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(57) Abstract: The present invention relates to a pharmaceutical composition for preventing or treating rheumatoid arthritis, containing
4'-(p-toluenesulfonylamido)-4-hydroxychalcone as an active ingredient. According to the present invention, in a K/BxN serum trans-
fer arthritis model, 4'-(p-toluenesulfonylamido)-4-hydroxychalcone (TSAHC) can reduce ankle inflammation, bone erosion, cartilage
damage and osteoclast activity and can reduce the expression of inflammatory cytokines, MMPs and RANKL. In addition, TSAHC
can inhibit, in fibroblast-like synoviocytes of rtheumatoid arthritis, TNF-a-induced cell proliferation and can inhibit the translocation
and transcriptional activity of NF-kB. Therefore, the TSAHC of the present invention, having the above effects, can be effectively
usable as a pharmaceutical composition for preventing or treating rheumatoid arthritis or a functional food composition for preventing
or alleviating rheumatoid arthritis.
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g & 232 3hehE, vl S Al el =
-E QA 3 d o 1] 52)-4-8 o] = E A 2 [4'~(p-toluenesulfonylamido)-4-hydro
SF-8h= b El s WS o s A =g oS}
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4 ¢4 (rtheumatoid arthritis; RA)> &4} 78] 4], i - 21 8- 2
A W2 S =X o sl A 27d g A Fo| o) FupbE 2

Al Wy g 5& & F4 ol ok 54 w2 (pannus)
g o= st I o] st o). g Fo] AX Fuol A A oAl
A} HEA] 3 (fibroblast-like synoviocytes; FLS)™ 9 oA 3 3 7} 0] A /g4 <l
T2, A EAVE O i3 WA, o] 5 R HFH S T A SA S e
TFE] 2 ¥ 91 o] FLS O] it W 714 & & eb 2 78l 8 A (matrix
metalloproteinases; MMP) ¢} IL-6 2 IL-82 E3$15F= o & Alo] E71Q1 9] F-1]
ole] oz W = A8 E 3]

TNF-a3= A 3Z §-8 ol upa} A 3% A& L/iE= AV S 2460 v $- 3 9] 8l
AL A S 7Y, FrlE] s 3G A AFs doy| = T8
ALo| EFEQI & vt = L A dt} H i Aol =W TNF-a= 25

%
Bl 2 Ao Sxjo] Fol @ g} 2o 4] ThEFo B EAEE Ao
R vb o}, e 2 a4 @ ol A TNF-af] 5 57 53 7 -l &
A} 7}5-4] (autocrine) <=7 A A4 Ef“j& ofuie} thFet A4 Aol EFFRIAL-L,
IL-6 2 IL-8), MMPs 2 7 2} ¥-x}2] 7}& gt = ¥-H](paracrine) F- A 24 5 2.3
A& St AV el Wd T 54, gt A2 2 AEAE 243, &
AfrobAl 3 2435tk & Al T4 H E3) V] ol G v Y 59
TNF-o+= 77HE 22 7 9 o] FLSOl| A 18441 Q1 T4 3 Abo| E7F91 HH| &
%713l NF-kB 4 2 & w7/ & &= &4 33 & 2 A| 1T

NF-kBi= 954 Alo] E271Q], MMPs B W19 A7 Ak =2
FAAE Ld sk A ARl S kot A Al el A, NF-xB+=

A EZA oM AL, IkB-o L IkB-p= E3H3H= IkB 3 &) o] -4 ol 2] &
AA H ), It A8l E A, NF-xB= IxB 7| Yol A o] H3kA o o 5] <14ts} ¥ a1
Fro| A e s} ¥ sz ofTo] of & k= A wal E] o] kB Wl A 2 E
WEEth 234 02 NF-kBE o2 Ay o] opFst 574 fdA T2
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MMP-3, MMP-13 2 RANKL %8 0 & 2-2l& A o)t}

528 FubE & Ad g A FrobAl 3 A 2 A SE(FLS) 9 S8 2 TNF-a
5 FLS S-21 ol A TSAHCS] A &35 (a) M E AEE, (b) A3 APE 2 (o)
A E 2] MRS 7 gheldt Aol

532 FrtE 2~ A FLSE ©] 88 TNF-a -5 AFo] E7FQ] W& of A
TSAHCS] A 835 (a) IL-6, (b) MMP-1, (c) MMP-3 ¥ (d) MMP-132]
ke o 72 gl Aot}

