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Effect of parathyroid hormone combined with BMSCs transplantation on femur

bone density in osteoporotic rats
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[ Abstract] Objective To explore the effects of bone marrow mesenchymal stem cells ( BMSCs) transplantation or parathyroid
hormone (PTH) alone or combined together on related indices of bone density in osteoporotic rats. Methods Fifty female SD rats
were divided into groups A, B, C, D and E, 10 animals in each group. Bilateral ovaries were removed in the rats from groups B, C,
D and E, while for those from group A, adipose tissue around the ovaries was only removed. In 12 weeks after operation, 3 rats were
selected from each group, and then the estrogen level and bone density related indices such as trabecular number (Th. N) , trabecular
thickness (Th. Th) , trabecular separation (Th. Sp) and bone volume to tissue volume (BV/TV) were measured. SD healthy male rats
were sacrificed to isolate and culture BMSCs, and the obtained cells were further identified with single labeling flow cytometry. At 12
weeks after operation, except those from groups A and B getting no intervention, subcutaneous injection of 60 pg/kg rat PTH 1-34 on
the back (once every other day, for 12 consecutive weeks) was given to group C and the injection of 5x10°/ml BMSCs on the
bilateral femoral neck were given to the group D, and group E were given the same intervention as group C on the basis of group D. The

rest 7 rats in five groups were sacrificed in 12 weeks after intervention. Th. N, Th. Th, Th. Sp and BV/TV of femoral neck were measured
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by micro-CT scanning. SPSS statistics 20. 0 was used for statistical analysis. One-way ANOVA was employed for comparisonamong
groups, and LSD test was applied for those with statistical significance. Results Compared with group A, the estrogen level, Th. N,
Tb. Th and BV/TV in groups B, C, D and E were decreased significantly, and Th. Sp was increased significantly ( P<0.05), but
there was no significant differences among groups B, C, D and E (P>0.05), and the rats in group B, C, D and E were identified as
osteoporotic rats. Single-labeling flow cytometry showed that CD29 (99.86% ) and CD90 (99.73% ) were expressed in the third pas-
saged (P3) BMSCs, while CD34 (6.48% ) and CD45 (0.94% ) were rarely expressed, which proved that BMSCs were successfully
cultured. After 12 weeks of intervention, micro-CT scanning showed that PTH or BMSCs alone, or combination improved bone micro-
structure, but they did not reach the level of group A. Compared with group B, Th. N, Tb. Th and BV/TV in groups C, D and E were
increased significantly, while Th. Sp was decreased significantly ( P<0.05). Compared with groups C or D, Th. N, Th. Th and BV/TV

in group E were increased significantly and Th. Sp was decreased significantly ( P<0.05). Conclusion The effect of BMSCs com-

bined with PTH in the treatment of local osteoporosis is better than that of single use.
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Table 1  Micro-CT examination data of femoral neck of each group at 12 weeks after surgery (n=3, xts)

[tem Group A Group B Group C Group D Group E
Th. N(1/mm) 1.761£0. 031 0.943+0.036 " 0.952+0.029 " 0.937+0.044 " 0.983+0.027 "
Tb. Th(mm) 0.165+0. 020 0.090+0.017 " 0.089+0.013" 0.093+0.016 " 0.088+0.019 "
Th. Sp(mm) 0.985+0. 035 2.971+0.043 " 2.945+0.040 " 2.897+0.053 " 2.953+0.037 "
BV/TV(%) 0. 199+0. 023 0.122+0.017 " 0.131+0.019" 0.119+0.016 " 0.120+0.014 "

A; sham operation group; B: osteoporosis group; C: PTH intervention group; D: BMSCs intervention group: E: PTH-BMSCs intervention group. Th. N:

trabecular number; Th. Th: trabecular thickness; Th. Sp: trabecular separation; BV/TV: bone volume to tissue volume. Compared with group

A, *P<0.05.
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R BMSCs K2 B RBEUE
Primary BMSCs under optical microscope

