
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Stimulation of all T cells bearing V_β1,
V_β3, V_β11 and V_β12 by staphylococcal
enterotoxin A

滝本, 博明
九州大学医学系研究科病理系専攻

https://doi.org/10.11501/3091192

出版情報：九州大学, 1992, 博士（医学）, 課程博士
バージョン：
権利関係：



Eur. J. Tmmunol. 1990. 20: 617-621 T cell stimulation by staphylococca l enterotoxin A 617 

Hiroaki Takimoto, 
Yasunobu Yoshikai, 
Kenji Kishihara, 
Goro Matsuzaki, 
Hiroshi KugaO, 
Tsuyoshi Otani0 and 
Kikuo Nomoto 

Stimulation of all T cells bearing V ~1, V ~3, V ~11 
and V ~12 by staphylococcal enterotoxin A 

Department of Immunology, 
Medical Institute of Bioregulation, 
Kyushu University, Fukuoka and 
Research Institute, Daiichi Seiyaku 
Co. Ltd. 0 , Tokyo 

To determine the molecular mechani m of Tce ll stimulation by staphylococcal 
enterotoxin A (SEA), we examined the expres ion ofTcell receptor (TcR) V~ on 
the T cells from four strai ns of mice st imulated in vitro with SEA , usi ng flow 
cytometric analysi for th e numberofTcells bearing V~3,V06,Y08 ,V0 1 t and RNA 
blotting a nalysis for the amount of transcripts of V 0 t , V 05 and V 012 . The numbe r 

. of Tcell blasts bearing VBl , VB3, Y0l or Yr112 were increa ed in the Tcell blasts 
proliferating in vitro in response to SEA in 57BL/6 mice . In AKR/J mice , which 
contain few v011- or v 1~12-bearing T cell due to a tolerance to the self-MHC 
cia s II IE-antigens , Tcells bearing Y ri I or v1~3 responded to SEA. SEA enriched 
only Vr~ l-bearing T cell s in BALB/c mice carry ing Mls-2" which lack Mls­
P-reactive V 03-bearingTcells as well as Yr~l l - and v1~ 12-bearingTcells . In spite of 
the presence of V0l-bearing T ce lls, C3H/He T ce lls exhibited a very low 
responsiveness to SEA . T ce ll repertoires skewed by c lonal deletion of self­
reactiveTcell may in part acco unt for the different se nsit ivity to SEA among the 
different strains. A tolerance to SEA can be stabli shed in C57BL/6 mice which 
have been primed i.v. with SEA and treated i.p . with 200 mg/kg of cyclophos­
phamide 2 days later. All mature T ce lls bearing V03 or v1~ 11 were virtuall y 
abo li shed in the periphery o f tolerant mice . These results uggest that mo t T cell 
reactive to SEA bear VBl ,YB3, VBLl o r V1~ 1 2 and that clonal deleti n of mature 
T cells reactive to SEA may account for th e ce llula r mechanisms for cyclophos­
phamide-induced to lerance to SEA. 

1 Introduction 

Bacteria produce a variety of enterotoxins, many of which 
are involved in either pathogenesis or virulence. Staphylo­
coccal enterotoxins (SE) are a family of molecules impli­
cated in food poisoning and shock in the human , and weigh t 
loss and death in the mouse [1 , 2]. SE comprise a group of 
five structurally re lated but sero logically distinct proteins 
(A , B, C, D and E) . Three forms of SEC (SEC1 , SEC2 , 
SEC3) have been described [1 , 2]. A considerable structur­
al homology is observed between SEB and SECl , while less 
similarity exists be tween SEA and SEB [3, 4] . All SE are 
powerful Tcell mitoge ns like other mitogens that cause the 
activation and proliferation of T cells in the presence of 
accessory cells [5 , 6]. SE are the most potent mitoge ns, 
stimulating human or murine T cells at a concentration of 
< w-9 M efficiency and require cells with MHC class II 
molecules on their surface for presentation to T cell s 
[5-7]. 

