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to Anti-VEGF Therapy

Background: Long non-coding RNAs (IncRNAs) play essential roles in molecular diag-
nosis and therapeutic response in several diseases.

Purpose: For the first time, we aimed to evaluate the association of four IncRNAs TUG!
(rs7284767G/4), MIAT (rs1061540T/C), MALATI (rs3200401C/T), and SENCR
(rs12420823C/T) variants with susceptibility to diabetic retinopathy (DR), disease severity,
and early therapeutic response to intravitreous anti-vascular endothelial growth factor afli-
bercept therapy.

Patients and Methods: This case-control study enrolled 126 adult patients with type 2
diabetes. TagMan assays using Real-Time PCR were run for genotyping. Multivariable
regression analyses were applied to assess the role of each polymorphism after the adjust-
ment of covariates.

Results: Carriers of TUGI! A/G and MIAT T/C and C/C genotypes were more likely to
develop DR [OR=3.15 (95% CI=1.15-8.64), and OR=4.31 (95% CI=1.78-10.47)], while
MALATI T/C conferred protection (OR=0.40, 95% CI=0.16-0.99). For TUGI, MALATI,
MIAT, and SENCR genotype combinations, GTCT and GCCC had a higher disease risk
(P=0.012). For disease severity, MIAT T/T homozygosity was associated with higher DR
grade [33.3% (T/T) vs 10% (C/C) and 4.2% (C/T) carriers, P=0.012]. Otherwise, patients
with the SENCR T variant exhibited better pre-treatment best-corrected visual acuity level
(»=0.021). Following aflibercept administration, carrying the TUGI A or MIAT T/C was
associated with a poor therapeutic response (OR=5.02, 95% CI=1.60-15.76, and OR=10.23,
95% CI=1.51-69.15, respectively).

Conclusion: The IncRNAs TUG! (rs7284767G/A) and MIAT (rs1061540T/C) were asso-
ciated with increased DR susceptibility and poor response to aflibercept treatment, while
MALATI (rs3200401C/T) conferred protection to DR. These genetic determinants could be
useful in DR risk stratification and pharmacogenetics after validation in large-scale studies.
Keywords: aflibercept, diabetic retinopathy, MALAT1, MIAT, SENCR, TUG1

Introduction

Diabetes mellitus (DM) is a devastating health problem worldwide with an esti-
mated global prevalence of 9.3% (463 million people) in 2019, predicted to rise to
10.2% (578 million) by 2030, according to the recent “International Diabetes
Federation” report.! Diabetic retinopathy (DR) is one of the main microvasculo-
pathy associated with long-term diabetes. Retinal inflammation/neovascularization,
in DR
etiopathology.” Healthy endothelial cells are the basis of normal blood vessels,

vascular hyperpermeability, and cell apoptosis play major roles
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Graphical Abstract
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whereas endothelial cell dysfunction is a risk indicator of
diabetic angiopathy.> Accumulating evidence indicated
that diabetes-related microvascular complications result
from genetic and environmental interactions.*>

Long non-coding RNAs (IncRNAs), which are >200
nucleotides in length, are emerging regulatory non-cod-
ing RNAs, participate in epigenetic and transcriptional/
post-transcriptional regulation of several cellular path-
ways in different diseases, including DM and its
complications.®® Several IncRNAs have been impli-
cated in DR,'*'? and their deregulation was proved to
be associated with DR susceptibility and/or response to
treatment'>'* (Table 1).

The IncRNA TUG 1 “Taurine UP-regulated 1” was
reported as one of the identified genes that are up-regu-
lated in response to amino acid taurine, which induces rod
photoreceptor biogenesis.'>'® This type of IncRNA is
essential for photoreceptors biogenesis in the developing
rodent retina.'® Knockdown of TUG! resulted in a defect
of migration of the developing rod photoreceptors into the
outer nuclear layer and increased transfected cell
apoptosis.'” Furthermore, TUG1 upregulation stimulates
Wnt pathway-dependent proliferation and migration of
endothelial cells, thereby promoting the occurrence and
progression of diabetic atherosclerosis.'®
Another IncRNA reported to be implicated in DR
MIAT
Associated Transcript”, also known as Gomafu, or
RNCR2 “retinal non-coding RNA 2,” which is expressed

pathophysiology s “Myocardial Infarction

in cardiomyocytes and the nucleus of multiple retinal
cells.'”” It was found to be up-regulated in the retina of
diabetic rats and the fibrovascular membrane of patients
with diabetes induced by cellular hyperglycemia.*°

The highly conserved IncRNA MALAT1 “metastasis-
associated lung adenocarcinoma transcript 17, also named
NEAT2 “nuclear-enriched abundant transcript 27!
showed significant overexpression in hyperglycemic cell
model (the RF/6A), in samples from the aqueous humor,
and fibrovascular membranes of patients with diabetes.'' It
can regulate retinal endothelial cell pathophysiology and
microvascular growth under a hyperglycemic milieu via
several cellular pathways, including the “p38/MAPK
(mitogen-activated protein kinase)” signaling pathway.>
Silencing of MALAT1 significantly mitigates diabetes-
induced retinal neovascularization, vascular hyperperme-
ability, and retinitis.*®

Lastly, the cytoplasmic IncRNA-SENCR “Smooth
muscle and Endothelial cell-enriched migration/differen-
tiation-associated long non-coding RNA” was found to be
a vascular cell-enriched IncRNA that can regulate FoxO1
“fork-head box protein O1” and TRPC6 “Transient
Receptor Potential Cation channel 6”, hence promoting
the proliferation and migration of smooth muscle cells.**
SENCR has been implicated in regulating pluripotent cells
endothelial differentiation and human vascular endothelial
cell angiogenic capacity.”® Its silencing downregulates
myocardin and smooth muscle contractile genes and up-
regulates the cell migration-related genes.*®
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Table |1 The Role of IncRNAs in Diabetes and Diabetic Complications

