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=Abstract=
Immunomodulary Effects of Antiviral Agents

Woo-Shik Chung", Jong-Wook Park™, In-Sook Han'', Won-Ki Baek™, Seong-Il Suh*,
Min-Ho Suh™, Chun-Sik Kwak™ and Byung-Kil Choe*

Departments of Immunology', Microbiology’,
Biochemistry’ and Institute for Medical Science’, Keimyung University
School of Medicine, Taegu, Korea

In order to investigate the immunomodulatory effects of antivirals, we have studied the effects
of ribavirin (RV), acyclovir (ACV), and isopurinosine (IP) on the immune responses of ICR
mouse and on the proliferation and cytokine gene expression of human peripheral blood
mononuclear cell (PBMC). Humoral and cell-mediated immune responses were investigated
using ICR mice either immunized with sheep red blood cells (SRBC) or sensitized with
dinitrofluorobenzene (DNFB). RV suppressed anti-SRBC antibody response, delayed-type
hypersensitivity to SRBC as well as contact hypersensitivity to DNFB, whereas ACV and IP did
not exhibit any immunomodulatory effects. T cell response was evaluated by the
phytohemagglutinin (PHA)-stimulated PBMC proliferation assay. In this assay system, RV and
ACYV exhibited proliferation inhibition effects in a dose-dependent fashion. However, IP did not
show any effect at low-dose ranges or exhibited marginal stimulatory effect at high-dose ranges
of IP treatment. Immunomodulatory effects of these antiviral drugs were further investigated
using the cytokine gene expression as the indicators. IP and ACV did not show any modulator
effects on the expression of interleukin (IL)-2, IL-3, IL-4, IL-6, tumor necrosis factor, migration
inhibitory factor and granulocyte macrophage-colony stimulating factor (GM-CSF) genes of
PBMC which have been cultured in the presence or absence of PHA and phorbol myristate
acetate (PMA). However, RV suppressed significantly the gene expression of IL-2, IL-3 and GM-
CSF in the mitogen-stimulated PBMC. In conclusion, the observed suppressive effects of RV on
immune responses in vivo, seem to be due to suppression of IL-2, IL-3 and GM-CSF gene
expression and proliferation of PBMC, and IP and ACV seem to have unremarkable modulatory
effects on immune system.
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Z3do. @2 T Al E£ & interleukin-2E ¥ 23
Z+F Aol EFIQIE EHste A A &2 A EA
AARGEE FEAT| 3, Ao]EFIRlY] F3E
e QXER TAHEE AHAEEL S Ve
o, G4 EE vy Ee] B2 T nitric oxide2}
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F4E AAA TN, acyclovire A AA 7
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3t lymphoproliferative responseZ Z7}A1AH 23]
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5% DNFB&-9 2 25ul ¥ vp-9-2 HX5] o] 2
A% Eusted ZAEANI D, FAE 4207 0.
2% DNFBE£Y%E& w92 #Z7 ogdd zz
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Az A (T), 2 A2 F (T) 2 8 AT F
(Te) AT FAE ZAHRIY ATF 57
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% Increase= X100
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A AL AULS W FH AT A9
FRINEE {E317] 918t 0.2% SRBCHF4
2 05 mA mh9-2 o) Fabste] W9z 8

Qon, WadF 494 20% SRBCE-S 0.3mlE
nle-2o] ZH3sld] FAlEIAT FHEFFS
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AZE F (Tl 385 en, $39 232 o
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Hank's balanced salt solution (HBSS)-S o] 4]
3} =] Ficoll/Hypaque (F/H) solution $}of] ¥-= A
Z2A)9] 31 2400 rpm (900g)oll A 2027 YA &
23t FHE 3 HBSSZ Atojol e 3T
N E2S 47 ste] HBSSO| AR GAIZZE 3 3]
AAMHstn HF AE pelletE 10% fetal
bovine serumo] 3-FE RPMI 16404)2] (RPMI-
10)e] 2 x 10° cel/lml FEZ FHAIZHLOH
mitogen©. 24 PHAES 10pg/ml FE 2 A 7}slo]
MEFFAE FHstd RV, [P 2 ACVZL 2
Z¥d F2d PR JTFE Lotry] $3d
96 well culture plate®] A welle] RPMI-10Z
1oou 3313, AL RV, ACV ¥ IPE 2}
z} 100p1y 225 micropipette 0 2 2 uj w43
Aagc. A48 ol Al A4S B
L2 Fod g3 2{9E 100u1y 7lated &
E7e 5 36T, 5% CO.¥j g7 Fof 60 A3t
sl el 28]l e *H-thymidine incorporation
AALE st9t}. = °*H-thymidineS 2z} welld)] 0.5
Ci# F7teted 12-18 AIt o] wikstdct. ek
%53 cell harvester (Dynatech Co)Z cell-Z-glass
filter papero]] =A%} 5 1l toluened)] 2, 5-dimethyl
oxazole 4g, 1,4-bis[5-phenyl-2-oxazolyl] benzene, 2,
2-p- phenylene-bis[5-phenyloxazole] 0.1go} o}
9l cocktail solutiono] ¥ o] B-counter (Packard
Co, TRI-CARB 4530)2 cpmS &3 e} t}.

