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SUMMARY

Intestinal intraepithelial lymphocytes (IEL) constitute the first lymphoid compartment to encounter
dietary antigens and intestinal pathogens. IEL are proposed to be involved in the defence against
bacterial and viral invasion and to play an important role in mucosal immunity. Fas (CD95/APO-1) is a
surface receptor that induces apoptotic cell death upon ligation with Fas ligand (FasL). The aim of this
study was to examine the expression and function of Fas and FasL on freshly isolated normal human
colonic IEL. The expression and function of Fas and FasL on IEL isolated from 40 normal colonic
specimens were examined by flow cytometry, reverse transcriptase-polymerase chain reaction,
immunohistochemistry, and DNA-release cytotoxicity assay. Virtually all CDBL (95-2+ 4-3%)
expressed Fas and were sensitive to agonistic anti-Fas antibody, whereas ortly858¥6 of peripheral

T lymphocytes expressed Fas and were resistant to the antibody. We also detected FasL mRNA and
protein (40-1+ 4-2%) on IEL, and found that IEL exerted FasL-mediated cytotoxicity against Fas-
expressing target cells. These findings suggest that human IEL are actimat@d but are tightly
regulated by the constitutive expression of functional Fas and FasL to maintain homeostasis of the
mucosal immune system.
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INTRODUCTION activation. Chronically activated T cells constitutively express
functional Fas, and the FasL induction of these cells by stimulation
with phytohaemagglutinin (PHA), anti-CD3 antibody, or anti-TCR
.Iemtibody produces rapid cell death by apoptosis, a process termed
cells [1,2]. The function of IEL is proposed to play a part in the activation-induceq cell death (AICD). []. AICD. has been proposed
to be one mechanism for the regulation of an immune response and

surveillance of epithelium, and an involvement in the first line of S .
defence against bacterial and viral invasion. Intestinal mucosa ar.té1e elimination of autoreactive T cells [10,11]. Thus, the Fas—FasL

always exposed to constant challenge from an abundance of dietal ;i:ggtsl?;sliz C?:St'ﬁiires?utg Covr;g'?g\i;% tf;ier;rcﬁzsse)(:f g:ggﬁc}:ne d
antigens and intestinal pathogens. This continual antigen StimUIaﬂmction of Fés and FasL gn freshly isolgted human cpolonic IEL
tion may activate IEL [3,4]. However, the activation dose not )
normally result in inflammatory tissue damage, so it is suggested
that some regulating mechanisms in the intestine may exist. MATERIALS AND METHODS

Fas is a 48-kD type | membrane protein of the tumour necrosigg||s
factor (TNF) receptor family [5]. The ligation of Fas stimulates an The mouse T lymphoma cell line WR19L and its human Fas cDNA
intracellular cascade of events that leads to the induction Ofransfectant WR19L-12a [5] were kindly provided by Dr S.
apoptosis. Whereas freshly isolated peripheral blood T cellsygnehara (Kyoto University, Kyoto, Japan). The mouse T lym-
express Fas, these cells are insensitive to Fas-mediated apoptogifoma cell line L5178Y and its human FasL cDNA transfectant

[6,7]. Fas ligand (FasL) is a 40-kD type Il membrane proteinras| /1 5178Y [12] were kindly provided by Dr H. Yagita (Jun-
homologous with TNF [8]. FasL on T cells is rapidly induced after endo University, Tokyo, Japan).

Intestinal intraepithelial lymphocytes (IEL) comprise mainly T
cells bearing T cell receptor (TCRJ)p, are rich in CD8 T cells,
and represent a unique population in comparison with peripheral

Correspondence: Akio Hizuta MD, First Department of Surgery, Tissue and blood samples .
Okayama University Medical School, 2-5-1 Shikata-cho, Okayama 700_Human colon samples and autolog(?us peripheral blood mono-
8558, Japan. nuclear leucocytes (PBL) were obtained from 40 adult patients

