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Correlation of differential expression of MEG3 Inc-RNA with
biochemical parameters in Type-Ill diabetic patients
with and without diabetic kidney disease
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ABSTRACT

Background & Objectives: Diabetic kidney disease (DKD) is a complication of type-Il diabetes mellitus (DM) leading
to significant morbidity and mortality. Long non-coding RNAs (lnc-RNAs) are a class of ribonucleic acid that exert their
effects in development of such complications through epigenetic modifications. The study was conducted with the
objectives to compare the relative expression of MEG3 Inc-RNA in patients of Type-ll DM, with and without DKD, and
to determine the correlation of this expression with blood and urine biomarkers.

Methodology: A cross-sectional study was conducted at the University of Health Sciences, Lahore, after ethical
approval from December 2022 till October 2023. Study participants were recruited in three groups having DKD, Type-II
DM and healthy individuals, each group having 68 participants. Analysis of blood and urine biomarkers was performed.
MEG3 lnc-RNA expression was determined by using RT-PCR. Kruskal Wallis test, post hoc Mann-Whitney U test and
Spearman’s correlation were used for data analysis.

Results: The relative expression of MEG3 lnc-RNA was significantly higher in the DKD group (median=3.83, IQR=1.22-
3.83) as compared to the DM (median= 2.22, IQR= 0.49-3.12) and healthy groups (median= 1.97, IQR= 1.17-1.97) with
a p-value of 0.002. There was a significant positive correlation between MEG3 expression and fasting insulin in the DKD
group, a significant negative correlation with fasting insulin in the DM group, a significant negative correlation with
serum very low-density lipoproteins in the healthy group, and a significant negative correlation between MEG3 Inc-RNA
expression and urinary creatinine in the DKD group.

Conclusions: MEG3 Inc-RNA has a higher relative expression in the patients suffering from DKD in the local diabetic
population. In future, it may be used as a diagnostic marker as well as for inducing epigenetic modification through
RNA transfection.
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a fall in glomerular filtration rate and urinary albumin
loss.® Recently it was estimated that 130/1000 cases of
DM develop DKD.* The disease involves structural and
functional changes in the kidney, such as expansion of re-
nal mesangial tissue, tubulointerstitial changes, glomeru-
losclerosis, inflammation, fibrosis and apoptosis due to
metabolic and hemodynamic abnormalities.” In the past
ten years, genome-wide association studies (GWASs) in-
cluding larger cohorts have proven to be a powerful ap-
proach for identifying genetic risk factors associated with
diabetic kidney disease (DKD). Furthermore, epigenome-
wide association studies are also being conducted to ex-
plore the role of DNA methylation in the disease.®

Maternally expressed gene 3 (MEG3), is found on
chromosome position 14g32.3 in the DLK1-MEGS3 locus.
It was first reported in the literature as a novel gene in
2000 and is comprised of 10 exons. The RNA coded by this
gene is an Inc-RNA, called MEG3 Inc-RNA. The length
of this Inc-RNA is 1600 nt. It is a nuclear RNA which is
functionally classified as a regulatory long noncoding
RNA because of its ability to alter the p-53 dependent and
independent pathways in carcinoma.”

The downregulation of MEG3 in animal models such
as mice leads to a reduction in secretion of insulin from
the pancreas and causes impaired glucose tolerance. The
expression of this Inc-RNA is 20 times more in beta cells
than in the alpha cells.® MEG3 Inc-RNA contributes to
vascular dysfunction by modulating the endothelial cells.
It has been demonstrated that MEG3 knockdown in vitro
can increase the phosphorylation of the phosphoinositide
3 kinase / AKT (PI3K/AKT) axis in the downstream
insulin signaling pathways, and induce an increase in
endothelial cell proliferation, migration, and abnormal
angiogenesis in microvasculature such as the retina’ thus
playing a role in microvascular complications. Human
and animal studies have shown that MEG3 Inc-RNA
can enhance cell fibrosis and inflammatory response in
diabetic nephropathy.'

