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Abstract: Henoch-Schönlein purpura nephritis (HSPN) has been considered as a major cause of chronic renal failure 
in children and a condition which can worsen clinical outcomes in adults. At present, the molecular mechanisms 
of HSPN are still unclear. In this study, iTRAQ quantitative proteomic analysis was performed on renal tissues col-
lected from patients with HSPN and compared with those of patients after nephrectomy (controls). A total of 149 
differentially expressed proteins (DEPs) were detected, of which, 97 being upregulated and 52 down-regulated. 
Protein functions and classifications were analyzed using Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG). In addition, protein domains. expressive hierarchical clustering analysis and protein-protein 
interaction (PPI) analysis were also conducted for DEPs. The results of bioinformatics analysis indicated that DEPs 
were enriched in lipid metabolism and the adherens junction pathway. Among these proteins, CDC42 and CTNNB1 
were identified as potential candidates involved in the pathogenesis of HSPN. Immunohistochemistry and real-time 
PCR further demonstrated that CDC42 and CTNNB1 were up-regulated in HSPN patients. These results provide new 
and important insights into some underlying molecular pathogenesis of HSPN. 

Keywords: Henoch-schönlein purpura nephritis, bioinformatic analysis, lipid metabolism, cytoskeleton, molecular 
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Introduction

Henoch-Schönlein purpura (HSP) is a systemic 
vasculitis demonstrated by IgA deposits. This 
condition affects small vessels of the joints, 
kidneys, gastrointestinal tract and skin [1, 2]. 
Although HSP is typically self-limiting and its 
prognosis is largely favorable, kidneys may be 
involved, which can aggravate the severity of 
this disease. As a result, permanent organ 
damage in the form of severe HSP nephritis 
(HSPN) may ensue, thus the renal involvement 
of the disease can be used as the main prog-
nostic factor [3]. It is considered that HSPN is 
more prevalent in the pediatric population, and 
the proportion of all children with HSP pro-
gressing to HSPN is approximately 30-50% [4, 

5]. HSP is less common in adults, but it is often 
associated with more severe clinical manifesta-
tions and renal outcomes, and an estimated 
risk of progression of HSP to chronic renal 
insufficiency is 25-30% [6, 7]. 

Based on the results from a number of clinical 
and experimental studies, it appears that the 
deposition of IgA-containing immune complex-
es, which leads to the renal damage and in- 
flammatory, changes in other organs in HSPN 
patients [8]. Actually, numerous pro-inflamma-
tory cytokines are expressed in HSPN following 
immune complex deposition [9]. Therefore, 
complex biomolecular mechanisms activated in 
response to lgA deposition may also exert an 
important effect in the pathogenesis of HSPN. 
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However, the pathogenesis of HSPN remains 
largely unknown, a number of factors that can 
produce HSP have been identified, including 
genetic factors, bacterial or viral infections and 
environmental influences [10].

A relatively novel approach to explore the 
pathogenesis of diseases involves use of quan-
titative proteomics. With this technique it is 
possible to identify and compare quantitatively 
unique proteins within biological samples [11]. 
The proteomic technique is increasingly used in 
kidney disease [3, 12, 13], but it is quite rarely 
used in studies focusing on HSPN. In this cur-
rent study, renal tissue samples from HSPN 
patients were analyzed using iTRAQ quantita-
tive proteomic analysis and compared with 
those from the patients after nephrectomy who 
served as controls. Such an analysis can pro-
vide plenty of information on pathogenic mech-
anisms of HSPN, as well as an understanding of 
the complex biological processes activated in 
response to HSP.

