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[HE] BB K158 B ME H: & (ankylosing spondylitis, AS) H12H & FHH3K27me3 ! 34k K2 H 1 B IMID3 il
EZH2AETh1 740 A /R F, LAHR 7~ HAE AS KR AL (v ZE/E o 33 43 BTH3 K2 7me3 1 FH B AR S K 5
Th17AH 3 F 2 [ A AR, 0 ASHIIG ARIATT SR BERT SR s ML i, ik SRAESABASHR A (IR . R e 45
4215)) FN18444 filt FE i PR (W BRZED) IR REAS, ELIS ARG I Th 1740 g A #H ¢ 40 M Rl 7~ (TIL-21 ., IL-22F0IL-17), RT-PCRAM 7
Thir bS5 S B HERORC . JAK2 . STAT3IEH MR 1K, 85 1 EN 2K RORe . JAK2/STAT3 38 f# £ 1. H3K27me3 2 4H
XKEHMEEZH2, IMID3 A, MG SHMAS B ZH H3K27me3 . EZH2 . IMID3 5 Th/3 b S5 (5 S 14 T A L e kA T
Pearsontf /347, ZER  RORc. JAK2, STAT3 mRNAZEK L, i s A>F e WA, 2346 5% 2 L (P<0.05),
H3K27me3. EZH2M ik i, TG sl 4] <Foe B <% HRAL, 25 543 Ge it 238 L (P<0.05); IMID3., RORc. JAK2, pJAK2,
STAT3. pSTAT3 Y ZiE &, TH s AA>Feue A>T R, 2254 G0t 2# 3 L(P<0.05) o WS Th17 LB S Ho st A+
B FE 5K T HAL P41 (P<0.05) . H3K27me35RORce, JAK2, STAT3, IL-17Hi#13¢, IMID3 5JAK2, STAT3, IL-171E
A, THIEZH25TAK2, STAT3. IL-17f4H56(P<0.05), 458 ASHH3K27me3 Ik 32 B HLH (v HIMID3RIEZH21H
SZMR, T AR Th 74004 534k, DATTTAE AS A &8 At e v R A E A

[£4837])  MEMEEER  H3K27me3  Th17Z4iMisMk VLG

H3K27me3 Expression Level and Its Epigenetic Regulation Mechanisms in Th17 Cell Differentiation in Patients
With Ankylosing Spondylitis CHENG Ming"’, JIA Long', XUE Zhiyuan', YANG Tao', ZHOU Xue', ZHAO Guanlan®".
1. Department of Rehabilitation, Jinniu District People’s Hospital of Chengdu, Chengdu 610036, China; 2. Department of
Orthopaedics, Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital, Chengdu 610072, China
A Corresponding author, E-mail: 104071228@qq.com

[ Abstract] Objective To investigate the roles of histone H3K27me3 methylation and its regulatory enzymes
JMJD3 and EZH2 in the differentiation of Th17 cells in ankylosing spondylitis (AS), to unveil their potential involvement
in the pathogenesis of AS, and to provide new strategies and targets for the clinical treatment of AS by analyzing the
methylation state of H3K27me3 and its interactions with Th17-related factors. Methods A total of 84 AS patients (42
active AS patiens and 42 patients in the stable phase of AS) were enrolled for the study, while 84 healthy volunteers were
enrolled as the controls. Blood samples were collected. Peripheral blood mononuclear cells were isolated. ELISA assay was
performed to examine Th17 cells and the relevant cytokines IL-21, IL-22, and IL-17. The mRNA expressions of RORc,
JAK2, and STAT3 were analyzed by RT-PCR, the protein expressions of RORc, JAK2/STAT3 pathway protein, H3K27me3
and the relevant protease (EZH2 and JMJD3) were determined by Western blot. Correlation between H3K27me3, EZH2
and JMJD3 and the key signaling pathway molecules of Th cell differentiation was analyzed by Pearson correlation
analysis. Results The mRNA expressions of RORc, JAK2, and STAT3 were significantly higher in the active phase group
than those in the stable phase group (P<0.05). The relative grayscale values of H3K27me3 and EZH2 in the active phase
group were lower than those of the stable phase group, which were lower than those of the control group, with the
differences being statistically significant (P<0.05). The relative grayscale values of JMJD3, RORc, JAK2, pJAK2, STATS3,
and pSTATS3 proteins were significantly higher in the active phase group than those in the stable phase group, which were
higher than those in the control group (all P<0.05). The proportion of Th17 and the expression level of inflammatory
factors in the active period group were higher than those in the other two groups (P<0.05). H3K27me3 was negatively
correlated with RORc, JAK2, STATS3, and IL-17, JMJD3 was positvely correlated with JAK2, STAT3, and IL-17, and EZH2
was negatively correlated with JAK2, STAT3, and IL-17 (all P<0.05). Conclusion The low expression of H3K27me3 in
AS is influenced by the gene loci JMJD3 and EZH2, which can regulate the differentiation of Th17 cells and thus play a
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role in the pathogenesis and progression of AS.

