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Osteoporosis is a systemic condition where there is a decrease in bone mineral density (BMD) increasing the fragility
of the bone, which in turn increases the risk of fracture. Osteoclasts express Annexin A2 (ANXA?2), a calcium-
dependent phospholipid-binding protein that, when overexpressed, promotes osteoclastic activity. This study aims
to confirm the role of proinflammatory ANXA?2 in bone remodeling and determines its association with estrogen
expression causing low bone density in postmenopausal women. After obtaining the consent, pre and postmenopausal
women participants (n = 42) were subjected to Dual-energy X-ray absorptiometry (DXA scan). Later, serum estradiol
(E2) was analyzed using an automated hematology analyzer, and serum ANXA?2 levels were determined by ELISA
according to the manufacturer’s instructions. The osteoporotic post-menopausal women (58.6 + 9.2 years) have
lower BMD (0.7 = 0.2 g/cm?) with a very low T-score (DXA score) of —3.32 £ 1.42, compared to pre-menopausal
(25.34 £ 6.03 years) having higher BMD (0.97 + 0.17 g/cm?) with a T score of —0.79 £ 1.01. Furthermore, the serum
estradiol levels were significantly (p < 0.001) lower in post-menopausal women (5.52 + 1.35 pg/ml) compared to
pre-menopausal women (90.18 + 52.76 pg/ml). Conversely, the ANXA2 levels were significantly (p < 0.001) higher
among post-menopausal women (76.4 = 10.07 ng/ml) compared to pre-menopausal women (62.97 + 7.11 ng/ml).
This study concludes that the serum ANXA?2 levels in post-menopausal individuals with osteoporosis are inversely
related to hip BMD but have very poor levels of serum estrogen. Therefore, the greater levels of ANXA?2 have a role
in promoting osteoclastogenesis linked to osteoporosis.
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INTRODUCTION

Osteoporosis is a systemic disease in which a decrease
in bone mineral density increases the fragility of bone causing
increased susceptibility to fracture. According to the WHO,
osteopenia is defined as a T-score between —1 and —2.5 peak
bone mass in the control population, and osteoporosis is defined
as a T-score below —2.5 peak bone mass in healthy controls
[1]. In humans, peripheral blood monocytes have been shown
to have osteoclastogenic effects because they can differentiate
into osteoclasts and express cytokines such as IL-6, IL-1,
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TGF-B, and TNF-a [2]. Osteoblasts have predominantly used
macrophage colony-stimulating factor (M-CSF) to activate
osteoclast precursors, and M-CSF enhances the survival and
proliferation of granulocyte-macrophage colony-forming
unit (GM-CFU). The tumor necrosis factor family molecule
RANKL is expressed by osteoblasts, T cells, and endothelial
cells, and conjugation with RANK commits GM-CFU to the
osteoclast lineage, upregulating critical markers including
TRAP. Continued exposure to these molecules causes
preosteoclasts to fuse, and once activated, they adhere to the
bone surface and produce osteoclast-specific markers such
as cathepsin K. Osteoprotegerin (OPG), a RANKL decoy
receptor that suppresses osteoclastogenesis, can decrease
RANKL binding to RANK, determines whether and how much
resorption occurs [3—6]

Annexin A2 (ANXA2) is a calcium-dependent
phospholipid-binding protein that can stimulate osteoclasts to
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increase osteoclastic activity. Besides this, ANXA2 is found to
increase monocyte transepithelial migration and is also involved
in the elimination of compromised bone matrix by osteoclasts
[7]. The proinflammatory ANXA2 has been linked to several
immune-mediated illnesses, including pannus formation seen
in rheumatoid arthritis [8]. Recently, we have established the
reciprocal regulation of hormone receptors and proinflammatory
ANXA?2 in various cancer models like prostate and breast
cancer and also confirmed the proinflammatory function of
ANXAZ2 in different inflammatory disorders like rheumatoid
arthritis [8]. Based on this knowledge, we have hypothesized
in the current study that the decrease in the estrogen level in
postmenopausal conditions augments the expression of ANXA?2
and this becomes the reason for the increased osteoclastic
activity during osteoporosis.

