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Abstract

AIM: To detect the expression of Fas ligand (FasL) in colon
cancer tissues and cell lines and analyze the function of
FasL-expressing colon cancer cells in inducing Fas-sensitive
T lymphocyte apoptosis.

METHODS: Ninety surgically resected colon cancer tissues
and 15 hepatic metastasis specimens were investigated
by immunohistochemical method with normal colon mucosa
and colon adenoma as control. The relationship between
FasL expression and pathologic features was also analyzed.
FasL expression of 4 colon cancer cell lines, SW620, Lovo,
LS-174T and SW1116, were detected by Western blotting
assay. The function of FasL expressed on colon cancer
cells was determined by coculture assay with Jurkat T
lymphocytes, the apoptotic rate of which was detected
by flow cytometry assay.

RESULTS: Fifty-six (62.22%) cases of all the 90 colon
cancer tissues and all (100%) the liver metastasis specimens
expressed FasL, significantly higher than normal colon
mucosa and colonic adenoma. Higher expression of FasL
was found in more advanced stage of colon cancer and
in cancer tissues with lymphatic or hepatic metastasis.
All the colon cancer cell lines were found to express FasL.
After coculture with the SW1116 cells for 24 h with an
effector: target ratio 10:1, the rate of apoptosis of Jurkat
cells rose from 1.9% to 21.0%.

CONCLUSION: The expression of FasL is upregulated in
colon cancer and the functionally expressed FasL can
induce apoptosis of Fas-expressing T lymphocytes.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Immune escape of tumor cells and successful tumor outgrowth
may be due to the inability of the immune system to react to
the tumor. Antigenetically distinct cancer must overcome the
host’s antitumor immunity to develop. More evidence points
to the expression of Fas ligand (FasL) as a possible mediator
of tumor immune privilege!"?. FasL and its receptor (Fas)
are a set of regulatory components in the immune system.
Activation of the Fas by FasL results in apoptosis of many
cell types. FasL upregulation has been found in many types
of malignancy, including melanomaP’, lung cancer™, breast
cancet% cholangiocarcinoma and ovarian cancer’.
Furthermore, various cancer cell lines express FasL and
kill lymphoid cells by Fas-mediated apoptosis # vitro™. Thus,
the expression of FasL. may play an important role in tumor
cell immune escape.

The aim of this study was to determine whether FasL
expression in human colon cancer cells was upregulated
and associated with increased apoptosis of lymphocytes.

MATERIALS AND METHODS

Cell lines and tissues

Human colonic cancer cell lines SW620, Lovo, LS-174T,
SW1116 and Jurkat human T leukemia cell line were
maintained in RPMI1640 supplemented with 100 mL/L
fetal bovine serum in a2 humidified 50 mI./I. CO, atmosphere.
Ninety human tissues of colon cancer and 15 hepatic metastasis
specimens wete collected during surgical resections performed
at Changzheng Hospital. None of the patients received chemo-
or radiotherapy prior to resection. Normal colon mucosa
obtained during operation and colon adenoma resected under
colonoscope served as control.

Immunohistochemical detection of FasL protein

Paraffin-embedded tumor sections were deparaffinized in
xylene and rehydrated prior to analysis. Slides were washed
twice for 5 min in a wash buffer. Endogenous peroxidase
was quenched with 30 mI./I. hydrogen peroxide in methanol
for 5 min. Slides were washed as before, blocked for 1 h in
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wash buffer containing 50 mL/L normal goat serum, then
incubated for 1 h at 37 “C with rabbit anti-human Fasl-
specific IgG. Biotin-conjugated goat anti-rabbit second
antibody was added and incubated for 20 min at 37 C.
Then SABC complex was added and the slides were stained
with DAB solution. A known sample from a patient with
breast cancer was used as a positive control, and a staining
for negative control was performed as above, except for
incubation with PBS instead of the primary antibody. Cells
with brown granule staining of the membrane/cytoplasm
and slides with more than 25% staining cells were considered
positive.

