Antigen-Specific Helper T cell Activity in Man
after Primary Immunization with Tetanus Toxoid
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BABE b XV A FAIRGERODURERI I~V — T HilgE

SRKFEFHNFLEBEZ M CEE  BE BRI
A oom B 0K
(A 1634 8 A23H Z 1)

In vivo B 2 HIEBRENTAEED A A=A L 2B T 2ENT, WERN VA F
(tetanus toxoid, TT) HIEFEEOERMADKBIMEMLER (peripheral blood mononuclear cells,
PBMC), T#ilg, non T %y, in vitro TOHEBENAGELSD THREEE, 8L UTH
BAO BRI R AL S— B IS DL TRRIICRE L s BIEAREROBMES LU TT 77 7 HERE
DR WEERASBICHL TT 727 v BB L 2 %RE%c PBMC, KMBIMTHIA, non T #if%*
B|EL 7. PBMC, non T #ific & 2 TT HIFRENTIGEESE, 8L UTHIE:Y TT FRFRVEE
B#ifg &t non THlICHIZ T TT FURISRMTEES 2R L. 881 TT fURENS 2 ©
RERMORTIT, 4 AMS®RE LEEFRL (4 B8 LS, EElResgg TT FUREEHML
ZUTESICS AREESE LB EESFRIL: (REBELEE). kYDA L/ 70 T7Y VG
(immunoglobulin G, IgG) #i TT fMiA*BRE A A EREE (enzyme linked immunosorbent
assay, ELISA) AW CHIZE L. %ET® PBMC, non T #ifEiz & 3 4 BEE LB, 12HE LiEH
O IgG il TT FiEEERBD s hah o, RERICEL2FT 1gC fl TT RAABEEXRDL SN
7:. AHBE LR IgG #1 TT FikEL i, BEET0 TT IS L CES THEOFEEQTECH»
b s TFRED N, EEUEDI12BE LEGO g6 i TT MikELE, BREHIC TT HES
IUHCTHRLSEET 28BS0 B shT. X12BB.EiEFo 1gG #1 TT fikEL£E, TTH
FSRNZEBHE ST non T M~ ¥yEREHZOESTHEEMA BECRBD N2, H
U non T il #E4@ER o B THREMAESICERD O, &5, FLU non T i
JA LRSI L - BT THIM & OB TR, MERESR 1~ GBERMEOBC TR EMNA %G
D& 1gG H1 TT PEELHRD shiz. JUAEELRZERIICERL 225, PBMC i £ 3 1gG il
TT FFELBOEGH L d—R L ikdrof. Tho6DFRALY, FURFEEERD 1gG #1 TT HLEES
i THIMSEEREETH 24, FUREENEO TT RBENKEBMIC L 2ifEEE TT TOHE
GO THREKEE TH2ENE S Lk -7, 3 5 XHEBRN~ L S—THREE L, PERE
i@ o n?, RER1~3EBL VHBELERNLEHERT I EBBELLER o7,

Key words primary immunization, tetanus toxoid, IgG anti-tetanus
toxoid antibody, antigen-specific helper T cell activity

Invitro T B I 2 FEEACET 2B, Zh ¥ 2 in vitro FEELCOWTE, 2O PWMFH
FCELLTHBENNETHLIR—2 74—V HAELERPAOLEHRIBS (CFES N TL

<4 b ¥ x> (pokeweed mitogen, PWM) iZ & - T 590 UL, PWM MRIEEE R Tld PWM #3968
Hru—rEHRKEE2FET IR AV CTbON RGLHERBE LTHERT2:0, BonsfR
T/, BREBEA*+Y 4 F (tetanus toxoid, TT) & 3% 7 o— U RIEEED L LTOHR TT ik

Abbreviations: AET, 2-amino-ethylisothiouronium bromide; ELISA, enzyme-linked
immunosorbent assay; FCS, fetal calf serum ; IgG, immunoglobulin G; KLH, keyhole
limpet hemocyanin; OD, optical density ; PBMC, peripheral blood mononuclear cells;
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EEERMRTZ LAY, HRBREMRKELD
HMEEREETH -2, FIT, PWM 2FH 0 i
TT % L ORENFEHEEFIAT 2 RS ROH
FEERITERII SN TE Y,

BT Lum &' Shiobara %™, in vitro Hifk
EEOHBHRCRREMZ, BENMBB4HE L
Ehro—BHRERETA I LICE Y, BINAE
ERBEETBHIERL, RESALEEADIIS L
Lz in vitro TT SERENTEEE 2R LES
ZEEHE ML, RESYMNEZ O in vitro HiE
BEEREAVT, TT 12 X 2 ¥EEE®ED invivo D
TT HERERNHEEE S L U in vitro BT 2%
mroEH0 TT HEREOTEREEDRO g >
WTHTFEL, TT 2 &k 3 IR SER BRI 1gG #
TT Hitk 2 E4E T 2 BMfass w4 M08 B % % R
TEHC-BLTRBNBEF2ERLTSD, TT
P RBYECE BAIRG X B AW 1gG 81 TT Hithk e B2
£T2BREER?, XizF0oHEELID 20BN
TRBMEF 2R T3 Z 2B L7z,
—FRRBREN~NLV - THEEE S OB D W
T, TT HRFENCEBMR: & R NE R
O non T ffEIC & 2 R EWTEEELELEZC L TR
HEN T2 LhLohsid PWM BB X 2
MAEERERA L LOT, BEOTERNB X b
FHINBHRBFREY~ V- THREEIZ DV T
DHRER D L®, 8 512, YIESRERIR TORER
BMPUAE SIS 2 IR RN~ S — Tl a3
HOEEIIRIZFNETH S .
BITEEE, TT 925 OBEBERO &+ WEE
BAENRE L, TT #REGERO in vitro 2513
2 KRB B ( peripheral blood mononuclear
cells, PBMC) iz & 2 IR EHHAEED THIFIMK
FHEREL, sow, YIEGERTRO KM IS
THROTUFRRM ~ L —EE %, THRREEE
EHURR ROVEEL %1T5 non T MLIZ RIT T8
BEEEL LTREL 7.

