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PURPOSE. The purpose of this study was to investigate the cytokine profiles in plasma and
aqueous humor of patients with choroidal neovascularization (CNV) due to exudative AMD
and polypoidal choroidal vasculopathy (PCV).
METHODS. In this cross-sectional study, 16 patients clinically diagnosed with AMD, 18 patients
with PCV, and 50 age- and sex-matched cataract patients without AMD/PCV (controls) were
enrolled. Study subjects were treatment naı̈ve, and 200 lL undiluted aqueous humor and 5 mL
peripheral venous blood were collected from the study subjects. Clinical samples were
analyzed for 41 different cytokines by Luminex bead-based multiplex assay. Cytokines
concentrations with detection rates of 50% or more were included for the analysis, and the
differences in plasma and aqueous humor cytokines levels between each group were
analyzed.
RESULTS. The age of the patients with AMD and PCV was 70.62 6 10.15 (mean 6 SD) and
71.48 6 9.08 years, respectively, and that in the control group was 62.8 6 10.67 years.
Aqueous humor cytokines growth-regulated oncogene (GRO), macrophage-derived chemokine (MDC), and macrophage inflammatory protein (MIP)-1a were significantly higher in
AMD patients than controls (all P < 0.04), and GRO, MDC, MIP-1a, IL-8, IFN-c–inducible
protein 10, and monocyte chemotactic protein levels were significantly higher in PCV
patients than controls (all P < 0.03). Soluble CD40 ligand and platelet-derived growth factorAA levels were higher in plasma of healthy controls compared with AMD subjects. No
significant differences in cytokine levels were observed between AMD and PCV patients for
both plasma and aqueous humor.
CONCLUSIONS. In AMD and PCV patients, our data suggest that the pathologic changes are
primarily driven by dysregulation of local immune factors in the eye, whereas the plasma
cytokine levels are not elevated.
Keywords: exudative age-related macular degeneration, choroidal neovascularization, polypoidal choroidal vasculopathy, aqueous humor cytokine profiles, plasma cytokine profiles,
inflammation

MD is one of the leading causes of blindness in elderly
population with around 20 million cases reported so far
worldwide.1 AMD is classified into non-neovascular AMD (nonexudative/dry/atrophic AMD) and neovascular AMD (exudative/wet AMD).2 In AMD, vision loss is due to degenerative
changes in the macula (the central and posterior parts of the
retina that are responsible for central vision3) loss of central
vision is observed in most of the advanced or late stages of AMD
patients.4 AMD is a multifactorial disease; although it is mainly
associated with age, other factors such as metabolic interactions and functional, genetic, and environmental factors such as

A

race, heredity, obesity, diet, and smoking can play an important
role in the development of the disease.5–10 The major known
contributors of the AMD pathogenesis are accumulation of
lipofuscin, formation of drusen, development of local inflammatory responses, and angiogenesis (in case of neovascular
AMD).11
Polypoidal choroidal vasculopathy (PCV) is a vascular
disease of the choroid and is considered a common subtype
of neovascular AMD due to similarities in clinical features
(choroidal vasculopathy associated with subretinal hemorrhage, scars, and fibrosis), risk factors, and genetic determi-
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nants.12 However, recent literature suggests PCV has distinct
features in its pathophysiology, epidemiology, clinical characteristics, and treatment responses compared with typical
neovascular AMD with choroidal neovascularization
(CNV).12–14
Inflammation is postulated to play a role in the pathogenesis
of CNV in both AMD and PCV,14,15 and cytokines are mediators
of various inflammatory responses in the human body.16
Studying cytokines in the aqueous humor and blood of patients
with CNV due to AMD and PCV would help us to understand
the disease mechanisms and the key differences between AMD
and PCV, which will in turn help to identify disease-specific
diagnostic markers for AMD and PCV. A number of research
groups have compared cytokine profiles in CNV in AMD and
PCV patients, but most of these studies focused on a few
selected cytokines in either the aqueous humor or blood.17–22
With the recent advancement of a commercially available
multiplex immunoassay, it is possible to evaluate a panel of
cytokines in a small amount of clinical samples.23 In this study,
we aim to investigate both aqueous humor and plasma
cytokine profiles using a multiplex immunoassay in patients
with CNV due to either AMD and PCV in comparison with
controls.

