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Abstract:  Activities of 58 miRNAs for BHK21, HEK293, and Vero cell lines were screened using the high-throughput
miRNA activity profiling method. miR-206 activity was found specifically high in BHK21. Considering miR-206 was
recognized as a muscle-specific miRNA, we further detected the expression and activity level of miR-206 in BHK21 cells,
with myoblast cells C2C12 as positive control and HEK293 cells as negative control. Then, we induced BHK21 by
culturing with medium containing 2% horse serum (HS) and tested expression level of slow skeletal myosin heavy chain
(MHC), activity and expression levels of miR-206, and expression level of Connexin43 (Cx43) which was reported
negatively regulated by miR-206. Results demonstrated that activity and expression levels of miR-206 were both higher in
BHK21 cells than in C2C12 cells. After induction of HS, MHC expression level was increased in BHK21 cells. The activity
and expression levels of miR-206 were further enhanced. The Cx43 expression level was decreased. These results suggested
that BHK21 had the characters of myoblast cells. In conclusion, we firstly discovered that miR-206 activity was specifically
high in BHK21 cells, suggesting that BHK21 cells were derived from interstitial cells other than parenchyma cells of
kidney from miRNA point of view. Our study also indicated that BHK21 cells were able to be used as models in vitro for
research of miR-206 function.
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Table 1 Mature sequences for miRNAs
miRNA Matrue sequence (5'=3") miRNA Matrue sequence (5'=3")

miR-9 TCTTTGGTTATCTAGCTGTATGA miR-101 TACAGTACTGTGATAACTGAA
miR-133a TTTGGTCCCCTTCAACCAGCTG miR-103 AGCAGCATTGTACAGGGCTATGA
miR-206 TGGAATGTAAGGAAGTGTGTGG miR-106b TAAAGTGCTGACAGTGCAGAT
miR-10a TACCCTGTAGATCCGAATTTGTG miR-107 AGCAGCATTGTACAGGGCTATCA
miR-15a TAGCAGCACATAATGGTTTGTG miR-122 TGGAGTGTGACAATGGTGTTTG
miR-16 TAGCAGCACGTAAATATTGGCG miR-124 TAAGGCACGCGGTGAATGCC
miR-17-5p CAAAGTGCTTACAGTGCAGGTAG miR-126 TCGTACCGTGAGTAATAATGCG
miR-18a TAAGGTGCATCTAGTGCAGATAG miR-127-3p  TCGGATCCGTCTGAGCTTGGCT
miR-19a TGTGCAAATCTATGCAAAACTGA miR-128 TCACAGTGAACCGGTCTCTTT
miR-20a TAAAGTGCTTATAGTGCAGGTAG miR-129-5p  CTTTTTGCGGTCTGGGCTTGC
miR-19b TGTGCAAATCCATGCAAAACTGA miR-134 TGTGACTGGTTGACCAGAGGGG
let-7a TGAGGTAGTAGGTTGTATAGTT miR-137 TTATTGCTTAAGAATACGCGTAG
let-7b TGAGGTAGTAGGTTGTGTGGTT miR-138 AGCTGGTGTTGTGAATCAGGCCG
let-7¢ TGAGGTAGTAGGTTGTATGGTT miR-142-3p  TGTAGTGTTTCCTACTTTATGGA
let-7d AGAGGTAGTAGGTTGCATAGTT miR-142-5p CATAAAGTAGAAAGCACTACT
let-7e TGAGGTAGGAGGTTGTATAGTT miR-144 TACAGTATAGATGATGTACT
let-7f TGAGGTAGTAGATTGTATAGTT miR-145 GTCCAGTTTTCCCAGGAATCCCT
let-7g TGAGGTAGTAGTTTGTACAGTT miR-146a TGAGAACTGAATTCCATGGGTT
let-71 TGAGGTAGTAGTTTGTGCTGTT miR-150 TCTCCCAACCCTTGTACCAGTG
miR-21 TAGCTTATCAGACTGATGTTGA miR-181a AACATTCAACGCTGTCGGTGAGT
miR-26a TTCAAGTAATCCAGGATAGGCT miR-192 CTGACCTATGAATTGACAGCC
miR-29a TAGCACCATCTGAAATCGGTTA miR-194 TGTAACAGCAACTCCATGTGGA
miR-29b TAGCACCATTTGAAATCAGTGTT miR-195 TAGCAGCACAGAAATATTGGC
miR-29¢ TAGCACCATTTGAAATCGGTTA miR-196b TAGGTAGTTTCCTGTTGTTGGG
miR-32 TATTGCACATTACTAAGTTGCA miR-199a-3p ACAGTAGTCTGCACATTGGTTA
miR-33a GTGCATTGTAGTTGCATTGCA miR-200a TAACACTGTCTGGTAACGATGT
miR-34a TGGCAGTGTCTTAGCTGGTTGT miR-204 TTCCCTTTGTCATCCTATGCCT
miR-34c¢-5p AGGCAGTGTAGTTAGCTGATTGC miR-221 AGCTACATTGTCTGCTGGGTTTC
miR-96 TTTGGCACTAGCACATTTTTGCT miR-222 AGCTACATCTGGCTACTGGGT

