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LA 2

ZolE] A3 (rtheumatoid arthritis, RA)2 @Al wtAd dFA Zslko
2, 34 gt AEHHQ AF wrgor Qg wel A= gyt 544
olt}. & L/‘ﬂ_‘xj_(flblroblast like synoviocytes, FLS)&= ¥4 Wv FZxof X
gE= AX FHORE, FulEaadd dHo] Fash 93& st} f{ulE
20dd etz e AE ez g 9ds 9d53)s

necrosis  factor(TNF)-a, interleukin(IL)-6 %9 <934 A&7,
chemokine (C-C motif) ligand(CCL)-2, CCL-7 ¢ AEII % 7AF
Z ol B3 § A (matrix metalloproteinase, MMP)S A4 gkth(1). o] & <13]
dul S-S 19 B AAA o E WY Eo YA Ee xdY o] v 4
oz wyla HAZHoR FAIHER). oYt =
(apoptosis) WAl 712134 (3), &4 AF(reactive oxygen species, ROS)
o] =3 AA = 27FE A (autophagy) HE 1Al EFSHA A
o H(4)5). Al oJatd FulE2ud e Sxes 2N LTol S

Ko BEY C, HEY E 5 AW FASA| FEo] A QLo
Lbsl ~E g ~(oxidative stress) B d S 2 SFTHE). Ats ~EH A B4
g A5 S7F DNA =AWo], vkst AEF}el AA,  nuclear
factor(NF)-kB &/43t5 fridsto] AlZALZRYH HEst7] 93] Alxe] &
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2.1. 2 A

ol A= AWuTy i 8 ﬂ?%ﬂl 4] ¢] 9] ¢ 3] (Institutional
Review Board number: 2020-01-055) <¢1& ¥ | Al A et
Haddd @abxz2 1987 "o FuhE] 2281 3] (American  College  of
Rheumatology)dll A1 #| A sk X 7]& = i)

Ales 3 22 AAW22). Frie=a4dd J7HE 98 4273145
% (erythrocyte sedimentation rate, ESR), C-%FgA w9 (C-reactive
protein, CRP), 7tE]2=<AA(theumatoid factor, RF), CCP3A]
(anti-cyclic citrullinated peptide antibody, anti-CCP Ab) F*& ZA}sIA

rlo
G
2

_

o
HN

T S AS Axe Fdstr] f& Ae AAst 2A #
% type II collagenase(Gibco, Waltham, MA, USA) 05 mg/mL7} *
&84 Dulbecco’s minimum Eagle's medium(DMEM) ®j#]ol] 37 C =4
ol A 2A1F FF vtk AlE AEANE A=T] fja dt =] of 3

i
i

N

< 3000 rpmo2 5% o YA ¥ Y. H A =S phosphate-buffered
saline(PBS)ol A1 % 3000 rpmo. & 58 %<¢F dA R s, o HAHS

oo HESEe HAHAESE 5% CO, 37 T ZHoA 1%
penicillin—streptomycinlﬂr 10% fetal bovine serum(FBS)< % 7}3t DMEM
o7 wjgEATH1,23). AHg¥ DMEM3¥ FBS+= welgene(Gyeongsan-—si,
Korea), penicilline hyclone(Logan, UT, USA) #A|#& AF&3t3th. &4
= "HETS QAAE o dS Jetr] flal 4-73] AW sdd A AHE



SFHATH24).

2.3. A2k

IEANFEES Y A 2k (Seoul,  Korea)ol A AF Wk
Benzyloxycarbonyl-Val-Ala-Asp(OMe)—-fluoromethylketone(z-VAD-fmk)
2 R&D Systems(Minneapolis, MN, USA)olA G35t AFE3sHA
3-methyladenine(3MA), chloroquine diphosphate salt s0id(CQ),
N-acetyl-cysteine(NAC), 2', 7 -dichlorofluorescein diacetate(DCFH-DA),
propidium iodide(PI)+= Sigma-Aldrich(St. Louis, MO, USA)o| A % &}<]
Abg-ath. Al g8 $k5 A (lysis buffer)< Thermo Fisher(Waltham, MA,
USA), 9 AR &) § A oA A (protease inhibitor) 2} AR &4 oA
A (phosphatase  inhibitor)=  Roche Diagnostics = GmbH(Mannheim,
Germany)ol 4 -9} ato] AkE-3813A

