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Abstract

This study examined the immunomodulatory effects of milk fermented with based on the
synbiotic interaction between Cudrania tricuspidata leaf extract (CT) and Zactobacillus
gasseri 505. Raw 264.7 macrophages were treated with milk (Control), milk supplemented
with 0.2% CT (CT-milk), or CT-milk fermented with Z. gasseri 505 (FCT). FCT-treated cells
showed higher NO production than the other groups. ELISA revealed that FCT produced
the highest enhancement of the production of pro-inflammatory cytokines such as TNF-¢,
IFN-y, IL-18, IL-6, IL-2, IL-12, and IL-10. Furthermore, FCT also increased the gene
expression of pro-inflammatory mediators such as iNOS and COX-2 in a concen-
tration-dependent manner. Collectively, these results indicate that the synbiotic interaction
between CT and L. gasseri 505 might enhance their immunomodulatory effects of
fermented milk.
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ME

I U] QA= URMH O R [actobacillus, Lactococcus, Leuconostoc, Peidococcus, Strep-
tococcus SOE EREY, o5 § 54 ZEHP|QHAE W ALY 2HS 59, 45 2E,
Fe T =Q¥e] 59 AHE Za Qv ¥EA tkJorjao er al, 2015). oldt mE
HIo] QEIA0] Y 24 AARIS F7| = 7R AR WY E4' 3} H| | §kS viEgAst o=
o RIcK Ashraf er al, 2014; Tao et al, 2015). A2 WY A|AHL n]AE9] 2] IR ZEE]
AR, 3542 (A8 of ¢ T |l B |IALE o|FojA Qlom, o= AJ4] A|azoiA
A5} =R G f7IAA AR A= Y S8AIE ARSSE ] whiZo] mhe- gesiar vikdeittar
AdA Itk Ma et al, 2015).

HAA A MHC S84 11 9 [ £4k= B4 Eold T A5 /48H71= CD4+Y CD8+ T
MEZ 0|53l CD4++= T helper cell 1(Thl), T helper cell 2(Th2), T helper cell 17(Th17)
4 regulatory T helper cell(Treg)?t 22 T helper cell2 789t ZHH] T helper cell
Eola] A4 70, Th1L A G54 ARIEZIRITNF-¢, IFN-7, IL-18, IL-2, IL-6, 1L-12)
S BHlolal(Mirzaee er al, 2015), Th2E 3 @54 ARIEZIRI(L-4, 1L-5)S EH[6lH, Treg:=
[L-10& Ex)3t}. T helper cell Alel9] @2 QAR AAHEI0] QJeia] ZAEXTE T helper
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cell 7+9] Ext3o] 9foff WY, P27 9 M4l Ap7F Y At 22 A¥S dorle A7kt
MY AWYE Gk Singh er al, 1999; Iwasaki et al, 2010).

53] Lactobacillus gasseri = 7t2] 91 4] Wi 5o ARt dA St} 47 A
ALEo]| W2 [ gasser/2 @R PAES WY 2, P D T IELA O f50] Aok
dHA o, SF Hollk= L. gasserio] 5 B/do] 4] % A& H 1 EoXt Arakawa
et al, 2008). TEEZTTY, ZAELS VY So] Zulo|eElAgH Rt Manning er
al, 2004; Hardy er al, 2013). A& FEE2 A 48} A5 59 2L/l 5519
A=} Mirzaee et al, 2015; Oh et al, 2016). °]d AFPALE &3] &8 U 7. gasseri
5059 A EFRo] fYHoE MY =2 IFe Fe AT FEEEA AR FEES
Aottt FA(Cudrania tricuspidata} Bt 2 T 819 AR ofAolof|A] ALEE|o]
ko ko Aro|A RAE(Cudrania tricuspidata) 2 2o= 4 iy} ok B g Qe
(Bajpai er al., 2013). 131"} 5@ AR TS EXA7]e ZEElo| g ARA 9 A
o] I A4ts AERE Aok w2 Atk CTE J7RE /& L. gasseri
5052 Hash ¥afo HAxd TS RISIIAF 5190, real-time PCR, ELISA ¥

western-blotting 42 S5 HIXE Al|E7IRIS AT o T IS SASIG:

= 2 AE

1. L. gasseri 505 H{Q¥

Lactobacillus gasseri 505(Korean Culture Center of Microorganisms, Seoul, Korea;
KCCM 11766P)2 GotEH a8 8AFFCZ Man, Rogosa and Sharpe(MRS) (Difco Labo-
ratories, MI, USA) agar= 37CollA 48A17F viFatAtt. MRS agar BiA|ofA] wike ZHzHe]
colonyE 10 mL9| MRS brothZ &4 37CollA 18417 23] AReiFsioict. Wi d=
phosphate-buffer saline(PBS)E o]-&s}o] YAET]7|(4000 rpm, 10 min, 4C)Z AlA 4
33] BHESIGIT.