E-mail: ahizuta@med.okayama-u.ac.jp (age 66-7-10-8years, range 42-87years) undergoing surgical
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resection for colorectal carcinoma. Normal colonic specimens wersubjected to three 30-min incubations with & whithiothreitol and
obtained at least 5 cm away from macroscopically detectable lesionf:75 mu EDTA in calcium/magnesium-free Hanks’ balanced salt
Heparinized peripheral blood was also obtained just before surgengolution containing 5% fetal bovine serum (FBS). The crude
preparation was passed through a no. 150 stainless steel wire

Lymphocyte isolation h to obtai inale-cell ion. The | hocvt
PBL were isolated by standard Ficoll density gradient centrifuga-mes 0 obtain a single-cell suspension. The lymphocyles were

tion. IEL were obtained by a modification of the procedure of obtained by a three-step discontinuous Percoll density gradient

. . . entrifugation and suspended in RPMI 1640 containing 25m
Taunketal [13]. Surgical specimens were washed, minced an EPES, 2m L-glutamine, 5Qu 2-mercaptoethanol, 100 U/l

penicillin, 100ug/ml streptomycin, and 10% FBS.
(a)
Flow cytometry
MoAbs used were PE-conjugated anti-human CD3, CD8, FITC-
conjugated anti-human CD4, TG, TCRyé (Becton Dickinson,
San Jose, CA), FITC-conjugated anti-human Fas (UB2; MBL,
Nagoya, Japan), and PE-conjugated anti-human FasL (NOK-1;
kindly provided by Dr H. Yagita). Isotype-matched mouse 1gG1
MoAb was used as a control. Freshly isolated IEL and PBL were
107 10" 107 107 10 107 10" 107 107 10 incubated with saturating concentrations of MoAb &€ 4for
30min and analysed on a FACSCalibur using he CELLQuest
program (Becton Dickinson).

IEL PBL

WR19L-12a WR19L

Cell number

Agonistic anti-Fas antibody-induced cytotoxicity assay
Na>'CrO,-labelled cells were incubated with the indicated con-
centration of anti-human Fas MoAb (CH-11; MBL) ax20* cells/

well in 96-well round-bottomed plates (Becton Dickinson Lab-
ware, Lincoln Park, NJ) in triplicate cultures at°87for 10 h. The
supernatant from each well was harvested and countedqin a
10° 10" 102 10° 10* 10° 10" 10* 10° 10* counter (Aloka, Tokyo, Japan). The percentage of cytotoxicity was
calculated according to the formula; 1®Qexperimental ct/min —
spontaneous ct/min)/(total ct/min— spontaneous ct/min), where
spontaneous ct/min is that of culture in medium alone, and total ct/

Fluorescence intensity (Fas) min is in 1% Triton-X.

\/

Reverse transcriptase-polymerase chain reaction
(b) Polyadenylated RNA was directly isolated using a QuickPrep
Micro mRNA purification Kit (Pharmacia, Uppsala, Sweden)
‘—""' according to the manufacturer's instructions. mRNA were
extracted from X 1(Pcells of IEL or PBL, and one tenth of the
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Fig. 1. Expression of Fas protein on freshly isolated colonic intestinal 0 o //ﬂ T
intraepithelial lymphocytes (IEL). (a) IEL and peripheral blood lympho-

cytes (PBL) were stained with PE-conjugated anti-human CD3 MoAb and B

FITC-conjugated anti-human Fas MoAb (UB2) (open histograms) or -10- IEL PBL WR19L-12a WR1SL
control MoAb (filled histograms), and CD3gated cells were analysed

by FACSCalibur. Mouse T lymphoma cell line (WR19L) and its human FasFig. 2. Cytotoxicity of agonistic anti-human Fas MoAb against intestinal
cDNA transfectant (WR19L-12a) were used as negative and positivéntraepithelial lymphocytes (IEL)3'Cr-labelled IEL, peripheral blood
control, respectively. Data from a representative donor out of five ardymphocytes (PBL), WR19L and WR19L-12a were incubated 4C3or
shown. (b) Normal colonic specimen was stained with UB2. Fas (arrow) isl0 h in the presence of indicated concentrations of anti-human Fas MoAb
detected in a lymphocyte located adjacent to and slightly deeper than th€H-11. Meant s.d. of triplicate cultures of a representative donor out of
lining of epithelial cells. The scale bar representu.60 four is shown.
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Table 1. Expression of T cell markers on freshly isolated colonic intestinal intraepithelial lymphocytes (IEL) and peripheral blood lymphocytes (PBL)

