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Abstract
Diabetic retinopathy (DR) is considered as a diabetes-related complication that can render severe visual impairments
and is also a risk factor for acquired blindness in both developed as well as developing countries. Through fibro-
vascular epiretinal membranes (ERMs), this condition can similarly lead to tractional retinal detachment. Laboratory
efforts evaluating the DR pathogenesis can be provided by ocular vitreous fluid and ERMs resulting from vitrecto-
my. The clinical stages of DR are significantly associated with expression levels of certain chemokines, including
monocyte chemotactic protein-1 (MCP-1) in the intraocular fluid. The MCP-1 is also a known potent chemotactic
factor for monocytes and macrophages that can stimulate them to produce superoxide and other mediators. Following
hyperglycemia, retinal pigmented epithelial (RPE) cells, endothelial cells, and Müller’s glial cells are of utmost
importance for MCP-1 production, and vitreous MCP-1 levels rise in patients with DR. Increased expression of
the MCP-1 in the eyes can also play a significant role in the pathogenesis of DR. In this review, current clinical and
laboratory progress achieved on the MCP-1 and the DR concerning neovascularization and inflammatory responses
in vitreous and/or aqueous humor of DR patients was summarized. It was suggested that further exploration of the
MCP-1/CCR2 axis association between clinical stages of DR and expression levels of inflammatory and angiogenic
cytokines and chemokines, principally the MCP-1 might lead to potential therapies aiming at neutralizing antibodies
and viral vectors.
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Introduction

Vascular disorders induced by diabetes mellitus can be
divided into two major groups, microvascular and
macrovascular, stemmed from impairments in small
and large blood vessels; respectively. Diabetic retinopa-
thy (DR) constitutes one of the most frequent microvas-
cular complications (Semeraro et al. 2015), whereas pro-
liferative diabetic retinopathy (PDR) represents a signif-
icant microvascular complication related to long-
standing type I (T1D) and type II diabetes (T2D)
mellitus (Klein et al. 2017). The report by Rogers
et al. also rendered DR as one of the most important
causes of blindness in the working-age population of the
Western world (Yau et al. 2012). Moreover, numerous
studies have demonstrated elevated levels of several in-
flammatory cytokines and chemokines in the ocular
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fluid of diabetic individuals (Funatsu et al. 2005a, b;
Hernandez et al. 2005; Patel et al. 2008; Goldberg
2009; Tang and Kern 2011; Abcouwer 2013), (Zhang
et al. 2011a, b; Semeraro et al. 2015). The MCP-1, also
called CCL2, is a member of the CC chemokine family
that plays a vital role in retinal inflammation induced by
diabetes, as the MCP-1 further stimulates recruitment
and activation of monocytes and macrophages (Behfar
et al. 2017; Vakilian et al. 2017). As well, this chemo-
kine has a potent contribution to fibrosis and angiogen-
esis induction (Gharaee-Kermani et al. 1996), increasing
the production of vascular endothelial growth factor
(VEGF) (Hong et al. 2005). Evidence showed that the
MCP-1 expression is regulated by the transcription fac-
tor nuclear factor-kappa B (NF-κB) (Ueda et al. 1994).
Moreover; hyperglycemia is another important mediator
of oxidative stress, reactive oxygen species, and retinal
inflammation (Cui et al. 2006) in the secondary ERMs
in diabetic patients (El-Asrar et al. 2006; Zhang et al.
2011a, b). In patients with hyperglycemia, RPE cells,
glial cells, and endothelial cells regulate the MCP1 pro-
duction (Bian et al. 1999; Harkness et al. 2003; Harada
et al. 2006a, b). Monocytes and macrophages expressing
the C-C chemokine receptor type 2 (CCR2) are further
involved in the pathogenesis of DR (Dong et al. 2013).
Indeed, an experimental study revealed a likely relation-
ship between activation of macrophages and retinal an-
giogenesis through the Notch pathway (Outtz et al.
2011). It is also possible that the adhesion of macro-
phages to the capillary endothelium leads to capillary
occlusion and consequently to retinal ischemia
(Murugeswari et al. 2008; Ghasemi et al. 2012).
Macrophages also accumulate in the ERMs and thus
increased MCP-1 levels have been found in the vitreous
fluid of diabetic patients. Several studies have demon-
strated higher MCP-1 levels in the vitreous fluid com-
pared to the serum in DR patients (Mitamura et al.
2001), highly supporting a local vitreous fluid produc-
tion based on the MCP-1 expression pattern (Mitamura
et al. 2001; Murugeswari et al. 2008). Furthermore,
there is a significant association between the vitreous
levels of the MCP-1 and the severity of the DR
(Tashimo et al. 2004). Reviewing the existing literature,
the inflammatory impact of the MCP-1 on the pathogen-
ic mechanisms of DR was elucidated in this study.

