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Abstract Background: MicroRNAs are a class of naturally occurring small noncoding RNAs that regulate gene
expression, cell growth, differentiation and apoptosis by targeting mRNAs for translational repression or cleavage. miRNAs
associated with various pathological conditions including DM. Microvascular disease is the most frequent complication of
diabetes. It is responsible for diabetic retinopathy nephropathy, and neuropathy. Purpose: This work was carried out to
evaluate the expression level of miRNA 192 in type 2 diabetic patients and to assess the relation of miRNA 192 expression to
glycemic control, metabolic abnormalities, renal and ocular complications aiming at early diagnosis and prevention of these
complications. Patients and Methods: This study was conducted on 36 type 2 diabetic patients subdivided into 2 main
groups according to onset of DM. 16 newly diagnosed cases and 20 patients with long standing DM as compared to 14 (age
and sex matched) healthy persons. Patients with long standing DM further subdivided into diabetic nephropathy and patients
with diabetic retinopathy. Patients were subjected to: detailed history taking and clinical examination, and laboratory
investigation. The expression levels of miRNA192 in whole blood using (RT-PCR) were determined. Results: Mean
expression level of miRNA 192 was significantly higher in diabetics compared to healthy subjects. This increase is more
obvious for long standing diabetics than newly diagnosed diabetics. Similar findings were also noted for patients with
diabetic retinopathy and nephropathy. Patients with diabetic nephropathy showed higher expression level of miRNA 192 as
compared to diabetic patients with retinopathy. There was association between miRNA 192 and disease duration; there was
significant positive correlation between miRNA 192 expression levels and blood glucose, HbAlc, creatinine and urinary
albumin excretion rate in diabetic nephropathy subgroup. There was a significant positive correlation between miRNA 192
expression levels and blood glucose, HbAlc in patients with diabetic retinopathy. Conclusion: The study concluded that
increase expression of miRNA 192 in type 2 DM, metabolic abnormalities, poor glycemic control and obesity, are risk factors
related to prevalence of renal and ocular complications among diabetic subjects. Our results suggest that miRNA 192 may
serve not only as molecular signatures in diabetic microvascular complications but also as early indicators of alterations in
specific biological processes in the kidney, retina, and nervous system. We recommend further studies to evaluate the
diagnostic, prognostic value of miRNA 192 and to evaluate anti-miRNA 192 as a therapeutic option in various diabetic
microvascular complications.
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. most common type[1]. Several environmental and genetic
1. Introduction factors had been incriminated in its pathogenesis and its
complications[2]. Diabetes mellitus is associated with

D .1abetes mellitus .1s one (,)f the commonnon-commupmab microvascular, macrovascular and non-vascular complicati-
le diseases that are increasing globally. Type-2 DM is the ons[3, 4]

] Diabetic nephropathy (DN) is one of the most common
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causes of renal disease[5]. Specifically, it represents a major
cause of morbidity and mortality in diabetic subjects[6, 7].

Diabetic retinopathy is a major cause of new-onset
blindness among diabetic adults and is characterized by
increased vascular permeability, tissue ischemia, and
neo-vascularization[8]. Early changes include micro
aneurysms, hemorrhages, hard exudates, cotton wool spots,
intraretinal microvascular abnormalities, and venous
beading which characterize nonproliferative diabetic
retinopathy (NPDR). The more severe state of proliferative
diabetic retinopathy (PDR) is marked by the formation of
abnormal fragile new blood vessels that are prone to
hemorrhage. Finally, visual impairment results from
secondary pre-retinal or vitreous hemorrhage and diabetic
maculopathy[9].

In recent years microRNAs (miRNAs), a family of short
(average of 20~25 nucleotide long), naturally occurring,
small antisense non-coding RNAs have emerged as
important post-transcriptional regulators of gene expression
[10]. There may be thousands of miRNA genes in the human
genome, transcribed by RNA polymerase as long primary
miRNA molecules, then processed in the nucleus forming
pre-miRNAs[10, 11]. These pre-miRNAs get transported
from the nucleus to the cytoplasm for further processing[12,
13]. It has been shown that miRNAs can affect the stability
of messenger RNA (mRNA) and in some cases influence
protein synthesis through partial sequence complementation
with their interacting mRNA targets[14]. miRNAs are
predicted to control the activity of more than 60% of all
protein-coding genes[15]. It has been estimated that
miRNAs regulate up to 30% of human genes[16].