MATERIALS

AND

METHODS

This was a cross-sectional study comparing cytokine profiles of
plasma and aqueous humor in patients with CNV due to AMD
or PCV and healthy controls (age- and sex-matched cataract
patients without any other ocular complication). A total
number of 34 patients with CNV due to AMD or PCV and 50
cataract patients were recruited with prior informed consent.
The study was approved by the institutional review board and
adhered to the tenets of the Declaration of Helsinki.

Clinical Diagnosis of AMD and PCV
Clinical diagnosis of CNV was made by medical retina
specialists in all the study subjects recruited under this study.
Diagnosis of AMD or PCV was based on optical coherence
tomography (OCT) and indocyanine green angiography (ICGA)
features and was confirmed by medical retina specialists. Data
on refractive error and IOP were collected for both the study
group and control group to rule out myopia-associated CNV.

tubes (BD Vacutainer; Beckton Dickinson, Franklin Lakes, NJ,
USA). At the time of intravitreal injection, which is the standard
of care in CNV in both AMD and PCV patients, approximately
200 lL aqueous humor was collected aseptically from cases
and controls under topical anesthesia and direct visualization
with patients in an inclined position using an insulin syringe
with attached 30-gauge needle. After the collection, clinical
samples were immediately transferred into prelabelled sterile
1.5-mL microcentrifuge tubes and stored at 808C freezer until
final analysis.

Cytokine Profiling by Luminex Assay
Blood and aqueous humor samples were thawed on ice and
centrifuged at 3000 rpm for 5 minutes. Plasma from blood and
the supernatant from aqueous humor were separated and
transferred onto ice, and 25 lL of each sample was used for
cytokine analysis in duplicate reactions. The Flex MAP 3D
(Luminex) platform was applied for the analysis of 41 different
cytokines (which include proinflammatory and inflammatory
markers and growth factors) in the clinical samples using the
Milliplex MAP human cytokine/chemokine magnetic bead
panel-1 kit following the manufacturer’s guidelines (Millipore,
Burlington, MA, USA). Each sample was tested for the presence
of 41 analytes including IL-1a, IL-1b, IL-Ra, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 p40, IL-12 p70, IL-13, IL-15, IL17A, IFN-a2, IFN-c, IFN-c–inducible protein 10 (IP-10,
CXCL10), TGF-a, TNF-a, TNF-b, epidermal growth factor
(EGF), eotaxin, fibroblast growth factor (FGF)-2, Fms-like
tyrosine kinase 3 ligand (Flt-3L), fractalkine, granulocyte
colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), growth-regulated oncogene (GRO), monocyte chemotactic protein (MCP)-1, MCP-3,
macrophage-derived chemokine (MDC), macrophage inflammatory protein (MIP)-1a, MIP-1b, platelet-derived growth
factor (PDGF)-AA, PDGF-AB/BB, regulated upon activation,
normal T-cell expressed, and secreted protein (RANTES), VEGF,
and soluble CD40 ligand (sCD40L). The Luminex plates were
read using Magpix system (Luminex Corp., Austin, TX, USA)
following the manufacturer’s instructions, and Bio-Plex manager 6.1 software (Bio-Rad Laboratories, Hercules, CA, USA)
with a five-parameter curve-fitting algorithm was used to
analyze the data (Supplementary Tables).

Statistical Analysis
Inclusion Criteria
Subjects more than 50 years of age with PCV or exudative AMD
as the only ocular pathology and requiring intravitreal
injections were included as cases in the study. All the study
patients were treatment naı̈ve. Control subjects (>50 years of
age) were patients undergoing cataract surgery with no retinal
disease and having only senile cataracts. Cataract patients with
AMD or any other ocular pathology were not included in the
control group.

