[ R U ES )i

VDR Jii 3] DNA H 4L 7E EAE #4575 H 1Y
YERSR

RAR B2 A, BT AR, S i
HE B W44 E D 2R (VDR)JE 31 DNA FIEAL XSt A B 8 MG 86 R (EAE ) Ji R 1Y 5%
Wi, J5i% : CSTBL/6 WEPE/NEL, 43 % IR ZH (n=12) H1 EAE £H (n=48) , EAE ZH i@ i3 71 5 MOG35-55 £ 37 EAE
R, X IR AN TATATAL B, EAE 4H4% Weaver’s 15 43 M1 Z8 DIRETE4310: 00 0 043 WA (n=10) | & 43 W4 (n=
10) K420 (n=10) . #12E £ PCR(QPCR) Fl 2 EN 3 (WB) #illl VDR £ 45 21 /)N FROA BB B 1) 2 34 7K
S5 TR BN P AR (BSP) K454 VDR J&3 5 7 DNA FEAL K- B8R FEd 5 55 T WMEXEAE 043311
A A 2 /N ERRE R 254 , 500 HRZH #0A AS )R B2 T R - 0 434 A1 43 WV 2 s i B2 &5 A 7
TE, B4 A BE RS 25K 2% o (EBEL1LZUT  EAE 043 P40 . 2543 W 4H %43 2 VDR 25 (1 3 i85 T
S HEZH (Poss5r=0.0046 ; P 15554=0.0088 3 P 55 <<0.0001 ) 5 {23V ZH 4% 0 0 40wk — 45 T [ ( P=0.0032) , [A] Bt
B 23 IV 20 %65 e A3 WV 40 s 5 R RR# 384 (P=0.0134) . EAE #41 VDR mRNA &1kt 52 F B A, HI0% Tt FR 26
(Posyas>0.05; Prssypss=0.0439; P ey 5=0.0349) , 5 0 730 W21 LA, 1K W21 0/ B 42 (P=0.0142) o #541/NFR
VDR Jii )7 DNA H SR RAREAL , I3, 25 R T4 4 38 X (P>0.05) . 4512 : VDR 7£ EAE #i%!
FIAEI R D REPE A3 T4H 2 [ 1522 5, VDR Ji ) F DNA (1) S0 A2 T 3 s S (1 2 22 A
KR i DR DNA FE SC80ME B S S se PRI 42 5 1 i
HRESEES R741;R744.5+1 CEKERIRAS A DOI  10.16780/j.cnki.sjssgncj.20210819

Role of VDR Promoter DNA Methylation in Experimental Autoimmune Encephalomyelitis
Nerve Injury ZHU Jun-yu', CHU Lan', XU Zhr', GAO Zi-dan’, SHAO Bing’, Danzhenzhuoma'. 1. Guizhou
Medical University, Guiyang 550004, China; 2. Department of Neurology, Affiliated Hospital of Guizhou
Medical University, Guiyang 550004, China

Abstract Objective: To investigate effect of vitamin D receptor (VDR) promoter DNA methylation on the
course of experimental autoimmune encephalomyelitis (EAE). Methods: C57BL/6 female mice were selected
to the control group (n=12) or EAE group (n=48). The EAE model was established in the EAE group by
injection of MOG35-55. The control group received no treatment. Using the 15-point Weaver’ s neurological
function scoring method, the EAE group was divided into the 0 score (n=10), high score (n=10), and low score
(n=10) subgroups. Quantitative real time PCR (qPCR) and Western blot (WB) were used to detect the expression
level of VDR in the lumbar spinal cord of mice in each group. Bisulfite genomic sequencing (BSP) was used to
detect the DNA methylation level of the VDR promoter in each group. Results: The myelin sheath structure of
the 0 score, high score, and low score subgroup mice was observed under transmission electron microscope and
showed different degrees of damage when compared to the control group. The myelin sheath ring structure of the
0 score and low score subgroups was intact, and that of the high score subgroup disappeared. In the spinal cord,
the expression of VDR protein in the EAE 0 score, high score, and low score subgroups was lower than that in
the control group (P=0.0046, P,»=0.0088, P,,<0.0001); in the low score subgroup was further lower than in the
0 score subgroup (P=0.0032), and in the low score subgroup was lower than in the high score subgroup (P=
0.0134). The expression of VDR mRNA in each EAE subgroup also showed a downward trend compared to that
in the control group (P>0.05, P.;y=0.0439, P,,=0.0349); compared with expression in the 0 score subgroup, that
in the low score subgroup decreased significantly (P=0.0142). The DNA methylation level of the VDR promoter
in each group was low, there was no change in trend, and the difference was not statistically significant (P>0.05).
Conclusion: VDR was expressed differently in different neural function score groups of the EAE model, and
the methylation of VDR promoter DNA was not the main reason for these differences.

