Regulators of Apoptosis in Cholangiocarcinoma
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® Context—Dysregulation of mediators of apoptosis is as-
sociated with carcinogenesis. For biliary duct cancers, p53
gene mutation is an important contributor to carcinogen-
esis. Mutations in the p53 gene affect transcription of the
Fas gene, resulting in lack of Fas expression on cell mem-
brane. It has been previously shown that cloned Fas-neg-
ative but not Fas-positive human cholangiocarcinoma cells
are resistant to anti-Fas-mediated apoptosis and develop
tumors in nude mice. In addition, interferon gamma in-
duces Fas expression in Fas-negative cholangiocarcinoma
cells and makes them susceptible to apoptosis. Therefore,
it becomes important to characterize immunophenotypic
expression of p53 and Fas in normal and neoplastic human
tissues of the biliary tract to further understand the path-
ogenesis of the disease. To date, human studies to charac-
terize differences in immunophenotypic expression of the
Fas protein between intrahepatic and extrahepatic biliary
duct cancers and in their precursor lesions have not been
performed.

Objective.—To report the immunophenotypic expres-
sion of p53 and Fas expression in various stages in the de-
velopment of bile duct cancers (intrahepatic and extrahe-
patic tumor location) and their association with tumor dif-
ferentiation.

Carcinomas that arise from the biliary duct epithelium
are rare. Intrahepatic bile duct cancers are commonly
referred to as cholangiocarcinoma, whereas the extrahe-
patic tumor location is referred to as extrahepatic bile duct
carcinoma. Intrahepatic cholangiocarcinoma demonstrates
marked geographic variation in its incidence,'? etiopatho-
genesis,! and genetic expression.2® Such a variation is not
observed with bile duct cancers that arise in the extrahe-
patic biliary tree.* Dysplasia is an intermediate step in the
development of biliary tract cancer.>” Understanding the
underlying molecular phenotypic expression of biomark-
ers may provide an additional clue to the pathogenesis of
biliary duct cancers, predictive prognostic markers, and
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Design.—Thirty bile duct cancer samples (13 intrahe-
patic and 17 extrahepatic) from 18 men and 12 women
who ranged in age from 44 to 77 years (mean age, 65.6
years) were retrieved from the surgical pathology files. He-
matoxylin-eosin-stained slides were evaluated for the type
and grade of tumor and dysplastic changes in the biliary
tract epithelium. Additional slides were immunohistochem-
ically stained with p53 and anti-Fas mouse monoclonal
antibody. The pattern of Fas distribution and percentage of
cells positive for p53 and Fas expression were determined.

Results.—The percentage of Fas-expressing cells is sig-
nificantly (P = .01) more frequently noted in extrahepatic
tumors compared with intrahepatic tumors. Furthermore,
Fas expression decreased from dysplastic epithelium to
cholangiocarcinoma (P = .01), and this decreasing trend
continued from well to poorly differentiated tumors. Nu-
clear p53 expression was not identified in normal and dys-
plastic epithelium but was noted in 30% of carcinomas (P
= .02).

Conclusion.—Fas expression is an early event in patho-
genesis of bile duct cancers. Immunophenotypic expres-
sion of Fas is associated with well to moderately differen-
tiated tumors but not with poor tumor differentiation.

(Arch Pathol Lab Med. 2005;129:481-486)

molecular markers that may serve as potential therapeutic
targets.

In many tumors, dysregulation of apoptosis plays a ma-
jor role in pathogenesis of tumor development. Apoptosis
is an active process initiated by either external or internal
stimuli that results in a cascade of events that lead to even-
tual cell death.5° Genetic and immunophenotypic abnor-
malities in p53 in cholangiocarcinoma have been previ-
ously investigated.""” These results have provided mixed
results. Mixed results in the literature for association of
p53 in the development of biliary duct carcinomas may be
a reflection of many factors, including the location of sam-
ples obtained from the biliary tree, sample processing, and
underlying genetic variation in geographic regions.>!11415
It is also noted that mutation in the p53 gene may affect
transcription of the Fas gene.'®

In recent years, the role of the Fas/Fas ligand (Fas/FasL)
apoptotic signaling pathway in carcinogenesis has been
increasingly investigated.'%*2* Fas (CD95/APO-1) is a cell
surface membrane receptor of the tumor necrosis factor
superfamily present on many epithelial cells. Binding of
FasL to Fas trimerizes the intracellular domain of Fas
(death domain) that attaches to adapter intracellular pro-
teins (FADD/MORT1) and activates caspases that execute
the process of apoptosis.®® Expression of Fas on the cell
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surface is necessary to initiate apoptosis. Its absence, how-
ever, may allow continuous proliferation of genetically un-
stable cells that may undergo malignant transformation.

