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ABSTRACT | Purpose: To compare the intravitreal concen-
trations of cellular mediators involved in neurodegeneration,
inflammation, and angiogenesis in patients with proliferative
diabetic retinopathy and other vitreoretinal diseases. Methods:
A multiplex bead immunoassay was used to measure vitreous
levels of pigment epithelium-derived factor, serum amyloid
P, C-reactive protein, complement C4, alpha-1 antitrypsin,
vascular endothelial growth factor, platelet-derived growth
factor-AA, platelet-derived growth factor-BB, interleukin-6,
interleukin-8, interleukin-10, tumor necrosis factor alpha
and beta in patients undergoing 23-gauge vitrectomy for
proliferative diabetic retinopathy and other diagnoses (control
group). Results: We evaluated 55 patients, of whom 24 had
proliferative diabetic retinopathy and 31 had other diagnoses
including vitreous hemorrhage, retinal detachment, macular
hole, and epiretinal membrane. Patients with proliferative
diabetic retinopathy demonstrated increased levels of serum
amyloid P (85.49 vs. 31.38 ng/mL); C-reactive protein (59.89 vs.
41.75 ng/ml), vascular endothelial growth factor (2,330.11 vs.
554.25 pg/mL; p<0.001), platelet-derived growth factor A (127.32
vs. 39.11 pg/ml), platelet-derived growth factor B (29.37 vs.
7.12 pg/ml), interleukin-6 (69.37 vs. 33.58 pg/mL), interleukin-8
(175.25 vs. 59.71 pg/mL), and interleukin-10 (3.70 vs. 1.88 pg/mL);
all p<0.004 when compared with the control group. Levels
of pigment epithelium-derived factor (30.06 vs. 27.48 ng/mL;
p=0.295), complement C4 (570.78 vs. 366.24 ng/mL; p=0.069),
and alpha-T-antitrypsin (359.27 vs. 522.44 ng/mL; p=0.264)
were not significantly different between the groups. Intravitreal
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levels of tumor necrosis factor-alpha and tumor necrosis factor-
beta were undetectable. Serum Amyloid P, C-reactive protein,
platelet-derived growth factor A, platelet-derived growth factor
B, interleukin-6, and interleukin-8 were correlated positively
with vascular endothelial growth factor. Conclusions: Cellular
mediators involved in neurodegeneration and inflammation
demonstrated increased levels in the vitreous humor of patients
with proliferative diabetic retinopathy and may be part of the
pathogenesis of diabetic retinopathy.

Keywords: Diabetic retinopathy; Retinal degeneration; Cytoki-
nes; Acute phase proteins; Vitreous humor

RESUMO | Objetivo: Comparar as concentragdes intravitreas
de mediadores celulares envolvidos na neurodegeneragao, in-
flamagdo e angiogénese em pacientes com retinopatia diabética
proliferativa e outras doengas vitreo-retinianas. Métodos:
Um ensaio imunomagnético foi utilizado para medir os niveis
vitreos do fator derivado do epitélio pigmentar, amiléide P
sérico, proteina-C-reativa, complemento C4, e alfa-1-antitripsina,
fator de crescimento do endotélio vascular, fator de crescimento
derivado das plaquetas AA, fator de crescimento derivado das
plaquetas BB, interleucina-6, interleucina-8, interleucina-10,
fator de necrose tumoral alfa e beta em pacientes submetidos
a vitrectomia 23-gauge para retinopatia diabética proliferativa
ou outros diagndsticos (grupo controle). Resultados: Foram
avaliados 55 pacientes, dos quais 24 tinham retinopatia dia-
bética proliferativa e 31 tinham outros diagnésticos, incluindo
hemorragia vitrea, descolamento de retina, buraco macular e
membrana epirretiniana. Pacientes com retinopatia diabética
proliferativa demonstraram niveis aumentados de amiléide
P sérico (85,49 vs 31,38 ng/mL), proteina-C-reativa (59,89
vs 41,75 ng/mL), fator de crescimento do endotélio vascular
(2.330,11 vs 554,25 pg/mL, p<0.001), fator de crescimento
derivado das plaquetas-A: (127,32 vs 39,11 pg/mL), fator de
crescimento derivado das plaquetas-B (29,37 vs 7,12 pg/mL),
interleucina-6 (69,37 vs 33,58 pg/mL), interleucina-8 (175,25
vs 59,71 pg/mL) e interleucina-10 (3,70 vs 1,88 pg/mL), todos
com p<0,004 quando comparados ao grupo controle. Niveis
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de fator derivado do epitélio pigmentar (30,06 vs 27,48 ng/mL;
p=0,295), complemento C4 (570,78 vs 366,24 ng/mL; p=0,069),
alfa-1 antitripsina (359,27 vs 522,44 ng/mL; p=0,264) nao foram
significativamente diferente entre os grupos. Niveis intravitreos
de fator de necrose tumoral alfa e fator de necrose tumoral beta
foram indetectéaveis. O amil6ide P sérico, a proteina C-reativa,
o fator de crescimento derivado das plaquetas A e B, a inter-
leucina-6 e a interleucina-8 correlacionaram-se positivamente
com o fator de crescimento do endotélio vascular. Conclusées:
Os medidores celulares envolvidos na neurodegeneragdo e
inflamacgdo demonstraram niveis aumentados no humor vitreo
de pacientes com retinopatia diabética proliferativa e podem
ser parte da patogénese da retinopatia diabética.

