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Abstract

Introduction: Diabetic nephropathy (DN) is one of the major microvascular complications of diabetes
mellitus. Patients with diabetic nephropathy are at a higher risk of morbidity and mortality than those
without nephropathy. In this case, early diagnosis and prevention of DM are crucial. SIRT1, which is among
the seven members of sirtuins, is recognized as an important element in the pathogenesis of type 2 diabetes,
therefore it has several actions in the diabetic nephropathy that will be further discussed in this study. This
study will analyse the relationship between SIRT1 gene polymorphism and serum sirtl in the pathogenesis
of diabetic nephropathy.

Aim of the study: evaluation of the association of Silent Information Regulatorl (SIRT1) gene
polymorphism and serum SIRT1 protein with type 2 diabetic patients and their role in the pathogenesis of
diabetic nephropathy.

Subjects and Methods: This study was carried out on 120 subjects with matched age and sex. They were
divided into 3 groups: (Group 1: 40 diabetic nephropathy patients, Group 2: 40 diabetic patients without
diabetic nephropathy, Group 3: 40 healthy control subjects) to discuss the association of sirtl gene
polymorphism and the pathogenesis of diabetic nephropathy.

Results: The mean levels of the serum SIRT1 protein was significantly increasing in the diabetic
nephropathy group than the diabetics without diabetic nephropathy and the controls, while it was not
significant between the diabetics without DN and the control group.

Conclusion: Based on this study, SIRT1 gene polymorphism is a significant factor in the development and
progression of DN.
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Introduction

Diabetic nephropathy (DN) is one of the major microvascular complications of diabetes mellitus and occurs
in approximately 30% of type 2 D.M. patients (1). DN is the leading cause of end-stage renal disease and a
major risk factor for cardiovascular disease (2).

Patients with diabetic nephropathy are at a higher risk of morbidity and mortality than those without
nephropathy. In this case, early diagnosis and prevention of DM are crucial (3).

Mounting evidence has showed that the pathogenesis of DM was associated partially with a prolonged duration
or inadequate metabolic and / or blood pressure control in some cases. However, a clinically significant
phenomenon can be observed that even diabetic individuals with excellent blood glucose control may still
develop renal complications (4).
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SIRT1, which is among the seven members of sirtuins, is recognized as an important element in the
pathogenesis of type 2 diabetes (5).

Recent studies of SIRTL in relation to kidney disorders have demonstrated its efficacy for nephroprotection

(6).

It was reported that 4 independent nucleotide polymorphisms (SNPs) present in SIRT1 have been linked to
diabetic kidney disease in Japanese type2 diabetics. Utilizing a bioinformatics method revealed that only one
SNP (rs 4746720) is present in the 3 UTR area, while the other 3 are located in the intron area. This
examination implies that SIRT1 (rs 4746720) could be a candidate gene for vulnerability to diabetic kidney
disease (7).

This study will examine the relationship between SIRT1 gene polymorphism and serum sirtl in the
pathogenesis of diabetic nephropathy.

Diabetic Nephropathy
DN is a chronic, progressive disease of the kidney that develops over time, with a peak incidence after 10— 20
years of diabetes. (8).

Pathogenesis:

Uncontrolled D.M. for long periods leads to damage and disruption of the renal cellular architecture and
microvasculature of diabetic patients. The pathways that mediate these effects are grouped into four main
categories: metabolic, hemodynamic, intracellular, and growth factors/cytokines. (9, 10).

The pathogenesis of DN is multifactorial, involving a complex series of molecular processes. The pathological
changes of DN are composed of histopathological and functional changes which interact with each other (11).

» Hemodynamic Alternations

DN is characterized at its onset by glomerular hyperfiltration. Potential mechanisms leading to glomerular
hyperfiltration include a combination of hemodynamic, vasoactive, tubular, growth-promoting, and metabolic
factors. (12, 13).

» Metabolic Pathways:

Glucose can metabolize to sorbitol and accumulate in mesangial cells, which leads to nicotinamide adenine
dinucleotide phosphate depletion, decreased nitric oxide (NO), increased oxidative stress, and activation of
protein kinase C (PKC). Phosphorylation of PKC then activates pathways of transforming growth factor-f3
(TGF-B) and vascular endothelial growth factor (VEGF), as well as reactive oxygen species (ROS) and
angiotensin I1. This causes mesangial expansion and induce cell injury. (14).

» Histopathological Changes:

DN is characterized by a constellation of histopathological changes including glomerular basement membrane
(GBM) thickening, mesangial expansion (in early DN), Kimmelstiel-Wilson nodules (an aggregation of
mesangial cells and mesangial matrix), arterial hyalinosis, and tubulointerstitial changes (e.g., fibrosis and
tubular atrophy in advanced DN). (15, 16)

Podocyte dropout is also a critical factor for DN development. Since, podocytes are not readily replaced, the
remaining podocytes change their size and shape to cover the portion of the GBM left _naked® by lost
podocytes. (15, 17).

