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Abstract
Background: Clinically, IgA nephropathy has a variety of symptoms including paroxysmal gross
hematuria, nephritic  and nephrotic syndrome. This study aimed at investigating hub geneand genes
modular related to IgA nephropathy clinical characteristics by using weighted gene co-expression network
analysis combining clinical, microarray and network database parameters. Methods: We collected 32
human samples from the European Renal cDNA Bank and used RMA method to preprocess the data and
utilize the limma package to obtain differentially expressed gene in renal interstitium and glomeruli. We
used the WGCNA package to construct the gene co-expression of differential expression genes and
identify hub genes associated with clinical characteristics in renal interstitium and glomeruli, respectively.
Gene ontology enrichment analysis and KEGG analysis for hub genes which associated with clinical
characteristics were performed by DAVID. PPI information was acquired from STRING. Results: For
glomeruli, 1470 genes differentially expressed between IgA nephropathy patients and healthy control,
containing 10 hub genes associated with age, 8 hub genes associated with sex, 48 hub genes associated
with Bp enrichd in ERK1 and ERK2 cascade and Rap1 signaling pathway, 223 hub genes associated with
BMI enrich in organic acid catabolic process and fatty acid degradation pathway, 136 hub genes
associated GFR enriched in immune response and PI3K-Akt signaling pathway, 82 hub genes associated
with proteinuria enriched in extracellular matrix organization and PI3K-Akt signaling pathway. In
tubulointerstitium, there were 480 genes differentially expressed between IgA nephropathy patients and
healthy control. Among 480 DEGs, 6 hub genes associated with age, 15 hub genes associated with sex,
35 hub genes associated with Bp enrichd in positive regulation of apoptotic process, 87 hub genes
associated with GFR enriched in negative regulation of macromolecule metabolic process and RNA
transport, 33 hub genes associated with proteinuria enriched in regulation of apoptotic process and FoxO
signaling pathway. PPI enrichment analysis shown that all hub genes sets are biologically connected
cluster. Conclusions: We made a preliminary investigation on molecular mechanisms of relationship
between IgA nephropathy and clinical characteristics and identi�ed hub genes and pathways closely
related with BMI, GFR and Proteinuria in IgA nephropathy by a series of bioinformatics analysis.

Background
Immunoglobulin A (IgA) nephropathy also known as Berger’s disease initially described in 1968 by Berger
and now considered as the most common chronic glomerular disease in the world [1]. De�ned by the
predominant deposition of IgA in glomerular mesangium by immuno�uorescence, IgA nephropathy has
light histological changes with glomerular mesangial proliferation, and microscopic hematuria, gross
hematuria and even latent onset are the main clinical symptoms of IgA nephropathy. About 30% of
patients with IgA nephropathy reached end stage renal disease (ESRD) after 10~20 years of initial
diagnosis [2]. Epidemiologically, IgA nephropathy may occur at any age with the peak incidence at 20~30
years old, and males are more susceptible to IgA nephropathy than females with a ratio of 2:1~5:1 for
males to females, but the effect of age or sex for prognosis of IgA nephropathy is still uncertain.
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In chronic kidney disease (CKD), proteinuria is one of the signi�cant signs for reaching end stage renal
disease (ESRD), and the degree of proteinuria associated with IgA nephropathy progression and
prognosis. A large number of clinical studies indicated that proteinuria, especially constant large amount
of proteinuria (≥3g/24h) is an independent risk factor for poor prognosis of IgA nephropathy: glomerular
�ltration rate(GFR) of patients with proteinuria>3g/24h was decreased by 20 to 25 times compared to
patients with proteinuria<3g/24h; long-term follow-up research indicated that patients with mild
proteinuria (proteinuria<0.5g/24h) are more likely to have adverse events with the signi�cant degradation
of renal function and signi�cantly elevation of blood pressure [3-5]. Obesity (Body Mass Index
,BMI≥25kg/m2) is now considered as an independent risk factors that may cause or exacerbate chronic
kidney disease [6, 7], which can damage the kidneys by affecting renal hemodynamics with glomeruli
high blood pressure, high perfusion and high �ltration. Meanwhile, hypertension is also a risk factor of
progression for IgA nephropathy to end stage renal disease (ESRD). Because of the characteristics of
renal vascular structure, early hypertension mainly affect the function of reabsorption in renal tubular
and, then, increase the glomerular hyper�ltration and promote glomerular sclerosis leading to the
ischemic damage of renal parenchymal, which is the particularly prominent injure in the malignant
hypertensive patients. Patients diagnosed with hypertension, especially with proteinuria, generally have
worse outcomes, but improved control of blood pressure can effectively reduce the incidence of adverse
events [8]. Remarkably, in the progression of IgA nephropathy, the elevation and development of blood
pressure is a signi�cant sign for predicting the long-term prognosis of IgA nephropathy [9]. For renal
function, many clinical studies have con�rmed that the function of glomerular �ltration (serum creatinine,
GFR) in histology con�rmed IgA nephropathy de�nitely effect on the prognosticate IgA nephropathy.
D'Amico retrospective study suggested that serum creatinine levels are the strongest predictors of long-
term prognosis of IgA nephropathy: 5 years survival rate of patients with serum creatinine levels
<115μmol/L and serum creatinine levels ≥115μmol/L were 98.4% and 41.8% with statistically signi�cant,
respectively [10].