Materials and methods 

Sampling and pathological diagnosis

Fresh renal tissue was harvested from 5 HSPN 
patients undergoing kidney puncture biopsy 
including 3 males and 2 females, with an age 
range of (20-40) years. Renal tissues serving 
as controls were harvested from 4 patients 
after nephrectomy due to abdominal trauma. 
The controls consisted of 2 males and 2 
females with an age range of (20-40) years and 
their pathological diagnoses of HSPN were con-
firmed by pathologists from No. 1 Hospital of 
China Medical University. Six renal tissue sam-
ples (3 patients and 3 controls) were subjected 
to protein extraction for iTRAQ proteomics anal-
ysis. All renal tissue samples were prepared for 
paraffin embedding and mRNA extraction, and 
renal samples were also prepared for iTRAQ 
quantification. For hematoxylin and eosin (HE, 
Solarbio, China) staining, a microtome was 
used to prepare paraffin-embedded tissues 
sections (5 μm thickness) and then HE staining 
was performed. 

iTRAQ quantitative proteomics analysis

Renal tissue samples of the patients were used 
to iTRAQ quantitative proteomics assay. This 

part of work was commissioned by a techni- 
cal service company (PTM Biolab, Hangzhou, 
China). The experiments included protein extra- 
ction, isobaric labeling, HPLC fractionation and 
mass spectrometry-based quantitative pro-
teomic analysis. Bioinformatic analysis was 
then performed to investigate quantifiable tar-
gets, including protein annotation, functional 
classification, functional enrichment, subcellu-
lar localization, and cluster analysis based on 
functional enrichment. 

Immunohistochemistry

Paraffin sections of renal samples were depar-
affinized, rehydrated and repaired antigen 
using citrate buffer solution. The sections were 
blocked in 10% goat serum and then cultured 
overnight at 4°C using anti-human β-catenin or 
anti-human CDC42 antibodies (Abcam, UK). 
Subsequently the sections were cultured using 
the secondary antibody, and HE staining were 
performed using EliVision Super Kit (Maixin, 
China). The sections were photographed using 
a Nikon Eclipse Ti microscope.

Real-time PCR

Fresh renal tissues were collected from HSPN 
patients and healthy controls, respectively. 
miRNeasy Mini Kit (Qiagen, Germany) was used 
to extract the mRNAs of all samples. cDNAs 
were synthesized by using the mRNA (1 μg)  
as a template. Primer sequence (GAPDH: sense 
5’-AAGAGCACAAGAGGAAGAGAGAGAC-3’, anti-
sense 5’-GTCTACATGGCAACTGTGAGGAG-3’; CT- 
NNB1; sense 5’-ACCAGTGGATTCTGTGTTG-3’, 
anti-sense 5’-AAGGCAGTCTGTCGTAATAG-3’; CD- 
C42: sense 5’-GATTACGACCGCTGAGTTA-3’; an- 
ti-sense 5’-CTGGAGTGATAGGCTTCTG-3’). The 
expression levels of mRNA were detected by 
7900HT Fast Real-Time PCR System (Applied 
Biosystems, USA) using RT2 SYBR Green qPCR 
Master mix (Promega, USA).

Statistical analyses

A statistical software (version 20.0, IBM, USA) 
was used to perform statistical analyses. The 
data were presented as the mean ± SD. The 
statistical significance of the differences be- 
tween groups was assessed using Fisher’s 
exact test P < 0.05 indicated that the differ-
ence was as statistically significant.
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Results

Identification of differentially expressed pro-
teins in renal tissue of normal versus HSPN 
patients

iTRAQ-based quantitative proteomic analysis of 
renal tissues from normal and HSPN patients 
was performed according to the procedure 
shown in Figure 1A, so as to detect potential 
protein alterations in response to HSPN. 
According to the above-mentioned criteria [14], 
a total of 814 proteins were detected, among 
which 571 were quantified. As screened using a 
1.5 fold cutoff criterion (HSPN group/control 
group > 1.5 or < 0.667) combined with a signifi-
cant Fisher’s exact test P-value, 149 proteins 
were determined as differentially expressed 
proteins (DEPs), of which, 97 DEPs were up-

regulated and 52 DEPs down-regulated (Figure 
1B).

Subcellular structural localization 

Subcellular localization revealed that the up-
regulated DEPs were mainly located within the 
cytoplasm (38%) and mitochondria (26%), and 
only 5% of up-regulated DEPs were distributed 
in the nucleus. The down-regulated DEPs were 
mostly located in the nucleus (43%) and cyto-
plasm (29%), and only 10% of down-regulated 
DEPs were located in the mitochondria (Figure 
2). 

