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Abstract
Purpose  The purpose of this study was to investigate the correlation between podocyte related biomarker 
cofilin-1 and renal function, and explore the value of cofilin-1 in predicting the risk of renal adverse prognosis in IgA 
nephropathy (IgAN).

Methods  Patients with primary IgAN diagnosed by initial renal biopsy performed in our hospital from January 2019 
to February 2022 were included. This study was a prospective cohort study. All IgAN patients were detected the 
expression of cofilin-1 and other related biomarkers (RhoA, NGAL) in urine by enzyme-linked immunosorbent assay 
(ELISA) and follow-up at least 6 months. We also collected baseline clinicopathologial data of IgAN. The decreased 
renal function group was defined as baseline eGFR < 60 ml/min/1.73m2. Logistic and Cox regression model were used 
to analyze the correlation among cofilin-1 and renal prognosis.

Results  133 IgAN patients were included, with a male-to-female ratio of 1.25:1 and an age of 37.67 ± 13.78 years, as 
well as an average of eGFR was 71.63 (40.42,109.33) ml/min/1.73m2. 56 patients (42.1%) had decreased renal function 
at baseline, with the average of eGFR was 34.07 (16.72, 49.21) ml/min/1.73 m2. 12 of which developed to renal adverse 
prognosis. The average of follow-up time was 22.035 ± 8.992 months. The multivariate regression analysis showed 
that increased urinary cofilin-1 was an independent risk factor associated with baseline renal function decline and 
renal adverse prognosis in IgAN patients (P < 0.05). ROC curves showed great efficacy of urinary cofilin-1 levels in 
diagnosing baseline renal function decline and predicting renal adverse prognosis (the area under the ROC curve was 
0.708 and 0.803).

Conclusion  Cofilin-1 as a novel biomarker of podocyte lesion is closely related to renal function decline in IgAN. 
Cofilin-1 has certain clinical value in predicting the risk of renal adverse prognosis. Podocyte fusion affects the renal 
prognosis of IgAN.
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Introduction
IgA nephropathy (IgAN) is the most common primary 
glomerular disease among the world. Due to the diversity 
of its clinicopathological manifestations, the prognosis 
is also highly heterogeneous. Progressive IgAN is one of 
the main causes of chronic renal failure and end-stage 
renal disease (ESRD) [1]. It was previously thought that 
glomerular mesangial hypercellularity was the dominant 
pathological damage in IgAN, but in recent years, with 
the “Mesangial-Podocytic-Tubular Cross-Talk” theory 
being proposed, there has been increasing evidence that 
podocyte lesions also play an important role in the devel-
opment of IgAN [2].

Podocytes is the important barrier of glomerular filtra-
tion membrane [3]. Damage to the podocyte structure 
leads to a decreased glomerular filtration rate, protein-
uria leakage and impaired renal function, all of which 
are closely related to the severity of clinicopathology and 
prognosis in IgAN patients. However, podocyte lesions 
need to be observed by electron microscopy, and renal 
biopsy is an invasive test. Thus, it is difficult to perform 
repeated renal biopsies for monitoring, and electron 
microscopy is not yet available for routine implementa-
tion at all hospitals. Therefore, research on the screen-
ing of sensitive noninvasive biomarkers [4, 5] associated 
with podocyte injury and the assessment of their corre-
lation with severity or renal prognosis are important for 
the early identification of patients at high risk of renal 
adverse prognosis in IgAN patients. Several podocyte 
biomarkers, such as nephrin, podocin, and podocalyxin, 
found in the current study have clinical significance in 
assessing the degree of renal injury [4, 5]. However, stud-
ies on the correlation between actin cytoskeletal regula-
tory proteins of podocytes and renal prognosis in IgAN 
are rarely reported. The actin cytoskeletal proteins and 
actin-binding proteins are essential for maintaining 
glomerular filtration function [6]. As an actin-binding 
protein, cofilin-1 binds to actin and participates in the 
regulation of actin depolymerization in the podocyte 
cytoskeleton for maintaining podocyte structure [7]. 
Consequently, cofilin-1 is considered a potential predic-
tive marker for structural podocyte lesions [8]. The cor-
relation of podocyte cytoskeleton actin-binding protein 
cofilin-1 with clinicopathology and renal prognosis in 
IgAN patients is still unclear yet.

This study intends to analyze the relationship between 
urinary cofilin-1 levels and the clinicopathologic data and 
baseline renal function of IgAN patients, and to inves-
tigate the predictive value of cofilin-1 for renal adverse 
prognosis in IgAN for finding new effective biomarkers 
to predict the renal prognosis of IgAN.

Methods
Study population
Patients with primary IgAN diagnosed by initial renal 
biopsy performed at the Department of Nephrology, 
The First Affiliated Hospital of Guangxi Medical Univer-
sity from January 2019 to February 2022 were included. 
Exclusion criteria were as follows: (1) age < 18 years; 
and (2) secondary IgAN, such as lupus glomerulone-
phritis, hepatitis B virus associated-glomerulonephritis, 
and Henoch-Schonlein Puroura; and (3) the patients 
had taken glucocorticoid and immunosuppressor before 
renal biopsy. Age- and sex-matched healthy people were 
also selected as normal controls. The present study was 
approved by the ethics committee of the First Affiliated 
Hospital of Guangxi Medical University (approval num-
ber:2016 (036)). The purpose of the present study was 
explained to all patients, who provided written informed 
consent. We mainly observed the impact of a single 
podocyte marker on renal prognosis in this study. Refer-
ring to previous studies, the prevalence of adverse renal 
prognosis of IgAN was about 10%–16%, therefore, we 
used PASS 15.0 to calculate the sample size and consid-
ered with lost rate of follow-up, thus the sample size was 
at least 100 cases.

