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Abstract— The aim of this review is to provide an overview
of the new data emerged on the pathogenesis of RA
Rheumatoid arthritis (RA) is an autoimmune disease
characterized by chronic synovial inflammation leading to
joint destruction and bone erosions. Although the pathogenic
mechanisms underlying the disease are not fully elucidated,
it is known that genetic susceptibility and environmental
factors trigger an abnormal autoimmune response.
Potentially, any organ and tissue could be affected by RA and
the increased cardiovascular (CV) risk represents the major
complication responsible for a worse prognosis. In this
setting, the shared pathogenic mechanisms between RA
pathogenesis and accelerated atherosclerosis further
strengthen the rationale for a treat-to- target strategy with
synthetic and bio- logic disease modifying anti-rheumatic
drugs.
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I. INTRODUCTION

Rheumatoid arthritis (RA) usually affects the hands and feet
first, but it can-occur inany joint. It usually involves the same
joints on both sides of the body. Common symptoms include
stiff joints, especially upon getting up in the mornings or after
sitting down for a while. Some people often experience
fatigue and a general feeling of being unwell. The aim of this
review is to provide an overview of the new data emerged on
the pathogenesis of RA. We performed a Medline search of
English language articles published from the 1st January to
31st December 2018 .The most relevant articles were selected
for inclusion in this review.

Il. GENETIC FACTORS

A. Lymphocyte activation

B lymphoid kinase (BLK) is a member of the Src family of
tyrosine kinases and is associated with RA and several other
autoimmune disorders. The BLK risk alleles identified in
genome-wide association studies (GWAS) are consistently
associated with reduced BLK expression in B cells and B cell
lines.. In addition, the BLK risk genotype lowers the
threshold for activation of B lymphocytes, and subsequently
increases their capacity to interact with T cells and possibly
receive T cell help (11). B7-H3 is an important co-stimulatory
molecule playing a crucial role in T cell responses. Sun et al.
found a new B7-H3 SNP (involving a C to T transversion at
position 565) associated with RA susceptibility. Of interest,
Authors also provided conclusive evidence of an association
of B7-H3 and sB7-H3 expression with RA clinical
parameters including DAS28 score, disease duration, tender
and swollen joint count (12).

B. Protein citrullination

The human protein tyrosine phosphatase PTPN22 is able to
block peptidyl arginine deaminase type 4 (PAD-4) enzyme,

thereby preventing protein citrullination. The study
performed by Chang et al. established a molecular link
between PTPN22 and PAD-4 and indicated that the R-to-W
(C1858T) conversion of PTPN22 fosters the activation
signals in lymphocytes, expands the pool of au- toreactive B
cells and attenuates TLR- mediated production of type | IFN
by myeloid cells, thereby increasing the risk of developing
RA (13).

C. HLA Molecules

In the last few years, knowledge about the role of genetics in
the pathogenesis of rheumatoid arthritis (RA) has increased
with the discovery of a growing number of genetic loci and
single polymorphisms associated with RA susceptibility
(4).Recently, Iwaszko et al. demonstrated for the first time
that the HLA-E 01:01/01:01 genotype may be associated with
reduced risk of RA and may in- crease the probability of good
response to anti-TNF agents. Conversely, the HLA-E 01:03
variant may contribute to a lower probability of achieving
disease remission (5). Val and Leu at position 11 in the HLA-
DRB1 locus were recently identified as additional
susceptibility factors for ACPA-positive RA. Van
Steenbergen et al. observed that these amino acids are also
associated with a more severe disease course and
radiographic progression (6). Another study revealed that
HLA-DRB1 molecule variants defined by the presence of
certain amino acids at positions 11 and 13 displayed the
strongest association with the risk of ACPA-positive RA.
This finding may be explained at least in part by the fact that
the presentation of smoking-induced citrullinated autoantigen
may be specifically dependent on the presence of certain
amino acid residues at position 13 of the HLA-DRB1 chain
(7). Another ex- ample of interaction involving HLA- DRB1
was the one detected by Shchetynsky et al. concerning the
MAP2K4 gene and in particular its single nucleotide
polymorphism (SNP) rs10468473. The study suggests that
MAP2K4 is an important candidate gene for RA for at least
two reasons. First, it increases the risk for ACPA-positive
disease in combination with HLA-DRB1 shared epitope (SE)
alleles. Secondly, heterozygous individuals for rs10468473
demonstrated higher expression of total MAP2K4 mRNA in
the peripheral blood, compared to A-allele homozygous (8).
In the same study a correlation between in- creased RA risk
and a SNP in the CLY- BL gene has been described (9). All
the variants of HLA genes known to be associated with an
increased risk of RA were combined in a study by Yarwood
et al. who built the first risk prediction model for the disease.
Nevertheless, the predictive performance of this model was
rather weak in the general population, but may be used to
identify at-risk individuals in suitably designed targeted
screening programmes (10).

