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The Therapeutic Effect of Sauchinone on Inflammatory
Arthritis in Mice
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Objective. Rheumatoid arthritis (RA) is a chronic inflammatory disease, mainly involving joints and bones. Sauchinone is an
anti-inflammatory agent isolated from Saururus chinensis, which was used in oriental medicine. The aim of this study was to
evaluate the therapeutic effect of sauchinone on inflammatory arthritis and underlying mechanism of anti-arthritic effect.
Methods. Mice with collagen induced arthritis (CIA) was intraperitoneally injected with sauchinone (20 mg/kg) or vehicle. The
clinical and histological evaluations were performed with arthritis scoring and hematoxylin-eosin staining, respectively. CD4*
interleukin (IL) 177 T cells were determined under Th17 skewing condition treated with sauchinone. To evaluate the effect of
sauchinone on osteoclastogenesis, mice bone marrow macrophages (BMMs) and human peripheral blood mononuclear cells
(PBMCs) were cultured with macrophage-colony stimulating factor and receptor activator of nuclear factor- «# B ligand in the ab-
sence or presence of sauchinone. Results. Sauchinone significantly attenuated the inflammatory arthritis in CIA mice both clin-
ically and histologically. The proportion of Th17 cells were decreased with treatment with sauchinone in vivo and in vitro. The
expressions of Th17 cell markers (IL-17 and retinoic acid receptor-related orphan receptor gamma t) and B cell markers
(activation-induced cytidine deaminase) were downregulated in the presence of sauchinone. Sauchinone also suppressed the
formation of tartrate-resistant acid phosphatase positive cells from mice BMMs and human PBMCs, and the expression of osteo-
clastogenic markers. Conclusion. Sauchinone alleviates inflammatory arthritis in mice through inhibition of Th17 differ-
entiation and osteoclastogenesis. Sauchinone, one of traditional herbal medicine, could be a therapeutic candidate for the treat-
ment of RA. (J Rheum Dis 2016;23:161-173)
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A ZE AF3te] IL-69] &g F7HA 7], IL-62
Th17 AZ¢] Fo3F £3} xR #-&3to] Thl7 AlZ£¢]
35 TS SEFAI|A Ee) st ohekdt 2HA | 2
23}od IL-1, tumor necrosis factor-@ (TNF-«), matrix
metalloproteinase (MMP) 5 54 1zl A4S 7]
AR ez kel oA 3, AE 9] 27 3 9
g do & ot wak o} IL-172 ShEAIE 2
3tof] 712 F a3k A} F sl}Ql receptor activator of
nuclear factor- £ B ligand (RANKL)2] W3S Z7}A171 o
24 v|gkE 7k 2 eH2]. ol flelle Fule] A3k ool
Ale 24 T AE 7ol AH o2 FH4sta B Alx
of| &3k 27}akA| Aike] Frkele & thkst WY 7159
Zz4 Zol7t #EE ok
FulelaRd o] X5+ ol vBAAQ] W3

zAsto] gwte] o153 w o Fa 5 FaATE s
2202 g3 ot AA| Fulel AR QY] X Felle 2
Q) ZH|Rol =R Y 54 HAAZEU Ao BT+
202 sl AETH AA o] 27]74A] thek3t oFA|
7F ALE A ek aev G 3kRte] A Solle o A3
gHrulel 2 ofAlol] gk vhg-o] REebw], ofF o] HArg
o & Qlslo] ofA|e] A-go] AZHE 7= Zhe[3,4]. whbA]
Heh qbdsta g o g FulelaRA-d & X 53817] 9
3l 3l M2 FAlE Ndelels =go] ALk Qi)
Sauchinone<- ofr|o}e} Hulo]] Bxsl= Al % (Saururus
chinensis)oll 4 2 ZA Ao ® AMxes AATE &
o] gtof|A] Hbdo|i} AF5A Astol] o] §Fo] & ofxo]
th. 2 ATl A sauchinone 7HE3to|ut A3}, 417
Al A%k 5 ekt Ao A X s5ARA e, dAst
Z-&-2 e} o] 23} sauchinone®] #Itol] Had sl A= o
& 71A] 7]A o] odt=]o] g}, SauchinoneS AMP-acti-
vated kinase (AMPK)E &4 s}sto] gAks) gl AEH S
AN B EAS Al ddSs & obY
2}[5,6], p38 mitogen-activated protein kinase (MAPK)<]
014315 <] Alsto] TNF-e % macrophage inflammatory
protein (MIP)-22] AA-S ZraA o 2] FA4 HEA4S
Sk3tet[7]. w3k AGAIZe)L ulAlopa A wiek Aol
A inducible nitric oxide synthase (iNOS)%} cyclo-
oxygenase (COX)-2 ®&E ZHAA|F]3, signal trans-
ducer and activator of transcription 3 (STAT3)<]| Q14+3}
£ dJAlsle aHE HoF7 = 33ich[8].
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ohal Bhsl izl slkgich

