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Intraocular soluble intracellular adhesion molecule-1 correlates with
subretinal fluid height of diabetic macular edema

Dan Zhu, He Zhu, Chunyan Wang, Dayong Yang

Objective: To investigate the correlations between aqueous concentrations of vascular endothelial growth
factor (VEGF), monocyte chemoattractant protein-1 (MCP-1), soluble intracellular adhesion molecule-1 |yyepsite:

(SICAM-1) and diabetic macular edema (DME). Materials and Methods: VEGF, MCP-1 and sICAM-1 | www.jo.in
concentrations in aqueous humor samples of 22 patients with DME and 23 patients with cataract of a control | DOI:

group were measured with solid-phase chemiluminescence immunoassay. Results: Aqueous VEGF (89.2 + | 10.4103/0301-4738.111184
58.5 pg/ml versus 48.5 + 27.8 pg/ml, P =0.006), MCP-1 (684.2 + 423.4 pg/ml versus 432.4 + 230.4 pg/ml, P =0.019)
and sICAM-1 (3213.8 = 2581.6 pg/ml versus 260.2 + 212.2 pg/ml, P < 0.001) all vary significantly between DME
group and control group. Maximum height of submacular fluid measured by Optical coherence tomography
(OCT) was significantly associated with aqueous sICAM-1 (r = -0.45, P = 0.034). The maximum height of
macular thickness measured by OCT was not significantly associated with either VEGF (P = 0.300), MCP-1
(P =0.320) or SICAM-1 (P = 0.285). Conclusions: Our results suggest that sSICAM-1 may majorly contribute to
the formation of subretinal fluid in DME patients and imply that MCP-1 and sSICAM-1 may be the potential
therapy targets, besides VEGF.
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Diabetic Macular edema (DME) is the most common cause for
visual damage in patients with diabetic retinopathy.™! Vascular
endothelial growth factor (VEGF) is a vasopermeability factor!
and has been reported to be associated with DME.P Encouraging
outcome of intravitreal injections of anti-VEGF drugs for
management of DME has been showed.**! However, as well
as anti-VEGF pharmacotherapy, intravitreally administered
anti-inflammationary substances as monotherapies have also
showed positive effects in the therapy of DME.!**! Particularly,
arecent published randomized study showed that intravitreal
triamcinolone appears to be more effective treatment for
DME than bevacizumab, one widely used anti-VEGF drug.!"”!
Therefore, in the era of anti-VEGF, one may postulate that
the investigation of the roles of inflammatory factors in
development of DME became more prominent.

Previous studies showed that vitreous levels of VEGEF,
monocyte chemoattractant protein-1 (MCP-1) and intercellular
adhesion molecule-1 (ICAM-1) were related to retinal vascular
permeability and the severity of DME."! MCP-1 contributes
to the recruitment of leukocytes to sites of injury in the
angiogenesis, !>l whereas more firm leukocyte—endothelial
interactions and cell migration are governed by ICAM-1.0141]
Since the role of MCP-1 and ICAM-1 in DME have not
been well established, it is the aim of this study to access
the relationships between intraocular levels of MCP-1 and
soluble ICAM-1(sICAM-1), as well as VEGF, and the macular
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characteristics of DME subjects showed by optical coherence
tomography (OCT).

Materials and Methods

This study included 22 consecutive DME patients (22 eyes)
who underwent intravitreal injection of triamcinolone and
23 consecutive cataract patients (23 eyes) who underwent
cataract surgery. In our department, intravitreal triamcinolone
was performed to the fovea-involved DME subjects with
maximum fovea thickness over 250 um, based on the definition
of clinically significant macular edema provided by the Early
Treatment Diabetic Retinopathy Study group.!'! Exclusion
criteria included high myopia (refractive error <-6.00 diopter),
glaucoma and other retinal diseases, such as age-related
macular degeneration and retinal vascular occlusion. The
cataract patients with diabetes history were also excluded.

Aqueous humor was collected during intravitreal injection
or cataract surgery.”'®! All procedures conformed to the
Declaration of Helsinki for research involving human subjects.
This study was approved by the local Institutional Review
Board and informed consent was obtained from all participants.

