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Background: Podocyte-derived microparticles (MPs) could be secreted from activated or apoptotic 
podocytes. An increased number of podocyte-derived MPs in the urine might reflect podocyte injury in renal 
diseases. This study aimed to observe the change of urinary podocyte-derived MP levels in patients with 
chronic kidney disease (CKD) and to further explore its correlation with the progression of CKD.
Methods: A prospective, longitudinal study was conducted in eighty patients with biopsy-proven CKD. 
Podocyte-derived MPs (annexin V and podocalyxin positive) were detected by flow cytometry. The number 
of urinary podocyte-derived MPs was analyzed to evaluate the association with biochemical measurements 
and pathological glomerulosclerosis assessment. Patients with idiopathic membranous nephropathy (IMN) 
were followed up after the six-month treatment of prednisone combined with tacrolimus to evaluate the 
association of urinary podocyte-derived MP levels and the remission of IMN.
Results: The CKD patients had higher urinary podocyte-derived MP levels compared with healthy 
controls (HCs). Baseline urinary levels of podocyte-derived MPs were positively correlated with 24-hour 
proteinuria, while were inversely correlated with the percentage of global glomerulosclerosis. The urinary 
podocyte-derived MPs levels had good discrimination for glomerulosclerosis [area under curve (AUC), 0.66]. 
The urinary podocyte-derived MPs levels in IMN patients were significantly decreased accompanied with 
the recovery of abnormal clinical parameters after six-month treatment. 
Conclusions: The urinary levels of podocyte-derived MPs were closely associated with podocyte injury 
and glomerulosclerosis, which could be useful for monitoring disease activity in CKD patients. Urinary 
podocyte-derived MPs might be a non-invasive biomarker for the evaluation of early CKD progression.
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Introduction 

Glomerulosclerosis is pathological during chronic kidney 
disease (CKD) progressed to end-stage renal disease  
(ESRD) (1). Although renal biopsy is the “gold standard” 
diagnosis method for glomerular diseases, it is traumatic 

and difficult for clinical repetition. Therefore, the early 
detection of noninvasive biomarkers related to the process 
of cytological change is likely to be novel strategies for early 
monitoring of renal lesions in the development of CKD.

Podocyte injury is a crucial cytological event in the 
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pathogenesis and progression of CKD (2). Podocytes are 
the major components for maintaining structural integrity 
of glomerular filtration barrier (GFB) and achieving 
selective filtration. Podocytes are non-replicating cells, 
and all kinds of mechanical stress (3), oxidative stress (4)  
and immune disorder (5) can cause podocyte foot process 
fusion, podocyte detachment, eventually leading to 
proteinuria, glomerulosclerosis, and renal function decline (6).  
Therefore, early detection of podocyte injury might contribute 
to early intervention and prevent the progression of CKD. 

Urine is the main source of biomarkers for developing 
new diagnostic tools to identify and stratify CKD patients. 
Urine may be a non-invasive “window” for the insight into 
physiological status of the whole renal system. Recently, 
some studies suggest that urine microparticles (MPs) 
possess potential diagnosis application values for renal 
diseases (7). The MPs, a subtype of extracellular vesicles 
(EVs), are a heterogeneous group that are secreted from 
activated or apoptotic cells, ranging at 100–1,000 nm in 
diameter (8). The MPs are global structures with bilayer 
membrane containing bioactive molecules (such as proteins, 
microRNAs, and RNAs) and thereby serve as vectors 
for intercellular interaction (9). Recent studies suggest 
that urinary podocyte-derived MPs may be correlated 
with the degree of podocyte damage, or the disease 
activity of glomerulonephritis, as the urinary levels of 
podocyte-derived MPs are increased before existence of 
microalbuminuria at the early stage of diabetic nephropathy 
(DN) in mice models (10). In renovascular hypertensive 
patients, there is an elevated ratio of urinary podocin+ EVs 
to nephrin+ EVs (11).

