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ABSTRACT Objective: Explored the effect of Stearoyl-CoA desaturase 1 (SCD1) overexpression on the endothelial differentiation
function of human bone marrow mesenchymal stem cells (BM-MSCs) and genes expression profile, through the gene chip and intelligent
pathway analysis system (IPA). Methods: Used the SCD1 lentivirus which had been successfully built to transfect BM-MSCs. Performed
RT-PCR to detect the expression of SCD1 and used ratio of ([14C] oleic acid)/ ([14C] oleic and stearic acids) to detected the activity of
SCD1. After endothelial induction culture, used RT-PCR to detect the endothelial index including CD31, vWF and CDHS5. Gene
microarray was performed and used the Ingenuity Pathway Analysis (IPA) system to analyze the differential gene expression profile of
the BM-MSCs modulated by SCD1 overexpression. Results: SCD1 was stably overexpressed in BM-MSCs and maintained a highly
activity. After 7 days of endothelial induction culture, CD31 and vWF mRNA of overexpression group were higher than that of the
control group (p < 0.05), and CD31, vWF and CDH5 mRNA of overexpression group were higher than that of the control group after 14
days (p < 0.05). The microarray showed there are total 522 differential expression genes and IPA results show that the genes of NRF2
pathway and the genes of Cell Differentiation Function were significantly differential expression genes (p < 0.05). Conclusion: SCD1
expression can promote the endothelial differentiation of BM-MSCs, probably by reducing the cell oxidative stress and improving the
ability of cell proliferation differentiation. This effect of SCD1 may provide the potential strategy for the endothelial function repair and
cardiovascular diseases treatment, which is worth further study.
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HREEFE 400 (bone marrow mesenchymal stem cells,
BM-MSCs)J&— 25 Gy 3t v W 07 BRI T 488, 7T LA 4y
L, e 8 Jels SMJULA S BT =2 B a 8 &
PR S0 BT 2 M AE RSN AT LA Ry I A4S PN 2 A, O3k
JER N B2 FERRRE ) (von Willebrand factor, vWF) J; CD319, X
— B A T BT AN AN e N B R SRR Ay
A i —2ERE UL V7 2250 1 An.Co 1B 0 5 T B 45453
B, N AR X SE e 1 & A SR rh R B AR E . R
AR T T A B AN B A —RE ), SRR RN
KR B N K TIRERTEAR R HA YT N A e B
B,

[E st A 221 A7 1( Stearoyl-CoA desaturase 1,SCD1)
SR T N BT Y IR 1, FE R B Qi rh b B DGR E T
Bl SCD1 AlAEAE FIR TR 53 J AL ANAR TR , 3 — B S vE
TENLAR AN RIS i R i 2 Pl 2 S 2R AR, ISR 3R, 7efat
JREAA DAL, A B SR AL 7 8 B 67 AR DG, 2ok Sk 9 A RN AR s
MR 255 P B DR . AR FNAR TR R A A= 4 23
SR BT N 2 2% B2 AR AR (high-density lipoprotein, HDL)
F) &, 1 HDL FECRYF PN B AR D e b e SR T, [E] i, 4
ACARIIT W) 2 am B A ATE B, ERAR S i 5 )98 7T LA 3]
LR A ik B S A R 1T , L[] R 52 i -0 )1 200 L Py 3
B34k, SCD1 W] Bt o 43t AR IS , FAR AR RN IR S
BT RARE F A4 BM-MSCs 14 N Jz 234k, , SE AR N Bz
ige. #RM, BT SCDI i 3Rk %} BM-MSCs i N K 73 1L 15%
M K V1T B AL v R DL SRR o A S 50 T8 9 5 % e
A, f#i BM-MSCs & id %3k SCD1, LI5S %k SCD1 %
BM-MSCs Jill N B4 FHRR2E , I3 5E P98 MR i o)
M & 4t (Ingenuity Pathway Analysis,IPA) Z3#rid £ iIA AT 5
BM-MSCs 4t [H % ik 22 5, LAk — B 0F 58 SCD1 4 1 X
BM-MSCs 40T fie it i Ko A Ll o

