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Effect of Staphylococcal Exotoxins against T Cell
Subsets in Spleen and Thymus of Mice

Chikage YamamoTo, Junichi Kawano, Takehiko Sarto, and Akira SHiMizu
Abstract

Staphylococcal enterotoxins (SEs) and toxic shock syndrome toxin-one (TSST-1) produced by
Staphylococcus aureus are responsible for a number of diseases with different symptoms. These toxins
are known as so called “ super antigen ”. Super antigens activate extraordinarily T cells to release
excessive cytokines, such as tumor necrosis factor and interleukin-2, which is considered to be the
mechanism of pathogenesis of the diseases. This study deals with flowcytometric analysis of T cell subsets
in the spleen and thymus of mice that were inoculated intraperitoneally with purified staphylococcal
exotoxins of SEA, SEB, SEC, SED and TSST-1. The results are summerized as follows.

1) In the thymus of a mouse inoculated with 25 ng of TSST-1, both of the helper and cytotoxic T cells
increased remarkably. In the spleen of the mouse both subsets of T cells slightly increased. The helper T
cells in the thymus increased remarkably in a mouse inoculated with a small amount (17pg = 1.7 X 10°
ng ) of TSST-1.

2) Decrease of the total cells of thymus and increase of the total cells of spleen were noted in mice
inoculated with each 25 ng of SEA and SEB. In mice inoculated with each 25 ng of SEC and SED, increase
of the immature T cells and the total cells of thymus was noted. In the thymus of mice inoculated with
each 17 pg of SEA-SED, the helper T cells increased, and the cytotoxic T cells also increased with
exception of the case of SEC.

This in vive study clearly showed that with a small amount of staphylococcal exotoxins, especially
TSST-1, the numbers of helper and cytotoxic T cells in the thymus and spleen are considerably affected.
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ETRETDHEEZONY, FOHEKEOE I L5200
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5 #FE (toxic shock syndrome toxin-one ; TSST-1) AE
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T RTF FICHR b S hd 2 bk CEBES LW, RE
BETCOWBESREYRET S THEIR) 75— (Teell
receptor ; TCR) © %7 10— VAR TEFRFRONER
oV 2RI THTCRY b THREE L TH
PALT 202, Lo BEELOREOZI L THL,

2 — R—HEER AT A RN ER, SHEOMR
R AR E SRR - BRMER L COERNEM L
FERRVIERS, FOBFICOVWTIIHI VBB
Twhhot, LALIIHE, ThHOHNERFA-
N—FEE LTEB L, THBZEEILEE. ZOoBE
y . fvy—7x0> (INF-7) A vy—0fFxr-2
(L-2) ZEDOY v 7+ 04 v ORBERL, EHICIXHE
Hewrn77— VOEELL T &R LTESRER
F (tumor necrosis factor ; TNF) & EDE /71 A VERT
EREBHO, HEOEHEIRALAIC R o TEL, BED
FAIHIALY (VT ABAVREINA Y ORFR) 1
R gRB EE & Ol S TEAKICL o THERBRIGE %2
25 MHCZ 5 A D153 F % b PRI A —/3—
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Btk 7= 7 P skEsER . BB S /o SEA, SEB.
SEC. SED B & U'TSST-1 (W§h b 7~ h W) Th s,
2. HHEw

FERIZI3. SPF O C3HMHe~ 7 ADHETHEID b D29k
AV AN
3. MROFE

7 e RENEX Y REEBRREAKEHCTHEDOR
BIARL. Zhehim %<y AOREANICEE L.
SHECERBIURBEEME L, Vv BREHHR
[Dulbecco's PBS (-). pH7.2, LT PBS & B530] WiICBw
THRLUB LY A v v (#200) 2@B3E. T
D%, FL5HE (2000 rpm, 4T, 55 M) &7, KE
lCARIMERER S ) A BT [0.83% NH,CIiA £ 0.04%
tris aminomethane (pH7.65) % 9 11 TIRFI L7z D] 40
2 TS24I X €7 1%12 PBS T3 EELHEFETIT-
720 #LTO01%NaN; BLU 1% ViEFImE (Flow
Laboratories) # 7 L7-PBSICikiEX FRZESE, 20D
MBS % 1 X 107 cells/ml [ZFEE L 729
4. ERpUk

1) ¥ REROREHUE ORIV 2 ERITEICIE <Y
20 THBORERE (¥ 7ty ) 0 HCD8 (Lyt2)
B L UCD4 (L3T4) ioxt¥ 5 €/ 70— F itk (wih
% Cedarlane Laboratories) % V272, CD8IZxt9 & fufkid
fluorescein isothiocyanate ( FITC ) . CD4 (2%3 9 % Hlfkid
phycoerythrin ( PE ) TEE# & /- b D TH 5, CDS 1AM
M TH, CD4IE AV S—THIBORE~Y—7—Tdh
5o

