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DMfree®(Green Tea Extract) Inhibits IL-6 of Mycobacterium leprae
Infected Mesenchymal Stem Cells

+
Ran-Sook Park
Dept. of Food & Nutrition, Soongeui Women's College, Seoul 100-751, Korea

Abstract

Previous reports revealed that DMfree (green tea extract) inhibited expression of the IL-6 gene in Mycobacterium leprae-
infected MSCs (mesenchymal stem cells). This study aimed to measure IL-6, IL-13, TNF-a and PGE, production in M.
leprae-infected MSCs using ELISA. To confirm the effect of DMfree on IL-6 and signal transduction, a western blotting
test was performed. DMfree inhibited the expression of IL-6 in the MSCs and the heterodimer of STAT3, which also affects
the expression of multiple genes. Though DMfree pre-treatment of control MSCs produced a baseline level of IL-6, it
significantly inhibited the production of IL-6 in M. leprae-infected MSCs. There was no significant difference in IL-6
production between 1 and 7 day treatment groups. M. leprae-infected MSCs produced more IL-13, TNF-a and PGE,, but
DMfree could not inhibit their production at a physiological concentration. This is different from other reports that used
higher concentration of EGCG treatment, resulting in significant inhibition of the cytokines. The inhibition appears to be
related to the concentration of EGCG. These results indicate that DMfree can alleviate inflammation involving IL-6.
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M B A3l7] Yote] Y= 7'4‘E5(proinﬂamma‘[ory) Alo|EF}elat

b‘“ﬁ—{antunﬂammatory) A]—O]EE’]- 0], A ALl A nuclear tran-

AE 229 A0 AaT gt we A77} By =2 QA amayE o 5}l
I Stk of B HIE=S W33 (Nunea-Sanchez 5 2015), Agk 2, *ﬂi JEe< Xﬁﬂ’?s}xl e =9 fd=g
% 2AAHSS Wrol YBRANY) AU AT (1 pgmD)d) Folks ozl ulske] MSCs) 2%} HE
STH(Chacko 5 2010). E3F S2pe] 2L 15749 Bels]  S-<I3k Mk gIcHPark RS 2014). T2 MSCsol] HAA]
=o] AUl Z-2-Eof thet A= A ATt L FE]ItHZhang TH(intracellular obligatory)@l Usd-& ZrGA]7]™H IL-6(interleukin-6)
5 2015), AR AT vl AE FYA mAEte] 2 9 wdo] folap Z7lehA, Hazele AR
229l Az “(DMfree) S o83l Za|vs P} it MSCsoll A= Ut FHoll= sk, IL-6 32 Edo] 5
st s gt QF-E oln] Bistth(Park RS 2014). o= 7¥ekA] gkskth &, =7 4 B Ao =7QIQI IL-6
g BEAgAgH oz tdxa] oy} 271927 N E(mesen- 9] FAA IES AAIGITHE AN W3S THPark RS 2014).
chymal stem cell, MSCs)9| §-A2 T&of nj2]= g & IL-6= thAA2e} HZ7) =2 AY4FsHH(Kishimoto T 2010),
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54 B 2] B2 HIlE JAlshe JTo] &
u} 9)9ItHBamett S 2013).

APAFolA Brel FAA BE Y FHo] FAHLR 7}
Ao 711 A4ta AREl=X] Fstr] Yste] A, Tl
z2| Roir} A AfolErelel 16 T AAte] 248
SEeleA] HHon 2L B4, Helze) Fois|glo
ujz} 19, 79 Afololl BAIH, LA Hol7} YAl Felaky
o A, Ut BHAAZ7} AAFSHE TIL-18, TNF-a, PGE;of|
g Az o AR a7} Q=R ELISA Wi oz &35}t
At dA, gz o] o7t IL-6 A 747t MSCs9] 4l
IAGYA F o= HEE Flo] o HARIAL| = =
=A &7] fl5ke] 7]Ee] Barg gpl130 7 =(Ahmed 5 2008) %
o} 3}Fof Q= STAT3(signal transduction and activator of
transcription 3) Th 2 o] WIS A8 EZHY o7 0151y
o} upxjere 2 tielselo] elg Lt 79 MSCse] 16 94
Aye] WrEA} U ol Solgk AR, P Qb
9% B Akl FullEHES} LPSE Ak MSCsolA
= PA 4 e BN FAsA ol9f gL ATE
Folo] =3 2229 AT FAS 2482 BAzo|
A st shsick

