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ABSTRACT 

Introduction:  Podocytes are specific epithelial cells that surround the outside of the glomeruli's basement membrane 

(GBM). They play a significant role in glomerular function. This study aimed to detect the presence of podocyte in 

idiopathic nephrotic syndrome and lupus nephritis patients, and to correlate them with the proteinuria levels. 

Methods: Patients were divided to three groups (patients with idiopathic nephrotic syndrome, patients with lupus 

nephritis and, healthy controls. Quantification of podocyte mRNA proteins in urinary sediment by real time PCR was 

performed to all groups. Results: For those who had nephrotic syndrome showed significant increase in the alpha actin 

4 value (p= 0.001) and significant decrease in the value of synaptopodin and podoclyxin in relation to controls (p= 0.001). 

The level of urinary expression of mRNA of podocytes correlated positively to renal function tests and estimated 

glomerular filtration rate between nephrotic and control groups. The reverse occurred with proteinuria. A significant rise 

in the alpha actin 4 value, podocin and synaptopodin in comparison with control (p= 0.001). Podocalyxin was decreased 

significantly (p=0.021). There was a statistically significant difference, when comparing renal function tests and 

estimated glomerular filtration rate between LN and control group. Also, an increase in the value of podocin in active 

group relative to control and non-active groups (p= 0.001 and p= 0.007, respectively).  

Conclusion: Significant increase in level of mRNA of alpha actin in nephrotic syndrome, while mRNA podocin, 

synaptopodin and alpha actin were increased in LN, with podocin could mark increased activity of the disease. 

Keywords: Synaptopodin, Podocalyxin, α actin-4, Podocin, Idiopathic nephrotic syndrome, Lupus nephritis.  

 

INTRODUCTION 

Podocytes are specific epithelial cells that surround 

the outside of the glomeruli's basement membrane 

(GBM). They play critical role in glomerular functions. 

Decrease podocytes number and effacement of foot 

procedures have been documented in various glomerular 

diseases. This may stimulate a sequence of events, which 

end in decline of renal function and glomerulosclerosis 

(1). Podocytopathies are considered essential in various 

types of human glomerular diseases (2, 3). 

 Proteinuria with nephrotic syndrome (> 3.5 g/day) 

due to loss of glomerular filtration barrier selectivity is a 

common complication in each renal disease of this 

syndrome (4). Lupus nephritis (LN) is considered one of 

the most serious organ involvements in systemic lupus 

erythematosus (SLE) (5). About 40 to 60% of SLE 

patients have LN (6), and about 10–30% of patients 

develop end-stage kidney disease depending on the 

disease severity (7). The immunopathogenesis of LN is 

complicated and incompletely understood. It shows 

autoantibodies deposition in the complement, 

glomerulus, and macrophages activation, leading to 

release of pro-inflammatory chemokines and cytokines 
(8). Recently the crucial role of podocytes has been 

defined in the glomerulosclerosis pathogenesis (2). 

Recently, the urinary sediment as emerging 

modality for studying renal glomerulopathies showed a 

promising role instead of the renal biopsy which is 

considered difficult and invasive tool (9).  

The identification of biological markers that can lead 

to pathogenic mechanisms or histopathological patterns,  

 

 

and establish prognostic subgroups in every disease type, 

that predict the reaction to therapy and/or relapses, is one 

of the pending challenges in the modern nephrology (10). 

Screening of slit diaphragm proteins as synaptopodin, 

podocalyxin, α actin-4 and podocin might be a unique 

technique in examining the glomerulopathy progression 
(11). When glomerular injury arises, the slit diaphragm is 

damaged and the slit diaphragm proteins in urine could 

be used as a tool for monitoring the renal disease 

progression (12). Screening of podocyte proteins and 

related molecules in the urine pellet by real time PCR is 

sensitive and accurate. It has the ability to measure low 

abundance genes (13). Urine pellet podocyte mRNAs 

could be effective in observing the progression of various 

glomerular diseases and response to therapy (3). 

The objective of the current study was to detect 

podocyte presence in idiopathic nephrotic syndrome and 

lupus nephritis patients, and to correlate them with the 

proteinuria levels. 

 

PATIENTS AND METHODOLOGY 

      The work was performed on 30 cases from the 

Department of Nephrology, Theodor Bilharz Research 

Institute in addition to 15 healthy control subjects of 

comparable age and sex. 