MCP-1 biology

The human MCP-1 gene, located on chromosome 17
(17q11.2), encodes a protein of 76 amino acids with a size
of 13 kd size (Zhang et al. 2012). Initially, the MCP-1/CCL2
structure was recognized in a purified natural material. Due to

O-glycosylation, different MCP-1 molecular masses were re-
vealed, further contributing to chemotactic potency reduction
(Kim and Tam 2011). The MCP-1 to MCP-4, consists of
members of the MCP family, with a high homology sequence
(Van Coillie et al. 1999).

As mentioned before, the MCP-1 constitutes a pow-
erful chemotactic factor of macrophages and monocytes,
representing the first discovered human CC chemokine
with monocyte chemoattractant properties (Deshmane
et al. 2009). Numerous cell types; including monocytes,
macrophages, fibroblasts, astrocytes as well as endothe-
l ial , epithelial , smooth muscle, mesangial , and
microglial cells are also involved in the MCP-1 produc-
tion and secretion, either directly or following stimula-
tion by growth factors, cytokines, or oxidative stress
(Cushing et al. 1990; Standiford et al. 1991; Brown
et al. 1992; Lockwood et al. 2006). However, mono-
cytes and macrophages have been identified as the main
sources of the MCP-1 (Yoshimura et al. 1989). The
major MCP-1 function is also the regulation of mono-
cytes, macrophages, natural killer (NK) cells, and mem-
ory T lymphocytes migration and accumulation (Conti
and Rollins 2004).

MCP-1 receptors

Various genes located in the 3p21–22 chromosome are
involved in the encoding of CCR proteins, comprised of
360 amino acids (Wells et al. 1996). Chemokine recep-
tors can be also divided into two main subtypes based
on their functioning: G protein-coupled chemokine re-
ceptors, contributing to effective leukocyte recruitment,
and atypical chemokine receptors, that might signal via
non-G protein-coupled mechanisms (Bachelerie et al.
2013). Basically, these CC receptors consist of three
regions: seven hydrophobic transmembranes, a short ex-
tracellular N-terminus, and a C-terminal intracellular re-
gion domain. All human MCP members can be attached
to at least two CCRs, expressed by leukocytes. It is
very interesting that various CCRs, such as the CCR2
might be attached to diverse ligands. Therefore, under-
standing these ligand/receptor interactions and their im-
pact on specific and unique chemokine functions can be
challenging (Mantovani 1999). Moreover, the ligation of
the MCP-1/CCR2 mediates its effects, while the CCR2
is expressed by specific cell types (O’Connor et al.
2015).

The CCR2A and CCR2B are known as two alterna-
tively spliced isoforms of the CCR2. Vascular smooth
muscle cells and mononuclear ones which mainly ex-
press the CCR2A isoform, while the CCR2B isoform
is expressed on the surface of activated NK cells and
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monocytes (Bartoli et al. 2001). Several studies have
shown that these isoforms differ only in their C-
terminal tails and might further activate different signal-
ing pathways exerting different actions (Charo et al.
1994). For instance, the MCP-1 could attract cells ex-
pressing the CCR2A receptors in the absence of Ca2+,
while the presence of Ca2+ is necessary for the CCR2B+

