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Abstract (english)

The aim of this qualitative systematic review is to describe the most important pathophysiological factors related with
genes, oxidative stress, immunophatogeny and others aspects in osteoporosis. We selected Pubmed, Scielo and Google
Scholar databases. A total of 7,730 documents were returned, based on different combinations of keywords in English and
Spanish. We use the quick reading of titles and abstracts to eliminate the articles unrelated to the proposed expository
scheme. A total of 152 papers fulfilled the following validation criteria: descriptive clinical studies, comparative with control
group, analytical studies of random assignment, and studies in experimental animals. To evaluate the methodological
quality of the clinical studies, the Sackett evidence scale was used, and the list of criteria of Sniekers to analyze the quality
of the animal studies were used. A major challenge is the integration of a multitude of signaling pathways and redundant
cytokines, oxidative stress, chronic stress, genes, among others, apparently capable of playing an important role, in trying to
establish a complete model of the pathophysiology of postmenopausal osteoporosis.

Keywords (english)

Osteoporosis, pathology, oxidative stress, genes, immune system (Source: MeSH).

Resumen (espaniol)

El objetivo de esta revision sistematica cualitativa es describir los factores fisiopatoldgicos mas importantes relacionados
con los genes, el estrés oxidativo, la inmunopatogenia, entre otros aspectos en la osteoporosis. Para lo cual seleccionamos
las bases de datos de Pubmed, Scielo y Google Académico. La busqueda devolvid un total de 7.730 documentos, basados en
las diferentes combinaciones de palabras claves en inglés y espafiol. Utilizamos la lectura rapida de titulos y resimenes para
eliminar los articulos no relacionados con el esquema expositivo propuesto. Un total de 152 trabajos cumplieron los
siguientes criterios de validacion: estudios clinicos descriptivos, comparativos con el grupo control, estudios analiticos de
asignacion al azar y estudios en animales de experimentacion. Para evaluar la calidad metodoldgica de los estudios clinicos,
se utilizé la escala de pruebas de Sackett y se utilizo la lista de criterios de Sniekers para analizar la calidad de los estudios
en animales. Un desafio importante es la integracion de una multitud de vias de sefalizacién y citoquinas redundantes, del
estrés oxidativo, estrés cronico, los genes, entre otros muchos factores, aparentemente capaces de desempefiar un papel
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importante, para tratar de establecer un modelo completo de la fisiopatologia de la osteoporosis posmenopausica.

Palabras clave (espafiol)

Osteoporosis, patologia, estrés oxidativo, genes, sistema inmunoldgico (Fuente: DeCS).

Introduccion

For the search of the pertinent information to
the subject, we selected the Pubmed, Scielo and
Google Scholar databases. A total of 7,730 papers
were returned from the following word combinations:
in  Pubmed the phrase "immunopathology
osteoporosis" returned 6 papers, with the words
"immune system osteoporosis" were found 1,620
articles, the combination "genes and osteoporosis"
assigned 2,357 and finally “Ostecimmunology and
osteoporosis” assigned 3 articles, for a subtotal of
4,222 research work. With respect to the Scielo
database the phrase "immune system osteoporosis"
allowed to identify 4 works, "fisiopatologia de la
osteoporosis" returned 11 articles, "osteoporosis" 994
articles, "inmunologia y osteoporosis" only located 1
work and finally "genes y osteoporosis " allowed the
rescue of 18 works, for a subtotal of 1,028 documents.
As Google Scholar is a more general search engine the
phrase used by us was: "immune system
pathophysiology osteoporosis osteoimmunology". This
search limited to 2,080 the works found. After the
preliminary reading of the titles and the summary in
Spanish or English allowed us to eliminate about 98%
of the documents. In vivo or in vitro studies that met
the following criteria were selected: a) descriptive
clinical studies, comparative with control group, b)
analytical studies of random assignment, and c) studies
in  experimental animals. To evaluate the
methodological quality of the clinical studies, the
Sackett evidence scales were used and the list of
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criteria of Sniekers was used to analyze the quality of
the animal studies (1, 2).

