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Circulating long noncoding RNAs H19 and GAS5 are
associated with type 2 diabetes but not with diabetic
retinopathy: A preliminary study

Manal S. Fawzy"?*, Ahmed A. Abdelghany?, Eman A. Toraih*>, Abeer M. Mohamed®”’

ABSTRACT

Recently, a wide range of biological and pathological roles of long noncoding RNAs (IncRNAs) have been discovered. However, the potential
role of circulating IncRNAs Hig and GASs in type 2 diabetes mellitus (T2DM) and diabetic retinopathy (DR) is not clear. Here, we assessed the
plasma levels of Hi9 and GASs5 IncRNAs in T2DM patients with/without DR and evaluated if Hig9 and GASs pre-treatment plasma levels are
a predictor of early response to a single aflibercept dose in DR subgroup. Plasma IncRNA expression profiles of 119 T2DM patients (66 with DR
and 53 without DR) and 110 healthy controls were determined by quantitative reverse transcription PCR. The association of IncRNA expression
profiles with clinical features and aflibercept early response in DR patients was investigated. Relative H1g expression levels were significantly
increased in T2DM group (including DR and non-DR subgroups) vs. controls, while GASs levels were decreased in T2DM group (p < 0.001).
There was no significant difference in Hig and GASs expression levels between DR and non-DR subgroups. Hig and GASs expression profiles
were not significantly correlated with clinical parameters or response to aflibercept therapy in DR subgroup. Our findings indicate that the
circulating IncRNAs Hig and GASs may be associated with T2DM prevalence but may not have an important diagnostic/prognostic role in

DR or early response to aflibercept intravitreal injection in DR patients. Large-scale transcriptomic studies are warranted to validate our results

and investigate other IncRNA candidates in T2DM.
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INTRODUCTION

As a common microvascular complication of diabetes,
diabetic retinopathy (DR) is a major cause of vision loss, with
considerable social and economic impact worldwide [1]. The

prevalence of DR is continuing to increase as a result of the

longer duration of diabetes due to the increased lifespan of

diabetic patients [2]. It has been reported that 28.8% of type 2
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diabetes mellitus (T2DM) patients develop DR, whereas 22.2%
do not develop DR regardless of glycemic exposure, indicating
that genetic factors may influence DR development [3].

Genetic and epigenetic mechanisms underlying DR are
increasingly being explored [4]. Several studies have shown
that long noncoding RNAs (IncRNAs) may have a role in the
development of T2DM and associated outcomes [5,6]. In par-
ticular, IncRNAs were implicated in critical cellular processes
such as alterations of extracellular matrix proteins, angiogen-
esis and inflammatory insult, which can contribute to fibrosis
and retinal tissue damage with subsequent ocular complica-
tions [7,8]. Hence, dysregulated expression of IncRNAs may
be used a biomarker in clinical diagnosis, prognosis, and ther-
apy of many metabolic disorders and complications, including
DR [9].

Current data support that the imprinted maternally
expressed Hig gene that encodes a IncRNA affects glucose
metabolism in muscle cells [10], gluconeogenesis, and hepatic
glucose output [11]. Furthermore, recent in vitro and in vivo
studies confirmed a role of Hig IncRNA in targeting several
molecular pathways that could be related to DR pathogenesis.
For example, Thomas et al. [12] indicated Hig to participate in
the regulation of endothelial-mesenchymal transition (EMT)
in the diabetic retina through several mechanisms, including
the positive regulation of microRNA-200b, which is one of the
highly characterized angiomiRs involved in angiogenesis [13].

www.bjbms.org


https://dx.doi.org/10.17305/bjbms.2019.4533

Manal S. Fawzy, et al: LncRNAs H19 and GAS5 signatures in diabetes and DR

Hig is also suggested to participate in hypoxia-induced stress
response via regulating NADPH oxidase 4 (NOX4) and endo-
thelial nitric oxide synthase/nitric oxide (eNOS/NO) signal-
ing [14].

The serum level of another IncRNA, growth arrest-spe-
cific transcript 5 (GASs), has been correlated with T2DM
prevalence [15] and its downregulation has been associated
with insulin resistance [16]. Recently, GASs has also been
implicated in maintaining retinal ganglion cell survival in glau-
coma via the activation of transforming growth factor beta
(TGF-B) pathway, which induces cell proliferation and differ-
entiation [17].

