
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 250, 119–124 (1998)
ARTICLE NO. RC989258

Tenascin Suppresses CD3-Mediated T Cell Activation

Suguru Hibino,*,1 Kazunori Kato,† Shoji Kudoh,* Hideo Yagita,† and Ko Okumura†
*Fourth Department of Internal Medicine, Nippon Medical School, Bunkyo-ku, Tokyo 113-8602, Japan; and
†Department of Immunology, Juntendo University School of Medicine, Bunkyo-ku, Tokyo 113-8421, Japan

Received July 27, 1998

cell areas of secondary lymphoid organs (8, 9), but func-
Tenascin (TN) is an extracellular matrix protein tional role of TN in immune responses has not been

which interferes with fibronectin (FN)-dependent cell clarified yet. A recent report demonstrated that the
attachment and activation as a natural antagonist to ability of TN to support lymphocyte rolling might re-
FN action. In this study, we examined the inhibitory flect its ability to support cellular migration (10). Ineffect of TN on T cell proliferation induced by immobi- contrast, several experimental data from cell culturelized anti-CD3 Ab combined with various costimula-

experiments have demonstrated that TN exhibits anti-tors in a serum-free condition. Consistent with previ-
adhesive effect on fibronectin (FN)-mediated cell adhe-ous studies, human T cell activation induced by anti-
sion (11, 12, 13). Hemesath and colleagues reportedCD3 plus FN was completely inhibited by the addition
that TN prevented the expression of the interleukin 2of TN. Interestingly, TN could interfere with T cell pro-
(IL-2) and IL-2 receptor genes by blocking the appear-liferations costimulated by various very late activa-
ance of functional nuclear factor-AT-1 transcriptiontion antigen (VLA) integrin/ligand interactions such as
factor following T lymphocyte stimulation mediated byVLA-4/FN, VLA-5/FN and VLA-6/laminin. Furthermore,
very late activation antigen 5 (VLA-5)/FN interactionlymphocyte function-associated antigen 1 (LFA-1)-,
(14). However, T cells have been shown to interact withCD2- and CD28-costimulated T cell activation were

also inhibited by TN, while TN could not affect the a number of ECM proteins including not only FN but
phorbol ester-stimulated T cell proliferation. Collec- also laminin, collagen, vitronectin and fibrinogen via
tively, TN inhibits anti-CD3-induced T cell prolifera- integrin receptors, resulting in enhanced adhesion, mi-
tion irrespectively of costimulatory molecules, sug- gration and activation. In addition, other immune ac-
gesting that TN acts as a generally immunosuppres- cessory molecules such as lymphocyte function-associ-
sive extracellular matrix protein which potentially ated antigen 1 (LFA-1), CD2 and CD28 are expressed
interferes with T cell receptor/CD3-mediated T cell ac- on T cells, and these costimulatory molecules play criti-
tivation. q 1998 Academic Press cal roles in interactions between T cells and antigen

presenting cells (APCs). In the present study, we re-
vealed that TN inhibits T cell activation via CD3 liga-
tion combined with a variety of costimulatory mole-Tenascin (TN) is a large oligomeric extracellular ma- cules, and discuss the potential role of TN as an immu-trix (ECM) protein that consists of an amino- terminal nosuppressive molecule in antigen-specific T cellcystein-rich region involved in oligomerization, fol- activation.lowed by linear segments of EGF-like and fibronectin-

type III repeats and a fibrinogen-like region at the car-
MATERIALS AND METHODSboxyl terminal (1, 2). TN is widely expressed during

embryonic development, especially in neural tissues (3,
Tenascin and costimulators. Human tenascin purified from U-4), and TN has been implicated in cellular processes