1
Figure 1

BMSCs: bone marrow mesenchymal stem cells. A: magnification X100; B: magnification x400.

g 4 g -
2 3 g 3
23 4 2 37
3 B ] ]
3 . | 3 1
g4 I 1 S g4
g 3 g 3
= :‘ = : LI )
10° 10! 10? 10° 10t 10° 10! 10? 10° 10t
CD29 FITC CD90 PE
2 2
o o
[s%] [s%]
z N “ N
= | =
S et g o
¢ F | M1 S F
=] =] | |
| M1 |
o D
10° 10! 10? 10° 10t 10° 10! 10? 10° 10t
CD34 FITC CD45 PE-Cy7
B2 KR BMSCsiiAEBEARLEE

Figure 2 Flow cytometry identification of BMSCs
BMSCs: bone marrow mesenchymal stem cells; FITC: fluorescein isothiocyante; PE: P-phycoerythrin; PE-Cy7: P-phycoerythrin-Cyanine 7;
M1 antibody-binding cells.

F2 Fi12 AESEXRBRREI Micro-CT il
Table 2 Micro-CT examination data of femoral neck in each group after intervention for 12 weeks (n=7, xxs)
Ttem Group A Group B Group C Group D Group E
Th. N(1/mm) 1. 671x0. 033 0.93120. 049 * 1.2400. 027 ** 1. 114+0. 048 ** 1.3410. 065 “#44
Th. Th(mm) 0.162+0. 022 0.084+0.017 " 0.122+0. 009 ** 0.100+0. 011 ** 0.134£0.010**44
Tb. Sp(mm) 0.957+0. 038 2.987+0.052 " 1. 946+0. 050 “* 2.335+0.083 %% 1. 604£0. 014 “#44
BV/TV(%) 0. 198+0. 040 0. 118+0. 026 * 0.158+0. 029 “* 0. 140+0. 017 ** 0.171£0.011 **44

A sham operation group; B:

osteoporosis group; C: PTH intervention group; D: BMSCs intervention group: E: PTH-BMSCs intervention group. Com-

pared with group A, * P<0.05; compared with group B, *P<0.05; compared with group C, ©P<0.05; compared with group D, * P<0. 05.
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Figure 3  Three-dimensional reconstruction of the femoral neck of each group

A; sham operation group; B: osteoporosis group; C: PTH intervention group; D: BMSCs intervention group: E: PTH-BMSCs intervention group.

Tt FARLL, BB ST BT A 2 sl 2 — 1)
TEIE R MM E RS, F2E PR, RIS U5
T 00024 L ) T i 240 B R T BMSCs Y [ 52
FRAnM " BMSCs HA A TR EH Y £ 4L RE,
SR E AN 5 5 244 T, BMSCs 1T 4304k 1
H AN SIS AR AR A S, R S e R AR
N E AR R R A R E
KEBMMER " A RMS ) BAE AR P
BMSCs (34518 5 534k BE 1 A A R R B R B, 33
HY U FE WS, B R R R R A
SERIIIBEIR 3% 5 B BB A A B R A A, 2t
G258 AR S B 25 B A o e B, A SR R T
2L 1 T TR R R e 2 s AR Y AR
SR e S TR O T R NSl = D Al =
BMSCs 141 & BMSCs ¥4 PTH T4l Th. N,
Tb. Th J BV/TV W E M, Th. Sp W3 T %, 2 =
HGit#m L (P<0.05), 1% 5 ChkiiE — 28",
{EGnART (s 3 A ) BMSCs B 22 4[] J8i 7 1T 34 5 | 43
ARG 25 T AEFSE PR AR 7 T8 1) A s S X a5
Hn, —Fh AT &R PTH B85 32 F & 0 25 i
EHRAEE AT 2 AR IR Al 2 4F
PTH XA 50U EE 1895 25007, BRIV /IN 3R] [ D2
F PTH BEAE 1E -5 86 1 40 A ) o1 200 16 1) 184 5,
AR AR R Sl P 2 A% F -« B Z RS
R FRCAR AR IR | AR DRI R R IA (e dF
S0 60 190 A S 34 e L 1, R IR, ASHIF ST
PR RPN R b 14 2 )5 B TR 0 &
W e i /N0 ] BB 1 PTH (25 903A97) 5 R
5 BMSCs (ZHe3RY7 ) T, il 1T Micro-CT ‘HIEAS
O PTH 5 BMSCs S 535625 FH X1 I i A%
B3R . SE80 25 1 Bon, Bl ) PTH 5%
BMSCs #7] LL42 %5 Th. N, Th. Th & BV/TV, [&1IK
Th. Sp Z5MI B MEFE bR, H & B4 (8 FH A8 3 )
BB As K U 5K s B IOWL S5 4 45 TR
ROR TG AH L EARBLE A A0 A, b S

