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Abstract

Osteonecrosis is a process of death bone which causes disturbance of the bone
blood vessel. It has been considered that erythropoietin (EPO) may affect cell
proliferation by stimulating angiogenesis. It also has been proved that cell
proliferation during osteogenesis depends on the formation of new blood
vessels. Function of EPO is to stimulate angiogenesis, indirectly, it has role in
bone repair. This research is an experimental study designed using Randomized
post-test control. Our sample is using Winstar rats, which were divided into 2
groups, Group PO received intervention of dexametasone injection for 5 weeks
without rHUEpo, P1 group received intervention of dexametasone injection and
rHuEpo for 5 weeks. On the last day of week 5th, rat femoral heads were taken
for VEGF, BMP 2, osteocyte, osteoblast and adipocyte levels testing. From
immunohistochemical and histopathologic examination, results were analyzed
using SPSS. Our results conclude that number of osteocyte cells in rat femoral
heads which injected with dexamethasone and rHUEpo were higher than those
injected with dexamethasone only, significant values (p <0.05), also number of
osteoblast cells values (p <0.05). As well as expression of BMP-2 and VEGF
were higher in rats with dexamethasone injected and rHUEPO had significant
value (p <0.05). Meanwhile, number of adipocyte cells in rat femoral heads
which dexamethasone injected and given rHUEpo was lower than those were
injected with dexamethasone only (p <0.05). Administration of rHUEPO in rats
which injected with dexamethasone was shown to increase the number of
osteoblasts, osteocyte, BMP-2 expression, VEGF and adipocyte cells were
lower than in rats which injected with dexamethasone only.
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Introduction

Osteonecrosis (ON) is the process of death bone
which causes disturbance of the bone blood vessel.
Besides from idiopathic causes, main cause of
osteonecrosis may include trauma (most frequent
causes) and non-traumatic causes (systemic
conditions), such as alcoholism, steroid therapy,
hematological diseases, and Systemic Lupus

Erythematosus (SLE).1 There are two categories of
Femoral Head Osteonecrosis (ONFH), traumatic and
non-traumatic. ONFH leads to a pathology and
clinical manifestations caused by malfunction or
interruption of the blood supply of the femoral head
which causes the bone marrow and osteocytes cells
become necrosis.2
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The relationship between excessive corticosteroid
use and the incidence of ON has been understood
since the first case reports on patients with
rheumatoid arthritis in 1957. The incidence of ON
parallel with increasing of systemic corticosteroid
therapy as well as organ transplants. Glucocorticoids
are the most common cause of nontraumatic
osteonecrosis. Dose-effect of corticosteroid therapy
in osteonecrosis had not yet known, recent research
suggests that corticosteroid dose above 25-40
mg/day may causes a significant risk of nontraumatic
ON on a kidney transplant and patients with SLE.3
Steroids were not only inhibiting function of
osteoblasts and osteoclasts but also induces
apoptosis of osteoblasts and osteoclasts. Clinical
research showed that nitric oxide metabolism
changes in bone cells of the development of
osteonecrosis in rat femoral heads and accompanied
by extensive apoptosis of osteoblasts and osteocytes,
which shows the nitric oxide-mediated apoptosis is a
potential mechanism  of  Steroid-Associated
Osteonecrosis (SAON).5 Studies in rat and humans
had showed that dexamethasone were given in
certain doses, had triggered the differentiation of
stem cells that obtained from Bone Marrow Cells
(BMCS) into adipocytes which then inhibit
osteogenesis. Dexamethasone has been shown to
inhibit the expression of collagen type-I and
osteocalcin, and then reduce the differentiation of
BMCS.3 Dexamethasone has been shown to increase
the expression of MRNA Peroxisome Proliferator-
Activated Receptor Gamma (PPAR-y) and reduce
MRNA  expression of Chbfal. Peroxisome
Proliferator-Activated Receptor Gamma (PPAR-y)
and factor Core Binding Factor Alpha 1(Cbfal) is an
important transcription factor in the differentiation of
pluripotent cells into adipogenic and osteogenic
cells. These findings support the idea that
dexamethasone  functions were to inhibit
adipogenesis and osteogenesis. In addition, recent
study was also found that dexamethasone can be
interfered (with angiogenesis by suppressing the
production of Vascular Endothelial Growth Factor
(VEGF)).3 Some of erythropoietin (EPO) studies,
also found that EPO structure, production, and how
hematopoietic has successfully been described in
detail, while the disposal and degradation of EPO
could not understand thoroughly. In 1985, the
discovery of EPO nucleotides strands enables the
production of EPO human recombinant (rHUEPO)
for clinical use. Erythropoietin worked as a primary
modulator of erythropoiesis with resistance effect,
proliferation, also differentiation of erythroid
progenitor cells and regulate erythrocytes which
circulate in peripheral blood.6 Erythropoietin (EPO)

