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| 1. Introduction

The term "osteoimmunology" was first used in 2000 by Choi et al. to define a new paradigm describing the crosstalk
between the immune system and osteoclastogenesis . The multiplicity of osteoimmunological disorders is due to the
variety of stimuli responsible for the immune system activation. In fact, adaptative and innate immunity could be induced
by several pathological (bacteria, tissue injury) or physiological (tissue remodeling) processes. Despite this variety of
stimuli, the associated response remains similar between diseases: a crosstalk between myeloid lineage, mesenchymal
stem cells and the inflammatory microenvironment, which results mainly in both excessive bone and cartilage resorption,
and chronic inflammation, but also in bone formation in some cases (Figure 1) LIZIEI4EI6],
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Figure 1. Main cell lineages (A) and their crosstalk in an osteoimmunological context (B). Abbreviations: IL = interleukin,
RANKL = Receptor Activator of Nuclear factor Kappa-B Ligand, SFRP1 = Secreted Frizzled-Related Protein 1, Th =T
helper, TNF-a = Tumor Necrosis Factor-alpha, Treg = T regulator.



| 2. Osteoporosis (OP)

Osteoporosis (OP) is a metabolic disease characterized by a loss of bone mass and an excessive fragility of bones due to
an imbalance between bone resorption and bone formation. This multifactorial disease is notably due to an increased
secretion of pro-inflammatory cytokines and adipokines, inducing an excessive osteoclastogenesis. Estrogen deprivation
after menopause is an important OP risk factor. Estradiol serum level is inversely proportional to the risk of fractures [l
[, postmenopausal OP was first associated with an excessive inflammatory reaction following the decrease of estrogens
production in 1991. After only 2 weeks following oophorectomy, the authors have observed an increased urinary
concentration of Interleukin-1 (IL-1) and Tumor Necrosis Factor-Alpha (TNF-a) compared with premenopausal women 29,
Interestingly, it was reported than an increased production of TNF-a and Receptor Activator of Nuclear factor Kappa-B
Ligand (RANKL) in postmenopausal OP women was associated with an overactivation of T-cells responsible for an
increased osteoclasts formation (Figure 1B) [1112I13] | eptin, an adipokine well known to be involved in food intake and
energy metabolism, is also associated with bone metabolism. By fixing leptin receptor (Ob-R) on mesenchymal stem cells
(MSCs), leptin stops adipocytic differentiation while it enhances osteoblastic differentiation and proliferation (Figure 1B)
41151 syrprisingly, the adipogenic differentiation of MSCs is higher in MSCs from postmenopausal women with OP
compared with postmenopausal women without OP. While leptin is responsible for an antiadipogenic differentiation in
postmenopausal women without OP, it had no effect on MSCs obtained from postmenopausal women with OP 1€,
Interestingly, it is not only the secretion of cytokines and adipokines that seems to be dysregulated in OP. In bone
microenvironment, Secreted Frizzled-Related Protein 1 (SFRP1), a Wnt canonical and non-canonical signaling pathway
antagonist LARSISN2021  js known to regulate the differentiation, proliferation and apoptosis of osteoblasts and
osteocytes 22231 |n fact, SFRP1 promotes MSCs differentiation in adipocytes and preadipocyte maturation, decreasing
osteoblastogenesis (Figure 1B) [24l25126] Fyrthermore, by regulating the osteoblasts-induced osteoclastogenesis, SFRP1
is also involved in bone resorption process 2. Interestingly, Tang et al. observed that SFRP1 and miR-144 serum levels
were higher and positively correlated in postmenopausal osteoporotic women compared with postmenopausal women
with normal bone density. They also reported that miR-144 promotes osteoblastic differentiation of bone marrow-derived
MSCs by targeting SFRP1 [28]. SFRP1 was also reported as down-regulated in the bone marrow of OP patients by Gu et
al. 29 |n summary, we observe both a decrease of leptin-induced osteoblasts differentiation and an increased
osteoblasts-induced osteoclastogenesis modulated by SFRP1. This suggests that the adipose tissue has a crucial role in
bone metabolism and its dysregulation can promote metabolic disorders like OP. As reviewed by Kothari et al., adipose
tissue is also a crucial player in breast tissue remodeling and carcinogenesis BY. The relationship between osteoporosis
and breast cancer is puzzling. Both diseases affect principally postmenopausal women after 65 years old. However, the
biological explanation of such link remains misunderstood. OP risk decreases with estrogen exposure while breast cancer
risk increases. Consequently, an older age at menarche and a younger age at menopause increase OP risk while they
decrease breast cancer risk. On the other hand, weight under 55 kg at menopause increases OP risk, while obesity
increases breast cancer risk in postmenopausal women B, A comparative study of both common and opposite biological
and molecular aspects of both diseases could help to better manage women health.

