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Abstract

Proteinuria is a hallmark of diabetic nephropathy (DN). Qualitative analysis of proteinuria plays an
important role in the diagnosis and prognosis of DN. SDS-PAGE is the most frequently used method for
qualitative analysis of proteinuria.

The aim of this study was to test the significance of SDS-PAGE of urinary proteins in assessing
the severity of kidney disease in DN patients by comparing the results of kidney laboratory tests among
different proteinuric DN patients.

This study included 92 confirmed cases with DN. Urinary protein separation was performed using
ultrathin horizontal gradient linear (4-22%) SDS-PAGE. According to the type of proteinuria, all patients
were categorized into three groups: patients with glomerular, patients with tubular, and patients with mixed
proteinuria.

Urinary microalbumin to creatinine ratio (UMCR) and glomerular filtration rate (GFR) were
estimated in all patients.

Blood serum was used for biochemical analyses. SDS-PAGE analysis showed that 50% of studied
DN patients had a mixed type of proteinuria. UMCR and serum creatinine were significantly increased,
while eGFR was significantly decreased in patients with mixed proteinuria compared to patients with
glomerular or tubular proteinuria (p<0.001).

We found a significant difference between patients with mixed proteinuria and patients with
glomerular or tubular proteinuria regarding the duration of disease and glycaemic control (p<0.001). DN
patients with mixed proteinuria have a significant decline in kidney function than those who excrete
glomerular or tubular proteins only. SDS PAGE is a good noninvasive tool for assessing the severity of
DN.
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Introduction

Diabetic nephropathy (DN) is the major cause of chronic kidney disease (CKD) and end-stage renal
disease (ESRD) worldwide [1]. Laboratory tests play an important role in the diagnosis, management, and
prognosis of DN patients.

Several laboratory tests are utilized to determine the degree of kidney failure and to monitor the
course of the disease.

The most widely used laboratory tests are glomerular filtration rate (GFR) estimation, a measure
of kidney function, and proteinuria detection, a measure of kidney injury [2].

Only clinical and laboratory results do not predict pathological kidney damage and cannot play a
decisive role, so the diagnosis of DN involves a kidney biopsy, which is an invasive procedure with
potentially significant complications. At present, a kidney biopsy is reserved only for diabetic patients who
are suspected of having kidney disease other than DN [3].
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Proteinuria is the main characteristic of DN. In addition to quantitative urinary protein analysis,
gualitative proteinuria analysis plays a significant role in diagnosis and prognosis of DN.

Generally, a small amount of albumin is excreted in the urine, because it is almost entirely
reabsorbed in the renal tubules. Damaged kidneys allow more albumin to cross the glomerular filtration
barrier (GFB) into the urine, exceeding the capacity of the tubules to reabsorb [4].

DN is characteristically associated with increased urinary excretion of albumin [5].

The presence of high-molecular-weight (HMW) proteins such as albumin (69-kilo Daltons-kDa),
transferrin (78 kDa), and immunoglobulin G (IgG -150 kDa) characterizes the damage of the GFB.

Proximal tubular damage is characterized by the presence of low-molecular-weight (LMW)
proteins, for example retinol-binding protein (RBP-21 kDa), B2-microglobulin (11.8 kDa) and al-
microglobulin (27 kDa) [6,7]. In certain kidney diseases including DN, mixed, simultaneously glomerular
and tubular proteinuria is detected [8].

The most frequently used method of separation of urinary proteins for clinical purposes is sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

The separation of urinary proteins in SDS PAGE depends on their molecular weight, therefore the
urinary protein patterns reflect the location of kidney lesions.

All health professionals must recognize the significance of laboratory kidney tests to better define
the severity of disease in DN patients, guide therapy, and predict outcomes.

The aim of study was to test the significance of SDS-PAGE of urinary proteins in assessing the
severity of kidney disease in DN patients by comparing the results of kidney laboratory tests among
different types of proteinuric DN patients.

Material and methods

In this cross-sectional study were included 92 confirmed cases of DN. Before entering the study,
all DN patients referred to SDS-PAGE and other laboratory investigations signed an informed consent
agreement, consistent with the ethical standards of the current Helsinki Declaration.

The study was conducted at the Department of Medical and Experimental biochemistry, Faculty of
Medicine in Skopje, North Macedonia. Patients with DN were recruited from the University Clinic for
Nephrology, Skopje, North Macedonia.

Inclusion criteria for DN patients were clinically proven DN, which was characterized by
albuminuria (>300 mg/24 h, or a urinary microalbumin to creatinine ratio (UMCR) >300 mg/g) confirmed
in two of the three tests within 3-6 months period, a continuous reduction in glomerular filtration rate
(GFR), and progressive increase in blood pressure [9].