o

R 1>

162

A 3

AY SE5dA 9548 29 -5 2 FE A=

7% 2] 7 DBA/1] u}-$-2% Charles River Laborato-
ry (Yokohama, Japan)ol|A] F+&b3d L, 7hE=] it ¢
ezt el w5 ARANA 17U A ol B4
A stk sEAFAY 272 22.0+2°C, 1€ F
12417+ 200~300 Lux® &3}, 1247 & WS
Agksladct BE AT it e sEdTaEd
3l FAoll TAste] A3P=UrF(IRB No. 2014-0075-
02).

DBA/1] u}-$-2ol| A 1% Z2}Al (Chondrex, Redmond,
WA, USA) 100 1 gZ} complete Freund’s adjuvant (Chond-
rex) & 1:182 E33k 5 18] 7|2 Fol| 7} FAsE ok (14}
HAF5). 27 F, 35 Sleke] whatetol] A 13 Z-2}4 100
1 g< incomplete Freund’s adjuvant (Chondrex)2} 1:12
=3eto] vhA] FASEA T A ). 23 HA fr =5
A & o225 DBA/1J ulk-$-2ofl kg @ 20 mg2] sauchi-
none (Sigma Aldrich, St. Louis, MO, USA) ®== ¢ &
ZFo| Al drE 5 33 657 57 ] =43
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HE|A] ok A o] SR ARt BHAHL] A5 A%

£ oz Gristglon, g3t 22 71Eel wet 0~
4o AL izl

O=3Aell F7)u} ko] glg.
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4=t uF, WbylEbel] X F5o] FU)e) whHo| Hke.
#HAA Are 23 FEA FAE P4 s Alefsla
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o7 AL = 9hlen, 877 A A

71 53}0] sauchinone Foir3} A&l 4]

[e]
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Aol BAY A5 Fol T wlzelgich
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BAF e =334 H7}

1% Wl G5 24 85 ol nk$-29] Srtel S A7 3
o] 915715 WAW 5 10% formalin §ell 3157 Het
< ¥ Calci-Clear Rapid (National Diagostics, Atlanta,
GA, USA)E 7417k <k 93lsteieh. 541 9 &5 ¥ st
ehos Fofsiglal, 7 pmo FAE AHS Ao
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hematoxylin-eosin (H&E) A& Algstsiv). A9 &
ot 1zl ds) 3] SRR QAR ol el 7% 7]
ol upa} 2ZA A A4ZE ul7] 1, sauchinone Fof 3}
Wel el Folze] Aol E mlsaiie[a].

Hel222d G 53

12 WA T4 85 Fofl kot A& Tl A FA
< 1% bovine serum albumin (BSA)¥} 0.05% Tween20
(AMRESCO, Cleveland, OH, USA)o| *x3%= Tris-buf-
fered saline (pH 8.0) &<l 1:100,000, 1:50,0002] H]-&
2 A, olgk o] 3Ad €S 2 immuno-
globulin (Ig)G¢} 1gG2a2] ZA ol A-gstdrh & 1gGo
&3 1gG2a Z74 5 913l mouse IgG and IgG2a enzyme-
linked immunosorbent assay (ELISA) Quantitation Kits
(Bethyl Laboratories, Montgomery, TX, USA)E o] &3}

A3, BE P Az PS vk Agelglct

Ao Estale] &4
Ul B o] Ao o] EAlsRE AolETllS SAet
7] 918l anti-TNF- @ &4, anti-mouse interferon (IFN)-
8}A), anti-mouse IL-17 4|9} biotine & % 4] = Z+
A (R&D systems, Minneapolis, MN, USA)& o] -&3}o
Z7sk2Att. Biotine] F2 ZF kAl 9] Hb-go] ¥ ¥,
Extravidin-HRP (Sigma Aldrich)E 1% BSA®} 0.05%
Tween20°] E3H%l phosphate-buffered saline (PBS) &Y
ol 1:10,000%H 2] v]& = 3] 4 slo] s}1te] well B 50 1L
A W3 Aol A 247 vbS Atk 52 tetrame-
thylbenzidine substrate §-°(eBioscience, San Diego,
CA, USA)S sh}e] well @ 50 L4 Wit oF 5527k ubg
‘]Zl —'f’] 1IN HZSOALT‘:EL 50 «L ‘5;101 ‘:"}%’% uli‘!zlil 450 nm
o] stAeA FHEE FAAL d2AEE A=
TNF- @, IFN-7, IL-17 2t A S o]8-3}o] 10 ng/mLY-E
156.25 pg/mL2] FE74A F w4 kA F o2 3] 4 s}o]
st