Like mRNAs, some miRNAs also show restricted tissue
distribution; for example, miR-122 is highly enriched in liver,
whereas miR-124 is preferentially expressed in neurological
tissues[17]. miRNAs may induce deregulation of specific
mRNAs. These factors may affect human immune response
and then result in many pathogenic disorders. It has been
shown that changes in the spectrum of cellular miRNAs
correlate with various physiopathological conditions,
including differentiation, inflammation, diabetes, and
several types of cancers[18, 19].

miRNA -192 is thought to be positive regulators of p53, a
human tumor suppressor[20]. They are also over expressed
in gastric cancer, and could potentially be used as
biomarkers or therapeutic targets[21] It has also been
suggested that mir-192 could be used as a biomarker for
drug-induced liver damage[22].

Among the miRNAs highly expressed in the kidney,
several key miRNAs (miR-192, miR-200b, miR-200c,
miR-216a and miR-217) were found to be higher in renal
glomeruli of mouse models of diabetes[type 1(streptozotocin
(STZ)-induced) and type2 (db/db)] compared to the
corresponding controls[23,24] Some or all of these miRNAs
were also increased by TGF-f or high glucose (HG) in
mouse mesangial cells (MMC) and in human MC[24].

miR-192 targets Zebl and Zeb2 which are now widely

recognized as general E-box repressors[25], and increases
Collagen type I alpha2 (Colla2) gene expression in MMC,
demonstrating that increased miR-192 in diabetic conditions
induces fibrosis by inhibiting E-box repressors[23]. Krupa et
al., 2010 reported decreased miRNA -192 was noted in
biopsy specimens of patients with advanced diabetic
nephropathy[26]. Only two published studies have
specifically looked at the role of miRNAs in diabetic
retinopathy (DR)[27, 28].

Aim of the study: This work was carried out to evaluate
the expression level of miRNA 192 in type 2 diabetic
patients and to assess the relation of miRNA 192 expression
to; glycaemic control, metabolic abnormalities, renal and
ocular complications aiming to early diagnosis and
prevention of these complications.

2. Subjects and Methods

The present study included 36 type 2 diabetic patients
randomly selected from the regular attendants of the
Diabetes Specialized Clinic, Internal medicine Clinic and
from in-patients of endocrinology and Internal medicine
departments at El Zahraa University Hospital over a 6 month
period (from January to June 2013), as well as 14 age and
sex-matched healthy persons.

Patient inclusion criteria: fasting plasma glucose > 126
mg/dl, Haemoglobin Alc > 6.5% and/or treatment for
diabetes included diet, oral antidiabetic drugs and/or insulin
to achieve glycemic control

Patient exclusion criteria: Patients with a history of liver
cirrhosis, malignancy, infection, inflammation, bronchial
asthma, heart failure, were excluded from the study

On clinical examination diabetic patients which have
combined renal and ocular complications were excluded
from the study as well as diabetic patients with
macrovascular complication were also excluded from the
study.

The diabetic patients divided into two groups:

Group I (G I): comprised 16 newly diagnosed cases type 2
DM in the first two years of illness. Their age ranged from 48
to 56 years with mean age of 52.7+4.4 years (8 women and 8
men),

Group II: comprised 20 patients with long standing type 2
DM (duration more than 5 years). Their age ranged from 49
to 57.5 years with mean age of 54.4+5.1 years (11 women
and 9 men) compared to

Group III: 14 healthy persons their age ranged from 48.5
to 55.5 years with mean age of 52 +4.1years (8 female and 6
male).

Patients with long standing type 2 DM further subdivided
into two subgroups according to microvascular
complications. Glla: diabetic patients with nephropathy
N=11 and GlIIb:diabetic patients with retinopathy N=9.