All patients were categorized into three groups by the type of proteinuria determined by SDS-
PAGE: patients with glomerular, patients with tubular, and patients with mixed (glomerular and tubular)
proteinuria.

Baseline demographic characteristics, medical history, and clinical data of patients were obtained
from the filled questionnaire surveys.

We used spot urine samples and venous blood for analyses. Urine samples (10 ml) were collected
in disposable plastic clean tubes. Blood samples were obtained in Eppendorf tubes and serum was separated
by centrifugation for 10 min at 3000 rounds per minute.

Blood sera were analyzed for different biochemical parameters: glucose, urea, creatinine, total
cholesterol, triglycerides, high-density lipoproteins (HDL), low-density lipoproteins (LDL), total proteins,
and albumin.

Urinary microalbumin was measured using the immunoturbidimetric method, while urine
creatinine was measured with a modified kinetic Jaffe reaction on biochemical analyzer ChemWell (2910
Awareness Technology, Inc.).

In spot urine samples we calculated the ratio of urinary microalbumin and urinary creatinine
concentration (UMCR), since it corresponds well with urine albumin excretion in a 24-hour urine.
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UMCR results were reported as mg albumin/g creatinine and are equal to the excretion of mg
albumin/day [10]. The Cocroft and Gault equation was used to estimate the glomerular filtration rate (eGFR)
[11].

Urinary protein separation was performed by SDS-PAGE according to Gorg [12].

SDS-PAGE method was performed through several steps: preparation of gradient linear
polyacrylamide gel (4-22%), preparation of urine samples (urine samples with sample buffer (1.5 M Tris/
HCI, 10% SDS, pH 8.8) in ratio 1:10 were boiled for 3 minutes), electrophoresis at 5°C on Multiphor 11
Unit, LKB (Brown, Sweden) for 2 hours, fixation of gel, at the end staining of a gel with Coomassie blue
R250.

The identification of the separated protein fractions was performed using commercially standards
- a mixture of proteins with well-known molecular weight (SDS 6H Kit by Sigma, Aldrich Steinheim,
Germany).

The stained gels were analyzed visually, and the findings were categorized into three groups: 1.
glomerular proteinuria — albumin fraction and HMW proteins fractions; 2. tubular proteinuria - albumin
and one or more LMW proteins fractions (10-69 kDa); and 3. mixed proteinuria - albumin, and both HMW
and LMW proteins fractions (Figure 1).

Figure 1. Different electrophoretic patterns in DN patients (St - standard, GP - glomerular pattern,
TP - tubular pattern, MP - mixed pattern)

Statistical analysis

Statistical analysis was performed using MedCalc statistical package for Windows, version 15.0
(MedCalc App, Ostend, Belgium). Quantitative data are presented as mean + SD.

ANOVA test was used to compare the differences between multiple groups. Values of p <0.05 were
considered to be statistically significant.

Results

Frequency of proteinuria type detected by SDS-PAGE in DN patients

The type of proteinuria in evaluated DN patients was determined by SDS-PAGE. We found that
the most common type of proteinuria in DN patients was mixed proteinuria.
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Among the 92 examined patients with DN, 27% of them showed a glomerular proteinuria, 23% had a
tubular proteinuria, and 50% had a mixed proteinuria. The percentage of type of proteinuria in examined
DN patients is presented in Figure 2.

Type of proteinuria in DN patients
60%
50%
50%
40%
30% 27%
23%
20%
10%

0%
Glomerular proteinuria  Tubular proteinuria Mixed proteinuria

Figure 2. Frequency of type of proteinuria in DN patients

Comparison of clinical and biochemical data in DN patients with different type of proteinuria

The comparison of clinical and biochemical data in groups of DN patients categorized according
to the type of proteinuria is illustrated in Table 1.
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Table 1. Clinical and biochemical data in DN patients with different type of proteinuria

Glomerula Tubular Mixed P
r proteinuria proteinuria value
proteinuria n=21 n=46
n=25
Age (years) 55.6+9.7 53.1+8.7 58.949.1 0.02
Duration of disease 9.2+7.5 5.1£1.9 13.1£5.9 <0.001
(¥)
Glucose (mmol/L) 7.2+2.7 8.542.7 8.946.3 0.03
UM/CR (mg/qg) 157.8+132. 129.6+57.9  235+121.6  <0.001
8
HbAlc (%) 9.1+3.1 7.5+2.5 9.5+3.8 <0.001
Total proteins (g/L) 62.1+8.1  64.8+7.4 62.9+17.5 0.028
Albumin (g/L) 37.2+£7.3  34.2+7.2 33.5+6.5 0.035
Urea (mmol/L) 7.7£1.2 6.9+1.4 7.9+1.5 0.02
Creatinine (umol/L) 85.2+10.3  81.2+15.1 102.1+16.8  <0.001
eGFR 64.1+17.1  80.1£21.9 48.8+10.9  <0.001
(mImin? 1.73 m™)
Total cholesterol 5.9+1.5 6.5+1.6 7.5+£10.5 0.048
(mmol/L)
Triglycerides 2.2+1.5 2.5+1.6 2.5+1.5 0.031
(mmol/L)
HDL (mmol/L) 1.2+1.5 0.9+1.6 0.5+1.5 0.046
LDL (mmol/L) 4.2+1.3 3.5+1.9 45+1.5 0.025