Key words vitamin D receptor; DNA methylation; experimental autoimmune encephalomyelitis; spinal cord
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HE K- M ERBRINE K, BAE T RES B8
AN TR JEE %) FB AR ) R o A A () JERBE e 1. MIS &
R bILTI A2 2% , I IR b B S e, O Hh 2 4R st A% 5
S IAEE A BLAE R, 1 R R 2K R i R 5 A% 1
B R FRA S I RE R FEBIR I RS, #
L 358 AEAB T 48 72 AN AR 5L PR 9 () i 42 T 3 el AR
FE DR A A4 8 i i 2k DR 3k K2R Ak, X 2 1 B
Az, Horp DNA FH AL 2 L [F 2] DNA Y —Fb £ 22
FMRALAEME X 2 — R R Y S A T AR AY %
J7 A, DNA HEAR Y b A8 AT S 350 e 1 i SR R 3R A
SE PR 2 SR M IR, DT S S808E 8 1) k2B R it Jten
DNA HI 3L AL J&: 76 DNA H AL B A9 AL T, LA S-
P B R A R H A FE B T A ) CpG %
TR Y M s e S'Be (v LM A — A H L LA . DNA
b 32 2 AR TR T IR A ) 3l X 3k CpG i
L T DA SR e 3k i R Al T DA SR A
SR A LA i PR A S

“i1f: 2 D 224K (Vitamin D Receptor, VDR ) J&—Ff
Z I REMIRZ IR EE SZ AR, 38 1 BH T NF-xB A 380 Fn i il
AR 4 240 it DXL 1 7 A= i EL AT 5 K P R I Y, VDR
TR YA 2 D RN LS I AR = 1,
25- 4 Z D(1,25(OH).Ds ) B4 , I 1 40 i P 15
S SR A Y B D SR AR A A I A
Tl 240 e P51, T e 2 DI RE™ . VDR Y Rk X A
TP VER 9T s 52 2 RO I M 25 I R RN i
#55 VDR ZAKCE I REARAT M, ARt s A0 il A~
R4 VDR 9 2235 5 52995 1 ) 98 i S22 6 A 56
T RAE R 4 A 2 D ZER N 936 T 20 1,25 (OH ) .Ds
() R AZ AR S 5 g T, A 2% 90 i /E A, VDR
TR RS HRIEAS A AT o

AW 5T i F MOG-35-55 37 MS 28 8L 5y 4 455 714
— S M BB R g PR BN B R (experimental
autoimmune encephalomyelitis, EAE )", i YK X} EAE /)N
FR 2 T FRRE FEE A T 0, 40038 2o A 0 45 2/ R
HENE Bt VDR AU IATE AT VDR Ji 3l F DNA H AL
FI7KF IR VDR ik 5 EAEJREE G R, DL
VDR H: A 4 B AL % EAE #2450 2 (0 20, 3B o
FRENFON EAE HF R i P8 bR AR Y 7

1 MREEHE

1.1 ##

111 SEIEY AR MS Pk 2 Kk AT 5
A, VR 8~10 JH I 9 C57BL/6 METE /N B, 7K T B 18 ~
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20 g, 5N EERF R 2 5250 s Wy v 48— K T e
W A= B AR A R A ], P AT UES : SCXK (52)
2016-0002 /MEUIRIFR T2 I (24+2) CRYFREE 4R
J6-5 12 hEA A . 4 ~ 5 FUNR—J8 il 7= 1)/ B
TEGENA B2 0 [ HiE 3, R4 7R SR ok
SRR . AR ZE BN ERFR#SL 5 s e 2
Do AT (S5 : 1901081) .

