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● PURPOSE: To investigate the relationship between
diabetic macular edema and the levels of vascular endo-
thelial growth factor (VEGF) and interleukin-6 (IL-6) in
aqueous humor and plasma.
● DESIGN: Comparative cross-sectional study.
● METHODS: Fifty-four eyes from 54 diabetic patients
were used. The concentrations of VEGF and IL-6 in
undiluted aqueous specimens (obtained from the eyes
during cataract surgery) and in plasma were measured by
an enzyme-linked immunosorbent assay. To assess blood-
aqueous barrier function, the aqueous flare intensity was
measured by a laser flare-cell meter as an estimate of the
aqueous protein level.
● RESULTS: The aqueous levels of VEGF and IL-6 were
significantly correlated with the severity of macular
edema (� � 0.628, P < .001 and � � 0.517, P < .01,
respectively), as well as with the aqueous protein con-
centration (� � 0.618, P < .001 and � � 0.588, P <
.001, respectively). Aqueous levels of VEGF and IL-6
were significantly higher than their respective plasma
levels (both P < .001). In addition, the aqueous level of
VEGF was significantly correlated with that of IL-6 (� �
0.537, P < .01). Furthermore, the status of the posterior

vitreous significantly correlated with the severity of
macular edema (� � 0.618, P < .0001).
● CONCLUSIONS: These results suggest that both VEGF
and IL-6 are produced together in the intraocular tissues,
and are involved in the pathogenesis of macular edema.
(Am J Ophthalmol 2002;133:70–77. © 2002 by
Elsevier Science Inc. All rights reserved.)

D IABETIC MACULAR EDEMA (MACULAR EDEMA) IS

the most frequent cause of visual impairment in
patients with diabetic retinopathy,1,2 but its patho-

genesis is still poorly understood. It has been hypothesized
that macular edema is caused by breakdown of the blood-
retinal barrier (BRB) and the leakage of intraretinal fluid
from abnormal retinal capillaries and microaneurysms,2–5

dysfunctions of the retinal pigment epithelial barrier and
transport functions,3,4 vitreoretinal adhesions and traction
on the macula,6 and secretion into the vitreous of vasoper-
meability factors produced in the retina.7–9

Numerous cytokines and other factors have been impli-
cated in the pathogenesis and progression of diabetic
retinopathy,7–13 and it has been postulated that cytokines
in the ocular fluid may also be involved in the pathogenesis
of macular edema. Vascular endothelial growth factor
(VEGF) is an endothelial cell mitogen and vasopermeabil-
ity factor.14–16 VEGF increases vascular permeability and is
a major factor promoting BRB breakdown in simple
diabetic retinopathy.17,18 The VEGF concentration is ele-
vated in both the vitreous fluid and the aqueous humor of
patients with active proliferative diabetic retinopa-
thy,7,11–13 while Takagi and associates have reported that
VEGF expression can be detected in excised subfoveal
hard exudates from patients with macular edema.19 Inter-
leukin-6 (IL-6) is a multifunctional cytokine that may be
a major mediator of anterior uveitis20–22 and proliferative
vitreoretinopathy.23,24 IL-6 may indirectly cause an in-

Accepted for publication Sep 5, 2001.
From the Department of Ophthalmology, Diabetes Center, Tokyo

Women’s Medical University, Tokyo, Japan (H.F., H.N., T.M.); Depart-
ment of Ophthalmology, School of Medicine, Yamagata University,
Yamagata, Japan (H.Y.); Department of Ophthalmology, School of
Medicine, Hiroshima University, Hiroshima, Japan (H.N.); Mitsubishi
Kagaku BCL (T.Y.); Department of Ophthalmology, Tokyo Women’s
Medical University, Tokyo, Japan (S.H.). This study was supported by a
Health Science Research Grant (#10060101, to Drs. Funatsu, Hori, and
Yamashita) from the Japanese Ministry of Health and Welfare for
Research on Eye and Ear Sciences, Immunology, Allergy and Organ
Transplantation.

