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S100A10;3 FTIX A2 & E X BE T 4HAa
IDA= R Al

Tl WY MR4EE xR EErE e 2R
(ALK P 258 2B, K3 130118; 2KER A B R E R 2 5 7= B AR 7T, K3 130600)

WE  Z LG AMERLZ TR AT ESI004104 B 64912 55 8K, HFR S100A 103 5,3 4%
&-18) L T 48 it (reserve mesenchyme cells, RMCs) &R H 2 1La0 %57, F)FIPCREARY 38S100410%9 %
AR | A4 A 5 B G 1% R AR A BAR ¥ PCDH S 45, M2 it R A SI004100 A4, &%
i, B4 B H RMCs, A 52 0F 52 68 & R AB4E R (QRT-PCR)F=%& & Ji EP i3 % (Western blot)#i]
R R R R BRI BRER B (ALP) 4 & 205 M4 2 A 40 0T B A B AR, A L EAem)
e AR B AL KT, qQRT-PCRAZ R & £ A & & -2(BMP-2). Runttdl X 4% 3% B - 2(Runx2). &
5% (OCN)S mRNAFIA KT, R I T, WA RAMIET SI00410iT £ 545 w8, iRk
S100A10 mRNAZ K &) K-FEat B 4A B & F(P<0.001). SxtRBLAAAM, 1T R AL 69 ALPE 4, 45
T2E 7 T R E (P<0.01)PA BB LA & LB BMP-2. Runx2%= OCN#) mRNAK-F- 3 R 548 &, 4%
ERTIE , S100410°T 423 2 F RMCstd AE b , 3K A 3 — 3 BF 50 ST00A 10083 i 3 A Bt Aokl 3£ 52
T A mh,

XHE1R  S100A10; MM EE; BUf 71k JEE

Construction of S100A10 Overexpression Vector and Its Effect

on Osteogenesis of Antler Stem Cells

JIA Ning', HU Pengfei’, CHEN Weijia', LIU Hongyuan', JIANG Tiantian', HE Zhongmei'*, LI Chunyi'**

('College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China,
*Institute of Antler Science and Product Technology, Changchun Sci-Tech University, Changchun 130600, China)

Abstract The purpose of this study was to construct and identify the lentiviral vector overexpressing sika
deer S100A410 gene, and to study the effect of SI00A10 on osteogenic differentiation of antler RMCs (reserve mesen-
chyme cells). The coding region of S100410 was amplified by PCR and ligated with the lentiviral expression vector
plasmid PCDH after double digestion to construct a recombinant plasmid overexpressing S100410. The virus was
packaged and infected with antler RMCs. The infection efficiency of the cells was detected by qRT-PCR (real-time
fluorescence quantitative polymerase chain reaction) and Western blot. ALP (alkaline phosphatase) staining and activ-
ity quantification were used to detect the early osteogenic differentiation level of cells. Alizarin red staining was used

to detect the late osteogenic differentiation level of cells. The mRNA expression levels of BMP-2 (bone morphogenetic
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protein-2), Runx2 (Runt-related transcription factor 2) and OCN (osteocalcin) were detected by qRT-PCR. The results

showed that the S700A410 overexpression lentiviral vector was successfully constructed, and the mRNA and protein

levels of SI00A10 in the overexpression group were significantly higher than those in the control group (P<0.001).
Compared with the control group, the ALP activity, the formation of calcified nodules (P<0.01) and the mRNA levels

of osteogenic differentiation marker genes BMP-2, Runx2 and OCN in the overexpression group were significantly in-

creased. In summary, S100410 can promote the osteogenic differentiation of antler RMCs, which lays a foundation for

further study on the mechanism of S700A4 10 promoting antler osteogenesis.
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‘B R A GE (osteoporosis, OP)J& —Ff DL & i
L B EE MR B G N 5 R AR
TEf 4 B OPIIYATT AT ZE4M ] Wi,
W THEEMEFE TR A AT A A e A
A, BAEKHEBERR, SPIIA 1.2 em/dP, 20t 5
FLEN Y B I G I B AR AR A o i % (] 70 5 T 40 A
(reserve mesenchyme cells, RMCs) & i £ 7] 78 i 41
IR — P4 M, B 1A 78 5 T 40 i (mesenchy-
mal stem cells, MSCs)FJRFEN, BEWEEARSNIEAT B
AR BY, SR AR S R 2H 4 PR A Y SRR A R
DRI, 47 FE T RMC R R 23 A %o 1 T A 1D
HAREERZ L.

