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Abstract

In this study, -1,3/1,6-glucan, lactic acid bacteria, and -1,3/1,6-glucantlactic acid bacteria were tested for 10
weeks using an immunodeficient animal model infected with LP-BM5 murine AIDS virus On the immune activity.
Cytokines production, plasma immunoglobulin concentration, T cell and B cell proliferation were measured. As
a result, the T cell proliferative capacity which was weakened by immunization with LP-BM5 murine AIDS virus
increased significantly T cell proliferative capacity compared with the red ginseng control group. B cell proliferative
capacity was significantly higher than the infected control group. Increased B cell proliferation was reduced. In
the cytokine production, IL-2, IL-12 and IL-15 in the Thl-type cytokine increased the secretion of IL-2, IL-12
and IL-15 compared to the infected control. The proliferative capacity of the treated group was higher than that
of the mixed treatment group. TNF-a was significantly decreased compared with the infected control group. The
IL4, IL-6 and IL-10 levels were significantly inhibited in the infected control group and the Th1/Th2 type cytokine
expression was regulated by immunohistochemistry. IgE, IgA, and IgG levels were significantly lower in the
immunoglobulin secretion assay than in the control. As a result, the immunomodulatory effect of [3-1,3/1,6-glucantlactic
acid bacteria was confirmed by mixing with LP-BM5 murine AIDS virus-infected immunodeficient animal model.
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olg gt A7 M oA FolA Bglucan©] X
ste| =, L= (glucose)?] B-1,323%}, B-144%, == 8
LA so® 7Y HBRE TS, WA, AR 5
N A& AEd e Ao thdol| X o] UAY
(), B, Agle} 2 FE| 2ol o 23 Hofdttn
a4 Ake). AT A& Fafl2] BglucanS Tl AYAH
o Agke] 2AaL, MAle] Bglucan HE3F 33 I o] ofef &
I =L JHHeR st B Aol Sl SThHY).
Aureobasidium pullulans= S E 52t A e dHE
T80l e HEE 2te BAEFO] A-2(<F 100 kDa)
-1,3/1,6-glucan ¥+ A3 st=H], ©] (-1,3/1,6-glucan F
A2 A7 7 AolE dAlske=t] 27 itk Barw o
SATH®B). B-glucano] A A ol x| = ZE2Q1 F 3
gt A= Bglucan®] Eo|& &A1 dectin-1(DC
associated C-type Lectin-1)°] E11%|HAA] 7143} F]ATHO).
Dectin-12 AHA o] FoJ3l= pattern recognition
receptors(PRRs)°l| &3l <5 529 Sol4 weS
A28t Agete SAHS 2ol slo] o] zte T
508 FHEskA] @k ohekst el A E waA Q14
g 4= 9Ith10). 13 22 Dectin-12 2] &0y Alit, T3]
T ThFet ol A] A== Bglucanel] thak QAA]7h
7F&3}th(11). Dectin-1 receptor= neutrophils, natural

killerNK) Al ¥, B-AE 2D T-HE 5o e Al EojA vk
o] FRIHRAIL T2 ol = TR Al B 22 ol A 3R
St o] HaEATH10,12).

T Gk 7] 17715 M S AR Xl oY
22 ATAZE AHEE A g, olof st e e
Bifidobacteriunts, Lactobacilluss:, Enterococcuss:, Clostridium
butyricum, Lactobacillus sporogenes, Bacillus subtilis 2
Bacillus polyfermenticus 5°] 92™ o2 WA zd 2
Gerlsel tg A7Se] EuHw drad). 53,
Lactobacillustt & ol 34 o= EAste oz W
37, Bit, Pulelels 9k 5 ehiE oz wa
= ATH14). e ATE Ao Vel B AR
@guel gtoul, AZole FAT THAE (el
component)®l] €3¢+ W9 24] signal transduction 7171 ¢]|
B9 A7 AE Hol v ek A2 Aol sk
Lactobacillustt-2 2H| 27] Aol A BT Folgh A3, 4
Aol el FHE Aow vehdtas. @
Interferon(IFN)-y, Interleukin(IL)-4, IL-129] £8]S 223}
of Th2 AX29] #3}&5 Thl A2 H3A7]= 2oz
YEFHTH16). o213 A7 232 v e r e L
27] o 2 A5l a3l W os ZRuHlo] QE 20
o] &= AltstaL Avk(17).

