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Activation-inducible lymphocyte immuno-mediatory
olecule (AILIM) is an inducible cell surface glycopro-

ein expressed on thymocytes and activated lympho-
ytes. Specific monoclonal antibody to rat AILIM in-
uced the cell aggregation of a rat thymoma cell line and
onA-activated splenocytes. In the present study, we

dentified the primary structure of two species of rat
ILIM by expression cloning. We also cloned mouse and
uman AILIM homologues and the predicted amino acid
equences were identical to those of the inducible co-
timulator ICOS/CRP-1, which belongs to the CD28/
TLA4 family. Although the human and mouse AILIM/

COS molecule is localized on T-cells, the major
opulation of AILIM/ICOS-positive cells in rat spleno-
yte was CD45RA-positive B-cells. The expression level
f AILIM/ICOS on T-cells was relatively low; however, its
xpression was drastically induced by the treatment
ith PMA plus Ca-ionophore or the engagement of CD3
nd these costimulatory molecules. Almost all T-cells
xhibited potency as to its expression. Functional anal-
sis of AILIM/ICOS demonstrated that AILIM-mediated
ostimulation was relatively weak compared to that of
uman. © 2000 Academic Press

Key Words: ICOS; CD28; CTLA4; costimulatory
olecule.

Direct cellular interactions are thought to play an
mportant role in the regulation of cellular communi-
ation like humonal factors. Recent studies revealed
he molecular structure that participates in the inter-
ction, such as adhesion molecules and cell surface
olecules (1, 2). In the immune system, the cellular

Abbreviations used: AILIM, activation-inducible lymphocyte
mmuno-mediatory molecule; ICOS, inducible costimulator.

1 Present address: Institute for Virus Research, Kyoto University,
akyo-ku, Kyoto 606-8507, Japan.
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-cell-dependent B-cells is necessary and plays an im-
ortant role in the immunological response (3, 4). The
nteraction leads to the subsequent proliferation and
ifferentiation of both T- and B-cells, and the secretion
f cytokines from T-cells (3, 4).
It is well known that the activation of T-cells re-

uires the two distinct signals: one derived from the
nteraction between the T-cell receptor and peptide-

HC complex, and the other, designated as the co-
timulatory signal, derived from the interaction of the
ostimulatory molecule on T-cells and its counterrecep-
or on antigen-presenting cells (APCs; 5–8). These re-
ctions lead that at least two different outcomes can
esult from the interaction between T-cells and APCs:
ngagement of the T-cell receptor by a specific antigen
ith costimulatory signals results in T-cell activation

ncluding proliferation and cytokine production. On
he other hand, the T-cell receptor cognate with the
ntigen in the absence of the stimulation via the co-
timulatory molecule leads to anergy to subsequent
hallenge with the same antigen or results in cell death
5–8).

In recent studies, the molecular basis of the regula-
ion mechanism for T-cell activation was demonstrated
9–15). An important costimulatory signal is delivered
o T-cells when CD28 and CTLA4 on T-cells interact
ith B7 family members, B7-1 and B7-2, expressed on
PCs (9–12). A lot of other receptor and counter-
eceptor interactions have been reported, the costimu-
atory molecule pairs being CD2-CD58, LFA-1-CD54,
D40L-CD40, and CD4-MHC class II (13–15).
Previously, we generated against monoclonal anti-

odies to molecules expressed on the rat thymoma cell
ine, FTL43 cells, and cloned an agonistic antibody,
esignated as JTT.1, which induced the cell aggrega-
ion of FTL43 cells and ConA-activated spleen cells
0006-291X/00 $35.00
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16). We also cloned an aggregation blocking monoclo-
al antibody, designated as JTT.2, which completely
locked JTT.1-induced cell aggregation (16). Immuno-
ogical studies involving these monoclonal antibodies
evealed that they recognized the same molecule, and
he antigen expressed on thymocytes and lymphocytes
ut not on neutrophils. Furthermore, the antigen on
ymphocytes was strongly induced by ConA stimula-
ion (16). We designated this antigen as an activation-
nducible lymphocyte immuno-mediatory molecule
AILIM).