AxgA Bractin(l @ 5,000), p62/SQSTMI(1 : 8,000 A=
Sigma-Aldrich(St. Louis, MO, USA), LC3(1 : 20000 &A= MB
International Corporation(Woburn, MA, USA), pro-caspase 3(1 : 2,000)
gal &= Santa Cruz Biotechnology(Dallas, TX, USA), PARP(1 : 1,000) %

=

cleaved-caspase 3(1 : 1,000) &A= Cell Signaling Technology(Beverly,
MA, USA)olA Fste] AE3t). oA Peroxidase AffiniPure
Donkey Mouse IgGH+L)(1 : 5,000), Peroxidase-conjugated AffiniPure
Donkey Rabbit IgG(H+L)(1 ; 2,000) A = Jackson
Immunoresearch(Baltimore, MD, USA)o| A *+3te] AFE-31A

24. A AE & A

AEES Brs] A8l FrtEaad g G9A 6 well HjFF Al 2
x 10° cells/mL=Z H#HA7 $ ¥=AFZES Asd. 353 A2



0.2%9] trypan blue® 923 3 &7 (hemocytometer)S ©|&3fo] A
A g2 Mo & A

@2 33 ol ¥ Adste] BI G} EFAAE FH3H9

FrlE 234 d GHAEXE 60 mm ME wEHAA 4 x 10° cells/mLE
7 EXNFZEZT NACS AHPste] 5% CO,, 37 T A 16

AIZE E)b vkl Al E gESte] DCFH-DA 30 pMe 218 %

= ‘}E‘rﬂoﬂ 5% CO,, 37 TellA 307F ¥HEA AT §H&AIZ1 A& PBS

2 AFg & 3000 rpml = 3 &<t dAEE st FEHS AAGA

MxEE PBSA H7FA1Z1 & BD FACSCanto II A% 4 7](Becton

Dickinson, Franklin Lakes, NJ, USA)E o] &35lo] A LT 4 WH3lE

245,

FutE =3 G Eo] RN FEE9 z-VAD-fmkE A 2/3 % 16
AlZE F9E 5% CO,, 37 C ZANA vkt g AEXEs &Hshe]
70% 2H7FE- ol jbE = 4 TollA 24412 183ttt 24 ¥ MEE PBSE
AlF s $ 3000 pmoZ 3% FoF AR A5 AE AASAT. Al
Fo] PI&N(25 mg/mL PI, 5 mg/mL RNase A, 0.1% NP40, 0.1%
trisodium citrate)2 A st 2S Adste] 4 TolA] 207 ¥H-&A AT

H&A1Z1 A3z BD FACSCanto II A1 #2471& o] &3t MEF7]E
245,



2.1. Western blot:

Al
AR EAs JAA, AR E =,

¢ RESAIZ F A REE S g FITdEs A7 98 4 T,
12,000 rpmo.2 154 &<k P4 ¢ F R AJS A4S bicinchoninic
acid(BCA, Thermo Fisher Scientific, Rockford, IL, USA) &4 o= thulz
FTEE =AUt 30 pgoeE wwMAES  AH#Ee]  sodium  dodecyl
sulfate—polyacrylamide gel electrophoresis(SDS-PAGE)Z 7|9 &3 &
Ao A nitrocellulose membrane(Amersham, Chicago, IL, USA)S 2 thul
AS ol A A, 5% skim milk7} F7FE TBS-T & H(20 mM Tris, 137
mM NaCl, 0.05% Tween-20)2 AF&-3te] membranes A2 1A]7F o]
blocking ¥, AAFAE 4 CToAlA] WA WES AT o2& A& A2l A
IAZE &<t WESAIZl ¥ Immobilon Western chemiluminescent HRP
substrate(Millipore, Billerica, MA, USA) 4o 7 wkgal#A 3}t ubsg o]
njz] FA Zd](Fusion Solo 6S, Vilber Lourmat, Marne-La-Vallée,

France) = E74 tulzdo] ura S 3hol sty
28 A4m A W EATA A

Zt A Aste] o3k AL Microsoft Office Excel 2013(Microsoft,
Raymond, WA, USA)& Al&3te] Ay ZFAHAE ALkt o)A
S ) Z7o W3k Student’'s t—test®E B oW, pgho]l 0.05 v wd A
S R Ko TR s ) !