Clinicopathological data collection
The general information and vital signs, demographic, 
clinical and pathological data were collected from 
patients at the baseline time of renal biopsy. Demo-
graphic, clinical and pathological data were collected at 
the time of renal biopsy. (1) General information: age, 
gender, weight, height, BMI, SBP, DBP, MAP. (2) Labora-
tory indicators: Hb, Scr, BUN, ALB, TG, TC, LDL, HDL, 
24 h urinary protein quantity and microscopic hematuria 
and other indicators.The eGFR was calculated according 
to the patient’s age, gender and Scr by using the CKD-
EPI formula [9]. (3) Pathological data of renal biopsy: 
light, immune and electron microscope results of IgAN 
patients were collected. (4) We also collected important 
medicine records which were taken during renal biopsy 
(For example ACEI/ARB drugs, etc.).

Estimate the prognostic of IgAN patients
This study was a prospective cohort study. All IgAN 
patients were followed up at least 6 months. The clini-
cal outcome event “renal adverse prognosis” was defined 
as the patient’s development to ESRD (long-term renal 
replacement therapy or eGFR<15  ml/min/1.73m2) or 
eGFR decreased by more than 50% from baseline.

Urine sample collection and the detection of podocyte 
related biomarkers
About 10 ml of morning urine was collected on the day 
of kidney biopsy from IgAN patients, and the healthy 
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controls from Health Examination Population in our hos-
pital were informed to collect 10  ml of morning urine 
within 1 week after the results of the physical examina-
tion were reported. The expression of podocellular bio-
marker cofilin-1 in urine was detected by enzyme-linked 
immunosorbent assay (ELISA).

Definitions
Microscopic hematuria refers to urine that has been cen-
trifuged, and then high magnification microscopic exam-
ination of the urine sediment reveals a number of > 3 red 
blood cells per high magnification view. Massive protein-
uria is defined as 24 h-UTP > 3.5 g. Diagnostic criteria for 
IgAN was that light microscopic immunofluorescence 
examination showed that immunoglobulins, mainly IgA 
or IgA deposits, were deposited in the glomerular mesan-
gial area in granular or mass form.

Renal function decline was defined as an eGFR < 60 ml/
min/1.73 m2. IgAN patients were divided into 2 groups 
according to the eGFR. The decreased renal function 
group was defined as baseline eGFR < 60 ml/min/1.73m2, 
the normal renal function group was defined as baseline 
eGFR ≥ 60  ml/min/1.73m2. The “renal adverse progno-
sis” was defined as the patient’s development to ESRD 
(long-term renal replacement therapy or eGFR<15  ml/
min/1.73m2) or eGFR decreased by more than 50% from 
baseline.

Statistical analysis
SPSS26.0 software was used for statistical analysis of 
the data. The measurement data were expressed as x ± s 
if they conformed to normal distribution, and t-test was 
used for comparison between groups. Those that did not 
conform to normal distribution were expressed as M 
(1/4, 3/4), and the rank sum test was used for comparison 
between groups. Count data were expressed as number 
of cases and percentages (%), and the χ2 test was used for 
comparison between groups. The Wilcoxon rank-sum 
test was used for comparison between groups for grade 
data. Binary multivariate Logistic regression model was 
used to analyze the independent risk factors affecting 
the dependent variable. Univariate and Multivariate Cox 
regression model was used to analyze the independent 
risk factors affecting the renal prognosis. ROC curves 
were used to analyze the value of urinary cofilin-1 levels 
in judging baseline renal function decline and estimating 
the renal prognosis. p < 0.05 was considered a statistically 
significant difference.

Results
General results
A total of 133 patients with IgAN were included, with a 
male-to-female ratio of 1.25:1 and an age of 37.67 ± 13.78 
years. The average of eGFR of IgAN patients was 71.63 

(40.42, 109.33) ml/min/1.73 m2. There were 56 patients 
(42.1%) with baseline renal function decreased, and the 
average of baseline eGFR of the renal function decreased 
group was 34.07 (16.72, 49.21) ml/min/1.73 m2. A control 
group of 120 healthy people was included, with a male to 
female ratio of 1.18:1 and age of 42.57 ± 18.49 years. The 
average of follow-up time was 22.035 ± 8.992 months, 11 
patients with baseline eGFR < 15  ml/min/1.73m2 and 
receiving long-term replacement therapy were excluded 
to follow-up. 9 patients(9/133, 6.8%)were lost to follow-
up. 12 patients (12/(133-11-9), 10.6%) developed to renal 
adverse prognosis during the follow-up period (flow dia-
gram as shown in Fig.  S1 of Supplementary material). 
Comparison of the differences in urinary cofilin-1 levels 
between the IgAN group and the normal controls using 
t-test showed that there were no significant differences 
in age and gender between the two groups (all P > 0.05), 
and urinary cofilin-1 levels was significantly higher in the 
IgAN group than in the normal controls (62.36 ± 6.39 vs 
55.49 ± 8.83, P < 0.001).

