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ABSTRACT Objective: To explore the relationship between tumor necrosis factor like weak inducer of
apoptosis ( TWEAK) gene and the pathogenesis of rheumatoid arthritis ( RA) by detecting the DNA
methylation level, mRNA expression level and serum protein concentration of TWEAK gene in peripheral
blood. Methods: The MassARRAY method was used to detect the DNA methylation level of the TWEAK
gene in the peripheral blood of 112 RA patients and 86 matched healthy volunteers. The real-time quanti-
tative polymerase chain reaction method was used to detect the mRNA expression level of the TWEAK
gene in the peripheral blood of the subjects. The enzyme-linked immunosorbent assay method was used to
detect the serum TWEAK protein concentration of the subjects. The TWEAK gene DNA methylation level,
mRNA expression level and serum protein concentration between the RA group and the healthy control
group were compared, and the relationship between it and the degree of disease activity analyzed.
Results: The overall DNA methylation level of TWEAK gene and the DNA methylation levels of CpG_11,
CpG_17.18.19.20, CpG_40.41.42 site in the RA group were higher than those in the healthy control
group (P =0.002, P=0.01, P=0.006, P =0.002, respectively). The DNA methylation level of
CpG_55.56 site in the high disease activity group was higher than that in the medium and low disease
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activity group (P =0.041). The expression level of TWEAK gene mRNA in the peripheral blood of the
RA group was lower than that of the healthy control group (P =0.023). The expression level of TWEAK
gene mRNA in the high disease activity group was lower than that in the medium and low disease activity
group (P =0.035). The serum TWEAK protein concentration of the RA group was not significantly dif-
ferent from that of the healthy control group (P =0.508) , but it was positively correlated with the mRNA
expression level (r=0.482, P<0.001). Conclusion;: The TWEAK gene is closely related to the onset
and progression of RA, and its hypermethylation state may be one of the epigenetic mechanisms regulating
its low mRNA expression, and it can be used as one of the important indicators for clinical monitoring and

evaluation of RA.

KEY WORDS Tumor necrosis factor-like weak inducer of apoptosis; DNA methylation; mRNA; Rheu-
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FEXSIRE o AMT5E AT B B BE R R 27 B A TR
S, B A R A E I R A

IR RA SR TE 3l EPE ) (disease activity score
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RA 85 53 A R G s BE 2 (PF43 2.6 ~5. 1) Fil
PTG L (PF4F >5.1) .

1.2 DNA HIEAR/KP-A6:

1.2.1 DNA 4R 73 A RA ZH Fg e xs iR 20 v
FEHLIEL 45 5], fdi ] TIANamp Blood DNA Kit 325
& (TIANGEN, h []) ## IR ERAE UL R /£ 4T DNA 23,
321 DNA 35T T 2 J5 19 DNA TP AR A
MassARRAY H1JEAK 1Y DNA Ji7 2 BE0K : HL UK 55 58
B, AU, DO E R s DNA ¥R EE > 50 mg/L, 51
AFERR A > 1 pg;2.2 > A260/A280 > 1. 55 A260/
A230 >0.6, HIERETREAGHAFE

1.2.2 5Ptk IO e 5t R 4R AL
—5000 bp Z +1 000 bp JFF, 3 7 I 4% 156 5& A 5
XIS T CpG B F R R ZEE Age-
na A R EpiDesigner B PEEATS BT, 4000 B
JEE 9 PCR 319 FF 81l 5' 3 31 ) F¥ 91, agganga
2agAGGTATTTAAGGGTATTTTTGGTGG ;3" v 5| ¥ I
1|, cagtaatacgactcactatagggagaagectCCTATAATCCCAA
CATTTTAAAAAACC,

