
Endophthalmitis often occurs after the introduction of 
an infectious agent into the interior of the eye and results in 
acute inflammation. Infectious agents generally gain access 
to affected eyes via the following routes: a consequence 
of intraocular surgery (post-operative), access through a 
penetrating injury of the globe (post-traumatic), or from 
hematogenous spread of microbes into the eye from a distant 
anatomic site (endogenous) [1,2]. Infectious endophthalmitis 
is a particularly devastating complication of penetrating 
ocular trauma. It has been reported that endophthalmitis 
occurs in approximately 3% to 17% of open globe injuries 
[3-5]. Several studies have shown that the specific effects 
of microbial toxins on tissues and cells and the presence of 
certain organisms in immunologically privileged areas stimu-
late intraocular inflammation [6-8]. Pathogen-associated 
molecule pattern (PAMP) molecules, as well as the growing 

organisms themselves, come in contact with and collectively 
stimulate resident immune cells to produce proinflamma-
tory cytokines or other inflammatory mediators. Induction 
of these cytokines further initiates a cascade of inflammatory 
events, including increased permeability of the blood–ocular 
fluid barrier, which results in an influx of additional soluble 
mediators and the recruitment of inflammatory cells to the 
site of infection. Inflammatory cells produce additional 
inflammatory cytokines that mediate ocular inflammatory 
immune responses [2, 9,10]. The essential roles of inflamma-
tory mediators in the development of endophthalmitis have 
been determined in animal models. However, the role of 
proinflammatory cytokines in human infectious endophthal-
mitis is not fully understood.

Recent studies have focused on the levels of various 
inflammatory mediators in intraocular (aqueous and vitreous) 
humor as markers for the activity and severity of ocular 
inflammation [11-17]. Post-traumatic intraocular infection 
severely influences the intraocular humor, which is the 
one of most vital targets of intraocular infection. However, 
only limited information is available about the profile 
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of proinflammatory mediators present in the intraocular 
humor from patients with endophthalmitis. In this study, we 
employed a high-throughput quantitative antibody protein 
array that allowed us to obtain cytokine expression levels 
from small-volume aqueous humor (AH) and vitreous humor 
(VH) samples in a highly sensitive manner. This allowed 
the comparison between patients with endophthalmitis and 
healthy controls. Additionally, we compared the inflamma-
tory cytokines between AH and VH to identify their respec-
tive specific markers. These results were validated using 
traditional enzyme-linked immunosorbent assay (ELISA) 
techniques.

Our data provide insight into the identification of inflam-
matory mediators in the anterior chamber and vitreous cavity 
in patients with endophthalmitis and healthy controls. Signifi-
cantly increased expression of interleukin (IL)-1β, IL-6, and 
macrophage inflammatory protein (MIP)-3α was observed 
in the AH and VH from patients with endophthalmitis. 
However, increased IL-17 and decreased transforming growth 
factor (TGF)-β1, IL-2, IL-5, and IL-21 were observed only 
in AH from patients with endophthalmitis. Cluster analysis 
of these cytokines in the aqueous or vitreous humor distin-
guished the patients with endophthalmitis from the control 
group. The ELISA further demonstrated that the production 
of IL-1β, IL-6, and MIP-3α was elevated in aqueous humor 
and vitreous humor from patients with endophthalmitis. All 
these results indicated that the specific expression of these 
cytokines in infectious intraocular humor is associated 
with the development of endophthalmitis and identified the 
specific markers responsible for the infectious intraocular 
inflammation and potential therapeutic targets.

METHODS

Patients: This study was a prospective study. Thirty patients 
with endophthalmitis (30 eyes) following open globe injuries 
were examined: 20 men and 10 women with an average age 
of 37.4 years. Thirty-two healthy individuals, 18 men and 
14 women aged 36.5 years on average, were included in this 
study. All study subjects were recruited from Zhongshan 
Ophthalmic Center, Sun Yat-sen University (Guangzhou, 
P.R. China) from May 2010 to June 2013. The diagnosis of 
endophthalmitis following open globe injuries (including 
ocular penetrating injury and intraocular foreign body intro-
duction) was based on the positive outcomes of vitreous or 
aqueous humor bacteria culture and direct smear staining. 
All patients with endophthalmitis had bacterial infections 
(Figure 1A) and underwent complete ophthalmological 
examinations, including visual acuity, slit-lamp biomicros-
copy, direct ophthalmoscopy, ultrasonography, orbital X-ray 

