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The Kinetics of Secondary Response of Antigen-Specific
CD4" T Cells Primed in vitro with Antigen
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ABSTRACT

Background: Memory T lymphocytes of the immune system provide long-term
protection in tesponse to bacterial or viral infections/immunization. Ag concentration
has also been postulated to be important in determining whether T cell differentiation
favors effector versus memory cell development. In the present study we hypothesized
that naive Ag-specific CD4" T cells briefly stimulated with different Ag doses at the
primary exposure could affect establishment of memory cell pool after secondary
immunization. Methods: To assess this hypothesis, the response kinetics of DO11.10
TCR CD4" T cells ptimed with different Ag doses in vitro was measured after adoptive
transfer to naive BALB/c mice. Results: Maximum expansion was shown in cells
ptimarily stimulated with high doses of ovalbumin peptide (OVAsz3330), whereas cells
in vitro stimulated with low dose were expanded slightly after in vivo secondary
exposure. However, the cells primed with low OVAszas peptide dose showed least
contraction and established higher number of memory cells than other treated groups.
When the cell division was analyzed after adoptive transfet, the high dose Ag-stimulated
donot cells have undergone seven rounds of cell division at 3 days post-adoptive
transfer. However, there was very few division in naive and low dose of peptide-treated
group. Conclusion: These results suggest that primary stimulation with a low dose of
Ag leads to better memory CD4 " T cell generation after secondaty immunization.
Therefore, these facts imply that optimally primed CD4” T cells is necessary to support
effective memory pool following administraion of booster dose in prime-boost
vaccination. (Immune Network 2006;6(2):93-101)
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+ 719U E A7) (memory phase)E o] F o EH
FAEE AR AAA R Qlek(1-4). o]} Fo] FAH
719 | T A FE(memory T cell) & vlo]#] 29} 72 ¥
A9 Aol A3t wo] W& FAde ol vl¢ F
23 Qg 3la, AAF o2 PAEE 4 Fol 7Y
WA T A ZE2] =7|(memory T cell pool)yx= 2+E WA 7))
uhol] 9lof Al F 93l A o ARt A, 7] Wi T Al
Eo A7E Y 7 U YA o 3lo =
= ¥ vehde &A4719 2717 Y45 71 b T
Axe A7 5 BAsE AR AAA Y, wdl, 37
ol| A effector T A|E9] A|ZAE7 AL AdAgGozH B
G uTd 7 HA TAZE S F IS Aoz
A7 H5,6).

H| % naive T A| £} 71 W] T A|Z7} &Y =&
ofste] FASE S GAE = Wl ok Z1A} ezt
£ U2 BEI} QA oA dge Far)e %
715 2A4se 71 -0) ik A e B gk g 34
e 2lollA T AlEQ] 37]9 AL ghdo] A
Woll Al AR 3} FAlol A= Ao g JAZICHT).
uetbAl, §4 Zrdoll el A &9 7] 7] gAY
oA F&7129 AE FEslel T Aoz A
ZHek ey, HAEY A7 At st Listeria
monocytogenes (LM) 7493 Exlol|A] -4 7hed & A A)
ampicilling A2l e 24 LM v 7)ol AL
24 34 29 N7 3 = A7k 248 AY
24 709 7107 $9 =29 FAE x7]9] CD8”
T AIZS] Hgolold 457129 Rkol obFa ek
v 2] 2] E3hE dA S AUek®). nldTIA 2, CD8T T Al
Eo] #2719 A& w4 7+ (chronic infection) 2%
2 A] lymphocytic choriomeningitis virus (LCMV) 7+ &
AL o] &3t A5 AEAQ 4 Fo| o}FH ks
FA F39rhs-10). wehA, ol¢h 2 AREL 7y
717vik G =F 7|7k g9 Fo] CD8” T A1E9 &
%9 A7t =271 & WA X8-S Yu)sla, FHol
T CD8" T AES 7Sl ofF o] & 7 7)o
719 AFH R Aol AoF o AR,

