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Effects of atorvastatin on myelin repair and the RhoA/Rock]l pathway
in mice with autoimmune encephalomyelitis
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( Department of Neurology, Heping Hospital, Changzhi Medical College, Changzhi 046000, China)

[ Abstract]  Objective To investigate the effect of atorvastatin on myelin repair and the RhoA/Rock]1 pathway in
mice with autoimmune encephalomyelitis ( EAE). Methods MOG35-55 immunization was used to establish an EAE

mouse model. The mice were randomly divided into the control group, model group, atorvastatin group, high fat diet group
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and high fat diet+atorvastatin group (n=6 per group). The atorvastatin was administered to each mouse daily by 0.5 mL
suspension, for 28 consecutive days. Mice were scored for neurological function and clinical symptoms were observed.
( HE) blue ( LFB)

immunohistochemical staining method were used to detect inflammation and demyelination and remyelination of the spinal cord

Hematoxylin-eosin staining, Luxol fast staining, transmission electron microscopy and
tissue of each group of mice. The expression of tumor necrosis factor-a ( TNF-a ), interleukin-6 (IL-6) and nitric oxide
(NO) in serum was detected by enzyme linked immunosorbent assay (ELISA) ; protein immanoblotting assay ( Western blot)
method was used to detect the expression of Ras homologous gene family member A (RhoA) and Rho associated protein
kinase 1 (ROCK1) in brain tissue. Real-time fluorescence quantitative PCR ( qRT-PCR) was used to detect the expression of
chondroitin sulfate proteoglycan ( NG2) and myelin basic protein ( MBP) in spinal cord and RhoA and Rockl mRNA
expression in brain tissue. Results Compared with the control group, the model group showed more inflammatory cell
infiltration, marked demyelination, partial myelination disintegration, breakage and demyelination; TNF-a, IL-6 and NO in
serum and the expression of RhoA, Rockl protein and mRNA in brain tissue were significantly increased, while the
expression levels of NG2 and MBP protein and mRNA in spinal cord tissue were significantly decreased (P<0.01). Compared
with the model group, the atorvastatin group showed significant improvement in inflammatory cell infiltration and
demyelination, significantly decreased TNF-a, I1.-6 and NO in serum, expression of RhoA and Rockl protein and mRNA in
brain tissue and increased expression of MBP, NG2 protein and mRNA in brain tissue (P<0.05). The high fat diet +
atorvastatin group showed significantly decreased neurological function scores, brain tissue RhoA and Rockl expression and
significantly increased NG2 mRNA expression. Conclusions  Atorvastatin improved inflammatory cell infiltration and
demyelination in EAE mice and reduced neurological function scores in EAE mice on a high fat diet. The mechanism of action

may be related to the regulation of the RhoA/Rockl pathway to improve the degree of demyelination and thus exert a

therapeutic effect on EAE mice.
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1.1.2 Bk
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Bio-Technology Co., Ltd ( [ ) ; IL-6 ( %% 5. ZC-
36404) . TNF-a ( 52 5. ZC-37624) . NO ( %8 5. ZC-
S0647) ELISA i35 & W [ i 5% £ 95 A G — Pt
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B 500 ng) . & HA LS A KA MOG
LK, AL IRy A0
1.3.2 ek

R E A ER IR E + PR AT 4 %4 7
IR TRVRHIE SR 3 S8 S IR S T, 25 1 4 B
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153 /MU FEIERE 20552 41,2 B 3 /N Bl
T3 00 2 2 D RKMBLHERY 2% 54 41, KT
BEE B, BT 20% B9 5,
1.3.5 ELISA 460
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1.3.6 &S BME

U ALY, VIBUPFARIAR X Sk 40 20, 221 B i 1
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1.3.7 S LU kgL s

M ABELL L) B B A2 K, FH 3% H,0, =i
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W, RIE, FERE R B TBST 28 vh i (& 0. 1%

Tween 20 ) Tris ZZ Wi, pH="7. 6) FI-E ¥ LI
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1.4 FitEFE

fdiFH SPSS 22. 0 #A%F (IBM Corp. ) X BiE it 148
AT BN g - B e bR 22 (xxs) SR FEAIA
E 7225787 (one-way ANOVA) #4722 41 0] FL 8 40#T
J7 25 LSD 55, 77 Z2 A 55 Ff Tamhane” s 72
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2.1 FE&MITHBESREEREE/NRBE
ThEETTE S B RN

s A A, BEAL A /N R 2 D) REVE A T4
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Table 1 PCR primer sequences