S1005545 4 2 4 A10(S100 calcium binding pro-
tein A10, S100A10), /& S100Z i R AURE ) A 71, B
2 B B AR, S B T ANBURR, — BT
RE, 22 58BN MR S100A10% %€
NEH AR 1, HARA S 1 0 v] 1 5 B i ) 7
J T 4E ) AR, B A R A KT 0O [
S100A 1082 5 8RR IS 48 MIFIB T 48 155 — Lk
BRI R AR E. EAEETZ, SHARMAZE I —
TG FE K S100A 108 58 9 FE B ARr 21K 1) iy BE AT
FARR K B R FE A R o AR s T i, 3R
S1004107] REEFE B AN - i A rh R 3% — e fE .

IR, A BH Bf8S100A 103 8 35 1 40 B B 15 1 1k
() HAR LR, ASHE T2 A @S 1004 1038 35353844,
2 S 75 A R R G B H IRMCs, WLEEST100A410%F
RMCsH A 52 o X N RUE TT RN e N 2%
OPHRAL T H7 I Lk .

1 MR55E%
1.1 #R5RF

RMCs. A 200 293 T40 M0 . HFAE fiE E £
B8] 78 57 )7 cDNA HH 75 PR 48 B AR 2 B RS0 8 1

S100A10; vector construction; osteogenic differentiation; deer antler

1Fo BAAFURIPCDH. A pMD2.G 3Tk
pSPAX2. BHMEMERR M XA B H FigE s
RAEMFEARGIR A F] ; B2 TransStb13J6 H b
HAEREAEVHARGIRAF ; RN VI EcoR 1.
BamH 14 H 3£ [E NEBA ] 5 6 A # 3 UR RS )
B H I RARAE AR A PR A 7] ; DMEME; 773
FRUEAR2F 35 8 H 32 [E Gibeo s 7] 5 ¢ 5 & PCRi
& H H A TaKaRaA ] ; SI00410+ p-actin, %
5 K 42 58 F-2(bone morphogenetic protein-2, BMP-2).
Runt#f 5¢ 4% 5% [Fl§-2(Runt-related transcription factor 2,
Runx2). ‘545 % (osteocalcin, OCN)5| ¥yt _LigA4: T
VIR BR A T A HZERRA . - I R
PUIR MR E 13 22 se bR AE AR B B IR A F 5
FNRTH R EBEEREY (alkaline phosphatase, ALP)
BEARAE. PRL SY AN A bR R E R
ARRAF; APi SI00A10HT/A . Hadi GAPDHHLIA
HPRFRIC 14T e — Bl H 3 [E Proteintech /A 7]

1.2 753k

12,1 @mfe3s  HUAFAM, EhEEME S
A 10%5 245 175 F11%XPL(10 000 U/mLE 5 & M
10 000 pg/mLEE % %) DMEMIg 236 | & T
37 °C. 5% CO.MM4n ks F=fa 9%, B 2~3 Kt
174, FH 50 mg/LYTIAMER . 10 nmol/LHbZEK
FAFI 10 mmol/L B-H i B BRENHEAT BB i SR 7%,
[ 2~ 3 REEHH I RCE 5 SRR IR, 7R W
ERMCsTEELAL .

