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Objective: To investigate the concentrations of cytokine and chemokines profiling in 
aqueous humor for choroidal neovascularization (CNV) due to neovascular age-related 
macular degeneration (nAMD) before and during Intravitreal injection of ranibizumab 
(IVR) and its relation with the disease’s active state.
Methods: The cytokine levels in aqueous humour were detected by the Bio-Plex® 200 
System and the Bio-Plex™ Human Cytokine Standard 27-Plex, Group I. Aqueous humour 
samples of experimental group were collected from 19 patients diagnosed nAMD at baseline 
and at 1 month after IVR. Aqueous humour samples of control group were collected from 20 
patients undergoing cataract surgery.
Results: Aqueous humor levels of basic fibroblast growth factor (basic FGF) and RANTES 
were significantly lower in nAMD patients than in the control group (P=0.044 and P<0.001, 
respectively). Vascular endothelial growth factor-A (VEGF-A) was significantly higher in 
nAMD patients than in the control group (P < 0.001). The average Eotaxin levels were 
significantly higher in nAMD patients after IVR than before (P=0.03). Contrarily, the average 
VEGF-A levels were significantly lower in AMD patients after IVR than before (P < 0.001).
Conclusion: Angiogenic, growth factors and inflammatory are involved in the formation of 
neovascularization of AMD patients. IVR did not cause significant differences in any growth 
factors or inflammatory cytokines in nAMD patients with the exception of VEGF.
Keywords: choroidal neovascularization, CNV, neovascular age-related macular 
degeneration, nAMD, ranibizumab, cytokines

Introduction
Choroidal neovascularization (CNV) is a major cause of visual impairment in 
neovascular Age-related macular degeneration (nAMD) patients in developed 
countries.1–3 A variety of angiogenic, anti-angiogenic and inflammatory cytokines 
are involved in the occurrence and development of neovascularization. One of the 
most important molecules among the angiogenic cytokines is the vascular endothe-
lial growth factor (VEGF). Fortunately, remarkable progress has been made in the 
treatment of nAMD with the introduction of anti-VEGF therapy, such as aflibercept, 
bevacizumab and ranibizumab.

Ranibizumab was first approved for the treatment of visual impairment from nAMD 
in 2006 which is a recombinant, humanized Fab fragment (48 kDa) with the Fc fragment 
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removed from the parent molecule.4 It has exhibited high 
systemic safety, rapid systemic clearance and increased affi-
nity for all isoforms of the VEGF-A molecule. Studies have 
shown that vision impairment can be improved and the leak-
age from CNV can be decreased by ranibizumab.5–8

Unfortunately, this treatment is not always effective. In 
addition, the concentration of many cytokines, especially 
VEGF, changed before and after anti-VEGF treatment.9 

Inflammatory cytokines are postulated to play a role in the 
pathogenesis of nAMD.10–12 Therefore, it is immediately 
to know how the cytokines change in aqueous humor 
before and after intravitreal injection of ranibizumab 
(IVR). Studying cytokines in the aqueous humor of 
patients with nAMD would help us to understand the 
disease mechanisms and guide treatment strategies.

Materials and Methods
Setting and Design
This study was conducted in the Department of 
Ophthalmology, Shanghai Tenth People’s Hospital 
affiliated with Tongji University School of Medicine. 
This was a cross-sectional study comparing cytokine pro-
files of aqueous humor in 19 patients with nAMD and 20 
cataract patients. The study was approved by the Research 
Ethics Committee of Shanghai Tenth People’s Hospital 
(ClinicalTrials.gov:ChiCTR2000036296) and abides by 
the principles of the Declaration of Helsinki. All patients 
who participated in the examinations and procedures 
signed informed consent.

Clinical Diagnosis of nAMD
All patients included in the study underwent a unified 
diagnosis by three retina specialists. Fundus imaging 
including color fundus photographs (CFP), optical coher-
ence tomography (OCT), fundus fluorescein angiography 
(FFA) and indocyanine green angiography (ICGA) were 
performed in all AMD patients. FFA and ICGA showed 
early fluorescence staining and late fluorescence leakage in 
the macular area. Data on refractive error and intraocular 
pressure (IOP) were collected in two groups.