5|4 Primer IEM 514 Forward primer(5° -3’ )

JZIE1 51 %) Reverse primer(5°-3")

MBP ACACCCTTTCAAGTTCACCC
NG2 TCCAGTCATGCCGAAATCTCAC
RhoA GGAGTGTTCAGCAAAGACCAAAG
Rock1 GGAAACGCTCCGAGACACTG
GADPH ATCCCATCACCATCTTCCCAG

GGAAGCCTGGACCACACAG
TGGTAGGGTCCACGACATGAAG
CACAAGATGAGGCACCCAGA
CTGGGATTTGCTGAAGGTAAG
CCATCACGCCAGTTTTCC

®2 KA/NRMZIRET

Table 2 Neurological function scores of mice in each group

A5 HEHT B#515d 2524528 d
Groups Pre-administration Administered 15 d Administered 28 d
23 194 Control group 0. 00+0. 00 0. 00+0. 00 0. 000. 00
BRZ Model group 3.36=0. 50 " 3.56+0. 53 3.49+0.72*
BB AT 4H Atorvastatin group 3.34x0. 41 1. 8320. 88* 1. 14+0. 02*
TR 4H High fat diet group 3.3320.39 2.25+0.78 2.08+0. 05
EE R BT AT 4 High fat diet + atorvastatin group 3.39+0.25 1. 86+1. 36* 1.52+0.02%

W 5 EHE, *P<0. 01; SR AT, *P<0. 05,

Note. Compared with control group, **P<0.01. Compared with model group, *P<0. 05.
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E, W0 R Ak A0 B SEAE AL A L A BB 4L 4L LFB
Gl (2 R AL e A A DX v B 2 Dk, ml LK
PRI J5 36 €0 R DX, B e A S 3t A
BEOCAE . BTHE ety 7T 20 A R B A /)N BRUIG 2H 21
F ST DX 22 27 A o) WA /D B R R A 3R, A
/g INJIE 240 4 2 5 I R R A R U
e R AT + BT B AR TT 2 - /S B 20 20 1 o X
ETLE TR A) WL/ O 40 IR0 2 /NI T 4 i
Az s IR R OB R A U B ik — A0 Ak o AT,

LRI e, BT FE AR A 7T 20 | i B IR 6 + BT T A Ath
TTEH /N R 5% 240 A v 10 T 43 B It A 3 OF 4 1 e A1
(P<0.01) (Kl 1),
2.3 MRKMITHESREEMEBR/NRLE
£ i [ F B9 3% i

S 4l b, BRI UL TNF-a 1L
6 NO 15 i THEs (P<0.01) , SHERIZH g, fif
FEARATT AT B 5 B AT /N BRIV Y TNF-a 1L-6 . NO
f) & (P<0.05) , L5 3,

A HE e (R E LT B LFB R (U BGE MY . 528 AL LLAER, “*P<0. 01; SHURA LA, P<0. 01,
B /RS R T AR R B A Al

Note. A, HE staining and quantitative analysis. B, LFB staining and quantitative analysis. Compared with control group, **P<0.01. Compared

with model group, #P<0.01.

Figure 1 Changes of inflammatory brain infiltration and spinal cord demyelination in mice

®3 BN P TNF-a IL-6 NO 5 i
Table 3 Contents of TNF-a, IL.-6 and NO in serum of mice in each group

ZH 5 Groups TNF-a( pg/mL) IL-6( pg/mL) NO( pmol/L)
%5 141 Control group 93.43+2.29 17. 50£0. 88 0. 80+0. 03
HERIZH Model group 104. 36+2. 50 ** 20. 81+0. 42 ** 0.91+0. 03 **
LA IT 41 Atorvastatin group 97.00+3. 85* 18. 1420. 88* 0. 83+0. 02*
FR A4 High fat diet group 102. 13+3. 89 19.05+1.78 0. 88+0. 05
E SRR +PTFEARAR T T 4 High fat diet + atorvastatin group 99.39+4. 85 19.68+1. 36 0. 86+0. 02