[ Key words] Ankylosing spondylitis

I FL PR % (ankylosing spondylitis, AS) &—F LA
A SREVE AR AL A RRAE A8 VB, I I 7 S e
T« TS R G 1T 38 B AR, X SR 22 R RT3,
JUEE S R AR TE IR ASHYYAYT I e Mk R A
SRR, 2930% ~ 40% I B ETES WG 2048 N R s A2 R AR
MHE 578 10, e i 2 A AR AR A SRS
HAS IR RpLH], HhH3K27me3 IV EHIG IS 12 56,
H3K27me3 &4 8 FTH3M 2 B2 2707 45 1 = H B4k, B AE
A PR R TR v R OGS ', R i) 2 2t S e T 748
LA AL AT 30 2 5 ASI R B A . Th1740 i — 2%
FEAS KL b ke 5 DGR AE T A9 T 40 i S, 5 LA
Jtd PRl A 5 i i K A% . Y H3K27me37EThl7
A A3 A0 1 £ 0, AU Bl T IR A SRR ASTY R BB,
WA RE M I PRI T ASHEAERT 10 e ms . Btk A 5T B 7
PEVTH3K27 F 60 K H 2 H LB Th 740 i tE ASHH Y 52
], 3BT HFUIs AL 2 1 T BE A% ML, LAY A i
ASFEE 1 TS B AEHT LA

1 ARSI

1.1 "R

PERL20204F 1 —20214F 12 ] ZE AR H 4 - XN R
BERfiZ A ASIT R 84, [R] I I P - 20 47 55 1) 84 44 fit
R IR VE R B . I RGBS AR 28 LA T 4 2R X
N R B BEAe FEZE 51 2 it (b5 QY YK]-2023-35) . 44
AP WASIZ Al I R BE D45 & BB oL L=
KA 12" @2 2% Ok AS B 4 0 16 sh iR
(BASDAI= 44, HFHIF VASTESr = 44 ) Fifa & W 4%
42051]; QM4 18 ~ 504 ; ARG IRIAS I ZL I 10 40; ©F
PR [R) SR 15905 ; ©JC.0 L ™ P ; DB
fE ARG L, NP o HERRBRE: OFEREA ™ 1Y
JIE#RSEBENG, ANIE H I RIS ; @261 MBI ; @ ARt
HEAS A MR RYT B @IS 60
JIFE 2R GE I A4 S8 KA OISR | O IR FBE 5 | 7 i 28
U A5 @S T2 A Wi 77 5 1 B AFF 2 25 5

WL B L L 39 40, 4415, 4E1%24 ~ 574 ; %I
Hrp L5539, 4501, 4E6%22 ~ 604 5 PZH (1A
PR E R TG (P> 0.05), 1 EXT LR K .
1.2 MiRAFE
1.2.1 fRAFANME

SRAEMFFT RS 25 KI5 mL, 30 min PN 7E4 “CHREE

H3K27me3

Th17 cell differentiation Epigenetic regulation

TFAKH S0 15 min, 43 B IS AEARIR (2 ~ 6 °C)FREE T I}
fEo BUMMITTE 500 r/min. 10 min gL B, 2385 41 &
A% AL
1.2.2 ELISA&A& 41 B . CD4* 48 e, 5 Th17 A8 5 20 e
B FIL-21. IL-22A9IL-1744 &%

Z: MEBLIS AU & Ul B A5 R4, 4600 A1 J& 1fi. CD 4 4
MIHTL-21, TL-22FITL- 176 & B, A Th17He ]
1.2.3 RT-PCRE#MRORc. JAK2/STAT3iB 34425 o F
mRNA% X