1.2.2  3l4i%it 5 S1004103 R K #RIR R
IO A R AL R 51 (R 5 GWHA-
NOY00000000, https://ngdc.cncb.ac.cn/gwh), BEit4 14
SI100410/) 5% F: 5'-ATG CCG TCT CAA ATG GAA
CA-3', R: 5-CTA CTT CTT CCC CTT CTG CT-3"; LAk
TEREE AR 7851 )2 cDNAABRAR , il PCRI MK % -
5 uL 10x buffer, 4 uL dNTP, L. FiF51#152 uL, 36 uL
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ddH,0, 0.5 puL cDNABHR , 0.5 uL Ex-Taq. SN 2544
94 °CTIAZ S min; 94 °CAE430 s, 60 °CiRK30's, 72 °C
ZEAH30 s, 330N ; 5T 72 °CLEM 10 min, 4 °CLR
o BUS pLy 3= Wi AT B AR e kA . 1%
1T S1004105E 1 PCR 5|9, 1£ b RN A RIS
51| e EcoR 1. BamH IBFDIAL (. N RIIZR5R57), SIF:
5"-ATT CTA GAG CTA GCG AAT TCA TGC CGT CTC
AAA TGG AAC A-3', R: 5-TCC TTC GCG GCC GCG
GAT CCC TAC TTC TTC CCC TTC TGC T-3', LLHTiA
H 0 BOWBCR 18, OB R] F. FH Thermo
Fisher PCRP=YJAiAGIR A G Aifb A 3871, Shh e
FEIEI EDNAVE, 20 °CHRAT -

123 FaRABERMGHES ST B pg®
fKJFRI. 1 puL EcoR 1. 1 uL BamH 1. 5 pL CutSmart
Buffer, DEPC/K#ME 250 uL, 37 °C7K¥31 h, #RJ565 °C
ITE 20 min, 73 BIZRPEIL K, AT R ALt . H
alifh J5 AL Bk 5 ST004 103 Fr B % [ [ 5
2 e AR R 1T3% 2 - 4 uL Hi-Fusion Cloning Mix.
100 ngZR PEALE AR . 200 ngddfi A A BL, ddHO%b & &
20 pL, 21550 °C/KI30 min. W iERF=MHELE
TransStbl3, ¥ 2 & &5 % & (Ampicillin, Amp)
() LB AR e 5k, 37 °CfR| B R i, #hEsaA
BHE B VA 72 18, B0 1 mL BT . K BHPE B RS K
RE TR, F4 BTG P 75 25 TR K 325700 £ 1 B R H L
Tk AT FITEST00A 1018 F Hik .

124 EARBRECE  KHOMWEMNERERAG
4,5 PCDH-S100A 10, DL PCDHZ Jii $i Ay B 2 % R 20
(NC). 7293 T4HMufl & B2k 2 70% e 43 i, {5 FH PEI
YRR, 1% 18 PCDH-S100A 10/NC:psPAX2:PMD2.

G=10 pg:5 pg:7.5 pg I E A, A4 28 A SR -5 4 B Jo A 3
FEYLE 203 TN, CE T34, 6 hig B
RrFREL . R E DO B N WYL H GFP
(R IA T I AR B B oK o 43148 hF1 72 hjE 4%
2R R LIS, K 20k ISR AR, 1000 t/min.
4 °CEL 5 minZ FRAAMIFE F, SR5 1 0.45 pmdE it
V&, 5o B IR ERAR, —80 °CLRAF-E H

1.2.5 iT&ASI00A10mn 62 BUOTEAEK
I RMCs, M 4 25 em RS 3550, 4540 i fi
G ISR T0%0T, W3 5B IR 5L, IS 1 mLik4Ei
BRI 5 pL polybreneB#% 1 () 56 44577 3%, 12 h/a
RO L IR 48 hfE ALK E N 4 ng/mLIT) Ve
W, kR R 2~3 K, 4R A L& RMCs
PHCEE [ GFPRRIAE L X R PA 25 7 12 f 1 41 g
kel R IR, SRBREAR AN T ESER.
JH 3 QRT-PCR A Western blotf A 43 7l k0l 75 2H 41 g
T S100A10 mRNAMIE I RIA /K, BN GL2%
RIFN J5 B S0 F TR

12.6 gRT-PCR  JHTrizoliZ M\ id ik 4 FINC AL
RMCsHHEHUE RNA, FFllE RNAWKFERIZERE, S8 )5
| F TaK aRa S % 55 1) G0f H S % 55 e DNA, 1347
P48: 10 uL 2x SYBR Green Master Mix, 1 uL cDNA
R, b FIFEI#1450.5 uL, 8 uL DEPC/K. X J%i%k
{4 95 °CTiAE M2 min; 95 °CAEP£10 s, 60 °CIE K10 s,
72 °CHEA15 s, FLA0MIEFR; HJE72 °CIEM16 s, 4 °C
R’AFo f-actinfE NN ZIER, 51V 5) WK1, R
VAN EE, SRR T s 4T