Disease LncRNA (Alias) Dysfunction Description Location PMID
Name
Diabetes CDKN2B-ASI (ANRIL) Mutation, Genetic variation in IncRNA genes 9p21.3 23791884, 20386740,
mellitus Expression, causes disease and influences 23104877, 20956613,
Locus susceptibility. 17463249, 20956613,
17463248, 18048406,
24624135
CDKN2B-AS5 Mutation GWAS identified several variants in the N/A 22928560
intergenic region encompassing ANRIL
to be associated with several diseases
such as T5D.
GASS5 (SNHG2) Expression LncRNA GASS5 levels are correlated to 1q25.1 26675493
the prevalence of T2DM.
HI9 Expression Associated with increased birth weight; I1pl5.5 17463249
higher expression in T2D patients.
IGF2-AS (PEGS) Mutation Association identified by GWAS. I1pl5.5 17554260
LINCO1370 (HILNC25) Regulation Depletion of HI-LNC25, cell-specific 20ql2 23040067
IncRNA, down-regulated GLIS3 mRNA,
thus exemplifying a gene regulatory
function of islet IncRNAs. Finally,
selected islet IncRNAs were
dysregulated in type 2 diabetes or
mapped to genetic loci underlying
diabetes susceptibility.
LINC00271 Mutation Association identified by GWAS. 6q23.3 17668382
MALATI (NEAT2) Expression In addition, MALAT |, a conserved IncRNA, I1ql3.1 24436191
was significantly upregulated in an RF/6A
cell model of hyperglycemia in the aqueous
humor samples and fibrovascular
membranes of diabetic patients.
RNCR2 (MIAT, N/A May affect B-cell mass. 22ql2.1 20486133
GOMAFU)
TUGI Regulation A direct interaction between PGC-la I 27760051
and Tugl modulates mitochondrial
bioenergetics in podocytes in the
diabetic milieu.
MEG3 (GTL2) Locus, The imprinted DLK|-MEG3 gene region 14q32 19966805, 26845358,
Expression on chromosome 14q32.2 alters 26603935
susceptibility to type | diabetes.
MEG3 up-regulation may serve as a
therapeutic strategy for treating
diabetes-related microvascular
complications.
(Continued)
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Table | (Continued).

Disease LncRNA (Alias) Dysfunction Description Location PMID
Name

MEG3 may be a potential target and
therapeutic strategy for diabetes. MEG3
knockdown aggravates retinal vessel
dysfunction in vivo and regulates retinal
endothelial cell proliferation, migration,

and tube formation in vitro.

NEAT| Regulation Regulates mTOR signaling pathway. I1ql3.1 28643459

NONHSAGOI 1351 Regulation ERBB3, whose locus associated IncRNA | 12q24.13 26450151
(NONHSAGOI 1351) was expressed in
human islets, may constitute novel
targets to prevent B-cell destruction in
TID.

PDZRN3-AS| Mutation SNP rs11128347 (C>G) in PDZRN3 is 3pl3 21546767
associated with African Americans with
type 2 diabetes.

PINK1-AS Expression PINK is induced by PTEN, which is an 1p36.12 22817756
important inhibitor of insulin signaling.
PINK depletion has been associated
with diabetes status, impaired glucose
uptake in neuronal cell lines, and
mitochondrial gene expression in
adipocytes, raising the possibility that
disruption to naPINKI may impact
glucose metabolism.

PLUTO (PDXI-ASI) N/A Regulates PDX| expression. 13ql12.2 28041957
PVTI (onco-IncRNA- Mutation There is an association between variants | 8q24.21 21526116, 17395743
100) (rs2720709, A>G) in the plasmacytoma

variant translocation | gene (PVTI) and
end-stage renal disease (ESRD)
attributed to both type | and type 2
diabetes.

Identification of PVTI (rs2720709,
A>G) as a candidate gene for end-stage
renal disease in type 2 diabetes using a
pooling-based genome-wide single
nucleotide polymorphism association

study.

RNCR3 (LINC00599) Locus RNCR3 knockdown may be a promising 8p23.1 27616193
strategy for the prevention of diabetes
mellitus-induced retinal

neurodegeneration.

(Continued)
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Table | (Continued).

Disease LncRNA (Alias) Dysfunction Description Location PMID
Name

Diabetic MALATI (NEAT2) Regulation MALAT | knockdown could regulate I1ql3.1 25356875, 24436191
retinopathy Expression retinal endothelial cell proliferation,

migration, and tube formation in vitro.
MALAT | down-regulation could
ameliorate DR by functioning as a
competing endogenous RNA in regulating
VEGEF levels through miR-150-5p.
MALAT | may become a potential
therapeutic target for the prognosis,
diagnosis, and treatment of DR.
associated with markers of visual and
retinal vessel function. Activates
inflammatory pathway via TNF-o and IL-6.

RNCR2 (MIAT, Regulation MIAT knockdown could repress TNF-a- | 22ql2.1 27043545, 29074557
GOMAFU) induced abnormal proliferation and
migration of HLECs, by acting as a
ceRNA. Attenuates retinal vessel
impairment and vascular leakage and
formed a feedback loop with Akt and
miR-150-5p. NF-kB activation

MEG3 N/A Modulates angiogenesis by PI3K/Akt 14932.2 26845358

CDKN2B-AS| (ANRIL) N/A Increases retinal microvascular 9p21.3 28122089, 23813974
permeability in vivo

Increases VEGF mediated by PRC2
complex and p300

RNCR3(LINC00599) N/A Increases cell viability and proliferation, 8p23.1 21857657, 27253412
promotes EC migration and tube
formation in vitro

Aggravates retinal cell apoptosis, visual
function, and microvascular leakage in
vivo

Related to the release of several

cytokines

BDNF-AS N/A Increases cell apoptosis. I1pl4.1 23271640, 26004392

Cause early neurodegeneration

SOX20T N/A Mediates glucose-induced retinal injury. 3926.33 27193103, 29074557,
Antioxidative via regulation of NRF2/ 18846214
HO-1 signaling activity

Promotes neurodegeneration

Diabetic HI9 (WT2) Regulation LncRNA H19/miR-675 axis regulates 11pl5.5 27796346
cardiomyopathy cardiomyocyte apoptosis by targeting
VDACI in diabetic cardiomyopathy.

MALATI (NEAT2) Regulation Involvement of long non-coding RNA 11ql3.1 26476026
MALAT in the pathogenesis of diabetic
cardiomyopathy.

(Continued)
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Table | (Continued).

Disease LncRNA (Alias) Dysfunction

Name

Description Location PMID

Diabetic CYP4BI1-PSI Regulation

nephropathy

A novel long non-coding RNA CYP4BI N/A
PS1-001 regulates proliferation and

fibrosis in diabetic nephropathy. may
regulate proliferation and fibrosis in

mesangial cells [52

26923441

ENSMUST00000147869 Regulation

Long non-coding RNA N/A
ENSMUST00000147869 protects
mesangial cells from proliferation and
fibrosis induced by diabetic nephropathy.

