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Serum MiR-377 and MiR-29a in type Il Diabetic patients with
Diabetic Nephropathy.

ABSTRACT

Aim: The aim of our study is to evaluate the impact of serum miR-377 and miR-29a on the
development and pathogenesis of diabetic nephropathy in type Il diabetic patients.

Place and Duration of Study: The study was conducted in Faculty of Medicine, Fayoum University,
Fayoum, Egypt, from July 2015 to December 2015.

Methodology: The present study was conducted on 110 subjects: 30 controls, 40 diabetic subjects
with microalbuminuria and 40 diabetic subjects with macroalbuminuria. Blood and urine samples were
taken from 110 subjects; Urine samples were collected for measurement of urine albumin. Serum was
separated for detection of: Transforming growth factor beta 1 (TGF-B1) by Elisa and miR-377 and
miR-29a by qRT-PCR.

Results: There is significant increase in the mean values of serum miR-377 [P<0.001 & P<0.001] and
significant decrease in the mean values of serum miR-29a [P<0.001 & P<0.001] in diabetic subjects
with macroalbuminuria compared with diabetic subjects with microalbuminuria and healthy control
subjects.

Conclusions: Serum MiR-377 is significantly increased and serum MiR-29a is significantly
decreased in patients with diabetic nephropathy. Accordingly, these miRNAs have a strong potential
to act as biomarkers to diagnose, treat and prognose diabetic nephropathy.

Aim: The aim of our study is to evaluate the impact of serum miR-377 and miR-29a on the

development and pathogenesis of diabetic nephropathy in type Il diabetic patients.
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1. INTRODUCTION
The diabetes mellitus incidence is increasing at alarming rates around the world and is estimated to
rise to 552 million adults by 2030 [1,2]. Diabetic nephropathy (DN) is a serious complication of
diabetes mellitus [3]. It is the major cause of progressive kidney disease and it participates in
increased deaths among diabetic patients [4, 5].

The pathogenesis of diabetic nephropathy is complex. The hyperglycemic medium in the
diabetic patient can cause expression or activation of different proteins and signaling pathways,

clarifying severe morphological changes in the kidney [6,7]. The earliest clinical sign for diagnosis of



diabetic nephropathy is persistent microalbuminuria (30-300 mg/day) and change of the glomerular
filtration rate (GFR) [8].

Transforming growth factor beta 1 (TGF-B1) is a crucial cytokine with major importance in
diabetic nephropathy due to its contribution in scarring and fibrosis. It is an anti-inflammatory
immune mediator which promotes hypertrophy of cells in diabetic kidney and cumulation of proteins
of extracellular matrix [9]. TGF-B1 directly induces transcription of many genes of extracellular
matrix in renal cells including tubular, endothelial and mesangial cells. It reduces production of
collagenase and induces expression of tissue inhibitors of metalloproteinases, leading to inhibition
of extracellular matrix turnover [10, 11].

MicroRNAs (miRNAs) are a group of non-coding RNAs (18:24 nucleotides) that are
expressed in all tissues and play important roles in human diseases, as diabetes [12, 13, 14]. These
miRNAs can also circulate in the blood, thus acting as biomarkers for following up of disease onset

and progression. Furthermore, the miRNAs in the circulation reflect those in the tissues [15, 16].

There is an association between increased expression of miR-377 and increased production
of fibronectin through repression of superoxide dismutase and p21l-activated kinase. The cascade
beyond regulation of miR-377 transcription is still unclear, though increased glucose is sufficient to
stimulate expression of this miRNA [17].

MiR-377 targeted heme oxygenase 1 (HO-1), an essential antioxidant which contributed in
oxidative redox signaling [18]. Also HO-1 prevents diabetic nephropathy through antioxidative
impact; miR-377/HO-1 pathway might be a new pathway by which miR-377 stimulates diabetic
nephropathy [19, 20].