The murine Tcell response to SE , SEB, has recently been 
shown to involve only those Tcells expressing TcR V03, 8. 1 
and 8.3 domains [8] .The specificity of theSE for human TcR 
with particular VB e lements has also been reported [9] . Self 
antigens in mice such as Mls and IE share properties si milar 
to SE. MHC class II-binding proteins encoded by Mls-1 a or 
by Ml -23 have an avidity for V 06/Y ~8. 1 or v1~3 TcR , 
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respectively f10 -13J. A direct link age be tween IE mole­
cules and TcR v1~ 11 and v1{ 17a is a lso ev ident[ l4-16]. These 
antige ns arc ca ll ed "superantigc ns" because no variable 
e leme nts other th an particular v 1~ are required for this 
peculi a rly strong and specific reactivity. 

A direct approach to assess the cellular basis of tole rance 
induction is now ava ilable by using the direct linkage 
be tween usages of a certa in TcR and the reactivity to the 
"superanti gc ns". MacDonald e t al. have shown that neo­
na tally induced to lera nce to Mls-P-encoded ant igens was 
ca used by clonal elimin at ion ofMls- P-reactiveT cells in th e 
thymu [17] . Similarly, White et a l. [8) have provided 
evide nce that the inductio n of tolerance to SEB in neonatal 
mice resulted in virtually a complete deletion of potentially 
SEB-reactive T cells. Many attempts have been made 
experimentally to induce tolerance in adult animal , includ­
ing whole body irradiation [18 , 19), total lymphoid irradia­
tion [20], or anti -lymphocyte mAb applica ti o n coupled with 
transplantation with donor cells [21 , 22]. We have previous­
ly reported that a lo ng- lasting ski n allograft tolerance was 
estab lished by a combinat ion of i.v. inj ection of a llogeneic 
spleen ce lls and i.p . injection of CY [23, 24]. ln our case , 
clonal deletion of the potentially alloreactive T cells in the 
thymus and periphery was also an essenti al mechani sm for 
tolerant inductio n f25]. 

In this study, in order to determine the mo lecular mecha­
ni m of T cell activation by SEA, we examined the 
ex pression afTeR on the Tcells stimulated in vitro with SEA 
in mice of 4 diffe rent strains, using FCM and RNA blotting 
analysis. Our results show that the Tcell responses to SEA 
involve on ly thoseTcells expressingTcR V~l, V~3,VB 11 or 
v012 domain , a situation which clo ely mimics the re­
sponses to lE- or Mls-encoded antigens and suggests that 
T cell repertoires skewed by clona l deletion of " uper-self 
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an tigen"-reactive T ce lls may account for th e different 
se nsitiv ity to SEA among different strains. Furthermore , 
the fact that induction of tolerance to SEA in mice treated 
with SEA and CY results in a virtua l de le tion of v1~3 and 
V 1111-bearing T cell s co nfirms the existence of linkage 
between the usage o f these TcR and reactivity to SEA. 

2 Materials and methods 

2.1 Mice 

Fe male 6- to H-wee k-o lcl C57BL/6, BALB/c and CJH/He 
mice , obtained fro m Ja pa n SLC, In c. (Hamamatsu, Japa n), 
were used in this study. Female 6- lo R-wcek-old AKR/J 
mice were obtained from Seiwa Experime nta l Animal 
In titute (Fukuoka, Japa n) . 

2.2 SEA 

SEA was iso la ted a nd prepared by the me thods of Oda 126]. 
Brie fl y, th e culture SN of staphy lococcus aureus 13 -2909, 
obtained from th e Tokyo Metropolitan R esea rch of Public 
Health throu gh th e courtesy of Dr. H . Iga ras hi , was 
centrifuged a nd applied to an SP-Sephadex C-25 (Pharma­
cia Fine C hemical s, Uppsala , Swede n) column chrom ato­
graph. The SEA was e luted with a pH gradie nt of pH 5 to 
pH 7.5 and th e eluate was concentrated by Amicon UM 10 
(A micon Divi sion , Lexington, MA). The concentrated 
SEA fraction was furth er purified by gel filtra tion on 
Sephadex G-75 (Pharmacia). The purified sa mpl e was 
shown a. a sin gle band by SDS-PAGE. SEA. stored as 
lyophilized powder a t 4 oe, was disso lved in sa line. 

