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with the increase of planting concentration of SW620 cells
and co-culture time after the SW620 cells were co-cultured
with the Jurkat T lymphocytes. The cytotoxicity was
significantly enhanced by PMA+ionomycin or TNF-α.
CONCLUSION: The FasL expressed in human colon
cancer cells may be regulated by endogenous factors in
the microenvironment of the host and facilitate the escape
of tumor cells from the host immune system.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the potential role of cytokines in
promoting Fas ligand (FasL)-expressing colon cancer cells.
METHODS: Immunohistochemical SABC method was
used to observe the expression of Fas receptor and ligand
in SW620 colon cancer cell line and Jurkat T cells in order
to provide the morphological evidence for the functions
of Fas receptor and ligand. To examine the cytotoxicity of
effector cells, CytoTox96 non-radioactive cytotoxicity assay
was adopted to measure the lactate dehydrogenase-releasing
value after SW620 cells were co-cultured with Jurkat T
lymphocytes.
RESULTS: The FasL of colon cancer SW620 cells was
positive. The positive substances were distributed in the
cell membrane and cytoplasm. The Fas receptor of colon
cancer SW620 cells was negative. The Fas receptor and
ligand of Jurkat T lymphocytes turned out to be positive. The
positive substances were distributed in the cell membrane.
After phytohemagglutinin (PHA)-stimulated Jurkat T lymphocytes were co-cultured with phorbol 12-myristate 13acetate (PMA)-plus-ionomycin-stimulated (for 48 h) SW620
cells or tumor necrosis factor-alpha (TNF-α)-stimulated
(for 48 h) SW620 cells or unstimulated SW620 cells for 4 h,
the cytotoxicity of SW620 cells to PHA-stimulated Jurkat cells
at effector-to-target ratios of 10:1, 5:1, 2.5:1, and 1.25:1
was 74.6%, 40.8%, 32.4%, and 10.9% (F = 8.19, P<0.05);
or 54.9%, 35.3%, 22.0%, and 10.3% (F = 11.12, P<0.05);
or 14.9%, 10.5%, 6.9%, and 5.8% (F = 3.45, P<0.05).
After PHA-stimulated Jurkat T lymphocytes were co-cultured
with unstimulated SW620 cells for 8 h, the cytotoxicity of
SW620 cells to PHA-stimulated Jurkat cells at effector-totarget ratios of 5:1, 2.5:1, and 1.25:1 from the experiment
was 83.9%, 74.1%, and 28.5% (F = 137.04, P<0.05)
respectively. Non-radioactive cytotoxicity assay showed
that the apoptotic rate of Jurkat cells remarkably increased

Xu T, Sun BC, Li Q, Hao XS. Role of cytokines in promoting
immune escape of FasL-expressing human colon cancer cells.
World J Gastroenterol 2005; 11(25): 3915-3919