Exclusion Criteria
Subjects with previous intraocular surgery or procedures
performed, systemic inflammatory medical conditions or
malignancies diagnosed previously, surgeries performed within
the last 6 months, and on systemic immunomodulators within
the last 6 months were excluded from the study.

Cytokine concentrations were median centered and logarithmically transformed to remove the plate effects and to ensure
normality of the data between different runs, respectively.
ANOVA analysis was carried out using the R statistical language
(version 3.3.1; R Foundation for Statistical Computing, Vienna,
Austria) on the logarithmically transformed concentration
values in both aqueous humor and plasma (Supplementary
Tables). Multiple testing correction for the ANOVA analysis was
done using the method of Benjamini and Hochberg. This was
followed by a post hoc t-test corrected for multiple testing
using the method of Bonferroni to test for PCV and AMD versus
controls in a pairwise fashion. Only post hoc t-tests for analytes
having a significant corrected P value in the ANOVA was used
in the interpretations. P < 0.05 was deemed to be statistically
significant.

RESULTS
Collection of Blood and Aqueous Humor
Five milliliters peripheral venous blood were collected
aseptically from cases and controls using blood vacutainer

Downloaded from iovs.arvojournals.org on 01/19/2021

Of 34 cases with CNV, 16 cases had AMD and 18 cases had PCV
(Table 1). The mean age of patients with AMD and PCV was
70.62 6 10.15 (mean 6 SD) and 71.48 6 9.08 years,
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TABLE 1. Baseline Demographics of the Study Subjects and the Control Group

Study Group
Demographic

Control Group

CNV-AMD

PCV

Number of subjects
Age (y)
Sex (male:female)
Refractive error (D) (spherical equivalent)
Mean IOP (mm Hg)
Aqueous humor samples (number of subjects)
Plasma samples (numbers of subjects)

50
62.8 6 10.67
30:20
1.50
17
41
50

16
70.62 6 10.15
10:6
1.00
16
15
15

18
71.48 6 9.08
12:6
1.25
18
17
17

respectively, and the control group was 62.8 6 10.67 years.
The male and female ratios were 10:6 and 12:6 in AMD and
PCV patients, respectively, and 30:20 in the control group. Of
34 cases, aqueous humor and plasma collected from 32
patients were subjected to cytokine profiling (in two aqueous
humor samples, the quantity was inadequate, and two plasma
samples were hemolyzed). Of 50 controls, 9 subjects denied
permission to provide an aqueous humor sample for the study.
Therefore, aqueous humor collected from 41 subjects and
plasma collected from 50 subjects was subjected to cytokine
profiling using the Luminex assay.
Of 41 cytokines tested in each sample, 23 cytokines (EGF,
eotaxin, FGF-2, Flt-3L, fractalkine, GM-CSF, GRO, IFN-a2, IL-15,
IL-1b, IL-1Ra, IL-6, IL-8, IP-10, MCP-1, MCP-3, MDC, MIP-1a,
MIP-1b, PDGF-AA, sCD40L, TNF-a, and VEGF) had detection
rates 50% or more in aqueous humor, and 31 cytokines (EGF,
eotaxin, FGF-2, fractalkine, G-CSF, GM-CSF, GRO, IFN-a2, IFN-c,
IL-10, IL-12p70, IL-15, IL-17A, IL-1a, IL-1b, IL-1Ra, IL-5, IL-6, IL8, IP-10, MCP-1, MCP-3, MDC, MIP-1a, MIP-1b, PDGF-AA,
PDGF-AA/BB, RANTES, sCD40L, TNF-a, and VEGF) had
detection rates 50% or more in plasma.
Table 2 shows the mean concentrations of cytokines that
were significantly increased in aqueous humor of CNV-AMD
and PCV patients versus controls. Concentrations of aqueous
humor cytokines GRO, MDC, and MIP-1a were significantly
higher in the AMD cohort than controls (all P < 0.05; Figs. 1–
3). Of note, MIP-1a showed 2.3-fold increase in the AMD
cohort than controls. Concentrations of aqueous humor
cytokines GRO, MDC, MIP-1a, IL-8, IP-10, and MCP-1 levels
were significantly higher in PCV subjects compared with
controls (all P < 0.05; Figs. 1–6). IL-8 and IP-10 showed more
than a threefold increase, and MCP-1 and MIP-1a showed more
than a twofold increase than controls.
No significant differences were observed in these cytokines
in plasma samples between the cases and controls, and no
significant differences in both aqueous humor and plasma
cytokine levels were observed between CNV-AMD and PCV

