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The Blocking of TNF-alpha by RNA Interference and Its Influence
on Synovial Fibroblast and Chondrocytes

Hyun Ah Kim, M.D., Ph.D.

Department of Intenal Medicine, Hallym University Sacred Heart Hospital, Anyang, Korea

Objective: Small interfering RNA (siRNA) triggers RNA interference in mammalian somatic
cells. TNF-« is a proinflammatory cytokine implicated in the pathogenesis of inflammatory
arthritis including rheumatoid arthritis (RA). This study was to use TNF receptor 1 (TNFRI)-
specific siRNA to inhibit the TNF- ¢ mediated signaling in RA fibroblast like synoviocytes (FLS)
and chondrocytes.

Methods: TNFRI specific siRNA was produced by targeting 3 nucleotide sequences at 474~
494, 562~582 and 668 ~688. Reverse transcriptase polymerase chain reaction (RT-PCR) and
Western blot were performed to optimize the silencing effects of TNFRI siRNA in cultured FLS
and chondrocytes. The inhibition of TNF- @ mediated signaling was determined by ELISA assay
of metalloproteinase 1 secretion induced by TNF-a.

Results: The TNFRI siRNA inhibited the expression of TNFRI mRNA and protein in both RA
FLS and chondrocytes. MMP-1 secretion induced by TNF-« was significantly downregulated by
TNFRI siRNA.

Conclusion: TNFRI siRNA can inhibit the expression and signaling downstream of TNFRI
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in both RA FLS and chondrocytes efficiently. This suggests that RNA interference technique by
siRNA could be considered as a potential therapeutic target for RA.

Key Words: Rheumatoid arthritis, siRNA, TNF-«, TNF receptor 1, Metalloproteinasepo-
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Fubd a9 e 1% 98 AL A &
& Asle] stz AzbHed Z1gel oal fee
A% WgoR Aekm FAG WA st olo] 4
o 1% Al ALt HEA HHY A%
olch. Fulelzzaedsl W UL oba7bA Wit
o WA gk webd T NEE AR Sold
ML 71l gt ohAluohs ok Foku 7S
e Age] Ngol ol §HY okAE Aol o
o fulelsgdedel sbg FEAA AEE S8
9 AAE wela olol] By Wel W3S A4
Al Ao} BAHoE Fu FUAS P
2ol wi§ ofeda Bl gelol AEeA e T
AE AAST glol I G AAE 5 XEA
42 AsAe obde adsith od @A
Be ATAEES 9F Wse 4B} 1 HU AR
Foll RS B $1 AFH AlEAAE, S

interleukin (IL)-1, tumor necrosis factor (TNF)- alpha,
IL-6 59 ool Z=w 3 9t} (1). TNEF- alphat:
cheRk AR 1SS S A 92 A
olEFlelo g TIAE, AUAE, B HEZ, T Y=
T, AREAIE Sl osll A E el Fubel =g
g9 TE E99 type I collagen induced arthritis
modelell 4] &4 TNF F&A §3 DA
TNF-alphas Alst= 2% A S oA
T Stk . olgt 22 TE A AHRE VR
thekdk TNF-alpha HAAIS] 7ure] Al:x]o] HA|
kel A goll o] &= 3 Hold 4 AHE
Hol= Zlo] #=glr}t (34). @A TNF-alphaoll thit
AAAZE HEEA IAQ infliximab 2
adalimumab, T84 G842 etanercept’} HEZH S
2 AEEI 3 25 7]1ES] FAlel vhgS Hol
A e B4 FutEl Rl dAtelA dAR 4

Eo]4

AR AT FA s JAE spA ok aEY
ol A=A AAde FA-FA vkgell 93t oF
Al el sk B AL vEow AW BAE
o HTA A 5o TA-e] 7] wiitel U4H
o] goll Algto] wtErt.