oF

-
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MAAZS Bel 2 AT
uhg-2= BIAAIEE Q17] S8l 1A HAfrE 74 8F &
of| wh-2=2] vl Hste] 7h9E AA A=A 40 4m
9] A)3Z o3}7](BD Falcon, Bedford, MA, USA)& A&
Ak AGTFE AAs] Sl A4l ste] A2 vAHAl
EE 2.06% Tris, 0.83% NH4Cl & Holl H-FA]A Aol
A 52 A7) F, 40 pme] AT oizt7lol thA] B
FA Rt w2 H|AAIEE 10% fetal bovine serum
(FBS; Gibco, Grand Island, NY, USA)o] *3}%l RPMI1640
(Gibco) WAl 5417 Wkt ITh. WA S 43
7] f3te] 24 well plateol purified anti-mouse CD3e &
A (BD, Franklin Lakes, NJ, USA)E 1xg/mLe EEZ
EFsto] 37°C w7 ol A 2417 E9t AR F Fhol=
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S Ao Z B AAEES 1x10° cells/mL FE&E B33
A, AN Belste] Ao]Eglel Sl Agatglet.

ALEH 27

HIAAZE 1x10° cells/mLe] FX& 96 well plated]
200 pL EF3F % squchinones 5, 10, 15, 20 « M9 &
EZ 24A7F &9t AFeksiek. Cell counting  kit-8
(Dojindo Moleculare Technologies, Rockville, MD, USA)
< A&3le] A|Fe 7 well F 10 «LE A3l 24|12
%ol 570 nmollA FFEE FA3Ah H2zToE AL
# 0.01% dimethylsulfoxide (Sigma Aldrich) 2 z}=3k Al
T FHEE 100%E APS o] o8] FE9] sauchi-

nonel 2 A=k AlES FFES vlaLshel

CD4'T A £9 ¥2 9 Th17
uhg-2=9] wlAAlEet A4 WA EZRE
CD4'T A Z5 Ealsiich Agte) ]

= 7FEEle . gl el gl Al @
9 eH(KC15TISI0059). PBSE A&k ul-$-2=9] u| A4
£9}, PBSZ 3]43% & Ficoll-paque &4 (GE healthcare,
Marlborough, MA, USA)S o|&3lo] Haldt gAdele] &
ZgY el AEE 1070 AIEF 10 #L9] CD4 mi-
crobead (Miltenyi Biotec, Bergisch Gladbach, Germany)
9} E3tsto] 4°CollA] 1587 WhA 7ok £eldk cD4”
T AI£E 5% BSA®} 1 mM ethylenediaminetetraacetic
acid (EDTA)7} E£23+% PBS Mo & AX X 10% FBS7}
Z3El RPMI1640 viA ol RE-GA1A, 10°709] A T2 &
23} 3, anti-CD3e &#1(0.5 #g/ mL), anti-CD28 3+
(1 #g/mL) (BD Pharmingen, San Diego, CA, USA), hu-
man tumor growth factor (TGF)-£ (2 ng/mL), IL-6 (20
ng/mL), anti-IFN-7 &2 ©g/mL), anti-IL-4 A Q2 ng/
mL) (R&D Systems)Z A53te] Th17 A|EZ 35 5
3laAck. o] ufl sauchinone®] Th17 &3}l w]X]= dgkS <t
Qlsl7] Y&, 15 M E%9] sauchinoneS 3087+ Ax] 2]
SlSieh. Thi7 AIER B3} fE82 3904 5 Al
RNAZ 533193, lol2l AH N R IL-17 $E8 24

et

B A9 E& 9 AS

wuh-$-2~9] v|AAEE PBS fH o2 At CD19 mi-
crobead (Miltenyi Biotec)E 10'712] A% 10 L4 &
Fsto] 4°Coll Al 1527F HEGAIHTE 5% BSASH 1 mM
EDTA7} 233 PBS $8o & A% ¥ 10% FBS7} 3+
% RPMI1640 WA & AR-FAA, 10°709] A2 B33t
5], sauchinones 5 «M E=x 7 uMe| FE& 3087+ A
Xl 33 A 100 ng/mLe] lipopolysaccharide (LPS;
Sigma Aldrich) 2 z}53lich. 44 ¥, AEE 3|53}
RNAE FE3la FAH N g Hikslo] [gGE F743)
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+ dl A&kl o] wl IgG sE& F4sHA %> B

