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Screening and identification of key miRNAs in
post-transcriptional regulation of CART in the bovine
hypothalamus

CHENG Junli', YAN Junrong®, HOU Shuning®, ZHU Zhiwei’, LI Pengfei'*"

1 College of Animal Science, Shanxi Agricultural University, Taigu 030801, Shanxi, China
2 College of Life Sciences, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: This study aimed to explore the roles of microRNAs (miRNAs) in the
post-transcriptional regulation of cocaine- and amphetamine-regulated transcript (CART)
peptide in the bovine hypothalamus and to screen key regulatory miRNAs. Targetscan was
used to predict the potential miRNAs binding to CART 3’ untranslated regions (3'UTR).
Bioinformatics analysis predicted 7 miRNA binding sites in the bovine CART 3'UTR, which
were bta-miR-377, bta-miR-331-3p, bta-miR-491, bta-miR-493, bta-miR-758, bta-miR-877,
and bta-miR-381, respectively. Reverse transcription-PCR (RT-PCR) was carried out to
determine the endogenous expression of CART and target miRNAs in the bovine
hypothalamus. All the 7 target miRNAs and CART were endogenously expressed in the bovine
hypothalamus. The dual-luciferase reporter gene assay was employed to detect the targeted
binding relationship between CART 3'UTR and target miRNAs obtained from bioinformatics
analysis. The dual-luciferase reporter gene assay confirmed that the 3'UTR of CART had a
targeted binding relationship with the 7 target miRNAs. Cell experiments were conducted to
examine the effects of target miRNAs on the messenger RNA (mRNA) and protein levels of
exogenous CART and screen for key regulatory miRNAs. The results of cell experiments
showed that the 7 miRNAs downregulated the mRNA level of CART, with bta-miR-491
demonstrating the strongest downregulating effect. Bta-miR-377, bta-miR-331-3p,
bta-miR-491, bta-miR-493, and bta-miR-381 downregulated the protein level of CART, with
bta-miR-381 exerting the strongest downregulating effect. Animal experiments were
conducted to explore the effects of key regulatory miRNAs on the mRNA and protein levels of
CART in the hypothalamus and the CART concentration in the serum. The results from animal
experiments showed that miR-491 and miR-381 regulated the endogenous expression of
CART in the hypothalamus and the concentration in the serum by binding to the CART 3'UTR.
These results suggest that miR-491 and miR-381 are the main miRNAs regulating CART
expression in the bovine hypothalamus, which can affect serum CART concentration by
modulating endogenous CART expression.

Keywords: bovine; hypothalamus; cocaine- and amphetamine-regulated transcript (CART);
miR-491/381; feed intake
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amphetamine-regulated transcript peptide, CART)
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HIE SR FRYEAE E, CART ¥ 3t)5
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P, WEG M. 5IEwE /D B,
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N, T miR-185-3p 1 Rk MEE AR,
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SR 5 B S 48 B A, [H AR AL
WATERE . AR RG220 Wi
% G W 5 28 SV (reverse  transcription-PCR,
RT-PCR) ., WHSGREE . A% | R BT g |
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135 RNA T S22 € &t PCR (real-time
quantitative-polymerase chain reaction, RT-qPCR),
R O B 5
(enzyme-linked immunosorbent assay, ELISA)%
LIHART-BL, HIT4F miRNA X F i CART
¥ s Ja AP , IR H OSBRI miRNA

1 S

1.1 #H
L1.1 DRt

BE Ry 91 A i) 5 b X B8R B . NCBI
(www.ncbi.nlm.nih.gov); mRNA-miRNA # [i1] fil
I %P5 & . Targetscan (www.targetscan.org) ;
miRNA & 2 7 51 A R B I 7 -
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1.1.2 AR
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122 $BERRIFEMRIETHF

