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Role of bone morphogenetic protein 2 in self-repair of pediatric cranial defects
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Abstract: Craniocerebral trauma ranks first among all types of pediatric trauma. decompressive craniectomy is a common
neurosurgical procedure to reduce intracranial pressure, and cranial bone loss will lead to a lack of cranial protection of

brain tissue in children. The skull is the most direct protective barrier for brain tissue, and if the cranial defect is not
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repaired in a timely manner, movement of brain tissue in the skull may be caused by the factors such as body position,
emotion, and abdominal pressure, thereby resulting in the disorders including brain penetrating malformations, epileptic
seizures, and cerebral degeneration and atrophy. The active personality, poor compliance, and poor self-protection of
children may lead to secondary injuries. During the growth and development of children, the lack of cranial protection
makes the skull vulnerable to secondary injuries and may affect the normal development of nervous system, resulting in
mental retardation, poor development of the nervous system, and other related complications, and therefore, reconstruction
of the integrity of the skull is essential for the growth and development of the child. The immature dura mater plays an
important role in cranial development and defect repair, and children within 2 years of age are capable of repairing large
cranial defects, whereas adults lack such endogenous ability. Bone morphogenetic protein 2 (BMP2) is significantly
upregulated in bone defects in young animals, suggesting that BMP2 plays an important role in bone tissue regeneration.

Many biological regulatory factors can modulate the activity of BMP2. This article reviews the current research status of

http://www.jinn.org.cn

BMP2 in cranial defect repair in children.

[Journal of International Neurology and Neurosurgery, 2024, 51(2): 85-90]

Keywords: skull; defect repair; bone morphogenetic protein 2; dura mater

1 BMP2 MBS ERIGIESHER

‘B IE A & H # H (bone morphogenetic protein, BMP)
SR A K H - B (transforming growth factor-B, TGFR-
BIXKEH—HEH , EHER KT B E i i
HEM PR . fEBMP E P, BB AR A EA 2
(BMP2) 2457 148 & B BMP, 2 H Fi A58 58 /i 19 JLA
BMP 22— BMP2 7RG AT i WA AR B s 2
i A vh K ¥ AR . BMP2 &l A 4 2 4%
e T I 0 50 A T UK A 1. BMIP2 3 5 5 0 4
J b i T ALRD L B 22 SRR/ A R R 2 AR 2 L T
Smad A1l Smad {5 53@ >0 24 BMP 52 & la(BMPRIa) il
BMPRIb B #2 A T 725 11, B Smad1/5/8 i, Smad #5424
PTG o BEERAEIY Smad 4855 Smad4 , JE WU A4 122 Ak
RO BN A0 | B0 R B, IO S - al
(Chfocl) J8UH A S P2 SR PR 7 2 (Runx2 ) L1 400 5 S
P ST Osterix (0SX) (B D™ fEC A L5 b & 2
BMP2 7E 4 8% sy 0 & s it b B8 2l sh sk &8 b
H LR EY) Op B K34 . 2B BMP2 A B T4
50 W4T S G 2 R A AE . B A 26 B BMP2
T MR S v HAT AR A

BMP2ZE

| n.uz«ﬁx\‘ n/wzﬁs

(CIETD)
\l/
LY AL ALY ALY A ALY ALY
TR AL

E1 BMP2 @i ey kR REZE

2 BMP2 SRAMEMIREVEEIER

RO I I, 5 31 2 A B i, 2 E B R R
HGE SRE S BN R — . AN E T 1
B AL T A RR S AR K TR T R Al LR RS A TE R
SOV IR 5 A B T . BMP2 2R 1A A oA S A i
HP Y A T AR i (24 3.6 /%) . BMP2 7 B 4
il O AT ot

JF A S A S IR 2780 45 5 I F o (Runx2/
Chfal)HE K A 7235 , fff Runx2 75 A BUAEE I b 3235
P T 8.3 X e HH A B AR o R 0% 43 6 1R 4
PR TR AL HE U A 52 . HAL TR B 20 73 fL i b
AT A LA I I 114 2 5 10 v T AR i (151 2)
FCEF 4 20 B A 4 R F 1 (fibroblast growth factor 1, FGFR1)
Je A FRET A0 A: K T2 OB 22—, 5 R A2
J AR B AT 56 X Ui FGFR1 AT {2 b B FE e s A
KRBT B, B4 /) RS i f8E vh ( FGFR 1 5% s B 5 ity
2 AT BT G R A P PR 5 S 2 11 2A (TTM 2a)
S AR AR R AR R Op tLIRIRE BT, AR K,
SR i R5S 7 20 % 0B R A 0B S v R RE 4 AT AT
LA 5 {2 12 BMP2 3 F 1 2 8 50 Ah JEURR 8 BMP2 2 H
A L AR A
3 BMP2XEFERTLBIREER