L

FE2E9 5% UM e AE AEE0
FZ5 200 ng/mLE 4 - 24A30E R A gste] AxE o)
I 16417 Aol A folshAl ZAsA HH(Figure 1B). X% ’5‘]—%—%% 50 -
200 pg/mL FEE 16417 Agste] Ax AEES FA A%, ¥= St
of wak ME BELO] 17%, 34%, 53%= froletA A tH(Figure
1C). o] A23E= Hol FruiE2wdq A Zd L=MFEE A A

o] %

] J,]_E §]-0]?51— Z’: 010—1];]_‘

AN AR

L
ox,

N

O
0,
)
iih)

AEZ S4

32. XA FEE 93t AxAEA F = &3

EE L oEHo=m 72% 115%, 131% =78t G2/M7] =3t
13.3%, 14.1%, 16.6%= S 7}ttt 19 22 27102 2-VAD-fmkE H



& Agste] FAE B43 dy IERNFEE G5 Ay A S5
sub-G1717} z-VAD-fmk H-& A7 Al 74230t (Figure 2B). ©]o] A
western blotS E8] AlZapdAle] F2 wuwlz el PARP, pro-caspase 3,
cleaved—caspase 3¢ S &8t FrlE|avbde] oAy
A FZE5E 50 - 200 ug/mL #12] A pro-PARP, pro—caspase 3 Tz 13
o] B oJEHo g 7Ad o™ cleaved-caspase 3, cleaved-PARP ghu
A wde fdEEA gtk Z-VAD-fmk 50 M-S ¥4 Ags Ay, x
ERNFEE G5 A Al 242 pro-PARP @A wrdo] z-VAD-fmk
Hg Aol o9& F7ietth USTMG Al Eol TRAIL &3 +& %A

Zao 7 3213 A} cleaved-PARP, cleaved-caspase 3 @z w3 o]

velyon FulelAddd @A Eol A cleaved-form w1 d e o]

l_,

o
=
ful
> o
rJ
i)
2
oy
=)
2
H
-3
_>Cl .

2 Q
\]
~
=
N
2,
N,
o
i
)
T,
A,
2
ke
gi
iz}
>

of A7FEA ALl Fst=A ALY E

FEZ 16A1ZF A 2lste] western blotg S AZFEA AR

LC3, p62 @uld e A=E ATt E=ANFEE 5= St wet

LC3-II el wrado] Frlslgl o p62 wuld whdo] 7+ 39 th(Figure

3A).  oloA  ATFEA JRA FE F Al phosphatidylinositol

3-kinase(PI3K)E ¢ A|3t= 3MA, A7FEA A 9F &aaA et §3E o
H

Aske CQE Aestel #e Anden AT WHE I F A= A¥

TE Agsta LC3-1I 2ds dEed. AZtxAadd 271 @A A4
¢l SMA 500 uM¥# E=XF=& 200 pg/mLE 16417 &QF @5 s &
AL AR A, REAFEE G5 AP Al 52 Ax Faee S Al



o

o] 3MA #E& A= <

H

A2 A7 E

ﬂ_

23} tH(Figure 3B). =}

SR FEE 200 pg/mLE 164

23!

e
o
TH
B
G

o
o
o
5
)

o

o A A7FAE

ZuhA 2

d

BE &

EXFEE 200 ng/mL,

Fel Al

hzFoR AFE3S

A

A

A<

NAC 10 mM<

o H]

P o, NAC Al Al A% A

file)

4

I

)

0
o
o

i=]
4

-
X

EAFEE 100 pg/mL, NAC 10 mMS& 8AI%F A glsto] Al

23!

o

2] Al 538 A& tH(Figure 4B). o] A& Ho} IE

=
=

=
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NAC Et Hojud oz Bt
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Figure 1. GSPE reduces cell viability in RA-FLS. (A) RA-FLS were
treated in various concentrations (0 - 400 pg/mL) for 24 hr.
(B) The cell viability of GSPE-treated (200 ng/mL) RA-FLS
were evaluated at various times (4 - 24 hr). (C) RA-FLS
were treated in various concentrations (0 - 200 pg/mL) for
16 hr. Cell viability was determined with the hemocytometer
using trypan blue staining. Error bars are shown as means =+
standard deviation (SD). * p < 0.05, ** p < 0.01, #*x* p <