iIs a glycoprotein hormone that regulates the
production of red blood cells, produced mainly by
kidney in adults and liver during fetal life. The use of
recombinant human EPO (rHUEPO) has been
approved by the Food and Drug Administration
(FDA) and is widely used for the treatment of anemia
associated with kidney failure, cancer, prematurity,
chronic inflammatory diseases and human
immunodeficiency virus infection.8 Some studies
have shown that EPO can improve bone healing, yet
the mechanisms which regulate the process is still
unclear. One study says that EPO has role in the new
bone regeneration by stimulating the JAK-STAT
signaling pathway in HSCs through Epo-R. This
process stimulates the production of BMPs,
especially BMP2 and BMP6. The results from the
production of BMPs and HSCs can induce
osteogenic progenitor cells to differentiate into
osteoblasts and stimulates the production of cartilage
through interaction with the BMP receptors cell
surface (BMPRs).9 It is envisaged that the EPO can
affect cell proliferation by stimulating angiogenesis.
It has been demonstrated that the proliferation of
cells during osteogenesis highly dependent on new
blood vessel formation. VEGF is a potent angiogenic
and osteogenic growth factors in bone repair process.
Interestingly, EPO has a similarity genetic and
functional to VEGF, so it has a similar role in bone
repair. EPO has been reported to stimulate tissue
regeneration after skin injury and myocardial
infarction through the VEGF pathway. Giving Epo
help to upregulates the expression of VEGF during
the initial phase of healing. 1

Materials and Methods

The study was conducted from February until March
2018 at Pathology Veterinary laboratorium in
Fakultas Kedokteran Hewan Universitas Udayana
Bali. The aim of this study is to strengthen the theory
of osteonecrosis using rHUEPO through role VEGF
and BMP-2. This study is an experimental study was
designed using randomized post-test control only.
This study sample was using male Winstar Rat who
has been conditioned in certain environment and
food. The use of experimental animals will be
required a certificate Eligible Research Ethics. Rat
will be studied with any adjustment to the place and
the food. Food was given diverted from eating
vegetables to extract rat food comprising 20-25%
protein, 5% fat, 40-50% starch, 5% crude fiber.
Every day of every mouse was fed a diet of 12-20
grams. For drinking water will be provided 80-100
cc/kg per day and will remain available drinking
water ad libitum. Each rat will occupy at rat cage

International Invention of Scientific Journal, Volume 03, Issue 04, Page no: 540-546

Page | 541



Kadek Yuris Wira Artha, Human Recombinant Erythropoietin in Rat Caput Femur with Steroid Exposed Increase