Western blot assay

Protein extracted from the colon cancer cells was separated
on 12% SDS-polyacrylamide gel and then transferred to
nitrocellulose membranes with a semi-dry apparatus. After
the membranes were transferred, they were blocked for 1 h
with 50 g/L nonfat milk in PBS. Membranes were incubated
with murine monoclonal antibody to human FasL (1:500
dilution, Transduction Lab) overnight at 4 ‘C, washed thrice
for 5 min with PBS before addition of goat anti-mouse
HRP-conjugated secondary antibody (1:1 000 dilution, Gene
Company) for 1 h at room temperature. Membranes were
washed thrice for 5 min with TBS, and the peroxidase activity
on the nitrocellulose sheet was visualized on an X-ray film
with the ECL Western blotting detection system.

Flow cytometry assay

Jurkat cells and those cocultured with SW1116 cells were
assayed for DNA content using the propidium iodide staining
method. Briefly, cells (2X10% were collected, rinsed in PBS
twice and then incubated in 50 mg/1. propidium iodide at 4 ‘C
for 30 min in the dark. Cell cycle distribution at different
phases was analyzed with FACScan flow cytometry. More
than 10 000 events were acquired for analysis.

Statistical analysis

¥ test was used to analyze the relationship between FasL
expression and clinical pathologic features of colon cancer.
P-values less than 0.05 were considered statistically
significant.

RESULTS

Expression of FasL in colon cancer tissues

No FasL expression was detected in all the normal colon
mucosae. Among the 20 colon adenomas, 5 (25.00%) were
considered positive. FasL expression was detected in 56
(62.22%) of the 90 colon cancer tissues and all (100%) of
the liver metastasis specimens, significantly higher than the
control group (P<0.05). The rate of FasL expression was
not correlated with macroscopic type, microscopic feature
and invasion depth of colon cancer. Higher expression of
FasL was found in more advanced stage of colon cancer
(P<0.05) and in cancer tissues with lymphatic or hepatic
metastasis (P<0.05) (Table 1 and Figure 1).

Expression of FasL in colon cancer cell lines

Cell lysate of four cancer cell lines was analyzed using
Western blot assay. All of them showed the FasL expression
with different levels at 37 ku, and SW1116 exhibited the
strongest signal (Figure 2).

Induction of lymphocyte apoptosis

Coculture test was performed between FasL-expressing
SW1116 cells and Fas-sensitive Jurkat cells to determine
whether FasL expressed in colonic cancer cell was functional.
The apoptotic rate was 1.9% in Jurkat cells. After being
cocultured with SW1116 cells for 24 h with an effector:
target ratio 10:1, a marked increase in the hypodiploid DNA
peak indicating the apoptosis of Jurkat cells was found.
The rate of apoptosis rose to 21.0% (Figure 3).

Table 1 Relationship between FasL expression and clinicopathologic features of colon cancer

Group Cases Positive Negative ¥? value
Macroscopic Polypoid 26 15 11 0.349
type Ulcerative 37 24 13

Infiltrative 27 17 10
Microscopic Well differentiated 9 3 6 3.706
feature Moderately differentiated 46 30 16

Poorly differentiated 22 15 7

Mucoid adenocarcinoma 13 8 5
Invasion Whole layer 47 34 13 4492
depth Muscular layer 32 17 15

Mucosa and submucosa 11 5 6
Lymphatic Positive 56 43 13 13.375°
metastasis Negative 34 13 21
Dukes’ A 11 6 18.187*
stage B 23 8 15

C 31 20 11

D 25 23 2
Liver Positive 23 22 1 14.689°
metastasis Negative 67 34 33

2P<0.05 vs others.
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Figure 1 Expression of FasL in normal colon mucosae (A) and colon
cancer (B).

Figure 2 Western blotting result of the expression of FasL in colon cancer cell
lines. Lane 1: SW620; lane 2: SW1116; lane 3: LS-174T; lane 4: Lovo.

DISCUSSION

FasL is a type-1I transmembrane protein and belongs to the
tumor necrosis factor family. Fas-FasL. system has been
implicated in the clonal depletion of autoreactive lymphocytes
in peripheral lymphoid tissue and in the elimination of
autoreactive lymphocyte population®, thus contributing to
homeostasis of the immune system. Fasl. expression can
also induce potent inflammatory responses?. Its expression
in normal tissue is restricted to T lymphocytes, macrophages,
cornea, itis, ciliary bodies, tetina, and Sertoli cells™. Through
its ability to suppress both cellular and humoral immunity™!,
FasL has been implicated in maintenance of the immune-
ptivileged status in the eye!"” and tesds".

