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Abstract
In the pathogenesis of several rheumatic diseases, such as rheumatoid arthritis, spondyloarthritis, osteoarthritis, osteoporosis, 
alterations in osteoblast growth, differentiation and activity play a role. In particular, in rheumatoid arthritis bone homeo-
stasis is perturbed: in addition to stimulating the pathologic bone resorption process performed by osteoclasts in course of 
rheumatoid arthritis, proinflammatory cytokines (such as Tumor Necrosis factor-α, Interleukin-1) can also inhibit osteoblast 
differentiation and function, resulting in net bone loss. Mouse models of rheumatoid arthritis showed that complete resolu-
tion of inflammation (with maximal reduction in the expression of pro-inflammatory factors) is crucial for bone healing, 
performed by osteoblasts activity. In fact, abnormal activity of factors and systems involved in osteoblast function in these 
patients has been described. A better understanding of the pathogenic mechanisms involved in osteoblast dysregulation could 
contribute to explain the generalized and focal articular bone loss found in rheumatoid arthritis. Nevertheless, these aspects 
have not been frequently and directly evaluated in studies. This review article is focused on analysis of the current knowledge 
about the role of osteoblast dysregulation occurring in rheumatoid arthritis: a better knowledge of these mechanisms could 
contribute to the realization of new therapeutic strategies.
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Introduction

Rheumatoid arthritis (RA) is a clinical syndrome includ-
ing different disease subsets which all lead, by activation 
of several inflammatory cascades, towards a final common 
pathway characterized by persistent synovial inflammation 
and associated damage involving articular cartilage and 
underlying bone [1].

Progressive joint destruction and general osteoporosis 
are characteristic signs of RA [2]; consequently, it is not 
surprising that RA patients have a higher risk of vertebral 
and non-vertebral fractures [3, 4].

The bone remodeling process is guaranteed by bone 
resorption, in which osteoclasts reabsorb bone, and bone 
formation, consisting in osteoid production performed 
by osteoblasts, followed by osteoid mineralization for the 

replacement of the reabsorbed bone. These two processes 
are balanced, in order to maintain bone homeostasis; an 
alteration of this balance occurs in inflammatory rheumatic 
diseases [5]: in particular, in RA the imbalance leads to net 
bone loss [6].

The role of factors with proinflammatory action, includ-
ing Tumor Necrosis Factor-α (TNFα) and Interleukin-1 (IL1), 
is important for the pathological process of bone resorption 
carried out by activated osteoclasts in RA [7, 8]. In addition, 
in course of RA, bone formation process mainly controlled 
by osteoblasts has not been frequently and directly evaluated 
in studies and the impact of proinflammatory cytokines on 
osteoblast function in vivo requires further elucidation [2, 9].

In fact, inflammation not only induces osteoclastogenesis, 
but also inhibits osteoblast differentiation and function. This 
inhibition participates to the pathogenesis of arthritic bone 
loss in RA [5].

Mouse models of RA showed that complete resolution of 
inflammation (with maximal reduction in the expression of 
pro-inflammatory factors such as IL1 and TNFα) is crucial 
for bone healing, performed by osteoblast activity [10].

Osteoblasts could play an important role in the pathogen-
esis of diseases characterized by bone homeostasis disrup-
tion [11]. It was recently proposed that osteoblasts could 
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produce proinflammatory molecules in response to bacterial 
challenge but also contribute to inflammation through the 
recruitment of leukocytes to the sites of infection during 
osteomyelitis, suggesting an active proinflammatory role of 
osteoblasts [12].

Therefore, a better understanding of the pathogenic mech-
anisms involved in osteoblast dysregulation could contribute 
to explain the generalized and focal articular bone loss found 
in RA patients [13].

This review article is focused on analysis of the cur-
rent knowledge regarding the role of osteoblast dysregula-
tion occurring in RA, since generalized and focal articular 
bone loss are typical manifestations of the disease. A bet-
ter knowledge of these mechanisms could contribute to the 
realization of new therapeutic strategies.