Osteoporosis is a multifactorial disease,
complex, dependent on aspects such as race,
nutritional status and immune status, age, genetic
predisposition, consumption of medications such as
glucocorticoids, anticonvulsants, therapy with other
different immunosuppressants to glucocorticoids (such
as Cyclosporin A, for example), among others. All this
is compounded by stress, depression, underlying
diseases such as hyperthyroidism, Cushing's syndrome;
the physiological decline of estrogen by menopause,
amenorrhoea, testosterone deficiency in men, life
habits consistent with excess of tobacco, consumption
of alcoholic beverages, just to name the most frequent
aspects (Figure 1). Elucidate the etiopathogenesis of
the disease in humans is very difficult because of the
large number of simultaneous variables that must be
controlled; for this reason, alternative models such as
in vitro cell systems and all ovariectomized murine
models (in vivo models) offer a great alternative, but it
must be considered that a mechanism linked to
osteoporosis obtained by in vitro experiments could
not necessarily be extrapolate to the model in vivo (or
have the opposite effect, for example) and even more
must be validated in humans. The mouse models offer
an excellent alternative to study the acute effect of
glucocorticoids, but in humans could be totally
different. Therefore, searching for new experimental
models to study osteoporosis is mandatory. Every day,
the topic of pathophysiology in osteoporosis is growing
rapidly. However, its causes and signaling pathways
and cellular interconnections are not fully understood
(3-10).
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Figure 1. General scheme proposed to describe the pathophysiology of osteoporosis. In bold, the aspects developed in the

present review are highlighted

In recent decades, the perception of
osteoporosis has changed from an inevitable
consequence of aging to a well-characterized,
treatable chronic no communicable disease with major
impacts on individuals, health systems and societies all
over the world. The characterization of its
pathogenesis from the hierarchical structure of the
bone and the role of its cellular populations
(osteoblasts and osteoclasts) and the
microenvironment of the latter, the development of
effective strategies for the identification of the most
suitable candidates for treatment and a growing of
effective pharmacological therapies have sustained
this evolution (11). The aim of the present qualitative
systematic review is to describe the most important
pathophysiological factors in osteoporosis.

Osteoporosis after solid organ transplantation

Solid organ transplantation has become an
effective and established clinical therapy for end-stage
renal disease, liver, heart and lung disease over the
last twenty years. However, the improvement in the
life quality of patients after transplantation also has
brought about the adverse effects of some
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complications such as osteoporosis and fractures
related to it (Figure 2; Figure 3). A fast decrease in
BMD and also a marked increase in fracture risk in the
first 6 to 12 months after transplantation have been
frequently observed (12-14). The percentage of bone
loss in renal transplant recipients was 76.05%
(200/263). Logistic regression analysis revealed the risk
factors of osteoporosis in renal transplant recipients
were age older than 50 years old (p=0.01), parent
fractured hip history (p=0.001), high dose of
corticosteroid (p=0.02) (13). One study found that the
overall risk of osteoporosis following a solid organ
transplant was 5.14 (95% Cl: 3.13-8.43) and the overall
risk of related fractures was 5.76 (95% Cl: 3.80-8.74).
Whereas, in lung transplant recipients an increased
risk of osteoporosis and fractures were observed,
followed by other organ types (15). As the patient
should be treated for life with immunosuppressants to
avoid graft rejection (hyperacute, acute or chronic),
these drugs are closely linked to BMD decreases, as
well as other major risk factor in this group of patients,
it is constituted by the previous bone diseases, before
transplantation. In this sense the associated
immunosuppressants include: glucocorticoids, which
primarily affect trabecular bone more than those sites
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where cortical bone predominates. Daily doses of 7.5
mg of prednisone are generally considered a
significant cause of bone loss, although lower doses
have been reported with harmful effects on bone
health. In this context, the main pathophysiological
mechanism of glucocorticoids is reduction of bone
formation due to the suppression of osteoblast
differentiation and function and the promotion of
osteoblastic apoptosis (12, 16).

