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During glomerular vasodilation associated with obe-
sity, podocytes detach and are shed into urine [1, 2, S1]. 
Although podocyte-associated mRNA has been previously 
found in the urine of morbidly obese patients, even at normal 
albuminuria levels [3], a marker for early renal damage is 
essential.

Analysis of podocalyxin has been used to detect podo-
cytes [4] and vesicles [S2, S3], however this marker is not 
exclusive for this type of cells [5]. Moreover, podocin and 
nephrin mRNA have also been detected [1,S4,S5], but their 
clinical utility is clear[S6].

Here we present a pilot study to propose a new non-
invasive method to determine the presence of podocytes in 
the urine of patients with obesity based on the detection of 
nephrin on the podocyte surface, their nuclear lamin A con-
tent, associated with the ratio between podocytes and total 
cells found in urine.

We collected 24  h urine samples from lean subjects 
and patients who were morbidly obese before surgery and 
obese one year after bariatric surgery (Fig. 1a). We used 
flow cytometry, measuring nephrin to detect podocytes, and 

lamin A to detect binucleated podocytes (Supplementary 
Methods). The different podocyte populations included mon-
onucleated podocytes, small binucleated podocytes and large 
binucleated podocytes (Fig. S1).

Obese before surgery patients exhibit a higher concentra-
tion of binucleated podocytes compared to lean subjects (Fig 
S3). Contrary to our expectations, after bariatric surgery we 
observed that the urinary concentration of podocytes was 
increased compared to what was observed before surgery 
(Fig. S3). Even when we normalized for volume (Fig. S4) 
and mg of creatinine (Fig S5) in 24 h urine, we obtained 
similar results.

We then questioned the reliability of volume as a nor-
malization factor in our samples. Therefore we normalized 
our podocyte populations with regard to the total number 
of cells found in 24 h urine samples. Although there were 
non-significant changes in the total podocyte/total cell ratio 
between obese patients before surgery and lean subjects, we 
observed a significant reduction after surgery compared to 
before surgery (Fig. 1a). This reduction was primarily due 
to changes in binucleated podocytes, and the binucleated 
podocyte/total cell ratio in urine was significantly higher 
in obese patients before surgery compared to lean sub-
jects (Fig. 1d). However, after surgery patients exhibited a 
decrease in this ratio (Fig. 1d), which aligned more with the 
clinical status (Fig. 1a). These changes were not observed 
for mononucleated podocytes (Fig. 1c).

Several attempts have been made to detect early glomeru-
lar damage through analysis of the urine [5] using non-spe-
cific podocyte proteins [4, S2, S3, 5]. Previous studies have 
used podocalyxin-positive cells in urinary sediment from 
healthy individuals and patients to quantify podocyturia. 
However, these studies relied on a non-specific podocyte 
protein, and were conducted using spot urine samples, which 
were then extrapolated to 24 h [6, 7]. In our study, we pro-
pose a potentially more precise method for measuring podo-
cyturia. We measured the podocyte-specific marker nephrin 
to detect podocytes [3]. Unlike previous approaches, our 
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Fig. 1   Determination of the 
ratio between different popula-
tions of podocytes and total cell 
number in 24 h urine. a Brief 
characterization of the subjects 
enrolled in the study and 
determination of the podocyte/
cell ratio and percentage of 
change of b total podocyte, c 
mononucleated, d binucleated, 
e Small Binucleated, f Large 
Binucleated podocytes through 
Flow Cytometry marked by 
antinephrin and antilamin. 
LBP large binucleated podo-
cytes. SBP small binucleated 
podocytes. BMI body mass 
index. HTA hypertension. ACR​ 
albumin/creatinine ratio. Grey 
bar indicates the mean for each 
group. Patients are represented 
individually, black square for 
OBS (Obese before Surgery) 
and black triangle for OAS 
(Obese after surgery). Unpaired 
t test was performed to compare 
OBS vs LEAN (*P ≤ 0.05; 
**P ≤ 0.01). Repeated measures 
ANOVA was used to compare 
OAS vs OBS (ns non-signif-
icant, $P ≤ 0.01; $$P ≤ 0.01; 
$$$P ≤ 0.001)
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a) Lean OBS OAS
N 1121