In this study, we identified the structure of two spe-
ies of AILIM from ConA-activated rat spleen cells and
TL43. Moreover, we also cloned mouse and human
ILIM homologues found using rat AILIM cDNA un-
er a low stringent conditions. The predicted amino
cid sequences of human and mouse were identical to
hat of the inducible costimulator, ICOS/CRP-1, which
s functionally related to CD28 and CTLA4 (17, 18, 33).
he predicted amino acid sequences were conserved at
level of 60–80% identical to each other.

FIG. 1—

FIG. 1. Nucleotide and deduced amino acid sequences of rat AI
ILIM-1 and AILIM-2 were shown in (a) and (b), respectively. The p
egion is represented by a double underline. Potential N-linked glyco
s dotted. (c) Amino acid alignment of rat, mouse and human AILIM
onserved residues are shaded. These sequence data have been submi
ere AB023133 (rat AILIM-1), AB023134 (rat AILIM-2), AB023132
337
In contrast to human or mouse AILIM/ICOS mole-
ule which is localized on T-cells, the rat AILIM was
etected on not only T cells but B cells in the normal
ody on flowcytometric analysis. The AILIM/ICOS ex-
ression on T-cells was drastically induced by the
reatment with PMA plus a Ca-ionophore or the en-
agement of CD3 plus CD28 or AILIM/ICOS. After
hese activation of T-cells in vitro, almost of all T-cells
xpressed AILIM/ICOS on its cell surface and the cells
xhibit the ability to express AILIM/ICOS. Functional
nalysis of AILIM/ICOS using monoclonal antibody
emonstrated that rat AILIM/ICOS-mediated costimu-
ation was relatively weak compared to those of human
nd mouse system. These characteristics indicate that
at AILIM/ICOS has some different features from hu-
an AILIM/ICOS.

ATERIALS AND METHODS

cDNA cloning of rat, mouse, human AILIM. A cDNA library of
at splenic ConA-blast cells was constructed in a mammalian expres-

ntinued

-1/-2 cDNAs. Nucleotide and deduced amino acid sequences of rat
tive signal sequence was underlined. The putative transmembrane
ation sites are indicated in italics. The predicted SH2-binding motif
OS. Identical residues in rat, mouse, and human are boxed and the

to the DDBJ/EMBL/GenBank Data Library; the accession numbers
ouse AILIM), and AB023135 (human AILIM).
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sion vector, pME18S (19). The plasmid library consisted of 1 3
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0 -independent clones. The library was amplified once and then
sed for expression cloning. COS-7 cells (1.5 3 106 cells) were trans-
ected by electroporation with 10 mg of plasmids using a Gene Pulser
Bio-Rad Laboratories, Hercules, CA). The transfected cells were
orted by the panning method on JTT.1-coated dishes. Plasmid DNA
as isolated from the sorted cells according to the method reported
y Hirt et al. (20). Plasmid DNA was transformed in E. coli DH10B
GIBCO-BRL, Rockville, MD) by electroporation for amplification
nd then introduced into COS-7 cells again. After three rounds of
his panning, an AILIM cDNA clone, named T132A7, was isolated.

cDNA libraries were constructed from rat thymoma FTL43, mouse
plenic ConA-blast, and human PBMC ConA-blast cells, and
creened by the colony-hybridization method using the rat AILIM
DNA (clone T132A7) as a probe in the low stringent conditions.

Protein sequence determination of rat AILIM. The AILIM protein
as affinity-purified from rat thymoma FTL43 cells using anti-
ILIM JTT.1-mAb reported previously (16). Approximately 200 pmol
f the purified protein was subjected to automated Edman sequenc-
ng with a Protein Sequencer 477 (Applied Biosystems, Foster City,
A) on line with a 120 A Separation system.