Descritores: Retinopatia diabética; Degeneragao retiniana; Ci-
tocinas; Proteinas da fase aguda; Humor vitreo

INTRODUCTION

Diabetic retinopathy is considered a microvascular
complication of diabetes mellitus (DM), with diagnosis
and classification based on visible vascular alterations
detected on clinical examination. The current clinical
treatment aims to stabilize the vascular system, disre-
garding changes in the neurosensory retina“-?.

Much evidence from experimental models and hu-
mans shows that DM involves a neurodegenerative pro-
cess related to retinal vascular changes-?. Barber et al.®
demonstrated that DM increases the rate of apoptosis of
neural cells, with this rate remaining constant over time,
resulting in a cumulative loss with subsequent chronic
neurodegeneration. Human studies using optical cohe-
rence tomography and electrophysiology have confir-
med this hypothesis, exhibiting significant anatomical
changes and dysfunctions in the upper retinal layers
even before vascular changes can be seen"?. Neuro-
degeneration involves several mechanisms. Changes in
neurotrophic factors and neuroinflammation appear
to play a key role in the onset and perpetuation of this
process"?. Growing evidence suggests that inflamma-
tory mediators increase endothelial dysfunction and
neurodegeneration in patients with diabetic retinopathy
(DR), regardless of vascular endothelial growth factor
(VEGF) levels34,

In the normal retina, neural tissue is in close contact
with the vascular endothelium, forming a neurovascular
unit that synthesizes countless trophic factors playing
an important role in neuronal and blood-retinal barrier
(BRB) homeostasis"?. Some of these factors include
pigment epithelium-derived factor (PEDF), nerve growth
factor (NGF), and brain-derived growth factor®>. PEDF
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is the most distinct of the 3 factors involved in neuro-
protection, antipermeability, and antiangiogenesis®.
Other factors in neurodegenerative diseases, such as
Alzheimer’s and Parkinson’s diseases, have not been
well studied in DR®. Alpha-1 antitrypsin (ATAT), serum
amyloid P (SAP), C-reactive protein (CRP), and com-
plement C4 (CC4) are associated with cell imbalance
in these diseases, contributing to a neuroinflammatory
process®®. Similar to what happens in these diseases,
there appears to be a loss of neural homeostasis in DR,
thus changing the neurovascular unit"?.

Therefore, a better understanding of the neurodege-
nerative pathogenesis of DR and the development of a
therapy focusing on this pathogenesis could hinder its
progression to more advanced stages of the disease!?.
Nevertheless, few studies have evaluated the presence
of neurodegenerative/neuroprotective factors in DR in
humans™?9. The objective of the present study was to
measure the intravitreal levels of different inflammatory
and neurodegenerative mediators in patients with proli-
ferative diabetic retinopathy (PDR).

METHODS

We conducted a cross-sectional study of patients un-
dergoing 23-gauge posterior pars plana vitrectomy (PPV)
at the Retina Division of the Department of Ophthalmo-
logy of the Hospital de Clinicas de Porto Alegre (HCPA)
between January 2011 and August 2012.