http://www.wjgnet.com/1007-9327/11/3915.asp

INTRODUCTION
The Fas/Fas ligand (FasL) system plays an important role
in the transduction of apoptotic signal into cells. In recent
years, numerous studies have demonstrated that Fas is
expressed on the surface of cells, whereas FasL expression
is restricted to a small number of cell types, such as lymphocytes,
cells of the immune-privileged organs and many types of
malignant tumor cells[1]. Evidence has pointed to an abnormal
increase in apoptosis among activated Fas-positive lymphocytes,
mainly in the periphery of the FasL-expressing tumors[2].
On the other hand, the occurrence of tumor is due to the
fact that the converted cells cannot undergo a normal process
of apoptosis. Resistance to apoptosis through the Fas
receptor pathway coupled with expression of the FasL might
enable many cancers to deliver a pre-emptive strike or
counterattack against the immune system[2-4]. This study
aimed to observe the interaction in vitro between T cells
expressing Fas and tumor cells expressing FasL, and to
investigate the potential role of FasL-expressing colon cancer
cells in vitro and the effect of endogenous cytokines on
tumor cells counterattacking T lymphocytes.
MA
TERIALS AND METHODS
MATERIALS
Reagents, antibodies, and apparatus
Ionomycin, PMA, and phytohemagglutinin (PHA) were
purchased from Sigma Chemical Co., USA. Tumor necrosis
factor-alpha (TNF-α) and CytoTox96  non-radioactive
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cytotoxicity assay kits were purchased from Promega Co.,
USA. RPMI1640 and DMEM were obtained from Gibco
Co. Fetal bovine serum (FBS) was purchased from Hyclone
Co. Monoclonal mouse anti-human CD95/FAS and monoclonal
mouse anti-human FasL were purchased from Zhongshan
Co., Beijing, China. SABC detection kit was purchased from
Bosden Co., Wuhan, China. A-5082 Sunrise automated
ELISA reader was purchased from Tecan, Austria.
Cell lines and cell culture
The human colon cancer cell line SW620 from American
Tissue Culture Collection (ATCC) was kindly donated by
Dr. Joe O’Connell, Cork University Hospital, Ireland. The
acute T cell leukemia cell line Jurkat (ATCC) was provided
by Institute of Hematology, Chinese Academy of Medical
Sciences. The human glioma cell line TJ905 was kindly donated
by Dr. Zhang WZ, Tianjin Huanhu Hospital, China. SW620
and TJ905 cells were cultured in DMEM supplemented
with 100 mL/L FBS. Jurkat T lymphocytes were cultured
in RPMI1640 medium (with 100 mL/L FBS) and stimulated
with 4 mg PHA/L[3]. All cell lines were incubated at 37
in a humidified 50 mL/L CO2 atmosphere.
Immunocytochemical procedures for detection of FasL and
Fas protein
Jurkat, TJ905, and SW620 cells were cultured on glass chamber
slides respectively. After fixation in 4% paraformaldehyde
for 60 min respectively, slides were washed twice for 5 min
in a wash buffer containing 50 mmol/L Tris-Cl, pH 7.6,
50 mmol/L NaCl, and 0.001% saponin. Endogenous
peroxidase was quenched with 3% hydrogen peroxide in
methanol for 5 min. Slides were washed as before except
that the wash buffer contained 1% normal goat serum, and
then blocked for 1 h in wash buffer containing 5% normal
goat serum[5]. Slides were washed and incubated overnight
at a dilution of 1:200 with monoclonal mouse anti-human
in a high-humidity chamber.
primary antibodies at 4
Antibody binding was localized using biotinylated secondary
antibody, avidin-conjugated horseradish peroxidase, and
diaminobenzidine substrate. Slides were counterstained with
hematoxylin, washed for 1 h with PBS, air-dried and covered
with mounting medium. Negative control slides were
