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Number: DOH91-TD-1157 ~ CCMP92-RD-113 ~ CCMP93-RD-103

Regulation of Cytokine Gene
Polymorphisms by Herbal Medicine
Affects the Susceptibility and Severity of
Rheumatoid Arthritis

Deh-Ming Chang

National Defense Medical Center

ABSTRACT

To test the effects of Tripterygium Wilfordii Hook-f (TWHT) on the regulation
of cytokine genes of synovial cells and to identify their potential mechanisms of
action in the therapy for rheumatoid arthritis(RA).

Synovial fibroblasts and chondrocytes have been used as the target cells on
account of their predominant roles in RA. At first, we tested the effects of TWHf on
cytokines gene polymorphism and IL-1 mediated MMP-3 and TIMP-1 production.
Human chondrocyte and RA patient’s synovial fibroblasts were incubated with
Ing/mL IL-1 and different concentrations of TWHf for 16 hours. Secondly, we
tested the effects of TWHTf on cytokine genes (IL-1B) and chemokine gene (IL-8)
and MMP-13 gene expression from both fibroblast and chondorcyte cells.The
expression of IL-23 p19 subunit and IL-12 p35 subunits message RNA (mRNA) in
human fibroblast like synoviocytes (HFLS-RA) in RA patients were determined by
reverse transcriptase polymerase chain reaction (RT-PCR). The expression of
IL-23 pl19 at the protein level was confirmed by Western blotting. Blockade of
NF-kappaB activation was used to verify the mechanism of the induction of p19. At
last, use animal model of RA determine the function of TWHT in therapy.

We found TWHf could not influence cytokines gene polymorphism. And
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TWHT{ could inhibit the IL-1a-induced production of MMP-3 in both synovial and
chondrocyte cells, but it did not effect TIMP-1 production. In contract, TWHf could
change the ratio of MMP-3:TIMP-1 on synovial and chondrocyte cells stimulated
with IL-la. In addition, IL-1a could induce RA fibroblast-like synoviocytes to
produce 1L-23 P19 subunit. IL-23 p19 mRNA could not be found in unstimulated
HFLS-RA. IL-la induced IL-23 pl19 gene expression in HFLS-RA. These
responses were observed in both a dose-responsive and time-dependent manner.
IL-1a did not obviously enhance gene expression of p35 of IL-12. In addition, the
NFkappaB inhibitor pyrrolidine dithiocarbamate (PDTC) down-regulated the
expression of IL-23 p19 mRNA induced by IL-la. Furthermore, Chinese herbal
TWHT{ could reduce IL-1a induced-1L-23 p19 expression in HFLS-RA. TWHTf has
no effect on IL-12 p35 mRNA expression in HFLS-RA. TWHTf also suppressed the
IL-1a-induced cytokine gene of IL-1p and IL-8 and MMP-13 messenger RNA
levels in synovial. Therapeutic administration of TWHf at 0.3 mg/kg, i.p., every
day, significantly reduced the severity of CIA.

Our results demonstrated the mechanisms of action of TWHTf and indicated
their potential role in treating RA.

Keywords : TWHT, cytokine, arthritis rheumatoid
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e A F] 5 A4 4

NPERGT DER A D — e e St R 2 S48
H Genomic DNA i 7 &L 7] % 'j'l“ﬂo\ﬁ VF IR e R g ’«r—\?- s
@é? Ny IL-lo £ ¥ A2 H 4 IL-1Bpromoter *t-511 =% ‘& &_
C/T > IL-1BExon n—\El/E 4] » IL-1Ra % Type I/Type III > IL-4 intron3
% Type RP2/Type RP2 ¥ % F]F 2 54 [L-lo (T % @ sx P igdt mie
B A Fen s A5 Table 1) o Fikehpf ¥ mfe " Ap e cnE % > 7
Flg %8 IL-la (HiT* a e Qg wmbe jri KA Flen i A5
IL-1Bpromoter *+-511 =% &_C/C » IL-1B Exon %#_E1/E2 3| » IL-1Ra
% Type I/Type I » IL-4 intron3 % Type RP1/Type RP2 (Table 2 )

CE A EH R ATARL B

#i5d IL-lo k2 m/ﬁ‘%—i\*ﬁ}\ % > @ PB-H RNA # b Cy3
(Green) R i AP enipdlie » § 2 %Ffe IL-la F PF a2 f
oA G e o B~H RNA It CyS(Red)%ﬂr?& v 2_ 1887 ¢cDNA
chd de B B akiR] o B R F AT e 2 ¢ H MMP-3 & Fl A5 E

