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[ Abstract] Objective To analyze the effects of bone marrow mesenchyml stem cells (BMSCs) on bone alkaline
phosphatase (BALP)/C-terminal telopeptide of type- I collagen (CTX-1) expression and mechanical dynamics in rats
with osteoporotic (OP) vertebral fracture. Methods A total of 60 female Sprague-Dawley rats were evenly divided into
three groups, a control group that received sham operation (sham group), a group consisting of rats with OP vertebral
fracture (OP group), and the last group consisting of OP vertebral fracture rats given BMSCs treatment (BMSCs group).
Comparison of the three groups of animals was made in terms of bone dynamic change, bone quantitative broadband
ultrasound attenuation (BUA) measurement, and bone mineral density (BMD). HE staining was done to examine the
bone histological morphological parameters of the vertebral body. Serum CTX-1 and BALP levels were determined by
ELISA. Results Mechanical comparison showed that there were significant differences in mechanical changes of L,
vertebra body and right femur among the three experimental groups (P<0.05). The elastic modulus and maximum load of
the OP group significantly decreased compared with those of the sham group (P<0.05). After the intervention, the
maximum load and elastic modulus of the BMSCs group were significantly higher than those of the OP group (P<0.05).
Compared with the sham group, BUA and BMD values in the OP group were significantly downregulated (P<0.05). After
intervention, BUA and BMD of the BMSCs group were significantly higher than those of the OP group and were
comparable to those of the sham group (P<0.05). Compared with the sham group, the number of trabeculae in the OP
group was significantly fewer, and the distribution of trabeculae was disorderly and lacked regularity. Compared with the
OP group, there were more trabeculae in the BMSCs group, and their distribution was more regular. Compared with

sham group, bone histological morphological parameters of the vertebral body of rats in the OP group were significantly
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changed--mean trabecular plate thickness (MTPT) and trabecular bone volume (TBV) parameters were significantly

decreased, while mineral apposition rate (MAR) and trabecula bone surface (TRS) parameters were significantly

upregulated (all P<0.05). After the experimental intervention, bone histological morphological parameters of the vertebral

body in the BMSCs group showed significant improvement compared with those of the OP group (P<0.05). Compared

with the sham group, serum BALP content in the OP group was greatly decreased, while the CTX-1 level was upregulated

(P<0.05). After the intervention, the BMSCs group had higher serum BALP content than that of the OP group and

substantially lower CTX-1 content than that of the OP group (P<0.05). Conclusion BMSCs can improve the mechanical

changes in rats with OP vertebral fracture, and can increase the maximum load and elastic modulus of bone tissue. In

addition, BMSCs can upregulate the expression of BALP in serum and downregulate the expression of CTX-1, thus

helping rats with OP vertebral fracture heal early.
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1T BRI (COL- 1) By f =4, nT AR B CIR A,
TR & 40 i (osteoclast, OC) I REIE 58 T, CTX-1 L, 5
OPHY™ B AR M. B4, i AR FIBALPE CTX-17E
OPK B H AR LI AL, ASBIF5E 4 73 T BMSCs 3
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(trabecular bone volume percentage, TBV%): ‘- i A FH
D E 5 B /DN R A BR (A 515 100% 40 3fe; B/ NRE
Ifil © 47 Lt (percentage of ttrabecula bone surface, TRS%):
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fEBIELIS AR & X A AL sh Wi N CTX-15
BALPIWZFGARIFINE . SLHmE i & 5 &kt A s 2
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g BRI A%, B 1 M R AR S8 . (AR
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i 3o A A AR A 41 e T bR ), R BLCD105,
CD44, CD106FICD29FHM: %35 =90%, CD34HMEH <
5%, F5 A BMSCs % iE AR
22 BSHRRBBEYHFTHILE

32 SIS B W LA 5 A B T 2 AR A% Lk B
TEAE B3 X5 (P<0.05) ; 5 sham A b, OPLH e K2k A
PR AR I S AR AEE (P<0.05) 5 2053 T 11, 5 OPZHAA L,
BMSCsALiX P IHE R 55 (P<0.05) . MR 1F/R
2.3 HAKXRBMDFIBUAF B LLEL

i sham4l, OPHHKBUAEBMD F [%(P<
0.05); BMSCs4 5 OPAI M L., 3X 2348 b5 Tt 55 (P<0.05), 5
shamZ LA, 2548 R AH 24 (P>0.05), WNE1IT7R .