Analysis of the relationship between urinary cofilin-1 levels 
and baseline renal function decline in IgAN patients
(1) Comparison of clinical and pathological features 
between the decreased renal function group and the nor-
mal renal function group.

Compared with normal renal function group, patients 
in the decreased renal function group had higher age, 
MAP, UA, 24 h-UTP levels and the proportions of Oxford 
pathological classification M1, S1, T1/2 and C1/2, as well 
as higher urinary cofilin-1 and NGAL levels, and lower 
Hb levels and lower eGFR levels (all P < 0.05). There were 
no statistically significant differences in gender, BMI, 
ALB, lipids, microscopic hematuria, urinary RhoA levels, 
and Oxford pathological classification E score between 
the two groups (all P > 0.05), as shown in Table 1.

We also analyzed the relationship between urinary 
cofilin-1 levels and eGFR levels among the urinary pro-
tein subgroups, and the results showed that there was 
no statistical significance in urinary cofilin-1 levels 
among the four groups (P > 0.05), while the eGFR lev-
els gradually decreased with increasing urinary protein 
levels (P < 0.05), as shown in Table S1 of Supplementary 
material.

(2) Analysis of risk factors affecting the decline of base-
line renal function in IgAN patients.

The above significant factors were included in the 
binary multivariate logistic regression analysis, and the 
results showed that the increased MAP levels, decreased 
Hb levels, Oxford pathological classification T1/2 and 
increased urinary cofilin-1 levels were independent 
risk factors for baseline renal function decline in IgAN 
patients (all P < 0.05), as shown in Table 2.
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Analysis of risk factors affecting the renal adverse 
prognosis in IgAN patients
Univariate Cox regression model was used to analyze 
the clinicopathological data, and the results showed 
that there was statistically significant differences in Hb, 
BUN, Scr, eGFR, Oxford pathological classification T1/2, 
Microscopic hematuria and Cofilin-1 levels (all P<0.05). 
The above significant factors were included in the Mul-
tivariate Cox regression model, the results showed that 
after correcting for confounding factors, the increased 
urinary cofilin-1 levels and Scr were independent risk 
factors for renal adverse prognosis in IgAN patients who 
were follow-up for at least 6 months (P < 0.05), as shown 
in Table 3.

The value of urinary cofilin-1 levels in diagnosing baseline 
renal function decline and renal adverse prognosis in IgAN 
patients
(1) The value of cofilin-1 in estimating baseline renal 
function decline in IgAN patients.

To explore the ability of urinary cofilin-1 levels to pre-
dict baseline renal function decline, we plotted ROC 
curves, and the results showed that the AUC was 0.708 
(P < 0.001), with a cut-off value was 65.49 pg/ml, sensi-
tivity was 0.537, and specificity was 0.853. The ability of 
urinary cofilin-1 levels combined with clinicopathologi-
cal data (MAP, Hb, Oxford pathological classification T, 
P < 0.05 in the above logistic regression model) to judge 
baseline renal function decline, the AUC was 0.942 
(P < 0.001), with a sensitivity was 0.870 and specificity 
was 0.867, as shown in Fig. 1.

(2) The value of cofilin-1 in estimating renal adverse 
prognosis in IgAN patients.

ROC curves were plotted to analyze the ability of uri-
nary cofilin-1 levels to evaluate the risk of renal adverse 
prognosis, and the results showed AUC was 0.803 
(P = 0.001), cut-off value was 65.122 pg/ml, sensitivity was 
0.833, and specificity was 0.711, as shown in Fig. 2.

Simultaneously, we using the QxMD International 
IgA Nephropathy Risk Prediction Tool [10] to calculate 
the risk of renal adverse prognosis for dividing into the 
medium-high risk group and the low risk group. We 
compared the real ability of cofilin-1 in evaluating actual 
event occurrence with the prediction ability of Interna-
tional IgAN prediction tool in predicting event occur-
rence. Comparison of clinicopathological index and 
urinary biomarkers between medium-high risk group 
and low-risk group by calculated from QxMD Inter-
national IgAN prediction tool was showed in Table  S2. 
The significant factors of Table S2 were further included 

Table 1  Comparison of clinicopathological and urinary 
biomarkers of podocytes data between the IgAN group with 
renal function decline and the IgAN group with normal renal 
function
Characteristic The normal 

renal function 
group (n = 77)

Declining renal 
function group 
(n = 56)

t/χ2/Z P

Age (yr) 34.35 ± 13.16 42.23 ± 13.41 −3.383 0.001
Male (female) 33 (42.9) 26 (46.4) −0.168 0.682
BMI (kg/m2) 24.27 ± 5.08 25.17 ± 5.43 −0.974 0.332
SBP (mmHg) 119.688 ± 11.861 133.625 ± 14.261 −6.141 <0.001
DBP (mmHg) 77.247 ± 8.440 84.714 ± 10.065 −4.643 <0.001
MAP (mmHg) 91.39 ± 8.68 101.02 ± 10.89 −5.665 <0.001
Hb (g/L) 133.18 ± 20.21 110.68 ± 24.76 5.762 <0.001
ALB (g/L) 30.99 ± 9.75 31.34 ± 8.05 −0.222 0.824
UA (µmol/L) 378.53 ± 110.19 464.31 ± 128.34 9.250 0.002
TC (mmol/L) 5.30 (4.36, 7.91) 5.17 (4.22, 6.68) −0.542 0.588
TG (mmol/L) 1.26 (0.91, 2.10) 1.53 (1.10, 2.15) −1.752 0.080
HDL (mmol/L) 1.20 (0.99, 1.56) 1.16 (1.04, 1.41) −0.923 0.356
LDL (mmol/L) 3.09 (2.43, 4.98) 3.06 (2.36, 4.39) 0.633 0.526
eGFR (ml/
min/1.73m2)

