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Abstract

Erythropoietin (EPO) regulates erythropoiesis by binding to erythropoietin receptor (Epor) on
erythroid progenitor cells. Epor is also expressed on bone forming osteoblasts and bone loss
accompanies EPO stimulated erythropoiesis in mice. Mice with Epor restricted to erythroid tissue
exhibit reduced bone and increased marrow adipocytes; in contrast, transgenic mice (Tg) with
osteoblastic-specific deletion of £porexhibit reduced trabecular bone with age without change

in marrow adipocytes. By 12 weeks, male Tg mice had 22.2% and female Tg mice had 29.6%
reduced trabecular bone volume compared to controls. EPO administration (1200 U/kg) for ten
days reduced trabecular bone in control mice but not in Tg mice. There were no differences in
numbers of osteoblasts, osteoclasts and marrow adipocytes in Tg mice, suggesting independence
of EPO signaling in mature osteoblasts and adipocytes. Female Tg mice had increased humber of
dying osteocytes and male Tg mice had a trend for more empty lacunae. Osteogenic cultures from
Tg mice had reduced differentiation and mineralization with reduced A/p/and Runx2 transcripts.
In conclusion, endogenous EPO-Epor signaling in osteoblasts is important in bone remodeling,
particularly trabecular bone and endogenous Epor expression in osteoblasts is required for bone
loss accompanying EPO stimulated erythropoiesis.
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Introduction

Erythropoietin (EPO), a hematopoietic cytokine secreted by the fetal liver and adult kidneys
is essential for erythropoiesis. Binding of EPO to EPO receptor (Epor) expressed on
erythroid progenitor cells stimulates their survival, proliferation and differentiation to red
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blood cells. Clinically, recombinant human EPO is used to treat anemia in chronic kidney
disease and anemia associated with cancer chemotherapy(1). Functional Epor is expressed
in several non-erythroid cells including adipocytes(2), endothelial cells(3), osteoclasts(4),
osteoblasts, bone marrow stromal cells, astrocytes(5) and myoblasts(6), suggesting a
systemic effect for EPO beyond its principal role in erythropoiesis.

Bone is a dynamic organ that undergoes continuous remodeling due the coupled activity of
osteoclasts and osteoblasts. Osteoclasts remove the mineralized bone resulting in resorptive
pits which are then filled by extracellular matrix synthesized by osteoblasts leading to bone
formation. Constant bone remodeling replaces old bone with new bone and repairs any
damages in bone architecture. The proper regulation of osteoclast and osteoblast activity is
essential for controlled bone development(7).

In bone, elevated EPO signaling has distinct effects. In fracture models, EPO administration
promotes bone formation and repair(8, 9). In contrast, elevated EPO production in transgenic
mice as well as exogenous EPO administration in healthy C57BL6 mice resulted in

bone reduction associated with increased osteoclast activity(4). Previous studies have also
reported EPO production in osteoblasts and an increase in osteoblasts in mice treated with
EPO(10). However, the role of endogenous EPO signaling specifically in osteoblasts in bone
development and maintenance is not known.

In this study, to determine the direct contribution of EPO signaling in osteoblasts to bone
formation, we generated a transgenic mouse model (Tg) where Eporis deleted specifically
in osteoblasts. We observed that £Epor deletion in osteoblasts impaired their differentiation /n
vitro and reduced trabecular bone in both male and female mice. These findings demonstrate
that endogenous EPO signaling directly regulates osteoblasts thus providing a novel role

for EPO as an essential regulator of bone homeostasis. Furthermore, in contrast to bone
reduction with EPO treatment in wild type (wt) mice, bone reduction was not observed in Tg
mice with exogenous EPO administration, suggesting that bone loss with EPO treatment is a
direct consequence of osteoblast response to EPO mediated via osteoblast Epor activation.

