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Abstract
Purpose: This study was aimed to analyze the pro�le of vascular and in�ammatory cytokines in aqueous humor of
primary open angle glaucoma (POAG) patients. 

Methods: Aqueous humor samples were acquired from 6 POAG patients and 7 age-related cataract patients that
constituted the control group. A human cytokine antibody array was used to detect 37 proteins related to in�ammation
and vascular regulation. Characteristics including age, gender, and intraocular pressure (IOP) of POAG and age-related
cataract patients were compared. Correlation analyses between aqueous humor cytokines and characteristics were
performed.

Results: The cytokine antibody array results showed that the signal intensities of soluble vascular endothelial growth
factor receptor 1 (sVEGFR-1), von Willebrand factor (vWF), tumor necrosis factor (TNF)-α, and angiopoietin-2 in POAG
patients were signi�cantly higher in aqueous samples compared to controls (p < 0.05, Student’s test or Mann-Whitney U-
test). Among cytokines of all aqueous samples, preoperative IOP was positively associated with expression quantity of
sVEGFR-1 (r = 0.647, p = 0.02) and VEGF-A (r = 0.602, p = 0.04) and negatively associated with plasminogen activator
inhibitor 1 expression (r = -0.593, p = 0.04). Values for sVEGFR-1 were positively correlated with vWF (r = 0.646, p = 0.02)
and TNF-α (r = 0.824, p < 0.001) with statistical signi�cance. 

Conclusion: Pathogenesis of primary open angle glaucoma may be associated with both vascular dysfunction and
in�ammatory responses. The vascular factors may include endothelial dysfunction and damaged vascular permeability
as indicated by abnormal expression of vWF, sVEGFR-1 and angiopoietin-2.

Keywords: POAG, aqueous humor, cytokines, sVEGFR-1, vWF, angiopoietin-2 

Introduction
Glaucoma, a neurodegenerative disease, is the leading cause of irreversible blindness worldwide [1]. The pathogenesis of
primary open angle glaucoma (POAG), one of the most common types of glaucoma, has been in controversy including
various hypotheses, which mainly included mechanical pressure theory [2], vascular hemodynamic theory [3] and
in�ammatory theory. Elevated intraocular pressure (IOP) is considered one of the most crucial factors in pathogenesis of
POAG. In POAG, raised IOP is usually due to increased out�ow resistance in trabecular meshwork. Researchers observed
an elevated amount of in�ammatory cells in trabecular meshwork of glaucoma patients, which suggests glaucoma is
associated with in�ammatory responses. Besides, in some glaucomatous patients with open angle and normal IOP or
some POAG patients with well-controlled IOP, the disease is still progressing, indicating that there are other risk factors.
Based on it, vascular factors have been postulated to play a role in glaucoma progression, including vasospastic or
organic alterations. To date, the exact pathogenesis of POAG has not been expounded.

 

The out�ow of aqueous humor exerts a crucial in�uence on IOP maintenance and the occlusion of aqueous drainage
could lead to elevated IOP levels. There are abundant cytokines in aqueous humor, altered in and also re�ecting
pathological conditions. Alterations of cytokine levels have been observed in and associated with certain ocular diseases,
including diabetic retinopathy [4], central retinal vein occlusion [5], age-related cataract [6] and macular edema [7]. Several
studies have detected increased levels of some cytokines in glaucoma aqueous humor, including in�ammatory and
vascular cytokines [8-10]. However, the pro�le of aqueous humor cytokines has not been fully studied and the role of
aqueous humor cytokines present in POAG patients is still unclear. Furthermore, due to the limitations of conventional
enzyme-linked immunosorbent assay (ELISA) methods, correlations among cytokines are di�cult to evaluate in a single
experiment. Cytokine antibody arrays make it possible to investigate multiple aqueous cytokines in one sample
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simultaneously [6,11,12]; consequently, associations between different cytokines can be studied. Therefore, it is
necessary to pro�le the vascular and in�ammatory cytokines in aqueous humor in order to investigate the possible
pathophysiological mechanism in POAG associated with vascular and in�ammatory changes.

