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Abstract
The purpose of this study was to search for molecular prognostic markers of diabetic nephropathy (DN) in patients with type 

2 diabetes mellitus (T2DM).
The study included 205 patients with T2DM and DN (stages 1 to 4). All patients were stratified by the MDRD equation. The 

control group included 30 healthy individuals. All T2DM patients were divided into 4 groups depending on the DN stages. Group 
1 included 42 patients with DN-Stage 1 (prenephropathy), Group 2 included 48 patients with DN-Stage 2 (incipient nephropathy); 
Group 3 included 65 patients with DN-Stage 3 (overt nephropathy), and Group 4 included 50 patients with DN-Stage 4 (kidney 
failure). Molecular phenotyping of urine was processed with methods of proteomics: the prefractionation, the separation of proteins 
with standard sets (MB-HIC C8 Kit, MB-IMAC Cu, MB-Wax Kit, «Bruker», USA), matrix-assisted laser desorption-ionization 
time-of-flight mass spectrometry (MALDI-TOF-MS/MS, Ultraflex II, «Bruker», USA). The data of the molecular interactions and 
functional features of proteins were received with STRING 10.0 database. Potentially new molecular markers of DN development 
were identified.  (Int J Biomed. 2016; 6(1):65-69.).
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Introduction
 Diabetic nephropathy DN is a chronic disease that affects 

366 million people worldwide (6.4% of the adult population) 
and is expected to rise to 552 million by 2030 [1]. In Russia, 
the prevalence of DN among patients with type 2 diabetes 
mellitus (T2DM) is an average of 8% that below world values 
in 5 times. Active screening of patients with T2DM reveals 
that the true prevalence of DN exceeds that registered in 
various regions of Russia by 2 to 8 times. The epidemiology 
of DN in T2DM has been insufficiently investigated because 
it is extremely difficult to determine the time when DN 
begins. One of the main causes of mortality among T2DM 
patients is DN that leads to terminal renal failure (5% to 10% 
of cases of T2DM) [2-4]. Experimental and clinical trials 
performed from 1998 until 2014 showed that hyperglycemia 
[5,6,7], hyperglycemia [8], a high level of creatinine in the 
blood, glomerular hyperfiltration [9], proteinuria [10], arterial 
hypertension [11], and anemia [12] play an important role in 

the development of DN in T2DM patients. Genetic factors 
(genes of perlecan, N-deacetylase, IL-1, the receptor to IL-1, 
aldose reductase, catalase, SOD2, paraoxonase) can directly to 
define the development of DN together with the genes (genes 
of angiotensinogen, renin, ACE, AT2R1), defining human 
cardiovascular diseases [13]. 

The molecular pathogenesis of DN in T2DM patients 
cannot be described only on the basis of standard methods 
of clinical research. Modern methods and technologies of 
proteomic analysis allow us to search new prognostic markers 
and to explore pathways of DN in T2DM patients. Currently, 
we need progress in the development and clinical application 
of new molecular screening tests reflecting key genomic-
proteomic interactions underlying DN in T2DM patients.

The purpose of this study was to search for molecular 
prognostic markers of DN in T2DM patients.

Materials and Methods
The study was prospective comparative cohort with 

parallel design. The study conducted in accordance with WMA 
Declaration of Helsinki (1964-2013) and the permission of the 
Ethics Committee of the Rostov State Medical University. It 
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included 205 patients with T2DM and DN (stages 1 to 4). The 
control group included 30 healthy individuals.

All patients were stratified by the MDRD equation. 
Patients corresponded to the criteria for the DN classification 
proposed by the Committee on Diabetic Nephropathy [14]. 
Clinical-anamnestic characteristics of T2DM patients with DN 
are presented in Table 1.  All T2DM patients were divided into 
4 groups depending on the DN stages. Group 1 included 42 
patients with DN-Stage 1 (prenephropathy), Group 2 included 
48 patients with DN-Stage 2 (incipient nephropathy); Group 
3 included 65 patients with DN-Stage 3 (overt nephropathy), 
and Group 4 included 50 patients with DN-Stage 4 (kidney 
failure). The duration of DN was 10.5 years. 

T2DM risks were evaluated with a special Type 2 Diabetes 
risk assessment form designed by Professor J.Tuomilehto 
(http://www.diabetes.fi/files/502/eRiskitestilomake.pdf).