Results are shown as mean+SD. Abbreviations: UMCR - urinary microalbumin to creatinine ratio,
HbA1c - glycated hemoglobin Alc, eGFR - (estimated Glomerular Filtration Rate), LDL — low-
density lipoproteins, HDL — high-density lipoproteins, y -years.
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In DN patients with mixed proteinuria, UM/CR and serum creatinine were significantly elevated,
while eGFR was significantly decreased compared to DN patients with glomerular and tubular proteinuria.

The disease duration and glycemic regulation in patients with DN were strongly associated with
the progression of kidney disease.

Discussion

DN is characterized by persistent proteinuria accompanied by a severe decrease in kidney function.
Proteinuria is an important feature of DN. Microalbuminuria is an early sign of DN and gradual progression
to macroalbuminuria or proteinuria indicates a development of an overt nephropathy.

A gradual progression of proteinuria contributes to a gradual reduction in kidney function [13, 14].
Increased glomerular permeability and damage in the structure of the GFB, podocytes, glomerular basement
membrane, and glomerular capillary endothelium are defined as a key feature of glomerular injury in DN.

Glomerular damage results in appearance of HMW proteins in urine, such as albumin, transferrin,
and IgG. Although the significance of glomerular injury in DN proteinuria development is well established,
it has been suggested that the rate of decrease in kidney function correlates better with the degree of tubular
injury and tubulointerstitial fibrosis.

Tubular injury results in presence of LMW proteins in urine, such as al-microglobulin, p2-
microglobulin, and RBP [15].

SDS-PAGE is a well-established, reliable, non-invasive test, commonly used for screening protein
abnormalities in urine and other biological fluids in routine clinical and laboratory practice. Before applying
for much more expensive (molecular genetic testing) and/or invasive (kidney biopsy) diagnostics, this
laboratory test may assist the clinicians in the diagnostic process, evaluating the stage and severity of DN
[16, 17].

In our study, we performed SDS-PAGE to detect the type of proteinuria in patients with clinically
proven DN and to assess the kidney function in different proteinuric DN patients using UMCR and eGFR
as a laboratory kidney function test.

We found that the most frequent type of proteinuria in patients with DN was mixed (glomerular
and tubular) proteinuria.

It has also been reported that DN could involve both glomerular and tubular lesions [7].

Patients with mixed proteinuria have a significant decline in renal function observed by increased
UMCR and decreased eGFR values than patients who excreted only glomerular or tubular proteins. Both
tests showed a significantly increased risk of progression to ESRD [18].

Our results demonstrated that the progression of proteinuria and kidney function impairment in DN
patients were strongly associated with the duration of disease and glycemic control.

The study of Kyung Jin Yun also found that glycemic control affected the progression of DN [19],
while the study of Alwakeel revealed that duration of disease more than 10 years could predict the
progression of DN [20].

Early screening of kidney dysfunction is particularly important in DN patients.

Our observation is that in an early stage of DN when the kidney function tests are slightly unsettled,
glomerular, or tubular protein excretion is only frequently detected, while in the stage of overt nephropathy
a mixed proteinuria is observed.

A major limitation of the current study is its cross-sectional design, and a small number of studied
patients.

We recommend a larger longitudinal prospective study for early identification of the type of
proteinuria and monitoring the progression of proteinuria in DN patients.

25


https://pubmed.ncbi.nlm.nih.gov/?term=Yun+KJ&cauthor_id=27766790

Kostovska I. et al.; Sodium Dodecyl Sulfate-polyacrylamide gel electrophoresis as a useful tool for assessing the severity....

Conclusion
The most common type of proteinuria in DN patients detected by SDS-PAGE is mixed proteinuria,

indicating both, impaired glomerular permeability and tubular function.

The laboratory kidney tests indicate that patients with mixed proteinuria have a significant decline

in kidney function than those who excrete glomerular or tubular proteins only.
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We can conclude that the SDS PAGE is a good non-invasive tool for assessing the severity of DN.
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