075ng/mL T N EaJdR2 (s H A Fehdk P &F‘ ek Frd] o AT By

Em%4 F R (Fig. 3A) - @ Aadgcd wee2 ¢ plHE MMP-13 2
_"] &8 0.75ng/mL 0 o HadB 2 (8 B A Flend P A ok dr
(Fig3) - PR &ELT P FFF FRGT %P RBP4 surfactant-

pulmonary- associated protein D ~ phosphate cytidylytransferase 1-choline-
beta isoform - cylin B2 % A F]2_ £ > P wv > 0P - IR
A TR b RBE & AP BE o
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@ ”%»F#Hi e ¥ 4 IL-la §lg*r42 MMP-13

% MMP-13 &b & ¢ 2 2 ¢ i8¢ §c ¥ ¢ Hitype Il collagen 7% *»
B A G BTl e d IL-la 1A 4 MMP-13
mMRNA & Flehd B @ b i O b R RE & X ¢ 0B 17 i i e

(Fig. 4)

X EFP e ok wre? d IL-1o fp9T A
4 L 1 4 IL-8 mRNA £ Fl:hi &

Mo AE R RAEM & P AR e U e R IL-1b frag it 7
L-8» &t ¥ e fmve fogps A 0 imee ¥ ¥ v 0 IL-lo 403 &
mxE A4 mRNA hd R & & F o e » 2 {8 IL-1b fr
IL-8SmRNA 2 4 ¥ #Fr4] (Fig.5 and Fig.6)

ot

3

IL-1a %% IL-12 family & %] IL-23 p19 £ %]2_ & 31

IL-23 5 3 kA3 2 b e ek > B AL 4>t IL-12 family 2 -
IL-23 % - heterodimer protein > H & — IL-23 p19 subnit f- IL-12 p40
subunit % & - F-9 B oooa a AP IL-la 3 FEFEwe > 2
IL-12p35 subunit % L& I A § P &g cndf 4o > (2 e g IL-12 family
IL-23 pl19 subunit ¢ %£% IL-la 8 4 4c @ # 4 # mRNA 2 % %

(Fig.7) o fe4e i imoz ¢ % 4 [L-1a > IL-23 pl19mRNA £ 7 % 3R
i IL-12 p35 L35 5 4 o i Hoimie 2 ¢ o

® IL-23 pl9 ¢ %% IL-la #% chpE R @ 2% > & IL-la fljcis
6 PFIL23PIO B4a4 T @ £9R% 24 [ P55 5% & (Fig. 8) »

IL-1a ¥ % 1§ NF-xB v AP-1 2_ #5358 1L-23 p19 £ F]
2.4 R

f1* NF-xB §= AP-1 2 #r#|#% PDTC fr curcumin ¢ 6.25uM I
50uM A& fde » dmre 2 ¢ 3 IL-la flgew ch— B pF o S5 F A
F 34| A £ 8 40 @ 1L-23 p19 mRNA ¢4 £ % +(Fig.9)’ & 50uM
e curcumin 4 > ¥ = 2 Fdd Ing/mL 2 IL-la §jE#7 & 4 7 1L-23
p19 mRNA (Fig.lO)
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,\"g»

2 A e grEk IL-12 mRNA A Flend 2 B2 58

FHE R AL S e P hde r 1§ 2 F A ALt ik r A
| IL-12p35 subunit # mRNA m%\ E o e 3 IL-23 p19 mRNA
RlEEFT SFEnif4em s 4 (Figll) o

S 8BR=
—ﬁ-i

T o Pt MMP-3 64 31

PaFy 2P e dr Ak RIEM & g Y e R
IL-1 4= TNF-a a2 P g F £ & ek d 5 Ft et - g ¢
A 1 2P - e ek (IL-la % Pk & if e dic F fobe ) o
A - A R fo it b e 12 Ing/mL IL-la flgcf 40+ % Ok R D
TOERE 16 [ KA meg gl P FR o BRAKRY B
Matrix metalloproteinase-3 (MMP-3) 1 ELISA & 4 7 - & % F |
% e A4 b Ing/mL IL-la §)PF > B3 € 2 2 MMP-3 *t fw s i
R o ik ELRE S % (Figland Fig2) » 2 &7
MH me AR BT g O RS e B A MR R hT O %
Fed2 iy #50d Ing/mL IL-lo §]c 2 4 9 MMP-3 39 B 5 /&g cidr
Foek > ¥ EREET O ente » B R 4@ B 4o B prd] [L-la orig b
MMP-3 & if imbe fogi ¥ vz ¥ ehd 4 £ (Fig.12) o @ izt MMP-3
APr) W F 4 g B & WP oo proteglycans ~ collagens ~ gelatins v
aggrecan £ link protein gk » & @ p E M & dp T o

