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Abstract 

Rheumatoid arthritis is a chronic systemic autoimmune disease characterized by synovial hyperplasia, inflammatory 
cell infiltration, and proliferation of inflammatory tissue (angiogranuloma). The destruction of joints and surrounding 
tissues eventually causes joint deformities and dysfunction or even loss. The S100 protein family is one of the biggest 
subtribes in the calcium‑binding protein family and has more than 20 members. The overexpression of most S100 
proteins in rheumatoid arthritis is closely related to its pathogenesis. This paper reviews the relationship between 
S100 proteins and the occurrence and development of rheumatoid arthritis. It will provide insights into the develop‑
ment of new clinical diagnostic markers and therapeutic targets for rheumatoid arthritis.
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Background
Rheumatoid arthritis (RA) is a chronic systemic auto-
immune disease characterized by synovitis. The current 
global incidence rate is between 0.4% and 1.3% [1], and 
it is 2–3 times higher in women than in men. Severe 
RA reduces the life span of patients by 10–15 years. No 
clinical cure exists, and current drug treatment is only 
symptomatic and to maintain joint function. Local mani-
festations of RA in joints include synovial inflamma-
tion, exudation, cell proliferation, granuloma formation, 
destruction of cartilage and bone tissue, and joint tetan-
ism and dysfunction. The extent of changes in joint tis-
sues may differ by site, but the basic pathology remains 
the same, i.e., (1) diffuse lymphatic or plasma cell infiltra-
tion in the limitation tissue and lymphatic follicle forma-
tion; (2) vasculitis (with intimal hyperplasia resulting in 

narrowing of lumen and obstruction) or fibrinoid necro-
sis; and (3) formation of rheumatoid granuloma [2].

S100 protein family
At present, there are more than 20 confirmed S100 pro-
tein families, which are called S100A1-S100A18, S100B, 
S100P, S100Z, and S100G [3]. The S100 protein family 
comprises low molecular weight (9000–14,000 Da) cal-
cium-binding proteins with highly conserved amino acid 
sequences; they are so named because they dissolve in 
100% saturated ammonium sulfate solution [4]. Proteins 
of the S100 family belong to the EF-hand superfamily, 
and there are EF-hand domains at the N-terminal and 
the C-terminal [5]. In cells, most S100 proteins exist in 
the form of homologous dimers, whereas a few form het-
erodimers, trimers, and tetramers. They can exist in the 
form of monomers under special conditions, but dimers 
exhibit important biological functions.

The S100 protein family, as a  Ca2+ sensor, regu-
lates many activities inside and outside the cell in a 
 Ca2+-dependent manner [6]. By binding with  Ca2+, con-
formational changes occur, exposing the binding site 
to the target protein and resulting in biological effects, 
such as regulation of gene expression, enzyme activa-
tion, cell cycle, cytoskeletal composition, intracellular 
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 Ca2+ concentration, inflammatory response, and cellular 
antioxidative processes [7]. Certain members of the S100 
family are released outside the cell, regulating the prolif-
eration of target cells, the activity of macrophages, white 
blood cells, and inflammatory cells produced cytokines 
or MMPs of synovial fibroblasts.

Their expression is significantly altered in many 
tumors, neurodegenerative diseases, inflammation, and 
autoimmune diseases and can serve as a marker for these 
diseases [8–11]. Table 1 shows the expression of the S100 
protein family in RA.

During the onset of RA, the synovial layer increases 
from 1 to 3 layers to 10–20 layers, and fibroblast-like syn-
oviocytes (FLS) represent the main cell type in the syn-
ovium. FLS can affect macrophage and T cell function by 
releasing inflammatory factors, chemokines, and metal-
loproteinases such inflammatory cells, which further 
aggravates RA [24, 25]. FLS have tumor-like characteris-
tics of uncontrolled proliferation and inflammation [2]. 
Some S100 protein family members regulate prolifera-
tion and inflammation in RA, such as S100A4, S100A6, 
S100A7, S100A8, S100A9, S100A11, and S100A12 
(Fig. 1). Elevated S100 protein concentrations have been 
detected in the serum and synovial fluid of RA patients, 
and some S100 proteins can serve as useful biomarkers 
for monitoring RA activity [26, 27].