U AR i
L1 ##4

BB ] 75 5 T 40 il BM-MSCs |y 1 i 7 55— A B I B
$RAL; B4R W B Ausbian 2\ 7] ; DMEM K J&R## % F Corning
/3] 3 Trizol oligo dT Wy [ V3% A A S 07 JBEAS R IE R
75% ) B 315 sk @0 I promega 23 3 T vWF CD31 K&
CDHS5 Hifkl § %[ ABCAM A5 ; A IgG B —HilW H Santa
Cruz /A &) ; SYBR Green PCR Master Mixture 14 [ TAKARA /7
A s A 40 M RGN 3) A W ) Bender 23 & 5 9900 BRI B
AR A0 RT-PCR {251 H Roche /A 7] ;Nan-
odrop 2000 435656 E 1 H Thremo /A .

12 Fik

12.1 gpiEss M G AR U REBGH JE A 37 7K
W, R R R R RSN R R . #1300 rpm, 3
min E§.058 RGP AN, FEBE LI DA 1 mL &4 15%)4
A4 134 . DMEM 3 25 1%PS fI5e b 36305 e am e b
6 cm FiFRILAp, BEFRMATLIMA 3 mL 58 &8558, 37
‘C 5% CO, 54 N 5%, & 24 h FIRILFRI , 2 WA AN AR
AL PSR 2~3 RAKIEBRAMANIETfELescs . A #/EY
A SRR SRR AR B AT

122 BREEE  BKEHF RS (pCDH-SCDI,psPAX2 and
PMD ) 7E TR AT 2 115 (14 S 56 v EL S e, 44l 1k LR S 56
FHIB R RS YL 293T AT, 48h 133 5 BN 25 LI, 8
B0 B AR FE R, DU e R I L PRI A T X4k
A K19 BM-MSCs, #% 3-5% 10* A4~ /mL il ji 48 Hd B , 422
Z 6 om SR FA TR 15-30% 28 A B T/E s . B i
KR HL N YL 1 37 2 (Polybrene, 8 pg/mL), 3£ fiNA 4 mL 5 &
IEW B 48 h 5, AN SR GFP BHPEA A

123 SCD1 Rk K iEM  Trizol 3 A BM-MSCs i3 &
RNA, DNase I Zb# RNA ;305 5B 5 51 )6 S —4% cDNA,
SCD1 K 1§ Z: B-actin 5| ¥ /¥ 540 1 fi7n . RT-PCR £l
SCDI FikMHML . BT CH TSR /C IR Y45 1L 2R Sk K
I SCD1 Byihi . BEFRIANA 3 wWL CH ISR, R R AR B
F 37 °C 5% CO, Hi 21557 6 /NaF,  WCHE A0 5 A1 SR
TR BUS RS, B Ak AR ILAR UG , it RP-HPLC HARS
JERI CY yhER &g . CM REARER /C IR AL RN R T
SCDI [ 7E

% 1SCD1 R ASEE B -actin B354/ 31
Table 1 Primer sequences of SCD1 and 8 -actin

Genes Primer Sequences

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

B-actin upstream primer 5’ -CTCCATCCTGGCCTCGCTGT-3’

downstream primer 5’ -GCTGTCACCTTCACCGTTCC-3’

124 WEHSEF Hiae ik SCD1 a8 T
AP = &4 3 mL SEeEFEIE (15%)6 4 ML +DMEM K73
H +1%PS)HHY 6 cm BEFE L, BB RS 5 B F 37 C 5% CO, 1
Fifo 24 h JFIMA N 17554597 i (DMEM+10%FBS+ fikifk i
WA Ak SLYE R B H TR, T 7 X .14 RATRT-PCR
K N B2 35458 CD31 . vWF J CDHS mRNA ik,