processed with PBS in place of primary antibodies.
Fas-mediated cytotoxicity assay
To examine the cytotoxicity of effector cells, CytoTox96 nonradioactive cytotoxicity assay[6] was adopted to measure lactate
dehydrogenase (LDH)-releasing value after SW620 or TJ905
cells (control) were co-cultured with Jurkat T lymphocytes.
Jurkat cells were incubated with PHA (4 mg/L) [3] in
RPMI1640 (50 mL/L FBS) for 24 h and counted with a
hemocytometer before cytotoxicity assay. SW620 or TJ905
cells (control) were seeded on 96-well U-bottom tissue culture
plates (Falcon) at a density of 2×109/L, 1×109/L, 5×108/L,
and 2.5×10 8/L respectively, and kept under controlled
conditions or stimulated with 10 µg/L PMA+500 µg/L
ionomycin or with 20 µg/L TNF-α for 48 h. For a further
24 h of culture PHA-stimulated Jurkat cells (2×104 in 100 µL)
were added, keeping effector-to-target cell ratios at 10:1, 5:1,
2.5:1, and 1.25:1. PHA-stimulated Jurkat cells were co-
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cultured with effector cells in 100 µL RPMI1640 medium
(50 mL/L FBS) each well. Tissue culture plate was centrifuged
to ensure cell-cell contact[6].
at 250 r/min for 5 min at 4
In each experiment triplicate wells were analyzed. At the
same time, the values of effector cell spontaneous LDH
release, target cell spontaneous LDH release, target cell
maximum LDH release, volume correction control, and
culture medium background were measured. Then the
following formula was applied in the calculation of percent
cytotoxicity:cytotoxicity (%) = (experimental LDH releaseeffector cell spontaneous LDH release-target cell spontaneous
LDH release)/(target cell maximum LDH release-target cell
spontaneous LDH release)×100.
Statistical analysis
Results were compared by analysis of variance (ANOVA)
using SPSS10.0 software. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Immunocytochemical detection of FasL and Fas protein in
SW620, Jurkat and TJ905 cells
FasL expression in colon cancer SW620 cells was strongly
positive. The positive substances were distributed in the
cell membrane and cytoplasm (Figure 1A), while Fas
expression in SW620 cells was negative (Figure 1B). Fas
and FasL expression in Jurkat T lymphocytes turned out to
be positive. The positive substances were distributed in the
cell membrane and cytoplasm, while the nuclei of the cells
were negative (Figures 1C and D). Fas expression in TJ905
cells was positive. The positive substances were distributed
in the cell membrane and cytoplasm (Figure 1E). FasL
expression in TJ905 cells was weakly positive (Figure 1F).
Results of cytotoxicity assay
After the SW620 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
(Figure 2) of SW620 cells to PHA-stimulated Jurkat cells
at different effector-to-target ratios had significant differences
(F = 3.45, P<0.05). After stimulation with 10 µg/L PMA+
500 µg/L ionomycin for 48 h, the SW620 cells were cocultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 8.19, P<0.05). After
stimulation with 20 µg/L TNF-α for 48 h, the SW620 cells
were co-cultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 11.12, P<0.05). After the
SW620 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 8 h, the cytotoxicity of SW620
cells to PHA-stimulated Jurkat cells at effector-to-target ratios
of 5:1, 2.5:1, and 1.25:1 was 83.9%, 74.1%, and 28.5%
respectively and had significant differences (F = 137.04,
P<0.05). The cytotoxicity of Jurkat cells after co-culture
with SW620 (different effector-to-target ratios) for 8 h was
much higher than that after being co-cultured with SW620
(different effector-to-target ratios) for 4 h (P<0.05, Table 1).

