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INTRODUCTION

Chronic kidney disease is a spectrum of pathophysi-
ologic processes with serum creatinine elevation and 
tubular atrophy with glomerulosclerosis [1]. Chronic 
inflammation of glomeruli spreads to the tubules and 
interstitium in association with proteinuria, and chron-

ic volume overload makes intraglomerular hyperten-
sion, mechanical and chemical glomerular injury leads 
to increase amount of proteinuria [2]. Although pro-
teinuria is a marker of glomerular disease progression, 
some of membranous nephropathy and most minimal 
change disease have excellent prognosis even with heavy 
proteinuria.
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Background/Aims: Podocytes play an important role in maintaining the glo-
merular filtration barrier and in formation of the slit diaphragm. Podocyte loss 
is associated with chronic kidney disease progression, but it is not clear whether 
urinary podocyte proteins in urine reflect the clinical extent of glomerular dam-
age. We investigated the correlation between the amounts of urinary podocyte 
proteins and renal function and albuminuria.
Methods: The study enrolled 33 patients with diabetic kidney disease or glomer-
ular disease and measured urinary podocytes proteins using Western blotting. 
Urinary podocyte proteins were measured according to the density of the bands 
on Western blotting. We measured serum creatinine and the spot urine albu-
min/creatinine ratio as markers of renal damage, and compared the correlation 
of urinary podocyte protein in the glomerular disease patients. 
Results: The mean patient age was 49.3 ± 16.5 years, the mean serum creatinine 
level was 2.30 ± 1.76 mg/dL, and the mean albumin/creatinine ratio was 4.85 ± 3.52. 
Among the podocyte proteins, urine synaptopodin showed strong correlation 
with serum creatinine by multivariate regression analysis (p < 0.001) and showed 
linear correlation (r = 0.429, p < 0.01). Urine podocyte proteins were increased in 
patients with diabetes, and synaptopodin showed the greatest significant differ-
ence (7.68 ± 5.61 vs. 2.56 ± 3.11, p < 0.001), but this might be associated with renal 
impairment. The urine albumin excretion did not differ between the diabetics 
and non-diabetics (p = 0.73).
Conclusions: Urine synaptopodin is associated with serum creatinine elevation in 
the patients with glomerulonephritis including diabetic kidney disease regardless of 
urine albumin excretion. We suggest that the urine synaptopodin level can predict 
glomerular damage independently of the urine albumin excretion.
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Podocytes play an important role as a glomerular 
filtration barrier. In diabetic nephropathy, podocyte 
detachment and the loss of endocapillary fenestration 
cause proteinuria and progressive glomerular injury [3]. 
Consequently, urinary podocyte loss might be a better 
predictor of glomerular damage than proteinuria in 
glomerulonephritis [4]. The changes in the podocyte slit 
diaphragm result in proteinuria in most forms of glo-
merulonephritis. Slit diaphragm proteins such as neph-
rin, podocin, and podocalyxin are associated with the 
proteinuria seen in various kidney diseases, including 
diabetic nephropathy. When glomerular damage occurs, 
the slit diaphragm is destroyed and the urinary excre-
tion of slit diaphragm proteins might serve as a marker 
of diabetic kidney disease progression [5]. 

Synaptopodin is an actin-associated podocyte protein, 
which is important for the integrity of the actin cyto-
skeleton and regulates podocyte cell migration [6]. Syn-
aptopodin is associated with the anti-proteinuric effect 
of cyclosporine in focal segmental glomerulosclerosis 
[7]. However, little is known about association between 
synaptopodin and advanced glomerular injury includ-
ing diabetic kidney disease progression. 

We investigated to use synaptopodin as a urinary bio-
marker which could assume podocyte damage or dele-
tion in advanced glomerular disease, and to compare 
with other important slit diaphragm proteins in urine. 
Also, we compared the urinary excretion of synaptopo-
din and slit diaphragm in the patients with glomerular 
disease which show large amount of proteinuria to eval-
uate podocyte damage in advanced glomerular disease 
based on their correlation with serum creatinine levels 
or amount of proteinuria.

METHODS

Patients
The study included 33 patients with glomerular diseases 
including diabetic chronic kidney disease and primary 
glomerular disease who had been followed regularly in 
our outpatient department. All the patients had pro-
teinuria > 1.0 g/day. The glomerulonephritis included 
various kinds of primary and secondary glomerulone-
phritis, such as minimal change disease, membranous 
nephropathy, focal segmental glomerulosclerosis, im-

munoglobulin A (IgA) nephropathy, and lupus ne-
phritis (Table 1). The patients with glomerular disease 
were taking angiotensin converting enzyme inhibitors 
or receptor blockers, and some patients with primary 
glomerulonephritis were taking steroids. Patients with 
acute kidney injury, heart failure, or acute infection were 
excluded. All data were collected via Korea Biobank Net-
work in Chungbuk National University Hospital with 
informed consent of all patients and approved by hos-
pital Institutional Review Board. 