Therefore, this study aimed to investigate the change of 
urinary podocyte-derived MP levels in CKD patients and 
further explore its correlation with the progression of CKD.

Methods

Patients

This prospective study was conducted at Department of 
Nephrology, Zhongda Hospital, Southeast University, 
China, between October 2015 and October 2017. Eighty 
CKD patients [idiopathic membranous nephropathy (IMN), 
n=27; IgA nephropathy (IgAN), n=19; lupus nephritis (LN), 
n=17; DN, n=17] were newly diagnosed and enrolled before 
initial treatments. The enrolled patients with IMN were 
treated with prednisone plus tacrolimus. Prednisone was 
given orally at 1 mg/kg/d and the plasma concentration 

of tacrolimus was controlled at 5–10 ng/mL. There were 
only 10 IMN patients with complete follow-up data as the 
subjects were lost to follow up. None of them received 
kidney transplantation. The blood and urine samples 
from 10 IMN patients were collected again after 6-month 
immunosuppressive therapy.

Renal histopathological assessment

Histopathologic assessment of renal biopsy specimens 
was performed with light microscopy, immunofluorescent 
s ta ining,  and e lectron microscopy.  The score of 
glomerulosclerosis severity was assessed semi-quantitatively 
by two nephropathologists blinded to the laboratory. Global 
glomerulosclerosis was defined as scarring lesion or hyaline 
deposition in more than half of the glomerulus. Global 
glomerulosclerosis was scored according to the percentage 
of global glomerulosclerosis in whole renal biopsy 
specimens from each patient.

Clinical and biochemical data

The clinical and pathological data were collected at the time 
of enrollment for all CKD patients. Biochemical parameters 
were obtained from clinical data.

Isolation and analysis of MPs

MPs isolation from urine samples by differential centrifugation 
was as described (12). After collecting 50 mL spot morning 
urine for every participant, protease inhibitors cocktail was 
added to urine sample and all urine samples were centrifuged at  
3,000 g for 10 minutes at 18 ℃. The supernatants were then 
centrifuged at 18,000 g for 20 minutes at 18 ℃. Pelleted 
MPs were resuspended with annexin V binding buffer. The 
MPs were quantified using a flow cytometer controlled 
by Cell Quest Pro 4.0.2 software (BD Bioscience, USA). 
For MPs labeling, an allophycocyanin-labeled annexin 
V antibody was used for identifying events as total MPs. 
A phycoerythrin (PE)-conjugated podocalyxin antibody 
(eBioscience, USA) was employed to identify podocyte 
origin. MPs were defined as particles ranging at 0.1–1 μm 
in diameter and exhibited positive specific fluorescence 
compared with negative controls.

According to the manufacturer’s instructions, the 
gate strategy for the MP detection was as following: 
compensation for channel spill was calculated using 
the auto-compensation feature from recorded values of 
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separate and combined unstained and single-stained MP. 
The thresholds were set with isotype control fluorescent 
antibodies. MP prepared and stained in only annexin V 
binding buffer without calcium served as negative controls. 
Before analyzing the formal samples, the gate setting for MP 
detection was conducted. Standard beads of 0.8 μm (P1 gate) 
in diameter were used for size calibration and helped to set 
the MPs gate. To provide the absolute count of MPs in a 
sample, standard beads (P2 gate) of 3 μm in size for a known 
concentration were used as internal standard, the beads were 
added to each sample before measurement. The absolute 
number of MPs was calculated as following equation: (MPs 
counting × standard 3 μm beads/L)/standard 3 μm beads 
counting. Data are described as ×106 events/mL of urine.

Statistical analysis 

Data analysis was conducted using SPSS Version 20.0 
(IBM SPSS Statistics, USA). Quantitative variables were 

summarized as means ± standard deviation (SD) or median 
with interquartile range (IQR) for appropriate. Intergroup 
comparisons were analyzed with the Kruskal-Wallis 
test and the chi-squared test. Bivariate correlation was 
performed by Spearman’s rank correlation. The receiver-
operating characteristic (ROC) curve was used to evaluate 
the discrimination value of MPs. The significance level was 
judged at P<0.05. 