Bt 2, CD4™ T A|E9] 0|9} 22 #A7| 9} %70l
gk AEE @A g} CD4™ T AIZE A4 AT
(dendritic cell)®] #Ad, thAlA]E(macrophage)®] A&
58 5 She 4F 454 cytokine®] A4, 3z A
£ 913 cytokines] A4 5] Tk ol slefol
o uh-goll Fodeh(11,12). YHH 22, CD4™ T A £}
CD8" T A|£9] ¥4 &9 (antigen)¥} CD28-S H| 3
costimulation A1 ¥ & Qsln 72 vl o3l At
7], F%715 AH 719 WY AL YAV & AL Ao
2 AZEeK(13,14). e, G4 Zedell ol CD4 T T Al
F9} CD8" T A|E uk-&-9] u]a od ol A o) He] 11E}

w1, o] gk o] CD4" T A E9 CD8" T Al E7}
WA Zedo diste] AR & J5E & T UES

=
o) ghek(15,16). A& Eof, ol gt =&& F53
I YehJ= CD4' T A E9 CD8' T A|E ¥h2-9) &9
th(kinetics) S HA s, ¥ AE 7+ vEe-& e FF
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o ejshg HojEr}. mEivk, WAH 34l 5ol D
AZE] 719 W AEE PR 71 W T A3
9 2715 g4 2395 ASE & vl 39 5
o] CD4" T AIEE Alzko] Aol uhehA] AldH el 7ha
A4S e ek17). t%el, ¥4 % 719 wlo CD8”
T A EE o]%F 7+ (heterologous infection) 3 7]<] =
AE9] 27|17} 749 dbdol CD4" T AlL2] 7% o}y
#H H3E HolEA| Fagdch(18-21). o]9 22 71 W
o CD8" T ME% CD4* T AEE GA3kE vl glolA
o Aol T AZ AEH F4ol Dol 2%
cytokine & AE A% Aol Hhdele HoE Mol
A} wpgba AAZ L7 7|9 W CD4™ T A Zs}
CD8" T A|E9| AEol| Fofslz Ao HaEglon,
IL-152 7]9] W< CD8" T A|Eg fAlol|at Hofs}ar
719 W CD4" T AZ9] fAollE ob7-d k& 4
Esle Ao g Had vl QQrh(22-26).
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F whg o] Eeleol otk .t giok o], 9 ¥
Qoll 223 CD4™ T AE7} o)X} &oll =& AS of
VelE Qetel] digk AR E gl uleha], B ool 4]
L ¥ AA3 AREE DO11.10.BALB/c BZ oA chick-
en ovalbumin®] epitope peptide OVA323-339 (ISQA-
VHAAHAEINEAGR) £¢] CD4" T A|EE lo] AgAl
Hoz Aede B4l £ nge] $UoT AT
t}-S(primary exposure), naive BALB/c AJF oll adoptive
transfer ¥ o] %} 39 :=Z(secondary exposure) & L}EL}
£ CD4" T A|E9] Jghg A HEdet 1 A ol F
AE A gt Yoz Ax 2% CD4' T AL F

719 27} AA oz FIFA o ¥ ¢
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& A HYrh ]9k e A ¥ CD4”
Zo 719 W T AE PA ol tigt H9} CD4”
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Mol F23 BHE AFE A2 JAX

AYFE. AHEES 5~65% 9 BALBc H2)E ()
o} Ao AoljA] Eeslo] ALe1sd o, chicken ovalbu-
mj119] peptide 323-339 (OVA323.3392 ISQAVHAAHAEINEAGR)
ol So] CD4” T AIEE ¥& WL 23 Y& ¥24
3} A¥EE DOIL.10.BALB/cE ANz W 24
AE 23] FFol Aol ASsi3ich Aol A4g



HAYTEE ASNG 2 s e 43 FEAA
FrAE o] Helqtgol gio] Ayl AL, ¥4
Az Ad 52 trimethoprim¥} sulfamethoxazole] 4
719 H7E 3 ARE TR A3 Aol 2o
A AFE AR AR A AR ALE Gt
A9} Aefol = ) So TS Basbs] A% &
A EZA (flow cytometry)ol] A-&% vhg3t 22 Al
Pharmingen (BD Bioscience) ZHE] F¢5lo] A8}
t}: PE-conjugated anti-CD4 (RM4-5), FITC-conjugated anti-
CD25 (7D4), anti-CD44 (IM7), anti-CD26L (MEL-14)
anti-CD69 (H1.2F3). OVAzss3 HEFo] Sof] Eo] CD4™ T
AEE E4s17] 98l biotin-conjugated KJ1-26 (Caltag
Lab., Burlingame, CA)¢} streptavidin-PerCPE A+8-5193
t}. Chicken ovalbumin e 2] CD4" T A|E9 epitope
9l OVAnise FEFO] E(ISQAVHAAHAEINEAGR): 3}
8k% o 2 §HA) (Peptron Inc., Daejeon city, Koreayslo] A
£33t