Therefore, it is greatly signi�cant to investigate molecular mechanisms of relationship between IgA
nephropathy and clinical characteristics, understand the pathogenesis of IgA nephropathy for evaluation
of IgA nephropathy disease status and prognosis and guidance diagnosis and treatment of IgA
nephropathy.

Weighted Gene Co-expression Network Analysis (WGCNA) is an advanced and comprehensive algorithm
for co-expression analysis based on R programming language. At present, gene co-expression networks
are increasingly being used to look for functional similar genes, which used a very straightforward
concept: the nodes in the network represent the genes, and the signi�cantly co-expressed genes will be
clustered together by selecting the appropriate tissue samples. In fact, it is di�cult to de�ne whether two
nodes can be connected in a network. Traditionally, binary method was used to construct genes co-
expression network by de�ning 1 as connected and 0 as unconnected, but it cannot interpret biological
signi�cance between the “hard” threshold 1 or 0.In order to solve this problem, WGCNA used a soft
threshold to de�ne a weight value to determine the probability of interaction among a set of genes. Under
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this concept, a weighted co-expression network is formed. In order to use soft threshold, the co-expression
network was transformed into a weight connection network, and parameters of soft threshold were set by
scale-free topology criterion based on biological and statistical signi�cance.

In our study, we used 32 human samples from the European Renal cDNA Bank to construct the gene co-
expression of differential expression genes by WGCNA and identify the hub genes associated with
clinical characteristics in renal interstitium and glomeruli, respectively. Then, Gene ontology enrichment
analysis, KEGG analysis and PPI network analysis were used to further investigate the function of hub
genes sets associated with clinical characteristics.

Methods
Collecting genes expression data and clinical parameters

A total of 32 human samples from the European Renal cDNA Bank (ERCB) [11], which contains 25 IgA
nephropathy tubulointerstitium, 27 IgA nephropathy glomeruli, 6 pretransplant healthy living
tubulointerstitium and 5 pretransplant healthy living glomeruli, were collected from GEO [12] database
 which was used to store gene expression datasets and platform information. For consistent pre-
processing, we downloaded total 66 raw data (CEL �le) from GSE37463 [13] (the platform is Affymetrix
GeneChip Human Genome HG-U133A), a sample dataset which was contributed by Berthier et al. and
preformed further analysis. Clinical parameters including age, sex, Bp, BMI, GFR, Scr and proteinuria were
collected from nephroseq [14], a database which was used to store microarray datasets and clinical data
of kidney disease Clinical characteristics of these patients are provided in Table 1.