Results

Demographic data

The clinical and laboratory features of subjects were 
summarized in Table 1. The CKD group (n=80) comprised 
of IMN (n=27), IgAN (n=19), LN (n=17) and DN (n=17). 
Thirty-six patients (42.5%) were female and mean age 
was 46.58±13.70 years. Thirty healthy controls (HCs, 10 
females) with mean age 41.77±9.27 years were recruited. 

Table 1 Clinical characteristics of HCs and CKD patients

Parameter HCs (n=30) CKD (n=80) P value

Age (years) 41.77±9.27 46.58±13.70 0.04

Sex (female/male) 10/20 34/46 <0.001

SBP [mmHg] 118 [110–127] 140 [129–156] <0.001

DBP [mmHg] 82 [70–89] 85 [75–92] 0.15

Albumin (g/L) 46.23±2.63 28.53±7.50 <0.001

Fast glucose (mmol/L) 5.90±0.90 5.43±0.53 0.18

Total cholesterol (mmol/L) 4.11±2.28 6.60±2.37 <0.001

Triglyceride (mmol/L) 2.19 (1.41, 3.05) 2.49 (1.35, 4.35) 0.06

HDL-cholesterol (mmol/L) 1.71±0.67 1.43±0.44 0.05

LDL-cholesterol (mmol/L) 2.99±0.83 4.06±1.76 <0.001

LP(a) (mmol/L) 137.40±59.31 627.80±495.0 <0.001

BUN (mmol/L) 4.40 (3.70, 5.00) 5.49 (4.43, 8.55) 0.001 

Serum creatinine (µmol/L) 80.0 (71.0, 84.0) 82.50 (69.25, 109.50) 0.31

Serum uric acid (mmol/L) 340.84±76.51 377.35±109.53 0.10

Proteinuria (g/24 hours) – 4.50 (2.63, 6.63) –

eGFR (mL/min per 1.73 m2) 92.57 (82.79, 101.47) 87.17 (65.85, 106.72) 0.27

ARB/ACEI 0 37/43 –

Results are expressed as means ± SD or medians (IQRs). P value, CKD vs. HCs. HCs, healthy controls; CKD, chronic kidney disease; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea 
nitrogen; eGFR, estimated glomerular filtration rate; ARB, angiotensin receptor blocker; ACEI, angiotensin converting enzyme inhibitors; 
SD, standard deviation; IQRs, interquartile ranges.
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Baseline data showed that systolic blood pressure (SBP), 
serum total cholesterol, low-density lipoprotein (LDL)-
cholesterol, LP(a) and blood urea nitrogen (BUN) in CKD 
patients were significantly higher than that in HCs, while 
serum albumin level was lower than that in HCs. There 
was no difference for the serum creatinine and estimated 
glomerular filtration rate (eGFR) compared CKD patients 
with HCs.

Urinary levels of annexin V and podocalyxin positive MPs 
in CKD patients

Nanoparticles tracking analysis (NTA) confirmed the 
distribution and median size of EVs derived from urine 
samples from HCs and CKD patients (Figure 1A). Absolute 
numbers of annexin V and podocalyxin positive MPs 
(defined as podocyte-derived MPs) in urine samples from all 
subjects were quantified by flow cytometry (Figure 1B,C,D).

The levels of urinary podocyte-derived MPs were 
summarized in Table 2. Compared with HCs, there was 
significant increase of urinary podocyte-derived MPs in 

CKD patients (Figure 2A,B). Furthermore, urinary levels 
of podocyte-derived MPs were significantly different among 
CKD patients with different levels of proteinuria (Figure 2C). 
We compared the podocyte-derived MP levels among CKD 
patients with different degrees of glomerulosclerosis and 
tubulointerstitial lesions, separately. The CKD patients 
with glomerulosclerosis showed lower urinary levels of 
podocyte-derived MPs compared with those without 
glomerulosclerosis (P<0.05) (Figure 2D). The patients with 
global glomerulosclerosis showed lower urinary levels of 
podocyte-derived MPs compared with those without global 
glomerulosclerosis (Figure 2E). Urinary levels of podocyte-
derived MPs were not significantly different among CKD 
patients with different degree of tubulointerstitial lesions 
(Figure 2F).