Role of S100 family members in RA
S100 proteins and synovial inflammation
S100 protein members including S100A4, S100A8, 
s100A9, S100A12, S100A13, and S100A15 regulate 
inflammation [28, 29]. In RA, S100A4, S100A8, s100A9, 
S100A11, S100A12, and S100B have been associated 
with inflammatory responses [30]. S100A8 and S100A9 
accounted for 40% and S100A12 accounted for 15% of 
neutral plasmid proteins [12]. This suggests that neutro-
phils may be the main source of S100A8/9 and S10012, 
on the other hand, S100A4 and S100A11 were clearly 
proved to be produced by a variety of immune cells and 
by activated synovial fibroblasts. Inflammatory leukocyte 
infiltration (mainly macrophages) and proinflammatory 
cytokines play an important role in RA progression [13]. 
Depending on the type of S100 protein released by neu-
trophils and monocytes, the cytokine-activated Toll-like 
receptor (TLR) or receptor for advanced glycation end-
products (RAGE)-mediated innate immune pathways are 
activated, which increases the levels of tumor necrosis 
factor (TNF-α), interleukin-1β (IL-1β), and interleukin-6 
(IL-6). The increased levels of these inflammatory factors 
can in turn stimulate neutrophils and macrophages, cre-
ating a vicious inflammatory cycle [14, 15]. A schematic 
representation of the interaction of S100 proteins with 
RAGE and TLR-4 is shown in Fig. 2.

Table 1 The expression of S100 protein family in RA

S100 Expression cells Trend Function Receptors Reference

S100A4 T cells, neutrophils, phagocytes, mast cell 
chondrocyte.

Serum level ↑ •Induce monocytes to produce proinflam‑
matory cytokines

TLR4, IL‑10R, 
RAGE, CD36

[12–15]

•Mediates the recruitment and chemot‑
axis of macrophages

•Leads to the increase of MMMP13 and 
promotes cartilage degradation

S100A7 Epithelial cells no data •The substrate of transglutaminase RAGE [10]

S100A8 S100A9 Monocytes, granulocytes, macrophages 
Osteoclast and fibroblast synovial cells 
Epithelial cells, endothelial cells

Synovial tissue ↑
Synovial fluid ↑
Serum level ↑

•Promote chemotaxis of macrophages 
and neutrophils

TLR4, RAGE [16–18]

•Endothelial cells, phagocytes, and osteo‑
clasts are activated

•Increased cellular inflammation

•IL‑6 expression of RA FLS is upregulated

•Induce Th7 cell differentiation

S100A11 Ubiquitous expression in various tissues Synovial fluid ↑
Serum level ↑

•Promote leukocyte chemotaxis and 
inflammation

RAGE [19]

S100A12 Granulocytes and monocytes Serum level ↑ •Recruitment of neutrophils and mac‑
rophages

TLR4, RAGE [20–22]

•RAGE and TLR4 receptors were activated 
to induce the expression of IL‑1β, IL‑6, and 
TNF‑α

S100B Chondrocytes, dendritic cells, lympho‑
cytes

No data •Promote cartilage breakdown RAGE [23]
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Fig. 1 S100 protein was associated with proliferation and inflammation of cells and RA

Fig. 2 S100A8/9 S100A12 binding of RAGE and TLR‑4 receptor S100A8/9S100A12 protein can act as a cytokine to activate TLR or anger‑mediated 
innate immune pathway, TLR, or anger mediated signaling pathway may lead to factors that increase inflammation, such as TNF‑α, IL‑1β, and IL‑6 
secretion of inflammatory cytokines, can in turn, stimulate itself, causing a vicious cycle of inflammation
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S100A4 and synovial inflammation
S100A4 (also known as metastasin) consists of 101 amino 
acids with a molecular weight of 12 k Da [28]. S100A4 is 
the first multifunctional S100 protein identified in meta-
static cancer cells, distributed in the cytoplasm, nucleus, 
and extracellular regions [16]. It not only promotes can-
cer metastasis but also various other human inflamma-
tion-related diseases such as RA [17].

