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Analysis of the expression profile of LncRNA in the differentiation of osteoblasts by psoralea-
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Abstract; Objective To observe the expression profile of long-chain non-coding RNA (IncRNA) and its related target genes and
signal pathways during the osteogenic differentiation of bone marrow mesenchymal stem cells ( BMSCs) induced by psoralen.
Methods The second generation of BMSCs were divided into three groups: blank group (1-DMEM containing 10 % FBS),
osteogenic induction group (L-DMEM containing 10 % FBS and osteogenic inducers) , and psoralen group ( L-DMEM containing
10 pmol/L psoralen and 10 % FBS). After 21-day intervention, the difference of 2-fold variation of IncRNA in the process of
osteogenic differentiation was screened using Agilent IncRNA chip. Real-time fluorescent quantitative PCR was used to verify the
result of the chip. The IncRNA, which was highly differentially expressed in screening result was analyzed with Go and KEGG.
Results There were 446 differentially expressed IncRNAs which expressed more than 2 times continuously after 21 days of
osteogenic differentiation. In the process of osteogenic differentiation of BMSCs, 5 up-regulated IncRNAs and 4 down-regulated
IncRNAs were screened. Among those, XR009483 and XRO007366 were most significantly up-regulated and down-regulated,
respectively, and the result were confirmed with RT-PCR. The higher concentrations of GO were related to bone and cartilage
development, stem cell differentiation, collagen synthesis, ossification, and calcification. Fifteen biological pathways was found in

KEGG pathway analysis including TGF-beta, Wnt, NF-Kappa B, and calcium pathways. Conclusion The IncRNA expression
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profile of BMSCs changes significantly during osteogenic differentiation induced by psoralen, suggesting that the differential

expression of IncRNA may be closely related to the osteogenic differentiation by BMSCs.

Key words: mesenchymal stem cell; psoralen; osteogenic differentiation; long-chain non-coding RNA
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Fig.4 Cluster analysis diagram of LncRNA in three groups
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Table 1  Differential expression of IncRNA in the osteogenic 7K
differentiation by BMSCs Table 3  The expression level of IncRNA in the osteogenic
Noncoding RNA P value Fold Change Regulation differentiation by BMSCs detected with RT-PCR
XR007366 3.13636E-05  15.0105975 down IncRNA X R FERH AR R A
MRAK149231 0. 000450732 13.2746179 down XR009483 0.170+0. 09 0.276+0.05" 0.693+0.49 "
BC158643 0. 000498154 5. 6703586 down XR007366 0.239+0. 16 0.157+0.03* 0.104+0.02"
MRAK134668 3. 86805E-05 4.5393417 down L5 X AL LS, * P<0. 05,
BC089211 0. 000331545 7.1800922 down
MRAK161211 8.41471E-05 8. 4400839 down
XR009483 0.00364594  9.2837174 up skeletal system development ¢ cartilage development
BC167759 0. 006510463 7.8597101 N
P G R, A ZRRIBERN 208 4>, FEYHH
MRAKO051693 0. 004146963 8.5515873 up s N - . o
R =] A
uc.161 0.000487258  7.3579717 up AL+ (cellular component, CC) Jy [T, & 5 B HY S
extracellular space extracellular matrix ,collagen trimer
i ; N
F 2 IncRNA 51977 SRR, AT 25 R ROR R 114 A, 7E 4 T T g
Table 2 Primer sequences of IncRNA ( molecular function, MF) 75 T , BMSCs jii & 434k 1 48
Name Primer Sequence Size EP}%‘: %ﬁ %% mRNA ':F' ﬁ 631 /\% IE%ET %
Forward 5°GCTCTCTGCTCCTCCCTGTTCTA3Y
Rat GAPDH 40 b 4 T fE 4 3
Reverse  5° TGGTAACCAGGCGTCCGATAS’ ? Tor ¥ Orfe, Hoh w0 BR A collagen
Forward 5*CTGGAAGGATTACGGGGAGT3’ : biosynthetic process. bone morphogenesis. ossification
Rat XR009483 o e e g 7 93 by
Reverse 5°CITCACCAACTCTTCTGCCTTA3 & bone remodehng #ﬁ%y‘]éh Aﬁ%ﬁ%@
Forward 5°AAGTTCTTGAGCCTACCGATGA3’
Rat XR007366 59 bp 158 4~
Reverse 5°ATCCTTTCCAGTTCCTTGAGTCT3’