film, or orbital computed tomography. Thirty patients with 
endophthalmitis showed the following clinical ocular mani-
festations: corneal edema (100%), anterior chamber inflam-
mation or hypopyon (100%), vitritis or vitreous opacification 
(100%), or retinitis or retinal periphlebitis (57%; Figure 1B, 
Table 1). Patients who had positive bacterial pathogenic tests 
combined with open globe injuries and typically clinical 
manifestations of endophthalmitis were included in this study. 
Suspicious patients who had negative bacterial pathogenic 
outcomes, patients with endophthalmitis without a history of 
open globe injury, and patients with fungal endophthalmitis 
were excluded from this study. Patients with endophthalmitis 
were examined and diagnosed by the same experienced 
ophthalmologist at Zhongshan Ophthalmic Center (Liwen 
He). All patients received pars plana vitrectomy and ante-
rior chamber paracentesis within 4 to 10 days after trauma 
when the characteristic clinical symptoms and signs of endo-
phthalmitis were observed. The AH samples from patients 
with endophthalmitis were collected before vitrectomy. All 
aqueous samples (50–100 μl) were collected aseptically in a 
syringe with a 30 G needle and were then transferred into a 
presterilized Eppendorf tube for further tests. Then, patients 
underwent anterior chamber irrigation. We then collected 
the VH samples from the vitreous and performed vitrectomy 
and intra-vitreous antibiotic injection. Vitreous samples from 
patients with endophthalmitis were obtained during vitrec-
tomy using 23-gauge needles attached to syringes from the 
pars plana incision before injection of balanced salt solution. 
Humor samples were deposited in an Eppendorf tube for 
subsequent procedures. Cadaveric AH and VH were obtained 
from 32 donors without systemic inflammatory or ocular 
diseases and served as the control group. All control samples 
from cadaveric eyes were collected within 8 h (4–10 h) after 
death. The supernatants of AH and VH were collected by 
centrifugation at 300 ×g for 10 min and 5000 ×g for 30 min, 
respectively, at 4 °C and stored at −80 °C until tested. All AH 
and VH samples were divided into two groups: One group (15 
patients and 16 normal controls) was for quantitative cytokine 
antibody array assay, and the other (15 patients and 16 normal 
controls) was for ELISA.

Quantitative cytokine antibody array: The production of 
20 cytokines or chemokines in the supernatants of vitreous 
and aqueous was quantitatively detected using Quantitative 
Cytokine Quantibody Human Array (RayBiotech, Norcross, 
GA). These molecules included granulocyte/macrophage 
colony-stimulating factor (GM-CSF), IL-1β, IL-2, IL-4, IL-5, 
IL-6, IL-10, IL-12p70, IL-13, IL-17A, IL-17F, IL-21, IL-22, 
IL-23, IL-28, IFN-γ, MIP-3α, TGF-β1, tumor necrosis factor 
(TNF)-α and TNF-β. Multiplex antibodies against different 
cytokines were spotted onto the high-throughput cytokine 
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array according to the manufacturer’s protocol. Fluorescence 
intensities (green fluorescence, Cy3 channel, 532-nm exci-
tation) were captured using an Axon GenePix 4000B laser 
scanner (Molecular Devices, Sunnyvale, CA). Images were 
analyzed with the Quantitative Cytokine Antibody Array 
software program (RayBiotech), and the cytokine concentra-
tions were quantified according to the standard curve cali-
brated from the same array.

Enzyme-linked immunosorbent assay: The concentrations of 
IL-1β, IL-2, IL-5, IL-6, IL-17A, IL-21, MIP-3α, and TGF-β1 
in AH and VH were validated using human ELISA kits 
according to the manufacturer’s instructions (RayBiotech). 
The detection limits of the IL-1β, IL-2, IL-5, IL-6, IL-17A, 
and MIP-3α ELISA kits were 15 pg/ml and that of the IL-21 
kit was 30 pg/ml.

Cluster analysis: The hierarchical cluster method (R statis-
tical language package stats) was used for clustering and 
visualization. Cytokine values were log-transformed and 
subjected to hierarchical correlation clustering using Ward’s 
method, which minimizes within-cluster variance. The 
patients and the cytokines were clustered to obtain a heatmap. 
Cluster analysis was performed with R 2.15 (R Development 
Core Team [R Foundation for Statistical Computing], 2012). 
R scripts were used to construct trees and heatmaps and are 
available upon request.

Ethical statement: This study adhered to the ARVO state-
ment on human subjects and was approved by the Ethics 
Committee of Sun Yat-sen University (2011KYNL013). All 

of the procedures were performed according to the principles 
of the Declaration of Helsinki. Written informed consent was 
obtained from all patients.

Statistical analysis: Data are expressed as mean ± standard 
deviation (SD). Statistical analysis was performed using 
one-way ANOVA and the Wilcoxon rank-sum test. The 
data were analyzed using SPSS13.0 for Windows XP (SPSS 
Science, Chicago, IL). A p value of less than 0.05 was consid-
ered statistically significant.

RESULTS

Amelioration of intraocular inf lammation and vision 
improvement after anterior chamber irrigation, vitrectomy, 
and intravitreous antibiotic injection treatment: Prior to 
vitrectomy, 30 patients with endophthalmitis had anterior 
chamber inf lammation, hypopyon, vitritis or vitreous 
opacity, and low visual acuity (range from 5.00 to 2.00; mean: 
3.29±1.08, in terms of LogMAR). The post-surgery vision 
of patients with endophthalmitis improved markedly (range 
from 5.00 to 1.40; mean: 2.48±1.12, in terms of LogMAR, 
p=0.008; Table 1).