Calcineurin inhibitors (a calcium-related
protein and its intracellular signaling pathways,
present in CD4+ T cells) have been successfully used
since the 1980s as useful immunosuppressant in organ
transplantation. Two drugs are linked in this particular
context to osteoporosis: Cyclosporin A and Tacrolimus
(FK506). The pathophysiological mechanism that
explains the link between the administration of
cyclosporin A to transplanted patients and the genesis
of osteoporosis is not completely understood.
However, it is well-known the dose-dependent effect
and time of administration of the drug. Another
relevant aspect is that patients receiving combination
therapy with glucocorticoids and cyclosporin A
increase the osteoporosis and related fractures risks.
Otherwise with the FK506 the effect is known to be
due to a bone resorption excess on the formation,

l Osteoporosis after solid organ

related to RANK / RANKL / OPG system imbalance (12,
16-17).

Everolimus and Sirolimus are mammalian
rapamycin inhibitors (designated as mTORi) useful in
organ transplant recipients. It is well known that
mTORi have both an antiproliferative effect and
antiangiogenic activities; so their interference with
bone metabolism is inevitable (12, 18). Kneissel et al.,
in 2004 (19) studied the impact of Everolimus in mice,
human osteoclasts in vitro and in the ovariectomized
rat bone. They found suppression in spongy bone,
bone resorption and cathepsin K expression by
osteoclasts. Sirolimus has been shown to inhibit the
formation of osteoclasts both in vivo and in vitro;
therefore, it may have the potential to balance the
effects of corticosteroids and immunosuppressive
regimens based on calcineurin inhibitors, thus
promoting an accelerated osteoporosis development
in kidney transplant recipients. Both Everolimus and
Sirolimus are considered bone resorption inhibitors
which action is the inhibition of calcineurin (20).

Molecular mechanisms involved in
osteoporosis

Several regulatory pathways described for
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Figure 2. Predisposing factors and main causes of osteoporosis after solid organ transplantation. BMD = Bone mineral density.
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osteoblasts have been implicated in osteoporosis: the
glucocorticoid receptor signaling pathway, retinoic
acid signaling pathway (RAR), the signaling pathway of
the estrogen receptor, peroxisome proliferator-
activated receptor signaling pathway (PPAR), vitamin
D receptor signaling pathway, Ca2" signaling pathway,
nuclear receptor coactivators (NCOA), and omega 3
fatty acid signaling pathway. Glucocorticoids are a
class of steroid hormones that bind to the
glucocorticoid receptors present in each vertebrate
cell. They inhibit the proliferation and differentiation
of osteoblasts. Glucocorticoids also regulate ion
channels. Retinoic acid acts by binding to retinoic acid
(RARs) receptors which are members of the nuclear
receptor superfamily. The RAR family comprises 3
isotypes: RARa, RARB, RARy. RARs act on
heterodimeric combinations with retinoid X (RXR)
receptors. Retinoic acids are essential for the
physiological regulation of a wide range of biological
processes including development, differentiation,
proliferation and apoptosis. Estrogen is necessary for

Pathophysiological mechanisms

bone growth and for the development and
maintenance of bone health. The cellular responses of
osteoblasts and osteoclasts to estrogen are initiated
through two high affinity Era and Erf receptors. PPARs
are members of the nuclear receptor family that can
form a heterodimeric complex with RXR and function
as transcription factors that regulate the expression of
genes. PPARs are involved in important metabolic and
inflammatory processes in the control of cell
proliferation, differentiation and survival (21).

These last eight signaling pathways were
verified with transmission electron microscopy and
gene expression profiles for ovariectomized rat bone
tissues before and after treatment with strontium
gluconate. Based on the network structure and
experimental data, the dynamic model predicted that
calcium and glucocorticoids signaling pathways are the
molecular targets for treatment with strontium
gluconate. The results further reveal that in the
context of the lack of estrogen pathway signaling,
treatment with strontium gluconate may offer a

proposed for osteoporosis after solid organ
transplants
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Figure 3. Pathophysiological mechanisms proposed for osteoporosis after solid organ transplants. BMD = Bone mineral density;
FK506 = Tracolimus; RANK = Receptor Activator of Nuclear Factor kf3; RANKL = Receptor Activator for Nuclear Factor kB Ligand;

OPG = Osteoprotegerin.
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desirable health status for humans (21).