27083175

PVTI (onco-IncRNA-
100) Interaction

Expression

Regulation

Variants in the plasmacytoma variant
translocation gene were strongly
associated with DKD in the Pima
Indians, a group with the highest
prevalence of type 2 diabetes in the
world. PVT| may mediate the
development and progression of
diabetic nephropathy through
mechanisms involving ECM
accumulation.

Role of MicroRNA 1207-5P and lts
Host Gene, the Long Noncoding RNA
Pvtl, as Mediators of Extracellular
Matrix Accumulation in the Kidney.

27503944, 215261 16,
24204837, 24204837

8q24.21

RNCR2 (MIAT,
GOMAFU)

Regulation

Mediates high glucose-induced renal
tubular epithelial injury.

22ql2.1 26551455

Note: The Bold names were selected in this study. Data source: LncRNADisease database (http://www.cuilab.cn) and literature search.

Several studies have reported that IncRNA-related
single nucleotide polymorphisms (SNPs) may impact
susceptibility to DR.?"?®* However, the TUGI
(rs7284767G/4), MIAT (rs1061540T/C), MALATI
(rs3200401C/T), and SENCR (rs12420823C/T) variants
which are selected based on specific criteria detailed in
2.4 section of this study, were not investigated yet in
association with DR risk or response to “anti-vascular
endothelial growth factor (VEGF)” aflibercept treatment.
It is worth noting that anti-VEGF agents used in clinical
practice, such as ranibizumab and aflibercept, are con-
siderably different in terms of molecular interactions
when they bind with VEGF.?’ In this sense, this study
aimed to investigate whether the selected genetic var-
iants of the specified IncRNAs are associated with DR
susceptibility, clinic-laboratory data, or the short-term
(after four weeks) response to aflibercept therapy in
the hope to find new biomolecular markers that help in

patient risk stratification and/or listed within the phar-
macogenetics-related variants.

Patients and Methods
Study Population

This cross-sectional study recruited 126 consecutive adult
patients with type 2 DM attending the “Ophthalmology
Department, Suez Canal University Hospitals” and a pri-
vate Clinic, Ismailia, Egypt. The “Early Treatment
Diabetic Retinopathy Study” (ETDRS) report’® was fol-
lowed in patients’ evaluation and subclassification into DR
group (n = 73) and non-DR group (n = 53). About 42.5%
of DR and 22% of non-DR patients were on insulin ther-
apy. Both groups had a comparable period of diabetes
duration. Patients presented with other ophthalmic disor-
ders, including neovascular glaucoma, age-related macular
degeneration, or hematogenous retinal detachment, vascu-
lopathy other than DR, history of ocular trauma or surgery,
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having other chronic diseases and/or severe comorbidities
excluded. The Research Ethics
Committee of Faculty of Medicine,

were “Institutional

Suez Canal
University” approved the study (approval No.4465). This
study was executed according to the Declaration of
Helsinki principles and its amendments. Written informed
consent was obtained from the study population before

taking part.

Clinical Assessment

A complete ophthalmic evaluation was done for all parti-
cipants. Examination at the first visit to the ophthalmic
clinic and throughout the follow-up visits included (1) the
BCVA “best-corrected visual acuity” using logMAR “log
of the Minimum Angle of Resolution”, (2) the anterior/
posterior segment examination using slit-lamp biomicro-
scopy and +20 D/+90 D lenses, respectively, (3) colored
fundus photography and (4) optical coherence tomography
(OCT). Based on the initial FFA “fundus fluorescein
angiography” assessment, maculopathy type and subclas-
sification (focal vs diffuse) have been assigned. The
ischemic type of DR was ruled out to avoid any bias in
the results. The “non-proliferative DR (NPDR)” (subclas-
sified into mild, moderate, or severe subtype) and “prolif-
erative DR (PDR)” diagnoses were reached based on the
ETDRS. Based on the OCT and the clinical findings, the
diabetic macular edema (DME) diagnosis was assigned.*’

Optical Coherence Tomography Scans
Patients retinas were subjected to OCT scans as explained
previously.®! Patients presented with DME underwent an
intravitreal injection (IV) of aflibercept (2 mg in 0.05 mL),
“Eylea 40 mg/mL, Bayer Pharma AG, Berlin, Germany”,
session after blood sampling. All the specified percussions
and standards were followed pre-, during, and post-injec-
tion, as shown previously.'* Following-up was scheduled
on the first day/one week, and one month after the first
injection session. Both BCVA and OCT were reperformed
after one month to evaluate the CMT. The initial response
to aflibercept (one dose) was assigned as

BCVA improvement more than two lines of the Snellen s
chart (Converted to Log MAR units for the statistical
analysis), and CST reduction more than 15% of the pre-
treatment thickness.'*

The repeated injection was arranged when appropriate.
Both “BCVA” and “CMT” changes were updated and
recorded during the follow-up visits for all treated patients.

Blood Sampling and IncRNA Variants
Genotyping

A total of five milliliters of venous blood samples were
withdrawn from all participants after overnight fasting
under aseptic conditions on EDTA tubes. Buffy coat geno-
mic DNA was isolated using “QIAamp DNA Blood Mini
kit (Catalog # 51104; Qiagen GmbH)” according to the
vendor’s guidelines. The nucleic acid concentration and
purity were evaluated using “NanoDrop ND-1000
(NanoDrop Technologies, Inc. Wilmington, DE, USA)”.
The studied variants selection was based on (1) dbSNP
(www.ncbi.nlm.nih.gov) search for the minor allele fre-
quency (MAF) >0.1 in the selected IncRNAs to get adequate
statistical power, (2) mining in previous literature which

showed evidence of the functional significance of these poly-
morphisms, and/or (3) no previous literature relates these
SNPs with DR at least in our population. Genotyping was
done on “StepOne Real-Time Polymerase Chain Reaction
system (Applied Biosystems, USA)”. Polymerase chain
reaction (PCR) was run in duplicates in a total volume of
25 uL containing 20 ng of extracted genomic DNA diluted to
11.25 pL with nuclease-free water, 12.5ul TagMan genotyp-
ing PCR Master Mix, and 1.25 uL predesigned primer/probe
sets TagMan SNP Genotyping Assay (20x) working stock

(assay IDs: C__ 2566592 10, C__ 2467719 1 ,
C__ 3246069 10, and C_ 11783392 10), for TUG!
(rs7284767G/4),  MIAT  (rs1061540T/C), MALATI

(rs3200401C/T), and SENCR (rs12420823C/T), respectively.
“No-template negative controls” (NTCs) were applied in
each PCR run to confirm free reaction contamination. The
PCR program was set as followed: 10 min (95°C) for one
cycle, followed by 15 sec (90°C) and 1 min (60°C) for 40
two-stage cycles. The genotyping call was done by Applied
Biosystems software with a 99.2% call rate and 100% con-
cordance rate.

