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Abstract

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease with synovial inflamma-

tion as the main pathological characteristic. Joint destruction and loss of function seriously af-

fect patient quality of life. Currently, disease-modifying antirheumatic drugs (DMARDs) and

glucocorticoids are the main strategies to treat RA.

Long-term  use  of  this  medicine  can  cause  drug  resistance  and  poor  treatment  effects,  even

leading to organ damage. Therefore, there is an urgent need to find novel targeted drugs for

RA treatment. Recently, biologic agents for the treatment of RA have received increasing at-

tention due to their few side effects, low drug dependence and direct action on target cells for

precise therapy. This review discusses in detail the pathogenesis of RA and the development

of biologics that target and inhibit inflammatory cytokine (TNF-α, IL-6, and IL-1β) receptors,

B lymphocyte receptors and JAK inhibitors in RA, providing new insights and directions for

the treatment of RA.

Keywords: Rheumatoid Arthritis; Targeted Therapy; Receptor Inhibitors



CEOS Orthopedics and Rheumatology

CEOS Publishers Volume 2 Issue 1

www.ceospublishers.com | 2 |

Introduction

Rheumatoid  arthritis  (RA)  is  a  chronic,  systemic,  autoim-

mune  disease  characterized  by  pathological  changes  such  as

intra-articular synovial inflammation, bone erosion and bone

destruction, as well as extra-articular pannus formation, with

a worldwide incidence of 0.5-1% [1-3].

RA can cause damage not only to the joints, but also to other

tissues and organs, including the heart, kidneys, lungs, diges-

tive system, eyes,  skin, and nervous system. These complica-

tions are closely related to the prognosis of patients with RA

[4,5]. RA can also be associated with Sjogren's syndrome. Pri-

mary  Sjogren’s  syndrome  (pSS)  is  distinguished  from  se-

condary  Sjögren’s  syndrome  (sSS)  which  occurs  as  a  part  of

other autoimmune diseases. sSS is commonly diagnosed with

systemic lupus erythematosus (15-36%), rheumatoid arthritis

(20-32%)  and  limited  and  progressive  systemic  sclerosis

(11-24%) and, is less frequently found with multiple sclerosis

and autoimmune hepatitis  and thyroiditis  [5].  Bone destruc-

tion in the later stage of the disease leads to loss of joint func-

tion, which seriously affects patient quality of life. Moreover,

the  long-term  treatment  process  results  in  a  major  financial

and psychological burden on patients [6]. The currently used

disease-modifying  antirheumatic  drugs  (DMARDs)  and glu-

cocorticoid  therapies  are  insufficient  in  the  treatment  of  RA

and have many side effects. Therefore, finding an economical,

safe and efficient drug is crucial for the treatment of RA. How-

ever,  the  pathogenesis  of  RA  is  still  unclear,  and  several

studies have shown that it is related to abnormal immune re-

sponses  and  inflammation  mediated  by  antigens  (foreign  or

self),  antigen-presenting  cells,  lymphocytes,  and  cytokines

[1,7,8].

In RA, B-cell reduction and immunodeficiency lead to the for-

mation of autoantibodies and trigger a cascade of inflammato-

ry responses [9]. As the disease progresses, citrulline-specific

B  cells  (plasmablasts  or  plasma  cells)  express  autoantibodies

to  citrullinated  antigens  (ACPAs),  and  these  ACPA-positive

plasmablasts circulate in the peripheral bloodstream [10]. Cit-

rullinated  fibrinogen  directly  leads  to  bone  destruction  and

loss  of  osteoprotective  effects.  The  development  of  ACPA  is

thought  to  be  related  to  certain  genetic  background  factors

such  as  HLA-DR.  ACPA  and  RF  form  immune  complexes

with citrullinated proteins and activate macrophages, trigger-

ing the release of  inflammatory cytokines such as  tumor ne-

crosis factor TNF-α and interleukin IL-6 [11]. Moreover, AC-

PAs  can  stimulate  macrophages  and  synovial  fibroblasts

(FLSs)  to release inflammatory cytokines,  promoting the de-

velopment and progression of inflammation [12].  Therefore,

ACPAs are  important  inflammatory  markers  in  the  synovial

fluid of RA patients, and the detection rate of ACPA-IgG-Fab

glycosylation  is  100%  [13].  Additionally,  inflammatory  cy-

tokines including proinflammatory cytokines and anti-inflam-

matory  cytokines,  directly  influence  inflammation  and  play

an important role in the disease progression of RA. Proinflam-

matory cytokines (TNF-ɑ, IL-6, IL-1, IL-1β, IL-17, IL-9, M-

CSF, etc.) can regulate the proliferation and apoptosis of FLSs

through the nuclear factor kappa-B (NF-ΚB) and Janus ki-

nase-signal transducers activators (JAK-STAT) signaling path-

ways and promote macrophage polarization of transcription.

When proinflammatory substances are released, they gradual-

ly amplify the inflammatory response, which in turn aggra-

vates the progression of the disease [14,15]. Inflammatory cy-

tokines  function  mainly  through  the  JAK-STAT  signaling

pathway [16]. Members of the JAK family [JAK 1, JAK 2, JAK

3, and tyrosine kinase 2 (tyk2)] activate STAT via phosphory-

lation and mediate intracellular communication between cy-

tokine receptors and cell membranes [17]. By activating the

transcription of proinflammatory protein genes in the nu-

cleus, the JAK/STAT signaling pathway enhances T-cell re-

cruitment and differentiation. Therefore, this pathway plays

an important role in initiating immune activation and inflam-

mation and interfering with important cellular functions, in-

cluding signal transmission, growth, and survival.

Thus, methods to inhibit the production of proinflammatory

cytokines, the antigen-antibody response and JAK/STAT sig-

naling pathway activation in RA have become the current fo-

cus  of  research  on  RA  treatment.  Recent  medical  research

with innovative bioengineering technology has led to,  an in-

creasing  number  of  targeted  drugs  being  used  for  the  treat-

ment  of  rheumatic  disease  [18].  This  review  focuses  on  the

current targeted drugs used for RA treatment.
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Pathogenesis of RA

Environmental and Genetic Factors

Various  environmental  and genetic  factors  contribute  to  the

pathogenesis of RA and, which mainly include the following.

