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Preliminary Study of Long Non—coding RNA Involved in Early Phase Osteogenic
Differentiation of Human Bone Marrow Mesenchymal Stem Cells
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Abstract:  [Objective] To screen the related long non-coding RNA (IncRNA) expression profile changes in the early stage
osteogenic differentiation of human bone marrow mesenchymal stem cells (hMSC), to analyze the affection between the changes and
the early stage osteogenic differentiation of hMSC. [ Method ] hMSC with before and after 7days of osteogenic differentiation were taken
as research subjects, the Agilent IncRNA chip technology was used to screen the IncRNA which has two fold differences in expression
before and after the osteogenic differentiation. One of a quite different IncRNA in expression was selected, and UCSC Genome
Browser, which is the nearby IncRNA protein-coding gene, was used for the following discussion. [ Results] After 7days of osteogenic
differentiation, hMSC had exhibited in having a mild osteoblast-like characteristic; the results of the Agilent RNA microarray
screening showed that there were 923 IncRNA upregulated and 993 IncRNA downregulated after 7days of hMSC osteogenic
differentiation; UCSC Genome Browser bioinformatics analysis showed that ENST00000585537 is associated with MAPK protein.
[ Conclusion] The expression of IncRNA is altered after 7days of hMSC osteogenic differentiation, part of the IncRNA which have large
differential expression through the contact with related protein coding genes affect the early osteogenic differentiation function of hMSC.
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MNE#EmE R+ 400 (human bone marrow
mesenchymal stem cells, hMSC) k2K A A ZEH#E 1
ZREMUA T AN, Zm il 1 TR HEF )
PERE T HAE 2T AR 4 40 el B AT E Y i R
PAEN . B AETE R B oA R e Ak
PRI i BECRE R DU B80S 550G A, 2 1
AR TRI B BE 2, BT hMSC 3 47 f 76 6 I 8
H AR ASUE 5 vh B A I ST AR R T O
AR R TE T AR OR A1 A8 K R [ N AT 4 1
fer, KeEIESH% RNA (long non—coding RNA,
IncRNA ) 5 8] 78 it + 41 g (mesenchymal stem cells,
MSC) B E M EAFTE—E IR R B, R IncRNA
X§ hMSC FH I B oAk BT — i Y AR
H T HE BRI AT TR R

1 #H#57*

1.1 & #

JEAR hMSC (ScienCell, #7500) . [8] 75 5 1 40 il
KL ZRE R IR+ %% thil (PBS) | JE it/
EDTA AL IR b AR 8] 76 o T 40 i i
AR FE R N 2% P LT S Yl (Sciencell 23 F] , 36
) 5 B Tl 1 il (ALLP) & €230 50 4 (Sigma 23 A,
F [ ) ; Trizol W S 5% A7) & (Invitrogen 2 H] | 3£
);  SE BT 2¢Ok & & PCR K F & (Applied
Biosystems 2~ A, £ [H ),

1.2 hMSC Hig%

W5 W S 4 A hMSC 20 Bt v A7 78 o T
37 CKE RS, KA =L, A
PBS Hikk, B0 H EIETH VR, 4% 5 x 10° 4>/ em?
OB AIMEERN T 75 em? F5 SR . BT 37 C.
TRF L 5% CO, MR A G 9% . W H
WHeRE AL IS AE 3 d B | IR FREE, RRATE
INE] 90%I AT, 1 HFERG/EDTA I L iH 1L,
AT
1.3 hMSC W EFFHK

W5 REEFREE 5 A hMSC e 4 i 2% 14
H 2 x 10° A~/em?® FP T 6 fLM R, F 37 C R
538 5% CO, M FNIE B 07 4 Hh 1% 5% ; R A i Gk
2| 80% il A B, A Ry ] 7o i+ A0 M A B o A K
FRIE WG RE 3 d A 1 IR FREE,

14 ALP &
AR BE 5 R AT A0 (G2 A DO) %

WEEREE 7 d A (idh D7) #E4T ALP
Jutt, FEEEFRAL PBS WEVE 2 3, A 40 ¢/L 2%
SR, IR A T 1 30 min Jo AR 14
PBS V1% 2 i W EE YL (g R 10 G T WAL £
B O (SN
1.5 HERIEE

I R BB 5 5 A0 T T ) A R B RS R
fRJG 7d BOANBE IR TPE R 4T Yeta, PBS ¥k 2 ik , 40
o/L Z B WSV E %E 30 min, PBS £ 2 3, MIA
1%V LS Yl , R4 T #E 30 min, PBS 14
Ve 2 0, LB YL gl L U S LR e (e Bt
g,
1.6 gRT-PCR # il i & & F (ALP.Runx2,
OCN) Ri& R