GO 73t 45 R WK, 76 2 W) 27 it 72 4k (biological
process,BP) J7 I, BMSCs Ji & 43 b if #2 5 2 22
ZRik mRNA JLH A A 680 3L N & 4 T A Wik,

Forp g 4B TF 43 88 15 ) &2 mesenchymal development

KEGG /34 &4k 5 i 7x , BMSCs i & 734k 1 #2
Free 22 7 3238 mRNA JE R vh Ay 427 MR E £ T
Y E O FEE ST 15 AR ik, Horb
BEESEKEK TGF-beta, Wnt, NF-kappa B
Calcium ZEAE Y245 B, &0 2 7 RBEH 143 1~
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Table 4 Highly enriched IncRNAs in GO

GOID

Term

Fisher-P value

FDR

Entichment

Scorc

genes

G0:0001501

GO 0060485

(00032964

G0:0051216

G0:0001503

G0:0030199

G0:0048863

G0:0048762

G0:0048705

GO 0030574

GO:0060349

G0:0060348

G0:0007519

G0:0046849

skeletal

syslem development
mesenchyme
development

collagen

bhiosynthelic process

cartilage development

ossification

collagen

fibril organization

stem cell differentiation
mesenchymal
cell differentiation

skeletal

syslem morphogenesis

collagen

catabolic process

bone morphogenesis

bone development

skeletal muscle

lissue development

bone remodeling
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5.79871044529812e-09

6. 14943756787678e-08

6. 77183214258355¢-08

8. 42326566755023e-08

1. 38099470960795¢-07

1. 99936980402638¢-05

2. 60538720592101e-05

3.7267795031343e-05

0. 000386428485212804

6. 85607885379325¢-10

5. 98304792284669¢-09

6.05758478431014e-09

6. 6650030287534e-08

1. 151726438965¢-07

1. 25888133215666e-07

1. 12614190018533e-06

1.21531814185566¢-06

1. 48691351980624e-06

2. 28075936089853¢-06

0. 000178814070180698

0. 000225520976152391

0. 00030309638738482

0. 00242863907258567

10. 6882033712908

9. 69643867105563

9. 68873416182446

8. 54812799188198

8. 28180586621007

8.23666857691291

7.21116460330383

7. 16929381554438

7.07451950156044

6. 85980798513786

4.69910687121732

4.58412772384301

4. 42866630174706

3. 41293086746677

SULF1/ROR2/ CTGF/MMP13/BMP4/MMP16/0SR1/FGFR1/CHSY1/SFRP2/
SULF2/CHST11/FGFR2/PDGFRA/PRRX1/SIX4/ TWIST2/TWIST1/TGFB3/
MMP2/PITX1/TIMP1/ KGE2/CYR61/GREM1/FST/ EPHA2/GDF3/ GJAS/ MMP9/
FBN1/COL3A1/COL1A2

FGFR2/LOXL2/LOXL3/MSX1/TGFB3/SFRP2/ VASN/ALDHIA2/CYP26A1/EDN1/
EDNRA/FGFR1/PTKT/FGE10/SCX/ HIST/ PDGFRB/ W11/ 0SR1/51X4/
BMP4/HAS2