NRE & UFHE
I.o% =
BWEBOBREMES LU TT V27 vBEEOR
DREIRASE (BS54, F#20~28%) £ TT
DEEEONR L Lz
I. ®%&FH%

MR54 (Casel~5) LT TT v+ (¥
MERMERE N ¥V 1 F, Lot No. 405-0) (RHEES, X
B) 0.5ml > BIAAMIHEEL . BER% 08B &
L, Z0®%1EE, 3JBBCYEERELREDHE
TEMMEE2To/. X, TT HESRYEE B
#BEWEt non T M E %18 5 BT, IEE
RER28EE I & 5 IBIMEE R T o122

II. PBMC m#H s & U, SR

REMOMEUIVIEEERN S L U EE%R11LE
& THE L E{T, Case 4,5 TiX, 20%2~ 3
MR TISEE £ Tf7-o7. TT fIEKRANTEB M
REEEICED non T MIKHE 552 BRC28EE
BB SRR, 20 2 Xik 3:8% i LRm %
fT>7:. PBMC iz~ %) >k & v Ficoll-Hy-
paque LLER.OEEFOCHEL 2%, RSMIZEE
® RPMI 1640 # # ¥ (GIBCO, Grand, Island,
NY,USA) THRL, 15ml D75 A F v 7 B
(Falcon No. 2097) ( Becton Dickinson, New
Jersey, US.A) #Fw, V& 7r vy 7 (Nycom-
ed AS, Oslo, Norway) 1 &3t L THR & Nz k48
M2BCETY v R7 vy FLicErcEEL,
FIRTISM, 600xg TEOLLE:. BOBFHEED
MREEEEL, BATAH TT Hisk2khET240
'Z RPMI 1640 B2 T 6 E¥EMHEL 2%, A L7 b
<4y rE01g/l, =¥ Y ¥ G % 50,000U/1, JEBh
1b4RRIEME (fetal calf serum, FCS) (GIBCO) %
10%¥RI0L 72 RPMI 1640 3538 (JE3K) ik &
¥ PBMC & L7:. PBMC % & T#iZ, non T ¥ifa
D 58 L , 2-amino-ethylisothiouronium bromide
(AET) (Sigma Chemical Co. St. Louis, MO,
USA) LBEDEY SHRMHPL DT ¥y FEKEE
& DiT-7%. PBMC 12 50ml OF5 R Fv 780
% (Falcon No. 2070) % v TIEEME FCS %20%
AL 7z RPMI 1640 52#¥%5 T 107/ml O BE 2 55%
L, FEEh{t FCS #20%%h0L 72 RPMI 1640 k234
WEELTHD AET v /ﬁlﬂlﬁﬁ% PBMC @
1005 OMBEEIN 2 728, 4°C 100X g T 5 43R0
L7z, OB 1B CIRo7%%, ©2 %
DIREKERZESL, ®ALEY v x Ty P2
PBMC S3BEDBE EARRICERB L, 4°C T3540,
600xg THE.L L. PREOMBE L HRRL, L
FCS #10%¥sh0L 72 RPMI 1640 $2%¥8 T 3 B
L7z, BBIICEERY non T MIlAEE L7 .

PBS, phosphate buffered saline ; PWM, pokeweed mitogen; TNP, trinitrophenyl; TT,

tetanus toxoid.
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RE0.83% DELT Y E= Y ABET Iml 2%
b URIER B YA &, JEBME FCS £10%6EMmML
7: RPMI 1640 #5236 T 3 E¥EH L 7ok, BB
Exe THEAE: L. THRAEBOEoE v b
WRE=IF95%Ll L, non T #HlESEB~DEQE Y b
KRMEBEOBAZ S5 BT THo%. non T #kD
BADFEBRNIR TS - Y REBEMAROEBAL
40~60%TH o7z

V. HRRORBRES & UBER

MO EEFRER, FEBib FCS 220%, BL UY
AFNANT 24 FH A F (FEME, KK %£10%
WAL MEI L7z RPMI 1640 353 T 1~ 2 X107/
ml OWE AR S LM E Iml SOMERER
# 2 — 7 (Wheaton Cryule vial) (WHEATON
Scientific, New Jersey, US.A.) &EL, 7ur/ 7
A7 Y —4— (microcomputerized programfreez-
er, FFP 210) (KIREEE, sFill) 2HWT, —40°C &
TiE~1.0°C/min , —40°C » 5 —80°C % T,
—3.0°C/min OEETHEMEL, EbEAERP
BE L. MEOREE, B E3TC OERE
T REIC R L 724k, FEBIML FCS R250% ML %

HIL /- RPMI 1640 32 TRERICERL, 2EH%
MU BCERRCEES . BEREO AR
W, MUY T —ERHERBRICTTO%AETH -
7.

V. In vitro 1 4/ 87 > G (immuno-

globulin G, IgG) ¥ TT HiEEE

In vitro 333 TT HEHEC & 3 1gG 1 TT
FiEZEE R Lum 590 Fiks A v, MIEER
wiEgE s €, PBMC i3 6 x10%/well, THEfRIX 7 X
10%/well, non THEREIZ2 X 10%well D@E T, U<
4 7 71—t (NunclonDelta) (Nunc, Roskilde,
Denmark) 122001 D2BEMT, H20iEH50L
HFHEERTHELL-EHED TT HE (Division
of Biologic Labolatories, Commonwealth of
Massachusetts Department of  Public Health,
Boston, MA, US.A) 25ng/ml 2@&MML T, £h¥z
neRIOHEL, 37°C, 100%EE, 5% CO: in
air O&ETCEELY. THKE non T MEOR
SRER{TI>HE S, THE, non T HEORER
FEN T X10%well, 2X10%/well L7, B#EA4
BECEE LR (4 BE LB 28RL, 7 VAL

Table1l. Serial study of IgG anti-TT antibody production in the supernatants of 4-day cultures of PBMC with or

without TT antigen "

Presence . i . . 2
of TT Concentration (ng/ml) of IgG anti-TT antibody produced in 6 cultures of PBMC" tested
antigen Weeks after the inital vaccination with TT antigen
Case in cultre 2 3 4 5 6 7 § 9 10 11 13 15 18
¥ 26 218.6 705 38 3.6 1.5 0 0 12 0 at?  nt ot
1 +0.6 +143.9 +21.1 +19 16 £1T +0.9
2.2 381.2 729 10.3 nt 1.3 0 0 22 0 nt nt nt
- +0.4 +268.7 +50.6 +4.3 +1.1 +0.6
+ 75.6 97.7 108.4 26.3 0 38 0 07 0 0 nt nt nt
9 +11.3 +43.1 +£47.2 +4.0 +29 +1.6
90.2 85.9 165.3 425 nt 2.0 0 05 0 0 nt nt nt
- +8.5 +205 +89.8 +9.7 *+1.6 +1.1
+ 8.0 12.3 nt 37 1.4 0 0 0 0 0 nt nt nt
3 +3.0 +13 +1.1 +1.2
12.0 16.8 nt A7 2.5 0 0 0 0 0 nt nt at
- +4.2 +29 £13  *22
+ 1471 334.7 6.8 1.2 0 34 0 0 0 0 0 0 0
4 +24.4 +46.3 +23 +1.9 +35
184.8 342.8 127 74 0 9.7 0 0 0 0 0 0 0
- +488 +34.9 +1.9 +2.6 +64
+ 0 16.6 2825 0 3.6 0.3 0 0 0 0 0 nt 0
5 +58 +53.1 +3.1 +0.7
0 40.2 349.1 0 2.9 1.7 0 0 0 0 0 nt 0
- +10.9 438.1 +26 £16

1) The concentrations (ng/ml) of IgG anti-TT antibody are shown as mean = SD. from 6 wells cultured.

