








large areas of most adenomas. Carcinomas aris-
ing within adenomas all showed a degree of Fas
and FasL staining equivalent to the surrounding
adenomas (n = 12 of 38).

Using the TUNEL in situ cell death
detection assay, positive cells were distributed
throughout the adenomas. However, most cells
in areas of adenomas coexpressing FasL and
Fas were negative for apoptosis (fig 1C).
Hence, coexpression of FasL and Fas failed to
result in pronounced Fas mediated autocrine
cell suicide or paracrine/juxtacrine cell death.
In addition, peritumoral epithelium from 30 of
the 32 colonic carcinomas examined showed
increased FasL expression (fig 2). In these
areas, FasL expression extended into the base
of the crypts, in contrast to normal colonic epi-
thelium, where FasL expression was restricted
to the luminal surface. Most cells in these areas
were non-apoptotic morphologically and by
TUNEL.

NORMAL COLONIC EPITHELIUM AND

HYPERPLASTIC POLYPS EXPRESS FasL AT THE

LUMINAL SURFACE

A distinct pattern of FasL expression was
detected in normal colon epithelium. All
normal colonic specimens immunohistochemi-
cally stained for FasL were positive (n = 20)
(fig 3A–E). The FasL specificity of the polyclo-
nal antibody used (Santa Cruz Biotechnology)
was confirmed—staining was inhibited by the
inclusion of the immunising peptide as a com-
petitive inhibitor before incubation with the
primary antibody. Positive staining of epithe-
lium in normal colonic specimens was re-
stricted to the luminal surface epithelial cells.
The maximal intensity of epithelial staining
was equivalent to that of FasL positive
lymphoid cells observed in all specimens.
Crypt epithelial cells were negative for FasL.
To confirm the expression of FasL by normal
surface colonic epithelial cells, staining was

Figure 4 Fas ligand (FasL) expression occurs only at the luminal surface of hyperplastic polyps. (A) Immunoperoxidase
staining was performed in paraYn wax embedded hyperplastic polyp sections using a FasL specific polyclonal antibody.
Slides were counterstained with haematoxylin. FasL positive immunohistochemical staining (brown) is shown in a
representative hyperplastic polyp. The pattern of FasL immunoreactivity was similar to that seen in normal epithelium, with
FasL expression occurring in epithelial cells at the luminal surface, but being absent from the crypt base. (B) Detection of
FasL positivity in luminal epithelium illustrated at higher magnification. (C) FasL negative crypt epithelium illustrated at
higher magnification. These results are representative of 10 hyperplastic polyps.
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also performed with a diVerent FasL specific
antibody (monoclonal antibody clone 247-4;
Pharmingen). Results using this FasL specific
monoclonal antibody were similar to those
obtained with the polyclonal antibody. In addi-
tion, FasL staining was independent of second-
ary detection systems, because similar results
were found using either APAAP or immuno-
peroxidase assays.

Positive TUNEL staining and characteristic
apoptotic morphology confirmed the occur-
rence of apoptotic cell death in the luminal
surface epithelium. TUNEL staining was
largely nuclear, as is typical of true apoptotic
detection. This suggests that in contrast to
adenoma cells, pronounced apoptosis of nor-
mal colon epithelial cells coincides with
coexpression of Fas and FasL.

Hyperplastic polyps retained the same pat-
tern of FasL expression as the normal epithe-
lium (n = 8); the luminal epithelium stained
positive for FasL whereas crypt epithelial cells
were negative (fig 4).

SERRATED ADENOMAS SHOWED A MIXED PATTERN

OF FasL EXPRESSION

Serrated adenomas showed a mixed pattern of
FasL expression, varying locally between the
expression pattern of normal colonic epithe-
lium and that of adenomatous polyps. FasL
was restricted to the luminal surface through-
out much of the adenoma, with smaller areas of
more widespread expression representing less
than one third of the total area of the polyp in
all cases (n = 3). The areas of more widespread
FasL expression were well demarcated and
coincided with areas of dysplasia within the
polyps. The pattern of FasL expression within
these areas was identical to that of adenoma-
tous polyps, with more than 70% of epithelial
cells expressing FasL.