» Inflammatory Pathways:

Macrophage accumulation in kidneys of patients with diabetes predicts the decline of renal function,
suggesting a pathogenic role for these cells in DN. (18, 19, 20).
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Hyperglycemia can induce macrophage production of (IL)-12, which can stimulate (IFN-y) production by
CD4 cells. Free fatty acids, hyperglycemia, and obesity may activate (NF-kB) and allow NF-kB translocation
to the nucleus, which subsequently stimulates transcription of genes such as those related to endothelin-1,
vascular cell adhesion molecule-1, ICAM-1, IL-6, and tumor necrosis factor-o. (TNF-a) that promote the
development of DN. (21, 22).

> Role of the Renin—-Angiotensin Aldosterone System:

Angiotensin Il can activate and upregulate NF-kB, causing production of chemokines and further renal
damage. (23).

Angiotensin Il is also localized in tubular-, interstitial-, and fibroblast-like cells, which work together with
high glucose and inflammatory mediators to target tubular cells and cause impaired Kidney function in
diabetes, by hypertrophy of mesangial cells and tubular epithelial cells and promote transforming growth
factor-B (TGF-B) production, which can cause glomerular sclerosis. (11)

» Endothelial Dysfunction as a Potential Contributor:

Advanced diabetic glomerulopathy often exhibits thrombotic microangiopathy, including glomerular capillary
microaneurysms and mesangiolysis, which are typical manifestations of endothelial dysfunction in the
glomerulus. (24).

Hyperglycemia cause reduction in the NO levels in the endothelium and contribute to the development of
endothelial dysfunction. (24).

Clinical Staging of Diabetic Nephropathy(25, 26)

Stage (_3FR AER Duration of diabetes
(mL/ min/1.73 m?) (mg/g creatinine) (years)
Hyperfiltration >120 <30 0-5
Microalbuminuria Normal 30-300 5-15
Macroalbuminuria/ proteinuria Normal or <90 >300 10-20
Progressive kidney disease Normal or <90 >3000 15-25
End-stage renal disease <15 >3000 20-10

Clinical Assessment of Diabetic Nephropathy

Clinically, DN is classically characterized by progressive increases in urinary aloumin excretion (UAE). This
is accompanied by a gradual decline in glomerular filtration rate (GFR) and eventual progression to ESRD.
Defects at the level of the GFB leads toward increased urinary protein. (27).

The degree of albuminuria and proteinuria correlates with and is also an important clinical predictor of the rate
of kidney disease progression. (28).

Estimation of GFR is an important clinical investigation in monitoring renal function decline. Routine annual
surveillance is recommended for all diabetic patients to monitor the progression and rate of decline of renal
function. (29).

Silent Information Requlator 1 (SIRT1)

Sirtuins are known as the NAD+ - dependent protein deacetylases, which have effects against diseases that
are related to age for instance diabetes, cancer, neurodegenerative, cardiovascular & renal diseases. (30)
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Structure and Distribution of SIRT1:

In mammals, the sirtuin family is the homolog of the Sir2 gene, consisting of 7 isoforms. (31).
All of them possessing a highly conserved central NAD+ - binding site and common catalytic domain. (32)

The 7 isoforms have the same 275-amino-acid-sized catalytic core region and a diverse subcellular localization
SIRT1 is the most extensively studied family member. (31)

SIRT1, SIRT6 and SIRT7 are mainly found in the nucleus, and SIRT2 is in the cytoplasm, while SIRT3,
SIRT4 and SIRT5 are located in the mitochondria. (33).

The human SIRT1 gene is located on chromosome 10g22.1. This gene includes nine exons and eight introns
and is approximately 33kb long. This gene is widely expressed in foetal and adult tissues, including fat and
muscle tissues of the liver, kidneys, and brain. It is also uniformly expressed in islet cells but is rarely expressed
in islet exocrine gland cells. (34).

Biological Effects of SIRT1:

SIRT1 mainly utilizes deacetylase activity to exert its regulatory effects on various physiological processes,
including gene transcription, energy metabolism, cell senescence, glucose metabolism, lipid metabolism, and
insulin secretion (35)

In the kidney, SIRT1 promotes podocyte function and mitochondrial biogenesis, and inhibits fibrosis,
inflammation, and apoptosis. (36, 34, 37)

SIRT1 in Health and Diseases:- v/
SIRT1 and glucose metabolism:

The Sirtuins generaly and SIRT1 particulary influence glucose metabolism in liver, muscle, adipose tissue,
and pancreas. (38).

The SIRT1 overexpression is associated with decrease in serum insulin and cholesterol along with a decrease
in adipose tissue and reduction of obesity-induced insulin resistance. (39).

v SIRT1 and development:

High levels of SIRT1 mRNA are detectable in brain, heart, spinal cord & dorsal root ganglia of embryos,
indicating a vital role in cell development (40).

The Association of SIRT1 gene in the Pathogenesis of Diabetic Nephropathy in type 2 diabetics SIRT1
actions in diabetic nephropathy(41, 42).