2) PBMC=peripheral blood mononuclear cells

3) nt=not tested
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Bo7-#ilE% RPMI 1640 55T 3 B L €

#ENO TT FURERER, BREEHCM 2.

FOBOISIZSOMEBELMEL , HERTES
OLE (12HB L) 2L, HEL - EEE
R E T —20°C CHASRIEL 72 .

VI. IgG #i TT &A@ RE

EEFO 1gG #i TT HUEiiz Lum & ¥0 Fikic
LU TEBRESRERE % (Enzyme-linked immu-
nosorbent assay, ELISA) Ck->THIEL7z.
¥, pHO9.6 @ 0.05M RESEBIKT S5 x g/ml OBE
wHEBELLE TT JIE%2100u] DO FEES A 707
v— bt (ImmunoplateI) (Nunc) 2z, Zh#%3
7C THURBHREL v — F ORFICHE2RE &
#1. RWT, 0.05% Tween 20 (Sigma) ®#EML
72 pH 7.2, BZFEE 280mO0s/kg 0 Y VEEFEREK

(phosphate buffered saline-Tween, PBS-Tween)
TV — b2 3EE®L, 10%4FMBE7 LT 3 >

(Sigma) #EWMLIY CEBEEAEAREI0x] =
O2MATITC T2HHERIC&E®. RISRTH
PBS-Tween T3 EIME®HL, ZhixfllER 7L —
ELUTHIERFZ T—20°C CHEREL:.

g EEL0x] 2EER YL - Mzma T3rC T
QMG S ¥ 72, PBS-Tween T 3[E¥EL 2.
WOT2WPAEELTpH 7.1 @ 10mM V > EBEER
BT 1500 HIRL e gd 3 5 — P ER Y+
ik b IgG #ifk (TAGO, Inc., Burlingame, CA,
USA) #100p! NZ T37°C T1REIKIG S ¥ 7.
RIEHTH 7V — % PBS-Tween T3 E¥E®EL,
BERAEAKEAE0.03%FML 72 pH 4.0  0.1M 7 =
BB 2, 2-azinodi- ( 3-ethylbenzthiazoline
sulfonic acid) (Sigma) % 1.0g/] DEEICER S &
B EL00u] OOMA . ERTIOSHEG ¥
B, LREBREEZOREARIEOEEE (optical
density, OD) % % 3 /& 5t (EIA reader Model
2550) (Bio-Rad Lab., Richmond, CA, U.S.A) %
WTHER 4050m CTHIEL:. kB, EEHSO 1gG
flTT Mk OHNERIRHE AL — P D7 7=
T4 A7 L THBEL BRERED gG 7l TT Hilk
(Dr. L. G. Lum & 9 #£5) O&RZF| 2Nz, #h
LB NIERHE, oKD KEDEE TR
fEix 1.6ng/ml Tk v, WETEREU LD OD %5
TYD#% in vitro IgG H TT SRR LR = ¥ L
A

VI. #EtSaRE

“HOTHEOEORERZSENEEOREDE
Student i, Welch @ t ETITo7. LEEOD

FEMEDOEDOHE L, —TEE S8 5% Duncan
DHEEEOTITo72. p<0.05 DEF2*EEE
BhHEHELL.

B %
I.TT 72 FkEME D in vitro IgG
TT fitkmEsE

TT v 7 ¥ ##Eiio PBMC o TT HEHRMS
FUERMOBETES SN 4HELES, 1268E
LESRD 1gG 81 TT HifkES 1 5 6l & b AIE THRME
UTTH-7. X, TH#la, non T Mifg5ED TT
FURRMNS & CERNOEECB o 4 HE LB
W, 2HEEERO IgG #i TT FilkE4s b Rk #l
ETRMELLTTH o7z,

. TT 72 F - &EHEO in vitro IgG # TT

HEE

1. PBMC iz &% 4 HE L#E+F®D 1gG #i TT #i
hREE

#£1w TT V75 #@E%D PBMC X348
HERESOD 1IgG i TT fAELEOBBHNE/L 2R
3. AHELEFO IgG i TT fithomEL T, B
RO TT HEBMOEE I hrrbsFRDON
7. X672 VOYHETHE LA 1gG i TT itk
oEERE TT MURZHEINLEETYERRMMN
ERDLroM. BT L 1gG i TT FkELED
RoohsBHstET 2 L TT HERENOE &I
b e TRE LS T—BL TV,

SEMBE L 5 PlIc oW TR EEEE 2 ~ 38
BETIgCHTT fikB LERCREEN D LD 120
D, S~4BEBCBREOHKEEETELE. —F
IgG #i TT ks HRH S N A I RFIZ s o Er
ROl bOD, £2F7~1LEBCE#EEL .
Casel, 2,4,5 Tix, —H 1gG #1 TT #ifkrstiH =
Nk, 1~3BBCHUREENS L5
ot

2.non THiREKEZ24HEEEFTD IgG Hi
TT fitkeEsE ‘

4 HE LB O in vitro 1gG i TT HiEEEC B
D THREFEOER2H LT IEHN T,
PBMC &, #E#O THIK, non T g% BT,
ABELEGD IgG 1t TT HBOELE L2 RET L.
1w REHERT. PBMC &3 1gG #1 TT #Hii&
OEER TT HEGMOEE Crrh s TED S
h, EEEY TT FURORINC X #hiss sk
otz 1gG B TT HiiEDEL I THEO A4 TikER
Hohimoizdd, non T gD ATk TT FES
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Mo rbbsTROONIE. £, HEOE
48y TT MIEORMC X D BEELBIINA SR
ol RLXLPOEFEERL M, Wb
[GilsToket St % (RAN