1.2.3 DNA HZEfE (1) MR R AL - 1 I
DNA Ff & 4 Fi F 3L ML DNA SV Al R 36 40 BRI 57 £
(Zymo, ) HEAT R AL AL B, i 45 P I Ak 1) Fd s g
(C) %A Mot 2 5 1o N T 2 748 B PR W E (U ), i H
AL R M WE AN B A Ml B8 Ak S T, AT PR B g L
BE. ARSI A ddH,0 9 mL, M- B¢ 28 #h i 3
mL, M-PER 2% R 500 wL, IR &) 5 B, 5% 4 S
SAFUNR 198 °C,10 min;64 °C 30 min(5 ME) ;4
C,2 min, FALJE R DNA K5 CE T M-3E 5 22 v
W AT e, Z E R sk &b dif., (2) PCR
PHE B0 DNA A G AR 5.0 10 s, JC DNA A5 AR 1
pL, 7E7K EANA ddH,0 6.4 L, 10 x PCR 2% i 1
pL,dNTPs 1 wL,PCR i 0.2 pL, iIF R8I #4 0.2
pL, FEAT Y1 SO, SO ST 194 °C L4 min; 94
C,20 ;56 C,20 5372 °C,1 min( 3t 45 MEEF) ;72
°C,3 min;4 C,2 min, (3) TR #5 12 il ( shrimp
alkaline phosphatase , SAP) Y8 1k ) )i/ : it B SAP i [z
WARZR B PCR 9739 5 pL, LA & BB R
fiff ( ribonuclease , RNase ) i) ddH,0 1.7 plL,SAP
0.3 wl, [ S AR B &L A 7wl SAP S
W, B0 HEAT SAP ROV, Z6FNR 237 °C,2 min;
85 °C,5 min;4 °C,2 min, EKAEF|A PCR P14y
Pyrb ity ANTPs, (4) sl 52 - OWC 5% s i)
SR Z AN F5 RNase i ddH,0 3.21 pL,5 x T7 %
BEFZ M 0. 89 wL, T B RIS 0.22 ul,
100 mmol/L % 75 4 i ( dithiothreitol, DTT ) 3 7

0.22 pL,T7 RNA&DNA H & 0. 4 uL, RNase A
0.06 pL,PCR/SAP IRA ] 2 wL; QF% M RO 2%
fFIR :37 C,3 h;4 °C,2 min, (5) WARAGEAL: 1]
MG Dimple it N IMAMBEFEAT2EL . (6) 857 fiFE
% Fl Nanodispenser fiFE{Y ( 2£E Agena /], KIS,
RS1000) , KW Ag2lifh J5 i~ ¥ % 384 £L Spectro-
CHIP ® 53R b, 47 SRR B, o s FF J5 1Y Spectro-
CHIP .tk Jyffi | MALDI-TOF 43 #7460 45 2R A
EpiTYPER ™ 8 {42 {1k ) DNA 34k 5 2 43 A7 T B
PEAT IR RSB K 5 DNA RS ARM &, 4 51 B
wyh
1.3 AP I mRNA kK FAa

XA A8 & A0 I mRNA 3638 K SF #4746
Mo (1) RNA £ BUFN 2 5% 5% PCR O : B 400
Zi AN E L, {3 RNAprep Pure Hi-Blood Kit iz
& (TIANGEN, W [5]) |, 2 FR# A 13 B R 4 B Az
% RNA, 2 J5 fdi i PrimeScript™ RT Reagent Kit
with gDNA Eraser {7 & ( H 4 TAKARA ) $ e #21E
UL AT SR 5% PCR OB o (2) SEI 90l
PCR S« MR 455 [ Wi 1 D D) ot i e 3 & P A 3+
D e st R 7 CpG B 455 B, AT 5 [ s T i 4
F4 A, 1E 15 514 : 5'-AAGACCCCACTTCAGGCAC-
TAA3', 2 0] 51 4 : 5'-TCTTGTTTCTCGCCCCTCAC-
3’ ffif] TB Green ® Premix EX Taqle IR & CH
A TAKARA) $2 BRERVE UL B E 4T 52 92O 1 5 PCR
Ko (3) 8485 : H A9 AL B9 mRNA AHXS K3k
B 272 R0R R AIAR AACE = (B IIEIA Cr i
- WEEEH CtAl) s — (HIEER Co 5 - W25k
Ct {H) yyp PEAT T, FH H 0 FE DRUAH X 3255 Bk
Fn mRNA KkIKF-,
1.4 i TWEAK 8 #e A

