
R E S E A R C H Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Guan et al. BMC Nephrology           (2023) 24:60 
https://doi.org/10.1186/s12882-023-03103-7

BMC Nephrology

*Correspondence:
Man Zhang
zhangman@bjsjth.cn

Full list of author information is available at the end of the article

Abstract
Background IgA nephropathy (IgAN) is a major cause of chronic kidney disease (CKD). Renal interstitial fibrosis 
is a hallmark of CKD progression. Non-invasive biomarkers are needed to dynamically evaluate renal fibrosis. Data 
independent acquisition (DIA)-based liquid chromatography-mass spectrometry (DIA-MS) was used to identify 
candidate urinary biomarkers in IgAN patients with different renal interstitial fibrosis degrees.

Methods Eighteen biopsy-proven IgAN patients and six healthy controls were recruited in a discovery cohort. 
Interstitial fibrosis changes were evaluated according to Oxford MEST-C scores. Urinary samples were analyzed with 
DIA-MS to identify hub proteins. Hub proteins were then confirmed by enzyme-linked immunosorbent assay (ELISA) 
in a validation cohort and the associated gene mRNA expression was analyzed using public gene expression omnibus 
(GEO) datasets.

Results Complement and coagulation cascades pathway was the main KEGG pathway related to the over-expressed 
proteins. Fibrinogen γ-Chain (FGG) was selected as the potential urinary marker for further validation. Urinary FGG to 
creatinine ratio (uFGG/Cr) levels were higher in both disease controls and IgAN group than in healthy controls, but 
were not significantly different between IgAN and disease groups. uFGG/Cr was confirmed to be increased with the 
extent of renal fibrosis and presented moderate correlations with T score (r = 0.614, p < 0.01) and eGFR (r = -0.682, 
p < 0.01), and a mild correlation with UTP (r = 0.497, p < 0.01) in IgAN group. In disease control group, uFGG/Cr was 
higher in patients with T1 + 2 compared to those with T0. uFGG/Cr had a good discriminatory power to distinguish 
different fibrosis stages in IgAN: interstitial fibrosis ≤ 5% (minimal fibrosis) vs. interstitial fibrosis (mild fibrosis) > 5%, AUC 
0.743; T0 vs. T1 + 2, AUC 0.839; T0 + 1 vs. T2, AUC 0.854. In disease control group, uFGG/Cr showed better performance 
of AUC than UTP between minimal and mild fibrosis (p = 0.038 for Delong’s test). Moreover, GSE104954 dataset 
showed that FGG mRNA expression was up-regulated (fold change 1.20, p = 0.009) in tubulointerstitium of IgAN 
patients when compared to healthy living kidney donors.

Conclusion Urinary FGG is associated with renal interstitial fibrosis and could be used as a noninvasive biomarker for 
renal fibrosis in IgAN.
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Introduction
Immunoglobulin A nephropathy (IgAN) is a primary 
cause of chronic kidney disease (CKD) worldwide. In 
China, IgAN accounts for nearly 50% of primary glomer-
ulonephritis, and is a major factor leading to end-stage 
renal disease (ESRD) [1]. The histological manifestation 
of IgAN is characterized as predominant deposition of 
IgA in glomerular mesangial region with mesangial cell 
proliferation and mesangial matrix expansion [2, 3]. 
Although the mechanism has not been elucidated, it is 
demonstrated that a decline in renal function and IgAN 
progression are associated with renal interstitial fibrosis 
[4–7].

Interstitial fibrosis is considered as a common hallmark 
of progressive kidney disease with no disease specificity. 
After kidney injury, protein secretion, degradation, and 
synthesis in extracellular matrix (ECM) are unbalanced, 
leading to unchecked fibrotic deposition, which ampli-
fies the severity of kidney injury [8]. In the process of 
renal fibrosis, multiple protein expression alterations are 
related to the subsequent pathomorphological changes 
[9]. Proteins are the direct effectors of both biological 
processes and almost all drug targets, thus proteomics 
techniques could be used to identify potential biomark-
ers for the evaluation of chronic kidney disease or renal 
interstitial fibrosis [10, 11]. However, renal biopsy is an 
invasive technique and it is difficult to be accepted by 
all patients especially for monitoring purpose. So uri-
nary biomarkers have a great potential as urine is an 
important specimen source for renal diseases. Numer-
ous studies have identified individual or combined uri-
nary biomarkers for the evaluation of renal interstitial 
fibrosis with proteomics technique [12–15]. Urinary 
epidermal growth factor (EGF) was identified by Liquid 
Chromatography with tandem mass spectrometry (LC-
MS/MS) to be associated with renal interstitial fibrosis 
and long-term adverse kidney outcomes in lupus nephri-
tis [12]. A panel of 273 urinary peptide biomarkers of 
CKD (CKD273) was developed by capillary electropho-
resis coupled to mass spectrometry (CE-MS) [16]. It was 
demonstrated to be correlated with tubulo-interstitial 
fibrosis in a lupus nephritis cohort and was of great prog-
nostic value in a large multicenter CKD cohort [15, 17]. 
CKD273 and a recently developed 29-peptide classifier 
were also identified to be correlated with renal fibrosis 
degrees in cohorts composed of various types of CKD 
patients including IgAN [13, 14].