T cell marker

Celltype  CD3 cD4 CD8 TCRS TCRyS
IEL 69-3= 14-9* (20) 21.2-11.61 (10)% 627 20-8t (10)% 72.318-5t (20)t 27-217-8% (20)%
PBL 68-2+ 5.9 (15) 62-4- 9.9 (10) 28-6-7-8 (10) 94.1 4.1 (15) 5-6- 4.0 (15)

The figures in parentheses represent number of individuals.
*Mean = s.d. of percentage positive cells in lymphocytes.
tMean= s.d. of percentage positive cells in CD/mphocytes.
fSignificantly differentversusPBL (P <0-05).

purified mMRNA was used for reverse transcriptase-polymerasé&lkhart, IN) and mounted on silanized glass slides (Dako,
chain reaction (RT-PCR). cDNA was synthesized from theGlostrup, Denmark). After fixation with 100% acetone &t 4or
mMRNA by extension of an oligo d(T3 primer (Perkin Elmer, 9 min, endogenous peroxidase was quenched with 0-5% periodic
Norwalk, CT) with 2-5U MuLV reverse transcriptase (Perkin acid solution (Merck, Darmstadt, Germany) for 10 min and sec-
Elmer). Detection of FasL mRNA was performed using AmpliTaq tions were blocked with 10% normal goat serum. The slides were
DNA polymerase (Perkin Elmer) and primers with the following incubated overnight at°€ with anti-human Fas MoAb (UB2) at
sequences; ' STGATGCTGTGTGCATCTGGC and 'BAGGCA- 0-1ug/ml or rabbit anti-FasL polyclonal 1IgG (N-20; Santa Cruz
CAGTTCTTCCCTGTC [14], with a total of 33 amplification Biotechnology, Santa Cruz, CA) at Q:4/ml in PBS containing
cycles in a automated DNA Thermal Cycler (Perkin Elmer). 1% bovine serum albumin (BSA). Bound primary antibodies were
Each cycle consisted of denaturation at®4or 1 min, annealing visualized by the avidin—biotin complex immunoperoxidase meth-
at 55C for 1 min, and polymerization at 72 for 2min. Analysis  ods, using the Vectastain ABC Elite peroxidase kit and’-3,3
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAliaminobenzidine as a chromogen (Vector Labs, Burlingame,
served as a control for sample loading and integrity [15]. Ampli- CA). Slides were counterstained with methyl green.

fication products electrophoresed on a 2% agarose were visualized

with ethidium bromide staining. DNA-release cytotoxicity assay
Target cell death resulting from culture with effector cells in the
Immunohistochemistry wells of 96-well round-bottomed plates (Becton Dickinson Lab-

Cryostat sections of surgically resected normal colon were cutvare) were quantified by measurement of target cell DNA frag-
from quick-frozen tissues embedded in OCT compound (Milesmentation [16]. WR19L and WR19L-12a 110° cells/ml) were

hFasL/L5178Y

L5178Y
Marker

|
~ m
u o

Fig. 3. FasL mRNA expression detected by reverse transcriptase-polymerase chain reaction (RT-PCR). A 298-base pairs (bp) human FasL-
specific sequence and a 312-bp glyceraldehyde-3-phosphate dehydrogenase (GAPDH) sequence were amplified from mRNA isolated from
intestinal intraepithelial lymphocytes (IEL), peripheral blood lymphocytes (PBL), mouse T lymphoma cell line L5178Y and its human FasL
cDNA transfectant hFasL/L5178Y. Samples were electrophoresed on agarose gel and visualized by staining with ethidium bromide. FasL-
specific bands are detected in IEL and hFasL/L5178Y but not in PBL and L5178Y.
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labelled with®H-thymidine at 5 Ci/ml at 37C for 3h. After three  starting materials for this assay contained the same number of IEL
washes, 10" cells/100ul of labelled target cells and and PBL, the differences in FasL mRNA expression are likely to be
1x1CPcells/100ul IEL or PBL were mixed and incubated at qualitative and not quantitative.

