(C, E&G) or lost (D, F&H). (Fig. 1. continued next)
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labeled with a monoclonal antibody to p53 (clone DO-7, 1:100),
p21WAF1 (clone F-5, 1:50), p16 (clone F-12, 1:1,000), Rb (clone
IF8, 1:100), Smad4 (clone B-8, 1:100) or a polyclonal antibody to
c-erbB-2 (1:100). p53 and c-erbB-2 were purchased from DAKO
(Denmark); and p21WAF1, p16, Rb and Smad4 were purchased
from Santa Cruz Biotechnology (CA, U.S.A.). The catalyzed sig-
nal amplification system (K1500, DAKO, CA, U.S.A.) was used
for the p16 protein labeling to gain an intensifying effect. Label-

ing was detected using the avidin-biotin complex (ABC) method.
Either 3,3、-diaminobenzidine (DAB) (for p53, p21WAF1, Rb
and c-erbB-2) or 3-amino-9-ethylcarbazole (AEC) (for p16 and
Smad4) was used as chromogen. Normal saline was used as a sub-
stitute for the primary antibody for the negative control reaction.

For p53, nuclear staining in 30% or more of the tumor cells was
counted as positive. Any tumor area of uniform nuclear staining
in over 5% of the tumor cells (for p21WAF1, p16 and Rb) and

Fig. 1. (Continued from the previous page) Representative photomicrographs for p21WAF1 (C&D), p16 (E&F), Rb (G&H) and Smad4 (I& J):
p21WAF1, p16 and Rb are expressed in tumor cell nuclei (C, E&G) or lost (D, F&H).
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cytoplasmic labeling with or without nuclear labeling (for Smad4)
were considered positive. c-erbB-2 overexpression was accounted
for when more than 10% of the tumors cells revealed discrete
membranous staining.

Statistical Analysis

Categorical variables were compared using the chi-square test,
and analyzed with SPSS statistical software V9.0 (SPSS inc., Chica-
go, IL, U.S.A.). A p value of less than 0.05 was considered to be
statistically significant.

RESULTS

Immunohistochemical staining for p53, p21WAF1, p16, Rb,
Smad4 and c-erbB-2

Abnormal nuclear overexpression of p53 was noted in 28 of 52
cases (53.8%) (Fig. 1A), while the nonneoplastic stromal cells and
pancreatic tissues were wholly negative. c-erbB-2 overexpression
was demonstrated in 21 of 52 cases (40.4%) (Fig.1B). The non-
tumorous tissue was negative or revealed occasional weak positiv-
ity in perinuclear cytoplasm (not presented). Loss of p21WAF1,
p16, Rb and Smad4 were 15 (28.8%), 33 (63.5%), 4 (7.7%), and
26 (50%) of 52 cases, respectively (Fig. 1C-J), in contrast to the

weak but intact expression of the background nonneoplastic pan-
creatic tissue. There was a statistically significant positive corre-
lation between p53 and c-erbB-2 overexpression (p<0.05) (Table
1). Forty-nine (94.2%) cases revealed aberration of at least one of
the markers examined. The numbers of abnormally expressed
genes per case were as follows: 4 in 7 cases, 3 in 23 cases, 2 in 11
cases, and 1 in 8 cases. The mean altered genes per case were 2.44.

Analysis with clinicopathologic parameters

Of the 52 cases in this study, 15 were women and 37 were men,
and their ages ranged from 37 to 72 years (mean, 57.9 years). The
tumor was located in the right side of the pancreas in 46 cases and
in the left side in 6 cases. The mean tumor diameter was 4.1±
1.7 cm (1.5 to 8.5 cm). Histologically, 14 cases (26.9%) were well
differentiated, 28 cases (53.8%) were moderately differentiated
and 10 cases (19.2%) were poorly differentiated adenocarcinomas.
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Fig. 1. (Continued from the previous page) Smad4 is detected in the cytoplasm and the nucleus of tumor cells (I), while it is totally lost in
some cases (J).
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p=0.036 by chi-square test.

+

p53 overexpression

-
Total

c-erbB-2 + 15 6 21
overexpression - 13 18 31
Total 28 24 52

Table 1. Correlation between p53 and c-erbB-2 overexpres-
sion in pancreatic ductal adenocarcinomas



The surgical margins were determined as free in 36 cases (69.2%)
and tumor positive in 16 cases (30.8%). According to the cancer
staging system,11 there were no case of T1, 4 cases (7.7%) of T2,
44 cases (84.6%) of T3, and 4 cases (7.7%) of T4, respectively.
The regional lymph nodes were N0 in 19 cases (36.5%), N1a in
15 cases (28.8%), and N1b in 18 cases (34.6%). There were no
cases with distant metastasis at the time of the surgery. The over-
all stages were I in 3 cases (5.8%), II in 16 cases (30.8%), III in
29 cases (55.8%) and IVa in 4 cases (7.7%).

There was a statistically significant positive correlation between
c-erbB-2 overxpression and T stage of the carcinoma (p<0.05), and
borderline significance of c-erbB-2 overexpression with tumor size
(p=0.06), N stage (p=0.05), and overall stage (p=0.09) (Table 2).