Inclusion criteria: Patients according to clinical history, 

investigations and renal biopsy proving the etiology of 

proteinuria were divided to two groups: 

 Group A: Idiopathic nephrotic syndrome patients.  

 Group B: Lupus nephritis patients.  
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In addition 

 Group C (15 subjects): the healthy controls. 

 

Exclusion criteria: Patients infected or had other systemic 

disease. Concerning control group, Hypertension, 

diabetes, clinical or laboratory evidence of kidney disease. 

All patients and control underwent: 

- Detailed history and full medical assessment. 

-Schedule laboratory analyses as: 

 Kidney function tests: Creatinine & blood urea by 

colorimetric assay. 

 Beckman Coulter's AU480 analyzer measured 24-hour 

urine proteins and measured albuminuria using a 

dipstick (Beckman Coulter, Inc., Brea, California). 

 Glomerular filtration rate (eGFR) and creatinine 

clearance using the abbreviated modification of diet in 

renal disease (MDRD) equation. 

 

Nephrotic syndrome group contained 11 patients 

presented with membranous nephropathy (MN) and 4 

patients with focal segmental glomerulosclerosis (FSGS) 

according to kidney biopsy. All patients were idiopathic 

MN and FSGS after exclusion of secondary causes by 

history and examination, imaging studies and negative 

serology of different secondary causes. Two patients with 

membranous nephropathy had the antiphospholipase A2 

receptor antibody test positive. 

 

All patients in lupus nephritis (LN) group were 

diagnosed to be SLE cases in line with American college 

of rheumatology diagnostic standards. They were also 

diagnosed to have LN by the presence of proteinuria, active 

urinary sediments and kidney biopsy. LN patients’ group 

was divided to 2 subgroups according to LN activity at the 

time of the study: 

 

Subgroup (A): Active LN contained 9 patients 

Subgroup (B): Non-active LN contained 6 patients 

LN activity was determined by clinical manifestations, 

increase the amount of proteinuria,  appearance of active 

urinary sediment , deterioration of kidney function, 

increase levels of anti-double strand deoxyribonucleic acid 

(Anti ds DNA) titre and consumed C3 and C4. 

Specific laboratory tests: Podocyte mRNA proteins (α 

actin-4, podocalyxin, synaptopodin, and podocin) 

quantification in urinary sediment by real time PCR. 

 

Methods of Realtime PCR: 

Real-time PCR 

1- Urine sample collection and total RNA 

extraction:  

Urine was centrifuged at 3000 rpm for 30 minutes at 

4°C as soon as it was collected. The leftover cell pellet 

was kept at -80°C until usage after the supernatant was 

removed. Total RNA was extracted according to the 

manufacturer's protocol (RNeasy Mini Kit, Qiagen, 

Germany). RNA concentration and purity were verified 

using a NanoDrop spectrophotometer (Thermo, 

Wilmington, USA) using a 260/280 relative absorbance 

ratio on the Nanodrop 2000.  

2- Reverse transcription (RT): 

RT reaction was done according to manufacturer's 

protocol RevertAid First Strand cDNA Synthesis Kit 

(ThermoFisher Scientific, USA). Briefly, 2 μl of  total 

RNA, 1 μl oligo (dT) primer, 1 μl RiboLock RNase 

inhibitor (20 U/μl), 4 μl (5X) reaction buffer,  2µl (10 

mM) dNTP mix, and 1 µl RevertAid M-M ul V RT (200 

U/µl) solution  were mixed and the volume was bring  

up to 20 µl with nuclease-free water. The RT reaction 

was conducted at 42°C for 60 minutes, then a 5-minutes 

an inactivation phase at 70°C. The produced cDNA was 

kept at -20 ᵒC until it is needed. 

3- Real-time PCR 

Relative abundances of synaptopodin, podocalyxin, α-

actin 4 and podocin mRNA was determined using the 

StepOne™ Real-Time PCR System (Applied 

Biosystems, California, USA). Human β-actin was used 

as a reference housekeeping gene. The following 

sequences of oligonucleotide primers were used: 

Real-time PCR reaction was performed as follows: 2 µl 

cDNA, 10 µL SYBR Green / ROX qPCR Master Mix 

(2X Maxima SYBR Green / ROX qPCR Master Mix), 

0.4 ml forward and reverse primer (10 mM), 0.4 µL of 

ROX reference dye, 6.8 µL of nuclease-free water was 

added to obtain a reaction volume of 20 µL. All samples 

were tested in duplicate (3). The thermal profile of the 

real-time PCR Reaction was: 95 °C for 10 min, 40 

cycles for 15 s at 95 °C and 60 °C for 30 s. Then, 

dissociation (DC) and melting temperature (Tm) curves 

are plotted and determined. 