Discussion
Our results show that FasL expression is
upregulated at the adenoma stage of colonic
carcinogenesis. Colonic adenomas expressed
FasL irrespective of adenoma size, histological
type, or the degree of dysplasia. Most cells in
colonic adenomas coexpressed Fas and FasL
without undergoing apoptosis. FasL expression
by normal colonic epithelium and hyperplastic
polyps was restricted to the luminal surface,
where expression coincides with epithelial
apoptosis. Serrated adenomas have a mixed
pattern of FasL expression. Throughout most
of their extent, FasL is expressed at the luminal
surface, as in normal colonic epithelium and
hyperplastic polyps. In areas of dysplasia within
serrated adenomas, FasL expression is upregu-
lated and expressed throughout these areas in
the same pattern as is found in adenomatous
polyps.

Apoptosis is a central feature of the regula-
tion of colonic epithelial cell numbers.28

Currently, the mechanisms and control of
apoptosis in colonic epithelial cell turnover are
poorly understood. Although FasL expression
was initially thought to be restricted to
lymphoid cells, non-lymphoid FasL expressing
cells include oesophageal epithelial cells,7

keratinocytes,8 Sertoli cells,9 ocular cells,10

cytotrophoblasts,11 and neurones.12 Fas is
widely expressed in most cell types, including
epithelial cells, and Fas mediated apoptosis
might be involved in cell turnover in many tis-
sues,14 including oesophageal epithelium,7 vagi-
nal epithelium,15 the liver,16 and the testis.17 Our
finding that terminally diVerentiated colonic
epithelial cells at the luminal surface express
FasL suggests a possible role for autocrine Fas
mediated apoptosis in cell turnover.

Acquisition of resistance to apoptosis is
thought to be crucial in the transformation of
cells from normal to neoplastic in many tissues.
A functional apoptotic pathway appears to be
essential to maintain low numbers of mutated
cells.29 Cells that have acquired resistance to
apoptosis either before or as a result of
mutational changes fail to be eliminated by
apoptosis, and are thus able to continue the
progression towards a neoplastic phenotype.
Failure of apoptosis may be of particular
importance in the development of colorectal
cancer.30 There is in vitro23 and in vivo22

evidence that colon cancer cells are resistant to
apoptosis mediated by Fas. Despite intracellu-
lar defects in Fas signalling in colon cancer
cells,31 the Fas receptor is downregulated in
many colonic carcinomas. Fas downregulation
might be a consequence of p53 mutation at
later stages of colon tumour development
because Fas is a target gene for transcriptional
activation by p53.32 Transfection of wild-type
p53 into various tumour cell lines has been
shown to restore/upregulate Fas expression.32

Our results demonstrate that Fas–FasL
coexpression occurs in the absence of apopto-
sis in most epithelial cells in mildly dysplastic
adenomas, a very early stage in the adenoma–
carcinoma sequence. Fas–FasL coexpression
without apoptosis was also seen in peritumoral
epithelium. This suggests that colonic epithe-
lial cells acquire resistance to Fas mediated
apoptosis early in the adenoma–carcinoma
sequence. Hyperplastic polyps retained the
same pattern of FasL expression as the normal
colonic epithelium, which is in keeping with
their lack of well defined premalignant poten-
tial.

Finally, we previously demonstrated in vitro
that FasL expression by colonic carcinoma cell
lines may induce apoptosis of Fas sensitive
immune eVector cells.23 Evidence from human
and animal studies supports this “Fas counter-
attack” mechanism of tumour immune escape
in vivo.22 33 Our finding that FasL is upregu-
lated at the adenoma stage of colon carcino-
genesis suggests that colonocytes acquire
mechanisms of immune escape early during
transformation.
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