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Effects of POOPLAD on Ultra High Molecular Weight Polyethylene
(UHMWPE )-induced Osteolysis and OVX-induced Osteoporosis in Mice*
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ABSTRACT Objective: To establish UHMWPE particle-induced calvarial osteolysis murine model and ovariectomized mouse model,
and observe the effects of POOPLAD on osteoclastogenesis, differentiation of osteoclast and bone resorption, as well as the bone protec-
tion property. Methods: 8-week C57BL/6 male mice were utilized to establish the model. A 0.5 cmX 0.5 cm area of calvarial bone was
exposed by making a midline sagittal incision over the calvaria, leaving the periosteum intact. Distribute 20 g UHMWPE particles the
diameter of which ranged from 0.1 to 10 wm over the the intact periosteum to establish the UHMWPE particle-induced calvarial osteolysis
murine model. Mice were provided PBS or p60PLAD solution after surgery locally. After 2 weeks, all mice were sacrificed and skulls
were separated to undergo Micro-CT to observe the changes in osteolysis area. Ovariectomy was performed on 10-week-old female
C57BL/6 mice to establish the ovariectomized mouse model. All mice were intraperitoneally injected with PBS or POOPLAD solution for
12 weeks. After 12 weeks, all mice were sacrificed and femora were separated and fixed in 4% paraformaldehyde for Micro-CT. Results:
There was significant difference in the bone resorption pits between POOPLAD protein group and the control group. When P60PLAD so-
lution was used, area of bone resorption greatly decreased in comparison with the control group. Bone mass quantified analysis confirmed
the bone protection effect in POOPLAD group. For the OVX mouse model, BMD and other parameters indicating bone quantity and qual-
ity increased greatly in POOPLAD group compared with the control group. Conclusion: P6OPLAD protein could efficiently suppress the
UHMWPE-induced osteolysis as well as the osteoclastic bone resorption in murine model. POOPLAD treatment significantly alleviated
osteoporosis in OVX mouse model. On the basis of our previous research work, POOPLAD had a good prospect of clinical application in
the respects of suppressing osteoclastic bone resorption and bone protection in the near future.
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Fig.1 Tthe effects of P0OPLAD on UHMWPE-induced osteolysis
(A: Comparison of 3D reconstruction of the skulls; B: Comparison of Micro-CT parameters(BMD, BMC, BV/TV)
***P<(.001; **¥P<0.01; ¥*P<0.05; NS, P>0.05
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***¥p<(.001; **P<0.01; *P<0.05; NS, P>0.05
Fig. 2 The effects of POOPLAD on OVX-induced osteoporosis
A: The distal femoral metaphysis was scanned in a coronal image with micro-CT system; B: The 3D reconstruction of distal femoral trabecular bone

structure; C: Comparison of Micro-CT parameters(BMD, BV/TV, Tb.Th, TB.N, Tb.Sp) ***P<0.001; **P<0.01; *P<0.05; NS, P>0.05
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Fig. 3 The mechanisms of PGOPLAD

ARSI A SRR, F C5TBL/6 /NS T 1A Py
UHMWPE J5UR 175 5 0B 75 A R 246 28 0 I S0 1) £ P i 2
WA, IFH5 POOPLAD 25 N H T sy st vh SRR H X T
TR BUSAR AR PR R o T A58 & B : POOPLAD H] LA i
F 1M UHMWPE JURC 7% 3 00 505, ST IRZAH E, BMD |
BMC BV/TV 4 8 i, $#75 UHMWPE $0R; ] DL S %
fift, 17 POOPLAD 25 11 ] LA 2 8/ B A AR . 72 OVX 230
HA BE A/ N R T, TIAESEER 41, BV/TV, Tb. Th, Tb.N 4
A O B AT W A, RN, Tb.Sp A7 i b,
P71 POOPLAD W] LUK S F- bk, SNk B2, Do 25 B0 3/ Bl A
TUR) B R AN ™ AR L 255 ATWTE , AT LA P6OPLAD J2:
AU JR G AE S, AV 20 L ) A MACA A LA 552 B
AR SRR , P6OPLAD J&— Mg #4557k TNFR1
SEAEBUA, T LA RSB0 PO TS B A SR B AL, 3K
B R E A BRI R BT T4 T B4R A (B A S el
A BRRARATT o

