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Aldte] AEHS FAsF= cell-wall skeleton(CWS)2 HAS =3t A U
o Al Eall7bset AAAd  adjuvantEA FEAS] WYX Zo] AFEEH] gt}
Mycobacterium bovis bacillus Calmette—Guerin®] CWS(BCG—CWS) & #4le]
AREE AL 1= adjuvant®, Ad E5 ¥ B vk dH A ok BCG-CWS

of thgt W A7F FaAH L AR BIFAE] BCG-CWS7F vl x|= &l ol
st A= wn)gk AAoltt, §-2]= MTT assay$} trypan blue exclusion test&
el BCG-CWS7F vl A2e Ede8 3 AEas s A3 ivs As dot
A, dvdaZde Edsde 458 T2 vy AxFdE 54800
v ofmst AE7E A"A FAHAEA FAEZEA S Tt BCG-CWS+

CD4" ®i= CD8" T X7} ofd CD19" B AZFoA HdsdS At
= A8 4 F AAY. BCG-CWS+= bel—2, bel—-xL¥ #& anti—apoptotic
molecules= tZxwol H|&l] wWo] WA FOH, AxE S EoAF+ IL-29
T Aol ETRRIS) Ag3 dE fHEoh A3t vzl CD25, CD69E wHed
= WA =k T3 g 5o]Al WelRkgo| A= BCG-CWSE A &st

S o FgYPEo|F ANIEAo] ©S =7}H 1 interferon—gamma$t TS
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A EolH, FASelHel Yrpe RASYR YEFEES AN Fo A
ZH

=AY AL AEANOEA WA adjuvant7t D F g Ao ] dhET

Keywords: BCG—CWS, adjuvant, vaccine, Spleen cell, CD4", CD8" ,CD19"

lymphocyte immune responses.
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Abstract

Immunostimulatory Effects of BCG—CWS
on the Proliferation and Viability of

Mouse Spleen Cells

Supervised by professor Hong—Gu Joo
Che—Wook Lee

College of Veterinary Medicine,
Graduate school,

Jeju National University

Mycobacterial —cell-wall skeleton (CWS) is an immunoactive and
biodegradable particulate adjuvant and has been used for immunotherapy in
patients with cancer. The CWS of Mycobacterium bovis bacillus
Calmette—Guerin (BCG—CWS) was studied as a universal vaccine vehicle
for antigen conjugation, to develop potentially effective and safe vaccine.
Although a variety of biological activities of BCG—CWS have been studied,
the effects of BCG—CWS on spleen cells are not fully elucidated. We
investigated the effect of BCG—CWS on the viability and proliferation of

spleen cells. Using MTT solution and trypan blue solution, we found that
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BCG—CWS significantly enhanced viability and proliferation. Multiple
clusters, indicating proliferation, were observed in BCG—CWS—treated
spleen cells and surface marker staining assay revealed that BCG—CWS
promoted proliferation from CD19" B lymphocyte rather than CD4" or
CD8" T lymphocyte. In addition, BCG—CWS up-regulated the expression
of anti—apoptotic molecules such as bcl—2, bcl—xL. BCG—CWS increased
the surface expression of CD25 and CD69 as well as production of IL—2
from spleen cells, suggesting increased activation. Also, BCG—CWS can
induce antigen—specific cell proliferation and interferon—gamma production
of spleen cells. Taken together, these results demonstrate that BCG—CWS
increases the viability and proliferation of spleen cells via multiple
mechanisms, valuable information for broadening the use of BCG—CWS in
clinical and research settings. It is thus suggested based on these data
that BCG—CWS <can be an effective vaccine adjuvant to induce
antigen—nonspecific and specific lymphocyte proliferation and viability and

produced cytokines in the spleen cells.