All patients underwent an ophthalmologic examination
including refractometry, tonometry, and slit lamp assisted
biomicroscopy of the anterior segment and posterior segment of
the eye. For the diabetic macular edema patients, OCT (Topcon
3D OCT-1000) was performed. Subretinal fluid height and
maximum retinal thickness of macula were manually measured
by the same technician on OCT image using inbuilt software.
Subretinal fluid height was defined as highest height between
outer surface of neuroretina and retinal pigment epithelium
reflection on OCT image of macula, and maximum retinal
thickness of macula was defined as the vertical maximum
distance between inner surface of neuroretina and outer surface
of neuroretina on OCT image of macula.
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The concentration of aqueous VEGF, MCP-1 and sICAM-1
were measured using the suspension bead array technology
on a LuminexTM 100 IS system. The method has been reported
previously."”? Briefly, these mixtures of sample and capture
microspheres were thoroughly mixed and incubated at room
temperature for 1 h. Multiplexed cocktails of biotinylated
reporter antibodies for each multiplex were then added
robotically and were thoroughly mixed. Multiplexes were
developed using an excess of streptavidin-phycoerythrin
solution, which was thoroughly mixed into each multiplex
and incubated. The volume of each multiplexed reaction was
reduced by vacuum filtration and the volume increased by
dilution into matrix buffer for analysis.

Statistical analysis was performed using commercial
software (SPSS for Windows, version 13.0, SPSS, Chicago, IL).
The OCT measurements were converted from millimeters to
proportionally corresponding micrometers. Where appropriate,
Peason or Kendall’s bivariate correlation test, and independent
t-test were used. Two-tailed probabilities of less than 0.05 were
considered to indicate statistical significance.

Results

There were 22 cases with diabetic macular edema as study
group, as well as 23 cataract subjects as control group. Table 1
presents the clinical characteristics of the study participants. No
significant differences were reached in characteristics including
age, gender, intraocular pressure and spherical equivalent
powers between diabetic macular edema cases and control
subjects (P > 0.05).

Independent t-test showed that the aqueous VEGEF
vary significantly between DME group and control group
(89.2 £ 58.5 pg/ml versus 48.5 + 27.8 pg/ml, P = 0.006, Fig. 1).
Similarly, aqueous MCP-1 (684.2 + 423.4 pg/ml versus 432.4
+ 230.4 pg/ml, P = 0.019, Fig. 2) and sICAM-1 (3213.8 +
2581.6 pg/ml versus 260.2 +212.2 pg/ml, P <0.001, Fig. 3) also
vary significantly between DME group and control group.

Pearson correlation test showed that the maximum height
of submacular fluid measured by OCT was significantly
associated with aqueous sICAM-1 (r = -0.45, P = 0.034;
Fig. 4), and was not significantly associated with aqueous
VEGF (P = 0.395) and MCP-1 (P = 0.613). According to the
presence of subretinal fluid in macula, the DME patients
were further divided into two groups (6 patients with
submacular fluid and 16 patients without submacular
fluid), and independent t-test showed that only sICAM-1
varied significantly between the two groups (Fig. 5, 1029.6

Table 1: Composition of the study population (mean + SD)

Diabetic Macular Cataract P-value
Edema

Number 22 23
Age (years) 71.0+5.6 744 +103 P=0.17
Female — no.(%) 9 (41) 11 (48) P=0.64
Intraocular pressure 154+ 3.3 16.1+3.5 P=0.51
(mmHg)
Spherical equivalent 01+1.2 -07+x21 P=0.15

power(diopters)
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Figure 1: Error bar showing the vascular endothelial growth factor in
aqueous humor between cataract patients (n = 23) and diabetic macular
edema patients (n = 22) (independent t-test, 48.5 + 27.8 pg/ml versus
89.2 + 58.5 pg/ml, P =0.006)
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Figure 2: Error bar showing the monocyte chemoattractant protein-1
in aqueous humor between cataract patients (n = 23) and diabetic
macular edema patients (n = 22) (independent t-test, 432.4 + 230.4
pg/ml versus 684.2 + 423.4 pg/ml, P =0.019)
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Figure 3: Error bar showing the soluble intercellular adhesion
molecule-1 in agueous humor between cataract patients (n = 23) and
diabetic macular edema patients (n = 22) (independent t-test, 260.2 +
212.2 pg/ml versus 3213.8 + 2581.6 pg/ml, P <0.001)
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Figure 4: Regression figure showing that the maximum height of
submacular fluid measured by OCT was negatively significantly
associated with aqueous sICAM-1 (r = -0.45, P = 0.034)

+ 542.1 pg/ml (95%Confidence interval: 460.7 pg/ml-
1598.5 pg/ml) versus 4032.9 = 2570.8 pg/ml (95%
Confidence interval: 2663.0 pg/ml-5402.8 pg/ml);
P < 0.001). MCP-1 (700.2 + 463.2 pg/ml (95%Confidence
interval: 214.1 pg/ml-1186.4 pg/ml) versus 678.2 +
423.5 pg/ml (95%Confidence interval: 452.6 pg/ml
-903.9 pg/ml); P=0.917) and VEGF (103.5 + 73.4 pg/ml (95%
Confidence interval: 26.4 pg/ml-180.5 pg/ml) versus 83.8 +
53.8 pg/ml (95%Confidence interval: 55.2 pg/ml-112.5 pg/ml);
P =0.497) did not vary significantly between the two groups.