Northern blot analysis. Multiple Tissue Northern blots of rat,
ouse, or human tissues were purchased from Clontech (Palo
lto, CA) and hybridized with each of rat, mouse or human
ILIM cDNA labeled with [a-32P]dCTP (Amersham-Pharmacia Bio-

ech, Uppsala, Sweden) by the random priming method, respectively.
ybridization was performed at 55°C in 0.5 M sodium phosphate
uffer supplemented with 7% SDS and 1 mM EDTA as described
reviously (21). The membrane was washed twice with 23 SSC/0.1%
DS at 60°C, and then twice with 0.23 SSC/0.1% SDS at 60°C, and
he autoradiographed with a BAS2000 system (Fuji Film, Tokyo,
apan).

Isolation of AILIM-positive cells. AILIM1 cells among rat spleen,
ymph node, and thymus were isolated by positive selection using a

agnetic Cell Sorting System (Miltenyi Biotech GmBH, Germany).
riefly, Wistar rat lymphocytes were incubated with 50 mg of anti-

at AILIM mAb, clone JTT1, in Ca21,Mg21-free phosphate-buffered
aline (PBS-) supplemented with 0.5% (w/v) BSA and 5 mM EDTA at
°C for 30 min. After incubation, the cells were washed twice with
he buffer and then incubated with goat anti-mouse IgG microbeads
Miltenyi Biotech). The positive cells were isolated according to the
anufacturer’s instruction manual.

Flow cytometry. Cells (1 3 105 cells) were stained with FITC- or
E-conjugated mAbs in 100 ml of PBS- supplemented with 0.5% (w/v)
SA and 5 mM EDTA for 30 min at 4°C. After the incubation, the
ells were washed twice with the same buffer, and then analyzed
ith a FACSort (Becton Dickinson, San Jose, CA).

Effect on the T-cell proliferation by the engagement of AILIM in
ombination with CD3. Rat T cells were isolated from 10-week-old
D rat (Charles River Japan, Yokohama, Japan) lymph node cells

solated by negative selection using anti-rat CD45RA mAb (clone
X-33; Pharmingen, San Diego, CA) and Magnetic Cell Sorting
ystem (Miltenyi Biotech GmBH, Bergisch Gladbach, Germany) ac-
ording to the instruction manual. The 96-well type culture plates
ere precoated with 50 ng per well of anti-CD3 mAb (clone G4.18;
harmingen) plus various dose of anti-AILIM mAb (clone JTT2,
losed circles, ref. 16), 50 ng per well of anti-CD3 mAb plus various
ose of anti-CD28 mAb (clone JJ319, open squares; Pharmingen), or
0 ng per well of anti-CD3 mAb plus various dose of control mAb
clone MOPC-21, open triangles; Pharmingen). The cells were cul-
ured for 44 h. [3H]Thymidine (0.5 mCi; Amersham-Pharmacia Bio-
ech) was added to each well for the last 6 h of the culture, and the
roliferation was measured as [3H]thymidine incorporation using a
opCount (Packard, Meriden, CT).
338
DNA Cloning of Rat, Mouse, and Human AILIM

At first, we isolated a cDNA clone encoding rat
ILIM, clone T132A7 (AILIM-1) being isolated from a
at splenic ConA blast cDNA library by expression
loning with JTT.1 mAb. AILIM-1 was 835 base pairs
bp) in length and contained a single open reading
rame of 650 bp encoding 216 amino acids with a cal-
ulated Mr of 24.2 kDa (Fig. 1a). From the results of
orthern hybridization with AILIM-1 as a probe, rat
ILIM mRNA was found to be 0.9, 1.6, 3.7 kilobase (kb)

n length in rat ConA-blast mRNAs (Fig. 3d). For
loning of the full-length cDNA, we screened the
TL43 cDNA library by colony-hybridization with rat
ILIM-1 cDNA as a probe, and a cDNA clone f23

