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Background : It has been well demonstrated that the overexpression of epidermal growth
factor receptor (EGFR) is associated with numerous gastrointestinal malignancies, including
gallbladder carcinoma. However, the cellular events that regulate EGFR in cancer cells have
not been fully elucidated. A novel negative regulator of EGFR that is referred to as EGFR
related protein (ERRP) has recently been identified. The aim of this study was to investigate
the expression and localization of ERRP in gallbladder carcinoma and to examine a possible
role for ERRP. Methods : We examined the immunohistochemical expressions of ERRP,
p53 and proliferating cell nuclear antigen labeling index (PCNA-LI) in formalin-fixed, paraffin-
embedded specimens of 43 cases of gallbladder carcinoma, 7 cases of adenoma and 3 cases
of dysplasia. Results : In the normal mucosa, ERRP immunoreactivity was positive in over
64% of specimens. In contrast, the ERRP staining was positive in only 46% of the cancer
specimens. The expression of ERRP in cancer cells was inversely correlated with tumor cell
proliferation. The loss of ERRP expression correlated with the p53 overexpression. Conclu-
sions : Our data indicate that the down-regulation or loss of ERRP could play an important
role in the progression of gallbladder carcinoma. The inverse relationship between the ERRP
expression and PCNA-LI suggests that ERRP may play a role in the inhibition of tumor cell
proliferation in gallbladder cancer.
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Epidermal growth factor receptor (EGFR) is a 170-kDa pro-
tein that consists of a cell membrane domain and a highly con-
served cytoplasmic tyrosine kinase domain. Binding of EGF or
transforming growth factor @ (TGF-@) to the receptor activates
intrinsic kinase activity, increases cytosolic calcium and ultimately
stimulates the proliferation and differentiation of both normal
and malignant cells."” The over-expression of EGFR with in-
creased tyrosine kinase activity has been associated with many
gastrointestinal malignancies, including gallbladder carcinoma.””’
A novel 1.95 kb ¢cDNA clone, referred to as EGFR related pro-
tein (ERRP) that shows 85-90% homology to the extracellular
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domain of EGFR, has recently been discovered.* Transfection of
the ERRP ¢DNA into the colon or prostate cancer cell lines inhib-
ited EGFR activation and it also decreased proliferation in matrix-
dependent and matrix-independent assays.' ERRP is a sectretory
protein and it may play a role in regulating gut epithelial differ-
entiation.” ERRP is considered as a negative regulator of EGFR
that exerts its inhibitory effect by attenuating EGFR activation."®
Our previous reports showed that the down-regulation or loss of
ERRP could play an important role in the differentiation and
progression of gastric and pancreatic cancer.”* However, the mech-
anism by which the loss of ERRP occurs remains unclear.
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Wild-type p53 is a tumor suppressor gene product that blocks
the progression of cells through the cell cycle.’ It has been shown
that p53 can either activate or suppress the activity of a number
of target genes. Wild-type p53 contributes to growth inhibition
by regulating, directly or indirectly, the expression of genes that
are required for ongoing proliferation.'” A mutation in the p33
gene often results in a prolonged half-life of the protein, com-
pared to the wild type, and in the loss of functions." The mutated
P53 protein tends to be accumulated in the cell nuclei and this
can be analyzed immunohistochemically. Therefore, positive
nuclear staining suggests mutated or overexpressed p53.

Carcinoma of the gallbladder is a malignancy that generally
has a poor prognosis. The increased expression and activation of
EGFR have been shown to be associated with the development
of gallbladder carcinoma.’ The precise biologic role of ERRP in
gallbladder carcinoma is unknown, although its inhibition of
cancer cell proliferation and attenuation of EGFR phosphoryla-
tion suggest a potential role in modulating the EGFR function.”®
In the present study, we analyzed the expression of ERRP in
gallbladder carcinoma tissues by using immunohistochemistry
to determine the localization of ERRP and to evaluate the poten-
tial role of ERRP in gallbladder carcinoma. In addition, we
examined the relationship between the overexpression of p53
and the expression of ERRP in gallbladder cancer.