Keywords: BCG—CWS, adjuvant, vaccine, Spleen cell, CD4", CD8" ,CD19"

lymphocyte immune responses.
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2 kgA oz ARgEolgktt [13—15]. wlolzuteg o] A

m
rlo
o
ro,
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=)

inflammatory cytokinesg ¥ 0% WHA7]+= A3 A EAZ, HS
HESS =0 fxox wdAZItt [16, 17]. 28 ste] wlo]zutg glol= A EZEA

T dZF9} AAdfAze] SAstel FABLS F7HA717] S19 adjuvant® &
< AREHESIY. 53] BCGEY AxEH A=A cell wall skeleton(CWS) &
mycolic acid®} arabinogalactan 181 peptidoglycan complex’} a2 3o 2
o] Fojzl st WA S 7K FREE, A% AHHYS dor)r] A% 5Ho
2  Freund s adjuvant®} 3] AFE-=H Atk [18—21]. BCG-CWSE adjuvant®
ARESERS W EEd R FABE RSk, AxsAd T 9279 S48 9
FAAL, FEFadE HERASIYE [22, 23], o]E st BCG-CWSe] 444 a%
< Tl dist WK EgEEdE B A7 o]FoXa Qo [24, 25]. ES
BCG-CWS+= FAGAME w3 238 4+ e Toll-like receptor 2
(TLR2) ¢} Toll-like receptor 4 (TLR4)9 W3S F7AA FANAELE A4
A7l g e Fst [19, 26].

e

e 2 AF e vnpeA] v Eo] BCG-CWSE Aglste] njgAxLe ¥
87 ALY 283 Weds ) A-E T2 AFO|EIRJIL] Fule] ofu st o 3F
= T 7l 8 Lotral vgAE7E Soldste Aeels BCG-CWS7F =
&0] &= 9 sl A gelsle] o]F miE o adjuvant®A BCG-CWS2] 7}

LS b5 v 9 uiEre] B A aEkg).
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BE Ao ORIENT BIOoA F+¢ste] AFhetm 2] ok
" 7-12 989 Balb/c vF9-AE AFESTH FEAYPS AT
2] 9193l 50E Wol AlgE o AFUsty FEAIIFIUAHL S =3

BCG-CWS+ FEdlgn oo A yrko} sterile phosphate—buffered
saline (PBS) o] o] ARg-3}3it).

Az FH) W ol

i8] HIFAMEES FH S & sk A oln] SElE W wep AA
ok [27]. zkeps] AWstd, nheAo] Bl S wojl el oR XA AEE
Ak AAELEAQ ammonium chloride potassium (ACK) lysis bufferE ©]
g3t A5 fFAA AAE F 5% fetal bovine serum(FBS)#}
L—glutamine, penicillin/streptomycin®] 37} RPMI1640 ®jX| o] AXE Fof
T75 Eetae] Wi 1AZssE wieksto] tha A2} 22 F-2A£7F Z2k~A9
Hieto] F-AE =5 5l o] & W Q= AIEZE 3|58k F 40 i cell strainer®
Astz2 55 Ay 10% FBS$ L-—glutamine, penicillin/streptomycin,
sodium pyruvate, non—essential amino acids, 2—mercaptoethanol®e] % 7}%
RPMI1640 A S o] &3l 96—well = 6—well culture plated] 2x10° cells/
mE HFAEZE gof wjgedict. e AEZuleF Al 2EE 37T, COY v+
5% wAStEE STt

HRAES Edsg3) AEFYY 54

96 well culture platesol] H]ZAMEE 4x10°cells/200ul/wellZ seeding 3F1L
BCG-CWS& sEEE 2] 31 3Y7t Hjj ¥k 5
3—[4,5—dimethylthiazol—2—yl] —2,5—diphenyltetrazolium  bromide  (MTT,
Sigma) solution¥} trypan blue exclusion test® #+<E583 AEHES H7sH

