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Resveratrol Suppresses CD4" T Cell Activation and Differentiation in vitro
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*Division of Biotechnology, Chonbuk National University, Iksan 570-752, Korea
Advanced Institute of Environmental and Bioscience, Chonbuk National University, Iksan 570-752, Korea

Abstract - Resveratrol is a naturally occurring stilbene which is safe and well-described compound with a potent
anti-inflammatory activity. Recent studies suggested that resveratrol suppressed various inflammation mediated diseases
such as asthma, chronic colitis, theumatoid arthritis, and type 1 diabetes. These studies indicated that resveratrol might
directly modulate CD4" helper T cells (Th cells)-mediated immune responses. However, it is not fully elucidated whether
resveratrol directly regulates CD4" Th cell activation and differentiation. In the present study, CD4" Th cells were purified
from C57BL/6 and treated with various concentrations of resveratrol. We found that resveratrol directly suppressed CD4"
Th cells activation, leading to a defect in T cell proliferation. When CD4" Th cells were treated with resveratrol, cytokine
production was also significantly reduced in a dose dependent manner. In accordance with these results, resveratrol even
inhibited CD4" Th cells differentiation into Th1, Th2 or Th17, which produces IFN-v, IL-4 or IL-17 respectively. We also
found that resveratrol could induce apoptosis of CD4" T cells at a high concentration. Our data demonstrated that resveratrol
inhibited directly CD4" Th cells activation and differentiation. It suggests that resveratrol could be an efficient therapeutic
strategy for autoimmune diseases in which CD4" Th cells play a critical role.
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A
/g Aol A 9] HFHS& AL SFAIA AHA
AukgolA FAQ AL Srh(Ariel et al, 2012),
Resveratrol ©] THAIAEE 2HJ3to] oJgt Hedt HEHhe-S
2] ASHAGAAE AR o 2H] S ITh= Asol W
HE|QtHTsai et al, 1999; Zhong et al, 1999; Leiro et al ,
2004; Qureshi et al, 2012). & =Fof|x] Walker et al. (2014)
L resveratrol ¥WF o2} resveratrol GIARIEE A &
&) lipopolysaccharide (LES)9] SJ3t A2 28-S o410l
IL-692} TNF-aAA4S 7HAAZItt B stk Walker et
al, 2014), A4 WojulSof| Tholal= CDA+ helper T cell
(Th cells)2 THJRE F-70] Afo|E7QlE ZHsto] the WY
TS S, 4, B3HE 2ATO=A P Sol wel
W90l F4149] ARE 2Rk, J2fRH Th cellse] 2ol
ol Tl Fer it ohje ot by, o
g =7 (allergy), A7FA S-S 5-0] 210] HTh(Hirahara et
al., 2013). Resveratrolo] 4] WA A% Fule|Add
49, A T 5o A7heldalolA CD4° Th cells®)
2E AR =wEo] B HUTHLee ef al, 2009;
Youn et al., 2009; Abdallah and Ismael 2011, Aich et al.,
9012; Xuzhu et al., 2012; Chen et al., 2014), o]2J3t A=
£ resveratrol©] CD4" Th cells Tj7} WHR2-S 2A3} 2= g
o AR, weba] 2 Aol A= resveratrol©] 2144 08
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ZXA A AW 25 £ 1°C, ASE 40 + 5%, YUZFA 12
b/day7} $AEHe AR SEANY TRARY B A5
AT 4 Y= AL HAT, RE APFES FEREY 13
= 9 Andel 52 AE 42998 7400 vet Belsial
THCBU 2013—-0043),
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Resveratrol %] &]
Resveratrol (Sigma, St. Louis, MO, USA)-2 dimethyl sulfoxid

(DMSO, Sigma)©]l 0] 2|F 5= 1 M2 A|23}0] —20°Cof|A]
H@stglon], RPMI HIA| = 3]4{sto] Ao A2]atitt,

CD4" Th cells ZH]

upool YT} vl AT B AESEE
Dynabeads FlowComp mouse CD4" T cell isolation kit (Invitrogen,
Carlsbad, CA, USA)E 0]-85}0] CD4" Th cell& E&]5}9t},
s YL 5 < 10" 7HE 25 1l 2] mouse CD4 antibody @} 105
ZHURS A1) 75 2] DynadeadS} 1557 HS AIZIEE, A4S
0]-8-5}o] Dynabead®t AtolA] ob CD4™ A|ZE A| AT
release buffers 0]-8-5}0] CD4" T A|Zof| 2-21% Dynabead S
AABI}. DA™ T A|3E 4% (purity) = ©F 90-95%= G4 EHA
7](Accuri, BD Biosciences, San Jose, CA, USA) &2 =45}5t},