AMAL Z3tE A MY (reverse transcription-
polymerase chain reaction, RT-PCR)

Interleukin 2 (IL-2), IL-3, IL-4, IL-6, tumor
necrosis factor (TNF) o, migration inhibitory factor
(MIF),granulocyte macrophage-colony stimulating
factor (GM-CSF)9] ¢DNA 7|4 E& FAAR

230l A} o} open. reading frame (orf)S Y3
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Table 1. Primer sequences used in amplification of cytokine messenger by RT-PCR

Cytokine Type Sequence cDNA size(bps)

IL-2 S* 5-ACATGTACAGGATGCAACTCCTGTCT-3' 464
AS* 5-TCAAGTCAGTGTTGAGATGATGCT-3'

IL-3 S 5-TCATGAGCCGCCTGCCCGTCCTGCTC-3' 459
AS 5'-CTAAAAGATCGCGAGGCTCAAAGT-3'

IL-4 S 5'-CCATGGGTCTCACCTCCCAACTG-3' 462
AS 5-TCAGCTCGAACACTTTGAATATTTCTC-3'

IL-6 S 5'"TCATGAACTCCTTCTCCACAAGCGCC-3' 639
AS 5'-CTACATTTGCCGAAGAGCCCTCAG-3'

TNF S 5'"TCATGAGCACTGAAAGCATGATCCGG-3' 703
AS 5"TCACAGGGCAATGATCCCAAAGTAGA-3

MIF S 5-CTCCTGGTCCTTCTGCCATCATG-3' 360
AS 5-CGTGGGTCCCTGCGGCTCTTAGG-3'

GM-CSF S 5'-ACATGTGGCTGCAGAGCCTGCTGCTC-3' 435
AS 5'“TCACTCCTGGACTGGCTCCCAGCAGTC-3'

*S and AS mean sense primer and antisense primer, respectively.

orf9] A2 H9g} ¥ ¥ 9 E sense I antisense
primer2 AAslAT A¥o] ALRH cytokine
primere} &2} 7} primere) ¢VIMQE 2 <43
£ cDNA Z7| 2 & 19 F g eh

RPMI 10 wfjx]ofl z}3 3pulo]2] 24 A ¢} PHA
(1ug/ml) 2 phorbol myristate acetate (PMA) (1ng/ml)
& Yo dxyagddy EHd mE gty
2 AT Qe FxPAQAF RRAE 45%
CO, incubatore]] 2o] 48 A7+ E<t wikslgic).
W AEE QAR FASA tis
buffered salinee 2 23 YA AFH3 T A
pellete] RNAzolB (Cinna Biotecx Co) 1mle}
chloroform 100pu1E 2] 15 23t A& astach
A7 EHES 4S9 15 BF F F 12,000
pmo 2 15 £ QYo e 2 @
WA 23 FEd AES 2ALHA FAA
oh Ba@ 42 A AuDd §2 F F3el
ice-cold isopropanol-Z g o] -70Cel| YFol F ¥
12,000 rpme. 2 15 3+ Y443l RNA pellet-2
TED )AL 75% ethanolE 13] A HITZL
SpeedVac (Savant Co)2 2 FH# t}. RNA pelleto]
nuclease’t e FHRFE 2o 59U F UV
spectrophotometer2 <= %L FEE &A1
RT-PCRo|| o] &3} t}. RT-PCRE Perkin Elmer
Abe] RNA PCR kit (N808-0017)E o} &3l% ). &
a4 Q4 uk-g (polymerase chain reaction, PCR)
£ tubeof] 25 mM MgCL£ 4yl, 10X PCR bufferZ