Only a few studies have examined the role of Fas in
cholangiocarcinogenesis.?2?#2¢ Qur in vitro experiments
have demonstrated that only cloned Fas-positive human
cholangiocarcinoma cells are susceptible to anti-Fas-me-
diated apoptosis.?? It is also noted that Fas-negative but
not Fas-positive cloned human cholangiocarcinoma cells
induce tumor development in nude mice.?? Furthermore,
it is also noted that tamoxifen, a known anticancer agent,
and interferon gamma can induce tumor regression in xe-
nograft models developed from cloned Fas-negative hu-
man cholangiocarcinoma cells.?2¢ Clearly, these studies
show that Fas expression is a key determinant of cholan-
giocarcinogenesis. These studies also make a compelling
case that Fas expression in cholangiocarcinoma can serve
as a potential molecular target for treatment of cholangio-
carcinoma. The aforementioned studies therefore suggest
that the next important logical step would be to undertake
translational studies to examine molecular events associ-
ated with various stages in the development of human bile
duct carcinomas.

The objective of the present study was to characterize
immunophenotypic expression of p53 and Fas in the nor-
mal biliary epithelium, biliary tract dysplasia, and bile
duct carcinoma (intrahepatic and extrahepatic). Further-
more, this study was undertaken to determine the pattern
and association of Fas expression with tumor differentia-
tion in intrahepatic cholangiocarcinoma and extrahepatic
bile duct carcinomas.

MATERIALS AND METHODS

Surgical pathology samples from 30 bile duct cancers (13 in-
trahepatic and 17 extrahepatic) from 18 men and 12 women who
ranged in age from 44 to 77 years (mean age, 65.6 years) were
obtained from the surgical pathology files of 2 major tertiary care
institutions. Formalin-fixed, paraffin-embedded, hematoxylin-eo-
sin—stained sections were reviewed, and histologic type and tu-
mor grade were further characterized based on their growth pat-
tern and degree of cellular anaplasia based on the recently pub-
lished criteria.>* The tumor staging was also determined at the
time of surgical resection based on the AJCC Cancer Staging Man-
ual.® In addition, adjacent normal and dysplastic tissues were
also examined histologically from the same patient sample.

The sections were then immunohistochemically stained with
mouse monoclonal antibody against Fas (CD95/APO-1) using
the following protocol. Tissue sections were deparaffinized in xy-
lene, rehydrated through decreasing concentrations of alcohol
ending in phosphate-buffered saline (PBS), and placed in pro-
teinase K. The sections were quenched with 3% hydrogen per-
oxidase, incubated with protein block (Dako Corporation, Car-
pinteria, Calif) for 15 minutes at room temperature, and washed
in PBS. Tissues were then incubated with mouse anti-Fas anti-
body (clone, APO-1; dilution, 1:10; incubation, 80 minutes at
room temperature; Dako). Finally, sections were washed in PBS
with 0.05% Tween 20 (pH 7.4), and the bound antibody was de-
tected using streptavidin and biotinylated secondary antibody
reacted with diaminobenzidine as chromogen. Sections were
counterstained with hematoxylin, dehydrated, and mounted.
Negative controls were sections treated as described herein, but
instead of incubation with the primary antibody they were in-
cubated with 1% bovine serum albumin and PBS. The pattern of
immunoreactivity for Fas was noted and was considered positive
when membrane staining was identified. For purposes of evalu-
ation, staining in greater than 10% of cells was considered posi-
tive.

Immunohistochemical analysis for p53 was performed using
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the following protocol. Tissue sections were deparaffinized in xy-
lene and rehydrated through decreasing concentrations of alco-
hol, ending in PBS. Sections were then incubated with the anti-
p53 monoclonal antibody BP53 (clone, 12-1; dilution, 1:40;
BioGenex, San Ramon, Calif) for 1 hour at room temperature, and
preimmune rabbit serum was used to test for nonspecific staining
and reactivity of the secondary detection system with the tissue.
The bound primary antibody was detected using streptavidin
and biotinylated secondary antibody using the BioGenex super-
sensitive detection kit and then reacted with diaminobenzidine
as chromogen. Sections were counterstained with hematoxylin,
dehydrated, and mounted. Only those tumor cells with distinct
nuclear immunostaining for p53 in at least 10% of cells were
considered as stain positive.