The expression of S100A4 protein in the synovial mem-
brane of the knee joint of RA patients was significantly 
higher than that in the control group [18], suggesting 
that S100A4 overexpression positively correlates with 
the development of RA [28]. The expression of S100A4 
mRNA was also found to be increased in the FLS and 
plasma of RA patients [19]. This is consistent with the 
involvement of fibroblasts, immune cells, and vascular 
cells in the production of S100A4 in the synovial tissue 
[17]. S100A4 levels also increased with an increase in 
radiation damage and disease progression.

S100A4 recruits the bone marrow cells from inflam-
matory sites in the body, accelerating the inflammatory 
process [19, 20]. It was expressed in macrophages, neu-
trophils, memory T cells, and other lymphocytes and 
bone marrow cells, verifying the immunomodulatory 
role of S100A4. It significantly increases the expression of 
IL-1β, IL-6, and TNF-α by stimulating peripheral blood 
mononuclear cells, inducing TLR4-mediated inflamma-
tory signaling in mononuclear cells and activating tran-
scription factor (NF)-κ B, extracellular signal-regulated 
kinase 1/2, and P38 [21]. S100A4 multimers (active form) 
can also stimulate synovial fibroblasts and regulate apop-
tosis [22]. These results suggest that S100A4 activates 
immune and inflammatory responses. Another recep-
tor of S100A4 is the multi-ligand receptor RAGE [21, 
23]. After binding to the corresponding ligands, it acti-
vates several signaling pathways that affect immunity and 
wound healing.

S100A8 /A9 and synovial inflammation
 S100A8 and S100A9 are only found in vertebrates, and 
because they are found in myeloid cells, they are also 
known as migration suppressor associated proteins, 
and later respectively as bone marrow associated pro-
teins MRP8 and MRP14 [31]. The is S100A8/A9 is also 
known as calprotectin [32]. S100A8 and S100A9 are usu-
ally expressed in the form of heterodimer S100A8/A9 
in the early differentiation stage of granulocytes, mono-
cytes, and macrophages and are mainly located in the 
cytoplasm, cell membrane, and cytoskeleton. Mature 
macrophages, osteoclasts, keratinocytes, fibroblasts, 
and microvascular endothelial cells can also induce 
their expression under certain conditions [33]. S100A8/

A9 acts as an inflammatory cytokine and exhibits intra-
cellular and extracellular biological activities. In cells, 
S100A8/A9 relies on calcium ions to bind to specific 
cytoskeletal components such as microtubules, vimen-
tin, keratin, and actin filaments. With the participation of 
calcium, S100A8/A9 forms a tetramer that directly binds 
to the intracellular microtubules and promotes the rapid 
polymerization of microtubules; this is the molecular 
basis for the rapid migration of monocytes and granu-
locytes during an inflammatory response. Phagocytes 
release S100A8/A9 by activating protein kinase C and 
increasing calcium concentration, whereas granulocytes 
release S1008/A9 when stimulated by lipopolysaccharide 
and chemokines. The release of extracellular S100A8/
A9 plays a biological role in inflammation and immune 
response as it binds to RAGE receptors and TLR4 [26, 
34]. Through synovial fluid analysis of RA and osteoar-
thritis patients, S100A8, S100A9, and S100A12 were con-
firmed to be the three most upregulated biomarkers [35]. 
At the 2016 ACR/ARHP Annual Meeting, Tatsuo Nagai 
proposed that the expression of S100A9 and S100A12 
mRNA in RA BM CD34+ cells was significantly higher 
than that in OA BM CD34+ cells. In addition, targeted 
proteomics revealed that S100A8/A9 is a key plasma bio-
marker for rheumatoid arthritis [27].

