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ABSTRACT 
Rheumatoid arthritis (RA) is the most 
common autoimmune disease, result-
ing in synovitis, joint pain and stiff-
ness, even deformity and disability. 
The interactions between leukotriene 
B4 (LTB4) and neutrophils in RA pro-
gression have not been elucidated in 
detail. Our review focuses on the cor-
relation of LTB4 and neutrophils in the 
development of RA especially in terms 
RI� LQÀOWUDWLRQ�DQG�GHOD\HG� OLIH� VSDQ�RI�
neutrophils. In this article, the roles of 
LTB4 in the anti-apoptosis of neutro-
phils will be detailed, which is achieved 
by suppressed pro-apoptotic Bax and 
up-regulated anti-apoptotic Mcl-1, and 
several key molecules, as well as sig-
nalling pathways and factors relevant 
to the enhancement of LTB4 produc-
tion and functions. The mechanisms 
of LTB4-induced anti-apoptosis and 
LQÀOWUDWLRQ�RI�QHXWURSKLOV�SURYLGH�PRUH�
potential targets in the treatment of RA 
and recent therapeutic strategies are 
also discussed.

Introduction
Rheumatoid arthritis (RA) is a chronic 
systemic autoimmune disease, which 
presents massive synovial proliferation 
ZLWK� LQÁDPPDWRU\� FHOO� LQÀOWUDWLRQ� DQG�
angiogenesis, leading to bone and car-
tilage erosion, as well as bone synovial 
hyperplasia (1). The main manifesta-
tions include progressive articular dam-
age, functional loss, and associated syn-
drome in metabolism and vascular sys-
tem (2). RA can affect people at any age 
with 1% of the population worldwide, 
and women are more sensitive than men 
(3). There are many commons and vari-
ations in both disease development and 
prognosis for patients with RA, which 
means current therapeutic management 
FDQQRW� IXOÀOO� WKH� ZKROH� SDWLHQWV� DQG�
more drug targets are required.

A variety of hypotheses have been de-
veloped to explain RA, in which the 
main aetiological factors are mentioned 
below, including heredity, environ-
ment, infection and immunity (4). With 
the development of conventional and 
genome-wide approaches, it is detected 
that there are more than 100 loci that 
may participate in the risk and progres-
sion of RA, and most of them encode 
major histocompatibility complex 
(MHC) class II cell surface receptors 
that evolves in T-cell recognition, there-
by taking effect in immune activation 
and regulation (5). What is more, many 
environmental factors contribute to RA, 
such as smoking, silica exposure, other 
EURQFKLDO�VWUHVVHV��YLWDPLQ�'�GHÀFLHQF\�
and obesity (6, 7). Numerous infectious 
agents and their products have been re-
ported to be associated with RA, such 
as Epstein-Barr virus, Escherichia coli 
and cytomegalovirus (8).
An army of immune cells and mol-
HFXOHV� LQÀOWUDWH� LQ� WKH� V\QRYLDO�PHP-
brane, such as neutrophils, macrophag-
es, dendritic cells, activated T cells and 
B cells, human lymphocyte antigen 
(HLA) class II molecules, and costimu-
latory molecules (9, 10). These numer-
RXV� FHOOV�� LQÁDPPDWRU\� IDFWRUV� �DGKH-
sion factors and chemoattractants) and 
various signal transduction pathways 
XQLWH�WR�LQGXFH�DEQRUPDO�LQÁDPPDWRU\�
response to RA (11-13). Among them, 
it has already been proved that there are 
strong correlations among LTB4, neu-
trophils and RA pathogenesis, for there 
is high concentration of LTB4 and neu-
WURSKLOV�LQ�WKH�DUWLFXODU�ÁXLG�LQ�SDWLHQWV�
ZLWK� 5$� ������$V� D� SUR�LQÁDPPDWRU\�
lipid mediator, LTB4 is originated from 
arachidonic acid (AA) through serious 
catalytic reactions of 5-lipoxygenase 
(pathway) and leukotriene A4 hydro-
lase (LTA4H) (14, 15). This pathway 
often occurs in leukocytes and other 
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immune cells, including eosinophils, 
neutrophils, monocytes. LTB4 initi-
DWHV� LQÁDPPDWRU\� VLJQDOOLQJ� FDVFDGHV�
by binding its two G protein-coupled 
UHFHSWRUV��%/7��ZLWK�KLJK�DIÀQLW\�DQG�
ZLOG�GLVWULEXWHG�%/7��ZLWK� ORZ�DIÀQ-
ity. BLT1 receptor is well known to es-
tablish the early stage of RA and plays 
a role in the synovial chemokine pro-
duction, activation and recruitment of 
leukocytes to the synovium, as well as 
MRLQW�LQÁDPPDWLRQ��DPSOLI\LQJ�LQÁDP-
matory response, which further leads 
WR� LQÁDPPDWLRQ� LQÀOWUDWLRQ� ���������
BLT2 receptor is less studied but has 
been proved to be involved in neutro-
phil recruitment and bone destruction 
in the RA pathogenesis (16, 18, 20). 
7R� UHGXFH� WKH� LQÁDPPDWRU\� UHVSRQVH��
many scholars devote themselves to 
reducing the production of LTB4 by 
interfering the production of the en-
zymes in the synthesis of LTB4. Oral 
LTB4 receptor antagonist BIIL-284 is 
applied for a long-term treatment of 
rheumatoid arthritis (21). However, it 
is disappointing that the high costs and 
side effects cannot be ignored, par-
ticularly for long-term users (22) and 
some patients still do not achieve good 
responses even to the drug combina-
tion therapy (23). Further exploring the 
roles of LTB4 in the pathogenesis of 
RA is expected to provide more targets 
for RA treatment. The earliest and ap-
parent marker in RA is a large propor-
tion of neutrophils in the RA synovial 
ÁXLG�� IRU� ���� RI� WRWDO� OHXNRF\WHV� LQ�
peripheral blood for RA patients (24). 
The impacts induced by neutrophils on 
the RA pathogenesis largely depend 
RQ� H[WHQGHG� VXUYLYDO� DQG� LQÀOWUDWLRQ��
LTB4 has a vital role in neutrophil du-
plication, mediates neutrophil recruit-
ment and enhances neutrophil activity, 
and the delayed neutrophil apoptosis 
further connives neutrophils in the RA 
progression, which is also associated 
with LTB4.