Wilcoxon 2-sample tests and the x? test were performed to eval-
uate statistical associations using the SAS statistical software
(SAS Institute Inc, Cary, NC). All tests of significance were 2-
sided with a = .05.

RESULTS

Of the 30 patient samples, adjacent normal epithelium
from large caliber bile ducts were noted in 12, dysplasia
in 11, and carcinoma in 30. Of the 30 patients with inva-
sive carcinoma, 23 were characterized as having well to
moderate differentiation and 7 had poor differentiation.
Four of these 30 samples were invasive papillary carci-
noma, and 26 adenocarcinoma were not otherwise speci-
fied.

None of the samples demonstrated p53 nuclear expres-
sion in normal (Figure, A) and dysplastic (Figure, B) bil-
iary tract epithelium. In comparison, p53 nuclear protein
expression was significantly more frequently (9/30, P =
.02) expressed in bile duct carcinomas and when present
was noted in a mean of 10% of tumor cells. Fas protein
expression was not detected in most samples (7/12, 58%)
from adjacent normal-appearing biliary tract epithelium
(Figure, C). When present, it was weakly expressed on
average in 10% of cells. In comparison, all 11 samples
(100%) with dysplasia expressed Fas protein in dysplastic
epithelium (Table 1). In addition, mean Fas expression was
significantly (P = .01) increased in dysplastic epithelium
compared with the normal epithelium (Table 1 and Figure,
Q). In bile duct carcinomas, a fewer number of samples
(17/30, 57%) detected Fas expression compared with the
dysplastic epithelium (11/11, 100%) (Table 1). Carcinoma
cells also demonstrated a mean of 28% of cells that ex-
pressed Fas protein, which is significantly increased from
adjacent normal epithelium (P = .01). These observations
show a trend where number of samples and mean Fas
expression increased in dysplastic epithelium compared
with the normal and then was again lost from carcinoma
cells.

In carcinoma cells, Fas expression was preferentially
noted on the cell membrane (Figure, D). In addition,
marked lymphocytic response, a measure of cell-mediated
immune reaction, was noted around Fas-positive (Figure,
E) but not Fas-negative tumor cells (Figure, F). Increased
lymphocytic response was noted around 60% of Fas-pos-
itive tumor cells. In comparison, only 12% of Fas-negative
tumor cells demonstrated increased lymphocytic response.
Most samples with well or moderately differentiated tu-
mors (15/23, 65%) demonstrated Fas expression compared
with poorly differentiated (2/7, 29%) tumors (Table 1).
Mean p53 and Fas expression was significantly (P = .01)
decreased in poorly differentiated tumors compared with
well and moderately differentiated tumors (Table 2). Fas
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A, Tissue section shows no p53 immunoreactivity in normal biliary tract epithelium (immunohistochemistry for p53, original magnification X40).
B, Tissue section shows no immunoreactivity for p53 in dysplastic biliary tract epithelium (immunohistochemistry for p53, original magnification
X40). C, Tissue section shows no immunoreactivity in the adjacent normal biliary tract epithelium but shows immunoreactivity in the dysplastic
epithelium (immunohistochemistry for Fas [CD95/APO-1], original magnification X4). D, Extrahepatic bile duct carcinoma with immunohisto-
chemical expression of Fas (CD95/APO-1) on cell surface membrane (immunohistochemistry for Fas [CD95/APO-1], original magnification X40).
E, Extrahepatic bile duct carcinoma with increased Fas-positive lymphocytes noted around Fas-positive tumor cells (immunohistochemistry for Fas
[CD95/APO-1], original magnification X20). F, Extrahepatic bile duct carcinoma with no lymphocytes around Fas-negative tumor cells (immu-
nohistochemistry for Fas [CD95/APO-1], original magnification X20). G, Bile duct carcinoma with nuclear p53 protein expression (immunohis-
tochemistry for p53, original magnification X20). H, Serial section from same tumor with area as shown in G shows lack of Fas expression
(immunohistochemistry for Fas [CD95/APO-1], original magnification X40).