Inclusion and exclusion criteria

The present study included all patients undergoing
23-gauge PPV at the Retina Division of the HCPA over
the study period. Cases consisted of patients with DM
and PDR who underwent 23-gauge PPV for vitreous
hemorrhage (VH) and/or tractional retinal detachment
(RD). Patients without DM undergoing 23-gauge PPV for
other reasons were included in the control group. The
control group (without DM) comprised patients with
VH due to a different etiology (n=12), RD (n=10), and
maculopathy (macular hole [MH] and epiretinal mem-
brane [ERM], n=9). We excluded patients meeting the
following criteria: (1) the presence of silicone oil (12);
(2) active uveitis (8); (3) photocoagulation in the past 3
months (none); (4) the use of intravitreal corticosteroids
in the past 6 months (none); (5) the use of intravitreal
anti-VEGF therapy in the past 3 months (none); and (6)
refusal to participate in the study (none).
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Surgeries were performed according to the clinical
indications of the patients. Our study was approved
by the Research Ethics Committee of the HCPA in ac-
cordance with the principles of the 2013 Declaration
of Helsinki. All patients signed a written consent form
before undergoing surgery.

Collecting and handling the material

All surgical procedures and collection of material
were performed by the same researcher (FM). The
capillary glucose test was performed in patients with
diabetes according to the hospital protocol after admis-
sion. A 1.5-mL sample of vitreous humor was collected
immediately before the surgical procedure and divided
into 3 Eppendorf tubes of 0.5 mL each. The samples
were properly cooled at 4°C, labeled, and immediately
stored in a freezer at -80°C. In February 2014, the first
Eppendorf tube of each sample containing undiluted
vitreous material (0.5 mL) was thawed.

Material analysis

After being thawed, the samples were analyzed
using a bead-based multiplex immunoassay. The assay
was performed by a trained technician according to the
manufacturer’s instructions (Multiplex; Milliplex MAP,
EMD Millipore Corporation, Billerica, MA, USA) using a
Luminex xMAP 100/200 analyzer (Luminex Corporation,
Austin, TX, USA).

We used preset kits from Multiplex (Multiplex Milli-
plex MAP Kit) to measure 13 analytes as follows: (1)
neurodegenerative panel (HNDG2MAG-36k): PEDF,
CRP, CC4, ATAT, and SAP; and (2) inflammatory pa-
nel (HCYTOMAG-60Kk): platelet-derived growth factor
(PDGF)-AA and -BB, VEGF, IL-6, IL-8, 1L-10, TNF-alpha,
and TNF-beta. Before each analysis, the Luminex xMAP
analyzer was calibrated according to the manufacturer’s
instructions. Standard curves for each plate were calcu-
lated with 7 points, starting with the background (0 ng/mL
or pg/mL), followed by the minimum detection value
(3.2 ng/mL or pg/mL) up to 10,000 ng/mL or pg/mL (16,
80, 400, and 2,000 ng/mL or pg/mL). We found that r?
was higher than 0.99 in all curves.

All samples were analyzed twice, and the mean value
was determined using XPONENT computer software
(XPONENT, Luminex Corporation). If one of the measu-
res had an error, the other value was used for statistical
purposes. When both values were outside the detection
limit of the kit (<3.2 pg/mL or ng/mL or >10,000 pg/mL

or ng/mlL), the detection threshold was calculated for
statistical analysis.

Statistical analysis

We utilized the resources provided in the literature
and a difference of +100 pg/mL in measuring VEGF to
calculate the sample size considering 2 groups and using
a computer program (WinPepe, version 4.0). To achieve
90% power with 5% alpha error (p<0.05), the number
of participants in each group was set at 23 (a total of
46). SPSS for Statistics, version 16 (SPSS Inc., Chicago,
IL, USA), was used for appropriate calculations.

The results are expressed as means, standard devia-
tions, medians, quartiles, and minimum and maximum
values. The Kolmogorov-Smirnov test was conducted
to assess normality of data (Gaussian distribution). All
analytes showed a non-normal distribution; therefore,
logarithmic transformation was performed, and the
Student t-test was used to compare cases and controls.
The Kruskal-Wallis test was performed to compare the
different diagnostic groups: (1) PDR; (2) VH; (3) RD; and
(4) maculopathy. The Pearson correlation coefficient was
used for correlation analysis.