2ul, 10mM dNTPsZ 2} 2pl, 20 U/l RNase
inhibitorZ 1ul, 50 U/ule] JAALE A (reverse
transcriptase, RT)E 1pl, 15uM oligo dT primerE
1pl A 7Yysled E3sta o 7)ol 80Tl A 10 ¥7¢
W17l % RNA ugs E@stn $HRTE 3
Z L2 20ulE W30 RT-mixtureS #2351
t}. RT-mixtureZ 4-2¢] 1083+ ¥ %F PCR

machine (Perkin Elmer Cetus 480)cl 20} 429l
A 60 ¥, 99CoAA 5 &, 4CA 5 B uESA
A QAAALESS A7 st} RT-mixture7}
Sol9le A¥ o] 25mM MgCI*E 4pl, 10x
PCR bufferg 8ul, F/FTE 655ul, AmpliTaq
DNA polymerase (5 Uml)E 0.5pl, sense 2
antisense primer (15pM)E Z+zh 1p1E A rbeho
Z%r3le] PCR mixtureZ A} 25t 3~ 437] g PCR
machinee]] Fo] Z=ZEFAAHWSE HAIFSA
t}. PCRE] Z7& 95CollA 3 £3H 1 3] WA
# DNAZ HAAIZ] 5, 95T 18, 60T 1%, 72T
40 % - 1830 22 1 cycleE 3o 3 23-303)
HSA)F Zh Alo] EF1Q1S] cDNAE FHAIZ 2
W, HFHoz N2TAN 7 £7 DNA A&
AZND F A7IGEE AANsA Y. PCREZD
Z 727, extension time2 AAEH Alo] EFIQ
cDNA Z7]wit} thd ®istA|A A P80 1, RT-
PCRe] 9 TAI-L H7}8}7] 93t internal standard
224 B-actinfrAz FEE o] AAseH,
# & RT-PCRAFE-S 1-1.5% agarasegel Aol A A
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45
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Control RV ACV IP

Fig. 1. Effect of antivirals on anti-SRBC an-
tibody response in ICR mouse. All groups of mice,
except control, were treated with RV(10mg/kg), or
IP(50mg/kg), or ACV(10mg/kg) twice a day from 5
days before immunization to 6 days after im-
munization. All groups of mice were immunized i.p.
with 0.5ml of SRBC suspension(2 x 10" cell/ml)
and bled at 7 days after immunization. Anti-SRBC
antibody titers of each sera were measured by direct
hemagglutination method. The vertical bars are ex-
pressed as mean of antibody titer+SD with 10
mice in each group.

24br  48hr
a
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=
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Control RV ACV P

Fig. 2. Effect of antivirals on contact hy-
persensitivity to DNFB in ICR mouse. All groups
of mice, except control, was treated with RV(10mg/
kg), or IP(50mg/kg), or ACV(10mg/kg) twice a day
from 5 days before sensitization to just before chal-
lenge with DNFB. All groups of mice were sen-
sitized with 20pl of 0.5% DNFB solution by paint-
ing on abdomen and were challenged with 10ul of
0.2% DNFB by painting on each sides of right ear.
Ear thickness was measured just before(TO) and
48hr after(T48) challenge. The percent increase of
ear swelling was calculated using following formula;
% increase = (T48-T0)/T0x 100. Each column and
bar represent the mean of % increase and SD from
10 mice, respectively.

11 |

2+

9% increase of footpad thickness

Control RV ACV P

Fig. 3. Effect of antivirals on delayed-type hy-
persensitivity to SRBC in ICR mouse. Each group
of mice, except control, was treated with RV(10mg/
kg), or IP(S0mg/kg), or ACV(10mg/kg) twice a day
from 5 days before immunization to just before
challenge with SRBC. All groups of mice were im-
munized ip. with 0.5ml of SRBC suspension(2 X
107cell/ml) and were challenged s.c. with 0.03ml of
20% SRBC suspension on the footpad at 4 days aft-
er immunization. Footpad thickness was measured
just before(T0) and 48hr after(T48) challenge. The
percent increase of footpad swelling was calculated
using following formula; % increase = (T48-T0)/
TO X 100. Each column and bar represent the mean
of % increase and SD from 10 mice, respectively.