1.2.7 Western blot A5 FH 5 B 1 A ) 5 A PR
Pty 100 1] 771 O RTPA 2R fiff VA 42 B 2 240 i 1) A 2 |,

*1 515

Table 1 Primer sequences

B S SIFEFI(5'—3")

Gene name Primer sequence (5'—3')

S100410 Forward: CGT CTC AAA TGG AAC ACG CC
Reverse: GCC CAG CGA TTA GCG AAAAG

BMP-2 Forward: CGG AAA CAT ATG CCC GAA GC
Reverse: CCT GGT GCAAAG ACC TGCTA

Runx2 Forward: TCA AGG TGG TAG CTC TCG GA
Reverse: AAC AGC AGA GGC ATT TCG GA

OCN Forward: CAG ATG CAA AGC CCG GTG AT
Reverse: TCA GCT AGC TCG TCA CAG TC

P-actin Forward: CAC CGC AAC CAGTTCACC A

Reverse: GAT GCC ATG CTC GAT AGG GT
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BCAZEE (A B 2 ) &l e S IR B . A
b5 8 U RIS, 10 min. 120 VIE
JE N AT B K 2 5, SR 5200 mATE LRI, 5%
Jii Jig W4 °CH I &, — Bu(W B LL 1 29 1:1 000)
FURIFE3 h, ZHIFRE LI 1:2 000)EHEIFE 1 h,
TBSTHEIRE3 IR, fiJa AL K OGIE 5
12.8 #MEAEBREEEMN T 54 E RMCsHHEH
S 14 R 5, BrefLIR TR IR 5L, FHPBSBERR2
W, BEJSEEFLINNS00 uL 4%% % PR E W, T %
1[5 5E 30 min, # BRI €W, Z&MKEER2RE, 21
Tl e 2 Tl 4 €2 70 0 B P 3R AT 8 K 4 .30 miin,
MRS 20K, fE R M USRI . MR35
U PHAT ALPYE D 2, SEIRE R 3R, e
HEALPEg G 1 1K S, THAEALPTEE .
129 #HELEERZFHSH  RMCsHRHEHET
21K )G, BB 6L H IRs 77 2L, FI PBSYE 2K, Bl 5
FH 4% 22 5 W 1 (] 5 ] 5 15 min, %2518 2, H
ddHO%E 3¢K, H4 i 5 i 56 A e T4 e 1218 I N #6 &
ISYR, I G030 mine FEFE YR}, FddH,0%%
3~5IK, TR N WA S5 T i . 2 J5
10% 1 75 be FE ML VA A R ES 45717, B LIS
F96FLIR T, M 450 nmi KA I ERE (DYE, F
s 25 R (DEH TR E =T
1.3 Zitoth

R H SLBR k7 B & 3K, B GrapPad Prism
9.0 AEE, 25 F UIIME thR1EZE (x+s) B KR,
H 1) P N LE R R 56, *P<0.05. **P<0.01.
R P<(),001 KRN 2 7 A G EE X

294 bp

1~3: PCR7=#)%7i7; 4: DNA Marker DL500.
1-3: PCR product bands; 4: DNA Marker DL500.

2 HR
2.1 S100410EREFE YY1

DARE 8] 78 5 ZH 2 cDNA AR, 34T PCRY™
W3R4T S100A10F R P41, SR 5 34T B b bl ik
K, 455 oK, 16294 bp e A3 HIAL B HIIAS St 4%
7, XS RSS2, ULEH DR S H AL (E1).
22 MFEEEHRERSHE

S10041073 3151875 # 84k PCDH-CMV [ 45
M W 2A o 5 IEFE = W) 5 AL A8 TransStbl3 /& A2
UM, W AT R PR b, PRBCRAN BT, IR
VikE R, BUE W T T (E12B). @ T I
X, RIS RS H B 51— 8, 1X 3R 8
S100410F Bedfi NPCDHERAR, FAAMIE R
23 EEBHREER

P RIA AR AR, 5B R psPAX2
A2 R PMD2.G AL # Y 22293 T4 1, 72 hfG7E%
A N M %256 5 1 GFPRI R IATH ML (K13). 7E
PCDH-S100A102H & NCHLH 4t e it s), H
YMAE KRS HEPE %, R OO 58 B AR 1)
8 FE A2
2.4 TRIXIEHEBRERMCsH AN BRL W ZE