In the current study, we explored the potential role of
Hig and GASs IncRNAs in T2DM and DR considering the
following: 1) their implication in DM- and DR-related cellu-
lar pathways; 2) to the best of our knowledge, the circulating
levels of Hig and GASs have not been evaluated in DM/DR
in our population before; 3) although the levels of circulat-
ing IncRNAs have been associated with the development of
DR [18,19], most of the previous studies focused on diabetic
rat models or endothelial cells cultured in high-glucose con-
ditions [12,20,21]. Here, we compared the plasma levels of
circulating Hi9 and GASs5 IncRNAs of T2DM patients (with/
without DR) and healthy controls. In addition, as circulating
IncRNAs could be used as novel non-invasive biomarkers for
early prediction of DR or response to anti-vascular endothe-
lial growth factor (VEGF) treatment [15], we correlated the
pre-treatment levels of the circulating IncRNAs to patient
clinical data in DR subgroup, including response to a single
dose of anti-VEGF aflibercept intravitreal (IV) injection.

MATERIALS AND METHODS

Ethical statement

The study was approved by the Institutional Research
Ethics Committee of the Faculty of Medicine, Suez Canal
University, No. 3651, and the research was conducted in accor-
dance with the Helsinki Declaration. All participants provided

informed consent before taking part in the study.

Participants

This case-control study enrolled T2DM patients attending
ophthalmology outpatient clinics of the Suez Canal University
hospitals and Eljawhara Center for Ophthalmic Surgeries and
LASIK during the period between November 2018 and the
end of February 2019. One hundred and nineteen consecutive
and randomly assigned T2DM adult patients with (n = 66)
and without (n = 53) confirmed DR diagnosis, according to
the Early Treatment Diabetic Retinopathy Study (ETDRS)

report [22], and 110 healthy controls were recruited. The
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characteristics of the patient and control group with their
exclusion criteria are detailed in our previous work [23].

Clinical evaluation

All participants were subjected to a thorough ophthalmic
evaluation, which included the best-corrected visual acu-
ity (BCVA) using the Logarithm of the Minimum Angle of
Resolution (LogMAR) at the initial presentation and, in the
subsequent follow-up visits, an optical coherence tomogra-
phy (OCT). Aflibercept IV injection was scheduled for DR
subgroup. Based on the results of the initial examination by
fundus fluorescein angiography (FFA), the type and classifi-
cation (focal vs. diffuse) of maculopathy were determined by
an ophthalmologist. The ischemic type was excluded to avoid
unreliable results. DR classification into non-proliferative DR
(NPDR) and proliferative DR (PDR) was done according to the
ETDRS [22,24]. Subsequently, NPDR was classified into mild,
moderate, and severe. Macular edema diagnosis was based on
both clinical and OCT findings, as described previously [22].

The patients’ retinas were subjected to evaluation by OCT
using OPTOVUE RTvue XR (OPTOVUE Inc, Fremont,
CA, USA) to measure the central macular thickness (CMT).
Additionally, a map of fast macular thickness, centered at the
fovea, was done [23].

OCT findings of diabetic macular edema (DME) included
Central Subfield Thickness (CST) more than 290 pm together
with spongy intraretinal edema. Cases with an interrupted
inner segment/outer segment (IS/OS) junction or inter-
rupted external limiting membrane (ELM) were excluded, as
they have a poor prognosis that would yield invalid results. All
patients with DME were subjected to IV injection (2 mg in
0.05 mL) of aflibercept (Eylea 40 mg/mL, Bayer Pharma AG,
Berlin, Germany) [25], preceded by blood sampling. Patient
follow-up was scheduled for the 1** day, one week, and one
month post-1V injection. Second check using the BCVA and
OCT was performed after four weeks to assess the CMT. In
line with our aim to evaluate the association of the selected
IncRNAs with the initial response to a single dose of afliber-
cept, the improvement of BCVA more than 2 lines of the
Snellen chart (converted to LogM AR units for statistical anal-
ysis) and the reduction of CST more than 15% of the pre-treat-
ment thickness were considered as a response to treatment.
Continuous follow-up of patients with recorded BCVA and
CMT changes according to the standard schedules and rein-

jections were applied.