(1) Inherited susceptibility genes, the most strongly associat-

ed  factor  with  RA,  are  the  human  leucocyte  antigen  (HLA)

gene cluster, located on the short arm of chromosome 6, such

as  HLA-I  (HLA-A,  B,  C),  HLA-II  (HLA-DR,  DQ,  DP)  and

HLA-III(C2,C4,Bf).  The  relationship  between  HLA-II  genes

and RA has attracted attention [19]. This relationship can af-

fect  the  costimulatory  pathway,  cytokine  signaling,  lympho-

cyte  receptor  activation  and  innate  immunity  activation

[20,21].  (2)  Epigenetic  modifications  may  also  play  a  role  in

RA by integrating environmental and genetic effects. A recent

epigenomic association study identified ten differential methy-

lation locations that may increase the genetic risks of RA [22].

(3)  Posttranslational  modifications,  alterations  in  histone

acetylation, and DNA methylation can modulate the biologi-

cal  functions of FLSs and leukocytes.  (4) Environmental fac-

tors,  such as  periodontitis,  smoking,  and low socioeconomic

status or educational attainment, can contribute to the occur-

rence of RA. Periodontitis and smoking can promote the en-

dogenous expression of recombinant human arginine deimi-

nase 4  (PADI4),  thereby inducing abnormal  citrulline levels,

promoting  the  conversion  of  arginine  to  citrulline,  and  ulti-

mately  reducing  tissue  tolerance  to  citrulline  peptides

[23-25].

Immune Activation and Inflammation

The immune activation and inflammatory response in RA oc-

cur  mainly  through  the  following  5  steps:  (1)  activation  of

complement: ACPAs form immune complexes with antigens

containing  citrulline  that  subsequently  bind  to  rheumatoid

factor  autoantibodies  (RFs),  resulting  in  substantial  comple-

ment  activation  and  enhanced  immune  signaling  cascades.

(2) The immune response: the common epitopes of high-risk

RA patients are positively correlated with ACPA and IgG au-

toantibody  seropositivity  [26].  ACPAs  activate  macrophages

by binding to antigens to form complexes and binding to Tol-

l-like  receptors  or  crystallizable  fragment  (Fc)  receptors,  en-

hancing the inflammatory response [27]. (3) Inflammatory re-

sponse: in the active phase of RA, the infiltration of immune

cells, including innate immune cells (such as monocytes, den-

dritic cells, mast cells, and innate lymphocytes) and acquired

immune  cells  (such  as  Th-1  and  Th-17  cells,  B  cells,

plasmablasts, and plasma cells),is promoted. (4) Cytokine re-

lease: the inflammatory environment of RA is regulated by a

complex cytokine network, in which tumor necrosis factor (T-

NF),  interleukin-6  (IL-6),  and  GM-CSF may  play  an  impor-

tant regulatory role,  while other components (IL-1 and vari-

ous  lymphokines)  may  have  less  of  an  impact  [28,29].  (5)

Bone  remodeling:  the  release  of  inflammatory  cytokines  in-

duces or exacerbates the inflammatory response by activating

endothelial  cells  and  attracting  immune  cells  to  accumulate

between  the  synovial  membranes  of  the  joint.  Activated  fi-

broblasts,  together  with  activated  T  cells,  B  cells,  monocytes

and macrophages infiltrating the joint cavity, ultimately trig-

ger osteoclast production by interacting with receptor activa-

tor  of  NF-κB  (RANK)  expressed  in  T  cells,  B  cells,  and  fi-

broblasts  with  RANK  receptors  in  precursor  cells  of

macrophages, dendritic cells, and osteoclasts. Moreover, carti-

lage  is  stimulated  by  inflammatory  cytokines,  and  the

metabolism  of  chondrocytes  is  affected,  which  triggers

changes in bone structure. Additionally, cytokines can trigger

various intracellular signaling pathways by binding to homol-

ogous receptors, and many intermediates that transduce intra-

cellular signals and extracellular events further cause or aggra-

vate inflammatory damage [30,31].

In  summary,  in  the  occurrence  and development  of  RA,  the

inflammatory response plays a central role, and inhibiting in-

flammatory  cytokine  receptors  and  cytokine  signaling  path-

ways  and  modulating  immune  cells  are  important  ways  to

control  the  inflammatory  response  (Figure1).
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Figure 1: The pathogenesis of rheumatoid arthritis has environmental, genetic immune activation and inflammation factors.

PAD = Protein Arginine Deiminase. TNF = tumor necrosis factor. IL = Interleukin. DC = Dendritic cells. Th = helper T cell. GM-CSF = gran-

ulocyte macrophage colony-stimulating factor. M-CSF = macrophage colony-stimulating factor. OPG = osteoclastogenesis inhibitory actor.

COX = Cyclooxygenase. PGE = prostaglandin E.VEGF = vascular endothelial growth factor. MMP = Matrix Metalloproteinase

Inflammatory Cytokine Receptor Inhibitors

Inflammation is a crucial factor leading to the occurrence and

development  of  RA,  and  controlling  inflammation  inhibits

the progression of RA. Inflammatory cytokines are an impor-

tant  part  of  inflammation,  and  targeting  and  inhibiting  in-

flammatory  cytokine  receptors  can  reduce  inflammatory  cy-

tokine activity, thereby regulating inflammation. This target-

ed mechanism is important in the treatment of RA.

TNF Receptor Inhibitors

TNF is a small protein secreted primarily by macrophages. In

1985, Shalaby named TNF produced by macrophages TNF-α

(also called cachexidin) and lymphotoxin (LT) produced by T

lymphocytes TNF-β [30]. TNF has two receptors, TNFR1 (al-

so  known  as  55  kDa)  and  TNFR2  (also  known  as  75  kDa)

[31,33]. TNFR1 is widely expressed in various cells, while TN-

FR2 is  only  expressed in  immune cells,  endothelial  cells  and

synovial cells. TNF binding to these two receptors can induce

the activation of multiple downstream signaling pathways.