0.001, compared with control cells.
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3 Shb-G1 phase: 115% g ub-G1 phase: 13.1% 5] K G2M phase: 154%| o G2 phase: 15.9%
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2 B + 8 m L ’ P4
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2 g 8
- g 8 8
] 8 7 il
- " @ 0w " & % i
Propidium Todide Propidium Iodide
BC P.C.
GSPE (pg/mL) 0 S0 100 200 O 2VADfmk 50 M - s o 4 =
GSPE 200 pgmL. -  + ol <
Pro-caspase 3 s m—_ e e s
Pro-caspase3 s e s m—
Cleaved-caspase 3
Cleaved-caspase 3
— —— — — — pro
PARP W — — - — o
PARP N s PARP PARP
PARP W - cleaved
PARP
-acti -— _acti
P-actin  —— — B-actin ey e — — —

Figure 2. GSPE

in RA-FLS. (A) RA-FLS were
pre—treated with the pan-caspase inhibitor z-VAD-fmk (50 n
M) for 30 min before the addition of GSPE 200 pg/mL for 16
hr.

using trypan blue staining. Error bars are shown as means

induces apoptosis

Cell viability was determined with the hemocytometer
+

standard deviation (SD). #** p < 0.001, compared with control
cells. ## p < 0.01, compared to the GSPE treated cells. (B)
RA-FLS were treated with GSPE 50 200 pg/mL and

-1



pretreated with or without z-VAD-fmk (50 uM) for 30 min
and then incubated with GSPE 200 ug/mL 16 hr. RA-FLS
were stained with PI and measured cell cycle by flow
cytometry. (C) Western blot analysis was performed using
PARP, pro—caspase 3, cleaved-caspase 3 antibodies. [3—actin
was used as a loading control. US87/MG cells treated with

TRAIL were used as a positive control (P.C.).
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GSPE (ug/mL) 0 50 100 200

———

LC3
- —

PO2 o W e

pactin D W W

Control GSPE 200 pg/mL
120
__ 100
S
4 IMAS00 M - - + o+
=]
< . GSPE20pgmL -+ -+
£ &
= 1
z
% —— e — 7
S 40
E B-actin
= -_—e wr .
)
3MA 500 pM GSPE +3MA 0

GSPE 200 pg/mL -

3MA 500 uM

Control GSPE 200 pg/mL

100

cQopM - - +
GSPE 200 pgmL. - + -+

60 I
e e a— I
40
Pactin - P - -
20
0

GSPE 200 pg/mL -

80

Cell viability (% of control)

C€Q 20 pM GSPE + CQ

CQ 20 uM

Figure 3. GSPE induces autophagy in RA-FLS. (A) RA-FLS were
treated in various concentrations (0 - 200 pg/mL) for 16 hr.
Western blot analysis was performed using anti-LC3 and
anti—p62 antibodies. B-actin was used as a loading control.
(B&C) RA-FLS were co-treated with GSPE 200 pg/mL in
the presence or absence of autophagy inhibitor (3MA 500 uM,
CQ 20 uM) for 16 hr. Cell morphology was photographed by
light microscope (x 200). Cell viability was determined with
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the hemocytometer using trypan blue staining. Error bars are
shown as means * standard deviation (SD). * p < 0.05 and
#xx p < 0.001, compared with control cells. # p < 0.05 and
# p < 0.001, compared to the GSPE treated cells. Western
blot analysis was performed using anti-LC3 antibody. B-actin

was used as a loading control.
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Cell viability (% of control )

20

control GSPE 200 pg/mL NAC 10mM

A control
g

Count

GSPE 100 pg/mL NAC 10 mM
b E

FITC

Figure 4. GSPE scavenges reactive oxygen species in RA-FLS. (A)
RA-FLS were treated in GSPE 200 pg/mL and NAC 10 mM
for 16 hr. Cell wviability was determined with the
hemocytometer using trypan blue staining. (B) RA-FLS were
treated in GSPE 100 pg/mL, NAC 10 mM for 8 hr. The
intracellular ROS level was analyzed by flow cytometry using
the DCHF-DA 30 puM.

