ddHos g ofste] AR A= CD4™ T AE9

ARvsta ol Hust WAEstad B AAGFHAA T

Hhd & . 3d-§- - Abi G. Aleyas - Junu A. George - 3o} - oJ A=

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

Seong-Ok Park, Young-Woo Han, Abi George Aleyas, Junu Abi George, Hyun-A
Yoon and Seong-Kug Eo

Laboratory of Microbiology, College of Veterinary Medicine and Bio-Safety Research Institute, Chonbuk

National University, Jeonju, Korea

ABSTRACT

Background: Memory T lymphocytes of the immune system provide long-term

rotection in response to bacterial or viral infections/immunization. Ag concentration
flas 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 brieﬁy stimulated with different Ag (foies 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 primed with different Ag doses in vitro was measured after adoptive
transfer to naive BALB/c mice. Results: Maximum expansion was shown in cells

rimarily stimulated with high doses of ovalbumin peptide (OVAs;3.33), whereas cells
in vitro stimulated with low dose were expanded slightly after in vivo secondary
exposure. However, the cells primed with low OVAj333 peptide dose showed least
contraction and established higﬂer number of memory cells than other treated groups.
When the cell division was analyzed after adoptive transfer, the high dose Ag-stimulated
donor 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 f())W dose of
Ag leads to better memory CD4" T cell generation after secondary immunization.
Therefore, these facts imply that optimally primed CD4" T cells is necessary to support
effective memory poolpgz)llowing administration of booster dose in prime-boost
vaccination. (Immune Network 2006;6(2):93-101)

Key Words: CD4" T cells, primary exposure, secondary response, memory T cell pool
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FAE = ASZ AAAI JYTh(1-4). o] ¢} o] FAHH
719 A T M XE@memory T cell)= Hlo]g 29} 22 ¥
Ao Ao gk o] WS FAshe o v F
83 98kS dta, AAFHo R FAH= Fd Eo] 719
W T AE2] F7](memory T cell pool)= ZHE WA 7|
o QoA FREHA AT 1A, 719 WY T Al
x99 715 =Y F v githd wHo = g =
Z 5 Yehve 83719 2717 g45e 719 99 T
AEO A71E ARste AR AAAH, gl F%7]
o A effector T A X AMFEAIE 7| AL A|gto 2N H
O B2 79 7|9 49 TAHEZE 4T & J&s A=
A ZHETHS,6).

¢

H|Z naive T A9} 719 W T A7 &9 =3
oste] gA43tE L A H = Wil tE N1 - AR
59 B2 FE7F UARE oA A5 G4V 5
718 283k 71 Ui AEe BA &t B 34
7E BdA T XY £57]9 A& gedo] A
el A AR SAIG AR EE o= K= )

AN FF7129 A3S fFxdted T84T o= A
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monocytogenes (LM) 743 ZdoA F4 7+
ampicilling AT ZH LMS 1§ 7] AATL
24 34 79 710 3 =F Ak
BdoA A 717t 3 =F9 FAE
T A9 &7

A BES A HAGE). 7R E, CD8”
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T A= ©]F 74 (heterologous infection) - 7]
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AA, 771 dY =F 7|k ©E CD4’ T Al
XE 9k FYgt gl R E glrh g=ol, It &
doll =Z¥ CD4" T A 27} o] el =& FHUS o
Uehte 98t st ARE Qith weka], & Ao A
t 3443 439 %% DO11.10.BALB/c A F ol 4] chick-

en ovalbumin®] epitope peptide OVA323-339 (ISQA-
VHAAHAEINEAGR) 5°] CD4" T Al E dof 2y
Hog ANgHo ¢ T ugH] Yoz A3
t}-2(primary exposure), naive BALB/c A F ol adoptive
transfer & o]} &9 =Z(secondary exposure) ¥ L E}L}
T CD4' T Alxe] 93 ARt 1 4% 39| &F
AE AL FUo 2 YA =4 CD4' T A2 &
719 R AA FEHOEAN TSH0E B B
2 49 5ol cp4" T A x| 719 W T A27F 34
4 5 9ee WA Hh olsh ge A FF D4
T AZS 7o W T AE Fgel of Fus} cp4’
T AE7} o] Aee] 27 Beldte 243 PG et
WA Tk T8 ARE AT Ao AAXT