g 5ol CD4™ T cell H2) & in vitro 4. A A3
AFEE DO11.10.BALB/c A% ZEE] OVAus JE}o|
Eol Eo]AQl CD4" T H|EE nylon-wool columng o] &
slo] F-2l3la, A3} 5]A) ¢k-E naive BLAB/cS] H| A Al
2 HE] metrizamide (14.5 g/100 ml PBS)E o] &3t £%
Fullabol] o]sfo] ¥19) A A} A E(antigen-presenting cells,
APCs)E £H]3}3] v}, Nylon-wool columnol] 2]slo] H-g
AT AEE $AE B0l SJshe] A% A} 85 o]
A+e] CD3* T cells (>65% CD4" T cells, >25% CD8"
T cel)9} = 2] <8% B220" cell#} <5% CD11b" cell®)
BIZ Hod Fock olo}A T AEGX10° cellymbe} 3}
YA AE1X10° cellsmh)E DA v]&G : DE g}
31 OVAsssz SJEFO]| =5 0.05 pg/ml B2 5.0 pgimle] 55
2 A71te 24 39l Bo] CD4™ T AIZEE 1247 5t
A=stit. Naive T A|ZE 1247 A5 A7 $F & oA
T A|ZEE nylon-wool columnol] A&} OVAs; 33 peptide
o} FAARAZE A7 stk OVAmsag peptideol] 5-©]
CD4" T AZE EsHe Feld T Al EE naive BLAB/
c9] me] A W(tail vein)ol] v}2]d OVAy; 33 peptide S|
CD4" TAIZ7} 1x10° cells7} 5|22 Z9le}9it}. Reci-
pient AF £ adoptive transfer ¥ 384 5= o} whuleh
(footpad)el] complete Freund’s adjuvant (CFA)E 42
OVAs; 3 peptide (1}2]9 20 ng) & FUT 224 w3}
33tk

FACS H-4]. OVAus3 peptide 0] CD4™ T A ZE B
Ast7| S8 FAE B4 AXE S & o] Ssted o
g & FASA) FolE fEF s v Al E (X
10° cells/100 11 PBS-0.5% BSA)E Fu]star 2| A5 &)
£ Y3 E50) £ ¥ 4014 4027 AR 3
& 945 AEE PBS-0.5% BSASAE o] &3lo] F Wl
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ARt DA NG o] Ll A7 F FACSCaliber
cytometer2} CellQuest software (Becton Dickinson, Mountain
View, CAYE o] &3ty A3 et

Cytokine assay. A= 3} o] CD4" T AE 2 E]
AALE IL-29}F IFN- 7 8] 3732 Aol E7}¢] ELISAYH
o Slete] ZAsgT FH19 WAAE wE A2 A 4|
EE OVAssa peptide 1pg/mle] FEZ A 2lslo] 2Y
v AFAZ . AT A5t SLANAEL Dod
73-%-oll naive BALB/c AF 2HE] FHlsto] LAu|&
5: DR Eggo gy AFAZ} AF5 CD4T T A
F 2R AAE & Al BEAQE E4317] Hste] siek
ArZoB-g- ELISA] A-&3}93c}. ELISA plate™ anti-mouse
IL-2 (JES6-1A12) I IFN-y (R4-6A2) &2 4°Coll 4} 3}
24} ukx)slo] FE]s}g]r}. ELISA plateE PBS-Tween 20
o2 33 A, 3% EARE Ao 2y 37°C
A 247 EF 2Rt W 4% £2
cytokine THHA-S A it 147} 308 Fk wlokslsl
t}. thA] PBS-Tween 2022 33] A= }aL biotinylated
anti-mouse IL-2 (JES6-5H4)2} IFN- y (XMG1.2) 3HAlE A4
2|3k t}-& 37°Col|A] 247} Zot wiekslgich ELISA plate
Z o] PBS-Tween 2028 33 A% slal peroxidase-
conjugated streptaviding 8 7}8 g, 1A]7F wioFst &
7AgHo g WA} 7 welld] F45EE ELISA
reader (Molecular Device, USA)E 405 nmol| 4] 27 &}
B Z ol A A4S cytokine IL-29} IEN-y 8] & At
33t