Osteoblast role in bone homeostasis

Osteoblasts are cuboid-shaped cells that derive from mes-
enchymal stem cells (MSC) of the bone marrow, which also 
form chondrocytes, adipocytes, myocytes. Osteoblast cells 
are both responsible for bone formation and regulators of 
osteoclast differentiation and resorption activity. The devel-
opment of osteoblast cell lineage from MSC is regulated 
by several factors. For example, specific transcription fac-
tors, such as core binding factor α 1 (Cbfa1), Runt related 
transcription factor 2 (Runx2), Osterix (Osx) are involved. 
Growth factors, such as Transforming Growth Factor β 
(TGFβ) and Fibroblast Growth Factor (FGF), specific path-
ways such as Bone Morphogenetic Protein (BMP) and Wnt 
system and additional factors like microRNAs (MiRNAs) 
play a role too [11, 14–16]. Osteoblast cells create and main-
tain skeletal architecture producing collagenous proteins 
(mainly type 1 collagen) for bone matrix and regulate the 
subsequent matrix mineralization, synthetizing non colla-
genous proteins (including sialoprotein, osteopontin, osteo-
calcin) associated with the mineralized matrix in vivo [11, 
17]. Osteoblasts can differentiate into osteocytes, that are 
fixed in the bone matrix. Osteocytes play a role in main-
taining bone homeostasis, acting as “mechanosensors” con-
nected to osteoblasts and osteoclasts with feedback mecha-
nism [18].

Osteoblast role is crucial not only for bone formation, but 
also for osteoclast differentiation and activity, by secreting 
cytokines or by direct cell contact [11].

One of the most important pathways involved in osteo-
clast differentiation is Receptor activator of nuclear factor 
kβ ligand (RANKL) /RANK system. RANKL, expressed not 
only by osteoblast cells (mature and precursors) but also by 
several cell types (for example osteocytes, synovial fibro-
blasts, Interleukin-17 produced by activated Th17 cells, B 
lymphocytes, dendritic cells) [19] binds RANK, expressed 

by osteoclast precursors, promoting their differentiation into 
mature osteoclasts. Binding of RANKL to RANK induces 
receptor oligomerization and activation of TNF receptor 
associated factor 6 (TRAF6). This factor triggers a series 
of signaling pathways: mitogen activated protein kinases 
(MAPK) family, nuclear factor kβ (NF-kβ), c-Src in order 
to promote osteoclastogenesis and bone resorption [20, 21]. 
MAPK induces the translocation into the nucleus of tran-
scription factors c-fos and c-jun [22]; activated NF-kβ moves 
into the nucleus, where it upregulates c-fos, that in a complex 
with Nuclear Factor of Activated T cells 1 (NFATc1) initiates 
the transcription of a genetic program involved in osteoclas-
togenesis. Moreover, TRAF6, in complex with c-Src, acti-
vates an antiapoptotic program via protein kinase B [20].

Osteoblasts (but also other cells from tissues including 
hearth, kidney, liver, spleen) are able to express a soluble 
receptor of RANKL, called osteoprotegerin (OPG), which 
is one of the most important regulators of RANKL-RANK 
system [23]. Binding RANKL, OPG avoids RANKL/RANK 
interaction inhibiting osteoclastogenesis and osteoclast 
activity [24]. In vitro and in vivo studies suggested that 
Wnt/β-catenin pathway could regulate OPG expression [25] 
in osteoblasts, blocking apoptosis and osteoclastogenesis by 
increasing the OPG/RANKL ratio [26].

