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ABSTRACT

Introduction. Canonical Wnt signaling pathway
regulates stromal stem cells (SSCs) differentiation
and controls the balance between adipogenesis and
osteogenesis. Estrogen deficiency affects Wnt sign-
aling by altering the expression of sclerostin (SCL)
and the peroxisome proliferator-activated receptor-y
coactivator 1-a0 (PGC-la) in the bone tissue.

The objective of the study was to monitor wheth-
er there is a feedback mechanism between SCL and
PGC-la and to determine the extent of the immuno-
histochemical staining of PGC-lot and SCL in bone
tissue of estrogen deficiency-induced osteoporosis in
female Wistar rats.

Materials and methods. An experiment was per-
formed on 20 female Wistar rats at reproductive age
(2 months), divided into 2 groups: in group 1 (G1) 10
animals were ovariectomized (ovx) and in group 2 (G2)
10 of the remaining were sham-operated (sham).
Results. We found that the PGC-la in the bone
marrow stromal cells was reduced in the group with
osteoporosis (Gl - ovariectomized rats), compared
to sham-operated control group G2 (p<0.05). The
SCL in osteocytes was increased in the group with
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REsumE

Le role de la sclerostine et du PGC-1 alpha dans la
pathogenese de l'osteoporose

Introduction. La voie de signalisation canonique Wnt
régule la différenciation des SSC et controle 1‘équilibre
entre l‘adipogeneése et 1‘ostéogenése. La carence d’ces-
trogenes affecte la signalisation Wnt en modifiant
I'expression de la sclérostine (SCL) et du peroxysome
proliférateurrécepteur-coactivateur 1-o0 (PGC-la) dans
le tissu osseux.

Le but de I'étude était de surveiller s‘il existe un mé-
canisme de rétroaction entre le SCL et le PGC-la. et
de déterminer 1‘é¢tendue de la coloration immunohis-
tochimique du PGC-1a. et du SCL dans le tissu osseux
de l‘ostéoporose induite par une carence en cestro-
génes chez les rats Wistar femelles.

Matériel et méthodes. Une expérience a été réalisée
sur 20 rats Wistar femelles en age de procréer - 2 mois,
divisés en 2 groupes: dans le groupe 1 (G1) 10 animaux
ont été ovariectomisés (ovx) et dans le groupe 2 (G2) 10
des autres ont été simulés (sham).

Résultats. Nous avons constaté que le PGC-la dans
les cellules stromales de la moelle osseuse était réduit
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osteoporosis - G1, compared to control group G2
(p<0.05). Histomorphological analysis of femur from
G1 animals indicated reduced areas of mineralized tis-
sue and bone marrow fatty degeneration.

Conclusions. Estrogen deficiency in G1 ovx rats in-
creased the expression of SCL in the osteocytes by
activating osteoclastic bone resorption and reduced
PGC-la expression in SSCs cells, which stimulated
adipogenic differentiation that led to significant fatty
degeneration in the bone marrow. We confirmed the
exceptional role of PGC-1a and SCL in the pathogen-
esis of osteoporosis and that there is a mechanism of

feedback loop between SCL and PGC-la..

Keywords: PGC-la, sclerostin, estrogen deficiency,
0steoporosis.

Abbreviations

PGC-lou: peroxisome proliferator-activated receptor-y
coactivator l-a

SCL: sclerostin

SSCs: stromal stem cells

FD: fatty degeneration

[HC: immunohistochemical

OVX: ovariectomized rats

SHAM: sham-operated rats

H&E: hematoxylin & eosin staining

OPG: osteoprotegerin

RANKL: receptor activator of nuclear factor kappa-B
ligand

INTRODUCTION

Osteoporosis reflects a disruption of the bone
remodeling process, bone resorption prevailing over
bone formation!. Fatty bone marrow fatty degenera-
tion (FD) is a complication characteristic of osteo-
porosis®. Increased bone marrow fat accumulation
takes place at the expense of bone formation and
in turn impairs osteogenic regeneration’. Canonical
Wnt signaling pathway regulates SSCs differentia-
tion and controls the balance between adipogenesis
and osteogenesis*’. Estrogen deficiency increases
sclerostin (SCL) expression® and reduces the expres-
sion of peroxisome proliferator receptor-y coactivator
I-a (PGC-1a) in the bone tissue’ by disrupting Wnt
signaling®. Sclerostin is a secreted glycoprotein with
a C-terminal cysteine knotlike domain, which is pro-
duced by the osteocytes’. In its presence, osteoblast
precursors are not affected by the Wnt signal and as a
result the process of osteoblast differentiation stops'®.
The PGC-la. is a key regulator to multiple pathways

dans le groupe atteint d‘ostéoporose (les animaux G1
étaient ovariectomisés), par rapport au groupe témoin
G2 (p<0,05). Le SCL dans les ostéocytes a augmenté
dans le groupe atteint d‘ostéoporose - G1, par rapport
au groupe témoin G2 (p<0,05). Lanalyse histomorpho-
logique du fémur des animaux G1 a indiqué des zones
réduites de tissu minéralisé et une dégénérescence
graisseuse de la moelle osseuse.

