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([BE] BM R ELC IS 25 23RN RNA (miRNA ) |, B 3a s &2 RebLs B s it 2%
Fik R REE 30 JUETER SD KB g | G2 . M, #3210 H o X KRS T AIN-93
PRUEGRIE SR, (A2 M A M2 K RIS 45 T AIN-93 M (fIRAIS ) Flfbnss; 3 AR ISR 14 . Z FR#MiliZl K R4
TR RREN AT S, X BRI R RO 45 T AR R 280k s 3 R R HEREY 3 A, A4 17 B HER
3 ZH A BRSS9 A0 B AR AR ( BNP ) ZKSF-5 SR FH RIS D i 16 22 57 638 1 miRNA, IFATIR IS I
L I RE PR R ASEN P i R A EEEE Y (PCR ) K22 58638 34 10 miRNA kT, &8 (1)
ARCARZE MRt 2 S BRUALE K SR T X AL, I BNP K- FXFHERLE (P<0.05) 5 R4 R BRULTE fifi /K S T4
4, I3 BNP /K Fm TAMEZA (P<0.05) o (2) FEEISRIFEE SR, 47 40 1 miRNA AEHUEE miRNA, (3)
FEHAMR (GO ) IfiEEEMTEERE/R, LIk 40 PN2ERKE miRNA SEELNOAE = 2w E TR, OIFLE . 41
BB MASRE . WS AT MIREFEE . BRI AR S . . APLA
IR . FEtigli sk . BE R AL . AR - SERTARHT . ANRER AR . R R . BRI Y 13 R E
RGO B AN . R . ZEURREZE il . RSB . Rap 55l . BRI, PPAR {55 . Ras (5508
#% . Oxytocin {5 Z il . KIANINE] . PI3K-Akt {5 5l H . MAPK {5538 8% . HTLV-1 84, (4) DIFRBRREN 8 i
miRNA VE SRS, DA BRAL0 LZH 2 miRNA 2 B, AMIZH KRG LA 20 miRNA-374 . miRNA-16, miRNA-
199a-5p, miRNA-195, miRNA-30e* A% ik 2K FALMGLL, 0 L2121 miRNA-3571, miRNA-675. miRNA-450a*
AR ek B TARAG 4L (P<0.05) o &if 1EEEP§/\E;¢££UCE—1 DIEEM i, KA K RO AL R e 2422 R Rkl
miRNA, FEP R 15 FAYEIIREA 13 55 55 MK, X2 RIEAM miRNA WTRES 5 T0ln i g A k.
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[ Abstract ] Objective To screen miRNA with differential expression in myocardial tissue in rats with low selenium,
in order to provide a reference for study on pathogenesis of Keshan disease. Methods A total of 30 clean SD rats were divided
into control group, low—selenium group and selenium supplement group according to random number table, each of 10 rats. Rats
in control group fed with AIN-93 standard feed for 14 weeks, rats in low—selenium group and selenium supplement group fed
with AIN-93 M ( low selenium ) feed for 14 weeks; then rats in selenium supplement group received gavage of sodium selenite
solution for 3 weeks, while rats in control group and low—selenium group receive gavage of distilled water for 3 weeks. After 17
weeks of entering the group, serum selenium level and plasma BNP level were detected; gene chip sequencing method was used

to screen miRNA with differential expression, clustering analysis and target gene function significant analysis were used too;
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real-time fluorescence quantitative PCR was used to detect the expression of miRNA with significant differential expression.
Results

lower than that in control group, respectively, while plasma BNP level in low-selenium group and selenium supplement

(1) Serum selenium level in low—selenium group and selenium supplement group was statistically significantly

