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Abstract: [Objective] To establish a cell model of radiation injury of human bone marrow mesenchymal stem cells
(hBMMSC) , and to provide experimental basis for further study on the pathogenesis of osteoradionecrosis of the jaws
(ORNJ). [Methods] After X-ray irradiation, the gene expression change of Beclinl, Sox2, Nanog, RUNX2 and OGN in
hBMMSC were evaluated by Western blot and RT-qPCR. The apoptosis rate change was detected by Annexin— V/PI
double staining method. The proliferation rate change was determined by clone formation experiment. The alkaline
phosphatase activity change was detected by microplate method. [Results] The gene expressions of Beclinl increased with
the doses increased, while Sox2, Nanog, RUNX2 and OGN in hBMMSC were all down—regulated after irradiation. The
apoptotic rate increased, the colony formation rate decreased and the alkaline phosphatase activity decreased also.
[ Conclusion] X-ray irradiation can cause ionizing radiation injury of hBMMSC. We successfully established a cell model
of hBMMSC radiation injury, the model can be applied to the experimental study of the pathogenesis of ORN]J.
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G M A0 IR FE (osteoradionecrosis of the
jaws, ORNJ) J2 3k #5045 1f1 748 it 96 0O iR 97 5 i 3
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AL, 57 F FTIZ AL PRAN X I 2 X hBMMSC H
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fR 52 ), LIRS 0 T ORNY A G 58 v
A U485 Beclinl J&—Fh [ BEAH DG H , L2
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GAPDH FA. 5 B HT R W [ 35 [E Proteintech 2 &) , 111
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15 RT-gPCR

W4 %57 B A= K 9 9 hBMMSC 370 T 6 FLAR H
K FH Trizol $2 BN i A RNA , 22 5 J5 K5 20 ig RNA
W 5 R cDNA , il I 52 1 5l 7 1 PCR 43 1 4%
ZH mRNA 19 357K F, FL il 20 L (1 52 44 &
b FHES T (10 pmol/L) 45 0.8 L. SYBR Green
10 pL, DNA #5547 2 wL.dH,0 6.4 pwL. Jz B 2% 7
$9:95C 30s, 1 MEH;95 °C 55,60 C 30s,40 7
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Table 1 The sequences of the primers

Gene Forward primer (5°-3") Reverse primer (5’ -3 )

Beclinl ATGCAGGTGAGCTTCGTGTG CTGGGCTGTGGTAAGTAATGGA
Sox2 GTGAGCGCCCTGCAGTACAA GCGAGTAGGACATGCTGTAGGTG
Nanog CATTCTCCTGCCTCAGCCTC CCCGTCTCTACTAAAAATACAAAA
RUNX2 CTTTGTAGCACAAACATTGCTGGA CAAAGCTGTGGTACCTGTTCTGGA
OGN GGTGCCAGTGCACACTACCTTC CTCTGGCACCACTGAGTCATCATAA
GAPDH AGGCTAGCTGGCCCGATTTC TGGCAACAATATCCACTTTACCAGA

WA, FRUIREREE 3N E L. R 27 HIX
T 0T, 48 GAPDH #E4T# 1F L 55 B 1
S R AR Rk i, A S 5 Wk 1.
1.6 #HAAT

W4 %57 B A K B 9 hBMMSC 370 T 6 FLAR H
IIAS % EDTA [ R 1 mL, 151k 5 WA 20 5
PBS &, K & O . £ [iF, 500 wL Binding
Buffer 241} , P84 A MOV BE R 1x10°/mLo 43
HIMA 5 pL Annexin—V F15 pL P, Z 5 T kG0
B 15 min, E MR, SR H Flowjo #4F i
(e
1.7 RERRK

W %o H5 A K 1 9 hBMMSC #2760 T 6 om 35 35
LA, 35555 2 J8] U5 WOk 4R M G R 58, PBS YR 21K,
T 40 o/L 1) Z2 5 W I 5 T 18 52 20 min, E 2
R HEE, ddH0 PR 21K, 0.1%45 FH 48 Y4 515 min,
TRV JEHE T KT, TSR
1.8 HMBHESSL