| 3. Osteoarthritis

Osteoarthritis (OA) is a degenerative disorder of the joints induced by an increasing catabolic activity in both cartilage and
bone tissues. OA is also described as a chronic wound due to initial cartilage injuries, inducing pro-inflammatory cytokines
secretion in the synovial fluid and the associated immune system recruitment to repair injuries. Among the pro-
inflammatory markers up-regulated in OA context, leptin, TNF-q, interleukin 6 (IL-6) and IL-1, known to negatively regulate
cartilage formation L4ILSILEIS2NS3] 1| -1 and TNF-a are produced by activated chondrocytes and synoviocytes in early OA
and by leukocytes such as macrophages, T-cells and B-cells, which will then secrete many other pro-inflammatory
cytokines including IL-6. Activated T helper 17 cells (Th17) increase interleukin 17 (IL-17) level in synovial fluid which is
associated with an increased RANKL level, resulting in higher osteoclastogenesis (Figure 1B) B4[E5], |t was reported that
leptin controls not only bone formation but also bone resorption. By modulating RANKL expression, leptin decreases
osteoclastic differentiation through the Beta-2 adrenergic receptor (ADRB2) expressed by osteoblasts 8. SFRP1, which
is also involved in osteoclastogenesis regulation is secreted by synovial cells and predominantly by fibroblasts-like cells of
the synovial fluid in an OA context. However, Pasold et al. observed that in OA mouse models, SFRP1 expression is
reduced in chondrocytes and MSCs, resulting in preferential osteoblastogenesis compared with chondrogenesis B4, This
increased osteoblastogenesis results in osteophytes production while the decreased chondrogenesis prevents cartilage
healing resulting in a chronical inflammatory disorder. Once more, a subtle imbalance due to cartilage injuries in the joints
results in MSCs preferential differentiation toward osteoblastic lineage compared with chondrocyte differentiation, which is
needed to achieve cartilage healing. Interestingly, patients with knee or hip arthritis have a higher risk of breast cancer



development after adjustment for age and sex 28, However, adjustment for mammary gland history or stratification for
histopathological characteristics of breast cancer lesions was unavailable. To date, references are insufficient to clearly
understand the impact of OA on breast cancer risk.

| 4. Rheumatoid Arthritis

In contrast with OA which is initiated by cartilage lesions, rheumatoid arthritis (RA) is an autoimmune disease
characterized by an uncontrolled immune reaction against both cartilage and bone tissue. RA development is associated
with genetic predispositions and the presence of T-cell receptors at the joints B249 Consequently, the recruitment of T-
cells, notably T helper 1 (Thl) and Th17, results in IL-17 and TNF-a production, responsible for the increased production
of IL-1 and IL-6 by macrophages and dendritic cells. This microenvironment promotes Th17 differentiation to the detriment
of T regulators (Treg) differentiation. To complete the loop, IL-1, IL-6, IL-17, and TNF-a are known to stimulate
osteoclastogenesis, which results in the degradation of mineralized tissue such as mineralized cartilage and subchondral
bone HA4L42] Similar to what is observed in OA, leptin serum levels are higher in RA patients, so that overweight and
obesity have been associated with RA (43144 M SCs were found in the synovium in a RA context, and, as described
before, their differentiation is finely regulated by the microenvironment composition 348l The administration of anti-
Dikkopf-1 (Dkk-1) antibody in RA mouse models induces a decrease of bone erosion, potentially due to a decrease of
osteoclast differentiation in the joint by decreasing levels of RANKL ¥Z. Lee et al. observed that the addition of SFRP1,
another Wnt signaling antagonist in naive T-cells medium is responsible for Th17 polarized T-cells differentiation. They
also demonstrated that this differentiation is due to an increased sensitivity of T-cells to Transforming Growth Factor-Beta
(TGF-R) 48 In murine models of arthritis, Matzelle et al. observed that the resolution of the inflammation resulted in a
down-regulation of SFRP1 expression, a Wnt signaling antagonist. Consequently, by activating the Wnt signaling pathway,
they also observed a decrease of bone resorption combined with an induction of osteoblast mineralization 42, In breast,
SFRP1 expression is higher during age-related lobular involution and in presence of microcalcifications compared with
patients completely involuted and without microcalcification, respectively B4, Interestingly, the incidence of RA in breast
cancer patients is lower compared with patients without breast cancer after adjustment for age, comorbidities and breast
cancer treatments 21, However, the incidence of breast cancer in RA patients remains controversial. Bhandari et al.
observed a higher cancer prevalence in RA patients, with a high proportion of breast cancer 2. On the other hand, the
meta-analysis of Tian et al. showed that the breast cancer risk in RA patient was not increased versus in the general
population. However, when the population study was stratified for ethnicity, RA patients breast cancer risk was increased
in non-Caucasian population while it decreased in the Caucasian population 23 More recently, Wadstrém et al. observed
a decreased occurrence of breast cancer in RA patients, also observable after adjustment for breast cancer treatment,
suggesting that this reduction of breast cancer risk was already present before breast cancer treatment administration 241,
Unfortunately, the studied cohorts were not stratified for the presence of microcalcifications, the parity history or the
degree of lobular involution, which could be a potential way of investigation to better understand the link between both
diseases.