Studies reveal a contradictory role of MEG3 Inc-RNA
over-expression, based on cell types or in the context
of in vitro vs in vivo observations. Over expression of
MEGS3 Inc-RNA in cultured podocytes can attenuate high
glucose mediated podocyte injury, cell migration and
production of reactive oxygen species thus increasing
the viability of podocytes.! However, MEG3 Inc-RNA is
expressed differentially by 4-fold in the serum of patients
of diabetic nephropathy and MEG3 knockdown can
induce apoptosis of mesangial cells in animal models."
Epithelial to mesenchymal transition (EMT) is a hall
mark in the pathogenesis of DKD, and a crucial role of
MEGS3 Inc-RNA has been demonstrated in the epigenetic
modification of the amino terminals of the histones
leading to transition of epithelial cells to mesenchymal
cells in cultured oesophageal cancer cells.”

DKD is traditionally diagnosed by using routine
clinical markers such as serum creatinine, urinary
albumin and estimated GFR. However, these markers
become detectable only after a significant amount of
damage has already occurred in the renal tissue and the
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disease has progressed to advanced stages.™* There is
evidence in published literature that Inc-RNAs can be
utilized as potential targets for becoming markers for
identification of disease and to determine the progression
and prognosis of disease. Few can be targeted for
therapeutic intervention.” There is a relative deficiency
of literature establishing the influence of long non-coding
RNA in the pathogenesis of DKD in our population. This
study aimed to measure and compare the expression of
MEGS3 Inc-RNA in peripheral blood mononuclear cells
(PBMCs) of Type-II diabetic patients with and without
diabetic kidney disease, and to evaluate its correlation
with selected blood and urine biomarkers.

METHODOLOGY

This cross-sectional study was performed in the
Department of Physiology, University of Health Sciences,
Lahore, and Department of Nephrology, Sheikh Zayed
Hospital, Lahore, from December 2022 till October 2023.
Ethical Approval: It was obtained from the ethical boards
of both institutions (letter no. UHS/Reg-21/ERC/6603;
dated November 10, 2021 and SZMC/IRB/241/2022).

The sample size was determined by using the WHO
sample size calculator version 2.0.1, using the data
published by Chang et al. in 2020. Power of the study
was kept at 95% and margin of error was kept at 0.05%.
After written informed consent, participants greater than
25 years of age were included in the study and divided
into three groups: DKD (68 patients having diabetic
kidney disease), DM (68 patients having Type-II DM but
no evidence of onset of DKD) and 68 Healthy controls.
To avoid confounding, participants in each group were
age and sex matched. A Type-II diabetic was considered
to have diabetic kidney disease if he/she had an elevated
albuminuria of >300 mg/24 hours, or an albumin-to-
creatinine ratio (ACR) > 300 mg/g (macroalbuminuria),
confirmed in at least two of three samples, in the absence
of signs of other forms of renal disease. For inclusion of
Type-II diabetics the following criteria was considered:
fasting plasma glucose level (FPG) > 126mg/dl, or
two hours plasma glucose level > 200 mg/dl during
oral glucose tolerance test (OGT), or plasma level of
haemoglobin A1C (A1C) > 6.5% or in a person with classic
symptoms of hyperglycaemia and hyperglycaemic crises
a random plasma glucose level of > 200 mg/dl. Age and
sex matched healthy controls having fasting plasma level
of glucose (< 100 mg/dl) having no albuminuria (< 30
mg/dl) and no other kidney or endocrine disease were
obtained from CMH Lahore and Surgimed Hospital /
Lahore Medical and Dental College, Lahore after
obtaining relevant ethical approvals.