Holl ] =439t

SAERA
Th17 AZE &7 A8, 31 H3o] Bt AEE
25 ng/mL F%9] phorbol 12-myristate 13-acetate (PMA)
$} 250 ng/mL ionomycin (Sigma Aldrich), 0.67 «L/mL
9] Golgi-Stop (BD)& X 2]slal 4A]7F %ol peridinin
chlorophyll protein (PerCP)2.2 3¥A|H anti-CD4 A
(Biolegend, San Diego, CA, USA)Z &334 33t} Al
EE 4°CollA 30%7F fixation/permeabilization 8
(BD)oll *]2]3}3L permeabilization £ (BD) 2.2 A4 gk
Zoll, fluorescein isothiocyanate (FITC)Z (A% an-
ti-IL-17 ¥ (eBioscience) ¥+ phycoerythrin (PE)-Cy7
o & ¥4 ¥ anti-IFN-7 A2 PG A& A3t
ZA T AZE Fsl7] s &3 o] &t AlZ
£ PerCPZ #A¥ anti-CD4 |2} allophycocyanin
(APC)E %A= anti-CD25 34| (eBioscience) & ©]-£3}
o] & At o] % 4°CollA] 307t fixation/per-
meabilization &Y (eBioscience)oll HH&-A|7]3L, per-
meabilization (ebioscience) &0 & A%t Zol| PE7}
ZA] # anti-foxp3 & (eBioscience) Z &% o As}si vl
LSRII fortessa (BD) #H]2} FACS DIVA version 10.0
software (BD Biosciences, San Jose, CA, USA)E CD4"
IL-17 IFN-7 ~ A|¥$} CD4 CD25 FOXP3" A|¥9] &
2 gl

S}ZAE 23}

& C57BL/6 nh-3-2=9] HE|E3 A EollA 353 =
Al e Ao Wrxd ol ohellgt Al2E o] 10% FBS
7} 3% o -minimal essential medium (Invitrogen,
Burlingame, CA, USA)ollA sljokslar oh3d vl kA Aol
Barg] ko] ohall t A E9)F BEby]z] ke nle A
AL Aol +40 AEE5S 42 Aze wekd
A2 &7 10 ng/mL X2 AZ3 macrophage-colony
stimulating factor (M-CSF; R&D Systems)& 3~447F
Aakgieh. MeFH Aol RAE Ao chokh HEe
sauchinones *2]¥} 4] 10 ng/mL M-CSF, 25 ng/mL
soluble RANKL (PeproTech Inc., Rocky Hill, NJ, USA) =
A=ste] StEAIER 3 FEsch o] Eviel Y
gt 2A o2 A E w3telglon, uke-2 AlES 79wl
& 4Q0llA] 69 Atol, AlFAES] 9= vk 62004 8
o Aolofl AIEE 3]gsle] RNAE FE3A, paraf-
ormaldehydeZ 2g%}icl. 438 A EE tartrate-re-
sistant acid phosphatase (TRAP; Sigma Aldrich) & <34
SHAaL, TRAP A AIE 5 370 o] e & 7HA L Sl
dalEe] 8 Avlden DA

F2 A 48 (quantitative reverse transcription-poly-
merase chain reaction, qRT-PCR)

flek FFo] E2ldt Th17 AEet B AlE, shE A Foll A
RNAiso Plus (Takara, Otsu, Japan)E *]2l%}3L, phenol-
chloroform FZE¥H o & & RNAES Hgs}9itt. Trans-

Table 1. Primer sequence lists for real-time reverse transcription-polymerase chain reaction