24 hBMMSC I A B 18 8] 70% B, 8 52 42 45 57
FLFE R 5 T AL R 3R 3 (DMEM+10% Jif 2F
M3 , 10 mmol/L B—H 7l B FR &1 , 50 mg/L HT IR I
M2, 1 wmol/L i ZEKH , 100 UmL 5 -85 K ) , &
3RHATHW -
1.9 RS ER Al IE 1 E

W% A K3 19 hBMMSC #: 80 T 12 fLAR
F5 LI A 200 L TritonX—100 ZLAH W , 4 CEAL i 5t
o SERUE B30 WL A, #2 BE 3500 & U B 45
BEATHERAE A0 I RR A T 520 nm PR AR I 2 O
FE Asoumo F3HX10 WL 245 H BCA 7200 1 8 Ik
JE TR S 2R TS A B R T
1.10 Sit=ZEaHh

K SPSS 20.0 3 A4 #4740 A, 45 R LA S4B +

FrifE 2 (mean + SD) Ko, Fr A3 SE 8 37 H 42 3
o PHALIAR Pk ST A e K 55, 2220 (8] R T B
K2 5 22400, 41 18] O R B 382 2R FH Dunnett— K5 56
BN S, DA P<0.05 REZ R AT E L.

2 % X

2.1 X&£3t hBMMSC Beclin1 & B #1 mRNA &
2y : b=

50 Gy X FEZHAH EL , hBMMSC 242 2.4.8 Gy X
ST IR L Beclinl (1948 7K P 2 35 52 7] B Rt
Pk B, Z A ARG R I 225007, 2R BA S
P25 3 Y (F=128.40, P<0.001) , Dunnett—¢ & % =
WA LA S 7R A () 551 i R 2H 5 0 Gy X HEZH AH
b, 22 5 WA g1t % & L (P=0.025 vs 2 Gy; P=
0.009 vs 4 Gy, P=0.005 vs 8 Gy; & 1) ; Beclinl B9
mRNA 7KV & 35 78 52 50 d2 OB R T e, 22 4 TR AR
PR I 200, ZR BEA %1 # 2 X (F=
79.31, P<0.01) , Dunnett—t £ %6 3 70 W5 48 0 s AN
[F) 751 2 B A 5 0 Gy X BRAIAH EL, 2 A Geit
247 L (P=0.010 vs 2 Gy; P<0.001 vs 4 Gy, P<0.001
vs 8 Gy; K12),
22 XHE3t hBMMSC AT R/

50 Gy % HRZHAH b , hBMMSC 422 .4 .8 Gy X
ST BRI I, A MU T 8 B A BRI A A
BT TFED AR 9 (1.96 +0.91)% . (4.28 +0.83)% .
(5.65 +0.64)% . (14.64 + 1.57)% ., RyEAHZET
200, 22 7 HA G E L (F=84.34,P<0.001 ),
Dunnett—¢ K5 56722 P HC AR s AS [6) 59 & PR T 2H 5
0 Gy X RLIAI L, 2 .4 Gy MRS (1 22 S 5 it
FRE N ,8Cy M 50 Gy xR, 2% A
H4GiT2EE L(P<0.001;183),
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1 AREFIE X523 hBMMSC Beclinl & B RiLH
AL
Fig.1 Effect of different doses of X-ray on Beclinl
protein expression in hBMMSC
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e B TE S 56 45 S R, hBMMSC 24 8 Gy X
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Mean + SD,n=6;1)P<0.001 between two groups.

Mean = SD, n = 6; 1) P<0.01, 2) P<0.001, 3) P<0.001
between two groups.
B2 AEFEXH %3 hBMMSC Beclinl mRNA &%
I3
Fig.2 Effect of different doses of X-ray on Beclinl
mRNA expression in hBMMSC
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2.4 X §F £ 3 hBMMSC Sox2. Nanog & H #1
MRNA 3R 1% B %21

50 Gy X BEZ1 A b , hBMMSC 42 8 Gy X §f £k
HEHT 5, Sox2 Fll Nanog [ 8 7K F-335 T 18 (Sox2 :
P=0.009; Nanog: P<0.001; [§] 5) ; [F] A Sox2 F1 Nanog
) mRNA KPR IKIN AR, 2 57 W B A ST
X (Sox2:P<0.001 ;Nanog: P<0.001; % 6) .