112 FERF 54 MOG35-55 Lk (Mg T [
KA A A | 36 X 58 2407 (complete Freund’ s
adjuvant, CFA) (114 F3& [E Sigma 2y /] ) , 4475 FH R~
(A TAREFR AR FESHE HERER (T
2 [ Listbio 23 ] ) , % 4T VDR (14 T 32 [{ Affinity 2%
Al) , 55T GAPDH (W TATN Bt 24 R , 414 1gG
(H+L) (1 T D% 3L sw A vl ), i % sl 7 &
T-Vector PMD19 # {& (1§ T H A< TAKARA 24 7 ) ,
Maxima SYBR Green/ROX qPCR Master Mix i fl| &
(¥ F 3% [# Thermo Scientific 2y 7] ) , Methylation-Gold
17 & (T3 [ Zymo Research A 7] ) .

1.2 7%
121 HS EAESHYBIRT A BEHLEC 20N
B4 %1 B (n=12) FT EAE 41 (nd8 , S50 U/ B

PN REPE AT WA A2l ozl P HEOR 4%
WAL SR BT . MOG3S-55 %5 & KA i)
CFA G ARFUR AT BT IRZLA o FH 4% 7K A SR IR 1
TSR EAE ZH/NRUS 76/ BB AE PN LA 250 pg/ H
3R £ 22 i B N SR FL A o A3 A S X K (R
550 K ) M s 2 KXt EAE 4/ R M IR E S A H
% 25 2R M B 200 ng/H o X BRALN TR faf Zb B
H STl s/ NRVIR B IG B J R E AR Ak, 1442 21 d.

1.2.2 Vo Karedl H 4 Weaver’s 15 437590 /) BR
AT LI RE P R E AT IE R 4R &, TS TC 1 EER R 0
535 8 B K ek Il B B e v e A 195 e B 4y
2535 AR TETE SR A0 A 55 R 0 49 5 B AR D
AR AT R Lo, B AR, A7 A Hi48h 2
a5 A AR A (I 2E 80D R 3430 R EVFIARE I
TR B hnAs B ET e R 15 43, Horh A SRR R
B ERR AR 109908 0.558 . PE5 B P44 5256 61
MGERIEIC S . LI LA 21 d LT, TBER 21 AR
P EAE 41/ R R I AN [] 1) R A2 Bl e i, e pi 8
DIREVT4r o3 =4 . 14y >0 4 H <6 73, Fiksy
WAL (n=10) ;743 =643, 43 W4 (n=10) ; KR
H0 I ik ) e R TG ) s A s B A, TF43R 043, R 0
ST (n=10) . 7EA PR F A58, EAE 0
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A3 4L/ BB SR AR 2 T REVE43 M 0 43, {0 A i 4 40
HOUER R T AP BEE A AR Y I B IR A
123 BHTHB AR SIBEE A S INRG
BERA B AR, 3% 6 [, K AP, 28 5 46
ARSI e (0 b B S 7 37 Y FE F S R0UB% (FEI Tecrai G2
Spirit) T X HERI 25 TSR
1.2.4  Western blotting £ illl ¥ & 12 Bt 21 21 VDR &
FERA M HUEAE 45 3V 2H A% BE 2H 6 1 BL 2H 41
PEEE 11, SDS-PAGE #E i F Uk Al 4% 20 21 VDR & H 3R
iATEML ., VDR(1:1000),GAPDH(1:1 000)—47i4 Cit
B, I FEHT AR 1gG (1:2 000) —HTLZE R F 2 h, Bio-Rad
BEIE G R G 251 i i Image SR i T pirds
1.2.5  QPCR Kl # #8H Bt 20 41 VDR mRNA ik
B HUEAE &40 A BEZH A RENE B 41 214 B RNA,
I DNMT-1 ) mRNA 3Rk /KF-. i) PubMed £ &
VDR (1) Gene 1D, # A 5% Bank # RAFZI LT 514, LA
40 MIEFR, 95 CHEZE 155,57 CHFLE60 sk T, 519
(5>—3" ) : VDR (F) : ACCCTGGTGACTTTGACCG;
VDR (R) : GGCAATCTCCATTGAAGGGG; GAPDH
(F) : AGGTCGGTGTGAACGGATTTG; GAPDH (R) :
TGTAGACCATGTAGTTGAGGTCA. .
1.2.6 VB 2 & I 7 7% BSP (Bisulfite Sequencing
PCR) & 2 K /)N BRUE 8 I B 2 40 b VDR i 8l 7
DNA ALK BSP5|#)(5°—3"): /& GAGAAAT
TTATTTGAGGTTTTTTATT ; 45 : TAATTCTACCCAAT
CTACTATAAAC, H(200 ~ 500 ng DNA ] Methylation-
Goled Kit #E17 W AR SR ERALBE, LA 40 NEIA (95 CHF
2£30s,55 CHZE30s,72 CHEE30 ) #EATH . ¥
1415 19 PCR 77 ) 5 T-Vector PMD19 38 7% 22 )5 5% A
DH500/8%57 A5 4 M rh kA sl , R ARk 10 9~ FH
PESEREF AT . DU B s A TR TR
I EE
1.3 %itFa