T NCBI & F& L H 741 , W FH Primer Premier
50519 (3% 1), % DO K& D7 A4t A H
PBS ¥ 2 i ,Trizol i 7 4 2 & RNA, R ¥
Invitrogen 2 m) 1Y 5 5% s ik ) & #AE U D FF RNA
G 5%k cDNA, 415 2 19 cDNA % B Applied
Biosystems 2\ w] [ 36 B 43 m AR 4K &, JF i
7900 HT Fast RealTime PCR system #1752 , N2
i GAPDH,, SE4s Fpph A 3 WK, SR 274 3%
SyHT E SIS

%=1 gRT-PCR &K & EF514 55
Table 1 Sequences of primers in gqRT-PCR

Primer Sequence(5'-3")
ALP F: CCTTGTAGCCAGGCCCATTG

R: GGACCATTCCCACGTCTTCAC
Runx2 F: CACTGGCGCTGCAACAAGA

R: CATTCCGGAGCTCAGCAGAATAA
OCN F: CCCAGGCGCTACCTGTATCAA

R: GGTCAGCCAACTCGTCACAGTC

1.7 1ncRNA &5 %1%

¥ DO Je D7 ZHARMEIAE A H Trizol 12551 £ 5
RNA, & RNA Ttk U548 J5 , AT AR 38
g, il BER A S AR P Fr ol FARIE
W& (CapitalBio) . ¥ Fric/F R T 45 CH
Agilent 23 %) 4 x 180 K A 1ncRNA V3.0 .85/ (0
37581 & N IncRNA FF 5 #£ £ J& 34235 %% A
mRNA ¥4 2238 10 7% (T B Slide Washer8 ith
R TAGHEATIF VRS , (1 Agilent it i 34 {00
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RV S MO B = i I - 21 S 3 ) O
Agilent Feature Extraction (v10.7) 34X} 2438 B Fr
HEAT oy M OF SR MR PR . SRS T Agilent
CeneSpring FAXF EHE HEATIH— A0 A 22 52 03By (22
SAEECMET 2 4%) .
1.8 E£MEERESH

PRGN i e 4 R h R AR 1 4
IncRNA , FI| § UCSC Genome Browser 73 #T IncRNA
BFIE 300 kb XA FH 4 K A
1.9 SitrEHE

A S g RE2E 3 AR B S B R A
3 UK, BIH SPSS 13.0 A Bl sEATHE 00t
THRTRHA & £5 FoR RPN FEAS « K56 19 58
T, 47 P<0.05, WEAH 22 R BA G4 X,

2 % R

2.1 hMSC WiEHFEERB AU IFESIESR

F AR hMSC & 95 5 880 T 75 em? Ki SRl
o IC NS 1 AR MRS W RE | SR ARIE  JE AR
—AE RS R, BUE TR, TR
T hMSC B b IS 0, Ly RIgR
(%5 5 48 hMSC #EAT LT 05 7 d, B s
YT AR N 2 MY BT RN R, T L/ i
FRELET
22 ALP#BLTE hMSCHBHANES7dER

B2y KB FE M2 5 A hMSC H R 1L IF
HAF 6 fLARJG , RIFESE T8 LS B rikis S 7
d, ALP e 25 R R 755 7 d J5 hMSC 4H IR 1
B TR O 4R (T 1B) 5 T AR5 5 40 J LT~ AS B
FYRL(E 1A) ;D7 415 DO A L, D7 40 HAT WA
W ALP Je & fHPEIE 0L, ALP Qa2 R,
hMSC 3t 7 d Ul - feiE R R ae e 28—
) s RE T .
23 BEALBLETENMSCHBHSHFS 7
#R

RS 5 18 hMSC ZE1 78 B e s 5
7d JETTPE R B R BR  hMSC S T d e
4 2% 11 0] WS 255 DAL (1B 2B) 5 iR 75 T 1 41
i oK WL AR 45 (& 2A) ;D7 415 DO ZHAH L, D7 41
HAMBMERTYAHMEREN, HRaOY O
R hMSC 25 W s o A5 2 B 0 B
AR

A': DO group (without osteogenic induction) ; B; D7 group (7 d
osteogenic induction ). x 40

1 ALP R BLEE WMSC BBEAHIES 7d HER
Fig.1 ALP staining determines osteogenic differentiation

of hMSC after 7 d osteogenic induction

A DO group (without osteogenic induction); B: D7 group (7 d

osteogenic induction) ; x 40
2 WEISLBET hMSC BANESTdER
Fig.2 Alizarin Red S staining determines osteogenic

differentiation of hMSC after 7 d osteogenic induction

2.4 gRT-PCR%%E hMSC BBHHFS 7d &R

iR BiRJ R, 55 5 AU hMSC #EAT A A
BT 7 d JFHRBUR RNA 2790 g/ b 46 B 5 7R i
bR T8 ALP. DO 4 1.02 + 0.26,
D7 Jy 31.27+ 0.63,P< 0.001 ;Runx2 24 D0:1.01 +
0.19,D7 & 10.64 +1.04,P < 0.001;0CN & DO.
1.03+0.34,D7 } 5.57 + 1.78,P < 0.001,, $x#i 21
hMSC 5% 7 d J5 iU 70 fAH OG- ALP Runx2
K OCN MRB AR L AEH 2R A5ITEE
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X (P<0.05; F3),