Clinical-pathological patterns are heterogeneous in 
IgAN and a wide spectrum of clinical and pathologic fea-
tures have been reported [4]. Yet there is a lack of urine 

markers for the early evaluation of interstitial fibrosis in 
IgAN. In this study we aimed to identify specific urinary 
biomarkers related to renal fibrosis in IgAN by using 
data-independent acquisition based liquid chromatogra-
phy-mass spectrometry (DIA-MS) (Additional file 1).

Materials and methods
Study design

This cross-sectional observational study was per-
formed from May 2021 to November 2021. All 
subjects in this study were divided into discovery 
cohort and validation cohort and all patients met 
the following inclusion criteria: (i) adult patients 
(> 18-year-old); (ii) diagnosis of IgAN confirmed by 
renal biopsy (Oxford classification); (iii) diagnosis 
of other CKD patients confirmed by renal biopsy; 
(iv) no family history of kidney disease; (v) no medi-
cal history of liver, lung or heart diseases. The study 
was conducted in compliance with the declaration of 
Helsinki principles and followed the recommenda-
tions of Medical Ethics Committee of Peking Univer-
sity First Hospital and all subjects provided written 
consent before inclusion (2021KEYAN002). Healthy 
controls (HC) met the following inclusion criteria: 
(i) > 18 years old; (ii) apparently healthy individuals; 
(iii) no medical history of kidney, liver, lung or heart 
diseases.

Data collection
Clinical and laboratory data were measured and collected 
in Clinical Laboratory of Peking University First Hospi-
tal. Serum creatinine, estimated glomerular filtration rate 
(eGFR), plasma hemoglobin (Hgb), serum triglyceride, 
total cholesterol and 24-hour urinary total protein were 
the main clinical characteristics and were measured one 
day before kidney biopsy. eGFR was calculated according 
to Chronic Kidney Disease Epidemiology Collaboration 
equation [18].

Evaluation of interstitial fibrosis
Oxford classification MEST-C system was used to eval-
uate the interstitial fibrosis for IgAN patients. Other 
CKD patients in disease control group were only evalu-
ated with T scores. T-score in MEST-C was defined 
as: T0 ≤ 25%, T1: 26–50%, T2: > 50%. In this study, we 
further divided T0 into minimal ≤ 5% and mild 6-25% 
according to Banff classification [19].

Keywords Urinary biomarker, IgA nephropathy, Renal interstitial fibrosis, Fibrinogen γ-Chain, Data independent 
acquisition
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Urine sample collection and preparation
Random urine samples were collected on the same day 
of renal biopsy and centrifuged (400×g, 5min) to remove 
cellular debris within 4 hours of collection. Urine super-
natants were stored at -80℃ for further analysis. Before 
proteomics analysis, urine samples in discovery cohort 
were thawed and pooled urine samples in each group 
were obtained by mixing 600µl urine sample of each sub-
ject. Then the mixed urine samples in each group were 
divided into three aliquots for subsequent proteomics 
analysis.

Urinary protein extraction and tryptic digestion
An equal volume of each urine sample was diluted with 
lysis buffer (50Mm NH4HCO3, pH7.4, 10 Mm MgCl2, 
7M urea, 2M thiourea), followed by a 10KD ultrafiltra-
tion (Sartorious, Göttingen, Germany) and centrifugation 
(12000 × g, 15min, 4℃). The supernatant protein was 
collected in new tubes and reduced with 20mM Dithioth-
reitol (DTT) for 30 min at 55℃ and alkylated with 40Mm 
iodoacetamide at 25 ℃ for 15 min. The protein was then 
digested with trypsin (Promega, Madison, USA) at 1:50 
enzyme-to-protein ratio for 16 h at 37℃. The peptides 
were desalted using C18 tips and then dried by vacuum 
evaporation. Protein concentration was measured with 
Bradford assay. Pooled peptide sample was obtained by 
mixing equal number of digested peptides of each group 
sample for generating a spectral library.