Identification of inflammatory cytokines in AH of patients 
with endophthalmitis: To perform a more comprehensive 
study, we investigated the expression level of a wider 
range of cytokines in the aqueous humor from patients in 
a highly sensitive manner. Our data demonstrated that the 
levels of IL-1β, IL-6, IL-17A, and MIP-3α were significantly 
upregulated in the aqueous humor from the patients with 

Figure 1. Anterior segment ocular manifestations and Gram staining of patients with endophthalmitis. A: Identification of bacteria strain by 
Gram staining. Gram-positive coccus indicated by arrow. Magnification, ×100. B: Anterior chamber inflammation and hypopyon in patients 
with infectious endophthalmitis following post-traumatic globe injury.
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endophthalmitis (n=15) compared to that of the healthy 
controls (n=16). In contrast, the expression of IL-2, IL-5, 
IL-21, and TGF-β was significantly decreased in the aqueous 
humor from the patients compared with that of the healthy 
controls (Figure 2A and Table 2).

The cluster analysis grouped the samples or cytokines 
based on cytokine levels (non-supervised analysis). The 
sample and cytokine cluster analyses were combined to 
visualize them as a heatmap (Figure 2B,C). Figure 2B shows 

a cluster heatmap of the pan 20 cytokines. Expression of 
eight of the 20 cytokines differed significantly between the 
patients with endophthalmitis and the healthy controls. Figure 
2C shows that the sample dendrogram can be divided into two 
principle clusters that largely segregate into healthy controls 
and patients with endophthalmitis. The horizontal subgroup 
was divided into elevated levels of the inflammatory cyto-
kines IL-1β, IL-6, IL-17A, and MIP-3α and decreased expres-
sion of IL-2, IL-5, IL-21, and TGF-β. Figure 2D illustrates 

Figure 2. The cytokine profile in the aqueous humor from patients with endophthalmitis (n=15) and controls (n=16). Abbreviations: IFN-γ 
represents interferon gammar; IL represents interleukin; MIP represents Macrophage inflammatory protein; GM-CSF represents granu-
locyte-macrophage colony-stimulating factor; TGF represents transforming growth factor; TNF represents tumor necrosis factor. A: The 
levels of GM-CSF, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70, IL-13, IL-17A, IL-17F, IL-21, IL-22, IL-23, IL-28, IFN-γ, MIP-3α, TNF-α, 
TGF-β1, and TNF-β were detected using an antibody cytokine array. Data are represented as mean±SD *p<0.05. B: Heatmap of cluster 
analysis. Cluster analysis was performed with data from 20 cytokines and represented in a dendrogram. The horizontal bar on the left of 
the heatmap indicates cytokine expression. Higher expression is displayed in red, and lower expression is displayed in blue. Upregulation 
or downregulation of cytokines is indicated on a scale from red to green, respectively. The vertical lines indicate patients and controls. C: 
A heatmap of the cluster analysis was performed with eight of the chosen 20 cytokines. The differentially expressed cytokines were clearly 
associated with endophthalmitis with bacterial infection. D: Representative fluorescent mean intensities images for antibody array of AH. 
Additional cytokines in patients with endophthalmitis is marked in red.
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images captured of the antibody array that compare the 
patients with endophthalmitis and the healthy controls.

Patients with endophthalmitis have an inflammatory cyto-
kine profile in the vitreous humor: The cytokine profile of 
the vitreous humor in the patients with endophthalmitis is 
still unclear. To determine the cytokine profile in the VH 
of patients with endophthalmitis, we employed the antibody 
cytokine array. These data indicated that the production of 
IL-1β, IL-6, and MIP-3α was significantly upregulated in the 
vitreous humor from patients with endophthalmitis (n=15) 
compared with that of the healthy controls (n=16; Figure 3A 
and Table 3).

Cluster analysis of the antibody array results in VH 
showed a significant difference in the expression of three of 
the 20 inflammatory mediators between patients with endo-
phthalmitis and healthy controls. These results were combined 
and visualized as a heatmap (Figure 3B,C). Figure 3B shows 
the cluster heatmap of the pan 20 cytokines. Figure 2C shows 
that three (IL-1β, IL-6, and MIP-3α) of the 20 inflammatory 
mediators were identified to have specific expression only 

in patients with endophthalmitis. The sample dendrogram 
was found to be markedly divided into two principle clusters 
that clearly separate in healthy controls and patients with 
endophthalmitis. Figure 3D illustrates antibody arrays and 
the images captured of the vitreous samples from patients 
with endophthalmitis and healthy controls.

Comparison of inflammatory cytokine profiles between AH 
and VH from patients with endophthalmitis: The production 
of IL-1β, IL-6, and MIP-3α was elevated in AH and VH from 
patients with endophthalmitis. In the AH, the concentration 
of IL-17A was significantly increased; however, the expres-
sion levels of IL-2, IL-5, IL-21, and TGF-β were decreased. 
We did not observe this profile in the VH.

Validation of cytokine profiles in patients with endophthal-
mitis using ELISA: To confirm the results of multiplex detec-
tion of the quantitative antibody array, we performed single-
target ELISAs to validate the expression of the cytokines. 
Similar to the antibody array, elevated levels of IL-1β, IL-6, 
and MIP-3α in AH (Figure 4A) and VH (Figure 4B) from 
patients with endophthalmitis were confirmed with ELISA. 

Table 2. Cytokine concentrations (pg/ml) in aqueous humor from endo-
phthalmitis patients as compared with normal controls.