RESULTS

A total of 55 patients (mean age, 52.5 = 17.1 years)
were included in this study. Most of the patients were
white (91.9%) and male (62.9%). Twenty-four patients
underwent vitrectomy due to PDR and 31 because of
other diagnoses. No statistical difference in demogra-
phic data was seen between the groups (Table 1).

Table 1. Description of demographics and diagnostic data

DR Controls

Data (n=24) (n=31) P-value
Age (years) 54.4 £ 14.0 51.3 £ 18.8 0.484
Male - n (%) 19 (79.2) 18 (58.1) 0.098
Skin color - white (%) 21 (87.5) 29 (93.5) 0.439
Capillary glucose test (mg/dL) 165.1 + 59.4 - N/A
Main diagnosis - n (%)

Vitreous hemorrhage 7 (29.2) 12 (38.7) N/A

Tractional retinal detachment 17 (70.8) 0 N/A

Retinal detachment 0 10 (32.3) N/A

Maculopathy (MH and ERM) 0 9 (29.0) N/A

DR= diabetic retinopathy; MH= macular hole; ERM= epiretinal membrane; N/A= not
applicable. Data are expressed as mean (SD) or number of cases (%).

Arg Bras Oftalmol. 2019;82(4):275-82 277



Intravitreal neurodegenerative and inflammatory mediators in proliferative diabetic retinopathy

Acute phase proteins, CRP (59.89 + 23.22 vs. 41.75
+ 28.53 ng/mL; p=0.003), and mainly SAP (85.49 +
97.30 vs. 31.38 + 57.92 ng/mL; p=0.001) were increa-
sed in patients with PDR when compared with controls.
However, levels of PEDF (30.06 + 8.56 vs. 41.75 +
28.53 ng/mL; p=0.295), CC4 (570.78 + 1,153.39 vs.
366.24 + 990.27 ng/mL; p=0.069), and ATAT (59.89
+ 23.22 vs. 41.75 + 28.53; p=0.264) were similar
between patients with PDR and controls (Figure 1).

Patients with PDR had intravitreal levels of IL-6
(69.37 vs. 33.58 pg/mL), IL-8 (175.25 vs. 59.71 pg/mL),
and IL-10 (3.70 vs. 1.88 pg/mL), which were higher than

those in the control group (all p<0.004). Both PDGF
isoforms (AA and BB) were also different between the
groups, with increased values in patients with PDR
(127.32 vs. 39.11 pg/mL and 29.37 vs. 7.12 pg/mL).
Patients with PDR had higher VEGF levels than controls
(2,330.11 + 4,037.33 vs. 554.25 + 4,037.33 pg/mL;
p<0.001). In nearly all of the samples, TNF-alpha and
-beta levels were below the detection threshold; there-
fore, statistical analysis was not possible (Figure 2).
When considering the control group and compa-
ring the different diagnoses with patients with PDR,
we identified differences only in PDGF-B, 1L-6, and
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IL-10, which remained at increased levels in the latter,
followed by RD, VH due to other etiologies and macu-
lopathy (all p<0.02).

SAP was correlated positively with CRP (r=0.59;
p<0.001), ATAT (r=0.33; p=0.013), and PEDF (r=0.30;
p<0.001). PEDF was correlated positively with ATAT
(r=0.35; p=0.009), and CC4 was not correlated with
any of the proteins investigated. A positive correlation
existed between IL-6 and IL-8 (r=0.724; p<0.001),

IL-6 and IL-10 (r=0.316; p=0.019), and 1L-8 and IL-10
(r=0.317; p=0.018). IL-6, IL-8, and IL-10 were also
correlated positively with PDGF-A (r=0.532; p<0.001),
(r=0.668; p<0.001), and (r=0.317; p=0.018) and
PDGF-B (r=0.283; p=0.036), (r=0.553; p<0.001), and
(r=0.285; p=0.035), respectively. PDGF-A correlated
with IL-6 (r=0.532; p<0.001), IL-8 (r=0.668; p<0.001),
and IL-10 (r=0.317; p=0.018); whereas PDGF-B cor-
related with 1L-6 (r=0.283; p=0.036), 1L-8 (r=0.553;
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Figure 2. Inflammatory panel.