251MG glioma cell line was purchased from Chemicon Internationalincluding adhesion, migration, and proliferation (5, 6,
Inc. (Temecula, CA), and was disolved in PBS at a concentration of7). TN is also expressed in tissues of the immune sys- 1 mg/ml and stocked at 0807C. TN used for T cell proliferation assay

tem, including the bone marrow, thymus, and the T was added at a final concentration of 10 mg/ml. Human plasma fibro-
nectin and laminin were purchased from Gibco-BRL (Gaithersberg,
MD) and Mallinckrodt Speciality Chemical Inc. (Chesterfield, MO),
respectively. Fibronectin fragments C-274, H-CS1 and purified hu-1 To whom correspondence should be addressed at Fourth Depart-

ment of Internal Medicine, Nippon Medical School, 1-1-5 Sendagi, man CD54 were kindly donated by Dr. I. Saiki (Toyama Medical and
Pharmaceutical University) (15) and Dr. T. Kinashi (University ofBunkyo-ku, Tokyo 113-8602, Japan. Fax: 81-3-5685-3075.
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Tokyo) (16), respectively. Monoclonal antibodies against human CD3 by the addition of neutralizing anti-TN antibody (Fig-
(OKT3), CD2 (T113) and CD28 (TN228) were purified from ascites ure 1C), indicating that the suppression was indeed
on protein A column. Polyclonal rabbit antibody against human ten- mediated by TN. To determine wether TN could inter-ascin was purchased from Cosmo-Bio Co., Ltd (Tokyo, Japan).

fere with the adherence of T cell to ECM, we examined
T cell preparation. Human T cells were purified from peripheral the inhibitory effect of TN on FN-mediated T cell adhe-blood mononuclear cells (PBMC) of normal healthy donors by density

sion. As expected, TN could inhibit the T cell adhesiongradient centrifugation on Ficoll-Hypaque (Pharmacia). Monocytes
to FN in a dose-dependent manner (Figure 2). How-and B cells in PBMC were depleted by adherence to plastic dish,

followed by nylon-wool column for 1h at 377C. Plastic and nylon- ever, high dose of TN (ú 10 mg/ml) which provided
wool non-adherent T cells resulted in ú95% pure CD3/ T cells, as complete inhibition for T cell proliferation could not
determined by flow cytometry. Purified T cells were washed with completely suppress T cell attachment (50% inhibi-serum-free RPMI1640 medium 3 times and suspended in AIM-V

tion).serum-free medium (Gibco-BRL).

T cell proliferation. Anti-CD3 antibody (OKT3, 100 ng/ml in PBS)
TN Inhibits T Cell Proliferation Costimulatedwas distributed onto 96-well microplate overnight at 47C, followed

by coating with human plasma fibronectin (FN), laminin (LM), FN by Sub-domains of FN and LM
fragments (H-CS1 and C-274), purified CD54, anti-CD28, or anti-

A previous report demonstrated that soluble TN in-CD2 mAbs at a concentration of 10 mg/ml in PBS for 3h at 377C.
Purified T cells in AIM-V medium were added at 2 1 104 cells/well terfered with T cell activation via RGD-dependent
in a final volume of 200 ml with or without TN, and plates were VLA-5 integrin receptor (14). It has been shown that
incubated at 377C, 5% CO2. After 3 or 4 days, the proliferative re- resting T cells constitutively express VLA-4, VLA-5 andsponse was measured by supplementing the cultures with 0.5 mCi/

VLA-6 which act as costimulatory molecules in T cellwell 3H-thymidine(TdR) (DuPont/NEN, Boston, MA) for 8h prior to
activation (18, 19). To examine whether TN also sup-harvesting the cells onto glass fiber filters. Filter-bound 3H-TdR in-

corporated into newly synthesized DNA was measured on a scintilla- press T cell activation mediated by VLA-4 and VLA-6,
tion counter (Beckman Instruments, Fullerton, CA). we investigated proliferative responses of T cells cul-

T cell attachment assay. T cell attachment was assessed in 96- tured on plates coated with anti-CD3 plus fragments
well U-bottomed plates pre-coated with human plasma FN at 10 mg/ of FN (H-CS1 and C-274) or LM. As shown in Figure
ml. After blocking with BSA-PBS, human T cells (5 1104 in 100 ml) 3, T cell proliferation induced by H-CS1 (bind to VLA-resuspended in RPMI 1640 were added to each well in the presence