GO and KEGG pathway enrichment analysis 

To further disclose the biological functions of 
these 149 DEPs, GO enrichment was analyzed 

Figure 1. Workflow diagram and Volcano Plot for protein expressions. A. Summary of procedures involved with sam-
ple preparation, grouping, iTRAQ labeling, MS detection and bioinformatics analysis used in this study. B. Volcano 
plot for identifying proteins. Red spots indicate significantly up-regulated protein expressions blue spots indicate 
down-regulated protein expressions and grey spots indicate an absence of statistically significant differences in 
protein expressions. The greater the ordinate value corresponding to the point, the greater the corresponding differ-
ence in protein expression. Similarly, the greater the absolute value of the abscissa corresponding to the point, the 
greater the corresponding difference in protein expression. There were 149 statistically significant DEPs identified 
with up-regulated DEPs having an abscissa value of > 1.5 and down-regulated DEPs an abscissa value of < 0.667.
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using InterProScan software. Biological pro-
cess (BP), molecular function (MF) and cellular 
component (CC) were sorted by protein count 
and visual information of the three GO catego-
ries are summarized in Figure 3. In addition, 
detailed information on the up- or down-regu-
lated DEPs in the three GO categories were 
listed in Tables 1 and 2.

In the biological process function group, up-
regulated DEPs were mainly enriched in the 
single organism metabolic process, especially 
in organic acid, while down-regulated DEPs 
were mainly enriched in dephosphorylation reg-
ulation and organelle organization. With regard 
to cellular component enrichment analyses, 
up-regulated DEPs were mainly located in mito-
chondria, while down-regulated DEPs were con-
tained in cytoskeletal proteins and cell projec-
tion part. In the molecular function enrichment 
group, up-regulated DEPs were mainly related 
to co-factor binding, acetyltransferase activity 
and co-enzyme binding. However, down-regu-
lated DEPs were enriched in guanyl-nucleotide 
exchange factor activity, cytoskeleton binding 
and calmodulin binding.

KEGG database was used to conduct KEGG 
enrichment analysis on these DEPs. The vascu-
lar smooth muscle contraction pathway was 
only present in the group with down-regulated 
DEPs (Table 3). In the group with up-regulated 
DEPs, signaling pathways were mainly enriched 

in metabolic pathways of butanoate, alanine, 
amino sugars and nucleotide sugars as well as 
in adherens junction (Figure 3C). 

Protein domain enrichment 

To examine the domain function of DEPs, up- 
and down-regulated DEPs were subjected to 
enrichment analyses of protein domains. The 
results revealed that down-regulated proteins 
mainly contained the EF-hand domain, SH3 
domain and C-terminal and Band4.1. By con-
trast, up-regulated proteins mainly contained 
the SGNH hydrolase-type esterase domain, 
aminoacyl-tRNA synthetase (class II) and thia-
min diphosphate-binding fold (Figure 3D).

Functional enrichment-based hierarchical clus-
tering analysis of the DEPs 

To further understand the function of these 
DEPs in HSPN patients, hierarchical clustering 
analysis was performed to evaluate the func-
tional relationships between them. In the bio-
logical process category, up-regulated proteins 
were mainly enriched in multiple lipid metabo-
lism, positive regulation of cell growth and 
coenzyme biosynthetic process (Figure 4A), 
while down-regulated proteins were mainly 
implicated in the regulating cell morphogene-
sis, GTPase activity and biosynthetic process-
es. In addition, it was found that down-regulat-
ed proteins were also highly enriched during 