This study was performed after obtaining informed
consent from all participating subjects.
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All Patients and control were subjected to the following
assessments:

Thorough history taking and clinical examination
including measurement of BMI, body mass index is defined
as the individual's body weight divided by the square of his
or her height in meter (kg/m?). Assessment of the patients for
the presence of diabetic microvascular complications was
done as the following; diabetic peripheral neuropathies were
diagnosed by full neurological examination. Assessment for
diabetic retinopathy was done by best corrected visual acuity,
slit-lamp biomicroscopy and indirect ophthalmoscopy,
examination of the fundus of the eye bilaterally in fully
dilated pupils using the ophthamoscope. Slit lamp
examination, fundus fluorescein angiography, optical
coherence tomography imaging of the posterior segment of
the eye. Diagnosis was made when we found retinal
hemorrhage, exudates, retinal micro aneurysms, new vessels
and/or vitreous hemorrhage. The degree of retinopathy for
each patient was determined. A useful clinical classification
according to the types of lesions detected on fundoscopy was
as follows:

**Mild non-proliferative diabetic retinopathy:_Micro
aneurysms, Dot blot hemorrhages and hard (intra-retinal)
exudates.

**Moderate-to-severe non-proliferative diabetic
retinopathy: The above lesions usually with exacerbation,
plus: Cotton-wool spots, venous beading, loops and Intra
retinal micro vascular abnormalities (IRMA) as shown in
figure 1.

Figure 1. Severe NPDR with clinical significant macular edema (Lt eye)

**Proliferative diabetic retinopathy: Neovascularization
of the retina, optic disc or iris, Fibrous tissue adherent to
vitreous face of retina, Retinal detachment, Vitreous
hemorrhage and Pre retinal hemorrhage as shown in figure 2.

**Maculopathy: Clinically significant macular edema and
Ischemic Maculopathy can be detected with indirect
ophthalmoscope, fundus fluorescein angiography and optical
coherence tomography imaging.

We relied on detection of urinary albumin excretion for
diagnosis of diabetic nephropathy, Cut off level of
microalbuminuria was considered as more than 30 mg/24
hours urine. In the absence of urine, a serum creatinine >2
mg/dl or renal failure was accepted as an alternative
diagnostic criterion for nephropathy.

Figure 2. Proliferative diabetic retinopathy with neovascularization

Laboratory investigations

Venous blood samples were obtained in the morning from
all patients and controls after an overnight fasting (8 hour's).
Blood sample were divided into three portions as follows:

*First portion was collected into EDTA tube for direct
assay of HbAlc as routine follow up of patients

*The Second portion was put in EDTA tube and kept at
-80°C for miRNA 192 expression by RT (PCR)

*Third portion was 3ml put in a plan tube, left to clot then
centrifuged at 1500 rpm for 10 minutes and serum was
separated and used for estimation of glucose and creatinine.

*Second 3ml blood samples were taken from all subjects
after fasting (12-14hours) for lipid profiles assay (as routine
annual follow up).

*Biochemical variables: glucose, creatinine, cholesterol,
triglycerides, high density lipoprotein-cholesterol (HDL-c)
were measured in Hitachi 911 autoanalyzer using Roche
reagent Kits, in a duplicate.

** Screening for microalbuminuria: (as routine annual
follow up of patients).

Basically macroalbuminuria was excluded by urinary
strips (cumber 3, Boehringer Manahen Germany). Then
microalbuminuria was determined in 24 hours urine, cut off
level of microalbuminuria was considered as more than
30mg/24 hours urine.

In the absence of urine, a serum creatinine >2 mg/dl or
renal failure was accepted as an alternative diagnostic
criterion for overt nephropathy.

miRNA 192 isolation and real —time quantitative
RT-PCR:
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miRNA Isolation and Sample Preparation

For sample preparation, the EDTA blood samples were
preserved at -80°C prior to miRNA isolation, and miRNA
was extracted from the samples by High Pure miRNA
isolation kit Ref N 05080576001 (Roche Diagnostics
GmbH Manaheim, Germany), following the 1-column
protocol for the isolation of total RNA containing small
RNA. 75ul of whole EDTA blood + 156 pl Binding Buffer+
100 pl Binding enhancer were dispensed in High Pure filter
tube and then spin at 13000 rpm for one minute, then the
flow through discarded. 250 pl of wash buffer was dispended
then the tube was spin for 30 seconds at 13000 rpm. The flow
through discarded. 150 pl of wash buffer was dispended then
the tube was spin for 30 seconds at 13000 rpm. The flow
through discarded then the tube was spin for 1minutes at
13000 rpm. Collection tube discarded and the filter tube was
placed in fresh 1.5 ml micro centrifuge tube. 50 pul of Elution
buffer was add on the center of the filter, incubated for 1
minute at 25°C then the tube was spin for 1minutes at 13000
rpm, giving purified total RNA including small RNA.