=14 =5

Mz 3 gy

1. M2

IL-1B3, IL-6, TNF-a, PGE, Quantikine ELISA Kit(R&D Systems,
minneapolis, MN, USA), IL-6 rabbit polyconal Ab(Abcam, Cam-
bridge, UK), STAT3(F-2)mouse monoclonal Ab2} B-actin(C-2)
mouse monoclonal Ab(Santa Cruz Biotechnology, Santa Cruz,
CA, USA) 5& T9Iste] Abgalbsich 58] B71514 she
Al 9F2 Sigma Chemical Co(St. Louis, MO, USA) A|&& AME-
shrk

2. MSCs®} C|¥Z2|"(DMfree™)2| SE

FEuheA 0] Zaof A Heste] 7HEg o] it <l
MSCsE AH8-3HAthKang § 2004). HX 15582 A4 =
2ol A Bet fdze]“(DMfree”) &S YYo= &,
Park RS(2014)2] HFH o] wha} MSCs9] F4]1} &g FF
& FA &2 5= 1 ngmlE AHESHAT

3. L} 2+l MSCsQ} ZInoIE{T| =2 X}= MSCs2| H|m

T A Al shtolm HAu|AYEo| 1L, S|
ol A HA AHEE 4= Qe UM lepraeyE MSCsol| 1252
FAA AL, AELe] EA5HE U2 FAIE A AT
U2 7HE g o] Sl AT Attt E58d

& A EFFET A
ARIEZRQl fAAF HES dAeh At AdoAer Zol
(Park RS 2014), Z} Z-2 1) RZMSCs, M), 2) tlelza] A
AR HDM), 3) Ut A AEMML), 4) g 2] HXXF
Ut FEEHDMIML) 5 4tolth 3L o] AF oA
Ut A4 L6 AB4ko] i MSCset &/43F MSCs Atolof|
Z}o)7} A=A ¥hs]7] Ysl, MSCsof| LPS(lipopolysaccharide
500 ng/mL)¢} QlE|HE ZuH500 U/mL)Z2 -8-%=3%Hinduced)
iMSCs, DHMZ, iIMtMLZ, DHMAMLZO 2 1} Tg,
24A17t) 13] = 1379 52 33] 1 ug/mL DMfree=2 Z %] %
% T4 16, IL-1B, PGE, TNFa8] AAHS Z73hck

4. AlOIEl0! N0 Hate =7

Z}zte] Ao AR A T, 1200 pm 1087 A3}
of @& Aol olfelo] Pl BT TAYL-B, 1L,
PGE,, TNF-0)2] AJAFE- Quantikine ELISA Kit(R&D Systems)
< A8k triplicate2 S SHE T