I.  SIRT1 Preserves Podocyte Function.

I1. SIRT1 Reduces Fibrosis by Smad3 and Smad4.

I11. SIRT1 Inhibits Apoptosis by Targeting p53, Smad7, FOX03 and FOXOA4.

IV. SIRT1 Suppresses Inflammation by Targeting NF-kB and High Mobility Group Box 1(HMGBI1). V.
SIRT1 Induces Autophagy by Targeting Autophagy-Related Genes and FOXO3.

V1. SIRT1 Regulates Blood Pressure by Targeting Endothelial Nitric Oxide Synthase and Angiotensin Il Type

1 Receptors.

VII. SIRT1 Enhances Mitochondrial Biogenesis by Targeting Peroxisome Proliferator—Activated Receptory

Coactivator 1a.

VIII. SIRT1 Modulates Hypoxic Responses by Targeting Hypoxia-Inducible Factor-1a (HIF-1a) and (HIF-

2a).

IX. SIRT1 Regulates Metabolism by Targeting Sterol Regulatory Element Binding Protein, Liver X

Receptor, Nuclear Bile Acid Receptor and Insulin Receptor Substrate-2.
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Subjects and Methods

Subjects:

This study was carried out on type 2 diabetic patients with and without diabetic nephropathy and healthy
control individuals with matched age and sex.

The subjects were divided into three groups:

*Group I: it consisted of 40 type 2 diabetic patients suffering from diabetic nephropathy. They were 16 males
and 24 females. Their ages ranged from 53 to 65 years.

*Group 11: it consisted of 40 type 2 diabetic patients without diabetic nephropathy. They were 24 males and
16 females. Their ages ranged from 52 to 68 years.

*Group I1: it consisted of 40 normal healthy individuals as a control group. They were 16 males and 24
females. Their ages ranged from 50 to 64 years.

All studied cases will be subjected to:

* Full history taking:

(age, sex, diabetes, hypertension, duration of diabetes, duration of hypertension).

* A. Routine laboratory investigation:

— Fasting and postprandial blood glucose level.

— Glycosylated haemoglobin (HbALc).

— Serum urea and creatinine level.

— Blood Urea Nitrogen (BUN).

— Microalbuminuria.

— Urinary Albumin / Creatinine ratio.

» B. Specific laboratory investigation:

— Screening of Single Nucleotide Polymorphism (SNP) genotyping SIRT1 polymorphism (rs4746720) using
real time PCR in the studied groups.

— Serum Sirtl Protein was measured by commercial sandwich ELISA Kits.

Methods:

I. Measurement of Serum Level of SIRT1:

Enzyme-linked immunosorbent assay was used to measure the SIRT1 protein levels in the three studied

groups. (43)

Using commercial Enzyme-linked Immunosorbent Assay Kit For the quantitative detection of SIRT1, supplied

by Clini-lab catalog no.: MBS2503120. (43)

I1. Detection of SIRT1 gene polymorphism (rs4746720):

e DNA Analysis: was carried out in the three groups of the study.
e DNA extraction protocol:

DNA was isolated from the peripheral frozen whole blood. (44) Using DNA extraction kits (GeneJET
Genomic DNA Purification Mini Kits) supplied by Clini-lab.

Procedure:

1. 400 pL of Lysis Solution and 20 pL of Proteinase K Solution were added to 200 pL of whole blood, and
mixed thoroughly by vortexing.

2. The sample was incubated at 56°C and mixed by vortexing occasionally.

3. 200 pL of ethanol (96%-100%) was added and mixed by pipetting and vortexing.

4. The prepared lysate to a GeneJET Genomic DNA Purification Column was transferred and inserted in a
collection tube. The column was centrifuged for 1 min at 6000 x g, and the collection tube containing the
flow-through solution was discarded. The GeneJET Genomic DNA Purification Column was placed into a
new 2 mL collection tube (included).

5.500 pL of Wash Buffer | was added (with ethanol added). Centrifuged for 1 min at 8000 x g. The
flowthrough was discarded and the purification column back placed into the collection tube.
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6. 500 pL of Wash Buffer 11 was added (with ethanol added) to the GeneJET Genomic DNA Purification
Column. Centrifuged for 3 min at maximum speed (>12000 x g).

7. 200 pL of Elution Buffer was added to the center of the GeneJET Genomic DNA Purification Column
membrane to elute genomic DNA. Incubated for 2 min at room temperature and centrifuged for 1 min at
8000 x g.

8. The purification column was discarding. The purified DNA was used immediately in downstream
applications or stored at -20 °C.