Kotrych et al. detected an increased frequency of
CXCL10 (rs8878) G al- lele carriers among RA patients and
additionally associated the GG geno- type with extra-articular
manifestation (15). Mutations of mannose-binding lectin
gene (MBL2) can be involved in complement system
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dysfunctions with impaired pathogens clearance and resulting
in immunological and infec- tious diseases(14). A recent
meta-analysis performed by Zhang et al. demonstrat- ed that
a polymorphism of codon 54 in MBL2, may predispose to
RA, espe- cially the seropositive or erosive variant of the
disease, in East Asian patients. This effect was no longer
evident in Caucasian patients and cumulating the two cohorts,
revealing a possible race effect. (16) A significant
contribution to RA risk is also given by the risk-allele
(rs11439060 and rs9138) of the secreted phosphoprotein 1
(SPP1) gene. Gazal et al. demonstrated that this allele combi-
nation was associated with decreased osteopontin (OPN)
serum level, which is associated with ACPA production.
Therefore, the influence on the disease risk resulted more
important in ACPA- negative RA, and less in ACPA-pos-
itive disease (17). Finally, Jines et al. explored the functional
consequences of a SNP (rs17611) encoding a V802l
polymorphism in C5 and proposed a mechanism for its link
to RA pathogenis. (18).

I1l. IMMUNOPATHOGENESIS OF SYNOVITIS

A. Innate Immune Response

It has been recently demonstrated that patients with active RA
have increased expression of nucleotide binding domain and
leucin rich pyrin 3 domain (NLRP3).in PB cells. NLRP3 is a
sensor protein that leads to consti- tution of a well-
characterised-type-of-inflammasome, the NLRP3-inflamma-
some. The increased expression of NLRP3 is functionally
active in whole blood cells of RA patients and leads to over-
expression of IL-1B (19). Further- more polymorphonuclear
cells (PMNs) of RA patients seem to be inherently more
reactive to noxious stimuli than healthy PMNs. Indeed, RA
PMNs display higher levels of triggering receptor expressed
by myeloid cells 1 (TREM1), an activator receptor of PMNs.
Activation of TREML1 induces higher secretion of IL-8 and
other cytotoxic agents in RA PMNs compared to healthy
PMNs (20). Interestingly, higher levels of TREM1 and toll
like receptor (TLR) 2 have been found in PBMCS obtained
from RA patients with pulmonary involvement with respect
to healthy controls, suggesting a possible role for TREM1 and
TLR2 in generating pulmonary disease during RA (21). Itis
now well established that Porphyromonas gingivalis-
triggered periodontitis by is a risk factor for RA. In the last
year, it has been dis- covered that Porphyromonas gingivalis
enhances articular bone loss by stimulating RANKL in
osteoblast via TLR2 (22). In addition, genetic deficiency of
Cathepsin K decreases the expression of TLR 4, 5 and 9
resulting in a dra- matic reduction of inflammation and bone
erosions in experimental RA (23). Another work focused on
TLRS investigating its activity in a mouse model by a direct
activation with flagellin.