o] ¢} Zo| Bglucan} FAkto] BT HAFZI Bl of
sto] AApAolghe ofe] AFAFEe] EHEJAL B AT
of 2bA] ¥ B-1,3/1,6-glucan®] WIS & 3H18)9] in
vitro A77F A 0152 & F ATk & AFM =
B-1,3/1,6-glucan®} A ik & H7ksk 5
29E APEE R GolEuA

Tz o
B-1,3/1,6-glucan® {it

B-1,3/1,6-glucane A pullulans=5E] Kim S(19)°] AT
gl whet FdA o8- Aatel whah Akl M dutol o
(7)(Jangheung, Korea) & -8 FHWSkom™, At in
vitro’dol| A WAl o] 3ol AWt Lactobacillus
plantarum KKY-1355 A3
(Jeongeup, Korea) -2 H-E FFHto} AL-8-3} )
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2ol F S SH AT
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HWodvly 2 55 2dS Y] 95k vhg-2of A

HAAA S Fme] vlo]2] 22 LP-BM5E SC-14 %
o wjgAo2RE I H, tﬂ"lﬂ%ﬂ wzre TR
CS7BL/6 w20 B4 Ul FASE 12 AdA 7 A, 59
T T W o g 23 7HAIA, LP-BMS Hleole 2~ 7
= FEAIZT vlole] 2o o] W AAE 23 |
nh-$- A2 125 E<1 Table 104 A A8 2o xA) ol wha}
20| & Al FsliaA Ao, ASE vjF 284 =5t
125 % XA A9 sEE 250 mg/kge] body
weight¢} 500 mg/kg body weight”} ¥ =2 %A sto] 2] 2ba}
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Table 1. Experimental design of animal

(n=6/group)
)i .
Group derBIcT:ngISy Diet supplement
NC - AIN 93G
LP-BM5 + AN 93G
RG + RedGinseng 200 mgfkg BW. in AIN 93G
LI + Lactobacillus 1x10° CFUfkg BW in AIN 93G
Bl + 3-1,3/1,6-glucan 200 mg/kg B.W. in AIN 93G
LBl . Lactobacillus 1x10° CFU/kg BW.
+ [3-1,3/1,6-glucan 200 mg/kg B.W. in AIN 93G
LIBh + Lactobacillus 1x10° CFU/kg B.W.

+ B-13/1,6-glucan 500 mgkg BW. in AN 93G
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ZZ ZA] Roswell Park Memorial Institute medium 1640
(RPMI-1640)(Hyclone Laboratories, Logan, Utah, USA)=
A 218ked 0.45 um cell strainer(BD biosciences, San Jose,
CA, USA)Z AHg-ate] dofzl Al E F-F45 Red blood
cell lysing buffer(Sigma-Aldrich Co., St. Louis, MO, USA)=
A5 A AY. 2l vFAHEE CytokineZ} T,
B AlX F258 o] 54 o] &ata o, elet HAth2
AE= HAME @43 S o] &staith

3

H| A4 2 96-well plateol] 2t welld 1x10° cells
F3F9 e, T Al MitogenQ! ConA(Sigma-Aldrich
Co.)%: 5 ug/mL¥} B A3 Mitogen?! LPS(Sigma-Aldrich
Co)E 5 ugmLe A 2|gt F 37T, 5% CO.0lA vl ekalich
48217t T Ez-Cytox(Dugen, Seoul, Korea)-8-<} 20 yLE 37}
3}a1 ELISA reader(VERSAMAXSL- 20 Molecular Devices,
Korea) & ©]-&35t 450 nmel|A FF=E 748t
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Cytokine 28|12 &3