CD4" Th cells 34 &4

CD4" Th cells®] Z4]& 2A43}7] 9J5}¢] [*H] thymidine
incorporation testS A5} 96 well plated]] A|ZE 5 X
10° cells/well 2 Wo]Z=11 phorbol 12-myristate 13—acetate
(PMA, 20 ng/ml; Sigma, St Louis, MO, USA)3} ionomycin
(ION, 500 ng/ml, Sigma)©.= 7247 A=3814Ic), vief E&
6417k ol 7t wellef] 4 uCio} ['H] thymidine g o]59ic},
Cell harvester® A|EZE M 3% incorporation ¥ [°H]
thymidineS scintillation counter (Beckman Instruments,
Inc., Fullerton, CA, USA) &2 2431t} CD4" Th cells®] &
A& o2} o] HMH O & anti—CD3 antibody (eBioscience, San
Diego, CA, USA)¢} anti—CD28 antibody (eBiosicence)< ©|-&
3l ¢35} 3 [°H] thymidine incorporation test2 4348}t
TEFHCDA" Th cells 2] BL- ZA517] 9J6}0] Carboxyfluorescein
Diacetate Succinimidyl Easter (CFSE, eBiosicence) 3|41% o]
oJ5f) B-A15}9IT}, CD4" Th cellsS CFSER A2 3]A} W o] wh
2} HAE] It 96 well plateo]] anti—CD3 antibody S 1 1g/ml
=T 2 Dulbecco's phosphate buffered saline (DPBS) o] 3|4
3lo] 16A17F B¢t g3 T CFSER GA% CD4" Th cellsS
5 10° cells/well 2 @0]3= 11 anti—CD28 antibody 2 3 (g/ml
SR 7k T2A1E FE i gEEATHET°C, 5% COy). Wik

M| FA12 4132 24171 (BD Biosciences) = S =91t

HMI3Z Y Alo] €719 (intracellular cytokine) 74
CD4" Th cells& anti—CD3 antibody 2} anti—CD28 antibody
7} Q1= 48-well plateo] 1 10° cells/well FE= 48417+ Eot
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Wjopslan, A1 ] Afo]E7el 2 9jstel el 24 o))
A7} Z5FE cell stimulation cocktail (eBioscience)2 4A]7F
Zot A8}t 1 & A|EE 4% paraformaldehyde solution
6 & A3}l 1Xpermeabilization solution (eBioscience)<
A5k th Fluorochromeo] AgtE Ao E71Q] Eo]& Q] gt
A2 AEE FAUSE 5, S-A|ZEA 7] (Accuri, BD Biosciences)

2 A

Enzyme—linked immunosorbent assay (ELISA)

Al oz FH]E Al E71Q1 S78E fI5to] Alazuferalo]
A9] IL-2, IL—4, IL-17, IFN—Y (eBioscience)S ELISA
& olgsiol 2HelE), AolE7lelo] Bolo Anelt
capture antibodyZ coating@t 96 well plate©] assay diluent
2 018310 blockingdIt}, ARl ALRE Hele T AL
oA 2A|7F HES-A|ZIT), A B2E A A Bl well plateS washing
buffer (0,05% Tween20 in PBS)Z A|A3}Et} Detection
antibody S A 2]3t & 2o Al A7 REGAIZ] - AlA_ic),
Peroxidase”} 235 avidin®] detection antibody?} Z23}sk
4= QA 307 7ol A RESAIZITE AlA F peroxidase?)]
71289191 TMB substrateS ¥ o] =4 HH-3-& 43}
05 1N9] GHEEOS o} 8310l M-S BAINZT, WGl

o vo 1&3 “o&a o

9] &3 = microplate reader (Polarstar Optima plate reader,
BMG Labtech, Melbourne, Austria)<- ©|-8-8}0] 450 nmoj|A] =
7 5 Aol 7141 SES kit U] HEFR) HATNE 7]
Zoz A