Real-Time Relative expression Assay

The expression levels of miRNA192 and its house keeping
gene glyceraldehyde-3- phosphate dehydrogenase (GAPDH)
were measured by quantitative RT-PCR.

Real-time assay was performed with SYBR Green
detection mix from Roche Molecular Diagnostics (USA)
using Roche LightCycler 2.0.

The working master mix was prepared following the
manufacturer instructions by adding 4.4 uL PCR grade H,O,
4.0 pL 5X RT-Buffer, 0.2 pL Specific Primer for mir-192 &
GAPDH, 04 uL DNTPs Mix, 0.4 pL. AMV Reverse
Transcriptase & 0.6 pL RNase Inhibitor per reaction. Finally,
10 pl of working master mix and 5 pl of the sample were
dispensed in each capillary and were run on Roche
LightCycler 2.0.

Thermal profile used was as follows: Reverse
transcription 1 cycle 55°C for 10 min ; Polymerase
activation one cycle of 95°C for 10 min ; Cycling 45
cycles of 95°C for 10 sec, 61°C for 10 sec and 72°C for 15
sec ; Melting curve analysis 95°C for 0 sec, 65°C for 15 sec
then 95°C for 0 sec; followed by a single cooling cycle 40°C
for 30 sec.

The selected primer forward for miRNA 192 gene Bank
reference sequence number (1448486) was the following
sequence

Forward: 5'- TGCACAGGGCTCTGACCTAT-'3

The selected Reveres: primer for miRNA 192 gene Bank
reference sequence number (1448487) was the following
sequence

Reveres: 5'- GGCGAACATACCTGTGACCT-'3

Glyceraldehyde-3- phosphate dehydrogenase (GAPDH)
was used as input control. The primer sequence of GAPDH
was as follow:

Forward: 5' CGCTCTCTGCTCCTCCTGTT '3

Reverse: 5' CCATGGTGTCTGAGCGATGT '3

Real-time data were analyzed with LC software, version
4.0 (Roche Molecular Diagnostics, USA). The expression
levels of miRNA 192 in tested sample were expressed in the
form of CT (cycle threshold) level then Normalized copy
number (Relative quantitation) was calculated using the A
ACt equation. (29), with the use of GAPDH as reference
(housekeeping control) genes.

Statistical analysis:

The statistical analysis of data was done by using
statistical package for social science (SPSS) Version 16 on
windows XP, IBM Corporation, New York, USA.The
description of data was done as number and percentage for
qualitative data and mean £SD for quantitative data. The
analysis of data was done to test statistical significant
difference for quantitative data using Student' t Test.
Measuring the mutual correspondence between two values
was done using the Pearson's correlation coefficient. P value
was considered significant if <0.05 at confidence interval of
95% (30).

3. Results

Demographic data, clinical and laboratory findings of all
36 diabetic patients were shown in table 1&2. Clinical and
laboratory findings of diabetic groups, newly diagnosed
cases and long standing type 2 DM as compared to control
Group (GIII) were shown in table 3.