P SR BT 3 REACEE R T A AR R
T OBV MM NG . SR g H 2 A EmE 1
VRPN N P s i R 1 I 72 2 B N PN R R A= S 1
EMA B MRS 7E S B s B AR b, T A
(stem cell, SC) LLHURR ) 5 3 537 AE J1 F1 £ 1) 43 AL 1
TWERE RN WIS AT o BB ] 58 BT T 4 (bone marrow
mesenchymal stem cells, BMSC) 1 2 %8 6] 72 Jix + 410 i
(dental pulp stem cells, DPSCs)7E A1 5255 v AT fig 7 ik

« 86 -



2024,51(2)

P, GBS R A A 218/ N LBUE B A AT 1]

http://www.jinn.org.cn

BEE (K 2) . BMP2 X Befbife & 47 245, Hire
B A0 Pt A e O B AT I SR e S T 0SX
23510 OSX Al 1 I T Runx2 JE R T 591, i 1
WeiE COLlal Ji 8 F i 5 O E B AL . Runx2 J&:
B A Ok Y B B AL SR DN, [, Runx2 28 23611

Fii i A Ak

ESLE Ul

B2 BMP2 &g 4 A

4 BMP2XYEBE4EDHEMENER
BRI RS a4 L. MR E RS SR
YR T , 458 AL SLB AR VB TR MR
Pz s ORI AE KR4 S TR AE R R E R
BE RAA BB AR, A N AR N
(vascular endothelial growth factor, VEGF) SEHEKEE
A EEMEH . BMP2 5 AL & i, P14 GS 45 H ik
FERRSF Y T 52 (s T AL 32 10l 2 e fb , w iR 1k
1) 32 1A 55 Smad % 5% A 45 G ok 85 45 9 B2 AR K T
M ik . 1 % %2 {k 40 $§ ALK3 (BMPR1a) . ALK6
(BMPR1b) . ALK2 8¢ ALK1"®"; II %I 5% & {3 %% BMPRII,

v.-
24
Qe

..
S
4

%
a

»
N

B A B E A IR R AR
S5k R B R L ik BMP2 SRR AR R
W] BMP2 1] BEF5 3 ] 2 5120 MO8 A2 Ak, /N L
BB R

AT \
°
°

. BMP2

~
.,@jj

ENs T g

Py T & B

ActRIla 3§ ActRIlb, T 732 04, RRGH A2 44, nl i 5 5
T LA I RS2 A A e AR A s 7, BMP2 S T
1 A2 AR 2545 J5 4R Ui 4 Smad 1/5/8 25 FARERR AL , W2 1L
(1) Smad 1/5/8 % 15 Smad4 &5 1445 & 3 A 40 A% , fiff i %5
R A K R A 5 B VEGE a2 I 45 A= A

] 78 5T T 40 A (MSC) ) - Bt Ab # 311 , BMP2 25 1412 iff

MSC 736 A B A ML . A >4 BMP2 Fl MSC ££7E R,

BB A 20 B 45 /N (B 3) . W BMP2 1] BE 2 {2 it

A IS TR B, A7 R SR Ak B A R L I A PN B A

K DR 25 AR B S5 1 s VEGF W 2 {2 9E 37 B IR ik,
DA K [0 78 5+ 40 i 1) i o34k

L P 2 40 L ‘\

()
BMP2 @ @
()

i

i
el

B3 BMP2 £ & p P 694 A ALk A

5 BMP2 5HtES@EBIER
5.1 RANKL/RANK/OPG {5 S 18 &

BMP2 25 1 AT B T R0 240 R v 4 P £
BT ANAVAG , e fra i, B2 gt . eflmss

- 87 -

3 Uh 77 Aok fan A A PR, 20 PR T S RO AR A R A
AEFPEFY R TR T A R R 2 R e
REAAINE , AT LA 0 1R A , 20 A3/ 22 55 B A AT
S A PR T, s 240 i 4 7 09 A (macrophage