I TRIzol I 7 (FERR CHL/RBIH) IR IA T
Fefidi s RNA, ik 544 5 &% gDNA Eraser )
PrimeScript'™ RT & 7] £ (TaKaRa Biomedical
Technology)i#£47 mRNA Jz ¥4 5% ; A miRNA First
Strand ¢cDNA Synthesis [4= T A9 TR ()%
A FRA R HEA T miRNA % (R0, Bk
SIYIFSIILE 1, DL cDNA A, i 2xEs
Taq MasterMix (BN 28 4= YR B0 A BR 2
AN T H B ERE PCR, HARGI W75 W 2.
19y 90 A8 i A AR ) AR (i) ey A R 2
Hl G . SR 1% 2.5%3 i Hl e I i kA
CART #14! miRNA PCR j=4), 43 H AR 554 JF
AT, MFZ5 RS NCBI 0 e v iy L [
FF 94T HE X
123 WRARREXW

B 7 A4 VEAE miRNA HE /2% 28 8 5 )
= CART 3'UTR 562 Bl & Foki g iy b+
Y 2 B ARA PR vl A2 K 293T 20 e )
96 fLAk , ZEUN I 10% FBS (ScienceCell)# RPMI
1640 basic (FEBR W HERBHEHE R B 3555
HixE 3ANHEE . FFAMIETR] 70%{05 R,
{1 Fi} D-Portal %% 4L 320 (R HE =i AL W HARAT IR
Ad)H 05 pg PR MR TR 1 pg
miRNAmimics 259 293T 4iiffl, 36 h )5, fiff
FHRE R Tl Al A5 LA AR & (R =
KA BARA BRZS 7)) 32 ¢ AT Y 2¢
JCRMEEME . BT L ALY 5L K R PO R il
P — AL R T DOL R BHE 1
1.2.4 ZHAEILEER

bta-miR-377. bta-miR-331-3p. bta-miR-491
bta-miR-493 . bta-miR-758, bta-miR-877 .
bta-miR-381., NC mimics i B 4 CART JE[A
R IR BRI B R EARA R WA
Mo WE 7 PNEKHmiR-377, miR-331-3p,
miR-491, miR-493, miR-758 ., miR-877 i
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#* 1 miRNA RE¥ER5IHF7
Table 1 miRNA primer sequences of reverse
transcription

Primer name Primer sequence (5'—3")

miR-377 GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACACAAAA
miR-331-3p GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACTTCTAG
miR-491 GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACCCTCAT
miR-493 GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACCCTGGC
miR-758 GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACGGTTAG
miR-877 GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACCCCTGC
miR-381 GTCGTATCCAGTGCAGGGTCCGAGGT

ATTCGCACTGGATACGACACAGAG

*2 HMEEPCR3I¥FF
Table 2 Target gene primer sequences of PCR

Primer name Primer sequence (5'—3")

CART-F ACGCGTCCGGTTTCAGCACCAT
CART-R CTTGACAGATGACATCACAACC
miR-377-F CGCGATCACACAAAGGCAAC
miR-331-3p-F CGGCCCCTGGGCCTATC
miR-491-F CGAGTGGGGAACCCTTCC
miR-493-F GCGCGTGAAGGTCTACTGTGT
miR-758-F GCGTTTGTGACCTGGTCCA
miR-877-F CGCGGTAGAGGAGATGGC
miR-381-F CGCGTATACAAGGGCAAGCT

miR-381)F1 1 NPHMEXT A (NC), X 8 4y
5 CART :H5yy; 57 8 MBHMEXTBR4L, 35
pEX-3 44 (miR-377 . miR-331-3p ., miR-491 .
miR-493 . miR-758 . miR-877 . miR-381 FI NC);
W % 5% YL 59 6 B 2H (TransIntro™ EL)Fl2S8
A CREF G4 1 4 B4 3 IRE R 4% 293T
HHREEERN T 6 fLtk, ZHAfEFR A Im b, TF
A E] 70%IC A ERT, FH TransIntro™ EL 4 4t
R (b 2 XA A B AR AR A PR 2 w5 WU
e 4 pg CART J:PH I RIXHAKF 250 pmol
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miRNA mimics 2 293T 418, 5 h J5 H e hy 58 4
BRI, ARELRG R 24-48 h,
1.2.5 miRNA #1 CART mRNA AIE FiLX 248
293T AR5 24 h J5, F RT-gPCR 4%
ARAM L miRNA Fl CART mRNA H9 R KK
TRIzol K4 41 EE RNA; Mir-X miRNA
First-strand Synthesis Kit (TaKaRa Biomedical
Technology) # 17 miRNA ¥ & ¥ % ;
PrimeScript'™ RT reagent Kit with gDNA Eraser
(TaKaRa Biomedical Technology)i/f4T mRNA

