2021 2023

miRNA

Innovative approach to diagnosis of fatal hypothermia using cold-responsive
miRNA expression profiles
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In this study, we investigated miRNA-mRNA molecular interactions usin? miRNA
mimic or mRNA siRNA in primary cultured iliopsoas muscle cells. The expression of hypoxia-related
genes, which are target genes of miR-203a showed a significant increase in extreme hypothermia.
Molecular dynamic analysis using miRNA mimic revealed significantly decreasing expression of
hypoxia-related genes with miR-203a overexpression. The hypoxia-related genes whose expression
changes were observed are involved in apoptosis and angiogenesis. Accordingly, this study revealed
that a biological defense mechanism via activation of the miR-203a-hypoxia-related genes axis works
to prevent necrosis induced by extreme hypothermia. Furthermore, it was suggested that miR-203a and
hypoxia-related genes may serve as novel molecular markers to complement the definitive diagnosis of
fatal hypothermia.
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BEFZFIZEBWTHIEOZ M, FRRIFT RN 72 W2 DIER AN EE L < | BHEZEICLY
AL DO R MAEDETBRAZE CHBr S CE 7z, L, EHEE CRO LT
FATHIELIA DR TH AU 5720, MDIER & OERNEE L TWDHONREIRTH Y | HIEEF
BT ROBBRPNMETH D, ITHE, SEHRAIZIZ 9 2451 & LT, microRNA (miRNA)
DA RMENEB SN TE 2, BEOBWEBIEZWIEE ML T 5720121, Mk - fifgics o,
ERBRBICLVFEINTBEDKREIE CTCORLZDRANEL L., B Z D D
miRNA Z &0 LWy F~—h—%RETHZENEETH 5,

SEATHFTRIC W T, BAEOEME T V2 ERL L | FEm BB N IIEME LT 2 BVEA MR CTH 2 15
MEFRIZBWT, ~A4 7 a7 LA 2T, FIEEF miRNA OREEBE 3BT 217 -
770 Z DfERE miR-203a-3p %1% U HEHD miRNA 73 OIRARIRIC B WD TR Z R L,
Z 6 miRNA 2MER) & 9 58O B T HEOBBZ(L 25807,

2. e EM

ARFFEIL. MR O PREF M Z IV T, miRNA mimic & %V siRNA IC K 54 FEhEE
fiENT 217\, miRNA-mRNA O 7B EEH 2 #ETT 5, £72. miRNA ZHh & L72WED
AR 31T B A ARBAE O B JE 8 m 7R BLHE R 2 iF 95 2 & C, BIEfIcBIT 2 %%
B N OB AR BT S miRNA KO mRNA #[FET 5, & 512, ZHEE miRNA
Tu 7y AV T ERNT, ERENICHZ D 2EAZEOEHN T 7a—TF 2T 5,

3. WFFED kL
(DIERIR BT T L DIERL

9 EENIENE Wistar 5> ~ 24 L% 4 A —FITHT&EE n=3~6 & L7-. BRI S
30 %, FHEE (K4°C) HOHWIIEREAFE (]023°C) L, BREICEBRRZHET 5, #%§
FEIRAAIERE (Mild) 13, EAGIEAS 30°CICEIEE L /- TR S5, AR, PR R
# (Moderate) - BEEIKAIEREE (Severe) ©EMRINZILZEIL 22°C, 12°CIT72 - 7o RF TR
BEED, ar b —LEEOBEBIRITK 37°CTH > 7=, LML, B HIZIBIER, 24 H L. Total
RNA #3425,

@)~ A 7 a7 LAIZ K2R miRNA F Bt
~A4 77 LA, Rat miRNA~A 2707 L A%k (Agilent Technologies) %\ TAT
S72, f#HTIZIE GeneSpring v13 (Agilent Technologies) % AV 7z,