The activation of TLR5 caused robust osteoclast
formation and bone loss via the RANKL pathway. On the
contrary, stimulation with flagellin TIr 5-/- mice had no
particular effects (24). The secretion of type | interferons
(IFNs) is the first cellular reaction to invading pathogens and
the first-line response of innate immune system to noxious
stimuli. Despite the protective function of these cytokines, an
excessive response to their action can contribute to RA
pathogenesis. It has been recently discovered that an higher

production of IFN is associated with a poor response to
rituximab (RTX) therapy but the average IFN level could be
modulated by prednisone (25). The evidence that IFN
response genes are significantly up-regulated in RA PMNs
compared with healthy controls supports a close relationship
between the innate immune system and IFN levels in RA
(26). In addition, IFN production seems to be deregulated
during RA as demonstrated by the functions of Hur protein,
an RNA binding protein determining the fate of IFN-mRNA,
in fibroblast like synoviocytes (FLS) of RA patients. Reduced
expression of Hur severely hampered the type | IFN response
in RA FLS (27). Interestingly, some IFN inducible proteins
(IF1) like 1F1-16 seem to exerts a specific pathologenic role in
the development of key clinical features of RA. In fact, RA
patients display higher serum levels of IFI-16 and its auto-an-
tibodies (anti-1FI-16 Abs) compared to healthy subjects. The
majority of RA patients with detectable circulating IFI- 16
protein were also positive for RF and ACPA. Finally the
presence of circulating IF1-16 protein, but not of anti- IFI- 16-
Abs, significantly correlated with RA  pulmonary
involvement. This cor- relation was independent of other
well- known predictors of RA-associated pulmonary
involvement including male gender or smoking habit,
suggesting a possible role for IFI-16 in generating RA-
associated pulmonary disease (28).