#£3inon T I3 40BLEEShD IgG Hiy
TT HiAEEORRNELERT. 4HELEFOD
IgGH TT hithOELIZFER~D TT HURERMO
BEChrboTHROON, EEXREH TT ROF
ek D ERSEMSA ST,

GG TTHRH®RELOBED SN % TT HR
BNMOFECHE T2 L 28T TT fEQCHMNOE
BzrrbsT—BLTWE. 35ZERFAT L
PBMC iz x5 4 HE LFEH® 1gG i TT HikESE
DORFHELLERT 2 EHEEEDORD SN 5K
HAR—L Tz,

HMEOHER»S 4 BE EEHRO IgG 1 TT HikE
£i3 TT UFREKRFEE T2 D THEEKEETH 5
cEz LNz

3. PBMC ik 212HB EFEHD IgG #1 TT il
REE

~ 2s0f ®
s
o=
= o [ 3
- 2007 ¢ _® :
g : :
N ++
S 150F wBa
=
= - °
= °
5 ot °
w
=
»
oo OO0
oo 00
00 0O
0
[TT -G-JLTT -G-IITT ‘9"
PRMC T cells non T cells

Fig. 1. Antigen and T cell independency of I1gG
anti-TT antibody production in the 4-day
supernatants. Various cultures studied are
shown on the horizontal axis. PBMC, TT
and © denote peripheral blood mononuclear
cells, cultures with TT antigen and cultures
without TT antigen, respectively. PBMC, T
cells and non T cells contained 6X10° cells,
7X10°% cells and 2X10° cells, respectively.
Each circle represents the concentration of 1gG
anti-TT antibody (ng/ml) produced after 4-day
of culture. Closed circles and open circles
represent positive and negative wells, respect-
ively. The geometric means are indicated by
the e,

412 TT Vo7 F#EHRO PBMC X 3128
HLEEFD IgG i TT HAELDORBHEL®FR
7. TTHEZRMUERR T, &R Lichik
DOELEFFCEERD OO0, 1gG # TT Hikik
REERL 2o HERERII~18EE £ TEL S
ni.

TTHRREREZHML 2 WEERTIE G TT ik
DELFI4~5BEz TR Do ZTNLUELRR
ool

4. non T iR E212BE &R D IgG #
TT FEEE

PBMC 28 TT FiREEMSEIC 1gG 1 TT filbEs
EFORC DT, 12HE EEFO IgG# TT #
BELEDO THREEEOEEE2HL T 3EHMNT,
PBMC &, 43iEi#® THK, non T #MEEERVT,
LEELEESRD IgG #1 TT MBDOEL R L.
2 KARKRFIERT. PBMC ok 3 IgG #1 TT #1
HOEER, TT UE2RMNLERCDOARD
n, THIEEZ -k, non T ilaD ATk TT HIFEE
MmoEEZ»b 53, 1gG 5 TT HEOELRR
ool REWXLFIOEAERRTH, £
FITRABOBRNED Sz,

bkt b 6 BELED PBMC 12 & 212HB 1
F0 IgG i TT MiEEEE TT HURKEETHD
THifaEFEETH L2 EE Lz o0,

m. TT 9 FfEEENHEOTHEICL 3

TT FFEFROA~L—TEMH
KES ZHR&EEE W IgC H TT Hik 2 EET 2

Table2. IgG anti-TT antibody production in the
supernatants of 4-day cultures of PBMC, T cells and
non T cells”

Cell fraction

PBMC? T cells Non T cells

Case (+)? (=) (+) (=) (+) )
1 @ 70.5 729 0 0 142 19.5
+21.1  £50.6 +3.5 +4.0
2 (5 26.3 42.5 0 0 28.1 398
+40 97 +82 +125
3 @ 123 16.8 0 0 11.3 213
+13 £28 +34 £42
4 @ 1471 184.8 0 0 1816 1743
+244 488 +8.5 +27.3
5 @) 282.5  349.1 0 0 333.1 426.3
+531 +£381 +272 +224

1) The concentrations (ng/ml) of IgG anti-TT antibody
are shown as mean + SD. from 6 wells cultured.

2) PBMC= peripheral blood mononuclear cells

3) (+) means culture with TT antigen.
(—) means culture without TT antigen.

4) Number in parenthesis means the week when the
study was done after the initial vaccination.
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Table 3. Serial study of IgG anti-TT antibody production in the supernatants of 4-day cultures of non T cells
with or without TT antigen”

Pr(fes;r};e Concentration (ng/ml) of IgG anti-TT antibody produced in 6 cultures of Non T cells tested
o
antigen Weeks after the inital vaccination with TT antigen
Case  in cultre 2 3 4 5 6 7 & 9 10 11 13 15 18
+ 326 164.7 14.2 4.1 0 0 0 0 0 0 nt? nt nt
1 +6.0 +224 +3.5 *1.3
344 173.5 195 5.7 0.4 0 0 0 0 0 nt nt nt
- +55 +10.4 +4.0 +2.3 +1.0
+ 8.5 123.1 38.2 28.1 2.2 1.3 0 04 0 0 nt nt nt
2 +2.1 +31.1 +10.3 +8.2 +1.7 +23 +1.1
89 147.3 56.6 39.8 44 10.2 0 086 0 [} nt nt nt
- +3.2 +19.2 +21.9 +125 3.7 +6.0 +1.5
+ 05 113 64.2 0 03 © 0 0 0 0 nt ont nt
3 +1.2 +34 +8.8 +0.7
3.7 21.3 115.0 1.2 0.9 0 0 0 0 0 nt nt nt
- +44 +4.2 +11.9 +1.4 +1.6
+ 181.6 304.9 9.2 2.0 0 45 0 0 0 0 nt nt nt
4 +85 +44.7 +3.7 *1.7 +5.0
174.3 458.5 9.3 54 0 3.7 0 0 0 0 nt nt nt
- +273 +110.5 +2.4 +4.2 +33
+ 0 39.3 3331 0 5.7 0.8 0 0 0 0 0 nt nt
5 +6.2 +27.2 +5.0 +13
0 58.7 426.3 0 2.3 3.6 0 0 0 0 0 nt nt
- +14.0 +22.4 +2.6 +3.7

1) The concentrations (ng/ml) of IgG anti-TT antibody are shown as mean =+ S.D. from 6 wells cultured.
2) nt=not tested

