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Purpose: This study aimed to investigate the concentrations of cytokines and chemokines in
diabetic macular edema (DME) eyes before and during therapy with the intravitreal injection
of conbercept (IVC) and to identify associations with disease activity.

Methods: The Bio-Plex® 200 System and the Bio-PlexTM Human Cytokine Standard 27-Plex,
Group I (Bio-Rad, Hercules, California, USA) were used to detect cytokine levels in aqueous
humour. Experimental aqueous humour samples were collected from 18 patients with DME at
the same time that IVC was performed at baseline and at 1 month. Control aqueous humour
samples were collected from 16 patients undergoing cataract surgery.

Results: Significantly higher concentrations of vascular endothelial growth factor (VEGF),
interleukin 6 (IL-6), IL-8, eotaxin, granulocyte colony stimulating factor (G-CSF), interferon
gamma-induced protein 10 (IP-10), and monocyte chemoattractant protein-1 (MCP-1) were
found in the aqueous humour of DME patients than cataract patients. One month after IVC,
the intraocular concentrations of VEGF were significantly lower in the eyes of DME patients
than at baseline. No other cytokines were significantly altered by conbercept therapy. Best-
corrected visual acuity (BCVA) slightly improved following IVC compared with that at
baseline, although this difference was not significant, and central macular thickness (CMT)
significantly decreased 1 month after IVC treatment.

Conclusion: Angiogenic, inflammatory and growth factors are involved in the development
of DME. With the exception of VEGF, IVC did not cause significant differences in any
inflammatory cytokines or growth factors in DME patients. CMT is related to VEGF levels
in aqueous humour.
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Introduction

Diabetic macular edema (DME) is a major cause of visual impairment in diabetic
patients with diabetic retinopathy (DR) in economically developed societies.'"
Vascular endothelial growth factor (VEGF) is an important angiogenic factor and
plays an important role in the pathogenesis of DME; therefore, anti-VEGF treatments
for DME have been developed.®* Currently, there are many anti-VEGF drugs, such
as bevacizumab, ranibizumab, and aflibercept, that show some slight differences in
terms of their ability to block VEGF isoforms; the efficacy of these drugs is similar in
DME patients, causing relative vision improvements.>® Conbercept is a fusion
protein comprising extracellular domain-2 of vascular endothelial growth factor
receptor (VEGFR)-1 and extracellular domain-3 and 4 of VEGFR-2.” Conbercept
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has a superior binding affinity to VEGF than ranibizumab.®
Studies have shown that anti-VEGF treatment effectively
improved visual acuity (VA) and reduced macular thickness
in DME patients.” Unfortunately, some patients showed no
significant improvement or experienced the recurrence of
DME despite monthly intravitreal anti-VEGF therapy.'’
Therefore, mechanisms other than VEGF may contribute
to DME in DR.

There has been an increasing amount of evidence showing
that inflammation contributes to the pathogenesis of DR.'"*'?
DME formation is driven by the breakdown of the blood-
retina barrier and the consequent vascular leakage and thick-
ening of the retina, thus causing thickening, macular malfunc-
tion, and visual impairment.'® Cellular events such as the
increased expression of inflammatory mediators, leucostasis,
and abnormal leukocyte adherence result in increased vascular
permeability in the pathogenesis of DME.'"*" It has been
reported that the levels of VEGEF, interleukin (IL)-6, IL-8,
(ICAM-1),
gamma-induced protein-10 (IP-10), and monocyte chemoat-

intercellular adhesion molecule-1 interferon
tractant protein-1 (MCP-1) are increased in DME patients
compared with diabetic patients without DME.'® However,
the exact mechanisms and reasons for the response to anti-
VEGF in DME patients
Accordingly, this study investigated the cytokine profiles in

treatment remain unclear.

the aqueous humour of patients with DME and investigated
the effect of therapy with the intravitreal injection of conber-
cept (IVC) on angiogenic and inflammatory cytokines.