Three members of miR-29 family (miR-29a/ miR-29b/ miR-29c) were suppressed by TGF-B1
in proximal tubular cells (Rat renal proximal tubular cell line NRK-52E), primary mouse mesangial
cells, and human podocytes. MiR-29 family repressed COL1 and COL4 expression in both mRNA
and protein levels [21]. MiR-29a decreased in HK-2 cells (human proximal tubule cell line) under
high glucose/TGF-B1 conditions. MiR-29a targeted directly 3'UTR of COL4al and COL40a2, leading

to decreased expression of these two fibrotic genes [22].

2. MATERIAL AND METHODS
This study was conducted on 110 subjects with their ages ranging between 41-70 years. They were

classified into 3 groups:



Group [:

Included 30 healthy individuals without diabetes mellitus. They were 12 females (40%) and 18
males (60%) aged 54.80 + 7.71 years. Healthy individuals were selected from outpatient's clinics at
El Fayoum University Hospital.

Group II:

40 diabetic subjects with microalbuminuria, they were 13 females (32.5%) and 27 males (67.5%)
aged 48.80 £ 4.965.

Group lll:

40 diabetic subjects with macroalbuminuria, they were 17 females (42.5%) and 23 males (57.5%)

aged 63.60 + 4.189.

The diabetic subjects were selected from the internal medicine department, EI Fayoum University
Hospital, Faculty of Medicine, Fayoum University, Fayoum, Egypt. The study was carried out in the
period from July 2015 to December 2015. The study design, objectives and methods were
compatible with the world medical association (WMA) declaration of Helsinki 2013. The research
ethical committee at Fayoum University approved the protocol of study. The protocol was discussed
to all the study participants, and a written informed consent was obtained from each participant. All

participants were volunteers.

Full history including age, sex, diabetic duration and treatment (oral hypoglycemic drugs and insulin)
were recorded for all subjects. Medical history of chronic renal diseases other than diabetic
nephropathy, chronic liver diseases, heart diseases, coronary artery diseases, autoimmune
diseases, malignancy were important exclusion criteria. The eGFR was calculated for all subjects
using Cockcroft-Gault equation, CG-GFR = [(140-age in years) X (actual weight in kg) X 0.85 (if

female)] / [(72 X serum creatinine in mg/dl)] [23].
2.1 Samples collection

Blood samples were drawn in the morning; portion of the blood was collected on EDTA for the
determination of glycated hemoglobin, the other portion is incubated at 37% for 10-15 minutes then

centrifuged at 3000 rpm to separate serum for the other determinations. Urine samples were



collected in the morning, centrifuged at 1000 rpm, and the supernatant was used for detection of

albumin.

2.2 Methods

Urine albumin was determined by Kits produced by BioSystem S.A. Costa Brava, Barcelona
(Spain) [24]. Glycated hemoglobin (HBAlc) was determined by Kits produced by BioSystem S.A
Costa Brava, Barcelona (Spain) [25]. Serum Creatinine was determined by Kits produced by
BioSystem S.A Costa Brava, Barcelona (Spain) [26]. Serum TGF-B1 was measured by ELISA using
Human TGF B1 PicoKine™ ELISA Kit, Boster Biological Technology, Pleasanton, USA [27].

2.2.1 Determination of Serum miRNAs

2.2.1.1 RNA extraction

Total RNA including miRNAs was extracted from 200 pL(serum or peritoneal fluid) by mirVana
PARIS kit (Ambion, Life Technologies, Texas, USA) by mixing with 200 uL of 2X Denaturing
Solution at room temp. 400 uyL of chloroform were added and vortexed for 30-60 sec, this was
followed by centrifugation at = 10000 rpm at room temperature for 5 min. The upper agueous phase
was carefully removed and transferred to a new tube and 1/3 volume 100% ethanol was added. For
each sample, a Filter Cartridge was placed into one of the Collection Tubes, 300 pL of this mixture
was applied to a Filter Cartridge and centrifuged at 10000 rpm at room temperature for 30 sec. After
the mixture had passed through the filter, 2/3 volume 100% ethanol was added to filtrate and mix
thoroughly. The mixture was passed through a second filter cartridge and the flow through was
discarded. 700 pL of miRNA Wash Solution 1 was added to the filter cartridge and centrifuged at
10000 rpm at RT for 15 sec and the flow through was discarded. 500 yL of Wash Solution 2/3 was
added to the filter cartridge and centrifuged at 10000 rpm at RT for 15 sec and the flow through was
discarded. A second 500 pL of Wash Solution 2/3 was added and the flow through was discarded.
The filter cartridge was replaced in the same Collection Tube and the assembly was centrifuged for
1 min. The filter cartridge was transferred into a new collection tube and 100 pL of nuclease-free
water was added to the center of the filter, and the cap was closed then Centrifuged for 30 sec to
recover the RNA. The elute was collected and stored it at -20 or colder.