 

The aim of this study is to investigate the pro�le of vascular-associated and in�ammatory cytokines in the aqueous
humor of POAG patients and elucidate their roles in POAG pathogenesis. Moreover, correlations among different
cytokines and between cytokines and clinical characteristics are analyzed.

Methods
This case-controlled study was approved by the medical ethics committee of the Eye and Ear Nose and Throat Hospital
of Fudan University. All enrolled patients submitted informed written consent after receiving a careful explanation of the
study. This study was performed in accordance with the Declaration of Helsinki.

 

Subjects

Case samples were collected from 6 eyes of 6 POAG patients. Inclusion criteria for POAG group including 1) age ≥20
years old. 2) In accordance with the diagnosis of POAG. Diagnosis of POAG is based on an open anterior chamber angle
with a gonioscopy examination, glaucomatous optic nerve damage (no less than two of the following presences: cup-
disk ratio≥0.6, regional rim loss, de�cits of nerve �ber layer or disc haemorrhage) and typical visual �eld defects.
Patients with any systemic diseases such as autoimmune disorders and diabetes mellitus, ocular diseases such as high
myopia, pseudoexfoliation syndrome, and uveitis, as well as any glaucoma types other than POAG were excluded. Seven
eyes of 7 age-related cataract patients were included as controls; samples were collected before surgical interventions for
cataracts. Exclusion criteria for control patients included the following: a diagnosis of glaucoma, pseudoexfoliation
syndrome, uveitis, diabetes, a history of previous �ltration surgery, ocular in�ammation, ocular trauma, and ocular
ischemia. All patients completed appropriate examinations including best-corrected visual acuity (BCVA, E charts at a
distance of 5 m), IOP tests (Goldmann tonometry, GAT, Haag Streit AG, Bern, Switzerland), slit-lamp biomicroscopy (Type
YZ5E, 66 Vision Tech. Co., China), gonioscopy (Goldmann one-mirror lens, Haag Streit, Bern, Switzerland) and Lenstar test
5 to 21 days before surgery. POAG patients accepted a Humphrey 30-2 computerized visual �eld examination (Carl Zeiss
Meditech, Inc., Dublin). All surgeries and experiments were conducted from May to November 2016.

 

Sample collection

 

Immediately before surgery, a medical professional applied topical anesthetics (0.4% oxybuprocaine, Santen, Osaka,
Japan) to all POAG and cataract patients’ eyelids and surrounding skin. Next, aqueous humor samples were collected
(100-150 μl) through corneal paracentesis by inserting a 26 gauge needle under local anesthesia. Samples were
immediately stored at -80℃.

 

Cytokine antibody array
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Our study analyzed a selection of 37 cytokines simultaneously by using an antibody-based cytokine array (Raybiotech,
Norcross, GA, USA) to investigate the alteration of cytokines in aqueous humor samples including vascular endothelial
growth factor (VEGF)-A, VEGF-C, VEGF-D, soluble VEGF receptor 1 (sVEGFR-1), sVEGF-R3, von Willebrand factor (vWF),
endothelin-1, placental growth factor (PIGF), platelet derived growth factor (PDGF)-AB, PDGF-BB, stromal cell-derived
factor (SDF)-1α, SDF-1β, angiopoietin-1, angiopoietin-2, angiostatin, angiopoietin-like 4 (ANGPTL4), Tie-1, Tie-2,
erythropoietin (EPO), monocyte chemoattractant protein (CCL2/MCP)-1, C‐C chemokine ligand 3/macrophage
in�ammatory protein (CCL3/MIP)-1α, CCL4/MIP-1β, C‐C chemokine ligand 5/regulated upon activation, normal t cell
expressed, and secreted (CCL5/RANTES), endoglin, fas, fas-ligand (fas-L), intercellular adhesion molecule (ICAM)-1,
interleukin (IL)-1b, IL-6, IL-8, IL-12 (p70), matrix metalloproteinase (MMP)-1, MMP-9, plasminogen activator inhibitor
(PAI)-1, tissue inhibitor of metalloproteinase (TIMP)-1, TIMP-2, and tumor necrosis factor (TNF)-α. The antibody array
experiment, based on the sandwich immunoassay principle, was conducted according to manufacturer’s protocol. After
samples (80 μl) were applied to each block, antibodies were immobilized in speci�c spots on coated glass slides to target
and capture the corresponding cytokines. A cocktail of biotinylated antibodies was added to probe the bound cytokines. A
biotin-streptavidin complex conjugated with �uorescent dye, used to visualize the �uorescence signals, and was detected
with a GenePix 4000B system (Axon Instruments, USA). GenePix Pro 6.0 software (Axon Instruments, USA) was used for
densitometric analysis of the spots.

