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Abstract

Background: Osteoporosis is a bone disease with low bone mass and micro-architectural
weakening of bone tissue. Osteoporosis can occur due in part to immunological activity,
therapeutic targeting of the effector immune osteoporotic factors will protect an exte
number of susceptible people especially postmenopausal women from this risky disease. The
aim of the current study is to estimate blood levels of gene expression of RANKL, RANK,
OPG, and OSCAR and the transcription factors ROR,t and FOXP3 (as representative of Th17
and Treg cells respectively), and to determine their benefit in detecting postmenopausal
osteoporosis cases.

Methods: A total of 88 post-menopausal women were included in the current study, 43 women
with osteoporosis (PO group), 45 women without osteoporosis (PNO) as age-matched control
group, in addition to 40 young healthy females as baseline controls (YA). Blood samples were
collected from participants to estimate the expression levels of genes of interest by qRT-PCR.
Results: A non-significant elevation in RANKL expression in PO group compared to PNO and
YA (PO=1.68, PNO=1.53 and YA=1.0). Th17 population is significantly elevated in PO group
compared to YA (PO=1.53, YA=1.0). No statistical differences were found among the groups
regarding other genes.

Conclusion: Th17 is a prominent osteoclastogenic marker detected in the blood. Additionally,
RANKL which is crucial bone resorbing factor, however, detecting its expression level in the

blood of postmenopausal osteoporotic women is almost inconclusive.
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TRODUCTION

Osteoporosis is the most common bone disease characterized by low bone mass with
weakening of microarchitectural bone tissue, accompanied by i&reased risk of fragility
fractures [ 1]. Osteoporosis is a serious health problem; since it affects patients’ quality of life,
mainly due to femur and vertebrae fractures [2,3]. Due to increased ageing people in the
population globally, osteoporosis incidence is growing rapidly and become a public health
impact and is considered “the silent epidemic of the 21st century” [2]. Physiologically, bone
undergoes a continuous regylated process of bone resorption and new bone formation called
bone remodeling [4], which begins with the absorption of bone by osteoclast cells (OCL) and
is followed by the generation of new bone by osteoblast cells (OBL). However, under
physiological changes such as estrogen deficiency state in postmenopausal women or
nutritional causes, bone resorption increases resulting in the primary type of osteoporosis.
Osteoporosis can also occur as a consequence of certain diseases or drugs, a condition called

secondary osteoporosis [5-7].

Although primary osteoporosis is classically regarded as an endocg'le disease [8], many studies
reported that the immune system is blamed for its pathogenesis. During the past two decades,
a novel field called “osteoimmunology” was established to explore the relationship between

ne homeostasis and immune systems [9]. OBL and OCL are activated in response to various
mediators secreted from immune cells, including cytokines, chemokines, and growth factors

[10].

CL is the sole bone resorbing cells and is a key player in physiological bone remodeling and
bone damage under pathological conditions such as osteoporosis, arthritis, periodontitis, and
bone metastasis [11]. Both human bone marrow myeloid progenitor cells and circulating
CD14+ monocytes in peripheral blood are considered sources of OCL precursor cells [12].
Under normal physiological conditions, OCL precursor recruitment, maturation, and function
are under the fixed control of OBL. So, abnormality affecting OBL may cause dysfunction of
OCL [13].




Once OCL precursor cells are recruited to the site of actiga, they will differentiate into mature
functional multinucleated OCL cells [14]. Although it is well documented that various factors
affect bone resorption, including hormones, cytokines, and noncoding RNAs, by mechanisms
affecting signaling pathways in OCL differentiation. However, RANKL/RANK is the critical
pathway among the other signaling pathways for osteoclastogenesis [15]. The co-presence of
macrophage colony-stimulating factor (M-CSF) will upregulate this pathway. The binding of
M-CSF with its specific receptor, colony stimulating factor 1 (c-Fn'a on OCL precursors,
activates intracellular signalling pathways resulting in upregulated expression of receptor
activator of nuclear fagtor kappa-B (RANK) on these cells. RANK expression, in turn, will
stimulate upregulated expression of receptor activator of nuclear factor-kB ligand (RANKL)
by osteoblasts [16]. The subsequent binding of RANKL with RANK triggers the terminal
differentiation into mature OCL [17, 18]. RANKL is a cytokine of tumor necrosis factor (TNF)
family, physiologically produced by osteoblast and osteocytes, also by activated T cells and

ibroblasts in inflammatory states [19,20]. RANKL is indispensable for OCL differentiatiﬁ;
the loss or mutation of RANKL or its receptor RANK causes osteopetrosis [21, 22, 23]. To
date, there is no clear evidence gf RANKL-independent osteoclastogenesis or any factor that
can replace RANKL functions, and RANKL is regarded as the sole master regulatory cytokine

that specifically induces osteoclastogenesis [21].

The intracellular signaling pathway primed by RANK/RANKL binding is essential to OCL
differentiation and getivity [24]. RANKL/RANK binding initiates intracellular signals that
recruit and activate tumor necrosis factor receptor-related factor-6 (TRAF-6) [25]. TRAF-6, in
turn, activates NF-xB, which reﬁllates osteoclast differentiation [26]. TRAF-6 also activates
c-Src [27], which stimulates protein kinase B (PKB, Akt), which regulates osteoclast
differentiation [28]. RANKL/RANK bindingﬂllso activates the mitogen-activated protein
kinase (MAPK) signaling gathway, resulting in the activation of transcription factors c-fos,
activator protein-1 (AP1). AP1/c-Fos and NF-kB directly regulate the expression of nuclear
factor of activated T cells 1 (NFATc1), the master transcription factor of OCL-specific genes
[29, 30].

nlthough NF-kB and c-Fos/AP1 pathways have critical roles in initiating NFATc1 expression,
they cannot sustain this expression [21]. RANKL is unique in having the potential to provide
a persistent NaﬁTcl induction and auto-amplification [21]. RANKL achieve this activity by
collaborating with signaling from co-stimulatory receptors, immunoreceptor tyrosine-based

activation motif (ITAM), to initiate sustained calcium signalling which in turn induces




sustained NFTcl expression [25,18]. OSCAR is one of ITAM co-stimuﬁory receptor family
with a proven role in the regulation of osteoclast differentiation [31]. Blockade of OSCAR
signaling was found to inhibit the formation of mature osteoclasts as well as their bone

resorption activity [32].