B. Adaptive immune response

1) CD4+ T regulatory and T helper 17 cells

A major role in the pathogenesis of RA has been attributed to
the adaptive immune response dysregulation, where
regulatory T cells (T reg), effector T cells and antibody-
producing B cells are leading actors. As far as Treg cells are
concerned, it is now well established that their most specific
lineage marker is the forkhead winged helix transcription
factor (FoxP3). In this setting, it has been recently reported
that methotrexate is able to increase the FoxP3 expression
through the de- methylation of upstream enhancer of FoxP3
(29). The treatment would lead to a resumption of defective
Treg cell suppressive function in DMARD-naive RA
patients. The majority of Treg cells isolated from the synovial
fluid of RA patients with active arthritis also express another
transcription factor called helios (Ikaros transcription fac- tor
family) (30). Although the largest subset is represented by
helios+ compared to helios- Treg cells, the latter subgroup is
characterized by a higher CTLA-4 expression as well as
great- est cytokine production (IL-10, IFN-y, TNF). A
common feature between helios subsets was the up-regulation
of IL-1R1 although we need further studies to identify its role
in the inflammation processes. Takatori et al. have shown that
helios-mediated suppressive function is closely linked to cell-
intrinsic Foxp3 expression in presence of TGF-3 in mice (31).
However, helios induction seems to be suppressed by IL-
6/STAT3 pathway and the treatment with anti-IL-6R
antibody (tocilizumab, TCZ) has been reported to increase
he- lios expression in CD4+ T cells in patients with the best
clinical response. In this setting, a recent study reported an
increased number and improved suppressive function of Treg
cells, in the peripheral blood (PB) of RA patients after 52
weeks of treatment with TCZ. Of interest, such increase of
Treg cells among CD4+ T cells was directly cor- related with
disease remission as established by Clinical Disease Activity
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In- dex (CDAI) score (32). In recent years, the plasticity of
Treg cells towards ef- fector cells and viceversa, is gaining
growing scientific interest as possible pathogenic mechanism
in RA. Wang et al. detected for the first time that I1L-17
producing CD4 FoxP3+Tregs cells in PB and synovial fluid
of RA patients are increased compared to healthy con- trols
(33). Of interest, unlike in the PB, where 1L-17 producing
Treg cells seem to preserve their suppressive function, in the
SF Treg cells behave as effector T cells acting as Th17 cells,
in response to the enriched pro-inflammatory cytokine milieu
(TNF-a, IL-1, IL-6) (31). A pro-inflammatory Treg cell
phenotype has also been recognised by Zhou et al. through a
decreased expression of microRNA (miR)-146a and -155 in
Treg cells of RA patients (34). In particular, a greater
reduction of miR-146a determined an increase expression and
activation of STAT-1 correlating with a more active disease
and inflammation. In the last year, a novel cytokine called IL-
35 has been discovered and it seems to be involved in the
enhancing suppressive functions of Treg. Nakano et al. have
demonstrated a reduced expression of IL-35 in addition to
that of Treg cells in the peripheral blood of active RA
patients compared to HC (35). However, after treatment with
recombinant human IL-35 in vitro it was observed an
increased Treg function parallel to a suppressive proliferation
cytokines (IL-17 and IFN-y) and to that effector T cells (35).
Recently a new member of the IL-1 cytokine family (IL-37)
has been identified to be a potent immune suppressor in the
pathogenesis of human RA and in collagen-induced arthritis
(CIA) models (36). I1L-37 serum levels were higher in RA
patients compared to HC suggesting an anti-inflammatory
response to the IL-17 and IL-17-driving cytokines. A
suppression of the IL-17 axis was achieved with recombinant
IL-37 in vitro. Van der Geest et al. reported that T reg cells
accumulate in synovial fluid of RA, show high proliferative
activity and a limited apoptosis rate probably related to high
transcription levels of anti-apoptotic regulators (Bcl-2 and
miR21) (37). These findings are consistent with the
aforementioned observations regarding Treg cell plasticity
and their propensity to become effector cells. On this basis, a
consistent number of studies have suggested the imbalance
between Th17/Treg cells as a possible key mechanism in the
development and progression of RA. Guggino et al. re- ported
that the treatment with methotrexate and
or/methylprednisolone in early RA patients led to a decrease
of Th17 cells and a parallel increase of Treg cells and I1L-10-
producing Th17 cells (38). Unfortunately, such effects were
no longer detectable in RA pa- tients with long standing
disease suggesting that disease duration may ac- count for
irreversible cell modifications from a regulatory to an effector
phenotype. Taken the pathogenic role of Thl7 cells, the
identification of cell types and soluble mediators that are able
to modulate their pro-inflammatory activity is intriguing. In
this setting, mesenchymal stem cells (MSC) may represent an
interesting option. However, recent data highlighted that
MSC of RA patients in vitro seem to be unable to
downregulate Th17 cells, compared to healthy control (HC),
because of their low expression of CCL2 (39). In addition,
two recent studies focused on vasoactive intestinal peptide
(VIP) and its propensity to convert Th17 pathogenic cells,
toward T reg cells in early RA (40, 41).

The CD200/CD200R1 expression and its
consequences on RA patients have been explored by Ren et
al. (42). They found a decreased expression of this pathway
in peripheral blood mono- nuclear cells and CD4+ T cells in
RA patients compared to HC, as well as a reduced CD4+ T
cells apoptosis, an increased CD4+T cells differentiation
toward TH17, an enhancement of Th17 cell-chemotaxis and
an improvement of osteoclastogenesis.

2) CDB8+ and other T cell subsets

CD8+ cells play an important role in the induction and
maintenance of chronic inflammation. CD8+T cells
displaying an effector phenotype, namely CD27- CD62L-
CD69+ were found in the PB and SF of RA patients,
regardless disease activity, compared to HC (43). Curiously,
CD8+ T cells from active RA patients showed the same
profile. Interestingly, cytokine production by effector CD8+
cells was lower in patients with disease remission compared
to those with active disease. This may suggest that effector
CD8+T cells are steadily present in RA PB and SF and
modulate the cytokine expression pro- file in line with disease
activity.