Reprint requests to Hideharu Funatsu, MD, Department of Ophthal-
mology, Diabetes Center, Tokyo Women’s Medical University, 8-1
Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan; fax: 81-3-3358-1941;
e-mail: tfunatsu@nifty.com

© 2002 BY ELSEVIER SCIENCE INC. ALL RIGHTS RESERVED.70 0002-9394/02/$22.00
PII S0002-9394(01)01269-7



crease of vascular permeability and angiogenesis by induc-
ing the expression of VEGF.25 Interestingly, IL-6 levels in
the vitreous fluid or aqueous humor of patients with
proliferative diabetic retinopathy have been reported to be
significantly higher than those in nondiabetic patients.8–10

Although VEGF and IL-6 have been shown to increase
vascular permeability in patients with diabetic retinopa-
thy, their relationship with the pathogenesis of macular
edema remains unclear.

The abovementioned findings suggested that IL-6 might
play a role in the pathogenesis of macular edema in
cooperation with VEGF. Therefore, in the present study,
we measured the concentrations of IL-6 and VEGF in the
aqueous humor of diabetic patients, and also investigated
the relationship between the levels of these factors and the
severity of macular edema. We found that the aqueous
levels of both IL-6 and VEGF were significantly correlated
with the severity of macular edema, and also showed a
strong correlation with each other. These results suggest
that further investigation of the cytokine network may
help to improve our understanding of the pathogenesis of
macular edema.

MATERIALS AND METHODS

● SUBJECTS: We obtained undiluted aqueous humor sam-
ples and corresponding plasma samples from 54 diabetic
patients (54 eyes) undergoing cataract surgery (Table 1).
There were 27 men and 27 women with a mean age of 62.5
years (range, 38 to 70 years). The mean duration of
diabetes was 16.9 years (range, 1 to 28 years) and the mean
one-year average HbA1c value was 7.3% (range: 5.4% to
12.9%). The protocol for sample collection was approved
by the institutional review board and all patients gave
informed consent. Exclusion criteria included: (1) prior
ocular surgery, (2) a history of ocular inflammation, (3) a
history of macular photocoagulation, (4) proliferative dia-
betic retinopathy, and (5) rubeosis iridis.

● DESIGN: This was a comparative cross-sectional study
and studied at Diabetes Center of Tokyo Women’s Medi-
cal University.

● FUNDUS FINDINGS: To assess the severity of diabetic
retinopathy and macular edema, standardized fundus color
photography, and fluorescein angiography (FAG) were
performed with a Topcon TRC-50IA fundus camera and
an image-net system (Tokyo Optical Co Ltd., Japan). Ten
overlapping, nonstereoscopic 50 degree photographs were
taken of each eye. The eyes were assessed immediately
after surgery or daily up to 48 hours, with examination
being done as soon as it was possible to determine the
severity of retinopathy and macular edema. The severity of
diabetic retinopathy was graded according to the modified

Early Treatment Diabetic Retinopathy Study (ETDRS)
retinopathy severity scale.26,27

● GRADING OF MACULAR EDEMA: In this study, macular
edema was defined as being present if clinically significant
macular edema (CSME) was detected.28 The eyes were
examined immediately after surgery or daily until 48 hours,
with assessment of CSME being done as soon as it was
possible. Two observers who were blinded as to the
identity of the patients graded the severity of macular
edema as follows: grade 0 � no macular edema (NME),
grade 1 � focal macular edema (FME), and grade 2 �
diffuse macular edema (DME) or cystoid macular edema
(CME).3,4 FME was characterized by areas of focal fluores-
cein leakage from specific capillary lesions (microaneu-
rysms and dilated capillary segments) associated with
retinal thickening of less than 1 disk area. DME was
defined as leakage from diffusely dilated retinal capillaries
throughout the posterior pole associated with retinal thick-
ening of one disk area or more, and CME was defined as a
petalloid pattern of hyperfluorescence within the macula
and staining of the optic nerve without significant microa-
neurysms or lipid exudates.20 Macular edema was detected
by biomicroscopy and was defined as retinal thickening
that involved an area of at least 2.0 disk areas and was
centered on the fovea.