2.3 Assay for proliferative respon es 

Pro liferative ac t1 v1t y was assessed by de te rminin g 
[31-I]dThd upt a ke into L x 105 splee n ce lls (SC) which were 
incubated in qu adruplicat e e ither with or without milo­
ge ns. Three days La t r, 1 J,.tCi = 37 kBq of [3H]c1Thcl was 
add d to each well. and th e ce lls were incubated for an 
additional 4 h before harves t. 

2.4 Antibodies 

The following antibodies were u eel fo r immunofluores­
ce nce staining: anti- Yr13 mAb (KJ25). a nti ­
v 1)8. L + 8.2 + 8.3 (F23 . l) and an ti-v 1)8.l + 8.2 (KJ16: 
kindly provided by Dr. P. Marrack). anti -Y116 mAb 
(44-22-1; kindly provided by Dr. H. Henga rtn er) [27]. 
anti -Yr111 (KTll: kindly provided by Dr. K. Tbmonari) 
[15]. and PE-co njuga ted anti -CD4 mAb , FITC-conjugated 
anti-CD8 mAb (Becton Dickinso n . Mountain View. CA). 
FITC-conjugat d goat anti -ha mster lgG, F LTC-co njugated 
goat a nti-rat l gG a nd FITC-conjugatecl goat a nti -mo u e 
IgG (Tago Inc. , Burlingame. CA). 

2.5 FCM analysis 

SEA or Con A blast cell were prepared in the fo llowi ng 
way: SC were incubated at L x 106 ce lls/ml with SEA 
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(0.1 J,.tg/ml ) or Con A (3 J,.tg/m l). Three days later, li ve cells 
were harves te d and ex panded for 3 days with 1 U/ml riL 2 
(Takeda C hemical Indust ries, Ltd ., Osaka , Japan). Each of 
the blast or L ce lls was stained with FITC-conjugatecl goa t 
anti -ha mster TgG , F TTC-co njugated goat anti-rat TgG or 
FITC-conj ugated goat anti -mo use lgG after treatment with 
KJ25 , 44-22-1 , F23 .1, KJ16 or KTll , and analyzed with a 
FACScan (Becton Dickinso n). 

2.6 Northern blot analysis 

Total cellul ar R NA was ex tracted from blast cells by th e 
guanidinium thiocyanate and CsCl gradi e nt centrifugation 
procedure a nd treated with g lyoxal [28] . Twe nty micro­
grams each of total RNA was electrophoresed through L% 
aga rose in 10 mM sod ium phosphate buffer, pH 7.0, and 
transferred to Gene Screen Plus (NEN , Boston , MA). 
H ybridiza tion was made to the 32P-Iabeled v01 probe which 
was derived from~ eDNA (RAB-14-25 , 5'0.23-kb Eco RI­
BamHI fragm ent) l29J,VB5.2 probe from ~ eDNA (RAB7-
48 , 5'0 .35-kb Eco RI-Alu I fragment) (29J,V B12 probe from 
~eDNA (RAB-14-90 , 5'0.3-kb Eco RI-Hin fl fragm ent [29] 
a nd fin a ll y CB2 probe from f:3 eDNA (NYB2 , 3'0.7-kb 
Eco RI fragment) (30]. After hybridization for 16 h a t 65 oc 
in 1 M NaCl , 1% SDS, 10% dextran sulfate and 100 J,.tg/ml 
heat-dena tured sa lmon sperm DNA, filt ers were washed 
three tim es in 3 x SSC with 1% SDS a t 65 oc and exposed to 
X-ray film a t - 70 °C in the presence of inte nsifying 
sc ree ns . 

2.7 CY-induced tolerant mice 

C57BL/6 mice were primed i.v. with 1 J,.tg of SEA and 
trea ted i.p. with 200 mg/kg of CY (Endoxan, Shionogi 
Pharm ace uticals, O sa ka. Japan) 2 days la ter. The day of CY 
inject io n is called cla y 0 here. 