37°C for 10h in round-bottomed plates in triplicate culture in

either the presence or absence of phorbol 12-myristate 13-acetaggs| protein expression on IEL

(PMA; 10ng/ml) and ionomycin (500 ng/ml) (Sigma Chemical Freshly isolated colonic IEL were analysed by flow cytometry
Co., St Louis, MO). The fragmented DNA was washed out and

cells were collected on a glassfibre filter by a cell harvester (Labo
Science Co., Tokyo, Japan). The radioactivity of the intact chro-
mosomal DNA retained on each filter was measured by liquid (a) A
scintillation counting. The percentage®f-thymidine release was IEL PBL
calculated as follows; ((ct/min without effector — ct/min with
effector)/ct/min without effectory 100.

Statistical analysis
Student'st-test was used to determine the significance of differ-
encesP <0-05 was regarded as significant. 10° 10" 107 10°  10° 100 10" 102 10°  10°

RESULTS

Phenotype of IEL hFasL/L5178Y L5178Y
Flow cytometric analysis of IEL freshly isolated from normal
human colon showed that a majority§0%) of these lymphocytes
expressed CD3, and that this percentage was comparable to the
level seen with autologous PBL. The proportions of T cells
expressing CD8 and TCR in IEL were significantly greater
than those in PBL and, conversely, CD4nd TCRyB™ T cell
populations were smaller in IEL (Table 1). This is in keeping with

the results of previous studies [1,2].

Cell number

10° 10" 10> 10° 10* 10° 10" 10 10° 10*

\ 4

Fas protein expression on IEL

Fas protein expression on freshly isolated IEL was analysed by
flow cytometry. As shown in Fig.la, virtually all IEL
(95-2+ 4-3%,n=5) intensely expressed Fas protein. This expres- {3}
sion of Fas on IEL was confirmed by immunohistochemical
staining, showing that positively stained cells were located adja-
cent to and slightly deeper than the lining of epithelial cells
(Fig. 1b). In contrast, Fas protein expression on PBL from auto-
logous patients was observed in only about a half (56864%,
n=>5) of the lymphocytes. The difference in the percentage of
positive cells between PBL and IEL was statistically significant

(P<0-0001). /v

Function of Fas expressed on IEL

To examine whether the Fas protein expressed on IEL is func-

tional, we assessed the sensitivity of IEL to agonistic anti-human

Fas MoAb (CH-11) which induced apoptotic cell death in cells

expressing functional Fas [6,7]. As shown in Fig. 2, incubation of

freshly isolated IEL in the presence of CH-11 induced significant ———

cell death in a dose-dependent manner. This is in contrast to the

observation that PBL were hardly sensitive to the antibody. Theseig. 4. Expression of FasL protein on freshly isolated colonic intestinal
results indicate that freshly isolated human colonic IEL, but notintraepithelial lymphocytes (IEL). (a) IEL and peripheral blood lympho-

Fluorescence intensity (FasL)

PBL, express functional Fas receptor. cytes (PBL) were stained with FITC-conjugated anti-human CD3 MoAb
and PE-conjugated anti-human FasL MoAb NOK-1 (open histograms) or
FasL mRNA expression in IEL control MoAb (filled histograms), and CD3gated cells were analysed by

. . FACSCalibur. Mouse T lymphoma cell line L5178Y and its human FasL
FasL mRNA was extracted from freshly isolated colonic IEL and ) i
y cDNA transfectant hFasL/L5178Y were used as negative and positive

PBL, and analysed by RT-PCR. As shown in Fig. 3, a 298-base pait

. . X control, respectively. Data from a representative donor out of five are
FasL transcript was detected by RT-PCR in IEL, but not in I:)BL'shown. (b) Normal colonic specimen was stained with rabbit anti-FasL

indicating that freshly isolated colonic IEL EXxpress Fas ligandpolycional antibody N-20. FasL (arrow) is detected in a lymphocyte located
mRNA. FasL mRNA was also not detected in fresh PBL treatedadjacent to and slightly deeper than the lining of epithelial cells. The scale

with the same isolation procedure as IEL (data not shown). As théar represents 50m.
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using an anti-human FasL MoAb (NOK-1). A substantial propor- DISCUSSION