2.2.1.2 Reverse transcription (RT) and quantitative Real Time-PCR (qRT-PCR)



20pL of eluted RNA was reverse transcribed by incubation for 1 H at 42<C, 3 min at 93T, and then

maintained at 4T using the miRNeasy serum Reverse Transcription Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer's instructions.

Expression of miR-377 and miR-29a was evaluated by gRT-PCR analysis according to the
manufacturer's protocol. UBRNA was used as an endogenous control. For real time PCR, we mixed
10pL of diluted RT products (cDNA), 12.5uL SYBR Green Master Mix (Qiagen, Valencia, CA, USA),
0.5 uM of each specific primer, and RNase-free water to a total volume of 25 pyL. Real-time PCR
reactions were performed using Applied Biosystems 7500 Real Time PCR System (Foster city, CA,
USA) with the following thermal cycling parameters: 95T for 5 min followed by 35 cycles of 95T,

57<C, and 75T for 10, 30, and 30 sec, respectively . The cycle threshold (CT) is defined as the
cycles' number which is required for the fluorescent signal to cross the threshold in real-time PCR.
Expression of miRNAs was accounted as ACt value which was calculated by subtracting the
UBRNA CT values from the CT values of the studied miRNAs. The normalized ACt values resulting
were used in the calculation of relative expression values by using 2- A(Ct), these values are related

directly to levels of the miRNA expression.

2.3 Statistical analysis

Data was collected and coded to facilitate data manipulation and data analysis was performed using
SPSS software version 18 under windows 7. Descriptive analysis in the form of numbers and
percentages for qualitative data, and arithmetic means as central tendency measurement, standard
deviations as measure of dispersion for quantitative parametric data, and inferential statistic test:

-For guantitative parametric data:

. In-depended student t-Test used to compare measures of two independent groups of
guantitative data

. One way ANOVA test in comparing more than two independent groups of quantitative
data.

- Bivariate pearson correlation test to test association between variables

- Sensitivity and specificity test for testing a new test with ROC curve "Receiver Operating
Characteristic".

The level P < 0.05 was considered the cut-off value for significance.



3. RESULTS AND DISCUSSION

Table (1): Demographic and biochemical data of healthy control and diabetic subjects.

Diabetic subjects with | Diabetic subjects with
Control . N S
. microalbuminuria macroalbuminuria
Variables P-value
Mean £SD Mean £SD Mean £SD
Age (years) 54.8+7.7 48.8+4.9 63.6+4.2 <0.001 ?P¢
Sex Females % 12 (40%) 13 (32.5%) 17 (42.5%)
Males % 18 (60%) 27 (67.5%) 23 (57.5%) 0.6
Duration of DM (years) |  ------- 5.3+1.8 16+3.2 <0.001°
Retinopathy (%) |  --—-—--- 8 (20%) 14 (35%)
Neuropathy (%) | - 16 (40%) 29 (72.5%)
Ischemic heart | 5 3
disease (%) 9 (22.5%) 33(82.5%)
eGFR (ml/min) 108.8+8.5 99.4+11.6 85.4+5.4 <0.001 ?P°
HBA1c (%) 5.1+0.47 7.940.41 7.5+0.42 <0.001 P°
S.Creatinine(mg/dI) 0.89+0.14 0.91+0.18 0.90+0.14 0.8
Albumin in urine 5.1+2.8 140.1+74.6 851.6+114.4 <0.001 *°°
(mg/L)
TGF-B1(pg/ml) 12.446.5 215.1+87.5 1798.5+399.7 <0.001 *P°

a: significance between G1, and G2, b: significance between G1, and G3, c: significance between G2, and G3

There is statistically significance difference with P-value <0.05 between all study groups as regards to
age, eGFR, level of HBAlc, Albumin in urine, and TGF-B1. Also there is statistically significance
difference with P-value <0.05 between diabetic subjects with macroalbuminuria and diabetic subjects
with microalbuminuria as regards to duration of DM with high mean among diabetic subjects with
macroalbuminuria. On the other hand there is no statistically significance difference with P-value >0.05
as regards to sex and S.creatinine level between study groups (Table 1).