 

Statistical analysis

 

All data were based on the �uorescence intensities after removing background image. Then background-subtracted raw
data of the 37 cytokines were normalized by median centering and analyzed statistically by SPSS (version 20.0).
Differences in categorical variables were examined using a Chi-squared (χ2) test. Numerical variables were denoted by
means ± standard deviation (SD) or by medians with minimum to maximum range. Unpaired continuous variables were
compared by Student’s t-tests or the Mann-Whitney U test. Correlations between clinical characteristic and expression of
cytokines, as well as correlations between cytokines, were performed using the Pearson’s test or Spearman’s test.
Statistical signi�cance was determined if p < 0.05.

Results
 

General patient data are presented in Table 1. Six POAG patients (male: female=4:2) were enrolled in case group with a
mean age of 56 ± 10.9 years and seven age-related cataract patients (male: female=3:4) were enrolled in the control
group (61.6 ± 5.3 years of age). Age, sex, IOP, and BCVA did not have signi�cant differences between POAG and control
groups.

 

Cytokines antibody array

 

Data regarding the signal intensity of the cytokines are shown in Table 2. Expression of sVEGFR-1 in the aqueous humor
of POAG patients is higher up to 1.65-fold, which was a signi�cant difference when compared with the control group
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(signal intensities: 550.8 ± 126.3 and 334.4 ± 121.1, respectively; Student’s test: p = 0.009). There was a marked greater
of vWF levels in the aqueous humor of POAG patients compared with control group, as demonstrated in Figure 1 (1.89
fold; 197 with range from 85 to 372; 104 with range from 81 to166, respectively; Mann-Whitney U test: p = 0.035).
Expression of angiopoietin-2 in POAG group showed a 2.0-fold increase compared to the control group (signal intensities:
500 with range from 296 to 1638; 250 with range from 171 to 429, respectively; Mann-Whitney U test; p = 0.022).
Similarly, TNF-α expression was higher in the POAG group with statistical signi�cance (signal intensities: 404.5 with
range from 377 to 440; 359 with range from 335 to 430, respectively; Mann-Whitney U test; p = 0.014). No statistically
signi�cant differences were seen in the other cytokines between POAG and control groups.

 

Correlation analysis

 

Linear correlation analysis revealed that expression levels of sVEGFR-1, VEGF-A, and PAI-1 in aqueous humor were
signi�cant correlated with IOP levels (r = 0.647, 0.602, and -0.593, respectively; p < 0.05), as shown in Table 3. Cytokines
vWF, TNF-α, and angiopoietin-1 showed a marked positive linear relationship to sVEGFR-1 (r = 0.646, 0.824, and 0.582,
respectively; p < 0.05). In addition to sVEGFR-1, TNF-α, angiopoietin-1 and CCL-2/MCP-1 were also positively correlated
with vWF (r = 0.569, 0.597, and 0.726, respectively; p < 0.05). TNF-α showed a positive correlation with angiopoietin-2 (r =
0.555, p = 0.049). In POAG patients, the signal strength of MMP-1 (r = -0.936, p = 0.006) and Fas-L (r = -0.681, p = 0.03)
demonstrated a strong negative correlation with values of mean de�cit (MD), which is obtained from visual �eld testing.