Materials and Methods

Animal studies

Transgenic mice with osteoblast specific deletion of Epor (Tg) were generated by crossing
Osteocalcin (Bglap)-Cre mice (Jackson laboratories, ME, US) with Eporfoxp/floxp mice in

a C57BL/6 background as described previously(11). The resulting pups of first generation
carrying both the Creand /oxp sequences were then used as breeding pairs to generate

mice with homozygous deletion of Eporin osteoblasts. Mice expressing only Cre were used
as littermate controls (wt). Presence of the transgene was confirmed using the following
primers, Osteocalcin-Cre:. Forward primer 5°-CAA ATA GCC CTG GCA GAT TC-3,
reverse primer 5’-TGA TAC AAG GGA CAT CTT CC-3’; /oxp: Forward primer 5’- CTC
CTG GAG CAC CTA TGA CC-3’, reverse primer- CCCGTTCTTGGCTCAAAGCCAATC.
Ten-week-old male and female Tg mice and their littermates were administered either saline
or EPO (Epogen, Amgen, Thousand Oaks, CA) at 1200 U/kg daily for ten days. Fat mass
and lean mass measurements were performed before the beginning of EPO administration
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and after the study duration using the EchoMRI 3-in-1 device (Echo Medical Systems,
Houston, TX, USA). Hematocrits were measured after the last day of EPO treatment as
previously described(12).

Mouse femurs were analyzed using a Bruker Skyscan 1172 micro-CT scanner ((Micro
Photonics Inc, PA, USA). Trabecular and cortical bone were analyzed at 0.35 mm and
4.25 mm from the growth plate respectively. For both regions, 1.5 mm of femurs sections
comprising 257 bone slices were individually analyzed using CTAN software at 6 um
resolution and 3D models of regions of interest were constructed.

Histology, H & E and TRAP staining

Mouse femurs were fixed in 10% buffered neutral formalin (Sigma, MO, USA) for

24h followed by decalcification in 10% ethylenediaminetetraacetic acid (0.5 M) at 4°C
until complete decalcification was confirmed by x-ray analysis. Hematoxylin-Eosin (H&E)
staining was performed on 6 um sections of decalcified paraffin embedded femurs to assess
bone and bone marrow histology. For marrow adiposity, the number of adipocytes were
expressed in terms of marrow area. Osteoblasts lining the trabecular bone were identified
from the H & E stained femur sections, number of cells were expressed in terms of the
bone surface. H & E stained sections were also used for enumerating alive, dying and dead
osteocytes in the cortical bones using a previously published method(13). For osteoclast
detection in femurs, Tartrate-resistant acid phosphatase (TRAP) staining was performed
using TRAP/ALP Stain Kit according to manufacturer’s instructions (# 294-67001, Wako
Chemicals, USA). For all measurements, a minimum of three separate fields were analyzed
from each bone section. All measurements were performed using ImageJ software.

Osteogenic cultures

Calvarial osteogenic cells were isolated from 6-8-week-old mice using previously described
protocol. Proliferation of osteogenic cells was measured using Thiazolyl Blue Tetrazolium
Blue (MTT) assay (Sigma). Alkaline phosphatase (ALP) activity was quantified using
SIGMAFAST™ p-Nitrophenyl phosphate Tablets (Sigma). For microscopic observation of
ALP activity, SIGMA FAST™ BCIP/NBT (5-Bromo-4-chloro-3-indolyl phosphate/Nitro
blue tetrazolium) tablets were used according to manufacturer’s instructions. Mineralization
was detected using 1% alizarin staining (pH 4.6). All reagents for measuring ALP activity,
ALP visualization and mineralization were purchased from Sigma, MO, USA.

Osteoclast generation from bone marrow

Bone marrow cells were harvested from 8-10-week-old mice and seeded into tissue culture
treated plates and allowed to attach overnight in a-MEM medium with 10% fetal bovine
serum. Non-adherent cells (5x10° cells/cm?) were plated into 96 flat-bottomed well plates in
fresh medium containing 30 ng/mL RANKL and 20 ng/mL M-CSF (Peprotech, NJ, USA).
Medium was replaced every other day until osteoclasts appeared (4-5 days). TRAP staining
was performed according to manufacturer’s instructions (#387-1A, Sigma, St Louis, MO,
USA) to visualize osteoclasts.
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Bone resorption assays