Figure 2. Sub-cellular location analysis. A. Up-regulated DEPs were mainly distributed within the cytoplasm (38%) 
and mitochondria (26%) and only 5% in the nucleus. B. Down-regulated DEPs were mainly distributed within the 
nucleus (43%) and cytoplasm (29%) and only 10% in the mitochondria.
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Figure 3. Functional analysis of DEPs. (A) GO enrichment of up-regulated DEPs in 3 functional groups: biological processes (red bar), cellular components (green 
bar) or molecular functions (blue bar). (B) GO enrichment of down-regulated DEPs. (C) KEGG enrichment analysis of up-regulated DEPs. The colored circle indicates 
significant differences in DEPs and p value within each KEGG pathway. The degree of enrichment of the signaling pathway is denoted by the color circle, with red 
indicating greater degrees of enrichment while green less enrichment. The fold of enrichment is presented as the ratio (%) of the number of DEPs annotated in a 
pathway (as indicated in the y-axis) to the number of all proteins annotated in this pathway. (D) Protein domain enrichment analysis. The abscissa value corresponds 
to the length of the bar plots (-log10; Fisher’s exact P-value), with the greater the bar plot length the greater the enrichment degree of DEPs (A, B and D). DEPs, dif-
ferently expressed proteins; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Table 1. GO analysis of up-regulated proteins associated with HSPN

Term Count Fold  
enrichment

Fisher’ exact 
test P value

-log10  
(p value) Function

GO:0044710 single-organism metabolic process 59 1.56 2.62E-06 5.58 BP
GO:0044281 small molecule metabolic process 47 1.7 5.99E-06 5.22 BP
GO:0006082 organic acid metabolic process 34 1.89 2.56E-05 4.59 BP
GO:0043436 oxoacid metabolic process 33 1.86 5.22E-05 4.28 BP
GO:0006732 coenzyme metabolic process 16 2.58 0.000134 3.87 BP
GO:0044712 single-organism catabolic process 26 1.92 0.000247 3.61 BP
GO:0019752 carboxylic acid metabolic process 31 1.77 0.000272 3.57 BP
GO:0051186 cofactor metabolic process 18 2.2 0.000485 3.31 BP
GO:0006793 phosphorus metabolic process 30 1.74 0.000513 3.29 BP
GO:0090407 organophosphate biosynthetic process 13 2.62 0.000521 3.28 BP
GO:0009056 catabolic process 36 1.6 0.000654 3.18 BP
GO:0044711 single-organism biosynthetic process 26 1.77 0.000989 3 BP
GO:0030307 positive regulation of cell growth 4 6.44 0.001018 2.99 BP
GO:0019637 organophosphate metabolic process 23 1.85 0.001108 2.96 BP
GO:0005739 mitochondrion 36 1.57 0.001023 2.99 CC
GO:0044429 mitochondrial part 27 1.68 0.002021 2.69 CC
GO:0031984 organelle subcompartment 6 3.78 0.002385 2.62 CC
GO:0005759 mitochondrial matrix 18 1.82 0.005261 2.28 CC
GO:0031967 organelle envelope 22 1.69 0.005491 2.26 CC
GO:0031975 envelope 22 1.69 0.005491 2.26 CC
GO:0005740 mitochondrial envelope 18 1.8 0.006059 2.22 CC
GO:0036020 endolysosome membrane 3 6.15 0.00644 2.19 CC
GO:0048037 cofactor binding 16 2.33 0.000503 3.3 MF
GO:0016407 acetyltransferase activity 3 8.16 0.001787 2.75 MF
GO:0050662 coenzyme binding 12 2.39 0.002185 2.66 MF
GO:0016740 transferase activity 19 1.8 0.004585 2.34 MF
GO:0016874 ligase activity 7 3.01 0.004849 2.31 MF
GO:0016853 isomerase activity 6 3.27 0.005771 2.24 MF
GO:0000287 magnesium ion binding 5 3.71 0.0063 2.2 MF
GO:0004497 monooxygenase activity 3 6.12 0.006511 2.19 MF
GO, gene ontology; HSPN, henoch-schönlein purpura nephritis; BP, biological process; CC: cellular component; MF, molecular 
function.

viral latency. Up-regulated DEPs in the cellular 
component category (Figure 4B) were mostly 
located in mitochondria and cytoplasm, which 
were mainly involved in organelle envelope, 
secretory vesicles and golgi network transport. 
By contrast, down-regulated DEPs were locat-
ed in the cytoplasm, which were mainly involv- 
ed in organelle and cytoskeletal structure. 
Up-regulated DEPs in the molecular function 
category (Figure 4C) were mainly involved in a 
variety of enzymes activities, particularly acet-
yltransferase, and binding of ions. Down-
regulated proteins were enriched in guanyl-
nucleotide exchange factor activity, cytoskele-
tal protein binding and phosphatase regulator 
activity. 