Discussion
Results of the present study show that in the aqueous humor of POAG patients, cytokines involved in vascular endothelial
function, including sVEGFR-1, vWF, and angiopoietin-2, as well as in in�ammatory reactions, including TNF-α, are
signi�cantly greater compared with control patients. Therefore, there is a potential association between POAG
pathogenesis and vascular endothelial dysfunction as well as in�ammation.

 

Since vWF is synthesized by endothelial cells and released when endothelial cell are injured, it is a good marker of
endothelial dysfunction [13,14]. In ocular diseases, vWF is highly expressed in vitreous and serum of diabetes retinopathy
[15]. In glaucoma patients, vWF levels are shown to be high in plasma (by ELISA) [16] and iris vasculature (by
immunohistochemistry) [17] compared to control groups. However, considering that endothelial cells are distributed over
the whole body, the plasma level could be easily in�uenced by systemic conditions. Additionally, vWF is a kind of secreted
cytokines; therefore, it is hard to re�ect its true level using immunohistochemistry in real time. By investigating vWF levels
in the aqueous humor, our study showed high levels in POAG patients, which is in accordance with previous results and
supports the hypothesis that endothelium dysfunction is involved in POAG pathogenesis.

 

VEGF is a vasoactive cytokine produced by endothelial cells, epithelial cells, pericytes, astrocytes, Mϋller cells and tumor
cells [18]. Higher levels of VEGF are thought to be a response to active angiogenesis in some diseases and could be
observed in physiological repair processes [19,20]. Animal model studies as well as clinical patient research show that
VEGF levels increased in certain intraocular diseases with active intraocular neovascularization including retinopathy of
prematurity, central retinal vein occlusion, branch retinal vein occlusion, proliferative diabetic retinopathy, and
neovascular glaucoma [7,20-22]. A previous study showed the VEGF levels in the plasma were signi�cantly elevated both
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in POAG and normal tension glaucoma patients when compared to cataract patients [16]. Our present array study reveals
no signi�cant difference in VEGF levels (VEGF-A, VEGF-C and VEGF-D) between POAG aqueous humor and control
patients, which is consistent with a previous study [8], though the result is in opposition to the conclusions from other
studies [23]. Using a sandwich ELISA kit, another study demonstrated a statistically signi�cant increase in aqueous levels
of VEGF in both POAG and primary angle closure glaucoma patients when compared to cataract patients [9]. The
difference may be in�uenced by the assessment methods used in our research and in the previous study, namely using
an array-based multiplex sandwich ELISA system and not the traditional ELISA method.

 

Splicing the mRNA that can be translated into VEGF receptor-1 produces sVEGFR-1, a soluble form of VEGFR-1. VEGFR-1
is expressed mainly on the surface of vascular endothelial cells and is one of the main VEGF receptors; it regulates and
combines with VEGF to recruit monocytes and macrophages and in�uences vascular permeability involved in
angiogenesis and in�ammation. Unlike VEGFR-1, soluble receptors act as endogenous antagonists that bind to VEGF-A to
exert an anti-hemangiogenic effect and impair the vasodilatory response [18]. In some ocular diseases related to
ischemia, sVEGFR-1 was reported to increased, such as in cases of diabetic retinopathy [24] and retinal vein occlusion
[7,22]. Until now, changes in sVEGFR-1 levels in glaucomatous eyes have not been reported. Only one previous study
reported that in the plasma of POAG patients, sVEGFR-1 expression levels were lower than that in the control group [16],
which was not in accordance with our present result. There may be several reasons for this discrepancy. First, the test
methods were different: the previous study used a traditional ELISA while our group utilized an antibody-based cytokine
array; different principles, sensitivity and analytical methods may result in variance. Furthermore, quite different from
aqueous humor, plasma is exposed to systemic circumstances and do not re�ect the ocular condition with the same
accuracy. Moreover, the blood ocular barrier is a special physiological structure that can intensify this variation.