_15_



3}
=
™
=
o

A

k)

3} A]
=

o A

NF-xB2]

1
= oo &EA ). ol g

9
yul

AE Aol
Fol A

|

-

°

x
o
el

n Al $-7, phosphatase

o=

& 7| (death receptor)2]

7HAH (2), A

SEIRE

-
X

A7}

3

o

\

-

R

3

A Ak

-
X

Al
Al

ot

)

g Bol AEAEALS] 7ol

ATH3).
qAL FHTH5).

F71 % SHTH26).

J o]

g

5}
1
S

and tensin homolog(PTEN)]
<t

o] e

Al

ks

W
i)

)
T

ol A% Adsel AXA

=

=

72 caspase 3

|
-

]

(e}

=3
)
~

<
Jail

%

B
—_

ol

—

B
—_

LR
oS

Fol A Al

°

Ea

|

shol A ol 71de] FE A

S

] A E

o

AL Aol A3loTRE ME HE F

Ao ol s)
o A toll-like receptor(TLR)4 AZHEH =

o~

=
=

-

R

B

ATH3D).

Al

S

-
X

tH(29).
g_]l,

717 & = (28),
1

=

3}

A%
2

7}

]

=

°

1=l

2

Z-8
o7 oA
5

=
=

q o
=

s

AR RR=S
=

s Azl Al

s

A 2.(30), AFsh 2E e 2o v 7|

-
R

ral
Nl
o

o

=

3}

Bz oH20). 13y

-

R

o}

1

0]
yul

A3

o} 2 7
_16_

?.

1

Abell o

-
X

of Al

-
X

=13 /\ﬂ



A E b A

-

R

AEALSE A7LE
94 9rh1232). webA o Ao

-
X

sk,

ol A Al
QE_]‘-
A5

o=

-
X

A Al
]

_1_?__
AL 7]

3

-
X

[e)

oz i djo wm M T T Ma mM NN mﬁ i M NP
G - - - I e
- ~ Et ~ T = =

L HT LT WY w4 LR W
E M M E A~ XK | oo B
BT T T LTy MRyl lH ®
ztADnﬂ 2RI TE mﬁwﬂ%x:_sbﬁ%%
=0 Moo 75 No 3 —~ - T X =l
A R T A S A I
o N AT NSy eE S8 R of 2 gy
W o5 ® o 2l Mﬁ N o pd X N Lo " T or
T = N — T = T O# ok o Njo o} Qﬂﬂ o W — Godl
FONRASNC N SR A NS
= wOE R x T o B
el WG T W Mo o A W . i
‘mﬂvﬂﬁ._nm/k_u\ﬂ X! HT ﬂ_,_Al gm”_] ‘l‘mW.AO\Mu_IEE HE
Byl Tty _TLEETEO R
- A A I
< _ ~ N = ],DrL
SRR T T oo, F oy s 2R
HA_nar.ﬁa%m@%kmﬂﬁﬁwmﬁ%%w%wf,_ﬂﬂ?m_x
~ ®© aX.zEf]F R aﬂﬂ,.l v
e o mEP HE e AR W E R E T oW
Wom o wxT o x < ﬂafomHSﬁr]mﬂﬂ]Ezt
o) ® gr W T Mo g N ] 2 o O
PR E S L LR F R
) _ ZOﬂ. _Z R — jmt =i —_
N Mw <N L By Mmr_ _zﬁ ~ oF W . WM g g R U o=
ESE L AOSICRE S-ul SCRNTIR = S R A Y
W o N g nE BT o 3 = 2
WE | x2 W o ) R R < A G
i oo N o = o oo o X0 1& MoT o< N =
T ,UF 5o o S - ™ ,WL & o B4 o ,Wr,ﬁ Bl mo <0 < I s X
T B g o . dxg®T¥e ¥egwowoa
\lercﬂwl\lo naP JI_ZT ,I%._E.# 1_|1r]_/_A| 0
_/T o _ZTd _—_ N (o a st :i ‘._f Xx_ —_ OE 17 O# ;oT R [m) o R
S N g < TR L .

zr ComoS Wz R vy w
o) T o™ &5 656 ®F H < o H % T 5 o ol ™ Oom
T W ol Z X B B W o M WO OROBe oak omw om W