3 Results and discussion 

3.1 Different sensitivity to SEA in mice with ditl'erent 
genetic background 

We examin e d theTce ll proliferation of SC from four inbred 
strains of mice in response to SEA. Unlike Con A , the 
minima l stimulatory concentration of SEA was as much as 
1/100 lower a nd significant differences in Tcell responses to 
SEA were observed among the strains. The magnitude of 
T ce ll response to SEA occurred in the following order: 
C57BL/6 > AKR/J > BALB/c > C3H/He (Fig. 1). 

3.2 T cells bearing V Bl, V p3, V pll and V p12 respond to 
SEA in vitro 

To determine the exp ress ion of TcR on SEA-reactive 
T cell s, we sta ined the Tce ll bl asts from C57BL/6, AKR/J 
and BALB/c mice proliferating in vitro in response to SEA 
with a se t of mAb to various v0 elements . As shown in 
Fig. 2. SEA significantl y e nri ched the T cells bearing VB3 
and V1311 in the SC from C57BL/6 mi ce as compared to 
Con A. The percent of CD4+ and CDS+ cells was vir tua ll y 
unchanged befor and after stimulation with SEA (data not 
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Figure 1. Res ponse to SEA of SC from different mouse stra ins. SC 
from C57BL/6 (D) . AKR/J ( • ). BALB/c (6 ) o r C3H/H e (.A) mice 
were stimul ated with the indica ted doses of SEA. Three days late r. 
I [A,Ci [:1 H]c1Thd was added to each we ll . a nd cells we re incubated 
for a n add itio na l 4 h before ha rvest. Result s show n a rc ar ithm eti c 
mean [3H]dThd uptake (cpm) of quadruplicate cultures. 

shown) .Y r-16- or VB8-bearingTce ll s were nearly undetected 
in the responding blast population a lthough an a ppreciable 
leve l of such Tcells responded to Con A in C57BL/6 mice. 
In AKR/J mice carrying JEk ,v1)1 1-bearingTcell s, which are 
reactive to IE , are elimina ted in the ir pools of matureTcell s 
[16] . Therefore , only v 1~3-bearingTcells were e nriche d by 
SEA in this strain. On the o ther h and , e ithe r VB3 or 
V 01l-bearingTcell s are absent in th e mature Tcell pool in 
BALB/c mice beca use of th e super-self a ntigens including 
Mls-23 and lEd. However, significant levels of T cell 
proliferation in response to SEA were observed in the SC of 
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Figure 3. North ern b lot a nal ysis o r EA or o n A bla ·t ce ll s . SC or 
diffe rent mo use stra ins were in cubated with e ith er E/\ (I ~tg/ml) 
o r Con A (3 ~tg/ml ). T hree days lat e r, li ve ce ll s were harves ted. 
ex pa nded for 3 days in 1 U/ml IL 2 and processed as desc ribed in 
Sect. 2 .6 . 

thi s stra in at re la tive ly hi gh doses (Fig . I) . To furth e r 
de termine the expression ofTc R VB o n T ce ll~ responding to 
SEA in BALB/c mice and other strain s of mice, we 
exa mined th e expression of TcR V 0 ge nes in the T cell 
bl asts, using Northern blot ana lys is with probes of specifi c 
for VB1,VB5 ,VBl2 or CB . As shown in Fig . 3, the a mount o f 
VB1-specific messages was most abundant in theTceJI bl asts 
prolife ratin g in response to SEA in BALB/c mice. The 
significant increase in the expression of Yr-1 1-specific mRNA 
was also de tected in the T cell blasts from AKR/J and 
C57BL/6 mice. 1 n ad dition , V 11 12-specific m RNA signifi­
cantly increased in amount in th e T cell bl as t stimulated 
with SEA only fro m C57BL/6 mi ce. Similar to VB5- and 
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Figure 2. FCM analy is 
of SEA or Con A blast 
ce ll s. SC of different 
mouse strains were incu­
bated with e ither SEA 
( l ~tg/ml ) or Con A 
(3 ~g/m l ). Three day 
later, live cells were ha r­
ves ted and expanded for 
3 days in 1 U/ml 1L 2. 
The bl ast ce ll · were 
sta ined with a set of 
mAb to various V I) e le­
ments and a nalyzed. 
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V0ll-bearing T cells, TE-express ing m ice such a~ AKR/.J, 
BALB/c and C3H /He mice con tai ned few, if any, V 012-
bearing T cells in their mature T ce ll pool [31 J. Other 
VB-specific messages including V0S , VB7 , VB9 and V010 
seemed to re main unchanged or rather decrea ed inexpre -
sia n in th e T cell blasts st imulated wi th SEA (Fig. 3, data 
not shown). These resu lts suggested that SEA st im ulate 
T ce lls includi ng those bearing V 0l, V 03, V 011 and V 012. 