CFSEol] 93t in vivo Ag-specific CD4" T A|E 4] &
A. OVAmay SElo]tol] EolFel CD4™ T AZE
OVAsnsa SEF] S 0.05 pg/ml EE 5.0 ug/mlE 1247+
ok 243 % wlelo] =& nylon-wool column-g- ©]-§-5}¢7
AAsIG L 122 7F A= 2 T A ZEQR X 10 cells/ml PBS)E
5uM CFSE (carboxyfluorescein diacetate succinimidyl
ester; Molecular Probes, Eugene, OR)ol} @1 587+ A2
ol A WX stdel. gk A ¢k CRSEx: E%2| F-dlo}
48 Arigtoza g Hheg FAASL A E o
£3to] 33] AlHsleict. CFSEE IAE T AZE& wlel
o 1% 10" AZE7} 555 naive BLAB/c®] 28] & w(tail
veinyol] FAERITE. T2 5E 349 H & g popliteal
lymph node (LN)ZY-E] A& 1]3}3L PE-conjugated
anti-CD48} KJ1-26 3x|Z o|&slof CFSE divisions &
et

Mitotic eventsol] 23t A £9 A& CFSE divisionol]
9} & mitotic event 52} A4 ol el F)gH Wl
F3}e] 3= 2 eh27). Mitotic eventE H.olF+ CFSE
9] 7} peakE 0 divisionH-E] n division7}#] FA1E 24
o] oJste] EAstS]rt. n divisiono] =¥ shvhel T A
E+= 2709 daughter cell 2 -3} 7] wfgol, weF Al ®
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9] division (n=3)0] §-5¥ & T A E2] 47} 8o|H 3}t
o T AZZHE o] FojR AYE ¢ & rk2’=8). u}
2}A], o]e} 2 A Aol slo] 7 peak ol &
Aet= T AEY +5 £A48 ohF T2 ¥ precursor?|
& AAsla LAH F mitotic event®] TF A4S
o.

SAH Ael. 7 ARE o) BABA Aok sz
715 A % 3 paired Student’s t-test®} Chi-square test
o 9Jsle] HAs G AT 7H] 742 p<0.059)
735wt A8 ssict.

x| 1}

g &%l o2 in vitro A5 ¥ FTHF W3k YA
Al4E%E DO11.10.BALB/c AF ZHE] Fe|E OVAma
peptide 50| CD4" T AIZ] 39 §ekoll 2 Fa1d o)
3L <lolH 7] $]3}o nylon-wool columnel] 2]&}o] E
2% T AlZE syngeneic APCS} E3H3F th-3 OVAnayw
peptide 0.05 zg/ml B=+ 5.0 pg/ml9] FEZ A 3 12
A7 Bk A2 he A W SRselh
1 A AEE0.05 pgmh 2 K2l H 3ol A2
2 u)Z3}o] CD25, CD6Y, CD62L = CD44<] ko] &
A2} vlste] A HIEA %S ¢ A
(Fig. 1). k2 383 (5.0 ug/m) @] A4S P 3 1247