Jisj

Number of Osteocytes, Osteoblasts, BMP-2, VEGF, and Reduce Adipose Cells

made of wood or bamboo and will be kept clean,
sheltered from the wind, rain and direct sunlight, an
ambient temperature of about 15-20 ° C (Smith and
Mangkoewidjojo, 1988). Both groups of rats were
housed in the Veterinary Laboratorium of Fakultas
Kedokteran Hewan Universitas Udayana with a size
of 30x20 cm and given normal diet in the form of
pellets and water twice a day. Research conducted in
the morning at 09.00 am. Using 36 rat with a type of
male Wistar rat between the ages of 12 weeks. Rat
were divided into two groups, Group PO treated in
the form of injection dexamethasone 1 mg / kg /
weight intramuscularly 2 times a week for 5 weeks
without  administration rHuEpo dose 500
unit/kg/day. This group were treated in the form of
injection P1 dexamethasone 1 mg/kg/weight 2 times
a week and given rHuEpo dose 500 unit/kg/day for 5
weeks. Each mouse weighted every week throughout
the study. On the last day of the fifth week, the rat
euthanized with ketamine, then interstitial part of the
femur rat was taken at medial proximal side and
distal to examination levels of VEGF, BMP levels 2
and osteocytes, osteoblasts and adipocytes. The rest
of the rat's body was burned. The data collected will

be analyzed with a statistical program SPSS for
Windows version 22.0.

Results

This is an experimental study of osteonecrosis of rat
femoral head due to exposure to corticosteroids. One
group was given rHUEPO for 5 weeks and compared
with no provision of rHUEPO. The samples were
examined in the laboratory, and then the data was
processed and analyzed. This data set consists of
quantitative calculation of the number of osteocytes,
osteoblasts, BMP-2, VEGF and adipocytes in
trabecular in one visual field with the magnification
of 200 and 400 times. Data was also captured using
digital camera. At the end of the 5th week, specimens
were harvested. The proximal part of the femur was
taken and the number of osteocytes, osteoblasts,
BMP-2, VEGF and adipocytes were evaluated.
Specimens were examined under a microscope by a
predetermined  histopathology procedure, and
quantitative data was recorded. The histopathology
features are shown in the figures 1,2 and 3 below.

(D)

(E)

(F)

Figure 1: Histopathological examination of osteocytes, osteoblasts, and adipocytes in the control group (A), (B), (C)
and in the treatment group (D), (E), (F) respectively
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(A)

(B)

Figure 2: The immunohistochemical examination of BMP-2 in the control group (A) and in the treatment group (B)

Figure 3: The immunohistochemical examination of BMP-2 in the control group (A) and in the treatment group (B)

The quantative data include the number of
osteocytes, osteoblasts, adipocytes and VEGF count
and also the expression of BMP-2 as shown in table
1 and 2. The number of osteocytes count in the
control group (105.4 £ 3.59) is lower than the
treatment group (160.6 £ 7.62) (P = 0.000). Similar
results can be seen in terms of number of osteoblast
cells in the control group (203.8 + 10.01) and
treatment group (299.6 = 8.58) (P = 0.000).

Meanwhile, the average number of adipocytes cells
in the control group (151.7 = 5.10) is higher than the
treatment group (60.2 £ 5.60) (P = 0.000). As for
VEGF, the control group (4.31 = 1.53) has lower
value than the treatment group (7.56 + 1.71) (P =
0.000). All statistical analysis was based on 95% CI.
This means that the numbers of osteocytes,
osteoblasts, adiposity and VEGF in control and
treatment group were significantly different.

Table 1: The mean difference of number of osteocytes, osteoblasts and adipocytes and VEGF between the control and
treatment groups

Variables Group Mean difference p value
Treatment with  Control without o
PDGF & HA PDGF & HA P%Cl
(n=16) (n=16)
Osteocytes  160,6 + 7,62 105,4 + 3,59 55,1 50,8 — 59,4
0,001

Osteoblasts 299,6 + 8,58 203,8 + 10,01 95,8 89,1-102,6 0,001
Adipocytes 60,2 + 5,60 151,7 £5,10 -91,5 -95,3-(-87,6) 0,001
VEGF 7,56 £1,71 4,31+153 3,2 20-4/4
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Table 2: The expression of BMP-2 between the control and treatment groups

Group Total P Value
BMP-2 Control Treatment
Weak expression 11 5 16 0,001
68.8% 31.3% 100,0%
Medium expression 2 14 16 0,001
12.5% 87.5% 100,0%

Table 2 shows that expression of BMP-2 in the
control group (n = 11 (68.8%)) is weaker were than
in the treatment group (n = 5 (31.3%)). Weak
expression of the BMP-2 was found in the control
group (n = 2 (12.5%)) compared with the treatment
group (n = 14 (87.5%)). Using the Chi Square test,
we found that BMP-2 between the two groups has a
significance level of > 0.05.