The expression level of each gene was assessed 

using the target gene abundance /housekeeping gene 

abundance formula. A negative control containing ddH2O 

was included in all runs. 

 

Oligonucleotide Sequence 

Synaptopodin Forward: 5'-CTTACGGCGGTGACATCTC-3’ 

 Reverse: 5'-GGTCCTGAGCCTCGATCC-3’ 

Podocalyxin Forward: 5' CTTGAGACACAGACACAGAG-3’ 

 Reverse: 5'- CCGTATGCCGCACTTATC-3’ 

α-actin4 Forward: 5'-CTTGAGACACAGACACAGAG-3’ 

 Reverse: 5'- CCGTATGCCGCACTTATC-3’ 

Podocin Forward: 5' TGGCTGTGGAGGCTGAAG-3’ 

 Reverse” 5'- TGAAGGGTGTGGAGGTATCG-3’ 

β-actin Forward: 5'- TGGCACCCAGCACAATGAA-3’ 

 Reverse: 5'- CTAAGTCATAGTCCGCCTAGAAGCA-3’ 
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Ethical approval:  

The work was permitted by the Ethical 

Committee, Faculty of Medicine, Zagazig University, 

which was fully aligned with the World Medical 

Association Ethics code (Declaration of Helsinki) for 

studies involving humans. All participants signed a 

printed informed consent forms.  

 

Statistical Methods 

Results are represented as mean ± SD or as a 

number. Chi square test or Fisher exact test instead if cell 

count was less than 5 used for comparison between 

categorical data. Distribution of data was measured by 

test of normality, Kolmogorov-Smirnov test. 

Accordingly, data were not normally distributed, hence 

comparison between variables in the three groups was 

performed using Kruskal Wallis ANOVA test followed 

by Mann Whitney test if significant results were 

recorded. Spearman's Rank correlation coefficient was 

used for correlation between different variables in each 

group. Statistical Package for Social Sciences (SPSS) 

computer program (version 19 windows) was used for 

data analysis. P value ≤ 0.05 was considered significant. 

 

RESULTS 

The mean value of age in nephrotic group was 

notably higher relative to control (p= 0.010) and LN (p= 

0.012) groups, may be due to the fact that membranous 

nephropathy (MN) is the most common cause of 

nephrotic syndrome in adults and usually affects the 

elderly rather than the young adults (mean age in 

nephrotic group is 43.40 ± 13.92 years). While the mean 

value of age in both control and LN groups was 

statistically comparable (p= 0.755).  

As regards gender distribution, there was no 

statistically substantial difference between control and 

both nephrotic and LN groups (p= 0.139 and p= 0.427, 

respectively). While the number of females was 

statistically higher in LN than in nephrotic (p= 0.009) 

that also is compatible with the fact that the incidence of 

SLE male to female ratio is 10:1.  

There was no statistically considerable difference 

in weight value between the three groups. As regards 

kidney function tests (creatinine and urea), they were 

substantially elevated in both nephrotic and LN groups 

when compared to control group, while they were 

statistically comparable in both nephrotic and LN groups 

(Table 1). 

 

Table (1): Comparison between the values of age, gender, weight, renal functions, proteinuria, and eGFR by 

MDRD equation in the three studied groups 

 Control      

  (n= 15) 

Nephrotic       

(n= 15) 

LN  

(n= 15) 

p value 

Control vs 

nephrotic$ 

Control 

vs LN$ 

Nephrotic 

vs LN 

Age (yrs.) 30.87 ±8.50 43.40 ± 13.92 31.27 11.68 0.010 0.755 0.012* 

Gender (F/M)# 9/6 4/11 12/3 0.139 0.427 0.009* 

Weight (kg) 74.67 ±11.39 77.10 ± 11.30 73.40 11.59 0.406 0.884 0.205 

S. Creatinine (mg %) 0.77 ± 0.10 1.19 ± 0.60 1.43 ± 0.78 0.001* 0.001* 0.110 

S. urea (mg %) 24.73 ± 3.26 42.74 ± 25.39 54.17 37.96 0.034* 0.001* 0.319 

Proteinuria(gm/day) 0.30 ± 0.00 4.25 ± 2.67 1.73 ± 0.95 ---- ---- ---- 

EGFR/MDRD(ml/min) 106.95 ±6.97 80.02 ± 29.04 59.15 ± 6.30 0.008* 0.001* 0.033* 

 

Data are expressed as mean ± SD or numbers,  #= Chi square test or Fisher exact test,  $= Mann-Whitney test.  