TABLE 1. Clinical and Laboratory Characteristics of the
Diabetic Patients

Characteristics No.† (N � 54) Value

Gender

Female 27 50.0%

Male 27 50.0%

Age (yr) 54 62.5 � 9.8‡

Duration of diabetes (yr) 54 16.9 � 9.4‡

Treatment

Diet 10 18.5%

Oral hypoglycemic agent 18 33.3%

Insulin 24 44.4%

HbA1c (%) 54 7.3 � 1.5‡

Hypertension

Absent 27 50.0%

Present 27 50.0%

Systolic blood pressure (mm Hg) 54 132.5 � 18.0‡

Diastolic blood pressure (mm Hg) 54 68.8 � 8.4‡

Severity of nephropathy

Normal 6 11.1%

Mild (Albuminuria) 20 37.0%

Moderate (Proteinuria) 28 51.9%

†Numbers show the number of patients with available data.
‡Mean � standard deviation (SD).

HbA1c � hemoglobin A1c.
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● ASSESSMENT OF THE POSTERIOR VITREOUS: The sta-
tus of the posterior vitreous in the macular region was
investigated using a preset lens with a slit lamp and was
classified as follows: grade 0 � detached posterior vitreous,
grade 1 � attached posterior vitreous without thickened
and taut hyaloid, and grade 2 � attached posterior vitreous
with thickened and taut hyaloid. The eyes were examined
immediately after surgery or daily up to 48 hours postop-
eratively, because it was difficult to preoperatively evaluate
the status of the posterior vitreous patients due to lens
opacity. The vitreous was studied using a super field lens
with a slit lamp.

● COLLECTION OF AQUEOUS HUMOR AND PLASMA: At
the beginning of eye surgery (before turning on the
infusion), samples of undiluted aqueous humor (0.1–0.2
ml) were manually aspirated into disposable tuberculin
syringes and then were transferred immediately into sterile
tubes. The samples were stored in a deep freezer at �80°C
until assay.

Blood samples were also collected from au 54 patients
and were immediately placed on ice. Plasma was obtained
by centrifugation at 3,000 xg for five minutes at 4°C, and
then was rapidly frozen to �80°C for storage until assay.

● ANALYSIS OF VEGF AND IL-6: The concentrations of
VEGF and IL-6 were measured by the enzyme-linked
immunosorbent assay (ELISA) method using immunoas-
says for human VEGF and IL-6 (R&D Systems, MN,
USA).29,30 The VEGF kit was able to detect two of the
four known VEGF isoforms (VEGF121 and VEGF165),
probably because these two shorter isoforms are secreted,
while the two longer isoforms appear to be cell-associat-
ed.31 The assay was performed according to the manufac-
turer’s instructions. The monoclonal antibodies in these
kits showed no cross-reactivity with other cytokines such
as interleukins, tumor necrosis factor-�, transforming
growth factor-�, or hepatocyte growth factor. To deter-
mine the recovery rate of each assay authentic VEGF or
IL-6 was added to aqueous humor and plasma before
measurement. The recovery rates of VEGF and IL-6 were
89.8% and 95.2%, respectively. The precision of the assay
for VEGF and IL-6 in the aqueous humor and plasma was
assessed by repeated measurement of the same samples and
the intra-assay coefficient of variation (CV) was shown to
be less than 7.5%, respectively. When VEGF and IL-6
levels in the aqueous humor and plasma were assayed on
five different days, the inter-assay CV of each sample was
less than 8.9%. The levels of both factors in the aqueous
humor and plasma were generally within the detection
range of the assays, since the minimum detectable concen-
tration was 15.6 pg/ml for VEGF and 0.156 pg/ml for IL-6.
Any concentrations below these levels were set at the
minimum detectable concentration when statistical anal-
ysis was performed.

● MEASUREMENT OF AQUEOUS PROTEIN: Thirty min-
utes after the dilation of the pupils of both eyes with 1%
tropicamide, the aqueous flare value was measured with a
laser flare-cell meter (FC1000, Kowa Co Ltd., Tokyo,
Japan) to determine the aqueous protein concentration.
This was done before cataract surgery.