Among the various mechanisms that influence cell activ-
ity, there is the Wnt system, able to regulate gene expression, 
cell behaviour, cell adhesion, cell polarity [27], by canoni-
cal and non-canonical pathways: the former is mediated by 
β-catenin, the latter is a term used to include pathways not 
β-catenin-mediated. Wnt signaling pathway, in particular the 
canonical one, is involved in osteoblast differentiation from 
mesenchymal precursors, function and survival; canonical 
pathway also enhances OPG expression and inhibits osteo-
clast differentiation [28, 29]. In absence of Wnt stimulation, 
glycogen synthase kinase 3β (GSK3β) and casein Kinase Iα 
(CKIα), facilitated by scaffolding proteins axin and tumor 
suppressor adenomatosis polyposis coli (APC), phosphoryl-
ate β-catenin, and this whole complex allows the recognition 
and targeting of phosphorylated β-catenin for ubiquitination 
and degradation by the proteasome, to prevent cytoplasmic 
accumulation. In presence of Wnt stimulation, the bind-
ing of this ligand to a complex consisting of the seven-pass 
transmembrane receptor Frizzled (FZD) and single pass 
transmembrane coreceptor low density lipoprotein recep-
tor related proteins 5 or 6 (LRP 5/6) stimulates FZD that 
in turn activates the intracellular protein Dishevelled (Dvl) 
[30]. Dvl, blocking GSK3β, inhibits β-catenin degradation 
and promotes its cytoplasmic accumulation in the target cells 
[13, 28, 31]. From cytoplasm, accumulated β-catenin trans-
locates into the nucleus [32], in which β-catenin activates 
the transcription complex T-cell factor/lymphoid enhanced 
factor 1 (TCF/Lef1) to initiate transcription and to affect 
expression of the target genes [33–35].
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There are some factors that inhibit Wnt system. Secreted 
Fz-related protein (sFRP) indirectly prevents the creation of 
Wnt-FZD complex by binding to Wnt ligands. In addition, 
proteins of the Dickoppf (DKK) family and Sclerostin (Sost) 
block canonical Wnt signaling binding directly LRP5/6. 
DKK-1 itself may stimulate Sost expression to further inhibit 
Wnt signaling [34, 36, 37].

Osteoblasts are able to express several other factors involved 
in the process of osteoclastogenesis [38]: macrophage-colony 
stimulating factor (M-CSF), TNFα, IL1. M-CSF promotes 
osteoclast precursor proliferation and RANK expression at 
their surface level. In addition, binding a tyrosin kinase recep-
tor c-fms, M-CSF triggers pathways involved in osteoclast dif-
ferentiation, ERK1/2 and PI3-K/AKT [11, 39–41].

IL1 also plays a role in TNFα-mediated osteoclastogen-
esis; in presence of adequate levels of RANKL, IL1 activates 
p38MAPK (involved in TNFα-mediated osteoclastogenesis) 
in osteoclast precursors and marrow stromal cells [42].

In vitro and in vivo, TNFα induces osteoclastogenesis 
and bone resorption [43]. In fact, it enhances RANKL pro-
duction directly by producing TRAF6, RANK, and NF-κB; 
these factors activate osteoclast precursor cells in the early 
phase of osteoclastogenesis; moreover, TNFα indirectly 
induces RANKL by stimulating osteoclastogenesis-support-
ing mesenchymal cells [38].

Only TNF receptor type I (TNFRI) is involved in 
RANKL-induced osteoclastogenesis. It was demonstrated 
that addition of neutralizing anti-TNFRI antibodies causes 
suppression of RANKL-induced osteoclastogenesis; the 
same result is not obtained by using neutralizing anti-
TNFRII antibodies [44–46].

Osteoblast OPG/RANKL ratio is also regulated by sev-
eral hormones: parathormone (PTH), vitamin D, estrogen, 
calcitonin, serotonin, leptin [11].

BMP pathway (belonging to TGFβ superfamily) is 
another important mechanism that controls osteoblast 
growth and differentiation. Binding of BMPs to membrane 
receptor induces phosphorylation and activation of effectors 
called SMADs 1, 5 and 8, that recruit and complex with 
transcriptional cofactor SMAD4; this complex translocates 
into the nucleus to accomplish gene regulation [47].

BMP ligands such as BMP2, BMP4, BMP6 and BMP7 
are pro-osteogenic, whereas BMP3 inhibits BMP pathway 
[14]. The expression of Runx2 and Osterix is upregulated 
by BMP pathway to promote osteoblast differentiation [48].

SMAD6 and SMAD7 inhibit receptor complex activation 
[49]. Moreover, glycoprotein noggin and chordin directly 
bind BMP ligands to stop BMP pathway [50].

MiRNAs also play a role in osteogenesis, therefore 
in osteoblast differentiation and activity. MiRNAs are 
noncoding single-stranded RNA molecules composed of 
20–24 nucleotides. They bind to complementary sequences 
in the 3′ untranslated region (UTR) of mRNAs, negatively 

affecting gene expression by blocking protein translation 
and modulating mRNA stability [51]. For example, miR-
29a promotes osteoblast proliferation by inhibiting DKK1 
expression [52], miR-224 inhibits osteoblast differentia-
tion downregulating SMAD4 [53]. Some miRNAs regulate 
expression and activity of several factors, such as Runx2, 
BMP2, RANKL, therefore affecting osteoclast and osteo-
blast differentiation and function [54].