Primer Sense (5°-37) Anti-sense (57-37)
Mouse  IL-17 CCTCAAAGCTCAGCGTGTCC GAGCTCACTTTTGCGCCAAG
ROR-7 t TGTCCTGGGCTACCCTACTG GTGCAGGAGTAGGCCACATT
Blimp-1 CTGTCAGAACGGGATGAACA TGGGGACACTCTTTGGGTAG
AID CGTGGTGAAGAGGAGAGATAGTG CAGTCTGAGATGTAGCGTAGGAA
TRAP TCCTGGCTCAAAAAGCAGTT ACATAGCCCACACCGTTCTC
OSCAR CCTAGCCTCATACCCCCAG CAAACCGCCAGGCAGATTG
Cathepsin K CAGCAGAGGTGTGTACTATG GCGTTGTTCTTACTTCGAGC
CTR CGGACTTTGACACAGCAGAA AGCAGCAATCGACAAGGAGT
Integrin 33 CCACACGAGGCGTGAACTC CTTCAGGTTACATCGGGGTGA
MMP9 CTGTCCAGACCAAGGGTACAGCCT GAGGTATAGTGGGACACATAGTGG
B -actin GAAATCGTGCGTGACATCAAAG TGTAGTTTCATGGATGCCACAG
Human MMP9 TGGGGGGCAACTCGGC GGAATGATCTAAGCCCAG
Cathepsin K TGAGGCTTCTCTTGGTGTCCATAC AAAGGGTGTCATTACTGCGGG
Integrin 5 3 GCAATGGGACCTTTGAGTGT GTGGCAGACACATTGACCAC
c-fos ATGATGTTCTTCTCGGGCTTCAA GTGGGAATGAAGTTGGCACT
NFATc1 GCATCACAGGGAAGACCGTGTC GAAGTTCAATGTCGGAGTTTCTGAG
B -actin GGACTTCGAGCAAGAGATGG TGTGTTGGGGTACAGGTCTTTG

AID: activation-induced cytidine deaminase, Blimp-1: B lymphocyte-induced maturation protein-1, CTR: calcitonin receptor,
IL-17: interleukin-17, MMP: matrix metalloproteinase, NFATc1: nuclear factor of activated T-cells, cytoplasmic 1, OSCAR:
osteoclast-associated receptor, ROR- 7 t: retinoic acid receptor-related orphan receptor gamma t, TRAP: tartrate-resistant acid

phosphatase.
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criptor First Strand cDNA Synthesis kit (Roche Diagnos-
tics, Basel, Switzerland) & AF-&3lo] &% RNA 2 nge
EHE DNAE 3. 4 S35 f14) Light-
Cycler 480 II (Roche Diagnostics) 8] ¢} LightCycler480
SYBR Green 1 Master (Roche Diagnostics)E AF-83}91
th. SFell A-&5 primer?] 37]4 2 Table 13} 2ot
Z4zke] AdollA RNA ek B f-actin W3
2 BAsdct

a2 w4 (Western blot)

uh§-20] FEGe A ZEoll 30875 M, 7 t MBS
9] sauchinone& Z1 %1 2] & 5, 100 ng/mL2] RANKLZ 4%
7¥© 2 2453} 31, Halt protease inhibitor cocktail (Thermo
Waltham, MA, USA)e] =3t
immunoprecipitation assay (RIPA) S0 & tluia.g- 2=
3} ). 50 1 g9 THA S 12% sodium dodecyl sulfate
polyacrylamide gelol| 4] 100 VE 147+ 304 £k A 7] %
3k, A7) <450l Bt gel $1¢] A5 polyvynilidene
fluoride membrane (Biorad, Hercules, CA, USA) 2. & o| &
A Zth. Membrane®] B]S-o] & Ql k32 Xitelr] $lslo]
5% skim milk (Dako, Glostrup, Denmark)®} 0.1%
Tween207} Z&H=] Tris SN0 & 2] 2]l 3 4°Col|A] 164]
7} &<} anti-c-fos 3] (1:1,000; Cell Signaling Technology,
Inc., Boston, MA, USA), anti- 5 - actin €] (1:5,000, Sigma
Aldrich) ¢} ¥F-2-A]7] 32 0.1% Tween200] Z3+5 Tris &
© 2 A1 s}9l ). Membraneol]l horseradish peroxidaseZ
A% goat anti-rabbit IgG (Thermo Scientific) X+ goat
anti-mouse IgG (Santacruz, Dallas, TX, USA)E-2,0004 2]
Aslo] Aol 4] 247+ Z<F BF-2 ] 7] 31, 0.1% Tween200]
Z3HH Tris SN0 2 A|F3}) 31, SuperSignal West Pico
Chemiluminescent substrate (Thermo Scientific) & HF5g-A]

Scientific, radio-

ZAt}t. Amersham imager 600 (GE Healthcare Bioscience,
Pittsburgh, PA, USA) 8] & ©]-83}o] membraneoi| 4] &

W3 S Hlsleh.