Tebled4. Serial study of IgG anti-TT antibody production in the supernatants of 12-day cultures of PBMC with or without TT

antigen ”
Presence i . ) R 2
of TT Concentration (ng/ml) of 1gG anti-TT antibody produced in 6 cultures of PBMC” tested
antigen Weeks after the inital vaccination with TT antigen
Case in cultre 2 3 4 5 8 7 8 9 10 1 13 15 18
+ 0.8 53.9 83 373 0 0 0 0.8 g22¢ 28 nt® nt nt
1 +0.9 +40.6 +2.3 +435 +14 +337 £43
04 40.2 76 225 nt 0 0 0 0 0 nt nt nt
- +0.9 +10.7 *1.7 +89
+ 0 22.8 8.3 443 1.8 32 33 30 27.8 6.8 nt nt nt
2 +3.7 +2.7 +236 +£31 +42 +4.2 £42 £223 82
0 285 6.2 136 nt 0 0 0 0 0 nt nt nt
- +19.1 +2.3 +35
+ 0 0 T4 1.0 0 0 0 0 1.8 35 nt nt nt
3 +1.6 +24 +34  £52 :
0 0 14.4 0 0 0 0 0 0 0 nt nt nt
- +9.7
+ 0 385 0 56 0 149  4.2% 0 8.0%* 76 0.3 3535 363
4 +16.7 +89 +148 +22 +45 £58 +08 6240 =449
94 196 2.1 0 0 0 0 0 0 0 0 0 0
- +39 +4.7 +2.4
+ 0 0 15.6 0 04 1.1 04 0.3 1.0 0 253 nt 0
5 *11.6 +08 £18 +09 +£08 £17 +14.8
0 23 12.6 0 0 0 0 0 0 0 0 nt 0
- +05 +3.6

1) The concentrations (ng/ml) of IgG anti-TT antibody are shown as mean * S.D. from 6 wells cultured.

2) PBMC= peripheral blood mononuclear cells

3 nt= not tested

4) Statistical significances are shown as follows; ** p<0.01 vs. culture without TT antigen by Welch's t-test
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Table5. I1gG anti-TT antibody production in the
supernatants of 12-day cultures of PBMC, T cells and

non T cells”
Cell fraction
PBMC? T cells  Non T cells
Case (H? (=) ) () () =)
1 ap? 62.2%x% 0 0 0 0 0
+33.7
2 (0 27.8* 0 0 0 0 0
+22.3
3 an 35 0 0 0 0 0
+5.2
4 1 8.0** 0 0 0 0 0
+4.5
5 (13) 25.3%* 0 0 0 0 0
+14.8

1) The concentrations (ng/ml) of IgG anti-TT antibody
are shown as mean = S.D. from 6 wells cultured.

2) PBMC= peripheral blood mononuclear cells

3) (+) means culture with TT antigen.
(=) means culture without TT antigen.

4) Number in parenthesis means the week when the
study was done after the initial vaccination.

5) Statistical significances are shown as follows:
* p<0.05 ** p<0.01 vs. PBMC culture without TT
antigen by Welch's t-test
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Fig. 2. Antigen and T cell dependency of IgG
anti-TT antibody production in the 12-day
supernatants. Various cultures studied are
shown on the horizontal axis. PBMC, TT
and © denote peripheral blood mononuclear
cells, cultures with TT antigen and cultures
without TT antigen, respectively. PBMC, T
cells and non T cells contained 6x10° cells,
7X10° cells and 2X10° cells, respectively.
Each circle represents the concentration of IgG
anti-TT antibody (ng/ml) produced after
12-day of culture. Closed circles and open
circles represent positive and negative wells,
respectively. The geometric means are
indicated by the s
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Fig.3. Post-immunized T cell dependency of
IgG anti-TT antibody production in the 12-day
supernatents.Various cocultures studied are
shown on the horizontal axis. NonTb, Tb,
T0, T10 and & denote non T cells separated
from PBMC after the booster immunization, T
cells separated from PBMC after the booster
immunization, T cells separated from PBMC
before the primary immunization, T cells
separated from PBMC 10 weeks after the
primary immunization and cultures without T
cells, respectively. Non T cells contained
2%x10° cells and the (T-+nonT) contained
7x10° T cells and 2x10° non T cells. Each
culture contained 25ng/ml of TT antigen.
Each circle represents the concentration of IgG
anti-TT antibody (ng/ml) produced after
12-day of culture. Closed circles and open
circles represent positive and negative wells,
respectively. The geometric means are
indicated by the s,
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Table 6. Requirement of post-immunized T cells for IgG anti-TT antibody
production in the supernatants of 12-day cultures

Control Cocultures tested
Case non Tb Tb+nonTb? T0¥+nonThb T10"+nonTb
: 15.8 2737 gwk* 14.1 992 5%
+16.1 +310.8 +4.6 +389.1
5 1.0 484,2%* 45 422.0
+2.3 +173.6 +4.2 +496.7
) 20.8 209.0% 1.0 89.7%#
+17.6 +138.3 +2.4 +45.4
24.8 125.1
4 0 +41.1 0 +122.4
22.6% 82.3
0 0 ’
5 +17.5 +108.8

Ig6 anti-~-TT antibody (ng/ml)

—
—

The concentrations (ng/ml) of IgG anti-TT antibody are shown as mean=+S.D.
from 6 wells cultured.

Tb, non Tb are separated from PBMC after the booster immunization.

TO is separated from PBMC just before the initial immunization.

T10 is separated from PBMC 10 weeks after the initial immunization.
Statistical significances are shown as follows; *p <0.05, **p < 0.01,

*¥*¥p < 0.001 vs. non Tb and ##p < 0.01, vs. TO+non Tb by Welch's t-test
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Fig. 4. Serial changes in antigen-specific helper T Cell activity after the primary
immunization. Antigen-specific helper T cell activity was evaluated by IgG
anti-TT antibody production cocultured with 2x10° fixed non T cells obtained
2 weeks after the booster immunization plus 7X10° T cells obtained serially
after the primary immunization. Each circle represents the concentration of
IgG anti-TT antibody (ng/ml) produced after 12-day of culture. Closed circles
and open circles represent positive and negative wells, respectively. The
geometric means are indicated by the e,
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Fig.5. Difference of the kinetics between

antigen-specific helper T cell activity (%) and
antigen-specific antibody production by PBMC
(%) after the primary immunization. The %
antigen-specific helper T cell activity was
defined as (antigen-specific helper activity of
each week)/(Maximum antigen-specific helper
activity) X100 and 9 antigen-specific anti-
body production was defined as (antigen-spe-
cific antibody production of each week)/
(Maximum antigen-specific antibody produc-
tion)x100. (@) and (O) denote Case4 and
Case 5, respectively.