102.25 (81.45, 
120.12)

34.07 (16.72, 
49.21)

−9.825 <0.001

24 h-UTP 
(g/24 h)

0.93 (0.58, 2.04) 2.37 (1.24, 3.64) −4.029 <0.001

Microscopic 
hematuria

33 (42.9) 28 (50.0) −0.666 0.414

M1 19 (24.7) 31 (56.4) 13.691 <0.001
E1 2 (2.6) 5 (9. 1) 0.127
S1 39 (50.6) 42 (76.4) 8.948 0.003
T1/2 9 (11.9) 42 (76.4) 56.604 <0.001
C1/2 7 (9.1) 13 (23.6) 5.280 0.022
NGAL (ng/ml) 8.45 ± 0.76 8.80 ± 0.80 −2.468 0.015
RhoA (ng/L) 502.89 + 52.80 513.66 + 52.68 −1.128 0.262
Cofilin-1 (pg/ml) 60.40 ± 5.77 65.04 ± 6.27 −4.367 <0.001
Note BMI body mass index, SBP systolic blood pressure, DBP diastolic blood 
pressure, MAP mean arterial pressure, Hb hemoglobin, ALB blood albumin, 
UA blood uric acid, TC blood cholesterol, TG blood triglycerides, HDL high-
density lipoprotein, LDL low-density lipoprotein, eGFR estimated glomerular 
filtration rate, 24  h-UTP 24-hour urine protein, M mesangial hypercellularity, 
E endocapillary hypercellularity, S segmental glomerulosclerosis, T tubular 
atrophy/interstitial fibrosis, C crescents, NGAL neutrophil gelatinase-associated 
lipocalin, RhoA Ras homology family member A. MAP defined as (systolic blood 
pressure + 2 × diastolic blood pressure)/3

Table 2  Binary logistic regression model was used to analyze 
the influencing factors of baseline renal function decline in IgAN 
patients
Characteristics Wald OR 95%CI P
Age (yr) 2.114 1.042 0.986 ~ 1.102 0.146
Increased MAP (mmHg) 11.691 1.184 1.075 ~ 1.304 0.001
Hb (g/L) 6.914 0.955 0.922 ~ 0.988 0.009
UA (µmol/L) 0.446 1.002 0.996 ~ 1.008 0.504
24 h-UTP (g/24 h) 0.535 1.106 0.844 ~ 1.450 0.464
M1 2.769 4.160 0.776 ~ 22.301 0.096
S1 0.584 0.473 0.070 ~ 3.224 0.445
T1/2 10.322 19.487 3.184 ~ 119.274 0.001
C1/2 1.825 3.727 0.553~25.133 0.177
NGAL (ug/ml) 0.015 1.059 0.423 ~ 2.650 0.903
cofilin-1 (pg/ml) 5.955 1.195 1.036 ~ 1.378 0.015
Note Increased MAP, mean arterial pressure > 105 mmHg; Hb hemoglobin, UA 
blood uric acid, 24 h-UTP 24-hour urine protein, M mesangial hypercellularity, 
E endocapillary hypercellularity, S segmental glomerulosclerosis, T tubular 
atrophy/interstitial fibrosis, C crescents, NGAL neutrophil gelatinase-associated 
lipocalin
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in the binary multivariate logistic regression analysis 
in Table  S3. The predicting ability of logistic regression 
model resulted from Table  S3 for medium-high risk of 
renal adverse prognosis was presented in Fig.  S2 which 
was conducted by ROC curve analysis. The results were 
detailed in Tables  S2, S3 and Fig.  S2 of Supplementary 
material. We also analyzed the relationship between 
cofilin-1and the risk of renal adverse prognosis among 
the urinary protein subgroups, the results were shown in 
Fig. S3 of Supplementary material.

Discussion
Podocytes are terminally differentiated mesenchymal 
cells that constitute the final gatekeeper of the glomeru-
lar filtration barrier. Foot processes of podocytes contain 
an actin-based cytoskeleton that is linked to the GBM, 
foot processes of podocytes form a highly branched 

interconnected network with those of neighboring podo-
cytes, which are connected by Slit diaphragm. Therefore, 
podocyte lesions mainly lead to damage of the glomer-
ular filtration barrier, which affects urinary protein loss 
and its filtration function.

