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[Abstract] Objectives: To explore microRNA(miRNA, miR) expression in spinal cord ischemia-reperfusion(l/
R) injury and the regulatory mechanism involving microRNA with statins precondition in rats. Methods: 18
male Sprague—Dawley(SD) rats were randomly divided into three groups. Experimental groups(n=6 per group)
were as follows: sham, control (receiving only normal saline) and atorvastatin—pretreated (10mg/kg/day for 2
weeks before occlusion). Spinal cord I/R injury was induced in SD rats by occluding the descending thoracic
aorta in control and atorvastatin—pretreated group, the sham group did not receive aorta occluding in opera-
tion. Neurological function was assessed by using BBB scores at 6, 12, 24 and 48h after operation. In 48h
after operation, animals were sacrificed. In order to identify pathological changes and damage of the nervous
tissue, lumbosacral spinal cord tissues were harvested for hematoxylin-eosin(HE) and 2, 3, 5, —triphenyltetra-
zolium chloride(TTC) staining, followed by quantitative measurement of ischemic area and cross—sectional area

of spinal cord, and then calculation of ischemic percentages. MiRNA profile was also determined from isolated
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RNA by using miRNA microarrays, followed by validation with quantitative real-time PCR(qRT-PCR) in both
sham and control group. Results: The BBB score in control group decreased significantly at each time point
compared with that in sham group(P<0.05). However, atorvastatin pretreatment induced a markedly improved
BBB score at each time point compared with control group(P<0.05), but had obviously lower score than sham
(P <0.05 ). identified by HE

atorvastatin—pretreated group. However, the injury in atorvastatin—pretreated group was alleviated compared with

group Spinal cord ischemic injury was staining in both control and
that in control group. The ischemic percentage, characterized by pale TTC stains, was (2.1+0.1)%, (77.3+5.1)%
and (43£3.2)% in sham, control and atorvastatin—pretreated group, respectively. The infarction in control group
increased significantly compared with that in sham group (P<0.05). Pretreatment with atorvastatin remarkably
attenuated the infarction compared with control(P<0.05). However, compared with sham group, the infarction in
atorvastatin—pretreated group was significantly higher(P<0.01). MiRNA microarrays showed a total of 48 types
of miRNAs was significantly different from control group compared with sham group.
with a 1.6-to 4.9 fold change,
total of 13 types of miRNA levels was

I/R injury samples pretreated with atorvastatin reversed the up or down

Among those, 38
miRNAs were up-regulated, whereas 10 miRNAs were down -regulated.
Compared with control group, a significantly different in
atorvastatin —pretreated =~ group.
regulation in control of 8 miRNAs, including miR-365, miR-323, miR-672*%, miR-760-5p, miR-376b-5p,
miR-369-5p, miR-210 and miR-199a. The miRNA expressions validated by qRT-PCR were similar to those
in miRNA microarrays (P>0.05).

injury.  Altered expression of miRNAs may contribute to the mechanism of neuroprotection of statins in spinal

Conclusions: Atorvastatin precondition can protect spinal cord against I/R

cord I/R injury.
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Table 1  BBB scores in each group during 48h
after operation
g
’ ° pretreated group
Oh 21 21 21
6h 20.5+0.5 8.0+0.5 15.0+0.8
12h 20.5+0.2 6.0+0.8 16.0+0.8
24h 20.2+0.5 6.0+0.5 17.0£0.7
48h 20.0+0.5 9.0£0.4 17.0£0.4
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Figure 1 Pathological images of spinal cord of each group in 48h after operation(original magnification, x400; HE stain)

ARJG 48h, £ Bk 2K A A Z0h A
270 F miRNA £i5, FARA SR TFARHAMILE,
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A5 38 A 1 1.6~4.9 £5,10 F miRNA £ 5T
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o3 B F R 4R F R 41 RNA B, SR A
qRT-PCR ] , F R4 miR-365.miR-323 Al