AILIM-2) was isolated. AILIM-2 was 2016 bp in
ength and contained a single open reading frame of
02 bp encoding 200 amino acids with a calculated Mr
f 22.5 kDa (Fig. 1b).
From the results of hydropathy plotting, the
ILIM-1 and 2 were found to be a type I transmem-
rane protein (data not shown). The amino acid region
etween 1 and 197 of rat AILIM-1 and AILIM-2, com-
rising a 20 amino acid N-terminal hydrophobic leader
equence, a 122 amino acid extracellular region con-
aining 2 potential N-glycosylation sites, a 21 amino
cid hydrophobic membrane-spanning portion, and a
art of the cytoplasmic region was identical (Fig. 1c).
he cytoplasmic region of AILIM-1 is longer for 16-
mino-acid residues than that of AILIM-2. From the
esults of Northern blot analysis in rat ConA-blast and
TL43 mRNAs, AILIM-1 cDNA of 835 bp in size was
erived from 0.9- or 1.6-kb mRNAs and AILIM-2 cDNA
f 2016 bp in size was derived from 3.7-kb mRNA (Fig.
d). We also determined the N-terminal sequence
ELDNLANHRXFXFHDGXVQI) of AILIM, which was
urified from a cell-lysate of FTL43, was identical to
he translated sequence of positions 21 to 40.

The mouse AILIM cDNA was obtained by colony-
ybridization with clone T132A7 as a probe from a
ouse splenic ConA-blast cDNA library. The pre-

icted amino acid sequence of mouse AILIM was
7% identical to that of rat AILIM-1, and 84% to that of
at AILIM-2. The predicted amino acid sequence of
ouse AILIM consisted of 200 amino acids with a

redicted molecular mass of 22.7kDa and contained
wo N-glycosylation sites in the extracellular domain
Fig. 1c).

The human AILIM cDNA encodes a protein of 199
mino acids lacking one amino acid at residue 121 in
he extracellular domain of rat AILIM-2 and mouse
ILIM, and has three predicted N-glycosylation sites

n the extracellular domain. The human AILIM is 62%
dentical to rat AILIM-1, 67% to rat AILIM-2, and 68%
o mouse AILIM in amino acid sequence (Fig. 1c). From
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he results of the amino acid sequence alignment
mong rat AILIM-1/AILIM-2, mouse and human
ILIM, AILIM-2 would be rat homologue of human
nd mouse AILIM.
A comparison of the predicted amino acid sequence of
ILIM with the GenBank database demonstrated that
ILIM is a member of the CD28/CTLA4 family (Fig. 2).
he rat AILIM-2 exhibits 19% identity with that of
D28, and 13% identity with CTLA4. Cysteine resi-
ues, which are important for the formation of a single
mmunogloblin V-like domain and a disulphide bridge,
re highly conserved in CD28/CTLA4/AILIM. The
MFM motif in the cytoplasmic tail, which is predicted

o bind to the src-homology region 2 (SH2) domain
f PI3-kinase (22), is conserved. However, the motif
YPPPY, which is required for the ligation of CD28/
TLA4 and B7-1/B7-2 (23, 24), and the SH3-binding
otif (PxxP) observed in CD28 (25) are not conserved

n AILIM. The predicted amino acid sequence of hu-
an AILIM is identical with that of ICOS, and mouse
ILIM is identical with CRP-1, which were recently re-
orted to be an inducible T-cell costimulator (17, 18, 33).

xpression of AILIM/ICOS mRNA in Lymphoid Tissues

To examine the expression of AILIM/ICOS in vivo,
olyA1 mRNA from various kinds of tissues was ana-

FIG. 2. Sequence alignment of AILIM/ICOS, CD28, and CTLA4 b
oxed and related residues are shaded. The consensus sequence is s
re shown on the right of the sequence.
339
yzed by Northern blot analysis. As shown in Fig. 3a,
at AILIM-2 mRNA was detected as a strong band
orresponding to 3.7 kb in size in spleen and lung.
light expression was also observed in liver, kidney,
nd testis. Mouse AILIM/ICOS was expressed at rela-
ively low level only in spleen, as a band 3.7 kb in size
Fig. 3b). Human AILIM/ICOS mRNA was slightly ex-
ressed in thymus, lung, lymph node, and peripheral
lood leukocytes (PBL) (Fig. 3c). Unlike the rat and
ouse ones, the size of human AILIM mRNA was 2.8

b, different from that of other species.
By ConA-stimulation, only AILIM-1 mRNA of 0.9 or

