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Abstract

BACKGROUND: Autologous or artificial bone grafts have been widely used to repair maxillofacial bone defects clinically, but these methods still suffer

from insufficient osteogenesis. Bone marrow mesenchymal stem cells play a key role in the bone formation. Notably, ectoderm-derived jaw bone marrow
mesenchymal stem cells have stronger proliferation and osteogenic differentiation capacity compared with mesoderm-derived iliac bone marrow mesenchymal
stem cells, elucidating the key mechanisms involved. It is expected to provide a new strategy for the repair of craniomaxillofacial bone defects.

OBIJECTIVE: To compare the biological differences between human jaw bone marrow mesenchymal stem cells and iliac bone marrow mesenchymal stem cells

and identify the key regulatory genes.

METHODS: (1) Jaw bone and iliac bone were collected from three patients with alveolar cleft. Primary bone marrow mesenchymal stem cells were isolated

and cultured. Cell proliferation ability was detected by colony formation assay. Cell senescence was detected by B-galactosidase staining assay. Senescence and
osteogenesis-related protein expression levels were detected by western blot assay. Osteogenic ability was detected by alizarin red staining after osteogenic
induction solution treatment. (2) Jaw bone marrow mesenchymal stem cells and iliac bone marrow mesenchymal stem cells were subjected to transcriptome and
differential gene expression analysis to find the 20 genes with the largest differential expression and identify the key regulatory factors. (3) The gene in iliac bone
marrow mesenchymal stem cells were knocked down to comparatively analyze the changes in self-renewal, anti-aging and osteogenic capacity of iliac bone marrow
mesenchymal stem cells. (4) The gene-edited iliac bone marrow mesenchymal stem cells were loaded into B-tricalcium phosphate scaffolds and implant into nude
mice for 8 weeks. The scaffolds were stained with Masson staining and immunofluorescence staining to observe the difference in osteogenic capacity.

RESULTS AND CONCLUSION: (1) Jaw bone marrow mesenchymal stem cells have stronger proliferation, anti-aging and osteogenic differentiation abilities
compared to iliac bone marrow mesenchymal stem cells. (2) By transcriptome analysis, we identified HOXA10 as a highly up-regulated core transcription factor

in iliac bone marrow mesenchymal stem cells. (3) After knocking down HOXA10 in iliac bone marrow mesenchymal stem cells, we observed a significant increase

in proliferation, anti-aging, and osteogenic differentiation abilities. (4) After HOXA10 knocked-down iliac bone marrow mesenchymal stem cells/B-tricalcium
phosphate was implanted subcutaneously on the back of nude mice, and their bone formation ability was stronger. (5) The above results suggest that HOXA10 is a
key regulatory gene that determines the proliferative, anti-aging and osteogenic differentiation abilities of bone marrow mesenchymal stem cells. HOXA10 gene-
modified iliac bone marrow mesenchymal stem cell transplantation can be used as a potential application strategy for repairing maxillofacial bone defects.

Key words: bone marrow mesenchymal stem cell; jaw bone; iliac bone; osteogenic differentiation; HOXA10; cranio-maxillofacial bone repair; biological scaffold;

engineered stem cell
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Table 1 | Clinical information of patients

SR 531 ER (%) 230
1 G 11 U 2l 5 54
2 G 11 UM 2l 7 54
3 % 9 bV
LI AR R e A R R, % BRI R

1.3.2 FEAGERIEGH IEEROCEME (EEH, Leica);
B2 At (FEE, Carl Zeiss); BEARA (1 H,
Tanon5800); si-HOXA10( H1[H, il AHE ); ki) (5
[H, FEER K Lipofectamine 2000); 0.25% /K% & FP s 4Lk (3£
&, Sigma); B- F-F¥EFEF G5 & (HE, GenMed
Scientifics Inc.); #4425 C( 5[, Sigma) 2% P24 S Yuili (3£
[E, Sigma); NANOG PifA (S [E, Santa Cruz); SOX2 Hiff (7L
[#, Abcam); OCT4 Fifk ( 95[E, Abcam); P53 ik (EH,
Proteintech); RUNX2 $ii{A ( Z£[E, Cell Signaling Technology);
B R Puk (o [, Bioss); B-actin HL {4 ( H [E, Boster
Biological Technology); #R=FHife —Hi (HFE, Hili&ra
PIER ); ECL A& (22, Millipore).