Al
2

-
X

bol 71

°

I

o] A A =

o %

=
=

LC3-1I
PISK
*]_ 1 ,

-

R

s}

S

R4

Al

(2]
Sa

=

_17_

ok 3MA

°

7}

of AxpH o= LC3-II

(e

Aol ofsf & EH AL STt

LB
4g

=
=
[e]

=
A S

=
—

of 93] 7, CQel 23l

A<

A
-

l



¥ o] UEdTR(34). ©]

&

==
=4

to] AxA oz 1,C3-117}

°

<0
B
<

]

oA A7k

A 3

ol
ol

o
Mo

o)
o

ol
o

[ez]
=2

A Spgel A s

AT AIE YERTTH(E5-37).

FEL 5% A

N
£

23!

Rl

skl

}E‘}

of uhef

0

A

-
X

Aoz A A

3491 resveratrol ©]

F

o3, FrtEaad Y
At

]

RSN

H| %
A 3
g

©
=

Ny
B

A7

H
A

AT7F UATH3Y).

B

sto] AL S oA

o
T=

3

=

superoxide

37
JEE

S

A
NAC

== AFA
dismutase(SOD), catalase, glutathione peroxide%}

=
—

o1, NAC g
A

Ao wolu,

°

-
X

H] &
1A=

A AEE] A

NAC =gl

-
R

# 2
=z O
o

el

o

il

o
el

4 fEstel AZAE ©

-
X

A ALsE 47}

-
X

ol A Al

A Abst 2

oA AE

Al

ol
ol

N

2]
.ir

0

I

%

e

_18_



& A

o]

b R R T =

o

A WA S

B

Al

-
R

No

pro—PARP,

sub-G17], G2/M7]9]

sl o0

3
pan—caspase & A A z-VAD-fmke] #H-E& Az A] A5 A}, o]

pro—caspase

£ ol

o

o

Abst o

A2 Al

AA A1 3MASH CQ

£

)

Ao, A7EA-A RG] Al

23!

o A Al

A3

ol
ol

ol

el
b
=y
el

AEALSE A7LE

_19_



AR

. Bartok B, Firestein GS: Fibroblast like synoviocytes: key effector
cells in rheumatoid arthritis. Immunol Rev 2010; 233: 233-55.

. Bustamante MF, Garcia—Carbonell R, Whisenant KD, Guma M:
Fibroblast-like synoviocyte metabolism in the pathogenesis of

rheumatoid arthritis. Arthritis Res Ther 2017; 19: 110.

. Mapp PI, Grootveld MC, Blake DR: Hypoxia, oxidative stress and
rheumatoid arthritis. Br Med Bull 1995; 51: 419-36.

. Valko M, Leibfritz D, Moncol J, Cronin M.T, Mazur M, Telser J:
Free radicals and antioxidants in normal physiological functions and

human disease. Int J Biochem Cell Biol 2007; 39: 44-84.

. Agostini M, Di Marco B, Nocentini G, Delfino DV: Oxidative stress
and apoptosis in immune diseases. Int ] Immunopathol Pharmacol

2002; 15: 157-64.

. Nourmohammadi, Athari-Nikazm S, Vafa M.R, Bidari A, Jazayeri S,
Hoshyarrad A, et al.. Effects of Antioxidant Supplementations on
Oxidative Stress in Rheumatoid Arthritis Patients. J Biol Sci 2010; 10:
63-6.

. Kato M, Ospelf C, Gay RE, Gay S, Klein K: Dual role of autophagy
in stress-induced cell death in rheumatoid arthritis synovial

fibroblasts. Arthritis Rheumatol 2014, 66: 40-8.

_20_



8. Vomero M, Barbati C, Colasanti T, Perricone C, Novelli L, Ceccarelli
F, et al.. Autophagy and Rheumatoid Arthritis: Current Knowledges
and Future Perspectives. Front Immunol 2018; 9: 1577.

9. Katiyar SK, Athar M: Grape seeds: ripe for cancer chemoprevention.

Cancer Prev Res (Phila) 2013; 6: 614-21.

10. Shi J, Yu J, Pohorly JE, Kakuda Y: Polyphenolics in grape
seeds-biochemistry and functionality. J] Med Food 2003; 6: 291-9.