DNA concentration and purity:
The concentration of DNA was determined from the elute by diluting with nuclease free water 1:50 then
measured absorbance (A) in spectrophotometer.
Calculation: DNA solution at a concentration of 50 pg/mL provides an absorbance of 1.0 at 260 nm Therefore
the absorbance multiplied by 50 provides the concentration of the diluted DNA solution and multiplied by
factor dilution (50) provides the concentration of the original DNA in pg/mL= Absorbance reading at 260 nm
/2500.
The DNA pureness was determined by calculating the ratio of the absorbance at 260 nm to absorbance at 280
nm. Pure DNA had an A 260/A 280 ratio of 1.7-2.0.
The DNA extracted was stored at -20 °C until further processing.
I11. Real Time PCR for SIRT1 polymorphism:
SNP rs4746720 of mammalian Silent Information Regulator 1 (SIRT1) gene determined by using real time
PCR. (44) By using real time PCR kit (Applied bio system, step 1 version).
Principle:
Allelic discrimination assays, the PCR assay includes a specific fluorescent dye labeled 2 probes for each
allele. The probes have different fluorescent reporter dyes (FAM and VIC) to discriminate the amplification
of each allele.
During PCR, each probe combined specifically to complemental sequences between the forward and reverse
primer sites. AmpliTag Gold DNA polymerase can slice only probes that hybridize to the allele. Cleavage
separates the reporter dye from the quencher dye. This results in increased fluorescence by the reporter dye.
Thus, the fluorescence signal(s) made by PCR amplification show(s) the alleles that are present in the sample.
Additionally, AmpliTag Gold DNA polymerase is more likely to displace the mismatched probe rather than
cleave it to show reporter dye.
Two probes contain a non-fluorescent quencher at the 3¢ end. Because this quencher does not fluoresce, the
Sequence Detection Systems instruments measure the reporter dye contributions more perfect.

Procedure:
Reagents:
1) 401 SNP genotyping assay which have:
* Specific-sequence to amplify the sequence of interest rs4746720
v Forward primer rs4746720F:
TGCTGGCCTAATAGAGTGGCA
v" Reverse primer rs4746720R:
CTCAGCGCCATGGAAAATGT
* Two TagMan® MGB probes: One probe labeled with VIC® dye detects the Allele C Sequence and one
probe labeled with FAM™ dye detects the Allele T Sequence.
2) TagMan® Universal PCR Master Mix:
Negative Control: was run with the samples. The DNA template was replaced with H>O PCR grade.
Statistical analysis:
Collected data was organized, tabulated and statistically analyzed using SPSS software statistical computer
package version 12. For quantitative data, the range, mean and standard deviation were calculated. Chisquare
was used as a test of significance. Significance was adopted at p<0.05 for interpretation of results of tests of
significance.
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Results

Comparison between the studied groups regarding the following parameters:

Range (mmHg) MeantS.D F. test p. value
Systolic Gpl 105 -150 126.50+ 15.20 P1 0.001*
Blood Gpll 110-120 117.00 = 4.05 12.895 0.001* P2 0.001*
Pressure Gp il 115-120 118.00 = 2.45 P3 0.186
Range (mmHg) Mean +S.D F. test p. value
Diastolic Blood Gpl 90- 110 98.0049.92 P1 0.001*
fastolic Bloo Gpll 75-80 77.90+2.28 138.91 0.001* P2 | 0.001*
Pressure
Gp Il 70-80 78.50+ 3.05 P3 0.322
Range (mg/dL) Mean +S. D F. test p. value
Fasting Blood Gpl 160 -320 217.50 £ 50.40 P1 0.001*
asting Bloo Gpll 150- 220 186.40 + 24.78 163.542 0.001* P2 | 0.001%
Glucose Level
Gp Il 80 - 105 90.00 £ 8.46 P3 0.001*
Range (mg/dL) Mean £S. D F. test p. value
Post Gpl 210-405 301.50 +67.41 P1 0.002*
Prandial Blood Gpll 230-290 266.00 + 20.85 247.084 0.001* P2 0.001*
Glucose Level Gp Nl 105 — 125 110.00 + 7.75 P3 | 0.001*
Range (%) MeantS.D F. test p. value
Gpl 7.5-10.5 8.82+0.81 P1 0.001*
HbA1lc Gpll 6.9-9 7.86 +0.85 466.596 . P2 0.001*
Gp il 39-47 430+0.29 0.001 P3| 0.001*
Range (mg/dL) MeantS. D F. test p. value
Serum Gpl 47 -75 56.75+8.92 P1 0.001*
Urea Gpll 15-27 21.60+4.33 517.885 0.001* P2 0.001*
Level Gp Il 12-20 17.90 £ 2.47 P3 0.001*
Range (mg/dL) Mean +S.D F. test p. value
Blood Gpl 21.96 - 35.05 26.52+4.17 P1 | 0.001%*
Urea *
Nitrogen Gpll 7.01-12.62 10.09 +2.02 517.885 0.001 P2 | 0.001*
(BUN) Gp Il 5.61-9.35 8.36+1.15 P3 0.001*
Range
Mean +£S. D F. test .value
(mg/dL) P
s Gpl 15-24 1.75+0.24 P1 0.001*
rum
€ u . Gpll 0.4-0.7 0.56 +0.10 786.068 0.001* P2 0.001*
creatinine
Gp Il 0.3-0.6 0.46 +0.10 P3 0.004*
Range (mg
albumin / gm Meant S.D F. test p. value
creatinine)
Gpl 35- 175 111.85+ 52.72 P1 0.001*
ACR Gpll 8-20 1420+ 4.64 156.213 0.001* P2 0.001*
Gp Il 1-2 1.50+ 0.35 P3 0.001*
Range (mg/L) Meant S.D F. test p. value
Gpl 35— 185 113.10 £+ 54.30 P1 0.001*
Microalbumin urea Gpll 20-25 22.60+ 1.8 121.371 0.001* P2 0.001*
Gp Il 8-20 1420+ 4.64 P3 0.001*
Range Meant S.D F. test p.value
(ng/u) - ) )
Serum Gpl 6.3-25 15.18 £ 6.46 P1 0.001*
SIRT1 Gpll 1-5 2.76 £ 0.82 135.601 0.001* P2 0.001*
protein Gp Il 1-5 2.99 +1.088 P3 0.285
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Statistical comparison between the studied groups regarding the SIRT1 genotype distribution:

