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ABSTRACT Objective: To investigate the effect of steroid coenzyme A desaturase 1 (SCD1) overexpression on osteogenic
differentiation of bone marrow mesenchymal stem cells (BM-MSCs), and to analyze the changes of whole genome expression profile by
gene chip technology. Methods: BM-MSCs were transfected with SCD1 lentivirus. The overexpression and activity of SCDI in
BM-MSCs were detected by RT-PCR and C14 technique. OC and other related osteogenesis indexes were detected by Western blot and
alizarin red staining after BM-MSCs were induced and cultured. The effect of overexpression of SCD1 on osteogenic differentiation
expression profile of BM-MSCs was further examined by whole gene chip. Results: SCD1 was successfully overexpressed in BM-MSCs,
and SCD1 activity in overexpressing group was significantly higher than that in control group. The levels of alkaline phosphatase (APL)
and osteocalcin  (OC) in the overexpression group were higher than those in the control group at 7 and 14 days after osteogenesis
induction (P < 0.05). Alkaline phosphatase staining and alizarin red staining were more in the overexpression group than in the control
group at 7 and 14 days after osteogenesis induction. The results of gene expression microarray showed that 2896 differentially expressed
genes were detected by overexpression of SCD1 in bone marrow mesenchymal stem cells. Gene pathway analysis showed that the
interferon pathway was the most significant pathway (P<0.05). Conclusion: Overexpression of SCD1 can promote the osteogenic
differentiation of BM-MSCs, which may affect the osteogenic differentiation function through interferon pathway. This finding may
provide important thinking and potential therapeutic strategies for fracture healing, and is worthy of further study.
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AN AN D7 ERD, T AT RN T B S F B A A i 5 2H 4
AHIFE IR A B354 SCD1 ZERE IR FIEAT- S5 THAEZ [F] L
RAEAR RIS R T 5 |2 1) 2 I b 381 i B A 40 A F A,

BB 75 57 41 fd ( Bone marrow mesenchymal stem cells |
BM-MSCs) {2 — s, A5 [ 00 T 408, n) LU 5iG
JUARN ) ZFp 22U 4y B R AR, HLBFSE 2 HH , BM-MSCs 58
A SR ) SR R RE T, AT LA R s il I T
LA ZEFASELH S0 9 B EL ks BM-MSCs W] 2k A i B 40
X—fe s EGHA TR,

Hil, Ttk SCD1 MALE 2 [ i 5¢ & i JCAH EWF
9% ,SCD1 i 3k 5 %) BM-MSCs (4 51543 f 1 5% 1 K2 5 7T fig
HIBLT IR TCAH DGR IE o ABIFSE R SR EEA T 1Y SCDI i ik
AR, WFsRdFkik SCD1 FHXT BM-MSCs B /3 kL is2m
FERI R R BRS04 BM-MSCs Wi 73 L3RBT 1 ks
PAE— 5 B 1k 2655 SCD1 KL wofH- 4% 18] 72 5 40 g il B 1k
AR HLEE

1 AR R T %
1.1 &)

N B BEE FE T 40 BM-MSCs | FHFTAS — A R EE B
P4 TG4 1MIE W 2 Ausbian 23 7] ; DMEM K JERg H Corning
/v ) ; Trizol Joligo dT Wy [ [ 18 K28 A 5 G057 A QR
75%) W H promega /A W] ; Wik iR & A A MR L
R&D; A TgG (1 =40 F CST; it =i A0 Ao Il i) & g | %4
R IO RN A LEICA; Nanodrop 2000 7356 1T
g § Thremo /3 ] ; ALP 37 & . WAKO Kintaro /3 & ; P
SCD1 $iifki) A 25 E Abcam Cambridge /3 ),

1.2 ik

1.2.1 @pasEs  LHCHAIARAAE B AR IK (7T E
FEHFERMAR . #5.0(3 min, 1300 rpm) , I HIPPRTA R BE , S8
JRTRAA AR HEATHRAE . 25 R IR 58 2 7
F(15%M04- 1134 , DMEM 35355, 1%PS) , 24 | mL, fil#5 &5
3 mL SEARFEFRIERY 6 em FEFRIL, SR J5 M =G IR b, 525
WA IR TEARE TR (3T°C 5% COy), 4 24 h BB IR WL
RN A L 80%HH LRI .