40 n D 0d . 7d
30
g
% 20 1 .
2 10
g 1
¢ 20
215
= Lo
0.5
0.0 T T T
ALP Runx2 QCN

1) P<0.001. ALP. DO0:1.02 + 0.26,D7:31.27+0.63,P;
Runx2.:D0:1.01 + 0.19,D7.10.64 + 1.04;0CN:D0;1.03 + 0.34,
D7.5.57 £ 1.78

3 qRT-PCR YT hMSC BiBHHBESTdER
Fig.3 qRT-PCR determines osteogenic differentiation of
hMSC after 7 d osteogenic induction

2.5 IncRNA AT R
%5 5 8 hMSC AT S 7d 5

IncRNA S ik, e /i s 7 d F%‘z:ibﬂ
it 2 51 IneRNA A 923 45, FH#ES 2 5004
993 %%; FIEEE T 4 519 IncRNA A 225 45, R

Bt 4 f509A 120 %5 LIEEA 8 589 IncRNA A
60 4%, NEELT 8 f5AUAT 17 45, 3R 2 ATk
ik 22 TR ER 73 IncRNA |

R 2 IncRNA BRIFERIAZRBRRER
Table 2 Results of IncRNA microarray

Up regulated IncRNA D7/D0 Down regulated IncRNA D7/D0

ENST00000443364.1 39.38 ENST00000473756.1  -29.07
TCONS_00020125 36.10 ENST00000474798.1  -21.80

ENST00000436715.1 35.18 TCONS_00026558 -18.96
ENST00000390168.4 30.87 XR_108665.1 -17.94
ENST00000414790.1 30.83 ENST00000584911.1 -16.73
HIT000332651 30.69 ENST00000454699.1 -15.32

ENST00000507217.1 29.95 ENST00000582120.1 -14.36
ENST00000585537.1 24.52 ENST00000432414.1 -13.73
XR_242466.1 24.26  uc001jgx.1 -13.36
ENST00000418923.1 21.62 ENST00000449012.1 -12.13

2.6 gRT-PCR iE ik 45 R

Bl RN EH 5 1~ 25 553K IncRNA , Hirr 2 4~ |
i (ENST00000523786.1 Fil ENST00000436715.1)
3R (ENST00000532315.1, HIT000218960 il

ENST00000502125.2), qRT-PCR %53 /8 D7 41
5 DO £H 4 b , ENST00000523786.1 FlI ENST00000
436715.1 % & W & F ¥4 ,ENST00000532315.1,
HIT000218960 #i1 ENST00000502125.2 FiAH] i F
W (K 4), Hp ENST00000523786.1:0 d &
1.000 +0.060,7 d & 20.090 +0.270,P < 0.001;
ENST000004 36715.1:0 d J}y 1.070 + 0.450,7 d Ky
6.950 + 1.760, P = 0.005; ENST00000532315.1:0 d
4 1.020 £0.230,7 d i 0440 + 0.030,P= 0.012;
HIT000218960:0 d >4 1.020 + 0.210,7 d 4 0.130
+ 0.010,P = 0.002;ENST00000502125.2:0 d &
1.000 + 0.090,7 d & 0.270 = 0.030,P < 0.001,

qRT-PCR SHHE45 R 5.0 7 R 45 R —3%,
40 KL B -
30
g 3)
F 10
£ 2)
= 10
£ 20
=15
= 1.0
0.5 2) rl 3)
0.0 m
5 %
< N%G\ @“—’ 5@@
e f& \,&ft

1)P<0.05,2)P<0.01,3)P<0.001 vs 0d
B 4 ¢RT-PCR Wi F fFiELER
Fig.4 qRT-PCR vertificates results of Agilent RNA

microarray screening

277 EYMEERESW

VEHL hMSC BB 73k 7 d JG Rk BIRER
%) IncRNA ENST00000585537.1, ][l UCSC Genome
Browser 73 #7 7] 1%, IncRNA ENST00000585537.1 {if
F A 17 SY R I 7E =BT 300 kb X4
A 1 N E ARSI MAP2K6 (& 5)