L~ F 2 e E MMP-3 fr tissue 1nh1b1t0rs of metalloproteinases

(TIMP-I) thd T g2k

F1% MMP-3 3 4c > B &b & 92 ¢ 5 MMP-3 fo TIMP-1 ¢ i &
P GEOR G @ - B T EE g A g F e eneig o A Jd Fig 3 and
Fig.d ¢ g o 397 &J2 i chgx + 'fr,ﬁ*’hﬁ_‘m”é’ HmEkgengrd] 7 d IL-1a
s WA A I MMP-3 chA T 0 @ At dmre ¥ T BN -
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Typing for cytokine polymorphisms. Primary human Fibroblast-Like
synoviocyte passage 2™ to 4™ treated with or without 0.75ng/mL TWHf
and treated with or without Ing/mL IL-1 for 7 days to 14 days. Then
genomic DNA was isolated from cells using QIAGEN genomic DNA
isolated kit. PCR was used to identify the genomic pattern of all of the
different cytokine genes.

Fibroblast-Like Synoviocytes

Control

IL-1 (1ng/mL)

TWHT (0.75
ng/mL)

IL-1+TWHf

IL-1B promoter

-511*C/-511*T

-511*C/-511*T

-511*C/-511*T

-511*C/-511*T

genotype
IL-1B Exon 3 E1/E1 E1/El E1/El E1/E1
passage 2 | genotype
IL-1Ra genotype Type I/ Type 111 Type I/ Type 111 Type 1/ Type 111 Type I/ Type 111
IL-4 intron 3
genotype Type RP2/RP2 Type RP2/RP2 Type RP2/RP2 Type RP2/RP2
IL-1B promoter 511%C/-511*T 511%C/-511*T -511*C/-511*T 511%C/-511*T
genotype
passage3 |\L~1B Exon5 E1/El E1/El EI/E E1/El
genotype
IL-1Ra genotype Type I/ Type 111 Type 1/ Type 111 Type I/ Type 111 Type I/ Type 111
IL-4 intron 3
genotype Type RP2/RP2 Type RP2/RP2 Type RP2/RP2 Type RP2/RP2
IL-1B promoter 511%C/-511*T S11%C/-511*T -511%C/-511*T 511%C/-511*T
genotype
IL-1B Exon 5 E1/El E1/El EI/El E1/E1
passage 4 | genotype
IL-1Ra genotype Typel/Type Il Typel/Typelll ~ Typel/TypeIll  Typel/Type III
IL-4 intron 3 Type RP2/RP2 Type RP2/RP2 Type RP2/RP2 Type RP2/RP2

genotype
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Typing for cytokine polymorphisms. Primary human chondrocyte passage
3"to 5™ treated with or without 0.75ng/mL TWHS and treated with or
without Ing/mL IL-1 for 7 days to 14 days. Then genomic DNA was
isolated from cells using QIAGEN genomic DNA isolated kit. PCR was
used to identify the genomic pattern of all of the different cytokine genes.

human Chondrocyte

Control IL-1 (Ing/mL) TWHI (0.75 ng/mL) IL-1+TWHf
assage 2 -

passage 2 | IL-1B Exon 5 S1*C-S11*C -511*C/-511%C SS1*C/-S1*C -511*C/-511%C
promoter genotype
IL-1B Exon 5 E1/E2 E1/E2 E1/E2 E1/E2
genotype
IL-1Ra genotype Type 1/ Type [ Type 1/ Type 1 Type I/ Type 1 Type I/ Type I
IL-4 intron 3 Type RP1/RP2 Type RP1/RP2 Type RP1/RP2 Type RP1/RP2
genotype yp yp yp yp

assage 3 -

passage 3 | IL-1p promoter S1I*CIS511%C -511%C/-511%C S1I*CIS511%C -511%C/-511%C
genotype
IL-1p Exon 5 E1/E2 EI/E2 EI/E2 E1/E2
genotype
IL-1Ra genotype Type I/ Type 1 Type I/ Type I Type I/ Type 1 Type I/ Type 1
IL-4 intron 3
genotype Type RP1/RP2 Type RP1/RP2 Type RP1/RP2 Type RP1/RP2