Materials and Methods

Subjects
This
Ophthalmology, Shanghai Tenth People’s Hospital affiliated

study was conducted at the Department of
with Tongji University School of Medicine. This study was
approved by the Research Ethics Committee, Shanghai Tenth
People’s Hospital affiliated with Tongji University School of
Medicine, Shanghai, China. The procedures conformed to the
tenets of the Declaration of Helsinki. Written informed consent
was obtained from each participant for all examinations and
procedures.

We included patients who were treated with IVC from
September 2017 to January 2019. All patients received an
intravitreal injection of 0.05 mL (0.5mg) conbercept
(Chengdu Kanghong Biotechnologies Co., Ltd.; Chengdu,
Sichuang, China). Reference samples were obtained from
patients undergoing cataract surgery. The inclusion criteria
for DME were as follows: (1) diffuse ME based on fundus

fluorescein angiography (FFA), (2) a decrease in VA, (3)
CMT greater than 250 pm based on optical coherence
tomography (OCT) and (4) a follow-up visit at least
1 month after IVC. The exclusion criteria were as follows:
(1) previous ocular surgery; (2) glaucoma, vitreous haemor-
rhaging or tractional retinal detachment (TRD) before IVC;
(3) prior injections with medications; and (4) macular
edema (ME) caused by any retinal condition other than DR.

Fundus Findings

Ophthalmic examinations were performed before and after
IVC. Examinations included a best-corrected visual acuity
(BCVA) test using manifest refraction, the Logarithm of
the Minimum Angle of Resolution (logMAR) VA chart,
slit-lamp examinations, fundus examinations and FFA,
which was assessed using a fundus camera (TRC-50EX;
Tokyo Optical, Tokyo, Japan). CMT was calculated as the
distance from the inner limiting membrane to the basal
membrane of the retinal pigment epithelium. CMT was
defined as the value of a 1-mm central area based on
OCT (Zeiss-Humphrey, Dublin, California, USA).

Sample Collection

All patients with DR received intravitreal injections of 0.05 mL
(0.5 mg) conbercept. Aqueous humour samples were taken at
the same time that IVC was performed at baseline and at 1
month. A mean volume of 200 pL aqueous humour was
collected via anterior chamber paracentesis. Immediately
after collection, aqueous humour samples were transferred to
sterile plastic tubes and were stored at minus 80°C until ana-
lysis. Control aqueous samples were collected from sixteen
patients undergoing routine cataract surgery by limbal para-
centesis, and the samples were frozen and stored at minus
80°C.

Measurement of Cytokines

The Bio-Plex® 200 System and Bio-Plex™ Human Cytokine
Standard 27-Plex, Group I (Bio-Rad, Hercules, California,
USA) were used according to the manufacturer’s instructions
to analyse aqueous humour samples. The selection of cyto-
kines for detection was based on previous studies.'®'” The
following cytokines were analysed: platelet-derived growth
factor bb (PDGFF-bb), interleukin-1 beta (IL-1pB), interleu-
kin-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-15 and IL-17,
eotaxin, basic fibroblast growth factor (FGF basic), granulo-
cyte colony stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), interferon
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gamma (IFN)-y; IP-10, MCP-1, macrophage inflammatory
protein 1 alpha and 1 beta (MIP-1a and MIP-1p), regulated
on activation T cell expressed and secreted (RANTES);
tumour necrosis factor alpha (TNF-a), and VEGF.

Statistical Analysis

SPSS V.19.0 for Windows (SPSS, Chicago, Illinois, USA)
was used to analyse the data. A one-sample Kolmogorov—
Smirnov test was used to examine whether the samples were
normally distributed. A Student’s #-test was employed to
compare normally distributed, unpaired, continuous vari-
ables between the two groups. The Mann—Whitney U-test
was used for variables with a skewed distribution. The »*
test or Fisher’s exact test was performed to compare discrete
variables. Spearman’s rank-order correlation coefficients or
Pearson’s correlation coefficients were calculated to exam-
ine the relationships among the variables. P<0.05 was
defined as statistically significant.