% 4% FrbEl 2~ BE < FLSS ©] 83 TNF-o -5 NF-xB Al & ek 7 & o A
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35 &9t ©3](decalcification) 3t & E<A FH T 1 &, 22 & gyl o R
gl B5-& A #star, vlo] A 25 S AFESHe] Sum AR
2 AH S A Aok i vl 224 AE S ks A" &

= Az gd OF Mgt e Wy vl 9= g
AZ, W 2 2 dE 4ol whel vk w5 A 7 (semi-quantitative scoring
system)E AF-8-ato] bttt A7 22 dH S A1 A 7] E(Sigma-Aldrich,
Hempstead, NY USA)E A}-8-3}o] TRAP(tartrate-resistant acid phosphatase) 24 &
Z 435t TRAP 444 Al 2 (>3)& v 4 o2 A543 o). NF-«B p65 1 <
v S Sjlety] s, s #d 21 AHE 2% B P4 AR A
T} rabbit anti-NF-kB p65 antibody(Enzo Life Sciences, Farmingdale, NY, USA)=
goColl A WEA] REGAI AT T, 2% A & PBSE 33] A gk &,
biotinylated anti-rabbit IgG(Vector Laboratories, Burlingame, CA)=Z -l 4] 1] 1k
&Rt BEEA] 7] a1, obH] |-8] @ | 2 3HA|(ABC; Vector) 2 =0l A4 1A 7F &<t
W A7 vhe PBSE A3 8} aL, DAB(Sigma)& A 2] 5t} A ¢ vp-9-22 9]
& 2 o] A IL-1p, IL-6, TNF-0,, sSRANKL % IL-102] 238l 4=55, Z 7] o| A TNF-a,
MMP-1, MMP-3 % RANKL®| & 532 ELISA 7| E(R & D systems,
Minneapolis, MN, USA) 2 PCRZ ¥4 &} 31t}

A 4: g AgotAxe £ 2wl g

A& Svd A A ez B2 108 FrtE & Bd | shatol A -2 12 &2
A o2 E FLSE Fdatlith 24 & ozl 2, 2.5 mg/mL 13
=2} A YAl (Sigma Aldrich, Saint Louis, MO, USA)7} 3£ 3% DMEM Hl| 2] (Gibco,
USA)E o] §3}0] 37°C, 5% CO, M F7101 4 44| 3E &<t BEG A ZA ). o] 5 & 2] &
A EE 1000xgol A A F-2]38}aL, 10% F-Ef o} (FBS) 2 2.5 ug/ml
¥ H ] 4] B(Gibeo, USA)7L ¥ ¢+l DMEM Ml %] ol] A 1 3F 5, 75 cm?
=} 2~ F(BD Biosciences, Franklin Lakes, NJ, USA)ol| A 3} % nf) &5} o}
2] 2] 2 Al EE A7 8L A AIEE 10% FCS7F 33 DMEM
w2 ol A w Fakar, 3 vk w4l & WA AT Al E ] L=
phycoerythrin-conjugated anti-CD14(PharMingen, San Diego, CA, USA), fluorescein
isothiocyanate phycoerythrin-conjugated anti-CD3, anti-CD19, anti-CD14 =+
anti-Thy-1(CD90) monoclonal antibody(R&D Systems)E A}-8-3Fo] f-A| 3
Ao R gt #4-& 98l, FACS Calibur flow cytometer(488Ex / 620Em)
(Becton Dickinson, San Jos'e, CA, USA)E AF&313 T A= g gshx o2
T AskaL & Anl A shell A W A Q1 F=(bipolar) &l & 7FA]:= FLS9] <1 &=
UERA AT Bt Al (> 98%)3= A F-obAl E(Thy-D)e] 9 vHAE
W skglen, CD3, CD19 R CD149] Hdolli= 248 e AT FLS=3 ~ 8
A F 2 Aol AbgshRaL, Ba A= T2 WA el A sl BE
A K= gkt o5 A2 T AN SlAL, A TREE2 AT shal
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] 7] # A 8- 2] 99 3] (Institutional Review Board)2] 5912 w2 &
T35

[44]