5. IL-6 3 STAT3 &4 EQIZ QIS western blotting

7} 9] MSCs®l| 0.25% Trypsin-EDTA A 2]3te] AZ2 1
3l =031 DPBSZ 23] A3t & cell pelletS =3kt
1 mM PMSEF, protein inhibitors, 1 mM Na;VO47} 2714 lysis
bufferE L 30827 IS0l WA|g £, 14,000 pm 107+ A
A%t & Z47+9] A Tl E-E Nanodrop 1000 £-33-A|(Thermo
Scientific Ltd, Waltham, MA, USA)o]|x] &4J$t & electrophoresis
buffer@} 5x loading buffer2 A3t 2] thillZo| T2 =
Aot & T BojlA 1087F HAA]Z]AL, 10% SDS-PAGE gel
of| & 120 volt 1A]7F 59t loadingst &t @iz PVDF 9t
S 2 transferstz] 915to] vhe Fo wghEo A 3027t FHA
GAISEA] 7] 31, transfer box©]| settingg}e] 500 mAZ 1X]7F 59t
transferdt T 0.1% TTBSO] 5% skim milk”7} 3Z3HE blocking
Mol W31, 2o A 1A]7F E9F ¥H-E-A]7] 3, primary antibody
£ 1:22009] v]-&Z 343 0.1% TTBS®] 5% skim milk7} 5]
e bagol] Y53 o 4C P 4] overnight
ST} Thae 0.1% TTBSOA] 10824 33] <=All5}aL, secondary
antibodyS- 1:2,0002] H]&Z 5% skim milk7} S0]= Hof
Al 1AIZE B2t BEEAIFTE THA] 0.1% TTBSO A 1027t 33]
FAI8kAL, ECL ol 5E7F k&3 & Al ollA] Xeray filmoj
wsto] SHelsITt

O 1
e W

6. SAHXz=
Z+ A3]-L triplicate 3F21, ZF 2] A= student 7 test
o4& AHSIAT:

=
40 W o
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1. Clza] ™A2|0f ©f
IL-6, TNF-a, PGE, A&t t#

Lk 224 MSCsQ| IL-183,

B o

1) CIYZal FAXI0 Ot L6 Atz
2 MSCs 2 tje]Za] A% MSCs(D+MSCs)ZL 1
EL 79l L6 AAbo] A9 Glgieh. ol A riqlxe
A2 Aeo] MSCse] Aol 710l HHIE SAskA s ¢
oF 4= gick T Al 7 AEL A v
< msto] ZulolEls| 23} LPSE A3 MSCs(MSC) 2
19(Fig 1A) B 7(Fig. B)OIA] B 1400 pg o)44<] L6
BuStTh U 4947 AR 19, 799 MSCs,
Cs BE IL6 AAto] Z7Hstech Sold Ae rloze)
AR AT oA L 16 AAke] §2J5HA(P<0.01, P<0.05)
Fasha glolAl, tUEesh IMSCset U ZE MSCs 2
IMSCs9] TL6 A4RS QJAISHT 98- SHlshelekFig. 1 A,
B). ol TlAme|e] AX] BgL A Aejol A Suat W
a}2 UehhA) AR 4% A Aols AEFA AolEst
219] ShIQl IL6 2l oAIste] GFS AANIE 8
of Ye & 4 Agck

e 47 1970] 747 HwH MY, § 2 B
Bz A A7} L6 LS Aos|e A AXA,
A% 717ke] ATHRL IL-6 Hulgo] o ol At gheror,
o3l 19 Aol IL6 Hulsko] o H8< & 4 Yeith
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Fig. 1. Effect of DMFree pre-treatment for 1 day (A) and
7 days (B) on IL-6 production of MSCs. Control MSCs (CONT)
and DMFree treated MSCs (D+MSCs) showed baseline
production of IL-6, but activated MSCs (iMSCs) produced
higher IL-6 than that of non activated groups. However, M.
leprae infection groups (ML, D+ML, iM+ML, and D+iM+ML)
revealed increased amount of IL-6. DMFree pre-treatment
among the aforementioned groups induced significant inhibition

of IL-6 production. * means P<0.05, = for P<0.01.

YAzl L6 A4HE o] 697

weba BT AP DT WAXES 192 gk

WA A 27t AletS F2418HA =™ IL-18, TNFa, PGE; &
3 3] 168 BH|ET) IL6E BYZT} RS Adkshs
o F2% 9gS s, IL-6 8A<} gpl130S F3f A=
X35 AdslthKishimoto T 2010). tjdzE7p Ut 72
MSCs] IL6 G4 o] ZAghe ofn] Mgk up glon
(Park RS 2014), o] A= Hd=2] AAX|7}iMSCs E 1}
F 79 MSCs, MSCs®] L6 Aol E7kel AAbe £9I5
AAIBEL Y& Tl EoA TR, At &
AR 28 o] Ao AAeke itk § Ui} tig
27} L6 A FEAA 950} WAL AAT & UASL
S5 5 Uk