Sex 6 males and 6 
females 6 males and 5 females

Age (Years) 46.6±2.7 50.3±3.70 51.3±3.70
BMI (kg/m²) 23.31±0.47 43.36±1.64 27.94±1.42

Glucose (mg/dl) 77.16±1.27 114.9±9.9 96.1±7.5
Diabe�cs 0% (n=0) 18% (n=2) 18% (n=2)

An�diabe�c treatment 0% (n=0) 18% (n=2) 18% (n=2)

Triglyceride (mg/dl) 64.6±4.26 214.11±42.72 109.3±25.53
Dislipidemia 0% (n=0) 45% (n=5) 9.09% (n=1)

Lipid-lowering treatment 0% (n=0) 9.09% (n=1) 36% (n=4)

HTA 0% (n=0) 27% (n=3) 27% (n=3)
HTA treatment 0% (n=0) 27% (n=3) 27% (n=3)

Crea�nine in urine 
(mg/dL) 109.68±22.28 74.63±6.51 118.18±27.16

Albuminuria (mg/L) 3.2±1.48 8.21±4.88 5.05±2.48
ACR (mg/g) 5.03±0.84 9.79±2.03 7.06±1.71
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method is based on 24 h urine samples and utilizes count-
ing beads as a quantitative tool.

We also observed that about half of the patients presented 
a reduction in the pathological binucleated/cell ratio after 
bariatric surgery, while the other half did not (Fig. 1d). Upon 
analyzing both groups, we found that those who experienced 
a reduction in the binucleated/cell ratio after bariatric sur-
gery were younger and had fewer or less severe comorbidi-
ties (Table S1). We hypothesized that this could be attrib-
uted to the prolonged duration of complications associated 
with obesity in older patients. Kidney injury could have 
persisted for a longer period, resulting in a greater loss of 
podocytes before the measurements were performed. Conse-
quently, podocyturia could potentially serve as an indicator 
for detecting early stages of glomerular injury caused by 
obesity.

Furthermore, we observed that both small binucleated 
podocyte/cell and large binucleated podocyte/cell ratios 
were significantly higher in obese patients before sur-
gery compared to lean subjects, while they decreased after 
bariatric surgery (Fig. 1e and f). We hypothesized that the 
number of podocytes in after surgery patients may be lower 
due to the absence of active kidney damage (Fig. 1f). These 
findings are in agreement with previously observed data [8], 
leading us to propose this normalization approach.

After podocyte injury, karyokinesis occurs, leading to 
death through mitotic catastrophe [S7]. Detecting binucle-
ated podocytes has been a challenging task with limited suc-
cess [6, 7, S8]. In this study, we propose the use of lamin 
A as a marker for identifying binucleated podocytes. This 
choice is based on the fact that non-proliferating cells may 
lack lamin A expression [S9], and lamin A function has 
been found to be affected by genetic conditions known as 
laminopathies, which accelerate aging [S10]. Our findings 
indicate that the content of lamin A is possibly associated 
with the DNA content, suggesting that an increase in lamin 
A levels may indicate podocyte karyokinesis. Importantly, 
this increase does not appear to be linked to apoptosis in 
these cells. Taken together, these data support the use of 
lamin A as a tool for detecting glomerular injury through 
the identification of binucleated podocytes.

Podocyte markers have been detected in urine, but their 
concentrations are often very low and can be influenced by the 
confounding effect of urine concentration [5]. Our study sug-
gests a protective effect of bariatric surgery one year after sur-
gery [8], however this effect was not maintained after normali-
zation for the podocyte concentration. This raises the question 
of whether we can rely on urine volume as a normalization fac-
tor [S11]. To address this issue, we propose a new method for 
normalizing podocyte numbers by considering the total cells 
in urine. This approach would allow us to use both spot or 24 h 
urine, enhancing flexibility in sample collection and analysis.

Our study’s primary limitation lies in the small size of our 
cohort and the difficulty in recruiting morbidly obese patients 
without diagnosed kidney damage. Therefore, it is crucial to 
confirm our results in a larger cohort and investigate other 
pathological conditions. Nevertheless, this protocol may be 
considered as a suggestion for exploring podocyturia.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40620-​023-​01730-9.
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