M RA LA 2 v BERILAS S 40 3], il
FI A TWEAK [ B 5028 W [ %€ ( enzyme linked im-
munosorbent assay, ELISA ) {57 & ( Invitrogen, 3¢ [# )
P IRARAE LIRS DU 1M 7 TWEAK 8 kB2 . 06
JCEE T U AL AR | 2% LY D16 %5 BE (fsFH 450 nm
YER EBA) R & FLADLE M, a4 Lo e
i e BE A, SRR 25 (R R it
1.5 geitsaortr

K SPSS 25. 0 AT G R0 br . FFE IR
DO AT TR LA + 22 (2 +5) RO,
ZHIA) AR A ST REAS ¢ 4G 36 5 AT & IR 220 A 1Y
T GORHADY S LR [ M (P, Prs ) 13278, AT L
BR ] Mann-Whitney U #6565 ; 7HECFTRHAR (% ) &
KRR TR . fF6 IES i EHE R ] Pear-
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son A & 2r M, AN AF A IE A& o A 9 R8s R
Spearman A3 HT, A 570 Hr 2R AR OC R 80 (r) &
TNo GEVTARLER A BUMAG 5, P <0.05 22547 58
PES-9'8

2 HR

2.1 WRMEEARGFR

WFoE e & 90 A RA B3 112 fi], SF ¥ 4F
(53.27 £12.90) % , & L1 83 fil, 5544 29 #; H
R TG B B AL 63 i, AR IR (54.73 =
10.48) % A $h 2ot 43 6], 554k 20 45 H ARG 16
B 49 ], AR (51.39 £15.37) & fudhiL
PE40 ], Bk 9 i, fil HEXT R AL 86 B, - 4447 i
(50.79 £9.57) %, d&i 2otk 59 f], Bk 27 i, RA
L FIEE R BT PE B AR S 22 2 G F R L (P >
0.05)

e
)

=== RA (n=40)
== (onirol (n=45)

<
~
T

=]
w

0.1

Methylation expression level
of TWEAK gene/%

RA, rheumatoid arthritis.

2.2 ANEIM TWEAK B[R 457 55 KAk K F

SIBRAE TR A G A% BIRE S S, A58 2L %] 40 4]
RA 21 8 (R B I 20 B 4 24 481, v AR 1 3
BEZH 16 f5]) Fi 45 il e B 2517 T TWEAK 3
H ALK R, RA 4 TWEAK 3R B R F 324k
FEIRIKF- 5 Tl B X MR 4 (¢ =3. 160, P =0.002) ,
LRGN E] RA 41 TWEAK JEPR 19 AN 1 K A H 3
b, Hd CpG_11(Z = -2.582,P =0.01) ,CpG_
17.18.19.20(Z = - 2. 73, P = 0. 006) . CpG _
40.41.42(Z = =3.131,P =0.002) {7 45 &b i) H 34k
KB i e TR HRZHL (181 1)

W3 e e 1% B BE2H CpG_55. 56 1 Ak 7Kk SF- 1
B TR TSI (¢ = -2.112,P =0.041)
A, TWEAK J K] g A F AR KT W 20 1) 22 5 TE 42
R (1= =0.579,P =0.566, 3 1), Hf {5
FH Ak K T 7 P 2 [ R DL 25 S Ak Rk

Methylation sites

Bl1 RA QIR A5 DNA MK A

Figure 1 Comparison of DNA methylation levels at various points
in the RA group and the healthy control group