5%, TB Green® Premix Ex Taq™ II (TaKaRa
Biomedical Technology)4 il ¥ miRNA F1 CART
mRNA FAX KL, S5 3; 50
HARAE eyl 5 25K 647 . BL U6 5 p-actin
NS, 274 T R AR X R 1
., i GraphPad Prism B4 X 5t 17 L &R
Ji 2253 Hr
1.2.6 Western blotting 43 # & H FRiAKE
293T AR ALY 48 h )5, fli] PBS Uik
3 U FALINA 200 pL 2 2R PR LT
FHREPHA AT, 2R IR 14 000 r/min
20 5 min, B ETE; ] Easy I Protein
Quantitative Kit (At 424 B E AR A TR
PRI R, MR R I 45 R G — R AR
I . BEFLINA 52.5 pg S AFER G 17T+ =
Be kIR BN R N M T i BE IS H UK (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE), 4#f il i = IEAR T T 0.5 cm
I ZE ALK s J0 B X0 A5 5 4 2 1 8 21 il
PRETAER I -, 795 HL (B 250 mA, #1560 min;;
R BEECT BT 5% 0k B AOh &4 1 h,
Bt 5 I AR, —PiHs BE . B-actin B g BEPLIK
(1:2 0005 FEA T 20 A= By R B0y A5 BR 22 1) Al
CART Z e FEHUR(1:500; iDL RG4S A PR
M ARATR), 4 CHFLR; WHMH=
e LS B H B 2 R DRI L I ARE R 47t
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%*3 BMERE RT-qPCR 5|95
Table 3 Target gene primer sequences of RT-qPCR

Primer name  Primer sequence (5'—3')

p-actin-F GGGACCTGACTGACTACCTC
p-actin-R TCATACTCCTGCTTGCTGAT

CART-F CCTGCTGCTGCTGCTACCTTTG
CART-R CCACGGCGGAGTAGATGTCCAG

U6-F GGAACGATACAGAGAAGATTAGC
U6-R TGGAACGCTTCACGAATTTGCG
miR-377-F TCGCATCACACAAAGGCAACTTTTGT

miR-331-3p-F GCCCCTGGGCCTATCCTAG

miR-491-F ATAGTGGGGAACCCTTCCATGAGG
miR-493-F TGAAGGTCTACTGTGTGCCAGG
miR-758-F CCTTTGTGACCTGGTCCACTAACC
miR-877-F ATATGTAGAGGAGATGGCGCAGGG
miR-381-F CCGTATACAAGGGCAAGCTCTCTGT

T B . 1L R 1gG (1:5 000; FEAtttad 9
BHEE B A FR 2w AL =5t/ B 1gG (1:5 000
FE D L MR R B IR A )Y, IR
Lhy BERESS , T Ab27 AOG I Ry T 22 A= Y Bk
AR A DR ; M Imagel BN
AR AT IR BESE fE 3 A, LA B-actin W INZ:,
1148 CART 5 B-actin (K FUAH
1.2.7 RIATE R MK E 5T

Fir A /N B R PERR SR 1 RS AL N 7 4
(agomiR-491 2 | antagomiR-491 4. agomiR-381
2H . antagomiR-381 41, NC 4. A HEhKk4dl | ==
FIZH), &2 10 2, /MR A B K
Tfﬁxﬂiommu-agomiRNA mimics ,mmu-antagomiRNA
mimics 5 NC FBsg i b7 56 254 AR A R
NFEIE . $F miRNA mimics 57 (A% 443 57
Entranster’"-in vivo (JbE Tk A PRk A BR 2
EWRE 2=, AR ZRRIGRE 1.5 pg/ul,
Fie B8 1:2 19 L Ks Entranster™-in vivo LA 2]
B G MR, PR IR A5 2 IR FHE 15 min,
ot A T A e (b v A T S A PR w kAT
00 fi 2 35, R A0 SR e B Rk R A T O A =
S G 72 b, A BE/NRUR IR, W)
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R TTE-80 °CLRAF(BhH S5y Gt il
. K2 S5 S W B Dy S b, HEES .
SXAU-EAW-2022M.AB.002023200).,
1.2.8 PR ENFRIER