11. Punathil T, Katiyar SK: Inhibition of non-small cell lung cancer cell
migration by grape seed proanthocyanidins is mediated through the
inhibition of nitric oxide, guanylate cyclase, and ERKI1/2. Mol
Carcinog 2009; 48: 232-42.

12. Nie C, Zhou J, Qin X, Shi X, Zeng Q, Liu ], et al.. Reduction of
apoptosis by proanthocyanidin—-induced autophagy in the human

gastric cancer cell line MGC-803. Oncol Rep 2016; 35: 649-58.

13. Kativar SK: Emerging Phytochemicals for the Prevention and
Treatment of Head and Neck Cancer. Molecules 2016; 21: 1610.

14. Raina K, Tyagi A, Kumar D, Agarwal R, Agarwal C: Role of
oxidative stress in cytotoxicity of grape seed extract in human

bladder cancer cells. Food Chem Toxicol 2013; 61: 187-95.

15. Prasad R, Kativar SK: Grape seed proanthocyanidins inhibit

migration potential of pancreatic cancer cells by promoting

_21_



16.

17.

18.

19.

20.

21.

mesenchymal-to—epithelial transition and targeting NF-xB. Cancer

Lett 2013; 334: 118-26.

Kaur M, Tyagi A, Singh RP, Sclafani RA, Agarwal R, Agarwal C:
Grape seed extract upregulates p21 (Cipl) through redox-mediated
activation of ERK1/2 and posttranscriptional regulation leading to cell

cycle arrest in colon carcinoma HT?29 cells. Mol Carcinog 2011; 50:

0903-62.

Nurhan U: Proanthocyanidins in grape seeds: An updated review of
their health benefits and potential uses in the food industry. Journal

of Functional Foods 2020; 67: 103861.

Kim SH, Bang J, Son CN, Baek WK, Kim JM: Grape seed
proanthocyanidin extract ameliorates murine autoimmune arthritis
through regulation of TLR4/MyD88/NF-kB signaling pathway.
Korean J Intern Med 2018; 33: 612-21.

Park JS, Park MK, Oh HJ, Woo YJ, Lim MA, Lee JH, et al:
Grape—seed proanthocyanidin extract as suppressors of bone

destruction in inflammatory autoimmune arthritis. PLoS One 2012; 7:

ebl1377.

Ahmad SF, Zoheir KM, Abdel-Hamied HE, Ashour AE, Bakheet SA,
Attia SM, et al.. Grape seed proanthocyanidin extract has potent
anti—arthritic effects on collagen—-induced arthritis by modifying the
T cell balance. Int Immunopharmacol 2013; 17: 79-87.

Cho ML, Heo Y], Park MK, Oh HJ, Park JS, Woo Y], et al.: Grape

_22_



22.

23.

24.

25.

26.

21.

seed proanthocyanidin extract (GSPE) attenuates collagen—-induced

arthritis. Immunol Lett 2009; 124: 102-10.

Arnett FC, Edworthy SM, Bloch DA, McShane D], Fries JF, Cooper
NS, et al: The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Arthritis Rheum

1988; 31: 315-24.

Neumann E, Leféevre S, Zimmermann B, Gay S, Miller-Ladner U:
Rheumatoid arthritis progression mediated by activated synovial

fibroblasts. Trends Mol Med 2010; 16: 458-68.

Astrid Hirth, Alla Skapenko, Raimund W Kinne, Frank Emmrich,
Hendrik Schulze-Koops, Ulrich Sack: Cytokine mRNA and protein
expression in primary—culture and repeated-passage synovial
fibroblasts from patients with rheumatoid arthritis. Arthritis Res
2002; 4: 117-25.

Kroemer G, Galluzzi L, Vandenabeele P, Abrams J, Alnemri ES,
Baehrecke EH, et al.: Classification of cell death: recommendations of
the Nomenclature Committee on Cell Death 2009. Cell Death Differ
2009; 16: 3-11.

Eisenberg-Lerner A, Bialik S, Simon HU, Kimchi A: Life and death
partners: apoptosis, autophagy and the cross—talk between them. Cell

Death Differ 2009; 16: 966-75.

Elmore S: Apoptosis: A Review of Programmed Cell Death. Toxicol
Pathol 2007; 35: 495-516.

_23_



28.

29.

30.

31.

32.

33.

34.