Urine synaptopodin and slit diaphragm protein 
extraction 
Random spot urine samples were collected. The urine 
was centrifuged at 3,000 rpm for 10 minutes at 4°C. Then, 
200 μL urine were removed from the supernatant, and an 
equal volume of protein extraction solution was added 
and mixed with a homogenizer at 15,000 rpm three times 
for 10 seconds each. After lysis for 30 minutes at 20°C, the 
mixture was centrifuged at 13,000 rpm at 4°C for 10 min-
utes. Using a spectrophotometer, the urine protein was 
measured by the Bradford method at 595 nm.

Western blot analysis
Same 30 μg of extracted proteins were loaded as 50 μL in 
each well. Urine protein electrophoresis was performed 
using 10% polyacrylamide-SDS gels and a SE 400 verti-

Table 1. Characteristics of the patients (n = 33)

Characteristic Value

Age, yr 49 ± 16.5

Male sex 16 (48.5)

Mean serum creatinine, mg/dL 2.30 ± 1.76

Mean urine albumin/Cr ratio 4.85 ± 3.52

Diagnosis of glomerulonephritis

Diabetic nephropathy 12 (36.4)

Membranous nephropathy 8 (24.2)

IgA nephropathy 6 (18.2)

Minimal change diseases 3 (9.1)

Lupus nephritis 2 (6.1)

FSGS 1 (3.0)

Diffuse proliferative GN 1 (3.0)

Values are presented as mean ± SD or number (%).
IgA, immunoglobulin A; FSGS, focal segmental glomerulo-
sclerosis; GN, glomerulonephritis.
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cal slab gel electrophoresis unit. Then, the bands were 
transferred to a polyvinylidene fluoride membrane us-
ing a TE 62 tank transfer unit. The primary antibodies 
for synaptopodin, podocalyxin, podocin, and nephrin 
were from Santa Cruz Biotechnology (Dallas, TX, USA), 
and the monoclonal anti-β-actin used as a loading con-
trol was from Sigma-Aldrich (St. Louis, MO, USA). The 
band density was measured three times each using Multi 
Gauge V3.1 software (Fuji Photo Film Co. Ltd., Tokyo, 
Japan), and β-actin was used for the reference density.

Statistical analysis
All data were analyzed using IBM SPSS statistics version 
20 (IBM Co., Armonk, NY, USA). Association between 
urine synaptopodin and serum creatinine were explored 
by Kendal’s tau correlation. Multiple regression analysis 
was used to find variable which effect to increase serum 
creatinine, and Kruskal-Wallis rank sum test was used 
to compare urine synaptopodin excretion among the dif-

ferent estimated glomerular filtration rate (eGFR) group 
of the patients. To compare the excretion of urine podo-
cyte-related proteins between diabetes and glomerulone-
phritis patients, the Mann-Whitney test was used, as the 
data did not show a normal distribution according to the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. All data 
are presented as means and standard deviations and the 
statistical significance level was set at p < 0.05 (2-tailed).

RESULTS

Patient characteristics
Among the 33 patients, 16 were men (48.5%). The mean 
age was 49 ± 16.5 years, the mean serum creatinine was 
2.30 ± 1.76 mg/dL, and the mean urine albumin/creati-
nine ratio was 4.85 ± 3.52. Diagnosis of each glomerular 
disease were diabetic nephropathy (36.4%), membranous 
nephropathy (24.2%), IgA nephropathy (18.2%), minimal 

Table 2. Factors associated with renal function impairment

Variable
Serum creatinine

β p value

Diabetes –0.46822 0.1020

Urine albumin/Cr ratio –0.10445 0.1256

Urine nephrin/actin 0.03766 0.7756

Urine podocin/actin –0.06822 0.1518

Urine podocalyxin/actin –0.02464 0.1273

Urine synaptopodin/actin 0.38101 0.0008

Adjusted R2 0.5285

F value 6.978a

ap < 0.001 with multiple regression analysis.