Offline High-pH reversed-phased peptide fractionation
The pooled peptide sample was redissolved with Buffer 
A (2% Acetonitrile, 98% H2O, pH 10.0) and fractionated 
using the L-3000 HPLC (RIGOL, Beijing, China) coupled 
with a Waters XBridge BEH C18 column (4.6 × 250mm, 5 
µm). Peptides were separated with Buffer A and Buffer B 
(98% Acetonitrile, 2% H2O, pH 10.0) and fractions were 
collected per minute. The gradient was set as follows: 
0–20 min, 5% B; 20–120 min, 5% B; 120–125 min, 40% B; 
125–135 min, 95% B; 135–140 min, 95% B; 140–150 min, 
5% B. The eluates were collected for a tube per minute 
and merged into 24 fractions. All fractions were dried by 
vacuum evaporation.

DIA Proteomics Analysis
L-3000 HPLC system combined with Q Exactive HFX 
mass spectrometer (Thermo Fisher, Waltham, USA) and 
NanosprayFlex™ electrospray ionization (ESI) ion source 
was used for library generation in DDA mode. 24 dried 
fractions were resuspended respectively by 0.1% formic 
acid (FA) with and iRT standard peptide (Biognosys, 
Schlieren, Switzerland). In DDA mode, the full scan range 
was M/Z 350–1500, with resolution at 120,000, autogain 
control (AGC) at 3e6 and maximum injection time of 
80 ms. MS/MS spectra were acquired at a resolution of 

15000, with an AGC at 5e4, maximum injection time of 
45 ms and a normalized collision energy of 27.

Samples of each group were resuspended respectively 
by 0.1% FA with iRT standard peptide (Biognosys, Schlie-
ren, Switzerland). In DIA mode, the full scan range was 
m/z 350–1250, with resolution at 120,000, AGC at 3e6 
and maximum injection time of 60 ms. MS/MS spectra 
were acquired at a resolution of 12000, with AGC at 3e6, 
maximum injection time of 60 ms and a normalized colli-
sion energy of 27, with 60 variable windows ranging from 
349.5 to 1250.5 m/z.

Proteomics Data Analysis
DDA raw data of 24 fractions were processed with 
Spectronaut™ 15 (Biognosys, Schlieren, Switzerland) 
to generate the spectra library. The false discovery rate 
(FDR) of protein identifications was set to 1.0%. All DIA 
files of urine samples were analyzed using Spectronaut 
with default settings and the library generated from the 
DDA runs in the same experiment. The proteomic data 
were not normalized in DIA analysis.

Validation by ELISA analysis
Commercially available ELISA kits for fibrinogen γ-chain 
(FGG) (Cloud-Clone Corp, Houston, USA) and comple-
ment C9 (C9) (Fine Biotech Co., Ltd. Wuhan, China) 
were performed for quantitative analysis according to 
the manufacture’s protocols. Briefly, urine samples were 
thawed and diluted with PBS at a dilution of 1:20 for 
FGG and 1:10 for C9, then applied to individual wells and 
incubated on an incubator for 60 minutes. Wells were 
then incubated with anti-human FGG or C9 antibody for 
60 minutes, followed by the incubation of anti-human 
IgG antibody for 30 minutes. The colorimetric detection 
was performed using a TMB/peroxide substrate incuba-
tion and the OD (450nm) at 15 minutes was read on a 
Multiskan MK3 (Thermo fisher, Waltham, USA). Finally, 
urinary FGG (uFGG) and C9 (uC9) concentrations were 
calculated based on simultaneous standard curves gener-
ated from standard materials. Urinary creatinine (uCr) 
was determined on AU5800 (Beckman, Brea, USA) and 
uFGG or uC9 were normalized with urinary creatinine.

Transcriptomics data analysis
Microarray dataset GSE104954 was downloaded from 
the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/) using GEO query package 
in R (version 4.0.3) for transcriptional validation in tubu-
lointerstitium from kidney biopsy of IgAN. This dataset 
consists of 25 IgAN patients and 21 living donors. Hub 
protein mRNA expression data were extracted and then 
normalized with the limma R package (version 3.46.0) for 
further analysis.