12]3 B A EE 96-well plateel] 2+ welld 1x10° cells
A B3t o, 112, IL-4, IL-10, IL-12, IL-15, IFN-y&=
ConAE 7} 5 pg/mLE A 23} th IL-6, TNF-a= LPSE
Z}'5 ngmLE A 2]et o, 37C, 5% CO°llA v Fatod
IL-2, IL-4, IL-6, IL-10, TNF-a+ 24A|7F &, IL-12, IL-15%
48417 T IFN-y= 72413 30 7d3& =A3}o] Duoset
ELISA kit(R&D system, Minneapolis, MN, USA)E ©] &3
o] ELISA reader® 650 nmolA] &3FE==2 =3 35t9th

83 Immunoglubulin &3

#2]3 &3 © 2 Immunoglobulin G(IgG), Immunoglobulin
A(IgA), Immunoglobulin E(IgE) mouse elisa kit(Abcam,
Cambridge, MA, UK)E- ©]-8-3}o] ELISA reader® 570 nm
o4 FREE 2Han

SAHIXE
2 A= SPSS(Statistical Package for the Social Science)
version 22 T2 1S o] £510o] HAslgon, RE =4
A= ¥ (mean)+ 3 5 X} (standard deviation, SD)Z 3
Aelgle. 2E3) AN fele
range testE AAI3H 2™ p<0.05
£ Aot

Duncan’s multiple
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A 2 B 5S =43 23 Fg 1] JehiSlth 24
A3}, NColl B]3le] inhibitore] 12.3+0.2, zymosan+
inhibitorw"ol| A 18.1+2.4%2] WA M &4 5& Ho {9
A o7 zpo|7} YIYA N, LI+BIsE, LI+Bhi, zymosani©]
247} 117.6+14.7%, 115.6+4.4%, 102.6£5.7% S Ho NC,
inhibitor, zymosan+inhibitorel] B]3}e] 2] o 2 o2 A &
5ol 7k AR et o= 8¢ frAkgt A
Tol M= Felo] Ho] Aggo] Fdsitta Aztes gl
(20). 12} Lh+BI-°] 17.240.8% ~12]3 Lh+Bhi©]
16.1£0.2%% X.©] NC, inhibitor, zymosan+inhibitor"¥} H]
wdte] o] ARl atol7t gl ALS R E1H QT o gt
Az RS ) B-1,3/1,6- glucanJJr L plantarum KKY-135
5 BAl At s A5, WY 710l Zolds
& 5 UAARE e TR fAaktollA ERHA o] HA| R,
=8 Fo| faktol A E B-1,3/1,6-glucan®] FEobE= A
Aglo] & ML 5e Ho S8 A7 e

ph gocytic activity [%)
=

NC Inhibkor ~ zymosan ymosinhi LBl LhBh

[ B ]

Fig. 1. Effect of B-glucan and ZLactobacillus on phgocytic activity
from macrophage in C87BL/6 mice.

Data were expressed as percent growth rate of cells cultured in presence of (3-1,3/1,6-gucan,
compared with treated zymosan (cell+zy) cells, taken as 100%. Values are presented
as means+SD. Different letters show a significantly difference at p<0.05 as determined
by Duncan’s multiple range test.

NC, cell only; Inhibitor, cell+zymosan inhibitor; zymosar, cell+zymosan; zymo+mh1
cell+zymosan+zymosan inhibitor; L1+B1 Lactobacillus 1x10° CFU+3-1,3/1,6-glucan 10
ugiml; LI+Bh, Lactobacillus 1x10° CFU+B-1,3/1,6-glucan 150 pig/mL; Lh+B16
Lactobacillus 110" CFU+B-1,3/1,6-glucan 10 pgfmL; Lh+Bh, Lactobacillus 1x10"
CFU+[3-1,3/1,6-glucan 150 pgfmL.
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Table 2. Mice body weight gain, food consumption and food
efficiency rate of experimental groups for 10 weeks