Name of target Endophthalmitis (pg/ml)
Control (pg/
ml) Fold change P value

GM-CSF 106.48 355.57 0.30 <0.001
IFNg 478.65 1078.8 0.44 <0.001
IL-1b 363.27 47.63 7.63 <0.001
IL-2 501.38 2972.3 0.17 <0.001
IL-4 249 251.79 0.99 0.962
IL-5 36.59 83.34 0.44 0.001
IL-6 5701.8 302.43 18.85 <0.001
IL-10 253.51 184.47 1.37 0.033
IL-12p70 8.5 9.97 0.85 0.751
IL-13 198.18 367.51 0.54 0.011
IL-17 365.15 166.68 2.19 <0.001
IL-17F 0 0 0.00 0
IL-21 12,061 19,406 0.62 <0.001
IL-22   94.67 0.00 0.024
IL-23 220.75 409.83 0.54 <0.001
IL-28A 0 29.25 0.00 0.893
MIP-3a 741.45 9.23 80.33 <0.001
TGF-b1 4436.5 11,880 0.37 <0.001
TNFa 48.85 54.79 0.89 0.62
TNFb 37.96 94.38 0.40 <0.001

IFNγ=interferon gammar; IL=interleukin; MIP=Macrophage inflammatory protein; GM-CSF=granulocyte-
macrophage colony-stimulating factor; TGF=transforming growth factor; TNF=tumor necrosis factor.
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The levels of IL-2, IL-5, IL-17A, IL-21, and TGF-β in the 
patients with endophthalmitis and the healthy controls were 
below the limit detectable with ELISA.

DISCUSSION

In this study, we identified the inflammatory mediators in 
the AH and VH from patients with endophthalmitis after 
post-traumatic open globe injury. Quantitative cytokine 
antibody array analysis demonstrated that compared to 
healthy controls, patients with endophthalmitis presented 
with significantly upregulated expression of IL-1β, IL-6, 
IL-17, and MIP-3α but significantly lower levels of TGF-β, 
IL-2, IL-21, and IL-5 in the AH. In addition, patients with 

endophthalmitis had significantly higher concentrations of 
IL-1β, IL-6, and MIP-3α in the VH. Cluster analysis verified 
that the expression of IL-1β, IL-6, IL-17, MIP-3α, TGF-β, 
IL-2, IL-21, and IL-5 in AH and IL-1β, IL-6, and MIP-3α 
in VH was strongly associated with endophthalmitis. The 
expression of this cytokine profile was validated with ELISA 
and demonstrated an increase in IL-1β, IL-6, and MIP-3α in 
AH and VH from patients with endophthalmitis.

Post-traumatic infectious endophthalmitis is the most 
challenging and devastating consequence of open globe 
injury and often leads to rapid loss of vision and blind-
ness when early intervention and appropriate therapy are 
not received [9,18-20]. Prompt diagnostic and therapeutic 

Figure 3. The cytokine profile in the VH from patients with endophthalmitis (n=15) and controls (n=16). A: The expression of 20 cytokines 
was detected using antibody cytokine array. The interleukin (IL)-1β, IL-6, and macrophage inflammatory protein (MIP)-3α levels were 
significantly upregulated in the patients with endophthalmitis compared to the healthy control samples. Data are represented as mean±SD 
*p<0.05. B: Heatmap of cluster analysis. Cluster analysis was performed with the 20 chosen cytokines. The horizontal bar on the left of the 
heatmap indicates the cytokine expression. C: Heatmap of cluster analysis of three of the 20 cytokines. The endophthalmitis group and the 
control group completely segregated into two principle clusters. D: Representative fluorescent signal images for the antibody array in the 
vitreous humor (VH). The additional cytokines are marked in red.
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management is vitally important to prevent the occurrence 
of infectious endophthalmitis. Diagnostic bacterial culture of 
ocular samples, including AH, VH, and conjunctival tissue, 
is the best approach for diagnosis. In the literature, the posi-
tive culture rates vary from 24% to 95% [21]. The smear 
positivity of endophthalmitis is 52.5–76.6% [22,23]. Patients 
whose results culture and smear test results were positive 
were included in the present study to avoid potential bias. We 
combined the positive culture or smear test and open globe 
history and clinical manifestations to avoid false-positive 
results of pathogenic tests. In view of the low culture and 
smear positivity, there is a great need for a faster, more reli-
able diagnostic tool. Previously, only one report investigated 
the expression of cytokines in patients with endophthalmitis, 
focused only on IL-6, IFN-γ, TNF-α, and GM-CSF in the AH 
and indicated only the upregulation of IL-6 [24]. In this study, 
we proposed that determination of the inflammatory medi-
ator profile in AH and VH from patients with endophthal-
mitis could potentially be that tool to meet this diagnostic 
need. We observed a consistent significant difference in the 
expression of several cytokines (significantly upregulated 
IL-1β, IL-6, IL-17, and MIP-3α and downregulated TGF-β, 