cells (Sanders et al. 2000; Yoon et al. 2007). In this
respect, Cho et al. reported that, the MCP-1 may have
a synergistic effect on the CCR2A expression, but not
that of the CCR2B in patients with rheumatoid arthritis
(RA) (Yoon et al. 2007). However, the CCR2 disposes
both pro-inflammatory (i.e., dependent on antigen-
presenting cells and T cells) and anti-inflammatory
properties (i.e., dependent on expression of CCR2 by
regulatory T cells). Seven single nucleotide polymor-
phisms (SNPs) have been also recognized regarding
the CCR2, whereas it is not clarified if these SNPs
may have an impact on clinical outcomes in case of
the CCR2-associated diseases or not (Yeo et al. 2006).
According to an in vitro study, the CCR2 binding with
a heterodimeric compound formed by a seven-amino
acid truncated (7ND) protein and the wild-type CCL2
could block the MCP-1-mediated monocyte chemotaxis
(Zhang and Rollins 1995). In the primary stages of the
DR, the effect of monocytes and neutrophils has been
previously reported in diabetes-induced vascular lesions
of the retina (Schröder et al. 1991; Adamis 2002).
Moreover, Veenstra et al. demonstrated no subclass of
inflammatory monocytes in the blood samples of the
CCR2-deficient mice, further disposing a monocyte de-
ficient phenotype. Retinal capillary degeneration,
leukostasis, and superoxide production also decreased
significantly in the diabetic CCR2− /− animals.
Moreover, reduced superoxide production and inhibition
of retinal endothelial cell dysfunction were observed in
the presence of in vitro co-cultured leukocytes isolated
from the CCR2−/− mice with diabetes. Therefore, it
could be concluded that the leukocyte-mediated degen-
eration of retinal capillaries had occurred due to inflam-
matory monocytes in diabetes, indicating the potential
role of the MCP-1/CCR2 axis in DR (Veenstra and
Kern 2014).

MCP-1 and monocyte recruitment into retinal
tissues

Previous studies have suggested an association between
the DR pathogenesis and retinal inflammation (Adamis
2002; Kern 2007). Increased levels of inflammatory
mediators may also lead to chronic inflammation in
the diabetic retina, leading to the leukocyte activation,

adherence to the vascular walls, and migration into the
retinal tissues (Goldberg 2009; Semeraro et al. 2013).
Specific chemokines and related receptors such as the
MCP-1/CCR2 are also responsible for the entrance of
leukocytes into the retina (Feng et al. 2017). In this
respect, Rangasamy et al. revealed that MCP-1 increase
in the diabetic retina could change blood-retinal barrier
(BRB) affecting vascular cell permeability and leuko-
cytes’ recruitment in an animal model of DR. It was
also stated that post-diabetes induction of the gene ex-
pression of the MCP-1 was significantly up-regulated
in the ret inas, accompanied by high levels of
perivascular monocytes into the ret inal t issues
(Rangasamy et al. 2014). It should be highlighted that
high levels of the MCP-1 are produced in retinal en-
dothelial cells in response to high glucose levels
(Rajamani and Jialal 2014) as the MCP-1 in normal
conditions cannot lead to high endothelial cell perme-
ability. The MCP-1 up-regulation may alter the retinal
vascular permeability via monocyte recruitment,
resulting in the absence of lesions in the diabetic
MCP-1−/− mice compared with wild-type animals
(Rangasamy et al. 2014).

Inflammatory biomarkers for DR

Previous studies revealed that Müller’s cells could be
responsible for production and secretion of several in-
flammatory mediators including VEGF, MCP-1,
TNF-α, IL-1β, IL-6, pigment epithelium-derived fac-
tor, matrix metalloproteinase, prostaglandin E2, tumor
growth factor-β, cyclooxygenase (COX) 2, AGE recep-
tor (RAGE), calcium binding protein B (S100B), nitric
oxide (NO), and inducible NO synthase (iNOS)
(Vujosevic and Simó 2017). However, in more progres-
sive phases of DR; for instance, in PDR and diabetic
macular edema aqueous, humor levels of platelet-
derived growth factor (PDGF), VEGF, MCP-1, and in-
tercellular adhesion molecule (ICAM)-1, IP-10, IL-12,
IL-6, and IL-8 were remarkably elevated (Funatsu
et al. 2002; Antunica et al. 2012; Cheung et al.
2012; Jonas et al. 2012; Vujosevic et al. 2016).
Moreover, in vitreous fluid, concentrations of VEGF,
MCP-1, IL-1β, IL-6, TNF-α, IL-8, ICAM-1, and com-
plement components were increased (Funatsu et al.
2005a, b; Hernandez et al. 2005; Demircan et al.
2006; Funatsu et al. 2009). Evidence showed that,
analysis of vitreous fluid biomarkers compared with
aqueous humor might provide more reliable findings
from the pathophysiological status of retinal, but it
was not suitable for clinical practice except for vitrec-
tomy because of the invasiveness of the sampling
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method (Vujosevic and Simó 2017). Among the in-
flammatory biomarkers of DR, the VEGF is more com-
mon because this mediator, having angiogenic proper-
ties, plays a significant role in the progression of DR
and PDR (Boulton et al. 1998; Simó et al. 2014).
However, the results of a study showed that 38% of
diabetic patients were suffering from PDR and the
VEGF concentrations were not detectable in vitreous
fluid (Aiello et al. 1994). Such results are the reason
why intravitreal anti-VEGF treatment has not been suc-
cessful in a considerable part of patients with DR.
These findings suggested that VEGF-independent path-
ways might contribute to the pathogenesis of DR
(Adamis and Berman 2008; Bromberg-White et al.
2013). Therefore, improvement of therapeutic ap-
proaches for blocking other growth factors, pro-
inflammatory cytokines, and involved chemokines such
as MCP-1 seems to be crucial.