Recently a new Th subset called Th9 (able to
produce IL-9) has been identified and it has been speculated
that Th9 cells may be involved in RA pathogenesis by
providing B-cell help thus promoting B cell differentiation,
proliferation and antibody production. To clarify the role of
Th9 cells in RA, Ciccia et al. investigated Th9 cells and IL-9
expression in RA synovial tissue and PB. They observed a
consistent proportion of Th9 cells and IL-9 overexpression in
RA synovial tissue as well as an increase of Th9 cells in
peripheral blood of RA patients (44).

The most recently discovered T cell subpopulation the
angiogenic T cells (Tang), may represent an important link
between cardiovascular (CV) events and RA. Rodriguez-
Carrio et al. first demonstrated a lower proportion of
circulating Tang cells, compared to HC, establishing a close
correlation with risk factors for poor disease prognosis (high
activity disease, antibody positivity be- sides high IFN-a
serum levels) (45).

3) Follicular T helper cells,

B lymphocytes and B/T cell interaction B cell are involved in
the pathogenic mechanism trough the regulation of T cell
functions, the formation of antibodies directed against
citrullinated peptides and the production of pro-
inflammatory soluble factors. Besides known autoantigens
for ACPA such as self citrullinated proteins, several cit-
rullinated viral, bacterial, fungal and food antigens can lead
to the genera- tion of ACPA (46). Indeed, ACPA could cross-
reacts with several environmental factors to induce RA
trough molecular mimicry. Synovial B cells of RA pa- tients
may undergo phenotypic changes with the expression of
several mole- cules that provide them with APC func- tion.
The surface-expression profile of molecules involved in
antigen presentation and costimulation in synovial B cells of
RA patients was compared to patients with psoriatic arthritis
(PA) highlighting a different phenotype, which in part could
explain the different clinical outcomes after treatment with
the anti-CD20 antibody rituximab. In this setting an increased
expression of CD86, HLA-DR, HLA-DP, HLA-DQ and a
lower expression of CD20 and CD40 was observed by
Gonzélez et al. in SF B cells of RA patients (47). Conversely
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a lower expression of HLA- DP and an increase expression
of CD40 was found in PA patients. A shared pro- file war
represented by an up-regulation of CD27 and down-
regulation of CD23, all findings that suggest an efficient role
as APC.

For the first time Chavele et al. have recognised that
RA human plasma- blasts are potent inducers of follicu- lar
T helper cell (Tth) differentiation through their production of
IL-6 (48). Tth represent a CD4+T cell subset involved in B
cell help through the production of IL-21, eventually
promoting ectopic lymphoid neogenesis in target tissues.
Authors also recognised a posi- tive feedback where Tth
cells, in turn, induce plasmablast formation, through IL-21
production, leading to the development of germinal centers
(GCs). As mentioned, 1L-21 plays a key role in the
differentiation of B cells, class-switch DNA recombination
and in GC forma- tion. It has been demonstrated that also
CD4+ T cells promote the development of IL-21-producing
Tth cells through an increase of Bcl-3 expression induced by
enhanced IL-6/STAT-3 signaling (49). Recently, a clinical
trial showed the selective involvement of IL-21 in the
phosphorylation and nuclear trans- location of STAT-1
leading to B cell differentiation (50). All these events seem to
be regulated by Bruton tyrosine Kinase (Btk) whose
activation, namely phosphorilation, significantly correlates
with rheumatoid factor (RF) titers in RA patients. In the last
years the discovery of Btk expression in synovial tissue
macrophages and its pro-inflammatory effects in RA
provided new clue for its possible pathogenic role in RA (51).
On this basis, B -T cell interaction rep- resents a pathogenic
aspect worth to be targeted for therapeutic purposes. In this
regard, the CTLA-4 Ig Abatacept was found able to reduce
Tth cells and the phosphorylation of Syk (pSyk) in peripheral
blood B cell of RA patients (52). The highest levels of pSyk
in RA patients seemed to correlate with a ma- jor production
of ACPA (52).In an elegant murine model of proteoglycan
induced arthritis (PGIA) it has been observed that a B-cell
derived IFN-y production was able to induce arthritis while
mice with B-cell-specific IFN-y deficiency were resistant to
the development of PGIA (53). B cell depletion lead to an
increase in the differentiation of CD4+ T cells into T reg cells
and surprisingly IFN- y-producing-CD4+T cells did not con-
tribute to the increase of T reg cells.