K F Graphpad Prism5 {4647 58115047, £ & 1E
DA RTHEGORHL (8 22) R, A LLECR
FHM A ST REAS th 56 . P<0.05 N2ESH G #5E X.

2 &R
2.1 &M RAYZ I HLiEs TAL

EAE ZH/]N BUEE 5 B 1T A BN ) R B RS peh 25
JE M8l , B B RELRE TOOG e , (A FE B L (A TR e R
HA EAE & 70 W20 IR 2030 20 /N BR G B I 45 12 KT
B R T ), i e, S5 2T 2R AU BCRTH

I1I

I, 3 S S am B A, /) R 22 D RE VY23 2 W
B 18 K, I 43 21 /I BRUp 28 D) e OF- 0 T 0 e
1%, S A /N BRI A R 235 I, B g 55 21 KR4k
SEIG N 5 043 0 2H A0S B ZH A Hh 30 i 1) PR AR o 2 e
5, PR DIREVE 34 043, WLIET 1 K 2.

o 1841 (n=6)
04321 (n=6)

== 552 (n=6)
{3 #H (n=6)

15
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PRZEINRET43/ 57

— LA o e
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0 3 6 9 12 15 18 21

e n K Aud

Bl S/ N DR pr e 1L

—= ol

I A:EAE/NRE MmN 38, T, AR50 1535
B:EAE/NRUR I ARE, A2 5 JBTC J1 AT, 47 )5 A e, I
B |- Bl M IREVESY 7 455 C: EAE /INGUR L ARE WU I 25 ,
ZEHITE ST, T REPE4r 9 4

512 EAEZ/NRMZDIRETT M E D

22 B RAMMIMEM T

FEHLERE T, XoF BRZH /) U A e e 2 R (R 2R
W IE B G ELL, JOas i R 53 )2 S 3R
EAE 0730 W41/ INREB A B M 25 A0 S W 58 40 )2 25 iR
PE s EAE 155 43 W20 /) BRUBE 8 93 35 7™ o, SRR 45 i AN o
# S EAE IR 3 W41 /) BB AR Se 8 (EA ]l HE A
STIEFECE  WLIEL 3
23 B RAMIREAL P VDRE G AL E
B A2 B AR

Western Blotting 455 b7, 5T HRZHAH L, EAE 4%
20 VDR ¥R Nt XTRRA] 070 W o4 |
Ik 43 W 2H ) VDR 25 1 3R 3k 43 51 4 : (0.60+0.02) |
(0.36+0.07) ,(0.34+0.09) . (0.11+0.01) , VL& 4,
2.4 B FOBHEE 28 2% F VDR mRNA #9 & A 39
2 R R AL E BAK

QPCR 2554 i/, 5 X R AH L , EAE 45 7.4H VDR
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TE A X RZ (n=3) , BEFH I N PR (U SEIMESSH (1 )5
B:EAE 07040 (n=3) , M/ BEHE T 2L, 520028 2B PE( 1 )5
C:EAE 73 WAL (n=3) , K7 REHH 0, BRI L5 (1) D
EAE M4 (n=3) , SR ER 0 R (1)