Table 3. Urine podocyte proteins in diabetic nephropathy and glomerulonephritis

Variable Diabetic nephropathy (n = 12) Glomerulonephritis (n = 21) p valuea

Age, yr 62.3 ± 10.0 41.9 ± 14.9 < 0.001

Serum Cr, mg/dL 3.65 ± 1.73 1.53 ± 1.27 < 0.001

Urine albumin/Cr ratio 5.10 ± 3.53 4.71 ± 3.60 0.726

Urine podocyte proteins

Urine nephrin/actin 1.85 ± 1.28 1.59 ± 3.55 0.048

Urine podocalyxin/actin 41.80 ± 36.24 25.04 ± 39.62 0.033

Urine podocin/actin 8.51 ± 9.00 3.67 ± 7.02 0.009

Urine synaptopodin/actin 7.68 ± 5.61 2.56 ± 3.11 < 0.001

Values are presented as mean ± SD.
aMann-Whitney test was used for comparing two groups.
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change disease (9.1%), lupus nephritis (3.0%), and diffuse 
proliferative glomerulonephritis (3.0%) (Table 1).

Urine synaptopodin excretion is strongly correlated 
with serum creatinine
The serum creatinine level showed a strong correla-
tion with age, as expected (r = 0.483, p < 0.01). However, 
urine albumin/Cr ratio was not correlated with any of 
the podocyte proteins. Among the podocyte proteins, 
only synaptopodin showed strong association with se-
rum creatinine by multivariate regression analysis, but 
the diabetes did not affect to serum creatinine eleva-
tion (p < 0.001) (Table 2). Also, urine synaptopodin was 
strongly correlated with serum creatinine comparing 
with other podocyte proteins by Kendal’s tau correlation 
test (r = 0.429, p < 0.01) (Fig. 1). There was no significant 
statistic correlation between serum creatinine and slit 
diaphragms; nephrin (r = –0.020, p = 0.910), podocin (r 
= 0.181, p = 0.314), and podocalyxin (r = 0.180, p = 0.316). 
Comparing three groups of the patient by eGFR, urine 
synaptopodin was markedly elevated in the patients 
with lower eGFR (p = 0.0006) (Fig. 2). 

Urine slit diaphragm proteins and serum Cr were 
increased in the diabetic kidney disease 
The patients with diabetes were older (p < 0.001) and 
had a higher serum creatinine level (p < 0.001) compared 

with those with glomerulonephritis. There was no sta-
tistical difference in the urine albumin/Cr ratio between 
the patients with diabetes and glomerulonephritis (p = 
0.73) (Table 3). Comparing diabetes with glomerulone-
phritis, the urine nephrin/actin band density was 1.85 ± 
1.28 vs. 1.59 ± 3.55 (p = 0.048), respectively, podocin/actin 
was 8.51 ± 8.99 vs. 3.67 ± 7.02 (p = 0.009), podocalyxin/
actin was 41.80 ± 36.24 vs. 25.04 ± 39.62 (p = 0.033), and syn-
aptopodin/actin was 7.68 ± 5.61 vs. 2.56 ± 3.11 (p < 0.001) 
(Table 3). Urine slit diaphragm proteins were increased 
in patients with diabetes, and synaptopodin showed 
the greatest significant difference (Fig. 3). The reference 

Figure 1. Urine synaptopodin excretion showed significant 
statistical correlation with serum creatinine (SCr) in all the 
patients with glomerulopathy.
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Figure 2. Amount of urine synaptopodin is significantly in-
creased in the patients with decreased estimated glomerular 
filtration rate (eGFR) by Kruskal-Wallis rank sum test (p = 
0.0006).
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Figure 3. Western-blotting of urine podocyte proteins. 
Amount of urine albumin did not show any correlation with 
urine podocyte proteins. Dx, diagnosis; MCD, minimal 
change disease; IgA, immunoglobulin A; ACR, alumin/cre-
atinine ratio.
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β-actin band density did not differ significantly between 
the diabetics and non-diabetics (p = 0.26).

DISCUSSION

Proteinuria is an important marker and prognostic fac-
tor of diabetic kidney disease progression, and overt 
proteinuria indicates advanced vascular damage affect-
ing the glomeruli in diabetic nephropathy. In glomer-
ulonephritis without diabetes, the amount of urine 
protein is also an important predictor of disease pro-
gression, and most proteinuria develops as a result of 
glomerular basement membrane damage related to slit 
diaphragm proteins. However, diabetic nephropathy is 
sometimes associated with normoalbuminuria and sug-
gests microvascular damage that developed without slit 
diaphragm injury [8]. In this study, we found that the 
amount of urine albumin excretion did not correlate 
with any urine podocyte protein excretion, and renal 
function.