MCP-1 in DR

In this section, human and animal studies conducted to deter-
mine the role of the MCP-1 in the pathogenesis of DR and
PDR were discussed.

Clinical studies

Long-term cohort and population-based incidence stud-
ies have determined that both hyperglycemia and hyper-
tension are connected to an increased risk of DR devel-
opment (Klein et al. 1998). Several studies have also
demonstrated that enhancement of leucocyte and macro-
phage adhesion to the endothelium result in capillary
occlusion, playing a critical role in retinal ischemia pro-
gression in DR. In addition, a relationship between mac-
rophage infiltration, angiogenesis, and pathogenesis of
the DR have reported (Esser et al. 1993, Knott et al.
1999) findings that highlight the important role of
leucocytes and macrophages in the pathogenesis of the
DR. The presence of intraocular macrophages at inflam-
mation sites can be further elucidated by the intraocular
amounts and biological features of the MCP-1 (Tashimo
et al. 2004). Additionally, the high glucose levels in
vascular cells constitute an important MCP-1 regulatory
factor that is further involved in inflammatory processes
related to the diabetes pathogenesis (Dragomir and
Simionescu 2006). Therefore, the MCP-1 may influence
the infiltration of intraocular macrophages in patients
with different stages of DR.

In this respect, Matsumoto et al. revealed that the
vitreous MCP-1 levels in patients with DR were signif-
icantly higher compared to those in controls. They

speculated that additional investigations were required
to determine the underlying mechanism but there might
be a direct association between the MCP-1 levels and
degree of DR progression (Matsumoto et al. 2002). In
another study, Tashimo et al. examined the relationship
between aqueous humor levels of MCP-1 and macro-
phage migration inhibitory factor (MIF) in diabetic and
non-diabetic patients, demonstrating a significant corre-
lation between the MCP-1 and the MIF levels.
Furthermore, levels of these chemokines were connected
to the clinical stage of DR (Tashimo et al. 2004).
Ozturk et al. also conducted a study to investigate the
role of the MCP-1 and the VEGF in DR. Their findings
revealed elevated serum levels of the VEGF and the
MCP-1 in DR patients compared to those in controls,
indicating a potential regulatory effect of MCP-1 in DR
that might be further used as a biomarker to evaluate
diabetic patients’ risk (Ozturk et al. 2009). Wakabayshi
et al. also reported elevated vitreous levels of the MCP-
1 and the CXCL8 in DR patients with hypertension
(Wakabayashi et al. 2011).

Moreover, a study by El-Asrar et al. showed that
vascular endothelial cells and myofibroblasts in PDR
patients might be able to express the MCP-1 in
epiretinal membranes (El-Asrar et al. 2006). As well,
Murugeswari et al. investigated the mechanism of an-
giogenesis in PDR based on the levels of angiogenic
growth factor, pro-inflammatory cytokines, and anti-
angiogenic factor in the vitreous humor. They suggested
that, the elevated levels of the MCP-1 in PDR and other
pro-inflammatory cytokines, such as the IL-6 and the
CXCL8, were involved in the pathogenesis of induced
retinal neovascularization (Murugeswari et al. 2008).
Hernández et al. also conducted a study on 22 diabetic
patients with PDR so as to determine the intravitreous
levels of the MCP-1 in patients with PDR. The results
of this study also revealed increased levels of inflam-
matory chemokines, including the CXCL8 and the
MCP-1, in the vitreous fluid of the PDR patients and
found that the intravitreous levels of both CXCL8 and
MCP-1 were positively correlated with the severity of
the PDR (Hernandez et al. 2005). Another study showed
that the MCP-1 and the CXCL10 levels were signifi-
cantly higher in samples of vitreous humor than in se-
rum samples in PDR patients. However, there was no
positive correlation between serum and vitreous humor
levels. These results indicated that the myofibroblasts in
PDR could express the MCP-1 and the CXCL10, while
the vascular endothelial cells in the PDR membranes
were able to express the MCP-1 and the CXCL12 (El-
Asrar et al. 2006).