group was statistically significantly higher than that in control group, respectively ( P<0.05) ; serum selenium level in low—
selenium group was statistically significantly lower than that in selenium supplement group, while plasma BNP level in low—
selenium group was statistically significantly higher than that in selenium supplement group ( P<0.05) . (2) Gene chip
sequencing method found 40 miRNA with sensitivity of selenium. (3) Gene ontology functional enrichment analysis results
showed that, target gene function of above the 40 miRNA with sensitivity of selenium mainly enriched in lipid metabolism, heart
development, cell adhesion, vascular development, axon guidance, regulation of cell migration, development of ureteral
buds, transmembrane receptor protein tyrosine kinase signal pathway, cell differentiation, organic nitride reactions, brown
fat differentiation, myeloid progenitor cells differentiation, cell-matrix adhesion, regulation of cell proliferation and biological
clock rhythm; target gene projected 13 signal transduction pathways included renal cell carcinoma, transcription regulation,
dopaminergic synapses, focal adhesion, Rap signal pathway, lipid metabolism, PPAR signal pathway, Ras signal pathway,
Oxylocin signal pathway, long—term inhibition PI3K-Akt signal pathway, MAPK signal pathway and HTLV-linfection. (4)
Taking 8 miRNA with the most significant differential expression as validation gene, taking miRNA in myocardial tissue in
control group as reference, the real-time fluorescence quantitative PCR results showed that, relative expression quantity of
miRNA-374, miRNA-16, miRNA-199a-5p, miRNA-195 and miRNA-30e* in myocardial tissue in selenium supplement
group was slatistically significantly lower than that in low—selenium group, respectively, while relative expression quantity of
miRNA-3571, miRNA-675 and miRNA-450a* in myocardial tissue in selenium supplement group was statistically significantly
higher than that in low-selenium group, respectively ( P<0.05) . Conclusion Low selenium may lead to cardiac function
damage in rats, many miRNA with differential expression exist in myocardial tissue in rats with low selenium, mainly refer to 15
biological function and 13 signal transduction pathways, so miRNA with differential expression may play an important role in the
occurrence and development of Keshan disease.

[ Key words ] Selenium; Keshan disease; MicroRNA; Rats
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RRWAT, MR R — RS AR A
XN MEICER, S2/OoMERRNELEE. KBS
50 HRTHRZEIA g P P ot = R v 1L ) T R
JRH 22—, R KRR 25 i A D AR AR DI RE T %,
B SEOL S, BRSO I E AR A 06 £ S LA
PLRIR AT 2 IEAERFSE R B, #/N RNA (miRNA )
TEOHER B SOOI & A % J s A v & 45 25 BB VEH
G A O L5 o BT 2 4T A A T B G
HE LR T AEAE miRNA S0 Fak M AN IERE . A5
b g BRIy % IS (R Ty NN i I 55 2 R N R4 A
miRNA 122 5 3K, A 1L i & AL 98 K B ih
BB %

1 MBEFEE

L1 SEERshY 30 KA iES SD K RIA F V5 %38 K
o, 3 AW, PR E (75£10) g5 &R
BEHLEC T 23 K R o HR4E | (RATZE . AL, 5
H10 H,

12 ik WHRLLK AT AIN-93 brififalkl (PH2ess
WA OARAE ) MR, (IR SN2 K R84
T AIN-93 M (KAl ) Falkl ( VG232 K2 shigy it )
EFE; 3RS 14 . ZE M4 KR4GS T
VAT PR AR A T (T e B AR R R A IR R AE )