Xu T et al. Cytokines and immune escape

3917

A

B

C

D

E

F

Cytotoxicity (%)

Figure 1 Expression of FasL and Fas in SW620 cells (A and B), Jurkat cells
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Figure 2 Comparison of cytotoxicity assay among three groups.

After PMA-plus-ionomycin-stimulated (for 48 h) SW620
cells or unstimulated SW620 cells were co-cultured with PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of PMA-plus-ionomycin-stimulated SW620 cells was much
higher than that of control. The cytotoxicity had significant
differences between the two groups (P<0.05, Table 1). After
TNF-α-stimulated (for 48 h) SW620 cells or unstimulated
SW620 cells were co-cultured with PHA-stimulated Jurkat
T lymphocytes for 4 h, the cytotoxicity of TNF-α-stimulated
SW620 cells was much higher than that of control. The
cytotoxicity had significant differences between the two
groups (P<0.05, Table 1).
After the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.25, P>0.05).

(C and D), and TJ905 cells (E and F).

TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were co-cultured with the PHA-stimulated Jurkat
T lymphocytes for 8 h, the cytotoxicity of TJ905 cells to
PHA-stimulated Jurkat cells at different effector-to-target
ratios had no differences (F = 2.92, P>0.05). TJ905 cells
were not cytotoxic to Jurkat cells. After the TJ905 cells
were stimulated with 10 µg/L PMA+500 µg/L ionomycin
for 48 h, the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h. The cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.04, P>0.05),
TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were stimulated with 20 µg/L TNF-α for 48 h,
the TJ905 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 4 h. The cytotoxicity of TJ905
cells to PHA-stimulated Jurkat cells at different effectorto-target ratios had no differences (F = 0.97, P>0.05), TJ905
cells were not cytotoxic to Jurkat cells. Cytotoxicity assay
showed that no cytotoxicity to human glioma TJ905 cells
was observed in the PHA-stimulated Jurkat T lymphocytes.