W5 AU, *P<0.01; S L, * P<0. 05,

Note. Compared with control group, *“P<0.01. Compared with model group, *P<0. 05.
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KRB BTG W, BT FE A A 7T 20 F &5 B K
A+ BT 7T 2RI DL i A HE B R I, 2 A
ARG Bl AR 22 40, 25 K T T L o i K L R
SERAERY 2R G548, S5 AR TE I (R 2A) . el
AR 25 5 o, AR 20 45 25 1 4 NG2 \MBP ik
W FEAIR (P<0.01) , S5BIRIA L, BT A 7T 41
NG2 MBP ik B & F+ & (P<0.01) (B 2B~2E)
qRT-PCR R K W, 525 A L, iR 4 MBP
NG2 mRNA FRik B i FEAIK (P<0.01) , 5EEAI A [
B, BIFCAR A 7T 0T B B T = MBP NG2 mRNA £ ik
(P<0.05) (K 2F),

25 MREAMTESEREMEBEX MR
RhoA/ROCK-1 i & B 81

525 A AR /N U ZH 2! RhoA \Rock1
mRNA FI& R APE 5 (P<0.01) , 5HIAIZ
FeA A BT AR A TT mT B G AR /DN BRI ZH 2 RhoA |
Rockl mRNA Fl# 35 (P<0.05) , WKl 3,

3 itig

MS J&— Bl L A B G e P 42 AE | WL f i R Al 5
PR A B 22 R et e Sk
7R BN R JE R AR ARV 22 )AL A2 SUIE
Fad i SRy AL 2 55 8 A A R 22 R G A A 2
A, AL, Mandoj %51 I\ Jy 55 JIE [ 5 57 At
ASVRH O A B SR A 22 3R AT PEBIL R RT REAT B T
MS JEJR, Tettey 55 BEAT 19— I5U AT AE 1 BA B A 52
I W e AEL T K X6 1 MS B85 7 A AN R i)

AL B S HLBEULEE ;B MBP G gl b Y 4 C . NG2 s b Yt (o, D . MBP 34655 i, B NG2 S ¥ L, F
MBP \NG2 mRNA ik, S5 HH L, ~P<0.01; SERA T, *P<0.05,*P<0.01,
B2 H4/NREsHHABEREN

Note. A, Transmission electron microscope observation.

B, MBP immunohistochemical staining. C, NG2

immunohistochemical staining. D, MBP average optical density. E, NG2 average optical density. F, MBP and NG2

mRNA expression. Compared with control group, **P<0.01. Compared with model group, *P<0. 05, P<0.01.

Figure 2 Remyelination and repair of mice in each group
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1. A:RhoA .Rock] mRNA #%$22i% ; B.RhoA .Rockl % [13235 557 ; C. RhoA Rockl & [IFHXT 23k, 525 (41 Lb4L, “P<0.01; 54

R T, # P<0. 05, P<0. 01,

3 %24/NE RhoA/ROCK- 1 3 #5AH G 13k
Note. A, RhoA and Rockl mRNA expression. B, RhoA and Rockl protein expression bands. C, RhoA and Rockl protein expression.

Compared with control group, “*P<0.01. Compared with model group, *P<0.05, #P<0.01.

Figure 3 Expression of RhoA/ROCK-1 pathway related factors in each group of mice

S KB AR O B iR S MS Z [RIAELE
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PR BARHE , h 0L, A BFSE 3 ] MOG35-55 Z Ik A
BOAS EAE /NRUSRIVE I IFFT 3T 42, 50 B BT AR At
TTULAY TR v B T 4 s IR AR + BTG A A
VT2, WSS BE RS AR 18 2 1 D0 X RhoA/Rock-
130 PRS2 A TTTE MS Y57 o i 1 4Rk &2
WA, MS BIRYT HAETE 2 5201,

2 R 2 P K A 28 2R G5 B R AR ) PR P S
Wiz — TR A A AT R EE R B
MVERS . KB RTEBEAE A —Fh 3 3R B B AL], o]
DA A3 7 A SR8 S, 3k 46 i 7 40 43 714 Bk 12 28 1k
FRIEAR B2 A et e g M S SR,
% 3 T UR 5 Tl (U ) R I 07 N 2 B S o N
RE S EOR R R B (9 4L U 05 A Th e g7 ad i
FA 0 28 9 1 B E BTN Sl S MS i Rl =22 — , # 1fl
RAEJE R EZGIF BARY . F EAE FEAY
INERIESELS T BIFCARAMLTT | R iR Ik & + BT FE MRt T
Ja , FRATILEE 2] 5 ARG T7 1 /N U B, B 26 220
WA S et | R i TR /I BB 28 2 T o L A
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