Extranodal exudation migration and chemotaxis of 
neutrophils are the main initiators of local inflammatory 
pathological changes. S100A8 is a potential chemokine 
of neutrophils [36]. In  vitro, it stimulates the release of 
L-selectin, regulates the expression and activation of the 
adhesion molecule MAC-1 (CD11b/CD18), and induces 
neutrophils to adhere to fibrinogen through MAC-1 
[37]. In  vivo, S100A8 promotes the migration of neu-
trophils to the lesion site and participates in the inflam-
matory response. S100A8/A9 also mediates intracellular 
inflammatory signal transduction by activating mem-
brane receptors, thereby participating in RA inflamma-
tory response. Extracellular S100A8/A9 mainly binds to 
two receptors for RAGE and TLR4 subtypes widely pre-
sent on cell membranes [26]. S100A8 can also stimulate 
cells to secrete high-mobility Group Box 1, which is also 
a ligand of RAGE, and along with lipopolysaccharide can 
synergistically activate the membrane receptor TLR4 and 
cause inflammatory damage [38]. In addition, S100A8/A9 
was found to be involved in the inflammatory response of 
the scavenger receptor CD36 [39].

S100A11 and synovial inflammation
S100A11 (S100C or calgizzarin) is composed of 105 
amino acids with a molecular weight of 13 k Da. It is 
different from other S100 proteins, in that it is mainly 
expressed in the cytoplasm, whereas other S100 proteins 
are mainly present in the nucleus [40]. It regulates cell 
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movement, cell cycle, differentiation, transcription, apop-
tosis, and inflammatory response.

An increase in S100A11 has been reported in the syno-
vial tissue of RA patients, especially in the synovial and 
inflammatory infiltrates. This finding is consistent with 
previous studies that have documented the distribu-
tion of other S100 proteins associated with RA [41]. The 
expression of S100A11 in the synovial fluid and serum 
of RA patients was significantly increased, but there 
was no significant difference between the upregulation 
of S100A11 in the serum and that in the synovial mem-
brane of RA patients [41]. In fact, the level of S100A11 in 
the synovial fluid of cyclic citrullinated peptide-positive 
patients has been observed to be significantly higher than 
that in cyclic citrullinated peptide-negative patients [41], 
which further supports the notion that S100A11 partici-
pates in the local inflammatory process of RA.

The level of S100A11 in the synovial fluid is highly cor-
related with the white blood cell count in the synovial 
fluid; therefore, the level of S100A11 in the synovial fluid 
may also be related to the number of immune cells in 
inflammatory tissues. In addition, recombinant S100A11 
promotes the production of IL-6 in the synovial fluid 
and peripheral blood mononuclear cells, thus enhanc-
ing the inflammatory response [42, 43]. Thus, the level of 
S100A11 in the synovial fluid is significantly correlated 
with the level of IL-6.

In conclusion, unlike other S100 proteins, S100A11 
appears to have weaker cytokine action in RA than other 
participating proteins, and the systemic level of S100A11 
cannot be considered as a biomarker of disease activity. 
However, S100A11 may enhance the secretion of pro-
inflammatory cytokines in the synovial fluid and form a 
positive feedback loop in RA [41]. In addition to inflam-
mation, S100A11 may also participate in multiple patho-
logical processes of RA.

S100A12 and synovial inflammation
S100A12 protein is composed of 91 amino acids and has 
a molecular weight of 10.4 k Da. S100A12, like S100A8/
A9, is also a type of myeloid protein, which is mainly 
expressed in neutrophils and mononuclear macrophages 
under normal conditions, but it can be expressed at high 
levels in various inflammatory conditions [44].

The healthy synovial tissue without inflammation has 
no S100A12 [45], suggesting that S100A12 plays a role 
in the pathogenesis of RA. During the inflammatory 
process of RA, S100A12 protein is expressed in granulo-
cytes and monocytes, and the expression of S100A12 is 
closely related to the expression of S100A8 and S100A9. 
Although its expression level is reduced tenfold com-
pared with that of S100A8/S100A9, and its biologi-
cal activity is lower than that of S100A8/S100A9, the 

expression of S100A12 protein is highly correlated with 
RA progression [46].