B 2 XS AE R P A A L, AR AR 300 ] 5 K GE
1R & HEAT S RNA R SR EUA B, R S 56T B Sk
& (H A TaKaRa/\ 1)) i 5% 5%, FEHTPCRY 1Y, 15 & p-
actinc S, (I 27 A4 B AL AR Rk 6
BT S 95140« B-actin, F: 5'-TGTCACCAACTGGG
ACGATA-3', R: 5-GGGGTGTTGAAGGTCTCAAA-3';
RORc, F: 5-GAGAAGGACAGGGAGCCAAG-3', R: 5'-
GCGGAAGAAGCCCTTGCAC-3; JAK2, F: 5-GGATGTGAG
TGGGAGCTGAG-3, R; 5-CCTGCTTCTGAAACCCGGC-
3'; STAT3, F: 5'-CTGTGTGACACCAACGACCT-3', R: 5-
GGGTTCAGCACCTTCACCAT-3',
1.2.4 &G /RPTEEAAMRORC. JAK2/STAT3IE 35 %
B . H3K27me3 A A0 X & &G B4EZH2. TMJD369 &L

U3 85 1 B A% 40 PBSTA W sk, RIPA R 1A 44
iR iR P 5, B VA, W0 5 TE IR AR A5 T AR
175 SR JE HR 52 56 SR BURER 11 _EREIN A 1xSDSEE N
FEGE hiE, B 5 25 PE10 min, IWUFINARE, KI5 1E—EH
FESAE T T A B P VK 5 A 2 BBl A o 1 P 3 P
X (3 E TaKaRaZ\ 7)) 5%, i1 5%TBST 4 CEF41 hs i
A—HiRORc, JAK2, pJAK2, JMJD3, EZH2% £ T
(1:500)(EETaKaRaZA )., B-actin—Hi (1 : 2000,
BONE AP E ARG RAF), 4 CHETHF12h;
A ESR =90 (B S AE R A RA R R
60 min, k2% &GN E J5 5 5%, 183 Image JR4 0 HT B4
e K EEAE, B B AR RS = B &R K EE(E/ N
ZIREEH
1.3 GitEHE

K FHSPSS22. 04 F- kA T4 140 #r, Hh AR G e/
BT B DA X + s o, 241 ()3T i 22 SR X Fe A7 o
PRI 3Ry 25 A0 5, 201 1) 79 9 LU A 1A 7 SNK - g G 3 OCHK 3B
1T Pearsonti s P< 0.05° 5 RA G XL,
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2.1 H3K27me3 X 1HXE HEEZH2.JMJD3H)FRIXF IR
H3K27me3 ., EZH2AHXF K BEAE, 1 sl 4 < Fee 1
H< WHRA, 22 F A G273 L (P< 0.05) ; JMJD3AHIXT K
FEAH, 15 shi 2> Ra g W2 > X4, 22 A S rm X
(P<0.05), W31, H3K27me3 5 MJD3E ALK R
(r=-0.224, P=0.031) ., SEZH2E FHIX KR (r=0.314,
P=0.017) .
2.2 ThHr k=
EHRIE
RORc, JAK2, pJAK2, STAT3, pSTAT3%E FAHIXF K
JEE, TG ShI 4> Fa e gl > W IR, 2R A5 E X

SiEMRORC.JAK2/STAT3ZE B FIE

R 1 BEHIK27me3RAXEAMBEMREBLE (x25)
Table1 Comparison of the relative grayscale values of H3K27me3 and

the relevant protease in each group (x+s)

Group H3K27me3 JMJD3 EZH2
Activity period (n=42) 0.62+0.19*"  0.55+0.13*"  0.60+0.17>"
Stable period (n=42) 1.28+0.23" 0.30+0.08" 1.14+0.13°
Control (n=84) 1.7840.25 0.19+0.74 2.46+0.58
F 195.475 180.145 928.147
P <0.001 <0.001 <0.001

* P <0.05, vs. control; " P <0.05, vs. stable period.