(SRS A il R

A STRELH 0434 &4 iKW
VDR -

GAPDH |W| 37 kDa

B . P<0.0001
08r . P=0.0088 , -
X P=0.0046,
ﬂﬁ 0.6 == . P=0.0032
= ' =0.0134,
% 04 =
]
£ 02f
>
. -l
KRR 043V 20 5 4 4 Il

4 : A: Western Blotting #0145 2H /N EUABEZH 2T VDR £ FH &
ik ;B W HRZHF EAE 45741/ BROE RE % B VDR 2 AR X 3235
G IRZH, n=3;0 47 W2 , n=3; R 434, n=3; I/ W4 ,n=3) , 5
Xf REZHAH EE, 0 40 41 VDR 2R (3835 i, A i B2 5 (p=
0.0046) , /& 4> .41 VDR & [ & ik F W, A o 2Pk 2 7 (P=
0.0088) ; {72 VDR 2R [ 3% 34 W35 F W, A7 i F 25 (P<
0.0001) ; SR/ LHAH L, 043 2H VDR 2K (A 1k B, A B35
PE25 5 (P=0.0032) , = 407240 VDR 2B 112635 Fid, 2 A it
275 L (P=0.0134) ;043 F2H VDR 25 [ 40w 40 4 ekl 5, 22
TG E X (P>0.05)

El 4 £/ RS B2 2R VDR 4E R IR R I

BN S R4 0 & AR
VDR mRNA ik 7K 4351 4« (1.31+0.97) | (0.89+
0.31).(0.49+0.36) .(0.44+0.25) , WL 5.
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2.5 B0 RAMMEE VDR B3)-F DNA VAL s

FH BSP 43l 6 i 4% 41 /)N BUE il B 79 VDR i 3l
T DNA H AL 4300k - X R ZH (2.68+1.25)% , EAE
05340 (1.84+1.29)%, 15 43 .40 (1.43+0.58) % , ik 73
MPZH (2.55+1.42) %, #5403, LA 6,

. P=0.0349 .

08r ™ p004390 !
% e i
5 o6f
@ P=0.0142
< 04F '
2
2 02} -
@)
> u .

0.0

XTREZH 0 =2 AR A
T X AL AN EAE 457 20/ BRUB B2 B2 VDR mRNA %35
IO BEZH , n=3; 04> .40 , n=3; e A W20 , n=3 ; K43 W 4H , n=
3), 5 AL, =40 41 VDR mRNA KT, 2564
1245 L(P=0.0439) 5 {%43 .20 VDR mRNA KF R, 25534
Geil24 L (P=0.0349) ,0/3 4] VDR mRNA 7K R, 225700
Gt L(P>0.05) ; 5/ 4LAH L, 0 .41 VDR mRNA
KAV B, 25 A G025 L (P=0.0142) , 5 43 W4 VDR
mRNA K- B, 22 55 T4 1124 L (P>0.05) ;0 4741 VDR
mRNA K45 5 4 WA &, 22 F 0501243 L (P=0.0518)
K5 A4/ A BEITEE4H 21 VDR mRNA FA B

S 10p
=)
P
A
4 L
= -
_‘m 2F _-llFl;!
di ]
~ YHIBZL 00 WA = e Ao gl
=g P Y v A7 A E I E N 51 PR Y e R e 5~ 8
(P>0.05) (X} HEZH ,n=8;0 43+ W41 , n=7; B 43 W 41 , n=4 ; Ik 73
H,n=7)