2024,51(2)

P, GBS R A A 218/ NLBUE B A AT T 1]

http://www.jinn.org.cn

colony stimulating factor, M=CSF) % H F kB Z K iE ¥
fii % (veceptor activator of nuclear factor - kB ligand,
RANKL)*H’%’{%?F?(Osteoprotegerin, OPG)>%! | BMP2
A TE M—CSF (9 98145 VR T 8508 mi A4 40 7, 2 B BMP2
EFRATEHEEZ/EM. RANKLJE —F 8 Wlois
F, AT ZE5 B A AR b Y RANK AZ 44, 398 568 f 15 4t 3%
Yo OPG il 58 P, T4 RANKL-RANK 4545, 41l
B 1 40 A A . OPG ATl RANK BE [H (g ik F
Wi, A B 2 P P 0 B/ 3 PR TR, SR B BMIP2 ] gl 478
T A A0 B A T 0 7 A A A R e 4
VBB B 240 M 0 B AP A B T B SR BE &, BMP2 7R 247
I AR LR 5 A0 L - e B AR
5.2 Wnt/B—catenin {5 =& B

Wt/B—i% 445 14 (B—catenin ) {5 53 & H Wnt 25 [ 1]
57 UBE IR o3 W6 RUOBE 2 Wne B9 40 B B A2 1K
(Frizzled B2 {4 )l E 25 5 , 208 i T FAY 1B R EE
(B-catenin) UG I K FEAE R AE A MO 5 o fb AR R
B A AR A AR Wt
TERUE 7 A EEAE, Wot B8 AT BES 5 B s 2
SRR BRI R, T 40 M B /b B R AR P (Tef/
Lef) i] 5 BMP2 {9 )it 8l 145 & , e 2E il A 40 il b BMP2 25
P RIN ™ ZHTA CWEoE R < i R A i U
7 UESE Wnt3a fie #E BMP2 25 H 75 /)N BRUS LR i (C2C12)
/N BB 20 (2T3) o i 263570 5 Wnt3a 3 3 47 3
BMP2 Ji3 3l -1 PR 1) 75 2Ok 5 BMP2 £ [H () mRNA %3k
Ko IXLELEIR W] B-TE IR H Al e vt BMP2 2 H 1%
IRRO MR R AR AE
5.3 MAPK{ZSi&EH

22 34 )5 1% 1k B % (mitogen—activated protein
kinase, MAPK )i# B&A7 4 FifF FH 77 =X - 4l d S5 5 AH DG 2R
FE/ERK 172 38 1 Jun 225 R 3 O/ INK (MAPKS) it
2% . p3SMAPK il i 1l ERKS (MAPK?7 ) 1 % , 13 %6 3 % v 1)
T 10 PRI 3 )2 B 4L, FR Ol MAPK . MAPKKK
(MAPK3 % MKK) . MAPK/MAPKK (MAPK2 1, MEK) I

F AN FERI AL 2 BFSE & BE, 4 R i MAPK {2
R A K W F 9 23K, W BMP2 ., Runx2 | Smad1/5/8
Wnt3a il 1 B (Col—1) %6, W52 2 W, 1 3% 4 /K w]
%5 5 Smad1/5/9 F MAPK 119 ® % 1k , {1 4% 5% I 1
Runx2 3£ K () k38500 DL _EBIF9E 36 0 BMP2 ] 5 2
MAPK AR i i & ZE R g R B RS 5 mE SR g g &
A5 MAPK 3 [F] 38006 Smad 15 538 % R Al 1F 1 35 R 1
ik,
5.4 Notch{ESi#EK

Notch {75 53 % 7] I 45 22 Fp 24 0T AR, f 46 40 i AR
K OEE ACRIE T WL 3h Y Noteh {7 53 1
4452 K (Notch1 .23 4)4LA%, 3l 13 557 70 W 5 5 B i 4h
B BT, BMP2 Rl Notch 22 142K 1 Notch #L3E
F1 Notch B {& Jagged1 3[R A £ 35 B IH . Noteh {7 5 &
B W BMP2 75 5 0 40 B 4k i ik R . S 56 U B
BMP2 0] fig #F Notch 3£ A, A5 2 Noteh 5 P BC (4 F0 37 {4
23k 1 H . 78 BMP2 A5 04 i B S A& &2 op, il
Notch {8 5 2=, /b B F-4E ; Notch F1 BMP 25 4 7] 5 Runx2
B AR Rk B A A e . W] Noteh f55
& BMP2 it P A i E B R 22—
5.5 RE/ES@ERE