Quantitative reverse transcription polymerase
chain reaction (qQRT-PCR) for H19 and GAS5

Total RNA was isolated from (400 pl) plasma by QIAzol
Lysis Reagent (Qiagen, Hilden, Germany) according to the
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modified protocol of Qiagen RNeasy Kit (Cat. No.74104,
Qiagen, Hilden, Germany). Extracted RNA was subjected
to integrity check and concentration determination by gel
electrophoresis and NanoDrop ND-1000 spectrophotom-
eter (NanoDrop Tech,, Inc. Wilmington, DE, USA) at the
absorbance ratio 260/280 nm, respectively. Extracted RNA
was subsequently subjected to reverse transcription using
High Capacity ¢cDNA Reverse Transcription Kit (Applied
Biosystems, USA; P/N 4368814), as described previously [23].
Each run included glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) quantification for data normalization and
appropriate negative controls (i.e,, no template control [NTC]
and no reverse transcriptase control [NRT]). Specific TagMan
assay for each specified IncRNA that consists of a pair of
PCR primers, a sequence-specific TagMan probe with a dye
label (FAM) on the 5" end, a minor groove binder (MGB),
and non-fluorescent quencher (NFQ) on the 3’ end (Thermo
Fisher Scientific, Applied Biosystems, TagMan Noncoding
RNA assays) was run in duplicate on StepOne” Real-Time
PCR System (Applied Biosystems, Foster City, California,
USA) following a protocol described in detail previously [26].
All PCR reactions were carried out in accordance with the
Minimum Information for Publication of Quantitative Real-
Time PCR Experiments (MIQE) guidelines [27].

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 23.0. (IBM Corp., Armonk,
NY) and GraphPad Prism version 7.00 for Windows
(GraphPad Software, La Jolla California USA). Chi-square,
Fisher’s exact, students t, and Mann-Whitney U tests were
employed for comparisons between study groups according
to data distribution. Bivariate correlation analysis was applied
using the Spearmans correlation. The fold change of the
expression of IncRNAs in each patient relative to the controls
was quantified based on the quantification cycle (Cq) value
and the 2*4“method [28]. Values of p < 0.05 were considered

statistically significant.

RESULTS

Clinical characteristics of study participants

The study included 119 patients (87 females and 32 males;
mean age of 61 + 8.84) and 110 controls (83 females and 27
males; mean age of 60.5 + 10.7), with comparable mean age
(p = 0.748) and sex ratio (p = 0.763). Among diabetic patients,
66 had DR (45 women and 21 men), while 53 of the patients
(42 women and 11 men) did not have ophthalmological prob-
lems. No history of other concomitant diabetic complications

was observed. As expected, DR patients had a more prolonged
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duration (years) of diabetes (15.8 + 7.33) compared to non-DR
patients [12.2 + 4.4] (p = 0.002). In addition, insulin depen-
dency was more common among DR patients (p = 0.003,
OR =3.58,95% CI = 1.54 to 8.31).

The mean baseline CMT and BCVA values of DR patients
were 426 +141and 0.52 + 0.2, respectively. The mean post-treat-
ment values declined to 343 + 111 and 0.36 + 0.2, respectively.
There was no significant difference between patients with dif-
ferent grades (Figure 1). When DR subgroup was classified by
ACMT, 4/5 of patients exhibited a remarkable improvement
in the CMT one month after intraocular anti-VEGF drug
injection. This drug responder subgroup had a significantly
different CMT (p < 0.001) and BCVA (p < 0.001) values com-
pared to non-responders (Table 1). CMT change was moder-
ately correlated with the degree of change of BCVA [r = 0.598,
p <o.001] (Figure 1C).

LncRNA expression

The relative expression of Hig was significantly upreg-
ulated in diabetic patients compared to controls (p < 0.001),
while GASs was downregulated in the patient group
[p < 0.001] (Figure 2A and B). The expression profiles did
not show a significant association with clinical parameters,
including glycated hemoglobin (HbA1c) blood levels, which
reflects the state of diabetes control and the early response to
single-dose anti-VEGF treatment (Table 2). In addition, Hig
and GASs plasma levels were comparable between patients
with and without DR (Figure 2C and D).

DISCUSSION

Poor outcomes of diabetes remain one of the critical chal-
lenges that impose a substantial socioeconomic burden on
countries. As previously stated “Understanding the bio-mo-
lecular events underlying diabetes could provide new effective
diagnostic and therapeutic tools to combat the disease” [29].

It is important to recognize the role of IncRNAs in DM/
DR development and progression. The present study is the
first to demonstrate dysregulation of Hig and GASs circulat-
ing RNAs in diabetic patients with and without retinopathy
compared to controls in a population from the Middle East
region. The pre-treatment level of Hig and GASs circulating
IncRNA was upregulated and downregulated, respectively in
T2DM patients compared to controls. This finding is consis-
tent with recent reports showing a correlation of IncRNA dys-
regulation with diabetes and its complications [5,6,15] and sug-
gesting the implication of IncRNAs in the cellular pathways
underlying the disease [9,15].