L6/ ADORA2B/PDGFRB/ CCL2/BMP4/F2R/ TGFB3/IL18/ CTGE/SCX/ ARGL/
SERPINII1/ADAMTS3/COLSAL

SULKF1/ROR2/ CTGE/ BMP4/SHOX2/0SR1/SCX/FGER1/CHSY 1/SFRP2/SULK2/
MSX1/FGF2/CYR61/PRRX2/PITX1/TIMP1/MMP13/EDNL/HOXC4/ BMP3/
PRRX1/LLM

SNATI/GJA1/TGF2/BMP4/CCT.3/SHOX2/TLIS/MMP2/MMP13/MMP16/5CX/
CHSY1/FGFR2/PTGS2/DDR2/GPM6B/TGFB3/0SR1/TNF/ID1/1D3/ AREG/
FGFR1/1D4/SFRP2/ FGE2/ BMP3/1GSF10/ CTGE/ MMP9

LOX/CYPIBI/1LOXL2/SERPINHI/SKFRP2/COLI4AL/GREMI/SCX/DDR2/1LLM/
COL3A1/COL1A2/COL5AL

KENB1/OYOL2/ EDNRB/KITLG/SNAIT/KGFR2/ LOX L2/ LOXL3/ MSX1/TWIST1/
TBX2/GREM1/TGFB3/SFRP2/BMP4/0SR1/HAS2/ ASPM/CDH2/TEAD3/
PRICKLE1/PDGFRA/A2M/TIOXA9

KENB1/OYOL2/ EDNRB/KITLG/SNAIT/KGFR2/ LOX L2/ LOXL3/ MSX1/TWIST1/
GREM1/TGFB3/SFRP2/VASN/ALDH1A2/CYP26A1/EDN1/EDNRA/FGF 10/
1IES1/BMP4/0SR1/11482/FGFR1

SULF1/ROR2/CTGE/MMP13/BMP4/MMP 16/ SCX/DDR2/FGFR2Z/PDGFRA/
TCFB3/CIIST11/110XA9/S110X2/MMP2/MSX1/ GREM1/PDGFRB/ ARIDSB
MMP3/MMP13/MMP7/CTSL/ CISK/MRC2/ MMP 16/ MMP2/ MMPY
MMP13/BMP4/MMP16/5CX/DDR2/SERPINHT/SHOX2/TWIST1/TGFB3/ FGER2/
HAS2/CHSY1/SFRP2/CYP26B1/MSX1

MMP13/BMP4/MMP16/5CX/DDR2/SERPINHT/ FGFR2/ HAS2/CHSY 1/8FRIP2/
CYP26B1/MSX1/SHOX2/ TWIST1/TGFB3/GREM1/SULF1/SPARC/SRDSAL/
SULF2

PITX1/ANKRD1/DMRTA2/SCX/KLF5/BMP4/ERBB2/CAV1/DCN/MEOX2/
FOXP1/8IX4/CASQ1/ITCA7

TGFB3/CTHRC1/ CTSK/TNFRSFL1B/CD38/VEGFA/CJAL/ GREM1/1L6/EFNA4/
KPHA2/PTPRY

i% 5 %BQ'E%JE.%}H’\J pathway
Table 5 Highly enriched IncRNAs in the pathway analysis