.6 kb in size was upregulated in rat splenocytes (Fig.
d), however, only a human 2.8-kb transcript corre-
pond to rat AILIM-2 was upregulated in peripheral
lood mononuclear cells (PBMC: data not shown).

opulation of AILIM/ICOS-Positive Cells

To characterize the cell populations of the AILIM/
COS-positive cells, we isolated AILIM/ICOS-positive
ells from rat spleen cells, lymph node cells, and thy-
ocytes by magnetic cell sorting. Figure 4 shows the

esults of flow cytometric analysis of AILIM/ICOS-
ositive cells, which were isolated from rat various
ymphoid tissues, stained with various antibodies
gainst lymphocyte-surface molecules. Among rat

nging to the CD28/CTLA4 family. Identical amino acid residues are
n under the alignment. Amino acid positions within each sequence
elo
how
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pleen, over 90% of the anti-AILIM-sorted cells were
D45RA1 B-cells, and the content of CD41 T-cells and
D81 T-cells in AILIM-positive cells were 4.3 and
.9%, respectively. Among lymph node cells 57.2%
ere CD45RA1 B-cells, 32.7% were CD41 T-cells and
.1% were CD81 T-cells. In thymus, 98.1% of anti-
ILIM-sorted cells were CD4CD8-double positive
-cells, only 0.3% were CD4low1CD81 cells and 1.5%
ere CD41CD8low1 cells. The expression of rat AILIM
as relatively low in the steady-state in vivo. Without

timulation, the contents of AILIM-positive cells
mong rat spleen cells, lymph node cells, and thymocytes
ere 0.4, 0.2, and 0.7%, respectively (data not shown).

nduction of the Expression of AILIM/ICOS
on Rat T-Cells

Next, we investigated the induction of AILIM/ICOS
n T-cells isolated from lymph node by flowcytometric

FIG. 3. Expression of AILIM/ICOS mRNAs in various tissues. No
c), rat thymoma cells and ConA-blast (d) was performed. The RNA
RNAs were also indicated on the right. Tissues are indicated at th
ethods.
340
nalysis. The stimulation with PMA plus Ca-ionophore
nduced the expression of AILIM/ICOS on T-cells (Fig.
a). ConA (2 mg/ml) weakly stimulated the cell surface
xpression of AILIM/ICOS (data not shown). Interest-
ngly, the expression of rat AILIM/ICOS was drasti-
ally induced in T-cells by the engagement of CD3, and
D28 or AILIM (Fig. 5b). The expression of AILIM/

COS was detected and induced in each CD41 and
D81 T-cells (data not shown). Almost all T-cells have

he ability of the AILIM/ICOS expression. The expres-
ion level of AILIM/ICOS by costimulation was high
evel rather than that by the treatment with PMA plus
a-ionophore.

at AILIM/ICOS Acts as a Costimulatory Molecule
for T-Cell Activation

Next, we investigated whether or not the engage-
ents of CD3 and costimulatory molecules have co-

ern blot analysis of rat tissues (a), mouse tissues (b), human tissues
olecular sizes (kb) are shown on the left. The sizes of AILIM/ICOS
p of each figure. The method used is described under Materials and
rth
m
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timulatory activity for T-cell proliferation. The
ILIM-specific mAb, clone JTT.2, did not exhibit direct
itogenic activity in the absence of anti-CD3 antibod-

es. However, the proliferation of rat T cells was in-
uced by the cross-linking with the combination of
TT2 and anti-CD3 mAbs in a dose-dependent manner
Fig. 6). The maximal costimulatory activity of rat
ILIM/ICOS was less than 50% of that of CD28 in

ombination with anti-CD3 mAb.