1.2.5 Real-Time PCR #&ill  ZHMINSC A5 R ] Trizol dkiEA T2
IR RNA, RNA 5% 565 1 cDNA, SERR BRI 1 18 |
T A R AR HE A SEIG T, 8 R A UEE DNA Z bt 7
(SYBR Green PCR Master Mixture ) #4782 i ¢ Ot 5E B PCR, X}
SCD1,vWF CD31 J; CDHS5 &R B #7400, H5 | 751
NSBIYITFNZR 2 IR o IVAE 96 FLAR kAT, 948 B iR
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3% 2 CDH5,vWF.CD31 X {3 £ FE GAPDH K31 415 5!
Table 2 Primer sequences of CDHS, vWF, CD31 and GAPDH

Genes Primer Sequences

CDHS5 upstream primer 5 -AAGCGTGAGTCGCAAGAATG-3'
downstream primer 5' -TCTCCAGGTTTTCGCCAGTG-3'

vWF upstream primer 5’ -TTGGTCACATCTTCACATTC-3'
downstream primer 5' -ATTCAGCAAACAGTGGTAAG-3'

CD31 upstream primer 5 -GGACTGGCCCTGTCACGTT-3'

downstream primer 5’ -TTGTTCATGGTGCCAAAACACT-3'
GAPDH upstream primer 5' -TGACTTCAACAGCGACACCCA-3'

downstream primer 5’ -CACCCTGTTGCTGTAGCCAAA-3'

126 EEERFRURETESMH &S RNA A 5 # o Nan-
odrop 2000 Kz Agilent 2100 43 ¥ fr J5 , il %5 aRNA, % [
Affymetrix FE [ 35150 7 #24EF0E, G i cDNA 85§ DNA
TR 7 A ) ZRRiC ) aRNA, 35K aRNA #Ef74li4b , 28 5
H Bk g S5t BREF 438, A3 S U , R i AT e e, o
JE AR B R AR IR B . o R EMGGE i Agilent [BIR
PRIERA AT s R 53T FIF] GeneSpring GX 14 (hi4s 11.5)
X AR BB R 9 T B B AT 3 — b B S TR R IR Y 2R
BT, e R T LT ERT 15 59N, FIH
IPA A4 (www.ingenuity.com ) X585 5 8 E EA T4 BE /AT , 046
22 M B AT B S IR A AT SR . TR BEEDS R R 1A%
NCBI i) GEO #g 28 , 45 45 GSE106596 (https://www.ncbi.

nlm.nih.gov/geo/query/acc.cgi?acc=GSE106596),
1.3 SitZEaHn

JA S A 6 W, A B LAY B BRifEZE (v SD)
FOR Bt SPSS 18.0 A HEAT /T AL P, SCD1 3k Jeih
VESR T 25007, A B Ai 2 AL 0 BB ¢ K, A s
0.05 FrnZm ARG FE L.

2 &R

2.1 BHRERIINS SCD1 7£ BM-MSCs it &ix

FIFC AN SCD1 1855344 4 BM-MSCs, %)t
(1A, B) K AN A 25 5 (B 1C) WoR 18R S e fy
B YR 88.3%,

100 150 200

50

§0 100_ 150 200 250
FSC-A (K".gom

Tube:

Population #Events %Patent %Total
AllEvents 30000 100.0
P1 14117 471 471
P2 12478 88.3 416

1 SCD1 184w HE 4 BM-MSCs FI5e e B Fm X M s R

Fig.1 Fluorescence staining and flow cytometry results of transfection of BM-MSCs with SCD1-lentivirus

FIHI RT-PCR £ A4 I BM-MSCs H SCD1 )i 3K 3K 1§
U, SRERSHAMLIL, Y SCD1 ki) BM-MSCs
1 SCD1 mRNA iAW . (5] 2A,p<0.05) .

FIH K C14 BARKINFe e J5 BM-MSCs H SCD1 (1 1

THM, SR BRSS WAL, Y51 BM-MSCs f#) SCD1
T B 4 (8] 2B,p<0.05).
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Fig.2 Comparison of the SCD1 expression and the SCD1 activity between SCD1 overexpression group and control group

Note: Data are expressed as x+ SD, n=6. *P< (.05, compared with control group (EV group).