Table (2): Serum MiR-377 and MiR-29a in healthy control and diabetic subjects.

Variables Control Diabetic subjects with | Diabetic subjects with
microalbuminuria macroalbuminuria
P-value
Mean +SD Mean +SD Mean +SD

b,c

MIR -377 1.010.63 1.130.52 4.741.4 <0.001
b,C

MiR- 29a 1.18+0.42 1.010.37 0.690.32 <0.001

a: significance between G1, and G2, b: significance between G1, and G3, c: significance between G2, and G3.
There is statistically significance difference in serum MiR-377 and MiR-29a with P-value <0.05 in
diabetic subjects with macroalbuminuria in comparison with diabetic subjects with microalbuminuria
and control group with high mean of MiR-377 and low mean of MiR-29a among diabetic subjects with



macroalbuminuria. There is no statistically significance difference in serum MiR-377 and MiR-29a with
P-value >0.05 between diabetic subjects with microalbuminuria and control group (Table 2).

Table (3): Correlation between serum MiR-377 and study variables in both diabetic subjects.

Variables MIR ST

r P-value Sig.
Age (years) 0.72 <0.001 HS
Duration of DM (years) 0.82 <0.001 HS
eGFR -0.59 <0.001 HS
HBAlc -0.36 <0.001 HS
S. Creatinine -0.02 0.8 NS
Albumin in urine 0.87 <0.001 HS
TGF-B1 0.84 <0.001 HS
MiR-29a -0.37 <0.001 HS

There is statistically significance positive correlation in diabetic subjects between MiR-377 and each of
age(r=0.72), duration of DM(r=0.82), level of albumin in urine(r=0.87), and TGF-f1(r=0.84). Also there
is statistically significance negative correlation between MiR-377 and each of eGFR(r=-0.59),
HBAlc(r=-0.36) and MiR-29a(r=-0.37). On the other hand there is no statistically significance
correlation between MiR-377 and S.creatinine (Table 3).
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Figure (1): Correlation between serum MiR-377 and age (a) and duration of diabetes (b) in both
diabetic subjects.
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Figure (2): Correlation between serum MiR-377 and eGFR (a) and HBA1c (b) in both diabetic

subjects.
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Figure (3): Correlation between serum MiR-377 and Albumin in urine (a) and TGF-B1 (b) in both

diabetic subjects.
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Figure (4): Correlation between serum MiR-377 and MiR-29a in both diabetic subjects.




Table (4): Correlation between serum MiR-29a and study variables in both diabetic subjects.

. MiR-29a

variables r P-value Sig.
Age (years) -0.36 <0.001 HS
Duration of DM (years) -0.36 <0.001 HS
eGFR 0.34 <0.001 HS
HBA1c 0.26 0.01 S
Creatinine -0.02 0.8 NS
Albumin in urine -0.42 <0.001 HS
TGF-B1 -0.42 <0.001 HS

There is statistically significance negative correlation in diabetic subjects between MiR-29a and
each of age(r=-0.36), duration of DM(r=-0.36), level of albumin in urine(r=-0.42), and TGF-B1(r=-
0.42). Also there is statistically significance positive correlation between MiR-29a each of
eGFR(r=0.34) and level of HBA1c(r=0.26). There is no statistically significance correlation between

MiR-29a and S.creatinine (Table 4).
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Figure (5): Correlation between serum MiR-29a and age (a) and duration of diabetes (b) in

both diabetic subjects.
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Figure (6): Correlation between serum MiR-29a and eGFR (a) and HBA1c (b) in both diabetic subjects.
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Figure (7): Correlation between serum MiR-29a and Albumin in urine (a) and TGF-B1 (b) in both diabetic
subjects.