In  bone  metabolism,  TNF  stimulates  osteoblasts,  fibroblasts

and T lymphocytes  to  produce the NF-κB ligand RANKL to

enhance  osteoclast  proliferation  and  can  also  stimulate  FLSs

to produce Dickkopf-associated protein 1 (DKK-1) and inhib-

it the Wnt/β-catenin signaling pathway, thereby inhibiting os-

teoblast  proliferation  [34,35].  In  contrast,  TNF-α  induces

DKK-1  expression  to  stimulate  osteocytes  to  produce  nega-

tive regulators of bone formation (scleroprotein and sclerost-

in),  blocking  osteoblast  differentiation  [36,37].  Moreover,

TNF binding to TNFR1 can activate the NF-κB signaling path-

way to produce and regulate matrix metalloproteinase 1 (MM-

P-1)  and  MMP-3  in  osteoclasts,  thereby  affecting  bone

metabolism  [38].

Inflammatory Response

TNF-α  activates  inflammatory  responses  by  inducing

macrophages  and natural  killer  cells.  TNF induces  apoptosis

by  recruiting  caspase-8  to  Fas-associated  death  domain  pro-

tein (FADD). Moreover,TNF binds to tumor TNF correlation

factor  2  (TRAF2)  through  c-Jun  N-terminal  kinase  (JNK),

which can activate the stress-activated protein kinase (SAPK)

and mitogen-activated protein kinase cascade (MAPK), and fi-

nally  binds  to  receptor  interacting  protein  (RIP)  to  activate

the NF-κB signaling pathway and induce the production of in-



CEOS Orthopedics and Rheumatology

CEOS Publishers Volume 2 Issue 1

www.ceospublishers.com | 5 |

flammatory  cytokines  (IL-1β,  IL-6,  etc.),  thereby  mediating

the  inflammatory  response  [39].  TNFR2  can  also  recruit

TRAF2 and activate the NF-κB signaling pathway to promote

gene  transcription  for  tissue  regeneration,  host  defense

against pathogens, and cell survival [40]. In addition, TNFR1

can induce cell apoptosis and necrosis through recruitment of

the  cohesion  protein  TRADD,  leading  to  plasma  membrane

rupture  and  the  entry  of  cell  contents  into  the  extracellular

space,  triggering  local  inflammation  and  further  promoting

bone damage [41].

Targeted Therapy for TNF in RA

As a proinflammatory cytokine, TNF-α can induce the prolif-

eration of synovial cells in RA by activating the NF-κB signal-

ing  pathway,  inhibiting  synovial  cell  apoptosis  [42],  produc-

ing metalloproteinases that activate B lymphocytes, and then

producing RFs, thus damaging joint bones and cartilage. TN-

FR1 expression also increases the population of FLSs. In RA-

related  inflammation,  TNF-α-induced  protein  3  (A20/TN-

FAIP3)  is  a  key  regulator,  and  a  lack  of  A20/TNFAIP3  pro-

motes NOD-like receptor protein 3 (NLRP3)-induced sponta-

neous  arthritis,  while  an  increase  in  A20/TNFAIP3  expres-

sion reduces IL-1β secretion [43]. Therefore, TNF occupies a

central  position  among  the  proinflammatory  cytokines  that

cause  RA-related  inflammation;  thus,  TNF-targeted  treat-

ment  of  RA,  based  mainly  on  biological  agents  that  bind  or

block TNF receptors (TNFR1 and TNFR2), including etaner-

cept,  adalimumab,  infliximab,  certolizumab and golimumab,

has become a popular research topic.

Etanercept is a soluble fusion protein synthesized in Chinese

hamster ovarian cells by recombinant DNA technology. This

protein  is  composed  of  the  extracellular  domain  of  human

TNFR2  and  the  Fc  of  human  IgG1,  which  can  bind  TNF-α

and  TNF-β,  thereby  inhibiting  their  activity.  Etanercept  was

first  marketed in  1998 [44].  Adalimumab,  launched in  2002,

is  a  TNF-α-specific  recombinant  IgG1  monoclonal  antibody

with a high affinity for TNF-α in vivo. This molecule binds to

TNF-α  and  blocks  its  interaction  with  TNFR1  and  TNFR2,

thereby effectively inhibiting the inflammatory activity of TN-

F-α and exerting clinical efficacy [45]. Infliximab is a purified

recombinant DNA-derived chimeric human-mouse IgG mon-

oclonal  antibody  containing  murine  heavy  (H)  and light  (L)

chain  variable  regions  linked  to  conserved  chain  regions  of

the  human  genome  that  can  rapidly  form  stable  complexes

with human soluble  or  membrane forms of  TNF and termi-

nate the biological activity and downstream signaling of TNF.

Infliximab  was  marketed  in  1998  [46].  Certolizumab  pegol

(CZP), first marketed in 2008, is the humanized polyethylene

glycol (PEG)-modified Fab fragment of an anti-TNF-α mono-

clonal antibody, which does not contain the Fc fragment and

is the only protein and PEGylated inhibitor of TNF-α. PEGy-

lation prolongs the half-life of CZP, thereby reducing the fre-

quency  of  administration,  immunogenicity,  drug  tolerance

and  drug  resistance.  In  addition,  because  it  lacks  Fc  frag-

ments, CZP does not exert antibody-dependent cell-mediated

cytotoxicity  (ADCC)  or  complement-dependent  cytotoxicity

(CDC) in vitro, and does not induce apoptosis in human pe-

ripheral  blood mononuclear  cells  or  lymphocytes  [47].  Goli-

mumab  is  a  fully  humanized  anti-TNF-α  monoclonal  anti-

body drug that targets and neutralizes soluble and transmem-

brane  active  forms  of  TNF-α,  preventing  it  from  binding  to

TNFR1  and  TNFR2  and  inhibiting  the  biological  activity  of

TNF.  Golimumab  has  99.1%  similarity  with  the  human  se-

quence, which is generally higher than that of other marketed

TNF-α monoclonal antibodies. This molecule is known as the

"anti-TNF-α  monoclonal  antibody  terminator".  Because  it  is

fully  humanized,  golimumab  has  high  binding  potency  and

pharmacological advantages such as low immunogenicity and

a long half-life. Golimumab was marketed in 2009 [48] (Fig-

ure 2).
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Figure 2: TNF-targeted treatment of RA, based mainly on biological agents that bind or block TNF receptors (TNFR1 and TNFR2), includ-

ing Adalimumab, Infliximab, Certolizumab pegol and Etanercept. TNF= tumor necrosis fact.