(n=6/group)
Group” Weight gain”  Food consumption”  FEF” (Food efficiency
© (g/day) rate)

NC 16.75£1.59 2.97+0.61 10.08+0.96
LP-BM5 16.501.25 2.6740.71 11.02+0.84
RG 16.88+3.96 3.1640.48 9.54+2.24
LI 19.772.11 3.1240.52 11.31£1.21
Bl 16.60+2.54 3.1610.42 9.39+1.44
LI+Bl 17924371 3.04+0.37 10.52+2.18
LI+Bh 17.6243.33 3.05+0.34 10.3241.95

NC, normal control; LP-BM5, LP-BMS virus injection; RG, LP-BM5 virus
injection+RedGinseng 200 mgkg BW.; LI, LP-BM5 virus injection+Lactobacillus
1x10° CFUkg BW,; Bl, B- 1 3/1&glucm 200 mg/kg BW.; LI+Bl, LP-BMS virus
m]ect10n+Lact0baclllus 1x10° CFU/kg B.W.+[3-1,3/1,6- glucan 200 mgkg BW.;
LI+Bh, LP-BM5 virus injection+Lactobacillus 1x10° CFU/kg B.W.+[3-1,3/1,6- glucan
500 mg/kg BW.

DWeight gain (g/10weeks)=final body weight (g)-initial body weight (g).

IFood consumption (g/day)=food consumption (g/day).

“FER (Food efficiency rate)={weight (g)/food intake (g)}*100.
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™, vlo]# 27} 7+ E infection-ol] Bl Ste] 2] S A3 3
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“d(Lymph node)= Hlol#] 2 F9 $ LRE AIN-93G 20| &
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NCi 002 goll H&] fodoz Zrletg o, B-1,3
1,6-glucan, Ao F91ol A ek FARAS B
o, B-1,3/1,6-glucan, F-2hte] FitellA] Bgz f2d
o gk vt EE Al B S-S EIE &
Tt Zhliver) ok Al (kidney)®] A= 157 #94
Q1 zpo] 7} YERRA] kol AbelA AEd Ao 2ok 7he]
A Sk} B-1,3/1,6-glucan, Aol AddAl= F714
Ql ZAPF Fasitt

Table 3. liver, kidney, spleen, and lymph node weights of
experimental groups for 10 weeks

Group” Liver (g) Kideny (g)  Spleen (g) Lymph node (g)
NC 132013 031:002° 008003 002001
LP-BM5 16310.14  032:002°  053t001° 1701027
RG 132:044  033:002°  043:005™  0.7820.14°
Ll 166017 031:002° 0442007  095:0.18™
Bl 1312024  036:0.02° 0461008  0.7320.08°
LI+BI 1576040 0343004  048:004°  1.12:0.06"
LI+Bh 1458028 031:002° 0471008  1.0520.11°

UNC, normal control; LP-BM5, LP-BMS5 virus injection; RG, LP-BMS5 virus
injection+RedGinseng 200 mg/kg B.W; LI, LP-BM5 virus injection+Lactobacillus
1x10° CFUJkg BW; Bl, B-1,3/1,6-glucan 200 mgfkg B.W; LI+B, LP-BMS virus
injection+Lactobacillus 1x10° CFUkg B.W+B-1,3/1,6-glucan 200 mgkg B.W;
LI+Bh, LP-BM5 virus injection+Lactobacillus 1x10° CFU/kg B.W+[3-1,3/1,6-glucan
500 mg/kg B.W.

MWValues are presented as meanstSD. Different letters show a significantly difference
at p<0.05 as determined by Duncan’s multiple range test.
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Fig. 2. Effect of B-glucan and Lacfobacillus on T cell (A) and B
cell (B) proliferations from splenocytes in C87BL/6 mice treated
with or without LP-BM5 virus.