● STATISTICAL ANALYSIS: Analysis was performed with
SAS Software (SAS Institute Inc., Cary, North Caro-
lina).32 Results are presented as the mean � SD or the
geometric mean � SD on a logarithmic scale. To assess the
relationship between VEGF or IL-6 and the severity of
macular edema, Spearman’s rank-order correlation coeffi-
cients and 95% confidence intervals were calculated. The
significance of differences between groups was evaluated by
the Kruskal-Wallis test and a P value of less than 0.05
(two-tailed) was considered to indicate statistical signifi-
cance.

RESULTS

● SEVERITY OF RETINOPATHY AND MACULAR EDEMA:

The severity of retinopathy was as follows: 14 eyes were
level 10, 10 eyes were level 20, 18 eyes were level 35, 4
eyes were level 43, 4 eyes were level 47, and 4 eyes were
level 53. There were 28 eyes with no macular edema, 18
eyes with focal macular edema, and 8 eyes with diffuse
macular edema or CME. The average preoperative visual
acuity was 20/40 (range: finger motion to 40/50). The
visual acuity was 20/40 or better in 28 eyes, 20/50 to
20/100 in 22, and 20/100 or worse in 4.

● SEVERITY OF MACULAR EDEMA AND CYTOKINE LEV-

ELS: The VEGF level in the aqueous humor ranged from
22.5 to 618.0 pg/ml (mean: 137.8 � 89.6). The aqueous
level of VEGF increased with the severity of macular
edema and was significantly correlated with the severity of
macular edema (� � 0.628, P � .001) (Figure 1A: NME,
median 68.7 pg/ml, range: 22.5 to 164.6 pg/ml; FME, 98.4
pg/ml, range: 33.4 to 252.7 pg/ml; and DME, CME, 148.7
pg/ml, range: 42.8 to 618.0 pg/ml). The IL-6 level in the
aqueous humor ranged from 3.48 to 326.0 pg/ml (mean,
54.6 � 38.4). Aqueous levels of IL-6 also increased with
the severity of macular edema and were significantly
correlated with the severity (� � 0.517, P � .01) [Figure 1
(right): NME, median 21.7 pg/ml, range: 3.48 to 124.3
pg/ml; FME, 58.4 pg/ml, range: 9.8 to 326.0 pg/ml; and
DME, CME, 102.4 pg/ml, range: 22.8 to 302.8 pg/ml]. In
addition, the aqueous level of VEGF was significantly
correlated with that of IL-6 (� � 0.537, P � .01) (Figure 2).

● AQUEOUS AND PLASMA LEVELS OF VEGF AND IL-6:

The plasma level of VEGF ranged from 15.6 to 222.8 mg/dl
(mean, 46.2 � 38.6). Aqueous levels of VEGF were
significantly higher than the plasma levels (P � .001)
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(Table 2), and there was no correlation between the
aqueous and plasma levels of this cytokine (� � 0.10, P �
.46). The plasma level of IL-6 ranged from 0.15 to 18.4
mg/dl (mean, 2.66 � 2.16). Aqueous levels of IL-6 were
significantly higher than the plasma levels (P � .001)

(Table 2), and no correlation was observed between the
aqueous and plasma concentrations of this cytokine (� �
0.14, P � .36).

● AQUEOUS CONCENTRATIONS OF VEGF OR IL-6 VS.

PROTEIN: The protein concentration in the aqueous hu-
mor ranged from 17.8 to 198.0 (mean, 73.9 � 32.7). The
aqueous level of VEGF was significantly correlated with
the aqueous protein concentration (� � 0.618, P � .001)
(Table 3). Similarly, the aqueous level of IL-6 significantly
correlated with the aqueous protein concentration (� �
0.588, P � .001) (Table 3).

● MACULAR EDEMA AND THE POSTERIOR VITREOUS:

The severity of macular edema significantly correlated with
the status of the posterior vitreous (� � 0.618, P � .001)
(Table 3).