Table (5): linear regression analysis to determine the risk factors of affecting level of MiR-377 in
both diabetic subjects.

Variables B SE Sig. Cl
Constant 35 2.9 0.2 -2.3:9.2
Age (years) -0.006 0.02 0.8 -0.05:0.04
Duration of disease (years) 0.1 0.04 0.03 0.01:0.2
eGFR 0.004 | o0.01 0.7 -0.02:0.03
Albumin in urine 0.002 0.001 0.07 0.00:0.003
HBAlc -0.38 0.27 0.2 -0.93:0.2
Creatinine -0.36 0.7 0.6 -1.7:0.98
TGFB1 0.001 0.00 0.02 0.00:0.001

The multivariate linear regression model analysis was conducted to explore the explanatory power of
different risk factors in prediction of MiR-377 level, it illustrates that there was statistical significance
predictors with p-value <0.05 to duration of DM and TGF- B1 in both diabetic subjects( with p-value 0.03
and 0.02 respectively).

Table (6): linear regression analysis to determine the risk factors of affecting level of MiR-29a in
both diabetic subjects.

Variables B SE Sig. Cl
Constant 1.1 0.97 0.3 -0.85:3
Age (years) -0.006 0.008 0.5 -0.02:0.01

Duration of disease (years) 0.002 0.02 0.9 -0.03:0.03




eGFR 0004 | 0004 | 05 -0.01:0.006
Albumin in urine 0.00 0.00 0.5 0.00:0.001

HBAlc 0.09 0.09 0.3 -0.09:0.28
Creatinine -0.19 0.23 0.4 -0.6:0.4

TGF-B1 0.00 0.00 0.01 -0.001:0.00

The multivariate linear regression model analysis was conducted to explore the explanatory power of

different risk factors in prediction of MiR-29a level, it illustrates that there was no statistical
significance predictors with p-value >0.05 to age, duration of DM, eGFR, albumin in urine, HBA1c and
creatinine in both diabetic subjects. On the other hand there is statistical significance predictors with

p-value <0.05 to TGF-B1 in both diabetic subjects.

Table (7): Sensitivity and specificity of serum MiR-377 and MiR-29a in diagnhosis of diabetic
nephropathy in diabetic patients.

Variable Sensitivity Specificity Accuracy (AUC)| Cut off point
MiR-377 100% 100% 100% 2.29
MiR-29a 98% 71.4% 84.7% 2.05

As regards the ROC curve: The best cut off value for diagnosis of diabetic nephropathy using MiR- 377
is 2.29 with sensitivity 100% and specificity 100% and the best cut off value for diagnosis of diabetic
nephropathy using MiR- 29a is 2.05 with sensitivity 98% and specificity 71.4%. So MiR- 377 and MiR-
29a can be used as biomarkers for diagnosis of diabetic nephropathy.
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Figure (8): ROC curve analysis of serum MiR-377(a) and MiR-29a (b) as diagnostic markers of
diabetic nephropathy in diabetic patients.



Discussion

Diabetic nephropathy occurs in almost 50% of type Il diabetic patients, resulting in chronic
renal disease and renal failure [28,29]. It is the main cause of end-stage renal disease and high
mortality in diabetic patients [30,31].

Many studies have been allocated into trying to understand how miRNAs regulate and are
regulated by factors that participate in kidney disease [32,33,34]. MiRNA dysregulations have been
identified in many research areas including diabetic nephropathy [33]. MIRNAs are pivotal
regulators of cellular and molecular pathways, so identifying the targets of diabetic nephropathy -
associated miRNAs can provide further insight into the pathogenesis of DN [34].

In diabetes mellitus, many miRNAs are upregulated in diabetic kidney. These miRNAs bind to
the 3'UTR of renoprotective genes resulting in their diminished expression. Accordingly, these
upregulated miRNAs participate in the pathogenesis of DN. On the contrary, downregulated
mMiRNAs showed renal-protective impacts [35].