A 914 A%

A Adbe BAF+HF%e ZT A2 dehlie S
A F942 Mann-Whitney U HA = ANOVASH
Bonferroni A% 774§ o]&3slo] B4}, pZke] 0.05
Hep wntd ] Folsickal 71Eslsivh. BE delH e
SAS software ver. 9.1 (SAS Institute, Cary, NC, USA)<
o]-gsto] E4st3iet.

z u
Sauchinone®] F=4 AAQ X5 A3
Sauchinone®] &#4<d B35 JE3sl7] sl ZelAl

SEIA-AYG vl F 33] sauchinone =+ |2 A5
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ANE FAGE Fof -] AFE =4S B4

< 1 HARFE FA ¥ 5FAE E RolE B
ko), 65 o] FHEI= 9] gl Aol 5 HolY]
A Zsto], o]E 3t Xol7l o]F:EE A< 9t (Figure
14). 7 79 €& Helslel WAZ2E50E FHSG 4
7}, sauchinone Foj-o] tizyHet YA Uerston, 5
AFQ FeolAe #EE|R] Eokrh(Figure 1B). Sauchi-
noneel| €3 ] 223 - FIHE W] 9

3 wh$-2mo] WHE 3" 225 HE 43902 uwl Az
i=4

AGGE Foldt 72 ASAEY H& 9 AF9 Iy,
= vgk 5o g ol A4l PA F=5 Folsly| o]
& Wb, sauchinones Foidt 9] #A =22 n|2H

= il
4 HEEo] g AT 4 AU (Figure 1C), &}
A5l gk 2284 A+ sauchinone Foi7-ollA
oJstA kot (Figure 1D).

BAd xgazel B3 slo] sauchinoneo] Aol A T
A 2] E3toll u|X]= A& &elr] Hsle] 2o vh
F2=ollA] HIAAEE Felste] AlEe EES 2438
t}. CD47IL-17" T A Z¢} CD4"IFN-7 © T A|ZE sau-
chinone X E7ollA Fo3tA] S FX & #E= Y,
CD4"CD25 Foxp3™ T AlZEE F F7+e] 2 Apo| = Ho]
A ¢k9ktl(Figure 1E). BIAAEE Halste] CD3 A&
A8k & A ols Belsto] TNF-«, IFN-7 H IL-179]
FEE 2439 S wlolE EF sauchinone FollA B Y
o

2 525 el el (Figure 1F).

X

o

Sauchinonedl] €]¢+ Th17 £3}9] 74

A A¥E E8ll sauchinones FoIgt wp-f-2=oll A
Thl7 AE9 57} Faste AS #&s9x, Thl7 Al
I utel Al 22 A7pH A oA el
9% J&E st HWAAESlo] & dEA glomE,
sauchinoneo] Th17 A|E B3}l v]X]& gk AHPA 7]
AR glelazt sqictk. AlZAEPANA AL sauchi-
none?] FE=& AR S8l AEFA A A3 2
I} 15 u M7FA| = AlE AEF0] 90% o] Fo 2 AE=A
< Ho|A ¢fgkon, 20 uMAAE AE HEFS 70%
o]4o 2 WA= ¢} (Figure 2A). AIZEA 3L vigt
o7 A4 vk vAAEE EElsle] Thl17 Alx &3}t
271 3}ollA] sauchinones 5~20 ¢M2 FEZ X 2]3}9
k. FAZEEAIE Agelo] B An CD4TIL-177
IFN-7 T A|2Z% sauchinone?] FXol| v]#l|slo] 7H43H
g AL, o]F AlE AEFo] 90% oY HE
Lolw A AA A7} 7k 2 15 MO 5%
slgich. CD4 IL17" T A& sauchinone
slole AT BAIALE FolsAl A 9T
T ek (Figure 2B). 2wk 2710014 Felgt - N
oA = sauchinone 23 Foll A IL-179] ¥u]7} 24

>
oo e
bofo

By

S

165



Seung Min Jung et al.