20 1

1)

Cell apoptosis rate/%
>
L
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B3 AEFE XS %3 hBMMSC IR TR A0
Fig.3 Effect of different doses of X—ray on apoptosis rate in hBMMSC
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Mean = SD,n=6;1)P<0.001 between two groups.
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Fig.4 Effect of different doses of X-ray on CFU-F efficiency in hBMMSC
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5 FREFE X H 4% hBMMSC Sox2 1 Nanog & H
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Fig.5 Effect of different doses of X-ray on Sox2 and
Nanog protein expression in hBMMSC
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RUNX2,0OGN % B #1 mRNA 5 i% B 22 i1

50 Gy X} FEZHAH L, hBMMSC 42 2.4.8 Gy X
SRR, a5 B S 7 K RUNX2 S 14
K OGN I 25 (7K - 235 34 S 7 AR I T 0, 43
XA AT R 22000, 2R BA G
% X (RUNX2: F=70.4, P<0.001 ; OGN : F=64.07 , P<
0.001) , # FH Dunnett—¢ £ 30 9 99 HL A% 7R - 5 0 Gy
X REZHAR L, 2 Gy HE 5 41 A9 RUNX2 1 OGN &

KAV R IA 22 7 41 2% B LA (RUNX2: P=
0.059,0GN: P=0.067) ,4 Gy Fl1 8 Gy M 5t4H 25 8
F 423t 2F 5 L (RUNX2: P=0.002 vs 4 Gy, P=0.002
vs 8 Gy ;0GN: P=0.025 vs 4 Gy, P=0.009 vs 8 Gy; [¥]
7) ; RUNX2 1 OGN fi) mRNA 7K V- 22 ik 78 52 | 4
FRPEREAR , ARHE B 2Ry 22000, 22 S B Se 12
= X (RUNX2: F=51.92, P<0.01; OGN: F= 58.16,
P<0.01) , Dunnett—¢ £ 35 P P4 LA 7R 5 0 Gy X #R
HAHEE, bR 2 Gy RS2 A9 RUNX2 K-k 22 70
Gt E AN (P=0.075) , A4l 2= A geit
2% 74 L (RUNX2: P=0.002 vs 4 Gy, P= 0.0002 vs 8
Gy; OGN: P=0.003 »s 2 Gy, P=0.001 vs 4 Gy, P=
0.0004 vs 8 Gy; 1 8)
2.6 XEHZ&3F hBMMSC BB % S0 5 B
R Eg A TR 22

50 Gy XFHEZLAH Eb , hBMMSC £ 2 .48 Gy X
SRS IS R S oA S T OB 1l TR il
P 52 ) PR AT, AR AR B PR 3 T 2500, 2 5%
HA G278 L (F=47.97,P<0.001) , Dunnett—t ¥
5 T T L 85 S s A (] 5 1 RG24 5 0 Gy X R
AR, 2 Gy MU M 22 5 oG8t 2 X (P=
0.068) ,4.8 Gy M 41 22 5 B A7 Ge 2 L (P=
0.011 vs 4 Gy, P=0.0004 vs 4 Gy;¥19)
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E6 AEFEXGZ T hBMMSC Sox2 #1 Nanog mRNA 3 i i 2%
Fig.6 Effect of different doses of X-ray on Sox2 and Nanog mRNA expression in hBMMSC
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Fig.7 Effect of different doses of X—ray on RUNX2 and OGN protein expression in hBMMSC
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Fig.8 Effect of different doses of X-ray on RUNX2 and OGN mRNA expression in hBMMSC
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Fig.9 Effect of different doses of X-ray on alkaline
phosphatase activity in hBMMSC