Retinopathies can induce the production of inflamma-
tory chemokines via activation of Müller’s cells,
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microglial cells, and RPE ones (Rutar et al. 2015). The
NF-κB is also activated by the high level of glucose,
up-regulating the activity of the MCP-1 promoter and
expressing the protein in glial cells (Harada et al.
2006a, b). Müller’s cells in DR patients can also secrete
significant levels of the NF-κB-induced MCP-1 into the
anterior chamber and vitreous cavity (Eastlake et al.
2016). In this respect, Harada et al. showed that the
expression of the MCP-1 was significantly higher in
patients with PDR than that in the control group,
supporting that the MCP-1 protein could be colocalized
with the active form of the NF-κB p50 (Harada et al.
2006a, b). Another study reported that there was a sig-
nificant increase of MCP-1 in PDR patients compared to
patients with ERM and macular hole (as control groups)
(Suzuki et al. 2011).

As previously discussed, an in vivo angiogenesis
analysis indicated that both VEGF and MCP-1 could
be potent inducers of angiogenesis (Hong et al. 2005;
Suzuki et al. 2016). In this respect, El-Asrar et al.
reported that the levels of the MCP-1 were higher in
vitreous samples obtained from PDR patients in com-
parison to those in controls (El-Asrar et al. 2011),
supporting the pivotal role of these immune response
mediators in the pathogenesis and development of
PDR, as a subclinical chronic inflammation disorder.
Zhou et al. also reported that inflammatory cytokines
and angiogenic factors such as MCP-1, CXCL8, IL-6,
IL-1, VEGF, and tumor necrosis factor had increased
in the vitreous fluid of PDR patients (Zhou et al.
2012). Furthermore; highlighting the role of these in-
flammatory mediators in the PDR pathogenesis, anoth-
er study found higher vitreous levels of the MCP-1,
IL-6, and CXCL8 prior to vitrectomy in the PDR pa-
tients compared to those in controls (Yoshida et al.
2015). The MCP-1 and IL-6 levels in the collected
samples were significantly higher during intraocular
lens implantation compared to those collected before
vitrectomy. The elevated levels of the MCP-1 and the
IL-6 might also contribute to prolonged inflammation
even after successful vitrectomy, which could further
cause postoperative diabetic macular edema. In this
respect, Reddy et al. suggested that the use of the
MCP-1 as a potential biomarker may predict the devel-
opment of retinopathy in patients with young-onset
T2D (Reddy et al. 2017).

Previous studies have also confirmed that angio-
genic factors play a crucial role in DR pathogenesis.
Within these factors, cysteine-rich 61 (Cyr61) as an-
other angiogenic mediator, could also induce the ex-
pression of the MCP-1 (You et al. 2014). However,
the mechanism behind this phenomenon has not been
proven yet. Consistent with previous investigations,

findings by Nawaz et al. revealed that the MCP-1
levels in vitreous fluid from PDR patients were sig-
nificantly higher than those in controls (Nawaz et al.
2013). Recently, El-Asrar showed a remarkably in-
creased expression of osteoprotegerin, VEGF, and
MCP-1 in vitreous samples obtained from PDR pa-
t i e n t s c ompa r ed w i t h non -d i ab e t i c s ub j e c t s .
Additionally, there was a significantly positive corre-
lation between levels of the MCP-1, osteoprotegerin,
and VEGF (El-Asrar et al. 2017). Taken together,
over-expression of these molecules in the ocular mi-
croenvironment might be connected to angiogenesis
development in patients with PDR. Conversely, few
studies reported lower levels of the MCP-1 in the
undiluted aqueous humor samples obtained from DR
and PDR patients in comparison to non-diabetic sub-
jects (Chen et al. 2017a, b; Yu et al. 2017). It is
probable that several factors; including sample size,
measurement techniques, and other unknown sources
were responsible for this discrepancy.