● MACULAR EDEMA AND SYSTEMIC FACTORS: The se-
verity of macular edema was not significantly correlated

FIGURE 1. (Left) Relationship between the severity of macular edema and the aqueous VEGF level. VEGF levels are shown for
patients with no macular edema (NME), focal macular edema (FME), and diffuse macular edema (DME) or cystoid macular edema
(CME). The VEGF level in aqueous humor was significantly correlated with the severity of macular edema (� � 0.628, P < .001).
(Right) Relationship between the severity of macular edema and the aqueous IL-6 level. IL-6 levels are shown for patients with no
macular edema (NME), focal macular edema (FME), and diffuse macular edema (DME) or cystoid macular edema (CME). The IL-6
level in the aqueous humor significantly correlated with the severity of macular edema (� � 0.517, P < .01).

FIGURE 2. Relationship between the aqueous levels of VEGF
and IL-6. The aqueous levels of these two molecules signifi-
cantly correlated with each other (� � 0.537, P < .01).

TABLE 2. Aqueous and Plasma Levels of VEGF and IL-6

Aqueous Level Plasma Level P Value

VEGF (pg/ml) 137.8 � 89.6 46.2 � 38.6 P � 0.001

IL-6 (pg/ml) 54.6 � 38.4 2.66 � 2.16 P � 0.01

Values are the mean � standard deviation.
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with the 1-year average HbA1c value or with the duration
of diabetes mellitus (� � 0.106, P � .226, � � 0.088, P �
.352, respectively) (Table 4). The severity of macular
edema was also not significantly correlated with the
presence of hypertension or renal disease (� � 0.072, P �
.424, � � 0.188, P � .076, respectively) (Table 4).

DISCUSSION

THE MAJOR FINDINGS OF THIS STUDY WERE AS FOLLOWS :

(1) the aqueous levels of VEGF and IL-6 are closely
correlated with the severity of macular edema, (2) VEGF
and IL-6 levels in the aqueous humor are higher than the
corresponding plasma levels, (3) aqueous levels of VEGF
and IL-6 are strongly correlated with the aqueous protein
concentration, (4) the status of the posterior vitreous is
correlated with the severity of macular edema, and (5) the

aqueous levels of VEGF, IL-6, and protein are correlated
with each other and with the status of the posterior
vitreous. To our knowledge, this is the first evidence
obtained from human aqueous samples of a relationship
between the levels of cytokines and the severity of macular
edema. We hypothesize that breakdown of the BRB,
vitreous adhesions, and intraocular cytokines may all play
an important role in the formation and exacerbation of
macular edema, and that these factors also cooperate with
each other. The levels of VEGF and IL-6 in aqueous
samples aspirated during cataract surgery reflect the in-
traocular concentrations and may be useful for predicting
the progression of macular edema. We measured cytokines
in the aqueous humor, because it is easier to obtain
aqueous samples than vitreous samples from the eyes. We
also plan to investigate the relationship between the
severity of macular edema and the cytokine levels in
vitreous fluid, because it remains uncertain whether the
aqueous levels of cytokines always reflect the vitreous
levels in diabetic retinopathy.

In the present study, the aqueous level of VEGF was
found to be related to the severity of macular edema.
Breakdown of the BRB is a characteristic of the early stages
of vascular dysfunction in both human and experimental
diabetes,33–35 and this breakdown contributes to vasogenic
macular edema. Intravitreous injection of VEGF has been
shown to produce retinal edema, dilated and tortuous
vessels, and capillary closure with associated ischemia in
adult primates.36 VEGF is increased in the retinas of
streptozotocin-induced diabetic rats at 6 months18 and in
the retinas of patients with nonproliferative diabetic reti-
nopathy.37,38 VEGF concentrations are elevated in both
the vitreous fluid and aqueous humor of patients with
active proliferative diabetic retinopathy.7,11–13 Antonetti
and associates39 reported that the content of a membrane-
spanning tight junction protein, occludin, decreases in
early experimental diabetes at the time when BRB perme-
ability is known to increase and that VEGF specifically
decreases the occludin content of bovine retinal endothe-
lial cells. Furthermore, VEGF expression has been detected
in excised subfoveal hard exudates from patients with
macular edema,19 and this indicates that VEGF is associ-
ated with the increase of vascular permeability in macular
edema. These reports and our results suggest that VEGF
might be implicated in the formation and progression of
macular edema via breakdown of the BRB and an increase
of vascular permeability. However, the development of mac-
ular edema cannot be explained by the actions of VEGF
alone, suggesting that various cytokines may form a network
that influences the formation and exacerbation of macular
edema along with VEGF.9 Further analysis of cytokine be-
havior is therefore important to clarify the pathogenesis of
macular edema and to develop effective treatment.