patients. However, there were two cytokines (sCD40L and
PDGF-AA) that were downregulated in patients with CNV-AMD
compared with healthy controls, but there was no difference
between CNV-AMD and PCV plasma samples for both of these
cytokines (Table 3).

DISCUSSION
In this study, a large panel of cytokine profiles was evaluated in
both aqueous humor and blood samples from patients with
CNV-AMD and PCV. It was demonstrated that significant
differences existed in aqueous humor cytokine levels in
patients with CNV-AMD (GRO, MDC, and MIP-1a) and PCV
(GRO, MDC, MIP-1a, MCP-1, IP-10, and IL-8) compared with
control subjects. Among patients with CNV-AMD and PCV,
aqueous humor cytokine profiles did not show any significant
differences. In terms of plasma cytokine levels, there was no
significant difference among CNV-AMD, PCV, and control
subjects. Our results support the theory that cytokinemediated inflammation contributes to the pathogenesis of
CNV-AMD and PCV. It also suggests that local rather than
systemic deregulation of cytokines level is present in CNVAMD and PCV.
GRO belongs to a subgroup of chemotactic cytokines
(chemokine) that is characterized by the presence of the CXC
motif. The total concentration of GRO measured in our study
included three highly similar molecules (i.e., GROa/CXCL1,
GROb/CXCL2, and GROc/CXCL3). Although GROa/CXCL1,
the primary subtype of GRO, is known to be a potent
neutrophil chemoattractant and mediator of inflammation
and angiogenesis,24 the functions of GROb/CXCL2 and
GROc/CXCL3 remain poorly understood. In animal studies,
GROa/CXCL1 is shown to be an essential mediator of
neutrophil infiltration in a rabbit uveitis model.25 It is secreted
by RPE and Müller cells in a light-induced retinal degeneration
model in rats26 and is also upregulated in a model of laserinduced CNV in mice.27 Deregulation of neutrophils plays a

TABLE 2. Mean Concentrations and Fold Change of Aqueous Humor Cytokines in Cases and Controls
Groups

Analytes

Mean Concentrations in Cases

Mean Concentrations in Controls

Fold Difference

P

AMD versus controls

GRO
MDC
MIP-1a
GRO
IL-8
IP-10
MCP-1
MDC
MIP-1a

41.12
30.10
11.83
45.70
25.01
583.72
2124.40
30.10
11.00

26.59
15.63
5.15
26.60
6.83
193.60
925.98
15.63
5.15

1.55
1.92
2.30
1.72
3.66
3.01
2.30
1.93
2.14

0.0034
0.0059
0.0032
0.0124
0.0250
0.0222
0.0175
0.0001
0.0007

PCV versus controls

P values reported for post hoc t-tests corrected for multiple testing correction using the method of Bonferroni. Values are in pg/mL. This table
only shows the specific cytokines with statistically significant difference in the post hoc t-tests after ensuring significance in the ANOVA results.
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FIGURE 1. Box plot showing median centered and logarithmically
transformed aqueous humor cytokines GRO levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04; **P  0.003.