i

hoELRRED SN,

6 wLBlOENEERYT. Casel~3 THEMNGE
%o non T R E I TT FURIEERERE» O TH
RadeikrEtbic 1gG i TT itk %2 E4 3 % Billlsg
FNTL2AZRTIELHITHRBROBRIE SN,

PLEX Y non T Ml & 2 JUEEKERD 1gG #i
TT HEEARYIERERD THIREFEETH S &
EZz o,

V. TT 22 FryEEE#N TT HEKFRGA~

W= T iR O BRI

TT HEBEN~L = THEEEE, TT 77
F o TOFEREHO THECE R o LT HER
BHOTHICEIRDSNE I EHHLMIIE ST
fesn, Wiz TT PUESFRIG~L S — THIEEOR
B L ERE L. B4, BINREERD non
T #REIC W E S AT BRI BRI L 22 B 2 THil
r TT HURRMBEE L T8 1gG 5 TT yitkE
bR, YHAER I BEOBS THEL
Ma-8%0128 B EiEdicid IgG 5 TT Hilkik
Hannhoiss, 2BEMEOBC THMEE ML
EgETEmE s, ZORISER : TRELH
a8, 1gG #1 TT Fifkid, Z0EERISEIRIT
EEERLILDOEIWCHRHBEA. RTITHRITL
e e@OEAEERL 22, B X0 ETFEER
HHENBLOD, FIZAKOEREA . BB
Casel~3 TR ¥IE®EF O EC THIRE N - 5%
%o 1gG il TT HAEOELE BT, ¥EGREE
2RI 3EBLUBOBEC THEEZMZ 2EERT
1gG #1 TT HikDEEHEMT 3 EHAED S,
Case 4, 5 TR¥IEHER 1 X 2:BEMEOECT
WHEE N2 7553 R T 1gG 5 TT Hitk D EA»#ED
st 2O IgGH TT HFEOELEN~1BHAB X T

Table7 Serial changes in antigen-specific helper T cell activity after the initial vaccination”

Weeks after the initial vaccination with TT antigen

Case 0 1 2 3 4 5 6 7 8 9 10 11 13 15 18
1 141 145 67.3 196.9 4098.7%" 13501  295.0 22,0 442 6513 9925  3957.2*  nt? nt nt
+46 +11.3 +488 =£288.7 12923 8084 +5622 +£202 587 £3064 £3891 £30281
2 45 78 33.8 21.0 395.1 143.0 107 201.0 62.7  128.0  422.0% 554.0*  nt nt nt
+42 %129 +305 =83 +229.6 +660 +£103 +100.5 +38.0 1046 £496.7 3788
3 1.0 2.8 4.8 215 40.8 735 11.6 494 148.9* 37.2 89.7 120.4% nt nt nt
+24 £43 +£43 £60 +175 +584 +£78 £100 1140 +£104 +£454 £687
4 0 0 9.6 12.6 26.3 89 82.7 13.1 18.0 250 126.1% 369 189 624 23.3
+176 *85 +208 +98 +85.9 +146 +85 £177 1224 £583  +188 +664 242
5 0 2.6 nt 52.9 31.6 18.3 26.3 58 19.2 243 82.3 688 222 nt 284
+0.5 +£43.6 +29.2 +144 £275 +23 4130 £306 £1088 650 +234 +208

1) Antigen-specific helper T cell activity is evaluated by 1gG anti-TT antibody production cocultured fixed non T cells plus T
cells obtained serially after the initial vacciantion, where the concentrations (ng/ml) of 1gG anti-TT antibody are shown as

mean *S.D.
2) nt= not tested

3) Statistical significances are shown as follows; *p<0.05 vs. culture at 0 week by ANOVA followed by Duncan’s multiple

comparison procedure
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BEEToREZS, EHICEIVENDD, 14
ERZEHEDORIIZL D EFHNALON 2 OO EICHKR
Hahi.

6 B PBMC 12X 212HH ko 1gG #i
TT filkEE L TT HUERREN~ L — THFEE
pEHELIE A, B5IRT &2, TT HiREBR
AL S THIREEEIED N2 I b s T,
PBMC (2 £ 312HH LiEH D 1gG #1 TT HEES
DEH SN OCEMNEEL .

% =

FHRIC BT BEMES» S, BEMAZ TT THE
wELES, PBMC it 2284 HE LR
TT FURFEREREE D S 3 1gG 1 TT HiibEE
i, THRIEEEETH D, —F, BEI2AE g+
o TT fiREEHCEB D sh 2 1gG # TT HifkeE
ERTHREEETHZ2 LB L ST, &
512, 0 TT FURSROTGES CLEx THKE
3, invivo D TT TORBFROLDTH 2 Z L3k
BETHY, ZDONL/S—EE 2 REFICRET 2 &,
VB RZEBRORBICEIDER T LB e n L
Tol.

PBMC 12k % 4 HE LEF D IgG 1 TT filkiE
ERKFS O|E L FRICERER 2EE 2 5
AHOoN6~10EEZTHRELLZ (R1). Z04H
HEEHSD IgG #i TT fitkES1x, TT HEERM
Tnon T filSEOATLE DN (F3), »o,
Z QWA PBMC 2 X2 4 AEE¥H o0 1gG
TT HFikESROHRERLE - L T ioT, T

- HREEREFEET2D TT IREKRERCERC

G TT Mtk EAT2HEBENBHEKIC L 3
bDLEZ SN, BTSRRI, B2 oBREL
7: B & FIskiC THIBRFR R ES T o v 4 + ¥ =
VIRTEE W 1gG T TT itk £ AT 2 Biifastk
RMEBRT2 e BESNTHLE. LALZED
HERHRYEGREOSAE L EEL - TWw b,
Stevens 52, Geha®lz TT OEMEFEIC B VT, &
etk 5 HUPL THlE® PWM odkkE F T
IgG 1 TT Hiths BRI EE T 2 BHIKDAH KM M HE
PRt TE s LA, TEEECIZMEELR
LHREL TV 3. ¥, Kishimoto ™%, TT 72+
YL BYIEISER 6 BB BB L 2B, #
DRI BRI 1gG #1 TT Mk E4E T 2 KM
Bilfgnio oz b BELTWSE . 20k I8
MgERcEmb o n s , BAAW 1gG 1 TT HitkEsE
175 BB WM 9 EREOBE X 0 b