IL-6

IL-6 is secreted by monocytes and macrophages after binding

to lipopolysaccharide (LPS) and Toll-like receptors following

stimulation by infection, inflammation and cancer [49]. Its bi-

ological  effects  can  be  exerted  by  the  IL-6  receptor  (IL-6R),

which consists of a type I cytokine α receptor subunit (IL-6R,

also known as  CD126) and a common signal  transduction β

receptor  subunit  (gp130,  also  known  as  CD130)  [50].  GG-

P130 is expressed in various cells, but IL-6R is expressed only

in hepatocytes, epithelial cells, and leukocytes [51]. IL-6R ex-

ists  in  two forms:  a  membrane-bound form (mIL-6R)  and a

soluble  form  that  lacks  a  membrane  binding  site  (sIL-6R).

sIL-6R  forms  a  receptor  complex  with  gp130  and  transdu-

cessignals  in  response  to  IL-6  in  the  same  way  as  mIL-6R

[52].  Moreover,  IL-6  acts  on  B  lymphocytes  and  T  lympho-

cytes through the NF-κB and STAT3 signaling pathways, reg-

ulating innate and adaptive immune responses [53].

IL-6 in Bone Destruction

During  bone  destruction,  Wnt1  and  Wnt5a  are  highly  ex-

pressed in  the  synovial  membrane via  activation of  the  Wn-

t/β-catenin  signaling  pathway  and  induce  proMMP-3,  IL-6

and IL-8 production [54,55]. IL-6 induces the activation of re-

ceptors  in  osteoblasts  expressing  NF-κB  ligand  RANKL  and

promotes the differentiation of osteoclasts. Osteoblasts can al-

so  secrete  IL-6  for  osteoclastic  trans-signaling  [56,57].  Mice

overexpressing  IL-6  exhibit  osteopenia  due  to  disruption  of

the  osteoclast-osteoblast  balance,  a  decreased  number  of  os-

teoblasts, and an increased number of osteoclasts, suggesting

that IL-6 blockade delays fracture healing [58,59].  In a study

of LPS injection into the periosteum of the mouse skull to in-

duce inflammatory bone destruction, mature osteoclasts con-

verted bone resorptive osteoclasts into nonabsorbing cells af-

ter treatment with anti-IL-6R antibodies, indicating that IL-6

regulates the resorptive activity of osteoblasts [60].

IL-6 in Inflammation

IL-6 is a multifunctional cytokine that can regulate the acute

phase response of inflammation and hematopoietic function,

and  plays  an  important  role  in  the  body's  anti-infection  im-

mune response. Dysregulation of IL-6 expression contributes

to  the  occurrence  and  development  of  various  autoimmune

and  chronic  inflammatory  diseases.  IL-6  can  activate  B  cells

to stimulate an immune response and can regulate CD4+ T--

cell-specific differentiation by inhibiting transforming growth

factor  (TGF)-β  while  promoting  Th17  cell  differentiation,

and altering  the  Th17/Treg  ratio  to  regulate  chronic  inflam-



CEOS Orthopedics and Rheumatology

CEOS Publishers Volume 2 Issue 1

www.ceospublishers.com | 7 |

mation.  Moreover,  IL-6  can  promote  T  follicular  helper  cell

differentiation and IL-21 production. IL-6 can also induce ex-

cessive  production  of  vascular  endothelial  growth  factor

(VEGF),  resulting  in  enhanced  angiogenesis  and  increased

vascular permeability. The IL-6/sIL-6R complex activates vas-

cular endothelial cells to produce IL-6, IL-8, and MCP-1 and

increases the expression of intercellular adhesion molecule (I-

CAM)-1, leading to leukocyte recruitment [50,60,61].

Targeting IL-6 in RA Therapy

In 1986, Kishimoto and Hirano first identified and character-

ized  IL-6  as  a  cytokine  that  regulates  B-cell  differentiation

[61].  In  the  1990s,  early  clinical  studies  used  IL-6-targeted

therapy to neutralize IL-6 antibodies in patients with multiple

myeloma based on the role of IL-6 as a tumor growth factor

[62]. IL-6 also regulates immune cells and acts on the inflam-

matory response. In RA, IL-6 levels are high in serum and syn-

ovial tissues, initiating the inflammatory response and induc-

ing phosphorylation of STAT3 primarily through the JAK-S-

TAT signaling pathway [63]. For the control of inflammation

and  bone  protection,  inhibition  of  IL-6  production  and  re-

lease  has  good  therapeutic  value.Recent  studies  have  shown

that IL-6 receptor inhibitors have a significant therapeutic ef-

fect in RA, and 3 kinds of pharmacological IL-6 receptor in-

hibitors have been developed. (1) Tocilizumab, an IL-6 recep-

tor  inhibitor  developed from a  humanized monoclonal  anti-

body  targeting  IL-6R,  was  reported  in  2010  [64].  (2)  Sar-

ilumab (Kevzara) is the first fully humanized monoclonal anti-

body that directly targets the IL-6 receptor complex α subunit

(IL-6Rα), can block the binding of IL-6 to its receptor and in-

terrupt  the  cytokine-mediated  inflammatory  signaling  cas-

cade, and is in phase III clinical trials [65]. (3) Olokizumab is

an  exploratory  humanized  monoclonal  antibody  specific  for

IL -6 developed by Alder Biopharmaceuticals and is currently

in phase III  clinical  trials  for  the treatment of  chronic active

antibody-mediated rejection/reaction (AMR) [66] (Figure 3).