IL-2, IL-21, and IL-5) in AH from the patients with endo-
phthalmitis compared to the healthy controls. Hierarchical 
cluster analysis demonstrated the expression of an additional 
eight cytokines in AH that completely segregated between 
the patients with endophthalmitis and healthy control groups. 
This suggests a correlation between the specific expression 
of these cytokines and endophthalmitis. The elevated level 
of IL-6 in the AH from patients with endophthalmitis in this 
study was consistent with the results in the report by Feys et 
al. [24]. It has been reported that bacterial infection induces 
the release of proinflammatory cytokines (e.g., TNF-α and 
IL-1β), and these cytokines induce other proinflammatory 
cytokines (e.g., IL-6) [25]. This robust immune response 
induces a disturbance in the balance between pro- and anti-
inflammatory cytokines. Accumulated evidence supports 
the idea that IL-6 exerts a dual role in type 1/type 2 helper 
(Th1/Th2) cell differentiation [26,27] and could be induced 
by infection and trauma leading to inflammation [28,29]. 
IL-6 could induce the production of IL-17A and IL-1β. In 
contrast, IL-6 suppresses TGF-β-induced Treg differentia-
tion [30]. Several reports have indicated that the cytokines in 
endophthalmitis are secreted by macrophages, lymphocytes, 

Table 3. Cytokine concentrations (pg/ml) in vitreous humor from endophthalmitis patients.

Name of target Endophthalmitis (pg/ml) Control (pg/ml) Fold change P value
GM-CSF 162.55 79.28 2.05 0.808
IFNγ 397.79 119.33 3.33 0.003
IL-1β 577.17 28.07 20.56 0.005
IL-2 346.16 145.76 2.37 0.125
IL-4 67.42 53.83 1.25 0.682
IL-5 18.48 10.15 1.82 0.461
IL-6 3740.67 53.97 69.31 <0.001
IL-10 164.85 0   0.008
IL-12p70 11.23 11.8 0.95 0.941
IL-13 201.85 94.78 2.13 0.048
IL-17 472.25 197.83 2.39 0.157
IL-17F 0 0 0.00 0
IL-21 13,614.87 7965.29 1.71 0.004
IL-22 233.61 151.26 1.54 0.32
IL-23 161.38 107.24 1.50 0.367
IL-28A 64.3 0   0.016
MIP-3α 392.94 0.75 523.92 <0.001
TGF-b1 4413.77 2026.59 2.18 0.011
TNFα 32.16 16.22 1.98 0.113
TNFβ 52.3 34.69 1.51 0.021

IFNγ=interferon gammar; IL=interleukin; MIP=Macrophage inflammatory protein; GM-CSF=granulocyte- 
macrophage colony-stimulating factor; TGF=transforming growth factor; TNF=tumor necrosis factor.
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natural killers, endothelial cells, and other immune cells 
[10,31]. Toll-like receptor (TLR) signaling activation initiates 
host immune defense mechanisms against invasive microbes 
in humans as well as in nonhuman species. Singh et al. and 
Kumar et al. have demonstrated that TLR selective activation 
induces IL-1β and IL-6 upregulation in in vitro and in vivo 
animal model experiments [32,33]. This response is similar 
to the results in the AH and VH samples from patients with 
endophthalmitis identified in the current study, implying that 
TLR activation may contribute to increases in IL-1β and IL-6 
expression in endophthalmitis. The production of IL-17A may 
further promote sustained production of inflammatory cyto-
kines, such as IL-1β, TNF-α, IL-6, and the chemokine MIP-3α 
(CCL20), which strongly induces the migration of Th17 cells 
[34]. It has been demonstrated that MIP-3α secretion is depen-
dent on IL-6 activation, which is dependent on the activation 
of nuclear factor-κB (NF-κB) and the signal transducer and 
activator of transcription 3 (STAT3) pathway [35]. Moreover, 
our results confirmed that the expression of TGF-β, IL-2, 
IL-21, and IL-5 was decreased in endophthalmitis AH. The 

determination of the role of these cytokines requires further 
investigation in animal models of endophthalmitis.

Our vitreous data from the antibody array and cluster 
analysis demonstrated that the expression of IL-1β, IL-6, 
and MIP-3α was significantly elevated in patients with endo-
phthalmitis and are consistent with the results of the AH data. 
Although absent in the reports of clinical trials, Petropoulos 
and Giese et al. also confirmed the upregulated expression 
of IL-1β and IL-6 in an endophthalmitis animal model [9,10]. 
To verify the accuracy of the quantitative cytokine antibody 
array, we then tested the cytokine concentrations using 
ELISA. The ELISA results further indicated that these three 
cytokines were specifically upregulated in AH and VH from 
the patients with endophthalmitis compared to the healthy 
controls. The additional cytokines identified by the antibody 
array were below detectable levels. However, the concentra-
tions of certain cytokines, such as IL-21, were high using 
the quantitative antibody array assay, which was not consis-
tent with the ELISA results, implying that the exact results 
require more than one method for verification. Moreover, 
MIP-3α was elevated in the AH and VH from patients with 

Figure 4. Validation analysis with ELISA of the AH and VH from patients with endophthalmitis (n=15) and healthy controls (n=16). A: The 
expression of interleukin (IL)-1β, IL-6, and macrophage inflammatory protein (MIP)-3α was significantly upregulated in the aqueous humor 
(AH) from patients with endophthalmitis. B: The production of IL-1β, IL-6, and MIP-3α was also elevated in vitreous humor (VH) from the 
patients compared to the health control samples. Data are represented as mean±SD *p<0.05, **p<0.001.
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endophthalmitis and is a chemoattractant that induces IL-17 
production [36,37]; IL-17 was significantly elevated only in 
AH. The levels of IL-17 in the VH from the patients with 
endophthalmitis (472.25±143.10) were also higher than those 
in from the healthy controls (197.83±25.69; the fold change 
of patients versus controls was 2.39), although there was no 
significant difference between the two groups. These results 
indicate that the elevation of IL-17 in the AH and VH from 
patients with endophthalmitis was in accordance with the 
upregulation of MIP-3α. These results suggest that IL-1β, 
IL-6, and MIP-3α may be potential biomarkers for endo-
phthalmitis diagnosis.