Non-adherent bone marrow cells (5x10° cells/cm?) harvested from either Tg or wt mice
were plated in Corning Osteo Assay Surface 96-well plates (Sigma, St Louis, MO, USA) in
a-MEM medium with 10% fetal bovine serum. After overnight incubation, fresh medium
containing 30 ng/mL RANKL and 20 ng/mL M-CSF (Peprotech, NJ, USA) was added.
Medium was replaced every other day. Once osteoclasts appeared after 4-5 days, cells were
washed with 10% bleach solution and plates were air dried. Images of resorption pits on the
plates were captured using an EVOS microscope and area of resorption was quantified using
ImageJ software.

RNA extraction and real-time PCR

Total RNA was extracted from primary osteogenic cells from calvaria using RNeasy Mini
kit (Qiagen, MD, USA) and treated with DNase | (Promega, WI, USA); 1-2 ug was reverse
transcribed using MultiScribe Reverse Transcriptase (ABI)) (Thermo Fisher Scientific, MA,
USA) for quantitative PCR assays. For mouse Epor analysis, Tagman primers and probe and
mouse SZ6 primers and probe (house-keeping gene) were used as described previously(2).
For all other PCR assays, SYBR green real time PCR was carried out using gene specific
primers (Table 1) with normalization to house-keeping gene B-actinusing SYBR Green dye
and gPCR SuperMix (Roche Applied Science, IN, USA); relative mRNA quantification was
calculated by delta-delta Ct method.

Statistical analysis

Results

Data are expressed as mean + standard error. Two-tailed non-paired Student’s t test was used
to determine statistical significance between control and test groups. Comparisons among
multiple groups were evaluated using one-way analysis of variance (ANOVA) with Dunnet’s
multiple comparison post hoc tests at a=0.05 (Graphpad Prism 6).

Mice with Epor deletion in osteoblasts have reduced bone mass

We used transgenic mouse with Epor deletion in osteoblasts (Tg) to assess the role

of endogenous EPO signaling in osteoblasts. Tg mice were generated by mating Epor
floxed mice with mice containing a cre-recombinase controlled by the Bg/ap promoter
(Osteocalcin) to generate an osteoblast specific knockout of Epor. Genotyping showed
resulting transgenic mice (Tg) having Cre expression (280 bp) and floxed Epor (490 bp)
(Supplemental Figure 1A). Littermates with Cre expression and wild type Epor (450 bp)
were used as controls (referred as wt in the text). Primary osteogenic cells isolated from
Tg mice showed reduced £por mRNA levels compared to littermate controls (Supplemental
Figure 1B). Targeted deletion of Eporin osteoblasts did not affect tissues with high Epor
expression such as spleen, an erythroid organ in mice, and white adipose tissue (WAT)
(Supplemental Figure 1C).

In young male Tg mice of 4 weeks of age, micro-CT analysis of femurs showed 11.5%
reduction in trabecular bone volume, 13.8% reduction trabecular number and 28.3%
reduction in trabecular connectivity density (Figure 1B, 1C, 1F) with no significant effects
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in trabecular bone mineral density (BMD), spacing and thickness (Figure 1A, 1D, 1E).
Compared with littermate controls, cortical bone of young Tg male mice did not show any
significant differences (Figure 1G-11). Unlike the male mice, the trabecular bone of young
female mice was comparable to their littermate controls (Figure 1J-10). Young female Tg
mice had reduced cortical bone thickness (Figure 1R), but their cortical BMD and cortical
bone volume were similar to control mice (Figure 1P, 1Q).

By 12 weeks of age, both adult male and female Tg mice exhibited significant reduction
in trabecular bone (Figure 2 and Figure 3). Male Tg mice had 22.2% reduced trabecular
bone volume, 18.2% reduction in trabecular number, 18.9% increase in trabecular spacing
and 27% reduction in connectivity density compared to littermate controls (Figure 2A—
2G). There were no significant differences between the cortical bone of Tg male mice

and controls. Female Tg mice 12 weeks of age had 29.6% reduction in trabecular bone
volume, 24.4% reduction in trabecular number, 19.3% increase in trabecular spacing and
30% reduction in connectivity density relative to control mice (Figure 3A-3G). Female Tg
mice at 12 weeks had reduced cortical bone volume but the cortical BMD and thickness
were not affected (Figure 3H-3J).