In this respect, after referring to earlier research
work [8], we thought of determining the role of upstream pro-
inflammatory ANXA2 and also its association with estrogen
levels in postmenopausal women suffering from osteoporosis.
Despite the constructive and successful ramifications of several
therapies, the possibility of the paramount role of ANXA2
and its association with estrogen levels in the future treatment
endeavors of osteoporosis goes unacknowledged. Millions, if
not billions of women could benefit greatly from the evolution
in the implicated theme, thus decreasing the economic and
physical burden on postmenopausal females all over the world.

MATERIALS AND METHODS

Study population

This single-center study consists of 42 women subjects
who visited our teaching hospital for the treatment of bone or
hip-related problems. This sample size of 21 in each group was
obtained using nMaster software (version 2.0) by considering
the ANXA?2 standard deviation of 1.76 in pre-menopausal and
1.45 in the post-menopausal group, the mean difference as 1.4
and effect size as 0.87 at 5% level of significance with an 80%
power. The study protocol was approved by the Institutional
Ethics Committee, K.S. Hegde Medical Academy Mangalore,
India with approval no. EC/NEW/INST/2020/834 on Dec
07, 2020. The post-menopausal women with osteoporosis and
pre-menopausal women without osteoporosis, who were not
on treatment were recruited for the study after obtaining the
written informed consent. The subjects with bone marrow
diseases including multiple myeloma and connective tissue
disorders, endocrinopathies such as hyperparathyroidism,
hypothyroidism, type 1 diabetes, and Cushing’s syndrome, and
with Paget’s disease, and who are on glucocorticoid therapy,
anticonvulsant drugs, cytotoxic drugs, and cyclosporin were
excluded from this study.

Bone mineral density and T-score determination

Both the study groups (pre-menopausal, » = 21, and
post-menopausal, n = 21) were first thoroughly examined
clinically by the orthopaedician, and subjected to dual-energy
X-ray absorptiometry (DXA scan) using GE-Lunar Prodigy®
DXA machine. Every day, the equipment was calibrated and
the repeated measurements had a coefficient of variation of

1.87%. Values for bone mineral density (BMD) were calculated
and expressed in g/cm?, and then, converted further into values

Table 1. Age and bone characteristics of study subjects.

T-Score BMD
Group (n =21) Age (Years) (meanz SD) (g/em?)
Pre-menopausal 25.34+6.03 -0.79£1.01 0.97+0.17
Post-menopausal 58.46 +£9.27 -3.32+1.42 0.7+0.2
p value <0.001 <0.001 <0.001
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Figure 1. The levels of ANXA2 (A) and its comparison with Dexa T-score
(B), and Estrogen E2 (C) serum levels in pre- and post-menopausal individuals.
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Table 2. Statistical analysis of T-score, BMD, E2, and ANXA2 levels in pre-and post-menopausal women using
independent #-test.

Parameters Pre-menopausal (n = 21) Mean + SD Post-menopausal (n = 21) Mean = SD t y

DXA: T-score —0.79 £ 1.01 -3.32+1.42 6.683 <0.001
DXA: Z-score -0.62 +0.84 —2.04+1.48 3.817 <0.001
BMD (g/cm?) 0.97+£0.17 0.7+0.2 4.662 <0.001
E2 (pg/ml) 90.18 +52.76 5.52+1.35 7.351 <0.001
ANXA2 (ng/ml) 6297+ 7.11 76.4 +10.07 —4.992 <0.001

related to the average female peak bone mass, i.e., T score. In
general, the osteoporosis was diagnosed based on the T-score.

Blood collection and serum estradiol estimation

Two-milliliter peripheral venous blood was collected
using a 21-gauge needle from the subjects in a plain vacutainer,
left for 2 hours at room temperature to coagulate, centrifuged at
5,000 rpm for 3 minutes to separate serum, and stored at —80°C
till use. Serum estradiol (E2) levels were determined by an
automated hematology analyzer (Vitoss XT 7600).