FE PR IR B A2 v AT R s B0 0 B 5 R
e AR A LIRS 1 R R B AR 1 . ST SR A5 SR
A, i A2 ] A2 20 AT 24 240 it i BMIP2 6 [R5k, ] 3
LA E 545 S F T - 1o (hypoxia inducible factor—1 o,
HIF- o) i [R]A 2 38 SR A 1 o 7 4 40 i 1) BB o0k
BMP2 A $& T il 2T 2k 40 o 7 G SRS R 1 i e 7
BMP {55 5 nf 2 dF 4B 4 i b i 05 B R SR B2 AW
(mTORC1) 1 HIF - Lo 1Y 7% 1K 28 412 148 4] 4 0 5 i 2R 1 1
(Glutl) Y335 IZWF I /R T 719 BMP {5 53 % R4
KV R AR A S = R A B R KRB BMP2 5
ARG T BB A B YR AP HLH R 2, A
Rritt— 5T

AT S ML LR 1,

MAPK"", MAPKZ54ifiA &K &H sl g% —
®1 BMPHEX{ESERLE
BMP 78 % il 74 F BMP2 % %) FEE S A e
. RANKL/RANK iEAR %
RANKL/RANK/OPG 13 % i % RANKL/RANK/OPG
OPG i A8 %
Wnt/B—catenin 43 5 il ¥4 SEAR X Wnt3a
MAPK 1z 5 i@ 3% JEAE & MAPK
Notch 1z 5 i@ % EAR X Notch
IREAZ 5 8 7 SEAE R mTORC1/Hifla
6 BiESRE 7 N B A0 A e B SRR A2 B L/ L

/INJLAIM 5 B0 PR BRATUR e R UL R I A2 E . A

iR SR A A A B4 MERELAE T A 2 )8 A (8 2 U R

« 88 -



2024,51(2) WA,

CHIBA R AR A 27N LS B A AT e = e

http://www.jinn.org.cn

K45 ) AT e 5 B TP A K B /N LS S BRI o
0~3 % /N L A A TG, 1 57 DA PR RS 31 A K SR DR A s
WK -3 AR IR RS 22,3 4 e UL b L3 B Y
BIHEAR CAEIT AR 90% 22471 . H L Bl bt Y Bl
INTF 3 em AT LA A AL, KT 3 em —BANRE AL, 75 2EFT
PR B AN T AR DR /N LA A K A (0~3
) RKTF 3 em B ERBHE RN PR L XEST, 7522 2 RA
MBS . BHAf/NIL(0~3 2) fiiii Az 4 K & P bt 15
SHLE, X5 06 KA R L, HArE 4 uEss, BMP2
/N LFGUE A B R O R R, LI
R A SR i R X PR R 18 2 A DG A s A S
B RRE RN B, A 259 55N
AT V35T 2 T K 0 24 L & 2 ) G 1T BMIP2
FERUE I R R A SRR o A BMP2 76 fiil S g 15
ki b sOR REAE /N LR SR A 1T 18 R TR
7 N SEAE A, )2x 5 B0 Bl s e L LS IE R AR
o PR SRIG PRIG ST A, FRATTAT LAE A 41 20 TR 451
W REBRTR A1 52 BMP2 [X 7, B 1 n] 5 IR 18 i
BB RFIRI T 5 TR, bR B bt A SR 1B R R
B P BMP2 4306 S 2 5 350000 1 R 2 o AT S B T A
HER /N LFU BN, R /N L St A SR 18 21597 1
BB R T 48

s £ x W

[1] DURHAM EL, HOWIE RN, HOUCK R, et al. Involvement of
calvarial stem cells in healing: a regional analysis of large
cranial defects|J]. Wound Repair Regen, 2018, 26(5): 359-365.

[2] HALLORAN D, DURBANO HW, NOHE A. Bone
morphogenetic protein-2 in development and bone homeostasis
[J1. J Dev Biol, 2020, 8(3): 19.