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
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Bioinformatics analysis
FDR < 0.05 (-Log10FDR > 1.3013) coupled with fold 
change (FC) > 1.5 or < 0.667 was set as a cutoff for filtering 
significantly expressed proteins. Heatmap was performed 
with ClustVis, a web tool for visualizing clustering of 
multivariate data (http://biit.cs.ut.ee/clustvis) [20]. Com-
mon differentially expressed proteins (DEPs) among 
multiple groups were identified with DrawVenndiagram 
(http://bioinformatics.psb.ugent.be/webtools/Venn/). 
ClusterProfiler version 4.4.1 package was applied to per-
form gene ontology (GO) function and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) annotations [21, 
22]. Protein-protein interaction (PPI) networks were per-
formed with the DAVID online database (https://david.
ncifcrf.gov/). Then, the PPI was visualized in Cytoscape 
software (version: 3.8.1). Nonparametric Mann-Whitney 
test was used to analyze the difference of protein expres-
sion abundance in each group.

Statistical analysis
Baseline parameters of participants were reported as 
median and interquartile range (IQR) due to the small 
number of subjects, and categorical variables were 
expressed by frequency (or percentage). Nonparametric 
Mann-Whitney U test or Kruskal-Wallis one way analy-
sis of variance was used for differences of numerical data 
including baseline parameters, proteomic results and 
mRNA expression data among different groups using 
GraphPad Prism software (version 9.0.2). When Kruskal-
Wallis one way analysis was performed, Dunn’s multiple 
comparisons test was used for post-hoc analysis. Spear-
man’s correlation analysis was performed among differ-
ent variables in IgAN group with SPSS software (version 
19.0). Receiver operating characteristics curves (ROC) 
was determined by SPSS software, with the area under 
the curve (AUC) compared using the paired DeLong’s 
test by MedCalc software (version 18.2.1).

Results
Patients
One hundred and thirty-six subjects were enrolled in this 
study. The discovery cohort consisted of sex-matched 
18 IgAN patients with T0 to T2 and 6 healthy controls 
(Additional file 2). Another 50 IgAN patients, 42 other 
CKD patients and 20 healthy controls were enrolled in 
validation cohort. A summary of patient characteris-
tics including histological type and laboratory values are 
shown in Table 1. There were 7 minimal change disease 
(MCD), 12 diabetic nephropathy (DN) and 23 membra-
nous nephropathy (MN) patients in disease control (DC) 
group.

a median (interquartile range); p values represent the 
statistical significance between HC and different groups; 
Scr, Serum Creatinine; eGFR, estimated glomerular Ta
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filtration rate; UTP, 24-hour urine total protein; TG, tri-
glyceride; TCHO, total cholesterol; NA, not available.

Proteomics results
Hierarchical clustering shows the expression differences 
of urinary proteins among the four groups in the dis-
covery cohort (Fig.  1A). Compared to healthy controls, 
a total of 125 over-expressed and 888 under-expressed 
urinary proteins were identified in IgAN patients 
(Fig. 1B-C).

GO and KEGG pathway annotation and protein interaction 
network analysis
We further performed GO analysis and KEGG analysis 
with the 125 over-expressed proteins (Fig. 1D-E), which 
were significantly enriched in complement activation 
process and immunity-related GO terms. It indicated 
that complement and coagulation cascades pathway 
(n = 16, p < 0.001) was the main enriched KEGG pathway 
(Table  2). Among the 16 related over-expressed urine 
proteins (Fig. 2), C4B, C5, C8B, C8G, C9, FGG, PROS1, 

SERPINC1 and SERPIND1 increased in IgAN patients 
with the extent of renal fibrosis. However, DIA data of 
C4B, C5, C8B, PROS1 and SERPIND1 showed no statisti-
cal difference between IgAN patients with minimal fibro-
sis and healthy controls in discovery cohort and C8G 
showed under-expressed in IgAN patients with minimal 
fibrosis compared to healthy controls. In the PPI analysis 
(Fig. 1F), FGG was then considered as a hub protein as it 
was involved in more pathways (Additional file 3), such 
as plasma lipoprotein particle clearance (GO:0034381), 
regulation of blood coagulation (GO:0030193) and scav-
enging of heme from plasma (R-HSA-2168880). Mean-
while, DIA data showed that C9 was significantly higher 
in IgAN with 6–25% interstitial fibrosis than those with 
≤ 5%. Therefore, FGG and C9 were selected as the poten-
tial urinary markers for further validation.