R RIS RS PR T 3 LAY H ALK LA (2 5)

Table 1 Comparison of methylation levels between high, medium and low disease activity (% +s)

High disease

Medium and low

Ttems activity group (n =24) disease activity group (n=16) ¢ value P value
Overall methylation level/% 0.078 £0.008 0.077 £0.009 -0.579 0.566
CpG_55.56/% 0.241 +£0.048 0.216 +0.028 -2.112 0.041

2.3 A I mRNA Fik K

RA 2] TWEAK FE [Nl mRNA 2% 3k 7K PG T fk e
YR, 22 A B4 L (0.94 £0.32 vs. 1.05
0.36,t=—-2.295,P =0.023) , /5551 3 BE 41 1)
TWEAK 3K mRNA &35 7K AR T P IR0 1 3
H,EZHHGH¥E (0.8 £0.32 vs. 1.01 +
0.31,:6=2.129,P =0.035) ,

2.4 |fiif TWEAK & [k i

S BR PR ZZE BRI L 5, X 39 4] RA 44
FECERN 40 3] fit B i S EAT T I TWEAK 5 H
WREEAREI . RA 41 TWEAK 85 (v B2 -5 £t Fe Xt
MR AR L 25 e ge T2 L[ 316. 8(212.7,406.6)
ng/L vs. 301.3(213.7,536.1) ng/L,Z = —0.662,
P=0.5087, ¥ TWEAK 2 14 5 mRNA 3£
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KA FEAT A 543 M7, L3 TWEAK & HRE S
mRNA Rk IEAIE(r=0.482,P <0.001, ]
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Figure 2 Correlation between serum TWEAK protein concentration
and mRNA expression level
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RA B—Fp B L 4 B Z R8Pk H B e vk
PR, T BRI A E ST (1 S RE IR , R
FIHLHIE Je ok IRAL I B FRBEDN 2 S A HAE
S5 M T S AR L R At 2 4
(S B AT 7 A 14 /N 7 R P TR M R 1, 2 R
AR F OB ST 5 RA (Y &L 25 b0 AE e
PR TE R T 5 B 45 TR 57 5 RA & i BIL R B9 5%
FABOR M AT T, AR SCRT Y e W], TWEAK
5 RA KRl A 56, HE B 5 RA B &
PR AT R 0 T HAE FE B (47— 25 BF 58 ]
RA 15 PRIZ W75 36 7 R A0 1 S8 B 7

TWEAK 1 g i 98 $5 38 [958 58 1 v g — B4,
HA Z i bEIhgE, a5 S N B R S AT R, B
5T LR A F) LR BRI S S . TWEAK HLA i 48
2 R T (e FE L 3] TWEAK A] i 645 4 i 1
IS L5 37 A D B 8 AV RO . AR B TWEAK
JERLLT 17 Sy fk b, Fald 2 A TWEAK f0E—
2, 2545 TWEAK 5 S P 57 40 a5 5 45 S
P a R E S ML e . TWEAK-
Fnld AR AR AT 5 Sl 10 B R 980 19 77 2
S5 RIER NI, 5 20 B B e B 1 &
RO, W RA, 2 58P 4T BEAR IS I £ % M T 4k
fiEM T RA B, TWEAK-Fnl4 Al i 1447 40
T4 T A LA 1 R, SRR N 4 SR A
PEJSIE A BEATHEREIR T . Park 257 & B, RA (B3
L35 TWEAK 5 7K - Ho IE 5 %) BB FISE B
A BRH B E TR van Kuijk 2 % 31, RA B3