 

Angiopoietin-2 is a crucial regulator of angiogenesis and vascular homeostasis, exerting an antagonistic effect for
angiopoietin-Tie2 signaling [25]. In patients with age-related macular degeneration, angiopoietin-2 is upregulated and
correlates with central macular thickness [26]. Moreover, angiopoietin-2 is reported to be essential for the formation and
integrity of Schlemm’s canal and in turn stabilizing the IOP: a mice experiment showed that the loss of angiopoietin-Tie2
signaling severely impaired Schlemm’s canal integrity, resulting in elevated IOP and retinal neuron damage [27]. In our
present results, the expression of angiopoietin-2 was remarkably higher in POAG patients, also suggesting that there is an
impairment of angiopoietin-Tie2 signaling damaging Schlemn’s canal which may underly POAG pathogenesis.

 

Additionally, TNF-α as a cytokine causing cell death and involving in in�ammation, has proven to be increased in
glaucomatous aqueous humor [8,28] and was also elevated in POAG patients in our study. Other in�ammatory cytokines
in this study, including CCL2/MCP-1, CCL3/MIP-1α, CCL4/MIP-1β, CCL5/RANTES, IL-1b, IL-6, IL-8, IL-12 showed no
difference between control and glaucoma groups, in accordance with previous study [8,29].

 

This study has a few limitations. First, it is a case-control study with a relatively small number of participants.
Consequently, our study cannot determine causality. In addition, POAG patients had accepted treatments before surgery,
which is another difference from control group patients. Nonetheless, patients with age-related cataracts may have other
unaccounted differences from healthy people. We implemented our inclusion and exclusion criteria to select the most
appropriate non-age-related cataract patients for our control group.



Page 7/12

 

In conclusion, the present study pro�led vascular and in�ammatory cytokines in the aqueous humor of POAG patients
and showed the associations between POAG and cytokine changes. Furthermore, we �rst found the elevated
concentrations of vWF, sVEGFR-1, and angiopoietin-2 in glaucomatous aqueous humor. The elevated cytokines are
consistent with the hypothesis that vascular and in�ammatory factors are related to POAG pathogenesis. Further
research is needed to clarify the role of cytokines and to understand the altered micro-environment in the anterior
chamber.
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Tables
Table 1. Demographic and clinical data of POAG and cataract patients.

  POAG Controls P value

Number 6 7  

Age (years, Mean ±SD) 56.0±10.9 61.6±5.3 0.254

Gender (male/female)* 4/2 3/4 0.592

IOP (Mean ±SD) 23.5±14.3 14.9±2.6 0.202

BCVA (Median, min-max) 0.32 (0.04-1.00) 0.40 (0.02-0.50) 0.534

Abbreviations: SD, standard deviation; IOP, intraocular pressure; POAG, primary open-angle glaucoma; BCVA, best corrected
visual acuity. * Fisher's Exact χ2 Test; # Independent-sample Mann-Whitney U Test

 

Table 2. Signal intensity of aqueous cytokines with cytokines antibody array.

#
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Vascular related cytokines Inflammatory cytokines
  Ratio :

POAG/Control
Control POAG P

value
  Ratio :

POAG/Control
Control POAG P

value
sVEGF-R1 ** 1.65 334.4

±121.1
 550.8±126.30.009TNF-α * 1.13 359 (335-430) 404.5 (377-440) 0.014

vWf * 1.89 104 (81-
166)

197 (85-372) 0.035IL-12p70 0.81 103.3±18.9 84.2±12.9 0.060

Angiopoietin-
2 *

2.00 250 (171-
429)

500 (296-
1638)

0.022CCL2/MCP-1 1.15 28070.3±3840.232407.7±4019.00.07

Endothelin-1 1.11 185 (167-
251)

204.5 (180-
735)

0.37 CCL3/MIP-1α 0.66 37 (19-60) 24.5 (18-53) 0.45

VEGF-A 0.95 594.4±147.0565.3±327.8 0.84 CCL4/MIP-1β 0.55 1954 (364-
3007)

1079 (509-
2263)