tion (40-1*4-2%,n=5) of IEL expressed FasL and the mean This study examines the expression and function of Fas and FasL
fluorescence intensity (MFI) was similar to that obtained with theon human colonic IEL. We show that both Fas and FasL are
human FasL cDNA transfectant hFasL/L5178Y (Fig. 4a). As FasLconstitutively expressed on normal colonic IEL at the mRNA as
is rapidly inducible by exogenous stimulation, it is possible that thewell as the protein level and are functional for Fas—FasL-mediated
detected FasL might have been induced by the isolation proceapoptosis. Furthermore, our data confirm previous results showing
dures. To investigate such a possibility, tihesitu expression of  that IEL contain a large proportion of T lymphocytes expressing
FasL in normal colon was examined using immunohistochemicalCD8 and TCR& in comparison with PBL [1,2]. These results
staining. FasL was detected in IEL and lamina propria lympho-indicate that IEL represent a characteristic lymphoid population
cytes (LPL) (Fig. 4b). No FasL protein was detected in fresh PBLand that our isolation procedure supplied cell populations from the
by flow cytometry (Fig.4a) nor by immunohistochemistry (data appropriate compartment.

not shown). The spontaneous cytotoxicity of normal human IEL has long
been the subject of controversy. Our results are consistent with
Function of FasL expressed on IEL previous reports which show that human IEL exert spontaneous

We examined the functional expression of FasL on freshly isolatedytotoxicity against tumour target cells [13,17]. On the other hand,
colonic IEL by DNA-release cytotoxicity assay (Fig.5). IEL itis reported that human IEL exhibit cytotoxicity only afiervitro
exerted substantial cytotoxicity against a human Fas cDNAtransfecctivation with mitogens, IL-2 [18], or ligation of CD2 and CD3
tant (WR19L-12a) compared against a parental cellline (WR19L)[19]. In these studies, the cytotoxic function was evaluatet{Gy-

This level of IEL cytotoxicity was comparable to that obtained release assay, which may be less sensitive in detecting Fas—FasL-
using a human FasL cDNA transfectant (hFaslL/L5178Y). Themediated cytotoxicity compared with th#i-thymidine release
cytotoxic activity of fresh PBL was not detected in such an assayassay used in this study. Chettal. [20] examined the expression
but was induced by stimulation with PMA and ionomycin. Fresh of cytotoxicity-related molecules on normal human IEL and were
PBL treated with the identical isolation procedure to that of unable to detect molecules such as granzyme B, &NiFFasL on

IEL exhibited negligible cytotoxicity comparable with untreated in situ, but isolated, IEL. It is possible that the cytotoxic function is
PBL (data not shown). These results indicate that colonic IELinduced byin vitro activation due to the isolation procedures used.
constitutively express functional FasL which induces apoptoticHowever, this is unlikely to be the case because FasL was detected
cell death in Fas-expressing target cells by Fas—FasL-mediateid normal human IEL byn situ immunohistochemical staining in

cytotoxicity. our present study. Furthermore, we treated PBL with an identical
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Fig. 5. FasL-mediated cytotoxicity of normal human intestinal intraepithelial lymphocytes (IEL). Freshly isolated IEL, autologous peripheral
blood lymphocytes (PBL), hFasL/L5178Y and L5178Y cells were incubated itthymidine-labelled WR19L-1241() or WR19L @) at

37°C with or without phorbol 12-myristate 13-acetate (PMA) (10 ng/ml) and ionomycin (500 ng/ml) for 10 h at an effector:target ratio of 5.
Mean= s.d. of triplicate cultures of a representative donor out of six is shown.
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procedure to that used in IEL isolation and failed to detect the 5 Yonehara S, Ishii A, Yonehara M. A cell-killing monoclonal antibody
phenotypic and functional expression of FasL on these PBL (data (Anti-Fas) to a cell surface antigen co-downregulated with the receptor
not shown). These results strongly suggest that normal human IEL  of tumor necrosis factor. J Exp Med 1988591747-56.

express functional Fasin vivo and kill Fas-expressing target © Mivawaki T, Uehara T, Nibu R, Tsuji T, Yachie A, Yonehara S,
cells. Taniguchi N. Differential expression of apoptosis-related Fas antigen