BACV ®RV aiwr n

Amount of 'H-thymidine incorporation (cpm)

Drug concentration (4g/ml)

Fig. 4. Effect of antivirals on the DNA synthesis
of peripheral blood mononuclear cells stimulated
with PHA(10pg/ml). PHA-stimulated cells, except
control, were treated with RV, ACV or [P and
were cultured for 72hrs.
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“P-dATPE 1ul AH7}std cDNAS ZE31% 1,
RT-PCRAHE S A7|F T3 Fgel
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Z35le]  autoradiographyE A Al 2P x-ray
filmel] YEhA 2} band@| density= densitometer =
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7}919] densityS sample®] internal standard®] j- g HAA7A ICR mouse AP FAF

actin®)] density= V}4o] relative intensity (RDE SRBCel| tjgt A A4Iet-g< direct hemaggluti-

Fatgon, B 7 2Tt RIS H nation o 2 2435ty 1 A%E hE2TFY ¥l

w5k ot stk (2 1). Fupelg 24 F RVZF hET

o vlal 714 AAEA FARIEES A Al

A o} At ACVE IPE zHzt dl 2o vl &) A YA

S s g2 ta 94 2 F/MAY e 2
Anti-SRBC antibody response o= AAT.

RV, ACV 2 1P7} Aol A SRBCol gt |

D St M=AMpjojHl2
AR g v L Loh] Ao i S

Z} % kA 2 SRBCE WY A|7]7] 1 F AREH A guto] 2] A 7+ A Aol 4 DNFBo| tigt 3
RV P ACV RV IP ACV
S ABl123123123 CAB12312831838

L2

MIF GM-CSF

Fig. 5. Effect of antivirals on cytokine gene expression of PHA-stimulated human peripheral blood mononu-
clear cell. PHA-stimulated cells, except control(lane B), were treated with RV, ACV or IP and were cultured for
48hrs. Total RNA of cells were isolated and the message of each cytokine was amplified from total RNA(1 pug)
of each sample by RT-PCR. Lane S, size marker; lane A and lane B are control. Drug concentrations of lane 1,

2 and 3 are 4, 16 and 64 pg/ml, respectively.
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RV IP ACV

SAB123123123

B-actin

-3

e ol e e e o RS

MIF

Rv [P ACV

SAB123123123

IL-2

GM-CSF

Fig. 6. Effect of antivirals on cytokine gene expression of human peripheral blood mononuclear cell. Cells
which were not stimulated with PHA except lane A, were treated with RV, ACV or IP and were cultured for
48hrs. Total RNA of cells were isolated and the message of each cytokine was amplified from total RNA(1ug)
of each sample by RT-PCR. Lane S, size marker; lane A and lane B are control. Drug concentrations of lane 1,

2 and 3 are 4, 16 and 64pg/ml, respectively.
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Fig. 7. Suppressive effect of RV on IL-2, IL-3
and GM-CSF gene expression. PHA-stimulated
cells, except control(lane B), were treated with RV
(m), IP(0) or ACV(E), respectively. Results of
autoradiography of amplified gene was translated
into relative intensity(RI) by following formula; RI
= intensity of each cytokine cDNA band/ intensity
of each B-actin cDNA band. Lane A and lane B are
control. Drug concentrations of lane 1, 2 and 3 are
4, 16 and 64pg/ml, respectively.
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RT-PCR

AAY AGuEgA A A YERhG RVE H Y
g A 5T ACV E IPe] Mgz E B}
ZA3 A8yl fste] Zt FubolE 24 & A
2§ v FA L2 HE] RNAS F2519] IL-2, IL-
3, IL-4, IL-6, TNF, MIF, GM-CSFS] cDNAZ RT-
PCRYCZ FTEZAA U Huws) Hith
WA PHAR PMAE A5 ZRIYRATE
AHE-3 At i Aol EFERIC]l FAQL Aol
oy BE & A=A FEAE AT
group3 RVE A X| g ol A IL-22] < A| 7} vl -
AsHA dojer, IP 2 ACVE dixzvy 2
Zpol 7k AT (ZE 5). PHASH PMAR AH=3]
%2 T2IYDYFME L2, IL3, IL4 &
GM-CSF7} 28 5 %] &gk o n] 1} A] cytokines
T STl vl dEFo] Aot o, Hd
© IL-6 ¢ TNFZ MIFS] =& RV 2 Uz g
vtolgj Ao &l FUtHA AV HaHE B e
UATH (L7 6). PHA 2 PMAZ =3 Tx2¥
A kel o] gt RVe] Ao EFI] HdE A5
S Yo}lH 7] 935l Z=ZF DNA band= nylon®}
o] &7]3 autoradiographyS A A]&}e] relative
intensity= 3 ¥ A3 23 7oA A EH IL-29]
FHAA 7L MY TR, IL-3 R GM-
CSFe] = 433 dAHD S ¢+ A
At