In summary, all results from the antibody array and 
ELISA suggest that IL-1β, IL-6, and MIP-3α are potential 
biomarkers useful for endophthalmitis diagnosis. However, 
the roles and the associated mechanisms of the cytokine 
network involved in endophthalmitis require further inves-
tigation in animal models. Our study provides a new means 
for improving the diagnosis yield of endophthalmitis as well 
as other ocular inflammatory or infectious diseases and 
determining certain biomarkers for diagnosis and potential 
therapeutic strategies for the treatment of endophthalmitis.

ACKNOWLEDGMENTS

This study was supported by the Fund for the Natural Science 
Foundation of Guangdong Province (S2012010008618 and 
S2013010016642). The authors did not receive any financial 
support for their work on this study. The study was approved 
by the Ethics Committe of Zhongshan Ophthalmic Center.

REFERENCES
1.	 Callegan MC, Engelbert M, Parke DW 2nd, Jett BD, Gilmore 

MS. Bacterial endophthalmitis: epidemiology, therapeutics, 
and bacterium-host interactions.  Clin Microbiol Rev  2002; 
15:111-24. [PMID: 11781270].

2.	 Essex RW, Yi Q, Charles PG, Allen PJ. Post-traumatic endo-
phthalmitis.  Ophthalmology  2004; 111:2015-22. [PMID: 
15522366].

3.	 Jonas JB, Knorr HL, Budde WM. Prognostic factors in ocular 
injuries caused by intraocular or retrobulbar foreign bodies.  
Ophthalmology  2000; 107:823-8. [PMID: 10811069].

4.	 Meredith TA. Posttraumatic endophthalmitis.  Arch 
Ophthalmol  1999; 117:520-1. [PMID: 10206582].

5.	 Carifi G. Bacterial post-traumatic endophthalmitis. Surv 
Ophthalmol. Vol 57. United States2012. p. 85–6; author reply 
6–8.

6.	 Taylor AW. Ocular immune privilege.  Eye (Lond)  2009; 
23:1885-9. [PMID: 19136922].

7.	 Niederkorn JY. The induction of anterior chamber-associated 
immune deviation.  Chem Immunol Allergy  2007; 92:27-35. 
[PMID: 17264480].

8.	 Suzuki T, Campbell J, Swoboda JG, Walker S, Gilmore MS. 
Role of wall teichoicacids in Staphylococcus aureus endo-
phthalmitis.  Invest Ophthalmol Vis Sci  2011; 322:3187-92. 
[PMID: 21345983].

9.	 Giese MJ, Sumner HL, Berliner JA, Mondino BJ. Cytokine 
expression in a rat model of Staphylococcus aureus endo-
phthalmitis.  Invest Ophthalmol Vis Sci  1998; 39:2785-90. 
[PMID: 9856792].

10.	 Petropoulos IK, Vantzou CV, Lamari FN, Karamanos NK, 
Anastassiou ED, Pharmakakis NM. Expression of TNF-
alpha, IL-1beta, and IFN-gamma in Staphylococcus epider-
midis slime-positive experimental endophthalmitis is closely 
related to clinical inflammatory scores.  Graefes Arch Clin 
Exp Ophthalmol  2006; 244:1322-8. [PMID: 16544114].

11.	 Chua J, Vania M, Cheung CM, Ang M, Chee SP, Yang H, Li J, 
Wong TT. Expression profile of inflammatory cytokines in 
aqueous from glaucomatous eyes.  Mol Vis  2012; 18:431-8. 
[PMID: 22355254].

12.	 Ly LV, Bronkhorst IH, van Beelen E, Vrolijk J, Taylor AW, 
Versluis M, Luyten GP, Jager MJ. Inflammatory cytokines 
in eyes with uveal melanoma and relation with macrophage 
infiltration.  Invest Ophthalmol Vis Sci  2010; 51:5445-51. 
[PMID: 20538984].

13.	 Lim WK, Ursea R, Rao K, Buggage RR, Suhler EB, Dugan F, 
Chan CC, Straus SE, Nussenblatt RB. Bilateral uveitis in a 
patient with autoimmune lymphoproliferative syndrome.  Am 
J Ophthalmol  2005; 139:562-3. [PMID: 15767081].

14.	 Lacomba MS, Martin CM, Chamond RR, Galera JM, Omar 
M, Estevez EC. Aqueous and serum interferon gamma, inter-
leukin (IL) 2, IL-4, and IL-10 in patients with uveitis.  Arch 
Ophthalmol  2000; 118:768-72. [PMID: 10865312].