Among all patients with DME, the maximum height of
macular thickness measured by OCT was not significantly
associated with either VEGF (P = 0.300), MCP-1 (P = 0.320) or
sICAM-1 (P = 0.285).

Discussion

The results of this study showed that the aqueous level of
VEGEF, MCP-1 and sICAM-1 were all significantly higher in
DME subjects than non-diabetes control, however, only the
concentration of SSICAM-1 was negatively significantly related
with the height of submacular fluid (r=-0.45, P=0.034). VEGE,
MCP-1 and sICAM-1 were not significantly associated with the
maximum height of macular thickness.

Immunoglobulin superfamily molecules, including
ICAM-1, are key indicators of vascular endothelial cell
activation.?"! Blocking ICAM-1 activity with a neutralizing
antibody suppresses both retinal leukostasis and breakdown
of blood-retinal barrier.”’ As might be expected, sSICAM-1
binds competitively to ligands of membrane-bound ICAM-1,
and therefore may have potential as a therapeutic to block
leukocyte-endothelial interactions.!

Despite that aqueous MCP-1 and VEGF were not
significantly associated with the OCT measurements of
macula, however, they were significantly higher than the
non-diabetes control. Moreover, there are firm relationship
between VEGF, MCP-1 and ICAM-1. It has been reported that
VEGEF can alter the conformation of tight junctions between
retinal vascular endothelial cells*?!and increases production
of ICAM-1 by capillary endothelial cells in a dose- and time-
dependent manner, while intravitreal injection of VEGF at
pathophysiologically relevant concentrations increases ICAM-1
protein and mRNA levels in retinal vessel walls.**! Previous
study showed that there was a significant correlation between

Diabetic macular edema Diabetic macular edema
without subretinal fluid in with subretinal fluid in
macula macula

Figure 5: Error bar showing the soluble intracellular adhesion
molecule-1 in aqueous humor between diabetic macular edema
patients without subretinal fluid (n = 16) and diabetic macular edema
patients with subretinal fluid (n = 6) (independent t-test, 4032.9 + 2570.8
pg/ml versus 1029.6 + 542.1 pg/ml; P <0.001)

the vitreous fluid levels of MCP-1 and sICAM-1 (r = 0.511,
p<0.001) in the vitreous of proliferative diabetic retinopathy.*”]

Recently, MCP-1 and its regulation by high glucose levels
in vascular cells has been implicated in the pathogenesis of
the inflammatory process associated with diabetes.?! In vivo
angiogenesis assays showed that MCP-1-induced angiogenesis
is as potent as that induced by VEGE.®!

Our results were in agreement with several previous studies.
El-Asrar et al. found that vitreous levels of MCP-1 and sSICAM-1
were higher in patients with active proliferative diabetic
retinopathy compared with patients with inactive proliferative
diabetic retinopathy and non-diabetic patients.*”! Besides
diabetic retinopathy, it was also reported that intraocular
SICAM-1 level involved in the development of other retinal
or choroidal vascular diseases. A recent published study
showed that vitreous sICAM-1 levels were significantly
higher in branch retinal vein occlusion patients with greater
postoperative improvement of macular edema.” Jonas et al
found that intraocular MCP-1 concentrations were correlated
with the amount of macular edema of neovascular age-related
macular degeneration.!

There were limitations in this study. First, the number of
enrolled patients was not large, which may cover some minor
significant association between factors. One may even argue
that with a larger number of study participants, the correlations
between aqueous concentrations of cytokines and thickness
of macular edema may become statistically more significant.
Second, only three cytokines were detected in this study, which
fail to represent main pathological mechanism involved in the
development of DME. Thirdly, aqueous humor samples may be
not as valuable as vitreous fluid for the detection of cytokine
concentration of fundus diseases. However, obtaining vitreous
samples needs to expand the surgical intervention while DME
was not the surgical indication of vitrectomy in the most cases.
Fourthly, the negative correlation between sSICAM-1 and the
height of submacular fluid provides evidence to, but not mean
that SICAM-1 induces the formation submacular fluid.
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In conclusion, this study is the first to show that the aqueous
level of SICAM-1 negatively significantly correlated with the
subretinal fluid height of DME patients. The aqueous levels
of VEGEF, sICAM-1 and MCP-1 were significantly higher in
DME subjects and control cases. As such, MCP-1 and ICAM-1,
especially the latter, may be additional target molecules in
therapy for development of DME.
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