[ ZE KR S 3 A RRIESEE 3 8. A4 17
JEl I W s N RS 109% 7K &4 0.03 ml/100 g, PRI &
JEAEFE 3 KRB, MEFShIKE AN, R 2, 3- &
FEZLPECEATI IR R Triage MEARK ( BNP)
PRFAG X IAT I 1M1 5 BNP 7K
1.3 HE Zett B3 R R0 M WRAS, R
4% Z R RE 2 24 h, ASEIEYI R, JREE 10 pw/ 7,
Z TR HE PR AR T g 0, BTN gL IS
TEAE5H
L4 EEPRERIF  BE 3 4R R A O BE 2R R
HEAMBA 20~30 s, E T -80 CIIL FHA, KM
TRIzol i 7] ( Invitrogen 28 ] 4 7 ) F1 Qiagen miRNeasy
Mini Kit $2 B & RNA, f#i F§ NanoDrop 1000 #A fif & 43
OGRETHRG I RNA 576 M8, I3 2k 58 e v Uk i e
RNA 52 # . 2% F miRCURY ™ Hy3 ™ /Hy5 ™45 12 i 71
& ( Exiqon, Vedbaek, Denmark ) XF miRNA #47FR1C,
R 9 4 371 D8 91 43 7 miRCURYTMLNA 431 (v.16.0) L
X Hy3™ ARic iRE Sl 12458 . SR VRS2 oPialn) &
( Exiqon) VeV, 400 r/min B0 5 min, BT, R
JI AXON GenePix 4000B A= 9.6 i Sl AU, R
H Significant Analysis of Microarrays (SAM ) v4.0 F/4-4k
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(FDR) < 5%, Fold change>2 1%, miRNA ka2
MR AR AE I — A B8, R Cluster
3.0 BT R I3 o
1.5 FILRTIEEM BEESHT RA miRNA ZEW{E B
2T Targetscan Fil miRanda Xt Gl 9 22 55 3%
K miRNA PEATF L PR T, 56 45 R b R 12 A 4 11 i
A, T IEE AR ( gene ontology, GO ) BdaE, A
DAVID #{HARYE SR (W D) e & R T GO i bk
ST BEF KEEG B4l %, LA DAVID {4 AR 4 i It
RIEA5 50 % 1 & SRR R4 T Pathway S350 7017 .
1.6 LWTOGERRBAMEE RN (PCR)  EIZEFE
K E A miRNA FEMETEIE A, 33T miRNA Fr
FSES R PCR 514, BL 500 ng £ RNA, | miRNA
S M RS S5 1 R oligo—dT16 7 S 5% s AR R &2
SR AL cDNAL LA U6 HINS:, FEVK L Fi B 2
%E B PCR iR 57 & SYBR Premix Ex Taq ™ T B H k7
RN R R . VAR R R 20 pwl: K5 & SYBR
Premix Ex Taq 10 w1, ¢DNA R, 514 0.4 wmol/L,
ffi FH RNase Free H,0 & f# % 20 w1, 95 CHIAM:
3 min, ZFH 95 C 10s, IRk 67 C 30s, LEH 72 C 30s,
I 40 AMIEFR, SRH 270 2T EEHE miRNA M Fk .
1.7 GeitsE0rik SR SPSS 17.0 Geit# k- geA 5
hEE, THETORIDL (Rxs) FoR, 2410 AR HHA
K200, AP EECRH g K5, ML LRk
FHM ST REAR ¢ K05, DL P<0.05 2 RA S FR Y.
2 H#R
2.1 IMUIE A AML S BNP K- 3 2H I BRI i A AT i ¢
BNP /K- EoAE, Z5A 504 L (P<0.05) 5 KAt
IR 2H A BRI T A8 K P T B2, i 3% BNP /K-
fm TXTIRAE, ZRAGIEE XL (P<0.05) 5 AN
SUMLIE K AT AMIGZH , 1% BNP /K- T4 Mii2H
ERAGIFE L (P<0.05, WE1) .

22 HE ZeAg55E X M2 R RO W25k I5 T, T4
A RAF, WL2ZHES . WUETESIES (WE 1A) .
ICAR L A FRLET 4k . HEBIZEEL (WL 1B ) |, AL
MIRBE . dfRZ 4G (DL 1C) |, B WLET 4Ebkrst (D
FE D) , H5o] WG IRSEA:,  HIRSEL: & [
A RERE (ULE ) o ML RO WLET 4 Re0) il
HERERRAK, (AETAEHIEAR T AT (WEF) .
2.3 miRNA #ik 255 ORI LB iy 25
R, 3 ARREIE 119 4 miRNA 225740k, 3L 8 fasfk
g, HrP A Ao B2 . Ml -5 ) HR 4 R
S miRNA 3530 4~ (LA 2 834 1) 5 ARG e
ZHR A AMITTZE 5 R ] JE 25 R A9 miRNA 310 4> (I
F2#%6) , ik 40 miRNA MAfHURE miRNA
2.4 AL IIRER) BEVESHT GO TNREE S Hras R
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Ws, iR 40 Fh2e K0k miRNA SRR ThRE T 25 4
TR, DIERE . difZhlt . mAELE . o Tm .
TR . MREZERE . BRI 2 Rl
M5 i s . diforib . AYLAERY RN . kR ig o
b, BERMHANM L . A0 - SERTRART . A mE R
AR A, UL 3. FRJLPRAR ST 13 KM S S
BN B AR . B SRR . ZEUERESE M . AR

Rap {5 S % . JefCill. PPAR {5 S %, Ras {55
B . Oxytocin 5 ZH . KIAIME] . PI3K-Akt 15 58 |
MAPK {5 5@ 8% . HTLV-1 &%, LA 4,