Other studies also reported that the CD40 might
constitute an important factor in retinal inflammation
(Willermain et al. 2000). In this regard, Portillo et al.
indicated that the CD40 in Müller’s cells was respon-
sible for the production of retinal inflammatory factors
such as MCP-1 (Portillo et al. 2014a, b). Hence, it
could be concluded that down-stream signals of the
CD40 and the MCP-1 expressions were involved in
angiogenesis as well as recruitment of monocytes and
macrophages into the retina. In this domain, another
study showed that CD40 ligand (CD40L, CD154)
could induce IL-1β production via activation of
inflammasomes, while the CD40L-induced IL-1β pro-
duction in an autocrine/paracrine manner could be re-
sponsible for MCP-1 secretion by RPE cells (Bian
et al. 2018). Sassa et al. also found that, the levels
of the MCP-1 had increased in the vitreous fluid of
PDR patients following vitreous surgery. They revealed
that the MCP-1 levels had a tendency to instantly rise
subsequent to surgery and then decline with time. This
study also showed that in case of a second tractional
retinal detachment operation, the levels of MCP-1 were
considerably higher than those with other retinal disor-
ders; including pars plana vitrectomy, neovascular
glaucoma, macular pucker, and secondary intraocular
lens implant (Sassa et al. 2016).

Association between MCP-1 polymorphisms and DR
pathogenesis

Genetic investigations have revealed that polymor-
phisms might have a serious impact on the pathogen-
esis of DR. For instance, a case-control study in 2013
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assessed the relationship between the SNP in the
MCP-1 gene and the PDR in a Korean population
with T2D. The findings of this study revealed that
the c.2518A/A genotype in the MCP-1 could be used
as a susceptibility gene in T2D patients with an in-
creased risk of PDR (Jeon et al. 2013). In another
study, Jiang et al. reported that the 2518 GG genotype
and the G allele of MCP-1 might be related to an
increased risk of PDR in a Chinese Han population.
It is possible that the polymorphism affects the ex-
pression of the MCP-1 gene, that may play an essen-
tial role in the pathogenesis of DR (Jiang et al. 2016).
Furthermore, the association between the MCP-1 2518
A/G polymorphism and DR has attracted scholar’s in-
terest. A meta-analysis of existing data conducted by
Wang et al. in this respect proposed that the MCP-1
2518 A/G polymorphism had influenced the presence
and the development of DR in T2D patients. This
meta-analysis revealed that individuals with G allele
and GG genotypes were more susceptible to DR; as
well, a connection was reported between the MCP-1
polymorphism and presence or progression of the DR
(Wang et al. 2016). It was concluded that additional
studies evaluating the MCP-1 and other environmental
factors as well as gene polymorphisms are further re-
quired to elucidate the mechanisms of DR, as it con-
stitutes a multi-genetic marker.

Animal studies and basic foundations

Almost three decades ago, Schroder et al. revealed that
monocytes and macrophages in a rat model could play
a crucial role in the pathogenesis of DR. Particularly,
they showed that the levels of blood monocytes in
short-term diabetic rats had been elevated accompanied
by a respective increase in retinal vessel circulation
(Schröder et al. 1991). Accordingly, it was concluded
that monocytes were the first leukocytes that could
appear extravascularly and mediate early capillary oc-
clusions. There is also evidence that monocytes and
macrophages are involved in the release of angiogenic
factors contributing to further neovascularization. In
addition, macrophages might be able to discharge
chemokines , inducing migra t ion of leukocytes
(Schröder et al. 1991). For example, Dong et al. in a
rodent animal model study reported that up-regulation
of the MCP-1 might be initiated throughout the prima-
ry stage of the DR and further elevated along with the
progression of the disease. Their results also demon-
strated that retinal neurons consisted of the main
sources of the MCP-1 activating retinal microglial,
which was associated with the pathogenesis of DR
(Dong et al. 2012). As well, Das et al. in another

animal study on B6.129P2-Cx3cr16-GFP mice ob-
served increased infiltration of monocytes and ampli-
fied expression of the F4/80 gene (a marker for mono-
cytes and macrophages) in the retinal tissue and ves-
sels following intravitreal injection of recombinant
MCP-1 (Das et al. 2012). Recently, Chen et al. in an
animal model study on diabetic rats treated with quer-
cetin observed no significant differences in the mRNA
and protein expression levels of the MCP-1 between
animals affected with DR and the quercetin treated
group (Chen et al. 2017a, b). Müller’s cells, endothe-
lial cells, and microglial ones in the retina of diabetic
mice could also express the CD40 (Portillo et al.
2014a, b).