Inclusion Criteria
Several inclusion criteria are as follows: 1) subjects over 
65 years of age who signed the informed consent and were 
willing to provide a sample of aqueous humor; 2) patients 
with active CNV secondary to AMD were required to 
undergo anti-VEGF therapy. Control subjects (>50 years 

of age) were patients undergoing cataract surgery without 
retinal disease and systemic immune disease.

Exclusion Criteria
Several exclusion criteria are as follows: 1) patients who have 
received various intraocular therapies in the past three 
months; 2) patients with active ocular or systemic infections; 3) 
patients with pathological myopia, polypoidal choroidal vas-
culopathy, diabetic retinopathy, or other intraocular diseases; 4) 
patients who were allergic to fluorescein sodium and indocya-
nine green; 5) patients with systemic immune diseases.

Intervention of IVR
Before nAMD patients entered the operating room, Alcaine 
eye drop from Alcon, Inc were applied twice. Subsequently, 
the patient was laid on the operating table 0.5% povidone- 
iodine (Shanghai Likang Co, Ltd.) was used for the local 
disinfection of the eye, followed by the disinfection of the 
eyelash with normal protection. Then, the eyelid opener was 
used for opening the eyes, and 0.05% povidone-iodine was 
used to rinse the conjunctival sac. After 60s, 2% Lidocaine 
was used to rinse the conjunctival sac, then, 0.05 mL of 
Lucentis (Novartis Pharma Schweiz, AG) was injected into 
the vitreous cavity by inserting a needle 4 mm behind the 
corneoscleral junction. After the needle was pulled out, 
hemostasis by compression was performed for 1–3 min-
utes.Following the operation, TobraDex ointment was 
applied to the conjunctival sac, and the operative eye was 
covered. The re-examination was performed at the next day.

Collection of Aqueous Humor
During the time of intravitreal injection, approximately 100 
μL of aqueous humor was collected aseptically from patients 
using an insulin syringe by paracentesis of the anterior 
chamber of the corneal limbus. During cataract surgery, 
100 μL of aqueous humor was also collected in a similar 
manner. After the collection, clinical samples were immedi-
ately transferred into pre-labeled sterile 1.5 mL Eppendorf 
tubes and stored in a −80°C freezer until final analysis. The 
time of 2nd and 3rd collection of aqueous humor was at the 
2nd month and 3rd month. The method used was same as the 
first time. We added this expression into the manuscript.

Cytokine Profiling by Bio-Plex® 200 
System
Aqueous humor samples were thawed on ice and centrifuged at 
3000 rpm for 5 minutes. Aqueous humor samples were 
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analyzed using a Bio-Plex® 200 System and Bio-Plex™ 
Human Cytokine Standard 27-Plex, Group I (Bio-Rad, 
Hercules, California, USA). The selection of cytokines is 
based on our previous research and related literature. 27 cyto-
kines and chemokines were analyzed:, interleukin-1 beta (IL- 
1β), interleukin-1 receptor antagonist (IL-1ra), IL −2, IL-4, IL- 
5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15 and IL-17, 
platelet-derived growth factor bb (PDGFF-bb) Eotaxin, basic 
fibroblast growth factor (basic FGF), granulocyte colony- 

stimulating factor (G-CSF), interferon-gamma (IFN-γ), gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF), 
interferon-gamma-induced protein 10 (IP-10), monocyte 
chemo-attractant protein 1 (MCP-1), macrophage inflamma-
tory protein 1α and 1β (MIP-1α, MIP-1β), regulated upon 
activation normal T cell expressed and secreted (RANTES), 
tumour necrosis factor-alpha (TNF-α), and VEGF.

Statistical Analysis
All statistical analysis was performed using SPSS V.20.0 for 
Windows (SPSS, Chicago, Illinois, USA). Because of the 
small sample size, normality was determined by the 
Shapiro–Wilk test. If the sample conformed to a normal 
distribution, Student’s t-test was used to compare non- 
paired continuous variables. If not, the Friedman test was 
used to compare them. The comparison of determination 
values before and after administration was evaluated by 
One-way repeated-measures ANOVA. Spearman’s rank- 
order correlation coefficient or Pearson’s correlation coeffi-
cient was calculated to examine the relationships among the 
variables. P< 0.05 was showed to be statistically significant.