FIG. 5. Induction of cell-surface expression of AILIM/ICOS on
ymph node T-cells. (a) Rat lymph node T-cells were incubated with 20
g/ml PMA and 200 ng/ml Ca-ionophore for 8 h. The profiles obtained
ith mAbs after the treatment are indicated by a thick line. Control-

taining with isotype-matched IgG is shown by dotted lines. (b) Rat
ymph node T-cells were stimulated by the engagement of CD3 and
D28 or AILIM/ICOS. The T-cells and fractionated T-cells were stained
ith AILIM/ICOS mAb. Fine and thick lines indicated the profiles with

he engagement of CD3 and CD28 or CD3 and AILIM/ICOS, respec-
ively. Dotted lines indicated a control-staining profile with isotype-
atched IgG. The method used is described under Materials and Methods.
342
It is well known that T cells require both a TCR
enerated signal and a costimulatory signal for their
ull activation. Recent studies demonstrated that
D28 provides a costimulatory signal through a signal

ransduction pathway distinct from that generated
hrough TCR (26). CTLA4 is also a T-cell costimulator,
hich is structurally related to CD28. Although these
olecules belong to the same family from the view-

oint of their structures, CD28 and CTLA4 have oppo-
ite effects on the T-cell responses. CD28 plays impor-
ant roles in the activation, the normal immune
esponse and T-cell development (5). CTLA4 exhibits
nhibitory activity toward T-cell activation (27, 28).
owever, studies involving CD28-deficient mice have

hown that CD28 is not required for all of the T-cell
esponses in vivo, and also suggested that an alterna-
ive costimulatory pathway mediated by some novel
ostimulatory molecule may exist (29, 30).
In the present paper, we described the molecular

tructure, expression, and function of a novel costimu-
atory molecule, AILIM, which is structurally related
o the CD28/CTLA4 family, and showed some new find-
ngs about rat AILIM/ICOS, different from human and

ouse ones. First, we isolated two kinds of alterna-
ively spliced variants of rat AILIM, designated as
ILIM-1 and AILIM-2. The predicted amino acid se-
uence of AILIM-2 encoded by the open-reading frame

FIG. 6. Stimulation of T-cell proliferation with the engagement
f CD3 and AILIM/ICOS. Rat lymph node T cells (1 3 105 cells/well)
ere cultured on 96-well plates precoated with 50 ng per well of
nti-CD3 mAb (clone G4.18) plus various doses of anti-AILIM/ICOS
Ab (clone JTT2, closed circles), 50 ng per well of anti-CD3 mAb plus

arious doses of anti-CD28 mAb (clone JJ319, open diamonds), or 50
g per well of anti-CD3 mAb plus various doses of control mAb (clone
OPC-21, open triangles). The cells were cultured for 44 h and

3H]thymidine (0.5 mCi) was added to each well for the last 6 h of the
ulture. Then the proliferation was measured as [3H]thymidine in-
orporation with a TopCount (Packard).
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hich was similar to the molecular weight (20 kDa) of
he deglycosylated native AILIM protein (16). Trans-
ection experiments involving COS cells with the
loned AILIM revealed a disulfide-linked homodimer
n the cell surface like CD28 and CTLA4 (data not
hown). Furthermore, we also cloned not only rat
ILIM but also human and mouse AILIM and those
educed amino acid sequences were highly conserved
o rat AILIM-2. Recently, several groups reported the
dentification of a novel costimulator, designated as a
nducible costimulator, ICOS (17, 31) or CRP-1 (18).
hose predicted amino acid sequences of human and
ouse were identical to those of AILIM. The signaling

athway following CD28-stimulation has been eluci-
ated (22, 25, 26). The CD28-mediated activation-
ignal is delivered through the binding of the SH2-
omain of PI3-kinase and GRB-2/SOS to the pYMNM
otif. On the contrary, CTLA4 functions as a negative

egulator through the binding of tyrosine phosphatase
o the YVFM motif (32). The cytoplasmic tail of AILIM/
COS contains the YXXM motif, which was predicted to
ind to the SH2-domain of PI3-kinase. We showed that
ILIM-1, a novel species of AILIM/ICOS, was thought

o be an alternatively spliced form in rat. Because the
otif is conserved in AILIM-1, it would be able to

ransduce the signals mediated by the binding between
ILIM/ICOS and its counter-receptor. From the re-
ults of Northern blot analysis, the 0.9 or 1.6-kb
ILIM-1 mRNA was drastically upregulated by ConA-
ctivation. AILIM-1 might work as a costimulatory
olecule mainly in the activation of T-cells. However,

ts roles in vivo are not elucidated.
Secondly, we examined the tissue distribution of
ILIM/ICOS mRNA and the expression of AILIM/