Epor deletion in osteoblasts protects mice from EPO induced bone reduction

Elevated EPO in mice expressing high transgenic EPO and in wild type mice with EPO
treatment results in bone reduction(4, 12, 14). To understand if the EPO induced bone
reduction is mediated by osteoblasts expressing Epor, we administered daily doses of EPO
at 1200 1U/kg for ten days in both male and female Tg mice and their littermate controls. In
both control and Tg mice, EPO treatment raised hematocrits to similar levels (Supplemental
figure 2A, 2E). In male control mice, EPO administration resulted in 38.4 % reduction

in trabecular bone volume, 32.4% reduction in trabecular number and 30.7% increase in
trabecular spacing (Figure 2A-2F, Supplemental Table 1). In female control mice, the
effects of EPO administration were slightly greater with 40.1% reduction in trabecular bone
volume, 40.9% reduction in trabecular number and 32% increase in trabecular spacing
(Figure 3A-3G, Supplemental Table 1). Elevated EPO did not affect cortical bone in

male or female control mice (Figures 2H-2J, 3H-3J, Supplemental Table 1). In both

male and female Tg mice with Epordeletion in osteoblasts, EPO administration for ten
continuous days did not induce any significant changes, demonstrating the requirement for
Eporexpression in osteoblasts for bone reduction with EPO administration. However, in
male Tg mice with EPO administration there was a trend for reduced trabeculae with 20%
reduced trabecular bone volume compared to Tg mice administered with saline. There was
no significant difference in body weight, fat mass and in lean mass between control and

Tg mice with or without this schedule for EPO treatment (Supplemental figures 2B-2D,
2F-2H).

Epor deletion in osteoblasts does not affect marrow adipocytes

We previously reported increased marrow adiposity in mice with erythroid restricted Epor
expression(12). To determine if lack of Eporexpression in osteoblasts has any effect on
marrow adiposity, the number of adipocytes in the H & E stained sections of femurs of
both male and female Tg mice and their littermate controls were determined. There were no
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significant differences in the marrow adiposity between the littermate controls and Tg mice
in either gender (Figure 4A-4D). As previously reported, female mice have more marrow
adiposity than males and there appears to be a tendency for female Tg mice to have even
more marrow adiposity. Elevated EPO reduced marrow adipocytes in all mice receiving
EPO.

Epor deletion in osteoblasts reduces their differentiation and mineralization in vitro

Primary osteogenic cells isolated from the calvaria of Tg mice cultured in osteogenic
medium showed reduced differentiation potential compared to the osteogenic cells from
littermate control mice assayed on days 7, 14 and 21 (Figure 5A). With long term osteogenic
cultures, the Tg osteogenic cells had less ALP activity on all days of measurement compared
to wt osteogenic cells (Figure 5B). The Tg osteogenic cells also had reduced A/p/and
Runx2 expression, but did not have any significant change in Osterix levels (Figure 5C).
Addition of EPO to the osteogenic cultures from Tg mice did not affect their differentiation
whereas wt osteogenic cells had decreased differentiation with EPO treatment (Figure 5D).
Osteogenic cells from Tg mice also had reduced mineralization ability /n vitro as observed
by alizarin staining, however addition of EPO did not affect the mineralization of wt or Tg
osteogenic cells (Figure 5E).