Based on the available clinical and experimental
data, secretion of the MCP-1, as a potent chemotactic
factor, by different types of retinal cells and through
attachment to its receptor (CCR2), plays a significant
role in recruitment and accumulation of monocyte/
macrophage, alteration in the retinal vascular perme-
ability, ROS formation, cell injury, inflammation and
ang iogenes i s , a s we l l a s con t r ibu t ion to DR
pathogenesis (Fig. 1 and Table 1).

Therapeutic targets and clinical outcomes

Previous studies reported that the levels of chemokines
had significantly increased in patients with DR and the
MCP-1 was the most frequently added chemokine in
serum and vitreous levels (Elner et al. 1995; El-Asrar
et al. 1997; Capeans et al. 1998). It should be noted
that the MCP-1 plays a pivotal role in vascular inflam-
mation through induction, activation, and recruitment
of monocytes and macrophages (Yap et al. 2017). In
this regard, Rangasamy et al. showed that the knockout
of the MCP-1 gene in diabetic mice had an inhibitory
effect on modifications of the BRB (Rangasamy et al.
2012). Then, it could be possible that the MCP-1 gene
inhibition might prevent BRB alterations in patients
suffering from diabetes. Additionally, transfection of
the IκB mutant as a blocker of the NF-κB activation
(Van Antwerp et al. 1996), could serve as an angio-
genesis inhibitor (Huang et al. 2000; Oitzinger et al.
2001). Accordingly, the possible synergistic inhibition
of the PDR and thus the formation of the ERM could
be succeeded through mixing angiogenic factor
blockers and the NF-κB-specific blocker and/or anti-
sense oligonucleotide (Harada et al. 2006a, b). Based
on a study by Harada et al. (Harada et al. 2006a, b),
the MCP-1 or the CCR2 inhibition could treat DR in
several clinical trials. The CCR2 inhibition also con-
tributed to the treatment of inflammatory diseases; such
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as RA, multiple sclerosis, systemic lupus erythemato-
sus, and atherosclerosis (Xia and Sui 2009).

Furthermore, previous studies showed that vitreous
levels of the VEGF and the MCP-1 had considerably de-
creased following intravitreal injection of ranibizumab
(IVR) (Murugeswari et al. 2014; Yin et al. 2016).
However, the mechanism of ranibizumab in the alteration
of vitreous cytokines’ profile has still remained unclear in
patients with PDR (Zou et al. 2018). Different trophic
factors secreted by glial cells (Harada et al. 2000,
Harada, Harada et al. 2002) might also trigger the enlarge-
ment of ERMs (Mitamura et al. 2005; Harada et al. 2006a,
b). Therefore, glial cells and vascular endothelial cells in
ERMs can be used as novel therapeutic targets in DR.
However, further investigations are required to exactly
determine the activity of the NFκB, the CCR2, and the
MCP-1 in different ERMs and retina resident cells to
draw a conclusion on clinical purposes .

Concluding remarks

Based on the latest data; retinal resident cells includ-
ing endothelial cells, Müller’s cells, microglial cells,
and RPE ones with their own stimulatory effects may
be involved in the neovascularization and inflamma-
tory responses in vitreous and/or aqueous humor of
DR patients through the production of MCP-1.
Moreover, there might be a significant association be-
tween the clinical stages of DR and the expression
levels of inflammatory and angiogenic cytokines and
chemokines, principally the MCP-1. Potential thera-
pies employing specific blockers and also neutralizing
antibodies and viral vectors might be similarly devel-
oped via further explorations of the MCP-1/CCR2 ax-
is. Likewise, understanding the mechanisms of diabe-
tes pathogenesis in detail is required for the possible
control of the DR.