o &

o]l A HAF AEE falA= AdedA
vholgj & gFlol i3 gy o] T Ao} 2
2 Houtgo] fxHojof 3, =g HAF
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utol2j 20 o] Hasdtrl. 18t dutolg
2A e AgEA0] &3 A 44
o] glor 53] A 4F& vAF Jon
2 A A AL Sl AT Fo7F Bt
o}, gulo] 2] A4 £ RVE synthetic nucleotide
analoge 24 M EUE So]7tA viral mRNAd]
incorporation®| ] AX} A 0 2 viruse] @A A
£ A ste A ZA influenza virus, respiratory
syncytial virus @ measle?} arenavirusBol] &7}
NE FA . RvE BH7]% JA =] 3l
= A ZA o] YA sh$29] SRBCS o]
& A AA Agukgn PHAS| oJ& A X H2]uk
22 A8 QAL of AT RV7F IgG
9 IgM plaque forming cell ¥+-$ B PBMCS)
mitogen responsiveness 52 QA gk} B W
9}l dx)%r}. 22l DNFBel 9ld J&Axql
¥E-g-3 SRBCe thdt A QA AHS-g A 3}A|
Ho2M RVZE T A X7t Eu]3he Ao EFH
o 93 FEx = MEZAAAGNL7A) A stn
NS A =2o] & 4 Ut

E AgdA RVE dduto] T Fa3
&L 3t IL-2 “299 FE S uf g A A
ZAch o] g RVE] IL-2 AHAY A= AF7]3 vt
9} 2ol AHAA T A X A3 J=A|o o]o]A
T MENA Fefidhe Z AlolEFIQI el ob
2 B AEs FAYNT 2 AXAAGNS 3
TMAEL V%9 AAHQA A zA ot
3 Qe ol 2 7[A e st o] Ao
2+ AW HEGREgo] RV A X oA dA 3]
JgAHAdtn AlgEtl. RVe Al #udA
mitogen2. 2 A3 M X9 F2& A5
on, At EFFQ A HE HFME IL-2
o] 9jol] IL-38} GM-CSF9] @& JAAH.
Powers 522 9577} ot & A X o H|3] RV
AHJAEEY 0L B2 JgS o], 0 ¢
VL2 & A xE H3 Lot purine A FA
AR 95 GMPZA%o] Ho] RV7L inosine
monophosphate dehydrogenaseE A& w GMP
o] Age] AsA A7]7] dfFojgt FH 3}
o] ARoA el Rvel 93 Al x50 7+
a9 A7 RVA T F RNA ZF9] 7+
£ RVY] 718 AHMNEEA 7108 Aoz
AZEdd. & RVE 4718 ol g A3
EA 9dx IL3 @ GM-CSF&} & =g 23
2 24959 §17 2L AGH 2 Aa)

£ Ago] stkz Agztd). Rvel o3 {FAA
@ o] oA IL-3% Y% multilineage CSFZ &
A Q& AlEFIRICEZN FFAM A8 F
Fol UM Ee E3le} F4d TP,
GM-CSFEgranulocyte®} macrophage A€ 9] A%
9] F3lo} T4g Zsle Al EFRRIITE®. o}
#A RvE IL29 A 0] @& AYA 8493 A3
£ B8 $8 CSF §3z Z@A ) & U
AZ 23 3 FARGAA 2R o8 o
21 g RVe 282 AAWAN detvde ZF5 A
dut-go] H3let YHS APo] U ASZ A
Ztgd ).

ACVE AR AMLS 98] 7gd FHz9 H]
E3FA =AM Ao FEHol vius  specific
deoxynucleoside kinaseo] 2}&] <14+3}s| o], ulo]
2129] DNA polymeraseZ o}A3ln], 53|
herpes virus®] DNA 3 A4S 2 A 517] o
Foll Z+Z herpesZt @ o] o)1 Sl <A o]
oM ACVE AYAldz vnd Fgge] gl
kA2 deiA o, 45 EaeA AGgY
Aol TtA dAFo] e Aoz Bad u gl
T, o] AR E ACVE ZHE Y Ay
Selle ¥ dFo] gllen, M X Alo]|E
71 FRApLEd s SHE 9 XA &
gkt o et A X F2A oA kA9 =V F
7}&el wek A E9 FHE JAHRLH, oA
2 AW AFE A EHE dojd FxAA Y
B dAelmz 2 9nt fls AR Yyt
Hib, A5 ACVE] HTiAE-2 M £F4 9|
AHE 29T F Je2Z AV|T FAALEA]
gxte] AG7EAHE #AE 287t dYxn