Gpl |Gpll| Gpll| X2

SIRTL genotype distribution

TT % | 30% 1(;)0 95% 43.08| P1| 0.001

*
CT % | 60% | 0% | 25% 36.48| P2 | 0.001

2.05 0.359
cc % | 10%| 0% | 2.5% P3

Total 100 100

% % % 100%| -~ -
Chi X2 65.72
Square | p_yalue 0.001* *With DN * Without DN ¥ Control

Comparison between the three studied groups regarding SIRT1C/T allele frequency:

Gpl Gp Il Gp 111

(n=40) (n=40) (n=40)

N % N % | N % X2
C 32 40| 0 0 |3 3.75 40 P1| 0.001*
T 48 60 | 80 | 100 | 77 | 96.25| 30.76 | P2| 0.001*
Total 80 100 | 80 | 100 [ 80 | 100 3.06 | P3| 0.0804
Chi- X2 62.684
Square | P- 0.001*

value

SIRT 1C/T allele frequency
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Comparison between the studied parameters in different SIRT1 genotypes in DN group:
Albumin /
Genotypes Genotypes
HbAlc P Creatinine P
TT CT cc ratio TT CT cc
Range 8.70- 7.50- 10.50% Range 35-95 56-175 170
9.30% 8.10%
d . Mean + 56.67 + 129.75+ 1700
Mean + SD 7?%"; 9'8%’; 10.50% + 0 SD 27.18 42.60 -
. 5 4 f-test 21.109
Pf-telst 0606919*? P-value 0.001*
“value i TT&CT | TT&CC CT&CC
TT&CT | TT&CC CT&CC t-test 6.115 13.828 4.628
t-test 13.9996 36.456 35.668 Svalue 5001 0L 5.0002%
P-value 0.001* 0.001* 0.001*
Microalbu Genotypes
Genotypes .
Serum Urea minurea T cT cC
TT CT cc
R 2750 A775 -0 Range 35-95 56-185 170
ange - " ;)2 - Mean£ oD | 5667 | 13183% 7050
Mean + SD | 48+ 1.414 7'702- 70+0 B 27.18 44.03 B
: f-test 19.903
Pf'teISt ézdcl)ii P-value 0.001*
“value : TT&CT | TT&CC CT&CC
T6T87‘§T TTl&gC CGT;%?C t-test 6.108 13.828 4157
t-test S 51.595 : Pvalue | 0.001* 0.011% 0.0002*
P-value 0.001* 0.001* 0.001*
Genotype
BIOOd Ul’ea Genotypes SIRTl yp
Nitrogen TT CT CC
TT CT cc
(BUN) 3106 Range 6.3-23 8-20 25
Range 2336 | 2196-3505 32.11 Mean + SD 1; 'ési 12.6 +3.94 2540
2243+ 2753+ :
Mean + SD 0661 3599 32.71+0 F:‘-teslt éoo.éiz
f-test 22.152 “value :
< TT&
P-value 0.001 ot TT&CC CT&CC
[ TrscT T Tracc [ cracc Cest | e | ame | B
tes : i : P-value 0.043* 0.002* 0.001*
P-value 0.001* 0.001* 0.001*
Serum Genotypes
Creatinine T cT cC
Range 1.5-2.2 1.5-2.2 1.8
1.76 + 1.75+
Mean £ SD 0.312 0.216 1.8+0
f-test 0.084
P-value 0.919
TT&CT | TT&CC CT&CC
t-test 0.120 0.443 1.225
P-value 0.453 0.333 0.117
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Correlation between SIRT1 level and the following studied parameters:

SIRT1
r p

HbAlc

0.153 | 0.345

Serum Urea

0.107 | 0.510

Blood Urea Nitrogen (BUN)

0.107 | 0.510
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Discussion

There was significant increase difference between the DN group and the diabetics without DN and the
control groups, as well as there was a significant increase difference between the diabetics without DN and
the controls, regarding the glycated hemoglobin. This is in agreement with a study done by (45) between
T2DN group and the control group (T2DM without DN) and with the Chinese study done by (44) between the
DKD group and the control group (DM without DKD) regarding this parameter.