A model of RA pathogenesis in which T reg cells
show intrinsic defects and B cells develop resistance to their
suppression was set up by Rapetti et al. (54). A control
mechanism by which regulatory T cells suppress expansion,
pro-inflammatory cytokine and antibody production of B cell,
has been already recognised in Fas-mediated apoptosis. RA
patients showed a loss of T reg suppression, in contrast to HC,
probably due not only to impaired T reg cells but also to B
cell resistance trough both reduced Fas expression and
reduced internalisation/signalling. In addition to the B cells
functions described above, increasing evidence support the
involvement of B cells in bone resorption and
osteoclastogenesis. A pro-inflammatory B cell subset
responsible for RANKL and TNF-a production has been
identified by the expression of FcRL4 (55). Since this cell
subset expresses high levels of mMRNA for RANKL and TNF-
0, it is probably involved in bone erosion. Similar findings
were obtained by Engelmann et al. who demonstrated a

significant correlation between CD5+ B cells and serum
levels of carboxy- terminal collagen crosslinks (CTX-1), a
marker of bone turnover (56). Finally, not only B cells but
also NKT cells may be involved in bone destruction occurring
in RA patients. The addition of a-galactosylceramide
(aGalCer) to HC PB mononuclear cells in vitro, led to an
inhibition of osteoclastogenesis through the NKT response
(57). Conversely, a dysfunction of NKT in RA patients lead
to a decrease of inflam- matory bone destruction mediated by
aGalCer.Beyond the joint

IV. EXTRA-ARTICULAR MANIFESTATIONS

A. Environment

Cigarette smoking is the most established environmental risk
factor for RA, mainly among subjects positive for ACPA
and/or RF. Several studies have identified significant
interactions between smoking and SE alleles for
susceptibility to seropositive RA. HLA-SE positive
individuals were more frequently positive for ACPA
compared with HLA-SE negative individuals prior to the
onset of symptoms of RA, particularly for antibodies against
CEP-1 and Fibp62-8la. HLA- SE and smoking showed
increased as- sociation to the presence of the anti- bodies
closer to disease onset (58).

A Malaysian study demonstrated for the first time
that occupational expo- sure to textile dust was associated
with an increased risk of ACPA-positive and ACPA-negative
RA. Additionally HLA-DRB1 SE-positive individuals
exposed to textile dust had a high risk of developing ACPA-
positive RA. The significant gene—environment interaction
between HLA-DRB1 SE and textile dust can support the
hypothesis that various lung exposures may play an important
role in the aetiology of RA (59). Viral or bacterial infections
may also trigger the disease onset. It is well known that RA
patients are at higher risk of developing TB than the general
population because of treatment-related immunosuppression.
But a population- based study for the first time also
investigated the association between prior TB and the risk of
RA. In this study, TB was much more prevalent in RA
patients than in control subjects (60).

B. Microbiota

Recent studies have highlighted the potential influence of the
mucosal mi- crobiome on RA onset and progression. Zhang
et al. found that there is micro- biome divergence between
RA patients and healthy control in feces, salivary and dental
samples. In particular, they recorded a depletion in
Haemophilus species and an overrepresentation of
Lactobacillus salivarius in RA patients compared with
healthy subjects. They show that these imbalances can be
partially redressed by disease-modifying anti-rheumatic
drugs (DMARDs) (61). Porphyromonas gengivalis is
considered one of the most important bacteria implicated in
chronic peridontal disease because of its capability to trans-
form arginine into citrulline. However, a recent study did not
confirm any association between anti—Porphyromonas
gingivalis antibodies and RA or ACPA status in a large cohort
of patients with early RA. These results suggest that the
association of periodontitis and RA could be linked to other
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bacterial species than P gingivalis or to a mechanism other
than citrullination (62).