Fig. 1 Involvement of RPE cells, Müller cells in the production of MCP-1
in the retinal inflammation, vascular permeability, and neovascularization
following hyperglycemia and diabetes in DR patients. In addition, MCP-1
is the main factor in the recruitment of monocytes and macrophages into

the retina, and these type of cells are responsible for ROS production and
inflammation. ROS: reactive oxygen species; MCP-1: monocyte chemo-
tactic protein-1; RPE cell: retinal pigment epithelium cell
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Table 1 Demonstrates some clinical studies and their findings determining the association between MCP-1 and diabetic retinopathy

Authors/Year Type of retinopathy Type of Specimen Main techniques Main results

Elner et al.
1995

PDR (n = 30) Vitreous ELISA • A significant increase of MCP-1 in PDR patients

Capeans et al.
1998

PDR (n = 15) Vitreous ELISA • A significant increase of MCP-1 in PDR patients

Matsumoto
et al. 2002

DR (n = 43) Vitreous ELISA • A significant increase of MCP-1 in DR patients

Tashimo et al.
2004

PDR (n = 24) Aqueous humour ELISA • Aqueous MCP-1 levels in PDR patients were higher than DR
patients

Hernandez
et al. 2005

PDR (n = 22) Vitreous ELISA •MCP-1 was strikingly higher in diabetic patients with PDR in
compare to the control group

El-Asrar et al.
2006

PDR (n = 88),
RD(n = 57)

Vitreous humor and
serum

ELISA • MCP-1 levels in vitreous humor samples from patients with
active PDRwere significantly higher than in rhegmatogenous
retinal detachment (RD)

• MCP-1 levels in vitreous humor samples were significantly
higher than in serum samples

Harada et al.,
2006a, b

PDR (n = 19), ERM
(n = 16)

Epiretinal
membrane and
cultured Muller
cells

IHC • A significant increase of MCP-1 protein expression in PDR
compared with idiopathic ERMs (control group)RT-PCR

ELISA • Immunohistochemical analysis showed that MCP-1 protein is
colocalized with active form of NF-kB p50

Murugeswari
et al. 2008

PDR (n = 25),
macular hole
(MH)(n = 25)

Vitreous ELISA • A significant increase of MCP-1 in PDR patients than in MH
patients (control group)

Ozturk et al.
2009

PDR (n = 46) and
DR (n = 49)

Serum multiplex bead
immunoassay

• A significant increase of MCP-1 in DR and PDR patients than
in control

• Serum levels of MCP-1 presented a statistically significant
increase with the development of DR

El-Asrar et al.
2011

PDR (n = 29) Vitreous ELISA • MPC-1 levels were around twofold higher in active PDR pa-
tients in compare to inactive PDR patients

Wakabayashi
et al. 2011

DR (n = 41) Vitreous Flow cytometry
(Cytometric Bead)
Array Flex
immunoassay

• A significant increase of MCP-1 in active DR patients com-
pared with inactive diabetic patients

Suzuki et al.
2011

PDR (n = 76), ERM
and macular hole
(n = 23)

Vitreous array system (Bio-Plex) • A significant increase of MCP-1 in PDR group than in ERM
and macular hole (control group)

Zhou et al.
2012

PDR (n = 62) Vitreous ELISA • A significant increase of MCP-1 in PDR patients

Nawaz et al.
2013

PDR (n = 40) Vitreous ELISA • A significant increase of MCP-1 in PDR patients

Yoshida et al.
2015

PDR (n = 36) Vitreous Flow cytometry
(cytometric bead array
technology)

• A significant increase of MCP-1 in PDR patients

Sassa et al.
2016

PDR (n = 21) Vitreous ELISA • The MCP-1 level was significantly elevated at the time of
second surgery compared with the first vitrectomy.

Reddy et al.
2017

PDR (n = 35) and
DR (n = 35)

Serum ELISA • A significant increase of MCP-1 in DR and PDR patients than
in control

El-Asrar et al.
2017

PDR (n = 47) Vitreous ELISA • A significant increase of MCP-1 in PDR patients

Chen et al.,
2017a, b

PDR (n = 52) Aqueous humor,
serum

Multiplex bead
immunoassay

• There was no significant differences between patients groups
(DR and PDR) and non diabetic patientsDR (n = 49)

Yu et al. 2017 PDR (n = 10) Undiluted vitreous
humor

ELISA •MCP-1 level was significantly lower in PDR eyes compared to
non diabetic patients

PDR; proliferative diabetic retinopathy; DR: diabetic retinopathy; ERM: epiretinal membrane; ELISA: enzyme-linked immunosorbent assay; IHC:
Immunohistochemistry; RT-PCR: Real time PCR
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