In the present study, there was significant increase difference between the DN group and the diabetics
without DN and the control groups, as well as there was a significant increase difference between the diabetics
without DN and the controls, regarding the albumin/creatinine ratio, and the microalbuminurea. This is in
agreement with the results revealed by (44), in which there was a significant difference between DKD group
and the control group (DM without DKD) regarding these parameters

This study stated that there was a significant increase difference in the serum SIRT1 level in the diabetic
nephropathy group than the diabetics without DN and the control groups, while there was no significant
difference between the diabetics without DN and the control group regarding this parameter.

Regarding the genotype variants of SIRT-1 (rs4746720) distribution. This current study showed that the
percentage of TT genotype were significantly decreased in the diabetic nephropathy patients than the diabetic
patients without diabetic nephropathy & the control ones. While, the percentage of CT & CC genotypes was
significantly increased in the DN patients than the diabetic patients without DN & the control group. In
addition that there was no significant difference between the diabetics without DN and the control group
regarding the percentage of TT, CT, & CC genotypes. Moreover comparing allele distributions between DN
patients, diabetics without DN and normal subjects, this work revealed significantly decreased frequencies of
the T allele in DN patients than in diabetics without DN and controls.

Regarding the allele frequency of SIRT-1 (rs4746720). This current study showed that the percentages of T
allele were significantly decreased in the diabetic nephropathy patients than the diabetic patients without
diabetic nephropathy & the control ones. While, the percentages of C allele were significantly increased in the
DN patients than the diabetic patients without DN & the control group. In addition that there was no significant
difference between the diabetics without DN and the control group regarding the percentages C and T alleles.

This study showed that the HbAlc, Serum Urea, Blood Urea Nitrogen, levels were statistically significantly
increase in DN patients with SIRT-1 CT and CC genotype than those with SIRT-1 T/T genotype.

Adding to this, the Albumin/creatinine ratio and Microalbuminurea levels were statistically significantly
increase in DN patients with SIRT-1 CT and CC genotype than those with SIRT-1 T/T genotype.

In this study, the Serum Creatinine level was statistically insignificantly increase in DN patients with
SIRT-1 CT and CC genotype than those with SIRT-1 T/T genotype.

So from the previous results, SIRT1 rs4746720 was associated with poor/worse diabetic nephropathy, as
manifested by significantly increase HbAlc, Serum Urea, Blood Urea Nitrogen, Albumin/creatinine ratio and
Microalbuminurea levels and insignificantly increase level of serum creatinine in CT and CC genotypes. Such
findings highlight the usefulness of SIRT1 gene polymorphisms as potential prognostic marker in patients
with diabetic nephropathy.

This study showed that the Serum SIRT-1 levels were statistically significantly increased in DN patients
with SIRT1 CC genotype than those with SIRT-1 CT and TT genotypes.

The results obtained from this study showed significantly increased serum SIRT-1 levels in diabetic
nephropathy group compared to the diabetics without DN and control groups. Which were positively
correlated with HbAlc, Serum Urea, Blood Urea Nitrogen, Serum creatinine, Microalbuminurea levels, and
Albumin/ creatinine ratios in DN patients.
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Conclusion & Recommendations

After studying the association of SIRT1 gene polymorphism in the pathogenesis of the diabetic nephropathy
in T2DM subjects, it is suggested that SIRT1 gene polymorphism is a significant factor in the development
and progression of DN.

In conclusion, the effects of SIRT1 gene polymorphisms on susceptibility to diabetic nephropathy might be
mediated by differences in the metabolic state among individuals including glycemic control, obesity, and
blood pressure also by difference in the ethnicity.

Therefore, the study of our interest suggests that SIRT1 may be a good candidate for diabetic nephropathy,
although the association should be evaluated further in independent studies to obtain a precise conclusion.

It is recommended that further studies should be conducted on the association of SIRT1 gene polymorphism
in the pathogenesis of diabetic nephropathy among different ethnicities, different genetic background, and
large number of population for precise conclusion.

Studying the effect of SIRT1 combined with other genes as FOXO1 and other co-factors as P300 and
screening more loci within SIRT1 gene should be taken in consideration.

Funding

No financial support was received for this study.
Disclosure

The authors report no conflicts of interest in this work.
References

1. Kumar A., Singh UK. (2013). Molecular mechanisms in the pathogenesis of diabetic nephropathy:
an update. Vascul Pharmacol. 2013 Apr;58(4):259-71. doi: 10.1016/j.vph.2013.01.001. Epub 2013
Jan 11. PMID: 23313806.

2. Donate-Correa J, Martin-Nafez E, Muros-de-Fuentes M, et al. (2015). Inflammatory cytokines in
diabetic nephropathy. J Diabetes Res. 2015;2015:948417. doi: 10.1155/2015/948417. Epub 2015 Feb
15. PMID: 25785280; PMCID: PMC4345080.