JH 3k 368 A0k 46 i 1 2 4H 18 05 B B JERMICs, 2R
Jr BEAT N A T 2R, 2~3 K g e s . R IR
S100A105t 23k HFINCXT HE 4 FRMCs A= KR 3 R
Uf, [ 40 Y B (0 e H e 51 0 A T 40
P (E4A). 1 — P FHqQRT-PCR J Western blotfa:
P24 B IS T00A 10K T8 &, 45 B R RIAH
S100A 10118 FH7KF B 248 = (K14B), HmRNAJKF

500 bp
400 bp
300 bp
200 bp
150 bp
100 bp

50 bp

E1 PCR™#J K&
Fig.1 Electrophoresis of PCR products
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(A) ™ 5
%
4 %
: %
PCDH-CMV-MCS-EFI- %, EcoR1
CopGFP-T2A-Puro
% 8 196 bp MCS
?)*" BamH 1
$
<
Q
% &
<,
K4
PuroR

B

A: S1004 103 35517 5 PCDH-CMVEUA; B: ST100A4 1018 3235 84N Fr 4
A: §100410 overexpression lentivirus PCDH-CMYV vector; B: sequencing results of S/00A410 overexpression vector.
E2 S10041053 3K ELH BRI FF EE
Fig.2 S100A10 overexpression recombinant plasmid sequencing map

NC PCDH-S100A10

Fluorescence

White light

B3 18RSI TR NG R
Fig.3 Fluorescence results of 293T cells infected by lentivirus

BETHE(P<0.001, E4C). LA 45 R RIS 3RS R (K5), SxFIB4IM b, i ik BMP-2. Runx2.

FaF AR - OCNImRNARIA FIL B 0 F R o
2.5 SI00A10iFFRERHRMCsE BHEXERRIE 2.6 S1004101RF#HRMCsHIRL & 7314

I # ZHRMCs % 7748 hJiF, qRT-PCRAGMISI00410 MRRRCE S 2R 14K, P TALPYLA(E16A) X ALP

BEDRZR AR I I 4RI A R AR BE RERAR KT iR E B (B 6B) LUt a i S i i e 70, &5
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(A) NC
Fluorescence
White light
B N
(B) S
QQ»'
@ @
< <
S100A10
GAPDH

PCDH-S100A10

sksksk

0.5

Relative S7100A410 expression

0
NC PCDH-S100A10

A 159 KL RMCs 1758 645 L5 B: Western blotfillS100A 1085 H 13K IA & C: qRT-PCRATINSI00410 mRNAFI RIS & **+P<0.001.
A: fluorescence results of RMCs infected by lentivirus; B: detection of SI00A10 protein expression by Western blot; C: detection of S/00410 mRNA

expression by qRT-PCR; ***P<(.001.

El4 S10041053FREMBIMAREL
Fig.4 Establishment of S100410 overexpression cell line

BIR S1004 105 Rk A0 BE R B S (0 2 s BH o, L
ALPIEE R 25T NCAL(P<0.01).  [RII2H A5 525 21
R, AT R SYLO(KI6C) LA L5 B (Kl6D), KT
S100A103 FERAIFS AT T BNCAL & 3 T
(P<0.01).

3 i

OP [ K 3 WL 4 A2 by TR WSOk T3 Ak,
SECE R I A0, T R A S A e
(2308 B WA T 10006 4 1 PR 2 B0 R i A
Ak, RMCsIIHRE 4 240k, S50 5 LA i B
HAT M AR . BT R X — A e, A

FAYEE T S1004 105 FIX SR B AR, - H H 41295
B GLRMCs, 1 — S 1 A MR RE T B A2k
12995 B3 B AR R — Bl L S B Ak A, I R
SR RN H 0 R A 21 8 R 2 A g LK
FIEWY, M F YRR R YT, 1B RERIA M)
NS E A HAE . 2 B RE e T e AL
IR R B G AN R Ty, oSORH /IS R TR 7 5 T 4 AR
N BB TA) 78 0 T4 P 1), AHIF FE M 2 10041053 3R55
P R A, JF H H 41295 5 % 4 RMCs, qRT-PCR
1 Western blotPA & %% Y6 . ol WU 82 51 1IE SR 19 A RK
JEYL | 5 NCHLA it Rk 41+ ST00A 1048 3 = Rk .
PAbGE R, BRI T S1004105L 32551855 7 3
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mm NC
PCDH-S100A10