(#JP<0.05), W32, RORc. JAK2., STAT3 mRNAFEE,
WA > BRE A, 2R A5 L (P<0.05) . L
3,

£2 ThHWXEESIERERORCJAK2/STATIE AMAMIREMILE ( 1+
Table 2 Comparison of the relative grayscale values of RORc and JAK2/STATS3 proteins, the key Th cell differentiation signaling pathways (% +s)

Group RORc JAK2 pJAK2 STAT3 pSTAT3
Activity period (n=42) 1.10+0.47>" 0.91+0.37%" 0.29+0.17" 0.88+0.25>" 0.51+0.22""
Stable period (n=42) 0.63+0.29" 0.75+0.30" 0.20+0.12° 0.67+0.18" 0.39+0.14°
Control (n=84) 0.34+0.16 0.41+0.15 0.03+0.06 0.44+0.11 0.16+0.10
F 56.064 32.953 46.936 56.980 51.100

P <0.001 <0.001 <0.001 <0.001 <0.001

® P<0.05, vs. control; * P<0.05, vs. stable period.

#3 ThHLXEISSEEERORJAK2 STAT3 mRNARIALLES (7+5)
Table3 Comparison of the mRNA expression of RORc, JAK2,
and STAT3, the key Th cell differentiation signaling pathways

(x=£5)
Group RORc JAK2 STAT3
Activity period (n=42)  439+0.77""  2.90+047""  4.11x0.52""
Stable period (n=42) 2.67+0.56" 1.55+0.34" 2.360.43"
Control (n=84) 1.04+0.22 1.08+0.23 1.28+0.27
F 370.294 288.834 486.454
P <0.001 <0.001 <0.001

* P <0.05, vs. control; * P <0.05, vs. stable period.

2.3 SMEAIMCD4 4B Th17 R E 40 E FRiLER

15 22 Th17 Ho o K AP PR - 1y 2k K- T -
MM, 255 A 52 E L (P<0.05), .34,
2.4 EHHASEEH3IK27me3 R EBXEBEBSThS
xS @EEY FHRXMED

%5, H3K27me35RORc, JAK2, STAT3, IL-17%
AR ZR (P<0.05); IMJD3 5JAK2, STAT3, IL-171F4H
F:(P<0.05); EZH25JAK2, STAT3, IL-17#Rf77E A AR
KF(P<0.05)

F4 SNEAMCD4+AEIHTh7 R EAREEFFREAFLE (x25)
Table4 Comparison of Th17 and its cytokine expression levels in peripheral blood CD4" cells of each group (% s)

Group Th17/% IL-17/(ng/mL) IL-21/(ng/mL) IL-22/(ng/mL)
Activity period (n=42) 6.24+1.44%° 39.49+6.58"" 39.96+3.74"" 42.56+3.91""
Stable period (n=42) 5.07£1.29° 31.02£4.47° 29.41%3.02° 34.0243.14°
Control (n=84) 2.20+0.98 25.57+3.13 18.86+1.77 26.36+2.23

F 115.895 84.837 534.435 274.729

P <0.001 <0.001 <0.001 <0.001

* P<0.05, vs. control; " P <0.05, vs. stable period.
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R5 EIHPASEEHIK27me3 R EEXEABSThALXBEESE
o FHEXMNE
Table 5 Correlation between H3K27me3 and its relevant protease and

the key signaling pathway molecules of Th cell differentiation

Variable RORc JAK2 STAT3 Thl7 IL-17 IL-21 IL-22

H3K27me3 r -0.234 -0.250 0.445 -0.214 -0.226 0.223 0.311
P 0.016 0.013 <0.001 0.035 0.026 0.028 0.002
JMJD3 r 0.232  0.553 0.248 0.210 0.236 0.047 0.105
P 0.022 <0.001 0.014 0.035 0.020 0.125 0.060
EZH2 r -0.320 -0.247 -0.254 0.014 -0.351 0.024 0.102
P 0.004 0.016 0.026 0271 0.007 0.187 0.057

3 it

FEFRITH3K27me37EAS K AL 1 A RE M Hh 1)
VEFH B, 30411 & SR A AL I i o8 iy S ZE M gk
TZANAT N, 95 R R R s L HLR 0 24 i, (H T
H3K27me31EASH) R Mt B AT R AR 6= . B
B, £F X H3K27me37E ASH I T g K LA AL i W52
AT FE 43 04 B34, G IR AE KB SR B LR
FAEXT IR YT RIS I TT & LR, X —AF5Eas
LG T IRATF ASERIMBE T 5 TR, R
Tt — BRI K . L, A SCE IR AR
H3K27me3 X} Th1 721 i 7T 5% i S HEAE ASH Bt i v
BOFEFH, LAY A48 7 ASHm BEMIL I S (08T A0 AR, T IR R
TELERIRYT RO AL, Sy ASLA R 2R 18 1 4 i 1 05
HIRYT IR T REBT I A2