For DEPs in the KEGG pathway (Figure 4D), up-
regulated proteins were involved in butanoate 
metabolism and adherens junction, and down-
regulated proteins were involved in vascular 
smooth muscle contraction. For DEPs in the 
protein domain cluster analyses (Figure 4E), 
up-regulated proteins were involved in dehydro-
genase and ribosome activity. Down-regulated 
proteins were involved in the EF-hand domain 
and FERM domains.

PPI network construction

To better elucidate the protein mechanisms 
associated with HSPN, STRING and Cytoscape 
were used to obtain PPI information concerning 
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Table 2. GO analysis of down-regulated genes associated with HSPN

Term Count Fold  
enrichment

Fisher’ exact 
test P value

-log10  
(p value) Function

GO:0035303 regulation of dephosphorylation 5 6.78 0.000408 3.39 BP

GO:0006996 organelle organization 24 1.82 0.00053 3.28 BP

GO:0035304 regulation of protein dephosphorylation 4 7.23 0.001265 2.9 BP

GO:0007409 axon genesis 4 7.23 0.001265 2.9 BP

GO:0048812 neuron projection morphogenesis 5 5.42 0.001342 2.87 BP

GO:0048858 cell projection morphogenesis 5 5.08 0.001862 2.73 BP

GO:0097485 neuron projection guidance 3 9.76 0.002001 2.7 BP

GO:0007411 axon guidance 3 9.76 0.002001 2.7 BP

GO:0019219 regulation of nucleobase-containing compound metabolic process 17 1.98 0.002155 2.67 BP

GO:0032990 cell part morphogenesis 5 4.79 0.002516 2.6 BP

GO:0060255 regulation of macromolecule metabolic process 24 1.64 0.002723 2.57 BP

GO:0043170 macromolecule metabolic process 27 1.55 0.002812 2.55 BP

GO:0031032 actomyosin structure organization 4 5.92 0.00302 2.52 BP

GO:0044260 cellular macromolecule metabolic process 23 1.66 0.003174 2.5 BP

GO:0008091 spectrin 3 11.92 0.000898 3.05 CC

GO:0044463 cell projection part 9 2.35 0.010287 1.99 CC

GO:0015630 microtubule cytoskeleton 9 2.35 0.010287 1.99 CC

GO:0005856 cytoskeleton 15 1.7 0.018681 1.73 CC

GO:0005654 nucleoplasm 17 1.61 0.020541 1.69 CC

GO:0005938 cell cortex 6 2.65 0.020734 1.68 CC

GO:1990391 DNA repair complex 2 7.95 0.02145 1.67 CC

GO:0032982 myosin filament 2 7.95 0.02145 1.67 CC

GO:0005085 guanyl-nucleotide exchange factor activity 4 8.08 0.000756 3.12 MF

GO:0008092 cytoskeletal protein binding 13 2.44 0.001184 2.93 MF

GO:0005516 calmodulin binding 5 4.75 0.002599 2.59 MF

GO:0019888 protein phosphatase regulator activity 3 8.08 0.003908 2.41 MF

GO:0019208 phosphatase regulator activity 3 8.08 0.003908 2.41 MF

GO:0005088 Ras guanyl-nucleotide exchange factor activity 3 6.93 0.006541 2.18 MF

GO:0098772 molecular function regulator 10 2.24 0.009219 2.04 MF

GO:0003779 actin binding 8 2.54 0.009818 2.01 MF
GO, gene ontology; HSPN, henoch-schönlein purpura nephritis; BP, biological process; CC: cellular component; MF, molecular function.