Relative mRNA expression

0

BMP-2 Runx2 OCN
QRT-PCRAG I e B A0 S IE R BMP-2. Runx2. OCNI{IZRE/KF. *P<0.05, **P<0.01.
gqRT-PCR detection of the expression levels of osteogenic genes BMP-2, Runx2 and OCN. *P<0.05, **P<0.01.
El5 S100A1053 TR (BHRMCsE B 1E X EEFRIE

Fig.5 Overexpression of S700410 promotes osteogenic gene expression in RMCs

(A) NC PCDH-S100A10 (B)

o
o

*%

<
S

ALP activity /umol'mL"-min"!
S
(S}

NC PCDH-S100A10

©) NC PCDH-S100A10 (D)

2.5
2.0

1.5

D450

0.5

NC PCDH-S100A10

Ar BUE B S 14K AT ALPYL 4 B: BUE -3 14 RS EAT ALPIR VAR I, C: B 35 321 R R AT 9 R AL (0 D: 3R AL L 8 R E AT
**P<0.01,
A: ALP staining after osteogenic induction for 14 days; B: detection of ALP activity after 14 days of osteogenic induction; C: alizarin red staining after
21 days of osteogenic induction; D: quantitative analysis of alizarin red staining. **P<0.01.
El6 S100A103RMCsH & 53 LHIF2NE
Fig.6 Effect of S100A410 on osteogenic differentiation of RMCs

1A, H.S100410/F RMCs N AR E iR GRIE, NGRS 4R IE K o4k, JRRit /N RS B8 8 B i RE K
S100A 10K K75 RE B4 i A ¥R F B85 T B6ail BB, WANGEE "R ILTEARAMCE 7 546 1F T,

S1004101E R FHOCHE R, 78 B E 1 A0 AH DG4 S1004107] KIEFPIRMER , T H & N W)+
BRI BRI /1. MORIZS USHF 58 R B S1004105 YL RS T 5 T SHARMAZE (PR 1 S100A410/%: i
S100A1F1 S100BW I8CAHALL , #B B 8% H0 ) /N B R BHYHMA b 0 R T BE R, {H .ST00A410% i 5 20 B Jik
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B B B AT ANE R, AR b
BT T RN T

TEARWF T, FRATTE S T RMCs e 734k 14
KI5 I ALPIEM: | i ALPAI 3 240 Yt I8 IF 40 i
SRR . R ER, 5NCAIMLL, S1004105 %Kik
M ALPIEE R T, B b a5 il i B 3
b, X453 52 5 BROWEZS "¢ T S100A 107 &
el T A R E A B T s SR A A . DA
EERYIL R, S100410/ERMCsECE A6 Hh B A &
BAER . AR TRATRI 1 1 73 b 5 5K BMP-2,
Runx2F1 OCNIImRNARIA S48k, 25 5L B /Rix e gk
(1) mRNAZK-3) 53 T, $27R S1004107] gt
P BB 70 A A 5 L (R A 3 T {2 i3k RMCs iR 73
fb. Runx2. OCN/ & BMPIl i %A i 4 F % il
18, 1 BMP-242 BMP S ik 1 HAG 1R 55 1) Jl i PO
FAIE IR, WA BORIT B R AR, Runx2 A%
JE 9 BMP-21%5 5 iU 3 A F IS [R PO, PR b
Wr S100A4104 7] G 3d it 520 BMPId 6 Ifi A 35 BB 1
H, 8 I 20 BMP-2 (1 3R0A, #1755 5 Runx 280
DRl A 2k [RR £ 1 3L [FR ERMCs R 734k o

gx bR, AW ARG IR T S100410
XoF B A M R A R R R, RIS 1004107 1ET7]
W RMCsCE 70k, A #0aT7 Fidi % N 28 OP4g
BE 7RIS . R IOREAE B R L S
G5 @ gie A it — 0.
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