=
APTE. 4PEEL 565739 BALBle H2)E ()
THE Abol Ao A Fiate] AHE-3151 .1, chicken ovalbu-
min®) peptide 323-339 (OVAsz3.330: ISQAVHAAHAEINEAGR)

of 50 CD4' T AIZE 2 W= 2ta gle ¥24d
3l 4355 DO11.10.BALB/cE= A&ty WY %4
Ao A&

AEZRE FFot 4o Mg,
H AEEe ARG S Tret A F2 el



A= o #ej Aol B
AgH A3 T2 trimethoprim¥} sulfamethoxazol©]
7te daE BT AL E Fgeta FsA| o] ZEFof
71 AtE AR S A Al AN AT
FA & FEto]l=. g So] AlxE A5 A%
A5 A (flow cytometry)ol]l AH8-H th53 22 A=
Pharmingen (BD Bioscience)Z ¥-E T3t AL-8-3IA
t}: PE-conjugated anti-CD4 (RM4-5), FITC-conjugated anti-
CD25 (7D4), anti-CD44 (IM7), anti-CD26L (MEL-14) 2
anti-CD69 (H1.2F3). OVAss 30 HEFO] =0l E0] CD4™ T
AEE E2X3}7] 93l biotin-conjugated KJ1-26 (Caltag
Lab., Burlingame, CA)$} streptavidin-PerCPE A}-8-3} 3]
t}. Chicken ovalbumin T2 2] CD4™ T 4| 3E 2] epitope
¢l OVAspss 3 E}O|=(ISQAVHAAHAEINEAGR)= 3}
84 0 2 314 (Peptron Inc., Daejeon city, Korea)3}e] A}
&3ttt

39 5o] CD4" T cell £ ¥ in vitro ZA+5. F2 73
1355 DO11.10.BALB/c AFZFE] OVAuzaw HEFO]
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o] Egj5lar, W3} F A &L naive BLAB/cY] HIA A
¥ 2 2E] metrizamide (14.5 g/100 ml PBS)S ©]&3F T &
Tafgoll ojsted YA A M A (antigen-presenting cells,
APCs)E 4134t} Nylon-wool column®] ¢]&}e] 2]
AT AEe fFAXE E40 st 4% A 85% ©]
o] CD3" T cells (>65% CD4" T cells, >25% CD8"
T cel)9} I 9] <8% B220" cell?} <5% CDI11b" cell®]
EEXE Ho] AT AR T AEGx10° cells/ml) <t &
AAA AZAx10° cellsm)E DA ¥IEG: DE EF3}
I OVAsssn HWEF]=E 0.05ug/ml == 5.0ugmle] 5
2 Zrigto g &9 o] CD4’ T A EE 12417 &9
A=A Naive T AIEZE 1242F AFA17] § T THA
T M *ZZE nylon-wool column®]] &3} OVAsss30 peptide
o} FAAAAEE A ASFATE. OVAsss peptidec]] 5-©]
CD4' T MEE X3l= #88 T A EE naive BLAB/
¢ ] A (tail vein)oll 7F2]F OVAssaz peptide 5-©]
CD4" THIE7} 1x10° cells7t H =2 FA3% T} Reci-
pient A ¥ = adoptive transfer 5 3L A F= ol walct
(footpad)®| complete Freund’s adjuvant (CFA)E 412
OVAsss3 peptide (VF2]F 20ug)E FHFOZH W3}
sttt

FACS £4]. OVAssiy peptide 50] CD4™ T A £E &
A37] A FAE B4 AXE FAE o] &3t 4
et & BT FHIE HET e v AlE(1x
10° cells/100ul PBS-0.5% BSA)E FH]3lal A A|E 3]
g B3 EE0] T F 4°CollA] 403 WA FA
2 9MAE N X+ PBS-0.5% BSAE NS o] g3l F Wl
A Zekal g AS o]83ke] 1A A1 F FACSCaliber

Aol AHEtsla, 34

ol

>

o |

A}
[e)
=4

The Kinetics of Secondary Response of Primed CD4" T cells 95

cytometer2} CellQuest software (Becton Dickinson, Mountain
View, CA)E o] &3t 433t