Statistical Analysis

The SPSS for Windows (version 27) and R (version 3.5.3)
were used for the statistical analysis. G*Power (version
3.1.9.2.) was applied for sample size calculation. At a 95%
significance level (alpha 0.05) and an effect size of 0.37 with
a minimal sample size required to reject the null hypothesis
(n=126), the calculated study power was 91%. Data distri-
bution and normality were checked by the Kolmogorov—
Smirnov test. “Hardy-Weinberg equilibrium” (HWE) and
allele/genotype frequencies of the studied variants were esti-
mated within each group, as mentioned previously.*?

Pharmacogenomics and Personalized Medicine 2021:14
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Multivariable regression models were employed. Adjusted
odds ratio (OR) and 95% confidence interval (CI) for multi-
ple genetic association models were calculated using
SNPStats  (https://www.snpstats.net/start.htm). One-way
ANOVA test was applied for parametric attributes, and

Mann Whitney or Kruskal-Wallis tests were executed for
non-parametric data. A Chi-square test was applied for qua-
litative variables. Significance was set at P<0.05.

Results
Baseline Characteristics of the Study

Population

A total of 126 diabetic cohorts were included in the current
analysis. Of these, 73 patients who developed diabetic
retinopathy were compared to those who did not progress
to retinopathy phenotype. Their mean ages were 59.8 = 9.5
years and 62.5 + 7.5 years, respectively (P = 0.09). Females
accounted for 69.9% in DR cohorts and 79.2% in DM
group (P = 0.30). Hypertension comorbidity was found in
71.2% and 62.3% of patients, with no significant difference
between the group (P = 0.33). In contrast, patients with DR
had more prevalent insulin intake (41.1% versus 17.0%, P =
0.006), and higher glycosylated hemoglobin (HbA1c¢) levels
(8.92% + 2.2% vs 5.45% + 1.01%, P = 0.025) (Table 2).
These variables were taken into consideration in the down-
stream multivariable regression analysis.

Clinical Assessment of Diabetic
Retinopathy Patients

DR patients were categorized according to the disease
stage into mild, moderate, and severe non-proliferative

Table 2 Baseline Characteristics of the Study Population

and proliferative diseases. As depicted in Table 3, patients
with PDR were significantly older (65.8 + 10.9 years, p =
0.018), more likely to have prolonged disease duration
(26.4 = 7.1 years, P <0.001), and higher frequency of
insulin intake (76.9%, P = 0.001). There were no signifi-
cant inter-group differences regarding their therapeutic
response (P = 0.89) nor their best-corrected visual acuity
(P =0.17).

Allelic Discrimination Analysis

Apart from TUG! polymorphism (p <0.001), genotype
frequencies in diabetic controls were in accordance with
Hardy—Weinberg equilibrium (MIAT: p = 0.29, MALATI:
P = 0.79, SENCR: P = 0.78). For TUGI (rs7284767),
MIAT (rs1061540), MALATI (rs3200401), and SENCR
(rs12420823), overall minor allele frequencies were 0.37
(A), 0.26 (C), 0.47 (T), and 0.42 (T), respectively. On
comparison between the two study groups, MIAT C variant
was more frequent among DR patients (C allele: 44% in
DR group versus 26% in DM group, P = 0.004)
(Figure 1A). Similarly, higher proportions of MIATT/C
and C/C genotypes were observed in DR group (C/C:
27% versus 13%, C/T: 33% versus 26%, P = 0.049)
(Figure 1B). Comparison with other ethnic populations
from 1000Genome Project is shown in Figure 1C.

Association of IncRNA Variants with

Disease Risk

As seen in Table 4, TUGI A/G was 3 times more likely to
develop DR under heterozygote comparison (OR = 3.15,
95% CI = 1.15 to 8.64) and over-dominant model (OR =

Variables Levels DM (n=53) DR (n=73) P-value OR (95% CI)

Age, year Mean * SD 625+ 75 598 £ 95 0.097

Sex Female 42 (79.2%) 51 (69.9%) 0.306 1.64 (0.71-3.78)
Male 11 (20.8%) 22 (30.1%)

Hypertension Negative 20 (37.7%) 21 (28.8%) 0.337 1.50 (0.70-3.18)
Positive 33 (62.3%) 52 (71.2%)

Disease duration, year Mean * SD 139 £5.2 162 79 0.067

Hypoglycemic drug Oral 44 (83.0%) 43 (58.9%) 0.006 3.41 (1.45-8.02)
Insulin 9 (17.0%) 30 (41.1%)

HbAlc, % Mean = SD 5.45 % 1.0l 892 +22 0.025

Note: Data are shown as numbers and percentages or mean and standard deviation (SD). Chi-square and Student’s t-tests were applied. Bold values indicate significance at

P-value < 0.05.

Abbreviations: DM, diabetes mellitus; DR, diabetic retinopathy; HbAlc, glycated hemoglobin.
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Table 3 Clinical and Ophthalmologic Assessment of Patients with Diabetic Retinopathy of Different Grades