Results
Baseline Characteristics and Patient 
Demographics
Of the 19 cases with nAMD, the mean age was 71.15 
±7.92 years old (mean±SD) and the control group was 
73±7.55 years old. The male and female ratios of the 

Table 1 Baseline Demographics of the nAMD Group and the 
Control Group

Demographics nAMD 
Group

Control 
Group

Number of subjects 19 20

Age (y) 71.15±7.92 73±7.55

Sex (male:female) 14:5 11:9

BCVA(logMAR) 0.53±0.15 0.92±0.59

Refractive diopter (D) −327.68 

±184.16

−316.67 

±175.60

Mean IOP (mmHg) 13.84±2.89 15.33±1.53

CMT(μm) 275.47±75.99 148.33±11.02

Inner Thickness(ILM-IPL, μm) 45.21±13.70 51.33±10.02

Hypertension(numbers of 

subjects)

8 5

Figure 1 Mean Concentrations  of Aqueous Humor Cytokines (IL-5, IL-6, IL-8, Eotaxin, FGF, CSF, MIP-1α, MIP-1β, RANTES) in the control group and nAMD patients group. 
Data shown are mean ± SE. *Indicates control vs nAMD p<0.05.
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nAMD group and control group were 14:5 and 11:9 
respectively. The baseline characteristics of patients are 
in Table 1.

Concentrations of Cytokines at Baseline
Of the 27 cytokines tested in each sample, 14 cytokines 
(IL-1ra, IL-5, IL-6, IL-8, Eotaxin, basic FGF, G-CSF, 

Figure 2 Mean Concentrations  of Aqueous Humor Cytokines (VEGF, IL-ra, IFN, IP-10, MCP-1) in the control group and nAMD patients group. Data shown are mean ± SE. 
*Indicates control vs nAMD: p<0.05.

Table 2 Mean Concentrations and Fold Change of Aqueous Humor Cytokines in nAMD Group and Control Group

Analytes (pg/mL) Mean Concentrations in nAMD Mean Concentrations in Controls Fold Difference P

IL-1ra 53.13±43.21 50.05±29.70 1.06 0.908

IL-5 3.89±2.06 2.35±0.96 1.66 0.228

IL-6 2.38±6.63 5.14±4.29 0.46 0.497

IL-8 4.27±3.23 2.60±0.29 1.64 0.391

Eotaxin 3.66±1.45 2.03±1.13 1.80 0.078

Basic FGF 2.99±1.06 4.41±1.04 0.68 0.044*

G-CSF 4.21±2.61 3.28±0.67 1.28 0.554

IFN-g 42.68±27.06 21.56±6.15 1.98 0.202

IP-10 464.84±294.80 188.35±55.56 2.47 0.128

MCP-1 209.89±100.52 135.14±24.78 1.55 0.223

MIP-1α 0.39±0.33 0.34±0.20 1.15 0.810

MIP-1β 5.07±2.34 7.27±2.15 0.70 0.143

RANTES 2.17±0.36 5.38±3.05 0.40 <0.001*

VEGF-A 68.13±24.31 22.64±3.93 3.01 <0.001*

Notes: The concentration of cytokine between the two groups was compared with the independent t-test; values are in pg/mL; *P < 0.05.
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IFN-g, IP-10, MCP-1, MIP-1α, MIP-1β, RANTES, 
VEGF-A) had detection rates of more than 50% in the 
aqueous humor. Several cytokines including IL-1ra, IL- 
5, IL-6, IL-8, Eotaxin, G-CSF, IFN-g, IP-10, MCP-1, 
MIP-1α, MIP-1β had no significant differences in aqu-
eous humor between the nAMD group and the control 
group. The concentrations of basic FGF and RANTES 
in aqueous humor were significantly lower in the AMD 
cohort than controls (p=0.044 and P<0.001, respectively; 
Figure 1). Concentrations of VEGF-A in aqueous humor 
were significantly higher in the AMD cohort than con-
trols (P < 0.05; Figure 2). We noticed that basic FGF, 
RANTES, VEGF-A showed a 0.68-fold, 0.05-fold 
decrease and 3.01-fold increase in the AMD cohort 
compared to the controls respectively.For details see 
attached Table 2.