Blood samples were drawn after aseptic measures, and
a midstream urine sample was also obtained. Biochemical
analysis was performed by spectrophotometry using
standardized kits as per manufacturers protocols to
determine the following parameters: fasting plasma
glucose, fasting serum insulin, glycated haemoglobin,
lipid profile, urinary albumin, urinary creatinine and
urinary albumin to creatinine ratio. HOMA-IR and eGFR
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Table-I: Biochemical parameters of the study participants.

Parameter DKD n=68 DM n=68 Healthy n=68
(units) Median (IQR) Median (IQR) Median (IQR)
169 174 9%
Fasting pl 1 1
asting plasma glucose (mg/dl) (141-260) (127.25-230.5) (93-98)
6.9 8.45 48
Glycated haemoglobin (%)
(5.8-8.35) (6.9-10.15) (4.5-5.0)
Fosting imsulin (1U 4.59 16.73 3.97
asting msulin
& 1) (2.94-9.23) (8.11-21.74) (2.01-5.96)
217 6.36 0.92
HOMA IR
(1.22:5.22) (3.14-15.68) (0.48-1.38)
641 755.5 651.10
Total lipid (TL dl
otal lipid (TL) (mg/dl) (578-708) (668-816.5) (622.4-675.2)
145 179.5 164.5

Serum total cholesterol (TC) (mg/dl)

(129.75-169.75)

(164.00-205.75)

(155-179.75)

. I . 40 41.50 41.20
Serum high density lipoprotein (HDL) (mg/dl) (37.25-42.00) (40-43) (41-43.75)
77 99.10 96.4

Serum low density lipoprotein (LDL) (mg/dl)

(68.75-96.05)

(89.85-117.35)

(87.4-107.00)

Serum triglyceride (mg/dl) (TG)

1445
(111.25-169.00)

174
(140.25-223 5)

124
(110.25-132)

Very low-density | tein (VLDL) (mg/cl 289 34.8 237
ery low-densit 1poprotem m;
y ¥ HpoP (VLDL) (mg/dl) (22.25-33.80) (28.05-44.7) (20.85-26.55)
S mg/d) 1315 29.00 22.00
erum urea (Im
& (94.7-177.00) (22.5-34.00) (18.25-25.75)
6.5 0.75 0.70
S tini dl
erum creatinine (mg/ dl) (4.15-8.32) (0.60-0.90) (0.60-0.80)
Estimated glomerular filtration rate CKD EPI Pak 7.50 103.50 114.00
(ml/min/1.73m?) (6.00-15.75) (92.00-114.00) (102.0-121.0)
Estimated glomerular filtration rate (MDRD) (ml/ 8.00 103.5 111.50
min/1.73m?) (6.00-15.50) (85.25-119.00) (95.0-126.0)
1455 31.95 9.30
i Ibumi 1
Urinary albumin (mg/d} (108.0-190.75) (25.15-41.90) (2.12-13.35)
96.0 191.50 631.50

Urinary creatinine (mg/dl)

(82.00-120.75)

(145.00-238.75)

(355.0-750.0)

Albumin to creatinine ratio

1424.66
(1144.07-1894.5)

197.16
(137.24-254.8)

15.06
(5.90-19.65)
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were calculated after obtaining the biochemical results.
RNA extraction from whole blood was performed by
using Trizol reagent as per manufacturers protocol
and was used for cDNA synthesis using commercially
available kit (RevertAid First Strand ¢cDNA Synthesis
kit by Thermo Scientific (catalogue number K1622). Real
time PCR was used to determine the relative expression of
MEGS3 Inc-RNA. The following sequence of primers was
used: 5'-GGA AGG GAC CTC GAA TGT GG-3'(forward)
and 5'-CTG TCC CGT GGG AAT AGG TG-3'(reverse).
GAPDH was used as a house keeping gene having the
primer sequence 5-TGA CTT CAA CAG CGA CAC CCA-
3'(forward) and 5-CAC CCT GTT GCT GTA GCC AAA-
3'(reverse). The RNA expression was calculated by using
the 2*** method. Relative RNA expression was expressed
as fold change (fc).