Correlation analysis of urinary podocyte-derived MPs 
levels with clinical parameters of CKD patients

Furthermore, we analyzed the possible correlation between 
clinical parameters and urinary levels of podocyte-derived 

Figure 1 Urinary levels of annexin V and podocalyxin positive MPs are elevated in CKD patients. (A) NTA showed the distribution and 
median size of EVs derived from urine samples from HCs and CKD patients; (B,C,D) representative flow cytometry scatter plots of annexin V 
and podocalyxin positive MPs (defined as podocyte-derived MPs) in HCs and CKD patients. CKD, chronic kidney disease; NTA, nanoparticles 
tracking analysis; EVs, extracellular vesicles; HCs, healthy controls; MPs, microparticles; PE, phycoerythrin; APC, allophycocyanin.
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MPs in patients with CKD. We found a significant correlation 
between the urinary levels of podocyte-derived MPs and 
serum levels of high-density lipoprotein (HDL)-cholesterol, 
LDL-cholesterol, 24-hour proteinuria and urinary N-acetyl-
beta-glucosaminidase (NAG). Urinary levels of podocyte-
derived MPs were negatively associated with serum albumin 
levels. However, no significant association was detected 
between the urinary levels of the podocyte-derived MPs and 
age, SBP, serum levels of total cholesterol, triglyceride, and 
creatinine or eGFR respectively (Figure 3). 

Assessment on the discrimination power of urinary 
podocyte-derived MP levels for disease activities 

As shown in ROC curves (Figure 4)，urinary podocyte-
derived MP levels differentiated CKD patients with HCs 
[area under curve (AUC), 0.82] (13,14). Urinary podocyte-
derived MP levels differentiated CKD patients with global 
glomerulosclerosis or without global glomerulosclerosis 
(AUC, 0.66).

Correlation analysis of urinary podocyte MP levels with 
global glomerulosclerosis in CKD patients

Univariate associations of podocyte-derived MP levels with 
global glomerulosclerosis in CKD patients were given in Table 3.  
Global glomerulosclerosis was positively associated with SBP, 
serum glucose, BUN, and serum creatinine, and negatively 
associated with serum total cholesterol, serum LDL-
cholesterol, eGFR and urinary levels of podocyte-derived MPs. 

Effect of immunosuppressive therapy on the urinary levels 
of podocyte MPs in patients with IMN

T h e n ,  w e  a n a l y z e d  t h e  p o s s i b l e  i n f l u e n c e  o f 
immunosuppressive therapy of prednisone combined with 

tacrolimus on the urinary levels of podocyte-derived MPs 
in IMN patients. A total of ten IMN patients were studied 
before and after the administration of immunosuppressive 
therapy. We observed a significant decrease of the urinary 
levels of podocyte-derived MPs as proteinuria declined after 
six-month therapy (Figure 5).

Discussion

This study showed that the levels of annexin V and 
podocalyxin positive MPs were significantly higher in 
CKD patients compared with those in HCs. The diagnosis 
of the patients enrolled in our research was based on the 
pathological evaluation of the kidney tissues. In the primary 
or secondary glomerular diseases, podocyte injuries often 
occur with varying degrees. Podocyte derived MPs shedding 
could be common pathophysiologic changes during the 
disease progression, which can provide a new aspect for the 
evaluation of podocyte injuries.