At the stage of data collection and screening, we 
applied standard methods for identification of DN and 
DM: the assessment of the patient`s complaints, medical 
history, physical examination, 24-hour ABPM, ECG, 
the ultrasonography of  kidney (Doppler spectrum of the 
intrarenal arteries in conjunction with evaluation of the renal 
cortical echogenicity, SonoAce R3, Samsung Medison, South 
Korea), blood and urine tests, biochemical analysis of blood 
and urine (ELISA, Siemens 2000, Germany), the estimation of 
T2DM compensation by HbA1c levels  (Randox Laboratories 
Ltd., UK), coagulogram («Instrumentation Laboratory», 
USA), the measurement of albumin/creatinine in the urine. 
MAU (urinary albumin excretion of 30-300 mg/24 hours) was 
assessed by a semi-quantitative method using test strips for the 
determination of protein in the urine, in compliance with the 
rules for collecting morning urine. GFR was estimated by the 
Cockcroft-Gault formula.

Molecular phenotyping of biosamples (urine) was 
processed with methods of proteomics: the prefractionation, 
the separation of proteins with standard sets (MB-HIC C8 
Kit, MB-IMAC Cu, MB-Wax Kit, «Bruker», USA), matrix-
assisted laser desorption-ionization time-of-flight mass 
spectrometry (MALDI-TOF-MS/MS, Ultraflex II, «Bruker», 
USA). The partially identified sequences were then submitted 
to “BLAST protein-protein” and screened against the Homo 
sapiens Swissprot database to check if this identification 
matched the MASCOT-identification (Matrix Science). The 
data of the molecular interactions and functional features of 
proteins were received with STRING 10.0 database. 

The duration of therapy (hypoglycemic drugs: 
glibenclamide, metformin, pioglitazone, insulin glargine; 
antihypertensive drugs: amlodipine, valsartan; hypolipidemic 
drug – fenofibrate; antiplatelet drug – acetylsalicylic acid) was 
9.2 years. 

Statistical analysis of the survey data was performed 
using the software “Statistica 12.0” (Statsoft, Russia).  
Baseline characteristics were summarized as frequencies and 
percentages for categorical variables and as mean±SEM for 
continuous variables. Student’s unpaired t-tests were used 
to compare two groups for data with normal distribution. 
Comparisons between three groups were performed with 
the one-way ANOVA with Tukey’s post-hoc test. Group 
comparisons with respect to categorical variables are performed 
using χ2 tests with Yates correction or, alternatively, Fisher’s 
exact test when expected cell counts were < 5. A probability 
value of P<0.05 was considered statistically significant.

Results
Parameters of coagulogram, blood test, uric acid, and 

potassium in the serum were in the range of reference values. 
Ultrasonographic signs of DN were detected in all patients:  
high resistive indices were obtained in the region of the 
arcuate or the interlobar arteries in patients with elevated 
serum creatinine levels. 

Table 1.
Clinical-anamnestic characteristics of the studied patients 

Variable Group 1
(n=42)

Group 2
(n=48)

Group 3
(n=65)

Group 4
(n=50)

Control
(n=30)

Sex (M/F), n 24/18 23/25 27/38 24/26 14/16
Age, years 59.2±2.5 61.3±2.7 60.5±2.3 61.7±2.9 59.5±1.7&

Weight, kg 85.5±1.7 87.4±1.8 86.3±1.5 86.1±1.3 75.6±1.2
Height, cm 171.2±1.7169.4±1.6170.5±1.6 170.4±1.4 170.5±1.6
BMI, kg/m2 31.4±1.2 30.2±1.1 31.0±1.2 30.9±1.2 26.1±0.8
T2DM
duration, yrs 10.3±1.1 9.7±1.0 10.2±1.2 9.9±1.1 -

T2DM Total risk
score:
Low (< 7)
Slightly ele-
vated (7–11)
Moderate (12-14)
High (15-20)
Very high (>20)

-
12

19
7
4

-
6

24
12
6

-
-

35
17
13

-
-

22
19*
9

26
4

-
-
-

Degree of
metabolic
compensation:
HbA1с<9% 
HbA1с: 9-10% 
HbA1с>10% 

40
2^
-

24**
24
-

2***
42
21

-
32
18

-
-
-

BP JNC7 
category [15]
-Normal 
-Prehypertension 
-Stage1 H
-Stage2 H

-
4

28***/^^
10^^/***

-
4

18^^
26

-
7

9^^^
49##

-
-

15#/*
35*

30
-
-
-

ECG data:
-Sokolov–Lyon
index 
(SV1+RV5-6)
>3.5mV, n
-Cornell voltage
QRS duration
product
(>244mV*ms), n