C. Lung

Lungs might be the initial site of autoantibody production.
Citrullination refers to the conversion of arginine residues to
citrulline residues, a post-translational process catalysed by
an enzyme family called peptidylarginine deiminases
(PADs). A recent study demonstrated for the first time that in
broncho-alveolar lavage of smoker subjects there was
increased PAD2 levels compared to non-smokers (63) and
another study has recently confirmed this finding in patients
with early untreated RA (64). The lungs are even the most
common site of extra-articular involvement. RA-related
interstitial lung disease (RA-ILD) is identified in up to 60%
of patients and significantly contributes to the morbidity and
mortality. Several studies have suggested that genetic factors,
environ- mental exposure such as tobacco, and some drugs
can be implicated in the development of RA-ILD, but the
exact mechanisms underlying RA-ILD are still unknown. In
a retrospective cohort of 246 RA patients the risk of
pulmonary involvement in RA was higher in males, elderly
patients, patients with a history of tobacco smoke exposure,
RF- positive and patients with a history of exposure to
azathioprine (65). The role of tobacco in RA-related ILD and
the relationship with HLA-DRB1 SE was also confirmed by
another study (66). The same authors also showed that higher
ACPA titers are more strongly associated with ILD;
moreover, ACPA seem to be markers of severity and extent
of RA-ILD (67). In a recent study, higher levels of matrix
metalloproteinase (MMP)-7 and interferon-y -inducible
protein 10 (IP-10/CXCL10) were found in the serum of a
cohort of pa- tients with RA and ILD (68). Moreover, a recent
study demonstrated a significant decrease in CD19+Foxp3+
Bregs in RA patients with or without ILD as compared to
healthy controls, as well as a reduction of CD19+TGFf+
Bregs in RA patients with ILD. These data sug- gest that
CD19+TGFp+ Bregs might play an important role not only
in the pathogenesis of RA, but also in in pul- monary damage
(69).

Recently, high resolution computed to- mography
(HRCT) studies of the lungs demonstrated an increased
prevalence of subclinical airway abnormalities consistent
with bronchiectasis at disease diagnosis in RA patients,
supporting the hypothesis that bronchiectasis typically
precedes RA and that it could play a role in the disease
development. Indeed, bronchiectasis may induce and
exacerbate autoimmunity response in RA by bacterial
infection in the lung as suggested by two recent studies (70,
71). In both studies is observed an in- creased prevalence and
titers of both ACPAs and RF in patients with BR/ RA
compared with RA controls. Perry et al. demonstrated even
that the group of patients with RA and co-existent BR had
high levels of RA disease activity, severity and RA
autoantibodies spite of little tobacco exposure; suggesting
that other factors, different from tobacco, must drive the very
high levels of anti- CCP positivity (71).

D. Cardiovascular Risk

It is now well established that RA patients have an increased
risk of cardio- vascular (CV) events compared to the general

population. These comorbidities are intrinsically related to
higher CV mortality that to date is the most common cause of
death in RA (72).

This risk has been correlated to traditional CV risk
factors but also to several RA-related factors the latter
contributing to the development of CV after adjustment for
traditional CV factors.

Among RA- related factors, it has been recently
demonstrated that a reduction of disease activity, as assessed
with CDAI, was associated with reduced CV risk,
independently of immunomodulatory treatments (73). In
addition, data from the CARMA Project (CARdiovascular in
rheuMAtology) revealed that HAQ seems to be
independently associated to the occurrence of CV events in
RA (74).

These findings underline the burden of functional
disease status, similarly to higher levels of personal health
stress and depressive symptoms that are associated with
subclinical measures of atherosclerosis (coronary artery
calcium and carotid intima-media thickness) in RA patients
(75).