[45] /\a]}‘] cq] 5. ,H]E Z./\I 1:!_1 ,q]E /\]_% H )\-I

[46] FLS+= 24-9 Z o] Eof 2x10* M /9 552 HEs ) thad, Al
t}oFal 55 9] TSAHC(L, 10, 20 2 50uM)S A 2] 3} a1 244 7k Fk v ok ,iv}.
A AEELS CCK-8 7| EE o] &sto] Al Aol A Al g3 L2 & Fof upe}
A8 -& 85 ¢l o =3, FITC Annexin VApoptosis Detection Kit I(BD
Biosciences, Franklin Lakes, NJ, USA)% ALEEEe] A FA 07 A E AFE S
H B A 3}0314_ 7}%}3}74], /q]gz*.g‘ 6-4 o = Eﬂ o] Eoﬂ 3x105 /q] ) =)} l-:_Ei z% =a }

A F et 3, Al 3Z ol 50uMe] TSAHCE A 2] 8}al 2441 {F &< vl &8k tf&-

#3}aL, FITC Annexin V ¥ PI(propidium 10d1de)f~’-_ A AT A
213847] Y&, Al E £33 = -2 rabbit anti- caspase 3 X ! anti-PARP
antibody(Cell Signaling Technology, Danvers, MA, USA)& A}F-&35}o] 9~

gete Fastgic.

"m

[o

jﬂ

[47]

[48] HAd 6: TNF-0. FE N X Z4 BA

[49] FLSE 96-4 Zdo] Eof] 5x10° Al /49 =& JFsith th&d, i A=
TSAHC(1, 10 2 20 uM) 2 TNF-a(50 ng/ml)7} 3£ 38 0.1% FBS -5 DMEM
M A =2 LA Sl 1204 3F 5 F v FB Tt Al ¥ F4 CCK-82 &2 S48kl aL
M E ZA A= BE-& 2 AAsr

[50]

[51] A A o 7: Aol EFFQ] mRNA 2E 24

[52] FLS:= 6-9 Z o] o) 3x105 Al /9 552 ] Eath o, v A=

TSAHC(20 uM) 2 TNF-o(50 ng/ml)Z ¥ 38+t 71} E3181A] ¢&F3= 1% FBS &+
DMEM Wl %] 2 LA 5} T}, QIAzol(Qiagen, Hilden, Germany)S- A8} -
RNAE F33F t}2 2uge] RNAE AF8-3}o] iScript cDNA $H4 7] E(Bio-Rad,
Hercules, CA, USA)= cDNAE ¢4 3} %t IL-6, MMP-1, MMP-3 3 MMP139]
cDNAE 5-%3}7] 9l 3ll, TagMan Universal PCR Master Mix(Applied Biosystems,
Foster City, CA, USA), IL-6(FAM/MBG probe Hs00985639 m1) 2
MMP-1(FAM/MBG probe Hs00899658 m1), MMP-3(FAM/MBG probe Hs00968305
m1), MMP-13(FAM/MBG probe Hs00233992 m1) ¥ GAPDH 4] 14

o] Z3(FAM/MBG probe Hs0275899 m1) TagMan assays S ARE-slo] A ZALel A
AEst TR EFo| e} A S gt v 96-9 ZH o] EE o] 85}
ViiA 7 Real-time PCR System ABI(Applied Blosystems)?-_ TR T

271 50°CoN A 24 2 95°Cell A 1042 4] Aol o] o] A 95°Cel A 153 2
55°Coll A 13-©] PCR @A 2 40ALo) &-& =3 8t i}, vl o] Bl = det dEt Ct
HE ARgste] HAsloh
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[53]
(54 QA8 AR B3 B

[55] FLSE 6-4 Z o] Eoll 3x10° Al /9 § =2 A F 83tk vhad, Al )
TSAHC(20 uM) = 24 4] 7& o} 73 ] 3+ t}8 TNF-a(50 ng/ml) & 30+ &<
ZF=3E T T =Y @A S 10% SDS-PAGEZ 2|32 PVDF Hl B #|Ql o =2
o] EA| AT}, 5% BSAE i?}&% TBST &=l o & B2 713 2 rabbit
anti-NF-xB p65 antibody(Enzo Life Sciences, Farmingdale, NY, USA), rabbit
anti-IxkBa antibody(Cell Signaling Technology) rabbit anti-phospho-IxBa
antibody(Cell Signaling Technology), 2 mouse anti-B-actin antibody(Sigma Aldrich,
Deisenhofen, Germany)<} HES A AT NF-xB A9 ¥4 98, 3] 2@ A x4
ol 2l 2 NE-PER Nuclear and Cytoplasmic Extraction Reagent(Thermo Scientific,
Rockford, IL, USA)E °]&-3Fo] & 8t 3t} Al 2= HRP7} 7] 5% 24} @A) B
SuperSignal West Pico Trial Kit(Thermo Scientific)E A}-8-3}o] A|2ts} 511t}

Wl == B-actin @ 2 18} 8}aL, Image J 1.48 A E g0 & AL-8-3}]
gaFstAot.