22 AEH 7]wo] ubslH Al messenger RNA,

transfer RNA, ribosomal RNA % ofyal 7]5o] E&
gk 22 non-messenger RNAZ}F A3 RNA+
@A DNA7F 7HA+= §4 ZAEE HAsle S04
o] d¥uts ZErhe AAQY o] &L RNAYE Tt
¥t AETH F4E 7HAE FHolghe olEeE
A=l 2 9it}. RNA interference S-S double-strand
9] F=E ZE #S RNATE 97] Ad EolFHe=m
AR 7ss AEATE Ao 2 A57S Caeno-
rhabditis elegansol| Al XS0 2 FHE T} (5). 53
71&2] §AA AA EFACl anti-sense DNAoI H] 3l
double-strand RNA mixtureZ} 108] o]A+e] H-AA <
A ZHE Z+= Zo] 9& A A RNA interference™
W I W7 AF (6). e AlFellA
= 19~21 9712 FAE 2 double-stranded RNA
E FslE= 749 RNA interferenceS e 4+ 9)
32 o]#]8k RNA A]¥-& small interfering RNA (siRNA)Z}
3 At} siRNATE AlEA| FEAsl= RNA-inducing
silencing complex(RISC)oll 2]al] M|E gto =z d]lF]
™ 4R 97|49 (complementary sequence)E ZEE me-
ssenger RNAol| A3 & & f2gtt (7). <&
g 54 wifol siRNAE AlEU &5 Ao &
olF o FHAS Jleg BAe A¥H EFE
de] o]&xlo] 3 HITole AR ASARE o] &
g 7tsAE AVIE vk & AFelAe TNF-«
o] F 4849l TNF F84 18(INF receptor I,
TNFRI)ol| tHgl siRNAS] RNA interference &S o]
Sslo] WA =2 Fogd AEEQU T AE9}

15
o

AF AFEoA TNF-« 584 Bag olAlebm o2
o] Aol Aol AL wAE DA 7| wlsl
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1. i3 3 g9t MRIMIZO| 2|
vl Jolel~3ded 39 Agk Vs S
T el aRAd A JF HAXREE FH
e zHogRE ol HuE WHE 8)
= 9 ARERAEZE ZeElElsdd eks] 7lsshd
Az A5 wmERY dF =25 ghA ek AA
A % 0.05% hyaluronidase®} 0.8% proteases P

DMEM &-HollA] 5% CO,, 37°CollA 1A17t &<t vl
okstgltt. o|F 02% collagenaseE Y3 5% CO,,
37°Coll A wk=zvlEl wpel A7) E Agsle] AE =
A 5ok AAEel ¥ AF5Ns AAsk e
ol e dAE AEE 10%
(FBS), 2 mM glutamine, penicillin (100 unit/mL),
streptomycin (100 #g/mL)E 7}3t DMEMell ] H--5-A]
7 10mm plateol] ILEEZ(5x10%wel)ol] EF3}5 ).
Az AE7F wfg7]ell FHE™ 3x107welle] FEZ
6 well plateol] HF3lo] siRNA A Aol o] &3}
Ak et AREAEe e Fu 2FHS 2~3
mm ¢ ZzZoZ AA A T 4 mgml FTES
collagenaseol| A 5% CO,, 37°Cell 4X|ZF 5<b wjoks}
Ack. ZElE AEe A AE ajkAs 93 =)
Fofol]l BFAA 75-em’ flaskoll HF3tdeth. sHF7)
At F AES AFste] wjdrlddl FHEA
AEE AAsI . 10% FBSE 7F3t DMEMOoIA]
5% CO,9F 37°Ce] =71oll A wiokstar wiekeyL v 3
dupet sgkelgict. Eeka vbEe] 90~95%7F &
T AREAZE FubEH AL wjgkles 1:3
3| Aste] Al ksl Adels 4~8 Al
gt AFEAEE AL siRNA A 3kF A
3x10%well®] EEZ 6 well plateol] 2F3}o] siRNA

A% Agol ol gelgich,

fetal bovine serum

2. siRNAQ| M|Z}

370¢] %X TNF RI siRNAS Ambionoll ¢]&|s}o]

A, 77l 7] AL F 17 2k 2lmer
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Table 1. The sequences of siRNA used in the experiment

siRNA Sequence

5’-GGAGCTTACTTGTATGATGAT -3’
(sense),

5’-GGAACCTACTTGTACAATGAC -3’
(anti-sense)