| 5. Periodontitis

This multibacterial-induced inflammatory disease is characterized by the destruction of periodontal tissues, a loss of
alveolar bone mass principally due to an exacerbation of osteoclastogenesis, an inflammatory cells infiltration and an
increased fibroblasts apoptosis. More precisely, after antigenic activation of T-cell surface glycoprotein CD4 positive
(CD4+) naive T-cells, activated Thl, T helper 2 (Th2), and Th17 produce cytokines responsible for the activation of B-
cells, dendritic cells and neutrophils. Then, activated B-cells and T-cells produce RANKL responsible for an increased
osteoclastogenesis BSIBEIBBSIBACI  |nterestingly, Kawai et al. demonstrated that in healthy gingival tissue, only 20% of
B-cells ant T-cells expressed RANKL. On the other hand, 50% of T-cells and 90% of B-cells expressed RANKL in a
periodontitis (PD) context, which results in an abnormal alveolar bone destruction BZ. The clonal activation of B-cells
induces the production of antibodies against gingival components such as collagen, resulting in the destruction of
periodontal tissue. Numerous pro-inflammatory cytokines are upregulated in a periodontitis context including IL-1, IL-6,
Interleukin-8 (IL-8), and TNF-a. The lack of Treg to control this inflammation completes the loop, and chronical
inflammation then takes place in the periodontal tissue [BSIBSIEZISENSA60] | eptin was also reported as upregulated in
human saliva and circulating blood [, and in dog periodontal ligament tissue 2 in a PD context. More recently, Zhu et
al. performed a meta-analysis highlighting elevated leptin serum level and lower adiponectin serum level in PD patients
compared with controls in the group with a body mass index under 30 (63, |i and Amar reported that anti-SFRP1 antibody
was able to reverse both osteoclastogenesis and related inflammation, suggesting its crucial role in bone remodeling
processes 84 Surprisingly, multiple studies reported that PD is associated with breast cancer development, suggesting



that this disorder could be a risk factor of breast cancer development [EIE8IEN  However, no observation regarding a
potential causal role of PD-related molecular issues on breast cancer development was reported yet. Investigations are
still needed to conclude the existence of a link between PD and breast cancer development.

| 6. Other Osteoimmunological Disorders

The risk of developing an autoimmune rheumatic disease such as RA, systemic lupus erythematosus (SLE) or systemic
sclerosis (SSc) in patients with breast cancer is lower compared with age and year of index date matched patients without
breast cancer 2. Reciprocally, the risk of developing breast cancer in SLE patients is lower compared with the general
population EEIBAALI72]7S] On the other hand, Colaci et al. observed a higher incidence of breast cancer in SSc patients
compared with age-sex-matched patients without SSc /4. The same scheme is observable in psoriatic arthritis (PsA)
patients. While some groups reported that breast cancer incidence was higher in PsA patients compared with age-sex-
matched patients without PsA [Z3], others observed no difference in breast cancer occurrence between the two groups 28,
However, obesity and overweight incidence and prevalence in PsA patients are higher compared with the general
population AZEIZA Opesity is a risk factor of triple-negative breast cancer development particularly in premenopausal
women BB and it is associated with poor breast cancer survival 2. The higher breast cancer rate in the PsA group
could be explained by a higher proportion of obese patients in the PsA group. Unfortunately, Wilton et al. did not report the
body mass index (BMI) nor the breast cancer molecular subtype of the population studied. Divergent results could also
potentially be explained by the absence of the cohort stratification regarding the degree of lobular involution, and the
presence of microcalcifications. As described above, multiple studies reported a change in breast cancer prevalence or
incidence in patients with osteoimmunological disorders, as well as few evidences of breast cancer effects on
osteoimmunological disorders occurrence independently of breast cancer treatment. However, many adjustments for
clinical variables as well as stratified analyses are lacking. Consequently, confounding variables are potentially
responsible for multiple controversial results. Extensive studies are needed to conclude to the existence a potential link
between osteoimmunological disorders and breast cancer incidence and this represent a new avenue of investigation to
better personalize breast cancer treatment.
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