0.73

VEGF-C 0.81 39.4±11.4 32.0±8.0 0.21 CCL5/RANTES0.71 46 (25-59) 32.5 (27-202) 0.23
VEGF-D 1.08 46.6± 14.7 50.2±25.7 0.76 Endoglin 1.14 157 (154-187) 179.5 (141-213) 0.10
VEGF-R3 0.78 58.6±14.5 45.5±17.4 0.17 ICAM-1 0.78 44.0±13.1 34.5±9.5 0.17
PIGF 0.94 35.4±15.5 33.3±16.1 0.82 Fas 1.12 30.7±10.2 34.3±8.2 0.50
PDGF-AB 0.81 54.6±23.4 44.3±9.9 0.34 Fas L 0.71 67.3±20.7 48.0±15.2 0.09
PDGF-BB 0.71 42.4±15.9 30.2±14.3 0.17 IL-1b 0.90 45.0±11.7 40.3±20.2 0.61
SDF-1α 0.82 64.1±22.4 52.5±15.1 0.31 IL-6 0.87 45 (33-91) 39 (29-155) 0.53
SDF-1β 1.00 63 (35-80) 63 (53-113) 0.53 IL-8 1.08 189.9±10.4 205.2±26.2 0.18
Angiopoietin-
1

1.50 140 (94-
199)

209.5 (122-
672)

0.10 MMP-1 0.72 72.1±20.0 52.2±14.7 0.07

Angiostatin 0.84 119 (90-
176)

100.5 (89-
253)

0.63 MMP-9 0.97 362 (290-404) 351.5 (299-440) 0.84

ANGPTL-4 1.06 52 (39-57) 55 (29-82) 0.73 PAI-1 1.01 318 (266-390) 320 (267-1024) 0.73
Tie-1 1.10 115 (84-

125)
126.5 (96-
216)

0.30 TIMP-1 1.04 95 (72-110) 98.5 (53-143) 1.00

Tie-2 0.92 79 (55-93) 72.5 (41-
200)

0.84 TIMP-2 0.91 385.3±95.0 348.8±80.4 0.48

EPO 1.02 152.1±28.1  154.5±26.1 0.88          

Data were shown in mean ±standard deviation or median with range from minimum to maximum. p-values were obtained from
Student’s t test or Mann–Whitney U test  (significant p-values are highlighted in bold). All data of cytokines were showed by signal
intensity. *p<0.05; **p<0.01. POAG, primary open-angle glaucoma

 

Table 3. Correlations among all cytokines.
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  IOP sVEGFR-1 vWF TNF-α Angiopoietin-2
 r p value r p value r p value r p value r p value

sVEGFR-1 0.647* 0.02 1.00  - 0.646 0.02 0.824 0.00 0.47 0.11
vWf 0.32 0.31 0.646 0.02 1.00  - 0.569 0.04 0.39 0.19