5’-ACTATCTCAGATACTGTCTTA -3’
(sense)

5’-ACCACCTCAGACACTGCCTCA -3’
(anti-sense)

5’-GAGCTAGTATCGGTATTGTTG-3’
(sense)

5’-GAACCAGTACCGGCATTATTG-3’
(anti-sense)

TNFRI-seql

TNFRI-seq2

TNFRI-seq3

o a7l AL AEe TNFRI®| 7|4 474~
494, 562~582, 668~ 688l 3slTdstc}. Negative control
2 o]235 scrambled siRNAES w}& A|2bs}9l ).

3. siRNAS| ME

15 ml tubeoll BAHS H7lslA] ¢kS DMEMS 600
vl Y3l siRNAE d7lste] RE=ZA vortexing 3l
Fock o] & dHE AHueA %52 DMEM<S 600
1L €2 eppendorf tubeol] lipofectamine 1.2 #LE
7Fste] H==&A vortexing 3 F9 vl Lipofectamine
o] ol &ME siRNAZF EoldEe Sl W
g "oj;me] 4lo] & ¥ 40% B dZollA wik
sloAch. 4032 wHoFAIZke]l FEET] 15E Aol Al
5 IHE HUlslA ¢S DMEMo 2 FXE Al

| ¥ lipofentaming 4] siRNAE 600 L4
g gojmd Fck §Ho| platedt] T F 7
E5 3 ¥ 5% CO,, 37°CollA] 4417, 8A17F ulok
kil wiek A7t A3 F siRNATHGE wiAE <
A3 AAMNSFI 10% FBS, 2 mM glutamine, penicillin
(100 unit/mL), streptomycin (100 #g/mL) 3§ DMEM
o2 wjFHg ZolFodrt 24X7F 73T F mRNA,

=
48417k wi Rt & A S FEekgivh

X

XN oo 2
of,

4. TNFR10]| CHE RT-PCR

RNeasy Mini Kit (Qiagen, Valencia, CA)E o] &3}

o] ¥ RNAE FZel3lch. 53 F RNA LA ZFS
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SuperScript™  Fist-Strand  Synthesis System for RT-
PCR kit (Invitrogen, Carlsbad, CA)E o]-&3lo] cDNA
= At PCRe 3 Whg SHES ¥ 2040
7} B 52 5193 AccutePower® PCR PreMix (Bioneer,
Taejon, Korea)oll Z+7ZF D.W 12 4L, 100pM TNFRI
primer (sense, 5’-ctgcaggaagaaccagtacc-3’, antisense 5’-
gtggtgcctgagteet-3), A E 4 4L cDNAE H7}slo]
SEE AWl TF 242 96°CollA 30, 55°C
oA 303, 72°CollA 30%=Z 253|9c}l. PCR AHES
1.5% agarose gelol|A] 7|45 A¥¥sfe] PCR At
9] kS GAPDH PCR %3} ulslgict.

5. Western blot

A714Ee 12% SDS-PAGE®]
Z E21¥ A8 PVDF membrane

& Agsto] 4°C 270 mAslA 0% Bt A F
AA% oA ArdBe]l B ¥ FAAED
Zz]slio] TBST (0.01% Tween 20 in Tris-bufferd
saline) Al¥Ho g AXst F Xgk ENM(5% bovine
serum albumin in Tris-bufferd saline)el] B7} 420l 4]
1AIZE WES AR Ask ols WEl TBST AlH
Aoz opA AFsdct. FHAE 7ol anti-mouse
TNFRI (Amersham Bioscience, Buckinghamshire, UK)
Aol Yol 4°Coll A 12~16A17F HESA] 7)o 2]
EZ 7AHo] TBST A Ho & A|H st} Horseradish
peroxidase7]' X 2L%] rabbit anti-mouse I1gG (Cell sig-
nalling technology, Beverly, MA)E 1 : 1,0002.Z 3]
Asto] ALolA 147 Bk LA WEo] B
¥ FAAE Ao} TBST AlHAoz AN
enhanced chemiluminescenced ©]-83lo] x| A3t