Cell size

AFAZ] ASollE HEES OVAmayw peptide 5ol
CD4' T A Z7} B438 Ao 2 Uebsheh. ZaiA 54
gl 23 "aste] AE A7k Frtelgla 1 el
CD62L-S A 9)skar CD25, CD69 | CD44 29 ¥4 o}
A o] Zvbd Aog JelskchFig. 1). ol 22
Afe APAA g Had 3] 5ol CD4” TAHZEE
A%t ngeke ddo AFAY Ay Lg%
7% 89 Bo] CD4" T A|EE 1247k Aol &3s}od
R 2o] BAstE whdd] AgFo s AFH Hv
AFE)A] e naive CD4' T A|E9} 22 +F9 &4
IS BHoFE A& v
A= 39 Eo] CD4" T AL adoptive transfer 3
o] % 3r¢l wh-3-9] Kinetics. @A 22 1247 5 A
& we ngFo2 A9 Y o] CD4” T AX9
A Wl 48] gdol] thet ol =Z 39 whg-2 &4
3}7] Yate] YA o2 AFE OVAmsay peptide 50|
CD4" T A|EE naive BALB/c 2% ol] adoptive transfers},
v}, 22 2] recipient AF & 3U7F X g F OVAnsas
peptide S o] -&slo] Woglgrozn AA WollA o]%
Hh-&-& §-58llr}. Recipient AF & W3} F 54, 10
o g3 35U ol PZ Ao EANSE OVAxnsas pep-
tide £o] CD4" T A9 & A8l dl o] &=}
2 A7 M3 £ 594 s ¢ $ 5ol 439 peak
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Figure 1. Phenotype of KJ1-26"CD4" T cells stimulated with different doses for 12 h in the presence of Thl-type driving cytokines.
T cells isolated from DO11.10.BALB/c mice wete entiched by nylon-wool column and stimulated by different doses (0.05 and 5.0
pg/ml) of chicken ovalbumin peptide (OVAsz.35) in the presence of cytokines IL-2 (10 ng/ml), IL-12 (2 ng/ml) and IL.-4 antibody
(1 pg/ml). Twelve hours later, phenotype of stimulated K]l—26+CD4Jr T cells was determined by three-color FACS analysis.
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Figure 2. Kinetics of K[1-26"CD4" T cell number in popliteal LN of recipients immunized with OVA323-339 peptide. T cells isolated
from DO11.10.BALB/c mice were entiched by nylon-wool column and stimulated by different doses (0.05 and 5.0 zg/ml) of OV Asz.33
peptide in the presence of Thl-type driving cytokines IL-2 (10 ng/ml), IL-12 (2 ng/ml) and IL-4 antibody (1 zg/ml). Twelve hours
later, peptide was removed by washing with nylon-wool column again and then stimulated T cells were adoptively transferred into
naive BALB/c mice. The recipient BALB/c mice were immunized with 20 ug OVA323-339 peptide plus complete Freund's adjuvant
(CFA) three days following adoptive transfer. The immunized recipients were sacrificed to determine Ag-specific T cell at 5, 10, and
35 days post-immunization. The number of KJ1-267CD4™ T celt was determined by two-color FACS analysis. The graphs represent

the average and standard deviation of three mice pet group.
£ o]FE AR Uey 1084l #4354 4 &
o] CD4" T AT vhH2o] £4so] 10% FE2| 39
5ol T AZ7} sl er, 1 ¥ 35Ul g4 5o
CD4" TAIEE BA% AT Qo) M7} AZato] 7]
o Y Al ¥E(memory T cel)7} FAH Aoz HofXlc}
(Fig. 24). B 5o] AEFeR UX A% OVAma
peptide £o] CD4™ T A|E9] 7§ o]} Aol &}o]
AR Well A &2 FErt AFHA 95 naive CD4”
T A|ZH G2 5F2] 38l Sof nhgo] o]Fojx 2
A& o) T 5UA 39 o] CD4™ T AEY 7} 7}
2 A Uebygor], 3g&%koz 4% A5H OVApa
peptide 50} CD4™ T M| E 2} 73 9= 3 WollA) 24 3¢
A kgl SAshol A 2 o} WS- Holx] Wl
F 5dmloll 7hg Be 59l P9 Fol CD4' T AET}
AZH e} 2y 5] dAE e Host ¥ 109
Z7lehe §9 5ol CD4™ T AT Y S FAT o A
$o R UA AFY 150 %G $EY £F 2o
FRom 35Ul 19t 2§ Fo] CD4™ T A
9 $7h ASH oz Faslo] A§FOE AR A3
CD4" T A|EE adoptive transferdt FH o} JF& F39)
g9 Eo] CD4' T M E7} 425 Y th(p=0.024)(Fig. 2A).
o9} 7+2 YA} A=E OVApaayw peptide Eo] CD4" T
A|ZEE adoptive transfer & o]z} wodul-2 & Jeh)=
%] A2 ol FE 5Ume] EAIHE Y 5ol