2, ¥48x HX
TR B £AoA Hfelglon, FE2EE 52 7Axslo] ARESI3IT). $-f{Control)2}
BFAAXS A F2E [0.2% (g/9)S F7RE $-HCT)= 85ClA 1587 A<fsty o,

W7t B [ gasseri 5055 3%= AE3IAUHca. 1x107 CFU/mL). EFAL 41To)A 40A17F
Hasie] FCTE AZsitt. He A& 527x%st] —20C EHsi ARSI

3. MIE bR

RAW 264.7 tAME= American Type culture Collection(Rockville, MD, USA)QZHE
TAst¥ o, 1% penicillin/streptomycin(GE healthcare Life Sciences, Logan, Utah, USA)
9} 10% fetal bovine serum(FBS) (GE healthcare Life Sciences, Logan, Utah, Australia) 7}
33 Dulbecco's modified Eagle's medium(DMEM) (GE healthcare Life Sciences, Logan,
Utah, USA)E 0]83}9] 5% CO,, 37C Z7olA sl

4. NO M4 U MZE=SYH =%

1) ME=Y &3
RAW 264.7 cells& (1x10° cells/wel)E 96 well-plated] EZa}ioH, 1247t & RE%

oL
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DMEM HiX|& w4 & 12 ARF Foll MEA=E AASIAT RAW 264.7 cellsol 2%
Control, CT, FCT #+9-t15 ¥3% DMEM A5 o|85te] 10 mg/mL, 5 mg/mL, 2.5 mg/mL,
1.25 mg/mL =2 Aot} 2447 52t BRESIT. wigAS AAT &, 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT, Sigma, USA) 8N8(48 pl)Z
Fd7kstel 37C, 5% COPMAM 4A1%F 9F Hidsle:. A5dS AlASkL dark formazan
crystals& 100 L DMSO2 100 gL D.W2 A7} &, Synergy H1 plate reader(Bio-Tek
Instruments Inc.)& ©]-€3t 540 nmollA] S3LE =459t

2) Nitric oxide(NO) &3

NO A& AE(Control, CT and FCT)Z 5 ng/mL LPSE AzJsle] 37C, 5% COMA
24A17F BBttt 50 pl ¥HoF AN Griess A19F (25 pL 1% sulfanilamide in 5% H3POq4
solution, 254L 0.1% NED solution)& 37I5t] 540 nmollAl SB=E Skt

5. M g5d & & G3Y MOIEFIQIS| HH

APIEFIRIE 24351 JHA(H HF4/ T BBA ARIEZ) RAW 264.7 cell (1x10°
cells/96 well plates) RAW 264.7 cellso] 52 #AZ3t Control, CT, FCT THE 784
DMEM ¥iZE o]&35t9 10 mg/mL, 5 mg/mL, 2.5 mg/mL, 1.25 mg/mL 5=2 A5}
37T, 5% CO0NA 24A1%F &<t WESSIGitt. vl & vl A5 ol&sto] AllE7IRlS
Stk ¥l 4Sd2 S A7HA —70CoIA BRIt ARJEZRRIZ Enzyme-linked
immunosorbent assay kits®= ELISA MAX Deluxe Set(BioLegend Inc., San Diego, CA,
USA)= AR&st] S7gstaith