FIGURE 3. Box plots showing median centered and logarithmically
transformed aqueous humor cytokines MIP-1a levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04; **P  0.003.

key role in the pathogenesis of in CNV-AMD, which is
characterized by inflammation and angiogenesis.28 Direct
comparisons of aqueous humor GRO levels between CNVAMD/PCV patients and controls were reported previously, but
the results are inconsistent among datasets. A recent Japanese
study did not show a difference in GROa/CXCL1 levels in the
aqueous sample between CNV-AMD/PCV patients and control
subjects. However, there was a significant reduction in the
aqueous humor GROa/CXCL1 level after intravitreal anti-VEGF
treatment.29 A lower aqueous GRO level was noted in Chinese
patients with wet AMD.22 This study, however, did not specify
whether PCV was included. In our study, aqueous GRO level
was measured to be 1.5 and 1.7 times higher in CNV-AMD and
PCV patients, respectively. This observation suggests a possible
association of GRO-mediated inflammation in the pathogenesis
of CNV-AMD and PCV, which is in keeping with evidence from
animal studies.
MDC, also known as CCL22, is a member of the subgroup of
chemokines with a conserved CC motif. It is secreted by the
proangiogenic M2 macrophages,30 which differs functionally
from the proinflammatory M1 macrophages.31 In histopathologic analysis, increased expression of MDC/CCL22 was found
in the macular choroidal trephine of human eyes with AMD.32
Evaluation of aqueous humor MDC/CCL22 level in exudative
AMD was previously reported in a cohort of Chinese patients,

and it was significantly higher compared with controls.22 Our
result showed a 1.9- and 2.5-fold increase in the aqueous
humor MDC/CCL2 level in CNV-AMD and PCV patients,
respectively. This is consistent with the previous wet AMD
study. In addition, we demonstrated specifically that the
aqueous humor MDC/CCL2 level was raised in PCV patients
for the first time. This indicates the functional role of MDC/
CCL2 and possibly M2 macrophages in the tissue remodeling
and neovascularization process in both CNV-AMD and PCV.
The third chemokine that was shown to be raised in the
aqueous humor of both CNV-AMD and PCV patients was MIP1a, also known as CCL3. It belongs to the same chemokine
subgroup as MDC/CCL22 and shares the conserved CC motif.
Systemically, it is shown to be a mediator of inflammation33
and angiogenesis34 in recurrent wheezing and osteosarcoma,
respectively. MIP-1a/CCL3 and its receptors (CCR1 and 5) are
considered therapeutic targets for treatment of a few systemic
inflammatory diseases including multiple sclerosis and rheumatoid arthritis.35 In animal studies, MIP-1a/CCL3 was noted to
be upregulated in a rat model of light-induced retinal
degeneration.36 It was also shown to be an essential signaling
molecule in microglia-mediated retinal inflammation in a
mouse model of Stargardt disease and retinitis pigmentosa.37
Thus far, there has been no report of change in the MIP-1a/
CCL3 level in aqueous humor from patients with CNV-AMD or

FIGURE 2. Box plots showing median centered and logarithmically
transformed aqueous humor cytokines MDC levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04; **P  0.003.

FIGURE 4. Box plots showing median centered and logarithmically
transformed aqueous humor cytokines IL-8 levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04.
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TABLE 3. Mean Concentrations and Fold Change of Plasma Cytokines in Cases and Controls
Group

Analytes

Mean Concentrations in Cases

Mean Concentrations in Controls

Fold Difference

P

AMD versus controls

sCD40L
PDGF-AA

103.07
242.23

254.07
917.67

0.41
0.26

0.0067
0.0261

P values reported for post hoc t-tests corrected for multiple testing correction using the method of Bonferroni. Values are in pg/mL. This table
only shows the specific cytokines with statistically significant difference in the post hoc t-tests after ensuring significance in the ANOVA results.