3.3 Tolerance to SEA by CY was due to preferential 
destruction of SEA-reactive T cells in the periphery 

We have previously established a to lerance to alloantige ns 
in mice primed i.v. with a ll ogeneic SC and treated i. p. with 
CY 2 days la ter [23, 24]. By using the sa me protocol, we 
attempted to induce to lera nce to SEA in C57BL/6 mice. 
Table 1 shows the proli fe rative re ponse ofT ce lls to SEA 
in CY- induced tole rant mice. T he degree of prolife ra tive 
responses ignifi cantl y decreased o n day 6 after CY treat­
me nt and was res tored to a norma l leve l o n day 18. 

We exa mined th e fa te o f Vr~3 and v0n in the thym us and 
periph eral lympho id orga ns in to le rant mice. As shown in 
Fig. 4, nearl y all V113 and V11 11 -bea ringT ee ll s were vir tu all y 
e liminated in LN of C57BL/6 mi ce rendered CY-induced 
to le rant to SE A o n day 6, and th e num ber of these Tcell s 
recovered on day 18 in corre la tio n with th e res to ra tion of 
T ce ll reactivity aga inst SEA. On the o ther ha nd , the 
ubstanti al level of thymocytes bearing a high density of 

V B3 and V 0ll e lements was de tected in th e th ymus of the 
tole rant C57B L/6 mice (data not shown). These results 
sugges t th at a prefe rentia l destructi on of SEA-reactive 
T ce ll s in the pe riph ery occurred in mice rendered CY­
induced tole rant to SEA , and a lso confirm ed the linkage 
between V 03 and V 0ll usages and SEA reacti vity. 

It is of interes t that the imilari ty be twee n the T cell 
response to S A and to the e lusive super-se lf anti gens 
including IE- and Mls-encoded a ntigens. T he usage o f V 03 
or V0ll doma ins is directl y linked to th e reactivity to th e 
products encoded by M ls-2a or IE. respecti vely [10-L3 . 17], 
and to lerance-induced de le ti on of T c li s beca use of 
carrying th e supe r-se lf antigens ca n lead to th e absence of 
V~3 and V11ll [11 , L7, 32]. An appreciable level of T cells 
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Figu re 4. Express ion of TeR v 13 e le me nts in L of C57BL/6 mi ce 
re ndered to lerant to SEA by CY. C57BL/6 mi ce were primed i.v. 
wit h 1 ~tg of SEA and trea ted i.p. wit h 200 mg/kg o f CY 2 clays 
la te r. LN cell s o n day 6 after CY trea tme nt were sta ined with a set 
of m Ab to vari o us V r{ e leme nts , and PE-conjugated a nti -CD4 mAb 
a nd a nalyzed. 

bearing v 113 and V 1311 was present in th e starting population 
in C57BL/6 carrying Mls-2b and no IE molecul es . C57BL/6 
SC exhibit the grea tes t response to SE A among those in the 
four strains of mice. In AKR/.J, BA LB/c and C3H /H e mice , 
T cell s bearing V Bll a re absent in the mature T ce ll pool 
because of the presence of super-self antigen , IE . In 