Results

Baseline Characteristics and Patient
Demographics

This study consisted of 34 patients, which included 18
patients in the DME group and 16 non-retinal disease
patients with cataracts (the control group). As shown in
Table 1, the general clinical characteristics, such as age,
sex and the proportion of patients with hypertension, were
not significantly different between the DME group and the
control group (p>0.05). The mean duration of DME symp-
toms was 12.48 months (Table 1).

Influence of Conbercept Treatment on
Clinical Parameters

As shown in Table 2, BCVA slightly improved following
IVC compared with baseline, although this difference was
not significant (p=0.10). In patients with DME, the mean

Table | Demographic Characteristics of the Patients in the DME
and Control Groups

DME Control p value
(n=18) (n=16)
Age, years 57.72+6.81 | 63.94+3.85 0.18
Gender (female), % 44.44 43.81 0.97
With hypertension, % 33.33 25 0.72
Duration of symptoms, months | 12.48+4.03 | NA NA

Notes: The data are presented as the mean+SD, number (%) or median (range).
Abbreviations: DME, diabetic macular edema; NA, not applicable.

baseline CMT was 609.06 pum, and this value decreased to
412.50 um 1 month after treatment (p=0.0047). In the
DME group, no patients in the control or IVC groups
experienced vitreous haemorrhage, rubeosis iridis, fibro-
neovascular membranes or TRD.

Concentrations of Cytokines at Baseline
The measurement of aqueous humour cytokine levels showed
that there were significantly higher concentrations of IL-6,
IL-8, eotaxin, G-CSF, IP-10, MCP-1, and VEGF in the DME
group than in the control group. The levels of IL-1ra, IL-7,
IL-7, IL-9, eotaxin, G-CSF, MIP-10, and MIP-1 were not
different between the DME group and the control group. The
concentrations of the other cytokines were outside of the
range of the minimum detectable concentrations (Figure 1).

We also assessed the significance of relationships
among the cytokine levels in aqueous humour before
IVC in DME. There were significant correlations between
the level of IL-6 and the levels of IL-8, eotaxin, G-CSF,
and MCP-1. There were also significant correlations
between the level of IL-8 and the levels of eotaxin and
MCP-1. Furthermore, there were significant correlations
between the level of eotaxin and the levels of IP-10 and
MCP-1. However, there was no significant correlation
between the levels of VEGF and those of IL-6, IL-8,
eotaxin, G-CSF, IP-10, and MCP-1 (Table 3).

Changes in Cytokine Levels During

Treatment

The intraocular concentrations of VEGF significantly
decreased in DME eyes one month after the first IVC
treatment compared with those at baseline (p<0.0001).
All other cytokines were unaffected by conbercept therapy,

Table 2 Clinical Characteristics of the Patients in the DME Group

DME Before DME After p value
IvC Ivc
BCVA (logMAR) 0.89+0.31 0.71£0.31 0.10
CMT (um) 609.06+218.47 412.50+168.26 | 0.0047*
Vitreoretinal condition, no.
Vitreous haemorrhage 0 0 -
Rubeosis iridis 0 0 -
Fibroneovascular 0 0 -
membranes
TRD 0 0 -

Notes: The data are presented as the meanzSD or numbers. *Indicates p<0.05.
Abbreviations: BCVA, best corrected visual acuity; CMT, central macular thickness;
DME, diabetic macular edema; IVC, intravitreal injection of conbercept; logMAR,
logarithm of the minimum angle of resolution; TRD, tractional retinal detachment.
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Figure | Clinical characteristics of the patients in the DME group. *Indicates DME vs control: p<0.05.

but some cytokine levels were outside of the range of the
minimum detectable concentrations (Figure 2).