09

a Sham group, nuclei are clear, cytoplasm abundant, vacuoles scarce b Control group, neurons are scarce, and many

vacuoles within mesenchyma ¢ Atorvastatin—pretreated group,

the number of neurons decreased, and some vacuoles are

visible within mesenchyma, the damage degree alleviated significantly compared with control Figure 2 Photographs of

TTC-stained spinal cord tissue of each group in 48h after operation a The tissue was dyed red in sham group b Most

part of the tissue was pale in control group ¢ Part of the tissue was dyed red,

atorvastatin—pretreated group

and another part was pale in
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Table 2 Altered expression of miRNAs
Al FARA

AL AR TR
orvastatin
Control vs. sham

pretreatment vs. control

K R -miR-204"
rno—miR-204"

K -miR-365 S
rmo-miR-365 L u

K -miR-323
rno—miR-323

K -miR-672"
rno-miR-672"

K -miR-760-5p
rno-miR-760-5p

K F-miR-376b-5p
rmo-miR-376b-5p

KB -miR-369-5p
rno-miR-369-5p

KB -miR-133a
rno—miR-133a

K -miR-505"
rno—miR-505"

K R -miR-466d g
rno—miR-466d LR

K -miR-132" .
rno—miR-132" L u

K l-miR-665
rno—miR-665

K -miR-463 S
rno-miR-463 L3 up

K -miR-210
rno-miR-210

K -miR-146a
rno—miR-146a

K -miR-199a
rno—miR-199a

i up 2.040.25
p 206048 Tl down 202043
L up 7.1£0.58 T down 9.1+0.78
i up 2.320.18 T down 2.4+0.35
8 up 4.3+0.31 T down 7.8+0.69
E 8 up 2.3+0.30 T down 2.4+0.56
i up 2.520.27 T down 2.1+0.39
Fi up 2.5£0.45
129 up 2.5£0.23
up 2.6£031
p 2.9:0.45
18 up 3.1£0.53
4.8+0.49
T down 2.2+0.21 F34 up 3.4+£0.68
T down 2.9+0.34

T down 2.0£0.17 i up 1.6£0.27

miR-760-5p ik B EW M, 70
2.3.6.8 fil 5.2

F s AR, miR-210 Kk W% T e BRIRTFARHAT
¥4 2.5 £% (3 3) . miRNA ik qRT-PCR 254 AN

| 18T AR 2B

3 WA T ARA miRNA 3R I5 35 BUE /9 R 007
Pl B AR 3R 22 S R Ik JE DR A AR SRR Tm) 1 20 2R
i (TR T AR A EFEAR ), K HRR coper N TA
HFEA  drug N PHALFEA o R L 4068l i 3235
g R L ARG AR iy R R B 1 L 5 5
bR IR (n=3, P<0.05)

Figure 3 Hiereracheal clustering of differentially ex-
pressed miRNAs in drug group versus operation group.
The rows show individual genes, while the columns
show individual tissue samples. Red denotes a high ex-
pression and green denotes a low expression (n=3, P<

0.05)

# 3 miRNA RIZEWEREE PCREREERER

Lk %% (n=6,x+s)

Table 3 Comparison of miRNA expression between
miRNA microarray and qRT-PCR

miRNAE H SEE 4 PCR
miRNA microarray qRT-PCR
miR-365 2.00+0.48 2.30+0.45
miR-323 7.10+0.58 6.80+0.40
miR-760-5p 4.30+0.31 5.20+0.60
miR-210 -2.20+-0.21 -2.50+-0.26

AR 22 55 (P>0.05) , B AR AL
RIS
3 itig
31 KEAERE VR S8R A4
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P45 R oy vl 3, 5 R aE 245 0 s B BIL L 4 F
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miRNA 735 #4735 18
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P R AL RN T, AR T S 58 i G s
PR 1 & A2 K B o miR—146a 2 5 50 R E I )
ML 7E F Toll ¥ 5Z 14 (Toll-like receptor, TLR){F
3 I S B T TL—1 A7 AR A G B 1 (Inter-
leukin—1 receptor—associated kinase 1,IRAK1)