Enrichme
Pathway 1D Definition Fisher-P value FDR nrichment genes
Score
rmo04380 Osteoclast differentiation 8. 578244¢-007 8.463867e-005 6. 066602 MAPKI13/PPARG/TGFB1/TGFBR2/TNF
TGF-bet BMP4/CDKN2B/DCN/FST/ID1/1ID3/1D4/
rno04350 7 _l,e a th 4. 416935¢-005 8. 716085e-004 5.354879 INHBA/LTBP1/NBL1/SMAD6/SMAD7/
signaling pathway TGFB3/TNF
1004064 NE~kappal 2.383000e-005  6.878217e-004 4622876 b -2/ BOL2AL/ILIB/SYR/TICAM2/
signaling pathway TLR4/TNF
. . APC2/CCND2/DAAM1/LEF1/PLCB2/
rno(4310 Wnt signaling pathway 2. 140839¢-002 1.056147e-001 3.66941 RAC2/SFRP2/SFRP5,/ WIF1/ WNT6
BCL2/BIRC2/BIRC3/CASP9/CYCT/IKBKG/
rnoQ4210 Apoptosis 2. 553348e-004 4.723695e-003 3.592890 TLIB/TLIRAP/TL3RA/TRAK2/PIK3CB/
PIK3CD/PRKACB/TNF
. CCL4/CD80/CD86/1IKBKG/IL12B/IL1B/
Toll-like receptor R
rno04620 enali th 4. 951890¢-004 6. 662542¢-003 3.305229 1RF5/LY96/MAP3K8/MAPK13/PIK3CB/
Fgnaing patinvay PIK3CD/TICAM2/TLR4/TNF
ATP6V1E2/CCL2/CCL3/CCL5/CXCL12/
rno05323 Rheumatoid arthritis 1. 039301e-010 3.076331e-008 3.983259 1L18/1L1A/IL1B/1L6/MMP3/TGFB3/TLR2/

TNF/TNFSF13B/VEGFA
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x5 HWoEEESW pathway
Continued table 5 Highly enriched IncRNAs in the pathway analysis

Enrichment

Pathway ID Delinition Fisher-P value . genes
Score
BCL3/CCL2/CCL20/CCL5/CX3CL1/CXCL1/
mo04668 TNF signaling pathway 2. 886393e-006 7.767020e-005 3. 539645 CXCL10/CXCL2/EDN1/1L1B/1L6/MMP3/
MMP9/PTGS2/TNF/VCAM1
ATP1A3/ATP2B1/CYBRD1/SLCI1AL/
ineral i . - .23 - . 3
rno04978 Mineral absorptlion 5.485379e-004 5.237652e-003 3.26079 SLCT1A2/SLC26A6/SLC30AL/SLCBA LD
ADCY4/ADORA2A/ADRB2/ATP2A3/
rno04020 Calcium signaling pathway 3. 054941e-003 2. 825820e-002 2.514997 ATP2B1/ATP2B2/GNA15/ITPKB/PLCB2/
PLCG2/PTAFR
Signaling pathways
’ APC2/DUSP9/1ID2/1D4/MAPK12/MAPK13/
455 regulati luripotenc 4. 831872¢-002 1.932749e-001 2.31
mo04550 légu ating pluripotency 831872¢-00 932749e-00 5885 PIK3CE/PIK3CD,/WNT6
of stem cells
3 iR A0 AE B0 R E e A B R IneRNA Y 32 35 1% 45
JTE

HOI B IREE A TB A e R A S R A
SRR —E RS R MR, B A S TR
RN E R, LLA Y 4 85 FhF 20 M 1 15 1A B8 A
R W A LUT AR BB B B B R — Rl 48 19TR 9T
PR IF H 2515 30 e, B A R AR R T 40
(BMSCs) BAg 5% K9 [ & 38 57 8 1 DA & £ 14 4 1k
WHE RE T M A EEY I, BN 4
K%, BA BE MOR BT 0 53 40 RE R 451
ML 2EHH TR 4, {3 BMSCs 1%
B S WOA SR RN S R FL RS A S 2 R R, I
PR FH 32 8 — i BRI . B L, 20 fa] 24 15 T 40 Bl 64 R
B I 1 B A B 2 4R TR T e R A AR R 8 S B R R
—, PEAGEBEE HIEEIT AN FLY
W T4 B A S BMSCs A9 BB 2046, AT DL
i BMSCs 1E 5 B+ 40 i i BB 06 k. B IR 28
PR BB 2 b 2, BRATRT AT 9L & BN B
Z W % FA B-catenin, Runx2 3N i F ik K F, £
BEoe T BN G R 2 AN R I S AN I R
BEEHEBEMEEER, TUAN 5 Wnt/B-catenin JZ
BMP/Smad {55 8 [ 7/% % BMSCs il & 44k , 2 348
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