/7%��LQYROYHPHQW�LQ�WKH�
DQWL�DSRSWRVLV�RI�QHXWURSKLOV�
1HXWURSKLOV� DV� WKH� ÀUVW� OLQH� LPPXQH�
cells have a defense response to the 
unfriendly components to induce in-
nate and adaptive immunity (25). By 
releasing lypase enzyme, reactive oxy-

gen species (ROS) and nitrogen spe-
cies, neutrophils eliminate pathologi-
cal stimuli and induce cell necrosis or 
DSRSWRVLV��7KH� IXQFWLRQV� RQ�PRGLÀFD-
tion and recruitment of other immu-
nological cells also exist. In normal 
conditions, as neutrophils have a short 
half-life in a terminally differentiated 
form, it has no need to worry about the 
damage to the normal tissues. But if the 
life span of neutrophils is extended, it 
could lead to chronic pathological au-
toimmune diseases such as RA. It has 
been investigated that the anti-neutro-
philsapoptotic effect can be prevented 
if LTB4 is blocked (26). 

NADPH derived ROS from neutrophils 
by LTB4 regulating nuclear factor 
kappaB (NF-gB) pathway to control 
neutrophil cell fate
Either delay or shortening neutrophil 
VXUYLYDO� FDQ� DOVR� EH� LQÁXHQFHG� E\�
many other factors, among which, low 
local oxygen tensions in the synovial 
ÁXLG� DUH� SUHGRPLQDQW� LQ� FRQWUROOLQJ�
LTB4-induced neutrophil survival (27). 
Oxidative stress contributes to the RA 
pathogenesis and there is evidence that 
abnormal antioxidant system, active 
VHUXP� DQG� V\QRYLDO� ÁXLG� OLSLG� SHUR[L-
dation exist in RA. Oxidative stress is 
induced by elevated ROS, which results 
from the imbalance between the gen-
HUDWLRQ�DQG�GHWR[LÀFDWLRQ��7KLV�NLQG�RI�
imbalance can be due to immune dis-
turbance, stress and so on (28). ROS, 
free active oxygen radicals (29), are 
produced by neutrophils in the process 
of cellular oxidative reaction, which 
mainly refers to mitochondria-derived 
and the NADPH oxidases complexes 
(NADPHox) activity, which are associ-
DWHG�ZLWK�/7%�������LQ�WKH�SUR�LQÁDP-
matory pathogenesis of RA. ROS pro-
duction via NADPH oxygen complex 
2 (NOX2) (31) in neutrophils is widely 
studied and most effective intracellu-
larly and extracellularly (32). NADPH 
passes electrons from its cytosolic 
region to oxygen in the extracellular 
region to produce O2-, and eventually 
ROS is synthesised (33, 34). As men-
tioned above, the pathway of leukot-
riene production involves AA metabo-
lism, which also participates in the ROS 
production (30). ROS play a dual role in 

the physiological action. It can not only 
participate in the anti-microbial and 
pathogenic immunological response, 
but is also considered as a regulator in 
low concentration for signal transduc-
tion and gene expression to control cell 
fate, including growth, differentiation 
and cell death (32). The latter function 
may be related to the prevention of neu-
trophil apoptosis. Low levels of ROS 
upregulate the pro-survival mechanism 
and inhibit the spontaneous neutrophil 
apoptosis to achieve the prolongation of 
the neutrophil life-span, and evolves in 
the initial stage of disease and contin-
ues to aggravate RA mainly by releas-
ing very toxic ROS (35-38). However, 
if there is imbalance of synthesis and 
deoxidation, long-term and high level 
of ROS can induce cellular death and 
tissue damage.
LTB4 can also activate NF-gB, and the 
evolvement of NADPH-derived ROS 
generated by LTB4 is discovered in the 
NF-gB pathway, which can delay neu-
trophil apoptosis. NF-gB is a transcrip-
WLRQ�IDFWRU�RI�SURLQÁDPPDWRU\�JHQHV�LQ�
WKH� LQÁDPPDWRU\� UHVSRQVH� ������/7%��
triggers the degranulation of neutro-
phils to release NADPHox enzyme 
complexes, which can generate ROS 
in low concentration to activate inhibi-
tor of kB kinases (IKKs), then induce 
the phosphorylation and degradation of 
inhibitor of g%Ơ� �,g%Ơ��� HQFRXUDJLQJ�
NF-gB to enter the nucleus affecting 
the neutrophil outcome (40). NF-gB 
evolves in encoding pro-survival genes 
to control cell outcome, so it can pro-
long the neutrophil life-span (41).