*p< 0.05= significant, p> 0.05= Not significant. 

 

   The mean value of EGFR/MDRD was significantly decreased in both nephrotic and LN groups when compared to 

control group. Remarkably decreased in LN relative to nephrotic (Table 1). There was a statistically substantial 

increase in the value of alpha actin 4 in both nephrotic and LN groups relative to the control (p= 0.001). A statistically 

considerable increase in the value of podocin in LN group in relation to the controls (p= 0.001). But no statistically 

remarkable difference in value of podocin between nephrotic and control groups (p= 0.494). The value of 

synaptopodin was notably lower in nephrotic patients (p= 0.001) and significantly increased in LN patients (p= 

0.001) as against the control group (p= 0.001). As regards podocalyxin, there was a statistically substantial decline 

in its value in both nephrotic and LN groups when compared to controls (p= 0.001 and p= 0.021, respectively) (Table 

2 and Figures 1 & 2). 
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Table (2): Comparison between values of alpha actin 4, podocin, synaptopodin and podocalyxin in the three studied 

groups 

 Control     

   (n= 15) 

Nephrotic       

(n= 15) 

LN 

(n= 15) 

p value 

Control vs 

nephrotic$ 

Control vs LN$ 

Alpha actin 4 1.01 ± 0.14 3.21 ± 1.34 2.42 ± 0.82 0.001* 0.001*  

Podocin  1.02 ± 0.25 1.81 ± 1.71 3.52 ± 2.96 0.494 0.001*  

Synaptopodin 1.03 ± 0.24 0.49 ± 0.65 1.85 ± 0.35 0.001* 0.001*  

Podocalyxin 1.03 ± 0.25 0.42 ± 0.45 0.87 ± 0.96 0.001* 0.021*  

Data are expressed as mean ± SD. $= Mann-Whitney test, *p< 0.05= Significant, p> 0.05= Not significant 

 

 Figure (1): Mean values of alpha actin 4 and podocin in the three groups 

Figure (2):  Mean values of synaptopodin and podocalyxin in the three groups 

 

     No statistically significant difference when comparing age,weight, renal functions, proteinuria, eGFR by MDRD 

equation  in both active and non active LN  subgroups. Mean proteinuria level in non active LN subgroup was 1.04 ± 

0.82 g/day and mean proteinuria level in active LN subgroup was 2.19 ± 0.75 g/day (Table 3). 
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Table (3): Comparison between the values of  age, gender, weight, renal functions, proteinuria, eGFR by MDRD equation  

in both active and non active LN  subgroups and control group 

 Control       

 (n= 15) 

Non-active 

LN (n= 6) 

Active LN 

(n= 9) 

p value 

Control vs 

Non-active $ 

Control vs 

active $ 

Non-

active vs 

active $ 

Age (yrs.) 30.87 ± 8.50 27.67 ±8.41 33.67 ±3.36 0.483 0.929 0.315 

Weight (kg.) 74.67 ± 11.39 68.83 ± 7.19 76.44 ±13.30 0.226 0.473 0.175 

S. creatinine (mgm%) 0.77 ± 0.10 1.75 ± 0.19 1.22 ± 0.14 0.001* 0.001* 0.157 

S. urea(mgm%) 24.73 ± 3.26 62.58 ± 4.59 48.57 ±4.51 0.001* 0.005* 0.239 

Proteinuria (gm/day) 0.30 ± 0.01 1.04 ± 0.12 2.19 ± 0.25 ---- ---- ---- 

EGFR/MDRD 
(ml/min) 

106.95 ± 6.97 46.95 ± 7.97 67.29 ±8.67 
0.001* 0.001* 0.195 

Data are expressed as mean ± SD,   $= Mann-Whitney test,   *p< 0.05= Significant,  p> 0.05= Not significant 

 

           