24

24

35

35

47

47

42^^^^

42^^^^

-

-

Stages of
retinopathy:
-mild NPDR
-moderate NPDR
-severe NPDR
-PDR

12***
28
2
-

10
30
8
-

3##

35
20”
7

-
25

12### 
13#

-
-
-
-

H – hypertension; NPDR - Nonproliferative diabetic retinopathy; 
PDR -proliferative diabetic retinopathy;  
P=0.000 for: *1 vs. 4; **2 vs. 3; ***3 vs. 1; ^1 vs. 2, 1 vs. 3, 1 vs. 4.
P<0.01 for: ^^  vs. 2; ^^^ 2 vs. 3; ^^^^ 1 vs. 4;”1  vs. 3; & 4 vs. control.
P<0.05 for: #3 vs. 4; ##2 vs. 3;  ###4 vs. 1.



67V. M. Ibragimov et al. / International Journal of Biomedicine 6(1) (2016) 65-69

We noted a significant increase in indicators of 24-h 
daytime and nighttime SBP and DBP and heart rate (daytime 
SBP: Group 1 – 115.2±3.1 mmHg, Group 2 – 134.7±3.9 
mmHg, Group 3 – 145.4±4.1 mmHg, and Group 4 – 159.1±4.7 
mmHg, P1/2<0.001,P1/3<0.001,P1/4<0.,001; daytime DBP: 
Group 1 – 66.7±2.1 mmHg, Group 2 – 72.8±2.4 mmHg, 
Group 3 – 82.0±2.8 mmHg, and Group 4 – 89.5±3.3 mmHg, 
P1/2<0.001,P1/3<0.001,P1/4<0.001; nighttime SBP: Group 
1 - 115.4±1.8 mmHg, Group 2 – 120.5±2.3 mmHg, Group 
3 – 129.4±2.6 mmHg, and Group 4 – 134.6±3.2 mmHg,                
P1/2<0.001,P1/3<0.001,P1/4<0.001; nighttime DBP: Group 
1-66.8±1.4 mmHg, Group 2 – 75.2±1.6 mmHg, Group 3 – 
81.5±1.7 mmHg, and Group 4 - 89.3±1.9 mmHg, P1/2<0.001, 
P1/3<0.001,P1/4<0.001; heart rate: Group 1 -72.3±1.2 bpm, 
Group 2 – 79.5±1.3 bpm,  Group 3 – 85.3±1.5 bpm, and Group 
4 - 88.2±1.8 bpm, P1/2<0.001,P1/3<0.001,P1/4<0.001) in 
Groups 2, 3, and 4 compared to Group 1. 

All these changes are associated with a higher expression 
of urine proteins in the progression of epithelial-to-mesenchymal 
transition (EMT) and changes in the extracellular matrix (ECM) 
in kidneys in T2DM patients with DN. Proteomic analysis helps 
in the detection of differences in the component composition 
of the urine proteins in patients with DN of varying stages 
compared with the control group (Table 2). Molecules interact 
among themselves and with other molecules as participants in 
universal pathways in T2DM patients with DN, which are the 
key elements for EMT formation and changes in ECM: Smad, 
p38 MAPK, TLRs, Wnt, mTOR, Notch, small GTPase and 
Hedgehog, PI3K/AKT- signaling pathways.

Bioinformatics analysis has revealed the presence of 
molecules that are the participants of the universal pathways 
of DN and the molecular interactions involved.

Discussion 
Proteomic analysis has revealed an increase in the 

absolute number of T2DM patients with DN with an 
expression of proteins performing certain biological functions 
and having various localizations in the intra - and extracellular 
spaces (Table 2). Major typical morphological changes are the 
result of EMT: an increase of the mesangial matrix, thickening 
of the glomerular basement membranes, and expansion of the 
tubulointerstitial space due to increased amounts of ECM. As 
mentioned above, all EMT events are regulated by multiple 
intracellular signaling pathways. We consider the functional 
activity of some proteins in this molecular process.