Identi�cation of differentially expressed genes

R (version 3.3.4) programming language was applied to data quality assessment, normalization and
detection of DEGs. Based on “affyPLM” [15] package, we conducted quality assessment on microarray
data by using RNA degradation curve and Normalized Unscaled Standard Errors(NUSE) [16], a simple and
sensitive method which is the standard deviation of the PM value of a probe set divided by the median of
the standard deviation of PM values over all chip. Then, we used RMA(Robust Multi-array Averaging) [17],
a integrative algorithm with fewer false positives, to preprocess the raw data and utilized the Empirical
Bayess method to obtain genes differential expression based on limma package, a widely used statistical
test in microarray analysis. The expression of ±1.2-fold change and FDR<0.05 was used as the threshold
to select DEGs. Finally, genes were annotated by o�cial annotations �le (Affymetrix HG-U133A
Annotations, Release 35).

 

Weighted gene co-expression network analysis and identi�cation of hub genes and module
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WGCNA [18] is a systematic and robust gene co-expression network algorithm to describe the correlation
of gene expression matrix, detect highly correlated genes modules and evaluate the correlation between
genes modules and clinical traits. According to the o�cial protocol, WGCNA can be brie�y divided into the
following steps: 1. construct co-expression network speci�ed by its adjacency matrix that calculated by
soft threshold power; 2. transform adjacency into topological overlap matrix (TOM) and using
hierarchical clustering and dynamic tree-cutting method to screen module; 3. select module and gene
related to external information.

Gene signi�cance [18] measures was used to incorporate clinical characteristics into the gene co-
expression network, the higher the absolute GS value, the more biologically signi�cant is the gene. GS is
de�ned as the absolute value of the correlation between the gene pro�le x and the clinical trait T, or
de�ned by minus log of a p-value based on a correlation test or a regression for evaluating the statistical
signi�cance between gene pro�le x and the clinical trait T [18]:

 

For select hub genes, we used “networkScreening” [18], a function blends standard and network methods
to screening genes (or general variables) highly relevant to a given ex ternal trait. On this basis,
q.Weight<0.01 (local FDR) [19], a corrected weighted p-value of association with a clinical characteristic
was considered as a threshold to select hub genes.

 

Gene ontology analysis of hub genes

Biological signi�cance of hub genes was explored by Gene ontology [20] (GO) enrichment analysis and
KEGG [21] (Kyoto Encyclopedia of Genes and Genomes) analysis based on DAVID [22, 23] (Database for
Annotation, Visualzation and Integrated Discovery) and Biological Prcess (BP), the most representative
sub-ontologies of GO enrichment analysis, was used to �nd critical biological function in hub genes
closely related to BMI, GFR and proteinuria in tubulointerstitium and glomeruli of IgA nephropathy,
respectively. A P<0.01 was considered statically signi�cant and signi�cant enrichment.

 

Construct PPI network analysis of hub genes

Gene “network view” is increasingly being applied to many areas of biology, such as prediction of
phenotypes and gene functions, drug discovery and statistical power in genetics. In order to investigate
the interactions among hub genes associated with clinical parameters and verify the result of WGCNA, we
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look for functional relationships among the gene products and construct PPI network. PPI information
was acquired from STRING (Search Tool for the Retrieval of Interacting Genes, http://www.string-db.org/)
[24, 25]. Medium con�dence (0.4) was chosen be minimum required interaction score to screen the
interactions among hub genes. The actived interaction sources including text mining, experiments,
databases, co‐expression, neighborhood, gene fusion and co-occurrence. Cytoscape [26] (version 3.4.0)
software was used for visualization of PPI network. Genes that not display connections with other genes
were not shown in the network.

Results
Differentially expressed genes(DEGs) between IgA nephropathy and healthy control