A7) FopAs pEY BERY 2 L6 S84 2 uhe
2 BEgo] WA ggiths Rz w|Ro] & o, IL-6
7 4z gl Fad BAAe o & qlgithHino 5
1988). FOkx] 4 A AEe] HAho] FR A EGCG
(epigallocatechin-3-gallate) S Fojs}H #AY H-GEAEZ9
L6 Ai4Fo] Zradiche B3, oA B A7) duet & o
X3}l QthAhmed 5 2008; Riegsecker 5 2013).

2) ClAz=a] MAX|0fl 2t IL-13 Makz
2 MSCst G54 S =gt iMSCs BF W& IL-1
B 2HlE Bow, fgze] AAA|oe FA Wske A%

A

300
250 A

200

IL-1p (pg/ml)

50 4

CONT
ML
D+ML
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Fig. 2. Effect of DMFree on IL-18 secretion of MSCs
and iMSCs. M. leprae infected (ML) groups showed IL-183
secretion. But pre-treatment of DMFree (D) didn't exert any
inhibitory effect on the production of IL-1B in M. leprae
infected groups (D+ML in MSCs, and D+ML in iMSCs).
A means 1 day treatment of DMFree.
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thFig. 2). 222 Y=t AFAIR Yl 71 2ol e tlE2dE
o oF SHj @2 200 pg/mL W2]9] IL1-B 4|7} BEE A
o, d]lze] AAX 7} IL-BE £8]E JAIAZ1A] Fk3it
ol HEZ WS iMSCsoll A= IL-1B8 £8]7F A9 §17]
2ol Ut ZHLe 2 Qlste] Eu|7t | Aolth A4z
U e AT A, AREA AL EFRIL 1189 TNF-
o AAto] ZHSgIcHE BA2 B v Fte] U9e U 7
do|tiKang & Chae 2011). E3t Tt 419 = IL-13
of gpo] gton, 57} o EobT kg o] dlFIRE
23ttt Ru e QIQichParida 5 1992).

Heze] HA7E MSCse) L6 AAHE §-9I51 o)
S ATR: 2 1116 S QAalA] 2 AS EGCGE
B 4% Fotg s 3dd HEgA EF IL-6= A
SHAIEE IL-18 € TNFa X|= ZHAA|7|A] Z3ches A+
A X 5F3L T Ahmed 5 2008).

Of

O

3) ClYma] Fxfx|ot LIZ 20 I8t PGE, At

Bz MSCssh 9] B HHX e MSCss PGE,S] A
Avpo] WPAE, LS ZGAIZ] MSCs(MAML, iMML)
2 gelme] AHA F S AN MSCSHDIMML,
DHMAML) W g2 ulsko] 108 ol 9] PGES 44T
shirk(Fig 3). ZURIEl 9 E3} LPSR $58 MSCsellA] PGE,
Ayare] 100 pg ol5tel .2 ¥ u), PGE; A4re] F7He A
Moz U Fgel 93 208 Halth PGEE AW ¥

2000 -

1500

PGE: (pg/ml)
=
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Fig 3. Effect of DMFree on PGE, production MSCs. M.
leprae infected groups showed higher amount of PGE, than
those of non-infected groups. Pre-treatment with DMFree could
not inhibit PGE, secretion than that of non-treated M. leprae
infected groups. A means 1 day treatment of DMFree.

e

= A E G FEEA
IS FHAIZIL, HEAIZIH IL-125 ZaAA T JZ
o A& Zrhal FHH(Chizzolini & Brembilla 2009). Ut 7+

3
A FFOR-A0] Kol AN Lo A PGE, A4to] F7tat
rh= ¥ 31(Sibley & Krahenbuhl 1988)& & ] MSCs2] PGE,
A F74e vt 4 di'ol2tal & 4 Q) ok vt
° 2 §=5 PGE, A4t S7h= Houhg-9] AAA = 288
4 okal 3lFHTtHAdams 5 1997).