Figure 3: Targeting IL-6 treatment of RA, based mainly on biological agents that bind or block IL-6R, including Tocilizumab, Sarilumab and

Olokizumab. IL = Interleukin

IL-1 Receptor Inhibitors

Produced by activated monocytes and macrophages, IL-1 is a

key  proinflammatory  cytokine  that  affects  numerous  target

immune, endothelial,  and hepatic cells and is a major causa-

tive factor of autoinflammation, autoimmunity, and infection

[67,68]. The IL-1 family of cytokines is divided into three sub-

groups: secreted molecules with agonist activity (IL-1α, IL-1b,

IL-18,  IL-33,  IL-36a,  IL-36b,  and  IL-36g),  receptor  antagon-

ists (IL-1Ra, IL-36Ra, and IL-38),  and anti-inflammatory cy-

tokines (IL-37) [69]. IL-1β is expressed mainly in a highly con-

trolled  manner  in  immune  cells  such  as  monocytes,
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macrophages, and neutrophils and is involved in various regu-

latory  mechanisms  [70,71].  IL-1β  binds  to  IL-1R1  to  exert

proinflammatory  effects,  activating  the  intracellular  IRAK4,

MK2  and  NF-κB  signaling  pathways  and  further  expressing

inflammatory cytokines and inflammasome proteins [72].  In

patients  with  osteoarthritis,  IL-1  stimulates  chondrocytes  to

produce MMPs, MMP-1, MMP-3, and MMP-13, resulting in

cartilage matrix degradation [73]. Moreover, IL-1 can also in-

crease the production of reactive oxygen species peroxide and

hydroxyl  free  radicals,  which  directly  damage  joint  cartilage

[74].  High  levels  of  IL-1  (IL-1α  and  IL-1β)  in  the  synovial

membrane and synovial fluid of RA patients promote the ex-

pression of PGE2 and MMP in FLSs [75,76].

The  current  biologic  agent  for  IL-1  inhibition  in  the  treat-

ment of RA is Anakinra. anakinra is used to treat rheumatoid

arthritis to block the biological activity of IL-1 by competitive-

ly inhibiting the binding of IL-1 to the interleukin type I  re-

ceptor (IL-1RI), which is expressed in a variety of tissues and

organs. Anakinra has been recommended for the treatment of

RA, but its clinical use is limited due to its short half-life and

moderate  clinical  efficacy  compared  with  anti-TNF  drugs

[77]. canakinumab is a selective, fully humanized, anti-IL-1β

monoclonal antibody that inhibits interleukin-1β (IL-1β). Ca-

nakinumab was approved for the treatment of cyclic fever syn-

drome  [cold  pyrine-associated  periodic  syndrome  (CAPS)]

and systemic  juvenile  idiopathic  arthritis  (sJIA),  another  au-

toinflammatory disorder. Moreover, this drug it has been ap-

proved  for  the  treatment  of  refractory  acute  gouty  arthritis

and adult-onset Still's disease (AOSD)[78,79] (Figure 4).

Figure 4: The current biologic agent for IL-1 inhibition in the treatment of arthritic diseases is canakinumab, and the inhibits interleukin-1β

(IL-1β). IL=Interleukin
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B Lymphocyte Antagonists

B  lymphocytes  are  derived  from  pluripotent  bone  marrow

stem cells and differentiate into plasma cells when stimulated

by  antigens.  Plasma  cells  synthesize  and  secrete  antibodies

(immunoglobulins),  which  are  primarily  responsible  for  hu-

moral immunity. CD20 is expressed on the surface of B cells

at various stages of development and differentiation, and di-

rectly regulates the proliferation and differentiation of B cells

into plasma cells (mature B cells that secrete immunoglobulin-

s) by mediating transmembrane calcium ion flux. The role of

lymphocytes  in  RA is  crucial,  and in-depth  investigations  of

RFs, the discovery of RA-related autoantibodies such as AC-

PAs, and the study of lymphocyte follicle formation and large

plasma cell infiltration in the synovium are important in eluci-

dating the pathogenesis of RA. Approximately 50% of RA pa-

tients show low levels or the absence of CD20+ B cells in dis-

eased synovial joint tissue [80]. Studies have shown that AC-

PAs  themselves  can  cause  disease  potentially  through

macrophage activation by binding to antigens to form com-

plexes; binding to Toll-like receptors or Fc receptors, thereby

promoting the inflammatory response; or forming immune

complexes and binding to Fc receptors, thereby activating os-

teoclasts. Moreover, ACPAs promote bone loss by binding to

citrulline wave proteins. However, RFs are more directly in-

volved in the activation of macrophages and cytokines than

ACPAs [81]. In addition, ACPAs may promote the inflamma-

tory response through interaction with RFs [82].

Application of CD20 in RA

In  experimental  studies  in  mice,  a  3-day  treatment  course

with  anti-CD20  antibodies  resulted  in  complete  dissociation

of the follicular structure of B cells and a significant decrease

in  IL-1β  and  IFN-γ  levels,  suggesting  that  B  cells  can  influ-

ence inflammatory cytokine production [83]. RF is a specific

antibody against the epitope of human or animal Fc receptor

antigen on IgM, IgG, and IgA antibodies, which can form im-

mune complexes with autologous, allogeneic or xenomorphic

IgG and activate the complement system to induce inflamma-

tory responses [84]. B lymphocytes activate T lymphocytes by

recruiting the chemokines CCL21 and CXCL13 [85].  T lym-

phocytes attract the chemokines CCL2, CCL5 and CCL8, and

then efficiently attach to the required cell adhesion molecules.

In  RA,  B  cells  control  inflammation by  secreting  antibodies,

recruiting chemokines, and regulating immune cells [86].