Changes in Fudus Imaging During 
Treatment
Subretinal hemorrhage and exudation were showed on 
colour photography and optical coherence tomography. 
Optical coherence tomography angiography showed 

choroidal new vessels before IVR. Subretinal hemorrhage 
and exudation were decreased on colour photography and 
optical coherence tomography. Optical coherence tomo-
graphy angiography showing choroidal new vessels was 
shrinked after IVR (Figures 3 and 4).

Changes in Cytokine Levels During 
Treatment
The concentrations of the aqueous humor cytokine Eotaxin 
were significantly higher in the AMD cohort than pre-IVR 
patients.(P=0.03). Concentrations of aqueous humor cyto-
kine VEGF-A were significantly lower in the AMD cohort 
than pre-IVR patients (P < 0.001). For details see attached 
Table 3.

The expression level of IL-1ra was correlated with IP- 
10 and MIP-1β before IVR (p=0.05 and p=0.036, respec-
tively). The expression level of IL-6 was correlated with 
IFN-g and MCP-1 before IVR (P=0.026 and P=0.041, 
respectively). The expression level of IL-8 was correlated 
with G-CSF, IFN-g, MCP-1, MIP-1α, MIP-1β and 
RANTES before IVR (all P<0.01). The expression level 
of Eotaxin was correlated with IFN-g, IP-10, and MCP-1 

Figure 3 Fudus imaging of nAMD patient 1 before and after IVR. Subretinal hemorrhage and exudation on colour photography (A), optical coherence tomography (B and 
C) and optical coherence tomography angiography showing choroidal new vessels before IVR (D). Subretinal hemorrhage and exudation was decreased on colour 
photography (E), optical coherence tomography (F and G) and optical coherence tomography angiography showing choroidal new vessels were shrinked after IVR (H).
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before IVR (P=0.014, P=0.001, and P=0.038, respec-
tively). The expression level of G-CSF was correlated 
with MCP-1, MIP-1α and RANTES before IVR 
(P=0.045, P=0.028 and P<0.001, respectively). The 
expression level of IFN-g was correlated with IP-10, 
MCP-1, MIP-1α, and MIP-1β before IVR (P=0.002, 
P<0.001, P=0.013 and P=0.049, respectively). The expres-
sion level of MCP-1 was correlated with MIP-1α and MIP- 
1β before IVR (P=0.011 and P=0.038, respectively). The 
expression level of IP-10 was correlated with MCP-1 
before IVR (P =0.014). The expression level of MIP-1α 
was correlated with MIP-1β before IVR (P < 0.001). The 
inner thickness of the retina was correlated with MIP-1α 
before IVR (P=0.009). For details see attached Table 4.

The expressions of various cytokines were correlated 
in aqueous humor of nAMD patients after the 1st IVR. 
The expression level of IL-1ra and VEGF-A were corre-
lated after 1st IVR (P=0.004). The expression level of IL-5 
and RANTES were correlated after 1st IVR (P=0.021). 
The expression level of IL-6 and IL-8 as well as MIP-1α 
were correlated after 1st IVR (P=0.003 and p=0.01, 

respectively). The expression level of IL-8 was correlated 
with G-CSF, IFN-g, MCP-1, MIP-1α, MIP-1β, and 
RANTES after 1st IVR (P=0.014, P=0.012, P=0.019, 
P<0.001, P<0.001, P=0.016, respectively). The expression 
level of Eotaxin was correlated with IP-10 and VEGF-A 
after 1st IVR (P=0.04 and P=0.031, respectively). The 
expression level of G-CSF and MIP-1α was correlated 
after 1st IVR (P=0.006). The expression level of IFN-g 
and IP-10, MCP-1, MIP-1αas well as MIP-1β were corre-
lated after 1st IVR (P=0.029, P<0.001, P=0.016 and 
P=0.015, respectively). The expression level of IP-10 and 
MCP-1 were correlated after 1st IVR (P=0.031). The 
expression level of MCP-1 and MIP-1α, as well as MIP- 
1β were correlated after 1st IVR (P=0.039 and P=0.031 
respectively). The expression level of MIP-1α and MIP-1β 
were correlated after 1st IVR (P<0.001). For details see 
attached (Table 5).