6. M HEH WHQIXIC| Wa =

RAW 264.7 cellsE 1x10° cells® 6 well-plateo] £33} Higkst & W52 AxgH
Control, CT and FCT =2E)S ¥4 DMEM BiAZ ©]83t9 10 mg/ml, 5 mg/mL, 2.5
mg/mL, 1.25 mg/mL =2 A2J5t 37T, 5% COONA 24417 &<t BEESITt. B =+,
Dulbecco’s Phosphate-buffered Saline(D-PBS) (PBS, Welgene, Daegu, Korea)S ©]-&5}9
AIAEE 10,000 rpmoflA 5 & 59 FHREE AR ASHE AATE F, pellet2 RIPA
buffer(Sigma, St Louis, MO, USA)®} protease inhibitor cocktail tablet(Roche Diagnostics,
Mannheim, Germany)E °©l-&sto] AL f TidE S&31tt 8,000 rpm, 10 min Y42
T oA 25 peS 12% SDS-PAGE gel(BioRad Laboratories, Hercules, CA)oll 293515ich
1 % Trans blot Turbo transfer pack(BioRad Laboratories, Hercules, CA)] %]}t
Tris-buffered saline with 0.05% Tween-203} FA4 E-{& blockinggt Fof iNOS,
COX-29] 1&F FA(Cell Signaling Technology, Boston, MA, USA)2} 23} @A(Santa Cruz
Biotechnology Inc., Santa Cruz, CAYE A5ttt 2% A ATl F ECL(BioRad
Laboratories, Hercules, CA)E °l-&dllA ©hilld ¥i=E HZ3}3!, Bio-rad ChemiDoc MP
imaging system¥ quantified with Image] software(National Institutes of Health,
Bethesda, MD, USA)E ol-&sto] sttt

7. SHX=

RE RAg= Pt BETAE FABIH O, Duncan®] multiple-range testsS ARSI 15
7] ztolof Hist 5AA A4S 7KL IBM SPSS B4 £AZEJ0] version(IBM Corp.,
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1. NO 44 & ME=d

Control, CT9 FCT ®lw Z3}, FCT7} §9doz 7B =2 NO AATH40.63 M)

Uetfidlon, sk oEHor Frlok= AZ SRIsI3IrkFig. 1A). 10 mg/mL FCTY NO

8L 5 ng/mL LPS(42.75 pM)E APet 22t FARE NO 89S Uetisich. CT 4,

8.21 M9 NO A2 Yetigltt. AlZ2/de] 49, 10 mg/mL 8 1.25 mg/mL =9
= AEFIA 80% oY AlZZ/dE UehHIcHFig. 1B).

2. A3E A F G54 MOIEFIQ e

FCTE Azt RAW 264.7 cellsolA Controldt CTE Azt RAW 264.7 cells®}t B]ws}od
TNF-a, IL-14, IL-6 and IL-10 52| AlP|E7I]] AAdFo] fojdoz J7it A& ERI= At
(Fig. 2). E3], FCTE Agt oA TNF-a2} 1L-62] o] T2 A&7l H|sto] &2
A UERd 28 2RIsIGITE J8u, CTE A2et wollAs i Y2 5=9] Afo|EFfRlo]
Z24= k. 10 mg/mLE5E 1.25 mg/mLe Control¥ CTE BF A3t FoAE IL-6°]
AEEA 99tk 11-10 A 24 A3k FCT 10 mg/mLE A3t o)A 1L-102] BAH162
pg/mL)°] 5 ng/ml LPSE ©=OCF Adt #(39.1 pg/mDETH 4ifut &4 ddH A&
Rt FCTE A=t #ollA s& 9&d0=2 [FN-y, 1L-2, 1L-12 E87} 718t A&
Blol5AtFig. 3). 10 mg/mL %2 FCTE= 5 ng/mLe] LPSE A2|$t &3} IFN-y, IL-29}
[L-12 A4S Blstgke o 3949l o7} gls A 0= SRI=9Itt. J2fut CT9] B9, IFN-7,
IL-29} IL-12%& 27354 23ttt 1-49] 4%, Control, CT, FCTOA 2% HEEA] 24Qict.