The IncRNA Hig was found to be involved in the regula-
tion of metabolic changes related to T2DM [30]. Interestingly,
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FIGURE 1. Ophthalmological response in DR subgroup after intraocular anti-VEGF injection. (A) The mean CMT values declined in
post-treatment group compared with pre-treatment group. (B) The mean BCVA values declined in post-treatment group compared
with pre-treatment group. (C) Correlation analysis of change of CMT and BCVA. (D) There was no significant difference between
patients regarding the CMT values classified by DR grade; Grade 1: Mild NPDR, Grade 2: Moderate NPDR, Grade 3: Severe NPDR,
Grade 4: PDR. (E) There was no significant difference between patients regarding the BCVA values classified by DR grade (1, 2,
3, and 4). VEGF: Vascular endothelial growth factor; CMT: Central macular thickness; BCVA: Best-corrected visual acuity; DR:
Diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy; Pre: Prior treatment
with aflibercept; Post: After treatment with aflibercept.

TABLE 1. Clinical characteristics of patients with type 2 diabetes mellitus (T2DM)

Variables No DR DR P NR R P
Number 53 66 12 54
Age, years 62.6+7.3 59.649.7 0.066 579492 60.0£9.8 0.496
Women/Men 42/11 45/21 0.214 8/4 37/17 0.901
Hypertension 29 (54.7) 44.(66.7) 0.192 7(58.3) 37 (68.5) 0.515
Duration, year 12.2+4.4 15.8+7.33 0.002* 14.749.3 16.1+6.8 0.313
Insulin users 10 (18.9) 30 (45.5) 0.003" 5(417) 25 (46.3) 0771
Grade
Mild NPDR - 22 (33.3) - 5(41.7) 17 (31.5) 0472
Moderate NPDR - 23 (34.8) - 5(41.7) 18(33.3)
Severe NPDR - 9(13.6) - 0(0.0) 9(16.7)
PDR - 12(18.2) - 2(16.7) 10 (18.5)
Pre-CMT, mm - 426+141 - 349+78 443+147 0.036"
Post-CMT, mm - 343+111 - 387+127 333+106 0.132
ACMT - 83.3+111 -38.0+52.4 110+102 <0.001*
Pre-BCVA - 0.52+0.2 - 0.43+0.29 0.55+0.25 0.152
Post-BCVA - 0.36:0.2 - 0.45+0.29 0.34+0.22 0.283
ABCVA - 0.16+0.1 -0.01+0.05 0.20+0.16 <0.001*

Data are presented as number (percentage) or mean + standard deviation (SD). Patient group included diabetic patients with and without
retinopathy. DR: Diabetic retinopathy; R: Responders (improved) and NR: Non-responders (deteriorated) classified by ACMT. NPDR: Non-
proliferative diabetic retinopathy; CMT: Central macular thickness; Pre: Prior treatment with aflibercept; Post: After treatment with aflibercept;
BCVA: Best-corrected visual acuity assessed by the Logarithm of the Minimum Angle of Resolution (LogMAR). Student’s t and Mann-Whitney U
tests were used for quantitative variables and Chi-square and Fisher’s exact tests were used for qualitative data. *Statistical significance was
considered at p<0.05

the role of IncRNAs to control islet development and function ~ muscle in DM and suggested its role in the impairment of
was first demonstrated in a study showing that altered Hig9  insulin signaling and reduction of glucose uptake. In the Goyal
expression is implicated in transgenerational transmission  study [11], the inhibition of H1g expression by small interfering
of gestational diabetes and diabetes-related deterioration of ~ RNA (siRNA) in HepGz cells and primary mouse hepatocytes
islet structure and function during pregnancy in mice [31].  increased the levels of gluconeogenic gene expression, which
Gao et al. [10] reported decreased Hig expression in skeletal ~ was accompanied by an increase in hepatic glucose output.
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FIGURE 2. Expression levels of H19 and GAS5 IncRNAs in the study population. (A) The relative expression of H19 was signifi-
cantly upregulated in diabetic patients compared to controls. (B) The relative expression of GAS5 was significantly downregulated
in diabetic patients compared to controls. (C) H19 plasma relative expression levels were comparable between patients with and
without DR. (D) GAS5 plasma relative expression levels were comparable between patients with and without DR. The expression
level of each INncCRNA was detected by quantitative reverse transcription PCR. The data output is expressed as a fold-change and
normalized to GAPDH levels. Mann-Whitney U test was used. The control level is set at relative expression of 1.0. LncRNA: Long
noncoding RNA; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; DR: Diabetic retinopathy; No DR: Diabetic patients without
DR; DM: Diabetes mellitus; Q1/Q3: The first/third quartile. *Compared to controls; the statistical significance was considered at

p < 0.05.