[3]  ZERL XK —, XNTE. SRS REEN 27 FIR T RIEKG
7 E BAR AT )], P [ L A ROB SRR K, 2016, 27
(10): 632-634.

(4] MIYAZONO K, MAEDA S, IMAMURA T. BMP receptor
signaling: transcriptional targets, regulation of signals, and
signaling cross-talk[J]. Cytokine Growth Factor Rev, 2005, 16
(3): 251-263.

[5]  WAN DC, KWAN MD, GUPTA DM, et al. Global age-
dependent differences in gene expression in response to
calvarial injury[J]. J Craniofac Surg, 2008, 19(5): 1292-1301.

(6]  IHER, TRB 5. SR U B B A LIS G B A 0F 5 ik Jre
[J]. LT R 5 AL, 2021, 17(3): 266-268.

[7] WAN DC, AALAMI 00, WANG Z, et al. Differential gene
expression between juvenile and adult dura mater: a window into
what genes play a role in the regeneration of membranous bone
[J]. Plast Reconstr Surg, 2006, 118(4): 851-861.

[8] PAJARINEN J, LIN T, GIBON E, et al. Mesenchymal stem cell-
macrophage crosstalk and bone healing[J]. Biomaterials, 2019,

196: 80-89.

« 89 -

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

VAN BELLINGHEN X, IDOUX-GILLET Y, PUGLIANO M, et
al. Temporomandibular joint regenerative medicine[J]. Int J Mol
Sci, 2018, 19(2): 446.

AGHALL A. Craniofacial bone tissue engineering: current
approaches and potential therapy[J]. Cells, 2021, 10(11): 2993.
GUASTO A, CORMIER-DAIRE V. Signaling pathways in bone
development and their related skeletal dysplasia[J]. Int J Mol
Sci, 2021, 22(9): 4321.

KOMORI T. Runx2, an inducer of osteoblast and chondrocyte
differentiation[J]. Histochem Cell Biol, 2018, 149(4): 313-323.
HUANG CC, KANG MY, LU Y, et al. Functionally engineered
extracellular vesicles improve bone regeneration[J]. Acta
Biomater, 2020, 109: 182-194.

BROOKER JE, CAMISON LB, BYKOWSKI MR, et al
Reconstruction of a calvarial wound complicated by infection:
comparing the effects of biopatterned bone morphogenetic
protein 2 and vascular endothelial growth factor[J]. J Craniofac
Surg, 2019, 30(1): 260-264.

ZHA Y, LI YW, LIN TY, et al. Progenitor cell-derived exosomes
endowed with VEGF plasmids enhance osteogenic induction and
vascular remodeling in large segmental bone defects|J].
Theranostics, 2021, 11(1): 397-409.

GENG YN, DUAN HC, XU L, et al. BMP-2 and VEGF-A
modRNAs in collagen scaffold synergistically drive bone repair
through osteogenic and angiogenic pathways[J]. Commun Biol,
2021, 4(1): 82.

CUNHA EVDA, MELO LRF, SOUSA GB, et al. Effect of bone
morphogenetic proteins 2 and 4 on survival and development of
bovine secondary follicles cultured in wvitro[J]. Theriogenology,
2018, 110: 44-51.

AL-SHABRAWEY M, HUSSEIN K, WANG F, et al. Bone
morphogenetic protein-2 induces non-canonical inflammatory
and oxidative pathways in human retinal endothelial cells|[J].
Front Immunol, 2020, 11: 568795.

AR DNA AR & I HAH 6 52401 (3)—— MU e 3 4 i
PR WEHLIRIL. 29278 4], 2016, 51(2): 13-16.

ZHU J, WANG FF, YAN L, et al. Negative pressure wound
therapy enhances bone regeneration compared with conventional
therapy in a rabbit radius gap-healing model[J]. Exp Ther Med,
2021, 21(5): 474.

SHI C, ZHANG HH, LOUIE K, et al. BMP signaling mediated
by BMPRIA in osteoclasts negatively regulates osteoblast
mineralization through suppression of Cx43[J]. J Cell Biochem,
2017, 118(3): 605-614.

BISWAS S, LI P, WU HG, et al. BMPRIA is required for
osteogenic differentiation and RANKL expression in adult bone
marrow mesenchymal stromal cells[J]. Sci Rep, 2018, 8(1): 8475.
XHE, AR ARSI . 200 A 5 A0 2 JA S s P P .
BEAEAR ., 2021, 34(21): 36-38.