Statistical analysis: Data was analyzed by using SPSS
version 26. The normality of the numeric data such as age,
anthropometric variables, lipid profile, renal function test
and RNA expression was explored by using the Shapiro
Wilk test. Consequently, non-parametric tests were
utilized on the current data since it was non-normally
distributed. Thus, Kruskal Wallis test was employed for
comparison of three groups while between the group
comparisons were made by Mann Whiteny U test. The
overall efficacy for three group comparison was calculated
by the eta squared method while the efficacy of between
the group comparisons was made by rank-biserial
correlation coefficient (r) method. Correlation between
MEGS3 Inc-RNA expression and biochemical parameters
was measured by Spearman’s Rho Correlation. A p-value
of < 0.05 was taken as statistically significant.

RESULTS

The study comprised 204 participants, 68 in each
group having DKD, Type-II DM and healthy controls.
There were 128 males and 76 females in the study. The
participants had a median age of 55 years (IQR= 50-62),
51 years (IQR= 45-60) and 52 years (IQR= 45-60) in the
three groups respectively. The median duration of DKD
was 3(1.25-6) years in the patients suffering from DKD,
whereas the median duration of Type-II DM was 12(10-

16) years in DKD group and 5(2-10) years in the DM
group. Fasting plasma glucose, glycated hemoglobin,
fasting insulin, HOMA-IR and lipid profile were found to
be the highest in the diabetic group, whereas the markers
of diabetic kidney disease were severely deranged in the
DKD group, having high values of serum urea, serum
creatinine and urinary albumin with lowest values of
estimated glomerular filtration rate and urinary creatinine
among the three groups. The biochemical parameters of
the study participants are given in Table-I.

The median (IQR) fold change of MEG3 Inc-RNA
expression was slightly higher in the DKD group as
compared to the DM group ie., 3.38(1.22-3.83) and
2.22(0.49-3.12) respectively which was significantly
higher (p-value= 0.002) from controls having the median
(IQR) values of 1.97(1.17-1.97) with a moderate effect
size of n?,,= 0.06. Pairwise analysis further revealed that
MEGS3 Inc-RNA expression was significantly different
between DKD and healthy groups (p-value= 0.001), and
between DKD and DM groups (p-value = 0.049) with
effect sizes of 3.04 and 2.07 respectively. On the contrary,
the difference between the healthy and DM group was
statistically insignificant (p-value= 0.783) having an effect
size of 0.97 as evident from the Table-IIL

The Spearman Rho correlation coefficient was used
to determine the correlation between MEG3 Inc-RNA
expression and the biochemical parameters in the three
groups. Meg3 Inc-RNA expression showed a significant
positive correlation with fasting insulin in the DKD
group, whereas it showed a significant negative
correlation with fasting insulin in the DM group. It also
depicted a weak but significant negative correlation
with serum very low-density lipoproteins in the
healthy group. Regarding the urinary parameters, only
significant negative correlation was shown between
MEGS3 Inc-RNA expression and urinary creatinine in the
DKD group. These results are shown in Table-III.

DISCUSSION

The current study provides newer insights into the
role of long noncoding RNAs such as MEG3 in the
diabetic patients of our local population, with and

Table-II: Comparison of MEG3 Inc-RNA expression among the study groups.

Group Median p-value Effect size | Pair w.ise Te.st‘ p-value Effect size
(IQR) comparison statistic (r)
356]; (1.2?;?;' 83) DKD-DM 1.61 0.049* 2.07
I(\f/[c];:G3 s (0.42§-232.12) 000> H]Dela(ll’z‘;y 1.86 0.001* 3.04
fzea;ghy (1.117.—917.97) H’i\lﬁw 0.25 0.783 0.97

* Statistically significant (p= <0.05; Group means compared by using Kruskal Wallis test;

Post Hoc analysis by Mann Whitney U test.
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Table-III: Correlation of MEG3 Inc-RNA expression with biochemical parameters in DKD DM and healthy groups.