Atk MTT assays YA viekst Ao 10 mg/mé MTT solutionS 10 pl/well
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2 A st 4AZHERF 37TCAlA wYgE st ¥, oAl 10% sodium dodecyl
sulfateE 100 pl/wellE AHglsto] 2A17F 37TCeolA ¥l%F ¥ microplate reader
(Molecular devices, Sunnyvale, CA) AF&-3sto], 570 nm — 650 nm9| FF =0
A MTT assay® w9592 H7FeAth 8 viof Ao AEES dotry] 9
3 trypan blue solution (Invitrogen, Carlsbad, CA) o.& A3 G Mslo], Arolgl+=
A EL F2 A & Ak wickd vAAES] AFZL inverted microscope
(Olympus Co., Tokyo, Japan)°lA digital camera (Cannon Inc., Tokyo,
Japan) & ddsto] #ZJekaith

A EEA
6—well culture plates®] 7z} welle] BCG-CWSE FxW¥H=E g 3te] 347 #)
U T FAEEES SIFT MEFAHS oju] g5l o wel AAFT [28

29]. ¥]EAEZ= biotin—labeled anti—CD4, anti—CD8, anti—CD19, anti—CD25
antibodyE 1xFAZ st 22FAZ phycoerythrin (PE)E A 2|3ttt
CD69ell st FA 2=  PE-labeled anti—CD69 antibody® °l&43t3ith (all
from BD Biosciences, San Jose, CA). 4% A|¥= FACS Calibur™ 7} Cell
Quest' (Beckton Dickinson, Franklin Lakes, NJ)& o]&3lo] fAXREAS 2

A ST

ELISAE o] &3 cytokined =%

AR B8y AEHY FrbelA 7Es i oR 3YU3 ngAEE
e & AlEEjekel s ZHejue] IL-29 IL-4°9 YRS CytoSet'
kit (Invitrogen) & o] gl S48kt Lipopolyssacharide (LPS) 2}

Concanavaline A (ConA)E positive control® AFg-3}3 .

OVA So8Q ulgAEe] $A5d B7H
vhg-22o] whelY 20 ) OVAZ 20 w9 alumst B/ %7 45 st

AAZE 308 B¢ TG 25 F HFH v

ok

alumell OVAE &2A217]17] $4]
929 HAAEE AFHS] 5 M carboxyfluorescein succinimidyl ester

(CFSE) & 103 415k = OVA 1 pg/mée} 7 T glo] wieksialt. 4 %
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CFSES] 48 WAAEE $Aske] PBSE T 9 A% # fAZEAe st
BT BASYL Pohw] s MTT assay® AAHOM, ELISAZ 0|45

o AMEZujFNS =AY IL—49 Interferon (IFN)—gammasS =74 39t}

Western blot analysis

H A ol A apoptosisell #&AE @i zo] ofWl F=Fo 7 Wy = A dolr]
213l Western blot analysisE Attt [27]. zFeFs] A siabd, BCG-CWS
7b Alg v ZAAZE 2x10°cells/m o] FER S Fol PBSE A A dte] A
o AF£3F3 ). Protease inhibitor®A] aprotinin¥ leupeptin®] #7F8 WB lysis
buffers Aol H7lsto] 107 AR A AEE lysis A7 £ 4T 12,000
rpmel] 102%F A ste] dEds Atk A5 HE Bradford's methodel w
of e S sklal, WA dE A WB sample€ 2% 2x sample buffer
o} THOo=® Ao] 5%37F # western blot samples THEUTH @A Y= Ay
of wet T Fe @HAE Loadingstlow, 12% SDS-PAGE
(polyacrylamide gel electrophoresis) & gelol 140VolA 903 A7|F 53 5,
400 mA°lA 1203t nitrocellulose membrane (Sigma)e©ll transferd}3itt.
transfer¥ membranes WA 5% skim milk 20 m¢o] Yol A&ox 1A7 Fot

WHFSFH A blockingstal 12k @Al 2 mouse anti—Bcel—292F mouse anti—Bcl—xL

S 5% skim milke] 5008, mouse anti—beta—actine 100008} 3]A3}o] s}
b Zol uke A7t} 2% A E goat anti—mouse IgG horseradish peroxidase

(HRP)E 1000W] 34 sle] A&ojr 1AIZF HEEAIZTE  o]o] thA] 0.1%
Tween—200°] 7} TBSTZ 1582 3¥ washingdt & <Falofa] 3 Abalodth.