5 % 3L #K( References)

[1] Amstutz H C, Campbell P, Kossovsky N, et al. Mechanism and clinical
significance of wear debris-induced osteolysis [J]. Clin Orthop Relat
Res, 1992, (276): 7-18

[2] Beck R T, Illingworth K D, Saleh K J. Review of periprosthetic osteol-
ysis in total joint arthroplasty: an emphasis on host factors and future
directions[J]. J Orthop Res, 2012, 30(4): 541-546

[3] Jiang Y, Jia T, Wooley P H, et al. Current research in the pathogenesis
of aseptic implant loosening associated with particulate wear debris
[J]. Acta Orthop Belg, 2013, 79(1): 1-9

[4] R Ev8, % %%, Grigoriadis Agi E. i 3 3R 5 B F o %/ Rk B
fea ey Frall]. R K F FR(E FHR), 2005, 37(4): 433-435
Zhao Yu-ming, Ge Li-hong, Grigoriadis Agi E. Effect of TNF-a on
murine osteoclast differentiation [J]. Jouranl of Peking University
(Health sciences), 2005, 37(4): 433-435

[5] Gilbert L C, Chen H, Lu X, et al. Chronic low dose tumor necrosis fac-
tor-alpha (TNF) suppresses early bone accrual in young mice by in-
hibiting osteoblasts without affecting osteoclasts [J]. Bone, 2013, 56
(1): 174-183

[6] Golob A L, Laya M B. Osteoporosis: Screening, Prevention, and Man-
agement[J]. Medical Clinics of North America, 2015, 99(3): 587-606

[7]1 Roggia C, Gao Y, Cenci S, et al. Up-regulation of TNF-producing T
cells in the bone marrow: a key mechanism by which estrogen defi-
ciency induces bone loss in vivo [J]. Proc Natl Acad Sci U S A, 2001,
98(24): 13960-13965

[8] Riolo G, Towheed T E. Anti-tumor necrosis factor inhibitor thera-
py-induced dermatomyositis and fasciitis [J]. J] Rheumatol, 2012, 39
(1): 192-194

[9] Deng G M, Zheng L, Chan F K, et al. Amelioration of inflammatory
arthritis by targeting the pre-ligand assembly domain of tumor necro-
sis factor receptors[J]. Nat Med, 2005, 11(10): 1066-1072

[10] & wesh, Kk, I K45, 4. GST-p60PLAD @& & & K W4
P TIEM A K AS [J]. £ wWEE K F FIR, 2007, 28(3):
244-246
Cao Xiao-Rui, Zhu Qing-Sheng, Zhang Da-Wei, et al. Soluble expres-
sion and purification of fusion protein GST-p60PLAD in E.coli[J].
Journal of the Fourth Military Medical University, 2007, 28 (3):
244-246 (T4 855 TT )



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol17 NO.5 FEB.2017 - 855 -

of life after treatment of pelvic sarcomas involving the acetabulum
[J]. T Bone Joint Surg Am, 2006, 88(3): 575-582

[5] Mayerson JL, Wooldridge AN, Scharschmidt TJ. Pelvic resection: cur-
rent concepts[J]. J Am Acad Orthop Surg, 2014, 22(4): 214-222

[6] Kralovec ME, Houdek MT, Andrews KL, et al. Prosthetic Rehabilita-
tion After Hip Disarticulation or Hemipelvectomy[J]. Am J Phys Med
Rehabil, 2015, 94(12): 1035-1040

[7] Vukicevic S, Marusic A, Stavljenic A, et al. Holographic analysis of
the human pelvis[J]. Spine (Phila Pa1976), 1991, 16(2): 209-214

[8] LiJ, Stewart TD, Jin Z, et al. The influence of size, clearance, cartilage
properties, thickness and hemiarthroplasty on the contact mechanic
soft he hip joint with biphasic layers [J]. J Biomech, 2013, 46(10):
1641-1647

[9] Li Z, Kimb JE, Davidson JS, et al. Biomechanical response of the pu-
bic symphysis in lateral pelvic impacts:A finite element study [J]. J
Biomech, 2007, 40(12): 2758-2766

[10] Li Z, Alonso JE, Kim JE, et al. Three-dimensional finite element
models of the human pubic symphysis with viscohyperelastic soft tis-
sue[J]. Ann Biomed Eng, 2006, 34(9): 1452-1462