Annexin V g40]| 2J& M| ZALE "1:-“"3

CD4" Th cellso]| resveratrol 2 #|2]5} 24
£ 3]4510] 500 X gofl A 527t A28 ‘3} FTHE
2] 31 A= Annexin V apoptosis detection kit (eBioscience)
£ Ahg-sto] Al z3)Ake] B ol whe} apoptosisE S48 3ITh
Resveratrol©] 2|8 HZZ 1 X binding buffere] 1 X 10°
cells/ml & ZH]3F 2 fluorochrome—conjugated Annexin Vo}
157F Aol A ¥kg-A1 71tk Binding bufferE: 0]-8-5kof A4
S} 2 Propidium Iodide Staining Solution<- #|2]}o] A5k
U ATRAIE o} gsto] BT

‘YL

|

l),]l F-}l
o
=

[o
=z i

FARA
2 A3 0] A= mean £ SEMO.Z VERYIL, 2} 774
A #7943 Graphpad Prism 57 Z=Z13(Graphpad

Resveratrol®] CD4" T NZ 2Aa} B3} oA fat
Software, Inc,, La Jolla, CA, USA)E o]-&3fo] EALEA]
(one—way ANOVA)2 315101, AR A4S ¢)3]l Duncan test
£ AAIEHCE P.05 HflollA FoAE 1ALt

2 o

Resveratrolo]] 23+ CD4" T cells 4] A
A7 0] BlAkol A Be]dk CD4’ T cellsol] PMA/IONS.2 A4+

BPHA] SA9]| resveratrol TS E & A @]sh & A EZ
212 thymidine incorporation assay = =435} cHFig, 1A).
ResveratrolS 3,125 iM% %2 2] 2]3F 49-CD4" T cell 2] Z4]
o] 27513 01} resveratrol 9] =7t 27135k wkel D4 T
cell®] F-4]o] o)A 0.2 Zhaghs SIS 4= ql3l o ol2gh
A A= CD4" T cells& CD39}F CD280] Th3t S| = A=A
71 790l GALSHA WP th(Fig, 1B), CFSER HA]8HCD4"
T cellof 12,5 UM resveratrol-& fﬂa]t}} A& o]l 4] dA|cD3t
CD280]| 2Jal] =l SRt A2
& Aele 2 5 OfEdio 2 ogS SRIsisie), 54,

7P 38 591 50 UMl A= AR o] 93] ApekE i,
ol=gt 7:’4——3 resveratrolO] CD4" T cells®] A 3}e} 4]
AT 2 AT,

A(cell division)©| resveratrol

DREE

Resveratrolo]] 9]t CD4™ T cells A}o]E7}Ql Al 1A
CDA4" T cellso] L3 3he|H thofeh £70] Alo] E711S A
AT} 1 Fo A IL-2= CD4" T cells®] AAFQIA}Z= A CD4"

T cells®] 418 51T} Fig 24004 Hi= 1@} Z40], resveratrol

2.CD4" T cells®] A4S} Q3] YA E= IL-28 H & o2
o o g Azt ol 0] AEEA ofq el
4% AuE Zlor AAZ, Az Heukgol Fagt

91@"% 3} IFN—V—J XA E3F resveratrol 2 2]of] 2] 8-
o, 12,5 MO ol A 2jeA] g o]l H]
3fl 40% 01 }i WA HEE 0 (Fig. 2B). G| 27]9F 22 3}
T/ YRRl Tofshz IL-49} thgRt A7 gkl A

93 982 3= IL-17 E3} resveratrol 48] =7} 57}
Shof| mheh A d o] oA =] ITHFig, 2C & 2D). Resveratrol 2] -5
T512,5 uMo A} A28l w] Al E7FRI(IL-2, IL—4, IL-17,
IFN—y) AJAJo] o)z o= A E It o] 24 resveratrol O]
CD4" T cells®] 310} 2418 A5} Afo| EFF1 AAI77}
A Apekghe: ghelstoirt,

=
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Fig. 1. Resveratrol suppresses CD4" T cell proliferation. CD4" T cells were treated with resveratrol (RES) at indicated concentrations
and simultaneously stimulated with PMA/ION (A) or anti-CD3/CD28 antibodies (B) for 3 days. Proliferation was assessed by
pulsing the cell culture with [3H] thymidine for the last 6 h. The data are expressed as the mean + SEM. CFSE labeling assay. (C)
CD4" T cells were labeled with CFSE and treated with different concentrations of RES in the presence of anti-CD3/CD28 antibodies.
After 3 days, CFSE dilution was evaluated by flow cytometry. Representative histograms are shown. *P < (.05 and ***P < 0.001.
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Fig. 2. Resveratrol suppresses cytokine production by CD4" T cell. CD4" T cells were treated with RES at indicated concentrations
and simultaneously stimulated with anti-CD3/CD28 antibodies for 2 days. The production of cytokine in the supernatant of cell
cultures were measured by ELISA. The data are representative of at least three independent experiments with similar results and are
expressed as the mean = SEM . *P <0.05, **P < 0.01, ***P <0.001.
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Resveratrol®] CD4" T M= &A1} 83} o7 aat