For regulation of bone remodeling, OBL controls osteoclastogenesis by expressing a negative
regulator of (él_, differentiation which is osteoprotegerin (OPG), a secreted TNF receptor
superfamily, which acts as a circulating decoy receptor for RANKL thereby preventing
RANKL/RANK binding, resulting in suppressing OCL differentiation [33].

OPG is expressed in different tissues and circulates in the blood. Recent studies demonstrated
that the OPG locally produced by osteoblasts, but not circulating OPG, is essential for bone
homeostasis [34, 35]. Deletion of OPG in osteoblasts by using Sp7-Cre or Dmp-Cre markedly
decreased bone mass with no effect on serum OPG level, whereas OPG deletion in B cells

(Mb1-Cre) or osteocytes (Sost-Cre) did not decrease bone mass [34 35].
Th17 cells have a primary role in the induction of various inflammatory conditions, such as

osteoporosis, psoriasis, periodontal disease, rheumaggid arthritis and inflammatory bowel
disease via the recruitment of immune cells [36, 37]. Retinoic acid-related orphan receptor-yt
(RORyt) is a crucial transcription factor in Th17 cells providinﬁe potential for pathological
immune responses [38]. The differentiation and developme Th17 cells from naive CD4* T
cells require the presence of TGF-f3,IL-6, IL-1p and IL-23 [39]. Th17 cells are often regarded
as osteoclastogenic subsets of T lymphocytes [40], because they express high levels of
RANKL, in addition, Th17stimulates the expression of RANKL by osteoblasts and synovial
fibroblasts viﬁecretion of IL-1, IL-6, IL-17 and TNF [41,42]. The enhancing role of Th17 in
osteoporosis is supported by the increased Thl7 cell population in the bone marrow, peripheral
blood and the surrounding tissue of postmenopausal osteoporotic women [36]. Accordingly,
estimating Th17 cell counts in the blood is an important marker for osteoporosis assessment

[43].

Regulatory lls (CD4+CD25+Foxp3+ T cells) are a special subset of T-helper cells that
regulate the #cretion and expression of pro-inflaatory and anti-inflammatory cytokines
[36, 44 45]. The development and differentiation of naive T cells to Tregs recommend the
presence of IL-2 and TGF-§ [46]. Functional Tregs should express Forkhead transcription
factor (Exp3) which has an important role in their development and function [44]. Tregs

secrete cytotoxic T-lymphocyte antigen 4 (CTLA-4), which binds with CD80/ CD86 co-




receptors on OCL precursor cells inducing their apoptosis [47]. Also, Treg cells directly inhibit
differentiation of OCL precursor cells by suppressing RANKL, and M-CSF production via
TGF-p and IL-10 production [18, 48]. It is well established that any dysregulation in the
population or functioning of Tregs wguld result in enhanced bone loss [49]. Due to the
plasticity of Treg and Th17 cells, Treg cells may lose their immunosuppressive function under
estrogen deficiency and convert to Th17 cells, which explains the unbalance of Th17/Treg

populations in postmenopausal osteoporosis [50].

METHODS
Study population

A case control study was conducted from December 2022 to August 2023 on 128 women who
attended Rheumatology and Rehabilitation Clinic at Al Basrah Teaching Hospital: 88 of the
studied women were post-menopause, and 40 were young cycling women. After obtaining their
signed permission on a cons orm, bone densitometry for the lumbar spines (L1-L4) done
for each woman in the study to estimate Bone Mineral Density (BMD) and Trabecular Bone
Score (TBS), expressed -score value for postmenopausal women and Z-score value for the
young cycling females. According to WHO criteria, women with a T-score =-2.5 considered
as postmenopausal osteoporotic group (PO) (n=43), women with T-score >-2.5 considered as
postmenopausal non-osteoporotic group representing age-matched controls (PNO) (n=45), and

young cycling females with Z-score >-2 as baseline control group (YA) (n=40).
Gene expression study

A total of 5 ml of blood samples were taken from each participant and placed in an EDTA
tubes. RNA swles were extracted via GENEzol™ TriRNA Pure Kit (GZXD100, Geneaid,
Taiwan). The cDNA was synthesized by EntiLink™ 1*' Strand cDNA Synthesis Super Mix
(EQ031-01, ELK biotechnology, China). The expression of KL, RANK, OPG, OSCAR,
RORyt, and FOXP3 was estimated by qRT-PCR using EnTurbo"'MéYBR Green PCR
SuperMix (High ROX Premixed) (EQO13, ELK biotechnology, China). The primers Eed are
demonstrated in table 1. The amplification program used was pre-denaturation stage at 95°C
for 30 seconds, 1X, denaturation step at 95°C for 5 seconds, annealing step at 55°C for 30
seconds and extension step at 72°C 30 seconds, the three steps were repeated for 39X,
followed by the melting stage. The data was analyzed using the AACT method (Livak &
Schmittgen, 2001).