TNF Z K41 % F 6 (TRAF6) A miR—146a [ #
FLD, TLR {5538 8% M H A T 00 585 K R ik
FENG VR #5305 A9 /E F C RS9 %0 5
% IRAK1 2 5 (1) TRAF6 1 8 B2 1L Al i 1k 2
TLR 15 5 4% 3 1 A& 1% . miR-146a 1] 3@ 13 /F H
T IRAK1 Fil TRAF6 A 3'—F g it X A [X 3., 3 1l
P B 235 , T TLR 15 53 % & HA S 1
RIEA =4, A, syntaxin-3 #4354 1 (-1
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Z 5WM &80 5 3 8 miR-146a (18854
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B E /R 51405 miR—146a (1) 335 4 $00R — 5
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MiR-199a Al il i £ Fhik £ 25 UR #ifi
P45 . (1) 5 miR-146a #H L, miR-199a 1 2 5 X}
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miR-199a 1] BE1E Fl F TLR-NF-«B {5 5 i i 1
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PET 0 4] A AE T 43 15 (2)miR—199a 1] 3 i
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signal-regulated kinase 2,ERK2), 1)l i 51 51 J& 4l
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F —la (hypoxia—inducible factor-la,HIF-1a),
AT A0 ] UL B 9 04 A B FE Y miR-199a
TE VR e M, SR —%., H
miR-199a & 75 Al 3@ i HIF-1o 7546 TR #5145
BHERAE R 5 — P50

AWFIE KB, miR-210 i %k R EELE IR it
BiJa T, (H3CHRH miR-210 78 /R #5145 B9 0F
UL TSN Bk R T BN AR B i AE BT
miR-210 % iiF 52 7] 38 3 2 5 U L SR A s i &
PR L O AP AR U AN A5 5 5 2 5 3 sk i Ak A
F 6(STAT6) & miR-210 f¥)# HE K19 1] STAT6
FEH R P VR 7F STAT6 JE A i B Bl
A FIIE 5207,
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3.3 BUHEARATT X
HALHI

b 7T 2 25 4 2k 37 T [ IR T A ) A S LA
PLR PUAAL LRI N B A i 2 22 ERON  3X
SRR B Sz B A TEAR W BT AT

WoR T XHRE VR 0500 RAFORPER, X5
RO A AL TT 225 D SR 45 e s 0 —5, BE
fﬂﬁWW%ﬂh@ﬂ%%%ﬁMKﬁﬁﬁﬁr
XF /R A #EH LR R G PR AL R —
FALA AT (NOS) I S AE 52 1 46 {H 2 X 22 1L
il AT HOR T T R iR T 5 is R, AR TT
AR, AW L miRNA A& 5 RS A8
ARIRVHBTT 2250 KA F BE R R B BLI . &5
J R, BTFE Rt VT T Ak B AT LSS 43300 A B 1/
R #4550 & A 28 i miRNA, #2785 miRNA 7] g
A BTFE AT B R 2 R AR T X miRNA A9 #E
FR T 4 2 R ,miR -199a miR -323,
rﬂ%%imﬂimﬁmﬁﬂwépﬁﬁﬁﬁﬁt
F98RE R, miR-199a A1 miR-210 W A] it = 5
o e L A2 UAE TG Al oA K R, AT DA
N B FE ARl 7T PT BB E A E T miRNA T 8 45 £ 2%
RS 5 UR G TR ERH . fEX
S5 Ze AL b A7 BRI AR BLVE AT, SO Ao B
ML & e, A Rt — 25450,

2 R B Z TR 5 T R AR
FEATS S A BE UR 50 09 LI B g AR AL T LU
miRNA H YA S8 BB I AT 2R 25 Wb
IR B 5 B 78 A e

HEE IR #5405 00 B 90 VE
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