4), C-274 (bind to VLA-5) or LM (bind to VLA-6) wereof TN at various concentrations, and plates were incubated for 1h
significantly inhibited by the addition of TN at 10 mg/at 377C, 5% CO2. After washing to remove the unattached cells, the

attached cells were stained with 0.2% crystal violet solution in 20% ml, suggesting that TN could suppress T cell activation
methanol for 10 min. After washing and drying, 50 ml of 1% sodium costimulated not only via RGD-dependent VLA-5 but
dodecyl sulfate was used to dissolve the cells and the absorbance at also via RGD-independent VLA-4 and VLA-6 integrins.560 nm was measured by Model 3550 Microplate Reader (Bio-Rad
Lab.,Hercules,CA).

Inhibition of T Cell Proliferation Induced by Other
Costimulatory Signals

RESULTS It has been shown that several costimulatory mole-
cules expressed on APCs greatly augment the prolifera-

Inhibitory Effect of TN on FN Costimulation of Anti- tive response of anti-CD3-stimulated T cells (19, 20).
We next examined whether TN could suppress T cellCD3-Stimulated T Cell Proliferation
activation induced by another costimulatory molecules

We first examined the effect of TN on proliferative such as LFA-1, CD28 and CD2. As shown in Figure 4,
response of anti-CD3-stimulated T cells when costimu- costimulatory effects were observed with purified CD54
lated by FN. To avoid the contribution of other costimu- protein, anti-CD28 and anti-CD2 mAbs that induced
latory extracellular matrix proteins in fetal bovine se- vigorous T cell proliferation. Unexpectedly, we found
rum, proliferation assays were performed in serum-free that TN could also suppress the T cell proliferation
medium as described previously (17). Similar to the induced by these costimulators. Our preliminary data
previous reports, OKT3 or FN alone could not induce indicated that TN did not alter the binding ability of
T cell proliferation in serum-free condition as shown T cells to CD54, anti-CD28 or anti-CD2 mAb (data not
in Figure 1A, but coimmobilization of OKT3 and FN shown). These results suggest that TN might suppress
enabled T cells to proliferate vigorously (Figure 1A). some intracellular signal transduction pathway medi-
As shown in Figure 1B, the proliferative response in- ated by CD3 or costimulatory molecules.
duced by OKT3 and FN was inhibited by the addition
of TN in a dose-dependent manner, with complete inhi- TN Is Unable to Affect T Cell Proliferation Induced
bition at concentrations over 20 mg/ml. Similarly, plate- by PMA
coated TN was also able to inhibit T cell proliferation
induced by OKT3 and FN (not shown). We then ob- Treatment with phorbol myristate acetate (PMA), a

pharmacological activator of protein kinase C, in com-served that T cell proliferative response was restored
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FIG. 1. T cell proliferation induced by coimmobilization of anti-CD3 Ab and FN. (A). Purified human T cells (2 1104) were cultured for
4 days in a 96 well microtiter plate coated with OKT3 and/or FN, as indicated. Cultures were supplemented with 0.5 mCi of 3H-thymidine(TdR)
for the final 8 hours. Data are represented as mean cpm / SD of triplicate wells. (B). Inhibition of T cell proliferation by TN. Human T
cells were stimulated with OKT3 plus FN for 4 days in the presence of TN at the indicated concentrations (abscissa). Data represent mean
cpm of incorporated 3H-TdR of triplicate wells. (C). Inhibitory effect of anti-TN antibody on TN-mediated suppression of T cell proliferation.
T cells stimulated with OKT-3 and FN were cultured with TN with or without antibody to TN. After culturing for 3 days, proliferative
response of T cells was measured by 3H-thymidine incorporation assay.

bination with ionomycin or some costimulatory mole- T cell proliferation, while the combination with iono-
mycin, anti-CD28 or FN induced vigorous T cell prolif-cules results in proliferation of T and B lymphocytes

(21). We finally examined whether TN inhibits PMA- eration. In contrast to the valid inhibitory effect of TN
against anti-CD3-stimulated T cell proliferation, theinduced T cell proliferation. As shown in Figure 5, sub-

optimal doses of PMA alone could not induce obvious addition of TN exhibited only a weak (15%) inhibitory
effect on T cell proliferation induced by PMA plus FN
but did not affect T cell proliferation induced by PMA
plus ionomycin or anti-CD28 Ab (Figure 5). Moreover,
TN was unable to inhibit the IL-2-induced T cell prolif-
eration (data not shown). These results indicate that
TN does not inhibit T cell proliferation generally but
inhibits the TcR/CD3-mediated proliferative response
irrespectively of costimulatory signals.