1.3.3 SEEENY) SPF 24 Joi i BALB/c #RE. 10 ., HEME,
6 JHie, PRI (1525) g, T R Rt EE ALK A SEIR B P
L, YFATIEE: SCXK( 75 )2021-0001. # R A58 N5
WSS, HARERFE, WG 12 h, IR (25%2) °C,
HHRK, W 40%-50%. B A sh¥)ilE 4 ml kR
PRI EN YRR IR R A, H IR R R E)
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BN Rl 1x10% N 4AAL, 40/l /£ DMEM 58 4x 15 77 5k rp 55
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PBS YRk, BT, M, XFE 50 S EE 24
JL P SRR AR AT T

1.43 20 B- I E R M B- LI E A
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PEE R t0, 518 WIS .
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B— H I B IR R 1) il 5 S R AL h AT R 3R, 3 d
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2% P R YRGB 10 min, 7EEcE e ML, 454k
45775 H 0.5 mol/L HCI/5% - — it FE i TR A i, SR )5
570 nm Kb (RIRO A 55 AR i 4 EU AT 5E B

1.45 HEEPEEAT R T25 855 RCE 71k 14 d 1)
J-BMSCs Fl I-BMSCs F 4l it £ it v ik A7 4, fd ] BCA ik
PG E A M A TR S . R R4 IS 10% SDS- 5
TR Tk i 8 i FRLVK 93 B9, SR )5 %% #% B PVDF JBE |-, fg i
TEEB T 5% BTk & 2 h, BEJGTE 4 CHAFK
—HUEE . PR KR BEIKE W TR : NANOG, SOX2.
OCT4. P53, RUNX2. ‘B R MBI N 1 ¢ 250, B-actin
IRBEIRE N 1 0 1000, H4RFEPLR —HiE=iRMEE 1h,
i FH ECL AR & 7E ABI R4 L AT 1G04k 2 R 6 1T
itk A Image ) B fF 34T Western blot [ 5E & 73 #7,
B-actin & /K FAE AN SR EMAN E EH K.
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X, fdi H Illumina HiSeq2000 il /3 1% (LC Biotech,
BeMl, ) BT, EKCh 100 bp, X EZEL. M
JR 46 R 25 bR ks AR EARZE RS Y. fE
F TopHat 2.0.9 {4 % 48 it Jii = % fill ¥ )37 #1] 5 GENCODE
Release 19 H ) N 8 5L K 41 F¢ H1l Bk 47 LE Xt 5 S A i@ i
Cufflinks A F BT IH— AL FAIVER Y, {3 ] edgeR #H
HEAT ZE SR IK M. ikt J-BMSCs 1 1-BMSCs 2 [i] P <
0.05 Fll FC = 1.5 [f) mRNA, JfHfi 8 NZE 5 K15 RNA,
T oA BRI TR, AR SRR H
B4 (KEGG) ‘& S8 I 7 M i /E VIR -
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B 9%, (ERE LT, 5 31X 1-BMSCs LA 5x10° AN / L % S
R 12 FLEE IR . R PE Lipofectamine 2000 it B,
H4 SIRNA(si-HOXA10) Az H B 14 X} i 5% 4L £1] 1-BMSCs H1,
FLIIA S UL iR B4R A1 5 uL siRNA( K 2 2y 100 pmol/L, i
OPTI-MEM #i ). 6h J&, Wi 4eRi IRy DMEM 72
A ¥Rt WYY 1 si-HOXALO 20 J% [ 14 5 HE 25 1-BMSCs
g3 R IR SIS T R AT SR VR TR S . B S FLNE I
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(1) DMEM 35770k, 1L SC Qe IR AE Bk Fr bk, T
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LRI, SAEEMEAWE T, VIR 4 um BV, 8
it Masson Yt U8 /N GEE AR R L, B T e e (WL 5%
B A AGTE L, 45 LA RUNX2 54 40 M 50 % 45 25 B
PEDCIP SO B oy SR bR . FIREALTRFRIIH Image
) 1.8.0 BAFHEAT 437 o
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2 58 Results
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B AR IIGTERE J]. B- Y FLBE T EE YL 2 I J-BMSCs Lt
I-BMSCs AR E R ) (B 1B). ILAh, P8 R LG
ST IR J-BMSCs b 1-BMSCs TR B 2 51T ( & 1C).
2.1.2 Western blot 52 38 £ M AH o< 85 (% 15 1-BMSCs
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T )-BMSCs( & 2A). A B, 1-BMSCs 1 B B #H 26 & A
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2.2 I-BMSCs #u J-BMSCs & 4 3 20 4~ #7 %I 1-BMSCs #ll
J-BMSCs BEAT 7§ sk N 2 S LRI R IE 43 M. 1E J-BMSCs
A1 1-BMSCs 2 [A] 45 7€ tH | 15 276 4> 7% 57 K ik 5[] (FDR <
0.05, FC>1.5). Ayt —P o 22 F ik BRI 7E D RE,
K FH KEGG 3@ i 70 T iRk e L R (AR il 5% . i 22 5%
FISFF P E T 19 5KIEMEA 7 Frgepi, m LRESRR
REEH R E AR T 38 SEEE A 6 R (B 3A, B). M
ANEL T - 24K ELAE P % (KEGG 2% H: hsa04512) 76 |
WERREERNEEZE, AHAREZERSS5HTY
Az " RIS R S (KEGG 4 H: hsa04911)
HI PI3K-Akt {5 538 % (KEGG %% H: hsa04151) 7E Hrh g 48 .
AR, IR R FH PIBK/AKT {5 538 % 42 3 FEA
SRR HA 40 i BRI O B S, 1 SEIR IE T XA
S5, HIJ-BMSCs HA EL 1-BMSCs B s s g /) *. &
AU SR, PI3K-Akt % Z S Zid #E, WA Bk st
IEE MR (B ), Fah, HAh i s AR S 1 e
%60 355 o8 SR BE IR 15 5 il % (KEGG 2% H : hsa04668).
W H T kB {5 5@ % (KEGG %% H: hsa04064) 1 PPAR 15 5
W% (KEGG 4% H: hsa03320). 5 fff 7t & W Jil 83 IR B8 [ -1
o SRR TR BT R Y FRAZ DR 7 kB SE B R ) P, T
PPARy 1E 4 fif 107 A= B 1 % 3% R -7 L 22 412 3k 17 Mg s A=
PO T R 7SR T AN M B R Y i DR R
J-BMSCs #1 I-BMSCs 2 [A] 22 7 (I AE ML, 145 1 2 7k
KK IRT 20 AN R, %558 H HOXALO J (R i 7E 5%
R T HREAT JE SRR AT ( B 3C).