BEARAE /N RUT 4L U0, R AT
FEATHEEE . 4F 50-100 mg BB 524 A T T iNiZH
ZUIA 1 mL TRIzol iX7], A IRBIRS), Eilt
JCE 5 min R4 2% . ff ] RT-qPCR £0R
Rzl /N BT i ¥ miRNA Fll CART mRNA ik
K, ikl b BN RUT B g 259 U) R 4
NEOEE R, A 50 mg HEUMA 500 uL Z4fFH,
ﬁ*ﬁi}iﬁz\ﬂ V424 5 AR 14 000 r/min
B0 5 min, EXJ:‘{EJ ; Western blotting £ /)» Bl
T EM CART FEFRAZAKF-, ikl b, i
ELISA $ARKM /NG CART K5 5
72 h 5, fEHRERIUmM AR /NI, 2= R
JE 2 h; FRILIE HAAMTHIS, 4 °C. 4 000 r/min
%Jb 10 min, HCE3HM. M/ CART ELISA

A G (B T AE R A R W] e
JII]./H Ht CART ZEFIVREE, (i HIEGHR I 450 nm
ih 45 FL. OD fH .
129 ZitFEaih

A EUE L, X£sFm . 24 AR
BN 2500, AL HLECR A LR R . P<0.05
NN G L

2 BER54

2.1 4 CART ERET Tk & A HE
EcoR 1 1 BamH T XU 1] =1 4 o e 45
1% B R WHEE IS HL DK A 740 B, 45 SR A 1 s
VKIE 1 8o T AEYI15 5] CART mRNA+UTR
(806 bp)Fl pEX-3 HZL(4 000 bp). #F 806 bp 4k
AT SN , 45 59 5 NCBI Fh4E CART mRNA+UTR
FFHI(NM_001007820.3)iF4 T HEXT, 81—, iiE
W 2 ) SRR AR E Ny, W T IR 22505
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1 pEX-3-CART mRNA+UTR 3T 3k # (4 Es
't)]/?i % EE./iK!
Figure 1 Electrophoretic image of the product of

pEX-3-CART mRNA+UTR overexpression vector.
M: DNA marker.

2.2 4T EMN CART-miRNAs $8[5)X R
]

Targetscan 3153 Mg B FLsh P 7 F
miRNA (miR-377 .miR-331-3p .miR-491 .\miR-877,
miR-758 . miR-381 #l miR-493)n] fE# 5] CART
3'UTR (& 2); Hr, miR-377 F1 miR-331-3p 5
CART 3'UTR %54 1 5
miR-493 Hfik.

2.3 FEERESFT ERAIRIE

FIHT RT-PCR EE ARG A Fr fiki 8 L (5 7y
WML, 4R ER 7 M miRNA Al CART
FERITEATT B fiirh ik (K 3), BARSRAT 1

JP 45 35 T — 2

context++15 43 5% 15

lep-Jnu

MiR-758

B 2 @id Targetscan FFiEHIS CART EA1E
miRNA K& H & context++15 4

Figure 2 miRNA interacting with CART screened
by Targetscan and their total context++ score.
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bp miR-377
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3 CART F#E miRNA 724 T X 89 2R3& #= 49 iL ik B
Figure 3  Electrophoretic image of CART and target miRNA expression products in bovine hypothalamus

(n=3). M: Marker.