2.2 SCD1 #5412 i# BM-MSCs i K B 5L

i 33 RT-PCR $7 AT 42 A% 2 P Bz 5 S M AT iE ) vWF,
CD31 J; CDH5 f) mRNA & 4, Kl BM-MSCs 7t it 35 i
SCD1 Ji , LN B2 s b DI BERYELAE . RT-PCR SR, N J 75 T 1%

7 1 R, k4 vWF mRNA J CD31 mRNA & FXf
M (18 3A, & 3B,p<0.05);2 J&I}, vWF mRNA CD31 mR-
NA & CDH5 mRNA & ¥ F %} 841 (& 3D, & 3E, [ 3F,p<
0.05)

VWF-7d . CDH5-7d
A . . B . €D31-7d C .
- s
P HES Pz un
F g . s S i
g3 e 3 g3 ue
) ] 28 o
o it o
OE EV OE EV ’ OE EV
D VWF-14d E CD31-14d F CDH5-14d
*k was * 0 **
P L e "
3 g 3 § " § -
& g3 o i
§ § § é 128 H o
650 | 4 .
0
OE EV OE EV OE EV

3SERIZASEHANKIFESIESR 7 X.14 X WF.CD31 F CDHS mRNA Fik(E5R
Fig.3 Comparison of the vWF, CD31 and CDH5 mRNA expression between SCD1 overexpression group and control group after endothelial induction

culture for 7 days and 14 days

Note: Data are expressed as xt SD, n=6. *P< 0.05, **P< 0.01, compared with control group (EV group).

2.3 BEREFRIFIEHHNET

T it — 254K 5T SCD1 i & ik %t BM-MSCs 4 K 53k,
452 M) B AL, A S50 0 PR DR 0S e B ARSI 9 B2 75 5 Ak T
i) BM-MSCs #iififE i3 3%k SCD1 Hif5MEFERAER . 2R
SRR EE R an &l 4 Bos, 5% R4 L, BM-MSCs 7Eid 3%
SCD1 J5 £ F iR RAE 1.5 5L L EERILE 522 4>, Hip
RS 189 ASFITF ZEN 333 A, ik H 3 ELL EAEEN
LA 12 A4 Forh BIRIER 2 AT IEEER 10 4,
24 =ERERMNZBBERSHT

T it — B4R 5T SCD1 |
R 38 ] IPA RGe% 25 S SE R kAT
Yot 22 5 B R AR 40 BGE I ) s SR AT 0, IR -log(P-val-
ue) S WA 25 LT % 5 TR 26 S 00 S 3 1 . 8 B R A BT R R X
Bo2s QRN FEN FH A5 T NFR2 1 25 8 510 4 W) T Bk
(Kl 5A),
25 ZREEMNGERSBEST

T it — AR 5E SCD1 i R ik %t BM-MSCs & [K 35 Y

i 3235 %F BM-MSCs 2 [H £ k1
LM BT, IPA RS

R, iz ] IPA R G00 22 RN TR S DI8E . TPA %
Gt 2 5 5 B 5 D BE b 10 & SR T 40T, IR AT -log
(P-value) S BRSNS HRE T T 25 57 Rk B B3 . PO 51
AT R 22 RIARE N £ H 2 5 T 4 /b SR 2 ALY
I1fE(1& 5B).
3 Ptig

BB 1) 70 5 41 s (BM-MSCs ) J&:—F 8 UL A 40 i, 7T
DIEBE SRR R 55 2R 2 A B AR 2, AR —Fh
ZBE T4, BM-MSCs &8 IiFSE7E A [A] (4 15 37 2088 wl LA43
fRR R Z2 Fh A A, e AN A . B 7 A0 R At A S 41 i
BM-MSCs #gili T E#EHEF tHANML, —FpHA 7] MSCs F1 ECs
AL TEREM A B9 2 B, 7R BM-MSCs HA ksl
PN R AL VR A 6 I N R A M A S R R A A vWE
CD31 ©, A, BM-MSCs BliEs AT LA il s 35 I 3 B A
JoT, AT B3 10T 40 S AL A R I R, AR R B
) 3 T AU AE 9 B A ik AB 2 N 2 Thse T BAT BRI
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Fig. 4 Results of differential gene detection
Note: The volcano map (A) shows the distribution of different genes and red indicates all genes that Fold Change > 1.5 and P < 0.05. scatter (B) shows all
the up or down regulated genes. Compared with the control group, above the above green line are the number of up-regulated genes of experimental group,
and under the following green line are the number of down-regulated genes. Clustering diagram (C) shows the the aggregation of all samples and different