Increased uFGG with renal fibrosis revealed by ELISA in 
validation cohort
We performed ELISA assays for both uFGG and uC9 
in an independent validation cohort including 50 

Fig. 1 Analysis of differentially expressed proteins. (A) Hierarchical clustering of DEPs in different groups. (B) Venn diagram illustrated the numbers of 
common DEPs identified by DIA-MS between IgAN and healthy controls. (C) Volcano plots analysis of all DEPs compared to healthy controls. (D) Gene 
Ontology (GO) enrichment analysis of over-expressed DEPs: Biological Process (BP), Cellular Component (CC) and Molecular Function (MF). (E) Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analysis of over-expressed DEPs. (F) Protein interaction networks of 125 over-expressed proteins. 
Proteins related to the extent of renal fibrosis was labeled
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biopsy-proven IgAN patients and 20 healthy controls 
and tested uFGG in 42 disease controls (Additional file 
4). Compared to healthy controls, uC9/Cr levels were 
significantly higher in IgAN patients, but uC9/Cr was 
not increased with the extent of renal fibrosis (Fig. 3A). 

Table 2 Differentially expressed proteins in complement and 
coagulation cascades signaling pathway
No. Protein 

ID
Gene 
Name

Protein Name Mean 
Fold 
Change

1 P01023 A2M Alpha-2-macroglobulin 70.768

2 P01009 SERPINA1 Alpha-1-antitrypsin 35.883

3 P01008 SERPINC1 Antithrombin-III 35.433

4 P07358 C8B Complement component C8 
beta chain

30.356

5 P02748 C9 Complement component C9 24.819

6 P05546 SERPIND1 Heparin cofactor 2 15.114

7 P03951 F11 Coagulation factor XI 14.752

8 P02679 FGG Fibrinogen gamma chain 10.972

9 P0C0L5 C4B Complement C4-B 11.228

10 P07360 C8G Complement component C8 
gamma chain

10.818

11 P02675 FGB Fibrinogen beta chain 9.722

12 P01031 C5 Complement C5 9.891

13 P0C0L4 C4A Complement C4-A 7.346

14 P07225 PROS1 Vitamin K-dependent protein S 
(Fragment)

7.109

15 P00747 PLG Plasminogen 4.613

16 P08697 SERPINF2 Alpha-2-antiplasmin 3.662

Fig. 3 Urinary C9/Cr and FGG/Cr levels in different groups (mean with 
95% CI). (A) uC9/Cr levels according to T-scores. (B) uFGG/Cr levels accord-
ing to T-scores in different groups. (C) uFGG/Cr levels according to T-scores 
in IgAN patients and healthy controls. (D) uFGG/Cr levels according to T-
scores in disease controls and healthy controls. (E) FGG mRNA expression 
in tubulointerstitium from kidney biopsy of IgAN patients (GSE104954). 
ROC curves of uFGG/Cr for the discrimination of different groups in IgAN 
patients between: (F) fibrosis ≤ 5% vs. fibrosis > 5%, (G) T0 vs. T1 + 2, (H) 
T0 + 1 vs. T2. (I) ROC curves of uFGG/Cr for the discrimination of fibro-
sis ≤ 5% vs. fibrosis > 5% in disease control patients

 

Fig. 2 Expressions of 16 DEPs in complement and coagulation cascades signaling pathway (mean with 95% CI). (A-P) Expressions of A2M, C4A, C4B, C5, 
C8B, C8G, C9, F11, FGB, FGG, HPX, PLG, PROS1, SERPINA1, SERPINC1, SERPIND1 and SERPINF2 in CT, T0, T1 and T2 groups, respectively
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uFGG/Cr levels were higher in both disease control 
group and IgAN group than in healthy controls (Fig. 3B), 
but were not significantly different between IgAN and 
disease groups. In IgAN group, uFGG/Cr increased with 
the extent of renal fibrosis, though there was no statistical 
difference between T1 and T2 (Fig. 3C). In disease con-
trol group, uFGG/Cr was higher in patients with T1 + 2 
compared to those with T0 (Fig. 3D). There was no sig-
nificant correlation between uC9/Cr and T score in IgAN 
patients, but uFGG/Cr presented moderate correlations 
with T score (r = 0.614, p < 0.01) and eGFR (r = -0.682, 
p < 0.01), and a mild correlation with UTP (r = 0.497, 
p < 0.01) (Table 3).