The IL-6 level in aqueous humor was also related to the
severity of macular edema and to the VEGF level. IL-6 is
a proinflammatory cytokine that has been reported to have

TABLE 3. Correlation Matrix of the Potential Risk Factors

VEGF

� p

IL-6

� p

Protein

Concentration

� p

Status of

Posterior

Vitreous � p

Macular edema 0.628 0.517 0.528 0.618

0.001 0.001 0.01 0.001

VEGF — 0.537 0.618 0.402

0.01 0.001 0.01

IL-6 — — 0.588 0.346

0.001 0.01

Protein concentration — — — 0.322

0.04

� � correlation coefficient.

p � probability value.

This table shows the correlation coefficients and probability

values for correlation between the severity of macular edema,

aqueous levels of VEGF, IL-6, and protein, and the status of the

posterior vitreous. All the factors correlated with each other.

TABLE 4. Correlation Matrix of the Systemic Risk Factors

HbAlc

� p

Duration of

Diabetes � p

Hypertension

� p

Renal disease

� p

Macular edema 0.106 0.088 0.072 0.188

0.226 0.352 0.424 0.076

HbA1c — 0.064 0.058 0.198

0.508 0.576 0.062

� � correlation coefficient.

p � probability value.

This table shows the correlation coefficients and probability

values for correlation between macular edema, HbA1c, duration

of diabetes, hypertension, and renal disease. None of the factors

were correlated with each other.
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a role in the pathogenesis of various forms of uveitis17 and
it is also present in the ocular tissues of experimental
models of uveitis.21,22 In several previous studies, the effect
of IL-6 on the retina and its action on the blood-ocular
barrier (comprising the BRB and the blood-aqueous bar-
rier) has been investigated. Intravitreal injection of IL-6
has been reported to induce ocular inflammation, which is
often accompanied by a breakdown of the blood-ocular
barrier, as detected by an increased protein concentration
in either the aqueous humor or the vitreous fluid.22 IL-6
induces an increase in endothelial permeability in vitro by
rearranging action filaments and thus changing the shape
of endothelial cells.40 The IL-6 concentration in the
vitreous fluid is elevated in proliferative vitreoretinopathy
(PVR),23,24 which is characterized by breakdown of the
blood-ocular barrier. Vitreous levels of IL-6 are higher in
patients with active proliferative diabetic retinopathy than
in patients with inactive retinopathy.8,10 An inflammatory
response to intravitreal IL-6 accompanied by breakdown of
the blood-aqueous barrier has been reported,21,22 but ad-
ministration of IL-6 into the vitreous causes no measurable
increase of BRB permeability, despite mild infiltration of
inflammatory cells.41 IL-6 is known to indirectly induce
angiogenesis by via the induction of VEGF expression,25

and IL-6 and VEGF are involved in paracrine tumor-
stromal cell interactions in multiple myeloma.42 VEGF can
promote the activation and migration of monocytes43 and
IL-6-mediated mechanisms are involved in the production
of VEGF through an interaction between monocytes and
vascular smooth muscle cells.44 Taken together, these
findings suggest that IL-6 might be involved in the
breakdown of the BRB and/or blood-aqueous barrier to-
gether with VEGF in patients with macular edema. Many
of the effects of VEGF can also be mediated by other
cytokines, and the events that induce VEGF can initiate a
cascade of cytokines. Accordingly, further investigations
are needed to elucidate the role of various cytokines in the
pathogenesis of macular edema.