WHEBRETHTH 35, BNRETORRSERNH
FEEZRTRARBEN Y L vy —THEOH
B HA T 4494 7HBIC L3 7 v o9 —TH
ROFBE2SH|ESINATHE D, THRENL CTHikE
ERTIFIah 2 THEMSEZ oh 3. X, HIEER
BEZEDOELEIOND. DEDSEOEROM
R 3 X10%ml L ZhETD2~3{EDBET
HY, A TERT72ABE 6L EINETD
2~ 3fEDRMTERL 2O THRERNINEEE
PRETIRENEVEEZSNSE. WTFhizw &,
TT MIERZERICLEMAEOEE L AHKI in
vivo T TT FUERIBIC & DB & Nk £l
~GHEL, BRI [gG i TT ik 2 EE T % Bl
BREMBEFE2FERTIBEBFEET I 0L E 2
5Nz,

BBREWLZ L1z, Case 1,2, 4,5 TR E TOH
gomy Haeh, PBMC k3 4 HE LEHR O IgG
Pl TT HAEES EERIcRHEh3 X ko7
Bl —EHkEELL, 20BBUBELL TV 2

(#%1). non T #ifuic L %2 4 HE LB+ 1gG H
TT PifkELE D 2 FABOEBERL TV (]3)
ks, THRENLLEHEZELZS . B
AR S ™, VIEREEROBEY > SBREERIC
WL, 20 1gG i TT HiEELELREL R,
BRI 1gG B TT Hifk 2 B4 T 2 BiIfEsssRA8 M z
HRTAR L ) 1AMB< N TERDICHBE L,
FBM»SHEL B RPHEHPCEET S 2
EREROWHULEELTWS . X, IgM #1 TT #Hikx
BE L FAHOMELH2 ZLh s, HIERNBTE
Hlba iz BY v Bk BIh 2 BRL %I 2
WY > RIEBE N sequestration & 27z o IgG
#l TT HitkEESYT 2 BHEORBMESR~ D HH
BEENETEL -V ELONS.

PBMC iz X 2128 H L#Ed o 1gG 1 TT Hitkee
LR AIERE 6 BE DK, NIRKESETH > 2 (F
4). X, THik, non T 8D & T 1gG
TT itk d@EDd S (£5), THEL:
non T MR REEET LI LV BEDS N Z
EED (F—9 -4, REBBEETD 1gG 1
TT VikEER S THREE®TH Y, THK
DN S—BEEENDLBETH B EEZ b, BIEE
O BfffasEHRAL & IR EEMEAMET 21213
THEOBEASEETH2 2L L0, 6 BEHUED
2AE kRO 1gG i TT HEOEEL B H
2 TT HFSENTEBHREL THIED AN/ —#
BED b £ T in vitro To TT HERIE & b B
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sh, fikEEME~MELbOEEZLSND.

IO x> % TT HFBENEE BRI, PWM %
Bui-RCEMAEGRICHET S Z LAHEERT
V3, ZOHEBBRYVEREOSEE L EV SO
nTWw3. Stevens 58 L U Saxon ¥, TT &
tasm e 2 FER G TT HEEXELET 5B
R RICHERL, iz EhhHE Ltk
PWM : THBECRIGLT IgG R TT k& EET
2 TT FESENTEBARSHIEL, 60HE I
WhLeBELTWS., —F, REYE, TT R
HEte 1gG ¥ TT fikzEET 5 TT fURKR
BOECiE BiR s, PIEISER 2:EE» o KR L1SE
HETRDOALEHREL TS, BEEORBRTY,
TT HIRSENEEBHELI~I8EE = THEY
EmEnont. 20 TT HEKBENTEBHER
OHERBHCENED SN ER L L TRIERE
LEMEEOEIE» Y TR <, in vitro KB 3
PWMy: TT OHFREOBECL2ELEZLO6NS.

FRE W Lz, Cased, 5T 6 BB LK
IgG 1 TT HEEES V> 1z ABRELL T ok
L, BUBEELTWwS. 20k 3 %128H LE
) IgG i TT FiAEE DR EHORD 6N
BAHZAXAELTH, ZhETOHRED > THE
HloERL: BHlEAOER L NEXOhD. D&Y,
1) BB S, kR 2BE» 54 YAEE
cHmER KRB &R, in vitro B W T IgG Hi
TT FikEEEMFH Lt MESN TR BRHAL T«
* 54 A X 2 IEPT, 2) ENGEOBEER
BE~60AEKHERT 2HRBERNY vy ¥ —
THlaoBE™, 3) TT HFEHRWECEBARRE
DETIC L 2 HE®, 4) TT fiFRENTEBMR
DOFBMBFER~DHFEFFEOF IR ETHS.

In vitro TOHEREC & 3 HRERNHIGEL
OTHakEEE, ZhiTdbA 7Ly
% 4 L A® keyhole limpet hemocyanin (KLH)®&
IU TIP3 AR TRES LTV 3. HIFRFRN
BRI EHALAR I, ZOBME L fURR R
BIUFEEGESHEO—HRL o~V —THiE
BHRBETHBZOZEhS, THEDRTNIV/I—HEE
BFHELTH 2 THEE, P &b BRilROENE
EBETIE, B :ARKONRERELF> 2
BHRN~VAA—-THBETHZLELZONE. LD
LZnsDRBTRIHARTRESI e T HlfE
DOEEEBRFLTE Y, BIERIO THEO RERR
B AN —FEM R L RS ik A 9, EBOH
72T, TT FERENO THS TT FURRIBIC &