Discussion

In this study, we administered rHUEPO to determine
the effect on the number of osteocytes, osteoblast,
BMP-2, VEGF and adipocytes in cases of
osteonecrosis of the head of the femur induced with
dexamethasone.

Effect of Erythropoietin on Osteocyte Cells of The
Femoral Head with Osteonecrosis Induced by
Dexamethasone

In this study, the higher number of osteocytes cells
in rats treated by rhuEPO was proven to be
significantly different. Previous study showed that
the osteogenic potential of EPO is due to its ability
to suppress inflammation and to down-regulate NF-
kB. Therefore, there are no side effects in terms of
translation to clinical practice, namely, to increase
hemoglobin levels to the extreme.6

Effect of Erythropoietin on Osteoblast Cells of
The Femoral Head with Osteonecrosis Induced
by Dexamethasone

The higher number of osteoblasts cells in rats treated
by rhuEPO was proven to be significantly different.
EPO was thought to be able to stimulate the
production of BMPs, especially BMP2 and BMP6.
The results of the production of BMPs and HSCs
were the induction of osteogenic progenitor cells to
differentiate into osteoblasts and the stimulation of
the production of cartilage through interaction with
the cell surface BMP receptors (BMPRs).16

Effect of Erythropoietin on the Expression of
BMP-2 on The Osteonecrosis Induced by
Dexamethasone

Some studies have shown that EPO can improve
bone healing, yet the mechanism regulating the
process is still unclear. According to one study, EPO
has a role in the regeneration of new bone by
stimulating the JAK-STAT signaling pathway in
HSCs through Epo-R. This process stimulates the
production of BMPs, especially BMP2 and BMP6.
BMPs and HSCs can also induce osteogenic
progenitor cells to differentiate into osteoblasts and
stimulate the production of cartilage through
interaction with the cell surface BMP receptors
(BMPRs).16

Effect of Erythropoietin Against VEGF in The
Osteonecrosis Induced by Dexamethasone

It is envisaged that Epo may affect cell proliferation
by stimulating angiogenesis. It has been
demonstrated that the proliferation of cells during
osteogenesis is highly dependent on new blood
vessel formation. VEGF is a potent angiogenic and
osteogenic growth factors during bone repair
process.9

Effect of Erythropoietin Against Adipocyte Cells
in The Osteonecrosis Induced by Dexamethasone

In this study, the number of adipocytes is fewer in
rats given rHUEPO. Results from a recent study
demonstrated that EPO receptor is expressed on the
surface of BMSCs and through this, EPO can
promote the proliferation of BMSCs in acute renal
failure. Recent research has also found that EPO
stimulates the mobilization of BMSCs during bone
tissue damage and stimulate differentiation of BMSC
in the process of osteogenesis.29

Conclusion

Based on research results of rat administration
rHUEPO in exposed dexametason research
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conclusions obtained that administration rHUEPO
can prevent the incidence of osteonecrosis in the rat’s
femoral head exposed to dexamethasone. From the
conclusions, rHUEPO can be used as a basis for
prevention osteonecrosis caput femur caused by
long-term corticosteroid use. However, studies are
needed using different samples or sample more to get
clinical effects, especially in humans.

References

1) Beamer, B., Hettrich, C. and Lane, J. (2010)
‘Vascular endothelial growth factor: an essential
component of angiogenesis and fracture
healing.”, HSS journal: the musculoskeletal
journal of Hospital for Special Surgery, 6(1), pp.
85-94. doi: 10.1007/s11420-009-9129-4.

2) Chan, K. L. and Mok, C. C. (2012)
‘Glucocorticoid-Induced Management
Avascular Bone Necrosis: Diagnosis and’, pp.
449-457,

3) Chung, FY; Lin SR; Tsai WC; Liu, H. (2005)
‘PPAR I' -2 and BMPR2 Genes Were
Significantly  Differentially Expressed In
Peripheral Blood Abstract Poster No: 1307°,
Orthopaedic Research Society, p. 2005.