It is important to clarify in this section that
strontium salts, in the form of strontium ranelate, are
a therapeutic option reserved only for those patients
who respond little to nothing to treatment with oral or
intravenous bisphosphonates. It is important to
emphasize that the reason why Yan et al., 2016 (21)
decided to use strontium gluconate is precisely
because in this way these researchers managed to
reverse the abnormal phenotype observed for
osteoblasts, being able to elucidate the particular
molecular pathways and then verify a network, which
brings enormous advantages for the vision from a
global point of drugs that are used for long periods of
time in relation to the safety of their use. Strontium
ranelate is not the first therapeutic option in
osteoporosis treatment. Its use is limited to patients
who do not have a history of ischemic heart disease,
peripheral arterial disease or cerebrovascular disease.
It is also contraindicated in hypertensive patients not

!' Pathophysiology of osteoporosis due to oxidative stress and lymphocyte activation

controlled, being at the discretion of the clinician its
use in osteoporosis patients.

Strontium gluconate exerted an action at the
level of osteoblasts (21), while bisphosphonates have
mechanisms of action on osteoclasts. Bisphosphoric
acid confers to bisphosphonates a high affinity for the
bone surface, a low half-life, a very low bioavailability
and a profile of low systemic effects unlike other anti-
reabsorptives. The high affinity for the bone surface is
a great advantage since a minimal amount of the
absorbed drug can exert an important effect in the
bone remodeling. Inside the osteoclasts, it is the R2
chains that determine the potency and mechanism of
action of the drug through the inhibition of the
Farnesyl pyrophosphosphate synthase (FPP-S) enzyme
and the Geranyl pyrophosphosphate synthetase (GPP-
S), interfering in osteoclastic activity: cytoskeleton
organization, vesicle trafficking, brush edge formation
and with prolonged exposure cell apoptosis is also
induced. The basic molecular structure of

Spongy Bone
. o [
Ovariectomy Estrogen deficiency Bone marrow L Compoct Bone Cartiage

PP X — )
) | Biood Vessels
Periosteum |

Yellow Bone Marrow Marrow
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0,", *OH, LOO », RO ,*, ROs, HO ,e ( free
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\ . 3
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This loss of bone mass is reversed by treatment with antioxidants or CTLA4

-lg(Grassi etal.,2017 (24 ).

Figura 4. Pathophysiology of osteoporosis due to oxidative stress and lymphocyte activation. Reactive oxygen species (ROS);
superoxide anion (O,*-); hydroxyl radical (¢OH); lipoperoxide radical (LOOe®); Peroxyl (RO,¢); Alkoxyl (ROe); Hydroperoxyl (HO,*);
Hydrogen peroxide (H,0,); Hypoclorous acid (HOCI'); Ozone (O3); Singlet oxygen (102); Peroxynitrite (ONOO-). Peroxynitrite is also
classified as reactive nitrogen species (RNS) in the subgroup of non-radicals; some authors also include it as ROS.

Avan Biomed. 2018; 7(2): 100-11

105




Vielma JR, et al. Pathophysiology of osteoporosis.

bisphosphonates is similar and the difference lies in
the radicals R1 and R2 that give them bone affinity and
potency to aminobiphosphonates. The R2 attached to
the central carbon is the one that confers the potency
to the bisphosphonate and is the one that will produce
the enzymatic inhibition at the level of the
synthetases, while the R1 gives the affinity to the bone
and in the majority of the bisphosphonates is the
group hydroxyl that gives you that property. The
difference between Aminobiphosphonates lies in the
variation of this molecule that will produce in these
bisphosphonates a more pronounced effect of
suppression of the replacement, so that the higher
potency of the new molecules allows a lower dosage.
The bisphosphonates that have until now long-term
safety data are Alendronate and Risedronate. So we
will have to wait for longer clinical trials of the latest-
generation drugs that offer more power than those
already known to assess their safety and effect on the
bone microarchitecture (22).