COS on lymphoid cells in rat, and compared to those
n human (17) or mouse (18, 31). Under physiological
onditions, the expressions of mouse and human
ILIM/ICOS mRNA were detected slightly in lym-
hoid tissues or lymphocyte-containing organs. Excep-
ional case was observed in rat. The expression level of
ILIM/ICOS mRNA in rat spleen was drastically high

ompared to those in human and mouse spleen. As
udged from the results of flowcytometric analysis, over
0% of human AILIM/ICOS positive cells in PBMC
ere CD41 T-cells (33). In contrast, 89.2% of rat
ILIM/ICOS-positive cells were CD45RA1 B-cells. Rat
ILIM might to be an immuno-mediatory molecule not
nly for T-cells but also B-cells. In rat T-cells, the
xpression of AILIM/ICOS was highly regulated.
ILIM/ICOS only appeared on a small portion of CD41

-cells and CD81 T-cells, and its expression was dras-
ically induced by the treatment with PMA plus Ca-
onophore, like in the case of CTLA4 (33). Interest-
ngly, AILIM/ICOS expression was induced by the
343
D3 and CD28 but CD3 and AILIM/ICOS.
Thirdly, we indicated that rat AILIM/ICOS acts as a

ostimulatory molecule for T-cell activation. In human
-cells, the engagement of CD3 and AILIM/ICOS dras-
ically induced the T cell proliferation, and its level of
3H]thymidine uptake was similar to that induced by
he engagement of CD3 and CD28 (17, 33). However, in
at T-cells, the effect on the T cell proliferation by the
ngagement of CD3 and AILIM/ICOS relatively low
evel in comparison with that by the stimulation of the
ngagement of CD3 and CD28. In our previous study,
ILIM/ICOS was isolated as a possible cell adhesion
olecule from the activity of JTT.1 and JTT.2 mAbs

16). The cloned agonistic antibody, JTT.1, drastically
nduced the cell aggregation of FTL43 cells and ConA-
ctivated spleen cells, JTT.2 completely blocked the
TT.1-induced cell aggregation (16). We speculate that
ILIM/ICOS would have some another functions

hrough the activity, such as a adhesion molecule, and
ould regulate a immune response not only for T-cells
ut also B-cells. The expression of AILIM/ICOS on
D45RA1 B-cells also suggested this possibility.
We noticed the function of AILIM/ICOS in the devel-

pment of T-cells in thymus. We revealed the expression
f AILIM/ICOS in the process of T-cell development using
at thymus. The flowcytometric analysis showed that
lmost of all AILIM/ICOS-positive cells were enriched in
D4CD8-double positive cells and CD41CD8low1- and
D4low1CD81-cells. CD28 was expressed in the almost all
opulation of thymocytes and slight expression of CTLA4
as also observed in CD4CD8-double positive cells, CD4-
nd CD8-single positive cells (34, 35). The analyses of
D28 or CTLA4 knockout mice revealed that the roles of
D28/CTLA4 for the development of T-cells in thymus is
uite different (29, 30). Although T-cell development was
ormal in the CD28-knockout mice (29), CTLA-4 knock-
ut mice exhibited a marked decrease of CD4CD8-double
ositive cells and a relative increase in CD4- and CD8-
ingle positive T-cells (30). The expression profiles of
ILIM/ICOS on thymocytes was different from those of
D28/CTLA4, and shows the possibility that AILIM
ight play an other important role for the maturation or

election of T cells in thymus.
Further studies for the elucidation of the roles of

ILIM/ICOS, and the classification of the roles of AILIM/
COS compared to those of another costimulatory mole-
ules, such as CD28 or CTLA4, should provide valuable
nformation on the immunological responses of lymphoid
ells and T-cell development in vivo.
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