Measurement of serum ANXA?2 levels

ANXAZ? levels in the serum of pre- and post-menopausal
women were determined using a double antibody-based sandwich
ELISA kit (FineTest®-Human, Wuhan). In brief, the wells were
pre-coated with human ANXA2 monoclonal antibodies, then
filled with the test serum and standards, and incubated at 37°C
for 2 hours. After the rinse and blocking, biotin-labeled ANXA2
antibodies coupled with streptavidin—horseradish peroxidase to
produce an immunological complex, were added and incubated
for 30 minutes. Unbound material is removed, and chromogen
reagent is added for turbidimetric reaction, and finally added
with stop solution to halt the reaction. This colorimetric change
was immediately recorded at 450 nm using an automated ELISA
reader (Tecan Spark) and the results were expressed as ng/ml.

Statistical analysis

GraphPad Prism 7 software was used for all statistical
analyses. The preponderance of continuous variables was
reported as mean + standard deviation. The differences in
ANXA2, E2, and BMD among the two groups were analyzed
using a two-sided Student’s r-test or unpaired 7-test and
compared using 2 way-ANOVA. A p-value less than 0.05 was
considered statistically significant.

RESULTS

The age and bone characteristics of the study
population of pre- and post-menopausal women have been
provided in Table 1. The BMD determined using DXA scan in
pre-menopausal women was found to have a normal T-score,
compared to post-menopausal women, who had a T-score
suggestive of severe osteoporosis (Table 1). However, the
serum ANXA?2 levels observed in pre-menopausal women was
62.97 £ 7.11 ng/ml, which is significantly lower, compared to
the post-menopausal women, who had observed a significantly
(p < 0.001) high level of 76.4 + 10.07 ng/ml ANXA?2 in the
serum (Fig 1A). Therefore, the comparative analysis of these

results indicates that the exceptionally high BMD subjects
will have very low levels of ANXA? in the serum, conversely,
extremely low BMD subjects will have higher levels of
ANXA2 in their serum (Fig 1B, Table 2). These data imply
that ANXA2 was found to be high among osteoporotic post-
menopausal individuals, in whom there will be more ANXA2-
mediated osteoclastic activity and hence the low BMD score
when compared to high BMD pre-menopausal individuals.

To understand the role of decreased levels of estrogen
hormone in post-menopausal women, the serum levels of
estrogen (E2) were determined and found that the E2 levels
were significantly lower in post-menopausal women (5.52
+ 1.35 pg/ml), compared to pre-menopausal women (90.18
+ 52.76 pg/ml). These results indicate that E2 and BMD are
directly proportional to each other, i.c., as the serum E2 level
decreases (seen in postmenopausal women), the BMD also
decreases as expressed by the DXA T-score (Fig 1C). In the
current study, the physiological decrease in serum estradiol
following menopause is significantly related to low BMD, with
a p-value < 0.001(N =42, r = 0.563). So as mentioned earlier,
with the decrease in estrogen, osteoclastogenesis is favored and
imbalance is seen in bone remodeling.