DISCUSSION
Fas is constitutively expressed in lymphocytes of normal subjects.
After lymphocytes are triggered by inflammatory cytokines
or tumor antigen, Fas expression is significantly augmented.
Since the expansion of tumor-specific CD4 and CD8 cells
is the current goal of many promising immunotherapeutic
strategies, it is important to understand the factors that may
influence the fate of such specific cells. Moreover, uncloned
CD4 cell line originally isolated from human tumor tissue[7]

Table 1 Comparison of cytotoxicity assay after co-culturing PHA-stimulated Jurkat T lymphocytes with SW620 cells
Sources of deviations

F (8 h)

P

Sample
Column

475.99
77.62

<0.05
<0.05

Intercept

51.09

<0.05

Two-way ANOVA.

F (PMA-plus-ionomycin)

P

F (TNF-α)

P

27.71
10.29

<0.05
<0.05

57.87
129.92

<0.05
<0.05

5.14

<0.05

15.75

<0.05
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as well as tumor-specific human cytotoxic T lymphocytes
(CTLs) clones[8] are also reported to express Fas in vitro and
to be sensitive to its ligation. Recent evidence shows that
tumor-infiltrating lymphocytes (TILs) exhibit significantly
increased expression of Fas relative to peripheral blood
lymphocytes[9]. There is evidence that the lack of co-stimulatory
signals such as B7.1, a feature of many tumors, promotes
T-cell sensitivity to FasL in the tumor microenvironment[10].
Since TILs are difficult to be isolated and expanded in vitro,
we chose Jurkat T lymphocytes instead of TILs in our study.
Fas is expressed in each colonocyte of normal colon
mucosa, and downregulated or lost in the majority of colon
cancers. Immunohistology revealed that the majority of
colon cancers express Fas at abnormally low levels or entirely
lack Fas[11]. Our results are compatible with these findings.
Further more data have confirmed that colon cancer cell
line is constitutively or at least relatively resistant to Fasmediated apoptosis[12,13]. Resistance to Fas-mediated apoptosis
is a common feature of cancers, irrespective of cell surface
expression of Fas[14]. Thus, the downmodulation or abrogation
of Fas on tumor cells and/or acquirement of relative resistance
to Fas ligation might be a selection advantage, and constitute
a mechanism of immune evasion to Fas-mediated killing
by T cells[15,16].
The FasL-expressing SW620 cell line is derived from a
lymph node metastasis of primary colon cancer. The present
study further confirmed that the expressed FasL was demonstrated to be functional, since co-culture experiments using
FasL-expressing SW620 cells resulted in the apoptosis of
Jurkat T leukemia cells that are sensitive to Fas-mediated
apoptosis, which consequently may facilitate metastatic
development. Our findings and other data suggest that tumor
cells can evade immune attack by downregulating the Fas
and inducing apoptosis in activated T lymphocytes through
the expression of FasL. Furthermore, the constitutive expression
of FasL in hepatic metastatic tumors suggests that FasL may
also be important in their colonization in the liver through
induction of apoptosis in the surrounding Fas-expressing
hepatocytes[17]. FasL expression in human colon cancers
is associated with apoptotic depletion of TILs in vivo [2].
In addition, upregulation of FasL expression probably
induces killing of Fas-bearing tumor cells by promoting
the selection of malignant tumor variants, because its Fas
pathway has become insensitive to FasL binding. In the
tumor microenvironment, IFN and other potentially relevant
cytokines may be provided endogenously by immune system
interaction, such as CD4+ T cells, following interaction with
MHC class II+ antigen-presenting cells. Ag-specific CD8+
CTLs may then lyse cytokine-modified tumor cells through
Fas-dependent and/or Fas-independent pathways, depending
upon the intrinsic susceptibility of the tumor population to
one or more immune effector mechanisms. Zeytun et al.[18],
reported a mutual killing model in which FasL+, Fas+ tumor
cells, LSA and EL-4, kill Fas+ tumor-specific CTLs and are
also killed by tumor-specific FasL+ CTLs. They concluded
that the survival of the tumor or the host might depend on
the cells which can accomplish FasL-based killing more
efficiently. It is clear that the highly sophisticated and flexible
adaptive immune response of higher vertebrates requires
subtle regulation, particularly of receptors that can deliver
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such a devastating outcome as cell death. Ding et al.[19],
reported that PMA+ionomycin and endogenous cytokines
such as interleukin-18 (IL-18), TNF-α and IFN-γ upregulate
the expression of FasL protein in human colon cancer cell
lines DLD-1 and SW620. We further showed that the
cytotoxicity was significantly enhanced by PMA+ionomycin
and TNF-α. Since IFN-γ, TNF-α, and other potentially
relevant cytokines are mainly secreted by activated T cells
and macrophages, the upregulation of FasL in cancer cells
in response to some cytokines may thus counterselect activated
TILs and favor a microenvironment of T-cell anergy and
the immune escape of cancer cells. Our data suggest that
the FasL expressed in human colon cancer cells may be
regulated by endogenous factors in the microenvironment
of the host and facilitate the escape of tumor cells from the
host immune system. Pages et al.[20], observed that synthesis
of IL-18 decreases or is abolished in colon adenocarcinomas
compared to that in normal mucosa, thus resulting in
decreasing IFN-γ production and impairing FasL-dependent
cytotoxicity of immune cells. This feature is correlated with
the existence of distant metastasis and an unfavorable
outcome. Xu et al.[21], reported that IFN-γ upregulates the
expression of Fas and FasL in HT29 cells, a human colon
adenocarcinoma cell line, and subsequently induces apoptosis
of these cells in an autocrine and paracrine manner.
However, it is important to note that many mechanisms of
Fas-resistance can also occur, such as Fas-associated phosphatase1, overexpression of bcl-2 and secretion of soluble Fas
from tumor cells in a variety of human tumor cell lines that
express Fas[22,23]. TNF-α and IFN-γ are potent immunostimulatory cytokines with tumoricidal effects in a variety
of cancers. But at the same time these cytokines might facilitate
escape of tumor cells from the host immune system.
Taken together, we also considered a new mechanism
of immune evasion, namely, the active destruction of T
lymphocytes by tumor cells expressing CD95 ligand. It may
provide insights into the processes of both tumor immunity
and tumor escape for at least a potential subset or fraction of
malignancies. Disarming the Fas counterattack is a conceptually
appealing and exciting potential goal for tumor immunotherapy.
Ongoing studies are aimed at further understanding the basis
of Fas resistance and counterattack, thus determining how
to restore tumor cell sensitivity to Fas or block expression or
function of FasL in tumor cells.