58 miRNAs mature sequences are shown in the table, which are high conserved and with the identical sequences among Homo

sapiens, Mus musculus, Rattus norregicus, and Danio rerio.
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Fig. 1

miRNA activity profile for BHK21, HEK293, and Vero cells. 58 miRNA activities were detected using miRNA

Asensor array. Each miRNA activity was shown. And miR-206 activity was presented as dark black.
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Fig. 2 miR-206 activity and expression levels in HEK293, BHK21, and C2C12 cells. (A) miR-206 activity level in the
three cell lines. miR-206 activity was assayed in the three cell lines using miR-206 Asensor. And miRNA activity was
represented by relative inhibiting fold (RIF). (B) miR-206 expression level in the three cell lines. miR-206 expression
level was detected by QRT-PCR. 2 was used to indicate miR-206 expression level. AC=Cys—Cimirna- RIF, relative
inhibiting fold. Error bars correspond to X +s (n=3). Student’s ¢-test was used to examine statistical significance of

differences. **P<0.01.

miR-206 ARk (I8 2B), 45 FUFSE T BHK21 41
Jrf miR-206 14 3 M K 3Rk
2.3 SmiEFSRE BHK21 Tk
DIRTRIRFSE 28] BHK21 4035 5% rh s 4
M . el S5, Rets s S ai i s if 3=
R AENRRE PR, 2B B S 20 i R
AT 2 ) miR-206 7ENLA AR A 7 it fe b &
FEEEAEAU, AT T Beal D 1 7515
FREFERTE BHK21 A0 IS SRR AL RS
PERR A RIB B0 LA M miR-206 15 A Fe kK-
g5 WoR DR 3R BHK21 400 48 h )5, 4000
A, TR UM R A RS T IR AL AN (K] 3A),
i HL 20 M B B LU ER 25 T B 4% (Slow skeletal
myosin heavy chain, MHC) £iAkF+& (X 3B),
FH] BHK21 4 ) S LAm i oA . 2 i i
PSR 48 h 5, miR-206 % PE I ik K TR
B b, BHERMEASIT¥E XL (B 3C

http://journals.im.ac.cn/cjben

K 3D),

H T iR S E 5 SR BHK21 4
M5 miR-206 FYFh A 755 R 1A I A RE P 67
VE¥EVER , H Western blotting #0115 S 55 #7 1if
J& BHK21 #iffirhi%#84 1 Connexind3 (Cx43)
MFRIBIEO . ZITLIERE Cx43 81, 2 HTE
A NERGKRERRBES fa g s Cx43 2 mRNA
f) 3'UTR [X #BAE & I miR-206 FIFH 7551 (F£2).
Cx43 FEHAEN . /ANE RERURIBE S 2 (5] A
B ARSI, AHINER A SRR BZ ] 1 2
LR A R PR L 99.7% , KRN Z 18] 1R
FERRFIEE A 100% , N HIBE ) £ 2 [ 1) ] 51
WEE 60.3% (3% 2), KZ5 R ER, 155 48h
Ji BHK21 4iififgh Cx43 A EE TR (K 3E),
S LIRRIER miR-206 fMH C2C12 4 ik
Cx43 HH, MMHEY C2C12 4%k & L4
it A BF 58 235 SR A — 2



Bt F/SEE miRNA FHEEENALI BHK21 A miR-206 FiElE 1023

A B
C 160 o
5 |
2 L
10% FBS = 120
=
S k5t L
N s 80
R <
N ) E T
MHC —~— g 40T
B-actin [ 0 .
10% FBS 2% HS
D 50 o
é 40 +
=]
g 30} E
8 S
= >
£ 20t oo’ 0\323’
< N9
Z 10}
z L - Cx43 -
g
0.0 . | B-actin [

10% FBS 2% HS

3 SmiEESEFRE BHK21 R T

Fig. 3 Changes after differentiation of BHK21 induced by 2% HS. (A) Morphological changes in BHK21 cells
induced by 2% HS. Cells were examined by Leica DMI3000 M Simply Microscopy (200x). (B) BHK21 expressed
skeletal muscle protein when induced by 2% HS. Slow skeletal myosin heavy chain(MHC) was assayed by Western
blotting in BHK21induced with or without 2% HS. (C) miR-206 activity increased in BHK21 induced by 2% HS.
miR-206 activity was assayed in BHK21 when it was cultured in the medium with 10% FBS or 2% HS using miR-206
Asensor, respectively. miRNA activity was presented as relative inhibiting fold (RIF). (D) miR-206 expression level
increased in BHK21 induced by 2% HS. In the two different culture conditions, miR-206 expression level was tested by
QRT-PCR in BHK21. 2*“ was used to indicate miR-206 expression level. (E) Cx43 expression decreased in BHK21
induced by 2% HS. Expression of Cx43 was assayed by Western blotting in BHK21 induced with or without 2% HS.
AC=Cy6Cimirna- RIF: relative inhibiting fold. Error bars correspond to X £s (#n=3). Student’s t-test was used to
examine statistical significance of differences. **P<0.01.