*: p < 0.05; **: p < 0.01.

Transcriptomics data analysis
FGG mRNA expression was further analyzed in 
GSE104954 dataset for transcriptional validation (Addi-
tional file 5). Compared to living kidney donors, FGG 
mRNA was upregulated in tubulointerstitium from 
kidney biopsy of IgAN patients with a 1.2-fold change 
(p = 0.009) (Fig. 3E).

Receiver operator characteristic analysis for advanced 
fibrosis
ROC curve analysis was performed to discriminate dif-
ferent fibrosis stages with uFGG/Cr. The AUC was 0.743 
when < 5% fibrosis was compared to > 5% fibrosis (95% 
CI: 0.596–0.890) (Fig. 3F). As to T0 vs. T1 + 2 and T0 + 1 
vs. T2, uFGG/Cr exhibited good performance in differen-
tiating the earlier fibrosis stages from the advanced (AUC 
0.839 and 0.854, respectively) (Fig.  3G-H). uFGG/Cr 
showed higher AUCs than UTP in IgAN group (Fig. 3F-
H), but there was no statistical difference according to 
DeLong’s test with p value 0.343, 0.061 and 0.116, respec-
tively. In disease control group, uFGG/Cr showed better 
performance than UTP between minimal and mild fibro-
sis (p = 0.038 for Delong’s test) (Fig. 3I).

Discussion
IgAN is a primary type of chronic kidney disease. Studies 
have shown that fibrosis seen on the renal biopsy of IgAN 
independently predicted clinical outcome and provided 
prognostic information [23]. A higher degree of fibrosis 
means a shorter time for patients to develop ERSD. Renal 

biopsy is an invasive technique for diagnostic purpose. 
It is reported that protocol renal biopsies are associated 
with improved graft survival, but due to its highly inva-
sive nature and the risk of potential complication, they 
are not routinely performed. [24]. Therefore, there is a 
need to evaluate renal fibrosis with noninvasive markers. 
In this study, DIA-MS, a next generation of proteomics 
technology was used for the first time to reveal that uri-
nary FGG was correlated with the degree of interstitial 
fibrosis in IgAN.

Over-expressed proteins in urine samples of IgAN 
patients were found to be primarily enriched in comple-
ment and coagulation cascades pathway. It is well estab-
lished that complement activation contributes to the 
pathogenesis of IgAN [25]. Virous urinary proteomics 
studies have indicated this pathway was significantly 
enriched in IgAN patients [26–29]. Urinary complement 
proteins were reported to be related with the prognosis 
or histological findings of IgAN in many studies. Com-
bined urinary biomarkers including fibrinogen alpha 
and beta chains, which were identified in our study, were 
shown to present a significant value for the prediction of 
IgAN progression [29]. Urinary Complement factor H 
(CFH) was shown to be related with tubular dysfunction 
and progression of IgAN and urinary C4d correlated with 
the proportion of crescents in IgAN [30, 31].

Transcriptomic results of a rodent model of nephrotic 
syndrome disease showed the expressions of hub genes 
were also enriched in complement and coagulation cas-
cades pathway, suggesting that this pathway is closely 
related to kidney injury [32]. In fact, the relationship 
between complement and coagulation cascades path-
way and renal fibrosis could be explained. Endothelial 
cells, the most abundant cells in the capillaries, are the 
first cells to be damaged by exposure to hemodynamic, 
immunologic or metabolic injury [33]. The release of 
tissue factors by damaged endothelial cells triggers the 
complement and coagulation pathways in innate defense. 
The related molecules involved in this pathway could 
deposit in the mesangium, participate in the pathogen-
esis of renal fibrosis and then present in urine. In this 
study, 16 over-expressed urinary proteins of comple-
ment and coagulation cascades pathway were involved. 
In the validation group, results demonstrated that uFGG/
Cr increased with the degree of fibrosis and correlated 

Table 3 Correlations between fibrosis levels and different biomarkers in IgAN group
T-score eGFR UTP Hgb uFGG/Cr uC9/Cr

T-score 1.00 -0.771** 0.376* -0.367** 0.614** 0.115

eGFR - 1.00 -0.361** 0.509** -0.682** -0.216

UTP - - 1.00 -0.375* 0.497** 0.015

Hgb - - - 1.00 -0.480** -0.162

uFGG/uCr - - - - 1.00 0.637**

uC9/Cr - - - - - 1.00
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moderately with eGFR and Hgb, suggesting its correla-
tion with chronic progression of IgAN. Thus, FGG was 
suggested as a potential non-invasive urinary biomarker 
to evaluate interstitial fibrosis in IgAN.