In order to investigate hub genes and genes modules of IgA nephropathy combining clinical parameters,
series GSE37463 including 25IgA nephropathy tubulointerstitium, 27 IgA nephropathy glomeruli, 6
pretransplant healthy living tubulointerstitium and 5 pretransplant healthy living glomeruli was
downloaded from GEO [12] database; clinical parameters including age, sex, blood pressure(Bp), BMI,
GFR, serum creatinine (Scr) and proteinuria were collected from website database Nephroseq (Figure
1ab). After raw data quality assessment [16] which showed all sample are quali�ed data for further
analysis and data normalization by RMA [17], we used packages limma (Linear Models for Microarray
Analysis) [27] for detecting DEGs. The FDR-value for fold-change between IgA nephropathy and healthy
control was calculated by moderated t-test, and fold change± 1.2 and FDR<0.05 were considered as the
threshold to select DEGs. For glomeruli, there were altogether 1802 differentially expressed RNAs(fold
change>1.2, FDR<0.05) containing 1470 unique genes annotated by o�cial annotations, among which
consisting signi�cantly 53 down-regulated DEGs and 162 up-regulated DEGs(fold change>2, FDR<0.05);
for tubulointerstitium, there were 586 differentially expressed RNAs(fold change>1.2, FDR<0.05)
containing 480 unique genes, among which consisting signi�cantly 52 down-regulated DEGs and 3 up-
regulated DEGs (fold change>2, FDR<0.05).

 

Weighted gene co-expression network analysis

Since genes with relationship of function or regulation tend to be a similar expression pattern, we
constructed the WGCNA network to sort similar regulatory gene into modules and explore highest
correlation module with IgA nephropathy or clinical parameters. After choosing an appropriate soft-
thresholding power to �t the scal-free topology index around 0.9, we utilized one-step method
“blockwiseModules” which applied hierarchical clustering and dynamic tree cut algorithm to screen
modules in both group of tubulointerstitium and glomeruli (Figure 2ac). Subsequently, by incorporating
external information into the WGCNA network, Figure 2bd shows correlation coe�cients between every
module and clinical parameters. Since GFR was a sensitive and reliable index re�ecting renal function in
IgA nephropathy, we used GFR instead of Scr for further analysis.
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            Figure 3 and 4 shows Gene Signi�cance (GS) across every module related toIgA nephropathy and
clinical parameters. For glomeruli, all modules were high correlation (|r|>0.6, P<0.01) with IgA
nephropathy occurrence and brownmodule (210 genes) have the highest GS(P<0.01) related to IgA
nephropathy occurrence; blue (415 genes), yellow (190 genes) and green (79 genes) modules were
correlation (|r|>0.5, P<0.01) with BMI in IgA nephropathy and yellow module have the highest GS(P<0.01)
related to BMI in IgA nephropathy; turquoise module (418 genes) was correlated (|r|>0.4, P<0.05) to BMI,
GFR, Scr and proteinuria with highest GS(P<0.01). For tubulointerstitium, turquoise module were
associated with IgA nephropathy occurrence (|r|>0.9, P<0.01) and grey were associated with GRF, and Scr
(|r|>0.5, P<0.01) with highest GS(P<0.01). It is worth noting that since the expression pattern of genes is
very similar, WGCNA only screened one turquoise module in IgA nephropathy tubulointerstitium and
genes that cannot be clustered into one of modules are assigned to the grey module which represents
background genes outside of module. Thus, genes possibly related to GFR, Scr in grey module but not
belong to WGCNA modules.

            Hub genes were selected by function “networkScreening” and q.Weight<0.01 (local FDR), a
corrected weighted p-value of association with a external trait was considered as threshold to select hub
genes: In glomeruli, there are 10 hub genes associated with age, 8hub genes associated with sex, 48 hub
genes associated with Bp, 223 hub genes associated with BMI, 82 hub genes associated proteinuria and
136 hub genes associated GFR; In tubulointerstitium, there are 6 hub genes associated with age ,15 hub
genes associated with Sex, 35 hub genes associated with Bp, 7 hub genes associated with BMI, 33 hub
genes associated with proteinuria and 87 hub genes associated with GFR. Genesets with more than 40
hub genes were used to perform further PPI network analysis to verify the result of WGCNA by using
authenticated genes regulatory relationship.