Oxidative stress and the osteoporosis genesis.

A free radical is an atom or molecule with a
single unpaired electron. Examples: nitric oxide (¢NO),

superoxide anion (0,”), hydroxyl radical (*OH),
lipoperoxide radical (LOOe). Although molecular
oxygen (0,) has two electrons isolated in different
orbitals, it is not a free radical. Molecular oxygen,
however, reacts rapidly with most radicals, in turn
forming other free radicals, which are more reactive
and cause selective oxidation of lipids, proteins or DNA
molecules (23-24). Most of the radicals that are
produced in vivo are reactive oxygen species (ROS) or
reactive nitrogen species (RNS). RNSs include
peroxynitrite (ONOO-), nitric monoxide (NOe) and
nitrogen dioxide (NO,e¢). Aerobic organisms have
developed a complex antioxidant defense system to
combat the destructive effects of O, products.
Unfortunately, this defense system is not perfect and
some molecular damage always occurs, leading to
disease and aging (23-24).

In 2007, Grassi et al., 2007 (25) demonstrated
that increased tumor necrosis factor alpha (TNF-a)
production in the bone marrow in response to both
oxidative stress and T lymphocyte activation
contributes to bone loss by estrogen deficiency;
however, it was not known until then whether
oxidative stress caused bone loss through T

l ¢ Pathophysiology of osteoporosis by chronic psychological stress 7 ”
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Figure 5. Pathophysiology of osteoporosis by chronic physiological stress. CRH= Corticotropin-releasing hormone; IL-6 =
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lymphocytes (Figure 4). Ovariectomy causes an ROS
accumulation in the marrow bone, which is due to
increased TNFa production by activated T lymphocytes
through the upregulation of the CD80 costimulatory
molecule on dendritic cells. Therefore, bone loss is
avoided by treatment of ovariectomized mice with
antioxidants or CTLA4-lg, a CD80/CD28 inhibitor.

Chronic psychological stress and osteoporosis.

The chronic psychological stress is a risk factor
for osteoporosis. Increased evidence confirms the
physiological importance of the central nervous
system, especially the hypothalamus, in the regulation
of bone metabolism (Figure 5). Both animal and
human studies indicate that chronic stress triggers
activation of the sympathetic nervous system, which
promotes the release of adrenaline and noradrenaline
from the adrenal medulla (26-27). Adrenaline and
noradrenaline will increase respiratory rate, heart rate,
blood glucose concentration, and blood flow to the
skeletal muscles (26). Hyperactivity of the
hypothalamic-pituitary-adrenocortical axis or
hypercortisolemia is considered an important factor
for bone loss induced by stress. Several human studies
report that blood cortisol levels were elevated in
depressed patients, concomitantly with low BMD (28-
29). Animal studies also showed elevated levels of
circulating corticosterone and adrenal gland weight,
accompanied by decreased bone quality in chronic
stress mice (30-31). Chronic stress stimulates the
hypothalamus to release corticotropin-releasing
hormone, which activates the hypothalamic-pituitary-
adrenocortical axis and stimulates the secretion of
glucocorticoids, which in turn have been shown to be
efficient in inhibiting osteoblastic function, causing
bone loss (32). In the other hand, studies carried out
on animals also showed elevated levels of circulating
corticosterone and an increase in adrenal gland
weight, accompanied by a decreased in bone quality
and in chronic stress mice. Chronic stress is associated
with pronounced and durable central and peripheral
hypernoradrenergic state (33). Increases in stress-
related noradrenaline levels especially within bone

Avan Biomed. 2018; 7(2): 100-11

tissue could contribute to bone loss and osteoporosis.
Elevated noradrenaline levels were confirmed in
animal models of chronic stress along with bone loss.
In addition, stress-induced bone loss may be partially
improved by the B-adrenergic antagonist propranolol,
suggesting that the sympathetic nervous system
mediates stress-induced bone loss (31). Pro-
inflammatory cytokines are also potential stimulators
of the hypothalamic-pituitary-adrenocortical axis and
may contribute to hypercortisolism in subjects with
depression. Chronic psychological stress is associated
with dysregulation of inflammatory cytokines, such as
interleukin-6 (IL-6) and TNF-a (26, 34-35).