(3)quantitative real-time PCR (qPCR)IZ &% mRNA - miRNA FELEhREfFT

TotalRNA % ' miRNA |3, miRNeasy Mini kit (QIAGEN) % fv CHilit L. Prime-Script®
RT Reagent Kit (Takara) % 08 miRCURY LNA™ Universal RT microRNA PCR (EXICON)
TaqMan MicroRNA Assay (Thermo Fisher Scientific) % i\ C cDNA &% & 17> 72D % SYBR
Green I 7%} O TagMan Probe #(2C mRNA * miRNA OEEZ1T-7%,

(DYMREE MR 2 V72 miRNA mimic % O mRNA siRNA (2 & % #1578 EfEdT

Z v MBI L © Skeletal Muscle Dissociation Kit % BT IBIEf I 2 458 L. Skeletal
Muscle Cell Growth Medium (PromoCell) % A CHIHIIESE 21T > 72. miRNA mimic &
"mRNA siRNA # 4% L, mimic & O siRNA 2R EEEMEIC NI A7 27 a v Lizd
HEIL L, Total RNA ZHhi4 2%, Tk, EL@oHiEicky . ARELE T (miRNA RO
mRNA) OB ORI E/ERORG 217> 7,

4. WF7EE R
(DIGIEF I B TRIBAR F I W FE B L 72 miRNA

~A 70T LAITICEB N T, 8 50 miRNA 23z ko —/ LRE L bl U C BB RARERE T 2
Ll L3 B %k L= (Table 1),

Z Z T, GeneSpring Z T, 215 miRNA 23E89 L 425 mRNA Z Pl L7 & 2 A, 200
L E® mRNA MBEEEE i & LTt &z, &2 T, LATNGS % fu - e 1
FEBMATIC XV . EEICAERE TREHM L 72 mRNA B L . miRNA 23E#) & 4% 200 LA 1
O\ TREEZR LIz 2 A, BT 2BE T L LT Socsd 23l S 41, miR-203a-3p DIEf)
B & FHlSh7- (Table 2),

gRT-PCR (23 T, miR-203a-3p | & EARARIRER LA 2 BB 2 RBD 72 o 7203, (KIR



K FICHEWIEEIIED L. (Fig. 1A), —J5, Socs3 Id, 2> br— b BREE & B IRIRRE
g U, EERARREE TR BB BN 2R o 72 (Fig. 1B) . (RIRIE T2 miR-203a-3p %
B L, Socs3 FEHMAEN L7=Z L1, Socs3 DIEHA miR-203a-3p (2L - CHlfEI ST
WA RN EZ XFFT 5 D Th o7z,

Table 1. Microarray fold change analysis. Expression levels of eight miRNAs were decreased to

less than half in severe hypothermia compare with ctrl. A B
Symbol Fold change (Ctrl vs Severe) Regulation mirbase accession No i‘ 2.0 30 ‘;
rno-let-7e-1-3p 33 down MIMATO0017087 E ‘§
rno-miR-203a-3p 3.0 down MIMATO0000876 g 5
rno-miR-30c-1-3p 29 down MIMATO0004719 53 & g
rno-miR-3550 3.1 down MIMATO0017808 & g e gg
ro-miR-3552 40 down MIMATO0017813 £ s I
rno-miR-3588 5.0 down MIMATO017887 § E
rno-miR-433-5p 27 down MIMATO0017192 E 0.0 0
rno-miR-671 102 down MIMATO0005326 . & <§°‘ & & &

o o
< K

*P<0.05**P<0.01

Table 2 Result of GO analysis

GenelD | mirbase accession No p-value Symbol Synonyms GO_ID description

GO:1990830{GO:0060708/GO:0060707|GO:0060674{GO:0060670/GO:0051384|
GO:0050728/GO:0046627/GO:0046426/G0:0045597IGO:0045595/GO:0043434|
MIMATO000876 GO:0043066/GO:0042532|G0:0042493|G0:0035556/G0:0034097|GO:0032868|
89829 | miR.2030.3p) | OO46511628 | Socs3 | Cish3iSocs-3[Ssi-3 |GO:0032570G0:0032496/GO:0032355{G0:0032094 GO:0031100(GO:0019221 | suppressor of eytokine signaling 3