122 1BREEE A0 b 3R bR A R0 Y -1 A 78 o
T, HAL 3-5% 10* 4~ /mL AUHEEIR , A S E5 4R, i =
o 15-30% i 3E 170 7 Gy o 18 6 7 & 48 (pCDH-SCDI,
psPAX2 and pMD ) 7£ PR EIZH i S50 7 O s ke 2 , ik DL i 52
aUN | Ay ER YL 1% 37 3 (Polybrene, 8 wg/mL) , I A 4 mL i@ i 1%
TR R G YRR B EVE AT . 72 h R PO B
BEMEESRIAE L

1.2.3 SCDI Rz R id MMM 25 M0k 5 1k [ A se g,
i 7 2, HHCE RNA, 3/ DNase I 23, 43 %] RT-PCR Al
C* BEARTR /C IR Y 5% AL 3R R AG TN SCD1 Y 2 1 R 1 1
BB, SCD1 N2 B-actin 515N 1.

% 1 SCD1 KNS EE B-actin F5| #1551
Table 1 Primer sequences of SCD1 and B-actin

Genes Primer Sequences

SCD1 upstream primer 5'-GCTGTCACCTTCACCGTTCC-3'
downstream primer 5'-CTCCATCCTGGCCTCGCTGT -3'

B-actin 5'- GCTGTCACCTTCACCGTTCC-3'

downstream primer 5'-CTCCATCCTGGCCTCGCTGT -3'

124 HBIFSEF HlREd RN BM-MSCs M5
10%FBS () DMEM K3 dt, diiss s29h 1x 10° 4~ /5L, &
A 37°C 5%CO, fB:FE4 . (i DMEM(3 10%FBS)7E 24 h
JE IR SRR . WSS CT SCRlR ) ZE B AR B 5 1 — JE R
JAHEAT , LLIEAS BM-MSCs By 80B-15 50

125 ALP fNERLA B ALP Jefm: LA BRI, H
PBS HEAT AN, 100%  BERE 5. ZJ5, I PBS 58
Wk, 2% RIS B AN K b Uk, 1 %R fha e ta 2 Sh , P
k. PELTEYLE . N L AT 2B E 4N, SR A PBS o
Pk, 1 mL 0.12%J527 K YL (m 30 4340, B PBS ik, DL L#E
A EEMRETT.

1.2.6 ALP jEMESHT W RUE 5519 BM-MSCs, J1] PBS i
VEPIIR, 3L 0.2%Triton X-100 7RIS PR IEA T . B0, HX
1 . BCA S AR IR B o ALP & PR 7 AL X SR B 1
TRe THEUNTF :Cx FEMFRE / W, Hoh C A EREAR
OD i,

1.2.7 Western blot #&ill] SCD1 FA& 4§52 ( Osteocalcin, OC)  4f
J B AE RIPA SEopig 760K oy B . Al BCA &l
BT, I8 pL B IRHY 5 SDS iR & , Ik 4
BB, ¥ PVDF i, 78 PBS i S%/BISFLEN A 2 h 5 4K
K —24Ht SCD1 LT/ B R BIAR - BRFR G Pxd
BT IR PRI SE . HL i Western blot,
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128 BEESH QN RETESH 5 RNA @i agilent 2100
I3 ARG RE AL R 48 T ARG i cDNA,XUE DNA #5
H A IRNA(amplified RNA), Zlifk S Befb i A E Y Rbric i)
tRNA, 5000 iREH g, Begy, R 211 7 Fn s s $ids .
IPA(www.ingenuity.com)E1 724 M1 B30T
1.3 GitZ a0

JA S A 3 R, A B IR AR («2 SD)

PR s 3T SPSS 18.0 1t
2 R

2.1 SCD1 @ Ih7E B BEE 7 T AT Rk
DYt g B ([ 1AB) M A A0 #r25 R (8 10)3%
B SCD1 18R AEFE YR 1k 94.0% , A

150 200 o
FSC-A (!1.8%) GEP+

Tube:

Population #Events %Patent %Total
All Events 30000 100.0
P1 18611 62.0 62.0
P2 17494 94.0 94.0

B 1 SCD1 ¥ EHFRELRBLER(A,B)FMRXAMAILER(C)
Fig.1 Fluorescence staining and flow cytometry results of BM-MSCs transfected by the SCD1-lentivirus

RT-PCR Kl 45 R R, 525 44U L, BM-MSCs 7E5% ¢
SCDI /%7 ), J SCD1 mRNA KikH 2 Eil (% 2,P<0.