LTB4 activates PI3K and 
extracellular signal-regulated kinase 
(ERK) signalling pathway to extend 
neutrophil life span
With the help of BLT1, LTB4 can in-
duce the activation of both phosphati-
dylinositol 3-kinase (PI3K) and ERK 
pathway, which is one of mitogen-
activated protein kinase (MAPK) cas-
cades, further promoting the production 
RI� 0FO��� DQG� LQKLELWLQJ� %D[�� ÀQDOO\�
merges into the NF-gB pathway to de-
termine the cell fate (42, 43). Although 
Mcl-1 and Bax both belong to the an-
tiapoptotic B cell lymphoma 2 (Bcl-2) 
family, they have absolutely different 
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functions. Mcl-1, as anti-apoptotic fac-
tor, can extend cell survival (44). PI3K, 
as well as its downstream target serine/
threonine kinase AKT, are responsible 
for modulating the neutrophil apoptosis 
by controlling the concentrations and 
entry of Bax into mitochondria (45). In 
the K/BxN serum transfer model, gene 
GHOHWLRQ�RU�VHOHFWLYH�3,�.�ƣ�LQKLELWLRQ�
RQ�WKH�S����ƣ�LVRPHU��3,�.�ƣ��RI�3,�.��
can relieve joint damage and reduce 
LTB4-induced neutrophil migration 
(46). It is also reported that NADPHox-
dependent degradation of Bad via ROS 
inhibits the translocation of Bcl-2 mem-
bers into the mitochondrial outer mem-
brane (47-49) and pro-apoptosis factors 
into cytosol, maintaining mitochondrial 
stability (41). Mcl-1 expression is regu-
lated by signal transduction through 
ERK, and by transcriptional activation 
through STAT molecules (50). NF-gB 
also help strengthen the expression of 
anti-apoptosis factor, Mcl-1 (42).
The LTB4-dependent anti-apoptotic ef-
fect of neutrophils is still obscure, for 
WKHUH�DUH�VRPH�FRQÁLFWV�ZKLFK�VWLOO�QHHG�
an explanation. For example, the report 
by Murray (51) illustrates that there is 
no association between LTB4 and dexa-
methasone, GM-CSF and LPS-induced 
retardation of neutrophil apoptosis, 
however, this contradicts tthe conclu-
sions made by Lee (52) and Stankova 

������ 7R� IXUWKHU� H[SORUH� DQG� FRQÀUP�
more mechanisms, more studies are 
needed.

Inhibitions on LTB4 induced 
anti-apoptosis of neutrophils 
All in all, the conversion of neutrophils 
in limited life into extensive survival 
existence leads to much more tissue 
damage, induces the onset of RA patho-
genesis and interrupts the therapeutic 
effects. Therefore, suppressions on any 
pathways evolving in anti-apoptotic 
manner or directly accelerating neutro-
phil apoptosis becomes our therapeutic 
target. Macrolides, including azithro-
mycin, tilmicosin, tulathromnycin and 
erythromycin, have both antimicrobial 
and mediation of host immunity and 
LQÁDPPDWLRQ� IXQFWLRQV��$]LWKURP\FLQ�
and tilmicosin can induce neutrophil 
apoptosis and suppression of LTB4 
generation. Tulathromycin with sat-
LVIDFWRU\� FOLQLFDO� WUHDWPHQW� HIÀFDF\��
can facilitate neutrophil apoptosis and 
downregulate LTB4 concentration in 
LQÁDPHG� V\QRYLDO� MRLQWV� E\� VXSSUHVV-
LQJ� ,N%Ơ� SKRVSKRU\ODWLRQ� DQG� WUDQV-
location of NF-gB p65 subunit into 
nuclear to abrogate NF-gB pathway, 
thus further interrupting the expression 
RI� SURLQÁDPPDWRU\� SURGXFW�� &;&/��
(53). Erythromycin also takes effect 
based on the NF-gB pathway but more 

GHWDLOHG�PHFKDQLVPV�DUH�QRW�LGHQWLÀHG��
ROS are generated from the process 
of LTB4 production associated with 
5-LO metabolite via NOX stimulation. 
+HVSHULGLQ�� ÁDYHDQRQH� JO\FRVLGH�� FDQ�
suppress the production of ROS and re-
active nitrogen species (RNS), protect-
ing cellular membrane and preventing 
the progression of RA (54). It has also 
been reported that low dose methotrex-
ate administered to patients with very 
early rheumatoid arthritis can obtain a  
very good clinical effect (55) (Fig. 1).

5ROHV�RI�/7%��LQ�QHXWURSKLO�
FKHPRWD[LV
Recruitment of neutrophils from blood 
to injury tissue sites is a hallmark of 
early innate immune responses, and 
LW� KDV� EHHQ� ZLGHO\� GHÀQHG� WKDW� WKLV�
process relies on various molecular 
events (56). Neutrophil snormally act 
to protect the host when the acute in-
nate immune system responds to injury 
LQÁDPPDWLRQ�� EXW� LWV� H[FHVVLYH� DFFX-
mulation and activation also damage 
the surrounding organs (16). There is 
strong evidence demonstrating a large 
FOXVWHU�RI� OHXNRF\WHV� LQ� WKH� LQÁDPPD-
WRU\� V\QRYLDO� ÁXLG�� DPRQJ� ZKLFK� DUH�
predominantly neutrophils (57). Neu-
WURSKLO� LQÀOWUDWLRQ� LV� D� YHU\� FRPSOHWH�
process because of the evolvement of 
abundant cytokines, chemokines and 