4) ClY=2| MAMR|Qt Limt ZHH0l| 2|5 TNF-a AAtet

MSCsel U2 ZEAIZ] 2] TNF-a AJ4kgo] 2t
][5t Fof8lA] EHom(P<0.05), TPl ZE A X7 iIMSCs
o vlgte] UtS A FHDHMML)O A TNF-a F4to]
o8l =UTHP<0.01)(Fig. 4). HAAIZ ] Y=t ZHEH]
£ +o|¥ TNF-a A4to] F7hstgitt= B7F A ithKang
5 2010). w2kA TNF-a AR Ut 2ol oJshe] dAyst
Aoz welth

APA-FolA HAze o HMA2 7t HFA IL-6 FH7
£ A9 o=g AgAet YeF Bagh v §lem(Park RS
2014), o] AHL Foto] IL-6 G PYite Hegow
AAISHL S wETh dAAEZe U FAAIZIH 2
=4 Ato|EFLQIQl IL-1B, TNF-q, IL-69} PGE,7} Z71ES
ZH oA AR o] A 9hKang 5 2010; Kang & Chae 2011; Mattos
= 2009), V-2 213 MSCs7} AJAkete 924 Alo]E
7}l IL-1B, TNF-q, IL-62} PGE, A§4to] djsfiA= &2l Bt
UATE MSCs= o8] AZ2 HE 5= = 7429 E4

A

160 4

120

TNF-a (pg/ml)
1

40 A

Fig 4. Effect of DMFree on TNF-a production of MSCs.
M. leprae infected groups showed more higher level of
TNF-a, but not significant. A means 1 day treatment of
DMFree. * means P<0.05, ~ for P<0.01.
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2 HANZAE Uste AL, A =7 A=
W54 Ao £71el 53} PGES ARSI,

o|feof] A%t Aol E7}Q1Q1 IL-18, TNF-q, IL-69} PGE,
ZollA] o= o] 77 248 Al WY wEs »
A= ZPANL A STEH ASAIEZ HA] IL-18, TNF-q,
IL-6 5 AES5A Aol E7FQIS A4tttk de|A Qi o]
o] AZANEZE IL-18E A=3Hd IL-6, IL-8, TNF-a 59| ex-
pression©] Z7}5}F1, EGCG(10~100 pM) | X]7} 0] &-2] expre-
ssionS A3tk 9FE 5 th(Akhtar & Haqggi 2011). w2
A IL-187F 8 98 ok Y-S FEE 4 ok 2 A%
M= o] 5 & TNF-a Are] Za7t Id ol ©l
=°] ZA" EGCGE 10~100 uMo|gh= B2 &= AMESHA
A9k, o] AL =mAFEEQ HAZ 7t 1 ng/mLo| 47
0], o]F EGCG ¥ HE afoloA o|53t thE 23
Hloka Azhgich E3F 20 ASA|Z A EWEE
AZANZE IL-1BZ A3} IL-6 expression®] 7171 A
31, green tea extract= ©]& AR AW, PGE, AR 74
A71A = Zalgtt 51 tHComblain 5 2015).

2. ClA=2|ofl 2Ist IL-62] AN &l

ELISA ¥ 0 2 MSCs7} QARSI IL-69] kS ZA3519
a1, o] o] IL-6 Tl FA9 Akt AT IL-60]1,
tlzelzt o] e o] WS AR et qRE g2d
2agoz ety chFig 5). 9% MSCsHt} T za]s
HA X g w(Fig. 5, lane 2), Ut 7 MSCsEt}h ]
AR X Ut 7+ MSCs(lane 4)0l| 4] IL-6 Tl A dhgo] 23
aFol IS & 4 USiTh ol2H YJ=rt L6 K3t
HEE F2AT)L, o) IL-6 GHEY] AR AZE, F
FTHOR -6 BAFo AAZ UephdS gttt