Discussion
In this study, a large panel of cytokine profiles were 
evaluated in the aqueous humor of patients with nAMD. 

Figure 4 Fudus imaging of nAMD patient 2 before and after IVR. Subretinal hemorrhage and exudation on colour photography (A), optical coherence tomography (B and 
C) and optical coherence tomography angiography showing choroidal new vessels before IVR (D). Subretinal hemorrhage and exudation was decreased on colour 
photography (E), optical coherence tomography (F and G) and optical coherence tomography angiography showing choroidal new vessels were shrinked after IVR (H).
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There were significant differences existed in the aqueous 
humor cytokine levels in patients with nAMD (basic FGF, 
RANTES, and VEGF-A) compared to control subjects. 
There were also significant differences existed in the aqu-
eous humor cytokine levels in patients with nAMD 
(Eotaxin and VEGF-A) than pre-IVR patients.Our results 
support the theory that cytokine-mediated inflammation 
contributes to the pathogenesis of CNV.

Basic FGF, also termed Fibroblast growth factor-2 
(FGF2), is a member of the FGF family that comprises 
nine members. It has a variety of functions in vivo and 
in vitro including stimulating hematopoiesis,13,14 wound 
healing, stimulating muscle cell growth and tissue repair-
ing, and may play a key role in the various organ systems 
such as the eye and the skeleton.15,16 In the eye, basic FGF 
may play an important role in photoreceptor survival and 
may participate in photoreceptor signal transduction.16

A study revealed that injections of basic FGF into the 
eyes of Fischer 344 rats significantly delayed the progress 
of photoreceptor cell degeneration. They found that exo-
genous basic FGF might act as a survival-promoting factor 
in the aged retinas.17 In addition, another study showed 
that basic FGF stimulates photoreceptor differentiation in 

newborn rat retinal cells, increasing the expression level of 
opsin.18 In our study, the concentration of basic FGF was 
significantly lower in the nAMD group than the control 
group, which indicated that the function of photoreceptor 
cells was impaired. Contrarily, a recent study showed that 
serum basic FGF was significantly elevated in idiopathic 
choroidal neovascularization patients compared to the 
controls.19 The decrease of basic FGF locally and the 
increase of basic FGF in the whole blood circulation 
may be the result of the disturbance of cytokine home-
ostasis caused by nAMD locally. Other research found that 
IVR significantly reduced the level of basic FGF.20 

However, our study did not find that the change in the 
concentration of basic FGF was significant before and 
after IVR. This may be due to the small sample size of 
the two groups, which is not enough to represent the 
population. In summary, basic FGF plays an indispensable 
role in the occurrence and development of nAMD.

Regulated on activation, normal T-cell expressed and 
secreted chemokine (RANTES), also known as CCL5, is 
a highly basic, 68 amino acid, pro-inflammatory chemo-
kine that recruits various leukocytes, including granulo-
cytes, monocytes, T cells as well as mast cells and 

Table 3 Mean Concentrations of Aqueous Humor Cytokines in Cases Before and After Intravitreal Injection of Ranibizumab

Analytes (pg/mL) nAMD 
Before IVR

nAMD 
After 1-IVR

nAMD 
After 2-IVR

p value

IL-1ra 39.28±37.73 100.95±96.58 52.93±35.42 0.846

IL-5 3.07±0.73 4.05±2.67 3.44±0.27 0.779

IL-6 0.46±0.18 29.10±70.27 0.76±0.79 0.819

IL-8 2.61±1.69 7.80±8.86 5.98±3.82 0.115

Eotaxin 3.26±1.74 8.00±7.61 4.39±1.24 0.030*

Basic FGF 2.88±1.02 3.44±1.55 2.74±0.93 0.705

G-CSF 3.14±3.08 12.86±23.34 3.77±1.76 0.183

IFN-g 35.94±12.80 58.46±45.95 36.63±9.51 0.846

IP-10 534.99±341.24 1100.49±840.25 679.08±459.94 0.513

MCP-1 174.17±46.63 243.72±108.36 194.50±47.02 0.311

MIP-1α 0.24±0.11 0.51±0.30 0.34±0.31 0.280

MIP-1β 4.56±1.55 7.11±2.57 4.05±1.91 0.311

RANTES 1.97±0.44 3.25±2.57 2.27±0.24 0.170

VEGF-A 80.95±22.19 53.61±18.91 18.71±7.20 <0.001*

Notes: The concentration of cytokine between the three groups was compared with one-way repeated measures ANOVA; values are in pg/mL; *P < 0.05.
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dendritic cells.21,22 RANTES was the most potent and 
efficient arrest chemokine, which can be secreted by 
many cell types including macrophage, smooth muscle, 
platelet, endothelial cells, and activated T cell.23 