Conclusions. Une carence en cestrogénes chez les rats
Gl ovx a augmenté l'expression de SCL dans les ostéo-
cytes en activant la résorption osseuse ostéoclastique et
en réduisant l'expression de PGC-law dans les cellules
SSC, ce qui a stimulé la différenciation adipogénique
qui a conduit & une dégénérescence graisseuse impor-
tante dans la moelle osseuse. Nous avons confirmé le
role exceptionnel de PGC-la et SCL dans la pathoge-
nese de l‘ostéoporose et qu'il existe un mécanisme de
boucle de rétroaction entre SCL et PGC-laL.

Mots-clés: PGC-la, sclérostine, carence en cestro-
genes, ostéoporose.

controlling overall energy homeostasis in the bone
and adipogenesis in SSCs'.

THE OBJECTIVE OF THE STUDY was to monitor wheth-
er there is a feedback mechanism between SCL and
PGC-la and to determine the extent of the immuno-
histochemical (IHC) staining of PGC-la. and SCL in
bone tissue of estrogen deficiency-induced osteoporo-
sis in female Wistar rats.

MATERIALS AND METHODS

Animals and experimental design

The animal experiments were approved and all
experiments were performed in accordance with the
Guidelines of the Scientific Ethics Committees of
Medical University-Pleven, Bulgaria (certificate no.
556/ 07.05.2019).

An experiment was performed on 20 female
Wistar rats at reproductive age (2 months), divided
into 2 groups: in group 1 (G1) 10 animals were ova-
riectomized (ovx), and in group 2 (G2) 10 of the
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remaining ones were sham-operated (sham). Animals
were selected with initial weight 150+20 grams.

A bilateral ovariectomy in female Wistar rat
leads to bone changes,similar to those of postmeno-
pausal women'"'2, All rats grew in a standard man-
ner rules of work with laboratory animals, adopted
from Medical University-Pleven, Bulgaria. The ani-
mals were prepared for the experiment by acclima-
tization to the conditions for one week prior to the
experiment. They were accommodated in an air-con-
ditioned room (relative humidity 45-65%) over a
12-hour light/dark cycle at 22+2°C, with free access
to food and water.

The model of osteoporosis was created according
to the method of Kharode et al, 2008!!. At surgery,
rats were initially anesthetized intraperitoneally with
a mixture of xylazine (10 mg/kg) and ketamine (90
mg/kg).We calculated for each animal a dose of an-
esthesia according to their weight, which is detailed
in the experimental protocol. After the double-sided
ovx, muscles, fascia and skin were gradually restored.
In the placebo group, the same surgical procedure
was performed, but without ovariectomy. The proce-
dure lasted approximately 10 minutes for each labora-
tory animal. Postoperative field was treated with an
antibacterial powder and each animal was placed in
an individual cell for postoperative observation and
care. A high degree of aseptic procedures was main-
tained throughout the operation. Surgical sutures
were removed 10 days after surgery'’.

Sampling

After a 30-day experimental period, the animals
were euthanized with an intravenous overdose of xyla-
zine/ketamine anesthetizing cocktail. Morphological
and immunohistochemical (IHC) studies were per-
formed at the Department of Pathology at Medical
University - Pleven, Bulgaria. The left femur was
selected for the research. According to Fonseca et
al (2012), estrogen deficiency leading to the develop-
ment of osteoporosis is best observed in the proximal
femur®,

Morphological analysis

The left femur of each rat was carefully pre-
pared and explanted , which was fixed in 10%
buffered formalin (pH-7). The samples were then
washed and decalcified with histological solution
,Osteosoft”, catalog N° 1017281000, for 24-48 hrs,
paraffin embedded, and sectioned. From each paraf-
fin block, tissues were cut into successive 3 pm sec-
tions per SHANDON microtome. Each sample was
subjected to routine histological examination with

Hematoxylin & Eosin (H&E) and THC testing.
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Immunohistochemical analysis

The following antibodies were used for IHC
studies: Anti-Sclerostin antibody (ab63097), accord-
ing to the manufacturer's instructions (Abgam), and
PGC-la (s¢-518025), according to the manufacturer's
instructions (Santa Cruz Biotechnology, Inc.).

Quantitative analysis

IHC analysis performed on formalin-fixed paraf-
fin-embedded (FFPE) tissue sections traditionally has
been semi-quantified by the pathologist’s visual scor-
ing of the staining. The evaluation was performed by
two independent pathologists. We used the following
scale for the intensity of estimations: O - no color-
ing; 1 - weak; 2 - moderate; 3 - strong'. For the
statistical processing, the nonparametric test - Mann
Whitney was used, by comparing the median values
via SPSS 17.0 statistical software. Data were present-
ed as mean # standard error of the mean (SEM), with
p <0.05 as the limit for statistical significance.

REesuLts

[HC staining of PGC-la in the bone marrow
SSCs was reduced in the group with osteoporosis
(G1) compared to control group G2 (p <0.05), as seen
in Fig.1. Also, in G1 there were observed thin bone
trabeculae, disconnected from each other, and pro-
nounced bone marrow degeneration.