It’s well-known that podocalyxin is a transmembrane 
protein mainly expressed on the apical membrane of 
glomerular podocytes. In addition, podocalyxin is also 
expressed on vascular endothelium, hematopoietic 
progenitor cells, and some certain neurons (13-15). 
Structurally, podocalyxin acts as the main contributor to 
the anionic surface of glomerular podocyte foot processes, 
involved in the normal formation and maintenance of 
podocyte structure through its connection with the actin 
cytoskeleton (16). Previous studies demonstrated that 
there were elevated urinary levels of podocalyxin protein 
in patients with diabetes and other glomerular diseases 
as determined by enzyme linked immunosorbent assay 
(ELISA) (17). In this study, using flow cytometer assay, 
we examined the relative quantification and distribution 
of podocyte-derived MPs labelled by annexin V and 
podocalyxin, which was different from the urinary excretion 

Table 2 The levels of urinary podocalyxin positive MPs in HCs and the patients

Groups Numbers The levels of urinary podocalyxin positive MPs (106/mL urine)

HCs 30 1.05 (0.46, 2.77)

IMN 27 4.87 (3.91, 7.34)

IgAN 19 2.51 (1.08, 5.50)

LN 17 2.73 (2.29, 3.95)

DN 17 3.55 (1.80, 6.67)

Results of urinary podocalyxin positive MPs are expressed as medians (IQRs). HCs, healthy controls; MPs, microparticles; IMN, idiopathic 
membranous nephropathy; IgAN, IgA nephropathy; LN, lupus nephritis; DN, diabetic nephropathy; IQRs, interquartile ranges.
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Figure 2 Urinary levels of podocyte-derived MPs were elevated in biopsy-proven CKD patients. (A) Comparison of the levels of urinary 
podocyte-derived MPs from CKD patients and HCs; (B) scatter dot plots showed the difference in the numbers of urinary podocyte-
derived MPs in different pathological types of CKD (IMN, n=27; IgAN, n=19; LN, n=17; DN, n=17); (C) scatter dot plots showed urinary 
levels of podocyte-derived MPs according to the different degree of tubulointerstitial lesions (mild, n=43; moderate, n=18; severe, n=5); (D) 
scatter dot plots showed urinary levels of podocyte-derived MPs according to the presence of glomerulosclerosis (no glomerulosclerosis, 
n=26; glomerulosclerosis, n=40); (E) scatter dot plots showed urinary levels of podocyte-derived MPs according to the presence of 
global glomerulosclerosis (no global glomerulosclerosis, n=28; global glomerulosclerosis, n=38); (F) scatter dot plots showed urinary 
levels of annexin V and podocalyxin-positive MPs according to the levels of proteinuria (proteinuria <3.5 g/24 hours, n=23; proteinuria  
≥3.5 g/24 hours, n=43). The numbers of urinary MPs (×106/mL) were shown as medians and IQRs. CKD, chronic kidney disease; MPs, 
microparticles; HCs, healthy controls; IMN, idiopathic membranous nephropathy; IgAN, IgA nephropathy; LN, lupus nephritis; DN, 
diabetic nephropathy; IQRs, interquartile ranges.
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Figure 4 ROC curves were calculated to assess the discrimination power for urinary levels of podocyte-derived MPs. (A) Urinary levels 
of podocyte-derived MPs differentiated CKD patients with HCs (AUC, 0.82; 95% CI 0.74–0.91; P<0.01) (13,14); (B) urinary levels of 
podocyte-derived MPs differentiated CKD patients with global glomerulosclerosis and without global glomerulosclerosis (AUC, 0.66; 95% 
CI 0.52–0.79; P<0.05). ROC, receiver-operating characteristic; CKD, chronic kidney disease; MPs, microparticles; HCs, healthy controls; 
AUC, area under curve; CI, confidence interval.
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Table 3 Spearman correlation coefficients between global glomerulosclerosis, urinary levels of podocyte-derived MPs, and selected parameters in 
CKD patients