Table 1. Demographic, clinical and laboratory data of all diabetic pateints
(total 36 patients)

Diabetic patients

Parameters N=36
Age (years) 544428
Male N (%) 17(47.2%)
Females N (%) 19(52.8%)
Disease Duration (Months) 43.5+24
BMI 33.5+1.5

Treatment of Diabetes

Insulin = OHD 31 (86.1%)
OHD (oral hypoglycemic drugs) 5(13.9%)
only

Fasting blood glucose mg/dl

245+25 mg/dl

HbAlc 8.8 +l1.1
S creatinine (mg/dl) 1.48+0.6
Urinary album-in mg/24 hours 34.75:98
urine
Clinical Manifestations N° of patients(%)
Diabetic Neuropathy 20 (55.6%)
Diabetic Retinopathy 9 (25%)

Diabetic Nephropathy

11 (30.5%)

Clinical and laboratory data of diabetic nephropathy,
diabetic retinopathy as compared to newly diagnosed DM
(GI) was shown in Table 4.
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The results of this work indicated that most of the diabetic
patients had uncontrolled diabetes and were being treated
with insulin and metformin, and only five patients were
being treated with sulfonylureas and metformin.

Analysis of clinical characteristics of the study subjects
generally indicated all diabetic groups exhibited
significantly higher BMI when compared to control subjects.
Similar higher BMI was also recorded on comparing long
standing diabetic cases with newly diagnosed cases. For
factor of duration, significant differences were observed on
comparing long standing diabetics' cases with newly
diagnosed cases.

As shown on table 2, our results showed that 55.6% of
total diabetic patients had neuropathy, 30.5% of total
diabetic patients had diabetic nephropathy and 25% of total
diabetic cases had retinopathy. All cases that have
microvascular complications were long standing type 2 DM.

As shown in table (5), mean expression level of miRNA
192 was significantly higher in diabetics compared to
healthy subjects. This increase is more obvious for long
standing diabetics than newly diagnosed diabetics. Similar
findings were also noted for patients with diabetic
retinopathy and nephropathy. Patients with diabetic
nephropathy showed higher expression level of miRNA 192

diabetic nephropathy subgroup. There was a significant
positive correlation between miRNA 192 expression levels
and blood glucose, HbA1c in newly diagnosed DM cases and
in patients with diabetic retinopathy. Diabetic patients were
more obese and exhibited higher blood glucose, HbAlc and
lipid profile, as well as increased serum creatinine and
urinary albumin concentrations which in all tended to be
markedly pronounced in long standing DM type 2 with renal
and ocular complications.

Table 2. Microvascular complications of diabetic cases

Diabetic patient

Micro vascular complications N=36(100%)

a-Neurological examination
Normal, N (%)
Somatic peripheral neuropathy, N (%)

16 (44.4%)
20 (55.6%)
Autonomic neuropathy, N (%) 4 (11.11%)

b-Ophthalmic examination

Normal, N (%) 27 (75%)
Non proliferate Diabetic Retinopathy, N (%) 7 (19.4%)
Proliferative Diabetic Retinopathy, N (%) 2 (5.6%)

c-Urinary albumin excretion rate
Normal <30mg/24hours urine, N (%) 25 (69.5%)

Microalbuminuria 30-300mg/24hours urine, N

as compared to diabetic patients with retinopathy. There was %) 8 (22.2%)
association between miRNA 192 and disease duration. Table ’
6 shows that there was significant positive correlation | Macroalbuminuria >300mg/24hours urine, N 5 ¢ 30/,
. > 0 )
between miRNA 192 expression levels and blood glucose, %)
HbAlc, creatinine and urinary albumin excretion rate in
Table 3. Demographic, clinical and laboratory data of studied groups
DM cases: N=36
p " Disease Duration Control
arameter Newly ] (GIII) P1 P2 P3
. Long standing _
diagnosed N=20 N=14
N=16
BMI (kg/m?). 31.5+2.8 34.6+2.5 28 +3.5 <0.05 <0.001 <0.05
Duration of disease/ 10.9+7 68.7+10 0 <0.000 <0.000 <0.001
months
Fasting blood glucose 207428 263434 95+ 10 <0.001 <0.000 <0.05
mg/dl
HbAlc 8.140.7 9.9+0.8 5.4+0.4 <0.01 <0.001 <0.05
Creatinine (mg/dl) 1.2+0.3 1.71+ 0.7 0.9+ 0.1 <0.05 <0.001 <0.01
Triglycerides (mg/dl) 178 +30 212+35 119+23 <0.05 <0.001 <0.05
Total cholesterol (mg/dl) 215.6+29 253.7+24 179 +27 <0.05 <0.001 <0.05
HDL cholesterol (mg/dl) 40+3.1 36+2.8 43.842.9 <0.05 <0.001 <0.05
Urinary albumin mg/24 23.37+4.1 133.8+79 No sample NA NA <0.0001
hours urine

NA (Non available).
P1: Diabetic patients with newly diagnosed type 2 DM vs. control.
P2: Diabetic patients with long standing type 2DM vs. control group.