Table 1. P rolifera ti ve re ·po nses to S A o r Con A and express ion of TcR V 13 c leme nts in C57BL/6 mice rendered to lerant to SE A 
byCY 

Expression of TcR 
Treated Days after CY Proliferative responsesa) elementsbl V ~ 
with injection Medium SEA Con A V~3 V138 V13 ll 

(epm ±SD) (%) 
Normal 3730 ± 314 121597 ± 1580 170906 ± 13635 3.4 18.2 6 .6 
SEA +CYI'l 6 3210 ± 124 12 598 ± 1086 176434 ± 4065 2.1 20.8 3.6 

12 3766 ± 193 47331 ± 3086 179198 ± 16547 2.1 21.5 2.9 
18 4019 ± 357 84937 ± 3097 180 383 ± 9 591 4.0 18.9 6.5 

a) SC were incu bated for 72 h wi th 0. 1 ~Lg/ml of SEA or 3 ~Lg/ml of Con A. T he pro li ferative re po nse is expressed as arit hme tic mean 
[3H)dTh cl uptake (cpm) ± SD) of quadruplicate cul tures. See legend to F ig. 1 for mo re de ta ils . 

b) Results shown are gated o n CO-l ' cell in L cells . 
c) C57BL/6 mice were primed i.v. wit h L ~g of SEA and treated i.p. with 200 mg/kg of CY 2 days later. The day of CY injecti on is ca ll ed 

day 0. 
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addition to de letion of V Bll-bearing T cells , BALB/c and 
C3H/H e mice, bo th ca rryi ng Mls-2a, delete V133-bearing 
T cells . Consistent wi th the de letion of v 1~3 - or V0ll­
bearing T cells capable of recognizing SEA, BALB/c and 
C3H /H e mice are less susceptible to t he effects of SEA than 
C57BL/6 mi ce as assessed by T cell pro li fera tio n in vitro. 
The different sensitivi ty to SEA amo ng di fferent trains 
seems to be mainly due to the diffe re nces in T ce ll 
repertoi res skewed by to lerance- induced deletion of Tce lls 
expressing V~3 or V~ll in t he matureT ce ll pool beca use of 
super-se lf anti gens. T he V~ l2-bearing T cells, which are 
onl y a few, if any, in mature T ce ll pool o f IE-express ing 
mice, were also st imulated with SEA in C57BL/6 mice . At 
present , the ligands to V~12 are no t known a ltho ugh it i 
speculated that the li ga nd is one of th e super-se lf antige ns 
such as IE [31]. F urther studies using recombinan t inbred 
strains are required to e lucidate the ligand to V~l2 . In spite 
of the presence of Yr:~ l -bearing Tcells, C3H /H e SC ex hib­
ited very low response to SE A as compared with BALB/c. 
Recently, Vroegop and Bu xser [33 J have shown evidence 
th at BALB/c SC were be tter responders to SEB than 
C57BL/6 SC. unlike SEA. T his might be attribut ed to the 
result of a preference of SEB for IE. Although both IE- a nd 
!A-like molecules appea r to be used in SE A-induced Tcell 
prolifera tion , th e binding capacity of SEA to MHC class 11 
molecules may a lso influence the sensitivi ty to SEA amo ng 
the vario us strains. 

4 Concludjng remarks 

We have shown tha t the stimul ation of murine T ce lls in 
vitro with SEA enriches T cells carrying V ~1, V B3, V ~ 11 a nd 
V ~12. If the SE A is injected into adult mice in combination 
with CY, T cells bearing V ~3 or V Bll were e liminated from 
th e mature Tcell pool in the periphery. Take n togeth er, the 
target structure of SE A for T cell s is the V region of clonally 
distributed TcR. 

We thank Drs. P Ma rrack , H. H engartn er and K. Tomonari fo r 
providing the mAb of K./25, F23. 1 , K.!1 6, 44-22- 1 and K T I 1, and 
Dr. B. T Quinn fo r comm ents of the man uscript . 
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