TABLE 2. Association between IncRNA expression and clinical features of T2DM patients

. H19 GAS5
Variables — - - — - -
p association Coefficient p correlation p association Coefficient p correlation
Age 0.751 0.012 0.900 0.165 -0.096 0.307
Sex 0470 0.0678 0473 0.564 0.054 0.566
Hypertension 0.502 0.063 0.504 0.504 -0.062 0.506
Duration 0.651 0.016 0.867 0.150 0.030 0.750
Insulin users 0.967 0.004 0.968 0.515 -0.061 0517
Grade 0429 -0.034 0717 0.804 0.091 0330
Drug response 0409 -0.104 0413 0.390 -0.108 0.394

Mann-Whitney U and Spearman’s correlation tests were applied. Age groups were classified as <55 and =55 years. Disease duration was
categorized as <15 years and >15 years. Drug response was classified by ACMT in DR subgroup only. DR: Diabetic retinopathy; CMT: Central

macular thickness; GAS5: Growth arrest-specific transcript 5

In HepG2 cells, Hig inhibition led to dysfunction of insulin
signaling, mediated by increased nuclear localization of the
transcriptional regulator forkhead box O1 (FoxO1) [11]. These
findings support Hig role in the regulation of physiological
hepatic response during diabetes.

DR-related mechanisms such as hyperglycemia-induced
oxidative stress and hypoxia may lead to IncRNA upregula-
tion, as IncRNA and protein-coding genes are regulated by
similar events [29]. In a recent study involving retinal endo-
thelial cells exposed to glucose and a mouse model of DR,
Thomas et al. showed that Hig is involved in EMT in the ret-
ina. They also demonstrated hyperglycemia-induced down-
regulation of Hig in the vitreous humor from individuals with
PDR compared to non-diabetic controls [12]. Nevertheless, it
is important to note that IncRNAs have cell and tissue-spe-

cific expression [32], where they regulate homeostasis and
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the expression of protein-coding or other noncoding RNA
genes [33]. In addition, intracellular levels of IncRNAs are dif-
ferent from those in circulation [15]. In this study, we could not
compare the plasma Hig levels of DR patients to the findings
of previous studies because they quantified IncRNAs locally
either in retinal tissues or in the vitreous humor. In this sense,
more studies are warranted to investigate the correlation of
circulating IncRNA levels with IncRNA levels in the retina or
the vitreous humor.

The downregulation of GAS5 observed in the present study
is consistent with the results of Carter et al. [15] who were the
first to reveal that a decrease in GASs serum levels is correlated
with T2DM, in a cohort of US military veterans. Their receiver
operating characteristics curve analysis and quantitative PCR
results showed that participants with absolute GAS5 < 10 ng/pL.

have almost twelve times higher odds of having diabetes [15].
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The GASs gene is located at 1g25, a locus that displays dys-
regulation in several cancers [34,35]. It has been found that
GASs suppresses rapamycin, an mTOR (mammalian target of
rapamycin) inhibitor, and mTOR is implicated in the regulation
of beta-cell mass and consequently in T2DM development [36].

Collectively, the current findings indicate cell-specific
and multiple roles of IncRNAs, including Hi9 and GASs
IncRNAs. Given the essential regulatory roles of IncRNAs in
gene expression, it will be interesting to identify the molecular
targets of Hig and GASs that are implicated in T2DM [15].

CONCLUSION

Although we showed that plasma levels of Hig and GASs
differ significantly between T2DM patients (with and with-
out DR) and healthy controls, the IncRNA levels were not
correlated with DR grades or early response to single-dose
aflibercept. Therefore, Hi9 and GASs may not have an
obvious role in DR or in the prediction of anti-VEGF early
response in our population. Further follow-up studies with
pre- and post-treatment analysis of circulating IncRNA levels
may reveal a higher predictive value of these RNAs for early
anti-VEGF treatment response, compared to the cross-sec-
tional analysis. Additionally, future studies using global tran-
scriptome analysis to avoid the subjective bias in the selection
of IncRNAs may identify novel IncRNAs with potential prog-
nostic or predictive role in DR.
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