RS FRAT A T K AR AL R R A B 3R
BMSCs £ Jmiif i ) , 7 B Bl il A B% S 3k ot v 4%
R F R4 A 31 9 100 Bl 5 w44k, X
— ik RO A A A AR R R RS,
PTH M2 —FhfEAE 2 BMSCs [0 8B 77 16 /- AL il &
R, AT S aE A R AR A, WS
cAMP/Ca™ /EE F1U% I C/BEBREG C 555 5 i, 3
5if T 76 Mg I A6 B B A S L PRI 1 e 38, 0980 400 i
3 M, DO 2 P A 2 3 B e Je 48 i, 384 s
BT B, ARG B o R I R Rk
AT RS

ZE I, PTH B4 BMSCs X5 BT K B 7 Ay
T HURCR s ] B RO L AR SR T A
FET X AIRAIRIT B VR AR TG R X B BB A
BELAERAAWIRIT R, HC Bn g s
IBIT I EANTT LR DL 3, Bl DE S AR A
{FIZIRBIRIT I R 2 R I IR ok 2 1) 15 BT
B FERANATF 8, HBAFEAN R AL, i
A BMSCs B JoReE & A5 D002 i 461 2k | ik =
AESE (A A A G0 B 40 B A S 1 305 1A 85 55
TAAEA G FITFFE TP Ak SRkt | IF 2o ME iR 1%
B LA S AT E

[ &% 30k]

[1] Gutowski JL. Compression fracture in postpartum osteoporosis[ J].
J Bone Metab, 2014, 21(2) . 161. DOI. DOI. 10. 11005/ jbm.
2014.21.2. 161.

[2] RN, AB5E. HWARSER PPE RIS IER )], R EZ B
WA, 2017, 15(16); 156-163. DOI; 10. 3969/j. issn.
1672-2779. 2017. 16. 066.

Xu Jie, Zou Y. Research progress of traditional Chinese medicine
and western medicine on depression[ J]. Chin Med Mod Distance
Educ China, 2017, 15(16): 156-163. DOI. 10. 3969/]. issn.
1672-2779. 2017. 16. 066.

[3] Jang MG, Ji YL, Yang JY, et al. Intermittent PTH treatment can
delay the transformation of mature osteoblasts into lining cells on

the periosteal surfaces[ J]. J Bone Miner Metab, 2016, 34(5) .



- 50 -

BT ZINERORASE 20194F 1 A28 H 45184 45 13 Chin J Mult Organ Dis Elderly, Vol.18, No.1, Jan 28, 2019

[4]

(6]

(7]

[10]

[11]

532-539. DOI: 10. 1007/s00774-015-0707-x.

Hall MP. Biotransformation and in vivo stability of protein biother-
apeutics: impact on candidate selection and pharmacokinetic profil-
ing[ J]. Drug Metab Dispos, 2014, 42(11) . 1873-1877. DOI.
10. 1124/dmd. 114. 058347.

Vrahnas C, Buenzli PR, Pearson TA, et al. Differing effects of
parathyroid hormone, alendronate, and odanacatib on bone forma-
tion and on the mineralization process in intracortical and endocor-
tical bone of ovariectomized rabbits[ J]. Calcif Tissue Int, 2018,
103(6) : 625-637. DOI: 10. 1007/500223-018-0455-8.
Tabatabaeimalazy O, Salari P, Khashayar P, et al. New horizons
in treatment of osteoporosis[ J]. Daru, 2017, 25(1): 2. DOI.
10. 1186/540199-017-0167-z.