GO:0016567IGO:0014070/GO:0010332/GO:0009968/GO:0009725/GO:0009617|
GO:0009408/GO:0007568/GO:0007259/GO:0007165/GO:0006469/GO:0005737|
GO:0005622/GO:0004860/GO:0001932/GO:0001784{GO:0001666/GO:0001558

(2)miR-203a-3p (2 L % Socs3 & Bl

Ny 7 27— ULR—F—7 v¥AI12L% miR-203a-3p ® Socs3 8L 4. 3T3 Mz H
WTHRT L7, Fig. 2A 1%, miR-203a-3p 73 Socs3 Z %k 3 5 seed BlHTH D, AT,
miR-203a-3p mimic Z/Ef L 7=, Mutation IX. miR-203a-3p DI — FEFNZ HHEDER %
WALZSHOT, mimic IZx7T 52 hr—LEé LTHW-, ZOME, mimic 2L WLy >
= 7 —BIEENAEICHA L2729, miR-203a-3p mimic 232N FHIC Socs3 DI HL A H)ifH| L 7=
e s (Fig 2B),

A B

rno-miR-203a-3p 5 GUGAAAUGUUUAGGACCACUAG ¥ 6= *
FEErrn
Socs3 3’ GACUUUACAAAGAAAAGACUCAU ¥

mutation 5 GCGAAGUGUUUAGGACCACUAG 3

Relative luciferase activity
(Socs3)

AL lmm

mutation mimic

*P<0.05

(3)miRNA BB E T OREE LI LV FES N TR F— &

KEGG (2T Socs3 73859 % Pathway #fat L7 & 2 A, JAK-stat 7 F U /"2 T =
A5 52 LAVRR SN2, Tyk2 & Statba ORBAMF LIZL 24, WEa-I34
BB AR LTz (Fig. 3A-B), 7z, JAK-stat > 7 F VI RAY = AT T K b—
AR5 T 5728, Caspd HBELZMETLIzEZ A, = be—L, BEKAKRE L, P
JE. EERAERCHEEREIRD #8077 (Fig. 3C), b OfERIE., KB FIgthn TR
b= AR ST 2 & BRI T D,

Socs3 2% JAK-STAT + 7 VU v 7 /RAT = A OIFHIZEE ST 502G 572912, Socs3
DOIEBLZIHIT 5 siRNA Z1ERL L, BIEfGE~D T v A7 =7 v a &7, Tyk2 &
O\ Statba DRBEMFT L2, T OFERE. Socs3 FEEMMHNI L, WhilEfs - & b A B AR5 BR
B (Fig. 3D-F),

%12, Caspase-Glo3/7 assay |[Z X V) B A NN—E 425 7 u s 7 —BiEME RO ATP % IE
L7z, ZOfER. Socsd FILINHIZfEVY, Caspased/7 IHMEL Y ATP I3AEICHEM L7 (Fig.3
GH)., ZhbOfEHEIE, Socs3 DAREMALN I ANR—VIEEEZINSE, TR F—3 A &g
L7eZ & ERBT 5,
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*P<0.05;**P < 0.01; ***P < 0.001; ****P < 0.0001

ARFFEI X0 | ARIBAK T ISP E B MEAERF B AR T2 48D miRNA ORBIAENRED b
ZNODEN & THEBOBETORBEELBHNRD LN, ThHDZ L, IREIRICK T 51HE
B PEHERR BRI W THIBAEFE AN TR S - FTREME S RIS S, IRIRIRIC BT B AR
DIy A TN =R LO—8RNFEH STz, F72, Z3D miRNA KT mRNA 73, %m &K O
FEDBH Y T2~ —H—IT72 0 5 HAHEVEDVRIR S T-, 20 S ORFFERERIL, BIEZ Ko —
iz 2580 EEZ D,
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