 

Gene ontology and KEGG pathwaysanalysis of hub genes

Gene ontologyenrichment analysis and KEGG analysis for hub genes which associated with BMI, GFR
and proteinuria were performed by using DAVID. Firstly, we performed GO enrichment analysis. For
glomeruli in IgA nephropathy, genes signi�cantly associated with BMI, GFR and proteinuria were enriched
in:ERK1 and ERK2 cascade and cellular response to organic substance (48 hub genes associated with
Bp); small molecule catabolic process and organic acid catabolic process (223 hub genes associated
with BMI); immune response and regulation of immune response (136 hub genes associated with GFR);
and extracellular matrix organization and extracellular structure organization(82 hub genes associated
with proteinuria) (Table 1). For tubulointerstitium inIgA nephropathy, 35 hub genes associated with Bp
were enriched inpositive regulation of apoptotic process and positive regulation of programmed cell
death; 87 hub genes associated with GFR were enriched in negative regulation of macromolecule
metabolic process and negative regulation of metabolic process; 33 genes signi�cantly associated with
proteinuria were enriched in regulation of apoptotic process and regulation of programmed cell death
(Table 2).
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            KEGG pathways were analyzed on the same gene to verify GO enrichment analysis result. For
glomeruli inIgA nephropathy, hub genes associated with Bp were enriched incentral carbon metabolism in
cancer and Rap1 signaling pathway;genes signi�cantly associated with BMI were enriched in type I
diabetes mellitus and fatty acid degradation; hub genesassociated with GFR were enriched in PI3K-Akt
signaling pathway and endocytosis; genes signi�cantly associated with proteinuria were enriched in
PI3K-Akt signaling pathway and ECM-receptor interaction (Table 1). For tubulointerstitium inIgA
nephropathy, hub genes associated with Bp were enriched in PI3K-Akt signaling pathwaymetabolic
pathways(P>0.05); genes signi�cantly associated with GFR were enriched in RNA transport and protein
processing in endoplasmic reticulum; genes signi�cantly associated with proteinuria were enriched in
FoxO signaling pathway and hepatitis B (Table 2).

 

Protein-Protein interaction network analysis of hub genes

PPI analysis was used to obtain further relevant information between hub genes and verify the result of
WGCNA by authenticated genes regulatory relationship based a STRING [28] (Search Toll for the Retrieval
of Interacting Genes), a public database and tool that construct and display functional protein
association networks. Noteworthy, since the hub genes associated with BMI are not duplicated with GFR
or Proteinuria in glomeruli of IgA nephropathy, we analyzed these genes separately: the PPI enrichment P-
value of genes set associated with BMI, 1. 78e-08, which means signi�cantly more interaction among
these genes than expected from random assignments using proteins of similar size drawn from genome,
indicating that the products of those genes are at least partially biologically connected (Figure 5); the
network PPI enrichment P-value of genes set associated with GFR and Proteinuria is 0 (Figure 6).For
tubulointerstitium in IgA nephropathy, we used genes associated with BMI, GFR and Proteinuria to
construct PPI network and the PPI enrichment P-value of this network is 7.33e-5 (Figure 7). All three
networks have more interactions than expected form random proteins of similar size or drawn from the
genome. Moreover, in the PPI network, genes in one module or related to same clinical parameterare more
likely to have intreaction or be ina cluster, indicating that the WGCNA was successful preformed and the
results of gene co-expression analysis were veri�ed by the con�rmed PPI experiment.

Discussion
A large number of studies have con�rmed that BMI, hypertension, proteinuria and renal function effect on
the prognosticate IgA nephropathy, however, the genetic mechanism of these clinical characteristics
caused progression of IgA nephropathy are not clear, and the relationship and association between
factors (like age sex) and IgA nephropathy are still needed more study and evidence on biological
processes at the molecular level. Noteworthy, disease always involved thousands of gene expression
changes with a huge and complex gene regulated network, which means are search for a single gene is
super�cial and unreliable and it is hard to explain the mechanism of a disease. WGCNA is an advanced,
successful and comprehensive algorithm for co-expression analysis, and it was not only used to
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construct gene co-expression network and screen gene modules, but also a powerful tool to identify hub
genes associated external information, especially clinical characteristics, and help researchers to
understand the mechanism of the disease and providing a theoretical basis for the diagnosis and
treatment of the disease.