2 E dataxy Hd £ EFHAE YERY S S Instat software (Graphpad, San
Diego, CA) & ©| &3} student t testE &3 =48t 0.057|72] p values

Frol4e] Qrka wASAT,
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. a3

HIZAIES £E58F YE& g BCG-CWS a3

HIZAZE] Fd59d BES oist BCG-CWSe a3H}E dolrr] &,
MTT assay$} trypan blue exclusion test® AF&3FATE 0-100 pg/mee
BCG-CWSE At HFAAEE 343 v 5, F3EE 546l o 43
3.12-100 pg/mee] CWSE At vlgAEe F2&°] F7HE Atk (Fig. 1A). H]
FAMES] AEE #3E CWSS g3E dolR”7] $3F trypan blue staining=
AAISFRAAL, 6.25 wg/mee] FEOM M = AEES BT (Fig. 1B). WA
Fol FAE e = uE SAE FRa] fAste] T2 B AEY clusters
inverted microscope® 2lsle] tix|dstvets2 S 3tk (Fig. 2). o9 &

2 A= BCG-CWS7F T HX 49 B HXFE X353 A2 WAooz

O

]

o st Aeof e METHAMNS 51903, CD19" B =37 CD4" 7183 CD8”

T PEeut o ¥e $ASYL walths 218 @ H9lt (Fig. 3).

A 06 bkl

0" 0 0195 039 0.78 1.56 312 625 125 25 50 100
CWS (ng/ml)
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Fig. 1. Effect of BCG—CWS on the proliferation/viability of spleen cells.

The spleen cells were cultured at a concentration of 4X10° cells/200 ul
/well in 96—well culture plates and treated with 0-100 wpg/m¢ BCG—CWS.
After 3 days, (A) Proliferation assay using MTT solution, and (B) Trypan
blue exclusion test were performed. Data are mean = SD from three or

four individual wells.

Fig. 2. Proliferating clusters in BCG—CWS—treated spleen cells. Spleen
cells were cultured as described in Fig. 1, and treated with medium alone,
10g/ml, 50g/ml or 250g/ml CWS for 3 days. Cell morphology was
observed using an inverted microscope and the image was obtained by a

digital camera.
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Fig. 3. Selective proliferation of CD19+ B lymphocytes by BCG—CWS
treatment. Spleen cells were cultured at a concentration of 5x10° cells/5

ml/well in 6—well culture plates with medium alone or 1 pg/ml or 5 pg/ml

BCG-CWS for 3 days.

surface marker—specific antibodies. The numbers indicate the percentage

of positive cells of a specific
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BCG—CWSel &2 HIZAEL Al E7] AT

AnkA el HWAR-Go|N FRIFES T3 HYZ o F2o] ofF Fasit} [30,
31]. IL-2% HEF G F23 Ato]E7IQlojtt. BCG-CWS7F | 437
Holshs Aol EFRRIS] AAbel] wofshE A getrr] 918, BCG-CWS7F Az
HAAES] AEujFdel [L-29 IL-45 SHsUch [L-29 A
BCG—CWSe] sx9} nleste] S71ativk(Fig. 4). sHAIRE T g A3 ul ok o A]
IL-4¥ 33 %A ¢dti(data not shown). o83t A3}z CWSE HIZ9
[L-2 Aigs S7MA0a = 5 9l

|

50
40

30 1

20
il
0-

Contlol CWS1 CWSS5S C“SZS ConA

IL-2 (pg/ml)