AT R AL 27 1 £ BE 73 HTH3K27me37EASH
B 2235 B X Th1 740 53 A0 R 5 M), A5 285 5 T Xk 3
PSR IR B SRS . P8 R B Th 17400 fk T
B -5 HAH DG A0 M P 7 2235 7K -2 DA G, T st A%
B T RESE Th 740 S A0 R 43 Fh T 3 5 P
Rz —. AW H e 5T H3K27me3 B HIE R 7 5 7E
ASHE PRI, 450 /R ASHE FHH3K27me3 . EZH2AH
X IR BEAEAR T X M2, TG Sh M AS IR B AIG; T ASFE
TMJD3AH X B (B o X AL, LG S AS B T s 42
JNH3K27me3fE A K R W AE 1 . HEBEISENAF" g 1,
RORc. JAK/ATAT:E A Th1 740 /- AL A7 AE 5 V) 6 &,
AR FEIL-1753 M. %3 WALSHZE ! IHF 57 45 1 oK,
STAT3RERRALIN )% CD4* T A Th1 753 b 237 HE 41
VR FH, Bt mT HERT H JAK/STATIE 56 M JH 45 Th1 743k 1Y
HEMB ., A ZIEEIFTH3K27me3 5 H 7 5 5
JAK/STATIHE 5 it 5 2 1T AR Th i 71k f 26 Wi f5 27
B, T3 7R B AT 22 48 T 34 U] 55 AR 9 1 2
1 WAL R IR B R 5, W R PR o B RS Tl 2 7 A

PEATVE R, A TH3K27me3 40431k 53 1 FRFSE Y
KBS 45 5 R, 7E ThANE B Be MITMID3 v 5 1Y
EMRRA 22 B W2 n 2 ThA ML /3 fhad B2 . ARDFFR S R
7R, TG s AS R H3K27me3 5 RORc, JAK2, STATS3, IL-
1752 AL £, IMJD35RORc, JAK2, STAT3, IL-175
1EAH5E, EZH25RORc, JAK2, STAT3, IL-175% 7M1, £F
G PEREZZEMI AR . S5 PEREZAE W45 R,
CD4' THYRORC)H 8l X & A AR, L9 25 S w] H
HH3K27me3 (07 s X Th 1740 g 4 f6 mT 6 2138 35 16 1, 12
VEIL-1743 M, #1051 & AS . 20 HoAE AL &I AT 45,
H3K27me3 A /K V- HJMID3 . EZH23E [ 4%, 76 Th174)
e 2 75 R VER] . IMJD3AE— & 2548 R ] 4
PEFEf#FH3K27me3, X HE AT RORCEE A FE 5%, X Th1753
R FIEFVEH] . EZH2 ATEAR A i, DT e st ik
B, X FESBHARTh17 404k o AH G SC B0 58 & B0 i Bk
JMJD3M TANMEIEA A 17 Th 1740 i 5 Am B , 1 # B
EZH2"'WTANMEA 2 B 52 00, b ] HEWT H — 35 X Thy
FEAGTE T 328 2l i H3K27me3 A I,

Zi I, H3K27me3 76 AS TR 3 ik, H 3 R 4
JMJD3 . EZH2AHEAE M, AT 4 & Th1 78R AR 1 5 o K 5
RORCIGE, 7EMIER EA-FASK A TR ., (H ik T
FR L REA RN, ASAKIRHLHIEL I 44, AP EE Fb A TE
— 7 (R N FH JRy BRAE, D 3 07 i AR A U Xof A5,
P TR RS M E

* * *

YEB TR R 67 5000 SO BRI SR I 45 2, B R 5 SRS
%, BRI ST IE T, M ST S A, S ST A RE, &
T AT S A SR A RS AR SRR S AT, BXT
W BRI REA AT IR SE R, IR X TARR Ay i 65
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