passage 4 |IL-1B promoter N % * «

-511*C/-511*C -511*C/-511*C -511*C/-511*C -511*C/-511*C

genotype
IL-1 Exon 5 E1/E2 E1/E2 E1/E2 EI/E2
genotype
IL-1Ra genotype Type I/ Type 1 Type I/ Type I Type I/ Type 1 Type I/ Type 1
IL-4 intron 3 Type RP1/RP2 Type RP1/RP2 Type RP1/RP2 Type RP1/RP2

genotype
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Fig.1 Effects of TWHf extract on the cell viability of human fibroblast-like

ABS (OD490)

synoviocytes-RA(HFLS-RA). 4x10° HFLS-RA at 8 passage in 96-well plates
were treated with or without various concentrations of TWHf in 200uL
Dulbecco’s modified Eagle’s medium /0.2 LAH for 24 hours, and then
incubated with the XTT reagent, precipitate solubilized, and subjected to
spectrophotometry. Data are the mean SD of triplicate determinations for

each treatment.

2.50 —O— control
—a—IL-1
2.00 r
1.50 r
1.00 r
0.50 [
0.00
Q X &b b DN D S N O D
N FFFSE VS

TWHT{ conc. (ng/mL)

Fig.2 Effects of TWHS extract on the cell viability of human chondrocytes. 4x10°

chondrocytes at 8 passage in 96-well plates were treated with or without
various concentrations of TWHf in 200uL Dulbecco’s modified Eagle’s
medium/ 0.2% LAH for 24 hours, and then incubated with the XTT reagent,
precipitate solubilized, and subjected to spectrophotometry. Data are the
mean SD of triplicate determinations for each treatment inations for each

treatment.
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Fig.3 A. Stromelysin (MMP-3)
HFLS-RA control (Cy3(Green)): Primary human synoviacyte-RA passage 8"
treated with IL-1 ng/mL for 18 hours.
HFLS-RA TWHT{f (Cy5(Red)): Primary human synoviacyte-RA passage gth
treated with IL-1 ng/mL and TWH{f 0.75ng/mL for 18 hours. Total RNA was
sample for micro array assay. Total RNA were isolated with QIAGEN
RNeasy Kit from HFLS-RA control and HFLS-RA TWHT cells.
B. Matrix metalloproteinase 13 ( collagenase 3)

HC control (Cy3(Green)): Primary human chondrocyte passage 8" treated
with IL-1 ng/mL for 18 hours.

HC TWHT (Cy5(Red)): Primary human chondrocyte passage 8" treated with
IL-1 ng/mL and TWH{f 0.75ng/mL for 18 hours. Total RNA was samples for
micro array assay. Total RNA were isolated with QIAGEN RNeasy Kit from
HC control and HC TWH( cells.
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HFLS-RA Human chondrocyte

IL-1a IL-1a

A S+
(Ing/mL) (Ing/mL)
TWHf TWHf

010 10.30.6/1.3]2.5 010 10.30.6/1.3]2.5
(ng/mL) (ng/mL)
Fig.4 Inhibition of IL-1 a-induced IL-1 B gene expression by TWHf extraction in

human human fibroblast-like synoviocytes-RA and human chondrocyte.
HFLS-RA and human chondrocytes in 100-mm dishes were treated with or
without IL-1a (1ng/mL) and with TWH{f in 10 mL DMEM/0.2% lactalbumin
hydrolysate for 18 hours. Total RNA (1ug) were subjected to RT-PCR for
mRNA of IL-1B
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G3PDH

HFLS-RA Human chondrocyte

G3PDH

IL-1a IL-1a

S+ R
(Ing/mL) (Ing/mL)
TWHf TWHf

010 10.30.6/1.3]2.5 010 10.30.6/1.3]2.5
(ng/mL) (ng/mL)
Fig.5 Inhibition of IL-a-induced IL-8 gene expression by TWHf extraction in

human human fibroblast-like synoviocytes-RA and human chondrocyte.
HFLS-RA and human chondrocytes in 100-mm dishes were treated with or
without IL-1a (Ing/mL) and with TWHf in 10 mL DMEM/0.2% lactalbumin
hydrolysate for 18 hours. Total RNA (1ug) were subjected to RT-PCR for
mRNA of IL-8.
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HFLS-RA Human chondrocyte