A Norway study had found that RANTES was organized 
in filament-like structures on the endothelial cell surface.24 

A present study reported that RANTES mediated critical 
interactions between amacrine cells, bipolar cells and RGC 
dendrites.They found that RANTES deficiency in Ccl5-/- 
mice resulted in the thinning of the inner retina, particu-
larly the inner nuclear layer and inner plexiform layer. 
RANTES deficiency changed the pattern and timing of 
cell migration and apoptotic pruning during late-stage 
development.25 However, in our study, no correlation 
was found between the thickness of the inner retinal 
layer and RANTES before IVR. A report supported that 
RANTES were trophic modulators of the central nervous 
system’s development and function, extending far beyond 

the inflammatory contexts in which it was first 
characterized.26 In our study, the concentration of 
RANTES in the nAMD group was lower than those in 
the control group. This result suggested that patients with 
nAMD suffered from a thinning inner retina due to 
reduced RANTES in the eye.

Eotaxin is a member of the CC chemokine family, 
which is divided into three subfamilies, namely, CCL11/ 
eotaxin-1, CCL24/eotaxin-2, and CCL26/eotaxin-3.CC 
chemokine receptor 3 (CCR3) interact with Eotaxin-1, 
eotaxin-2, and eotaxin-3. Type-2 helper T cells (Th2), 
eosinophils, and basophils expressed CCR3 on their cell 
surfaces.27 A study showed that CCR3 is specifically 
expressed in CNV endothelial cells in patients with AMD 
and that CCR3 blockade was more effective at reducing 
CNV than Anti-VEGF treatment, which is in clinical use 
at present.28 This result suggests that Eotaxin plays an 
indispensable role in angiogenesis. Some researchers 

Table 4 Correlations Between Aqueous Humour Factors Before IVR in nAMD Group

G-CSF 
r 
p

IFN-g 
r 
p

IP-10 
r 
p

MCP-1 
r 
p

MIP-1α 
r 
p

MIP-1β 
r 
p

RANTES 
r 
p

IL-1ra - - −0.619* 

0.005

- - −0.483* 

0.036

-

IL-6 - 0.511* 

0.026

- 0.472* 

0.041

- - -

IL-8 0.729** 
<0.001

0.723** 
<0.001

- 0.803** 
<0.001

0.823** 
<0.001

0.697** 
0.001

0.601** 
0.006

Eotaxin - 0.553* 
0.014

0.692** 
0.001

0.478* 
0.038

- - -

G-CSF - - - 0.466* 
0.045

0.504* 
0.028

- 0.748** 
<0.001

IFN-g - - 0.658** 
0.002

0.950** 
<0.001

0.559* 
0.013

0.458* 
0.049

-

IP-10 - - - 0.544* 
0.014

- - -

MCP-1 - - - - 0.567* 
0.011

0.479* 
0.038

-

MIP-1α - - - - - 0.805** 
<0.001

-

Inner Thickness - - - - −0.578** 
0.009

- -

Notes: **When the degree of confidence (bilateral) was 0.01, the correlation was significant; *when the degree of confidence (bilateral) was 0.05, the correlation was 
significant; this table only shows the specific cytokines with a statistically significant difference.
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have found that the concentration of Eotaxin decreased 
after the treatment of anti-VEGF injection, although 
Eotaxin had not elevated in AMD patients.29 Eotaxin in 
the nAMD group was 1.8 times higher than that in the 
control group, however, the two groups had no statistical 
difference. Contrarily, our study showed that Eotaxin 
increased significantly in nAMD patients after the first 
anti-VEGF treatment. However, the concentration of 
Eotaxin was reduced after the second anti-VEGF treat-
ment. These two contradictory results may be due to the 
low expression of Eotaxin in the eye itself and the selec-
tive bias between the two selected samples. However, the 
two results are both significantly different, indicating that 
Eotaxin plays an important role in the occurrence and 
development of nAMD, independently of VEGF.