The Genes and Osteoporosis.

Extreme cases of osteoporosis have been
served as models to identify genes that could be
candidates and indicate susceptibility to the disease.
Initially, genes related to imperfect osteogenesis and
the Wnt signaling pathway were identified (36).
Although most studies have involved small cohorts and
some limited genetic approaches, the advent of
sequencing is rapidly increasing our ability to establish
a molecular diagnosis in these cases. Candidate genes
identified in this way are: the LRP5 gene encoding a
Wnt signaling pathway receptor, described in
individuals with juvenile osteoporosis, in women with
vertebral fractures during pregnancy, and in idiopathic
juvenile osteoporosis. In this same Wnt signaling
pathway, the genes DKK1 and WNT3A have been
identified, which encode an antagonist and a
respective ligand of Wnt receptors in patients with
juvenile osteoporosis. In this same group the WNTI1
gene whose product is a ligand of the Wnt signaling
pathway found in patients with autosomal dominant
osteoporosis of early onset could be identified. Finally,
in patients with idiopathic osteoporosis and other
alterations such as X-linked osteoporosis and
postpartum vertebral fractures, the relationship with
genes coding for actin-binding proteins and
homocysteine metabolic proteins, designated PLS3
and MTHRF, respectively (36-39).
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The study of monogenic diseases with impact
on bone resistance has allowed the identification of
several mechanisms involved in bone physiology. For
example, imperfect osteogenesis, has demonstrated
the importance of bone matrix quality of collagen; Van
Buchem disease, Hajdu-Cheney syndrome and
autosomal recessive osteopetrosis have revealed
important signaling pathways (Wnt, Notch and RANK-
RANKL-OPG) that regulate bone remodeling; and
picnodisostosis has given an idea of the primary action
of cathepsin K on the function of osteoclasts. Along
with a recently proposed taxonomy of rare genetic
disorders of bone metabolism (40), these genes
include: COL1A1, COL1A2, BMP1, PLS3, SERPINHI,
SEC24D, TCIRG1, CTSK, NOTCH2, LRP5, SOST, among
many others. Several of candidate genes mentioned
above derive from sources with solid experimental
support and their link to osteoporosis little and its link
with osteoporosis has been gradually established. The
last group of genes associated with osteoporosis has
been characterized through genome association
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studies (GWAS), these include: ABL1, AXIN1, CLCN7,
CREB3L1, CTNNB1, DMP1, EN1, FKBP11, FOXC2, SOX4,
among others. In the near future, the concerted effort
of clinicians and researchers and ongoing technological
progress will shed light on the fundaments genetic of
osteoporosis and thus making possible the
development of more accurate treatment strategies
(36).

Osteoimmunology and immunopathogenesis
of osteoporosis

Although osteoimmunology is a relatively new
discipline, this field of research has already made
significant contributions to the field of biology, bone
pathophysiology, and immune system (34). Based on
the central role of RANKL / RANK / OPG system in
osteoporosis pathophysiology (Figure 6), denosumab a
monoclonal antibody directed against RANKL, has
been developed. Denosumab inhibits the generation
and activity of osteoclasts; in clinical studies, this
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antibody decreased bone resorption and increased
BMD (41). In postmenopausal women with
osteoporosis, denosumab significantly reduced the risk
of vertebral, non-vertebral, and hip fractures (42). Up
to day, antibodies against sclerostin (an inhibitor of
bone formation) are under clinical investigation. In
rheumatoid arthritis and other inflammatory arthritis,
anti-TNF-a  therapies are effective in treating
inflammation of the joints. According to the
osteoimmunology, antibodies against TNF-a have
shown an inhibition effect on bone resorption.