In the present study, the VEGF and IL-6 levels in the
aqueous humor significantly correlated with the aqueous
protein concentration. The aqueous flare intensity reflects
the protein concentration in the aqueous humor, and
increases following disruption of the blood-aqueous barrier.
Diabetes has been reported to affect the iridial blood-
aqueous barrier in rats.45 The aqueous protein concentra-
tion (flare intensity) has been reported to increase along
with the severity of diabetic retinopathy,46,47 and VEGF is
known to induce an increase of microvascular permeability
or breakdown of the BRB in nonproliferative diabetic
retinopathy.17,18,38 Thus, an increase of VEGF should lead
to an increase of the protein concentration in aqueous
humor. The aqueous IL-6 level is reported to increase in
patients with uveitis,20 endotoxin-induced uveitis
(EIU),21,22 and proliferative vitreoretinopathy (PVR).23,24

IL-6 is reported to induce an ocular inflammatory response
that is often accompanied by breakdown of the blood-ocular

barrier, as detected by an increased protein concentration in
either the aqueous humor or vitreous fluid.22

In the present study, the levels of both VEGF and IL-6
in the aqueous humor were higher than the corresponding
plasma levels, while there was no correlation between the
aqueous and plasma levels of VEGF or IL-6. These results
suggested that the elevation of VEGF and IL-6 levels in
the aqueous humor were not related to breakdown of the
BRB and/or ocular blood. Although VEGF37,48–50 and
IL-651–55 are produced by some cells in the ocular tissues,
the sites of their production and the expression of their
receptors in diabetic eyes with macular edema have not yet
been fully clarified. Accordingly, further investigations are
required to define the relationship between macular edema
and these molecules. We did not measure the aqueous levels
of other cytokines or growth factors in the present study, so
the relationship between macular edema and other cytokines/
growth factors will also need to be investigated.

In the present study, status of the posterior vitreous
correlated with the severity of macular edema. It has been
postulated that the posterior cortical vitreous to the
macula might play a role in either the formation or
progression of macular edema.6 Vitreomacular separation
has been suggested to promote the spontaneous resolution
of macular edema.56 Vitrectomy with posterior hyaloid
separation has been reported to be effective for macular
traction and edema associated with a thickened and taut
posterior hyaloid.57,58 In such cases, macular edema is
considered to be mediated by macular traction from the
posterior hyaloid membrane. Conversely, vitrectomy
might be beneficial for macular edema in patients who
have an attached premacular posterior hyaloid without a
thick vitreous membrane.59,60 Resolution of cystoid macu-
lar edema was associated with vitreomacular separation in
a diabetic patient after neodymium:YAG laser capsuloto-
my.61 These findings may support the possibility that
posterior hyaloid separation secondary to vitrectomy could
facilitate the resolution of macular edema.

The posterior vitreous status was correlated with the
aqueous levels of VEGF and IL-6 as well as with the
aqueous protein concentration. Hyper glycemia-related
molecular changes of the vitreous humor may alter the
posterior vitreous cortex and make it less permeable,
thereby increasing the concentrations of chemical media-
tors that induce macular edema after coming into contact
with the retina.56,62 Several chemical mediators may infil-
trate the vitreous fluid as a result of BRB breakdown and/or
the production in ocular tissues, and the macular edema
could be exacerbated by vitreous traction.

In the present study, the aqueous levels of VEGF, IL-6,
and protein, as well as the status of the posterior vitreous,
all correlated with each other. Therefore, we could not
investigate risk factors including cytokines and systemic
factors for the severity of macular edema by multiple
regression analysis.

In conclusion, the present study showed that the aque-
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ous levels of VEGF and IL-6 significantly correlated with
both the severity of macular edema and with the aqueous
humor protein concentration. Aqueous levels of VEGF
and IL-6 were higher than the plasma levels of these
molecules and significantly correlated with each other. These
findings suggest that both VEGF and IL-6 are produced
together in the intraocular tissues, and that both cytokines
have an influence on the pathogenesis of macular edema.
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