Fig. 4. Spleen cells were cultured as described in Fig. 1 and treated with
the indicated concentrations of BCG—CWS. After 3 days of treatment, the
supernatants were collected and IL—2 was quantified. Data are mean = SD

from four individual wells.
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BCG—CWSell &% n|ZFAES doad 28U 4d W3

HixAe] FAdeo] BCG-CWSe ¢&& dotrr] ko], BCG-CWS7F A gd
H A 32| o] CD25, CD69 xEHQIAke] wds H7he] Hokth CD25+= IL-2
FEAY Ao r PIrE IL-20] disl dE nsA s &
CD69+ "9  early—activation marker©]t} [32]. 5 pg/mle] BCG-CWSE
Al et nlgA LA F EwlAte] WEo] Frletes 1o yErstH(Fig. 5). W
24 BCG-CWSt= IL-29F 22 9 S48 FZ7HA 7| AlolE7kRle] s

M e YRS AFRAAAE FpAIAZT

Control CWS1 CWS 5

F——
10.4%

Counts

Counts
0 10 20 30 40 50 60 70 80
0 10 20 30 40 50 60 70 80

Counts
0 10 20 30 40 50 60 70 8O

CD25

Counts

10 20 30 40 50 60 70 80

CD69

0 10 20 30 40 50 60 70 80

h
W
o
=]
Counts
0 10 20 30 40 50 60 70 80

(=1

102 10 10
FL2H

102 10! 102 10 10t 102 10! 102 10 10 102 10!

FL2H FL2-H
Fig. 5. Enhanced expression of activation markers on spleen cells treated
with BCG—CWS. Spleen cells were cultured as described in Fig. 3.
Following BCG—CWS treatment, spleen cells were harvested and stained
with CD25 and CD69, activation markers of lymphocyte. The number of

histograms indicates the percentage of highly expressed cells.
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BCG—CWSell && v A X AAAFAEA} HHA ] w3

AAAE TEE A EARE AEZANBEREA] o8 dAdsA =d¥Ed [33].
Bel—29F bel—xLi= AlE8] mlEFZE=gotoA A E = AAALE WoldlF+= 4t
2 484 Utk [34]. BCG-CWS7F v]AAE2] 2kAxLE Avpu Whojshi= 2] <
olr 7] 93] BCG-CWS7F Agd vdAZelA bel-29 bel-xLe B4 =
western blot analysis® &3F0] <olE 3t (Fig. 6). BCG—CWS+= bel—2%F
bel=xL % EAE BT F7MIAAI ol HIAELSY AEALE E S o

AstaL gk e Al gt

i

CWS CWS CWS
1pg/ml Spg/ml  25pg/ml

Control

Bcl-2

Bel-xL.

p-actin -’

Fig. 6. Upregulated expression of the anti—apoptotic molecules bcl—2 and

bcl—xL following BCG—CWS treatment. Spleen cells were setup as

described in Fig. 3 and Western blot analysis was performed.

_11_
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OVA A=l 93] Add v|ZAE £4E958 7 cytokine At

FAEo1H Wedukgo] BCG-CWSS &#}E dotrr] §8), vh$-2 whelgd 20
1gel OVASE 20 w2 alumes HAFARSIIC 25 $F, HZAIZE wjekste]
CFSEZ 9443t9al OVAE Fo8tA] && vkl Fofeh whgAo] ulgA e
BCG-CWSE A dsto] 44 FQF mjdstadtt. MTT assayE &3k HIAAE9]
8= SRR (Fig 7A). A E BAA Y= CWS s=o wet £d5Ho]
Aoz yetstth, BCG-CWSE A 2lsh Al o] CFSEGA S ko] A
s A¥, OVA A=l o8 W w ulgAzeA BCG-CWSel 23 &
7bek Zlo® WAL (Fig. 7B), ol fig. 34 dEhd 2 Y &
CD19" B #EZ37} F7kg Aoz Wtk shAvk Axuzla Wenk-gol o
+ IFN—-gammas BCG-CWS¥] sXxe] vl#sto] F7Fstslth(Fig. 8).
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Az 05
= OControl HOVA1 pg/ml
> 0.4
\r
z 03
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4
0.2
=
Q: 0.1-
e 0 ‘ .
0 1 5
CWS (ng/ml)
B Control
= ¢ 52%
; 7]
=t
&
o/
% 4 6.9%
= &
-
ﬂ =
? :7 o 1
O L