genes of the overexpression group and the control group in expression value level.

A B

w— up regulation ® - |z-score| 20 w— up regulation @ |z-score|

w— down regulation
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2 I :
i % 0

et sondi el S S AT Sy, ISt Splanny, Cellular Growth and  Inflammatory Response, ~ Organismal Survival  Cell Death and Survival  Cellular Movement
ogulation
Prolferation

s doWN regulation

«n °

-log(P-value)

-log(P-value)

Organismal Injury and
Abnormalities

B 5 2R EFEK PA ZHBRK EFR SRS T
T AR REEEE, A BLRAZRBRA NP EERRENENER, B BLIRARBREDRS TP EEEEINANKR S8, EET
FRERBERFEHE, BREERTEREEAING, |Z-score|>2 RIE BT RER R ZUBESIMHI,
Fig.5 TPA analysis of classical pathways and Disease and Function
Note: The ordinate represents the degree of enrichment, A horizontal represents the top five pathways of the classical pathway analysis, B horizontal
represents the top five functions of the disease and function analysis. The blue column means genes were activated and the yellow column means genes

were suppressed. | Z - score | > 2 means the pathways or function were strongly activated or inhibited.

THRE (AT IRABISE o eI/ D T R R IR O PUR AR R, HETT0 A EE T RE , T

SCDI1 J&—FifF7E T NS AR IR ALl , AR it G
J PR A R AN FVIR TR o TR0 A iR B AR AR 40 55
BeITRE ot S BRA F VIR M, R ARk &2
BN R RE AL AT B, IO MU Y R 38, AH B, 3 A
1R AR TR 23 %0 A BB B RPN IO AL RIS I ) 2R

ARG Eﬁﬁ&ﬂﬂ*ﬁfi MIFTERW, AR TR A 45 T O 2
1B N I RE

SCD1 L #5574 A= 44 Qo o b 3 SC B AR, e
SCD! i A= A AR RIS R , CLAE R IR A R , 22 5
B RCH I =R R R A B B SC I ON RR
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TR/ B ARSI Rt Z2 1), SCD1 A3, LA 2 0B i 1F
WA, FATZ RTRIRFSE & 0, SCDI (1 ek 28 %t BM-MSCs (14
Mo LA —RE BB . ZERSMLEBS T, 1 %35 SCDIL 7]
PIIEE MSCs # B 1 F.

AV, FER AT T, SCD1 & 4% BM-MSCs [
LN B VR A — g R . 7R AN 28, FATTH] SCD1 12
973 B % Y BM-MSCs, Jf-7E N 25 % F 55 9% BM-MSCs,, 41l
RT-PCR %5 7R, 33353k SCD1 J5 4 BM-MSCs (14 Jz 431k
AT AS S dod B i e DR B s A T 2 SR R, ol Rk
SCD1 Xf MSCs [WFER IR =4 T —E Wsgn, EERIMAER
i T A b A ik e