As many miRNAs are now identified in the pathology of diabetic nephropathy, these small
molecules provide new potential for therapeutic intervention. Many trials to decrease or increase
expression of miRNAs using one of many delivery approaches in animal models of diabetic
nephropathy in vivo are reported. Recent trends to dominate the expression of miRNA levels like
using nuclease-resistant, chemically-modified, oligonucleotides (mMiRNA mimics and inhibitors), that
might be developed for human use in the future [36].

There was increased expression of miR-377 in high glucose cultured or TGF-B treated human
and mouse mesangial cells. Increased miR-377 leading to repression of p21l-activated kinase and
superoxide dismutase, which promoted fibronectin expression. Calculated analysis indicated that
there was decrease in the activity of some target genes as PAK 1 and SOD1/2 by miR-377. This
leads to increased vulnerability to oxidant stress and cumulation of fibronectin in extracellular
matrix. Thus, this miRNA could have a pivotal role in the response of mesangial cells to the diabetic
medium and could be assumed a target miRNA for therapy [17].

The members of MiR-29 family (miR-29a, miR-29b and miR-29c) are responsible for anti-
fibrotic effects in diabetic nephropathy. MiR-29a targeted directly 3'UTR of COL4al and COL4a2,
leading to decreased expression of these two fibrotic genes [37].

The miR-29 family targets a group of mRNAs which encode proteins implicated in fibrosis, as
multiple collagens, elastin, and fibrillin. Thus, decreased expression of miR-29 would be predicted to
activate the expression of these mMRNAs and promote the fibrotic response [21].

In cultured human proximal tubular epithelial cells, increased glucose and TGF-B1 decrease
miR-29a expression. Collagen IV was reported as a target of miR-29a. Thus, miR-29a regulates
collagen expression. Decreased miR-29a levels in diabetes may enhance more deposition of
collagen, thus mediating the pathogenesis of diabetic nephropathy [22].

Our aim in this study is to evaluate the impact of serum miR-377 and miR-29a on the
development and pathogenesis of diabetic nephropathy in type Il diabetic patients.

According to our study we found significant increase in the mean values of serum miR-377 in
diabetic subjects with macroalbuminuria compared with diabetic subjects with microalbuminuria and
healthy control subjects [P <0.001 & P <0.001]. Also, we found significant decrease in the mean
values of serum miR-29a in diabetic subjects with macroalbuminuria compared with diabetic
subjects with microalbuminuria and healthy control subjects [P <0.001 & P <0.001].

Similar results were obtained by Kantharidis et al who demonstrated that TGF-B1, which is
increased in diabetic nephropathy, is able to upregulate miR-21, miR-93, miR-192, miR-216a and
miR-377, but downregulates the miR-29 family [33].



Our results are consistent with Hao et al who showed that several miRNAs were found to
participate in the pathogenesis of diabetic nephropathy, so their levels are increased as miR-192,
miR-217, miR-200b/c, miR-21, miR-195 and miR-377. While others showed renal protective effects,
so their levels are decreased as miR-451 and miR-29 family [38].

As regards miR-377, our results confirmed the findings of Wang et al who found
overexpression of miR-377 in human mesangial cells exposed to increased glucose levels. Also,
miR-377 had been associated with elevated expression of the matrix protein, fibronectin which is
accumulated in excess in diabetic nephropathy [17].

As regards miR-29a, our results are coincided with Du et al who showed that miR-29a
repressed expression of fine-tune collagen and so the decrease of miR-29a caused by elevated
glucose may increase the risk of more collagen deposition in proximal tubule cells (PTCs) that plays
a significant role during diabetic nephropathy [22].

4. CONCLUSION
Several miRNAs are concerned with diabetic nephropathy. Some of them participate in the

development and pathogenesis of the disease but other miRNAs act as preventers of the disease.
To restore the expression of miRNAs to normal level may be a therapeutic potential to halt or
attenuate disease progression. We have shown that miR-377 is significantly increased and miR-29a
is significantly decreased in patients with diabetic nephropathy. Accordingly, these miRNAs have a
strong potential to act as biomarkers to diagnose, treat and prognose diabetic nephropathy.