A g sl

100VE  A|gY3}9

Ot

6. Metalloproitenase (MMP)-1 ELISA

SIRNAE A3 F 12417+ g7k 94 §l= DMEM
oA wiekEk F 10 ng/mL % TNF-a (R&D,
Minneapolis, MN)E ] X|s}]t}. 24X 7Fo] 74 3}s}o]
AEZ wfeF A=l MMP-1 ZES ELISA kit (R&D)
£ ol&3te] ZAsAek vk AEHL 1108 34

ate] Ag319

— 325

AdF 7+ v]iZE= Mann-Whitney U testE o83}

o B39 §94 B8 p3k 005 wRke g 3

e 1t

1. 9= MIZEQ| siRNA ME

X

24 AF AEZ siRNAFE A =2AS A
71 9%l siRNA, lipofectamins Z+Z 24, 48 pM, 1.2,
24 pL A3 vk AZHE 4A7F, 8AIZEoZ wHeE]
slo] Adsldrt. siRNA A" F 24417 A} AlE
2 43 A lipofectamin 2.4 LS X8 =70
A 48 AEAVE BEEchdeld HolA] ¢k
£). UHA zAENA RNAS F3E3sto] TNFRI1C
gt RT-PCRS A|383t 73} sequence 13} sequence
20014 4A|7F, 8AIZE vk A] 24, 48 pM RSl
ot §AA WA AA7F FEE G F 1), siRNA
°] mRNA %& Zrart ghid 47 olojA A&
PHEs] 3l siRNA AE F 48417 At A
£ Helslo] Western blot> & TNFRIS| 2dlg a3z
sk (g 2). A3 mRNAZ IS} o] siRNAK D

48A17F & dF A|E9 TNFRIY A3 7+47) 3
2= et
2. ROIE|A &9 MRRTMIZEQ| siRNA HE
Sequence 13} sequence 2& ©]-&3to] Fule]~THA

o 1 AFRAIEZ siRNA AEE A =319
A e dF AlES 2 2702 Ak
gt A{fEAZAE AF AEL} 2ol sequence 1,2
S #2923 TNFRI mRNAS} whiA o] zh4-7} viet
steh(2 " 3).
3. gE M= ot MREMZE HMEE siRNA
9 75

theog T AES} Bl HREAEZ Add
siRNA7} TNF-a 9] 7|55 dAst=AE &3}
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A
Incubation 4 hrs 8 hrs 4 hrs 8 hrs
time

siRNA's TNFRI TNFRI s TNFRI TNFRI ¢ TNFRI TNFRI s TNFRI TNFRI
24 pM 48 pM 24 pM 48 pM 24 pM 48 pM 24 pM 48 pM

Seq1

Seq2

Seq3

TNFRI GAPDH
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(%) Inhibition

o
|
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‘ *
*
*
* II_|
*
*
*

40

20 1

siRNA s TNFRI TNFRI s TNFRI TNFRI

Incubation (24 pm) (48 pm) (24 pm) (48 pm)
4 hours 8 hours

Fig. 1. Inhibition of TNFRI mRNA by TNFRI specific siRNA in articular chondrocytes. (A)
Expression of TNFRI mRNA in articular chondrocytes were detected by RT-PCR. Data
represent samples from 3 different donors. (B) The band densities were quantified, the percent
GAPDH density was calculated for TNFRI and the value for control was set at 100. *p<0.05
compared with control by Mann-Whitney U test. s: scrambled siRNA(negative control).