TNF-α 0.32 0.31 0.824 <0.001 0.569 0.04 1.00 - 0.555 0.049

Angiopoietin-2 0.15 0.65 0.47 0.11 0.39 0.19 0.555 0.05 1.00  -

Endothelin-1 0.10 0.75 0.46 0.12 0.54 0.06 0.49 0.09 0.10 0.73

VEGF-A 0.602* 0.04 0.29 0.34 -0.01 0.96 0.00 1.00 -0.31 0.31

VEGF-C -0.04 0.90 -0.14 0.65 -0.35 0.24 -0.03 0.91 -0.13 0.67

VEGF-D 0.34 0.28 0.12 0.71 -0.09 0.76 0.29 0.33 0.11 0.71

VEGFR-3 0.14 0.66 -0.18 0.55 -0.30 0.32 0.02 0.96 -0.05 0.87

PIGF 0.48 0.11 0.41 0.16 0.29 0.34 0.16 0.61 -0.03 0.92

PDGF-AB -0.03 0.94 0.08 0.79 -0.02 0.94 0.09 0.77 -0.12 0.69

PDGF-BB 0.30 0.35 0.02 0.96 -0.11 0.73 0.06 0.84 -0.14 0.65

SDF-1α 0.07 0.82 0.07 0.83 -0.10 0.76 0.15 0.63 -0.23 0.46

SDF-1β 0.31 0.32 0.42 0.16 0.30 0.32 0.25 0.42 0.21 0.49

Angiopoietin-1 -0.28 0.38 0.582 0.04 0.597 0.03 0.698 0.008 0.47 0.10

Angiostatin 0.13 0.69 0.18 0.56 0.34 0.26 0.25 0.40 -0.09 0.78

ANGPTL-4 0.41 0.19 0.49 0.09 0.34 0.26 0.53 0.06 0.39 0.19

Tie-1 0.40 0.19 0.22 0.47 0.21 0.49 0.18 0.57 0.06 0.84

Tie-2 -0.03 0.92 0.04 0.89 0.40 0.18 0.02 0.96 0.42 0.15

MMP-1 -0.34 0.28 -0.32 0.28 -0.41 0.16 -0.15 0.61 0.03 0.92

MMP-9 -0.50 0.10 -0.09 0.78 0.07 0.82 0.00 1.00 -0.05 0.86

PAI-1 -0.593 0.04 0.15 0.63 0.30 0.31 0.29 0.33 0.10 0.73

EPO 0.17 0.60 0.18 0.55 -0.03 0.91 0.24 0.42 -0.12 0.71

ICAM-1 0.17 0.61 0.00 1.00 -0.09 0.78 0.04 0.89 -0.14 0.64

Fas 0.38 0.22 0.27 0.38 0.32 0.29 0.41 0.16 0.606 0.03

Fas L -0.16 0.62 -0.29 0.34 -0.14 0.64 -0.09 0.77 -0.04 0.90

IL-6 0.07 0.82 0.10 0.73 0.13 0.66 0.40 0.17 0.18 0.57

IL-1b 0.40 0.20 0.13 0.67 0.01 0.98 0.12 0.69 0.13 0.68

IL-8 0.23 0.47 0.39 0.19 0.01 0.97 0.43 0.15 0.22 0.46

IL-12p70 -0.18 0.57 -0.34 0.26 -0.37 0.21 -0.27 0.37 -0.22 0.46

CCL-2/MCP-1 0.44 0.16 0.52 0.07 0.726 0.005 0.38 0.19 0.659 0.01

CCL-3/MIP-1α 0.26 0.42 0.09 0.78 -0.01 0.98 0.17 0.59 -0.21 0.49

CCL-4/MIP-1β -0.43 0.16 0.03 0.91 0.15 0.62 0.02 0.94 0.10 0.75

CCL-5/RANTES -0.01 0.97 0.06 0.85 0.17 0.59 0.11 0.72 -0.12 0.70

TIMP-1 -0.19 0.56 0.35 0.24 0.40 0.17 0.31 0.30 0.10 0.75

TIMP-2 0.32 0.31 0.30 0.33 0.02 0.96 -0.02 0.94 -0.38 0.19

Endoglin 0.28 0.38 0.37 0.21 0.17 0.59 0.44 0.13 0.16 0.60

 Correlation coefficient and p values are calculated by Pearson’s correlation or Spearman’s correlation. r, correlation coefficient
a, non-parametric statistics by Spearman’s correlation. *P<0.05; **P<0.01.
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Figure 1

Results of cytokine antibody arrays. Representative results for the expression levels of vWF (box d), TNF-α (box e),
angiopoietin-2 (box f), and sVEGFR-1 (box g) in glaucoma eyes (a) and control eyes (b). Expression levels of sVEGFR-1,
vWF, TNF-α, and angiopoietin-2 in glaucoma eyes and control eyes (c). The line of sVEGFR-1 represents the mean value
with the standard error of measurement and the lines of the others represent the median value. *p < 0.05; **p < 0.01.
sVEGFR-1, soluble vascular endothelial growth factor receptor 1; vWF, von Willebrand factor; TNF-α, tumor necrosis factor.