MATERIALS AND METHODS
Materials

Both the Human Ethics Committee of Chonbuk National
University Medical School and the Human Studies Subcommit-
tee of the VA Medical Center, Long Beach, approved this study.
Forty-three cases of formalin-fixed, paraffin-embedded specimens
of gallbladder carcinoma tissue with the adjacent non-malignant
mucosa and 7 specimens of adenoma and 3 specimens of dyspla-
sia from surgically resected specimens were obtained from the
surgical pathology archives. There were 23 male patients and
30 female patients with their ages ranging from 45 to 88 years
(mean: 66.6 years). The histological type of gallbladder cancers
was determined according to the World Health Organization

classification."
Immunohistochemistry

For ERRP and p53 immunohistochemical stainings, the im-
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munoperoxidase method was used with the streptavidin-biotiny-
lated horseradish peroxidase complex (DAKO, Carpinteria, CA,
US.A). 4 pm thick sections were cut from the formalin-fixed
paraffin-embedded tissue blocks. After deparaffinization, they
were incubated in methanol that contained 0.3% hydrogen
peroxide at room temperature for 20 min to block the endoge-
nous peroxidase and the sections were treated with pepsin for
10 min at room temperature (for ERRP staining), and then they
were treated with a microwave antigen retrieval procedure in
0.01 M sodium citrate buffer for 10 min (for p53 immunostain-
ing). After blocking the endogenous biotin, the sections were
incubated with Protein Block Serum-Free media (DAKO, Car-
pinteria, CA) at room temperature for 10 min to block any non-
specific staining, and then they were incubated for 1 h at room
temperature with anti-ERRP antibody or anti-p53 antibody
(DAKO, Carpinteria, CA). Polyclonal antibodies to ERRP were
generated in rabbits against the “U” region of ERRP; this region
is comprised of 27 amino acids and it has no homology with
any known sequence in the current database." On western-blot
analysis, the antibodies reacted strongly with a 55 kD protein
that corresponds to the calculated molecular mass of ERRP, of
which the open reading frame is composed of 479 amino acids.
No cross reactivity of ERRP with EGFR or any of its family
members was noted.” After washing, the sections were incubated
with a biotin-conjugated secondary antibody at room tempera-
ture for 30 min and they were finally incubated with peroxidase
conjugated streptavidin at room temperature for 30 min. Perox-
idase activity was detected with the enzyme substrate 3 amino-
9-ethyl carbazole. Samples with immunopositivity at least 10%
of the tumor cells were defined as positive cases.

Proliferating cell nuclear antigen

To determine the relationship between the ERRP expression
and the proliferation activity of cancer cells, we performed dou-
bleimmuno staining for proliferating cell nuclear antigen (PCNA),
which is a nuclear antigen that is present only in proliferating
cells, using the Envision™ Doublestain System (DAKO, Carpin-
teria, CA). The tissue sections were deparaffinized and the slides
were treated with a microwave antigen retrieval procedure in
0.01 M sodium citrate buffer for 10 min (Envision™ Doublestain
System step 1). After quenching of the endogenous peroxidase
activity with peroxidase blocking reagent (DAKO, Carpinteria,
CA), the sections were incubated with the anti-PCNA antibody
(DAKO, Carpinteria, CA) for 1 h at room temperature (Envi-
sion™ Doublestain System step 2). The slides were rinsed with
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washing buffer and then incubated with labeled polymer-horse-
radish peroxidase-anti mouse and anti rabbit antibodies (Envi-
sion™ Doublestain System step 3) for 30 min at room temper-
ature. The peroxidase activity was detected with the enzyme
substrate 3,3’-diaminobenzidine tetrachloride (Envision™ Dou-
blestain System step 4). After quenching the enzyme reaction,
the slides were incubated in Doublestain Block (Envision™
Doublestain System step 5) at room temperature for 5 min to
block endogenous phosphatase. Thereafter, the slides were incu-
bated with anti-ERRP antibody for 1 h at room temperature
(Envision™ Doublestain System step 6). After washing, the slides
were incubated with labeled polymer-alkaline phosphatase-anti
mouse and anti rabbit antibody (Envision™ Doublestain Sys-
tem step 7) for 30 min at room temperature. Fast red solution
was used for the localization of the antibody. The sections were
counterstained with Mayer’s hematoxylin. To study the role of
ERRP in tumor cell proliferation, we calculated the PCNA pos-