Fig. 1. The mechanisms of LTB4 induced anti-apoptosis of neutrophils. 
1 and 6: LTB4 induces the degranulation of neutrophils to release NADPHox enzyme complexes, which generate ROS. ROS in low concentration active 
IKKs, then Ig%Ơ�LV�SKRVSKRU\ODWHG�DQG�GHJUDGHG��DOORZLQJ�1)�gB to enter into nucleus as a transcription factors of pro-survival genes, extending neutro-
phils life span (40, 41). 
2, 5 and 6: LTB4 activates PI3K and downstream target Akt, controlling the concentrations and entry of Bax into mitochondria and maintains mitochondria 
stability to determine neutrophils life span (41-43, 45). 
3, 5 and 6: LTB4 actives ERK pathway, promoting anti-apoptotic factor Mcl-1, but inhibiting pro-apoptotic factor Bax, and emerging into NF-gB signalling 
pathway to control cell fate (42, 43). 
4, 5 and 6: Mcl-1 level can be also upregulated by STAT (50). 
LTB4, leukotriene B4; NADPHox, NADPH oxidases complexes; ROS, reactive oxygen species; IKKs, inhibitor of gB kinases; NF-gB, nuclear factor kappa 
B; Ig%Ơ��LQKLELWRU�RI�g%Ơ��3,�.��SKRVSKDWLG\OLQRVLWRO���NLQDVH��(5.��H[WUDFHOOXODU�VLJQDO�UHJXODWHG�NLQDVH�
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LQÁDPPDWRU\� FHOOV�� DQG� SOD\V� DQ� LP-
portant role in the few early months of 
RA pathogenesis, which determines the 
onset of RA, leading to further develop-
ment and aggravation (58). Some stud-
ies have demonstrated that the inhibit-
HG�QHXWURSKLO�LQÀOWUDWLRQ�FDQ�DWWHQXDWH�
secondary injury (59). To participate 
LQ� WKH� SDWKRORJLFDO� LQÁDPPDWRU\� SUR-
cess, neutrophils continuously produce 
ODUJH� DPRXQWV� RI� SUR�LQÁDPPDWRU\�
cytokines, among them, leukotrienes, 
ZKLFK�DUH�ÀUVW�VHFRQGDU\�FKHPRDWWUDFW-
ants, are largely expressed in injury to 
the synovial membrane (57).

LTB4 as signal-relay molecule guide 
neutrophil chemotaxis in a direct way
N-formyl-methionine-leucine-phenyla-
lanine (fMLP) -induced LTB4 secretion 
in autocrine and paracrine manner en-
hanced and stabilised neutrophil polari-
VDWLRQ��DQG�DPSOLÀHG�QHXWURSKLO�FKHPR-
taxis in a signal-relay way. LTB4 plays a 
critical role for intercellular signal relay 
among neutrophils, amplifying local 
cell death signals to enhance directed 
neutrophil recruitment (60). In the in-
ÁDPPDWRU\� VLWHV�� YDULRXV�SULPDU\�FKH-
moattractants, such as formyl peptides 
released during bacterial infection, and 
complement fragments released during 
tissue injury, are produced to stimulate 
the surrounding immune cells, espe-
cially neutrophils, to release secondary 
chemoattractants (61, 62). After neutro-
SKLOV�UHVSRQVH�WR�SULPDU\�LQÁDPPDWRU\�
VLJQDO� DQG� HQWHU� WKH� LQÁDPHG� WLVVXHV��
the continued secondary chemoattract-
ants attract neutrophils towards the in-
ÁDPPDWLRQ� VLWHV�� 7KHQ�� WKH� VHTXHQWLDO�
primary chemoattractants further guide 
QHXWURSKLOV� WR� WKH�FHQWUH�RI� WKH� LQÁDP-
mation (61). Moreover, neutrophils 
can in turn continue to produce more 
secondary chemoattractants once they 
UHDFK�WKH�FHQWUH�RI�DQ�LQÁDPPDWRU\�VLWH��
JXLGLQJ�PRUH�QHXWURSKLOV�WR�WKH�LQÁDP-
PDWRU\�VLWHV�DQG�WKHQ�WKH�LQÁDPPDWLRQ�
becomes aggravated (63).

A positive dual directions between 
LTB4 production, IL-1 family and 
WXPRXU�QHFURVLV�IDFWRU�Ơ��71)�Ơ�
The lipid-cytokine-chemokine cascade 
pattern enhances neutrophil recruit-
ment, which means that, LTB4 via 

BLT1 promotes neutrophils to secrete 
cytokines, such as IL-1, which further 
induces chemokine production such as 
71)�Ơ� IURP� V\QRYLDO� FHOOV�� SURPRW-
LQJ� QHXWURSKLO� DFWLYDWLRQ� DQG� LQÀOWUD-
WLRQ� WR� LQÁDPPDWRU\� VLWHV�� )ROORZLQJ�
leukocyte recruitment, this pathway is 
consistently positively repeated, ampli-
fying the sequential actions, thus aggra-
vating RA (64). For example, a member 
of the IL-1 cytokine family, IL-18 has 
been reported to be highly expressed 
LQ� 5$� V\QRYLDO� ÁXLGV�� LQGLFDWLQJ� LWV�
SDUWLFLSDWLRQ� LQ� LQÁDPPDWRU\� GLVHDVH�
development (65). IL-18 stimulates nu-
merous cell types, such as neutrophils, 
macrophages, and CD4+ T cells, to pro-
GXFH� ODUJH� DPRXQWV� RI� 71)�Ơ�� ZKLFK�
induce the synthesis of LTB4 to recruit 
QHXWURSKLOV� WR� WKH� LQÁDPPDWRU\� VLWH�
ZKHUH�DFXWH�DQG�FKURQLF� LQÁDPPDWLRQ�
VLJQLÀFDQWO\� GHYHORS�� VXJJHVWLQJ� WKDW�
IL-18-induced neutrophil recruitment is 
LTB4-dependent (66). It was found that 
in a CIA model, inhibited LTB4 sup-
SUHVVHV�WKH�71)�Ơ�SURGXFWLRQ��LQGLFDW-
ing that LTB4 induces the synthesis of 
71)�Ơ��DQG�LQ�WXUQ��71)�Ơ�DOVR�VWLPX-
ODWHV� V\QRYLDO� ÀEUREODVWV� WR� SURGXFH�
more IL-18 (66, 67), suggesting a posi-
tive feedback among the productions of 
/7%���,/����DQG�71)�Ơ�LQ�5$�

IL-17 and IL-23 induce production 
of LTB4 
IL-17 and IL-23 work together to in-
duce LTB4 production, facilitating 
QHXWURSKLO� LQÀOWUDWLRQ�� ,/����,/����
D[LV� LV� YLWDO� LQ� WKH� QHXWURSKLO� LQÁX[�
during the RA pathogenesis (68). IL-
17 is well-known as the regulator of 
neutrophil recruitment (69) and pro-
duced by Th17 cells which are acti-
YDWHG�E\�7*)�ơ��,/���DQG�,/����������
In the pathway of IL-23-induced neu-
WURSKLO� LQÀOWUDWLRQ�� ,/���� LV� UHTXLUHG�
WR� SURPRWH� WKH� SURGXFWLRQ� RI� 71)�Ơ��
LTB4 and CXC chemokines. CXC 
chemokines act on the neutrophils in 
autocrine and enhance the direct effect 
of IL-17 on neutrophils (71). This path-
ZD\�LV�DOVR�LQÁXHQFHG�E\�WKH�FRPPX-
nications between the postaglandin E2 
(PGE2) and IL-23/IL-17. Cyclooxyge-
nase 2 (COX-2) derived prostaglandin, 
such as PGE2, suppress the productions 
RI� ,/���� DQG� LQWHUIHURQ� Ƣ� �,)1�Ƣ�� WR�

expand IL-17, promoting IL-23-LTB4 
LQGXFHG� QHXWURSKLO� LQÀOWUDWLRQ� WR� WKH�
knee and peritoneal joints (71). PGE2 
can be increased by both IL-23 and 
IL-1 by upregulating COX-2 gene tran-
scription to further enhance neutrophil 
migration (72). 
It has been found that blocking IL-17 
FDQ�VXSSUHVV�QHXWURSKLO� LQÀOWUDWLRQ�DQG�
chemokine production, particularly 
LIX and C-X-C motif chemokine 1, 
and achieve bone protection (68, 73). 
In addition, it has been discovered that 
the mechanism of Hyaluronidase treat-
PHQW�RQ�5$�DFWV�RQ�71)�Ơ��,/����/7%��
and leukotriene C4 (LTC4), suppressing 
their synthesis except PGE2 and PGD2, to 
prevent the adhesion of leukocytes to the 
HQGRWKHOLDO�FHOOV�DQG�QHXWURSKLO�WUDIÀFN-
LQJ� ������*OXFRFRUWLFRLGV�� OHÁXQRPLGH��
PHWKRWUH[DWH�DQG�DQWL�71)�Ơ�P$EV�DUH�
commonly utilised to inhibit neutrophil 
migration (75-78). More research needs 
to be done on other drugs to explore the 
above -mentioned.mechanisms

C-X-C chemokine ligand 1 (CXCL1) 
and 5 (CXCL5) promote neutrophils 
to synthesise LTB4
In an antigen-induced-arthritis model, 
Grespan et al. (79) found that, LTB4, 
CXCL1 and CXCL5 all express at 
high levels. CXCL1 and CXCL5 are 
released from synovial tissues in vitro. 
The neutrophils stimulated by CXCL1 
DQG� &;&/�� LQ� 5$� V\QRYLDO� ÁXLGV��
can produce substantial amounts of 
LTB4 (79). So it can be concluded that 
CXCL1 and CXCL5 induce neutrophil 
recruitment by driving LTB4 produc-
tion from neutrophils involved in the 
pathogenesis of RA (Table I). It is re-
ported that C-X-C motif chemokine re-
ceptor 1 (CXCR1)/ CXCR2 inhibitors 
can not only suppress neutrophil re-
FUXLWPHQW�WR�LQÁDPPDWRU\�VLWHV�EXW�DOVR�
block LTB4 synthesis in joint tissues. In 
addition, C-C motif chemokine recep-
tor 1 (CCR1) and CXCR2 are proved 
to be involved in the leukocytes recruit-
ment (80). It has been found that LTB4 
�� ,/��ơ� ��FKHPRNLQH� OLJDQGV�RI�&&5��
and CXCR2 cascade induce neutrophil 
recruitment into joint. Since LTB4 and 
,/��ơ�DUH�PDLQO\�SURGXFHG�E\�QHXWUR-
phils, it implies that neutrophils are not 
only the effector cells but also the main 
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LQGXFHU�RI�LQÁDPPDWLRQ�������&&5�DQG�
CXCR are indirectly utilised by LTB4 
WR�LQGXFH�QHXWURSKLO�LQÀOWUDWLRQ�

LTB4 receptors involve in LTB4 
LQGXFHG�QHXWURSKLO�LQÀOWUDWLRQ
Leukotrienes and their receptors, es-
pecially LTB4 and its receptor BLT1, 
play a crucial role in neutrophil re-
cruitment. In the K/BxN mouse model, 
%/7�� GHÀFLHQF\� PLFH� H[KLELW� JUHDWO\�
relieved phenotype, with reduced pro-
GXFWLRQV� RI� LQÁDPPDWRU\� F\WRNLQHV�
and chemokines (16), which illustrates 
that BLT1 in neutrophils is involved in 
chemokines production and RA patho-
genesis, and the selective inhibitors 
of BLT1 could reverse them. Further-
more, the injection of BLT1 positive 
QHXWURSKLOV�LQWR�%/7��GHÀFLHQF\�PLFH�
SURPRWHV� WKH�PLJUDWLRQ�RI�%/7��GHÀ-
FLHQF\� QHXWURSKLOV� LQWR� MRLQWV�� ÀQDOO\�
OHDGLQJ� WR� WKH� DPSOLÀFDWLRQ�RI� WKH� UH-
sponse to antibody-induced arthritis, 
ZKLFK� IXUWKHU� FRQÀUPV� WKH� HVVHQWLDO�
effects of BLT1 on LTB4 induced neu-
WURSKLO� LQÀOWUDWLRQ�� ,Q� VHYHUDO� PRXVH�
arthritis models, it has emerged that 
large amounts of extra domain A (ED-
A, a type of endogenous TLR-4 ligand) 
FRQWDLQLQJ� ÀEURQHFWLQ� SUHVHQW� LQ� 5$�
V\QRYLDO� ÁXLGV�� DQG� UHFRPELQDQW� KX-
man ED-A (rhED-A) has a positive 
effect on LTB4 synthesis and polymor-
phonuclear neutrophil (PMN) migra-