Phetfong J, Sanvoranart T, Nartprayut K, et al. Osteoporosis: the
current status of mesenchymal stem cell-based therapy[J]. Cell
Mol Biol Lett, 2016, 21 12-17. DOI. 10. 1186/s11658-016-
0013-1.

Bonnet N, Conway SJ, Ferrari SL. Regulation of beta catenin
signaling and parathyroid hormone anabolic effects in bone by the
matricellular protein periostin[ J]. Proc Natl Acad Sci USA, 2012,
109(37) : 15048-15053. DOI: 10. 1073/pnas. 1203085109.
SR, BN, PR, & B RGP E R ATy
BT ()] P EAT B A AR A, 2015(9) : 1149
1154. DOI; 10. 3969/j. issn. 1006-7108. 2015. 09. 027.

Guo YB, Ma RF, Niu JZ, et al. The research progress in animal
osteoporotic models and the evaluating methods [ J ]. Chin ]
Osteoporosis, 2015 (9) . 1149 -1154. DOI. 10. 3969/j. issn.
1006-7108. 2015. 09. 027.

Kalu DN. The ovariectomized rat model of postmenopausal bone
loss[ J]. Bone Miner, 1991, 15(3): 175-191.

Zhang LX, Balani YM, Trinh S, et al. Differential effects on bone
and mesenchymal stem cells caused by intermittent and continuous

PTH administration [ J ]. Natl Med J China, 2018, 98 (10):

[12]

[13]

[14]

[15]

[16]

[17]

[18]

781-787. DOI: 10.3760/cma. j. issn. 0376-2491. 2018. 10. 014.
Vial IN, Peter Rubin J. Commentary on: isolation and differentia-
tion potential of human mesenchymal stem cells from adipose tissue
harvested by water jet-assisted liposuction [ J]. Aesthet Surg J,
2015, 35(8) : 1040-1041. DOI: 10. 1093/ asj/sjv176.
Moerman EJ, Teng K, Lipschitz, DA, et al. Aging activates
adipogenic and suppresses osteogenic programs in mesenchymal
marrow stroma/stem cells: the role of PPAR-y2 transcription
factor and TGF-B/BMP signaling pathways [ J]. Aging Cell,
2004, 3(6): 379-389. DOI: 10. 1111/j. 1474-9728. 2004.
00127. x.

Wright EG, Lorimore SA, Lord BI. Effect of haemopoietic stem-
cell proliferation regulators on early and late spleen colony-forming
cells[ J]. Cell Tissue Kinet, 1985, 18(2): 193-199.

Ocarino Nde M, Boeloni JN, Jorgetti V, et al. Intra-bone marrow
injection of mesenchymal stem cells improves the femur bone mass
of osteoporotic female rats[ J]. Connect Tissue Res, 2010, 51(6) :
426-433. DOI: 10.3109/03008201003597049.

Sang WK, Pajevic PD, Selig M, et al. Intermittent parathyroid
hormone administration converts quiescent lining cells to active
osteoblasts[ J]. J Bone Miner Res, 2012, 27(10) : 2075-2084.
DOI: 10. 1002/jbmr. 1665.

Kushida T, Inaba M, Hisha H, et al. Intra-bone marrow injection
of allogeneic bone marrow cells: a powerful new strategy for treat-
ment of intractable autoimmune diseases in MRL/lpr mice [ J].
Blood, 2001, 97(10) : 3292-3299. DOI: 10. 1182/blood. V97.
10. 3292.

Lotinun S, Sibonga JD, Turner RT. Evidence that the cells
responsible for marrow fibrosis in a rat model for hyperparathy-
roidism are preosteoblasts [ J ]. Endocrinology, 2005, 146 (9):
4074-4081. DOI: 10. 1210/en. 2005-0480.