Statistical notable increase in alpha actin 4 value in both non-active and active subgroups relative to control 

group (p= 0.001), while its value was similar in both active and non-active groups (p= 0.126). The value of podocin 

in active group was increased significantly relative to control and non-active groups (p= 0.001 and p= 0.007, 

respectively). Also, there was statistically considerable increase in its value in non-active group relative to control 

group (p= 0.016). The value of synaptopodin was notably increased in both non-active (p= 0.001) and active patients 

(p= 0.001) as against control. But no statistically substantial difference between non-active and active patients (p= 

0.126). As regards podocalyxin, its value was decreased in non-active group relative to controls (p= 0.019). While 

no statistically considerable difference between active patients and both control (p= 0.128) and non-active groups 

(p= 0.157) (Table 4 and Figures 3 & 4).

 

Table (4): Comparison between values of alpha actin 4, podocin, synaptopodin and podocalyxin in both non active and 

active LN subgroups and control group 

 Control       

(n= 15) 

Non-active 

LN (n= 6) 

Active LN 

(n= 9) 

p value 

Control vs 

Non-active $ 

Control vs 

active $ 

Non-active 

vs active $ 

Alpha actin 4 1.01 ± 0.14 1.91 ± 0.75 2.76 ± 0.72 0.001* 0.001* 0.126 

Podocin  1.02 ± 0.25 1.62 ± 0.82 4.79 ± 3.22 0.016 0.001* 0.007* 

Synaptopodin 1.03 ± 0.24 1.71 ± 0.27 1.94 ± 0.38 0.001* 0.001* 0.126 

Podoclayxin 1.03 ± 0.25 0.64 ± 0.91 1.03 ± 1.01 0.019* 0.128 0.157 

Data are expressed as mean ± SD,  $= Mann-Whitney test,  *p< 0.05= Significant,  p> 0.05= Not significant. 

 

 

Figure (3): Mean values of alpha actin 4 and podocin in both non active and active LN subgroups and control group. 
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Figure (4): Mean values of urinary synaptopodin and podocalyxin in both non active and active LN subgroups and 

control group. 

 

In nephrotic group,  

Alpha actin 4 level was directly proportional with 

creatinine level (r= 0.514; p= 0.050), but not with other 

different studied parameters. The level of synaptopodin 

was in positive correlation with age (r= 0.569; p= 0.027), 

but not with other different studied parameters. Also, 

there was no significant correspondence between either 

podocin and podocalyxin levels or different studied 

parameters. 

 

In LN group 
Alpha actin 4 level was positively correlated with 

podocin level (r= 0.596; p= 0.019), but there was no 

significant correlation with other different studied 

parameters. Podocin was negatively associated with 

creatinine level (r= -0.567; p= 0.027), but there was no 

other significant correlations. There was no statistical 

significant correlation between level of both 

synaptopodin and podocalyxin and different studied 

parameters. 

 

DISCUSSION 

Urinary podocytes loss is a process that can 

accelerate glomerulosclerosis in the presence of a 

glomerular injury, which is mostly due to the inability of 

podocyte division in vivo. Normally daily podocyte loss 

does not lead to proteinuria as the podocytes pool 

exceeds the requirement of a glomerulus throughout a 

lifespan, and the exposed glomerular basement 

membrane (GBM) is shielded by podocytes. When 

urinary podocytes loss outnumbers its normal level, 

urinary protein loss appears, so proteinuria is considered 

a late event. The search for early noninvasive urinary 

markers is essential to be found for early diagnosis and 

treatment plan to prevent the progression of glomerular 

injury, so urinary podocytes loss could be used as an 

early urinary marker of glomerular injury and for follow-

up after treatment (14).  

Several clinical studies have reported the 

existence of viable podocytes and proteinuria in patients 

presented by different glomerular diseases. Proteinuria is 

usually present during active and chronic forms of 

glomerulopathy but podocyturia looks to be associated 

with active disease only. Urinary podocytes are not 

considered an indicator for proteinuria (15). Podocyturia 

can be used as an early marker of glomerular injury (16). 

In our study in patients with nephrotic 

syndrome we found a statistically noteworthy rise in the 

value of alpha actin 4 as against the control group. 

Podocin value was insignificant between nephrotic and 

control groups (p= 0.494). There was significant 

decrease in the value of synaptopodin and podoclyxin in 

relation to control group (the levels of p= 0.001).  