The decrease in VEGF levels was associated with
a decrease in CMT and an improvement in VA one
month after the first IVC treatment. There were signif-
icant correlations between the level of VEGF and CMT
(r=0.504, p=0.033) (Figure 3A). There were no signifi-
cant correlations between the level of VEGF and
BCVA (1=0.455, p=0.058) (Figure 3B). There were
also no significant correlations between the level of
CMT and BCVA (r=0.256, p=0.304) (Figure 1C).
A representative case of the response of a patient
with DME to IVC therapy, as documented by fundus
photography, OCT, BCVA, and VEGF concentrations,
is shown (Figure 4).

Discussion

In the present study, we demonstrated that the aqueous
humour levels of IL-6, IL-8, eotaxin, G-CSF, IP-10, MCP-
1, and VEGF were significantly higher in eyes with DME
than in control eyes with cataracts. IL-6 is a multifunctional
cytokine that plays an important role in the induction of acute
inflammatory responses and the regulation of immune
processes.”’ IL-8 also plays a pivotal role in the regulation
of the acute inflammatory response to invading pathogens.?'
Eotaxins belong to a family of chemokines, and these small
secreted peptides are important immune modulators that act
as potent chemoattractants for eosinophils and other types of
cells.?> G-CSF is a haemopoietic growth factor that promotes
the survival, proliferation, differentiation, and function of
granulocytes. G-CSF also increases the number of circulating

Table 3 Correlations Between Aqueous Humour Factors Before IVC in DME

Variable IL-6 IL-8 Eotaxin G-CSF IP-10 MCP-I VEGF
r r r r r r r
p value p value P value p value p value p value p value
IL-6 0.618 0.644 0.739 0.459 0.855 0.544
0.019% 0.013%* 0.003* 0.098 <0.00* 0.130
IL-8 0.600 0.139 0.130 0.705 0.151
0.023%* 0.637 0.659 0.005%* 0.699
Eotaxin 0411 0.587 0.609 0.460
0.144 0.027%* 0.021* 0.213
G-CSF 0.480 0.532 0.510
0.083 0.050 0.160
IP-10 0.405 0.126
0.154 0.748
MCP-1 0.159
0.683

Note: *Indicates p<0.05.

Abbreviations: IL, interleukin; IP-10, interferon gamma-induced protein 10; MCP-1 monocyte chemoattractant protein-|; VEGF, vascular endothelial growth factor.
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leukocytes and changes the human immune system.** IP-10
is secreted by several cell types, such as monocytes, endothe-

lial cells, and fibroblasts. IP-10 is a potent chemoattractant

that induces the migration of monocytes and activates T-cells
during inflammation.*** MCP-1, also referred to as chemo-
kine (C-C motif) ligand 2 (CCL2), plays a critical role in

BCVA | CMT | VEGF

' |lbaseline| 0.05 | 630 |220.30
BCVA | CMT | VEGF

month 1 010 | 307 | 6.89

Figure 4 Patient presenting with DME. Intravitreal injections at baseline and | month. VEGF levels are given in picograms/millilitre.Abbreviations: BCVA, best-corrected
visual acuity (logMAR); CMT, central macular thickness (micrometres).
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monocyte recruitment to the vessel wall after vascular
injury.26 Together, IL-6, IL-8, eotaxin, G-CSF, IP-10 and
MCP-1 act as acute mediators of inflammatory changes and
play vital roles as immune modulators. VEGF increases
vascular permeability and is implicated in neovasculariza-
VEGF in DME
development.”’® Large clinical studies have demonstrated
that anti-VEGF therapy improves DME.?* ! The use of anti-
VEGEF agents as a treatment for DME is recommended as

tion. also plays a critical role

a first-line treatment for centre-involving DME.*? Our results
suggest that inflammatory factors and VEGF play important
roles in the pathogenesis of DME, and these results are in
accordance with the results of previous studies.'”