itive cancer cells/ERRP negative cancer cells and the PCNA pos-
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itive cancer cells/ERRP positive cancer cells, respectively. The
PCNA labeling index (PCNA-LI) was defined as the percentage
of nuclei with positive PCNA staining.

Statistical analysis

The values are expressed as means ==SE. Student’s t-test was
used to determine the differences of PCNA-LI between the two
groups. The association between the expression of ERRP and
the p53 protein over-expression was tested for by the chi-square
test. A p value of <0.05 was considered statistically significant.

RESULTS

Forty-three gallbladder cancer specimens included 8 cases of
carcinoma in situ, 29 cases of invasive adenocarcinomas, 2 cases

of clear cell adenocarcinomas, 2 cases of adenosquamous carcinomas,

Fig. 1. (A) Representative ERRP staining in adenoma. Aadenoma cells showed strong,
intracytoplasic, dot-like immunoreactivity. (B, C) Representative ERRP staining in gall-
bladder cancer specimens. (B) There is an abrupt disappearance of ERRP expression
in cancer cells (arrow). (C) Infiltrating poorly differentiated carcinoma cells (arrows) did
not show any immunoreactivity. Note the expression of ERRP in normal surface mucos-
al cells. (D, E) ERRP expression patterns in gallbladder carcinoma specimen. Tumor
cells showed intense membrane and/or cytoplasmic and membrane immunoreactivity.
(F, G) Double immunostaining of ERRP and PCNA. (F) Only ERRP negative cancer cells

showed nuclear PCNA staining (arrows). Note the ERRP positive normal cells (red sig-
nals) did not show immunoreactivity for PCNA. (G) ERRP positive carcinoma cells (arrows, red signals) are distinguished from adjacent
PCNA positive carcinoma cells (arrowheads), which showed faint or negative staining for ERRP.
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1 case of mucinous adenocarcinoma and 1 case of signet ring cell
carcinoma. According to the tumor cell differentiation, 14 cases
were grade I, 19 cases were grade IT and 4 cases were grade IIL
ERRP expression was detected in 29 (64%) of 45 non-tumorous
mucosa areas. The ERRP expression was exclusively confined to
the epithelial cells, and it was absent in the mesenchymal cells.
In the normal mucosa, distinct perinuclear, cytoplasmic, dot-like
ERRP expression was present in the supetficial epithelium and
in some glandular cells. The expression of ERRP was detected
in 4 (57%) of 7 adenomas and 2 (67%) of 3 dysplasia samples
in a distinct perinuclear staining pattern that was restricted to
the cytoplasm of the epithelial cells. ERRP expressions in ade-
noma and dysplasia were stronger in intensity than those in the
normal mucosa (Fig. 1A). In the gallbladder carcinoma, there
was a marked loss of ERRP staining throughout the tumor (Fig.
1B, C). Only 20 (46%) of 43 carcinoma specimens showed posi-
tive staining and many of these positive specimens showed only
a focal reaction. In the ERRP positive cancer specimens, two
staining patterns were present in the cancer cells; one was strong
staining of the cell membranous, and the other was dense mem-
branous and cytoplasmic staining with a loss of the polarized
distribution pattern that was present in the normal mucosa. Some
of tumor cells revealed the luminal surface expression of ERRP,
and this suggested secretory activity (Fig. 1D, E).