4) Drescher, W. et al. (2011) ‘Steroid-related
osteonecrosis-an update’, Nephrology Dialysis
Transplantation, 26(9), pp. 2728-2731. doi:
10.1093/ndt/gfr212.

5) Drescher W, Varoga D, Petersen W, Tillmann B,
P. T. (2003) ‘Expression of Vascular Endothelial
Growth Factor In Steroid Related Avascular
Necrosis Of The Human Femoral Head. Poster
No. 572 + 56th Annual Meeting of the
Orthopaedic Research Society’, (449), p. 572.

6) Hendrik, J. and Rolfing, D. (2014) ‘The effect of
erythropoietin - on bone the effect of
erythropoietin on bone’, 85(353).

7) Hiram-Bab, S. et al. (2015) ‘Erythropoietin
directly stimulates osteoclast precursors and
induces bone loss’, FASEB Journal, 29(5), pp.
1890-1900. doi: 10.1096/fj.14-259085.

8) Hiram-Bab, S., Neumann, D. and Gabet, Y.
(2017) “Erythropoietin in bone — Controversies
and consensus’, Cytokine, 89, pp. 155-159. doi:
10.1016/j.cyt0.2016.01.008.

9) Holstein, J. H. et al. (2011) °Erythropoietin
stimulates bone formation, cell proliferation, and
angiogenesis in a femoral segmental defect
model in rat’, Bone. Elsevier Inc., 49(5), pp.
1037-1045. doi: 10.1016/j.bone.2011.08.004.

10) Kaushik, A. P., Das, A. and Cui, Q. (2012)
‘Osteonecrosis of the femoral head: An update in

year 2012°, World Journal of Orthopedics, 3(5),
pp. 49-57. doi: 10.5312/wjo. v3.i5.49.

11)Li, J. et al. (2017) ‘Erythropoietin facilitates the
recruitment of bone marrow mesenchymal stem
cells to sites of spinal cord injury’, Experimental
and Therapeutic Medicine, 13(5), pp. 1806—
1812. doi: 10.3892/etm.2017.4182.

12) Littlewood, T. and Macdougall, 1. (2003)
‘Recombinant  erythropoietin  in  clinical
practice.”,  Postgraduate medical journal,
79(933), pp. 367-376. doi:
10.1136/pmj.79.933.367.

13)Liu, Y. et al. (2015) ‘Nonerythropoietic
Erythropoietin-Derived  Peptide  Suppresses

Adipogenesis, Inflammation, Obesity and Insulin
Resistance’,  Scientific  Reports, 5. dot:
10.1038/srep15134.

14) Lombardero, M. and Scheithauer, B. W. (2011)
‘Erythropoietin ’:, pp- 41-53. doi:
10.1159/000322975.

15) Malizos, K. N. et al. (2007) ‘Osteonecrosis of the
femoral head: Etiology, imaging and treatment’,
European Journal of Radiology, 63(1), pp. 16—
28. doi: 10.1016/j.ejrad.2007.03.019.

16)McGee, S. J. et al. (2012) ‘Effects of
erythropoietin on the bone microenvironment.’,
Growth factors (Chur, Switzerland), 30(1), pp.
22-8. doi: 10.3109/08977194.2011.637034.

17) Powell, C. et al. (2010) ‘Autoimmunity Reviews
Steroid induced osteonecrosis: An analysis of
steroid dosing risk’, Autoimmunity Reviews.
Elsevier B.V., 9(11), pp. 721-743. doi:
10.1016/j.autrev.2010.06.007.

18) Raida, M. et al. (2005) ‘Bone morphogenetic
protein 2 (BMP-2) and induction of tumor
angiogenesis’, Journal of Cancer Research and
Clinical Oncology, 131(11), pp. 741-750. doi:
10.1007/s00432-005-0024-1.

19) Razzouk, S. and Sarkis, R. (2012) ‘BMP-2:
biological challenges to its clinical use.’, The
New York state dental journal, 78(5), pp. 37-9.