The actin-based cytoskeleton of podocytes is an impor-
tant component in maintaining the structural and func-
tional stability of podocytes, and the actin-blinding 
protein can regulate podocyte cytoskeletal movement 
and structural integrity by binding to actin-based cyto-
skeleton of podocytes. It has been shown that cofilin-1 
could cause actin disorganization and podocyte foot 
process spreading following podocyte injury via the 
CMIP/Fyn/RhoA/cofilin-1 signaling pathway [11]. Garg 
et al. [7] found that nephrin co-localized with cofilin-1 
on the cell membrane of podocytes. Nephrin activation 
induced cofilin-1 dephosphorylation via intermediaries 

Table 3  Univariate and Multivariate Cox regression model was used to analyze the risk factors of renal adverse prognosis in IgAN 
patients
Characteristics Univariate Multivariate

HR 95%CI P HR 95%CI P
Age (yr) 0.976 0.930–1.024 0.315
Gender 0.741 0.238–2.303 0.604
BMI (kg/m2) 1.003 0.899–1.120 0.957
SBP (mmHg) 1.021 0.990–1.053 0.179
DBP (mmHg) 1.024 0.978–1.071 0.314
MAP (mmHg) 1.025 0.985–1.068 0.223
Hb (g/L) 0.965 0.941–0.990 0.007 0.982 0.939–1.026 0.411
UA (µmol/L) 1.002 0.998–1.006 0.305
BUN (mmol/L) 1.188 1.080–1.307 <0.001 0.844 0.632–1.128 0.252
ALB (g/L) 0.998 0.931–1.049 0.691
Scr (umol/L) 1.012 1.007–1.018 <0.001 1.022 1.000-1.044 0.047
eGFR (ml/min/1.73m2) 0.962 0.940–0.986 0.002 1.034 0.982–1.090 0.204
TC (mmol/L) 0.946 0.760–1.178 0.622
TG (mmol/L) 1.011 0.767–1.332 0.938
HDL (mmol/L) 0.685 0.161–2.926 0.610
LDL (mmol/L) 0.955 0.715–1.277 0.759
24 h-UTP (g/24 h) 1.118 0.929–1.344 0.237
Microscopic hematuria 0.242 0.065–0.894 0.033 0.313 0.072–1.362 0.122
M1 0.575 0.185–1.784 0.338
E1 0.239 0.051–1.107 0.067
S1 0.274 0.060–1.253 0.095
T1/2 0.094 0.021–0.429 0.002 0.381 0.017–8.763 0.546
C1/2 0.495 0.134–1.834 0.293
Number of glomerulosclerosis 1.063 0.989–1.142 0.096
Nephrin (ug/ml) 1.544 0.972–2.453 0.066
NGAL (ng/ml) 1.091 0.519–2.293 0.819
RhoA (ng/L) 1.010 0.999–1.021 0.085
Cofilin-1 (pg/ml) 1.209 1.077–1.357 0.001 1.194 1.014–1.407 0.034
ACEI/ARB 3.573 0.461–27.704 0.223
Note BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, Hb hemoglobin, ALB blood albumin, UA blood uric acid, 
BUN Blood Urea Nitrogen, Scr serum creatinine, eGFR estimated glomerular filtration rate, TC blood cholesterol, TG blood triglycerides, HDL high-density lipoprotein, 
LDL low-density lipoprotein, 24 h-UTP 24-hour urine protein, M mesangial hypercellularity, E endocapillary hypercellularity, S segmental glomerulosclerosis, T tubular 
atrophy/interstitial fibrosis, C crescents, NGAL neutrophil gelatinase-associated lipocalin, RhoA Ras homology family member A. MAP defined as (systolic blood 
pressure + 2 × diastolic blood pressure)/3
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that include phosphatidylinositol 3-kinase, SSH1, 14-3-3, 
and LIMK in a cell culture model. Cofilin-1 is necessary 
for maintenance of normal podocyte architecture and for 
actin structural changes that occur during induction and 
recovery from podocyte injury. In addition, asparagine 
endopeptidase (AEP) maintains the podocyte cytokinet-
ics by cleaving cofilin-1 to keep cofilin-1 dephosphory-
lated during the progression of diabetic nephropathy 
[12]. All the above results indicated that cofilin-1 was 
closely associated with podocyte lesions, therefore, 
cofilin-1 was considered as one of the potential biomark-
ers of podocyte lesions, which may be closely related to 
the clinical manifestation, renal function and prognosis 
of IgAN.

In this study, we found that age, MAP, Hb, UA, eGFR, 
24  h-UTP, urinary NGAL levels and Oxford pathologi-
cal classification M, S, T, and C were associated with 
baseline renal function decline, and increased MAP, 
decreased Hb, and T1/2 were independent risk factors 
for baseline renal function decline. While MAP, Hb, UA, 
TG, 24 h-UTP, urinary RhoA levels, urinary NGAL levels 
and Oxford pathological classification M1, S1, T1/2 were 
associated with increased risk of renal adverse prognosis 

in IgAN patients, and increased MAP, massive protein-
uria, Oxford pathological classification T1/2 were inde-
pendent risk factors for increased risk of renal adverse 
prognosis in IgAN patients, and all these results were 
consistent with previous studies [13].