Variables Mild NPDR Moderate NPDR Severe NPDR PDR P-value
Age (year) Mean + SD 57.7 £ 6.1 573+ 104 63.4 £ 8.1 65.8 £ 10.9%° 0.018
Sex Female 15 (68.2) 22 (81.5) 8 (66.7) 6 (50.0) 0.25
Male 7 (31.8) 5(18.5) 4 (333) 6 (50.0)
Hypertension Negative 9 (40.39) 10 (27.0) 1 (8.3) 1 (8.3) 0.06
Positive 13 (59.1) 17 (63.0) I (91.7) 11 (91.7)
Disease duration (year) | Mean + SD 104 + 4.4 154 + 5.2° 176 £+ 7.7% 264 + 7.1%¢ <0.001
Hypoglycemic drug Oral 19 (86.4) 17 (63.0) 5 (41.7) 2 (16.7) 0.001
Insulin 3 (13.6) 10 (37.0) 7 (58.3) 10 (83.3)
HbAlc (%) Mean + SD 9.1 £24 9+23 83+ 16 92 +23 0.68
Pre-CMT Mean + SD 4419 + 1823 417 £ 129.7 376 = 105 399.7 £ 1153 0.68
Post-CMT Mean + SD 330.6 + 96.9 345.6 + 121.9 291.6 + 53.8 354.6 + 132.8 0.49
CMT change Mean + SD -111.3+151.3 —-71.5 + 883 —84.4 + 80 —45.1 + 82.1 0.33
Pre-BCVA Mean + SD 03+03 05+0.2 06+02a 0.8 + 0.1 <0.001
Post-BCVA Mean + SD 02 +0.2 03 £0.1 03+0.2 0.7 + 0.2*¢ <0.001
BCVA change Mean + SD —0.1 £0.2 —0.2 £ 0.1 —0.3+£0.2 —0.1 £ 0.1 0.17
Treatment response Improved 16 (72.7) 22 (81.5) 10 (83.3) 9 (75.0) 0.84
Deteriorated 6 (27.3) 5(18.5) 2 (16.7) 3 (25.0)

Notes: *Compared to mild NPDR, bCompar'ed to moderate NPDR, “Compared to severe NPDR. Chi-square and one-way ANOVA tests were used, followed by Tukey post hoc
comparison test. Bold values indicate significance at P-value < 0.05. Treatment response: improved after one month of Aflibercept IV injection classified by change of CMT.
Abbreviations: NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; HBAIc, glycated hemoglobin; Pre, pre-treatment with aflibercept;
Post, posttreatment with aflibercept; CMT, central macular thickness; BCVA, best-corrected visual acuity assessed by the logarithm of the minimum angle of resolution.

3.33, 95% CI = 1.28 to 8.67). MIAT T/C and C/C were
associated with three and eight times more odds for devel-
oping disease [heterozygote model: OR = 2.97, 95% CI =
1.11 to 7.93, homozygote model: OR = 8.43, 95% CI =
2.40 to 29.59, dominant model: OR =4.31, 95% CI =1.78
to 10.47, recessive model: OR = 5.23, 95% CI = 1.66
—16.45, and log-additive model: OR = 2.92, 95% CI =
1.60 to 5.33]. In contrast, MALAT1 C/T rendered protec-
tion with 60% decreased susceptibility to develop DR
disease under heterozygote comparison (OR = 0.40, 95%
CI =0.16 to 0.99) and dominant model (OR = 0.41, 95%
CI = 0.18 to 0.96). Gene—gene interaction analysis
revealed that carriers for GTCT and GCCC genotype
combinations had 17- and 20-times higher disease risk,
respectively (P = 0.012) (Table 5).

Association of IncRNA Variants with

Disease Severity
SENCR T variant was associated with better pre-treatment
BCVA level (0.63 + 0.19 in C/C compared to 0.45 = 0.27

in C/T and 0.46 + 0.26 in T/T carriers, P = 0.021). In
contrast, MIAT T/T homozygosity was associated with
higher grade (PDR: 33.3% in T/T compared to 10% in
C/C and 4.2% in C/T carriers, P = 0.012) (Table 6).

Association of IncRNA Variants with
Drug Response After Anti-VEGF

Treatment

TUGI A and MIAT C alleles were associated with non-
early response to aflibercept treatment (P = 0.020 and
0.014, respectively). Carriers for TUGI A allele showed
the lowest median change in CMT (—11.5 in A/A com-
pared to =90 in A/G and —54 in G/G, P = 0.016) and
BCVA (0 in A/A compared to —0.15 in A/G and —0.1 in G/
G, P = 0.005) (Table 6). The same allele (TUGI A) was
significantly associated with treatment failure under homo-
zygote comparison (OR = 25.10, 95% CI = 2.53 to
249.44), dominant model (OR = 8.18, 95% CI = 1.48 to
45.29), recessive model (OR = 8.81, 95% CI = 1.49—
52.06), and log-additive model (OR = 5.02, 95% CI =
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Table 4 Genetic Association Models for the Study Long Non-Coding RNAs and Disease Risk