            In the present study, we collected 32 human samples from the European Renal cDNA Bank and
used RMA to preprocession and utilize the limma to obtain DEGs in renal interstitium and glomeruli. For
glomeruli, there were altogether 1470 differentially expressed unique genes (fold change>1.2, FDR<0.05).
These DEGs were used to construct the gene co-expression and identify the hub genes associated with
clinical characteristics by WGCNA: brown module has the highest GS related to IgA nephropathy
occurrence; blue, yellow and green modules were correlation with BMI with highest GS of yellow module;
turquoise module was correlated to GFR, Scr and proteinuria with highest GS. Howerer, since the genes
assoiated with age or sex are quite few and the genes assoiated with Bp allocated among many modules,
no modules speci�cally assoiated with age, sex or Bp. Furthermore, we identify 10 hub genes ( HK1,
HEY1, MCAM, GPR4, SPRY4, NETO2,DCBLD2, MSX1,GPR124, LPPR2) associated with age, 8 hub genes
(CTH, EAF2, LAMTOR5, ZNF331, PRKX , CD99, FECH, DDX3X) associated with sex, 48 hub genes
associated with Bp, 223 hub genes associated with BMI, 82 hub genes associated with proteinuria and
136 hub genes associated GFR.

            Then, the results of GO, KEGG pathways and PPI network analysis validated the results of
WGCNA:223 hub genes associated with BMI in glomerulienriched in small molecule catabolic process,
organic acid catabolic process and fatty acid degradation pathway; PPI network analysis indicated that
223 hub genes associated with BMI belong to abiologically cluster. Above all, these 223 hub genes not
only interrelated with IgA nephropathy but also speci�city associated with BMI, which provides directions
for future research of relationship between BMI and IgA nephropathy.

            Meanwhile, 48 hub genes associated with Bp enrichd in ERK1 and ERK2 cascade, cellular response
to organic substance, central carbon metabolism in cancer and Rap1 signaling pathway; 136 hub genes
associated GFR in glomeruli enriched in immune response, cellular response to chemical stimulus and
PI3K-Akt signaling pathway, indicated that IgA stimulus and immune responsewere dominant in
impaction of glomerular �ltration. It is known that glycosylated IgA has a transferrin receptor (CD71) on
the surface of mesangial cells [29] and abnormal glycosylated IgA immune complexes are speci�cally
recognized and deposited in the mesangium causing proin�ammatory cytokines and
angiotensin released [30], and tumor necrosis factor alpha (TNF- ) derived from IgA nephropathy patients
podocytes cells autocrine synthesis caused TNF receptor 1 (TNFR1), TNF receptor 2 (TNFR2) and IL - 6
were up - regulated. Elevated expression of TNFR1 leads to podocyte apoptosis and up-regulation of
TNFR2 expression leading to chronic in�ammation [31]; Phosphatidylinositol-3 kinase (PI3K)-
serine/threonine kinase (Akt) is an important pathway in intracellular involve in cell metabolism,
apoptosis, proliferation and differentiation [32, 33]. A study by Cox et al. reported that PI3K-Akt signaling
pathway was hyperactive in IgA nephropathy patients and played animportant role in IgA nephropathy
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[34]. Additionally, based on the results of WGCNA, we believed that PI3K-Akt signaling pathway speci�city
impact the renal function in IgA nephropathy.

            For proteinuria,82 hub genes in glomeruli enriched in extracellular matrix organization, extracellular
structure organizationand PI3K-Akt signaling pathway, meaning that these genes may played an
important role in changing the extracellular matrix and leading to proteinuria. Traditionally, the disruption
of glomerular �ltration barrier (GFB), a 3-layer structure consisted of endothelial cells, glomerular base
membrane (GBM) and podocyte, is the main reason leading to proteinuria. There is plenty of evidence
supporting GFB molecular sieve effect and solute with different size are obstructed in varying degrees
with the water and small molecules solute free permeability and macromolecular selective permeability,
while GFB also is charge barrier preventing anionic molecules such as albumin passing through the GBM
[35, 36]. It is now believed that GFB also consists by two additional layers, endothelial surface layer (ESL)
and sub podocyte space (SPS). ESL and SPS have solute molecular screening characteristics of
glomerular �ltration and has a signi�cant impact in renal function [37, 38].