Statistical analysis

The data underwent statistical analysis using a normality test at the beginning followed by non-

parametric test (Mann-Whitney U test) in the MINITAB program.

Table 1 Primers sequences for genes of interest and GAPDH used in qRT-PCR

Gene Primer nucleotide sequences (5°-3°) Reference
RANK-F 5’-TTGCAGCTCAACAAGGACAC-3’ Primer design
RANK-R 5’-CGTAGGGACCACCTCCTACA-3’ Primer design
RANKL-F 5’-CCTGAGACTCCATGAAAACGC-3’ Primer design
RANKL-R 5’-TCGCTGGGCCACATCCAACCATGA-3’ Primer design
OPG-F 5’-CGGCGTGGTGCAAGCTGGAAC-3’ Primer design
OPG-R 5’-CCTCTTCACACAGGGTGACATC-3’ Primer design
OSCAR-F | 5’-TGCTGGTAACGGATCAGCTCCCCAGA-3’ Primer design
OSCAR-R 5’-CCAAGGAGCCAGAACCTTCGAAACT-3’ Primer design
RORyt-F 5’-GCA GCG CTC CAA CAT CTT CT-3° (Lin er al., 2015)
RORyt-R 5’-ACG TAC TGA ATG GCC TCG GT-3’ (Lin et al., 2015)
FOXP3-F 5’-CAC CTG GCT GGG AAA ATG G-3’ (Zhang et al.,2017)
FOXP3-R 5’-GGA GCC CTT GTC GGA TGA-3’ (Zhang et al.,2017)
GAPDH-F 5’-TGACCACAGTCCATGCCATCACTG-3’ Primer design
GAPDH-R 5’-CAGGAGACAACCTGGTCCTCAGTG-3’ Primer design
Results

The results of RANKL gene expression of the present study showed a non-significant elevation

in RANKL expression in PO compared to PNO and YA, the expression values were PO=1.68,
PNO=1.53 and YA=10. The p value for the three comparisons PO vs PNO, PO vs YA and
PNO vs YA were 0.26,0.09 and 0.43, respectively (Figure 1).
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Figure 1 RANKL gene expression level in study groups.

RANKL expression

The results of RANK gene expression of the present study showed no significant differences
in RANK expression between PO and YA groups, the expression values were PO=1.03 and
Y A=1.0. RANK expression was non-significantly downregulated in PNO in comparison to PO
and YA with a fold change of 0.85. The p value for the three comparisons PO vs PNO, PO vs
YA and PNO vs YA were 0.38, 0.88 and 0.88, respectively (Figure 2).
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Figure 2 RANK gene expression level in study groups.

The results of OPG gene expression in the present study showed a non-significant difference
in OPG expression among the study groups, the expression values were PO=1.26, PNO=1.33
and YA=1.0 . The p value for the three comparisons PO vs PNO, PO vs YA and PNO vs YA
were 0.72,0.29 and 0.43, respectively (Figure 3).
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Figure 3 OPG gene expression level in study groups.

The results of OSCAR gene expression of the present study showed no significant differences
in OSCAR expression between PO and Y A groups, the expression values were PO=1.10 and
YA=1.0 . OSCAR expression was non-significantly downregulated in PNO compared to PO
and YA with a fold change of 0.74. The p value for the three comparisons PO vs PNO, PO vs
YA and PNO vs YA were 0.38, 0.54 and 0.63, respectively (Figure 4).
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Figure 4 OSCAR gene expression level in study groups.

OSCAR expression

The results of RORyt gene expression of the present study showed a significant elevation in
RORyt expression in PO compared to YA group, the expression values were PO=1.53 and
Y A=1.0, while RORyt expression in PNO showed non-significant downregulation compared
to PO and no difference to YA (expression=1.07). The p value for the three comparisons PO
vs PNO, PO vs YA and PNO vs YA were 0.4, 0.02 and 0.88, respectively (Figure 5).
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Figure 5 RORyt gene expression in study groups.

RORyt expression

The results of FOXP3 gene expression in the present study showed a non-significant difference
in FOXP3 expression among the study groups, the expression values were PO=1.06,PNO=0.95
and YA=10. The p value for the three comparisons PO vs PNO, PO vs YA and PNO vs YA

were 0.92,0.65 and 0.88, respectively (Figure 6).
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Figure 6 FOXP; gene expression in study groups




DISCUSSION
1-RANKL expression

Apart from the PO group having the highest expression level, the current study showed no
significant difference in RANKL gene expression among the study groups. This result may
be attributed to the well-documented finding that osteoblasts and osteocytes are the main
sources of RANKL [19,20]. Therefore, in the current study, the estimated blood levels of
RANKL gene expression are expected mainly from activated T and B lymphocytes that can
produce RANKL in response to pathological conditions such as inflammatory states [19, 20].
This suggested explanation may be supported by detecting the highest RANKL expression
level in PO group since osteoporosis is regarded as an inflammatory condition [60]. At the
same time, this study finding indicates that RANKL produced by these inflammatory cells is
insufficient to reach significant levels, this assumption is supported by the reported finding of
variations in the results between peripheral circulation products and the local expression level
of bone metabolism markers [53]. Further, this result indicates that the accurate estimation of
RANKL gene expression needs to work on bone cells directly. On the other hand, the finding
of no statistical difference in RANKL expression may be due to possible presence of RANKL
gene mutations in PO group population that cannot be detected in the current study, further
study searching for RANKL gene mutations that might be detected in circulating RANKL

producing cells may be required to confirm this proposed explanation.
2-RANK expression

The current study shows no significant difference in the level of RANK expression among
the three groups. This finding may indicate that RANK-expressing cells that circulate in the
blood which are mainly monocytes and dendritic cells (apart from myeloid progenitor cells in
bone marrow) do not over-expressed RANK gene unless they are recruited to the bone
surface area and then stimulated to become osteoclast precursor cell and upregulate RANK
expression, this explanation is supported by the reported finding that direct local contact on
the bone surface between osteoblast and osteoclast precursor cells ( including resident
macrophages, recruited monocytes, dendritic cells and the marrow myeloid precursor cells) is
needed to initiate upregulation in RANK gene expression on osteoclast precursor cells [13,

17, 18].