Gene Model Genotypes DM DR Crude OR (95% CI) | P-value | Adjusted OR (95% CI)* | P- value
TUGI Codominant GIG 28 (52.8%) | 34 (46.6%) | 1.00 0.11 1.00 0.034
A/G Il (20.8%) | 27 (37%) 2.02 (0.85-4.78) 3.15 (1.15-8.64)
AA 14 (26.4%) | 12 (16.4%) | 0.71 (0.28-1.77) 0.84 (0.30-2.34)
Dominant GIG 28 (52.8%) | 34 (46.6%) | 1.00 0.49 1.00 0.18
AIG-A/A 25 (47.2%) | 39 (53.4%) | 1.28 (0.63-2.61) 1.72 (0.77-3.84)
Recessive GIG-AIG 39 (73.6%) | 61 (83.6%) | 1.00 0.17 1.00 0.24
AA 14 (26.4%) | 12 (16.4%) | 0.55 (0.23—-1.31) 0.56 (0.22—1.47)
Over-dominant | G/G-A/A 42 (79.2%) | 46 (63%) 1.00 0.047 1.00 0.01
AIG 11 (20.8%) | 27 (37%) 2.24 (0.99-5.07) 3.33 (1.28-8.67)
Log-additive - - - 0.94 (0.60—1.48) 0.79 1.06 (0.64—1.73) 0.83
MIAT Codominant TIT 32 (60.4%) | 29 (39.7%) | 1.00 0.046 1.00 8e-04
TIC 14 (26.4%) | 24 (32.9%) | 1.89 (0.83—4.33) 2.97 (1.11-7.93)
c/C 7 (13.2%) 20 (27.4%) | 3.15 (1.16-8.54) 8.43 (2.40-29.59)
Dominant T/T 32 (60.4%) | 29 (39.7%) | 1.00 0.022 1.00 7e-04
T/IC-C/C 21 (39.6%) | 44 (60.3%) | 2.31 (1.12-4.76) 4.31 (1.78-10.47)
Recessive T/T-T/C 46 (86.8%) | 53 (72.6%) | 1.00 0.05 1.00 0.0023
c/C 7 (13.2%) 20 (27.4%) | 2.48 (0.96-6.39) 5.23 (1.66-16.45)
Over-dominant | T/T-C/C 39 (73.6%) 49 (67.1%) 1.00 0.43 1.00 0.33
TIC 14 (26.4%) | 24 (32.9%) | 1.36 (0.62-2.98) 1.54 (0.65-3.68)
Log-additive - - - 1.80 (1.11-2.90) 0.013 2.92 (1.60-5.33) 2e-04
MALAT| | Codominant c/C 14 (26.4%) | 33 (45.2%) | 1.00 0.076 1.00 0.11
ciT 28 (52.8%) | 26 (35.6%) | 0.39 (0.17-0.90) 0.40 (0.16-0.99)
TIT 11 (20.8%) | 14 (19.2%) | 0.54 (0.20-1.48) 0.44 (0.14—1.40)
Dominant c/C 14 (26.4%) 33 (45.2%) 1.00 0.03 1.00 0.037
C/T-TIT 39 (73.6%) | 40 (54.8%) | 0.44 (0.20-0.94) 0.41 (0.18-0.96)
Recessive c/C-CIT 42 (79.2%) | 59 (80.8%) | 1.00 0.83 1.00 0.54
TIT 11 (20.8%) | 14 (19.2%) | 0.91 (0.37-2.19) 0.72 (0.26-2.03)
Over-dominant | C/C-T/T 25 (47.2%) | 47 (64.4%) | 1.00 0.054 1.00 0.12
cIT 28 (52.8%) | 26 (35.6%) | 0.49 (0.24-1.02) 0.53 (0.24-1.19)
Log-additive - - - 0.68 (0.42—1.11) 0.12 0.61 (0.35-1.07) 0.083
SENCR Codominant c/C 18 (34%) 23 (31.5%) | 1.00 0.95 1.00 0.92
T 25 (47.2%) | 35 (48%) 1.10 (0.49-2.44) 1.18 (0.46-3.01)
T/T 10 (18.9%) | 15 (20.6%) | 1.17 (0.43-3.22) 1.01 (0.32-3.15)
Dominant c/C 18 (34%) 23 (31.5%) | 1.00 0.77 1.00 0.8
C/TTIT 35 (66%) 50 (68.5%) | 1.12 (0.53-2.37) 1.12 (0.46-2.72)
(Continued)
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Table 4 (Continued).

Gene Model Genotypes DM DR Crude OR (95% Cl) | P-value | Adjusted OR (95% CI)* | P- value
Recessive C/C-CIT 43 (81.1%) | 58 (79.5%) | 1.00 0.82 1.00 0.84
T/T 10 (18.9%) | 15 (20.6%) 1.1l (0.46-2.71) 0.91 (0.34-2.40)
Over-dominant | C/C-T/T 28 (52.8%) | 38 (52%) 1.00 0.93 1.00 0.69
cIT 25 (47.2%) | 35 (48%) 1.03 (0.51-2.09) 1.18 (0.53-2.62)
Log-additive - - - 1.08 (0.66—1.78) 0.75 1.02 (0.57-1.79) 0.96

Notes: Data are presented as numbers and percentages. Crude and *adjusted OR by age, sex, disease duration, hypoglycemic treatment, and hypertension were estimated.
Adjusted OR (95% CI) for multiple genetic association models were calculated using SNPStats (https://www.snpstats.net/start.htm). Bold values indicate significance at

P-value < 0.05.

Abbreviations: DM, diabetes without diabetic retinopathy; DR, diabetic retinopathy; OR, odds ratio; Cl, confidence interval.

Table 5 Combined Genotype Association with Disease Risk

TUGI MIAT MALATI SENCR DM DR Cum Freq Adjusted OR (95% Cl)* P-value

| G T C C 0.218 0.134 0.154 1.00 -

2 G T T C 0.080 0.103 0.262 1.26 (0.23-6.80) 0.79
3 A T C T 0.097 0.105 0.359 0.51 (0.08-3.44) 0.49
4 A C C C 0.044 0.104 0.446 2.97 (0.43-20.4) 0.27
5 G T C T 0.066 0.070 0.528 17.1 (1.9-149.8) 0.012
6 G T T T 0.130 0.057 0.608 0.70 (0.17-3.0) 0.64
7 G C T C 0.035 0.083 0.670 7.7 (0.75-79.2) 0.088
8 G (o) C C 0.042 0.069 0.731 20.9 (2.07-212) 0.012
9 G C C T 0.018 0.093 0.790 1.03 (0.09-11.9) 0.98
10 A T T C 0.074 0.034 0.843 0.63 (0.08-5.30) 0.68
11 G C T T 0.039 0.028 0.880 4.31 (0.37-50.2) 0.25
12 A T T T 0.040 0.031 0915 0.38 (0.03-5.19) 0.47
13 A C T T 0.018 0.026 0.941 0.71 (0.04-11.2) 0.81
14 A T C C 0.027 0.020 0.967 4.39 (0.25-76.5) 0.31
15 A C C T 0.012 0.026 0.988 1.92 (0.13-28.3) 0.64
16 A C T C 0.052 0.000 1.0 0.45 (0.01-22.6) 0.69

Notes: Global haplotype association P-value: 0.04. *Adjusted OR by age, sex, disease duration, hypoglycemic treatment, and hypertension were estimated. Bold values

indicate significance at P-value < 0.05.

Abbreviations: DM, diabetes without diabetic retinopathy; DR, diabetic retinopathy; Cum Freq, cumulative frequency; OR, odds ratio; Cl, confidence interval.

1.60 to 15.76). In addition, MIAT T/C genotype was asso-
ciated with poor therapeutic response under heterozygote
comparison (OR = 10.23, 95% CI: 1.51 to 69.15), domi-
nant model (OR = 5.95, 95% CI = 1.04 to 34.23), and
over-dominant model (OR: 6.26, 95% CI: 1.41-27.80)
(Table 7).

Discussion

The current treatment strategies for DR are mainly used in
the advanced stages of the disease and may be related to
several side effects. In this sense, it is necessary to explore
a new landscape of susceptibility genetic variants asso-
ciated with disease development, severity, or response to
treatment to identify the individuals most likely to develop

DR and predicting treatment effects. To this end, we
genotyped for the first time four variants belonging to
IncRNAs which proved previously to be implicated in
one or more pathophysiological mechanisms of diabetes
or its complications (Table 1). Our results show a variable
degree of disease risk, severity, and/or early response to
aflibercept treatment.