identified 149 DEPs. A total of 73 proteins were 
constructed based on the PPI network, and the 
majority of DEPs were involved in 2 notable net-
works (Figure 5). One group of proteins was 
related to adherent junction pathway, including 
CTNNB1, CDC42, IQGAP1, FN1, ACTN4, ACTB, 
USO1, PROF1 and NUMA1. The other group of 
proteins was involved in the mitochondrial 
beta-oxidation pathway, including EHHADH, 
ACAT1, HADHA, ACAA2 and HSD17B10.

Validation of cytoskeletal associated protein 
expressions

Results of the bioinformatics analyses indicat-
ed that many up-regulated proteins were en- 
riched in adherens junction pathway. Therefore, 
the proteins associated with adherens junction, 
specifically CTNNB1 and CDC42, were selected 
for validation via immunohistochemistry and 

real-time PCR assays. Results of these assays 
demonstrated that both CTNNB1 and CDC42 
were significantly up-expressed in HSPN pa- 
tients (Figure 6).

Discussion

Although it has been well established that 
HSPN mainly results from glomerular deposi-
tion of IgA-CIC, there remains much to be 
understood regarding the complex molecular 
mechanisms involved in the cascade of cross-
talk between resident cells and inflammatory 
cells [15]. Most of the works in this area have 
been focused on the analyses of clinical mani-
festations and urine samples, in which animal 
models were used [16, 17], while direct studies 
involving renal biopsy are quite rare. In this 
study, we directly examined changes in protein 
levels using quantitative proteomics, and then 
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Table 3. KEGG analysis of DEPs associated with HSPN

Regulation ID Term Count Fold  
enrichment

-log10  
(p value) Genes

Up-regulated hsa00650 Butanoate metabolism 6 3.61 2.62 OXCT1, ACSM2A, EHHADH, ACAT1, ABAT, HADHA

Up-regulated hsa00410 beta-Alanine metabolism 6 3.06 2.16 EHHADH, ABAT, ALDH6A1, ALDH2, HADHA, CNDP2

Up-regulated hsa04520 Adherens junction 4 3.78 1.93 IQGAP1, CDC42, ACTB, ACTN4

Up-regulated hsa00520 Amino sugar and nucleotide sugar metabolism 3 4.97 1.93 HEXB, PGM1, CYB5R3

Up-regulated hsa00640 Propanoate metabolism 6 2.48 1.65 EHHADH, ACAT1, ABAT, ALDH6A1, HADHA, SUCLG2

Up-regulated hsa00380 Tryptophan metabolism 5 2.55 1.48 EHHADH, ACAT1, OGDH, ALDH2, HADHA

Up-regulated hsa01200 Carbon metabolism 12 1.66 1.38 TPI1, EHHADH, ACAT1, GAPDH, OGDH, HADHA, TKT ACO1, GOT2, ALDH6A1, PKM, SUCLG2

Up-regulated hsa00280 Valine, leucine and isoleucine degradation 8 1.89 1.34 OXCT1, EHHADH, ACAT1, ABAT, HSD17B10, ALDH6A1, ALDH2, HADHA

Down-regulated hsa04270 Vascular smooth muscle contraction 3 6.12 2 CALM1, MYH10, MYH11
KEGG, Kyoto Encyclopedia of Genes and Genomes; HSPN, henoch-schönlein purpura nephritis; DEPs, differentially expressed proteins.
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Figure 4. Functional enrichment-based hierarchical clustering analysis of the DEPs. A. Biological process. B. Cellular component. C. Molecular function. D. KEGG 
pathway. E. Protein domain. The horizontal axis represents the groups of DEPS according to the ratios of differential expression (Q1: 0 < Ratio ≤ 1/4, Q2: 1/4 < 
Ratio ≤ 1/2, Q3: 2 < Ratio ≤ 4, Q4: Ratio > 4). The vertical axis represents the name of term in the different functional enrichments. The color denotes the degree 
of enrichment (Z score) of each block with red signifying higher levels of enrichment and blue lower levels. DEPs, differently expressed proteins; KEGG, Kyoto Ency-
clopedia of Genes and Genomes.
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combined these findings with those of LC-MS/
MS analyses to identify pivotal molecules and 
signal pathways involved in HSPN. 