Although the term osteoimmunology has
been used since 2000s, the phenomenon of a low-
grade systemic chronic inflammatory state associated
with aging has been defined as "inflammation-aging"
by Claudio Franceschi. And it has been linked to age-
related diseases, such as osteoporosis. Given the close
anatomical and physiological coexistence of B-
lymphocytes and bone-forming units in the bone
marrow (in addition to the microenvironment) a role
for B lymphocytes in osteoimmunological interactions
has long been suspected (34).

This hypothesis seems to be supported by
recent findings on B-cell as active regulators of the
RANK / RANKL / OPG axis of altered production of
RANKL / OPG by B lymphocytes in bone loss is
associated with human immunodeficiency virus (HIV)
or a modulated expression of related genes with the
biology of B lymphocytes in response to estrogen
deficiency (34).

Factors that over-regulate the formation of
osteoclasts in humans and rodents are TNF-a, a
cytokine known to increase the production and activity
of the RANKL osteoclastogenic molecule and to
potently induce IL-1, IL-6 cytokines and the
macrophage colony stimulating factor, regulated in
turn by estrogen levels by bone loss induced by
ovariectomy. However, the mechanism by which
ovariectomy manages to expand the T lymphocyte
group of bone marrow was unknown. Until the work of
Cenci et al.,, 2003 (43) whose demonstrated that
ovariectomy positively regulates the IFN-y, by induced
class Il transactivator, an immune modulator with
multiple targets or cell targets, resulting in increased
presentation of the antigens enhanced macrophages,
enhanced T lymphocyte activation, and extended T
lymphocyte life. The positive regulation of the class Il
transactivator is derived from the increase of the
production of IFN-y by helper or collaborating Thl
cells, resulting in a greater secretion of IL-12 and IL-18
by macrophages. The resulting T cell expansion and
bone loss are prevented in vivo by both the blocking of
T lymphocyte activation induced by the antigen
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presenting cells and by the silencing of the IFN-y
signaling receptor. Therefore, the increase in IFN-y-
induced class Il transactivator expression and the
resulting improved T-cell proliferation, and the
duration of its useful life or survival, are critical for the
bone loss effect associated with estrogen deficiency.

Weitzmann et al., in 2002 (44), demonstrated
that ovariectomy improves the production of the IL-7
osteoclastogenic cytokine and that it's in vivo
neutralization prevents bone loss induced by the
surgical procedure. Surprisingly, serum levels of
osteocalcin, a bone formation biomarker (7),
suggested that the effects of bone reduction by
neutralizing IL-7 were due not only to inhibition of
bone resorption but also to the stimulation of bone
formation. Therefore, because it targets both the
osteoclast and osteoblast pathways, IL-7 is a central
cytokine in the alteration of the bone turnover
characteristic of estrogen deficiency.

Perspectives and final considerations

Osteoporosis has been called “the disease of
the century” because of its great impact on public
health throughout the world; its etiology has not yet
been deciphered. One hypothesis suggests that certain
elements such as boron and strontium could
participate in a metabolic disease such as osteoporosis
(45-46). Much progress has been made in terms of
treatment, diagnosis, and especially in eliminating the
perception that the disease was a logical consequence
of aging. It is now considered as a chemotherapy-
treatable disease. To consult a simple model on the
immunopathogenesis of the osteoporosis, the reader
can consult a previous work of our group Vielma et al.,
(2016) (7).

In attempting to establish a complete model
of postmenopausal osteoporosis pathophysiology the
major challenge is the integration of a multitude of
redundant pathways and cytokines, apparently
capable of playing an important role.

All efforts in the field of basic and applied
research in the pathophysiology of the disease will
result in an increase in our knowledge of topical topics
such as micro RNA and epigenetics. All this effort will
result in ensuring a better quality of life for the
millions of people who suffer from the disease
anywhere on the planet.
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