DAL —FEEEFETE ol (R6) ki
Bahz. YIEGETIC T CEd i E THRER
OHIZEFNRFNOTREREROCRIGL, EiEla
N227uvBBEETDHIEEZOSNTEBDY, &oT
TT #EGEFO THEOFIZS TT FHERFRHA~
NS—THIEXEET S LEZ 6N 5. FIEIRER
O TT FIREBE~L S —THIRDSZ DNV —3F
UERETE R ERDVTI, 5%, YIEf%
BHIBORFBEN N A—THEOCEN D 2 ik
BRI EEZRIL TS LENHZ2 LBbNS.
MERB - L0FEEsR2 TT FUEEEN~
SN—THEEE, VEfRER]L1~3EB L DHR
L7-. Stevens &%, TT TOBEMBIE 2 BROEK
I FE s TR 3 in vitro T@® PWM FIBuz & 9
ZEahs TT FIRMEN~ L/ S—EENEEL T
WBRIEERLTWS. UL, PWM 3 FEREN
HEREE LTERTAZ e s, TT HURRK
X DEEEND A~ — THIBEY & PWM #l#
wriknmEs s~ S—THEEE LI ZFNTR
B2 bDiATHAAEELVEETE R L.
TT HEEREg~L - THEEE S, PERE
BOBEIC I VEEERL: (7). Zoller 521
2 ADRT, Y =btv7x=n (Trinitrophe
nyl, TNP) ¥ 2 79— 7 BRilafk 2 BEL L
T, ¥EGE®RD TNP BEH~LV-THas &
o, TNP#BERY 7 v v 4 — THIEOBAAD KR
FEERHLLER, YEREROKHICLD,
TNP R~ S — THIlEO HRAEZEFHL, L
My TNP BEBEWY 7 vy — THROHBREEY
ZNERBOTHERTIEPBEELTWVLS. o
7 TT HiEBER~LV - THREESZEH L 2K
HelLTik, 1) TTHEBEND 2 i, FFREN
F7v e —THIROHE, 2) TT HERENDS
Wik, FEEERNAL A —THEO R BMER~OH
BAEEORLYH 5 IIBEOET R ENELOND.
TT AEBRA~L - THREELRD 51D
bbb e d, PBMCiz k2120 H LT 1gG i
TT HiRELEOR D sz WHFAMNFEREL L
(B5) kv, WEGEERD TT HFEKFRGLED
R & 2 in vitro TO IgG #i TT HBELORE
B EBOERE, TT FiEBRA~L S —TH
BEEOESOEEDHTRFATELZVLEEDR
% . Shiobara 5 Callard &%}%, ~/$—THild
ERAEET 3L erb s T, HERRONEE
£ oA WERIHH D, FE non T MK
OB BMMICHD EHELTH S . > TANE
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wEidd PBMC ok % IgG#i TT FUEEL DR
WEBORKE b FiICB#EMAICH Y, 1) BAIKRO
FMmEFOLBEEEOLE L, 2) Bt
ETOERERENEZSNS.

AFFFREOKEIL, KBMBEF O THES & U non
THEEAC D THE, EENTHIEERY
EOERGEELCTOREMEEBMBERUA TS
pAMREM L EZ 21 B . Geha¥d TT ToOBINRE
#%1~2 B#IC in vitro TO TT FERE KL
T A THMEBL Y TT HIELHEEST 2 Bilfas
FEMBEFELOBPTEIER2BELTHS. X,
Bill, RMIEFDOD 2S8R E, U v SET - BRI -
B D) yRIBRADY v B & D REFN
HEOBEO OB MIZENTETWV S, S%EK
BMY > NBRZF TR, 20X R YRR
WO Y /88 £ 2 RBRWIIFELEBE O RS
E-T, FHLEAOSVHREFWNITEDO A4 =2
L &0 T, WIRREROEENICBIT 2 RESE
RHEESHOMIZE > T bDEELSNS.

i B

BEERAZNREELT, TT & 29 EREELD

PBMC iz & % in vitro TOMEBEBEMFEEELDT
RIKTENE, B & UCYIEGERTHR O KM MBS O
R R~V — THIBEME IO » TR IS RET
LT L3 @il B7.

1. invitro TERW IgCH TT b2 ELET 2
BRI & 2 HitheE 1 THIRIIEREHTH 5 .

2. invitro TO TT FHEFEIC XY IgG K
TT Hitk%EET 2 TT HESENIEBMAC &
BHEEELIR TT TOYEGKERO THEEKEET
H5.

3. TT TO#MERER O THE, TT HEBR
BAL S —iE e BETE L.

4. TT FURRF R~ L =ML, FIEGES
I~3ABEWCHEL, BFEERH 2 6O DHIE RE
BOFFHIC X DIEROBRESEHL 2. L LIRS
L11E~18EE & TR S kT 7.

5. TT fIRFHRWEEBMKIC £ 2 1gG #
TT HRE A ORI R EE & TT FUEREN~L
N-THIREE ORI 2 E8E, L0 65U
Bl

LLEDB#ED o, Rimgho TR X3 TT
ARBR~L S —EME, TT TOERERIE
UHTHERL, 20#% TT fEEENEEBEE:
SOMBEETRR E EBRL > RN ES 2R T

ERTRE AT
£l #

MEMRZ DA, HigE, HKEEBbL D £ L BER
HREERICHEROME LR L £, & - EEEEN, g
ZRVWESRAEFEZAMEREANBY LS X URHER
A (RAMKEE—NRD, 2oV SRKERN £2E
RERRFEZARRERE SN — 7OREES L UKE
BHERZTL TRBLE oG /il TT Hik e HESH V2
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US.A) @ Dr. Lawrence G. Lum =< Bz Lz 1.
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Abstract

In an attempt to gain an insight into the kinetics and mechanisms of in vivo antigen
specific immune response, we studied tetanus toxoid (TT) antigen-specific antibody
responses in peripheral blood mononuclear cells (PBMC), T cells and non T cells obtained
from 5 normal volunteers immunized in vivo with TT antigen. These volunteers who have
no history of tetanus infection were inoculated with TT vaccine 3 times at a weekly
interval as primary immunization. PBMC, T cells and non T cells were separated from
heparinized peripheral blood obtained before and weekly after the primary immunization
until 11 weeks and thereafer biweekly until 18 weeks. In vitro IgG anti-TT antibody titers
in the 4-day supernatants and the 12-day supernatants produced by PBMC, T cells, non T
cells and a combination of T and non T cells with or without TT antigen were measured
with enzyme-linked immunosorbent assay (ELISA). Before immunization, PBMC, T cells,
non T cells and a combination of T and non T cells in all cases failed to produce IgG
anti-TT antibody. Two weeks after the immunization, 1gG anti TT antibody was detected
in the 4~day supernatants from both PBMC and non T cells regardless of the presence or
absence of TT antigen in cultures. IgG anti-TT antibody was also detected in the 12-day
supernatants 2 weeks after the immunization. After 6 weeks, IgG anti-TT antibody
production by PBMC and a combination of T and non T cells was detected only when TT
antigen was present in cultures. In any case, TT-specific helper T cell activity was not
detected in cultures obtained before TT immunization. T cells gained TT-specific helper
activity 1 to 3 weeks after the primary immunization and retained the activity up to 18
weeks. Interestingly, the kinetics of the T cell helper activity generated after the primary
immunization was different from that of in vitro IgG anti-TT antibody production by
PBMC. These results indicate that spontaneous IgG anti-TT antibody production in the
4-day supernatants is T cell independent, whereas antigen dependent IgG anti-TT antibody
production detected in the 12-day supernatants is T cell dependent. Furthermore, T cells
seem to acquire TT-specific helper activity after the primary immunization and the ability
of help to antigen-specific antibody production in vitro changes with the amount of time
after the primary immunization.