CFSE SpM

Fig.7. Proliferation of OVA-immunized spleen cells by BCG—-CWS
treatment (A) Proliferation assay using MTT solution, in which
OVA—-immunized spleen cells were treated with 0—5 pg/mé BCG—CWS for 4
days. Data are mean = SD from four individual wells. (B) OVA—immunized
spleen cells stained with CFSE were cultured in 96—well culture plates
with medium alone, 1 pg/mt or 5 pg/mt BCG—CWS for 4 days. After
harvesting, the cells were analyzed by flow cytometry. The numbers of

histograms are percentage of proliferating cells.
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OControl BOVA1 ug/ml

IFN-gamma (ng/ml)

0 | 1
CWS (ng/ml)

th

Fig.8. Increased production of [FN—gamma by OVA-—immunized spleen cells
with BCG—CWS treatment. OVA-—-immunized spleen cells were cultured
described in Fig. 7 and treated with or without the indicated concentrations
of BCG—CWS. After 4 days of treatment, the supernatants were collected
and IFN—gamma was quantified. Data are mean®*SD from four individual

wells.
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7 wol AtEE3 & adjuvant?!  alume  EE3IY], AAFA e
adjuvant+ 543 FAY, HFE &9 oA EARE 7 itk whebA
hdsta b Al Wonkg= HAUA dod 5 U= adjuvant®] JiEe] st
t}. Mycobacterium bovis bacillus Calmette—Guerin(BCG) &= A& gkafof] wlAl o
E pgAoz AREEH IO [13-15], BCG-CWSE Aeh #2-gglo] X574 %
Aoz ANgtel eFghAte] adjuvant® AREE O] gkth [35]. BCG-CWS+ @A
s AstAl sk, AESY T 3279 29s8s A7, 8]
A gl AT [22, 23], F8l= BCG-CWSel| ®ES-3$E 0] Hx 7} ofw
Sk Hbg& Kol= X9k Aol BRIl AR o el AlEAFAAR] dis o &
BE Hols A Potry|E Fth

S T fHE, B 9295 298 AAMAE, el AR O
T E el Lo, Aol 2R MIFAEE EH[IF A A AEe 2e A2

g AAst diE HZTE AR AEZE ARESESITE BCG-CWS+ Bl A9
TAsEY AETHS FPAAL S BCG-CWS7F ofu st Jx+of #d%
HS A7 A Belsnr] §5te] BCG-CWS7F Agle vgAEe] Axgd
AN 3 F FAZENE AT, CD19" B I 47} 2de ol A 4
3l CD4"®E CD8" T #xZyyE dsg o] musigltt. BCG-CWSe] 2

53] T7hH= A2 BCG-CWS7} A
NJHANE S FEAATE Aoz F5HEh 22 ol Zlo] BCG-CWS7t
AALELA sle] st A9l A, T antigen—specific 1gG9)

S F7HA7 A A FARAE o oled RYS o2 A% AT o]