[56]

[57] AAl e 9: FAH A 4

[58] FLSi= 24-9 E# o) Eof 2x104 A /9 w52 ] F3 ) v, Al E &=
lipofectamine 3000 Reagent(Invitrogen, Carlsbad, CA, USA) 2 +-H] 3 FA] 3 2}-A
%41 (Clontech, Palo Alto, USA)S A}-8-3}¢] pNF-kB-MetLuc2 2] 3 E

Zganeg A ZAX A A= A 2o 24A 7 wA s 1
=, Al 3£ TSAHC(20 uM)E 24A] {F &< A 2] 5} a1, TNF-a(50 ng/ml) = 303
S}t A= Bk At w A el A - H | FA H ehAl = Al AR A Al S
2 2 E -8 W} Ready-to-Glow Secreted Reporter System(Clontech) 2.2
A8k

[59]

[60] AP 1:KBxN 83 A8 BdQ 2dolA TSAHCS o' a3

[61] TSAHC7} & 1 3 oll ml A= &5 w4871 H 8l K/BxN 27 &

A RS F58kar, vh§-220] TSAHC(S mg/kg)S o] 5ol 3 12 Fot 57
W Folahith 2 23 & 1a H = 1bE FEske] B, 128 < H 1%”“

A ]tk v alsh 335w, TSAHC A 252l A Q-3 4 97(5.440.39 o 3.940
HEE - 74(0.49£0.04 T 0.2940.04 mm) 7} 7HA = o] 1S A Sh= ﬁ%
gl L3, & 1c R & 1dE FEsho] B, 2284 4 Aol A
TSAHC A g)te vk 3= ) 24 2 o2 248 7P AN 5 e D K o2
Fzeste] BR, 88 & A 2]l Bl s TSAHC A 2] kol A TRAP ¥4 Al 27}
HaehE A gl = A w3 E S Feste] B, 3 U] vt
AbO)| EFFO1S H-24] 3 A} TSAHC A 2] 7ol A TNF-o, IL-1p, IL-6 2
sRANKL®] &rd o] Zhastal, @ 9354 Aol E7FIRNIL-100] 5718l A&

lr

.,_4
O
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glslgit) 3 & 1g5
MMP-3, RANKL ] mRN

Hzsle]l B, TSAHC A 2] -2 TNF-a, MMP-1,

-2 A5k T

[62]

[63] AEd2: A ¥ ZF2 9 TNF-0 % A X S04 TSAHC®] 9 A &3

[64] A E AEEol o] TSAHCS] &35 #4431 7] 918, FLSo| TSAHE t} %3k
FRE Al ehal 24 gE E vttt L AT, K 2aE FEste] BW, 1~
20 uM 559 TSAHCTE A 32 AEE o) J &S v XA kA9, 50 uM & 52
TSAHCO A= 1) 3] & A &) o]l ¥ & Al AVE S oF 359 =724 At} T3
Y268 Fxete] HH, f A E #4 2 g B8 AT A, 50 uM & =2
TSAHC= 7}2=31A)-3 EM@}E 23 ¥ PARP 9l £ =5 3= Al ¥ APE S
F7HA A T

[65] Y FE=A) B 51 ~ 20 uM 2] TSAHC)O A TNF-aoll 23l f- 5= Al
2ol TSAHC7F 9 35 n| X =4 o -5 #4183tk 1 ~ 50 uM 5 5 9]
TSAHCE TNF-a A= FLS| 5¢ &<+ F 7}6P A, 2cE s B, 10
2 20 uM 552 TSAHC:= TNF-a0l 93] f-52% = M X 5245 -2 81
A A5 oF. whekA, TSAHCTZF Al 32 APE & ‘!T—Lo}j TSAHC 5% &4 o2
TNF-o°l o8} # 5= 5 = A2 S22 & A A8h= 2l & &<lsaivh

l

[66]

[67] Ao 3: TNF-0 = Aol EFFQ] 2E A TSAHCY 9 A &3

[68] 520 YERY vle} o], 20 uM F 5 2] TSAHCE FLS Al 3 A &8 #-2] 8
AA aE et A skt ek, 540 5 S el A TSAHC(20 uM)7F
TNF-o°l 9la] f- 55 3= Alo] EFFel o] Wa & x4 a)i=A] o] & H-A& 3]

1A =32 #Zz2Ee] B2, A A ZFPCR ¥4 A 3}, TSAHCT FLSO) A

TNF-a°l 28] § %% = IL-6, MMP-1, MMP-3 & MMP-132] mRNA %3l

AAaA71E AL glskT.