24 FHHEXRALFENZEER

SHSEE AT, Sham ] K BUMEMARH A ZUh = A T K i
SN, /NG R 2 | ML, R A AL 3L
B, oA 7 AHAF T JE 0 ) 75 1] 5 OPZH K B S /m it
B9 5 /NS A3 A/ NEAR A , / INGERLA o A R
I, IR T 510, A B A 2 R, A ST F2 0 T
[FJOPA LU 55, BMSCsA B 2 210 48 WA e, B /Nt
Bt K m, BB, 70 A H—E B, E2R .
2.5 BSHRRBHEEBHEARSSHILE

HH#sham 4, OPAH W HEIA B H LU FIL S8R WK
e, MTPT 5TBV & Kl T F, MARSTRS % K 14
(P<0.05); Ze3d T30, FEMEMCE AU SRR 1, HOPAL

R 1 ERRRBENNFESEIILL

Table 1 Comparison of biomechanical parameters of three groups in different regions

Right femur Lscentrum
Group n
Elasticity modulus/GPa Maximum load/N Elasticity modulus/GPa Maximum load/N
Sham 20 6.76+1.63 169.45+10.33 367.32+56.41 371.15+11.24
oP 20 4.67+1.32" 101.36+21.24 214.58+82.44 2346142257
BMSCs 20 5.61+1.58"" 142.61+15.56"° 298.25+71.32"° 301.65+17.76""
F 13.07 88.33 23.36 297.3
P <0.001 <0.001 <0.001 <0.001
* P<0.05, vs. sham group; # P<0.05, vs. OP group.
25¢ 60
2.0
o 40
E 15 s
) )
E i)
1.0 =
S S 20
= =
0.5
0 0

Sham group OP group ~ BMSCs group

Sham group OP group ~ BMSCs group

Bl 1 FAKXRBMDFBUALLE (n=20)
Fig 1 Comparison of BMD and BUA of the rats in the three groups (n=20)

* P<0.05, vs. the sham group; # P<0.05, vs. the OP group.

Sham group

OP group

BMSCs group

B2 REWERN, SEAXRLECHEESARARFNRZ HERE

Fig 2 Histological observation results of the L; centrum of the rats in the three groups at the conclusion of the experiment. HE staining
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AHEE, BMSCsALE N H KRR B4 (P<0.05), W27 o
2.6 ZAKXRIMEFRBALPFICTX-1FIELLER
K130 I, AH%sham 4, OPA B4 I 75 P BALP &

ERIFER D, CTX- 15 & B E W £ (P<0.05); £ 7, 78
MEBALP & |, BMSCs4H 5 T-OP4H, fEMIECTX-1%
iw [, BMSCsZHAIK T OPZH (P<0.05) .
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Table2 Comparison of measurement results of bone histological morphological indexes of vertebral bodies of rats in the three groups

Group n TBV% TRS% MTPT/um MAR/(um/d)
Sham 20 20.02+2.21 3.03+1.34 200.23+10.16 0.81+0.05
oP 20 14.2243.34 8.26+2.15 145.57+21.44° 1.35+0.22"
BMSCs 20 19.58+2.97"% 3.16+1.77"° 189.56+17.75"" 0.77+0.11"*
F 26.98 60.03 57.45 37.25
P <0.001 <0.001 <0.001 <0.001
* P<0.05, vs. the sham group; # P<0.05, vs. the OP group.
200 1000

= 800}

T150} =
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3 ¢ 400 -
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= 50} =

S 200
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Sham group

OP group  BMSCs group

Sham group

OP group  BMSCs group

3 FEAKRMFBHFBALPHICTX-1HFRIX (n=20)
Fig 3 Expression of BALP and CTX-1 in the serum of rats in each group (n=20)

* P<0.05, vs. the sham group; # P<0.05, vs. the OP group.