Incubation 4 hrs 8 hrs 4 hrs 8 hrs
time B —
siRNA s TNFRI TNFRI s TNFRI TNFRI s TNFRI TNFRI s  TNFRI TNFRI
24 pM 48 pM 24 pM 48 pM 24 pM 48 pM 24 pM 48 pM

Seq1

Seq2

|1

e e B B

TNFRI B-actin

Fig. 2. Inhibition of TNFRI protein by TNFRI specific siRNA in articular chondrocytes. Expression
of TNFRI protein in articular chondrocytes was detected by Western blot. Data represent
samples from 3 different donors. s: scrambled siRNA.
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A
Incubation 4 hrs 8 hrs 4 hrs 8 hrs
time -
siRNA s TNFRI TNFRI s TNFRI TNFRI s TNFRI TNFRI s  TNFRI TNFRI
24 pM 48 pM 24 pM 48 pM 24 pM 48 pM 24 pM 48 pM

TNFRI GAPDH
B
Incubation 4 hrs 8 hrs 4 hrs 8 hrs
time -
siRNA s TNFRI TNFRI s TNFRI TNFRI s TNFRI TNFRI s  TNFRI TNFRI
24 pM 48 pM 24 pM 48 pM 24 pM 48 pM 24 pM 48 pM

e eeesemesene)
~ -~ =

TNFRI B-actin

Fig. 3. Inhibition of TNFRI mRNA and protein by TNFRI specific siRNA in RA fibroblast like
synoviocytes(FLS). (A) Expression of TNFRI mRNA in RA FLS were detected by RT-PCR.
Data represent samples from 5 different donors. (B) Expression of TNFRI protein in articular
chondrocytes was detected by Western blot. Data represent samples from 4 different donors.
s: scrambled siRNA.

N

EAE 25 7 %% SIRNAZE B85 Hole
48pM 8AIZF wieke] = &
2% 40|49} 7Fo] TNERI SIRNA%_'— %ﬁi Az Al
Zol|A = TNF-aoll Hh-gsto] MMP-12] AJ4de]
shAl A slkE] et

]

I

i-u

B QATellA FAsle] AT AES) H} AE

FollAl siRNAC  2J3ll  frostA] TNFRI '#3e]
mRNAS} ©hlA 2o A ZhaE9la o]#]dk Zh4
= TNF-col 28] s dF Axe gt A=

o] AZ wisllAle] e dAlstdr) o] siRNA
7IHe] 712 QAFolA Fast FdoF olgd ¥
olUzl #Ade X BoE o]EHE 4 e 7}
A& 7hssAl g

RNA interference®] 7]H L o}z RE Zlo] uld XA

] ¢k9k o1} Drosophila®t 7S W] EG-5 A EollA]
71 double stranded RNAZ} RNAse III motifS 2+

HF 4 Dicerdl] 93l 21~23 937] A9 siRNAE H
d=lar o]gAl AAH siRNATE RNA-induced silencing
complex RISC)Z ¥d=o] 3o HHo] == 4
o:l 6‘1— S 3

rlr e

v

ke

= 3071 <37

2 mRNAZ nuclease complex&
© Aoz Haudd 9). TAw AE
A o]4e] 71 double stranded RNAoI =Z% &= 7%
73k g wlolels whEE do7]7] ulfell siRNA
Fele] &2 RNAE o] g-elloF 3t} (10). RNA inter-
ference?] &L olFAA AE, At TE9
%, 2elx E4ste fAA el ket fuﬂ Sal ok
4 Qe dolElE a1yl ole e A9ttt olad
Eh%é% mRNA®] Fz=7} u}okﬂ =7
ol Eelste] glo] siRNAS] A o] ofe]E Aol
1918k} (11). 2 AFollA AF AEe}l a4
BA|ZA A9 siRNAH ool &3 mRNAS ZH&E
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120

100 - — {1

80 1

60

(%) Inhibition

40

20 1

0 T 1

TNF-o + + + + 4+ 4+
siRNA — s TNFRI — s TNFRI

Chondrocyte Synovial fibroblast

Fig. 4. Inhibition of MMP-1 secretion induced with TNF-
a by TNFRI siRNA. MMP-1 production was
measured 24 hours after TNF- @ treatment from
the conditioned media by ELISA. Results are
given as the mean and standard deviation of the
mean percentage of TNF-a treatment alone
(control, representative of duplicate experiments
from 4 donors). *p<0.05 compared with control
by Mann-Whitney U test. s: scrambled siRNA
(negative control)
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L2t 2] 49%, 57% 8 B|=d §8S Hgon 7t
7] Aol W2 F&9] Holx IX

HAFE GRNATF 7]15S Slaled 2% 9Ax
A= whwe] % S| ZrAz|ojof 3=t
17 A3 mRNAS] 247 UEhd & oF 2447
Fpoto] whufo] cko| Al Friel Zlo| WEE|Q
.9 ADE S§iRNAY 7]50] AR SAHE=
A= Fodd 2 AFoAs Al A9 Huy
96X W7k A] Zh47F WA= A|E o] Fofl = thA] siRNA
At o]A FFo R Folerx Zlo] WEE Yol

B HolA| k).