MENGER MM, MERSCHER B, SCHEUER C, et al. Amlodipine

accelerates bone healing in a stable closed femoral fracture



2024,51(2)

A

CHIBE R AR A 27N LS B A AT R T e

http://www.jinn.org.cn

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

model in mice[J]. Eur Cell Mater, 2021, 41: 592-602.
BALLHAUSE TM, JIANG S, BARANOWSKY A, et al.
Relevance of notch signaling for bone metabolism and
regeneration[J]. Int J] Mol Sci, 2021, 22(3): 1325.

MAJIDINIA M, SADEGHPOUR A, YOUSEFI B. The roles of
signaling pathways in bone repair and regeneration[J]. J Cell
Physiol, 2018, 233(4): 2937-2948.

STEINHART Z, ANGERS S. Wnt signaling in development and
tissue homeostasis|J]. Development, 2018, 145(11): dev146589.
ARMENTEROS T, ANDREU Z, HORTIGUELA R, et al. BMP
and WNT signalling cooperate through LEF1 in the neuronal
specification of adult hippocampal neural stem and progenitor
cells[J]. Sci Rep, 2018, 8(1): 9241.

FREFE, Hout, E 5. Wt 5558 55 5 BB IRY T 1 AR
FKBFFEHE LT, I PR 25 4R, 2018, 15(11): 29-32.

CYPRUS GN, OVERLIN JW, VEGA RA, et al. Spatial
regulation of

craniosynostosis[J]. ] Neurosurg Pediatr, 2018, 22(6): 620-626.
TSANG EJ, WU B, ZUK P. MAPK signaling has stage-

gene expression i]’l nonsyndromi(‘, Sagittal

dependent osteogenic effects on human adipose-derived stem
cells in vitro[J]. Connect Tissue Res, 2018, 59(2): 129-146.
EISETE-SEE R 3PS Nl 11 W e CR T DA Ny e e 7
B SEBRWEFE[D]. B LL: AEALBE T R, 2017.

YANG HP, GUO Y, WANG DW, et al. Effect of TAK1 on
osteogenic  differentiation of mesenchymal by
regulating BMP-2 via Wnt/B -catenin and MAPK pathway[J].
Organogenesis, 2018, 14(1): 36-45.

KIM B, LEE JH, JIN W], et al. Trapidil induces osteogenesis by

stem cells

upregulating the signaling of bone morphogenetic proteins[J].

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

- 90 -

Cell Signal, 2018, 49: 68-78.
GAO JJ, WU P, CHI Y], et al. LY450139 inhibited Ti-particle-
induced bone dissolution via suppressing notch and NF- kB
signaling pathways[J]. Calcif Tissue Int, 2022, 111(2): 211-223.
PAKVASA M, HARAVU P, BOACHIE-MENSAH M, et al.
Notch signaling: its essential roles in bone and craniofacial
development[J]. Genes Dis, 2021, 8(1): 8-24.
TRER, ZEMR, MRTH, 45 . Noteh {55380 DB b B ISR &
Az S AR TR 5 2 JE D). r [ A PR A 4% A, 2021, 29(10):
790-794.
WAGLEY Y, CHESI A, ACEVEDO PK, et al. Canonical notch
signaling is required for bone morphogenetic protein-mediated
human osteoblast differentiation[J]. Stem Cells, 2020, 38(10):
1332-1347.
JeFEUE. BMP-0 IGF-1 AR 0 F 0457 AL 8L
FIAD]. 3 3L 3 SRR RAE, 2020.
ZHANG C, LIU YW, CHEN M, et al. CoCl2 -simulated hypoxia
potentiates the osteogenic differentiation of fibroblasts derived
from tympanosclerosis by upregulating the expression of BMP-2
[J]. Cell Biol Int, 2022, 46(9): 1423-1432.
LEE SY, ABEL ED, LONG FX. Glucose metabolism induced by
bmp signaling is essential for murine skeletal development|J].
Nat Commun, 2018, 9(1): 4831.
HOU HD, LIU M, GONG KR, et al. Growth of the skull in young
children in Baotou, China[J]. Childs Nerv Syst, 2014, 30(9):
1511-1515.
S JRUA . /N LS At B b 30 1) I IR 43 A (D). 35 AR R
2, 2011, 32(4): 704-705.

ST TR