The proinflammatory effects of S100A12 in RA include 
chemotaxis and activation of intracellular signaling cas-
cades that lead to the production of various cytokines 
and oxidative stress [47]. Primarily, S100A12 produces 
cytokine-like effects by binding to cell surface receptors 
including RAGE and TLR-4. It binds to the four extra-
cellular domains of RAGE in the form of a hexamer. The 
affinity of calcium-bound S100A12 to RAGE is 1000 
times higher than that of unbound S100A12. In its hex-
amer form, S100A12 effectively amplifies intracellular 
signal transduction, activation of the MAPK kinase and 
NF-κ B pathways, induction of IL-6, IL-1β, and TNF-α 
production, induction of the expression of endothelial 
cell adhesion factors ICAM1 and VCAM1, and medi-
ate the migration and activation of monocytes and the 
release of cytokine IL-2. Thus, it regulates the activities 
of lymphoid cells, endothelial cells, and neutrophils and 
promotes the proinflammatory effects of mononuclear 
phagocytes [48]. These cytokines can trigger the chem-
otaxis of neutrophils, monocytes, and lymphocytes and 
then promote the production of S100A12, thus estab-
lishing a positive feedback loop. S100A12 also binds to 
TLR-4 to similarly activate NF-κB signaling, thereby 
inducing the expression of various inflammatory mol-
ecules and chemokines [49, 50]. S100A12 also has some 
interaction with human scavenger receptors (including 
CD36) macrophages, which are implicated in RA patho-
genesis [51].

Other S100 proteins and synovial inflammation
In addition to the abovementioned proteins, other pro-
teins in the S100 protein family also contribute to syno-
vitis. S100A7 and S100A15, which are directly linked to 
the innate immune system, are released into the extracel-
lular compartment in response to cell injury, infection, or 
inflammation and act as proinflammatory signaling pro-
teins [52–54]. In addition, S100B binds to RAGE recep-
tors to promote the release of inflammatory factors, thus 
participating in the synovial inflammation of RA [55].

S100 proteins and pannus formation
Pannus formation occurs in the diseased articular cav-
ity of the vast majority of RA patients. The pannus is 
mainly composed of new microvessels, proliferating FLS, 
inflammatory cells, and organized cellulose [56]. Plasma 
cells, macrophages, and lymphocytes in the pannus have 
a heightened ability to release immunoglobulins. Pan-
nus formation in the synovium not only cuts off nutri-
ents to the bone but also releases various inflammatory 
mediators and proteolytic enzymes. Erosion of articular 
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cartilage and subchondral bone, ligaments, and tendon 
tissue leads to the destruction of articular cartilage, dis-
solution of subchondral bone, and joint injury (joint dis-
location, joint fusion, and ossification).

The S100 protein family is also involved in the pannus 
formation in RA. Some S100 proteins regulate pannus 
formation by influencing the release of matrix metallo-
proteinases (MMPs). As the most important protease for 
extracellular matrix degradation, MMPs are involved in 
normal embryonic development and tissue remodeling, 
as well as inflammatory response, RA, tumor metasta-
sis, atherosclerosis, cerebrovascular disease, and other 
pathological processes [57]. The abnormal expression 
of MMPs can promote the development of RA; MMP-2 
and MMP-9 are specifically overexpressed in the RA 
synovial joint. Once MMPs degrade the matrix gel, vari-
ous proteins including collagen and elastin fibers directly 
degrade the articular cartilage and through their chemot-
actic effect recruit various inflammatory cells [58, 59].

Vascular endothelial growth factor (VEGF) is the most 
important cytokine in promoting angiogenesis in RA 
[60]. S100A4 is involved in vascular and extracellular 
matrix remodeling. By activating the mTORC1 signal-
ing pathway, it induces an increase in VEGF level in FLS, 
directly promoting angiogenesis and accelerating the for-
mation of synovial vascular membranes. Blocking of the 
endothelial cell migration induced by S100A4 and VEGF 
binding effectively inhibits angiogenesis [61, 62].