—f
0Q
[
1o,
—_
wn
(@)
=
<
'S
D
e
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IL-2 8412 dapAlel CD259 mHTdS F7kA 7|0 HIZAELE CD25E
Eoto] IL—2¢ wzkatA ZEetes sl -2l BCG-CWS7F vlgA 22 +
de8s /M7 & o 71dS FEelsiny] 93 BCG-CWS7F A=ld v
AL ETAJAAMS 3Fo] CD25, CD69 EHAAe] waS Hrhs] w9kl
fig. 514 &  Slx°] BCG-CWS+= B ZAES] iz CD25¢F CD692
S TS EdE BCG-CWSE  Hiokd v A ACD259]  wl ¢l Akl
IL—29] 2Atel] tisf] Lol Axpz = fig, 4904 B0l IL-29 AAS F71HA
Zth olgd A= BCG-CWS7F IL-2 849 LupAelel CD259 233}
IL-29] AAFE F7AA v AME7E CD255 F3ke] IL-2¢] SA oz Rkg
S A5 717] Wi, AnA o ® BCG-CWS7t 2344 u|£s gt By

% ZM7E Qo 44T 5 Aok

@

L)

HxAo] ZdFA o] Hgntgel Tostve e IvE AsAlER FAEE
Ne HEG7E FH R Fasttks onlo]y] el X0 ALY E WS
of Ta3 Suo] "dnte 5 Utk vidE HAEE ATl 2ad eQloy A
Foisol AHY] AlFshd AAARY] AHE S0 wEed  fdEe
BCG-CWSE A#atAut AefatA ok nAER fig. 13} fig. 200149} 2ol
&8s v, B71E + A 8= BCG-CWS7F HZ 9] AEES o=
e AsAve ZE detdlal BCG-CWS7E o %7 wigde v gAEe] AE
&= /71 A FRlst’] 918ke], anti—apoptotic moleculesQ! bcl—2%
bel=xLe] HHAYEE &lst”7] 98l western blot analysisE &8sttt 123t
o] fig. 6°lA4 ®Zzo] bel-23 bel-xL7F BCG-CWSell 9Jal] =4 wdfch= 2
= Yobultt. wEbA, BCG-CWSE st ofyet AEEHL AeAA 4w

BCG-CWS9 adjuvant®A{e] @55 Lolr7] s ZFIFEd OVAE ARE-
3lo] gPESo]HoIuleS oolritl OVAR W3l ® vl gA|Fo] BCG-CWSE
A stAY AeletA] ki kst Fig. 7014 2 5 gl5%o] OVAR wodstd
20 HIFA O] BCG-CWSE AgskA b2 ZHY, BCG-CWSE A&
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ol f =2 F458Es et & "WostE Alxe|A BCG-CWSi= OVA
EolAl WANESS AL F Stk AS & 5 duh oy Ay A=
BCG-CWS7} adjuvant®A AF8-2 w] v]gA2e] WaAr7|ds oS S3sA 24
A= Aolgt ogE B 4 )

Hl5 BCG-CWS7F B 279 Z£d468S A7 T H=Z79 £
T IS TA= & AT BCG-CWS 219} ek x| st 279} Al
WAL adjuvant® ARGH S woll Th—1 Alxe] d&Fe vA= Aoz 4R
t} [24, 35, 36]. Interferon—gamma (IFN—gamma)= T H3Z 2 2} Aks) A
o o3l AYArE = Atel BRI R M eInkg ) Az 4-SHeinkg B
AN ZEANAEE A e FTE Vo E JHIT gk B2 Aol FeA
AlE s WA BAlcA T Ad8s shi= Afe]ETRRlelv [37]. fEl=
BCG—CWS7} vlgel EAst= T g Ftoll Ayt &3S F= A gotrr] 918,
OVAZ Wofstd vFAEE wdatel BCG-CWSE A #3sh ¥, IFN—gamma®]
AAbs dolrsith Fig. 899k o] BCG-CWSe  s&ol  HlHEHE
< Zal, OVAR in vitroolA A= ¥HE& A3 ef A

1 AAERO] B F7HE O] UEs T o= BCG-CWS7F HIAIZA M= T HE
3

rir

£l

o
o

o\
)
Z
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F3PS o], ngAEAd BCG-CWSE Hs] B P39 Fd5Y
ow, Yo AEES FIAFT [L-29 [IFN-gamma?}t 22 F
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rE
~
5
=
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