P3: Diabetic patients with long standing type 2DM vs. newly diagnosed type 2 DM.
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Table 4. data of diabetic nephropathy, Diabetic retinopathy as compared to newly diagnosed DM

GI(Newly
diagnosed DM) GII (long standing DM) N=20 P4 PS5 Pé6
Parameter N=16
GI DN DR
N=16 (Glla) N=11 (GlIb) N=9
BMI (kg/m?). 31.5+2.8 33.9+2.4 342+23 <0.05 <0.05 >0.05
Duration of disease/ 10.9+7 66.5+13 72411 <0.05 <0.05 >0.05
months
Fasting blood glucose 207+28 248+18 268+15 <0.05 <0.05 >0.05
mg/dl
HbAlc 8.1+0.7 9.9+0.9 10.5+0.8 <0.05 <0.05 >0.05
Creatinine (mg/dl) 1.2+0.3 1.94+0.7 1.41+0.2 <0.01 >0.05 <0.05
Triglycerides (mg/dl) 178 +30 209 +30 213 +27 <0.05 <0.05 >0.05
Total cholesterol (mg/dl) 215.6+29 245.6+27 258.7+23 <0.05 <0.05 >0.05
HDL cholesterol (mg/dl) 40+3.1 36.8+ 3.1 36.3+2.8 <0.05 <0.05 >0.05
" " n
Urinary albumin mg/24 23.37+4.1 224.5¢128 23+6.2 <0.0001 >0.05 <0.0001
hours urine
P4: Diabetic nephropathy vs newly diagnosed DM (GI).
PS5: Diabetic retinopathy (GIIb) vs newly diagnosed DM (GI).
P6: Diabetic nephropathy (GlIla) vs. Diabetic retinopathy (GIIb))
Table 5. Comparison of mean and SD of expression levels of miRNA 192 in studied groups
miRNA192
Study Groups No meant SD P value
Newly diagnosed type 2 DM (GI) 16 2.54+19
P1<0.01
Long standing type 2 DM (GII) 20 69.65 + 21 P2 <0.000
P3 <0.001
Control group(GIII) 14 0.5+0.25 P4<0.000
Diabetic patients with nephropathy (GIla) 11 105.18 £32 P5<0.001
P6 <0.001
Diabetic patients with retinopathy(GIIb) 9 26.9 +19.2

P1: Newly diagnosed type 2 DM (GI) vs. control group (GIII)

P2: Long standing type 2 DM (GII) vs. control group (GIIT)

P3: Long standing type 2 DM (GII) vs newly diagnosed DM (GI)
P4: Diabetic patients with nephropathy vs. newly diagnosed DM

PS5: Diabetic patients with retinopathy (GII b) vs. newly diagnosed type 2 DM
P6: Diabetic patients with nephropathy vs. Diabetic patients with retinopathy.

Table 6. Correlation between miRNA192 and studied variable in diabetic groups

mirRNA192
Diabetic patients Diabetic patients newly diagnosed
with nephropathy with retinopathy DM patients
R P-value R P-value R P-value
BMI 0.38 >0.05 0.35 >0.05 0.34 >(.05
Fasting blood glucose 0.62 <0.05 0.58 <0.05 0.56 <0.05
HbAlc 0.66 <0.05 0.62 <0.05 0.60 <0.05
Creatinine 0.44 <0.05 0.24 >0.05 0.26 >0.05
Triglycerides 0.37 >0.05 0.32 >0.05 0.34 >0.05
Total cholesterol 0.38 >0.05 0.36 >0.05 0.36 >0.05
HDL cholesterol -0.31 >0.05 -0.26 >0.05 -0.28 >0.05
Urinary albumin mg/24 0.54 <0.05 0.38 >0.05 0.37 >0.05
hours urine
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4. Discussion