3 ThHe

OP i % S B A R SR e, HAE B RHE T R4
R I — AP E RS, Th B AR R R R
IR BB, 7EBACIIR Y, B R B W e g (R 6 ) R )
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B W ISCHE R T B DRGSO R R, A2 B8 T R
W 2t BUE AT, WG R ILPEIR . S, S 5 I R R
IR, X 2 W AR 11 LE AR 0 1 SO R R, X OP A
P D S T B 25 RSP, R RRAS SRS AR
HOY 7R, AR I8 T H 0] e BT L AL SR 2 RS AR
SH, RS, Pk, R T EOPHEMEARE T, Al
it I R AR DS , (7 R QOLER A A OGS B 45 21
R, MOPE AR, v 55 BMSCs A8 5l 5 hi B /AL TG
£, I OB Y B T 1 T B 4% IE % iU BMSCsiE A
OP B Y JRy RIS, HBLOP Ak (B 45 F4 1T WL A Rk %, g
i ML FBMSCsTE £ [n] 5L e . 3 B TE PRI, ik

Y A Ay ik 5 S e R 1 A BB S T AR R R A
—BEREY BRI 5 X O PAFEAA B T K B S iliBM S Cs b
B, A HS e AR R 22RO, I A 0 I P CTX-1
5BALPFRRIRAL,

AR SCHY A OPHME A B 47 K BB A, 28 1 JEL AR S
i FRBMSCs, %€ 45 R /R AL Z BMSCs, I
5 RY, OPZH KBy 78AL B i, o e K Ar 48 5 ik
B T R, [FIRTHEY: 6 R WA sh B/ N R T
R, [ i, 7 BMSCsAh BRZS o, BMSCsZ s 18 41
S K Aar 55 B A O B RS A, TR s N R
PR, LI SR A5 S IUESE T AT AT LA, BMSCs
AT SR RO . I R UK 2238 5 BMD X O PR JiE Ji
TS W5 0, FE R S AL 25 MR ST RCR 1Y i e
B, IR S R I, OPA HBUA SBMD % I i
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i i, AT AT RS E SRR MAR S TRS & F
WAL ) SRR AR . LI 98 & B, FEMTPT 5 TBV Jr
I, 5OPZAALL, Ji24H % S0l = R M, 7ETRS S MARJY
I, SOPZHAA L, J)24H B AR EE, 7] UL, BMSCsH L
FH AT B WK B T R4S B 21 1E , ff OPPEMEAH
LR TR, H/NEEIHR, KIgTH-EIra s
Jidt, ZWF5, HBEERR, RJFOPRRIMMTIPTY
TBVE T, MARS TRSWI K EHEF, RN T K B OPHE
HEVREAT 1 BT A, BMP-78 & 474 8 A BB AR A

BALP43ih H OB, WA %K i TEHLBE B R, H) 55 H T
AR AR AR IOV, B N T, 1 7E BALPF &
WAL, @5 HBLOP; TEARBL B R A= b Fabrh, e -tk
S HURE R B N CTX-1, BF5E & B, OP 3 I3
CTX- UK PHE 5 & W i s, [F]AR CTX- 17K P
OPif e (a8, LIS & 2R, OPZH K R i3 P
BALP/K -5 shamH A ELARAIK, CTX-17K 5 shamZH A e
s, 283 BMSCs 110, K BUMIE NBALP/KF-A fr i,
CTX-1KFA i, a] WBMSCs HL 4541 5 B s K |
FEAR B WA R T3k, 2 BIFSE, BRPH ) 25 2508k B,
F 2K OP, EPCsHAR A HL B Y74, HAE L
MCTX- 15858 MG

25 I itk BMSCsAEMS il OPYEMER B 47 K B 71272
ASAR R R, (AR B SR KT 28 5 A i A =, [T
BMSCsHJ [ i8I {# BALPZR A, NIHCTX-1363k, fiHtHs
BIOPHEMER AT KRR H @G o

FlgEMR  FrffEE R AR 55 2
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