tion (16, 18, 57). Another study (81) 
found that BLT1 receptor antagonist 
can inhibit the rhED-A-induced PMN 
migration, suggesting that rhED-A in-
duced PMN migration is dependent on 
the involvement of rhED-A and LTB4 
biosynthesis. This means that rhED-A 
contributes to LTB4 synthesis and in-
duces PMN migration via BLT1. BLT1 
antagonists, such as amelubant, which 
can act as novel drugs for RA (82) (Ta-
ble I). Compared with BLT1, BLT2 is 
ubiquitously expressed in a more wider 
range of immune cells. Although, it is 
already known that BLT2/LTB4 axis 
induces intracellular calcium mobilisa-
tion, ERK activation and keratinocyte 
migration (83), but the applications 
RI� %/7�� LQ� QHXWURSKLO� LQÀOWUDWLRQ� LV�
poorly reported. Recently, Mathis et 
al. discovered that for a BLT2 -/- mouse 
line with unaltered 5-LO and BLT1 
activity, the incidence and the progres-
VLRQ�RI�LQÁDPPDWRU\�DUWKULWLV�DUH�LQWHU-
rupted (20), and in the K/BxN arthritis 
model, mice without BLT2 were pro-
WHFWHG�IURP�LQÁDPPDWRU\�GLVHDVH�������
7KHVH�ÀQGLQJV�VXJJHVW�WKDW�%/7��LV�DV-
VRFLDWHG�ZLWK�WKH�LQÁDPPDWRU\�GLVHDVH�
pathogenesis and BLT1 alone without 
BLT2 fail in arthritis development, and 
together with the previous acknowl-
edgement that initially responding 
neutrophils must present BLT1 and 
produce abundant LTB4. However, the 

recruitment of subsequent synthesised 
neutrophils was not necessary to de-
pend on BLT1, which may be due to 
ligand-induced internalisation at high 
levels of LTB4 (16, 57, 84). People 
wonder whether BLT2/LTB4 axis is 
also involved in neutrophil recruit-
ment. And the absence of 12(S)hydrox-
yheptadeca-5Z, 8E, 10E-trienoic acid 
����++7���DQ�DJRQLVW�ZLWK�KLJK�DIÀQLW\�
for BLT2 still results in arthritis devel-
opment, which shows that 12-HHT is 
not enough to fully activate BLT2 and 
LTB4 is responsible for that. Since low 
DIÀQLW\�RI�/7%��WR�%/7���LW�DOVR�LQGL-
cates neutrophil chemotaxis preferen-
tially depends on BLT1 but not BLT2 
(20). Therefore, recent experiments 
demonstrate that BLT2 is indeed uti-
OLVHG�LQ�LQÁDPPDWRU\�GLVHDVH�SURJUHV-
sion, but whether it participates in neu-
WURSKLO�LQÀOWUDWLRQ�LV�QRW�FHUWDLQ�

LTB4 initiates NOD-like receptors 
containing pyrin domain (NLRP3) 
LQÁDPPDVRPH�WR�LQGXFH�QHXWURSKLO�
LQÀOWUDWLRQ
The pathogenesis of RA is associated 
ZLWK� 1/53�� LQÁDPPDVRPH�� ,W� LV� UH-
ported that dysregulated activity of 
1/53�� LQÁDPPDVRPH� FDXVHV� XQFRQ-
WUROOHG� LQÁDPPDWLRQ� XQGHUO\LQJ� PDQ\�
chronic diseases, including RA (85-
����� 1/53�� LQÁDPPDVRPH� RULJLQDWHG�
from pro-caspase-1 engaged activated 

7DEOH�,��7KH�UROHV�RI�OHXNRWULHQH�%��RQ�QHXWURSKLOV�LQÀOWUDWLRQ�LQ�UKHXPDWRLG�DUWKULWLV�

3DWKRJHQHVLV� 7DUJHW�FHOOV�RU�DVVRFLDWHG�PROHFXOHV� (IIHFWV� 1HXWURSKLO�LQÀOWUDWLRQ� 5HIHUHQFHV

Primary chemoattracta-nts Ĺ Immune cells Release of secondary chemoattractants,  Ĺ (61)
  including LTB4Ĺ
 
LTB4Ĺ Neutrophils: IL-18Ĺ�ĺ�neutrophils,  LTB4 productionĹ; Ĺ (64, 66, 67).
� PDFURSKDJHV��&'���7�FHOOV��71)�ƠĹ�� 6\QRYLDO�ÀEUREODVWV��,/���Ĺ�ĺ LTB4 
  productionĹ  

,/�����,/����7*)�ơĹ Th17 cells: IL-17Ĺ LTB4 productionĹ Ĺ (71)

CXCL1, CXCL5 Ĺ Neutrophil activationĹ LTB4 productionĹ Ĺ (79)

LTB4Ĺ� $V�/7%���,/��ơ���FKHPRNLQH�OLJDQGV� � Ĺ (58) 
 of CCR1 and CXCR2
  
LTB4Ĺ� ,/�ơ�DQG�71)�Ơ�V\QWKHVLVĹ LTB4 productionĹ Ĺ (93, 95, 98, 99)