Table 1. p53 and Fas Expression and Tumor Characteristics
No. of No. of
p53-Positive Fas-Positive
Samples P Value Samples P Value
Tumor differentiation
Adjacent normal (n = 12) 0 5
Dysplasia (n = 11) 1 11 .01
Carcinoma (n = 30) 9 .02 17 .01
Tumor location
Intrahepatic (n = 13) 3 4
Extrahepatic (n = 17) 6 .06 13 .02
Tumor grade
Well to moderate (n = 23) 9 .05 15 .02
Poor (n = 7) 0 1
expression was only focally noted in all tumors catego-  nuclear staining for p53 (Figure, G) usually did not show
rized as invasive papillary carcinoma. Poorly differenti-  Fas expression (Figure, H).
ated areas in the tumor with predominantly well to mod- We also noted tumor location—associated differences in

erate differentiation also demonstrated none or weak  Fas protein expression. Thirteen (76%) of 17 extrahepatic
staining. In serial sections, tumor cells that demonstrated = bile duct carcinomas demonstrated Fas expression com-
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Table 2. Mean p53 and Fas Expression and Tumor
Characteristics

Mean p53 Mean Fas
Expression,  Expression,
% % P Value
Tumor differentiation
Adjacent normal
(n=12) 0 10
Dysplasia
(n=11) 0 39 .01
Carcinoma
(n = 30) 10 28 .01
Tumor location
Intrahepatic
(n = 13) 10 10 .02
Extrahepatic
(n=17) 30 20
Tumor grade
Well to moderate
(n = 23) 20 18 .01
Poor
(n=7) 0 6

Table 3. Tumor Stage and Fas Expression

Fas Expression

Stage 0%-10% 11%-50% >50%

Extrahepatic

Stage | (n = 2) 1 1

Stage Il (n = 2) 1 1

Stage Ill (n = 0)

Stage IV (n = 13) 3 6 4

Total (n = 17) 4 8 5
Intrahepatic

Stage | (n = 0)

Stage Il (n = 0)

Stage Il (n = 12) 8 2 2

Stage 1 (n = 1) 1

Total (n = 13) 9 2 2

pared with only 4 (31%) of 13 intrahepatic tumors (Table
1). Furthermore, a significant difference (P = .02) in mean
Fas expression was noted between intrahepatic and extra-
hepatic tumors (Table 2).

Twenty-six (87%) of the 30 samples with bile duct car-
cinoma were in the advanced stage (stages III and IV)
(Table 3). In these tumors, statistical analysis for stage-
matched carcinomas at different tumor locations (intra-
hepatic and extrahepatic carcinomas) and Fas protein ex-
pression was not performed due to smaller sample size,
which could not provide enough statistical power. Inter-
estingly, Fas expression was noted with a higher frequency
of 77% (10/13) in patients with advanced stage (stages III
to IV) extrahepatic tumors compared with only 31% (4/
13) in advanced stage intrahepatic carcinomas.

COMMENT

Prognosis for extrahepatic bile duct carcinomas remains
poor regardless of the histologic grade or stage.* The re-
sults from the Surveillance, Epidemiology, and End Re-
sults (SEER) program of the National Cancer Institute dur-
ing a 10-year period (1977-1986) show that the 2-year rel-
ative survival rate for the extrahepatic biliary duct carci-
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noma patients with histologic grades 1 and 4 are 28%
(median survival, 10 months) and 0% (median survival, 2
months), respectively.® The SEER data also demonstrated
that the 2-year relative survival for stages I, III, and IV for
extrahepatic biliary duct carcinoma is 27% (median sur-
vival, 12 months), 17% (median survival, 8 months), and
4% (median survival, 3 months), respectively.** Recently,
it was noted that the median survival for resected intra-
hepatic, perihilar, and distal tumors is 26, 19, and 22
months, respectively.®® Multivariate analysis has demon-
strated that after curative resection, lymph node metasta-
sis and less differentiated histologic type were significant
risk factors for poor outcome in patients with intrahepatic
cholangiocarcinoma.® In this study, all 6 of the 37 patients
who survived more than 5 years had undergone curative
resection for well-differentiated adenocarcinoma.?? These
studies demonstrate that both stage and tumor differen-
tiation play a significant role in patient survival following
surgical resection.