Cytokine assay. At= ¥ 39 5] CD4' T N EZHH
AAFE IL-2¢}F IFN-ve] 342 Alo]E71Q] ELISARY
of o3l sttt Y E HIFMNE = X A
XE OVAsussp peptide lugmle] =2 A5t 2
T AFARG AFE Hete] FAAANAEE Hag
7499l = naive BALB/c A F ZHH Y5ty dAGH&
G:DE EFFoZH AFAAT A=H CD4' T A
EZRE AiEE A ETRRIS SA 7] flsto] wi ek
AFZ NS ELISAY| 283} th ELISA plate= anti-mouse
IL-2 JES6-1A12) & IEN-v (R4-6A2) B4 = 4°Coll A &}
2l wkx)sle] Z 85T} ELISA plateS PBS-Tween 20
© 2 33 A&sta, 3%9 EX/E Ao ZH 37°C
AN 2A17F FF E2ASAT WF AT EF
cytokine @] A S A sl 1A17F 308 &9 vl FSEA
t}. thA] PBS-Tween 2022 33] A|#3}al biotinylated
anti-mouse IL-2 (JES6-5H4)S} IFN-v (XMG12) &2 =
23k ohs 37°Coll Al 2413 F3F v skt ELISA plate
£ EUA] PBS-Tween 2022 33 A|Z3}al peroxidase-
conjugated streptavidins 3 7Fst th, 1A]7F vl kgt &
78R oz TAAZT. 2 well®] FHE< ELISA
reader (Molecular Device, USA)Z 405 nmol| A =743}
YEZFo A AR cytokine IL-29F IFN-ve] &S A4t
st

CFSE 2] & in vivo Ag-specific CD4" T A E 2] =
. OVAynae SEFO]=0] 50|93 CD4” T AEE
OVAssa JEFOE 0.05pg/ml =+ 5.0pg/ml= 12A]7F
5o 223 3 3E}o] = E nylon-wool columng- ©]-&-3}¢]
AAsHATE 1247 A= T T A E@2x10" cells/ml PBS)Z
5uM CFSE (carboxyfluorescein diacetate succinimidyl
ester; Molecular Probes, Eugene, OR)o Y1l 5&7F A&
ol A WXt ATk AE A 3 CFSEx 5% 8o}
S A= @M S FAA I HAE o]
&3l 33 A Mttt CFSER EA|9 T A EE g
2 1x10" M Z7} ¥ =2 naive BLAB/cY] 78] ™ (tail
vein)ol] FASIA T 22 HE 394 FHE= @ popliteal
lymph node (LN)Z%-E] M|EZE FH]3}3l PE-conjugated
anti-CD49} KJ1-26 @A) E ©]83}4] CFSE divisionS ¥
A5

Mitotic eventsol] &3+ M ¥ £ A4} CFSE divisiono]
©] gt % mitotic event 9] A4 o] H el 7]&H o
F3te] =385 A thH27). Mitotic eventS H o+ CFSE
o] Z} peak= 0 division*E] n division7}A] A £ E4
| o8t &3t n divisiono] =¥ 3o T Al
X = 2709 daughter cell2 #3}5 7] wf o, THeF A ¥
] division (n=3)¢] fr=¥ Z T A £¢] 47} 89 st

2



96  Seong-Ok Park, et al.

o) 2

T AZEZRE o7 AYE & F Arh2’=8). w
2hA], o] o} 2 F3HA ALbel] oJato] 7} peak WO &
Zﬁa‘}‘i‘ T Mz & F4¢ b3 125H precursorA

18
=

=2 AAeta B H F mitotic eventd] = A XA
1:}
SAA A=. Z1 AT Y] FATH e HER
715 A %= 3 paired Student’s t-test®} Chi-square test
o o3t AAsATE AP 119 F942 p<0.05¢]
7A5-olvt 138
4 ot

Fd &Fd W2 invitro A5 F EHY W} FAIS
A FE DO11.10BALB/c AFZFEH E21H OVAssam
peptide 5] CD4" T M| 2] &9 & 2 1HH
WH3lE golr 7] 213}l nylon-wool column®l| 2]} &
E]E] T *‘”vLE syngeneic APCQJr :5:6‘1'6]' ‘ﬂr‘g OVA323_339
peptide 0.05pg/ml =+ 5.0ug/mle] 52 A3 & 12
AIZE 9 A=A v 28 F Y] HEE S5
I A3 AFEE0.05ugmhE A2 D AS-olE AEZT)