We also found that the baseline levels of IL-6, IL-8,
eotaxin and MCP-1 were significantly correlated with each
other in DME. There was also a correlation between the
baseline levels of aqueous IL-6 and G-CSF in DME
patients. A study showed that the baseline levels of aqu-
eous VEGF were related to IL-6 and IL-8 in DME.*
However, we did not observe an association between
VEGF and the baseline levels of IL-6 or IL-8 in aqueous
humour in DME in our study. Therefore, the relationship
between the levels of VEGF and inflammatory factors in
DME needs further study. These findings suggest the vital
role of further investigations into the relationships among
inflammatory factors, growth factors, VEGF, and cyto-
kines in DME, and these factors may contribute to
a better understanding and treatment of this disease.

Currently, the use of anti-VEGF agents as a treatment
for DME is increasing worldwide, and these agents are
now widely considered to be the gold standard treatment
for DME.® There are many anti-VEGF agents, such as
bevacizumab, ranibizumab, aflibercept and conbercept.
Conbercept is a fusion protein comprising the extracellular
domain-2 of VEGFR-1 and the extracellular domain-3 and
4 of VEGFR-2. Conbercept has a high affinity for placen-
tal growth factor, which can act as a chemotactic, mito-
genic, or vascular permeability factor in endothelial
cells.** Clinical studies have demonstrated that conbercept
has good efficacy for improving VA and decreases macular
thickness in patients with DMR.* In our study, we also
found that BCVA slightly improved following IVC com-
pared with baseline, although this difference was not sig-
nificant, and CMT significantly decreased 1 month after
IVC treatment. CMT significantly decreased and BCVA
slightly increased after IVC treatment for DME, which
may have been due to our small sample size and needs
further study.

To our knowledge, this is the first study to show
a significant impact of intravitreal conbercept on the levels
of various cytokines in DME. In our study, we found that
conbercept therapy reduced only VEGF concentrations with-
out significantly changing the levels of other inflammatory
cytokines. This effect of conbercept is similar to that of
bevacizumab in the treatment of DME.**° However, rani-
bizumab treatment reduces not only the levels of VEGF but
also the levels of several other inflammatory cytokines.'’
This finding suggests that although IVC treatment for
patients with DME has considerable benefits, conbercept
seems to have limited effects on inflammatory mediators.
Therefore, a multiple treatment approach seems reasonable
to increase the therapeutic effectiveness.

An additional finding from this study was that the
decrease in VEGF levels was associated with a decrease
in CMT one month after the first IVC treatment in DME
patients. However, there were no significant correlations
between the decrease in VEGF levels and the improvement
in BCVA one month after the first IVC treatment. There
were also no significant correlations between the decrease
in CMT and the improvement in BCVA one month after the
first IVC treatment. The evidence of a direct correlation
between CMT and VEGF levels in response to IVC therapy
highlights the value of the OCT parameter for guiding
VEGF inhibitory therapy and retreatment regimens.

This study had several limitations. First, aqueous humour
is currently the most commonly used intraocular specimen
for the study of retinal diseases, but vitreous fluid, as an index
of primarily posterior segment pathology, should be consid-
ered the ideal sample in such cases.'****! However, aqueous
sampling is less invasive than vitreous fluid sampling.
Therefore, aqueous humour is considered the most appropri-
ate biological sample for examining the intraocular biomar-
kers of DME.*** Furthermore, the number of samples was
relatively small in our study, and significant differences in
cytokine levels may have been undetectable. Finally, the
present study was a retrospective comparative study, and
the significant results observed here need to be verified in
further prospective studies. However, our study on the use of
conbercept aimed to provide initial evidence on which cyto-
kines and chemokines are detectable, which seems to be of
particular interest for further research.

Conclusions

In conclusion, we showed differences in various cytokines
in the aqueous humour of DME patients compared with
that of control patients. Furthermore, our study, for the first
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time, indicates that IVC reduces the levels of VEGF with-
out significantly changing the levels of other inflammatory
cytokines or growth factors. The decrease in VEGF levels
was associated with a decrease in CMT after the first [IVC
treatment in DME patients. These findings may contribute
to a better understanding of the mechanism of DME and to
the development of new treatments.
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