Bone loss in RA

In RA, from the early stages of disease, the alteration of 
bone homeostasis, caused by an imbalance of the pro-
cesses of bone resorption and bone formation in favor of 
the first, is responsible for a net bone loss [6, 18].

In fact, inflamed synovial tissues produce proinflam-
matory factors (mainly TNFα, IL1, IL6) able to interfere 
with osteoblast and osteoclast differentiation and function.

In the “pre-clinical” phase of RA, the loss of tolerance 
produces typical autoantibodies, including rheumatoid fac-
tor (RF) and anti-citrullinated protein antibodies (ACPAs), 
that also play a role in RA-mediated bone loss [14, 18]. 
The presence of both antibodies seems to be associated 
with high erosive disease burden but the role of RF on 
bone erosions is not clear (for example, if it could have an 
additive effect in ACPA positive subjects or not) [55, 56].

In ACPA positive RA patient, also before clinical 
onset of disease, bone architecture is altered, producing 
bone loss [57]. ACPAs are predictor of a more aggressive 
form of disease, in particular about the development of 
bone erosion [58]. In fact, it was shown that ACPAs both 
enhance TNFα production by macrophages (promoting 
osteoclast differentiation) [59] and directly interact with 
citrullinated proteins on osteoclast precursors membrane, 
enhancing osteoclast differentiation [18].

Altered bone homeostasis is expressed through three 
main alterations of bone remodeling, which can also be 
appreciated in X-ray images: focal bone erosions at the 
joint margin, where inflamed synovium takes direct con-
tact with bone; periarticular bone loss at the level of the 
affected joints, probably caused by proinflammatory factors 
expressed by inflamed joints; generalized bone loss, likely 
due to the passage of these factors in the systemic circula-
tion, affecting bone metabolism at distal sites [5, 60].

Osteoblast role in RA

Osteoblasts play a key role in the pathogenesis of focal 
articular bone loss, in association to osteoclasts, mac-
rophages, synovial cells [13].



2846 Molecular Biology Reports (2021) 48:2843–2852

1 3

It has been shown that healing of focal bone erosions 
is possible, but only when the inflammation is well con-
trolled; indeed, in patients in whom repair does not occur, 
osteoblast function may be inhibited by persisting sub-
clinical inflammation in the involved joints [9, 61]. Using 
murine model of RA and dynamic bone histomorphometry, 
Walsh et al. showed that bone formation rate, evaluated at 
bone surfaces adjacent to inflammation, is not different 
to those observed in non-arthritic bone, suggesting that 
increased osteoclast resorption at these sites is not well 
compensated by the action of osteoblasts. Interestingly, 
the Authors also reported the negative effect of inflamma-
tion status on osteoblast function as, within arthritic bone, 
there was a reduction in bone formation rate in areas adja-
cent to inflammation places, whereas it was regular in bone 
areas near the normal bone marrow. In areas characterized 
by bone erosions they detected a considerable amount of 
osteoblastic precursor cells but few mature osteoblast cells 
[6], while the number of mature osteoblastic cells, ready to 
repair erosive damage, was increased when they assessed 
the same areas of bone erosion when the inflammation was 
extinguished [9].

Therefore, in RA patients, cells involved in the inflam-
matory process produce factors inhibiting osteoblast differ-
entiation and function at the sites of focal bone erosions 
(Fig. 1), such as Wnt signaling pathway antagonists sFRP1 
and sFRP2. These factors are secreted by inflamed synovial 

tissues [11] and their expression is downregulated when 
inflammation is completely resolved, suggesting the impor-
tance of inflammation resolution to enhance erosion repair. 
In this situation, expression of Wnt antagonist Wnt10b, con-
versely, is upregulated [5].

In this regard, the formation of a bone erosion microen-
vironment was shown when osteoblasts were co-coltured 
with RA derived synovial tissue, which produces molecules 
such as inflammatory factors (TNFα, IL1), exosomes and 
MiRNAs. These factors could inhibit osteoblast cell prolif-
eration by regulating MAPKs pathway, in particular inhibit-
ing MAPK Jnk and p-38. This is one of the processes that 
could explain the phenomenon of bone erosion occurring 
in RA [62].