Fibronectin is found in the normal glomerular mesangial 
matrix; an enhanced fibronectin accumulation with high 
expression in urine is observed in DN. This fact could be 
associated with locally stimulated production of the insoluble 
or cellular form of fibronectin in mesangial and epithelial cells. 
Ceruloplasmin is more difficult to be filtered by the glomerulus 
than albumin. We observed higher urinary ceruloplasmin 
excretion in patients with DN compared to controls, even in 
the normoalbuminuric phase. Ceruloplasmin is a promising 
marker of damaged glomerulus in DN, but further studies are 
necessary to characterize its functional role in the progression 
of the disease. 

Table 2.
Qualitative profile of urine proteins in T2DM patients with DN 

Protein name Group 1
(n=42)

Group 2 
(n=48)

Group 3 
(n=65)

Group 4 
(n=50)

CG
 (n=30)

MW
(Dа) 

Functional process (sources: InterPro, Entrez, SWISS-PROT, 
NRDB, PDB, KEGG

TGF- β1 18
PCG-1=0.001

27
PCG-2=0.000

52
PCG-3=0.000

48
PCG-4=0.000

2 44341 Pro-fibrotic and anti-inflammatory activities, the regulation of 
tubular EMT 

E-cadherin 22
PCG-1=0.000

38
PCG-2=0.000

62
PCG-3=0.000

49
PCG-4=0.000

1 97456 The regulation of tubular EMT; the maintenance of epithelial 
integrity, cell phenotype; the progression of renal fibrosis.

Cystatin C 15
PCG-1=0.001

40
PCG-2=0.000

60
PCG-3=0.000

45
PCG-4=0.000

1 15799 Cysteine proteinase inhibitor, tubular damage marker.

Collagen IV 4
PCG-1>0.05

32
PCG-2=0.000

48
PCG-3=0.000

42
PCG-4=0.000

1 164038 Constituent of mesangial matrix, marker of the phase of 
compromised renal filtration function.

MMP 9 8
PCG-1>0.05

32
PCG-2=0.000

60
PCG-3=0.000

49
PCG-4=0.000

1 78458 Potent modulator of ECM7 turnover and also of shedding of 
syndecans.

Fibronectin 4
PCG-1>0.05

35
PCG-2=0.000

52
PCG-3=0.000

43
PCG-4=0.000

1 262625 Adhesive glycoprotein, locally stimulated mesangial and 
epithelial cell production.

NGAL
10

PCG-1=0.043

42
PCG-2=0.000

62
PCG-3=0.000

48
PCG-4=0.000

1 22588
Kidney development; it loses through the damaged 
glomerulus, injured tubular cells produce NGAL as a 
compensatory mechanism against intracellular oxidative 
stress and complement- induced apoptosis.

Ceruloplasmin 12
PCG-1=0.006

37
PCG-2=0.000

42
PCG-3=0.000

35
PCG-4=0.000

1 122205 Marker of  damaged glomerulus.

β2-microglobulin 6
PCG-1>0.05

37
PCG-2=0.000

62
PCG-3=0.000

49
PCG-4=0.000

1 11774 The indicator of incipient DN; detecting injured
 epithelial cells in the proximal tubules.

Podocine 23
PCG-1=0.000

45
PCG-2=0.000

63
PCG-3=0.000

49
PCG-4=0.000

1 42201 Podocyte-specific protein, interact with the PI3K/AKT- 
signaling pathway for maintenance of functional integrity.

MCP-1 11
PCG-1=0.011

39
PCG-2=0.000

48
PCG-3=0.000

46
PCG-4=0.000

1 2583
Chemotactic factor for monocytes; regulates the memory 
T lymphocytes, NK cells; increases with TNFα and IL-6 in 
damaged kidneys.

CG - control group; MW- molecular weight; P-value between groups based on Fisher’s Exact Test
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E-cadherin is expressed in the membrane and cytoplasm 
of renal tubular epithelial cells, and its expression is decreased 
in DN compared with healthy controls. E-cadherin is identified 
as DN-related biomarker, which is specifically increased in 
urine of DN patients.

We revealed a high expression of urinary cystatin 
C, a tubular damage marker, which is associated with the 
progression of type 2 DN.  In healthy subjects, cystatin C is 
freely filtered by the renal glomeruli and entirely reabsorbed 
in the proximal tubule.  Increased urinary cystatin C has been 
recognized as the marker of  renal tubular dysfunction [16-18].