A
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A w0 10
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o } i | -
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S0 Taor Si i K
) 8
e e " ; il L 0.18%
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Fig. 3. Resveratrol suppresses CD4" T cell differentiation. CD4" T cells were treated with RES at indicated concentrations and
simultaneously stimulated with anti-CD3/CD28 antibodies for 3 days. CD4" T cell differentiation in to Th1, Th2 and Th17 were
assessed by ICS using IFN-y, ILA4, and IL-17, respectively. Percentages of each cell population was evaluated by flow cytometry.
The data are representative of at least three independent experiments with similar results.
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Fig. 4. Resveratrol induces CD4™ T cell apoptosis at a high concentration. CD4" T cells were treated with RES at indicated
concentrations and simultaneously stimulated with anti-CD3/CD28 antibodies for 3 days. Apoptosis were assessed by staining cells
with Annexin V-PE and analyzed by flow cytometry. The data are representative of at least three independent experiments with
similar results.
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Resveratrolo]] ©J§+ CD4" T cell £3} A

oFo] Ao A resveratrolo] CDA'™ T cello] ©JSHFN-v,
IL—4, IL-179) AAS AAAsto| AL Q=1 0] resveratrol
o] CD4" T cells®] B3I 243t 4= 98-S AALSITE o]t
PRE S11E7] e AT Aol =719l GAE Bl Thi
(IFN—y), Th2 (IL-4), Thi7 (IL-17)2] ]88 =A43}19cKFig, 3).
Resveratrol:& A 2|312] ¢9kS 7 13.69%2] A|2E7} Th1©.

2 H3l519] 01} resveratrol @] &7} 12, 5uM} 50 uME 27}
o) whe} Th10 2 9] 2317} 22} 5 52%2} 0,18% %2 H23] 7+
a6kGih, ol2f]h A4S Th2ot Th17.0.2.0f ool A% A
ShA BREIolTh B3], 71 e 22 50 Mo ThaA]
E8 0] B3} 1.52%04] 0,18%, Th170.8 0] Bk 0 8190
A 0,28%= AA|E T}, 2, resveratrolo] CD4' T cells2] 24
SHmn} ofU g} Thi, Th2, Thi7. 0.2 0] 23} E35} 787 oA
St Zlow BuE,

Resveratrol®]] 2J3F CD4" T cells®] M| ZAPE §%&
n}2|ek0 & resveratrolo]] 2J3FCD4" T cell 9] A3} W B35}
047*1]7 F AIZAFE (apoptosis)©f] 218t AQ1A) S annexin V GAH}
-2 0|83 H7I519ick Fig, 404 K= B}e} 70| resveratrol-S
3,125 UM} 12,5 pM B2 3271 A 2]3t-S w CD4' T cell©)
apoptosis&©] 3,45%0) 4] 4.68%2} 7.55%= F7Fe] Z715A)|
£ Helon Ao ARE 7HE w2 E=Q 50 uMellA=
57.64%2) A7} apoptosisol] SJ3l AFEEHE 20 2 Urehrh
o= CD4+ T cellso]] Y8t resveratrol 2] AA|E3F7} 50 uM 2}
P& & Fo A= apoptosisfol 23 AU 4= Qlth= 7}