Underlying molecular phenotypic expression of bio-
markers may provide an additional clue to the develop-
ment of cholangiocarcinoma and predictive prognostic
molecular markers that also may serve as potential ther-
apeutic targets. Relatively few studies have directed their
efforts to understanding the role of mediators of apopto-
sis, their immunohistochemical associations, importance
in the development of cholangiocarcinoma, and their po-
tential therapeutic implications. Investigations into the
role of apoptosis and its mediators in cholangiocarcinoma
by Terada and Nakanuma!® have demonstrated that 40%
of human cholangiocarcinoma tissues expressed p53 but
none expressed Fas and c-Myec. In contrast to the study by
Terada and Nakanuma in which Fas was not observed in
cholangiocarcinoma tissues, we have now conclusively
demonstrated that Fas expression can be observed in hu-
man biliary duct cancers (both in intrahepatic and extra-
hepatic locations). This expression is observed on the cell
surface membrane and is in keeping with both in vi-
tro???52¢ and other human tissue studies.®>

The data in the present study are consistent with up-
regulation of Fas being an early change in the develop-
ment of cholangiocarcinoma. Our study shows that 100%
of the samples with dysplastic epithelium, 65% with well
to moderately differentiated carcinoma, and 29% of poorly
differentiated biliary duct carcinomas expressed Fas.
Another molecular marker, p53, has been investigated rel-
atively more extensively and has provided mixed re-
sults.13-163536 Similar to our observations, Arora et al,’* who
studied 28 cases of cholangiocarcinoma, concluded that
P53 expression is a late event in the development of cho-
langiocarcinoma. They show that most adenocarcinoma
expressed p53, whereas none of the adjacent bile duct or
dysplastic epithelium demonstrated its expression.!® Sim-
ilar to our observation, Caca et al*” also found 7 (33%) of
21 tumors positive for p53 by immunohistochemical stain-
ing. In their study, 50% of grade 3 tumors did not show
P53 by immunohistochemical staining. How underlying
genetic abnormalities may be associated with immunohis-
tochemical expression of p53 protein is a subject of con-
tinued investigations. It has been suggested that mutations
in the p53 gene may result in a stable protein product that
may be accumulated in the nucleus and detected on im-
munohistochemical stains. Mutations in the p53 gene have
been noted in bile duct and gall bladder carcinomas.?*
In their study of 12 Klatskin tumors, Jonas et al* dem-
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onstrated mutational hotspots in the p53 gene in 4 pa-
tients. These investigators, however, could not detect p53
nuclear protein by immunohistochemical analysis in any
of the tumors with mutational hotspots. Interestingly, the
study by Caca et al*” shows p53 immunohistochemical re-
activity in 32% of the patients but did not demonstrate
any mutations in exons 5 to 8 of p53 either by single-
stranded conformation polymorphism analysis or direct
sequencing. Caca et al also did not detect mutations in
any of the 3p16 exons, which may affect transcription of
the p53 gene. However, these investigators detected hy-
permethylation in the promoter region of the p16 gene in
43% of their tumor samples and correlated this with lack
of pl6 immunohistochemical expression. Their results
suggest that altered p53 expression in a subset of patients
with bile duct cancers could be a result of genetic alter-
ation in p53 regulatory genes.

It was recently reported that moderate (40%-50%)
down-regulation of CD95 messenger RNA and surface
protein expression occurs in the presence of mutant p53,
which correlates with partial protection against CD95-de-
pendent cell death. In addition, excess p53 mutation has
demonstrated repression of the CD95 promoter activity,
which affects transcription of the Fas gene. The latter study
supports our observation that Fas expression is an early
event in the development of cholangiocarcinoma and a
subsequent mutation in the p53 gene will result in down-
regulation and loss of Fas gene transcription, resulting in
loss of its expression in biliary duct carcinomas.