Double immunostaining for ERRP and PCNA showed that
the expression of ERRP was negatively correlated with the PCNA
expression. The ERRP positive carcinoma cells exhibited only
a very faint or no PCNA immunoreactivity. This pattern cleatly
distinguished the ERRP positive cells from the adjacent PCNA
positive cells (Fig. 1E, G). The PCNA-LI was significantly lower
in the ERRP positive cells (24.2 +1.4%) than in the ERRP neg-
ative cells (49.7 £2.6%) (p<0.001).

P33 overexpression was observed in 33 (76%) of 43 cancers.
The staining was nuclear in all the positive cases. One (14%) of 7
adenomas and 1 (33%) of 3 dysplasia specimens showed p53
over-expression. There was a significant correlation between the
loss of ERRP expression and p53 overexpression in the 53 gall-
bladder specimens that were examined (Table 1) (p=0.015).
Table 1. Relationship between expressions of ERRP and p53

in 43 cases of carcinoma, 7 cases of adenoma and 3 cases of
dysplasia of the gallbladder

ERRP expression p53 positive  p53 negative Total
Positive 13 13 26
Negative 22 5 27
Total 35 18 53

ERRP, epidermal growth factor receptor related protein.
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DISCUSSION

This study demonstrated for the first time that (1) ERRP is
down regulated in gallbladder carcinoma, (2) there is a clear
spatial difference of ERRP immunoreactivity between in the
normal cells, where it was localized to the cytoplasm as a perin-
uclear, dot-like pattern, and in the cancer cells, where strong
membrane and/or cytoplasmic staining was observed, (3) the
expression of ERRP in cancer cells is inversely correlated with
cancer cell proliferation, and (4) the loss of ERRP expression is
significantly correlated with p53 overexpression. These data
indicate that the loss of ERRP expression could play an impor-
tant role in the progtession of gallbladder cancer.

Double immunostaining for ERRP and PCNA in the normal
mucosa showed that the ERRP positive cells exhibited only a
vety faint or no PCNA immunoreactivity. These findings sug-
gest that ERRP may be constitutively expressed at a low level
in normal resting cells and it has an anti-proliferative role in the
normal physiologic condition. We demonstrated that there were
some enhancement of the ERRP signal in the adenoma and dys-
plasia specimens, and that the loss of ERRP expression correlated
with the development of gallbladder carcinoma. The observed
increase of cytoplasmic ERRP staining in some of the adenoma
and dysplasia specimens suggests that this is an early change in
the transition to the neoplastic process. The exact function of
cytoplasmic ERRP in the non-malignant cells remains to be
elucidated.

Previous reports have demonstrated that the ERRP levels sub-
stantially increased in a time dependent fashion during the dif-
ferentiation of Caco-2 cells.” Similarly, ERRP expression corre-
lated with the differentiation of pancreatic and gastric adenoca-
cinoma.”™ Our recent study demonstrated that the expression
of ERRP in hepatocellular carcinoma cells was inversely corre-
lated with the proliferation activity and tumor size."” These obser-
vations support the hypothesis that ERRP is an important deter-
minant of epithelial cancer differentiation and development.