Parameter
Global glomerulosclerosis (%)

r P value

Age (years) 0.23 0.07

SBP (mmHg) 0.38 <0.01

DBP (mmHg) 0.25 0.051

Fast glucose (mmol/L) 0.34 <0.05

Total cholesterol (mmol/L) –0.33 <0.01

Triglyceride (mmol/L) –0.05 0.72

BUN (mmol/L) 0.39 <0.01

Serum creatinine (µmol/L) 0.40 0.001

Proteinuria (g/24 hours) –0.24 0.051

eGFR (mL/min per 1.73 m2) –0.48 <0.001

Urinary podocyte-derived MPs –0.26 <0.05

CKD, chronic kidney disease; MPs, microparticles; SBP, systolic blood pressure; DBP, diastolic blood pressure; BUN, blood urea nitrogen; 
eGFR, estimated glomerular filtration rate.

of podocalyxin protein checked by ELISA. In glomerular 
diseases with severe podocyte damage, urinary-podocalyxin 
(u-PCX) reflected the microvilli shedding process. High 
levels of u-PCX could be considered to reflect marked 
microvillous transformation and vesicular shedding. 
Imaizumi et al. also demonstrated that the urinary level 
of podocalyxin is a candidate marker for MN and it can 
be applied for the diagnostic models in combination with 

other clinical parameters (18). The excretion of podocalyxin 
positive elements is correlated with the degree of glomerular 
destruction. Podocyte membrane vesicles in urine originate 
from tip vesiculation of podocyte microvilli (19). As to 
the certain levels of podocyte-derived MPs in HCs, to 
some extent, a certain number of MPs might have been 
shed by podocyte microvilli into the urine due to normal 
physiological turnover, since microvillous transformation is 
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occasionally found on the normal glomerulus.
Our results showed that there was a significant positive 

correlation between urinary podocyte-derived MPs levels 
and 24-hour proteinuria level. Proteinuria is a sign of GFB 
damage and an independent risk factor for glomerular 
diseases. The degree of proteinuria associates with the 
deterioration speed of CKD. Dyslipidemia is one of 
indicative manifestations of nephrotic syndrome, as urinary 
protein loss would stimulate an increase of LDL synthesis 
by the liver. Likewise, in the case of hypercholesterolemia, 
podocyte injury induces glomerular lipid accumulation, and 
further exacerbate glomerular lesions (20). The positive 
correlation between podocyte-derived MPs and HDL/
LDL-cholesterol concentration would provide new angle 
to understand interaction between podocyte injury and 
dyslipidemia in CKD patients, especially in those with 
massive proteinuria. In contrast, the serum creatinine 
level or eGFR did not correlate with urinary podocyte-
derived MPs levels. Change in serum creatinine levels and 
eGFR typically reflects declined renal function only in the 
advanced stage of the kidney disease when functioning 
nephrons are lost, not in the earlier stages. Since the 
presence of urinary podocyte-derived MPs reflects podocyte 
injury in the relatively earlier stages of kidney disease, the 
lack of correlation between serum creatinine/eGFR and 
urinary podocyte-derived MPs levels is not hard to explain. 
Hypertensive or ischemic kidney disease might induce 
podocyte damage. Previous studies have shown that urinary 
podocyte-derived EVs levels were increased in patients 
with renovascular hypertension compared with healthy 

volunteers and patients with essential hypertension (11). 
Accordingly, the levels of urinary podocyte derived MPs in 
CKD patients treated with ARB or ACE inhibitors were 
decreased. However, no significant correlation was observed 
between urinary podocyte-derived MPs levels and SBP.