AR O RS 35 & UROBRAR iR > SR 100 40 142, FITC
BT CD8 ik & PEREMILCDAHEE ZNENS 0 15
oM - T EREORKE R L ACTOTHBELT
RIS & €72,
5. THIBRE < — 7 — OB

THRBEE~ — 7 — OB I, HERRSHEE
(EPICS Profile I . Coulter) \2& % 70—4%A kX F1J—
AT o727 BISERIRIEI2%10,000 & L. two-color 4T %
fTo72
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Table 1. T cell subsets in spleen of mice inoculated with staphylococcal exotoxins
‘Percent of cells against total spleen cells®
Inocul Exotoxi
oc:i;:n otoxan Helper T cell Cytotoxic T cell Number of total
( CD4*CD8") (CD4CD8*) spleen cells
SEA 172 (113)2 76(1.10) NT*=
SEB 154 (1.01) 75(1.09) NT
SEC 17.4 (114) 79(1.14) NT
17 fg SED 153 (1.01) 6.0 (0.87) NT
(L7 X 10°ng) TSST-1 151(099) 81(117) NT
control™ 152(1 ) 69(1 ) NT
SEA 15.2 (0.89) 7.3(1.03) 2.7 X 107 (093 )
SEB 146 (0.85) 7.2(1.01) 2.7 X 107 (0.93)
SEC 137 (0.80) 83(117) 34 X 107 (1.17)
1.7 pg SED 149 (0.87) 73(1.03) 2.7 X 107 (0.93)
(1.7 X 10°ng) TSST-1 85(0.50) 48(068) 59 X 107 (2.03)
control 17.1(1 ) 71(1 ) 29X10°(1 )
SEA 15.8 (0.80) 7.3(0.90) 54 X 107 ( 1.13)
SEB 183 (0.92) 8.1(1.00) 6.6 X 107 (1.38)
SEC 182 (092) 9.1(112) 7.2 X 107 (1.50 )
17 fg2 SED 182 (092) 76(094) 6.0 X 107 (1.25)
(17 X 10?ng) TSST-1 205 (1.04) 81(1.00) 6.3 X 107 (1.31)
control 198(1 ) 81(1 ) 48 X107 (1 )
SEA 124 (1.06) 6.7(0.76) 34 X 107 (136)
SEB 137 (1.17) 82(093) 32 X 107 (1.28)
SEC 124 (1.05) 79(0.88) 25 X 107 (1.24)
SED 129 (1.10) 88(1.00) 2.7 X 107 ( 1.08)
25 ng TSST-1 123 (1.05) 7.7(0.88) 31X 107 (1.24)
control 117(1 ) 88(1 ) 25X10°(1 )

" Immature T cells (CD4*CD8*) were rarely
*2 Ratio against control in each experiment
" NT = Not tested.

* Mice were inoculated with saline.

TSST-1 (MERIZABEMRER) ¥ ZThFh<y ADOKKE
PUCHRE L. Bebis X OHIBRICB T2 TRHROY 74X v
MR EIT o7, 2B, BEETIX17 fg (1.7 X 10%ng), 1.7
pg (1.7 X 10°ng). 17 pg (1.7 X 10%ng) B & U 25 ng#% 5 L
b, FLMBRICOWTIZ17pg e B g5 L0 D
ICDWTHEITEITo 72 (Tables 1, 2),

1. SEAMIEYIXCH T3 THEOT(L

17pg#R 5D 7 A Tid, FRICBV TIERHT (CD4+
CD8*) Ml &E & B L UHREBRBUCIIELS 2 h o
A A= T (CD4*CD8) Mk, HIHEMT (CD4-
CD8*) MR DEIEIZILITMAML T 7z (Table 2), BB
KBTI, AV - THRS L CHBREEE THRO
FAIIETRAL LT/ (Table 1), 25 ng# 507 &

found (< 0.01% ).
is shown in parentheses.