The DEPs identified in the renal tissue of HSPN 
patients consisted of 97 up-regulated and 52 
down-regulated proteins. 

Kidneys are a major organ of the body for the 
clearance of many metabolites and play a vital 
role in maintaining electrolyte levels, and com-
position of blood, and are also responsible for 
substance metabolism processes and metabo-
lizing enzymes [18]. In the present study, the 
GO and KEGG enrichment analyses revealed 
that up-regulated proteins were mainly related 
to metabolism and adherens junction. In terms 
of metabolism, DEPs were mainly enriched in 
lipid metabolism and butanoate metabolism. 
HADHA, a protein of the butanoate metabolism 
pathway, is involved in the reactions in the 
mitochondrial β-oxidation pathway, which is a 

main energy-producing process in tissues for 
breaking down fatty acids into acetyl-CoA units 
[19]. It has been reported that disorders of lipid 
metabolism exacerbate chronic kidney disease 
[20]. While renal dysfunction may lead to per-
turbation in lipoprotein metabolism, lipoprotein 
abnormalities accelerate the rate of progres-
sion of renal dysfunction [21]. Although no di- 
rect evidence suggests that lipid metabolism is 
associated with HSPN, the fact that HSPN is a 
multifactorial disease indicates that lipid meta-
bolic disorders may participate in the patho-
genesis of this condition.

The functional enrichment analysis showed 
that up-regulated DEPs also have a close rela-
tionship with adherens junction. The KEGG 
enrichment analysis revealed that four DEPs 
were involved in adherens junction pathway, 
including actin, F-actin, CDC42 and IQGAP1. All 
four proteins were involved in regulating the 
cytoskeleton function of podocytes. Actin cyto-

Figure 5. Protein-protein interactions of DEPs. The PPI network was constructed and formatted with up-regulated 
proteins shown in red circles and down-regulated proteins in green circles. Straight lines connecting circle edges 
indicate protein-protein interactions. PPI, protein-protein interaction.
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Figure 6. Analysis of pathological changes of glomeruli and validation selected differentially expressed proteins. Significant necrosis and infiltration of inflamma-
tory cells were observed in the glomeruli of HSPN patients (hematoxylin and eosin × 200). CDC42 and CTNNB1, were detected with use of immunohistochemistry 
and real-time PCR. The protein and mRNA expressions of CDC42 and CTNNB1 were both increased in HSPN patients as compared with healthy controls. Data are 
presented as means ± SDs. * and ** indicate P < 0.05 and P < 0.01.
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skeleton is an essential structural and function-
al element involved in controlling podocytes 
activity, while a variety of actin-associated pro-
teins can regulate actin cytoskeletal dynamics, 
cell adhesive interactions and motility [22]. As 
an actin-associated protein, CDC42 is known to 
be not only a powerful regulator of actin cyto-
skeletal dynamics, but also related to the 
pathogenesis of kidney disease progression 
[23], and the deletion of CDC42 will cause con-
genital nephrotic syndrome, podocyte foot pro-
cess effacement and glomerulosclerosis [24, 
25]. With regard to IQGAP1, this protein has 
been reported to be involved in actin cytoskel-
eton organization and regulation of podocyte 
function [26]. Consistent with the findings of 
this proteomics analysis, we found that the 
CDC42 and CTNNB1 proteins and mRNA were 
markedly up-expressed in renal samples from 
HSPN patients as compared to healthy con-
trols. CTNNB1 is considered to play a pivotal 
role in promoting podocyte injury via Wnt/β-
catenin signaling and it has been well estab-
lished that Wnt/β-catenin signaling consistent-
ly aggravates podocyte injury and proteinuria, 
which leads to the involvement of other path-
ways in mediating podocytopathy [27]. The 
increased expression of adherent junction pa- 
thway associated proteins suggests that abnor-
malities in cell junctions are likely linked to the 
pathogenesis of HSPN, especially with regard 
to their capacity to injure podocytes. 