2.4 B miRNA 5 CART &4 X RWIiE

¥ CART 3'UTR 5 7 4> miRNA H MY K
Bty i 3 9t R Wi BURL(pmiRGLO)Y Y, &
TR B B A T HANEEE T 74
A CART 3'UTR 272 g B BURLAE X BR
CART 5 7 /¥ miRNA HYWAELE &0 5 L
CART 3'UTR Y57 s WL 4 R o 6 5 A BF
AR B 55 CART 3'UTR Y5k miRNA
mimics YL 293T 4ififl; YLy 4-AY CART
3'UTR 4L, 7 4> miRNA mimics ¥ i 2
52 56 E W PR (P<0.05), T4k Ye 2875 % CART
3'UTR W40 i W0 B A #il (P>0.05, 1 5), KH
CART 3'UTR 1 7 456 S H#RRE W Bl AH B 1
FHE miRNA $E 0] 5 oo miR-377 #0476 F et
(P<0.001, & 5A), miR-493 i /F FH &% 55
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(P<0.05, K 5D).
2.5 %0 miRNA ¥t CART {RIMFRIE IS MG
2.5.1 %€ miRNA XJ7MNFEM CART £ REFRIEHZT
RT-qPCR il 455 & W], 7 -4 miRNA
IR (B 6A-6G), H7E miRNA+CART
4, 5 miRNA 5 CART mRNA kKA HAE, %
fill THE miRNA A9 AH XT3 3K 4 (P<0.000 1),
RT-qPCR £l 18 /321 H* CART mRNA [ AH X}
Feik, 59N 6H i : CART mRNA 7£ 7 4>
SIS A B NC+CART 4w #45d %5k, 16 8 M
PEXTHELH | FEYFIXT B K as (ARG, %
i pEX-3—CART mRNA+UTR 541 ks il o 5 Y
293T 4 Hog#3k ik CART mRNA+UTR &
§115 7 A48 miRNA a4 CART mRNA )3
K (P<0.000 1), 1, bta-miR-491 # il &CR 5
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5%, bta-miR-331-3p. bta-miR-877 &k vk
2, bta-miR-377 FI bta-miR-758 | R SR 4555 ,
bta-miR-493 F1 bta-miR-381 | HUR 555 .
2.5.2 #EmiRNA 315NE% CART ZEHFRIEHIFN
CART i F i5 2 /A F1#E miRNA mimics FL4%
Yt 48 h Jii, K Western blotting A6 12 22 ik
miRNA X} 293T #iiJifi CART & [1 R IEAI M .
5 NC kb, 7 4# miRNA 1, miR-758 FlI
miR-877 % CART & [1&ETC# M (P>0.05),
miR-377 . miR-331-3p. miR-491, miR-493 Fl
miR-381 B [ CART & [1381k(P<0.05), H:
H miR-381 #HiI/FE HI i (P<0.001, &l 7).
2.6 FHATRIE miR-491/381 %F /R A
IR CART FiZRIF N
VEREARAN 523 % CART mRNA #4145
IR A miR-491 FIXF CART 2 A 1 i /6 i e ik
) miR-381, #F—L PP BT NIEPE CART

2 “uguuuuvadvggaan v v uaty uLaTiiuN=Y / /

5'-acauuagauguuacACACACUa-3" CART mut

C 28 34
5’-cuccauaagcccccl]JC|(fC|CﬁC|u-3' CART wt
3'-ggaguaccuucccaAGGGGUGa-5"  bta-miR-491
5'-cuccauaagcccccAGGGGUGU-3"  CART mut

E 380 385
5’-uaaaucacccaagcaIﬁLﬁATA'aJ’ CART wt
3'-ccaaucaccugguccAGUGUUu-5"  bta-miR-758

4 CART#&EF5. REFFIS5MHEX miRNA

FRIKMF o 30 A AN 2= 7R T agomiR-491/381
mimics B, antagomiR-491/381 mimics X} /]>
T il miR-491/381 47 i ik a% g Bk (K]
8A . 8B). ki % v 5 X/ ER A B i (B 9A)
A (B 9B)JC i 2 52 0 (P>0.05). 14T 72 h
JERI MR kit CART ik, S5XFHRZHAH
e, agomiR-491/381 AbHiH B E LT CART
mRNA (P<0.000 1, [ 8C)#il CART % 1 (P<0.05,
K 10A. 10B)AY#ik; antagomiR-491/381 AbHiH
R H/NECT T CART mRNA (P<0.000 1,
& 8C)FI CART ZEH(P<0.01, & 10A. 10B)fY
23k . [ ELISA i RyE—#9F miR-491/381
BT E/NRIMTE CART WA, SXTE4
A, agomiR-491/381 4bHiS M3 CART #eJ¥
e 5 2 AR (P<0.01); #H%, antagomiR-491/381
ALPRSS ML CART ¥ EEN | iH(P<0.01, & 10C)