There was also a significant correlation between the histologic
grade and the number of abnormally expressed genes per tumor.
The high-altered group of pancreatic adenocarcinoma (alterations
in 2 to 4 of the genes per case) had high histologic grade compared
to the low altered group (alteration of one or no gene) (p<0.05)
(Table 3).

DISCUSSION

We analyzed a series of pancreatic ductal adenocarcinomas im-
munohistochemically for p53, p21WAF1, p16, Rb, Smad4 and
c-rebB-2 and tried to find the clinicopathologic importance of
the abnormal expresson of the genes.

p53 is a nuclear binding protein that acts as a G1/S check-
point, and it also plays a role in the induction of apoptosis. It is
mutated in over 50% of human malignancies, mostly through
missense mutation that can be detected as an immunohistochem-

ical overexpression.12 In this study, the aberrant expression of p53
was noted in 53.8% of the cases in keeping with previous reports
of 41 to 76%.4-7,13,14 The cut-off value of 30% nuclear labeling was
according to the previous study which has demonstrated the best
correlation of immmunohistochemical staining with the genetic
status of the p53.15

p21WAF1, an inhibitor of cyclin-dependent kinases (cdks), has
been investigated in several previous studies, which has shown a
variable rate of p21WAF1 alteration (less than 10% to 60%) in
the pancreatic ductal adenocarcinoma.4,6,7,16 In our study, loss of
p21WAF1 was demonstrated in 28.8% of cases.

Loss of p16 has been proposed to be one of the most frequent
genetic alterations in pancreatic cancer and its loss of expression
by allelic deletion, intragenic mutation or promoter hypermethy-
lation has been reported in over 80%.5,7,17 Its loss was found in
63.5% of the cases in our study. The figure is slightly lower than
those of the previous reports. We believe the difference might be
partly due to the application of the catalyzed signal amplification
system in the present study. The possibility of an over-intensify-
ing effect existed, although the system enabled us to interpret p16
staining easily.

Rb is the gatekeeper of G1-S cell cycle control, and a few pre-
vious studies reported a low rate of alterations (less than 5%) in
pancreatic cancer.17,18 In this study, its loss of expression was noted
in 7.7% of the examined cases, which suggested the limited role
of Rb loss in pancreatic cancer.

Smad4, a tumor suppressor gene on the long arm of chromo-
some 18, encodes a DNA binding protein that is a downstream
component of the TGF- pathway, and its alteration has been
reported to be -55% of pancreatic adenocarcinomas.9,19 In the pre-
sent study 50% of the examined carcinoma showed loss of Smad4
expression, which was comparable to the previous reports.

Overexpression of c-erbB-2 was noted in 40.4% of the cases and
also was similar to those reported in the previous studies (33 to
58%).7,20-22
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p=0.033 by chi-square test. W/D: well differentiated, M/D: moderately
differentiated, P/D: poorly differentiated.

Histologic
Grade 0 or 1

Number of abnormally expressed genes/tumor

2 to 4
Total

W/D 6 8 14
M/D 5 23 28
P/D 0 10 10
Total 11 41 52

Table 3. Correlation between the number of abnormally expressed
genes per tumor and histologic grade in pancreatic ductal ade-
nocarcinomas

Clinicopathologic
parameters +

c-erbB-2 overexpression

-
p value

Tumor 3.5≥ 6 17 0.061
Size (cm) >3.5 15 14

T stage T2 1 3 0.037
T3 16 28
T4 4 0

N stage N0 7 12 0.052
N1a 3 12
N1b 11 7

Overall I 1 2 0.086
Stage II 5 11

III 11 18
IV 4 0

Table 2. Correlation between c-erbB-2 overexpression and
clinicopathologic parameters



There was a positive correlation between p53 and c-erbB-2
overexpression in our study. The exact mechanism implicated in
this correlation cannot be clearly defined. However, a recent report
on the selective role of c-erbB-2 overexpression phenotype for the
survival of cells with p53 mutation could partly explain the asso-
ciation between p53 and c-erbB-2 during carcinogenesis.23

Forty-nine out of 52 cases of pancreatic ductal adenocarcinoma
in this study revealed aberrations of at least one of the markers
examined, and the mean altered genes per case were 2.44. More-
over, four (p53, p16, Smad4 and c-erbB-2) of the markers showed
alteration rates of more than 40%. This high prevalence of alter-
ations in several genes might reflect the aggressive behavior of
pancreatic ductal adenocarcinoma, although more generalized
data in other human tumor types are needed.

We also showed the correlation between the microscopic dif-
ferentiation and the number of altered expression of genes per
tumor. It can be postulated that the alteration of the examined
genes might accumulates during the dedifferentiation process of
carcinoma.

In our study, c-erbB-2 was the only marker that correlated with
the tumor stage. Several previous studies discussed the prognos-
tic importance of c-erbB-2 overexpression in pancreatic adenocar-
cinoma,20-22 and thus, it could be the most probable marker hav-
ing clinical implications. A recent study with large scale survival
analysis on the resected pancreatic adenocarcinoma reported the
significant survival advantage in Smad4 positive cases.19 Further
clinicopathologic analysis is warranted in order to find an the
accurate marker that most influences survival.
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