ORNJ Y & IR B 254 1t A RE 56 4 B, Hopg L2
W U R 22 3% TR A TS X8 1 20 £ 40 i 2 B IR
[ 40 B 3R B, 51 40 i 4/ 35 o 3 AL
Bl It A AL 5 21 o OO B T R o R IR
BB R 2T B AL hBMMSC 22 7] 43
A0 A 18 FEL 200 6 R i 52 [ ol 220 i 40 L 4 1 1)
T2, hBMMSC &2 776 T3 #fih — 28 1A Z s ik
TR 3 I TR RE S 0T An A, SR s 8 R
YRR, [ - 2 h A 2 St i 2 AR ) 4 i
Z— o AHIFE I I R R FRASOGT 20 2R A T AN [ 741
X SR BR AT, DT 2 37 hBMMSC S #1475 6 4
JOASE TR

hBMMSC 7 6k 28, . 41 it B 25 9 LA B T8 3p 25 iz
WORAZ R, 2Bk 19 W5 DT 24845 40 i P9 3R 5% 1
g . AR SR, YA 24 G RS, 40
e P B I S A AR R A L 2 R A A A
FELE A B DIRe L2 2B, A st T2 v i
Sk PR A TRy, T R T R 20 T 64
TR Beclinl /82 5 F WY b i) 20
L HR KA — e R B 8 s I 41 1
B AR T 00 R E SO SR
DIReny 80 A AR RE A L s ) R 4 R —
FEFIEAT I ARAEBE T FRATTAEWF 5% 43 B 4
TR BB AT 0.2 .48 Gy, B )5 Western blot
5 RT-qPCR K il 25 2R 5 {75, iE % hBMMSC

Beclinl 52 55 28 35 , 1M 78 BEG J 22 1 D) 22 500 2 44 ft
PETH i, R e 8 Gy B ik f i s Ik, AT 17E 0.
2.4.8 Gy [ X 54k B 557 i F K  hBMMSC 119
TR, g5 R AT A R TR 525 (xR AL AH
FE 34 TR, 28 8 Gy Bk IR 5T /5 hBMMSC [ 8 7
RSN RAMT- R LR R AT E .

21 i e A T % A 200 L B P A7 R, SRR A
I 422 Tl i O R 20 L o T T S o A 1) B, R B
T 0 LR AR R A R B B T PR E R T
R 95 A 52 56 v vw B T Al 245 SR 7R, hBMMSC £ 8
Gy X JTE RS I5 w ETE L%l (11.32 + 2.08) %,
RO 2 R IR A e B R B R Oy (3125 +
2.97) % , 7 W RS} 5 240 i e B TP A e d 3 %

Sox2 Fil Nanog J& 183 T 41 Mfd Z2 43 1L 7 RE e 1k
14 20 16 R, X6 T 4 A 1 240 1% T g R G B A
FHPST S Mk e A i PR P Ak T A2 BSR4
i Z B AL FEME B & 2 B2 . RUNX2 /&
PR B A A R B B A S T OGN
RN EIESN T, EEHSAN—MamEAR";
i P 0 R T i A ) S I A s b R, R
ITHWFIE 2B, 8 Gy X 26 I 4T J5 hBMMSC Sox2
Fl Nanog [ F I BEAIG , X 487 T 4 1Y) 2 W e e
PRS2 BB , 5 2 SRk SE T AN X 5 2 BE
JE RN T hBMMSC 85 5, IR 15 5 ik
BT AN SE 58, DL TR I R ORNJ R AR H 4G
IR A G R i R AR A 22 5% LAk, AR [R5
T X 2% B8 5 5 hBMMSC 1% 15 43 16 52 P RUNX2
OGN 11335 ], 1 1 Wl 18 It 0% P A1, L v
L8 Gy W8 5 2 fi o0 W Wk, 3 1 B XS £ A 41 761
hBMMSC (4 815 430 BE 77, 5% W8 A i H SUB L,
FIIE TG I B LN - D R TR BB SO S5 1Y)
e P, DT 388 0 B0 1 A A S i W G AR,
T BRI A

ZE L Arad A 5T ST 1 hBMMSC S 4 1
1 A 7R 3 3 D0 R ) 1 W R T L SRR L L 2
TERE T MR L RE ) S5 7 TS E T X SFExt
hBMMSC. 15 PE 45405, 78 53 10 BH 32 200 A 781 1Y)
g2 BT 1, I ORNY & s AL i 55 114 S 56
5% 5B 1 BF 5T X 4, X T R B R B 25 4 Xt
hBMMSC B4 5775 F A 5630 LA I 24 4038 3 5 5 38
B AEAE TR AR T B S
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