303 i

hMSC J2&—FhTE A A SR MR S 5 = 25 1F T
[ o= o = N1 VA N 2 R
ZRERUA T4, R R AT F A JC R A
HEFF SO SEHTRE J1 o AR v AR AT 5 B 21l
EFRR R FF 2 0 e e B 2 B
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Fig.5 The UCSC Genome Browser combined with microarray results

HA TR B EEAERS, /R 2 is
T H A A TR AR 400, B4 H A
ABFSE , hMSC L o2 Z R IR s, Hha
Fh4E K7 (TGF-B 45) 4 sk 7 (Runx2 \NF-«B
A5 NN (TL-6 TFN—y 2 ) HIL i 3 i (Wnt/B-
catenin signaling . BMP signaling) LA % microRNA 5§
LRI C A T RE W, T
WA 22 BB, IncRNA 5 hMSC B9 i #7016 B
A —E R R, U5 AW E i % U
RS,

IncRNA J& — 3 SR A BE T 200 nt #YF 24
i RNA AATAZ 5E AR gD  HIZTE M 4=
23 (A 45 48, TERE SRRV B 7 Ja KPR v R
AT 5151, Bergmann 25 MHRGE | IncRNA
T8 5 5 M) 22 BERR 35 0 2 53 DXL AT sl 4 R i 1 4
M s34t FE . Ponting 5512 1, MSC A H 431k
() 5 R JR FR IncRNA I8 42 AH G Bl i 2 A 9
R IR MRS, HET, BT IncRNA B8
FERT I, OC T HAE MSC UE 7316 75 T 1 B9 i
ERA, HEZZRRT A IncRNA (A5, 1
U B AR KRIATTE 25 1]

AWFFEE Sk hMSC BEAT A MBS 7 d,
ALP B0 56 R LG (AR R W] hMSC B 73
15T 7d JE B RE IR . R 4545 qRT-PCR
ST ALP TERLE AL S 7 d KRB R |
i, T ALP 7ERCE A0 AL SR BORAEVER], H

W R JLEEA T A R B I E iR, X%
W T 7 d BB o Aids AR E T hMSC FH I A9 i
Bk o TR R I (ALP) A B R 40 B 43 Ak 5 2
)—AEZFE s, HEEEA F Y@k 1p36.1 I,
R R T REEEZWIREEN, R
CLRIER AR Py 2 b T E R A R
ShEEFRT N R %, IR B R A0 S 2
DU, WRBIEXT 1l 2 4 M o3 b fb JE ot
I B B AT e ), B2t 7 d B9 ek
P, hMSC R W b i B R AU MR AR . Y
ik, AMERIE R, IncRNA 7E/NRIRIR A B
I EA —E M Ih et E D [FE IncRNA
R B DR B SR B IR RSB AR PR S e A
TR &AM N 5 A8k, SR 2 R 1 ER A
WO E SR, £ E AR B TE T hMSC K
HoaE R R 26 A BUE AT R R bR,
WFFEm R 1Y) IncRNA Fh2

B RATR AL IncRNA 26353865 F AR
¥R & hMSC 1E 1 434k 7 d i3 #2 IncRNA ik
I, S5 EM hMSC E MBS 7 d 5%
ik A IncRNA A 923 2%, £iE T IHANA 993
%%, FIRGEREA T 78 hMSC ' IncRNA 5 hMSC
HIA R AR, I EAR A TP
ATk — 2RI} 3 4L 5 A 25 57 3R IA ) IncRNA ]
A5 hMSC FI LB b AE oG, T HA MR 2 &4
B I IncRNA AT L3 3o 8 45 208 3 8 11 4 i 2 R 7
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FIRK LR, ik, ARG RII BN 2SS,
B B e 45 S e ik [ E R B9 — 4% IncRNA .
IncRNA ENST00000585537.1, i1 UCSC Genome
Browser J7 %0 AT & BB VT 300 kb [X 38k 9 A7 7E
1 MRS R B MAP2K6, R HIBFIY 20,
MAP2K6 Jy MAPK ZEH5 H i) — 5, i MAPK 58 Ji%
i ERK 38 % JNK G #% S P38 i [ e F Bl
20 Y 434k 00, Hor | P38 S I 7E R 4 A3 Ak
RIS ALP By Rik0e) ) 25 B 25 R IRATHE R
%, IncRNA ENST00000585537.1 1] fg i 1 4 5
MAP2K6 ik i hMSC A1 5401k, (5 B
IR B AL 6 75 i — 2 SR Sk

WG AT IncRNA 25 MSC £ fet: 4k
503 AL $R A % O T Y S AR s, T B & B
IncRNA ENST00000585537.1 £ hMSC K1 2L i
R s EA R SR E R, o 4R 2F hMSC BUE 43
R iR 5 PR R T B it 7 B A, [F]
FisF Ay 0 T S 1 2 A 8 A B ST i PRAR B .
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