3. Afkarian M, Sachs MC, Kestenbaum B, et al.,(2013). Kidney disease and increased mortality risk in
type 2 diabetes. J Am Soc Nephrol. 2013 Feb;24(2):302-8. doi: 10.1681/ASN.2012070718. Epub
2013 Jan 29. PMID: 23362314; PMCID: PMC3559486.

4. Zhang L, et al. (2016): Prevalence of chronic kidney disease and associated factors in Chinese
individuals with type 2 diabetes: Cross-sectional study. J Diabetes Complications. 2016 Jul;30(5):803-
10.d0i:10.1016/j.jdiacomp.2016.03.020. Epub 2016 Mar 17. PMID: 27068269.

5. Kume S, Uzu T, Kashiwagi A. et al. (2010): SIRT1, a calorie restriction mimetic, in a new therapeutic
approach for type 2 diabetes mellitus and diabetic vascular complications. Endocr Metab Immune
Disord Drug Targets; 10: 16-24

6. Polak-Jonkisz D, Laszki-Szczachor K, Rehan L. et al. (2013): Nephroprotective action of sirtuin 1
(SIRT1). J Physiol Biochem; 69: 957-961

7. Maeda S, Koya D, Araki S. et al. (2011): Association between single nucleotide polymorphisms
within genes encoding sirtuin families and diabetic nephropathy in Japanese subjects with type 2
diabetes. Clin Exp Nephrol; 15: 381-390

8. Young BA, Maynard C, Boyko EJ., et al., (2003): Racial differences in diabetic nephropathy,
cardiovascular disease, and mortality in a national population of veterans. Diabetes Care 26 (8):2392—
2399

Ola Abdelmoneim Elkholy, I3SRM Volume 10 Issue 10 October 2022 [www.ijsrm.in] MP-2022-717



https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0027
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0029
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0030

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Haraldsson B, Nystrom J, Deen WM, et al., (2008): Properties of the glomerular barrier and
mechanisms of proteinuria. Physiol Rev 88 (2):451-487

Gnudi L, Gentile G, Ruggenenti P, et al., (2016): The patient with diabetes mellitus. In: Turner N,
Lamiere N, Goldsmith DJ, Wineearls CG, Himmelfarb J, Remuzzi G (eds) Oxford textbook of clinical
nephrology, vol 2. Oxford University Press, Oxford, pp 1199-1247

Huang L. and Khardori R. (2017): Pathogenesis of Diabetic Nephropathy. In: Managing Diabetic
Nephropathies in Clinical Practice. Adis, Cham. https://doi.org/10.1007/978-3-319-088730_2

Amin R, Turner C, van Aken S, et al., (2005): The relationship between microalbuminuria and
glomerular filtration rate in young type 1 diabetic subjects: The Oxford Regional Prospective Study.
Kidney Int.;68:1740-9.

Premaratne E, Verma S, Ekinci El, et al., (2015): The impact of hyperfiltration on the diabetic
kidney. Diabetes Metab.;41:5-17.

Singh AK, Mo W, Dunea G, et al., (1998): Effect of glycated proteins on the matrix of glomerular
epithelial cells. J Am Soc Nephrol.;9:802-10.

Reidy K, Kang HM, Hostetter T, et al., (2014): Molecular mechanisms of diabetic kidney disease. J
Clin Invest. ;124: 2333-40.

Tervaert TW, Mooyaart AL, Amann K, et al., (2010): Pathologic classification of diabetic
nephropathy. J Am Soc Nephrol.;21:556-3.

Romagnani P. and Remuzzi G. (2013): Renal progenitors in non-diabetic and diabetic nephropathies.
Trends Endocrinol Metab.;24:13-20.

Furuta T, Saito T, Ootaka T, et al. (1993): The role of macrophages in diabetic glomerulosclerosis.
Am J Kidney Dis.;21:480-5.

Nguyen D, Ping F, Mu W, et al., (2006): Macrophage accumulation in human progressive diabetic
nephropathy. Nephrology (Carlton).;11:226-31.

Yonemoto S, Machiguchi T, Nomura K, et al., (2006): Correlations of tissue macrophages and
cytoskeletal protein expression with renal fibrosis in patients with diabetes mellitus. Clin Exp
Nephrol.;10:186-92.

Ha HJ, Yu MR, Choi YJ, et al., (2002): Role of high glucose-induced nuclear factor-kappa B
activation in monocyte chemoattractant protein-1 expression by mesangial cells. J Am Soc
Nephrol.;13:894-902

Chen JS, Lee HS, Jin JS, et al. (2004): Attenuation of mouse mesangial cell contractility by high
glucose and mannitol: Involvement of protein kinase C and focal adhesion kinase. J Biomed
Sci.;11:142-51.