U TaagaulvudulLgUuuULLULUY BT UlatLuNTI I 1T P

5'-cuccccacuuucc GGUCCCC a-3"  CART mut
D 52 57
S'-uccccaggggaccac ACC a-3'"  CART wt
M
3'-ggaccgugugucaucUGGAAGuU-5'  bta-miR-493
S'-uccccaggggaccacUGGAAGa-3'"  CART mut
97 102
5 ’-aagluugcauuuc?(ﬁ)(fUA a-3'  CART wt
3'-gggacgcgguagaGGAGAU g-5'  bta-miR-877

AYACATT A DY L ADT canste
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Figure 4 Schema of the w11d—type and mutated CART 3'UTR indicating the interaction sites between
miRNA and the 3'UTR of CART. CART wt: Wild-type sequences of CART 3'UTR binding site. CART mut:

Mutant sequences of CART 3'UTR binding site.
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Figure 5 Targeted regulation of CART by related miRNA detected by dual luciferase reporter assay system.
A-G: Dual luciferase assay in 293T cells co-transfected with the miRNA mimic and reporter vectors
containing either the wild-type or mutated 3'UTR of CART. The renilla luciferase activity was normalized to
the firefly luciferase activity. CART-WT: Wild-type sequences of CART 3'UTR binding site constructed on
pmiRGLO plasmid. CART-MUT: Mutant sequences of CART 3'UTR binding site constructed on pmiRGLO
plasmid. GP-miRGLO: Empty vector. NC: Negative control of miRNA. * P<0.05, ** P<0.01, *** P<0.001
compared with NC.
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Figure 6 Seven miRNA significantly inhibited the expression of CART mRNA. A-G: miRNA expression in
293T cells after miRNA/NC treatment by RT-qPCR (n=3). **** P<(0.000 1 compared with miRNA+pEX-3
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Figure 7 Five miRNA significantly inhibited the expression of CART protein. A: Western blotting results
showed that the miR-377 and miR-331-3p, but not NC, inhibited the expression of CART protein in 293T
cells (n=3). B: Compared with NC, miR-491 and miR-493 treatments significantly reduced the CART protein
expression (N=3). C: miR-758 and miR-877 had no significant effect on the expression of CART protein in
293T cells (n=3). D: miR-381 declined the CART protein expression in the 293T cells (n=3). E-H:
Semi-quantitative densitometric analysis by Image J. * P<0.05, ** P<0.01, *** P<0.001 compared with
NC+CART group.
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Figure 8 Effects of miR-491 and miR-381 on the expression of CART mRNA in the mouse hypothalamus.
A-B: RT-qPCR analysis of miR-491 or miR-381 expression in mice hypothalamus after 72 h of receiving
ICV injection (n=9). C: RT-qPCR analysis of mRNA levels of CART in mice hypothalamus after 72 h of
receiving ICV injection of agomiR-491, antagomiR-491, agomiR-381, antagomiR-381, NC, NS, and the
untreated control (N=9). NC: Negative control of miRNA; NS: Normal saline; CK: Control check. * P<0.05,
***% P<0.000 1 compared with CK.
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Figure 9 Effects of intracerebroventricular injection on feed intake and body weight of mice. A: After 72 h
of pre feeding, the feed intake of mice was measured every 24 h. No significant difference of food intake was
found between the injection groups and the untreated control after ICV injection on day 7. B: After 0 h of pre
feeding, the body weight of mice was measured every 48 h. No significant difference in body weight was
found between the injection groups and the untreated control after ICV injection on day 7. NC: Negative
control of miRNA; NS: Normal saline; CK: Control check.
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Figure 10 Effects of miR-491 and miR-381 on the expression of CART protein in the mouse hypothalamus.
A: Levels of CART protein in mice hypothalamus were determined by Western blotting analysis (nN=3). 491:
agomiR-491; ant-491: antagomiR-491; 381: agomiR-381; ant-381: antagomiR-381. B: Semi-quantitative
densitometric analysis by Image J. C: Levels of CART protein in mice serum were determined by ELISA
(n=7). NC: Negative control of miRNA; NS: Normal saline; CK: Control check. * P<0.05, ** P<0.01

compared with CK.
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