VEGF belongs to a family of proteins required for angio-
genesis. There are many isoforms, including VEGF-A, 

VEGF-B, VEGF-C, VEGF-D and placental growth factor 
(PlGF), each of which plays a role in different angiogenesis 
environments such as embryonic and lymphatic 
angiogenesis.30,31 Among them, VEGF-A is the main regula-
tor of angiogenesis. After selective shearing, four major sub-
types of vascular endothelial growth factor-A with different 
lengths (121, 165, 189 and 206 amino acids) can be produced. 
The balance between different subtypes of vascular endothe-
lial growth factor-A can regulate the growth and patterns of 
blood vessels.32 Other research found that the level of VEGF 
in the aqueous humor of patients with nAMD was significantly 
higher than that of controls.33 A report has demonstrated that 
the level of VEGF decreased significantly after the first injec-
tion of anti-VEGF drugs.34 The levels of cytokines were 
maintained after the second injection, which is parallel to 
changes in visual acuity and central macular thickness. 
Previous studies showed that the concentrations of VEGF 

Table 5 Correlations Between Aqueous Humour Factors After IVR in nAMD Group

IL-8 
r 
p

G-CSF 
r 
p

IFN-g 
r 
p

IP-10 
r 
p

MCP-1 
r 
p

MIP-1α 
r 
p

MIP-1β 
r 
p

RANTES 
r 
p

VEGF-A 
r 
p

IL-1ra - - - - - - - - 0.628** 

0.004

IL-5 - - - - - - - −0.526* 

0.021

-

IL-6 0.636** 
0.003

- - - - 0.577** 
0.010

- - -

IL-8 - 0.555* 
0.014

0.566* 
0.012

- 0.534* 
0.019

0.863** 
<0.001

0.785** 
<0.001

0.546* 
0.016

-

Eotaxin - - - 0.474* 
0.040

- - - - 0.497* 
0.031

G-CSF - - - - - 0.606** 
0.006

- - -

IFN-g - - - 0.502* 
0.029

0.937** 
<0.001

0.546* 
0.016

0.549* 
0.015

- -

IP-10 - - - - 0.495* 
0.031

- - - -

MCP-1 - - - - - 0.476* 
0.039

0.495* 
0.031

- -

MIP-1α - - - - - - 0.847** 
<0.001

- -

Notes: **When the degree of confidence (bilateral) was 0.01, the correlation was significant; *when the degree of confidence (bilateral) was 0.05, the correlation was 
significant; this table only shows the specific cytokines with a statistically significant difference.
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did not correlate with those of other cytokines before IVR. In 
our study, it is worth noting that there was no significant 
correlation between VEGF-A and other cytokines before 
IVR, but there was a significant correlation between VEGF- 
A and IL-1ra as well as Eotaxin after IVR. The reason for this 
contradiction may be the inconsistency between the severity of 
the patients’ diseases in the two studies.

Several limitations of our research should be men-
tioned. Firstly, the number of subjects included in our 
study was relatively small. The true difference in cyto-
kine levels between different groups may not be fully 
represented Secondly, the concentrations of intraocular 
cytokine levels were measured with aqueous humor but 
not vitreous humor. The vitreous is closer to the site of 
the lesion and more representative of the pathogenesis of 
the disease in the retina and choroid. However, it is more 
invasive to obtain vitreous humor and is not ethical in 
research.

Conclusion
In summary, our research showed that the levels of cytokines in 
the aqueous humor of nAMD patients were significantly dif-
ferent before and after IVR. Additionally, inflammation still 
plays an important role in the pathogenesis of nAMD. 
Understanding changes in cytokine profiles may aid in the 
discovery of biomarkers of diseases and identify new thera-
peutic targets in disease treatment.

Informed Consent
All participant details were de-identified and anonymous. We 
intend to share all of the individual participant data collected 
during the trial immediately after publication. All data gener-
ated or analysed during this study are included in this article.
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