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Characteristics of immunomodulation by a Lactobacillus sakei proBio6S isolated from Kimchi. Lim,
Jeongheui!, Byoung-Joo Seo', Jung-Eun Kim?, Chang-Suk Chae?, Sin-Hyeog Im?, Youn-Soo Hahn?, and
Yong-Ha Park'*. 'Department of Applied Microbiology and Biotechnology, Yeungnam University, Kyongsan
712-749, Korea, *School of Life Sciences, Gwangju Institute of Science and Technology, Gwangju 500-712,
Korea, 3Department of Pediatrics, College of Medicine and Medical Research Institute, Chungbuk National Uni-
versity, Cheongju 361-763, Korea — We isolated and identified a novel probiotic strain, Lactobacillus sakei
proBio65 from Kimchi. To determine whether L. sakei proBio65 has an immunomodulatory effect, we investi-
gated cells via an in vitro screening system which co-cultured freshly isolated mesenteric lymphocyte with
probiotics. A significant increase of Foxp3™ transcription regulatory factor expression was observed, followed
by an increase in anti-inflammatory cytokines transcription regulatory factor. L. sakei proBio65 exhibited high
levels of the IL-10/IL-12 production ratio and enhanced Foxp3 expression in vitro. L. sakei proBio65 may thus
be therapeutically useful for the modulation of inflammatory immune disorders.

Key words: Lactobacillus sakei proBio65, regulatory T cell, anti-inflammation, interleukin-10, interleukin-12

FAHT (probiotics) <77} A8 kS AHFHIAS 35,
Sl SAAQ S F 5 U vAEE Bifidobac-
teria, Lactobacillus 5] v|x3] 2t d8jx gJow Z i F
vt} o3y HAYEE T3l dYAA S 23l dEA
WUEH1].

MY AA (Immune system)= < ¥-&-(Immune response)
I} W & (Immune tolerance)?] T3S °|F22H 4|
ok mY vheE AWS a4 ole WA 58 Al
Sh= Ao, W FE-2 Ao EAlsh= B 2 A
HAZE 8= 3= o B3 Sl ] "9SS Ak
71ztole}. o|2fqt W Wk} W] HFo] AL o]F
AHS WY 844 (Immunological homeostasis)elal &b,
o|2fgt #3o] g Fo= 4|7/ HW, oI A Ee]
e 4= oot of8 F70 WY MESe] WY Fgol| 7)o
3kl 9le=d], o] F WY A T ME(regulatory T cell)o]
83t AghS Tl glet. o] Al EE AlE el Forkhead
domain protein family®] & $¢l Foxp3 ™ AAIZH Q1A=
Solx oz whslal glom, FAA AdH oz YA
A wx HAGA A effector T A E7F W 24 TAHE
ol AL 7 € = Qlnt o wiiel W 2 T HE
= CD4'Foxp3™®] 3= & 7}A|™, B7-H4 co-stimulatory
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moleculeZ}2] 3245 %3] tolerogenic dendritic cell$
2§ A3} 71}, immune suppressive cytokine?! interleukin-
10(IL-10), tumor growth factor-B(TGF-B) &< £H]|3}o]
el F8 vEE doA 4 oot olElst MY A T A
2] FoAS A7t AW E Knock-out AFE T3l HAx
AT HE Eo]H oz W83l Foxp3 Tz 2] ¥ o]
Immunodysregulation, Polyendocrinopathy, Enteropathy,
X-linked (IPEX) syndrome Zkx}ol|A] Bo]Z o2 Wb Ew],
Foxp3 Knock-out A§52] 7-% ¢A] <17+ IPEXe} Y3t o}
W7 dF dAE Boloh =3t kst 54 HeA
Hol|A WAz T A2 F7} Aol vls] 7hawe] glot
¥l gon WAz T A2 d35A4 23t 3} 2
AJF22] §JeF Ao] (Adoptive transfery’} 3523l Z |
B RB% Heol: Zlg Tl Wkl glo] WYEA T Al
xo] F8 AE I 4 oo T 5o HYEE T A
2o 73 WY oA| 75S o4t WY A8 A=) &
WA o] FoiA] L Qlt2, 5.

E A7AEL =0 AFUEAEQ AXZHE Fst
AR L. sakei proBio652] & 54 AT A £
A A2 A T A E] master AAERAH A2 odelAl
Foxp3S XA 3}, L. sakei proBio657} Foxp3 AALEA
AAE VA7 E=A] Felslr] $lske] M ZE7]4E screening
systems ©]83l] MY 24 WAYUES & Bl
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L. sakei proBio650{ 2|8t Foxp3+ HAL=HQIXt

g8 B7ts EIt

Foxp3 HAZAIAlel] GFP 333%A] thijzlo] x5 3§
25 A F (Foxp3 GFP KI AF, #F287]|5U)5 ol &
alodct. A5 6-8577 Foxp3” GFP KI AF| 2] At =
ZAE Red & A7 =9k MRS LA ) A (Difeo,
USA)ZE o]-4-3ed 37°C, 204 2F Wl SF3t L. sakei proBio65
(1x10° CFU/mL)2} F-gulofs S3f3isdct. 72417k 54t A
Fo] Azt =3} L sakei proBio65S 1:1 3-gHll k%
¥ o) MNeE EAs1H, L sakei proBio65= A7k
2 HZ 0] Age) U FE AR F HE B4
Z |83l GFP 4155 ZATO=ZH L. sakei proBio65
7} Foxp3 AALRAJIAE 371 A1 4= e 588 37}
3tgdch(Fig. 1).