Parameter Correlation coefficient Correlation coefficient Correlation coefficient
p-value p-value p-value
DKD n=68 DM n=68 Healthy n=68
Fasting plasma glucose mg/dl F;; -00506722 z:gggg ;:8(5)3;
Glycated haemoglobin % g:gggz 2:88;3 F;9==—(§)111953
Fasting Insulin IU/L ;):00 022686* 2:6005(’)32 f;J==_(§)110986
HOMA IR e ooms iy
Serum total cholesterol mg/dl ;F:(())ggs ;F:ggig [;:(;)506771
Serum HDL mg/dl ng;;; F;z—é)gogf Z:gggg
Serum LDL mg/dl Ziggi; i;==-(())906016 f;J==_(?110987
Serum TG mg/dl S:gg;; F;)7==-(§)906016 F;,==_0031;67
Serum VLDL mg/dl S:gg;; [;;—5)900155 5:6)00219;
Serum Urea (mg/dl) 2:8;);2 F;,==-(§)503776 F;;'S;;j
Serum creatinine (mg/dI) S:g%g F;:?;;; 2:8(7):2
Estimated glomerular filtration rate p=-0.134 p=0.082 p=0.021
CKD EPI p=0.274 p=0.506 p=0.864
Estimated GRF MDRD F;==—(§)21§81 g:gggg 2:8235
Urinary albumin (mg/ dl) S:gg;g f;==-(§)8012 59 F;7==-(?603519
Urinary creatinine (mg/dl) ;:60022;2 F;,z-ooé)j(? 5:8 A(L)gg
Albumin to creatinine ratio 5:8;(5)2 f;==—(§)é)1298 f;==_(§)213485

* statistically significant (p= < 0.05) p = Spearman Rho Coefficient
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without microvascular complications such as DKD. The
findings highlight the potential role of MEG3 in the
pathogenesis of DKD and its progression, and reveal
significant correlations between MEG3 expression
and other biochemical parameters, paving the way for
future research in the therapeutic role of Inc-RNAs in
the local diabetic population.’® The key pathological
findings include the possible role of this Inc-RNA in the
progression of inflammatory response, enhanced fibrosis
and podocyte injury.

The results of the study showed a statistically
significant difference in the expression of MEG3 Inc-
RNA across the three groups. The pairwise comparison
showed that the expression of MEG3 Inc-RNA was higher
in the DKD group as compared to the DM and with
the healthy group. There was no significant difference
between the expression of this RNA between the DM
and healthy groups. The results of this study are in line
with the experiments conducted by Chinese researchers
in 2019.7 Their study also showed a higher expression
level of MEG3 Inc-RNA in diabetic animal models. It
was postulated that MEG3 promotes the inflammatory
response, leading to enhanced fibrosis™® in the renal
tissue, ultimately causing an inflammatory response.

The researchers proposed that this is done by the
involvement of other non-coding RNAs such as the
miR-181a which mediates the inflammatory signaling
process through the involvement of the toll like receptor
(TLR). Another study conducted in the by Li et al. in
2019 also found similar results regarding the expression
of MEG3 Inc-RNA in the serum of patients of DKD. It
was demonstrated that not only the expression of MEG3
was 4-fold upregulated in the serum, it was also highly
expressed in patients with different stages of diabetic
kidney disease, suggesting that this Inc-RNA plays a
role not only in disease development, but also in disease
progression. This observation was followed by an
experiment to knock down the MEG3 mediated fibrosis
and apoptosis, to validate the contribution of MEG3 in
the progression of DKD. MEG3 knockdown resulted in
reduced synthesis of collagen IV and fibronectin, thus
establishing the role of MEG3 Inc-RNA in fibrosis."