3-OSTEOPROTEGERIN expression

The current study results showed no statistical difference in the levels of OPG expression
among the study groups. A possible explanation for this result is that OPG gene expression
detected in the peripheral blood is from circulating leucocytes and this product has no effect
on bone homeostasis, at the same time, this may indicate that the OPG produced locally by
osteoblasts is the main regulator of bone mass via its function as a decoy receptor for
RANKL, preventing RANKL/RANK binding. This explanation is supported by the
previously documented finding that locally produced OPG by osteoblast is essential for bone
homeostasis while circulating OPG do not affect bone homeostasis [34,35]. The current study
finding is further supported by the reported studies that find deletion of genes responsible for
OPG expression in osteoblast leads to a marked decrease in bone mass with no effect on OPG
serum level, on the contrary, deletion of OPG genes in B lymphocytes and osteocytes leads to

a decrease in OPG serum level with no effect on bone mass [34,35].

4-0OSCAR expression

RANKL has a unique ability to generate sustained activated calcium signaling in OCL
precursor which causes persistent activation of NFATc1. Sustained stimulation of NFATcl is
mandatory to complete the osteoclastogenesis process [21]. RANKL performs this task by
collaboration with signals from ITAM containing immunoglobulin-like co-receptors. OSCAR
is one of these co-receptors with known potential to co-stimulate persistent calcium signaling
[11], the role of other ITAM co-receptors in osteoclastogenesis is not well understood [31].
OSCAR in humans is expressed by %Ls, also by monocytes, macrophages and dendritic
cells [54]. During bone remodeling, the recruitment of OCL precursor cells from the
circulation to bone surfaces requires trans-endothelial migration through blood capillaries that
express RANKL and collagen III, subsequently, these cells may contact osteoblast cells on
the bone surface or be exposed to collageng I and III from the bone matrix [55]. Interaction
between OSCAR on OCL precursor cells and these collagen ligands in the presence of
RANKIL may facilitate the production of multinucleated OCLs [55]. OSCAR role in bone
lesions of Rheumatoid arthritis patients is wellconfirmed. Rheumatoid arthritis (RA) is an
autoimmune disease with a tendency to cause inflammation of the synovial membranes with
infiltration of inflammatory cells and inﬁascd production of activated OCLs, which induce
bone erosion and joint destruction [56]. Joints of RA patients show mature OCLs close to the

bone surface, with numerous mononuclear OCL precursors at different stages of maturation




found in the surrounding _]Olﬁ tissues, these cells are attracted from peripheral blood through
synovial micrﬁasculature , OSCAR has been detected in all these cells [57, 58]. Herman’s
study showed that OSCAR is highly expressed by multinucleated OCLs at the bone surface
and approximately 30% of mononuclear cells around synovial microvessels. In addition,
circulating monocytes from peripheral blood of RA patients showed 2-fold higher expression
of OSCAR than monocytes from healthy individuals, suggesting that the receptor expression
is increased before the cells enter the joint compartment [58]. The current study shows no
significant difference in OSCAR expression among the study groups, this study result
disagreed with Herman et al.(2008). The possible explanation for such disagreement with
Herman et al, (2008) may be attributed to the effect of ahundant proinflammatory cytokines
in patients with active RA, where it is documented that%Fu is the main inducer of OSCAR
exprgssion in monocytes [58], this explanation is further supported by the reported finding
that levels of OSCAR are higher in the synovial tissue of active RA compared to inactive RA
due to the effect of abundant proinflammatory cytokine in the active state of RA [59].
Accordingly, the finding of no significant difference in OSCAR expression among the study
groups may indirectly lead to the conclusion that if postmenopausal osteoporosis is regarded
as an inflammatory process [60], then it seems to be of chronic low-grade type with no
abundance of proinflammatory cytokines. As far as the researcher’s knowledge, no similar
study investigating the level of OSCAR expression in the peripheral blood of post-

menopausal osteoporotic women was found to compare.

5-ROR,T expression:

Studies indicated that Th17 cells play an essential role in bone remodeling by promoting
osteoclastogenesis [47]. Th17 cells can induce bone loss directly through expressing RANKL
[49]. Furthermore, Th17 cells enhance the expression of RANKL by osteoblasts and
fibroblasts via the production of inflammatory cytokines, such as IL-6, IL-17 and TNF-a, and
subsequently pronﬁ‘ bone resorption [61]. The key transcription factor (representing the
signature defining transcription factor) of Th17 cells, is retinoic acid receptor-related orphan
nuclear receptor gamma (ROR,t), which is essential and sufficient to induce Th17 cell linage
in humans [62, 63]. Accordingly, the expression level of ROR,t was investigated in the
current study as a representative of Th17 cell population in the peripheral blood of the
participants. ROR,t expression in PO group showed statistically significant elevation

compared to YA group, while no significant difference was found between PNO and YA




group. This finding agrees with the documented observation that clcvateﬁ' h17 cell
population is associated with low bone mineral density [64]. In addition, many clinical
studies have shown that the frequency of Th17 cells in the circulation and bone surrounding
tissues of osteoporosis patients is higher than that in persons free of osteoporosis [49]. Thus,
this study may indicate that Th17 cell regulation may be an important target in osteoporosis

suppression.