Values are presented as meanstSD. Different letters show a significantly difference
at p<0.05 as determined by Duncan’s multiple range test.

NC, non infection, LP-BMS5, LP-BMS5 virus infection; RG, LP-BM5 virus infection+Red
Ginseng 200 mgfkg B.W; LI, LP-BMS virus infection+Lactobacillus 1x10° CFUkg B.W;
Bl, LP-BM5 virus infection+[3-1,3/1,6-glucan 200 mg/kg B.W; LI+Bl, LP-BM5 virus
infection+Lactobacillus 1x10° CFUkg BW and (-1,3/L,6-glucan 200 mgkg B.W; L1+Bh,
LP-BM5 virus infection+Lactobacillus 1x10° CFU/kg BW and [3-1,3/1,6-glucan 500
mg/kg BW..
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Fig. 3. Effect of B-glucan and Lacfobacillus on Thl cytokines from splenocytes in C87BL/6 mice with or without LP-BM5 virus.

A, IL-2; B, IL-12; C, IL-15; D, INF-gamma; E, TNF-alpha.

Values are presented as means+SD. Different letters show a significantly difference at p<0.05 as determined by Duncan’s multiple range test.

NC, non infection, LP-BMS, LP-BM5 virus infection, RG, LP-BMS5 virus infectiontRed Ginseng 200 mg/kg B.W; LI, LP-BMS virus infection+Lactobacillus 1x10° CFU/kg B.W;
Bl, LP-BM5 virus infectiont3-1,3/1,6-glucan 200 mg/kg B.W; LI+Bl, LP-BMS5 virus infection+Lactobacillus 1x10° CFU/kg BW and [3-1,3/1,6-glucan 200 mg/kg B.W; LI+Bh,
LP-BMS5 virus infection+Lactobacillus 1x10° CFUfkg BW and [3-1,3/1,6-glucan 500 mg/kg B.W.
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Fig. 4. Effect of B-glucan and Lactobacillus on Th2 cytokines from
splenocytes in C87BL/6 mice with or without LP-BM5 virus.

A, IL+4; B, IL-6; C, IL-10.

Values are presented as meanstSD. Different letters show a significantly difference
at p<0.05 as determined by Duncan’s multiple range test.

NC, non infection; LP-BMS, LP-BM5 virus infection; RG, LP-BM5 virus infection+Red
Ginseng 200 mgfkg B.W; LI, LP-BMS virus infection+Lactobacillus 1x10° CFUfkg BW,
Bl, LP-BMS5 virus infectiont3-1,3/1,6-glucan 200 mg/kg B.W; LI+Bl, LP-BM5 virus
infection+Lactobacillus 1x10° CFUJkg BW and 3-1,3/1,6-glucan 200 mg'kg B.W; LI+Bh,
LP-BMS5 virus infection+Lactobacillus 1x10° CFU/kg BW and [3-1,3/1,6-glucan 500
mg/kg B.W.
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Fig. 5. Effect of B-glucan and Lactobacillus on Immunoglobulin E
from serum in C87BL/6 mice with or without LP-BMS5 virus.

A, Immunoglobulin E; B, Immunoglobulin A; C, Immunoglobulin G.

Values are presented as meanstSD. Different letters show a significantly difference
at p<0.05 as determined by Duncan’s multiple range test.

NC, non infection; LP-BM5, LP-BMS5 virus infection; RG, LP-BM5 virus infection+Red
Ginseng 200 mgfkg B.W; LI, LP-BMS virus infection+Lactobacillus 1x10° CFU/kg B.W;
Bl, LP-BMS5 virus infectiont3-1,3/1,6-glucan 200 mg/kg B.W; LI+Bl, LP-BM5 virus
infection+Lactobacillus 1x10° CFUJkg BW and 3-1,3/1,6-glucan 200 mg'kg B.W; LI+Bh,
LP-BMS5 virus infection+Lactobacillus 1x10° CFU/kg BW and £3-1,3/1,6-glucan 500
mg/kg B.W.
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