05), C* BEJRMR / C* BRI AR R, B8 T 28 34, ) Eh %
Uity SCDI & W] I (3 2, P<0.05).

® 2 ERKASIRAR SCDI Rix K SCDI iFHHR

Table 2 SCDI expression and activity in overexpression group and control group

Overexpression group

Control group

SCD1 expression( SCD1/GAPDH )

SCD1 activity (C" stearic/palmitic aicd )

8.79+ 0.91*
35.75+ 3.09*

1.91% 0.71

23.78+ 2.13

Note: Data are expressed as x+ SD, n=3. *P< 0.05, compared with control group (EV group).

2.2 SCDI ¥ #&i&{8# BM-MSCs &1L

ALP G R R  AE A7 1 2 A, i ik
41 ALP 35 PER I 0 TP IRAE . WB 45 2R AN1&T 2 iR,
TERMCEVES 1A 2 A, i %A 4109 SCD1 #1 OC & 4 4
TR ALP Je@42R (€ 2A,B,D,E) LPHLLR YL (A ( ] 3)
R AEE VRS 1 2 AR, i AU ALP K25 2%
TR
2.3 BM-MSCs EFERIEIEHER

BCE S ST BRI ST 40 e 1 3k SCD1 iR
TAFTEIEN IR 22 5, FRAT TR HIRE PSS R ARk i — PR
SERANIET 4 7R BTN HRA, -1 B ) 7 o A i PR ek 22
2 A5 LA R EEDN AT 2896 4>, A4 LRI 846 NFIT 14

2050 4>, Fik22 57 4 500 LS IEE 439 A4, Hor FE%E
B 41 ASFTRJREEA 398 4,
2.4 BM-MSCs = R EEHZHIBE ST

i IPA 43725 S B R Br i s iy 2 Uil B, DATRAIIESR
SCD1 iF Zeih Xt B fif[a] 70 i T Al SE R Rk g, A3#irsh
T, X ERRIRIN RS S T IR B SEEENEY
EINEE(E 3.
2.5 BM-MSCs =R EFHHFS eSS 7

A58 TPA S22 F BRI E B 5 D Re or 2 i s 4k
T, IRAWFFY SCD1 i3 335X B i (8] 70 0 T 41 i ik H 2% i
HIRZM . A PTEs R X2 R R FES 5 T M5
A DIRE (R 4)
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B-actin wemm— —
1W IRZX4E XTR4A

2ALP R (IFRIAA:BE, XfH82H: A D) K Western Blot £558(C, F)

Fig.2 ALP results (Overexpression Group: B E; Control group: A D ) and Western Blot result (C, F)

3 A N

.

SHARFBLER (IRIAH:BD, WRA:AC)

Fig.3 Results of cetyl stain (Overexpression Group: B D; Control group: A C)

3 it

MSCs & —F AT [ 3 HUB A 238 R L RE T 10 2 fiE
JRAM . R R 2 IRE T, A7 T AR Z S
B 1 78 5+ 40 (BM-MISCs )il 5T i S AL 4t i, — Fob
HA ) MSCs Fl ECs LI RERIANAE". HE Bk SAEA R Y
BRFRERGET AT DL RCh B A R s AR A 2 b A e . 2
FIESER Y], BM-MSCs 15 H 70k S i r@ & e L AA
FUR I GE , (HAHR AT

SCD1 j2— Rl R R, & REMEALILAIRIRRES (LA
TR TR o 3% S B AN IR 2 -1t =T A A 14 S o
BEAYUS, A, SCDT S —Fif g B IR P ROR <3 1 Al , HoA 24>
WL HEUM R E S, KPR . SCD1 i ksz 2 A i
ARG ITRR R AN, T REASFEAT SCD1 i,
Ja B WFE IR . KA A SCRRR T, sed] BEDIE 22 25 [k
PSR DG P 98 A R 5 B AR R, 214 4 AR R 5 ZARBLINT , HLAA

ARG RIS Z B 2, N5 806 socsP, %8 & ik
T RS S 1Y JAK-STAT K, 8% AN YIE,
BTG 5 W DA AR AR R VR 1 R
JAKs INTESRERG T 2. 2. Stk 5 PR 2k G, Ml
STATSs R, 3.SOCS 7 [13# i+ 5 JAKs STATs 454 53k
it AT R AEXT JAK-STAT 38 4 14 £ 1 T 1 R,

FEAWFFE T, FRAT#E BM-MSCs Hhidt 33k SCDI, Tl i AH
KAEHr ALP Fl OC By/K -l i E e m . Bk, FRATHEW:
SCD1 Wyl fig2x ek BM-MSCs ) it 74k.