ACKNOWLEDGMENTS
The authors thank Dr. Joe O’Connell (Cork University
Hospital, Ireland) for generously providing the SW620 cell
line. The authors also thank Dr. WZ Zhang for excellent
technical assistance.
REFERENCES
1
2

3

Lamhamedi-Cherradi SE, Chen Y. Fas (CD95, Apo-1) ligand
gene transfer. J Clin Immunol 2001; 21: 24-29
Houston A, Bennett MW, O’Sullivan GC, Shanahan F,
O’Connell J. Fas ligand mediates immune privilege and not
inflammation in human colon cancer, irrespective of TGFbeta expression. Br J Cancer 2003; 89: 1345-1351
Muschen M, Moers C, Warskulat U, Even J, Niederacher D,
Beckmann MW. CD95 ligand expression as a mechanism of

Xu T et al. Cytokines and immune escape

4

5

6

7

8

9

10

11

12

13

14

immune escape in breast cancer. Immunology 2000; 99: 69-77
Xu T, Hao XS, Sun BC. Progress in the research of the relationship between Fas/FasL and tumor. Zhongguo Zhongliu
Linchuang Zazhi 2003; 30: 444-448
O’Connell J, O’Sullivan GC, Collins JK, Shanahan F. The Fas
counterattack: Fas-mediated T cell killing by colon cancer
cells expressing Fas ligand. J Exp Med 1996; 184: 1075-1082
Fischer U, Ototake M, Nakanishi T. In vitro cell-mediated
cytotoxicity against allogeneic erythrocytes in ginbuna crucian carp and goldfish using a non-radioactive assay. Dev
Comp Immunol 1998; 22: 195-206
Saff RR, Spanjaard ES, Hohlbaum AM, Marshak-Rothstein
A. Activation-induced cell death limits effector function of
CD4 tumor-specific T cells. J Immunol 2004; 172: 6598-6606
Zaks TZ, Chappell DB, Rosenberg SA, Restifo NP. Fas-mediated suicide of tumor-reactive T cells following activation by
specific tumor: selective rescue by caspase inhibition. J Immunol
1999; 162: 3273-3279
Cardi G, Heaney JA, Schned AR, Ernstoff MS. Expression of
Fas (APO-1/CD95) in tumor-infiltrating and peripheral blood
lymphocytes in patients with renal cell carcinoma. Cancer Res
1998; 58: 2078-2080
Daniel PT, Kroidl A, Cayeux S, Bargou R, Blankenstein T,
Dorken B. Costimulatory signals through B7.1/CD28 prevent T cell apoptosis during target cell lysis. J Immunol 1997;
159: 3808-3815
Zhu Q, Deng C. The role of Fas/Fas ligand in tumorgenesis,
immune escape, and counterattack in colonic cancer. Zhonghua
Neike Zazhi 2002; 41: 378-380
Owen-Schaub LB, Radinsky R, Kruzel E, Berry K, Yonehara
S. Anti-Fas on nonhematopoietic tumors: levels of Fas/APO1 and bcl-2 are not predictive of biological responsiveness.
Cancer Res 1994; 54: 1580-1586
French LE, Tschopp J. Defective death receptor signaling as
a cause of tumor immune escape. Semin Cancer Biol 2002; 12:
51-55
Houston A, O’Connell J. The Fas signalling pathway and its
role in the pathogenesis of cancer. Curr Opin Pharmacol 2004;

3919

15

16

17

18

19

20

21

22

23

4: 321-326
Kim R, Emi M, Tanabe K, Uchida Y, Toge T. The role of Fas
ligand and transforming growth factor beta in tumor
progression: molecular mechanisms of immune privilege via
Fas-mediated apoptosis and potential targets for cancer
therapy. Cancer 2004; 100: 2281-2291
Bennett MW, O’Connell J, Houston A, Kelly J, O’Sullivan
GC, Collins JK, Shanahan F. Fas ligand upregulation is an
early event in colonic carcinogenesis. J Clin Pathol 2001; 54:
598-604
Shiraki K, Tsuji N, Shioda T, Isselbacher KJ, Takahashi H.
Expression of Fas ligand in liver metastases of human colonic
adenocarcinomas. Proc Natl Acad Sci USA 1997; 94: 6420-6425
Zeytun A, Hassuneh M, Nagarkatti M, Nagarkatti PS. FasFas ligand-based interactions between tumor cells and tumor-specific cytotoxic T lymphocytes: a lethal two-way street.
Blood 1997; 90: 1952-1959
Ding EX, Zhang W, Wang Q, Chen XY, Fu ZR. Cytokines
upregulate Fas ligand protein expression in human colon cancer cells. Aizheng 2000; 19: 966-968
Pages F, Berger A, Henglein B, Piqueras B, Danel C, Zinzindohoue
F, Thiounn N, Cugnenc PH, Fridman WH. Modulation of
interleukin-18 expression in human colon carcinoma: consequences for tumor immune surveillance. Int J Cancer 1999; 84:
326-330
Xu X, Fu XY, Plate J, Chong AS. IFN-gamma induces cell
growth inhibition by Fas-mediated apoptosis: requirement of
STAT1 protein for up-regulation of Fas and FasL expression.
Cancer Res 1998; 58: 2832-2837
Yanagisawa J, Takahashi M, Kanki H, Yano-Yanagisawa H,
Tazunoki T, Sawa E, Nishitoba T, Kamishohara M, Kobayashi
E, Kataoka S, Sato T. The molecular interaction of Fas and
FAP-1. A tripeptide blocker of human Fas interaction with
FAP-1 promotes Fas-induced apoptosis. J Biol Chem 1997;
272: 8539-8545
Ivanov VN, Lopez Bergami P, Maulit G, Sato TA, Sassoon D,
Ronai Z. FAP-1 association with Fas (Apo-1) inhibits Fas expression on the cell surface. Mol Cell Biol 2003; 23: 3623-3635

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