Osteocytes in Tg mice with Epor deletion in osteoblasts

Since osteogenic cells from Tg mice showed reduced differentiation and mineralization

in vitro, we enumerated the number of osteoblasts lining the trabecular bone in control

and Tg mice treated with ten daily doses of EPO or saline (Figure 6A—C). We did not

find any significant differences in osteoblast numbers in any of the mice groups in both
males and females. Osteoblasts become embedded in the extracellular matrix and become
osteocytes which are the most abundant cells in the bone(15). We did not find any significant
changes in alive osteocytes in both male and female Tg mice compared to controls with or
without EPO administration (Figure 6D, 6E, 6H). Male mice did not show any significant
changes in the number of dying osteocytes; there was a trend for increased number of empty
lacunae in male Tg mice but this effect was not significant (Figure 6F, 6G). The number

of dying osteocytes were higher in the Tg female mice (Figure 61), which aligns with the
reduction in cortical bone volume observed in the female Tg mice (Figure 3I), and EPO
administration in these mice reduced the number of dying osteocytes (Figure 61). There

was a trend for more empty lacunae in female Tg mice compared to control groups but

the results were not significant (Figure 6J). Osteocytes are important in maintaining bone
homeostasis and disruption of osteocytes are linked to bone fragility(15). Previous studies
have shown that osteocytes can regulate both trabecular and cortical bone remodeling(16).
Thus, the increased number of dying osteocytes in female Tg mice and trend for increased
empty lacunae in male Tg mice might also be contributing to the reduced trabecular bone in
the transgenic mice.

Epor deletion in osteoblasts does not affect osteoclasts

Analysis of TRAP stained sections of femurs did not show any significant differences in
the number of osteoclasts in male and female control or Tg mice with or without EPO
administration (Figure 7A—C). Osteoclast cultures from the bone marrow of control and
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Tg mice did not show any significant difference in differentiation (Figure 7D, 7E). The
osteoclast area was increased in the cultures of Tg mice osteoclasts with 10 U of EPO
(Figure 7F) however there was no difference in the area of resorption which measures
osteoclast activity (Figure 7G). We observed a trend for reduced osteoclast activity in both
control and Tg mice with 5U of EPO suggesting that absence of Epor in osteoblasts does not
affect EPO signaling in osteoclasts.

Discussion

Functional Epor is expressed by several non-erythroid cells suggesting a broad regulatory
role for EPO besides erythropoiesis(1). Recent reports on the effect of EPO on bone in
animal models have shown that EPO treatment promotes bone healing during fracture but
reduces bone when administered in healthy animals. We previously showed that absence of
EPO signaling in non-erythroid cells results in reduced trabecular bone in male and female
mice(12). In elderly men in Sweden with normal renal function, high plasma EPO associated
with higher incidence of fracture risk(17). Here we assessed the effect of endogenous EPO
signaling specifically on bone forming osteoblasts using Tg mice with targeted deletion of
Eporin osteoblasts. We observe that endogenous EPO is important for bone development

in both male and female mice and defective bone formation in Tg mice that lack Epor

in osteoblasts increases with age. At four weeks of age, Tg male mice exhibit decreased
trabecular bone volume and fewer trabeculae without any change in cortical bone. Female
Tg mice at four weeks of age show reduction only in cortical thickness. By 12 weeks

of age with increasing skeletal maturity, the importance of endogenous EPO signaling

in osteoblasts is readily apparent in both genders with significant reduction in trabecular
bone volume, number and connectivity density. In Tg mice trabecular bone volume is
reduced by 22.2% in males and 29.6% in females compared to their respective littermate
controls. In the cortical bone, only female Tg mice exhibit reduction in cortical bone volume
with cortical bone mineral density and cortical thickness unchanged. These data show a
prominent role for EPO in the maintenance of trabecular bone compared to cortical bone.
Thus, in skeletally mature mice, lack of endogenous EPO signaling reduces trabecular

bone in both male and female mice, evident first in male mice at 4 weeks of age but

with a greater reduction in trabecular bone in female mice by 12 weeks of age. In this