IP= inosine™} 1-dimethyl-2-propanol-p-acetamido-
benzoate E- 1:32] H]-& 2 E§3te] THE &ufo] g
Z2A| 24 influenza A, herpes simplex, polio ¥
adenovirus S 37} o IPS] &ulolg] A~
713 & P7} & F A £9) ribosomed] ¥ 3 Fo]
o] Z9] mRNAS] HALE AA =R Z2 =33}
I UG P WA JeE FAANA
immunovir® &R A 24 PHAY] 213 ol =
T3ANEE F7MA712? T A Eo] 283t
IL2 2 IL2 F&AE F/HA79Y, @3
(monocyte)s A A= TVt e A=
HuEzo o 2 P GECREE QXS4
£ of7| & QU] o] o] Po] H&2 1P
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B4 T & wpely 2o Wz AT

7} PHAS &7 JEHoz T MIE A2y
IL-2 2 IL-2 F8A45 77l 222 8y
3t 9lth 22} Pedersen 520& IP7} A A 9] off
A} IL-1, IL-2, IL-6 2 TNFe] AA o= o gFo] ¢l
o, Milano 92 [Py} IL-42] 2t 2 7+ A A7)
€ 2o BExdta glo] IPe] WA o digh 3}
§-& obz Bux)7} gt o] Ado M= P74
AU AAukg F A A HEA lnk
< z2Td ¥ g FIMRALG & 3ol
e, Aol EFFQ Bd o t)Xe S
Abet Ao M= IL-2, IL-3, IL-4, IL-6, GM-
CSF, MIF, TNF 59] 34 @@ H ool
e Aoz el o3 g A4 Iprl A
Yollx d5ocges HY9ZF7 32 JehgA
B39 = 1 273 E 90} n)%%sie o] Ad
Aol e A £ E 7154 = th PHA
2 PMAE A=z & cello A P/} IL-29) Wt
AL F7MA71A £ 22 PAHA 9] mitogenic
effect7} §17] wjlE o= AMZtsn, PHA 2 PMA
2 2= AT E MA ) H I3 mitogenol]
ol3] 1Pe] Z-go] ¥ (masking)HRNE 7}EA
o] gley o] Hzgtegr & 7t gtk AlE
ZANL X nEEd A IP7F Ol ZFd) H) &)
A2 F24& Z71A# PHA %2] mitogenic
effectZ IP7} F7FA7le A& 25 ok IP7)
HAT RV 22 U A4S B A3
AR}EL] BnE glopz WeA oAs %
X e GA g YAt

B dr oo

2 E
Ribavirin (RV), acyclovir (ACV) 2 isoprinosine
(IP)o] A A ol M2 & FFE EA 7] Ay,
o] £o] mhg-2 QA HAFEANE L A X
4 BAEI AP el I ExHE A
T FAE 2 Aol BRI fAA R H
A Y 2L
A Beike-g Bl Aot} MHY
Foll thg So|ga)) A4hik-g-} 2,4-dinitrofluoro-
benzeneo] thgt HEA AU % AFHAT
of Mg AdFHRINEE FARE EFolAM RV
(10 mg/kg, 19 23) & thzzol] vla] A71gk B
W Auhg-S 25 At n, ACV (10 mgke,
1d 22])s} 1P (50 mg/kg, 19 23))= 2T )
KR

Phytohemagglutinin® 2 239 Q7 223
g8 7o FH nAE S Lotiy] Aot
o *H-thymidine incorporation FAA}S A A& A3}
IPE AFxdiE 2 vlssid AXE
SR oY nEEdAE ARFHE S/
Ath ACV 2 RV oo Z7hgtel] wat 4]
2349 A7 Ak

FFAL T2PY BT 23 Ao] E7R
fAA dE] v GFE A AFA,
IP 2 ACVE interleukin (IL)-2, IL-3, IL-4, IL-6,
tumor necrosis factor, migration inhibitory factor,
granulocyte macrophage colony stimulating factor
(GM-CSF)9] f-AAEde & J&FE 4 I
21}, RVE IL-2, IL-3 2 GM-CSFe] 232 oA
A H ot

o] o] Ao A RV QA A 52 IL-
291 Aol & T A7 A3t A5k} oo w}
2 Ao At z2ela IL-3 2 GM-CSF
S@ A o] g ZAF UM X £3F54H A
stelA 7jQdgte oz AZEW, ACV E
immunovir2 &2 P 5P AU Hgw
$ WE2TH A EFR] FEF] gle A=
e Eagzl=
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