In contrast, the study conducted by Che et al. in 2019
reported a reduced expression of MEG3 Inc-RNA in
cultured podocytes in streptozocin-induced diabetic
rats. This study showed that in animal models, a high
glucose environment led to suppression of MEG3 Inc-
RNA expression, causing activation of the B-catenin
signaling pathways, causing podocyte injury. When the
[B-catenin pathway was suppressed, over expression of
MEGS3 Inc-RNA and the high glucose induced podocyte
injury was attenuated.” The expression of MEG3 Inc-
RNA was upregulated in Type-II diabetes mellitus with
and without microvascular complications. However, this
was only a small increase in the expression of MEG3 (1.28
times) as compared to the control group.

Chang et al. also reported a positive correlation
between MEG3 Inc-RNA and plasma glucose and HbAlc
levels.” In the current study, however, no significant
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correlation was seen between MEG3 Inc-RNA and
these parameters, but there was a significant positive
correlation with fasting insulin levels in the DKD group,
and a statistically significant negative correlation with
fasting insulin levels in the DM group. This trend of
a positive correlation of MEG3 expression with fasting
insulin in DKD may indicate a compensatory mechanism
to counteract insulin resistance in DKD. In contrast, the
negative correlation of MEG3 expression with fasting
insulin in the DM group suggests that MEG3 might play
a potentially different role in diabetes before onset of
DKD, by regulating glucose metabolism and insulin
sensitivity. Contrasting results of the current study were
also observed as compared to a study conducted by
Elwi et al. in 2022, who reported a significant negative
correlation between MEG3 Inc-RNA and HbA1lc.?

There was a significant negative correlation between
MEGS3 Inc-RNA expression and serum very low-density
lipoproteins in the healthy group, which is supported
by the study of Daneshmoghadam et al. in 2020. It was
hypothesized that MEG3 Inc-RNA plays a pivotal role in
the activity of adipogenesis and lipogenesis by affecting
the enzymes such as fatty acid synthase and acetyl-CoA
carboxylase.”

The current study also showed a significant negative
correlation between MEG3 Inc-RNA expression and
urinary creatinine levels in the DKD group. This was in
contrast to the data reported in 2024, which showed a
significant positive correlation between MEG3 Inc-RNA
expression and serum creatinine levels in DKD.*

Thus, it was concluded that MEG3 Inc-RNA is
involved in the pathogenesis of diabetic kidney disease
through various inflammatory and cell signaling
pathways; however, the expression of MEG3 Inc-RNA
was higher or lower depending on the source of RNA
isolation such as serum, peripheral blood mononuclear
cells, or cultured podocytes.”? The exact mechanism of
MEG3 Inc-RNA expression in response to high glucose
remains elusive, however, it has been hypothesized
that high glucose in the local environment enhances
the transcriptional activity of the genes leading to
over expression of this Inc-RNA, which in turn plays
its role in various cells and pathways involved in the
pathogenesis of diabetic kidney disease.” The current
study provides novelty in terms of exploration of Inc-
RNA expression in the local population of Lahore, and
explores this expression with a comprehensive approach
to the disease at various stages of disease development.
It provides a clinical relevance related to a possible
earlier diagnosis of DKD and its progression from less
severe to severe forms. Further research is needed to
highlight the therapeutic role of MEG3 Inc-RNA in
prevention of DKD in Type-II diabetics, and for reversal
of high glucose mediated injury.

Limitations: This was a cross-sectional study with no
follow-up. As a result, the causal relationship between
Inc-RNA expression and levels of serum and urinary
biochemical parameters cannot be established.
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CONCLUSION

MEG3 Inc-RNA is expressed more in patients
suffering from DKD as compared to people with
diabetes without DKD and healthy controls. There are
weak correlations between MEG3 Inc-RNA expression
and markers of disease severity in DKD and type-II DM.
This may be a key link to establish the role of MEG3 Inc-
RNA as a possible diagnostic marker for early detection
of disease as well as a marker for understanding disease
progression. Future research may explore the role of Inc-
RNAs as therapeutic targets.
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