LS

y
fl
o
»

[69]
[70] Add 4: TNF-0 +ENF-xBA 3 AY F2 D K/BxN % A% = NF-xB
1 o Al TSAHC?] oA &3}
[71] TNF-o -5 M X T2 9 Abo| E71 i o] wAY S-S g 3t7] 94,
TSAHC(20 uM)7} TNF-a A= 3}oll A TkB-a 2 NF-kBell & &8 1] X]=%] o] ;L &
A5G Y. 1 AT, & 4a 2 & 4bE A ESe] HH, TSAHC T TNF-a - 5
FLS®l Al TNF-a &5 A 2] el 8] sto] {14814 IkB-o 0 e 2 [kB-o w3l &
o A 51 o
[72] TSAHC7} TNF-a -5 FLSOll A p65¢] 9 2 A A& 2dshe=A AR &
A et ﬁJJr Y 4e D ¥ 4dE FE8Ee] B TSAHC7Z} p659] A9 & Xd*}
A& Folsh AAIstal NF«xB 24 & dAlsh= 218 glsqint. 47
A= TSAHC7} NF-«B 4 25 58] INF-a f = A X Z4] 9 Alo] £
S AT = de& AAFg T

F

il
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[73] Z& rdol uhll g ghvlo] A K/BxN €3 7 3kol] 9 &l § %5 = NF-xB
k3 of] ] & TSAHCS] a3 E 712 418171 98l p65oll thet So] &A1&
ThA = ki 22 oA W QA s QlTh LA B deE FrAste] B,
1) 5] & A 2] kol vl el TSAHC(5 mg/kg) ] el ol A FLS &l A 2] p65 1
Hh-g-Ad o] ZhaehE Als ghlekglth. 471 A 7= in vitro FLS© 4] TNF-a.¢ll ] &
F ¥ p65 DAL Al o) thak TSAHC S A &3¢} A X319t}

[74]

[75] oo g B g o] 5 LS A 3] 7= ul, @ Ale] Bk XA
7ERL Zpoll Al Qh ol A o] e gk - A A Q1 7] whA] uhe A gk - of| Y o],
o] - g of W97} Al §HE] = Sl o] ofd A& W Msir), upelA, kg o]
AAAJN A= HHFE A3 19 STkl st AoHvta & Aot

[76] Bl o] W o= Tk

% ]

[77]

Late NEORFE EEEe e WA
¥ = Ao da s ofok dr.

2
o H
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P13 1] & (p-&F N Ed o] &2)-4-3} o] =5 A| ZHZ[4'-(p-toluenesulfonylamido)-
4-hydroxychalcone; TSAHC]2 &4 72 % 3 f-3h= 7ot 2~ #d ¢
oq] ucl— o= ]E% C_)_]':‘é‘]— ZH =

) 120 901, 47] FkEl < A9 KBxN DH 0% frE AL

5402 ohts FbEl s BAY oy R ARE °

] 5}
[7d 13} 3] A 18] Qo A, A 7] TSAHCE #a o Wy § 1 =

[7d - 2]

N

o 4] Fol E7191, MMPs B3

o
RANKLS] @& S AN 7= AL EFJ 07 8= 7l 34 o

[u—
ot
=2
o
2
o
0%
N
—
w2
>
D)
P!
Ir
Q
of\
NooX,
S~

[ 73 5] A 1310l 9o A, AF7] TSAHC= TNF-

i
Q

=
1o
o

;
o
i
. B
Q
.U

g6l Al 13l QAOW 37] TSAHCA= 14 KB—OL9] ik
T FE] 2 ipg A Oﬂ W= 7‘] =R k@ }—/‘é =

[ 7] & (p-&F N Ed o] &2)-4-3} o] =5 A| ZHZ[4'-(p-toluenesulfonylamido)-
4-hydroxychalcone; TSAHC]2 &4 72 % 3 f-3h= 7ot 2~ #d ¢

ol = N AE ARAE A S
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