2.3 HOXA10 3 1%3% 3% 7 I-BMSCs 443575 . R Z B

231 fRAbMSEES St RIRRIESRA ST, S
HOXA10 Ji& [K] RJ fi £ 1 8 1) 70 o 48 i 22 S i 1 o e o 2
YER . i siRNA F 34 R ¥ 1-BMSCs H (1) HOX10 Ji
MG, BEVE TR R 525 R si-HOXAL0 2H 1-BMSCs L B 14 ot
HRZH T BBE 22 (R AR VR T SR A, KB si-HOXAL0 4b 3 (1)
I-BMSCs FL A7 S SR MG T AE /7 ( (B 4A). B— - L0k H Bl 4
7R si-HOXAL0 4 & AL 40 i 5 i B S v /b ( (5] 4B). b 4h,
si-HOXA10 4 I-BMSCs H 454515 15 2 14 i ( [&] 4C).

2.3.2 Western blot & IAH 28K (A £ IE  si-HOXA10 4 I-BMSCs
()T 14 5 5 NANOG, SOX2 Al OCT4 FKikIEhn, = ZI8h5
P53 F ik (& 5A). [EINF, 7F I-BMSCs H1 LIk HOXA10
PRAE S AH DG FE B RUNX2 B 45 25 k39 0 ( B 5B).
AR HHE 2 B R (% HOXAL0 R 5 31 5 1-BMSCs 385 . Pis
ZRECE i BE

2.4 f£ 1-BMSCs ¥ &/ HOXAL0 4284k i A F

241 HAUEGEWEARN T RE )] IRE HOXALO fil
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BT HR Rk, RE 9% 8 JHUG, HUtH AW SC e AW dtT4H
12245 M ([ 6A). Masson 4L i 7%, si-HOXAL10 4H 37 48
JE W% 31 58 2 i IR R 41 4 ( [E] 6B) A /NG (& 6C).
242 RRERCREMERE N R
I HOXA10 @I XT I-BMSCs 14 N BB 7 AL IR 52, 45 5 8
71~ si-HOXAL0 ZH Lt 99 14 xof e 4H A5 B iy ) RUNX2 i 475 3%
Fik (E7A, B),

3 iti£ Discussion

DRG0 A%+ 988 D70 i B e < e T 1 3 3550 P 0 T 2 R 45
1) B g R4S 52— TR I DR 25 A T I ) B KM . R
FEAFERL. TLHRFR R LS R L B 2R il
FEFNJE BE S B AL S, (AAER M HE & 5 RIA 5 KA
SRR, 3K AT S B R SRR i R I B
TR Z 1-BMSCs # 48 Jo B A A R I TR A, Sl T
HOXA10 /& 5t A ¥ /1 1 22 7 3R IE L K. 3@ R i 1-BMSCs
) HOXA10 %3k, K3 1-BMSCs [ EH 70 AL BE I AEAR N
MRS BESLE, PR HOXALO (&40 it 5 R VA I 7 A B
T IR R = 6 B B AEAS IR T 80ER

B R A) 78 0 T A 2 Be e S T DUSORETBCE 57
DR~ S5 VA ) V2 R AE VI 2 50 ia T o R FL R I,
5 Pt 50 7 A i 1) 78 o A AR LG, R E DR BR DY i
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Figure 1 | Cytological staining of jaw bone marrow mesenchymal stem RIMS1 13
cells (J-BMSCs) and iliac bone marrow mesenchymal stem cells (I-BMSCs)
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mesenchymal stem cells (I-BMSCs) after knockdown of HOX10
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