Fl6 #4/NFASEIEE VDR J5 3+ DNA H k%

3 Wik

I R - f5 5 1l 97 R 5% 5 R 2 £ 3% (expanded
disability status scale, EDSS) X MS i # ) T §E Flliz 3
T OLIEATER G PR, DAVTAh B 3 s ™ d A B AR
JGEHRIT ", ARTLRAHRE Weaver’s 15 435/
FREAT P TIRE VT 43, B F 30 AS [R) B B o 42 D e
E W EAE/NRE— 534, BAE/NREB b EE
JC 71 DU B R R B R R, Y 18 SRR AR,
053 (EAFE BB, BRI AE 0 40 4 o g8 5]
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HTR ) R i bR AFAE LB SR 2] 0 40 I A A S
BT A IR o ASHIFSE TP A 0 43 WAL/ N FRAF AE
Gy IRARESREIR , o MBI 0 40 2 b ik & A
T iz sh YRR AT Z A HAL D B (R 25
IR SR . EAEVE NIFIE MS B4 B gl Ay | H:
REVEAL Z2 41 X2 sh T RE, ifif MS I ARE IR 45 i
TRIC ) JBRSE S E T R RS RER B T RE R AR
G0 HURE A S D) RB X0 EAE [ 2 9% 5 15 vl g b
R5E3% . LAMOG35-55 ¥tk 5 1 EAE R &
K- AIR AR AR WAL/ R A RS 3 ~ 4 K
R IZ B D) RE R AT U S 22 i, 45 G i A AR 2 D) g
VEAFE 8 J5 55 18 R IR A RN, #4125
EAE BIZEAIRAS , i3k o] BE R L BE 1 A I i 1A
G IAABL5HE 1 SE R AL

SR T VDR mRNA FIEE 1176 45 4/ BB
BENE B b i 2635, MHAS T BB 1T 35, EAE 453028 /) il
VDR ik S [ B , i 5 HA AR SE i 5T 4518 A1
7548, BIEIR 1 & 42 5 VDR 2236 K BRI A G . 7F
EAE 41 ], 0 3021 F1 55 43 F 4 4 VDR #3535 ) e
RE LRI, X TFAEE% & £ )5 , VDR %
TRAKOE (A R AR PSR I PR I R 25 AT N RE A R . ELAR
AW HGEFE VDR mlbR /N BT, EAE & ] 1838 H.
FEEFREE R, (HJE BEAE Bl — R85 4= B
AT, B B 2 AT B 2l 285 T 0 A e A A5 TR R
J7 25 R B8 S F 5% EAE JIT 5 B0 A% 45 R 7 B T R
AHIFFEA REfF RIS 1Y J5 vT BEVS S WML, 7€ D-
11 %1 B 2 32 1K 1 (D-prostanoid Receptor 1, PTGDR) f
WF7E P AR AR LA P, B ATS R 2 D2 i 45 A
PTGDR Z 5 #4497, fi#E PTGDR i/ o, EAE
JUEFREE TR, HURHEE T ORMAFSY Z B, PTGDR @il
() EAE /)N G S 34 00 T 40 a8 T, el B B R i1 T
AL, TR R 22 R0 o FLrhfE EAE B7A: BU/INERU
EE U F 2404 2 -1B7E PTGDR i/ B i
27O VEY, VDR R 14 EAE /)N BRUR o i AR5
BWMLE GRS AEL TR PTGDR @FRH EAE
N BRERE— ZR B ) S IRl 5 ZERABIESE o

DNA H SAb 7E g S AT 9T 45 22 | T 2 4R el 24
it HH B G L PR A S R A AR 1 R SR R 2 YR T
B R HRE , FLIR I BEE 9 4121 VDR
SR A 87 5w e B Ak 2R 0 2 B IR iRy
J& , VDR [ 36 3K MG 4 4 28 D3 1697 1Y U PE 15 21k
2. ARWF5E VDR 3 31 X DNA H 38 Ak 5 (1) 45 3 i
/N, JCi8 VDR JE BB 7K F FLER (17K 7 28 25 1 B0 dn e

CpG 5y AL RAF AL, IR T 4%, K, 15 2518,
VDR Jii 8l X ) DNA H 3E4L AT GBI A2 5184 EAE
AR DI HE 45 T AL A BE VDR £k BEAK . /N
VDR J& K 57 UTR X3, 7% P AS A0 ik Fil—A4~ i 3
FE TR AT ) I B X R R CpG iy,
L5 144 CpG r s, HZTEZE A FU Y CpG & Bk
PSR BAE R CpG sl , X EE7 s A E 23 AN 25 2 A
2 VDR J A A OB mi AT SC B i B . TS g rh 45 41
TR 28 ) RETH 2 T8 B AN W] A EAE /N B3 B9 VDR AN
[ B D (R IR T T P 75 2R ABIFSE o
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