S100 protein and bone destruction and erosion
Articular cartilage consists of abundant stroma and a 
small number of chondrocytes, among which collagen 
fiber, proteoglycan, and water constitute the cartilage 
matrix. Chondrocytes synthesize and secrete collagen, 
proteoglycan, and other interstitial proteins. Cartilage 
destruction in RA mainly refers to the degradation of the 
interstitium, which is digested by hydrolyzed proteases. 
Local bone erosion occurs due to radiological changes in 
RA that include osteopenia near the joint, focal bone ero-
sion in the subchondral bone, and pannus formation that 
invades the joint margins. Local bone erosion increases 
with disease progression and is subsequently a good indi-
cator of the disease severity.

Extracellular S100B is associated with RAGE signaling 
in chondrocytes, which may be the mechanism under-
lying osteogenesis in RA [22]. S100A8/A9 induces pro-
teoglycan decomposition, chondrocyte apoptosis. It also 
upregulates the expression of inducible nitric oxide syn-
thase in macrophages [63]. Nitric oxide is an important 
inflammatory mediator that induces apoptosis in articu-
lar chondrocytes [64]. Therefore, S100A8/A9 may medi-
ate the destruction of RA cartilage.

In addition, extracellular S100A11 activates the p38 
MAPK pathway through the RAGE-dependent signaling 
pathway to accelerate chondrocyte hypertrophy and cata-
bolic metabolism of the matrix [65]. S100A12 is involved 
in the pathological process of RA joint inflammation and 
plays an important role in the erosion and damage of 
joints [66]. It is highly expressed in the synovial fluid and 
synovial membrane of RA patients but is almost unde-
tectable in the synovial tissue after effective treatment. Its 
expression may be associated with disease severity, joint 
rupture, enhanced extracellular matrix proteolysis, auto-
immunity, and induction of synovial cell pseudotumor 
phenotype [67]. Through RAGE signaling, S100A12 pro-
motes the growth of FLS in  vitro, resulting in a tumor-
like effect, bone erosion, and matrix metalloproteinase 
production [47].

Diagnostic and therapeutic potential of S100 proteins in RA
S100 proteins are considered potential therapeutic tar-
gets in the treatment of chronic inflammation. Upregu-
lated S100 protein levels in the serum and synovial fluid 
are closely related to RA severity and can be used as use-
ful biomarkers. Some S100 proteins are released at the 
inflammatory site and activate pattern recognition recep-
tors. Since targeted treatment mainly acts at the local 
inflammatory sites, the risk of systemic adverse reactions 
is also small.

Diagnostic and therapeutic potential of S100A4 in RA
S100A4 levels are increased in proportion to radio-
graphic damage and its further progression in RA 
patients. High S100A4 levels were associated with a poor 
clinical response to infliximab and high rate of anti-inf-
liximab antibodies. The finding of a correlation between 
S100A4 and survivin and Flt3 ligand suggests that these 
proteins may represent a new cluster of biomarkers pre-
dicting radiographic progression and poor treatment 
response in RA patients [19].

Diagnostic and therapeutic potential of S100A8/A9 in RA
Some RA patients who meet clinical remission criteria 
still have underlying joint inflammation, but the low dis-
ease activity makes it difficult to diagnose the condition 
using conventional clinical laboratory tests. With ultra-
sound, active synovial inflammation can be detected, 
but it is not part of the routine clinical laboratory tests. 
Serum S100A8/A9 protein expression significantly dif-
fers between RA patients who only meet the clini-
cal remission criteria but have residual disease activity 
detected by ultrasound and RA patients who meet the 
ultrasound remission criteria [35, 68]. This difference 
in serum S100A8/A9 protein expression may allow us 
to distinguish RA patients in stable remission from RA 
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patients with residual synovial inflammation. Therefore, 
we believe that the S100A8/A9 protein level may help cli-
nicians identify patients with active synovitis among RA 
patients with remission or low activity. Treatment with 
TNF inhibitors can significantly influence the serum level 
of S100A8/A9 protein in RA patients [33, 69]. Therefore, 
monitoring the serum level of S100A8/A9 protein may 
help evaluate the effect of drug therapy in RA patients. 
S100A8/A9 level is also a good indicator of the efficacy 
of methotrexate treatment in RA patients [70]. Therefore, 
quantification of the changes in serum S100A8/A9 pro-
tein level to evaluate the efficacy of anti-rheumatic drugs 
in early-stage RA patients seems to be a good proposition 
[32]. Serum S100A8/A9 levels in RA patients were signif-
icantly correlated not only with clinical laboratory indi-
cators such as erythrocyte sedimentation rate, C-reactive 
protein, rheumatoid factor, and disease activity score but 
also with radiological and clinical assessments of joint 
injury such as hand X-ray and RA joint injury score [32]. 
These results suggest that S100A8/A9 is a valuable bio-
marker for the diagnosis and prognosis of RA.