CD4" T A7} 8438 Ao g Jeth i T4
g o3 vt AE =ZA77F FUbea 2 9o
CD62LS A 9|3}l CD25, CD69 % CD44 59 #H o
WA wdo] Z7lH Ao 7 vehgthFig 1). o]} ZELO
A= vaz-} oz FEd g4 o] CD4' T AlE

ALy 78] Fghoz A2 AL 1 & 4
AL 3 Eo] CD4' T AZE 1247 AF2d] 9]38ld

o] 2 *éﬁ}% e HgFor A3E ALE
A A FE naive CD4' T A ES} e FF9] 24
=g EO%Z—E Ag v,

A=H FY Eo] CD4” T Al E adoptive transfer F
o]z} 3¢ ¥Hg-9] Kinetics. 232202 1247 T A
L o= y8gog 2% 3¢ Eo| CD4' T A X9
A Wl A ol gt o3} =F 9 whg-5 4
at7] 98kl YAFA 0 F A5H OVAszay peptide 5©]
CD4" T H3Z naive BALB/c A 3]l adoptive transferd}$]
ot 22 5H recipient A FE 397 WAIF T OVAnzan
peptideS o] &3t WAoo A A oA o]zt
8-S F =31t} Recipient A3+ W3t 3 59, 10

£ H]£3}9] CD25, CD6Y, CD62L X CD442] W& o] I o ¥ 35¢ Al Zgoﬂ ZA3H= OVAssa pep-
A vlaste] A WElEA Fes & F AT tide 5°] CD4" T A|¥x2] 5 =A3= ¢ o] &5 At
(Fig. 1). Y+ & 183 5.0pgm)e FHLS ¥ 1247 1 A7 HAs 3 595 EJ% g g 5of 99| peak
Cell size CD25 CD69
g 2 :
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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 were enriched by nylon-wool column and stimulated by different doses (0.05 and 5.C
yg/ml) of chicken ovalbumin peptide (OVAsza39) in the presence of cytokines IL-2 (10 ng/ml), IL-12 (2 ng/ml) and IL-4 antibody
(1pg/ml). Twelve hours later, phenotype of stimulated KJ1-26*CD4" T cells was determined by three-color FACS analysis.
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Figure 2. Kinetics of KJ1-26"CD4" T cell number in popliteal LN of recipients immunized with OVA323-339 peptide. T cells isolated
from DO11.10.BALB/c mice were enriched by nylon-wool column and stimulated by different doses (0.05 and 5.0ug/ml) of OV Ass33
peptide in the presence of Thl-type driving cytokines IL-2 (10 ng/ml), IL-12 (2 ng/ml) and IL-4 antibody (lpg/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 KJ1-26"CD4" T cell was determined by two-color FACS analysis. The graphs represent
the average and standard deviation of three mice per group.
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o A E(memory T cell)7} FAH Ao 2 BT
(Fig. 2A). Tl§o] AE&FoR Uk A= OVAnzaw
peptide 5°] CD4" T AE2] Z$ o|&} z=el] 2|3}
A ol A ’“iﬁ AE7} XFLQﬂ %2 naive CD4"

T MERG Be 539 g 5ol ykg-o] o]Fo#] i1
e o= 5‘?4511101] & —E‘— ] CD4" T A2 $7} 7}
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35970l EA3t= ) 5o] CD4' T N £ =5 Z47
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et £3719 S7Hfold)e 18&F0 2 dat A=
-?4_ ol A=A #HFE AL (fold >20), A EFOE A=

H CD4' T AlXE & 559 expansion FEE HA
—rMT/}(fold<5 0)(Fig. 2B). 18} SV 2% A& A&F
oz Az A== r‘;}% —E‘— ] CD4" T A& W3t &
1094 F50] AA fFrHo] 18§FoZ A=4
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Figure 3. The production of cytokine IFN-Y and IL-2 from popliteal LN cells isolated of recipients immunized with OVAsxs3 peptide.
The popliteal LN cells were isolated from recipients at 5, 10, and 35 postimmunization and stimulated with APCs pulsed by OV Asx33
peptide (1ug/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.
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Figure 4. The in vivo division of CFSE-labeled OV Asss350-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 5.0pg/ml) of chicken
ovalbumin peptide (OVAs339) in the presence of cytokine IL-2 (10 ng/ml), IL-12 (2 ng/ml), adn IL-4 antibody (1pg/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.
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