FGG is a primary component of fibrinogen, which is 
consisted of two α-chains (FGA), two β-chains (FGB), 
and two γ-chains (FGG) interconnected with disulfide 
bonds. Fibrinogen is not only synthesized in liver cells, 
but also in other cells such as epithelial cells or tumor 
cells [34]. Fibrinogen plays an important role in blood 
clotting, fibrinolysis, cellular and matrix interactions, 
inflammatory response and wound healing [35]. In the 
process of renal fibrosis, fibrinogen can directly stimulate 
renal fibroblast proliferation in a dose-dependent manner 
and cooperate with TGF-β1 to induce fibroblast prolif-
eration and activate TGF-β1/PSMAD2 signaling pathway 
[36, 37]. Roland, et al. [37] utilized a model of unilateral 
ureteral obstruction in fibrinogen knockout mice and 
found that compared to fibrinogen deficient homozygous 
mice (Fib-/-), heterozygous mice (Fib+/-) showed more 
severe interstitial fibrosis damage, with massive fibrino-
gen deposition in the renal interstitium. It is worth not-
ing that Wang et al. [38] reported that urinary fibrinogen 
is an independent risk factor for progression of CKD to 
ESRD in a study with different types of CKD patients 
including 152 IgAN patients.

Proteinuria is mainly caused by the damage of glo-
merular podocytes [39] and it has been shown to be 
related with progression of IgAN, even at lower levels of 
UTP (< 1g/d) [40]. It is interesting that uFGG/Cr had a 
stronger correlation with T score than UTP and AUCs 
of uFGG/Cr were higher than UTP in IgAN patients, 
though there was no statistical difference. It also pre-
sented higher AUC than UTP between minimal and mild 
fibrosis in disease control group. These results suggested 
the superiority of uFGG in renal fibrosis evaluation com-
pared to proteinuria and the possible utility of uFGG 
for the early evaluation of renal fibrosis. What’s more, 
uFGG/Cr was higher in patients with T1 + 2 compared to 
those with T0 in disease control group, suggesting uFGG 
as a potential universal biomarker of interstitial fibrosis 
in CKD, but this needs to be confirmed in a large cohort 
study.

In this study FGG was confirmed to be increased in 
urine, not necessarily due to a local renal expression. 
However, transcriptional level of FGG was shown to be 
increased in the tubulointerstitium from kidney biopsy of 
IgAN patients in a GEO dataset. Although the transcrip-
tion level was not always parallel to the protein content, 
the consistency of FGG mRNA expression in tubuloin-
terstitium and urinary FGG level suggested that FGG 
might be associated with the process of tubular intersti-
tial fibrosis. As Epithelial-mesenchymal transition (EMT) 
is considered as an important step of renal fibrosis [41], 

we propose that, as a primary component of fibrinogen, 
FGG may also participate in the transition of renal tubu-
lar epithelial cells through EMT and promote renal inter-
stitial fibrosis.

There are several limitations in this study. The cohort 
size is limited, especially for the healthy control popula-
tion. Further larger sample size studies are needed to 
reduce the variability of our analyses. We followed up 
39 IgAN patients for 12–18 months, but none of them 
reached an end-point of eGFR decline > 50% or end-stage 
of kidney disease due to the limited follow-up periods. 
So, this is a cross-sectional study and further longitudi-
nal studies are needed to assess the prognostic value of 
uFGG in IgAN and other CKD patients. What’s more, 
FGG staining was not performed in this study to identify 
the expression of FGG protein in both renal tubules and 
interstitium and further studies are needed to confirm 
the finding.

Conclusion
In summary, urinary FGG was identified by DIA-MS to 
be associated with renal interstitial fibrosis in IgAN and 
was confirmed in a validation cohort in this study. It was 
concluded that urinary FGG could be used as a non-inva-
sive urinary biomarker for mild renal fibrosis in IgAN. 
However, large cohort studies and mechanistic investiga-
tions are required for further validation.
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