% 2 Connexin 43 EREYEEFENH

Table 2 Bioinformatics analysis of Connexin 43 gene

AA Homology (%) miR-206 targets predicted in the 3'UTR
Danio_rerio (BC049297.1) 283 60.3 1(2381-2387)
Mus_musculus (NM010288.3) 383 99.7 2(1858-1864; 2982—-2988)
Rattus_norvegicus (NM012567.2) 383 99.7 2(1822-1828; 3010-3016)
Homo_sapiens (NM000165.3) 383 100.0 2(1877-1883; 3008-3014)

Cx43 was conserved and had miR-206 targets in its mRNA’s 3'UTR. Amino acid (AA) sequence of Cx43 was aligned and high
conservation was found among Homo sapiens, Mus musculus, Rattus norregicus, and Danio rerio. Typical mRNAs of Cx43
from the four species were selected and potential miR-206 targets were found using ‘seed’ sequence.
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PEAFR KT B TH =, FLAN M) 3% B 8 1 Cx43
MY FIRACE TR, IRSFHEF 5150 B A 38 BHK21
ALY Cx43 FEH Y 3'UTR X AFAE miR-206 4T
J¥51, 3B miR-206 A AEE T H] Cx43 AW
FiEZ 5 MG A S BHK21 £ F kit e,
$&7n BHK21 40 A] LAAE Sy —FA 2500 20 g s
A, HF miR-206 19T AE AN 3506 P 5 HL
W5,

miR-206 7& BHK21 #Hfifg iR AR Pk e 6 P A
eIk, #ER miR-206 1] IVE —Fh A WrkRic 4
+, JHT BHK21 4l % & . BHK21 4HI7ES
S LJ5 miR-206 1 PRI A KFIA 5 5, 2
7N miR-206 A REAE g —Ff ] LA Ak 1) 1
PR o

BHK21 #il i % 1k miRNA FpIE AT 55
BBk = BRI T BHK21 i H miRNA ik F13)
REVERFSE . AHFFE I miRNA B 51 [R5
SYMEEE T 58 A BHK21 4 fi b Al fE KA K
miRNA K545 &, FIFIE 400 miRNA 75 PEi%
K AR T T 58 i miRNA 7£ BHK21 4
B T KT, X 4E miRNA T RERF ST 1
LT IR

M2, FIFHTE AN miRNA 36 PR TG I A
HKFE BHK21 40 sf & BT miR-206 FRAEE R
WP, IR 7 iX— &, PIPARER T miR-206
£ BHK21 42 5 35175 2 At B b T g i
YERIBLE], W miR-206 AT LIYEN—Fh BHK21



AX# F/SiBE miRNA FHIERNAD BHK21 i+ miR-206 SiEMHE 1025

FRIE T R A bR e . AP LR BHK21
Al LLHAE miR-206 DIRENFFE A 41 i 7Y, BHK21
20 i oA Y T 4w U A, R AR L Sk 5 40 i
o miR-206 B9 KX LA, W REA B TR
miR-206 LR PERIR MR . 2T —
AAUTF IR TAE
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(ALTiH  MENTT)

REOREODREOREDREODR LR LR LR EIREIREDIREDIMREIREIREDIREDIREDIREDIREDREDREODREDR DR LR LR

(4 IR SIR) FHEHSTFER

1 WP e . AR RUFEMR BN, k. SRS AH¥RS S HS). HIY (Purpose):
FEGIWEE B SCER H Y, sl A S RS Jeny a8 ; 77k (Methods): H R BHI/EE ) F2 T
VeI FE S AR I vk o WM SCEE AN RR 2, AT AR F . Y 2R LA . 4521 (Results): A Ui
JEISHRYZE R (SR BIETR ). 4518 (Conclusions): WIARFERIIFFY, W EWHARSCHATZ AL, BCEAET)
WHER P RAR R QRN HIVERFSE, S ] BEHE B AR SCAS AN 45 18 1) 1 Y8 LA T B s A A5t o

2. ZEIATHEE . AR NAR AR BOWIe R, L HEEESE A SR TAE.

3. BESCH B AR B TESCI R N 2R TP OO 2, E L SRS TR L S S S S
S5 WATE B SCIT . H A R R Y & G A ) 28 e J PR [ g 3 o PUARAF S 2R Y, BIAH22R AT DLas 3|
T IAE, A RRAHEIR & 3K .
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(3) R HIEW R g s m), #ERARIC YR TERERE T SCS 1R IR
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MR EIEA RVPIA ST, JF BAES— R 25 2K
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