B RGBT R G TS S P 38 B 4T s NRF2 JE
BRAH B ek %23k SCD1 Rk E /A, HEBETH,
Nrf2 JEFHA A —Sm B, YR & H e el
W S22 B Y, T S S R A B e
FALY RIS I H KSRGS, LIS A A RS A EY RO
52 50 R A5 U A AR5 00, N2 0P B2 ) e DI AH
Ko AR R T PN R 2 ARk N e B T NRF2 4704
VBT F O N B2, MO R R LB E i , -
BEFTHE , YR D RE 3241, 20 75 S5O0 R A b 500 I A5 0 1)
A, AR, LI PIRATEI, Mk SCD1 R,
BM-MSC 4l ifi ) NRF2 23 P K38 5 o 2 00 F 3, (HLad 3%
IRZH N e Bk EN AR T R AL, FATHEN , X & T SCD1 43
it T ARSI , D/ T i R I R B AR e A
F L L 4R F D R B SR B DR G B £ R B
JATT, B NRF2 (33K 4AK, SCD1 2% T NRF2 [y 77, fdi15
NI L B B35 1) L G TR A, S T AP A L
EEWI

IR, m AR AL AT LU 309 Je iR 319, /R SCD1
() B, A AR D BRTE O 0L 156 P ke SR AR, AN M
TN i 0 T LA 5T 815 L6509 o M RO 0 e T LA B

BER FI/KOT-HE 0, TR B B A P20 AP0 1) = A R
RPN, VEA RIS IR o 0 —Fp , R A R B Bl 55 m] fie iF
DM Y & AR, T LIS Toll BEAZ AR 4 413 4 4i it
TEERRAE ISR A A i BT, Bk At 05, b i
FEN B AR, SCD1 AE SRy At iR AR D 2 AR AR
i P 2 A PO, T 3 0 2> BM-MISC's 4 Jf0 v 1) o g U i
i, WD T AN S AR, TR N B a1k

BREE AT R G WSS R B BR S TR AT BN, A0
43P B 154 9 ) RE AR 56 1) 3 R 7 5 e 3k SCDI s ik 25 5 fie
K, BB 198, SCD1 AR AT Fe o 8717 41 At 431k S 2t JE) 400
3 BM-MSCs Pz 43k, SCD1 B T 7 5o Qi o 22
YEHIAN , HAE AR5 oAk v i 4 F 8 ok b 22 1) F 5 e
S HIFE I, SCD1 TV 22 g (1 4 7 R A= A7 v ke 1) 5 2 11
VAR B 0 SCD1 B0, AT LB il s 40 e 52, e o
AR BFTE R & B, 24 SCD1 Jif 1 45 BH T, Je 200 At 384 7 4 4
HEAE G1 AR, A5 S840 AR R A A 56 43 R R A
AN RN B I B2 (4 A A, SCDL nf 3 5 98 5 41 Al A 1 2 (1 D1,
CDK6 F7K i 4 IRt , 1 D1.CDK6 25 H ik
FAEAE A GU/S Hih o B HEZAE P, SCD1 1] fgii i 55

21 399 S AN 4y Ak RE 1, IR BM-MSCs f) 41 i34 {55 4
b, JEMifiE i BM-MSCs [ P9 635 . BM-MSCs [ 41 J& 1 &
A% Ak P TR S B B2 A2 SCDI KL B 9 i ¥ L & SCDI 7
BM-MSCs 2 il Ji1 31 b i BARAE LS R R A B S5

25 PRTIAR 1k SCD Bty 1B ) 7 5 1 40 M Y K2 15
SR FRIERE, X2 BRI AT figiE 5 5 NRE2 {5 5@ 5%
200 ML B - Pl S8 A DG S5 PR e SR A1 0 1B A 1] I 40 4
N kIfE, SCDI1 Xt BM-MSCs N Bz 4 b B e 4 F AT
BEN N B DT REIE B K0 AR TR T S AR 14 JELES M i

4 g

&5 B LA T SCD1 78 BB 6] 5 53 120 v g id 3%

15, SCDI i A AT LA 2536 1B ) 70 51 4 ) J P B 7

o FERLE AR T SCD 5 ik B 18] 78 51 4 ML A B 7%

TN RRIERTEE I, Ay 522 DRIKFERALIN, 25 5 BE A 5

2457 NRF2 553l % . 4 MO e 0 e A5 B R LR W) 7 D RE

SCD1 Al it B A M et 8 4 e R O 5H o3 FE RE ) fie

HER T T ALY N Bk ik — (R AR T AT RE SO Il
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