Rituximab is a chimeric mouse/human monoclonal antibody

that specifically binds to CD20 on B lymphocytes and triggers

an immune response  via  B  lymphocyte  lysis.  Possible  mech-

anisms  of  cytolysis  include  CDC and ADCC [87,86]  (Figure

5).

Figure 5: The Rituximab is the targeting CD20 treatment of RA, based mainly on biological agents that block MS4A1 gene. ADCC = Anti-
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body dependent cell-mediated cytotoxicity. ACPA = Anti-cyclic citrullinated peptide antibody

JAK Inhibitors

JAK  is  a  nonreceptor  tyrosine  protein  kinase,  and  the  JAK

family  includes  JAK1,  JAK2,  JAK3,  and  tyk  2.  JAK1,  JAK2

and  tyk  2  are  widely  expressed  in  various  tissues  and  cells,

while JAK3 is found only in the bone marrow and lymphatic

system. In these locations, JAK family members play an indis-

pensable  role  in  the  intracellular  signaling  of  inflammatory

factors  [88-90].  JAK1  and  JAK2  are  ubiquitous  and  regulate

the  expression  of  many  inflammatory  and  noninflammatory

genes in response to IL-6, IL-23, granulocyte colony-stimulat-

ing  factor,  interferon,  erythropoietin,  and  other  ligands,

whereas JAK3 is expressed in hematopoietic cells and partici-

pates  in  the  signaling  cascade  activated  by  IL-2,  IL-4,  IL-7,

IL-9,  IL-15,  and IL-21.  Therefore,  JAK1 has  become a  target

for inflammation, cancer, immunity and other diseases, JAK2

has  become  a  target  for  blood  system-related  diseases,  and

JAK3 has  become a  popular  target  for  autoimmune  diseases

[91]. Moreover, STAT is a signal transducer and transcription-

al activator. This molecule plays a key role in signal transduc-

tion and transcriptional activation. Six members of the STAT

family, namely, STAT1-STAT6, have been identified [92].

The JAK-STAT signaling pathway is a newly discovered intra-

cellular  signaling  pathway closely  related  to  cytokines  and is

involved in many important biological processes, such as cell

proliferation,  differentiation,  apoptosis,  and immune regula-

tion. Compared with that of other signaling pathways, signal

transduction through this pathway is relatively simple and in-

volves  mainly  tyrosine  kinase-related  receptors,  the  tyrosine

kinase JAK, and the transcription factor STAT [93].

The Role of JAK in RA

Clinically, JAK inhibitors (JAKis) are mainly used as therapeu-

tic drugs for hematologic diseases, tumors, rheumatoid arthri-

tis  and  psoriasis.  The  first-generation  JAKis  are  baricitinib,

which inhibits JAK1 and JAK2, and tofacitinib, which inhibits

JAK1, JAK2, JAK3 and, to a lesser extent, TYK2 [94]. The se-

cond generation of JAKis includes upadacitinib, decernotinib,

peficitinib,  and itacitinib,  most  of  which are  still  in  develop-

ment.  Second-generation  JAKis  appear  to  have  faster  and

dose-dependent efficacy,are more attractive than first-genera-

tion  JAKis  when  used  as  monotherapy,  and  are  currently  in

the experimental phase [95].

Tofacitinib  is  a  novel  oral  JAKi  developed  by  Pfizer.  Unlike

most other current RA therapeutics, which act mainly on ex-

tracellular targets, tofacitinib targets intracellular signal trans-

duction pathways and acts on the upstream regulators of the

cytokine  network.  The  inhibitory  potency  of  tofacitinib  to-

ward JAK3 is 5-100 times that toward JAK1 and JAK2. This is

the first  drug developed for  the treatment  of  RA and is  thus

considered a first-in-class drug. Tofacitinib was approved by

the FDA for use in RA in 2012 [96]. Baricitinib, developed by

changing the  structure  of  tofacitinib,  is  another  first-genera-

tion  ATP-competitive  JAKi.  Both  tofacitinib  and  baricitinib

target the JH1 tyrosine kinase domain by interacting with the

active site of the ATP-binding pocket [97]. Baricitinib is selec-

tive  for  JAK1  and  JAK2  and  is  currently  approved  only  for

the  treatment  of  moderately  to  severely  active  RA  in  adults

who  do  not  adequately  respond  to  or  tolerate  one  or  more

DMARDs. This drug has a pyrrolopyrimidine chemical struc-

ture,  which  is  insoluble  in  water  and  slightly  soluble  in  hy-

drochloric  acid.  Baricitinib  was  approved  in  Europe  in  2017

for  the  treatment  of  RA  [98].  Finally,  upadacitinib,  a  highly

potent, selective JAK1 inhibitor, was marketed in 2019 for the

treatment of adult patients with moderately to severely active

RA  who  have  an  inadequate  response  or  intolerance  to

methotrexate  (MTX-IR)  [99].  Filgotinib  selectively  inhibits

JAK1-mediated  signaling  pathways.  However,filgotinib  has

weaker inhibitory effect on JAK2 and JAK3-related pathways,

which  provides  a  theoretical  basis  for  its  different  effica-

cy/safety. Currently, filgotinib has been approved by the Euro-

pean Medicines Agency (EMA) for the treatment of adult RA

patients. Filgotinib is also approved by the EMA for the treat-

ment  of  ulcerative  colitis  (UC).  In  addition,  several  studies

have explored the potential of filgotinib to treat other diseas-

es, such as axial spondyloarthritis, psoriatic arthritis, noninfec-

tious uveitis, lupus cutaneous and Sjogren's syndrome, which

have entered phase 2 studies, and Crohn's disease, which has

entered phase 3 studies [100] (Figure 6).
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Figure 6: JAK is a nonreceptor tyrosine protein kinase, and the JAK family includes JAK1, JAK2, JAK3 and Tyk2, the act the important role

in treatment RA, The JAK1 inhibitor is Upadacitinib, JAK1/2 inhibitor is Baricitinib, JAK1/2/3 and Tyk2 inhibitors are Tofacitinib. JAK =