. . on lymphocyte subpopulations in human peripheral blood. J Immunol
Whereas freshly isolated peripheral blood T lymphocytes 1992:1493753-8.

express Fas, these cells are insensitive to Fas-mediated ap0pt0$ Klas C, Debatin K-M, Jonker RR, Krammer PH. Activation interferes

[6,7] as shown in our data. These cells acquire sensitivity to the Fas jith the APO-1 pathway in mature human T cells. Int Immunol 1993;
signalling pathway only after prolonged activation [7]. FasL is not  5:625-30.

expressed on resting T cells but is rapidly induced by activation 8 Takahashi T, Tanaka M, Inazawa J, Abe T, Suda T, Nagata S. Human

[21]. The finding that IEL express both functionally active Fas and  Fas ligand: gene structure, chromosomal location and species specifi-

FasL suggests their activated state situ is probably due to city. Int Immunol 19946:1567-74.

continuous exposure to dietary antigens and intestinal flora. 9 Kapelitz D, Pohl T, chhhold K. Activation-induced cell death (apop-
AICD, which is induced by the expression of both Fas and FasL tlcfs?zgofgmature peripheral T lymphocytes. Immunol Today 1993;

in the S‘f"me population of Iymphocytes, ls.cor?5|dered to be on?o Nagata S, Golstein P. The Fas death factor. Science 2833,449—

mechanism for the down-regulation of ongoing immune responses

to terminate or prevent excessivg response§ by deletion of activate_l_q Lynch DH, Ramsdell F, Alderson MR. Fas and FasL in the homeostatic

T cells [10,11,22]. The expression of functional Fas and FasL on  regylation of immune responses. Immunol Today 199856974

IEL may prevent deleterious activation of IEL and maintain 12 Kayagaki N, Kawasaki A, Ebata @tal. Metalloproteinase-mediated

lymphocyte homeostasis in the normal intestine. release of human Fas ligand. J Exp Med 19882 1777-83.
The mechanisms and cellular interactions involved in orall3 Taunk J, Roberts Al, Ebert EC. Spontaneous cytotoxicity of human
tolerance are not well understood. T cells bearipy T cell intraepithelial lymphocytes against epithelial cell tumors. Gastroenter-

receptor, most of which reside in intestinal mucosa as IEL, play °logy 1992,10269-75.
a critical role in the induction and maintenance of oral tolerance tot* sac"z‘:' 'j\f\;*eqR' Ma;Ches R, T“Ckzr TF“ Kr_amnl"_er PH, S,Cé‘eue(;ma””
soluble antigens [23]. Recently, it has been reported that FasL is <+ Uhr JW. Tumor dormancy and cell signaling: gminduce

ired to be functi I d ol -induci I apoptosis in human B-lymphoma cells is not caused by an APO-1-
required to be functionally expressed on tolerance-Inaucing CeliS — \pg 1 jigand interaction. Proc Natl Acad Sci USA 1986;2165-8.

for the induction of aI_Iogenelc tolerance [24]. These_ flnqlmgs15 Tokunaga K, Nakamura Y, Sakata K, Fujimori K, Ohkubo M, Sawada
suggest that FasL functionally expressed on IEL may be implicated g sakiyama S. Enhanced expression of a glyceraldehyde-3-phosphate
in unresponsiveness to dietary antigens and prevention of inflam- denhydrogenase gene in human lung cancers. Cancer Res 1987;
matory tissue damage. 47:5616-9.

In conclusion, we have demonstrated that human normal IELL6 Matzinger P. The jam test. A simple assay for DNA fragmentation and
functionally express both Fas and FasL. The co-expression of these cell death. J Immunol Methods 199145185-92. _
molecules may be involved in the regulation of immune responsed? Targan S, Britvan L, Kendal R, Vimadalal S, Soll A. Isolation of
to a variety of dietary antigens and contribute to the maintenance of spontaneous and interferon inducible natural killer like cells from

e . . human colonic mucosa: lysis of lymphoid and autologous epithelial
lymphocyte homeostasis in the digestive tract. target cells. Clin Exp Immunol 198%4 1422,

18 Ebert EC. Intra-epithelial lymphocytes: interferon-gamma production
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