548 AN,

o H
1992 0] A= F0] ARH S 75| resveratrolo]] 2]t
Zolefal W3t o] 9 =ik AE9] resveratrol©o] TFSH
23S of i3k 4 Q18- A A|5FTHSvajger and Jeras, 2012;
Marchal et al,, 2013). HA| Ao gt a7t2 AR =RE2
resveratrol©] T cell, B cell¥} macrophages2] 3= oA
shcha Waslgle} 3FA|E, resveratrolo]] ©J3F CDA' T cell 2+
/\éﬁ‘ jai ‘ﬂ§]. 1}4_2 xl— 01—347;] %l\x] ol—oh;} Svajger and Jeras,
2012), B Ao A= resveratrol©] CD4™ T cells?] EA3HE
Ak #at o2} Thi, Th2, Th172.& 2] E3He xptshe vf
Sek. b olefit ojAlile] o] resveratrold] O3t

apoptosis =7} YU AASIHAT, &l Zou et al >
resveratrol©] Sirt19] W1} FAS 277028 CD4T T
cells@A3IE AAIgtctal B st Zou et al., 2013). 3}A]
W} Sirt19] resveratrol 2] 214491 F2AQ1 2] &= o}A] =gto] of
A7} QJtHTennen et al., 2012), TSt Zou et al. 2 resveratrol
o] 1A 0 & CDA' T cells®] £3} T apoptosis®]] o]w3 &
e Al FlskA] stk

B L A7} resveratrolo] CDA' T cell 2] B30} B2
ARIFHE & 4= AT}, CDA™ T cell2 TRyt AP E71¢ ’%v‘i‘
HIgro 2 A A of thet Heuksol A A’ 752 4%t
t}, CD4" T cell®] B] A4 J it otk Fupel *é o
A, A, Al e, ALY T Sk 22 A
AABE QuFS K Jang ef al., 1997; Hall ef al., 2009). TebA]
CD4™ T cellof] ©Jgt v 444212] T Ihe gt Houhg-2: A5}
A8 vl 7o ke el AL X skt Tk
ol Hgko & Hrlw 1 ME]- (Hall et al,, 2009). CD4" T cells-
A Thl, Th2, Thil7, regulatory T cells (Treg)2] subclass®
L th(Peck and Mellins, 2010), Th1-2 [FN-yE F& A5}
of Al2Z/4d H e (cellular immunity)-£ -5 AlZU L] o
oF Woj2k8-2 St Mosmann et al, 1986). Th2x IL—4,
IL-5, TL-132 A /dé}oq FANALE 2 AL A A HY
ol Al2e] Ao thet Hoj2kgo]
293} o5k TFH:} Mosmann et al., 1986). Th17= A4 A
O|E7FRIN TL-17- AY/JStaL B dAlof] thgt M efuks- it o
Yz} A7Pa 923K autoimmune diseases) /\goﬂ Tojsict
(Crome et al., 2010), Treg-2 Th1¥} Th29] &
A& AAISHAL B cell o] A 4= OW]@}“% A4
(NK cell) ] A5 412 A3k 5] el
L(immune tolerance)o] 93+ AL sl Q)
(Sakaguchi 2005; Akbar et al., 2007). YJof|A] A&3t vle} 7+
o) T AL H7RIH0 R Welkg-S 2 sr] F41He)
S RRith, 297 fiizoll T A2 2, S, wdke
TAQ) S e 285 flsto] HUsHA 2dE ofof gitt,
E3}CDA" Th cells®] H-2 431 A 5}o} Bl o2 7], o]
A Z A AXE-S(transplant rejection), AF7FHSA2S T} 2o
Z]r 9] Guto] oS HRomagnani, 1994; Asano et al., 1996;
Epstein et al., 1998; Wu et al., 2005). ©]&3} o]-9-2 CD4"
Th cells2 AW 9] 2] 20f| QlojA] 2L F2lo] E 2= Q& A o]
o}, webi] 2 AFATE YR resveratrol©] $HA] ARk T
et A9 o = AR BE7bs T A oR Al

O

F

-

o)

Oy

I

ol

(humoral immunity)
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CD4" Th cells 4210} Hah= ofg] Aladg7le) 24dst
off ot A WS Fo 2HH, 53], NF—«B, AP-1,
NFATS= CDA” Th cells Sglof) W29l AR AA L2 2 &
HA Qlr}, o] AFE-S NF«B2} AP-1413 7 27} resveratrol
o oJaf} AA|E-S RT3t} Ren et al, (2013)2 resveratrol
0] NF-kB9] subunit?] p652] ] o] %2 2}A|5}aL IkappaB
kinaseZHd& Atsto] NF-«kBAI 24 =5 oAea S8
THRen et al., 2013). T3} resveratrolof| 2]t NF-kB2} AP-1
A& A7} o] B4 FAF DA FAYY 2 %
27134 YS AR THKundu and Surh, 2004; Ren et al,,
2013). wahA], resveratrol®] 213+ CDA" Th cells SIS} B
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