Indeed, the risk prediction scores developed for the
general population have been also applied to RA patients in
several studies but it has been demonstrated that risk
algorithms understimate the true CV risk in these patients
(76-78). Therefore, both tight control of the disease activity
and adequate CV risk stratification should be carried out in
patients with RA to minimise the increased risk of CV death.
A disease-specific risk score for CV outcomes in RA (ERS-
RA) was developed to improves the classification risk based
on a large prospectively collected cohort of US- based RA
registry (CORRONA) (77). Chronic inflammation seems to
play the most important role in increased CV morbidity with
disease duration being a key factor. Indeed, a recent
nationwide study suggests that patients with recent- onset RA
who receive consistent RA medication have no increased risk
for CV mortality compared to the general population, at least
in the early years of the disease. (79)

On the contrary, other data suggest that patients with
early arthritis have an in- creased cardiovascular risk and an
in- creased prevalence of some comorbidties such as arterial
hypertension and dyslipidaemia with respect to the general
population (80). Conversely, an- other study hypothesised
that the development of premature atherosclerosis in early
stage of RA reflects a much long- er period of subclinical
inflammation which leads to endothelial activation and
dysfunction as well as increased ac- cumulation of advanced
glycation end products (AGEs). AGEs can ligate to the their
receptor RAGE on endothelial cell, resulting in endothelial
activation e formation of the soluble vascular cellular
activation molecule 1 (sVCAM-1). In this study the
endothelial function of newly diagnosed RA patients,
reflected by measurement of small artery elasticity (SAE),
was found to be decreased in contrast to the normal
intimamedia thickness (IMT), suggesting long-standing pro-
atherosclerotic events already present in early stages of
disease (81). The ultrasound measurement of IMT has been
evaluated by several studies as a marker of atherosclerosis
progression and, therefore, as a CV risk factor predictor (82).
In fact, the increase of IMT appears correlated with higher
ESR confirming the fundamental role played by
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inflammation in the development of atherosclerosis in RA.
The evaluation of the impact of RA per se on arterial disease
showed that in absence of clas- sical CV risk factors
(hypertension, diabetes, dyslipidaemia and smoking), RA is
sufficient to cause atheromatosis but not alterations of arterial
elasticity or hypertrophy. In addition, according to the
aforementioned studies, while accelerated atheromatosis is
proven during the first 5 years after disease onset, preclinical
atheromatosis appears earli- er in the disease course and
seems to be independent of FR and anti-CCP positivity, but
associated with disease activ- ity expressed by DAS28 (83).
As far as the lipid profile is concerned, its association with
the pathogenesis of atherosclerosis and CVD in RA is still
controversial. It is recognised that the absolute lipid
concentrations are modified in RA as a result of the active
inflammatory state, leading to an increased CV risk It is well
established that DMARDs decreases CV morbidity and
mortal- ity, and a recent study comparing dif- ferent
DMARD:s in light of subclinical atherosclerosis found a
beneficial and comparable effect of MTX >20 mg/wk and
biologics (anti-TNF-a on reducing markers of
atherosclerosis. A novel positive influence was found also for
cyclosporine A, conversely other synthetic DMARDs
recommended in RA (leflunomide, sulphsalazine) showed no
effect on IMT and presence of plaques (84). Regarding
biologic therapy, toci-lizumab (TCZ) deservers a closer
attention in relation to its burden on changing the lipid profile.
Mclnnes et al. in a randomised, placebo-controlled study
reported that TCZ in RA patients not only reduced markers
of inflammation but also affected CV risk, revising
quantitative e qualitative aspect of lipids and lipoproteins,
Such changes included global increase of LDL and triglycerid
but normalisation of small LDL particle concentration
considered more proatherogenic. Favourable remodelling of
HDL particles with in- crease of small HDL that have an anti-
inflammatory phenotype and reduction of medium and
related-SSA HDL representatives of pro-inflammatory status
has been observed. Taken together, all the available studies
point out that ac- celerated atherosclerosis is a key event
paralleling disease pathogenesis and depend on that; as a
consequence, the adoption of a treat-to-target strategy in RA
may be beneficial not only because of the improvement in
pain and function, but also because of a reduction in CV risk.

V. CONCLUSIONS

The studies performed in the last year confirmed that RA is a
multifactorial disease and its pathogenic mechanisms are still
poorly understood. The correlations among the genetic and
environmental risks factor with the immune system still
represent a great challenge for further investigation.
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