15.	 Mocan MC, Kadayifcilar S, Eldem B. Elevated intravitreal 
interleukin-6 levels in patients with proliferative diabetic 
retinopathy.  Can J Ophthalmol  2006; 41:747-52. [PMID: 
17224958].

16.	 Fisson S, Ouakrim H, Touitou V, Baudet S, Ben Abdelwahed 
R, Donnou S, Miloudi A, Galand C, Bodaghi B, Lehoang 
P, Brissard M, Le Garff-Tavernier M, Fridman WH, Sautes-
Fridman C, Cassoux N, Merle-Beral H. Cytokine profile in 
human eyes: contribution of a new cytokine combination 
for differential diagnosis between intraocular lymphoma or 
uveitis.  PLoS ONE  2013; 8:e52385-[PMID: 23405064].

17.	 Pfister M, Koch FH, Cinatl J, Rothweiler F, Schubert R, Singh 
P, Ackermann H, Koss MJ. [Cytokine determination from 
vitreous samples in retinal vascular diseases]. Der Ophthal-
mologe  Zeitschrift der Deutschen Ophthalmologischen 
Gesellschaft  2013; 110:746-54. .

18.	 Vallejo-Garcia JL, Asencio-Duran M, Pastora-Salvador N, 
Vinciguerra P, Romano MR. Role of inflammation in endo-
phthalmitis.  Mediators Inflamm  2012; 2012:196094-[PMID: 
22973073].

http://www.molvis.org/molvis/v22/563
http://www.ncbi.nlm.nih.gov/pubmed/11781270
http://www.ncbi.nlm.nih.gov/pubmed/15522366
http://www.ncbi.nlm.nih.gov/pubmed/15522366
http://www.ncbi.nlm.nih.gov/pubmed/10811069
http://www.ncbi.nlm.nih.gov/pubmed/10206582
http://www.ncbi.nlm.nih.gov/pubmed/19136922
http://www.ncbi.nlm.nih.gov/pubmed/17264480
http://www.ncbi.nlm.nih.gov/pubmed/21345983
http://www.ncbi.nlm.nih.gov/pubmed/9856792
http://www.ncbi.nlm.nih.gov/pubmed/16544114
http://www.ncbi.nlm.nih.gov/pubmed/22355254
http://www.ncbi.nlm.nih.gov/pubmed/20538984
http://www.ncbi.nlm.nih.gov/pubmed/15767081
http://www.ncbi.nlm.nih.gov/pubmed/10865312
http://www.ncbi.nlm.nih.gov/pubmed/17224958
http://www.ncbi.nlm.nih.gov/pubmed/17224958
http://www.ncbi.nlm.nih.gov/pubmed/23405064
http://www.ncbi.nlm.nih.gov/pubmed/22973073
http://www.ncbi.nlm.nih.gov/pubmed/22973073


Molecular Vision 2016; 22:563-574 <http://www.molvis.org/molvis/v22/563> © 2016 Molecular Vision 

574

19.	 Bhagat N, Nagori S, Zarbin M. Post-traumatic Infectious 
Endophthalmitis.  Surv Ophthalmol  2011; 56:214-51. [PMID: 
21397289].

20.	 Ahmed Y, Schimel AM, Pathengay A, Colyer MH, Flynn 
HW Jr. Endophthalmitis following open-globe injuries.  Eye 
(Lond)  2012; 26:212-7. [PMID: 22134598].

21.	 Ness T, Serr A. Diagnostics for endophthalmitis.  Klin 
Monatsbl Augenheilkd  2008; 225:44-9. [PMID: 18236369].

22.	 Gupta A, Gupta V, Gupta A, Dogra MR, Pandav SS, Ray P, 
Chakraborty A. Spectrum and clinical profile of post cataract 
surgery endophthalmitis in north India.  Indian J Ophthalmol  
2003; 51:139-45. [PMID: 12831144].

23.	 Sharma S, Jalali S, Adiraju MV, Gopinathan U, Das T. Sensi-
tivity and predictability of vitreous cytology, biopsy, and 
membrane filter culture in endophthalmitis.  Retina  1996; 
16:525-9. [PMID: 9002137].

24.	 Feys J, Emond JP, Salvanet-Bouccara A, Dublanchet A.  
Interleukin-6 and other cytokines in the aqueous humor in 
uveitis and endophthalmitis.  J Fr Ophtalmol  1994; 17:634-9. 
[PMID: 7722221].

25.	 van de Weg CA, Pannuti CS, de Araujo ES, van den Ham HJ, 
Andeweg AC, Boas LS, Felix AC, Carvalho KI, de Matos 
AM, Levi JE, Romano CM, Centrone CC, de Lima Rodrigues 
CL, Luna E, van Gorp EC, Osterhaus AD, Martina BE, 
Kallas EG. Microbial translocation is associated with exten-
sive immune activation in dengue virus infected patients with 
severe disease.  PLoS Negl Trop Dis  2013; 7:e2236-[PMID: 
23717702].

26.	 Soares DM, Figueiredo MJ, Martins JM, Machado RR, Sorgi 
C, Faciolli LH, Alves-Filho JC, Cunha FQ, Souza GE. A 
crucial role for IL-6 in the CNS of rats during fever induced 
by the injection of live E. coli.  Med Microbiol Immunol 
(Berl)  2012; 201:47-60. [PMID: 21643979].