DR= diabetic retinopathy; PDGF-A= platelet-derived growth factor A; PDGF-B= platelet-derived growth factor B; IL-6=
interleukin 6; IL-8= interleukin 8; IL-10= interleukin 10; VEGF= vascular endothelial growth factor. All units of measure
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Arg Bras Oftalmol. 2019;82(4):275-82 279



Intravitreal neurodegenerative and inflammatory mediators in proliferative diabetic retinopathy

p<0.001), and IL-10 (r=0.285; p=0.035). VEGF was
correlated positively with CRP (r=0.43; p=0.001), SAP
(r=0.46; p<0.001), and all cytokines except for IL-10,
ATAT, CC4, and PEDF (Figure 3).

DISCUSSION

In the present study, we identified an increase in
numerous factors involved in neurodegeneration and
inflammation in patients with PDR. Pentraxins (SAP and
CRP), PDGF-A and PDGF-B, and IL-6 and 1L-8 were con-
sistently increased in patients with PDR and correlated
with VEGF, thus emphasizing their neuroinflammatory
role in PDR.

The imbalance between angiogenic/inflammatory
mediators and neuroprotective factors plays a key role
in the onset and perpetuation of damage to the neuro-
vascular unit in DR?*'%. Among the mediators described
in the literature, VEGF is essential in the pathogenesis
of PDR. VEGF blockade via intravitreal injections of
medications altered the treatment of patients with this
complication®'. As expected, the median VEGF levels
in our study were approximately 10-fold higher in pa-
tients with PDR than in controls. VEGF is a potent an-

Figure 3. lllustration shows a moderate and strong Pearson correlation
coefficient (r>0.5) between different mediators.

VEGF= vascular endothelial growth factor; PDGF-A= platelet-derived growth
factor A; PDGF-B= platelet-derived growth factor B; IL-6= interleukin 6;
IL-8= interleukin 8; CRP= C-reactive protein; SAP= serum amyloid P.
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giogenic agent that promotes vascular permeability®'".
However, as a survival factor for photoreceptor cells,
endogenous VEGF is involved in the maintenance and
function of retinal neurons"?. Therefore, it is important
to consider the neuroprotective effects of this cytokine,
especially in the continued treatment of diabetic macu-
lar edema and PDR using anti-VEGF therapies®.

PDGEF is necessary for vessel maturation and pericyte
survival®. We found increased levels of PDGF-A and
PDGEF-B in patients with PDR that were also correlated
positively with VEGF and other interleukins (IL-6, 1L-8,
and IL-10). Few authors have measured PDGF levels in
patients with DRY. Cassidy et al. reported detectable
intravitreous levels of PDGF in patients with VH and RD
with proliferative vitreoretinopathy (PVR) and intraocu-
lar foreign bodies, but not in RD without PVR". When
stratifying our control group, we found increased levels
of PDGF in VH and RD with PVR compared with levels in
maculopathy; however, our PDR group had even higher
levels. Praidou et al. found that levels of all PDGF iso-
forms in the vitreous humor were significantly increased
in patients with PDR and did not correlate with serum
levels, implying that most of it is part of intraocular
synthesis and not serum diffusion™. Therefore, similar
to other vasoproliferative eye diseases, PDGF appears
to be part of DR pathogenesis, and its blockade could
act synergistically with anti-VEGF therapy, reducing
fibrovascular formation and avoiding tractional RD
and/or VH"19,

The chemoattractant and immunomodulatory pro-
perties of IL-6 and IL-8 are important to the immune sys-
tem. Evidence also suggests that I1L-6 and IL-8 stimulate
angiogenesis and increase vascular permeability. Our
research, as well as other studies, found increased levels
of these interleukins in isolated investigations"”'¥ and,
more recently, in multi-assay analysis®, thus confirming
their role in the pathogenesis of the disease.

IL-10, in turn, has anti-inflammatory properties
that suppress immune cells and inhibit the action of
other cytokines?. Few studies have evaluated this
cytokine in patients with PDR*?. We demonstrated
that IL-10 is increased in the vitreous humor of patients
with PDR. Moreover, this finding was also reported
by other authors®”, and we believe that it is probably
part of a compensatory mechanism involving a chronic
inflammatory process in an attempt to preserve local
homeostasis®.

Experimental models have illustrated that injection
of TNF-alpha generates an intraocular inflammatory
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process, and its presence is important in the breakdown
of the BRB in DR®". We did not detect intravitreal levels
of TNF-alpha and TNF-beta in the present study, and
Bromberg et al. reported a similar result. However,
Demircan et al. identified increased serum and intra-
vitreal levels of TNF-alpha in patients with PDR when
compared to control corpses®?. We do not know if the
lack of intravitreal levels in our sample was due to a limi-
tation of the kit, protein lability, or whether TNF-alpha
and -beta are not significantly increased in patients
with PDR.