The inhibition of osteoblast cells differentiation and 
activity by cytokines such as TNFα and IL1 is confirmed 
by in vitro studies [5]. In pre-osteoblast cultures includ-
ing TNFα, osteoblast differentiation and maturation were 
arrested [63] and osteoblast maturation markers (collagen 
type I, alkaline phosphatase and osteocalcin) were decreased 
[64]. TNFα enhances degradation of Runx2, a transcription 
factor which plays a role in osteoblast differentiation [65]. 
Moreover, TNFα induces Wnt system antagonist DKK1 
in osteoblasts, leading to reduction of osteoblast-mediated 
bone formation. DKK1 is significantly detectable in serum 
and inflamed synovium of RA patients overexpressing 
TNFα compared to healthy subjects and blocking DKK1 

Fig. 1  Inflamed sinovial tissue in RA (Rheumatoid Arthritis) leads 
to enhanced expression of TNFα (Tumor necrosis factor α) which 
inhibits Runx2 (Runt related transcription factor 2) and BMPs (Bone 
Morphogenetic Protein), therefore reducing MSC (mesenchymal 
stem cells) differentiation into preOBs (preosteoblasts). Moreover, 
TNFα enhances BMP3 mRNA expression in mature osteoblasts, fur-
ther inhibiting BMP pathway. Sinovitis also induces the Wnt inhibi-

tors sFRP (secreted Fz-related protein) 1 and 2, therefore reducing 
bone formation. The Wnt pathway is furthermore inhibited by Dkk1 
(Dickoppf1) TNFα-induced expression and by inflammation-related 
hypoxia. Hypoxia and acidosis secondary to joint flogosis cause 
reduced ALP (alkaline phosphatase) synthesis in OBs, consequently 
contrasting bone mineralization. Red arrows: inhibited processes; ↑: 
increased; ↓: reduced
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with specific antibodies protects from local bone resorp-
tion (reducing osteoclast numbers in the joints) and from 
negative DKK1 effects on osteoblastogenesis and osteoblast 
function, promoting bone repair [66]. Exposition of osteo-
blast-like cells to sera of RA patients in therapy with TNFα 
inhibitor was related to a decreased synthesis of the cytokine 
IL6, responsible for bone loss process in arthritis [67]. IL6, 
reducing OPG/RANKL ratio, promotes osteoblast-mediated 
osteoclasts differentiation, enhancing bone loss [68]. Moreo-
ver, IL6 seems to play a role in the inhibition of osteoblast 
differentiation by TNFα; Malysheva et al. showed, through 
in vitro experiment, that knockdown of IL6 expression par-
tially protects osteoblast differentiation from the negative 
effect of TNFα. IL6 together with TNFα and DKK1 inhibits 
osteogenic Wnt signaling, expressing its anti-osteoblastic 
effects in course of RA [69].

Osteoblast differentiation and function is also dependent 
on the BMP signaling pathway. BMP2, BMP4, BMP7 pro-
mote osteoblast differentiation from mesenchymal precursor 
cells, while BMP3 inhibits this pathway. BMP3 could have 
a role in inflammatory arthritis, particularly in the inhibition 
of osteoblasts function, which leads to a difficult healing 
of bone erosions in RA. In fact, proinflammatory cytokine 
TNFα (Fig. 1), in course of RA, in addition to inhibiting 
BMP-induced bone formation [70], induces BMP3 expres-
sion in mature osteoblast at the sites of bone erosion, as 
showed by Matzelle et al., suggesting a crucial role of BMP3 
in bone repair failure in RA patients [71]. In addition, as sug-
gested by Katsuyama et al. [72], Fibroblast Growth Factor 8 
(FGF8) could participate to inhibit BMP-induced osteoblast 
differentiation (in particular inhibiting BMP2) by interact-
ing with TNFα receptor signaling. FGF8 belongs to a fam-
ily involved in several biological processes and plays a role 
in bone and cartilage homeostasis [73]. A possible effect 
of FGF8 in osteoblast proliferation and differentiation was 
described [74] and an involvement of FGF8 together with 
BMPs and inflammatory cytokines in both RA and osteoar-
thritis (OA) was suggested [75, 76].