Results of the PPI network analysis were con-
sistent with those of the functional enrichment 
analysis, both of them indicated that many pro-
teins were involved in adherent junctions and 
lipid metabolism, including CTNNB1, CDC42, 
IQGAP1, FN1, ACTB, USO1, PROF1, NUMA1, 
EHHADH, ACAT1, HADHA, ACAA2 and HSD- 
17B10. 

Up-regulation of CNDP2 and ACTN4 might be 
involved in injuries of podocytes and glomeru-
lar filtration membranes. Carnosinase, an 
enzyme encoded by CNDP1 and CNDP2, has 
been reported to play a renal protective role as 
a scavenger of reactive oxygen species. Ah- 
luwalia et al, reported that a single nucleotide 
polymorphisms (SNP) of CNDP2 was associat-
ed with an increased risk of diabetic nephropa-
thy as indicated by increased albumin excretion 
and decreased glomerular filtration rates [28]. 
ACTN4 encodes the protein α-actinin 4, which 

exerts a significant effect in maintaining the 
renal filtration barrier [29]. In the study of 
Henderson et al, it was found that ACTN4 muta-
tions resulted in podocyte injuries, which were 
associated with renal dysfunctions such as 
familial focal segmental glomerulosclerosis 
(FSGS) [30]. Currently there is no direct evi-
dence that demonstrates a relationship of 
CNDP2 and ACTN4 with HSPN, but it was 
observed that these two proteins were signifi-
cantly increased in renal tissues of these HSPN 
patients, which suggests that SNP and muta-
tions may also be involved in the pathogenesis 
of HSPN.

The down-regulated proteins, such as CALM1, 
MYH10 and MYH11 are enriched in the vascu-
lar smooth muscle contraction pathway. CALM 
encodes calmodulin, which is essential for Ca2+ 
dependent cellular events [31]. As kidney dis-
eases can result in marked alterations of meta-
bolic activity [32], the down-regulation of CALM 
may be related to Ca2+ signal transduction dis-
order. MYH10 and MYH11 encode major myo-
sin II motor proteins and myosin heavy chain 11 
proteins respectively. MYH10 is a cytoskeletal 
protein with diverse functions including cytoki-
nesis and regulation of cell shape, adhesion 
and migration. In kidney development, a muta-
tion in MYH10 can result in end-stage renal fail-
ure in the adult. In addition, MYH10 affects 
coronary vessel development, and our PPI net-
work and KEGG analyses revealed that MYH10 
and MYH11 were associated with vascular 
smooth muscle contraction [33]. Therefore, 
renal vessel development may also be compro-
mised by mutations in these proteins. In this 
study, the proteomics analysis also indicated 
that DEPs were implicated in lipid metabolism 
and adherent junction pathways, which might 
be involved in the pathophysiological mecha-
nisms of HSPN. This validation further demon-
strated that the adherent junction associated 
proteins, such as CDC42 and CTNNB1, were 
increased in renal tissues of HSPN patients as 
compared with those of healthy controls.

For all we know, this is the first attempt to deter-
mine HSPN-associated molecules and signal 
pathways in renal tissues of HSPN patients. 
While it is important to note that these analy-
ses of renal tissue samples are limited to the 
constraints of the iTRAQ technique, 149 DEPs 
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detected in this study provide a solid founda-
tion for future bioinformatic analyses. 

In conclusion, the DEPs detected in this study 
are mostly enriched in lipid metabolism and 
adherent junction pathways. Such processes 
can affect the progression of kidney disease, 
particularly with regard to the regulation of 
podocyte functions. This study enables us to 
identify some of the biological processes and 
signal pathways demonstrating remarkable ch- 
anges as related to HSPN, but the exact roles 
and mechanisms of these functions as related 
to HSPN remain to be studied.
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