3. M EEK WY oIt w
INOS % COX-29 2 A @54 TRV} 9% We-g 2UsH 2% 98 3k 4
ulZlelAte] whbd wrS Wolel] 9ia) RAW 2647 cellol Control, CT, FCTE: Hafsiaick

B 140 5 W 125me/nl

120 { B Smg/ml
1 10mg/mL

100 -
80 -
60

40

D D 20 1
0 -

Cell viability (%)

FCT CT Con Blank FCT CT Con

Fig. 1. Milk (Control), milk supplemented with 0.2% CT (CT), and fermented CT supplemented milk (FCT) by L. gasseri 505 induced NO
production without affecting cell viability in RAW 264.7 cells. (A) NO production of Control, CT and FCT. (B) Cell viability of Control, CT
and FCT concentration dependent manner.
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Fig. 2. Effects of control, CT and FCT by L. gasseri 505 on cytokine-production in RAW 264.7 cells such as (A) TNF-a, (B) IL-13, (C)
IL-6, (D) IL-10 cytokine production. The results are presented as the meantS.D. (n=3). Different letters indicate statistically significant
differences among the different groups (p<0.05).

www.ksdst.org

Control¥ CTollAE iNOSSF COX-2°] ©hlid dHido] =AEZ] oojty skA|gt FCT 10
mg/mL7} iNOS2F COX-2041E 5k &2 0= thfal vido] BRIEIcKFig. 4). 10 mg/mL
9] FCT9] 7%, iNOSH COX-2 d ALt 5 ng/mL LPSY} SAKH| Z4=|9lct. ol2st =
E o, FCT= RAW 264.7 celld] AZ HZAol| 9o} INOS ¥ COX-2 de =7
771 AL Eelekitt.

1‘41@ ATl A Og QRS AASLLL, TNF-e, 1118, 1L-6, A¥s}t A
ARF A A5 wiAiAS] e WAlsk] el ol BAte] o] 8%t A JD}.
Aldlol o ElA HERo] WIS &4 F=E LPSe Hlwste] NO, HYx4
2 5ol Zelskid
N(}‘= AAAR O] hIEAR1 A3 TAIA|aEo] Ofsf A= o] A AlfA] LF-Edo] gt WoldkeS
83 AT A otk A0 HADY s RIT 4= Q= NO Bd%e 34T
ﬁﬂr CT9] 3% 10 mg/mLolAl Controlt &fe]7} mju|sigict. 12iut HaayS A%l FCTY
9 FOH R 7HY =& NO A @A Hole 2L 3l M-S =0k AS eI
ATt HEol HE EHR] B HIoHE BA9| Aoj7}t Golgt Aow AlmHLh
&} L5 2Rt AR|E7IRIQ HoH S fidl & dtolie ELISAS A, CTY 4,

TNF-e, IL-18, TL-10°14 Control¥} ¥|ual%E W ATl F22jo] Zo]7} 3lion, 11-69|

o
A
nn
kil
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Fig. 3. Effects of control, CT and FCT by L. gasseri 505 on cytokine-production in RAW 264.7 cells. (A) IFN-y, (B) IL-2, (C) IL-12. The
results are presented as the mean+S.D. (n=3). Different letters indicate statistically significant differences among the different groups (p<0.05).

ALo= WdE)R Aokl FCT9 AL Controld CTS} ®¥lwsl9S o, TNF-¢, IL-18, IL-6
Y A A APIETRIE R oR 71 =4 SAIFT A 9548 ARIEZRIRI TNF-e,
IL-18 ¥ IL-62 %3] £419] WhA(Tsai et al, 2012; Ma et al, 2015; Dwivedi et al, 2016)
2 Aag AF 9] ol F83 TS S Wei er al, 1995). TNF-ex= SAVIAZES
AEAIA T AlZe] 443 4 55 A5k, AR A4 9 oF #ol9 oA & 59
FARE-S YERATStrieter er al, 1993; Kikuchi er al, 2003). IL-15+= THIES] &3k B
Az Ad< 2 NK *ﬂEJ %“é% S7H7IH, AR F41E Aok 242 7L S,
[L-6= B AlZ9] E3t &, A &8 A=, Ig A A 2 T A= &3} F4
Hofgti(Delgado er al, 2003) tqew FCT7} TNF-e, IL-18, IL-68 S73A1X1 A7E 53
HAEES-Z dok= A8 P75 7L S A= Algd.
Nitric Oxide Synthase(NOS):= L-arginine®] L-citruline® 2 WHolel= 3}Aof|A HIGA oA
QQEEZ 0| thot Hojzk8-S dl= Q3 AT AY E29 NOE AT Nathan et al, 1992).
NOSE A|ZZA Y 3} ZA5k= constitutive(cNOS)Q} HATHH o7 Walo] s SrEx=
inducible form(iNOS)o] 12, o] & LPSe} Alo|E7Rlo] 93] NOS 414} &rdo] S
AL iNOSCItHVane er al, 1994). RAW 264.7 A&oflA FCTO] 2J3t iNOSe] ¥ ZAx, thafa
oA FCT7F &2 ddS Uetiiich
FCT & %3t Treg  Regulatory T helper cell 2 €24 IL-109] gt &2 9 &
HERTE CT oA 1L-10 9] I wi$- vlu|eHA] SH= o, FCT 9] 4% =2 9 U@
YeErALE 1L-10 2 Thl, Th2 ¥ Th17(Saravia er a, 2010) ¥ Treg A|E(O’ garra et al.,