REFERENCES

1. Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes mellitus-
present and future perspectives. Nat. Rev. Endocrinol. 2012, 8, 228-236

2. Whiting DR., Guariguata L, Weil C, Shaw J. Idf diabetes atlas: Global estimates of
theprevalence of diabetes for 2011 and 2030. Diabetes Res. Clin. Pract. 2011, 94, 311-321.

3. El Mesallamy HO, Gad MZ, Sallam AM. The association of TGF-b1, angiotensin Il and

oxidative stress with diabetic nephropathy in type 2 diabetic patients. Int J Diabetes Metab 2008;
16:63e8.

4. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, Ishani A, et al. United states
renal data system 2008 annual data report. Am. J. Kidney Dis. 2009, 53, S1-S374.
5. Alvarez ML. and Distefano JK. The role of non-coding RNAs in diabetic nephropathy:

Potential applications as biomarkers for disease development and progression. Diabetes Res. Clin.
Pract.2013, 99, 1-11.
6. Kanwar YS, Sun L, Xie P, Liu F, Chen S. A glimpse of various pathogenetic mechanisms

of diabetic nephropathy. Annual Review of Pathology: Mechanisms of Disease. 2011;6(1): 395-423.

7. Soldatos G and Cooper ME. Diabetic nephropathy: important pathophysiologic
mechanisms. Diabetes Res Clin Pract. 2008;82(Suppl 1):S75-S79.
8. National Kidney Foundation. K/DOQI clinical practice guidelines and clinical practice

recommendations for diabetes and chronic kidney disease. Am J Kidney Dis. 2007; 49(2) (Suppl 2):
S12-S154.

9. Herder C, Brunner EJ, Rathmann W, et al., “Elevated levels of the anti-inflammatory
interleukin-1 receptor antagonist precede the onset of type 2 diabetes: the Whitehall Il
study,” Diabetes Care, vol. 32, no. 3, pp. 421-423, 2009.



10. McKnight AJ, Savage DA, Patterson C, Sadlier D, Maxwell AP. Resequencing of genes for
transforming growth factor bl (TGFB1) type 1 and 2 receptors (TGFBR1, TGFBR2), and
association analysis of variants with diabetic nephropathy. BMC Med Genet 2007; 8:5.

11. Fukuda N, Tahira Y, Matsuda H, Matsumoto K. Transforming growth factor-b as a

treatment target in renal diseases. J Nephrol 2009; 22:708-15.

12. Ambros, V. The functions of animal microRNAs. Nature 2004, 431, 350-355.

13. Bartel DP. MicroRNAs: Target recognition and regulatory functions. Cell 2009, 136, 215—
233.

14. Magbool R and Hussain MU. MicroRNAs and human diseases: Diagnostic and therapeutic
potential. Cell Tissue Res. 2014, 358(1):1-15. doi: 10.1007/s00441-013-1787-3.

15. Li LC, Okino ST, Zhao H, Pookot D, Place RF, Urakami S. Small dsRNAs induce
transcriptional activation in human cells. Proc. Natl. Acad. Sci. USA 2006, 103, 17337-17342.

16. Vasudevan S, Tong Y, Steitz JA. Switching from repression to activation: MicroRNAs can
up-regulate translation. Science 2007, 318, 1931-1934.

17. Wang Q, Wang Y, Minto AW, et al. MicroRNA-377 is up-regulated and can lead to
increased fibronectin production in diabetic nephropathy. FASEB J. 2008; 22(12):4126-4135.

18. Beckman JD, Chen C, Nguyen J. et al, “Regulation of heme oxygenase-1 protein

expression by miR-377 in combination with miR-217,” The Journal of Biological Chemistry, vol. 286,
no. 5, pp. 3194-3202, 2011.

19. Lee SC, Han SH, Li JJ, et al., “Induction of heme oxygenase-1 protects against podocyte
apoptosis under diabetic conditions,” Kidney International, vol. 76, no. 8, pp. 838-848, 2009.