study, generation of Tg mice was carried out using mice with Cre recombinase under the
control of Osteocalcin (Bglap) promoter crossed with mice bearing floxed Eporalleles. The
Osteocalcin-Cre mediated floxed recombination of Eporoccurred specifically in osteoblasts
and not in non-skeletal tissues such as spleen or white adipose tissue which express high
levels of Epor (Supplemental figure 1C). Mature osteoblasts selectively express Osteocalcin
and the Cre-recombinase under the regulation of Osfeocalcin promoter is expressed starting
at E17, after bone development is complete(18). Therefore, the phenotype we observed in
the Tg mice is due to the specific deletion of Eporin mature osteoblasts. Endogenous EPO
expression is observed in the hindlimbs of neonatal mice but not in the bones of adult
mice(10). Our experiments were performed in mice older than 4 weeks of age and thus we
conclude that in these mice the source of endogenous EPO regulating EPO-Epor signaling in
osteoblasts is mainly derived from the kidneys.
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Exogenous EPO administration in mouse models been reported to be associated with
reduction in trabecular bone(12), including at both low dose(14) and high dose of EPO(4).
Similarly, here we found elevated EPO reduced trabecular bone in both male (38.4%
reduction in bone volume) and female (40.9% reduction in bone volume) wild type mice.
However, Tg mice treated with EPO exhibited sexually dimorphic response in bone. In
male Tg mice, EPO administration showed a trend for reduced trabecular bone (~20%
reduction in bone volume) that was not significant or as prominent to the bone loss in

wild type mice suggesting that the bone reduction observed with elevated EPO in male
mice is not exclusively mediated by EPO response in osteoblasts. In contrast, female Tg
mice did not exhibit any EPO induced reduction in trabecular bone, providing evidence

that bone reduction in response to elevated EPO in females is either entirely mediated

by Epo-Epor signaling in osteoblasts or that there is a protective mechanism against EPO
induced bone loss specifically in female mice. Hormones like estrogen have osteoprotective
role by regulating osteocyte function specifically in female mice. Abolition of estrogen
signaling in osteocytes decreased trabecular bone only in female mice not in male mice(19).
In our experiments with female wild type mice, EPO administration results in significant
reduction of bone even with intact estrogen signaling. However, in female Tg mice; the
absence of heightened exogenous EPO response in osteoblasts might be permitting estrogen
signaling in bone maintenance. Previously, it was shown EPO treatment reduced body fat
accumulation in male mice in contrast to female mice where the protective effect of estrogen
against diet-induced obesity was greater than EPO regulation of body fat and there was

no change in body fat with EPO administration(20). The significant bone loss with EPO
treatment not observed in Tg mice, suggest that the bone reduction observed with elevated
EPO in male and female mice requires EPO response in osteoblasts and underscores the
importance of EPO-Epor signaling in osteoblasts in bone reduction due to elevated EPO.

Decreased trabecular bone is often associated with increased bone marrow adipocytes(21).
Mice with Epor restricted to erythroid tissue exhibit marked increase in fat depots such

as white adipose tissue and bone marrow adipocytes and reduced bone formation(2),(12).
However, in the current study with Tg mice where the EPO-Epor signaling is specifically
ablated in mature osteoblasts, we did not observe any significant changes in the number

of bone marrow adipocytes with decreased trabecular bone. These data suggest that EPO
signaling in mature osteoblasts and adipocytes may be mutually exclusive and that trabecular
bone reduction is not always associated with increased marrow adiposity. Furthermore,
while EPO treatment in wt mice reduces bone and the number of bone marrow adipocytes,
Tg mice treated with EPO exhibit only the reduction in bone marrow adipocytes.

Addition of EPO to human osteoblast cultures induces phosphorylation of JAK2 and

STAT3 proteins indicating active EPO-EPOR signaling in osteoblasts(22). In our studies,
primary osteogenic cultures from Tg mice showed that osteoblasts lacking endogenous EPO
signaling have less differentiation potential and the measurement of ALP activity which is
an indicator of osteoblast activity showed consistently decreased ALP activity throughout
the 21- day culture period. This is consistent with our observation that targeted deletion