‘%

o
T
[o

il
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Fig. 4. Pro-inflammatory regulations in RAW 264.7 cells by Control, CT and FCT on protein expression using western blot assay (A). The
protein level of INOS and COX-2 were detected by western blotting analysis and representations of immune blots and quantifications of

iNOS (B) and COX-2 (C).
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2004; Grazia er al, 2006; Chiba er al, 2010; Sabatos-Peyton et al, 2010; MacKenzie
et al, 2014)° oJa AAE}. [1-10 & AFH L2 [1-12 & AHfoh= & G354 AlolE7IRlolH,
AHHOZ Th EE Treg 2 S7MI71= IFN-y A4S QASHE [L-10 2 T AXE $531,
A ZA51E AAlsle] A 95 Bt 9 ARl A IAIE Bl HIEE-S 2E3tHTao
et al, 2015). o}= FCT 7} CD8+ & CD4+9] T 4|22 A= o]ojd 4= 9= Treg o] L&
S7HA HY S 78 Fe dl =20] He AoE AlmEHRaynor et al, 2012).
IZ2H]| QEATL WY 7)5 vl YIRS AR A ATl Thl / Th2 T & 834 82
T A5 Alo|EZIRI WAl FHE FolA A el 2TKSingh et al, 1999). A 954
APIEZIRIS Th1 AEES AYAJeR=t], ol 2 Al W Hearol oist Ho] & Th2 & d% whge
E7g IS thgatt). & A4 ARIEZIRIS Th2 & AJAsk=t], ol AlX 9] ¥l
ot 255 stk defA QItkKidd, 2003). 2822, 84 9k(Thl / Th2) Afo|] #3o] uf¢-
Zasitt, g7 Ao may Z2Hlo] QAL B T Al 3d WY 24 AAIE dsi=
E4 W9 98-8 S5 faf A&l w8 fElskAl 2%k IejA itk Bermudez-
Brito et al,, 2014). §3], Z2HO|QEA Fo|NE HEHMIHAE U AA ¢3S ZHsk=t]
e 93t IS stKjorjdo er al, 2015). E3F, FEHMIHAE Treg 9l 1L-10 A4S
ok, Thl ¥h3-2 ARt Fst 22 &4 4o &= Qlrk. & A7ol|lA ARt L. gasseri
505 9] A9, o] oA Ayl FEEI] waiky F st 84 9 7|54 Hel|=E
Ky4do] 9<%t A o= HEFTHON et er al, 2016). Ol ©=d] CT 2 It &3P/} ofd FCT
=, PR 2253} 1. gasseri 505 ) WA AR IFolA IS 7164 HERe| =0 oJgh HY
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g 24 SHo] IH o= gctE

AE2Hog 2 %‘Loﬂﬁh nejplo] EA ARl AR A F2E3} L. gasseri 505 9] WHEO]
AL 2 Qo] w2 &S 7= AL FIsITE A AFA ARIEZIQI TNF-¢, [FN-T,

IL-18, IL-2, IL-6 9} Treg B5€] Hul= [L-10 & ¢hld $o3 W FCT 7} 7HY &2 U&dS

etk E3E iINOS 9 COX-2 9F 2 9= uj7)IA}E FCT oﬂﬁ =5 oEAog P =S
HAS YepoITh mkA, HAEA =553} 1. gasseri 505 2 HAZE AHO| QA= FF AlF
4 7hg Aol HYRE 754 fAIECZ A9 &8 7140l w2 AoE AlmHrt

A =2

B QT 5471471897 IPET) APAIAIRIAE: Aokgauo] iy 4 8% @ oI
A A AE 2 Aol oEls AE4A) B AE A, 117069-03-2-SB010)°] o]
0|20} Al
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