3. IL-6 ASTEH F STAT3 CHUE ofF| &0l
EGCG7} IL-6 3L 7H4A17] 3L, soluble gpl30 AMS:
THIAA L6 A 23EE ARt Zart Ig7] diie]

iMSC
CONT B ML

D+ML
IL-6

Fig. 5. DMFree pre-treatment (D, D+ML) inhibited expre-
ssion of IL-6 (21 kDa) in lane 2 and 4 than those of
gamma interferon and LPS induced CONT, and M. leprae
infected (ML) group. (-actin (42 kDa) is control.

Haze| 116 A4+ oA 699

iMSC

CONT B ML

D+ML
Stat3a

Statap

B-actin

Fig 6. DMFree (D) pre-treatment groups (D, D+ML)
inhibited expression of IL-6 transcriptional factor (STAT3)
for nuclear trans-location than those of untreated CONT,
and ML group. Heterodimer of STAT3 are STAT3a (91
kDa) and STAT38 (86 kDa). B-actin (42 kDa) is control.

(Ahmed 5 2008), o]Xt} & offf F=of Jlom, M}t A
sto] o8 74A] FAAE BASAI7]= STAT3 HdS #hzt
sttt Az a] AR = IL-6 YAHS AAsHE T, IL-6 Al
IAG AZ F AE Yo 9= STAT3Y] dimer¢l STAT3a
(91 kDa)@} STAT3B(86 kDa)2] H&S 21 E=93 2o,
geza] A X ZolA =gl v]gte] band7b 4k
U= WESHATHFig. 6). ©] 2= A7HH HEE T2
oA} EGCG7} STAT3E AT 2N A4S S HH=
Aot dA8taL rk(Yang 5 2014). STAT3 9| 9A|= b
gt fAA 249 A= dZ9) BA Jutg A BEE 5
o] dF ARAZ AR BGFHAralia continetalis)©] B
o] A Q-2 pimaradienoic acid GA] IL-62 G- E 3+ STAT3 &4
< ARGt E1E JUTtHOh 5 2014).

e o HE

ool ATE B3] BAFEEQ A=l (DMfiec”)
2 HAA X5 resting AE| 2] MSCs= ¥ W37 QIx|9E U
2448 MSCs] IL6 347} Walo] Rk Fage BT
3 ok ATk 34 2 ek AR 16 ke e
2 AWEEA Yo, ddze] AAA] 7|7ke] 1, 78 o
2 Wslrh QA AFotlch obg el U B MSCs %
oI B 23} LPSE Z}=38F MSCs7} AJAFsH= IL-13, TNF-q,
PGE 9] tigt tjqlz2] 9] A a7}t ¢l=A] ELISA Wi o
2 Zstsich gmalo] &g IL-6 A4re] Zat AFH
A F ol BEE F3t o AARIA | FgS FE=A
7] 9)5Fe] STAT3 heterodimer TH9] 2 9] H3lE gAH &
280z Ilstqrt

ize] AHA G MSCst 22T} v R w9 b
2 IL-6 g Aabstgich Z28u vt ZHE(1:25) MSCset
T MSCs= 25F £ 49 IL-65 A, td=e A
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AAZAAE U Zgol Hol= L6 Aato] HelsHA &
AE9t & L IL6 A4S dAstEon, 197
5 79 Afelol §9I% Aol7} STk L 49 MSCs:
U 7 SHAAIES] 599 o] IL-1B, TNF-a, PGE; 52
Barel F7bstednh. TEv Hlze) AHAE ol5e] YA
2 oJAISHA Eakck Tlme] AX A5 L6 Asto] T
& Po0 BN Slstgon, 1AL STAT
heterodimer 4] Tze] AHAE Fasgch 2 4GS
B3to] tidzelo] QU Szl 40 7% 2 IL6 A4
Ag Bstgon, dzeld A45d £3E ¢ A4
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