The data suggest that high urinary expression of autocrine 
factors including TGFβ, MCP-1 and NGAL is associated with 
DN progression. Obviously, the autocrine signaling network 
stimulated the hypertrophy, expansion of the mesangial matrix 
and atrophy of proximal tubules. Bioinformatic analysis 
suggested that elevated ET-1 secretion may evoke autocrine 
cytokine- and chemokine-based signaling.

Transforming growth factor-β TGF-β has a broad 
spectrum of biological functions in a variety of cell types. It is 
widely accepted that TGF-β and its downstream Smad cascade 
is a key mediator in the pathogenesis of renal fibrosis both in 
experimental models and in human kidney diseases [19-20]. 

TGF-β mediates progressive renal fibrosis by 
stimulating extracellular matrix production, while inhibiting 
its degradation. TGF-β is also considered to induce EMT of the 
injured tubule epithelial cells, whereas the in vivo relevance of 
EMT remains controversial. In diabetic nephropathy, TGF-β 
also mediates mesangial matrix accumulation [21].

Neutrophil gelatinase-associated lipocalin (NGAL) 
is a protein belonging to the lipocalin superfamily initially 
found in activated neutrophils, in accordance with its role as 
an innate antibacterial factor. However, it subsequently was 
shown that many other types of cells, including in the kidney 
tubule, may produce NGAL in response to various injuries.  
In DN, an increased quantity of circulating  NGAL could be 
lost through the damaged glomerulus. Injured tubular cells 
may actively produce NGAL as a compensatory mechanism 
against oxidative stress and complement-induced apoptosis in 
cells. NGAL may become one of the most promising next-
generation biomarkers in clinical nephrology and beyond [22].

Monocyte chemoattractant protein-1 (MCP-1/CCL2) 
is one of the key chemokines that regulate migration and 
infiltration of monocytes/macrophages,memory T lymphocytes, 
and natural killer (NK) cells.

Podocyte specific proteins are early biomarkers of DN, 
especially podocin.  The podocyte is a specialized visceral 
epithelial cell that helps to establish the glomerular filtration 
barrier and prevents protein loss, along with the glomerular 
basement membrane and the endothelial cell layer. Occurrence 
of podocytopenia (decreased number) and podocyturia 
(podocytes in urine) in DN are well established [23-25] 
Podocyte loss initiates the process of glomerulosclerosis by 
accelerating synechiae between podocytes and the glomerular 
basement membrane. In DN, altered expression of podocyte 
specific proteins such as synaptopodin  ,  podocin    and 
nephrin have been described [26]. 

We observed increased renal production of type IV 

collagen, a prominent constituent of the thickened basement 
membrane and expanded mesangium.  The excretion of 
collagen IV has been found in DN (stages of  microalbuminuria 
or overt proteinuria), which demonstrates the progression of 
glomerular injury with additional structural damage  induced 
by increased synthesis of type IV collagen in extramesangial 
sites. 

We found also the activation of urinary MMP9. This 
fact could be associated with excessive accumulation of ECM, 
which is thought to contribute to the development of DN. 
MMP9 may remodel ECM in DN.

Each protein molecule in the functional group interacts 
with other protein molecules. For example, the molecular 
interactions of NGAL are presented in Fig. 1. The concentration 
of NGAL increases in the urine of T2DM patients with DN 
that was most pronounced in the groups with incipient and 
overt nephropathy. 

Conclusion
The study identified the biomarkers of tubular damage 

that  have a key role in the development and progression of 
DN. The research into signaling pathways and the molecules 
that are involved in ECM formation may help in developing 
strategies to prevent DN.
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Fig. 1. Molecular interactions of NGAL
 (STRING 10.0 database)

LCN2, lipocalin-2; MMP-9, matrix metallopeptidase 9; LRP2, 
low density lipoprotein-related protein 2; ERBB2, erythroblastic 
leukemia viral oncogene homolog 2 (neuro/glioblastoma derived 
oncogene homolog); IL3, interleukin 3 (colony-stimulating factor, 
multiple); HMOX1, heme oxygenase (decycling) 1; IL-17A, 
interleukin 17A; LEP, leptin; INS, insulin; TLR2, toll-like receptor 
2; CDH1, cadherin 1, type 1, E-cadherin (epithelial cadherin).
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