Other factors able to affect osteoblast activity are pH and 
oxygen: in arthritic bone, the microenvironment is charac-
terized by reduction of pH and hypoxia. It was shown that, 
in vitro experiments, low pH and hypoxia decrease alkaline 
phosphatase (ALP) synthesis in osteoblasts, inhibiting min-
eralization [77, 78]. Hypoxia blocks Wnt pathway in osteo-
blast-like cells, both upregulating DKK1 [79] and inhibiting 
transcriptional activity by blocking β-catenin [80].

On the other hand, contradictory in vitro findings sug-
gested that TNFα can also activate osteoblastogenesis if 
present in low concentration or utilized in short treatment, 
enhancing expression of ALP, Runx2 and osteocalcin [81].

Many other factors and mechanisms are involved in the 
imbalance of bone homeostasis occurring in RA, therefore 
affecting osteoblasts development and activity, but less data 

are available: these are aspects to further investigate, also 
for their possible therapeutic usefulness in control of bone 
damage in RA and other arthritis.

Possible therapeutic agents for this purpose, particu-
larly to prevent inflammation-mediated bone loss, could be 
NOTCH inhibitors and Nrf2 activators. NOTCH-depend-
ent signaling pathways are involved in bone cells function; 
studies on mice demonstrated that activation of NOTCH 
signaling decreased osteoblast numbers, conversely loss of 
NOTCH signaling in MSCs or osteoblast precursors led to 
an increase in bone mass. Zhang et al. showed that in MSCs 
from RA mice, expression of genes encoding NOTCH path-
way members was markedly elevated and persistent NOTCH 
activation in MSCs contributed to inhibit osteoblast differ-
entiation associated with RA [82].

Nrf2 is a transcription factor with anti-oxidative func-
tion [83]. The activation of Nrf2 in osteoclasts inhib-
its osteoclastogenesis and bone destruction suppress-
ing oxidase stress (ROS) signaling, therefore inhibiting 
RANKL–dependent osteoclastogenesis [84]. Narimiya 
et al. evaluated if the activation of Nrf2 in osteoblasts 
reduces inflammatory cytokine production, in particular 
the expression of IL6, which promotes osteoclastogenesis, 
demonstrating that Nrf2 activation has a direct and indi-
rect effect on osteoclastogenesis, involving both osteoclasts 
and osteoblasts. Therefore, a Nrf2 activator could have a 
therapeutic effect against inflammatory bone loss, such as 
in RA patients [85].

Immune cells are key actors for the development and 
maintenance of the inflammatory process in RA, so it 
should not be surprising the possible involvement of B cells 
and mononuclear cells also in the mechanisms that lead to 
imbalance of bone homeostasis in course of inflammatory 
arthritis.

Given that B cells play several roles in RA, such as pro-
motion of osteoclastogenesis through expression of TNFα 
and RANKL, their effect on osteoblast differentiation and 
function is still unclear. Experiments by Sun et al. regard-
ing two murine RA models (collagen-induced arthritis 
– CIA—and the TNF-transgenic mice) showed that in RA 
patients B cells are able to produce osteoblast inhibitors, 
suppressing bone formation. In fact, in both RA models, 
they demonstrated an accumulation of B cells in subchon-
dral and endosteal bone marrow area, especially close to 
bone surface and adjacent to “osteocalcin + ” osteoblasts. 
Osteoblast inhibitors such as chemokine ligand 3 (CCL3) 
and TNFα from subchondral areas were expressed by RA 
B cells. These factors inhibited osteoblast differentiation 
from MSCs through activation of NF-κB and ERK signal-
ing pathways; CCL3 and TNFα deletion improved this effect 
in vivo. Furthermore, in RA mice, B cell depletion reduces 
bone erosion and osteoblast inhibition [86, 87], confirming 
its role in bone loss.