DISCUSSION

In this study we investigated the regulatory effect of
TN on T cell activation induced by a variety of costimu-
lators, including ECMs (FN, FN fragments and LM),
ICAM-1 (CD54), and agonistic antibodies (anti-CD2
and CD28 Abs). A previous report demonstrated that
TN inhibited T cell proliferation induced by soluble an-
tigen, alloantigen, or mitogen (22). However, the inhibi-
tory mechanism of TN has not been characterized in

FIG. 2. Inhibitory effect of TN on T cell adhesion to FN. Human detail. Generally, two signals through their TcR/CD3
T cells were incubated on FN-coated plate for 1h in the presence of complex and costimulatory molecules are required forTN at the indicated concentrations (abscissa) and the number of the

inducing T cell proliferation. Recently, Hemesath et alattached cells were assessed by crystal violet staining. Data repre-
sent mean { SD of triplicate wells. reported that interference of T cell adhesion to FN by
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FIG. 3. Inhibitory effect of TN on T cell proliferation induced by sub-domains of FN and LM. (A). Inhibition of T cell proliferation
costimulated with FN or FN fragments (H-CS1 or C-274) by TN. Human T cells were cultured in plates coated with OKT3 plus FN, H-CS1
or C-274 in the presence (solid bars) or absence (shaded bars) of 10 mg/ml TN. Data represent mean / SD of triplicate wells. (B). Proliferative
response of human T cells cultured on LM. Human T cells were cultured in plates coated with OKT3 plus FN or LM in the presence (solid
bars) or absence (shaded bars) of TN. Data represent mean / SD of triplicate wells.

soluble TN led to the inhibition of human T cell prolifer- with the previous observation that TN suppressed IL-
2 production (14), the addition of exogeneous IL-2 toation (14). However, we found that TN could completely

inhibit the T cell proliferation despite of partial inhibi- the cultures reversed the inhibition by TN (data not
shown). Furthermore, we found that TN also inhibitstion of adherence to FN. To further clarify the immuno-

suppressive activity of TN, we examined the inhibitory the LFA-1-, CD28- or CD2-costimulated T cell prolifer-
ation, while TN could not block the IL-2- and PMA-effect of TN on T cell proliferation induced by a variety

of costimulators. T cell proliferation induced by immo- induced T cell proliferation. In addition, it was reported
that TN prevented the appearance of NF-AT1 in nucleibilized anti-CD3 Ab and FN was completely inhibited

by both soluble and immobilized TN, and TN also inhib-
ited T cell proliferation costimulated via VLA-4/H-CS1,
VLA-5/C-274 and VLA-6/LM interactions. Consistent

FIG. 4. Effect of TN on T cell proliferation induced by other costi- FIG. 5. Effect of TN on T cell proliferation induced by PMA plus
costimulators. Human T cells were stimulated with PMA plus iono-mulatory signals. Anti-CD3 Ab (OKT3) plus purified human CD54

protein (A), anti-CD28 Ab (B) or anti-CD2 Ab (C) were coated onto mycin, anti-CD28 Ab or FN in the presence (solid bars) or absence
(shaded bars) of 10 mg/ml TN. 3H-TdR incorporation was measured96 well microtiter plates overnight, followed by culturing human T

cells in the presence (solid bars) or absence (shaded bars) of 10 mg/ for the last 8 hours of a 3 day culture. Data represent mean / SD
of triplicate wells.ml TN. Data represent mean / SD of triplicate wells.
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