CD4" T AEE 100%2 3le] WdE = 59, 109 1
35YAloll EAsl= Y Sol CD4' T AZY +5 27

% 3Hnormalization)s}9] & uff #]-&-%3 &

2 AH2% g9 Eo] CD4" T AEY o] ™

Uehte ga719 Fokfoldys L& o R YX
[e]

¥ CD4' T AFEE F& 39| expansion
9] th(fold < 5.0)(Fig. 2B). &1} o] 2¢ AL
o2 4 AFH 4 Sol CD4” T AZE Hol
102 Rlol] 5:30] A7 §EHo] nEFoz 43
9 Eo| CD4" T A|E ¥ naive CD4™ T A| XX} =2
579 49 o] CD4" T AES} ZAsHE 202 ek
Yok (p=0.007). ]9} 22 AAL ALFo g dA A5
B g9 Sol CD4” T AEE o)A H whg F 47
L g 430 A BE TAEY 9 5ol
CD4" T AlEe} 2] ZAEE Y 5ol CD4™ T AE
7t FEY 3A71E Bo] AN, #7194 3
2 ol ¥ FEolA UL 57O £30 §EHOZ
A wegl 3 109A19 71w AE FAZG5UA)
A E& 459 & Bol CD4™ T AX7} EAlsle
Ao 2 Velykct

o, A 8% wE ngke s U4 AW 49
CD4" T A*EE adoptive transfergt oS w3} & gL
AERE| AEE Flslo] OVAnie peptide = AP A
Ao g AFsle] AAEE cytokine IL-29} IFN-7 2] A
A+ ELISAS] S|ste] S ekelekFig 3). 2 A2} el
3 % s Ao A% AFH 49 Sol CD4’
T AE2HE] WAE = IPN-y 9} IL-2 cytokine?] <ko|
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Figure 3. The production of cytokine IFN- 7 and IL-2 from popliteal LN cells isolated of recipients immunized with OV As3330 peptide.
The popliteal LN cells were isolated from recipients at 5, 10, and 35 post-immunization and stimulated with APCs pulsed by OVAszs.33
peptide (1 pzg/ml). The amount of cytokines were determined by conventional ELISA after stimulating CD4" T cells with antigen
for either 48 h (d5) or 72 h (d10 and d35). The graphs represent the average and standard deviation of three mice per group.

AF5A) b B4 Sol CD4* T AL} w8z 7}
S ¢ 5o] CD4" T A L2 HE] PAE & ek 4
Al VebskehdS)(Fig. 3). v}, 219}b 22 cytokine AY4F
2 1094 A¢ GAso] Agso s Ua HEA &
2% 930 Sol CD4' T AE7 BE ok IN- 79 IL2
o] A Hol F931(d10), 719 WG AX PA7) 9
3594 A= AgFo 2 UX AFH ¥4 Fo| CD4”
T A|Z7} B2 49 cytokined A4bste 222 vhebyk
THaBS). ek, ol% e AT YA MA] A8
o2 439 43 Bo] CD4™ T AIEE AAIRolA o]
gloll gk uhgo] ngFoz Ux A5H AR} ¢
A28 FEA AA AR 3ol A FEHO
EA Heh g2 719 W 39] Ho] CD4” T A7}t &
Agrete Ag He F

CFSEl o8 AZ3ad 24, dgddez A8 =
© 280 ddoz I AFH Y Ho] CD4' T
A ZE7} AAY adoptive transfer & w2 3}sl7] A7pA 3
Wroll AERA G2E B Sfsjod, AGF T
neee) PR 1247 B AAAF F nylon-wool
columng ©]-&38lo] SAAAJAHZEL}F OVAssain peptide
& AlABIL CESEE o]-&3to] T AEE 3 A
stgich G AE T AlE = naive BALB/c A3 ol] adoptive
transfer - 39| == ‘doll popliteal LN|A] A EE F