R 3 ARBUMTEMAMI BNP K- (k£5)
Table 1 Comparison of serum selenium level and plasma BNP level in the

three groups

20 51 Jat' i (mg/L) BNP ( pg/ml )
Xt HR L 10 0.144 £ 0.007 8943+ 113
AT 10 0.026 + 0.004° 1436.4+121.7"
FMZH 10 0.092 +0.012" 11742 +132.8"

Fii 432 3.96

P1E 0.02 0.03

. BNP= fi#hAL; SXTIE4LLER, “P<0.05; SH{RAG4 iz,
"P<0.05

2.5 SEWFEEEEHE PCR 5 H b ik 40 4~ miRNA
ik F R B F A 5 miRNA 43 918 miRNA-374 .
miRNA-16, miRNA-199a-5p. miRNA-195
miRNA-30e*, ik N85 &% 19 3 1 miRNA 7051 K
miRNA-3571, miRNA-675, miRNA-450a*, 5C 2 )
FEE PCR R BoR, DI IRALL PLALZY miRNA B S
W ARG 2 KRR O L4 21 miRNA-374, miRNA-16,
miRNA-199a-5p. miRNA-195. miRNA-30e* X} % ik
R TR, 04 miRNA-3571, miRNA-675,
miRNA-450a* FHXT 35 & & T, Z5H 5%
Y (P<0.05, WFE2) .
3 g

i L A IR 2 A 1 R S8 e B, B AR R
Y ERAL A A= W IR . BRI, A TR A8 UESE
Hb PR T L JUAF- 4 2 A A (IR s, ik X RS
Sk 2% AL B B A T AR XE R, o S sl
o I R A S Y MK B Al T R B A O, 1 H IR AR
PR 0 2 IS A9 2 B R G2 i, B R AN RE TR 7 v 1l
TR A L AR SR ARG e DR 3 A B LA 7
{ERImAEAY, 25 IR, AT 2 R SR G 7K SRR X% HE
ZHFIAMIZE , $RR AR A B B4 2 ) .

I — IR AEEBA SIS 25 R W, s Al e K
5 2K EE A IR R BRI R B AAHOC, AR
P fERNE YL s R s, RS .00 RE
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2 AL AAMIZE R B A SRR i 2519 8 Al miRNA AHX RIS HEEL (x5)
Table 2 Comparison of relative expression quantity of 8 miRNA with the most significant differential expression in myocardium tissue between low—selenium
group and selenium supplement group

40 HE  miRNA-374  miRNA-16 miRNA-199a-5p miRNA-195 miRNA-30e* miRNA-3571 miRNA-675 miRNA-450a*

fIGHf4 10 342.1+41.2  107.2+125 72.3£9.6 59.4£83 38.1+5.8 0.14 £ 0.02 0.12 +£0.02 0.24 +£0.03

ML 10 87.4+12.8 129+1.2 14719 54+09 49+04 0.76 + 0.04 0.28 £0.02 0.56 +0.07
N 10.31 8.24 9.02 542 4.12 3.92 3.65 5.21
P1i <0.01 <0.01 <0.01 0.01 0.02 0.03 0.03 0.01

TH: AL B, D, FHORRECH 400 £, C ALK 1000 £, E HORRECH 200 i
1 HE JeEzhf
Figure 1 HE staining results

3 0 oy o o Bhe o 7
.2\\- 30 >\/ 3 ~ lo ! 10 2
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Figure 2 miRNA change trends in the three groups
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N, RARZE R BN E BNP 7K 5 16 R ZH FkMilizH miRNA 1 10 4~k F A miRNA; ¥E—4T GO Difig
AL R BRI BNP K- i X HRZE, $n (R R BESIE R EoR, [k 40 #2272 3K58 miRNA #IEE
AL YIRER I Uite FEEE TR ORI ghrt . s % F .
AR, miRNA 720 MBI UR AT MRiE H e m . TR . MRS AT . BEZRE
i, HAESIME, SERM O, dOimeAER ORI E . Mtk APLELY RN
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Figure 3 Gene ontology functional enrichment analysis results of target

gene of miRNA with differential expression
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Figure 4 Target gene projected signal transduction pathways
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