sFOXP3 expression
é)xp& a member of the forkhead box family of transcription factors, is currently regarded as
a specific identification marker of Treg cells and is also an essential molecule for the
development and functional expression of Treg cells [65]. Identifying Foxp3 as the Treg cells
representative factor is suffigient for specific in vivo targeting of Foxp3+ Treg cells [66].
Studies have shown that the Treg cells affect bone by two mechanisms: direct cell contact
and the release of anti-inflammatory cytokine [67]. Cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4) is a surface protein on Treg involved in contact inhibition of osteoclast
formation [68]. Treg cells expressing CTLA-4 b'&i to CD80/CD86 on the surface of
osteoclast precursor cells, this binding results in the acaation of indoleamine-2,3-
dioxygenase in osteoclast precursor cells, this enzyme can degrade tryptophan, promote the
apoptosis of osteoclast precursor cells [69]. Treg can further inhibit the production of
osteoclasts by preventing the production of RANKL and M-CSF, by rgleasing the inhibitory
cytokines IL-10 and TGF-p, leading to an increase in bone mass [lSJ.ﬁ) consensus
regarding the inhibitory mechanism of Treg cells on osteoclastogenesis has been established
[70]. Kim et al. found that Treg cells inhibit osteoclaa:lifferentiation from precursor cells in
a cytokine-dependent manner and there is no rule for cell to cell contact mechanism, they
proposed that TGF-p and IL-4 may be the essential cytokines for the suppressive function of
Treg cells [71]. In contrast, Zaiss et al. concluded that the predominant mechanism of Treg
cells induced osteoclastogenesis suppression is by cell to cell contact by CTLA-4, suggesting
that [L.-4 and IL-10 contributed to, but were not necessary for the inhibitory effect [67]. In the
current study, no significant differences in the expression level of FOXP3 were found among
PO,PNO and YA groups. There are two possible explanations for this result, the first
suggested explanation depends on Zaiss et al.(2007) conclusion, therefore, Treg cell
population is expected to be more abundant near the bone surface area to come in contact,

through CTLA-4, with osteoclast precursor cells inducing apoptosis of these precursor cells




to suppress the inflammatory process, since osteoporosis regarded as a chronic inflammatory
condition [60]. According to this explanation, the estimated expression level of FOXP3 in
peripheral blood cannot give the true estimate of Treg population because these cells are
more abundant near the bone surface to perform their task. The second possible explanation
depends on Kim et al.(2007) conclusion already mentioned, which suggests that Treg
suppress osteoclastogenesis through cytokines and not through cell to cell contact, the second
explanation may be supported by finding the expression level of ROR,T is proportionally
higher than the expression level of FOXP3 (1.526 and 1.064 respectively) in PO group,
which mean presence of higher population of Th17 than Treg in PO group ( a state of
dysregulated balance between Thl7 and Treg ), resulting in elevated proinflammatory
cytokines and suppressed anti-inflammatory cytokines that leads to rapid bone loss. In
contrast, the PNO group showed almost no difference in the expression level of these two
transcription factors (ROR,T: 1.072 and FOXP3: 0.953), indicating that the physiological

balance between Th17 and T-reg cells still existed and regulate osteoclastogenesis in this

group.

CONCLUSION

Estimating gene expression levels of immune markers correlated with postmenopausal
osteoporosis including RANKL , RANK, OPG, OSCAR in peripheral circulation is almost
inconclusive in detecting postmenopausal osteoporosis cases. Estimating Th17 population in
peripheral blood and searching for dysregulation in the balance between Th17 and Treg in

such samples is beneficial in tracing expected postmenopausal osteoporotic cases.




References

1.

10.

I1.

12.

Lane JM, Russell L, Khan SN. Osteoporosis. Clin Orthop Relat Res (2000)
372):139-50. doi: 10.1097/00003086-200003000-00016

Gonzilez LA, Vasquez GM, Molina JF. Epidemiologia de la osteoporosis. J. Rev.
Colomb. Reumatol,2009;16:61-75

Weycker D, Li X, Barron R, Bornheimer R, Chandler D. Hospitalizations for osteoporosis-
related fractures: Economic costs and clinical outcomes. Bone Rep. 2016; 5:186-191. doi:
10.1016/j.bonr.2016.07.005. PMID: 28580386; PMCID: PMC5440958

Siddiqui JA, Partridge NC. Physiological bone remodeling: Systemic regulation and
growth factor involvement. Physiol (Bethesda). (2016) 31(3):23345. doi:
10.1152/physiol.00061.2014

Keen MU, Reddivari AKR. Osteoporosis in Females. 2023 Jun 12. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2023 Jan—. PMID: 32644582.

. Hussein, Mustata & AL-Maliki, Sami. CHANGES IN ELECTROLYTE IONS LEVEL IN

HEALTHY AND OSTEOPOROSIS WOMEN IN BASRA PROVINCE / IRAQ. World
Journal of Pharmaceutical Research,2019; 7.23-33. 10.20959/wjpr201817-13333.