Janus kinase. TYK2 = Tyrosine kinase

The Real-world Effectiveness of these Inhibitors

In  a  pooled  analysis  of  European  prospective  observational

studies, we found golimumab to be effective in the treatment

of  patients  with  active  rheumatoid  arthritis,  psoriatic  arthri-

tis, or axial spondyloarthritis who failed initial TNF-α inhibi-

tor  therapy.  We  observed  the  highest  persistence  rates  with

upadacitinib, followed by baricitinib and then TNF inhibitor

therapy  [101].  Co-therapy  further  improved  these  rates.  All

agents  appeared  to  reduce  the  need  for  corticosteroids.Sys-

temic  inflammation,  indicated  by  increased  disease  activity,

may  lead  to  increased  RANKL levels,  causing  systemic  bone

loss  in  rituximab-treated  patients  with  RA.  While  rituximab

can  control  inflammation,  it  does  not  seem  to  modify  sys-

temic  bone  metabolism  in  RA  [102].  The  main  objective  of

this multicentre study involving nine Italian hospital pharma-

cies was to assess the adherence, persistence, and costs of bD-

MARDs [103]. The drugs under investigation included Abata-

cept,  Adalimumab,  Certolizumab,  Etanercept,  Golimumab,

and  Tocilizumab.  This  retrospective  observational  study  on

the use of bDMARDs in the treatment of RA showed that, for

all  drugs  studied,  treatment  adherence  was  not  an  issue;

rather,  difficulty  was  encountered  in  maintaining  treatment

with the same drug over time [104].

Other Targeted Medicines

Abatacept is a fusion protein consisting of the CTLA-4 extra-

cellular  domain and the Fc region of  immunoglobulin IgG1.

This  protein  can  bind  to  CD80  and  CD86  on  the  surface  of

antigen-presenting cells, and prevent the interaction between

CD86 and CD28 on the surface of T cells, thereby inhibiting

T-cell activation, reducing the secretion of cytokines (such as:

IFN-γ, TNF-α, IL-1, IL-2, IL-4, IL-5, and IL-6), reducing their

downstream  inflammatory  response,  and  then  controlling

joint  inflammation  and  inhibiting  joint  damage.  In  January

2020, the world's first and only approved T-cell selective costi-

mulatory immunomodulator in the field of RA opened a new

path for biobased DMARD therapy for patients [105].

Secukinumab  is  a  fully  humanized  IgG1  monoclonal  anti-

body  that  selectively  neutralizes  the  proinflammatory  cy-

tokine  IL-17A.It  regulates  the  activity  of  NF-κB  and  mito-

gen-activated protein kinases, which can stimulate the expres-

sion  of  IL6  and  cyclooxygenase  2  (PTGS2/COX-2)  and  en-

hance nitric oxide (NO) production. In 2015, the US FDA ap-

proved secukinumab for the treatment of adult patients with

moderate to severe plaque psoriasis.  In addition to psoriasis,

psoriatic  arthritis,  and  ankylosing  spondylitis,  clinical  trials
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are  ongoing  or  planned  for  other  conditions,  including  skin

conditions such as atopic dermatitis, discoid lupus, pyoderma

gangrenosum,  and  hidradenitis  suppurativa,  as  well  as  sys-

temic diseases such as giant cell arteritis, lupus nephritis, non-

alcoholic fatty liver disease, type 1 diabetes, and more recent-

ly, COVID-19 [106].

In summary, we separately discussed the targets and efficacy

of biologics. In the clinic, appropriate biologics can be select-

ed according to different disease periods of RA (Table 1).

Table 1: Biological agents for the treatment of rheumatoid arthritis

Name Medicine Targets Disease Marketed Reference

TNF-α Etanercept
Humanized TNF is

affected by p75Fc fusion
protein

RA,AS,JIA,PsA,PsO,Paed
PsO,nr-AxSPA, 1998 [44]

Adalimumab
Fully humanized anti-

TNF-α Monoclonal
antibodies

RA,Psoriasis,CD,UC,PsA,AS,JIA 2002 [45]

Infliximab Human-mouse chimeric
monoclonal antibodies RA,Psoriasis,UC,PsA,AS 1998 [46]

Certolizumab
pegol

Polyethylene glycol
humanized Fab

fragments
RA,CD,PsA,AS 2008 [47]

Golimumab
Fully humanized anti-

TNF-αMonoclonal
antibodies

RA,PsA,AS,UC 2009 [48]

IL-1 Canakinumab Humanized IL-1β
monoclonal antibody JIA 2009 [78,79]

Anakinra IL-1R RA 2001 [77]

IL-6 Tocilizumab IL-6 receptor
monoclonal antibody RA 2010 [64]

Sarilumab Fully human IgG1κ
monoclonal antibody RA 2017 [65]

Olokizumab Humanized monoclonal
antibodies RA

Phase III
clinical

trial
[66]

JAK Tofacitinib JAK3、JAK1、JAK2 RA 2012 [96]

Baricitinib JAK1 、JAK2 RA 2017 [97,98]

Upadacitinib JAK1 RA 2019 [99]

Filgotinib JAK1 RA 2019 [100]

CD20 Rituximab MS4A1 ,CDC,ADCC NHL,RA 2018 [87]

T Cell Abatacept CD28,CD80,CD86 RA 2005 [104]

IL-17 Secukinumab IL-17A Psoriasis,AS 2015 [106]
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Conclusion