Ruiz-Ortega M, Lorenzo O, Ruperez M, et al., (2001): Renin-angiotensin system and renal damage:
emerging data on angiotensin Il as a proinflammatory mediator. Contrib Nephrol.;135:123-37.
Nakagawa T, Tanabe K, Croker BP, et al., (2011): Endothelial dysfunction as a potential contributor
in diabetic nephropathy. Nat Rev Nephrol.;7:36-44.

Rudberg S. and Osterby R. (1997): Decreasing glomerular filtration rate — an indicator of more
advanced diabetic glomerulopathy in the early course of microalbuminuria in IDDM adolescents?
Nephrol Dial Transplant.;12:1149-54.

Nelson RG, Knowler WC, McCance DR, et al., (1993): Determinants of end-stage renal disease in
Pima Indians with type 2 (non-insulin-dependent) diabetes mellitus and proteinuria.
Diabetologia.;36:1087-93.

Deckert T, Feldt-Rasmussen B, BorchJohnsen K, et al.,(1989): Albuminuria reflects widespread
vascular damage. The Steno hypothesis. Diabetologia 32(4):219-226

Berhane AM, Weil EJ, Knowler WC, et al., (2011): Albuminuria and estimated glomerular filtration
rate as predictors of diabetic end-stage renal disease and death. Clin J Am Soc Nephrol 6(10):2444—
2451

Gnudi L, Coward RJ, Long DA, et al., (2016): Diabetic nephropathy: perspective on novel molecular
mechanisms. Trends Endocrinol Metab 27 (11):820-830

Ola Abdelmoneim Elkholy, I3SRM Volume 10 Issue 10 October 2022 [www.ijsrm.in] MP-2022-718


https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2
https://doi.org/10.1007/978-3-319-08873-0_2

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Gizem D and Tiago FO. (2013): SIRT1 and SIRT2: emerging targets in neurodegenration. EMBO
Mol Med.;5:344 — 352,

Guan, Y., and Hao, C.M. (2015, 10 13): SIRT1 and Kidney Function. Kidney Diseases, 1(4),
258265.

Haigis MC and Sinclair DA. (2010): Mammalian sirtuins: biological insights and disease relevance.
Annu Rev Pathol.;5:253-295

Wakino S, Hasegawa K, Itoh H, et al., (2015): Sirtuin and metabolic kidney disease. Kidney Int,
Epub ahead of print.

Dong Y., Liu, Xiao, et al., (2014): Renal protective effect of sirtuin 1. Journal of Diabetes Research,
2014. Hindawi Publishing Corporation.

Haigis M. C. and Guarente L. P., (2006): —Mammalian sirtuins— emerging roles in physiology,
aging, and calorie restriction,|Genes and Development, vol.20, no.21, pp.2913-2921.

Kong L., Wu, H., Zhou W., et al.,(2015, 1 12): Sirtuin 1: A target for kidney diseases. Molecular
Medicine, 21, 87-97.

Kitada, M., Kume, S. & Koya, D., et al., (2014): Role of sirtuins in kidney disease. Curr. Opin.
Nephrol. Hypertens. 23,

Turkmen k, Karagoz A, Kucuk A, et al., (2014): Sirtuins as novel players in the pathogenesis of
diabetes mellitus. World J Diabetes.; 5(6):894- 900

Song YS, Lee SK, Jang YJ, et al., (2013): Association between low SIRT1 expression in visceral and
subcutaneous adipose tissues and metabolic abnormalities in women with obesity and type 2 diabetes.
Diabetes Res ClinPract. 101: 341-348.

Rahman S and Islam R (2011): Mammalian Sirt1: insights on its biological functions. Cell Commun
Signal.; 9: 11.

Gross JL, de Azevedo MJ, Silveiro SP, et al., (2005): Diabetic nephropathy: diagnosis, prevention,
and treatment. Diabetes Care 28(1):164-176

Coresh J, Selvin E, Stevens LA., et al. (2007): Prevalence of chronic kidney disease in the United
States. JAMA,; 298: 2038-2047

Gok O, Karaali Z, Ergen A, et al.,(2019 JUN): Serum sirtuin 1 protein as a potential biomarker for
type 2 diabetes: Increased expression of sirtuin 1 and the correlation with microRNAs. J Res Med Sci.
25;24:56. doi: 10.4103/jrms.JRMS_921 18. PMID: 31333735; PMCID: PMC6611179.

Tang, K., Sun M., Shen, J., et al., (2017): Transcriptional Coactivator p300 and Silent Information
Regulator 1 (SIRT1) Gene Polymorphism Associated with Diabetic Kidney Disease in a Chinese
Cohort. Experimental and Clinical Endocrinology & Diabetes, 125.

Zhao, Y., Wei, J., Hou, X., et al., (2017, 12 1): SIRT1 rs10823108 and FOXO1 rs17446614
responsible for genetic susceptibility to diabetic nephropathy. Scientific Reports, 7(1)

Ola Abdelmoneim Elkholy, I3SRM Volume 10 Issue 10 October 2022 [www.ijsrm.in] MP-2022-719


https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0043-103966/id/R11-2016-0452-Dia-0005