We found that carriers of IncRNA TUGI A/G of
rs7284767 variant were three times more likely to develop
DR under heterozygote and over-dominant models. Also,
carriers of the TUG! A allele under several genetic models
were associated with non-early response to aflibercept
treatment as they showed the lowest median change in
CMT and BCVA.
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Table 6 Association Between Genotypes and Patient Characteristics

Variables TUGI MIAT MALATI SENCR
Age 0.433 0.789 0.759 0.763
Sex 0.774 0.867 0.245 0.684
Hypertension 0.773 0.665 0.658 0.884
Disease duration 0.191 0.088 0.082 0.126
Hypoglycemic drug 0.484 0.523 0.726 0.385
HbAlc 0.367 0.316 0.830 0.838
Retinopathy grade 0.171 0.012 0.402 0.786
Treatment response 0.020 0.014 0.688 0.775
VA improvement 0.005 0.207 0.137 0.620
Pre-CMT 0.162 0.274 0918 0.386
Post-CMT 0.677 0.787 0.050 0.207
CMT change 0.016 0.090 0.161 0.984
Pre-BCVA 0.331 0.061 0.494 0.021
Post-BCVA 0.640 0.114 0.262 0.228
BCVA change 0.052 0.822 0.207 0.239

Notes: A two-sided chi-square test and one-way ANOVA tests were applied. Bold values indicate significance at P-value < 0.05.
Abbreviations: HbAlc, glycated hemoglobin; VA, visual acuity; Pre, pre-treatment with aflibercept; Post, posttreatment with aflibercept; CMT, central macular thickness;
BCVA, best-corrected visual acuity assessed by the logarithm of the minimum angle of resolution.

The rs7284767 variant was found to be located in one of
“novel biologically relevant; NBR” target sites on the
TUGI and was associated with unusual patterns of long-
range haplotype conservation in the human genome™ and
exhibited significantly high integrated haplotype score
value; “a gnomically standardized measure for conservation
of long-range haplotype associated with a given SNP in a
population”.** This variant was predicted to disrupt the
NBR target site for miR-20 in humans.** Interestingly,
miR-20 was associated with diabetes and DR in previous
studies®>*°

roles in patients with DR.*® Given the targeting role of this

and proved to have diagnostic and prognostic

microRNA for the 3'-untranslated regions of hypoxia-indu-
cible factor-1a and VEGFA genes, it is not surprising to be
associated with angiogenesis-related disorders, including
DR and with treatment response to anti-VEGF aflibercept
treatment. A recent study by Duan et al has identified the
association of rs7284767 allelic variation with increased
plasma TUGI levels in patients with knee osteoarthritis.*’
This finding and all the mechanisms mentioned above could
prove that the rs7284767 variant may be functional, sup-
porting its association with disease risk and response to
anti-VEGF treatment in the present study population.
Future functional assays and detailed genetic analyses will
be required to determine the detailed biological significance
of this variant and other studied ones in the future.

The present work also explored that MIAT rs1061540T
(C/T) and (C/C) genotypes were associated with three and

eight times more odds for developing DR, and T/T homo-
zygosity was associated with a higher grade of PDR rela-
tive to other genotypes. Also, the C/T genotype was
associated with poor therapeutic response under heterozy-
gote, dominant, and over-dominant models. Although
accumulating evidence confirmed the implication of
MIAT in every stage of DR by several genetic/epigenetic
mechanisms and its knockdown has a therapeutic advan-

tage in neovascular-related disorders as DR,?%?7-3¥40

e
specific impact of the rs1061540 variant on MIAT expres-
sion and association with DR is yet to be identified. In this
sense, more studies are recommended to explore the pre-
cise molecular mechanism by which this variant could
impact disease susceptibility/severity and/or treatment
response.

In contrast to the SNPs mentioned above, the IncRNA
MALAT! 1s3200401 (T/C) genotype in the current study
population conferred protection with 60% decreased sus-
ceptibility to develop DR under heterozygote comparison
and dominant models. Several in vivo and in vitro studies
unraveled the association between MALAT1 level and
diabetes/hyperglycemia. It was found to be up-regulated
in diabetic mice retinas,'' regulating the retinal endothelial
cells function in terms of cell proliferation/migration and
tube biogenesis, and the pathological growth of the retinal
microvasculature under hyperglycemic conditions.”**" Tts
pharmacological inhibition can reduce the retinal endothe-

lial cell proliferation phenotype, vasculature growth,
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Table 7 Association Between Genotypes and Drug Response Phenotype

Gene Model Genotypes Improved (n=57) Deteriorated (n=16) Adjusted OR (95% CI)* P-value
TUGI Codominant G/G 30 (52.6%) 4 (25%) 1.00 0.006
AIG 21 (36.8%) 6 (37.5%) 5.49 (0.88-34.16)
AIA 6 (10.5%) 6 (37.5%) 25.10 (2.53-249.44)
Dominant G/G 30 (52.6%) 4 (25%) 1.00 0.006
AIG-A/A 27 (47.4%) 12 (75%) 8.18 (1.48-45.29)
Recessive G/G-A/G 51 (89.5%) 10 (62.5%) 1.00 0.012
AIA 6 (10.5%) 6 (37.5%) 8.81 (1.49-52.06)
Overdominant G/G-A/A 36 (63.2%) 10 (62.5%) 1.00 0.52
AIG 21 (36.8%) 6 (37.5%) 1.54 (0.41-5.79)
Log-additive - - - 5.02 (1.60-15.76) 0.001
MIAT Codominant T/T 26 (45.6%) 3 (18.8%) 1.00 0.026
CIT 14 (24.6%) 10 (62.5%) 10.23 (1.51-69.15)
C/C 17 (29.8%) 3 (18.8%) 2.69 (0.34-21.23)
Dominant T/T 26 (45.6%) 3 (18.8%) 1.00 0.026
T/C-C/C 31 (54.4%) 13 (81.2%) 5.95 (1.04-34.23)
Recessive T/T-T/IC 40 (70.2%) 13 (81.2%) 1.00 0.66
Ci/C 17 (29.8%) 3 (18.8%) 0.71 (0.15-3.41)
Overdominant T/T-CIC 43 (75.4%) 6 (37.5%) 1.00 0.011
T/IC 14 (24.6%) 10 (62.5%) 6.26 (1.41-27.80)
Log-additive - - - 1.58 (0.66-3.77) 0.29
MALAT | Codominant C/C 27 (47.4%) 6 (37.5%) 1.00 0.9
(o) 20 (35.1%) 6 (37.5%) 1.17 (0.24-5.72)
T/T 10 (17.5%) 4 (25%) 1.52 (0.25-9.25)
Dominant C/IC 27 (47.4%) 6 (37.5%) 1.00 0.73
C/TTIT 30 (52.6%) 10 (62.5%) 1.29 (0.31-5.40)
Recessive C/IC-CIT 47 (82.5%) 12 (75%) 1.00 0.68
T/IT 10 (17.5%) 4 (25%) 1.41 (0.28-7.00)
Overdominant C/IC-TIT 37 (64.9%) 10 (62.5%) 1.00 [
cT 20 (35.1%) 6 (37.5%) 1.00 (0.24-4.12)
Log-additive - - - 1.23 (0.50-3.02) 0.65
SENCR Codominant ciC 19 (33.3%) 4 (25%) 1.00 0.69
CIT 26 (45.6%) 9 (56.2%) 1.90 (0.39-9.20)
TIT 12 (21.1%) 3 (18.8%) 1.21 (0.17-8.41)
(Continued)
1010 https: Pharmacogenomics and Personalized Medicine 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Mohammad et al