T, MERIC 3BT 5 R ORI L S T M
DRLHBH LN IR, BRTOELIZEFICAH
Lhzd ol (Tables1,2), 17fg, 1.7pg#k 50Dy AT
B A SR A o7 (Table 1),

2. SEBEESTHIRIIH TS THEROT(L

17pgf 5 D=7 ZATiE, WRIZB W TN —THIM,
M ESE T MO S b 312N L Tv72 (Table 2),
BRICBVTIR, ETHROESIIBECEFED LN
Lo lohs, BRI L Tv:7: (Table 1),
25 ngfX 5D 7 2 TR A ERH IR LT
AR EE THROS&IIMMLTB Y, — b
ARSI L TV 22 (Tables 1,2), 17 fg, 1.7 pg% 5
DT ATIIHICERIZA SN2 A 572 (Table 1),
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Table 2. T cell subsets in thymus of mice inoculated with staphylococcal exotoxins

Percent of cells against total thymus cells

Inoculum Exotoxin

size Helper T cell Cytotoxic T cell Immature T cell Number of total
(CD4*CD8") (CD4CD8*) ( CD4*CD8") thymus cells
SEA 96 (132)" 24(126) 84.1(097) 39X 10°(1.18)

SEB 10.1(1.38) 23(1.21) 83.4(0.96) Not tested
SEC 9.3(1.27) 2.0(1.05) 85.2(0.98) 54 X107 (1.64)
17 pg SED 116 (1.59) 23(1.21) 82.3(0.95) 75 X107 (2.27)
(1.7 X 10%ng) TSST-1 11.3(1.55) 19(1.00) 82.8(0.95) 7.2 X107 (2.18)
control™ 73(1 ) 19(1 ) 87.0(1 ) 33X107(1 )
SEA 99(1.03) 1.7 (094) 842(099) 2.7 X107 (0.87)
SEB 106 ( 1.10) 28(156) 824 (0.97) 1.7 X 107 (0.55)
SEC 8.4(0.88) 1.5(0.83) 86.6 (1.02) 39X 107(1.26)
Zng SED 76(0.79) 21(117) 86.9(1.02) 32X 107 (1.03)
TSST-1 156 (1.63) 45(250) 75.7 (0.89) 21 X 107 (0.68)
control 96 (1 ) 18(1 ) 848(1 ) 31 X107(1 )

*I Ratio against control in each experiment is shown in parentheses.

*2 Mice were inoculated with saline.

3. SEC#5YYRAICHI3 THEOEIL

17 pgfs 5 0= ATiE, BRI BTN - THilR
BIUKHEBBIIMIMLTEY (Table2), —HEEIZH
Wl Al — THIIE B L BB S THBOE S
WER L EEDERO bk h o fohs, BIRAHREIIE
ML Tw7: (Table 1)o 25 ng 50~ 7 A TiE, KRRAR
MEKOEM., 7 LTV THES X Uil Es
THEOEHEOETORLFED O, BREIZBWTIL
MR B oM INASERs H 1/ (Tables 1, 2), 17 fg, 1.7 pg
BEO Y ATIIHICE{biEA LN A > 72(Table 1 )o
4. SEDEY Y RIHT3 THEOZEIL

17 pg 5O~ ATIE, WRIZBWTANV - Tl
fa. MG EN THEROEAIVTRLLEMLTEY.
BT ER ISR L T\ 7 (Table2), £ 72 RATH
O IIIEl RSN LD oz, BRIZBW TR,
£ THEOSA5IIIBIIEAROL R 12A5, &
W BUTEM L Tz (Table 1), 25 ng#k50< 7 AT
2. BB LIUCBRIIBVWTEERAOR G
(Tables 1, 2), 17 fg, 1.7 pg#x 5D~ 7 A THHITE(LIL
Ko7z (Table 1),

5. TSST-1#5~7 R ICH T3 THEROE(L

25 ng$x 5 0= A TiE, MR MR EASRE IR L
TuWfeAs, ~b8— THINE., MRS T MR 3ECH
SHHAL TV 72 (Table2), - kM THIBOEIGIZE

FRAOBEMICH > 720 BRIZBVTE, & THkOHE
SIEEICEEAED S b o 7ohY, MR EIIEML
Tui7z (Table 1), 17 pgix 50~ 7 A Tid. Kbk
KABEECHEMLTE D, ~v - THlROE S b8
LTw7: (Table2), BBV T, ETHBROEI &I
B CBALASERD b s o 728, RS B L
TW 7z (Table 1), 1.7 pg% 50~ 7 A TIIIRIZ BT 2
A= THIKS S UCHRGEETAROREGOER L
BADED S N AR B L T 7z (Table 1)
17 g 507 7 ATIXE{LIR A S Ml Ao 72 (Table 1) o

£ =

AR CIE 7 FYRBEEENERE Lo THIERIE
NBREHORERFICECESL TR EEDLNRLT
HE - oW T OMIEERICHEH L. SEA, SEB, SEC, SED
BIUTSST-1058ONFEEXHRA LY, ThHD)
LERLEELEERLIDIETSST-1TH %S,