PCV. The observation that more than a twofold increase in
aqueous MIP-1a/CCL3 levels in both CNV-AMD and PCV
patients is a novel finding. If validated in future studies, MIP1a/CCL3 could be a potential therapeutic target in treating
CNV-AMD and PCV.
MCP-1/CCL2, IP-10/CXCL10, and IL-8 are cytokines that
were significantly higher in aqueous humor from PCV but not
CNV-AMD patients in our study. Similar to the three chemokines that were discussed above, these three cytokines have
also been demonstrated to be mediators of inflammation and
angiogenesis in various ocular38–41 and systemic diseases.42–45
IP-10/CXCL10 is also shown to be abundantly expressed in
choroidal neovascularization membranes from postmortem
eyes with AMD.46 In previous studies of similar design, only
MCP-1/CCL2 and IP-10/CXCL10 have been shown to be
increased in aqueous humor from PCV patients specifically.21,47 Therefore, higher aqueous humor levels of IL-8 in PCV
patients is a novel finding based on our study. Of note, aqueous
humor concentrations of these three cytokines did show a
nonsignificant higher trend in CNV-AMD patients compared
with controls. This observation is in agreement with prior
research on aqueous humor cytokine levels in neovascular
AMD patients.20,21,48,49
VEGF is the cytokine of special interest because intravitreal
anti-VEGF injection is the mainstay treatment for CNV-AMD
and PCV in current clinical practice. However, studies on
aqueous humor VEGF levels have yielded inconsistent results.
Increased VEGF levels were reported in a number of studies
involving both CNV-AMD and PCV patients.18–20,47 Tong et al.
also showed aqueous humor VEGF level was significantly
lower in PCV compared with CNV-AMD patients.18 In contrary,
there was another body of evidence in which no significant
difference was found between CNV-AMD/PCV patients and
controls.21,48,50,51 In our study, aqueous humor VEGF concentration did not differ significantly between study and control
groups. Although a consensus has yet to be reached, one

plausible explanation for the discrepancy is that CNV-AMD/
PCV has more localized pathology compared WITH generalized
retinal disorders such as proliferative diabetic retinopathy,
resulting in a limited rise in VEGF production.
Plasma cytokine levels has been investigated as potential
biomarkers for AMD. Previous studies have shown AMD
patients have elevated plasma levels of C-reactive protein,17
IP-10,46 eotaxin,46,52 VEGF,53 and interleukins (IL-1a, IL-1b, IL4, IL-5, IL-10, IL-13, and IL-17).54 However, it is noteworthy that
most of these observations have not been replicated, and there
are indeed studies that reported a similar plasma cytokine
profile between neovascular AMD patients and controls.55 Our
study did not show a significant difference in plasma cytokine
levels in CNV-AMD or PCV patients of the abovementioned or
the specific cytokines that were upregulated in aqueous
humor. However, plasma levels of SCD40L and PDGF-AA were
downregulated in patients with CNV-AMD compared with
healthy controls (on ANOVA and post hoc t-test). The role of
the CD40 and sCD40L system in inflammatory response,
vascular diseases, and atherosclerosis is widely accepted in the
current literature.56 PDGF-AA is one of the isoforms of PDGF. It
is a proinflammatory and proangiogenic cytokime,57 which has
been showed to be expressed during angiogenesis in
neovascular AMD.58 Future studies are needed to validate
whether deregulation of systemic inflammatory markers is
present in AMD patients.
There are several limitations of our study. First, intraocular
cytokine levels were measured with samples from aqueous
humor instead of vitreous humor. Although vitreous cytokine
concentration may better represent the actual value at the site
of pathology in the retina and choroid,59 it is more invasive to
obtain vitreous samples and may not be ethically justified in
research. Second, the sample size was relatively small. True
difference in cytokine levels may not be fully appreciated,
particularly in the comparison between CNV-AMD and PCV
groups.

FIGURE 5. Box plots showing median centered and logarithmically
transformed aqueous humor cytokines IP-10 levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04.

FIGURE 6. Box plots showing median centered and logarithmically
transformed aqueous humor cytokines MCP-1 levels in patients with
exudative AMD, PCV, and control subjects. *P < 0.04.
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In conclusion, increased cytokine levels in the aqueous
humor from CNV-AMD and PCV suggests a role of inflammation in the pathogenesis of neovascular AMD and PCV.
Understanding changes in cytokine profile may contribute to
identification of new therapeutic targets in disease treatment.
The lack of similar changes in plasma cytokine levels suggest
that the pathologic changes in eyes with CNV-AMD/PCV are
mainly due to dysregulation of local rather than systemic
immune factors.
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