Kamal Breesam Lafta, Muntadher Abdulkareem Abdullah, Fatih A. Al Khagani, Akeel M.
Jaber. The Prevalence of Osteoporosis in Chronic Liver Disease Patients Seen in Basrah
Gastroenterology and Hepatology Hospital. The Egyptian Journal of Hospital Medicine,
2023; 91:4707-4711

Rosen CJ. Endocrine disorders and osteoporosis. Curr Opin Rheumatol (1997) 9(4):355—
61. doi: 10.1097/00002281-199707000-00014

Okamoto K, Takayanagi H. Osteoimmunology. Cold Spring Harb Perspect Med (2019)
9(1):a031245. doi: 10.1101/cshperspect.a031245

Brunetti G, D’Amelio P, Mori G, Faienza MF. Editorial: Updates on osteoimmunology:
What’s new on the crosstalk between bone and immune cells. Front Endocrinol (Lausanne).
(2020) 11:74. doi: 10.3389/fendo.2020.00074

Tsukasaki, M., & Takayanagi, H. Osteoclast biology in the single-cell era. Inflammation
and Regeneration,2022; 42. https://doi.org/10.1186/s41232-022-00213-x

Tsai J, Kaneko K, Suh AJ, Bockman R, Park-Min KH. Origin of Osteoclasts: Osteoclast
Precursor Cells. 1 Bone Metab. 2023 May;30(2):127-140. doi:




13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

10.11005/jbm.2023.30.2.127. Epub 2023 May 31. PMID: 37449346; PMCID:
PMC10346003.

Filgueira L. Osteoclast Differentiation and Function. In Heymann D, editor, Bone Cancer
- Progression and Therapeutic Approaches. First Edition 2009 ed. UK: Academic Press.
2009. p.59-66

Lerner UH, Kindstedt E, Lundberg P. The critical interplay between bone resorbing and
bone forming cells. J Clin Periodontol. 2019; 46(Suppl 21):33-51.

doi: 10.1111/jcpe.13051.

Liang, B., Burley, G.,Lin, S., & Shi, C. Osteoporosis pathogenesis and treatment:
Existing and emerging avenues. Cellular & Molecular Biology Letters,2021; 27.
https://doi.org/10.1186/s11658-022-00371-3

Mun, S. H., & Park, P. S. The M-CSF receptor in osteoclasts and beyond. Experimental &
Molecular Medicine, 2020; 52(8):1239-1254.

Ansalone, C. et al. TNF is a homoeostatic regulator of distinct epigenetically primed
human osteoclast precursors. Annals of the Rheumatic Diseases. 2021;80 (6),748-757.
Okamoto K, Nakashima T, Shinohara M, et al. Osteoimmunology: The conceptual
framework unifying the immune and skeletal systems. Physiol Rev.2017;97(4): 1295
1349. https://doi.org/10.1152/physrev.00036.2

Takayanagi H. Osteoimmunology and the effects of the immune system on bone. Nat Rev
Rheumatol. 2009; 5(12): 667-676.

Yao,Z., Getting, S. J., & Locke, I. C. Regulation of TNF-Induced Osteoclast
Differentiation. Cells, 2022; 11(1), 132. https://doi.org/ 10.3390/ cells11010132
Takayanagi, H. RANKL as the master regulator of osteoclast differentiation. J Bone
Miner Metab 39, 13—18 (2021). https://doi.org/10.1007/s00774-020-01191-1

Jang Y, Sohn HM, Ko YJ, Hyun H, Lim W. Inhibition of RANKL-induced
osteoclastogenesis by novel mutant RANKL. Int J Mol Sci. 2021;22(1):434.

doi: 10.3390/ijms22010434.

Palagano, E., Menale, C., Sobacchi, C., and Villa, A. Genetics of osteopetrosis. Curr.
Osteoporos. Rep., 2018; 16, 13-25.doi: 10.1007/s11914-018-0415-2

Tobeiha M, Moghadasian MH, Amin N, Jafarnejad S. RANKL/RANK/OPG pathway: a
mechanism involved in exercise-induced bone remodeling. Biomed Res

Int. 2020;2020:6910312. doi: 10.1155/2020/6910312.




25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Tsukasaki M, Takayanagi H. Osteoimmunology: evolving concepts in bone-immune
interactions in health and disease (in eng). Nat Rev Immunol., 2019; 19:626-642.
https://doi.org/10.1038/ s41577-019-0178-8

Liao HJ, Tsai HF, Wu CS, Chyuan IT, Hsu PN. TRAIL inhibits RANK signaling and
suppresses osteoclast activation via inhibiting lipid raft assembly and TRAF6
recruitment. Cell Death Dis. 2019:10(2):77. doi: 10.1038/s41419-019-1353-3.

Zhou L, Song H, Zhang Y, Ren Z, Li M, Fu Q. Polyphyllin VII attenuated RANKL-
induced osteoclast differentiation via inhibiting of TRAF6/c-Src/PI3K pathway and ROS
production. BMC Musculoskelet Disord. 2020;21(1):112. doi: 10.1186/s12891-020-3077-
z.

Zhi X, Fang C,Gu Y, Chen H, Chen X, Cui J, et al. Guaiacol suppresses
osteoclastogenesis by blocking interactions of RANK with TRAF6 and C-Src and
inhibiting NF-kappaB, MAPK and AKT pathways. J Cell Mol Med. 2020;24(9):5122-
5134.doi: 10.1111/jcmm.15153.

Park,J.H.,Lee,N. K., and Lee, S. Y. Current understanding of RANK signaling in
osteoclast differentiation and maturation. Mol. Cells.,2017; 40, 706-713 doi:
10.14348/molcells.2017.0225

Cui J, Li X, Wang S, Su 'Y, Chen X, Cao L, et al. Triptolide prevents bone loss via
suppressing osteoclastogenesis through inhibiting PI3K-AKT-NFATcl pathway. J Cell
Mol Med. 2020;24(11):6149-6161. doi: 10.1111/jemm.15229.