A B
87 —e— Vehicle 257 NS 20+ NS
—s— Sauchinone
o T T
15
o —_ )
5 g e € 1
i E 15 T 3
@ 2 < 104
2 Y S
£ B 107 )
< - o
5_
5_
0 T 1 0 T 1
Vehicle Sauchinone Vehicle Sauchinone
Days after primary immunization
C D
Vehicle 51 *
RS B 491
-- 25
by ¥ “ o
SR SE 3
S o @
: ST 24
0>
; T3
" >
\ f‘._ @ 14
x40 N %
J 0 T 1
Vehicle Sauchinone
E F . _
[J Vehicle HE Sauchinone
* * NS . NS .
0.5+ 34 2.04 2.0 20+ [ 40+
0.4- l us &
9 S 2151 1 1.5 154 30-
@ @ 2- 8 = = =
3 0.3 2 ‘o £ £ £
5] o o (o)) > >
~ e 3 1.0 < 1.01 £ 10+ £ 20
~ pd - 3 > ~
= B L 0 -
= o2 T 1- a % £ =
] [m)] O
(&) O *& 0.5 0.5 5+ 10+
0.1 [m)
(@]
0 . 0 . . 0 . . 0 A= 0 . 0 .
) @ @ ) ) @ i i i
{\\c} ‘QOQ ‘(\\c} ‘(\o‘\ (\\c} .QOQ Nil aCD3 Nil  aCD3 Nil aCD3
S S SRS
P P P

Figure 1.Sauchinone alleviates the inflammatory arthritis in mice. Mice with collagen induced arthritis were intraperitoneally in-
jected with sauchinone (20 mg/kg) or vehicle for six weeks immediately after second immunization. (A) Inflammatory arthritis was
assessed with clinical scoring by three independent examiners. (B) The serum level of IgG and IgG2a was measured with ELISA.
(O) Histological analysis was performed with hematoxylin-eosin staining of mice paws. Bar in the left corner of figure indicates 100
#m. (D) Histologic score for synovial inflammation of mice paws was determined by three independent examiners. (E) The compo-
sition of mice splenocytes were determined by flowcytometry. The percentages of CD41L-17" T cells, CD4 IFN-7 * T cells, and
CD4"CD25"FOXP3™ T cells were compared between two groups. (F) The production of TNF-a, IFN- 7, and IL-17 from mice sple-
nocytes was evaluated with ELISA of culture supernatant after stimulation with anti-CD3 antibodies. Values are presented as three
independent experiments +standard error of mean. aCD3: stimulation with anti-CD3 antibodies, ELISA: enzyme-linked im-
munosorbent assay, IFN: interferon, Ig: immunoglobulin, IL: interleukin, Nil: no stimulation, NS: not significant, TNF: tumor ne-
crosis factor. *p<0.05, ***p<0.001.
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Figure 2. Sauchinone inhibits Th17 differentiation. (A) Cytotoxicity of sauchinone was evaluated with cell viability assay using cell count-
ing kit-8 after treatment with 0 to 20 1M of sauchinone. The dose of sauchinone with more than 80% of cell viability was considered
as a tolerable dose. (B) CD4 ™" T cells were differentiated into Th17 cells in the presence of sauchinone. The proportions of CD4 " IL-17*
cells were determined with flowcytometry. The number of right bottom indicates the proportion of CD4 “1L-17" cells. (C) The production
of IL-17 from CD4" T cells under Th17 skewing condition was measured with ELISA of culture supernatant after pretreatment of
sauchinone. (D) The expression of IL-17 and ROR- 7 t was determined with qRT-PCR of CD4 " T cells under Th17 differentiation condition
after pretreatment with sauchinone. Values are presented as three independent experiments + standard error of mean. aCD3: stimulation
with anti-CD3 antibodies, FITC: fluorescein isothiocyanate, IFN: interferon, IL: interleukin, ROR- 7 t: retinoic acid receptor-related or-
phan receptor gamma t, PE: phycoerythrin, Th17: Th17 skewing condition, Th17+S: Th17 skewing condition in the presence of
sauchinone. *p<0.05.
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3}9). 2™ (Figure 2C), Al 2] IL-17 ¥ retinoic acid re-
ceptor-related orphan receptor gamma t (ROR-7t)
mRNA ¥l = 9 4] sauchinone # & 7oA ZH4E o] 9)
9o} (Figure 2D).
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Wy W F 283 A4l sl zAgch JZA €]
uZA] (germinal center) W23} B A2 9] ghA] Ao A
AA 9 Heg sl AA el&2l B lymphocyte-induced
maturation protein-1 (Blimp-1)3} activation-induced cy-
tidine deaminase (AID)9] mRNA ¥&-2 LPS A= & =
7vskel e, sauchinones 7ol Al 739 adt= 3
Ze 4= 919031, Blimp-1 & 9] 7% sauchinone 7 mgell
A FAReE o8 4 Z3E XY vl (Figure 3A).
LPS A= o] W F 2 &7 A2 sauchinone?] §-3F