B] &k TS, OVAans peptide o] CD4™ T A E9]
S BAs9in 1 A A g5k e g A5H ¢
Eol CD4" T M9} Yo g AT A ¢5E naive CD4"
T AZE AlE £ g4 o| adoptive transfer 3 39U 7+ A
314 ¢ke Aoz JeldrhFg 4A). v, Ag4¥ e
2 mgeke] 3k o2 A2} A% OVAssaw peptide 5]
CD4" T A|EE adoptive transfer & A|ZEE L& B
o] Fo] 38 Aol] BH AL 5 7~83] 9] AE FHo]
o] ZolA Ao & Jelyrh(Fig. 4A). % thA], adoptive
transfer 3 3 A ol] recipient AF & OVAsasz peptide (20
pgimouse) & W23} & 370l 4] Eo| CD4™ T AJE
o AE BdL B4 A7} naive CD4™ donor cell#}

Leko g Ax A3 Y So| CD4" T A EE n| %3}
o] g 9 Eo] CD4' T AEE BF 19 o]
X 2ol osle] FAsA AL EGo] o] Folx -
Ho] 781 o)Al AT Ee] Yot Ao ety
(Fig. 4B). 0|9} 72+ A|E 2 €& popliteal LN 4]

o]t mitotic event?] & FE A|Absto] K Table 13}
et whebd, 4802 A% A3E G4 So| CDA®
T A EX= naive CD4" T A £} 7Z+o] adoptive transfer 3=
AE 2 Wao] A9 §ETA S ol mgo.
2 12A7 Zob 4 A% CD4" T AH|EE adoptive
transfer & A) 2 o] o} popliteal LNol| 4] & 2,629
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Figure 4. The in vivo division of CFSE-labeled OV Ajsz3.330-specific CD4™ T cells in popliteal LNs of recipients. T cells isolated from
DO11.10.BALB/c mice were enriched by nylon wool column and stimulated by different dose (0.05 and 5.0 pg/ml) of chicken
ovalbumin peptide (OVAss.az) in the presence of cytokine IL-2 (10 ng/ml), IL-12 (2 ng/ml), adn IL-4 antibody (1 #g/ml). Twelve
hours later, peptide was removed by washing with nylon-wool column again. Following staining the stimulated T cells with CFSE,
T cells were then adoptively transferred into naive BALB/c mice. The CFSE division was analysed by FACS analysis at 3 days

post-adoptive transfer and post-immunization.

Table I. Total mitotic events of adoptively transferred OV Ass 330-
specific CD4™ T cells in popliteal lymph nodes of recipients

OVAsz;33 peptide used for
in vitro stimmuladon (zg/ml)

Naive 0.05 5.0

Three days post-adoptive
transfer (before 4 5 2,629
immunization)

Three days post-
Immunization - - -
(secondary exposure)

H9] mitotic event7t Bolikgol FAoZ AAlsg
th. whghA, ole} 2 Ae ALFoE A% 2FH
39 Eo] CD4" T A ZE & naive CD4" A L9} 22 EA
© 2 adoptive transfer & o} 52 W37} S5 %) FslA)
R ol% 3 EQlell st} Al ATEE 5 Y
= ¢ g U3, g E 9 AT 4 o] CD4”
T AEe 1247 A520.2 ojn] EAJ3}s|o] adoptive

32

transfer 3 o] EAEIA| &L FelollA % AEES
L o) Fo]A effector celle] TFHEO] R &= A0 F RojAlt)
g3k, 19k 22 Aol ol g Y AdFer
A AT Y o] CD4” T AEE A 3E]o] A E
Edo] f2d 4 A vtk

! &

A W(in vivo)oll 4 & o] CD4™ T AlE2} CD8”
T Al ET GAA R A ZEoA| &J3lo] A== 347} costi-
mulation £2}59] £33 ol A 2438 $
349 Eo] CD4" T A|Z9 CD8' T A|EE Eo|Hoz
Z2)slo] U2 effector T A|E2 £3}5H, ol]gt 3
A719] gL w3} ¥ n|ake] -9 7~9Y, draining
LN 7% 5~74 Aolol]l A= AoE Hoixlt
(8,15,28,29). o[ ¢} 7k &Al7] o] H o] HAH F
HBo] 89 Eo|l CD4" T A|E9} CD8" T Al E & A ZA
H71H- e oJsle] Fol 2715 PAAZCK1S). o]k 72
FZ7l0A PEAZE o} Aopd 3y Eo] CD4”
T A|Z9} CD8" T AlEE 7] W AE P47 2 Fof
7} 719 W T AEE YA 3eh15). o714, %719
A\F3 3o A71E AR dAE W AEE
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