This study also suggested that urinary cofilin-1 lev-
els were associated with baseline eGFR and risk of renal 
adverse prognosis in IgAN patients, and that increased 
urinary cofilin-1 levels was an independent risk factor 
for baseline renal function decline and increased risk of 
renal adverse prognosis in IgAN patients. Furthermore, 
the performance of cofilin-1 levels in diagnosing renal 
function decline and the increased risk of renal function 
progression is better, especially when combined with clin-
icopathological indicators, the predictive performance is 
significantly higher. The AUC results of our study indi-
cated that cofilin-1 was a great evaluation biomarker for 
predicting renal adverse prognosis. Ashworth et al. [14] 
also showed that a large accumulation of actin fibers was 
seen after silencing of cofilin-1, and the migration abil-
ity of podocytes was significantly decreased, renal func-
tion damage can be observed in cofilin-1 deficient mice, 
suggesting that cofilin-1 is associated with podocyte 

Fig. 1  ROC curve of urinary cofilin-1 levels and clinicopathological combined urinary cofilin-1 levels for the prediction of baseline renal function decline. 
The blue line indicates the cofilin-1 levels, and the red line indicates the cofilin-1 combined with clinicopathological data. The AUC of cofilin-1 levels and 
cofilin-1 levels combined with clinicopathological data was 0.708 and 0.942, P<0.001
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lesions and the renal function decline, so cofilin-1 plays 
an important role in a variety of clinical conditions asso-
ciated with renal injury. On the other hand, Yu et al. [11] 
detected significantly increased levels of phosphorylation 
inactivated cofilin-1 in podocytes after puromycin ami-
nonucleoside (PA) treatment and in glomeruli isolated 
from rats with PA-induced nephropathy. In the patho-
genesis of hypertension-induced renal damage, cofilin-1 
mediated the upregulation of ETA and ETB2 receptors 
through regulation of NF-κB in renal tubular epithelial 
cells, which increased renal artery constriction, leading 
to nephrovascular spasm and nephroischemia, ultimately 
leading to renal injury, it is an important pathogenesis 
of hypertension causing renal damage [15, 16]. In addi-
tion, up-regulation of cofilin-1 levels was also found in 
patients with diabetic nephropathy and acute kidney 
injury [17, 18]. All of these results suggested that cofilin-1 
is closely associated with kidney damage and can iden-
tify higher risk IgAN patients early.We compared the real 

ability of cofilin-1 in evaluating actual event occurrence 
with the prediction ability of International IgAN predic-
tion tool in predicting event occurrence. The Interna-
tional IgA Nephropathy Prediction Tool is the preferred 
method in the 2021 KDIGO guidelines. Our study indi-
cated Cofilin-1 has certain clinical value in predicting the 
risk of renal adverse prognosis, and international predic-
tion tool is also suitable for predicting the risk of renal 
adverse prognosis according baseline situation, The AUC 
value between them is close and fine.

Cofilin-1 was a actin regulating protein of the actin 
cytoskeleton in podocytes that act in the regulation of 
actin dynamics. The remodeling of the actin cytoskel-
eton is a response to several cellular and morphological 
changes, including motility, migration, growth, dif-
ferentiation, and cell death. The actin cytoskeleton is 
regulated by a number of complex signaling pathways 
and key molecules, multiple actin regulating proteins 
are necessary for remodeling the actin cytoskeleton by 

Fig. 2  ROC curves of urinary cofilin-1 levels for the prediction of renal adverse prognosis. The AUC of cofilin-1 levels was 0.803, P = 0.001
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specifically tuning the assembly and disassembly of actin 
[19]. As a member of actin regulating proteins, cofilin-1 
bound to action, and promoted the depolymerization of 
filamentous-actin into globular-actin, while the polymer-
ization of globular-actin into filamentous-actin is inhib-
ited, allowing the recycling of actin microfilaments. In 
addition, the affinity of cofilin with ADP-bound actin 
filaments was higher than that of ATP-bound actin fila-
ments, which then induced selective disassembly of “aged 
actin filaments”. With cofilin-1 deficiency, filamentous-
actin fibers accumulated in the podocyte, the ability of 
the podocyte actin cytoskeleton to remodel is impaired, 
its skeletal structure was changed, and the filtration bar-
rier was impaired, resulting in decreased renal function. 
In this study, urinary cofilin-1 levels were significantly 
higher in patients with IgAN than in healthy controls, 
suggesting that cofilin-1 may be a potential biomarker 
for the diagnosis of IgAN, but it cannot be excluded that 
cofilin-1 is also expressed in other podocyte-associated 
glomerular diseases, and further studies are needed to 
demonstrate.

It was found that cofilin-1 silenced or knockout mice 
can develop massive proteinuria [14], and cyclosporin 
A can stabilize the actin cytoskeleton of podocytes by 
upregulating cofilin-1 expression, which acts to reduce 
proteinuria [20]. While our results showed that the bivar-
iate correlation analysis between cofilin-1 levels and uri-
nary protein levels was not statistically significant. it was 
also found that the performance of urinary cofilin-1 to 
predict the risk of renal adverse prognosis decreased as 
urinary protein levels increased, suggesting that the per-
formance of urinary cofilin-1 to predict renal prognosis 
in IgAN patients was influenced by proteinuria.

The tubular damage caused by cofilin-1 has also been 
suggested as a mechanism of renal progression in addi-
tion to the mechanism of its effects on podocytes [21]. 
Cofilin-1 and the expression of monocyte chemotac-
tic protein 1 (MCP1), interleukin-1β (IL1β) and NF-κB, 
all types of inflammatory mediators, were also observed 
to be increased in PTECs of the Hypertensive rats, and 
cofilin-1 was found to be involved in the development 
of hypertensive nephropathy by regulating the expres-
sion of NF-kB nuclear translocation and its downstream 
inflammatory factors in PTECs [16]. The above findings 
suggested that tubular cell injury caused by cofilin-1 may 
also be an important factor in the progression of IgAN 
kidney.