A main finding of our study is the difference of urinary 
podocyte-derived MPs levels depended on the degree 
of glomerulosclerosis. The urinary levels of podocyte-
derived MPs were markedly lower in CKD patients with 
glomerulosclerosis compared with that in those without 
glomerulosclerosis. There was a significant negative 
association between urinary podocyte-derived MP and 
the percentage of glomerulosclerosis. This suggests that 
urinary podocyte-derived MP is a good biomarker for 
the diagnosis of glomerulosclerosis, and the number of 
podocyte-derived MPs in urine possibly represents the 
degree of glomerulosclerosis. Podocytes, one of critical cell 
components of the GFB, belong to highly differentiated 
cells and are almost non-renewable. Persistent podocyte 
injuries cause glomerular hypertrophy, mesangial 
matrix deposition, vessel occlusion, which are common 
pathological change of glomerulosclerosis from focal 
segmental to diffuse distribution (6). Previous studies 
demonstrated the lack of podocytes is associated with the 
occurrence of glomerulosclerosis. If the cells are reduced 
by 10% to 20%, then glomerulosclerosis is beginning (21). 
Thus, the loss of podocytes in situ might be an explanation 
to the decline of MP shedding.

Moreover, MPs are supposed to be interact with 
neighbouring or distant cells by transferring bioactive 

Figure 5 Effect of immunosuppressive therapy on urinary levels of podocyte-derived MPs in IMN patients. (A) Combined treatment of 
prednisone with tacrolimus in IMN patients, which induced partial remission (five patients) or complete remission (five patients), resulting 
in significant decreased urinary levels of podocyte-derived MPs and proteinuria; (B) the urinary levels of podocyte-derived MPs were 
determined by flow cytometry in ten IMN patients before and after six-month immunosuppressive therapy. IMN, idiopathic membranous 
nephropathy; MPs, microparticles.
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proteins, receptors, and mRNA (22,23). From our results, 
the levels of podocyte-derived MPs were significantly 
correlated with urinary NAG, while there was no difference 
for podocyte-derived MPs levels in CKD patients with 
different degree of tubulointerstitial lesions. NAG is a 
proximal tubular damage marker. It was reported that in 
proteinuric glomerular diseases, increased NAG excretion 
occurs even in the absence of morphological evidence 
of tubular cell damage. The increased uptake of filtered 
proteins leads to increased lysosomal activity of tubular 
epithelial cells (24). It is reported that podocyte-derived 
MPs induced tubular epithelial cell fibrotic responses 
via p38 MAPK and CD36 in vitro, which suggests that 
such interaction may contribute to the development of 
tubular fibrosis (25). The discrepancy may due to complex 
pathophysiological conditions in vivo, and somehow the 
semi-quantitative assessments cannot completely reflect 
the cytological status of renal tubular interstitial damage. 
Further research is needed to prove our speculation that 
early podocyte-derived MPs shedding may provide a novel 
mechanic interaction between glomerular podocyte injury 
and tubular dysfunction.

MPs have been reported to reflect ongoing and 
potentially reversible cell stress, which could help to 
identify at-risk podocytes before irreversible cellular 
injury/death. To further investigate whether urinary 
levels of podocyte-derived MPs reflect the degree of 
podocyte injury, we treated IMN patients with prednisone 
plus tacrolimus. Results showed that after treatment, 
proteinuria and the urinary levels of podocyte-derived 
MPs in IMN patients were distinctly reduced, indicating 
that monitoring levels of urinary levels of podocyte-
derived MPs could indicate therapy efficacy and remission 
of disease. Ten IMN patients among all participants were 
followed up for six months. The short-term remission 
rate was very optimistic, five patients achieved part 
remission (proteinuria >0.5 g/24 hours but less than half 
of the baseline), the other five patients acquired complete 
remission (proteinuria <0.5 g/24 hours). It was reported 
that tacrolimus protected podocytes from injuries through 
stabilizing the podocyte cytoskeleton and inhibiting 
apoptosis (26).

In conclusion, the urinary levels of podocyte-derived 
MPs were closely associated with podocyte injury and 
glomerulosclerosis. The change of urinary podocyte-derived 
MPs levels could be useful for monitoring disease activity 
in CKD patients, which might be a non-invasive biomarker 
for the evaluation of early CKD progression.

Limitation

Firstly, the number of IMN patients with prospective 
follow-up was too small. Secondly, the present study cannot 
link higher podocyte-derived MP counts to the prognosis 
of CKD, which would require more longitudinal studies to 
clarify its value as a biomarker.
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