microRNAs (miRNAs) are short non-coding RNAs
regulating gene expression at the post-transcriptional level
by blocking translation or promoting cleavage of their target
mRNAs[31]. The miRNA molecules are synthesized in the
nucleus through RNA polymerase II. They are then
processed to precursor miRNAs (70-100 nucleotides,
hairpin-shaped) in the nucleus by RNAse III Dorsha and
DiGeorge syndrome critical region 8 (DGCRS8). The
miRNAs are then exported to the cytoplasm by exportin 5.
Finally, an active form (20-25 nucleotides) is produced in
the cytoplasm after further processing by Dicer. MiRNAs
have significant effects on the regulation of gene expression.
They bind to the specific mRNA targets, causing their
degradation or translational repression[32]. Several
investigators have used overexpression experiments to
demonstrate the importance of miRNAs in diverse cellular
processes. Increasing evidence shows that miRNAs play
central roles in gene transcription, signal transduction and
pathogenesis of human diseases[33].

The effect of miRNAs is via the incomplete binding of the
“seed sequence” at the 5’ end of the miRNA to the
complementary target site in the 3 untranslated region (UTR)
of the messenger RNA. Recent studies have demonstrated
clear links between altered miRNA expression and certain
diabetes complications[34].

Hyperglycemia is responsible for the initiation and the
progression of chronic diabetes complications contributing
to the structural and functional changes in the retina and
other organs. Despite the identification of multiple
pathogenetic mechanisms in a complex problem like diabetic
retinopathy (DR), limited success has been achieved in its
medical treatment[27]. Diabetic nephropathy (DN) is a
severe microvascular complication that can lead to end-stage
renal disease. Increased expansion and accumulation of
extracellular matrix (ECM) proteins such as collagen in the
glomerular mesangium along with glomerular podocyte
dysfunction are major features of DN. Profiling of miRNAs
and study of their functions in renal glomeruli can provide
critical new information to advance our knowledge of DN

[35].
In the present study we investigated whether miRNA 192
alterations are involved in diabetic microvascular

complications and to assess the relation of miRNA 192
expression to glycemic control, metabolic abnormalities,
renal and ocular complications aiming at early diagnosis and
prevention of these complications.

The results of the present study have shown a significantly
higher mean expression level of circulating miRNA 192
from both diabetic groups than control group, also our work
demonstrated a significant increase in mean expression
levels of miRNA192 from long standing DM when
compared with newly diagnosed DM. Our results were in
agreement with Kato et al., 2007 who observed increased
renal expression of miRNA -192 in streptozotocin
(STZ)-induced diabetes and in the db/db mouse and
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demonstrated that tranforming growth factor (TGF-B1)
upregulated miRNA -192 in mesangial cells (MCs) (23).
miRNA 192 repressed the translation of ZEB2, a
transcriptional repressor that binds to the E-box in the
collagen la2 (colla2) gene. They proposed that miR-192
repressed ZEB2 and resulted in increased (colla2)
expression in vitro and contributed to increased collagen
deposition in vivo. These data suggest a role for miR-192 in
the development of the matrix accumulation observed in DN.
More recently Chung et al., 2010 revealed the regulatory
mechanisms by which TGF-B1 regulates miR-192
expression via the Smad3 but not the Smad 2 signaling
pathway[36].

In contrast to our results Krupa et al., 2010 reported
decreased miRNA -192 was noted in biopsy specimens of
patients with advanced diabetic nephropathy, In that report,
they concluded that miRNA -192 expression was
predominantly localized to tubular epithelial cells and TGF
exposure was found to decrease both miR-192 and
E-cadherin mRNA levels and they concluded that a decrease
in miR-192 is associated with increased renal fibrosis in
vivo[26].

Our work demonstrated a significantly higher mean
expression level of circulating miRNA 192 from patients
with diabetic nephropathy as compared to patients with
diabetic retinopathy, and patient with newly diagnosed type
2DM. This can suggest a possible role of miRNA192 in
pathogenesis and  progression  of  microvascular
complications in diabetic patients. Putta et al reported that
TGF-B1 upregulates miRNA192 in cultured glomerular
mesangial cells and in glomeruli from diabetic mice. miRNA
192 not only increases collagen expression by targeting the
E-box repressors Zebl/2 but also modulates other renal
miRNAs, suggesting that it may be a therapeutic target for
diabetic nephropathy They concluded that specific reduction
of renal miR-192 decreases renal fibrosis and improves
proteinuria[37].