There were still some limitations of this study. First, 
this study was a single-center study with a small sam-
ple size. Second, the patients of our study was followed 
up for a relative short period (at least 6 months), but 
we compared the real ability of cofilin-1 in evaluating 
actual event occurrence with the prediction ability of 
International IgAN prediction tool in predicting event 

occurrence, which could confirm the predictive effi-
ciency of cofilin-1. Third, this study did not include other 
glomerular diseases related to podocyte lesions such as 
membranous nephropathy and FSGS, so the clinical 
value of cofilin-1 as a biomarker of podocyte to predict 
the renal adverse prognosis of IgAN needs to be further 
validated. Therefore, future studies with other renal dis-
eases associated with podocyte lesions, large samples, 
prospective multicenter cohort studies, and analysis of 
dynamic monitoring of cofilin-1 values are still necessary 
to confirm our findings in future.

Conclusion
The urinary cofilin-1 levels, actin-blinding protein of 
podocyte, was increased in IgAN patients compared with 
the normal controls, and the level of urinary cofilin-1 is 
closely related to the baseline renal function decline in 
IgAN patients. Cofilin-1 has certain clinical value in pre-
dicting the risk of renal prognosis in IgAN, and podocyte 
lesions affected the progression of renal function in IgAN 
patients.

Abbreviations
IgAN	� IgA nephropathy
ESRD	� End-stage renal disease
ELISA	� Enzyme-linked immunosorbent assay
BMI	� Body mass index
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
MAP	� Mean arterial pressure
Hb	� Hemoglobin
ALB	� Albumin
UA	� Uric acid
TC	� Blood cholesterol
TG	� Blood triglycerides
HDL	� High-density lipoprotein
LDL	� Low-density lipoprotein
eGFR	� Estimated glomerular filtration rate
24h-UTP	� 24-hour urine protein
M	� Mesangial hypercellularity
E	� Endocapillary hypercellularity
S	� Segmental glomerulosclerosis
T	� Tubular atrophy/interstitial fibrosis
C	� Crescents
NGAL	� Neutrophil gelatinase-associated lipocalin
RhoA	� Ras homology family member A
AEP	� Asparagine endopeptidase
PA	� Puromycin aminonucleoside
MCP1	� Monocyte chemotactic protein 1
IL1β	� Interleukin-1β

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-024-03723-7.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

https://doi.org/10.1186/s12882-024-03723-7
https://doi.org/10.1186/s12882-024-03723-7


Page 9 of 9Zhao et al. BMC Nephrology          (2024) 25:289 

Supplementary Material 6

Supplementary Material 7

Supplementary Material 8

Supplementary Material 9

Supplementary Material 10

Acknowledgements
We thank the reviewers for their critical comments.

Author contributions
The study’s conceptualization, R.B.Z., study design, data collection and 
analysis, sample collection, experiment conduction, and drafting of the 
manuscript; Y.S.X., sample collection, data analysis, and revision of manuscript; 
X.H.L., revision of the manuscript; M.J.W., study design, data analysis, and 
revision of the manuscript; Y.D., sample collection, experiment conduction, 
and data collection; X.P., data analysis; and L.P., study design, data and sample 
collection, revision of the manuscript. All authors read and approved the 
published version of the manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(No. 81960135), Guangxi Natural Science Foundation (2022GXNSFAA035458) 
and the Guangxi Medical and Health Care Suitable Technology Project of 
Guangxi Zhuang Autonomous Region Health Committee (S2023060).

Data availability
The data presented in this study is available from the corresponding author 
on request.

Declarations

Ethical approval
This study was approved by the ethics committee of the First Affiliated 
Hospital of Guangxi Medical University (approval number:2016 (036)) and was 
conducted in accordance with the Declaration of Helsinki Compliance with 
ethical standards.

Informed consent
All subjects signed an informed consent before enrolment in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 December 2023 / Accepted: 21 August 2024

References
1.	 Zhou FD, Zhao MH, Zou WZ, Liu G, Wang H. The changing spectrum of 

primary glomerular diseases within 15 years: a survey of 3331 patients in a 
single Chinese centre. NEPHROL DIAL TRANSPL. 2008;24(3):870–6.

2.	 Leung J, Lai KN, Tang S. Role of Mesangial-Podocytic-Tubular Cross-talk in IgA 
Nephropathy. SEMIN NEPHROL. 2018;38(5):485–95.

3.	 A G, P M: Cell Biology and Pathology of Podocytes. ANNU REV PHYSIOL 2012, 
74:299–323.

4.	 Jiang WL, Peng YM, Liu YH, Liu H, Chen GC, Xu XQ, Zhu XJ, Liu FY. Evaluation 
of renal clinicopathological changes in IgA nephropathy by urinary podo-
cytes excretion and podocalyxin expression. Ren Fail. 2012;34(7):821–6.

5.	 Liu W, Shi L, Wan Q, Wu Y, Huang D, Ou J, Liu Q, Guan X, Yang Y, Zhang X, et al. 
Huangqi Guizhi Wuwu Decoction attenuates Podocyte cytoskeletal protein 
damage in IgA nephropathy rats by regulating AT1R/Nephrin/c-Abl pathway. 
BIOMED PHARMACOTHER. 2021;142:111907.