Table 7 (Continued).

Gene Model Genotypes Improved (n=57) Deteriorated (n=16) Adjusted OR (95% CI)* P-value

Dominant C/C 19 (33.3%) 4 (25%) 1.00 0.5
C/T-TIT 38 (66.7%) 12 (75%) 1.66 (0.37-7.48)

Recessive C/C-CIT 45 (79%) 13 (81.2%) 1.00 0.77
TIT 12 (21.1%) 3 (18.8%) 0.79 (0.16-3.94)

Overdominant C/IC-TIT 31 (54.4%) 7 (43.8%) 1.00 0.4
() 26 (45.6%) 9 (56.2%) 1.75 (0.48-6.42)

Log-additive - - - 1.12 (0.45-2.78) 0.8

Notes: Adjusted OR by age, sex, disease duration, hypoglycemic treatment, hypertension, grade of retinopathy, and HbAlc. *Adjusted OR (95% confidence interval; Cl) for
multiple genetic association models were calculated using SNPStats (https://www.snpstats.net/start.htm). Bold values indicate significance at P-value < 0.05.

inflammatory mediators, and the pro-inflammatory cyto-
kines such as serum amyloid antigen 3, tumor necrosis
factor-a, and interleukin-6."** It is worth noting that the
IncRNA variants may exert their impact through IncRNA
transcript alternative splicing or change in its secondary
structure, resulting in loss or gain of function.*’
Interestingly, the rs3200401 variant is located in the bind-
ing site of “serine/arginine-rich splicing factor 2 (SRSF2)”
that controls pre-mRNA alternative splicing of several
targets,* including the VEGFA/VEGFR genes, which are
considered the main stimulatory signal of angiogenesis in
vivo.***® Using the “IncRNASNP database” [10.1093/nar/
gkx1004], Wang et al predicted that the rs3200401 variant
could cause “1.62 kcal/mol minimal free energy change”
which change MALAT1 structure, weaken the MALAT1/
SRSF2 interaction and alter miRNA-MALAT1 binding
(eg, impact binding to miR-3661 and miR-1324).*’ In
this sense, it is biologically plausible to speculate that
deregulation of the mentioned cellular mechanistic due to
MALATI (rs3200401C/T) polymorphism may impact the
“molecular sponging” function and stability of MALAT1
that result in a less pathophysiological derangement,
mainly the angiogenesis process and its progress with
lower susceptibility to DR.

Regarding the SENCR (rs12420823C/T) intronic var-
iant, the present study showed that it was associated only
with Dbetter pre-treatment best-corrected visual acuity
levels assessed by the logarithm of the minimum angle
of resolution. This vascular-enriched IncRNA gene has
been found to overlap the “Friend Leukemia Integration
virus 1; FLI1” gene, an essential regulator of endothelial
development, and the IncRNA SENCR can contribute to
this regulation and induce proliferation, migration, and

angiogenesis of human umbilical endothelial cell.”” As
there were no previous publications that uncover the role
of the studied SENCR 1512420823 in general, more future
studies are warranted to confirm the relation of this variant
with angiogenesis-related diseases, including DR.

Our gene—gene interaction analysis revealed that car-
riers for TUG1, MALATI, MIAT, and SENCR (GTCT) and
(GCCC) genotype combinations had 17- and 20-times
higher disease risk, respectively. This finding is consistent
with that the concurrent impact of multiple gene variants is
strong enough to unleash the genetic association with
disease susceptibility and/or response to treatment.*® This
multi-polymorphic model could be a potentially useful
tool in patient risk stratification and future personalized
medicine.

Although this study, up to the authors’ knowledge, is
the first study to uncover the impact of four angiolncRNAs
polymorphisms on DR susceptibility and early response to
aflibercept, some limitations should be considered. First,
the study cohort is a hospital-based population with diffi-
culty in avoiding selection bias. Second, the limited sam-
ple size available in our hospital in the study period with
an application of very stringent exclusion criteria. Third,
the limited selected study variants with MAF > 0.10 to be
included in this study to achieve adequate statistical
power. Hence, it is recommended to replicate the work in
multi-center, larger-scale studies in different ethnicity
populations to validate the current findings. Moreover,
including other variants related to the studied IncRNAs,
supported with functional analysis to uncover their mole-
cular mechanisms underlying the disease susceptibility
and/or response to treatment, will clarify the complete
picture.
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Conclusion

This study revealed that the genetic variation of IncRNAs
TUGI (rs7284767G/A) and MIAT (rs1061540T/C) could
be molecular determinants for increased DR susceptibility
and early response to aflibercept treatment. Otherwise, the
MALATI 13200401 (T/C) variant conferred DR protec-
tion. Also, the multi-polymorphic models (GTCT and
GCCC) of the TUGI, MALATI, MIAT, and SENCR,
respectively, were associated with increased DR risk.
Further large population-based and functional in vivo and
in vitro studies are required to confirm the significant
association of the studied variants with DR susceptibility
and/or response to aflibercept treatment, particularly in
other ethnicities, and to explore the molecular mechan-
ism(s) by which these variants confer DR risk and/or
response to anti-VEGF therapy.
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