27O 2 ARE3 PBSeF H-8-A2] Foxp3™ AAEAQ]
2p WL =x] elokew | [ sakei probio652] At Al
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Fig. 1. Increased population of Foxp3* cells from mesenteric
lymphocytes after co-culture with L. sakei proBio65. PBS
(phosphate buffered saline), Test-live (L. sakei proBio65 live bac-
teria), Test-dead (L. sakei proBio65 dead bacteria), Test-cont (sup-
plement).

X E oYz}, oA A E(macrophage), TA|AAE
(Dendritic cells), CD8" T A%, B A3, B] %A E(mast
cells) TolME AFHE= 7o geizion, 2 FlME o
AMAES} T A E7F B2 ko] IL-108 H|ghar oA
deh. IL-102 Thl AlZ8] IFN-y BA4& A8 wat o
2} of2] 71A] o2 M| 22| Alo| BTl EHE HAgH. S,
T Mol 2}83ke] Thl AlZ2] IL2, IFN-y A4S A5}
A EA WS JABIAL WA E, AL Al EedA 2] G5
A Ate| Bl S JAlEte] 95 282 s3] ot
A frAkre] FodE Bl WA EA IL100] A 5
771 ARt 739 74 1A TS 7 4 9l
t}. o]Z $J3l| L. sakei proBio65¢} A7t 3 ZF-9) -5
oFo FA R Sl SR IL-10 Ao ok
< AT EH L. sakei proBio6sell 2] dHFA 7%
< 37 & 5 9l

L. sakei proBio65°l| 23t IL-10& £715-8 H718b7] ¢
3 sandwitch ELISA WH S AF8-3}<i e} plateol] 1L-102F
AT 4 e FAE U F AL FZT9} L sakei
proBio65% 3-8 F Aol A Akl A
o} At AFdE QA she = o2 3 (detection 3FA)
o} ZAgkebA| 3 F secondary Ao AgE e} gl Bl
o5l 7|A&e| FHHEA 4137t o= A2 E o83t 7}
Aol EAsRs IL-109] kS vl BTk (Fig. 2).
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Fig. 2. Detection of IL-10 secreted by mesenteric lymphocytes
after co-culture with L. sakei proBio65.



SAA A A M F2 A= Thl HY vH-S 427]
I A7) F83F 93k 3o} IL-12% Thl Al Ze]
IFN-y2} TNF-o0 A4S = 3l3L Th2 MlE w2 A8
o} IL-12= CD8 T* /‘ﬂiﬂr ApAAL A E2] cytotoxic 5
< 73 webA Akt Foi g Bl WM EolA
IL-128] AR S 7 =8 A= A 735 744
g 95X 715S 7FE S UoH4]. L. sakei proBio652k
A gz gele] FEuleks SElA ElEE IL-12 ©hY
Zlo] oFS v g 4 9l

L. sakei proBio65e] 2|8} IL-129] W&l 4] 53< H7}
3F7] $18 IL-102} 543k sandwich ELISA #S 2|85}
Tt

L. sakei proBio65¢} 7Het |75 ol
Ao IL-129] WS SN Fig 3). = A
L. sakei proBio659] A5 2 Alte] PBSel H]s| IL-129]
WS S7F A7IA ey 1 AErE 34 Gsdet

L. sakei proBio65< mesenteric lymphocyte®} 35 ¥
39S AF, FAFA Al BRI IL-103 454 Aol
E7}elel IL-129] WS 25 S7HA7IV IL-129] 795
o} IL-109] 7ol L. sakei proBio65el 2]3F w& 717}
o =27 veh e AE ERIEKIT. o] & vhEeE IL-10:1L-
12 ¥ &5 AABIEE W, Aa3 A AElst 45 IL-
10:IL-12 H]&-e] PBSe| HI3l 25 Elaiith(Fig. 4).
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Fig. 3. Detection of IL-12 secreted by mesenteric lymphocytes
after co-culture with L. sakei proBio65.
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Fig. 4. The ratio of IL-10 to IL-12 from mesenteric lympho-
cytes after co-culture with L. sakei proBio65.

mTest dead

Relative mRNA expression level
O =2 N W & 00 O N © ©

INF-y IL-17

Fig. 5. Measurement of pro-inflammatory cytokine from mesen-
teric lymphocytes after co-culture with L. sakei proBio65.

&Mk g AEF ¥ILE F3Fed L sakei proBio65%]
IFN2yo} IL- 17838 2455 7bskelet(Fig. 5).
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QIxprE o] Al £715 &helslodv). L. sakei proBio65:= 7.
AEAHS Aofjo] Ao M8H o2 {83 Hlolr.
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