6.	 He FF, Chen S, Su H, Meng XF, Zhang C. Actin-associated proteins in the 
pathogenesis of Podocyte Injury. CURR GENOMICS. 2013;14(7):477–84.

7.	 Garg P, Verma R, Cook L, Soofi A, Venkatareddy M, George B, Mizuno K, 
Gurniak C, Witke W, Holzman LB. Actin-depolymerizing factor cofilin-1 is 
necessary in maintaining mature podocyte architecture. J BIOL CHEM. 
2010;285(29):22676–88.

8.	 Berger K, Moeller MJ. Cofilin-1 in the podocyte: a molecular switch for actin 
dynamics. INT UROL NEPHROL. 2011;43(1):273–5.

9.	 S LA HT. Comparing newer GFR estimating equations using creatinine 
and cystatin C to the CKD-EPI equations in adults. AM J KIDNEY DIS. 
2017;70(4):587–9.

10.	 Barbour SJ, Coppo R, Zhang H, Liu ZH, Suzuki Y, Matsuzaki K, Katafuchi R, Er 
L, Espino-Hernandez G, Kim SJ, et al. Evaluating a New International Risk-
Prediction Tool in IgA Nephropathy. JAMA INTERN MED. 2019;179(7):942–52.

11.	 Yu L, Ye J, Liu Q, Feng J, Gu X, Sun Q, Lu G. c–Maf inducing protein inhibits 
cofilin–1 activity and alters podocyte cytoskeleton organization. MOL MED 
REP. 2017;16(4):4955–63.

12.	 Lei C, Li M, Qiu Y, Xie Y, Hao Z, Yin X, Zhang Z, Su H, Yang L, Lin J, et al. 
Asparaginyl endopeptidase protects against podocyte injury in diabetic 
nephropathy through cleaving cofilin-1. CELL DEATH DIS. 2022;13(2):184.

13.	 Hao Y, Zhao Y, Huang R, Fu P. Analysis of the relationship between Oxford 
classification, IgM deposition and multiple indexes and the adverse prog-
nosis of patients with primary IgA nephropathy and related risk factors. EXP 
THER MED. 2019;17(2):1234–9.

14.	 Ashworth S, Teng B, Kaufeld J, Miller E, Tossidou I, Englert C, Bollig F, Staggs L, 
Roberts IS, Park JK, et al. Cofilin-1 inactivation leads to proteinuria–studies in 
zebrafish, mice and humans. PLoS ONE. 2010;5(9):e12626.

15.	 Ozawa Y, Kobori H. Crucial role of rho-nuclear factor-kappab axis in angioten-
sin II-induced renal injury. AM J PHYSIOL-RENAL. 2007;293(1):F100–9.

16.	 Wang QZ, Gao HQ, Liang Y, Zhang J, Wang J, Qiu J. Cofilin1 is involved in 
hypertension-induced renal damage via the regulation of NF-kappaB in renal 
tubular epithelial cells. J TRANSL MED. 2015;13:323.

17.	 Wasik AA, Koskelainen S, Hyvonen ME, Musante L, Lehtonen E, Koskenniemi 
K, Tienari J, Vaheri A, Kerjaschki D, Szalay C, et al. Ezrin is down-regulated in 
diabetic kidney glomeruli and regulates actin reorganization and glucose 
uptake via GLUT1 in cultured podocytes. AM J PATHOL. 2014;184(6):1727–39.

18.	 Chang YF, Chao CH, Lin LY, Tsai CH, Chou C, Lee YJ. Determination of urine 
cofilin-1 level in acute kidney injury using a high-throughput local-
ized surface plasmon-coupled fluorescence biosensor. J BIOMED OPT. 
2014;19(1):11004.

19.	 Lin S, Wang J, Cao B, Huang Y, Sheng X, Zhu Y. Cofilin-1 induces acute kidney 
injury via the promotion of endoplasmic reticulum stress-mediated ferropto-
sis. Hum Cell. 2023;36(6):1928–37.

20.	 Li X, Zhang X, Li X, Wang X, Wang S, Ding J. Cyclosporine A protects podo-
cytes via stabilization of cofilin-1 expression in the unphosphorylated state. 
EXP BIOL MED. 2014;239(8):922–36.

21.	 Ishibashi F. High glucose increases phosphocofilin via phosphorylation of 
LIM kinase due to Rho/Rho kinase activation in cultured pig proximal tubular 
epithelial cells. DIABETES RES CLIN PR. 2008;80(1):24–33.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Correlation analysis of cofilin-1 with renal prognosis in primary IgA nephropathy
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Clinicopathological data collection
	﻿Estimate the prognostic of IgAN patients
	﻿Urine sample collection and the detection of podocyte related biomarkers
	﻿Definitions
	﻿Statistical analysis

	﻿Results
	﻿General results
	﻿Analysis of the relationship between urinary cofilin-1 levels and baseline renal function decline in IgAN patients
	﻿Analysis of risk factors affecting the renal adverse prognosis in IgAN patients
	﻿The value of urinary cofilin-1 levels in diagnosing baseline renal function decline and renal adverse prognosis in IgAN patients

	﻿Discussion
	﻿Conclusion
	﻿References