[11] Dalstra M, Huiskes R. Load transfer across the pelvic bone [J]. J
Biomech, 1995, 28(6): 715-724

[12] Dalstra M, Huiskes R, Van Erning L. Development and validation of

a three-dimensional finite element model of the pelvic bone [J]. J

Biomech Eng, 1995, 177(3): 272-278

[13] Anderson AE, Peters CL, Tuttle BD, et al. Subject-speciic finite ele-
ment model of the pelvis: development, validation and sensitivity
studies[J]. J Biomech Eng, 2005, 127(3): 364-373

[14] Phillips AT, Pankaj P, Howie CR, et al. Finite element modelling of
the pelvis:inclusion of muscular and ligamentous boundary conditions
[J]. Med Eng Phys, 2007, 29(7): 739-748

[15] Beti, Bd kg5 ARAALIEFABRAERS T AL
14 FARTSH ] FBEALR ZREHFR, 2012, 16(13):
2300-2304
Lian Shi-hai, Tu Chong-qi, Zhang Qiang, et al. Biomechanical finite
element analysis of the pelvic in a standing position following modu-
lar hemipelvic prosthesis replacement [J]. Chinese Journal of Tissue
Engineering Research, 2012, 16(13): 2300-2304

[16] 7 2,30 353, SR HAR, 5 A5 B AT 5 BB RAHE 3 ARAT R B R 2 %
WA ZE PO ED N FERND] TRAR LS EREL,
2008, 12(22): 4377-4379
Su Ru-kun, Liu Xing-mo, Deng Ying-hui, et al. Biomechanical evalu-
ation of connectible skills using iliac screw and lumbar-sacral spine
pedicle screw in the fixation between lumbar-sacral spine and pelvis
[J]. Journal of Clinical Rehabilitative Tissue Engineering Research,

2008, 12(22): 4377-4379

(#5843 TT)

[11] & w34, POOPLAD % & 5B 40 L 2 % . 4 AL 2B O % v v AR
XHR(D]. %W E EXF M (F4H), 2007
Cao Xiao-Rui. Effects of POOPLAD on Osteoclastogenesis, Differenti-
ation of Osteoclast and Bone Resorption[D]. Fourth Military Medical
University, 2007

[12] Kim C W, Seo S S, Kim J H, et al. Factors affecting the osteolysis
around the components after posterior-stabilized total knee replace-
ment arthroplasty[J]. Knee Surg Sports Traumatol Arthrosc, 2015, 23
(6): 1863-1869

[13] Kandahari A M, Yang X, Laroche K A, et al. A review of UHMWPE
wear-induced osteolysis: the role for early detection of the immune
response[J]. Bone Res, 2016, 4: 16014

[14] Harslof T, Langdahl B L. New horizons in osteoporosis therapies[J].
Curr Opin Pharmacol, 2016, 28: 38-42

[15] Kotrych D, Dziedziejko V, Safranow K, et al. TNF-alpha and IL10

gene polymorphisms in women with postmenopausal osteoporosis[J].

Eur J Obstet Gynecol Reprod Biol, 2016, 199: 92-95

[16] QiJ, HuK S, Yang H L. Roles of TNF-alpha, GSK-3beta and RAN-
KL in the occurrence and development of diabetic osteoporosis[J]. Int
J Clin Exp Pathol, 2015, 8(10): 11995-12004

[17] Ramos-Casals M, Brito-Zeron P, Munoz S, et al. Autoimmune diseases
induced by TNF-targeted therapies: analysis of 233 cases[J]. Medicine
(Baltimore), 2007, 86(4): 242-251

[18] Pouillon L, Bossuyt P, Peyrin-Biroulet L. Considerations, challenges
and future of anti-TNF therapy in treating inflammatory bowel dis-
ease[J]. Expert Opin Biol Ther, 2016,16(10): 1277-1290

[19] Chan F K, Chun H J, Zheng L, et al. A domain in TNF receptors that
mediates ligand-independent receptor assembly and signaling[J]. Sci-
ence, 2000, 288(5475): 2351-2354

[20] Chan F K. The pre-ligand binding assembly domain: a potential target
of inhibition of tumour necrosis factor receptor function [J]. Ann

Rheum Dis, 2000, 59 Suppl 1:150-i53