of Eporin osteoblasts reduces bone volume and the similar reduction in bone volume in
mice lacking HIF1/HIF2 signaling in osteoblasts(10). EPO treatment of osteoblasts derived
from differentiated bone marrow stromal cells showed that at low doses EPO inhibits
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osteoblast differentiation and mineralization while increased doses of EPO stimulate these
two processes along with regulating A/p/and Runx2transcript levels (23). Unlike the
control osteogenic cells, the Tg osteogenic cells with deletion of Epor did not respond to
addition of exogenous EPO in the culture medium. Besides the protein activity, we also
observed significant reduction in A/o/ mRNA levels in Tg osteogenic cultures. We assayed
the expression of several key osteogenic genes and found only Ajp/and Runx2transcripts
to have significantly differential expression in Tg osteogenic cells. Tissue-nonspecific
alkaline phosphatase encoded by the Alp/gene is an enzyme expressed early in the
process of calcification with essential roles in bone mineralization(24). Runx2is a runt
related transcription factor required for osteoblast differentiation and deficiency of Runx2 in
committed osteoblasts is associated with disrupted postnatal bone formation by decreasing
osteoblast function(25). Bone homeostasis is maintained by the coupling of osteoblast-
osteoclast activity, and synthesis of cytokines Rankl and Osteoprotegrin by osteoblasts is
essential for osteoclast differentiation(26). We did not observe any changes in osteoclast
differentiation and resorption in cultures or in bone sections, suggesting that the absence
of endogenous EPO signaling in osteoblasts does not affect osteoclast differentiation or
activity.

In conclusion, deletion of Eporin mature osteoblasts resulted in significant trabecular bone
reduction in both male and female mice. The loss of EPO signaling in osteoblasts decreases
their differentiation potential with reduction in A/lp/and Runx2 expression levels but does
not affect osteoclast differentiation or marrow adiposity. On the other hand, with ablation
of EPO signaling in osteoblasts, EPO treatment stimulated erythropoiesis and red blood cell
production, but no longer induced trabecular bone reduction observed in male and female
wt mice. These findings demonstrate a previously unrecognized role for endogenous EPO
as an essential regulator of osteoblasts and a direct role for EPO in regulating the bone
microenvironment independent of its erythropoietic function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard abbreviations

TRAP Tartrate-resistant acid phosphatase

Alpl Gene encoding tissue-nonspecific Alkaline phosphatase
BMD bone mineral density

BV bone volume

BCIP/NBT 5-Bromo-4-chloro-3-indolyl phosphate/Nitro blue tetrazolium
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Bone features of 4-week-old male and female transgenic mice (Tg) with Epor deletion

in osteoblasts and littermate controls (wt). (A-F) Micro-CT quantification of trabecular
parameters in male mice including trabecular (Th) bone mineral density (BMD),

bone volume/tissue volume (BV/TV), number (No:), spacing (Sp), Thickness (Th) and
connectivity density (Conn D). (G-I) Micro-CT quantification of cortical BMD, BV

and thickness in male mice. (J-O) Micro-Ct quantification of trabecular parameters in
female mice. (P-R) Quantification of cortical bone parameters in female mice. (n=5/group,

*p<0.05, **p<0.01).
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Bone features of 12-week-old male transgenic mice (Tg) with Epor deletion in osteoblasts
and littermate controls (wt) with 10 daily administration of recombinant Epo. (A) 3D
images of trabecular bones of wt and Tg male mice receiving 1200 1U/kg of EPO for ten
days. (B-G) Micro-CT quantitation of trabecular BMD, trabecular BV/TV, number, spacing,
thickness and connectivity density. (H-J) Micro-CT quantitation of cortical BMD, BV and
thickness. (n=4-6/group, *p<0.05, **p<0.01).
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Bone features of 12-week-old female transgenic mice (Tg) with Epor deletion in osteoblasts
and littermate controls (wt) with 10 daily administration of recombinant EPO. (A) 3D
images of trabecular bones of wt and Tg female mice receiving 1200 1U/kg of EPO for ten
days. (B-G) Micro-CT quantitation of trabecular BMD, trabecular BV/TV, number, spacing,
thickness and connectivity density. (H-J) Micro-CT quantitation of cortical BMD, BV and
thickness. (n=4-6/group, *p<0.05, **p<0.01).
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Figure 4:

Histology analysis by H & E staining of femur sections of 12-week-old male and female wt
and Tg mice receiving 1200 1U/kg of EPO for ten days. (A-B) Femurs of 12-week-old male
(A) and female (B) Tg mice and controls. Bone marrow adipocytes appear as white circles
in the marrow, pink colored regions are bones and blue regions are the bone marrow (n=4-6/
group), scale bar 200 pm (C-D) Number of bone marrow adipocytes in femurs of male (C)
and female (D) Tg mice per mm? of the marrow (n=4-6/group). *p<0.05, **p<0.01).
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Figure5:
Osteogenic cultures of Tg mice and littermate controls. (A) Calvarial osteoprogenitors

isolated from wt and Tg mice were cultured in osteogenic medium and stained for ALP
expression on day 7, 14 and 21, scale bar 50 um. (B) ALP activity was measured using a
colorimetric assay and expressed as absorbance normalized to the cell number determined
by MTT assay. (C) Relative mRNA expression of Alpl, Runx2and Osterix in osteogenic
cultures on day 7 determined by real-time PCR, fold changes expressed relative to the
expression in wt osteogenic cells. (D) Calvarial osteogenic cells from wt and Tg mice treated
with 5 U and 10 U of EPO for 24 hours and ALP activity measured using colorimetric

assay, absorbance was normalized to the cell number. (E) Calvarial osteoprogenitors from
wt and Tg mice stained for mineralization using alizarin staining after 28 days of culture in
osteogenic medium, scale bar 50 um. (n=4/group, *p<0.05, **p<0.01).
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osteoblasts on the surface. (B-C) Enumeration of number of osteoblasts per bone surface

in male (B) and female (C) wt and Tg mice with either saline or EPO treatment. (D) H
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and female (H-J) mice per mmZ.
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Figure 7:
Enumeration of osteoclasts /7 vivoand in vitroin Tg mice and littermate controls. (A)

Image of TRAP positive osteoclasts on the surface of trabecular bone. (B-C) quantification
of TRAP positive osteoclasts per bone surface in male (B) and female (C) wt and Tg mice
with either saline or EPO treatment. (D) Images of /n vitro osteoclast differentiation of
bone marrow cells of wild type (wt) and Tg mice using M-CSF and RANKL. Osteoclasts
appear after 4-5 days and were stained for TRAP, scale bar 50 um. (E) Enumeration

of number of TRAP stained osteoclasts in culture using ImageJ analysis software. (F)
Quantitation of osteoclast area in cultures using ImageJ analysis software. (G) Quantitation
of osteoclast activity by counting area of resorption using Corning Osteo assay surface
plates (n=5/group).
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Table 1

Primers and probes used for real-time PCR

Primersand probes

Sequences

Alkaline phosphatase | FP TTGTGCCAGAGAAAGAGAGAGA
RP GTTTCAGGGCATTTTTCAAGGT
Runx2 FP ACGAAAAATTAACGCCAGTCG
RP TCGGTCTGACGACGCTAAAG
Osterix FP GAGGAAGAAGCTCACTATGGCTCCAG
RP GCCTCCTTTCCCCAGGGTTGTTGA
B-actin FP GCAGGAGTACGATGAGTCCG
RP ACGCAGCTCAGTAACAGTCC
Rankl FP TTTCGAGCGCAGATGGATCC
RP CCTGCAAATCTGCGTTTTCATGGA
Collal FP ACTGCCCTCCTGACGCATGGCCAAG
RP CGTGCCATTGTGGCAGATACAGAT
Osteoprotegrin FP AGTGAGGAGGAAGACATTGTGTGT
RP GGGCTGCAATACACACACTCATC
Epor FP GCTCCGGGATGGACTTCA
RP GAGCCTGGTGCAGGCTACAT
Probe | CATACCAGCTCGAGGGTGAGTCACGAAAG
516 FP GATCGAGCCGCGCACG
RP CAAATCGCTCCTTGCCCA

Probe

CTGCAGTACAAGTTACTGGAGCCTGTTTTGCT
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