20. Li H, Zhang L, Wang F. et al., “Attenuation of glomerular injury in diabetic mice with tert-
butylhydroquinone through nuclear factor erythroid 2-related factor 2-dependent antioxidant gene
activation,” American Journal of Nephrology, vol. 33, no. 4, pp. 289-297, 2011.

21. Wang B, Komers R, Carew R, et al., “Suppression of microRNA-29 expression by TGF-f1
promotes collagen expression and renal fibrosis,” Journal of the American Society of Nephrology,
vol. 23, no. 2, pp. 252-265, 2012.

22. Du B, Ma L, Huang M, et al., “High glucose down-regulates miR-29a to increase collagen
IV production in HK-2 cells,” FEBS Letters, vol. 584, no. 4, pp. 811-816, 2010.

23. Cockcroft D W and Gault M H. Prediction of creatinine clearance from serum creatinine.
Nephron.;16:31-41, 1976

24. Medcalf EA, Newman DJ, Gorman EG, Price CP. Rapid, robust method for measuring low
concentrations of albumin in urine. Clin Chem 1990; 36(3):446-449.

25. Jeppson JO, Kodold U, Finke A, Hoelzel W, Hoshino T, Miedema K, et al. Approved IFCC

reference method for the measurement of HbA1C in human blood. Clin Chem Lab Med 2002;
40:78-89.

26. Fabiny DL and Ertingshausen G. Automated reaction-rate method for determination of
serum creatinine with CentrifiChem. Clin Chem 1971; 17: 696-700.



27. Kropf J, Schurek JO, Wollner A, Gressner AM. Methodological aspects of the
immunological measurement of transforming growth factor-beta 1 (TGF-bl) in blood assay
development and comparison. Clin Chem 1997; 43:1965e74.

28. Gohda T, Mima A, Moon JY, Kanasaki K. Combat diabetic nephropathy: From
pathogenesis to treatment. J. Diabetes Res. 2014, 2014, 207140.
29. Bichu P, Nistala R, Khan A, Sowers JR, Whaley-Connell A. Angiotensin receptor blockers

for the reduction of proteinuria in diabetic patients with overt nephropathy: Results from the amadeo
study. Vasc. Health Risk Manag. 2009, 5, 129-140.

30. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, Ishani A, et al. United states
renal data system 2008 annual data report. Am. J. Kidney Dis. 2009, 53, S1-S374.
31. Alvarez ML and Distefano JK. The role of non-coding RNAs in diabetic nephropathy:

Potential applications as biomarkers for disease development and progression. Diabetes Res. Clin.
Pract. 2013, 99, 1-11.

32. McClelland AD and Kantharidis P. MicroRNA in the development of diabetic complications.
Clin. Sci. 2014, 126, 95-110.

33. Kantharidis P, Wang B, Carew RM, Lan HY. Diabetes complications: The microRNA
perspective. Diabetes 2011, 60, 1832-1837.

34. McClelland A, Hagiwara S, Kantharidis P. Where are we in diabetic nephropathy:
MicroRNAs and biomarkers? Curr. Opin. Nephrol. Hypertens. 2014, 23, 80—86.

35. Agrawal R, Tran U, and Wessely O. “The miR-30 miRNA family

regulates Xenopus pronephros development  and targets  the transcription factor
Xlim1/Lhx1,” Development, vol. 136, no. 23, pp. 3927-3936, 2009.

36. DiStefano JK, Taila M & Alvarez ML. Emerging roles for miRNAs in the development,
diagnosis, and treatment of diabetic nephropathy. Curr. Diab. Rep. 2013; 13:582-591.
37. Lin CL, Lee PH, Hsu YC, Lei CC, Ko JY, Chuang PC, et al. MicroRNA-29a promotion of

nephrin acetylation ameliorates hyperglycemia-induced podocyte dysfunction. J Am Soc Nephrol.
2014; 25(8):1698-709.

38. Hao W, Lili K, Shanshan Z, Wenpeng C, Feng X, Manyu L, et al. The Role of MicroRNAs
in Diabetic Nephropathy. Journal Of Diabetes Research, Volume 2014 (2014), Article ID 920134, 12
pages.