Approximately 40% of patients do not respond to the use of a

single drug in the treatment of RA [100]. Moreover, refracto-

ry RA is resistant to multiple DMARDs, the prognosis of pa-

tients is poor, and the risk of complications such as cardiovas-

cular  disease  is  higher  [107].  Therefore,  choosing  the  right

drug is crucial for the treatment of RA. Based on this review,

for patients with severe clinical inflammation, we can suggest

JAKis,  which act  on the JAK-STAT signaling pathway to re-

duce  cytokine  signaling,  cytokine-induced  gene  expression

and cell  activation, thereby reducing various chronic inflam-

matory  responses.  Cardiovascular  events  and  thrombotic

events should be considered while taking medication, and reg-

ular  follow-up  and  analysis  of  inflammatory  indicators  and

pain levels of patients should be performed. For patients with

RA with severe bone erosion and bone destruction on imag-

ing, TNF-α inhibitors such as infliximab are recommended to

prevent further bone loss and loss of bone mineral density (B-

MD)  in  patients  with  confirmed  or  early  RA  and  spondy-

loarthropathy  (SpA).  Etanercept  has  improved  BMD  and

bone  mineralization  in  multiple  RA,  SpA,  and  JIA  studies,

and  continued  treatment  with  adalimumab  has  also  slowed

systemic  bone  loss  in  RA.  Otherwise,  TNF-α  inhibitors  in

combination with MTX can slow the radiological progression

of  bone  loss  and  erosion  in  the  hand.  For  patients  with  RA

combined with other rheumatic immune diseases, we consid-

er  CD-20 inhibitors,  IL-6  receptor  inhibitors,  and abatacept,

which can inhibit immune cells, reduce the release of inflam-

matory cytokines, and modulate the immune internal environ-

ment.

Inflammation plays an important role during RA, and further

expansion of inflammation causes an imbalance between os-

teoblasts and osteoclasts, which eventually leads to bone ero-

sion and bone destruction. In the future, the main research di-

rection of targeted therapy for RA is to control inflammation,

inhibit  angiogenesis  and regulate osteoblasts  and osteoclasts.

By controlling inflammation, treatments can inhibit the bind-

ing  of  inflammatory  cytokines  in  the  synovial  fluid  of  the

joint to receptors, block the conduction of signaling pathways

(such as NF-κB), or inhibit the production of cytokines such

as COX-2, PGE2 and VEGF in FLSs. Because IL-4 and IL-13

expression is high in the synovial fluid of early RA [108,109].

IL-13 exerts its antiangiogenic function by activating protein

kinase C (PKC) a/b II and ERK-1/2 while inhibiting the NF-

κB/p65  pathway  [110].  Therefore,  for  the  early  stage  of  RA,

we can use IL-13 receptor inhibitors to delay the further pro-

gression of the disease. This molecule plays an important role

in  recruiting  leukocytes  and  affecting  angiogenesis-related

chemokines.  Chemokines  are  abnormally  expressed  in  syn-

ovial fluid, synovial tissue, fibroblasts, and endothelial cells in

patients  with  RA  [111-113]  and  promote  angiogenesis  by

causing  vascular  endothelial  cell  proliferation  and  capillary

formation  through  chemotaxis  of  endothelial  cells  [114].  In

bone destruction in RA, activated immune cells promote the

formation, differentiation and activation of osteoclasts by di-

rectly upregulating the expression of RANKL or indirectly in-

creasing  the  expression  of  RANKL  through  the  secretion  of

proinflammatory  cytokines.  During  bone  resorption,  os-

teoblasts  secrete  RANKL  and  M-CSF  under  the  action  of

bone  resorption  stimulatory  factors  in  combination  with

RANK and  colony-stimulating  factor-1  receptors  (c-Fms)  to

induce  osteoclast  differentiation.  The  increase  in  osteoclasts

enhances bone resorption, resulting in an imbalance in bone

reconstruction. With the imbalance of osteoblasts and osteo-

clasts, osteoporosis occurs in the early stage of RA, and bone

destruction occurs in the late stage [115]. Therefore, targeted

inhibition of RANKL and M-CSF expression in RA can allevi-

ate further bone destruction.

In  addition  to  inhibiting  inflammatory  cytokines  and  im-

mune cells in the treatment of RA, we can improve this condi-

tion  through  modulation  of  the  RA  cellular  microenviron-

ment by regulating FLSs, inhibiting osteoblast differentiation,

and  administering  gene  therapy  and  traditional  Chinese

medicine  monomer  therapy.  In  a  collagen-induced  arthritis

model, the tumor suppressor proteins p53 and FADD of Fas

regulated  FLSs  and  promoted  FLS  apoptosis  .  A  decrease  in

FLSs and inflammatory cell infiltration and an increase in the

synthesis  of  a  new  matrix  of  cartilage  tissue  can  alleviate

arthritis symptoms [107,116]. Moreover, inhibition of matrix

metalloproteinase  production  can  improve  RA.  MMPs  and

their  endogenous  protease  inhibitors  (TIMPs)  are  both  pro-

duced  by  macrophages  and  synovial  cells.  In  mouse  studies,
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adenovirus-mediated overexpression of TIMP-3 significantly

reduced  the  invasion  and  metastasis  of  RA  synovial  cells

[117].  Next,  inhibition  of  angiogenesis,  such  as  delivery  of

THE VEGF soluble receptor gene to the body by adenovirus

to  increase  its  expression,  can  alleviate  RA  to  some  extent

[118]. Moreover, RANKL and the adhesion molecule cadher-

in-1, which are involved in bone injury, have the potential to

become new targets for RA gene therapy [119]. Finally, recent

research  has  shown  that  extracts  of  traditional  Chinese

medicine  monomers,  such  as  Tripterygium  polyglycosides

and emodin, which have important anti-inflammatory, antitu-

mor, and immunosuppressive effects, are useful for the treat-

ment of RA [120,121].

Overall,  future precise treatment of RA may be based on the

individualized symptoms of patients and involve multiple tar-

gets  in  the  pathogenesis  of  RA  to  ultimately  obtain  an  opti-

mized treatment plan. In addition, the treatment method will

be more biased toward local treatment of RA lesions to modu-

late the immune microenvironment. Moreover, in the explora-

tion  of  ideal  targets,  it  is  necessary  to  strongly  consider  the

biosafety, in vivo distribution and metabolism of the biologi-

cal agent. Overall, targeted and individualized therapy for RA

still has broad research prospects and challenges.
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