TSST-1 25 ng#% 577 ADORRIZ BV TIE, NIVIS—
Tl g ESE THBOS S IIICHEMLTE IR
T MR OE G137 Ao 725, BMRaRiIELL
BA LT, $72. BRICBVLWTRETHBOEIEI
BELETD 5 R wh, BEBOAMREA ML Ty
2O TETHBEIERICIIBRBATEML TN EE
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AONB. UEDZ EH6TSST-11k, —KY V8B ET
HOMRICBITD THRROSLREL , RATEEO
K YNGR E (BB ~OBITEET 2 ThHEAE £
BN/ 17pg 17X 102ng) G5 < 7 R 2B WT H BRI
BIBZANVA-THEBROMIMPRDON, 0L 5
FRAHERAZITE L <ML T2z, L7z ASo TTSST-11
FHRESBRICBVC TR TAR, BV~ THBO
WRERETEEIOND, ThHDZ ERS, TSST-1D
RIEZHER XS RICEI - TRE22DDEELILNS,

—7%.SEA~SED 25 ng#s 5~ XI2BVTit, o
FRARB OB & R OIS DORMIASEA & SEB#
FRITRAOVTROLNLDOART, MICEEIZL D>
720 £7=SEA~SED 17 pg# 577 212 B\ Tit. Wl
AR OMMASEC & SED 2oV TEH LI, SEA~
SED DWW HIZDWT H OB OMMAA S R
o ThHDI EML, SEA & SEBIZDWTIZ%I- THE
Fa DR~ DFBITR#E, SEC & SED (22 Tk iRk 5
KB TTHROMMEELRET S EEX N, $7/2.17
PR G~ RAIZBWTSEA~SEDIZ DWW T ORI Tlt v
THREANS—THEBOMMAERD 5h, SEA, SEB.
SEDTIIMRFEETHROEMIED L2 i,
INHDSEs 3BHES ICBVTANVSS— THKlD W
BHREEE THROSLEIRET L EHEL LN,

SEA~SED, BLUTSST-1#&5~ 7 A O IZD W
T WTRLHERZRS (17 pg) B OMBREAERH O FH
5 gk 5L ) EEZ Z LAS, HBESICBWTIRE
RTO THKATFMABEY, SOV — THK - BiagE
HTRRA~OFLE IS, BRETO) ¥/ SBRRBM A
50 THRRETEME~DSTLLIRET LM E LS
N, 25 g5 BV TS ROFUFEHIB D 720512 TR
RISRMR A3 — B IS LA L T2k » B E BT
LickREnD,

FHRICL > THONLHERIMEO T FYREER,
412 TSST-1 12 in vivo 12 B W THIBR PR T i 7
ty MIRELZEREERDIEZBELIIZL TS,

SHTR, HERNBEZOREROREINEED
(%] L LTOBEOER GEROBERLBEEEL S
E) LDb, G LANBERORBIC L o TRKRICHEM K
NI THBEER T BICINF-« 2 HLE LA b D
1Y DBHEENRGTILLEEIONTVSSI = L
O, SHAENEELRG LTy A0Mmige~ray
T—IIDWCEHEOY A b A U iERAARBI LD
LEEEZOLND,

g2 0

TFIREVEETHDNERICL-oTHIERI SIS
RO RERT I THROREEELIWET 3 &
E2o6h T3, KEFETIX. SEA~SED 5 X UF TSST-
1DRBEMERZHAS M2 —B|E LT . BEEHRY
TUACBITOMRE L UMD THIEOY 7€ v M
WMET- 72,

1. TSST-125ng# 5~ ADKIRIZBWTiZANLI—
THELARBESETEROF SIICHNMLTEY,
BRICBCTHETHIIIML T/, 8 17pg=
17X 1072ng) &5 <7 A TIRBRICBITEAL— T
FahsmL Tva7z,

2. SEALSEBD25ng#5 v A Tit, WROBH
BORL EBBOBEEBOBMMEED SN, T2
SEC & SED (22 Tid, MMM B L <7z,

fR (17 pg) 5= A 2BV TSEA~SED I2DW T
ORRTIZ W b AN — THE OIS & h .
SEA. SEB. SED TIIMMBEMTHEOMML TS5 h
72

DEORRY G, 7 FyRENEEICTRLHED
BHICL o T 7 AOMBRL WD THIY 7€ v iz
RELHBESRADIEVRALPER o120 T2, 2D
ERIZ TSST-1 IcBW(CHRETH o 720
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