Podocyte injury in diabetic nephropathy can cause slit 
diaphragm destruction, and urinary slit diaphragm pro-
teins may be markers of podocyte injury in diabetic ne-
phropathy [5]. Podocyte nephrin expression is decreased 
in diabetes, and the urinary nephrin level is significantly 
correlated with urine albumin excretion in diabetic ne-
phropathy [9]. Although renal biopsy is the most accu-
rate diagnosis for any kind of glomerular disease, it so 
invasive that cannot be examined frequently. We tried 
to find a potential marker of podocyte damage, which 
is a major cause of glomerular disease progression re-
gardless of proteinuria. We postulated that the slit di-
aphragm protein loss was related to urinary albumin 
excretion and attempted to evaluate podocyte loss by 
measuring the urinary excretion of synaptopodin, which 
is part of the podocyte cytoskeleton that regulates cyto-
skeletal motility. Interestingly, only urine synaptopo-
din showed greatest statistical correlation with serum 
creatinine elevation in all kinds of glomerular disease. 
Therefore, urine synaptopodin might reflect podocyte 
destruction, because synaptopodin is located in the foot 
process of the podocyte cytoskeleton. 

Serum creatinine elevation is the most widely used 
marker of glomerular disease progression, and treat-
ment to reduce proteinuria slows the decline in the GFR 

[10]. Also, diabetic kidney disease shows worse clinical 
outcome than non-diabetic kidney disease [11]. In our 
study, renal function of the diabetes was worse than oth-
er glomerulonephritis. However, we found the elevated 
serum creatinine was not affected by diabetes via mul-
tiple regression analysis (Table 2). We found that urine 
synaptopodin excretion was strongly correlated with the 
elevation in serum creatinine comparing with other slit 
diaphragm proteins, but other slit diaphragm proteins 
did not affect renal function impairment by multiple 
regression analysis. Therefore, the amount of urinary 
synaptopodin excretion is increased by renal function 
impairment which likely reflects podocyte loss, indicat-
ing irreversible glomerular injury in advanced kidney 
disease. Interestingly, the other slit diaphragm proteins 
showed no correlation with renal impairment.

There are some limitations to this study. First, the 
study population was too small and lack of the patients 
with heavy proteinuria and normal renal function with 
diabetes. As we compared groups with similar levels of 
proteinuria, most of the patients with diabetic kidney 
disease with marked proteinuria had advanced kidney 
failure. The diabetic kidney disease patients might have 
generated more podocyte-specific proteins due to ad-
vanced kidney failure. Further studies on diabetics with 
heavy proteinuria and mild renal impairment might 
help elucidate the change in podocyte-specific proteins 
in diabetic kidney disease. Second, it was difficult to 
measure podocyte-specific proteins in urine samples, as 
there was no standard measurement method. We tried 
to quantify the proteins by Western blotting, but there 
was no standard control. We used β-actin to adjust mea-
suring proteins to avoid band density error in repeated 
loading, as β-actin is found in many kinds of cells and 
commonly used as a loading control of cell integrity or 
protein degradation in Western blot analysis. Third, in 
this study, β-actin band density was different (Fig. 3), be-
cause urinary actin excretion depends by excretion of all 
kinds of urine cellular components including podocyte. 
We supposed that the patient with low actin and high 
slit diaphragm proteins might has higher excretion of 
detached podocyte proteins, and the patient with high 
actin and low podocyte protein might has lower podo-
cyte protein excretion and large amount of urinary ep-
ithelial components. Interestingly, only synaptopodin 
band showed significant high density with or with-
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out actin adjustment. Also, there was no difference in 
β-actin excretion and was not correlated with amount 
of urine proteins in this study, but it is still not clear 
what the best control is for measuring urine proteins in 
Western blot analysis. If there is new method for mea-
suring urinary podocyte proteins, we can find proper 
marker detecting podocyte damage. 

However, we think this study might be a good exam-
ple to reveal the importance of urine synaptopodin as 
a podocyte damage in advanced glomerulonephritis. If 
there are further studies which investigate urine syn-
aptopodin in normal or mild renal impairment could 
expect the prognosis of glomerular disease with or with-
out proteinuria.

In conclusion, the amount of urine synaptopodin 
excretion was increased in advanced kidney disease re-
gardless of urine albumin excretion and it was signifi-
cantly correlated with the serum creatinine elevation. 
We suggest that the urine synaptopodin level can pre-
dict glomerular damage independently of urine albu-
min excretion.
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KEY MESSAGE

1. Urine synaptopodin excretion showed strong 
correlation with serum creatinine elevation in 
advanced glomerulonephropathy.

2. Amount of urine albumin excretion was not as-
sociated with urine podocyte protein excretion.

3. Urine synaptopodin could be an important 
marker of podocyte damage in glomerulone-
phropathy.
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