It was found that the expression of SCL in the
osteocytes was increased in the group G1 compared
to group G2 (p <0.05). Also, in G2 pronounced osteo-
clastic activity was observed (Fig 2).

Histomorphological analysis of the femurs from
Gl indicated reduced areas of mineralized tissue,
scant disconnected and thin bone trabeculae, and
fat degeneration in the bone marrow compared to
the control group, shown in Fig. 3. The pathologic
changes included an increase in the proportion of
adipose tissue in bone marrow, diminished hemat-
opoiesis and an increased percentage of empty osteo-
cyte lacunae. None of these abnormal changes were
detectable in the control group. Staining with H&E
showed fat cells in the bone marrow stroma of the
ovx group. The number of adipocytes and FD in G1
group was higher than in group G2.

DiscussioN

In recent years, the Wnt signaling pathway
riveted attention in connection with the discovery
of its influence on the processes of formation and
regeneration of bone tissue’ and therefore modula-
tion of this path may be useful in the treatment of
osteoporosis and other bone diseases. SCL inhibits



Archives of the Balkan Medical Union

Figure 1. IHC response of PGC-1a in femur preparations. (ovx): An animal from group G1; weak immunostaining
for PGC-1a in bone marrow SSCs. (sham): An animal from group G2; moderate to strong diffuse intensive
immunostaining for PGC-1a in bone marrow SSCs. Brown cytoplasmic staining, Magnification x 400. T-trabeculae,
BM-bone marrow, FD-fatty degeneration, SSCs — stromal stem cells.

Figure 2. IHC response of SCL in femur preparations. (evx): An animal from group G1; weak immunostaining
for sclerostin in a few osteocytes. (sham): An animal from group G2; moderate to strong intensive immunostaining
for SCL in plurality osteocytes. Brown cytoplasmic staining, Magnification x 400. T-trabeculae, BM-bone marrow,

FD-fatty degeneration, O-osteocyte, Ob-osteoblast, Oc- osteoclast.

Figure 3. Hematoxylin-Eosin staining. Sampling of femoral bone preparations. (ovx): An animal from group GI;
The trabecula is surrounded by fat cells; hemopoietic marrow is situated away from the bone. An area of FD
consisting exclusively of fat cells is seen at the centre. Original magnificationx100. T-trabeculae,
BM-bone marrow, FD-fatty degeneration. (sham): An animal from group G2; Magnification x 100.
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bone formation by binding to LRP5/6 co-receptors
and thereby antagonizing WNT/B-catenin signal-
ing in osteoblasts’®. Moreover, SCL increases osteo-
clastogenesis by increasing RANKL and decreasing
OPG expression'®. We have found that expression
of SCL increased after ovx and was combined with
increased bone resorption in group G1 compared to
control group G2. Today, treatment with sclerostin
monoclonal antibodies (Scl-Ab) has been shown to
improve the quality of osteoporotic bone in animal
models with ovx'™®, Despite a number of undesirable
effects, Scl-Ab (Romosozumab) is approved for use in
Japan, the USA and the European Union in 2019,
as it was proven that it reduces the risk of fractures
in postmenopausal women with low bone density">°.
Researchers suggest the use of a SCL vaccine against
estrogen-induced bone loss. This type of immuno-
therapy would restore Wnt signaling?'.

PGC-la plays a crucial role in bone metabolism.
PGCla-deficient mice display impaired bone struc-
ture, revealing that the absence of PGCla. can affect
the microstructural and mechanical properties of
the bone??. It was found that PGC-la. controls adi-
pogenesis in SSCs and the loss of PGC-1a disrupts
bone formation in osteoporosis™**. We found that
ovariectomy led to decreased expression of PGC-la,
which was combined with manifested fatty bone mar-
row degeneration. He YiXin et al (2011) proved that
the adipocyte number was significantly greater in
rats after ovx**. Pino et al (2012) also confirmed that
estrogen deficiency switches the Wnt signaling path-
way in SSCs, leading to bone marrow FD?. Chronic
estrogen deficiency affects osteocyte-mediated Wnt
signaling pathways, by altering the expression of
PGC-la and SCL. Using Sc-Abll, scientists have
demonstrated that blocking sclerostin, an inhibitor of
the WNT pathway, stimulates PGClo expression?®?.
Therefore, we can state that sclerostin not only leads
to bone loss, but also acts as a negative regulator of

PGC-la.
CONCLUSIONS

PGC-la has anabolic and Sclerostin has an-
ti-anabolic effects on bone formation. Our experi-
ment has been able to demonstrate that sclerostin
down-regulates PGC-la and that there is a mecha-
nism of feedback loop between SCL and PGC-la.
Estrogen deficiency in G1 ovx rats initially increased
the expression of SCL in osteocytes, by activating
osteoclastic bone resorption and reduced PGC-la
expression in SSCs cells, which stimulated adipo-
genic differentiation that led to significant fatty de-
generation in the bone marrow. We confirmed the

288 / vol. 55, no. 2

exceptional role of PGC-la and SCL in the pathogen-
esis of osteoporosis.
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