In addition, the use of S100A9 neutralizing antibody 
reduces inflammatory response in a mouse model of 
lipopolysaccharide-synchronized collagen-induced 
arthritis, and the effect of anti-S100A9 therapy may be 
a direct result of the inhibition of S100A9-mediated 
promotion of neutrophil migration and secretion of 
pro-inflammatory cytokines by monocytes [71]. In con-
clusion, serum S100A8/A9 protein is a promising bio-
marker for RA patients with good predictive evaluation 
of disease activity [70, 72]. It is clear that blocking the 
expression of this protein may be a new therapeutic strat-
egy for RA.

Diagnostic and therapeutic potential of S100A12 in RA
The main aim of RA treatment is to alleviate and elimi-
nate inflammation in joints and prevent joint damage. 
S100A12 is likely to be a sensitive and specific marker 
of local inflammation. Moreover, the high level of 
S100A12 in the local inflammatory site is consistent 
with its serum level, which allows us to monitor the 
effectiveness of anti-inflammatory treatment by quan-
tifying the S100A12 serum level [67]. Through RAGE 
signaling, S100A12 activates the downstream signal-
ing of the NF-κB pathway, which leads to the synthe-
sis of proinflammatory mediators. Therefore, blocking 
the interaction between RAGE and S100A12 might 
alleviate RA [67]. Data from a mouse model of arthri-
tis confirmed that S100A12 blocks antibodies to reduce 
synovial inflammation [73]. Blocking TNF-α in  vivo 
will reduce the expression and release of S100A12 in 
RA patients and disrupt the feedback loop between 
TNF-α and S100A12 [51]. The serum concentration of 

S100A12 decreased after infliximab treatment, suggest-
ing that the treatment inhibits the activation of neu-
trophils. Almost all standard RA treatments have been 
shown to affect S100A12 expression, suggesting that 
S100A12 could be a direct target for successful anti-RA 
treatment [74]. S100A12 expression level significantly 
correlates with the levels of other inflammatory mark-
ers, as well as clinical evaluation and combined ultra-
sonic synovitis score [67], indicating that S100A12 is a 
potential marker of inflammation in RA.

The S100 protein family may be a molecular target 
for local anti-inflammatory therapy, and inhibition of 
the expression and release of S100 proteins or block-
ing the interaction between S100 proteins and innate 
immune receptors may be effective methods [75]. Block-
ing cytokines or their downstream signaling by targeting 
S100 proteins is an effective strategy for RA treatment; 
however, these treatments often have side effects. Poor 
patient response and the inability to achieve long-term 
remission after withdrawal limit the prospect of using 
these newer strategies [76].

Conclusion
RA is characterized by aseptic inflammation, which 
severely and permanently damages various organ sys-
tems. S100 proteins can be used not only as inflammatory 
markers but also as biomarkers in RA. Therefore, further 
research on the S100 protein family may provide addi-
tional evidence for their use in the prevention and treat-
ment of RA. Current research suggests that S100 proteins 
also influence the treatment response to clinically used 
drugs; therefore, this protein family has potential signifi-
cance for the diagnosis, treatment, and prognosis of RA. 
The focus of future studies should be to determine the 
specific roles and mechanisms of action of each member 
of this protein family. It is expected that the findings will 
allow personalized RA therapy soon.
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