Saha S, Panigrahi DP, Patil S, Bhutia SK. Autophagy in health and
disease: A comprehensive review. Biomed Pharmacother 2018; 104:

485-95.

Shintani T, Klionsky DJ: Autophagy in health and disease: a
double-edged sword. Science 2004; 306: 990-5.

Bagchi D, Sen CK, Ray SD, Das DK, Bagchi M, Preuss HG, et al:
Molecular mechanisms of cardioprotection by a novel grape seed

proanthocyanidin extract. Mutat Res 2003; 523-524: 87-97.

Rauf A, Imran M, Abu-Izneid T, Iahtisham-Ul-Haq, Patel S, Pan X,
et al. Proanthocyanidins: A comprehensive review. Biomed

Pharmacother 2019; 116: 108999.

Yao K, Shao J, Zhou K, Qiu H, Cao F, Li C, et al.: Grape seed
proanthocyanidins induce apoptosis through the mitochondrial

pathway in nasopharyngeal carcinoma CNE-2 cells. Oncol Rep 2016;
36: 771-8.

Pankiv S, Clausen TH, Lamark T, Brech A, Bruun JA, Outzen H, et
al.. p62/SQSTM1 Binds Directly to Atg®/LC3 to Facilitate
Degradation of Ubiquitinated Protein Aggregates by Autophagy. ]
Biol Chem 2007; 282: 24131-45.

Mizushima N, Yoshimori T, Levine B: Methods in mammalian

autophagy research. Cell 2010; 140: 313-26.

_24_



3.

36.

37.

38.

Hah YS, Kim JG, Cho HY, Park JS, Heo EP, Yoon TJ: Procyanidins
from Vitis vinifera seeds induce apoptotic and autophagic cell death

via generation of reactive oxXygen species in squamous cell

carcinoma cells. Oncol Lett 2017; 14: 1925-32.

Yen CY, Hou MF, Yang ZW, Tang JY, Li KT, Huang HW, et al:
Concentration effects of grape seed extracts in anti-oral cancer cells
involving differential apoptosis, oxidative stress, and DNA damage.

BMC Complement Altern Med 2015; 15: 94.

Du Y, Guo H, Lou H: Grape seed polyphenols protect cardiac cells
from apoptosis via induction of endogenous antioxidant enzymes. ]

Agric Food Chem 2007; 55: 1695-701.

Zhang Y, Wang G, Wang T, Cao W, Zhang L, Chen X: Nrf2-Keapl
pathway-mediated effects of resveratrol on oxidative stress and
apoptosis In  hydrogen peroxide—treated rheumatoid arthritis

fibroblast-like synoviocytes. Ann N Y Acad Sci 2019; 1457: 166-78.

_25_



Study of Cell Death by Grape Seed Proanthocyanidin Extract
in Rheumatoid Arthritis-Fibroblast Like Synoviocytes

Heo, Ye Rin

Department of Internal Medicine
Graduate School

Keimyung University
(Supervised by Professor Sang Hyon Kim)

(Abstract)

Fibroblast like synoviocytes (FLS) play a key role in the etiology of
rheumatoid arthritis (RA). RA-FLS are resistant to apoptotic cell death,
and this function can contribute to the reactive oxygen species
(ROS)-mediated autophagy induction. Thus, new agents that target FLS
could potentially complement the current therapies. Grape seed
proanthocyanidin extract (GSPE) has powerful anti-oxidative activity.
Some previous studies have shown that GSPE has an anti—-inflammatory
effect in animal models of RA. The present study aimed to investigate
whether GSPE induces cell death in RA-FLS. GSPE-induced apoptotic
cell death was observed in RA-FLS. GSPE increased the sub-G1 phase
and G2/M phase and decreased the expression of pro-PARP and

pro—caspase 3. These results were reversed by z-VAD-fmk. GSPE was

_26_



observed to increase the expression of LC3-II and decrease the

expression of p62. The autophagy inhibitors 3-methyladenine and

chloroquine decreased the cell toxicity of GSPE and changed the

expression of LC3 II proteins. GSPE was observed to decrease reactive

oxygen species (ROS) in RA-FLS. These data suggest that GSPE can

increase apoptotic and autophagic cell death and decrease ROS in

RA-FLS.

Further studies on the detailed mechanisms of the interaction between

the two types of cell death and the role of ROS are needed in the

future.
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