PEDF is a neurotrophic factor providing neuropro-
tective, antiangiogenic, vascular antipermeability, and
antioxidant properties®®. PEDF protects neurons against
glutamate-mediated excitotoxicity and reduces oxidati-
ve stress and inflammation produced by high glucose le-
vels??. Some authors® found reduced intravitreal levels
in patients with PDR, while Duh®® detected increased
levels. In the present study, patients with PDR and the
control group had similar intravitreal levels. We do not
know if this finding is due to the fact that our control
group was heterogeneous, consisting of patients with
eye diseases, such as RD and VH from other causes,
which could change the intravitreal levels of PEDF. Ano-
ther possibility is a compensatory increase in PEDF in an
attempt to counterbalance the effects of VEGF and other
inflammatory cytokines. For ethical reasons, all studies
involving humans were based on non-normal controls,
selecting macular diseases with an indication of vitrec-
tomy, but little angiogenic and inflammatory activity,
such as MH and ERM. In our study, we decided to keep
groups of angiogenic and inflammatory potential because
our objective was to assess the difference between PDR
and other vitreoretinal diseases and compare the diffe-
rent diseases to emphasize the specific characteristics
of PDR. However, no differences were seen even after
stratifying the values according to diagnosis.

CRP and SAP belong to the subfamily of short pentra-
xins that are involved in the acute-phase inflammatory
response associated with innate immunity®. CRP is in-
volved in endothelial dysfunction and atherogenesis, is
associated with non-ocular macrovascular and microvas-
cular complications related to DM®®. SAP is associated
with increased cicatricial repair in neurodegenerative
diseases, and experimental studies have demonstrated
the direct neurotoxicity of SAP with neuronal apoptosis
and microglial activation, promoting an increase in pro-
inflammatory cytokines®. Our study is one of the few
to report increased intravitreal CRP and SAP levels in

patients with DR®”, emphasizing the local neuroinflam-
matory component in this complication of DM.

CC4 is an essential component of the effector phase
of the humoral immune response. Gerl et al.?® repor-
ted evidence of extensive complement activation in the
choriocapillaris in the eyes of patients with diabetic. In
our sample of patients with PDR, C4 levels were similar
to those of the control group, suggesting that there is no
difference between PDR and these diseases regarding
the role of C4. However, this does not exclude the role
of other pathways or complement factors in the patho-
genesis of DR.

Although ATAT is involved in neurodegenerative
diseases®, its intravitreal levels were similar between
patients with PDR and the groups evaluated. The lite-
rature does not mention studies analyzing the serum or
intravitreal levels of ATAT in patients with DR without a
definition of its role in the disease®.

Our study has some limitations that should be consi-
dered when interpreting the results. We did not evaluate
other cytokines or proteins involved in neuroprotection,
such as NGF, brain-derived neurotrophic factor, insulin,
or erythropoietin. We sought to evaluate the difference
between PDR and other diseases; however, in our sam-
ple of controls, most diseases had a neurodegenerative
potential (ischemic retinopathies and RD), possibly mi-
nimizing the differences between groups. In addition,
we did not have sample power to detect such differences
between the diagnostic groups because the sample size
calculation was performed based on 2 groups and using
VEGF. In agreement with our sample, the literature
demonstrates that most cytokines and mediators have
a non-Gaussian distribution, limiting our power to rule
out differences when they actually exist (type 2 error);
this may be particularly important regarding mediators
such as PEDF, CC4, and A1AT. In addition, the absence
of differences does not exclude the role of these factors
in the pathogenesis of DR; it only suggests a specific
mechanism of this DM complication.

Finally, we aimed to evaluate the intravitreal levels
of neurodegenerative, inflammatory, and angiogenic
mediators in PDR. Our findings revealed that these
factors independent of VEGF could be involved in the
pathogenesis of DR, suggesting that it should be consi-
dered a neurovascular degenerative process rather than
solely a microvascular complication of DM. Therefore, in
addition to anti-VEGF treatment, alternative and multi-
targeted therapy should be developed to better control
and prevent DR®.
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