We also demonstrated higher mean expression levels of
circulating miRNA 192 from patients with diabetic
retinopathy as compared to patient with newly diagnosed
DM. Only two published studies have specifically looked at
the role of miRNAs in DR, McArthur et al., 2011
investigated whether miRNA alterations are involved in DR
in a STZ-T1DM rat model, they studied the role of miR-200b,
which targets VEGF-A, they reported that miR-200b
down-regulated in the retinas of diabetic rats[27]. Kovacs et
al., 2011 performed miRNA expression profiling in the retina
and retinal ECs of STZ-T1DM rat and they reported that
miRNAs are involved in the pathogenesis of DR through the
modulation of multiple pathogenetic pathways and may be
novel therapeutic targets for the treatment of DR[28].

It is generally believed that the hyperglycemic
environment and elevated expression of several growth
factors are key mediators of DR. Of particular importance is
VEGF which has been shown to be elevated in DR, resulting
in pathogenic changes to the retinal structure, including
neovascularization.[38, 39]. Given that VEGF is a predicted
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target of several miRNAs, including those that have already
been implicated in other diabetes complications (miR-200b/c,
miR-29a/b/c, and miR-93). It would be interesting to
determine whether these miRNAs may also be relevant in
DR[34].

In the present study, all diabetic groups exhibited
significantly higher body mass index when compared to
control subjects, so it is of importance to consider the impact
of obesity on development and progression of microvascular
complications in diabetic patients. These results were in
agreement with Locatelli et al., 2006 & Rossi et al., 2010[40,
41].

In the current study 55.6% of total diabetic patients had
neuropathy, 30.5% of total diabetic patients had diabetic
nephropathy and 25% of total diabetic cases had retinopathy.

This finding is supported by many earlier studies.[42, 43].
The presence of nephropathy was significantly associated
with disease duration. This result was in agreement with
previous reports by Unnikrishnan et al., 2007[44].
Albuminuria may reflect wunderlying inflammation,
expression of vascular damage, hypertension, renal
endothelial dysfunction[45], and therefore, it has become
clear that albuminuria is not only indicator for diabetic renal
disease, but also for progress to more advanced stages of the
disease[46].

In this study the presence of retinopathy was significantly
associated with disease duration. This result was in
agreement with previous reports by Rema et al 2002[47].
Zehetner et al., 2013 reported that retinopathy was related to
duration of the disease, and it is related to poor glycemic
control, normalizing blood glucose over time can
significantly reduce one’s risk of developing advanced
stages of retinopathy[48].

The dyslipidemia of diabetes is associated with the
increased cardiovascular, microvascular complication found
in type "2" diabetes. In the current work is a proof that lipid
abnormalities remain common in both diabetic groups. The
dyslipidemia is mainly due to the insulin deficiency and
metabolic abnormalitie. This result was in agreement with
Chahil & Ginsberg, 2006[49].

In this study there was association between miRNA 192
and disease duration; there was significant positive
correlation between miRNA 192 expression levels and blood
glucose, HbAlc, creatinine and urinary albumin excretion
rate in diabetic nephropathy subgroup. There was a
significant positive correlation between miRNA 192
expression levels and blood glucose, HbAlc in newly
diagnosed DM cases and in patients with diabetic
retinopathy.

The study concluded that increase expression of miRNA
192 in type 2 DM, metabolic abnormalities, poor glycemic
control and obesity, are risk factors related to prevalence of
renal and ocular complications among diabetic subjects. Our
results suggest that miRNA 192 may serve not only as
molecular signatures in diabetic micro vascular
complications but also as early indicators of alterations in
specific biological processes in the kidney, retina, and

nervous system. We recommend further studies to evaluate
the diagnostic, prognostic, value of miRNA 192 and the use
of anti-miRNA 192 as therapeutic in various diabetic
microvascular complications.
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