MMP-13

IL-1a IL-1a

S+ S+
(Ing/mL) (Ing/mL)
TWHf TWHf

010 /0.3]0.6/1.3]2.5 010 /0.3]0.6/1.3]2.5
(ng/mL) (ng/mL)

Fig.6 Inhibition of IL-1a-induced MMP-13 gene expression by TWHTf extraction in
human human fibroblast-like synoviocytes-RA and human chondrocyte.
HFLS-RA and human chondrocytes in 100-mm dishes were treated with or
without IL-1a (1ng/mL) and with TWH{f in 10 mL DMEM/0.2% lactalbumin
hydrolysate for 18 hours. Total RNA (1ug) were subjected to RT-PCR for
mRNA of MMP-13.
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IL-23 P19
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Fig.7 Dose dependence of IL-la-stimulated IL-23 pl9 gene expression in
HFLS-RA cells. HFLS cells (1x10° in 100mm dish in serum free- modified
Eagle’s medium) were cultured for 18 hours with various concentrations of
IL-1a (Ong/mL, 1/16ng/mL, 1/4ng/mL and Ing/mL), and IL-23 p19 gene
expression was determined by semi-qutantive RT-PCR. Similar results were
obtained in 4 experiments with cells from different RA patients.

IL-1 Ing/mL

3h 6h 18h 24h 48h

IL-23 P19

G3DPH

Fig.8 Time course of IL-la-stimulated IL-23 pl19 gene expression in HFLS-RA
cells. HFLS cells (1x10° in 100mm dish in serum free-modified Eagle’s
medium) were cultured with IL-1a 1ng/mL for 3 hours, 6 hours, 18 hours, 24
hours and 48 hours, and IL-23 pl19 gene expression was determined by
semi-qutantive RT-PCR. Similar results were obtained in 4 experiments with

cells from different RA patients.
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Fig.9 PDTC down-regulates 1L-23 P19 mRNA expression in IL-la-stimulated
HFLS-RA cells. HFLS cells (1x10° in 100mm dish in serum free-modified
Eagle’s medium) were pre-treated with various concentrations of PDTC (0,
6.25, 12.5, 25 and 50uM) for 1 hour, then treated with IL-1a for 18 hours.
IL-23 p19 gene expression was determined by semi-qutantive RT-PCR.
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Fig.10 Curcumin down-regulates IL-23 P19 mRNA expression in IL-1a-stimulated
HFLS-RA cells. HFLS cells (1x10° in 100mm dish in serum free-modified
Eagle’s medium) were pre-treated with various concentrations of curcumin
(0, 10, 25 and 50uM) for 1 hour, then treated with IL-1a for 18 hours. IL-23
p19 gene expression was determined by semi-qutantive RT-PCR.
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IL-23 P19
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Fig.11 TWHf down-regulates IL-23 p19 mRNA expression in IL-1a stimulated
HFLS-RA, but no effects on IL-12 p35 mRNA expression . HFLS-RA were
treated with 1ng/mL IL-1 and different concentration of TWHT (0, 0.3, 0.6,
1.3 and 2.5ng/mL) for 18 hours d IL-23 p19. Total RNA was extracted and
gene expression was determined by semi-qutantive RT-PCR. The results are
representative of three different RA patients with comparable results.
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Fig.12 Quantification of MMP-3 release by human fibroblast-like synoviocytes-
RA and human chondrocyte. Primary HFLS-RA and HC (1x10° cells/well
in 10 cm®) were treated for 18 hours with IL-1 (Ing/mL) and with or
without TWHT at the indicated concentrations. The levels of MMP-3 in the
conditioned medium were determined by ELISA. *P < 0.05 versus control.
(TWHf 0 ng/mL)
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Fig.13 Quantification of TIMP-1 release by human fibroblast-like synoviocytes-
RA and human chondrocyte. Primary HFLS-RA and HC (1x10° cells/well
in 10cm®) were treated for 18 hours with IL-1 (1ng/mL) and with or without
TWHIf at the indicated concentrations. The levels of TIMP-1 in the
conditioned medium were determined by ELISA.
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Fig.14 Therapeutic administration of TWHf reduces the severity of CIA. DBA/1
mice immunized on day 0 and boosted on day 21 with type II collagen were
administered vehicle (PBS/enthol) or TWHf at 0.1or 0.3mg/kg, i.p, from 38
days. Histograms demonstrate the mean densitometric intensity (=SD) as

assessed in four separate experiments. *P < 0.05 versus CIA control.
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