TR Zrh TWEAK 1335 7K 1 B S &5 T4 B 9 ¢
V5% 8% . Dharmapatni %" % B, RA #8351 41
21k TWEAK PR W T R, (HR
VER Y &, Maecker 251" & B, 5 TNF-a 594E HI L
WA S, TWEAK BB H 55 5% 8006 1 1 (93038, 175
S p65 N F-«B S 1 L BUHLEE | A,
412 2 200 e DR 35 DR g 2 3 R TR - 1) 7 A
BN TWEAK JER RS , &30 TWEAK Ge i
TR 2y FOET M 2212 (7 A, Pl S R &
i SN DL R Ly THL B3 R M 4 988 5 L A 7 7%
X /R TWEAK 9 D 6E Al GE 2 2otk Ak, HomT pH Ak 5
JE JRE TN B 28 SN B 2% B , TWEAK 9 410 il £
FHRTREA Bl T 38 5 PTG RIS 9%, TWEAK 52
PR P REAT B 4 A B e P

N5 AL ML AT RE 2 FE PR Y | PR IE AN e 7 2 (]
WS R, RWBEES S RA 1YL HHLEH,
DNA H 3k BB E MR IR L Bz —, LR
AR DNA JPHIRIE LT EEIUARR AR K k& 3k
IR Y F A AR e 1, EL DNA B 34k e % & Fn g
JLSE 5 ) Ao R b T AR E AL 1, DNA H 3Lk
Z R TR s T IK R, il S e sk, 5
HESEDR A mRNA 323K 7K F HA A EHE . Guo 451
KB, RA (G 5 bl A TEAH L3 383 A i 34k
1785 ANMIG Y JE Ak ik (K (37 S A AE 25 o Zhu 25
UESE I F 3 Ak o] LA 5 X oy 0 35 PR A 3 i 0K
M0 1o HH A0 D0 255 [ % oy L DR AR R e 8 . ARt
FER B, TWEAK 3£ R B K H 34k K S F1 CpG_11 |
CpG_17.18.19.20 .CpG_40. 41. 42 {3 45 H $ 4k K F
i TR I8 4L, TWEAK 3£ 8 mRNA A 7KK
TR AL 25 SRS T A 3 F X s B
FAR K ] 8 452 12 3 T mRNA 3238 K09 i,
TWEAK K )i 2h - X AL 7K F 7] BB 2 mRNA 3
I PAENLH Z —. RA B3I TWEAK & ik
J 5 R B 25 0 BT e R 5z
mRNA Fik7K V-2 IEA 2, HFfi% mRNA k7K
ST LT R R T R, X 5 3 mRNA %
RN B A TR A — B AR AR R,
TWEAK 5 RA ) &ML AHOC , TWEAK 3 H 1) 55
ALK I mRNA F3A AT RES 5 T RA 19 &%
1T FE DNA FH AL v] 3 2o i 45 3 P 33k, 2 5 0Lk
(18 A B R BN, 08 T O AR I e i A% . Bk
A SCHRIR IE RA % TWEAK [ 36 3k 7K 75,
AR ST A I, 1T g R R H Ak R — A T el
AR F B , 2GR & A JAE I S G e S VA
a2y TWEAK AL MLAR R 1 s s AL i — 20 b
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PR R A AR K O, 45 TWEAK 35 K] () mRNA
FEIRTT R T AR v B R T e (1A P
DI AR TE R 22 5 . R W58 R B, WK TE
RPN TWEAK 3 X 2 58 A )8 7 P, TWEAK JE A
mRNA KF 1] BEA R TWEAK 8 (= B 19 v] 58
FEAR o BRI R B, 5 P I e Bl A L
R TE B RA B3 mRNA ik K P FEAIK . CpG_
55.56 i i AR K- Ty, iz 4 2R 5 AT — 3K
TWEAK 55 RA 599 16 8l B2 47 ¢, LA 1l mRNA
FIRKF-F CpG_55. 56 i i HH HEAL AKX RA [y
I 17 B0 B LA I R B s (A

ENGI I AN %N R T I S
PEAN  ARBIEGE SUR T A AL, e 2 LA ZH 23R
TR R EL TR KA, i — LR 5E TWEAK
L5 RA 1 LI AL R0 175 2 Ji 11 DI
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