2848 Molecular Biology Reports (2021) 48:2843–2852

1 3

Migration of mononuclear cells plays an important step 
in inflammation in course of RA [88] and some studies sug-
gest acting on this mechanism to control bone loss. Mono-
cyte chemoattractant protein-1 (MCP-1), also known as 
chemokine ligand 2 (CCL2), is one of the factors involved 
in monocytes chemotaxis [89] and increased levels of it were 
found in synovial tissue and fluid of RA patients compared 
to healthy controls [90, 91]. The extracellular matrix com-
ponent Cysteine-rich protein 61 (Cyr61/CCN1), involved 
in endothelial cell function [92], seems to be also involved 
in RA pathogenesis, regulating proinflammatory cytokines 
effect. Chen et al. showed that CCN1 induces upregulation 
of CCL2 expression in osteoblasts, through the negative reg-
ulation of miR-518a-5p via the MAPK signaling pathway, 
enhancing monocyte migration. Moreover, they showed that 
recombinant lentiviral knockdown of CCN1 reduced bone 
erosion and monocyte infiltration in joints of mice with CIA, 
suggesting CCN1 as a target for RA treatment [93].

Besides the well-known actions of IL1 and IL6 in 
inflammatory process and related bone homeostasis dis-
function, other components of IL family may play a role, 
affecting not only osteoclast but also osteoblast differentia-
tion and activity. IL35 is an antinflammatory cytokine that 
inhibits TNFα-induced osteoclastogenesis [94]; in addi-
tion, Li et al. showed that IL35, through Wnt/β-catenin 
signaling pathway, could stimulate basal and TNFα-
activated osteoblast differentiation at early stage and sig-
nificantly stimulated matrix mineralization, enhancing 
osteoblast differentiation at a late stage too. In this way, 
IL35 could mitigate RA bone loss progression [81]. IL23 is 
a cytokine that plays a pro-osteoclastogenic role in course 
of inflammation, increasing joint damage by osteoclasts 
[95]. Although no direct effects of IL23 on osteoblasts have 
been documented [96, 97], this cytokine can exert indi-
rect effects through downstream cytokines such as IL17. 
There are six isoforms of IL17 (IL17-A, IL17-B, IL17-C, 
IL17-D, IL17-E, IL17-F), and IL17-A is the isoform best 
studied. IL17, in physiological conditions, is involved in 
defending epithelia and mucous membranes against bac-
teria and fungi, but it is overexpressed and seems to play 
an important role in inflammatory diseases like RA and 
spondyloarthritis (SpA); it was suggested that IL17-A is 
involved in the alteration of bone homeostasis in inflamma-
tory arthritis by acting on osteoclast and osteoblast related 
pathways. In vitro stimulation of osteoblasts with IL17-
A enhances sFRP1, a Wnt pathway antagonist, inhibiting 
osteoblasts formation [98]. Actually, the effects of IL17-A 
on osteoblasts in in vitro models are not always homogene-
ous [99], and the role of IL17 family in bone remodeling 
is still not clear and needs for further investigations, but 
its overexpression in pathologic conditions is harmful to 
bone homeostasis.

Future perspective

There is accumulating evidence on the role of osteoblasts in 
RA, SpA, OA and osteoporosis [13]. In fact, osteoblast differ-
entiation, growth and activity are often dysregulated in these 
diseases. In RA, the balance between bone resorption and bone 
formation is perturbed, leading to bone loss.

Beside induction of osteoclastogenesis, inflammation inhib-
its osteoblast differentiation and function, and this can lead to 
arthritic bone loss in RA. In fact, cells involved in the inflam-
matory process produce factors inhibiting osteoblast develop-
ment and activities. In mouse models of RA, only the complete 
resolution of inflammation allows bone healing, performed 
by osteoblasts, whereas persisting subclinical inflammation 
inhibits osteoblast differentiation and function. However, there 
is a need to expand research on this topic, as most studies focus 
more on osteoclast than osteoblast dysregulation in course of 
RA. Several factors and signal pathways, previously unknown 
or considered irrelevant (for example the members of IL17 
family), are believed to be involved in the mechanisms that 
regulate the action of bone cells in inflammatory arthritis and 
that lead to net bone loss in the case of RA. Even if osteoclasts 
are the cells responsible for bone resorption (for this reason in 
the past the attention has been focused in particular on these 
cells), bone tissue is extremely dynamic and interconnected, 
so the role of osteoblasts is also crucial. All factors involved in 
their maturation and function, and the role of these cells in the 
pathogenesis of RA should be clarified as much as possible, in 
order to find further new therapeutic possibilities to fight not 
only RA but also several other inflammatory diseases.
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