The possibility of non-lymphoid tumors expressing FasL
as a mediator of immune escape was initially raised by the
finding that colon cancer cells express FasL to induce
apoptosis of T lymphocytes and not of themselves!. The
upregulation of FasL. expression is found in gastrointestinal
tract malignancy including esophageal cancer, stomach
cancer, pancreatic cancer, hepatocellular carcinoma and
colorectal cancer. Our result showed that most colon cancer
specimens expressed FasL, a potent mediator of immunological
privilege and immune response termination. The expression
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Figure 3 Apoptosis of Jurkat cells (A) and apoptosis of Jurkat cells after
being cocultured with SW1116 cells (B).

of FasL in colon cancer was significantly higher than normal
colon mucosae and colonic adenoma, indicating that FasL
expression may play an important role in tumorigenesis.
But the relationship between FasL expression and pathologic
charactetistics of colon cancer is still controversial™>'l. In
our group, FasL expression was significantly related with
the Dukes’ stage, lymphatic and hepatic metastasis. Patients
with more advanced colon cancer and those with lymphatic
or hepatic metastasis have a more frequent FasL expression,
indicating that FasL-positive colon cancer cells have the
advantage of surviving from the immune clearance and
progressing or metastasizing.

All the cell lines of colon cancer detected in our experiment
also expressed FasL. and showed the potential of killing Jurkat
T lymphocytes in coculture experiment, indicating that
tumor-expressed FasL is functional. Fasl-expressing cell lines
of colon cancer can induce Fas-mediated apoptosis of Fas-
sensitive lymphoid target cells iz vitro, suggesting the Fas
counterattack model” as a mechanism of immune escape
in colon cancer. It shows that tumor cells may exploit an
intrinsic cell death program of activated T cells that infiltrate
them. Essentially the cancer cells counterattack the activated
cytotoxic T cells with one of the T cell’ s own principal
cytotoxic elements: FasL. This mechanism is analogous to
the established model of FasL. in mediating immune privilege.
Tumor cells expressing Fasl. may induce apoptosis of Fas-
sensitive antitumor immune effector cells"®'"” without
provoking inflammation reaction"”] thus rendering the
tumot immune privilege!'.

However, resistance to Fas-mediated apoptosis is a
prerequisite for “counterattack model” of cancer cells, as
autoctine tumor cell suicide ot juxtactine/paractine cell death
could occur. Tumor cells can cither downregulate the Fas
expression or have a disabled intracellular Fas apoptotic
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signal transduction pathway®?!, thus rendeting resistance

to Fas-mediated apoptosis. Since colon cancer cells and tumor
infiltrating lymphocytes can express both Fas and FasL,, they
can act either as effectors or as targets in Fas/Fasl-mediated
killing. The survival of tumor or host cells may depend on
which cells can accomplish the task more efficiently. Cancer
cells are resistant to Fas-mediated apoptosis, but can induce
Fas-sensitive tumor infiltrating lymphocytes to apoptosis. That
is the core of “counterattack model” which may explain the
mechanism of tumor cells escaping from immune surveillance.

We also found that all the liver metastases of colon
cancer expressed FasL, in accord with the results that FasL
is more frequently expressed in liver metastases than in
primary carcinomas®. This may indicate that FasL expressed
on the surface of colon cancer cells has an additional role
in malignancy, namely, FasL. may be important in the
colonization of colon cancer cells in the liver?, a major
target of metastasis. Metastasis cascade is a complex series
of processes including angiogenesis, intravasation of tumor
cells, transport by circulation, adhesive interaction with
endothelial cells, extravasation and colonization of the target
organ® . FasL expression in colon cancer cells may induce
apoptosis of tumor-infiltrating lymphocytes but not
themselves?'l. This can help tumor cells escape from immune
supervision. In addition, Fasl. may enhance liver colonization
competence through induction of apoptosis in Fas-expressing
hepatocytes at the metastatic foci which destroy the normal
liver tissue! and make enough space for the growth of
metastatic tumor cells.
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