DISCUSSION

This study primarily established the relationship
between serum proinflammatory ANXA2 and estrogen in post-
menopausal individuals assessing their BMD status. WHO
considers the DXA scan the gold standard for distinction
among normal BMD, osteopenia, and osteoporosis. DXA
monitors bone mass over time and aids in the patient selection
for treatment [9]. The T-score between pre-menopausal and
post-menopausal women in the study by Kadam et al. [10] was
comparable to ours and statistically significant with a p-value
< 0.001. In comparison to premenopausal women without
osteoporosis, osteoporotic post-menopausal women had
considerably higher serum ANXAZ2 levels. Similar observations
have been made in earlier studies that the ANXA2 protein was
significantly upregulated in those with poor BMD as opposed
to high BMD [2,11]. In an in vitro study, it has been shown how
ANXA?2 protein concentrations might influence osteoblastic
activity, where they have observed a substantial difference in
the levels of serum ANXAZ2 protein between subjects with/
without fracture histories; ANXA2 levels in plasma were
inversely related to BMD [12]. ANXAZ2 is a family of calcium-
binding proteins that are involved in many biological processes
including bone remodeling. The ANXA2 was reported in bone
development in both bone formation and bone resorption
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[13,14]. In a study done by Deng FY et al. [2,11]. ANXA2
protein expression level in the peripheral blood monocytes
was significantly up-regulated in low vs. high BMD subjects
in postmenopausal individuals. Furthermore, ANXA2 is an
upstream biological marker postulating that soluble ANXA2
can be a useful indicator of an inflammatory process and also
it has a reciprocal regulation with anti-inflammatory Annexin
Al in the pathogenesis of rheumatoid arthritis [8]. Overall,
this study represented the pioneering efforts in assessing the
ANXA? protein level in plasma and analyze its association with
BMD in pre- and post-menopausal women, and observed that
ANXA2 was significantly elevated in post-menopausal women
with extremely low BMD versus pre-menopausal women with
high BMD.

The ability of ANXAZ2 to bereleased by both osteoclasts
and monocytes, acting as an autocrine factor to induce monocyte
trans-endothelial migration and/or osteoclastogenesis, provides
a rationale for these data [4]. In human marrow cultures,
ANXA2 has been shown to increase the number of osteoclast
precursors and promote osteoclast formation [13]. Nesbitt and
Horton demonstrated the critical function ANXA2 played in
the removal of compromised bone matrix by osteoclasts. These
findings corroborated the hypothesis that ANXA2 protein
stimulates osteoclast activity and formation [15,16]. The active
osteoclast itself may be a source of an activity that helps to
fine-tune the coupling process, according to earlier research in
genetically altered mice [17]. This coupling activity is generated
from active osteoclasts by Nakamura ez al. [18]. Consistently,
a review of the communication between osteoclasts and
osteoblasts suggested mature osteoclasts may interact not only
with bone lining cells but also with osteoblasts to remove the
bone collagen left by osteoclasts in resorption lacunae [19,20].
In light of the presence of ANXAZ2 in plasma its association with
BMD, and its promotive roles in osteoclastogenesis, herein we
propose a new concept as follows. ANXA?2 protein, secreted into
plasma by PBMs and osteoclasts, plays significant roles in the
regulation of osteoporosis by taking part in the process of bone
remodeling. The action of ANXA2 and E2, as observed in this
study, implies that there is a reciprocal regulation of estrogen
and ANXAZ2. The above integrative evidence strongly supports
the concept that ANXA?2 is involved in the pathogenesis of
osteoporosis in humans.

The currently established relation of estradiol and
proinflammatory ANXA?2 in the development of osteoporosis
was similar to our earlier observations in various hormone-
dependent cancer models, where investigators identified the
reciprocal regulation between E2 and ANXAZ2. Previously,
we have demonstrated that ANXA2 expression was null when
androgen receptor expression was very high in hormone-
dependent prostate cancer. Similarly, we have shown that
estrogen receptor-positive breast cancer had a very low or null
expression of ANXA2. This established reciprocal regulation
of ANXA2 encouraged us to check its relation with E2 in an
osteoporotic clinical setup. As hypothesized, ANXA2 and E2
were reciprocally regulated in post-menopausal osteoporotic
women, in whom when estrogen levels go down that induces
the expression of proinflammatory ANXA2, which could be the
reason for the occurrence of osteoclastic activity in osteoporosis

and thereby decreased the bone density. However, the molecular
mechanisms underlying these observations have to be further
proved with in-vitro and in-vivo studies are warranted.

CONCLUSION

This study results conclude that in post-menopausal
individuals with osteoporosis, plasma ANXA2 protein level
is inversely related to hip BMD and has a very poor level
of serum estrogen, which accounts for the occurrence of
increased plasma ANXA2 levels in individuals with poor
BMD. Overall, this research revealed that greater levels of
ANXA?2 have a role in promoting osteoclastogenesis and
are linked to osteoporosis development in post-menopausal
individuals.
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