Humphrey, M. B., and Nakamura, M. C. A comprehensive review of immunoreceptor
regulation of osteoclasts. Clin. Rev. Allergy Immunol., 2016; 51, 48-58. doi:
10.1007/s12016-015-8521-8

Kim, N., Takami, M., Rho, J., Josien, R., and Choi, Y. A novel member of the leukocyte
receptor complex regulates osteoclast differentiation. J. Exp.Med., 2002; 195, 201-209.
doi: 10.1084/jem.20011681

Qin S, Zhang Q, Zhang L. Effect of OPG gene mutation on protein expression and
biological activity in osteoporosis. Exp Ther Med. 2017;14(2):1475-1480.

doi: 10.3892/etm.2017.4712.

Tsukasaki M, Asano T, Muro R, Huynh NC, Komatsu N, Okamoto K et al. OPG
production matters where it happened (in eng). Cell Rep. 2020;32:108124. https:// doi.
org/ 10. 1016/j. celrep. 2020. 108124




35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Cawley KM, Bustamante-Gomez NC, Guha AG, MacLeod RS, Xiong J,Gubrij I, et al.
Local production of osteoprotegerin by osteoblasts suppresses bone resorption (in eng).
Cell Rep. 2020;32:108052. https:// doi.org/ 10. 1016/j. celrep. 2020. 108052.

Dar HY, Azam Z, Anupam R, Mondal RK, Srivastava RK. Osteoimmuno-logy: the Nexus
between bone and immune system. Front Biosci (2018) 23:464-92. doi: 10.2741/4600
Martinez GJ, Nurieva RI, Yang XO, Dong C. Regulation and function of pro-inflammatory
THI17 cells. Ann N Y Acad Sci (2008) 1143:188-211. doi: 10.1196/annals.1443.021

You L, Chen L, Pan L, Peng Y, Chen J. SOST gene inhibits Osteogenesis from adipose-
derived Mesenchymal stem cells by inducing Th17 cell differentiation. Cell Physiol
Biochem. 2018:48(3):1030-40.

McGeachy MJ, Cua DJ. Th17 cell differentiation: the long and winding road. Immunity
(2008) 28:445-53. doi:10.1016/j.immuni.2008.03.001

Ciucci T,Ibafiez L, Boucoiran A, Birgy-Barelli E, Péne J, Abou-Ezzi G, et al. Bone marrow
Th17 TNFa cells induce osteoclast differentiation, and link bone destruction to IBD. Gut
(2015) 64:1072-81. doi:10.1136/gutjnl-2014-306947

Ono T, Takayanagi H. Osteoimmunology in bone fracture healing. Curr Osteoporos Rep.
2017;15(4):367-75.

Komatsu N, Takayanagi H. Autoimmune arthritis: the interface between the immune
system and joints. Adv Immunol (2012) 115:45-71. doi:10.1016/ B978-0-12-394299-
9.00002-3

Zhao R. Immune regulation of bone loss by Th17 cells in oestrogen-deficient osteoporosis.
Eur J Clin Invest. 2013:43(11):1195-202. doi: 10.1111/eci.12158

Wang M, Tian T, Yu S, He N, Ma D. Th17 and Treg cells in bone related diseases. Clin
Dev Immunol (2013) 2013:203705. doi: 10.1155/2013/203705

de Rezende L, Silva IV, Rangel LB, Guimaraes MC. Regulatory T cell as a target for cancer
therapy. Arch Immunol Ther Exp (2010) 58:179-90. doi: 10.1007/s00005-010-0075-0
Curotto de Lafaille MA, Lafaille JJ. Natural and adaptive Foxp3+ regulatory T cells: more
of the same or a division of labor? Immunity. 2009;30:626-35.
doi: 10.1016/j.immuni.2009.05.002

Zhu L, Hua F,Ding W, Ding K, Zhang Y, Xu C. The correlation between the Th17/Treg
cell balance and bone health. Immun Ageing.2020;17:30. doi: 10.1186/ 5s12979-020-
00202-z




48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Zaiss MM, Frey B, Hess A, Zwerina J, Luther J, Nimmerjahn F, et al. Regulatory T cells
protect from local and systemic bone destruction in arthritis. J Immunol. 2010;
184(12):7238-46. doi: 104049 / jimmunol.0903841

Srivastava RK, Dar HY and Mishra PK. Immunoporosis: Immunology of Osteoporosis—
Role of T Cells. Front. Immunol., 2018; 9:657. doi: 10.3389/fimmu.2018.00657

Zhang W, Gao R,Rong X, Zhu S,Cui Y, Liu H and Li M. Immunoporosis: role of
immune system in the pathophysiology of different types of osteoporosis. Front.
Endocrinol., 2022; 13:965258. doi: 10.3389/fendo.2022.965258

Zhang J, WeiB,Hu H,Liu F, Tu Y, Zhao M, Wu D. Preliminary study on decreasing the
expression of FOXP3 with miR-155 to inhibit diffuse large B-cell lymphoma. Oncol Lett.
2017 Aug:14(2):1711-1718. doi: 10.3892/01.2017.6345. Epub 2017 Jun 8. PMID:
28789399; PMCID: PMC5529978.

Lin ZW, Wu LX, Xie Y, Ou X, Tian PK, Liu XP, Min J, Wang J, Chen RF, Chen YJ, Liu
C,Ye H, Ou QJ. The expression levels of transcription factors T-bet, GATA-3, RORyt and
FOXP3 in peripheral blood lymphocyte (PBL) of patients with liver cancer and their
significance. Int J Med Sci. 2015 Jan 1;12(1):7-16. doi: 10.7150/ijms.8352. PMID:
25552913; PMCID: PMC4278870.