Up-regulation of Fas at early stages in the development
of bile duct carcinomas may also represent a host response
to help the cell-mediated immune system eliminate ge-
netically unstable cells via Fas/FasL-mediated apoptosis.
Expression of Fas on the cell surface membrane predis-
poses a cell to immune elimination by interaction with
FasL produced by the host’s T lymphocytes recruited to
the vicinity.” In the present study, we also observed that
lymphocytes, the mediators of the cell-mediated immune
response, are noted more frequently around Fas-positive
but not Fas-negative cells. In a recent study,* FasL ex-
pression was noted in 12 of 15 reactive lymph nodes. It
has also been repeatedly demonstrated that FasL is de-
tected in tumor-associated lymphocytes in cholangiocar-
cinoma tissues using either messenger RNA detection or
immunohistochemical expression using 2 commercially
available antibodies to FasL.®*** It has also been docu-
mented that FasL expression is noted in at least one third
of lymphoid cells that infiltrate cholangiocarcinoma cells
and those remote from the tumor cells.*

In the present study, Fas expression in both intrahepatic
and extrahepatic bile duct cancers was determined. Our
study demonstrates that Fas protein expression was noted
with lower frequency in intrahepatic cholangiocarcinoma
(8/13, 62%) compared with extrahepatic bile duct carci-
noma (15/17, 88%) and that the difference in the mean
Fas expression in tumor cells was statistically significant
(P = .02). In comparison, Shimonishi et al,** who exam-
ined Fas expression in only intrahepatic cholangiocarci-
noma, noted its immunohistochemical expression in a
higher percentage of cases (55/68, 81%) compared with
the present study (8/13, 62%). The differences in Fas ex-
pression based on the anatomic location and in same lo-
cation between 2 geographically diverse areas may sug-
gest inherent genetic and environmental factors, which
may affect molecular pathways in the development of cho-
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langiocarcinoma. In a study of 128 bile duct carcinomas
(intrahepatic, proximal, and distal locations), Argani et al**
showed differences in immunophenotypic expression of
p53 in different anatomic locations with increased p53 ex-
pression in distal common bile duct tumors compared
with the proximal location (51% vs 26%, P < .001). These
studies show that even in the biliary tract epithelium there
are differences in the molecular expression patterns at dif-
ferent locations, which may result in activation or deacti-
vation of different tumor-promoting activities and finally
affect tumor progression.

This study shows that Fas expression is significantly (P
= .01) decreased in poorly differentiated tumors com-
pared with well to moderately differentiated tumors in
both intrahepatic and extrahepatic tumors. Similar to our
observation, Shimonishi et al,** who used the same anti-
body clone (clone, APO-1; Dako) as our study, showed that
a higher percentage of tumors with poor differentiation
(9/27, 33%) lack Fas protein expression compared with
either well (1/22, 5%) or moderately (3/19; 16%) differ-
entiated tumors. Moreover, most of our intrahepatic tu-
mors are higher stage and show decreased Fas expression.
This down-regulation of Fas in poorly differentiated tu-
mor cells is most likely associated with resistance to Fas/
FasL-mediated apoptosis.

It has been previously demonstrated that Fas expression
offers a survival advantage to patients with cholangiocar-
cinoma.* In vitro studies in our laboratory have demon-
strated that Fas-negative but not Fas-positive cloned hu-
man cholangiocarcinoma cells (SK-CHA-1) are resistant to
apoptosis and produce tumors in nude mice.”? We have
also demonstrated marked up-regulation of Fas and
downstream apoptosis-effector proteins in Fas-negative
human cholangiocarcinoma cells following treatment with
interferon gamma. These cells show increased suscepti-
bility to anti-Fas-mediated apoptosis®* and reduce tumor
volume in xenografts induced in nude mice® In these
studies, Fas expression is correlated with the ability of a
class of CA?* signaling inhibitors (calmodulin antagonists)
to stimulate apoptosis.?> Two potent calmodulin antago-
nists, tamoxifen and trifluoperazine (Stelazine), are well
tolerated by patients. Both tamoxifen and trifluoperazine
can induce apoptosis only in Fas-positive cholangiocarci-
noma cells® and decrease tumor cell growth in vitro.? It
is also possible that Fas expression in cholangiocarcinoma
could be used as a biomarker for a therapeutic decision
for these highly malignant tumors.

In summary, Fas expression is not only present on cho-
langiocarcinoma cells but is also an early event in the de-
velopment of cholangiocarcinoma and is associated with
tumor differentiation. There are differences in the fre-
quency of Fas expression between intrahepatic and extra-
hepatic bile duct cancers, which may affect tumor devel-
opment by activation or deactivation of different tumor-
promoting activities.

We are grateful to Ralph Hruabn, MD, from the Department
of Pathology at the Johns Hopkins University Hospital for helping
to obtain samples and reviewing the manuscript.
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