RhED-AĹ BLT1 receptor LTB4 productionĹ Polymorphonuclear (81) 
   neutrophils (PMN) 
   migrationĹ 

LTB4Ĺ ROSĹ and Caspase-1-dependent LTB4 productionĹ Ĺ (85, 86, 91) 
� ,/�ơĹ�ĺ�1/53��LQÁDPPDVRPHĹ 
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NLRP3 through adapter molecule ASC, 
is involved in maturation and secretion 
RI�,/��ơ�DQG�,/����LQLWLDWLQJ�LQÁDPPD-
WLRQ� ����� ����� ,/��ơ�ZLWK� DQ� LUUHSODFH-
able role in the pathogenesis of RA, is 
mainly produced by macrophages and 
induces synovial cell proliferation and 
cartilage degradation (90). It has been 
reported that monosodium urate mono-
hydrate (MSU)-induced neutrophil in-
ÁX[�LV�&;&5��GHSHQGHQW�DQG�068�LQ-
duced leukocyte recruitment is NLRP3/
$6&�&DVSDVH���,/�ơ�0\'���GHSHQG-
ent. Moreover, CXCR2 is activated by 
chemokine CXCL1, which relies on 
,/�ơ�DQG�1/53��LQÁDPPDVRPH��7KHUH-
IRUH��1/53��LQÁDPPDVRPH�DOVR�LQGXF-
es CXCL1-CXCR2-MSU-induced neu-
WURSKLO� LQÁX[�� 068� FU\VWDO�DFWLYDWHG�
macrophages can produce LTB4, which 
stimulates ROS and caspase-1-depend-
HQW� ,/�ơ� SURGXFWLRQ� DQG� IXUWKHU� DFWL-
vates the ROS-dependent-NLRP3 in-
ÁDPPDVRPH��7KH�DERYH�GDWD�LPSO\�WKDW�
/7%��SDUWLFLSDWHV�LQ�1/53��LQÁDPPD-
some induced neutrophil recruitment 
WRZDUGV� LQÁDPPDWRU\� MRLQWV�� DQG� WKH�
DVVRFLDWLRQ�EHWZHHQ�1/53��LQÁDPPD-
some and LTB4 can be considered as a 
novel potential therapeutic target for the 
treatment of RA (91) (Table I). 

,QÁDPPDWRU\�IDFWRUV�LQYROYLQJ�
/7%��HIIHFWV�LQ�5$
The dual regulations between LTB4 
SURGXFWLRQ�DQG�,/�ơ��71)�Ơ�V\QWKHVLV
The production of LTB4, and synthe-
VLV� RI� ,/�ơ� DQG�71)�Ơ� DUH� FRQWUROOHG�
by each other, and are involved in 
QHXWURSKLO� LQÀOWUDWLRQ� E\� DFWLYDWLQJ�
downstream and enhancing upstream 
signalling pathways and molecules. 
Exogenous and endogenous LTB4 sig-
QLÀFDQWO\� LQFUHDVH� WKH� H[SUHVVLRQV� RI�
,/�ơ�DQG�71)�Ơ�DW�ERWK�P51$�OHYHOV�
and protein levels. It has been found 
that the interfered spinal p38 MAPK 
activity can prevent neutrophils from 
HQWHULQJ� LQÁDPHG� NQHH� MRLQWV�� DFKLHY-
ing therapeutic effects on knee joint 
LQÁDPPDWLRQ�� DQG� 0$3.� LV� OLPLWHG�
to decrease production of TNF and 
,/��ơ�� ZKLFK� LOOXVWUDWHV� WKH� LQYROYH-
PHQW�RI�71)�DQG� ,/�ơ�RQ�QHXWURSKLOV�
LQÀOWUDWLRQ� ������ ,/�ơ� DQG� 71)�Ơ�� DV�
cytokines not chemotactic molecules, 
can promote the transcription of mono-

cyte chemoattractant protein-1 (MCP-
1) at a high level in RA patients by 
activating transcription factors such as 
1Ʃ%� LQ� GLIIHUHQW� FHOOV�� &\VWHLQ\O� OHX-
kotriene 1 (CysLT1) receptor inhibitor 
montelukast inhibits 5-LO, resulting in 
a subsequent suppression of CysLT1 
and LTB4 production, which further 
GHFUHDVHV� SUR�LQÁDPPDWRU\� F\WRNLQHV�
VXFK� DV� 71)�Ơ� ������ VXJJHVWLQJ� WKDW�
LTB4 can regulate the expression of 
71)�Ơ� WR�FRQWULEXWH� WR� WKH�SURFHVV�RI�
RA (94). Mostly exogenous and part-
ly endogenous, LTB4 expanse cells 
outside by binding their receptors on 
monocytes or neutrophils, then stimu-
late G-proteins, PI3K, cytosolic phos-
pholipase A2 (cPLA2) and 5-LO to fur-
ther activate upstream signalling path-
ways, such as NgB, MEK1, JNK and 
ERK1/2 (43, 95), and NgB receptors 
are mainly associated with the synthe-
VLV�RI�,/�ơ�DQG�71)�Ơ�����������7KHUH-
fore, LTB4 is supposed to directly 
stimulate NgB receptors to regulate the 
V\QWKHVLV�RI�,/�ơ�DQG�71)�Ơ��DOORZLQJ�
WKH� SDUWLFLSDWLRQ� RI� ,/�ơ� DQG� 71)�Ơ�
WR� QHXWURSKLO� LQÀOWUDWLRQ��$QG� LQ� WXUQ��
71)�Ơ�DQG�,/��ơ�FDQ�DOVR�UHJXODWH�WKH�
production of LTB4. It has been found 
WKDW�71)�Ơ� DQG� ,/��ơ� GR� QRW� MXVW� LQ-
crease the relative abundance of LTCs, 
LTAH and 5-LO, but also enhance 
/7%��DQG�/7&��VHFUHWLRQ�IURP�LQÁDP-
matory endometrial epithelial cells (98, 
�����3UHYLRXV�VWXGLHV�KDYH�WHVWLÀHG�WKDW�
VXSSUHVVHG�71)�Ơ�SURGXFWLRQ�FDQ�SUH-
vent the release of LTB4 induced nitric 
oxide (100). In AIA model, a mediator 
cascade in neutrophil migration follow-
ing antigen simulation has been found, 
LGHQWLÀHG�DV�0,3��ĺ�0,3�Ơ�ĺ�71)�Ơ�
ĺ LTB4. In the human keratinocytes, 
LTB4 can activate NF-gB through the 
BLT1/G(i/o)/PI3K/ERK pathway, and 
HQKDQFHV� 71)�Ơ� WR� LQGXFH� &&/����
suggesting a mutual enhancement rela-
WLRQVKLS�EHWZHHQ�71)�Ơ�DQG�/7V�������
7KHUHIRUH��/7%��DQG�SUR�LQÁDPPDWRU\�
F\WRNLQHV� LQFOXGLQJ�71)�Ơ�DQG� ,/��ơ�
can reciprocally work as cooperation 
SDUWQHUV�LQ�WKH�LQGXFWLRQ�RI�5$�LQÁDP-
mation, which can be targeted at mul-
tiple points for treatment. Malleable 
protein matrix, whey-fermented prod-
uct of lactic acid, cannot only prevent 
/36�LQGXFHG� QHXWURSKLO� LQÀOWUDWLRQ��

but also decrease multiple cytokines 
DQG� FKHPRNLQHV�� LQFOXGLQJ� 71)�Ơ��
,)1�ơ�� ,/��ơ�� ,/���� ,/��� DQG� ,/�����
WR� SUHYHQW� QHXWURSKLO� LQÀOWUDWLRQ� ZLWK�
����HIÀFDF\��������7DEOH�,��

Others
LTB4 can not only activate and recruit 
neutrophils but also promotes the ex-
SUHVVLRQ�RI�LQÁDPPDWRU\�F\WRNLQHV�DQG�
chemokines to achieve stronger patho-
ORJLFDO� LQÁDPPDWRU\� UHVSRQVH�� /7%��
FDQ�DWWUDFW�7�FHOOV�WR�WKH�V\QRYLDO�ÁXLG�
and induce them to secrete TNF and 
interleukin, leading to the destruction 
of bone and cartilage. It has been dem-
onstrated in the CIA model rats study 
that LTB4 causes the overexpression of 
,/����� ,)1�Ƣ�DQG�FKHPRNLQHV�0&3�Ơ�
DQG�0&3��Ơ�LQ�V\QRYLDO�FHOOV�DQG� LQ-
duces the apoptosis of synovial cells 
�������$PRQJ� WKHP�� ,/��� DQG�71)�Ơ�
can promote the recruitment of leuko-
cytes into the synovial joints. IL-32 can 
DWWUDFW�71)�Ơ�DQG�RWKHU� LQÁDPPDWRU\�
F\WRNLQHV� WR� WKH�V\QRYLXP�� ,)1�Ƣ�FDQ�
affect the expression of genes in the 
LPPXQLW\� UHVSRQVH� WR� LQGXFH� 71)�Ơ��
IL-2 and IL-10 to further stimulate in-
ÁDPPDWRU\� UHVSRQVH�� 0&3��� VKRZV�
various concentrations with RA devel-
RSPHQW��0&3��Ơ��DV�DQ� LQÁDPPDWRU\�
chemokine, evolves in the recruitment 
RI�PDQ\�LQÁDPPDWRU\�FHOOV��������

&RQFOXVLRQ
Extended neutrophil life span and neu-
WURSKLO� LQÀOWUDWLRQ� PHGLDWHG� E\� /7%��
are two essential aspects for neutro-
phils to take effect on either onset or 
the progression of RA. LTB4-induced 
QHXWURSKLO� LQÀOWUDWLRQ� UHTXLUHV� WKH�
contributions of multiple signalling 
SDWKZD\V��LQÁDPPDWRU\�FHOOV�DQG�PRO-
ecules, in an extremely complicated 
network. Enhanced neutrophil activ-
ity inversely strengthens LTB4 pro-
duction, which further reinforces the 
pathological progression. Upregulat-
ing pro-survival and suppressing ap-
optosis allow neutrophil survival with 
alterations in genetic transcription, as 
well as damaged membrane integra-
tion and permeability. Anti-apoptosis of 
neutrophils augments its contributions 
in RA pathogenesis. Once these two 
sides are inhibited, disease remission 
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can be greatly achieved. Actually, not 
only single-target drugs are needed to 
be explored, but drugs against multiple 
targets at several signalling pathways 
in one aspect or multi-aspects of LTB4 
or neutrophil activity, are also of great 
LQWHUHVW�DQG�VLJQLÀFDQFH��7DQVKLRQH�,,$�
LV� DQ� DQWL�LQÁDPPDWRU\� GUXJ� WDUJHWHG�
at neutrophils with therapeutic effects 
on the bone erosion and neutrophil in-
ÀOWUDWLRQ�� GHFUHDVLQJ� ,/��� DQG�71)�Ơ��
as well as inducing neutrophil apoptosis 
in the adjuvant-induced arthritis murine 
model (104). Bone degradation can be 
indirectly improved by pentocifylline 
�37;�� E\� WDUJHWLQJ� 71)�Ơ� WR� SUHYHQW�
QHXWURSKLO� LQÀOWUDWLRQ�� ZKLFK� VXJJHVWV�
that many therapeutic managements on 
neutrophil migration can resolve bone 
damage (105) and more possible candi-
dates are in great need of investigation.
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