We demonstrated the increased signal and strong membra-
nous staining pattern of ERRP in the ERRP positive carcino-
ma specimens, where it was localized to the cytoplasm as perin-
uclear staining in the non-tumorous cells. The significance of
the change of ERRP localization to the membrane in carcinoma
cells is uncertain. Three splice variants of the EGFR gene that
encode the extracellular domain of the receptor have been iso-
lated."™" Accumulating evidences have indicated that the trun-
cated EGFR containing the EGFR-binding site, but not the
kinase domain, is associated with an inhibition of cancer cell
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growth,"" and the regulation of EGFR kinase may be due to
the specific interaction with the ligand-binding domain of the
EGF receptor kinase." Transfection of ERRP cDNA into colon
or prostate cancer cell lines not only inhibited EGFR activation,
but it also significantly decreased the proliferation of cancer cells."
Moreovet, we reported that the EGF-induced activation of EGFR
in gastric cancer cells was markedly inhibited by affinity puri-
fied ERRP” In the present study, we found an intense selective
membrane ERRP staining pattern in carcinoma cells, and that
these ERRP positive cancer cells had significantly decreased
PCNA-LI compared to the ERRP negative cancer cells. Although
the ERRP is not the product of the primary EGFR transcript,
it showed 85-90% homology to the extracellular domain of
EGFR." Considering that the functional form of EGFR could be
localized on the plasma membrane, the enhanced expression of
immunoreactive ERRP on the surface of tumor cells demonstrat-
ed a possible role of ERRP in the negative regulation of EGFR
activation as well as in tumor cell proliferation. Taken together,
these data suggest two possible mechanisms regarding the inhi-
bition of phosphorylation of EGFR by ERRP. If ERRP is capa-
ble of binding to ligands, it can modulate the activity of the
transmembrane receptor by binding to other ligands.” Regard-
less of the ligand-binding ability, ERRP may form an inactive
heterodimer with EGFR and it may inhibit the phosphorylation
of EGFR. Indeed, a soluble EGFR from A431 cells has been
demonstrated to inhibit the tyrosine kinase activity of the trans-
membrane receptor through the direct interaction of the solu-
ble receptor with the EGFR."" Our recent study demonstrated
that reduced EGFR phosphorylation was partly due to the seques-
tration of EGFR ligands by ERRP, which resulted in the forma-
tion of inactive heterodimers with EGFR, and this further sup-
ports our contention.” However, the exact mechanism by which
ERRP inhibits EGFR activation remains to be elucidated.

p53 is the most frequently mutated gene in human cancer,
including gallbladder cancer.”* Tumor suppressor p53 is a nuclear
transcription factor that blocks cell cycle progression and induces
apoptosis. p53 mutation leads to the inactivation of p53 func-
tion through the abolition of p53-specific DNA binding and
transactivation. Loss of its function appears to confer selective
advantages to cells via deregulated growth and resistance to cell
death.”* In the present study, the loss of ERRP expression was
significantly related to p53 overexpression. Previous studies
have indicated significant positive correlation between PCNA-
LI and p53 immunoreactivity in gastrointestinal cancer tissue.”*
A mutation in the p53 gene often results in a prolonged half-life
of the protein. Therefore, the positive nuclear immunoreactivity
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suggests mutated or overexpressed p53. These findings suggest
that the expression loss of ERRP, a novel negative regulator of
EGFR, could partly be the result of p53 mutation.

In conclusion, our data indicate that the down-regulation of
ERRP is associated with the development of gallbladder carci-
noma. The inverse relation between ERRP expression and PCNA-
LI suggests that ERRP may play a role in the inhibition of tumor
cell proliferation. The correlation between p53 overexpression,
as detected by immunohistochemistry, and the loss of ERRP
expression suggests that p53 mutation may be partly responsi-
ble for the loss of ERRP expression in gallbladder carcinoma.

REFERENCES

1. Prigent SA, Lemoine NR. The type I (EGFR-related) family of growth
factor receptors and their ligands. Prog Growth Factor Res 1992; 4:
1-24.

2.Barnard JA, Beauchamp RD, Russell WE, Dubois RN, Coffey RJ.
Epidermal growth factor-related peptides and their relevance to
gastrointestinal pathophysiology. Gastroenterology 1995; 108: 564-
80.

3. Lee CS, Pirdas A. Epidermal growth factor receptor immunoreac-
tivity in gallbladder and extrahepatic biliary tract tumours. Pathol
Res Pract 1995; 191: 1087-91.

4. YuY, Rishi AK, Turner JR, et al. Cloning of a novel EGFR-related pep-
tide: a putative negative regulator of EGFR. Am J Physiol Cell Physiol
2001; 280: 1083-9.

5. Rizk MK, Finkenauer R, Nagothu KK, Basson MD, Majumdar APN.
Differentiation-dependent expression of EGFR related protein (ERRP)
in Caco-2 cells and colonic and pancreatic cancers. Gastroenterolo-
gy 2002; 122: S921.