Roforth, M M.; Fujita, K.; McGregor, U l.; Kirmani, S.; McCready, L.K.; Peterson, J.M.;
Drake, M.T.; Monroe, D.G.; Khosla, S.Effects of age on bone mRNA levels of sclerostin
and other genes relevant to bone metabolism in humans. Bone 2013, 59, 1-6.

Merck, E., Gaillard, C., Gorman, D. M., Montero-Julian, F., Durand, I., Zurawski, S. M.,
et al. OSCAR is an FcRy-associated receptor that is expressed by myeloid cells and is
involved in antigen presentation and activation of human dendritic cells. Blood ,2004; 104,
1386-1395. doi: 10.1182/blood-2004-03-0850

Andersen, T. L., Sondergaard, T. E., Skorzynska, K. E., Dagnaes-Hansen, F., Plesner, T.
L., Hauge, E. M., et al. A physical mechanism for coupling bone resorption and formation
in adult human bone. Am. J. Pathol. 2009; 174,239-247 . doi: 10.2353/ajpath.2009.080627
Panagopoulos, P. K., and Lambrou, G. 1. (2018). Bone erosions in rheumatoid arthritis:
recent developments in pathogenesis and therapeutic implications. J. Musculoskelet.
Neuronal Interact. 18, 304-319.

Gravallese, E. M., Harada, Y., Wang,J. T., Gorn, A. H., Thornhill, T. S., and Goldring, S.
R. Identification of cell types responsible for bone resorption in rheumatoid arthritis and

juvenile rheumatoid arthritis. Am. J. Pathol. , 1998; 152, 943-951




58.

59.

60.

61.

62.

63.

64.

65.

60.

67.

68.

69.

Herman, S., Miiller, R. B., Kronke, G., Zwerina, J., Redlich, K., Hueber, A. I., et al.
Induction of osteoclast-associated receptor, a key osteoclast costimulation molecule, in
rheumatoid arthritis. Arthritis Rheum., 2008; 58,3041-3050. doi: 10.1002/art.23943
Crotti, T. N., Dharmapatni, A. A., Alias, E., Zannettino, A. C. W., Smith, M. D., and
Haynes, D. R. The immunoreceptor tyrosine-based activation motif (ITAM) -related
factors are increased in synovial tissue and vasculature of rheumatoid arthritic
joints. Arthritis Res. Ther.2012; 14:R245. doi: 10.1186/ar4088

Mundy GR. Osteoporosis and inflammation. Nutr Rev. 2007;65:5147-S151.

Okamoto K, Takayanagi H. Regulation of bone by the adaptive immune system in
arthritis. Arthritis Res Ther (2011) 13(3):219. doi: 10.1186/ar3323

Capone A, Volpe E. Transcriptional Regulators of T Helper 17 Cell Differentiation in
Health and Autoimmune Diseases. Front Immunol. 2020 Mar 12;11:348. doi:
10.3389/fimmu.2020.00348. PMID: 32226427; PMCID: PMC7080699.

Stadhouders R, Lubberts E, Hendriks RW. A cellular and molecular view of T helper
17 cell plasticity in autoimmunity. J Autoimmun. 2018 Feb:87:1-15. doi:
10.1016/j.jaut.2017.12.007. Epub 2017 Dec 22. PMID: 29275836.

Bhadricha H, Patel V, Singh AK, Savardekar L, Patil A, Surve S, et al. Increased frequency
of Th17 cells and il-17 levels are associated with low bone mineral density in
postmenopausal women. Sci Rep (2021) 11(1):16155. doi: 10.1038/541598-021-95640-0
Shao TY, Hsu LH, Chien CH, Chiang BL. Novel Foxp3(—) IL-10(—) regulatory T-cells
induced by B-cells alleviate intestinal inflammation in vivo. Sci Rep.2016;6:32415.
doi: 10.1038/srep32415.

Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the
transcription factor Foxp3. Science. (2003) 299:1057-61. doi: 10.1126/science.1079490
Zaiss MM, Axmann R, Zwerina J, Polzer K, Guckel E, Skapenko A, et al. Treg cells
suppress osteoclast formation: a new link between the immune system and bone. Arthritis
Rheum.2007;56(12):4104—12. doi: 10.1002/art.23138.

Yuan FL, Li X, Lu WG, Xu RS, Zhao YQ, Li CW, et al. Regulatory T cells as a potent
target for controlling bone loss. Biochem Biophys Res Commun.2010;402(2):173-176.
doi: 10.1016/j.bbrc.2010.09.120

Fischer L, Herkner C, Kitte R, Dohnke S, Riewaldt J, Kretschmer K, et al. Foxp3+
Regulatory T Cells in Bone and Hematopoietic Homeostasis. Front Endocrinol.

2019;10(578).




70.Luwo CY, Wang L, Sun C, Li DIJ. Estrogen enhances the functions of
CD4(+)CD25(+)Foxp3(+) regulatory T cells that suppress osteoclast differentiation and
bone resorption in vitro. Cell Mol Immunol. 2011 Jan;8(1):50-8. doi: 10.1038/cmi.2010.54.
Epub 2010 Dec 6. PMID: 21200384; PMCID: PMC4002989.

71.Kim YG, Lee CK, Nah SS, Mun SH, Yoo B, Moon HB. Human CD4*CD25" regulatory T
cells inhibit the differentiation of osteoclasts from peripheral blood mononuclear

cells. Biochem Biophys Res Commun. 2007;357:1046-1052.