ol vlelslo] ZHaste ETJr—‘f-Z-:'— ebH A vt (Figure 3B).
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B3l raste S B9 222 sauchinoneo] 3}
A E3E AT Ao g 7Pt o] & &]lsH
3l FFAE B3} 55 A sauchinone *]2]slaL TRAP
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none?| FX7} Fobd5 TRAP ¥4 Alxe| 71 24
e A& WL 5 Yl ck(Figure 44). FL7 #3 =4
o4l 5 ;M2 sauchinones X 2|3}l ujekdt & mRNA
Wl B4 S o, FEAE E3ket = AR
TRAP, cathepsin K, calcitonin receptor (CTR), osteoclast-
associated receptor (OSCAR), integrin A3 2 MMP9<]
Welo] B Fhasle e Y 5 9k (Figure 4B).
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sauchinone®] c-fosE Alsto] w}FA|E A4S et
= AlAbskelch (Figure 4C).
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Figure 3. Sauchinone affects B cell maturation. (A) The expression of Blimp-1 and AID was evaluated with qRT-PCR of CD19" B
cells stimulated with LPS in the presence of sauchinone. (B) The production of IgG from CD19™" B cells stimulated with LPS was
measured with ELISA of culture supernatant after pretreatment with sauchinone. Values are presented as three independent experi-
ments + standard error of mean. AID: activation-induced cytidine deaminase, Blimp-1: B lymphocyte-induced maturation protein-1,
Ig: immunoglobulin, LPS: lipopolysaccharide, Nil: no stimulation, NS: not significant. *p <0.05, **p<0.01.
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Figure 4. Sauchinone suppresses osteoclastogenesis in a dose-dependent manner. Mice bone marrow macrophages were cultured
with M-CSF and RANKL to induced osteoclastogenesis. Sauchinone was added to the culture dishes to evaluate the effect of sauchi-
none on osteoclastogenesis. (A) The numbers of TRAP positive cells were counted in culture dishes at various doses of sauchinone.
(B) The expression of osteoclastogenic markers were determined by qRT-PCR in the absence or presence of sauchinone. (C) The ex-
pression of c-fos, a transcription factor associated with osteoclastogenesis, was evaluated with Western blot of cells cultured with
or without sauchinone. Values are presented as three independent experiments + standard error of mean. M: culture with M-CSF,
M+ R: culture with M-CSF and RANKL, M-CSF: macrophage-colony stimulating factor, MMP: matrix metalloproteinase, NS: not sig-
nificant, OSCAR: osteoclast-associated receptor, qRT-PCR: quantitative reverse transcription-polymerase chain reaction, RANKL:
receptor activator of nuclear factor- # B ligand, TRAP: tartrate-resistant acid phosphatase. *p <0.05, **p<0.01.
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Figure 5. Saucinone regulates Th17 differentiation and osteoclastogenesis in human mononuclear cells. To confirm the inhibitory
effect of sauchinone on human cells, pripheral blood mononuclear cells isolated from healthy controls were cultured in the ab-
sence or presence of sauchinone. (A) The proportion of CD4 " IL17" T cells and the production of IL-17 under Th17 skewing con-
dition with or without sauchinone was evaluated by flowcytometry and ELISA, respectively. (B) The number of TRAP positive cells
was measured after culture with M-CSF and RANKL in the absence or presence of sauchinone. (C) The expression of osteoclasto-
genic markers was compared between cells differentiated to osteoclast with or without sauchinone. Values are presented as three
independent experiments + standard error of mean. M: culture with M-CSF, M+ R: culture with M-CSF and RANKL, M-CSF: macro-
phage-colony stimulating factor, MMP: matrix metalloproteinase, NFATc1: nuclear factor of activated T-cells, cytoplasmic 1, NS:
not significant, RANKL: receptor activator of nuclear factor- £ B ligand, Th17: Th17 skewing condition, Th17+S: Th17 skewing
condition in the presence of sauchinone, TRAP: tartrate-resistant acid phosphatase. *p <0.05.
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83 aL(Figure 5B), st=A1E 3ol 1%l mRNAS!
MMPY, cathepsin K, intergrin 83, nuclear factor of acti-
vated T-cells, cytoplasmic 1 (NFATcl), c-foss BF 9
A st AS FEE 5 9ok (Figure 5C).
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