N L2 2
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oo rf
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o] $-848 AT} (12,13). e siRNAZ o] &
AE AFlollA v 5ol H o & siRNAZ}F theket 4l
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o EAoll AlF2 7Zlslof skt 3t d|& classical 21-
mer siRNAT protein kinase Re} 2|7 7ZAgtslo] o] &
AEsA A sl AF ps3, p38, NFkB A oAl
AN7HA BEgE F 7heAel AUk (14). o]#3 siRNA
A2 A= HI= siRNAS 37] Adel wet 1
2|3 AlEol| whe} r AES FoiAlel] wEAE vk
2A Jebd o] A Ao 46 B% ol
5 gt B ol o] o] 83t scrambled RNATE
MMP-12] HEule] 9le]A] TNF-a & A5Hrl ¢
73t EulE A gkokh

BAAY AElH FaAA §AA AmE
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2,
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I

= o o =3
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wpolg| 27t A4S FAAE ZHAH AlE
°0F FYAA F e THE olF

2 WEEL =2 382 fAAE A28 + Ik
gt ZHedAdell gk f1ge] Esly] wiiell wlo]
B FAo o3t FAAE AAY U= Wl
o] o]8&3lA =t} A adenovirus, adeno-associated
virus, moloney murine leukemia virus, lentivirus So)
o] &=t} u] vlo|z]A WE]EE liposomeo] 7} 4
g o] &= Sledl whol# et 22 o] 9
UARE Bgo] Ui AF vE fidse 59
A7} ek siRNAZF Al Agoll A volr} 3%
TE Ed 52 QA Ha=7] fHAe
A& w7 R 853 =3 Aolrt I
th. Frubel A ol B AAEAe 5
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EolH o & siRNAZE HamwlA HA ]9
} ZZslo] siRNA 7] o] ulo]#] A HlE]
LA gv AEF A AEA=E NEE
= A& AAESIE (16). 2 PubE e
vlo]#s WE & o] &3l ¢k AIA| Ul siRNA
A2 &L vlg "ol Ao g WolgelA
9l7] w]&ol] x| siRNA Ao o st &
Y B2 dFE0] o]Foxof & Zlog AmHrt
A DAl A= NF-kB p65oll et siRNAS F
O]—lf: adenovirus—g— Zﬂ 9 HP%_EL Fs) zﬂ ‘:’\i““oﬂ <3

HEHU%NW@-{O
rd
N
o[r

A
9}11"& 17 oF AA 033 HE HME%* Hle &
0] &3 Z 9l siRNAS] A& H37l ¢l
th B dAFolA dF AES Bk AlEofA ] siRNA
ol 2]3t mRNAS} whmie] ubd 749} TNE-aoll 2]
MMP-19] 25 &3} A9 Aol A=A ¢k
okt}. g RT-PCRI} Western blot 22 28l TNFRI
9] & Aol vl MMP-1 Al Ade U2 A
ol ol A& FEAll o3t A% A, TNFRI
siRNA Z-A1Z 9l MMP-1 A= #3}, 18]35 TNF-«
o] MMP-1 A}5o] TNFRI®| 29| F&AE BT 7}
__x«]_‘:_oi Mcﬂol ./’: 011;], y_ o:}:rL._ o‘:lSEL =1} _’%}-
%_
A

1-0 2 A %

2 AFAAEN A2 siRNA dAE 323k 9%

= (proof of concep)ZFUe] AFE o5 A
ol A&7 HlAE ¥ B 5 A7 29
s Zlolrt.
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