6. Marciniak DJ, Moragoda L, Mohammad RM, et al. Epidermal growth
factor receptor-related protein: a potential therapeutic agent for col-
orectal cancer. Gastroenterology 2003; 124: 1337-47.

7.Moon WS, Tarnawski AS, Chai ], Yang JT, Majumdar AP. Reduced
expression of epidermal growth factor receptor related protein in
gastric cancer. Gut 2005; 54: 201-6.

8.Feng J, Adsay NV, Kruger M, et al. Expression of ERRP in normal
and neoplastic pancreas and its relationship to clinicopathological
parameters in pancreatic adenocarcinoma. Pancreas 2002; 25: 342-9.

9. Oren M. p53: the ultimate tumor suppressor gene? FASEB J 1992; 6
3169-76.

10. Ginsberg D, Mechta F, Yaniv M, Oren M. Wild-type p53 can down-
modulate the activity of various promoters. Proc Natl Acad Sci USA
1991; 88: 9979-83.



390

11. Zambetti GP, Levine AJ. A comparison of the biological activities
of wild-type and mutant p53. FASEB ] 1993; 7: 855-65.

12. Hamilton SR, Aaltonen LA. Pathology and genetics of tumours of
the digestive system. In: World Health Organization Classification
of Tumours, IARC Press, Lyon 2000.

13. Moon WS, Chang KJ, Majumdar AP, Tarnawski AS. Reduced expres-
sion of epidermal growth factor receptor-related protein in hepato-
cellular carcinoma: implications for cancer growth. Digestion 2004;
69:219-24.

14. Petch LA, Harris ], Raymond VW, Blasband A, Lee DC, Earp HS.
A truncated, secreted form of the epidermal growth factor receptor
is encoded by an alternatively spliced transcript in normal rat tissue.
Mol Cell Biol 1990; 10: 2973-82.

15. Reiter JL, Maihle NJ. A 1.8 kb alternative transcript from the human
epidermal growth factor receptor gene encodes a truncated form of
the receptor. Nucleic Acids Res 1996; 24: 4050-6.

16. Ullrich A, Coussens L, Hayflick JS, et al. Human epidermal growth
factor receptor cDNA sequence and aberrant expression of the ampli-
fied gene in A431 epidermoid carcinoma cells. Nature 1984; 309: 418-
25.

Ho Sung Park - Kyu Yun Jang - Kyung Ryoul Kim, et al.

17. Wagner M, Cao T, Lopez ME, et al. Expression of a truncated EGF
receptor is associated with inhibition of pancreatic cancer cell growth
and enhanced sensitivity to cisplatinum. Int ] Cancer 1996; 68: 782-7.

18.Basu A, Raghunath M, Bishayee S, Das M. inhibition of tyrosine
kinase activity of the epidermal growth factor (EGF) receptor by a
truncated receptor form that binds to EGF: role for interreceptor
interaction in kinase regulation. Mol Cell Biol 1989; 9: 671-7.

19. Teh M, Wee A, Raju GC. An immunohistochemical study of p53
protein in gallbladder and extrahepatic bile duct/ampullary carci-
nomas. Cancer 1994; 74: 1542-5.

20. Graeber TG, Osmanian C, Jacks T, ef al. Hypoxia-mediated selection
of cells with diminished apoptotic potential in solid tumours. Nature
1996; 379: 88-91.

21.Toachim E, Goussia A, Stefanou D, Agnantis NJ. Expression of p53
protein in gastric cancer: an immunohistochemical study with cor-
relation to proliferative activity. Anticancer Res 1997; 17: 513-7.

22. Barletta A, Marzullo F, Pellecchia A, ef al. DNA flow cytometry, p53
levels and proliferative cell nuclear antigen in human colon dysplas-
tic, precancerous and cancerous tissues. Anticancer Res 1998; 18: 1677-
82.