FE D R G B BT g R R, 1l 3k SCDI AR T
BM-MSCs (R ik, FERIGHREHAMNLN RGN K E M
ke, IPA SR, #Eid %1k SCD1 #4535 BM-MSCs Ji5 , T
MEEMBRSAN R 2R I RE T, X5 LB
WSRO ES TR G o TR AL - ST FOIRS 1 B L B 4T
iR K B 7 T A P ZEAE o 23 ISGs 555 i
i Janus kinase (JAK) {5 54 e #R /5L 5t STAT (5 5@ Kok &
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Fig.4 The results of differential gene detection
Note: the volcano map (A) demonstrates the distribution of different genes and all genes that Fold Change > 2 and P < 0.05 are shown in red. scatter (B)
demonstrates the up-regulated and down-regulated genes of the differentially expresses genes. Compared with the control group, the up-regulated were
above the upper green line and the down-regulated genes were below the lower green line. Clustering diagram (C) demonstrates that the aggregation of all

samples and differentially expressed genes at the level of expression value in the experimental group and the control group.

% 3 £RERR IPA ZELE BT
Table 3 TPA analysis of classical pathways

Signal pathway -log(P-value) |Z-score| up/down
Interferon signaling pathway 8.51 391 down
IRF signaling pathway 3.51 2.34 down
Pancreatic cancer signal metastasis
3.50 2.81 down
pathway

Hypoxia signaling pathway 3.21 2.56 down
Apoptosis signaling pathway 3.05 2.64 down

Note: -log (P-value) reflects the significance of the difference in the classical pathway; | Z - score | > 2 means the pathways or function were strongly

activated or inhibited.
*® 4 ZREFER IPA K5 IIRES T
Table 4 TPA analysis of Disease and Function
Disease and Function -log(P-value) |Z-score| up/down

Cell differentiation 41.15 3.51 up

Virus infection 28.40 3.14 down
Tumor proliferation 27.68 3.81 down
Protein metabolism 25.41 3.06 up

Development and function of
5.95 2.42 down
skeletal and muscular systems

Note: -log (P-value) reflects the significance of disease and functional difference ; | Z - score | > 2 means the pathways or function were strongly activated

or inhibited.

FEARIP, TFNs SRR 7 A A0, BRER 0 =L, (5 SRR A SR A5 5 N 1 STAT IR A2 fih & 240 i A 155 205K
Srome TR TEAR TR X =R AL T3 A0 0T LAl T JAK NI FBUE Y AR E B A 2R g iR, B9 i /RIL-22
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W58 T MSC {RSMSERES™. T E AR M BT IFN-g Al
TNF BEA AT LG BAm il 1IL-22 B e ey . K, 3
fTTAI IFN-g 78— EFR L LR E M AL I ThRe. s THEE
i % RE 2 i BM-MSCs 19 B 4 13X — 4= 9 24 D) e & 5
SCD1 E#:AE M, H BRI — 20 iS55k

Mz, TEREFRIARY SCDLEFT, MUBASM9 BM-MSCs
LR PR L A AR, i e 22 IR ] gl s TR S
E AL T BM-MSCs B LH st X —VERIPTRE 42
TR, L HE B A& A R ATRIT S UB EL r i

4 g

SCD1 ATLA Y7 BM-MSCs it ik, Hid 3 ik SCD1

A DA HT 5 BM-MSCs 1 J5 19 /- fL g /1. SCDI i 3k

X BM-MSCs J{517 T T IR IA ™A 1 250, S DL A

LRGN 1 2896 227 AL A IPA Sy Hrs 2 ik EEH S 5T

MR TP NUAFIE# RGN K T IR EE A2

fit. SCDI ix—fedEfE T N BIrda A R AR TR ALHT Y

R K7
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