20) Seamon, J. et al. (2012) ‘The Pathogenesis of
Nontraumatic Osteonecrosis’, 2012(Figure 1).
doi: 10.1155/2012/601763.

21) Steinert, S. et al. (2008) ‘Differential expression
of cancer-related genes by single and permanent
exposure to bone morphogenetic protein 2°,
Journal of Cancer Research and Clinical
Oncology, 134(11), pp. 1237-1245. doi:
10.1007/s00432-008-0396-0.

22) Sun, H. et al. (2012) ‘Erythropoietin Modulates
the Structure of Bone Morphogenetic Protein 2—
Engineered Cranial Bone’, Tissue Engineering
Part A, 18(19-20), pp. 2095-2105. doi:
10.1089/ten.tea.2011.0742.

International Invention of Scientific Journal, Volume 03, Issue 04, Page no: 540-546

Page | 545



Kadek Yuris Wira Artha, Human Recombinant Erythropoietin in Rat Caput Femur with Steroid Exposed Increase

Jisj

Number of Osteocytes, Osteoblasts, BMP-2, VEGF, and Reduce Adipose Cells

23)Tang, T. T. et al. (2007) ‘Treatment of
osteonecrosis of the femoral head with hBMP-2-
gene-modified tissue-engineered bone in goats.’,
The Journal of bone and joint surgery. British
volume, 89(1), pp. 127-129. doi: 10.1302/0301-
620X.89B1.18350.

24) Tripathy, S. K., Goyal, T. and Sen, R. K. (2015)
‘Management of femoral head osteonecrosis:
Current  concepts.’, Indian  journal of
orthopaedics, 49(1), pp. 28-45. doi:
10.4103/0019-5413.143911.

25) Users, T. (2015) ‘Guideline for Diagnostic and
Treatment of Osteonecrosis of the Femoral
Head’, Orthopaedic Surgery, 7(3), pp. 200-207.
doi: 10.1111/0s.12193.

26) Wang, L. et al. (2011) ‘BMP-2 inhibits the
tumorigenicity of cancer stem cells in human
osteosarcoma 0S99-1 cell line.’, Cancer biology
& therapy, 11(5), pp. 457-63.

27) Wang, W. et al. (2012) ‘The effect of core
decompression on local expression of BMP-2,
PPAR-y and bone regeneration in the steroid-
induced femoral head osteonecrosis’, BMC
Musculoskeletal Disorders. BMC
Musculoskeletal Disorders, 13(1), p. 142. doi:
10.1186/1471-2474-13-142.

28) Wernike, E. et al. (2010) ‘Vegf incorporated into
calcium  phosphate  ceramics  promotes
vascularisation and bone formation in vivo’,
European Cells and Materials, 19, pp. 30—40.
doi: vol019a04 [pii].

29) Xie, X., Wang, X. and Yang, H. (2015)
‘ScienceDirect Steroid-associated osteonecrosis:
Epidemiology, pathophysiology, animal model,
prevention, and potential treatments (an
overview)’, Journal of Orthopaedic Translation.
Elsevier Ltd, pp. 1-13. doi:
10.1016/j.jot.2014.12.002.

30) Yeh, C. H. et al. (2009) ‘Different differentiation
of stroma cells from patients with osteonecrosis:
A pilot study’, Clinical Orthopaedics and Related
Research, 467(8), pp. 2159-2167. doi:
10.1007/s11999-009-0803-0.

31) Zhang, W. et al. (2014) ‘VEGF and BMP-2
promote bone regeneration by facilitating bone
marrow stem cell homing and differentiation’,
European Cells and Materials, 27, pp. 1-12. doi:
10.22203/eCM.v027a01.

32) Zibis, A. H. et al. (2015) ‘Osteonecrosis of the
femoral head -Diagnosis and management’,
Precision Medicine, 2(868), pp. 1-8. doi:
10.14800/pm.868.

International Invention of Scientific Journal, Volume 03, Issue 04, Page no: 540-546

Page | 546