Also, urinary expression of mRNA of 

podocytes was statistically significant when comparing 

renal function tests and estimated glomerular filtration 

rate (by MDRD study equation) between nephrotic and 

control groups. The obtained results agree with Hara et 

al. (17) and Fukuda et al. (18) who both documented that 

renal function measures the effect of the accumulation of 

loss and damage of podocytes over time, which includes 

periods of increase and decrease podocyte loss, this may 

be because of success of therapy. Cumulative 

podocyturia over time reflects the progression of 

glomerular disease. So, these results support that urinary 

mRNAs of podocytes provide disparate and 

supplementary information, which can be 

complementary to proteinuria. 

 The result of this study documented that there 

was low correlation between proteinuria and urinary 

mRNA of podocytes especially in patients with 

membranous nephropathy (most of the patients of the 

nephrotic group). This is endorsed by the data of 

Troyanov et al. (19) and Heeringa et al. (20) as they proved 

that various glomerular diseases exhibited different 

relations between urinary protein loss and podocyte 

depletion rate, as in membranous nephropathy, there is 



https://ejhm.journals.ekb.eg/ 

 

6022 

no correlation between podocyturia and proteinuria 

levels. This result is homogeneous with the clinical 

experience that disease progression in membranous 

nephropathy does not go hand in hand with proteinuria. 

Concerning patients with LN, there was 

statistically significant difference when comparing renal 

function tests and estimated glomerular filtration rate (by 

MDRD study equation) between LN and control group. 

We found a statistical substantial rise in the value of 

alpha actin 4, synaptopodin and podocin against the 

control group (p= 0.001). As regards podocalyxin, it was 

considerably declined in relation to the control group (p= 

0.021). Also, our results showed that in the active LN 

subgroup the mean proteinuria range was 2.19 ± 0.75 

g/day, while in the non-active subgroup it was 1.04 ± 

0.82 g/day. There was a statistical noteworthy rise in the 

value of podocin in active group in relation to both 

control and non-active groups. For the other three 

markers (Alpha actin 4, synaptopodin and podocalyxin), 

there were no statistically substantial variance between 

non-active and active patients.  

This indicated the possibility of the use of 

podocin levels especially as a marker to determine the 

severity and the activity of LN. Wang et al. (21), 

documented that urinary mRNAs of podocytes were 

identified with lupus nephritis (LN) and diabetic 

nephropathy patients, and they have postulated these 

results to the disease progression. Bollain et al. (22) 

proved that decrease of podocytes significantly in the 

kidney, related to the progressive excretion of podocytes 

in urine and proteinuria in LN patients. Also, urinary 

podocytes detachment is correlated with the 

albumin/creatinine ratio and both were correlated to LN 

activity (23). 

As regarding, the observation in this study that 

podocin is significantly correlated to LN activity, it is 

also supported by the result of ElShaarawy et al. (24) as 

they proved that urinary podocin was highly sensitive 

and specific in relation to LN activity and may be used 

clinically as prognostic marker in LN patients. This 

concept is supported by the data of  Sabino et al. (23),who 

studied podocyturia by indirect immunofluorescence 

technique by utlilizing primary antibodies to podocytes 

(anti podocin, synaptopodin, nephrin).They found that  

podocin positive cells were remarkably associated with 

the LN severity. So, they concluded  that  anti-podocin 

antibody was the most appropriate biomarker in 

comparison with anti-synaptopodin and anti-nephrin in 

monitoring the LN activity. Sir Elkhatim et al. (25) 

revealed that urinary podocytes proteins have been 

clinically used to evaluate various glomerulopathies, and 

the diagnosis of podocyturia may become a non-invasive 

method in different glomerular disease evaluation.   

         

CONCLUSION 

In nephrotic syndrome, alpha actin mRNA was increased 

significantly in relation to controls, but there was 

significant decrease of synaptopodin and podocalyxin 

mRNA. Levels of mRNA podocyte proteins had a 

correlation with renal function and GFR, but not with 

proteinuria. Concerning lupus nephritis, there was 

significant increase of alpha actin, synaptpodin and 

podocin. Contrastingly, Podocalyxin significantly 

decreased. Podocin was significantly increased in the 

active disease subgroup, while no statistical difference 

for the other 3 mRNA proteins.  Podocin can be used as 

marker of activity in L N. 

So, as consequence from the previous mentioned studies 

and data, these all hypothesizes that urinary mRNA 

podocyte detection could be used as markers for the 

different glomerular disease, diagnosis and follow up. 
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