27.	 Sofi MH, Li W, Kaplan MH, Chang CH. Elevated IL-6 expres-
sion in CD4 T cells via PKCtheta and NF-kappaB induces 
Th2 cytokine production.  Mol Immunol  2009; 46:1443-50. 
[PMID: 19181387].

28.	 Volpin G, Cohen M, Assaf M, Meir T, Katz R, Pollack S. 
Cytokine Levels (IL-4, IL-6, IL-8 and TGFbeta) as Potential 

Biomarkers of Systemic Inflammatory Response in Trauma 
Patients.  Int Orthop  2014; [PMID: 24402554].

29.	 Martínez-Prado E, Camejo Bermúdez MI. Expression of IL-6, 
IL-8, TNF-alpha, IL-10, HSP-60, anti-HSP-60 antibodies, 
and anti-sperm antibodies, in semen of men with leukocytes 
and/or bacteria.  Am J Reprod Immunol  2010; 63:233-43. 
[PMID: 20055787].

30.	 Kyburz D, Corr M. Th17 cells generated in the absence of TGF-
beta induce experimental allergic encephalitis upon adoptive 
transfer.  Expert Rev Clin Immunol  2011; 7:283-5. [PMID: 
21595594].

31.	 Pollreisz A, Rafferty B, Kozarov E, Lalla E. Klebsiella pneu-
moniae induces an inflammatory response in human retinal-
pigmented epithelial cells.  Biochem Biophys Res Commun  
2012; 418:33-7. [PMID: 22226964].

32.	 BenMohamed L, Singh PK, Kumar A. Retinal Photoreceptor 
Expresses Toll-Like Receptors (TLRs) and Elicits Innate 
Responses Following TLR Ligand and Bacterial Challenge.  
PLoS ONE  2015; 10:e0119541-[PMID: 25767877].

33.	 Kumar A, Shamsuddin N. Retinal Muller glia initiate innate 
response to infectious stimuli via toll-like receptor signaling.  
PLoS ONE  2012; 7:e29830-[PMID: 22253793].

34.	 Chevrel G, Page G, Granet C, Streichenberger N, Varennes 
A, Miossec P. Interleukin-17 increases the effects of IL-1 
beta on muscle cells: arguments for the role of T cells in the 
pathogenesis of myositis.  J Neuroimmunol  2003; 137:125-33. 
[PMID: 12667656].

35.	 Arima Y, Harada M, Kamimura D, Park JH, Kawano F, Yull 
FE, Kawamoto T, Iwakura Y, Betz UA, Marquez G, Black-
well TS, Ohira Y, Hirano T, Murakami M. Regional neural 
activation defines a gateway for autoreactive T cells to cross 
the blood-brain barrier.  Cell  2012; 148:447-57. [PMID: 
22304915].

36.	 Cheluvappa R. Experimental appendicitis and appendectomy 
modulate the CCL20–CCR6 axis to limit inf lammatory 
colitis pathology.  Int J Colorectal Dis  2014; 29:1181-8. 
[PMID: 24980688].

37.	 Mony JT, Khorooshi R, Owens T. Chemokine receptor expres-
sion by inflammatory T cells in EAE.  Frontiers in Cellular 
Neuroscience  2014; 8:187-[PMID: 25071447].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 2 June 2016. This reflects all typographical corrections and errata to the article 
through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v22/563
http://www.ncbi.nlm.nih.gov/pubmed/21397289
http://www.ncbi.nlm.nih.gov/pubmed/21397289
http://www.ncbi.nlm.nih.gov/pubmed/22134598
http://www.ncbi.nlm.nih.gov/pubmed/18236369
http://www.ncbi.nlm.nih.gov/pubmed/12831144
http://www.ncbi.nlm.nih.gov/pubmed/9002137
http://www.ncbi.nlm.nih.gov/pubmed/7722221
http://www.ncbi.nlm.nih.gov/pubmed/23717702
http://www.ncbi.nlm.nih.gov/pubmed/23717702
http://www.ncbi.nlm.nih.gov/pubmed/21643979
http://www.ncbi.nlm.nih.gov/pubmed/19181387
http://www.ncbi.nlm.nih.gov/pubmed/24402554
http://www.ncbi.nlm.nih.gov/pubmed/20055787
http://www.ncbi.nlm.nih.gov/pubmed/21595594
http://www.ncbi.nlm.nih.gov/pubmed/21595594
http://www.ncbi.nlm.nih.gov/pubmed/22226964
http://www.ncbi.nlm.nih.gov/pubmed/25767877
http://www.ncbi.nlm.nih.gov/pubmed/22253793
http://www.ncbi.nlm.nih.gov/pubmed/12667656
http://www.ncbi.nlm.nih.gov/pubmed/22304915
http://www.ncbi.nlm.nih.gov/pubmed/22304915
http://www.ncbi.nlm.nih.gov/pubmed/24980688
http://www.ncbi.nlm.nih.gov/pubmed/25071447

	Reference r37
	Reference r36
	Reference r35
	Reference r34
	Reference r33
	Reference r32
	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2
	Table t3