            In tubulointerstitium, there were 480 DEGs between IgA nephropathy and healthy control. Among
480 DEGs, 6 hub genes (HES1, ACAD10, GEM, RHOB, CREM, FILIP1L) associated with age,15 hub genes
(MFAP1, RPL21 , ZMYM4, CTNNA1, EIF5, CCT6A, DNAJC10, MIR7110, TRAPPC11, CALCR, TTC37, EPHA7,
TUFT1, NUP62, ELL2) associated with sex,35 hub genes associated with Bp enriched in positive
regulation of apoptotic process, cellular response to nutrient levels and regeneration. Moreover, 87 hub
genes associated with GFR in tubulointerstitium enriched in negative regulation of macromolecule
metabolic process, negative regulation of metabolic process and RNA transport, and 33 hub genes
associated with proteinuria enriched in regulation of apoptotic process, regulation of programmed cell
death and FoxO signaling pathway. Proteinuria is closely associated with poor cardiovascular outcomes
and progression of end-stage renal disease in patients with chronic kidney disease [39, 40].Our results
shown both Bp and proteinuria are related to apoptotic process in tubulointerstitium, indicating
hypertension casued damage or apoptosis of cell in tubulointerstitium also leading to
Proteinuria.Additionally, in vitro, mesangial cell in IgA nephropathy patients mainly produces humoral
factors TNF,TGF - β and angiotensin , which passed through glomerular �ltration barrier or transported
by blood to the renal tubules Interstitial, causing localized in�ammation cascade ampli�cation and
damaging renal tubular epithelial cell [41]. It's remarkable that cysteine-rich angiogenic inducer 61 (Cyr61)
[42], a heparin binding activity of secreted protein as matrix related signaling molecules involved in cell
proliferation, differentiation, transformation and apoptosis, is one of the hub gene associated with GFR in
tubulointerstitium. Moreover, our previous studies have shown protection of renal tubular epithelial cells
from apoptosis by Cyr61 expression under hypoxia [43, 44]. Therefore, our results of WGCNA and Gene
ontology enrichment analysis were consistent with previous studies results, at least in part, Cyr61 as a
matrix molecule related to apoptosis although the underlying mechanisms of proteinuria in IgA
nephropathy still need to be explored.

Conclusions
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We made a preliminary investigation on molecular mechanisms of relationship between IgA nephropathy
and clinical characteristics and identi�ed hub genes and pathways closely related with BMI, GFR and
Proteinuria in IgA nephropathy by a series of bioinformatics analysis. Our research gives a direction, but it
still need to further explored and validated.
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Figures

Figure 1

Sample of dendrogram and trait heatmap a. Sample of tubulointerstitium dendrogram and trait heatmap.
In heatmap, each row corresponds to a clinical characteristic with color-coded: for age, Bp, BMI, GFR,
creatinine and Proteinuria, white means low, red means high and grey means missing data; for sex, red
represents male and white represents famale; for last row, red means IgA nephropathy patient, wihte
means Healthy living donor(LD). a. Sample of glomeruli dendrogram and trait heatmap.
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Figure 2

Weighted gene co-expression network analysis in IgA nephropathy glomeruli and tubulointerstitium a.
Clustering dendrogram of genes in glomeruli, with dissimilarty based on topological overlap, and
assigned module colors. b. associations of module and traits in glomeruli. Each column corresponds to a
trait, row to a module eigengene. Each cell contains the corresponding correlation, with color-coded
according to the color legend, and P-value. c. Clustering dendrogram of genes and assigned module in
tubulointerstitium. d. associations of module and traits in tubulointerstitium.
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Figure 3

Module signi�cance related to clinical characteristics in IgA nephropathy glomeruli a. Module
signi�cance related to IgA nephropathy.b. Module signi�cance related to BMI b. Module signi�cance
related to GFR.d.Module signi�cance related to proteinuria.

Figure 4
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Module signi�cance related to clinical characteristics in IgA nephropathy glomeruli a. Module
signi�cance related to IgA nephropathy.b. Module signi�cance related to GFR. c. Module signi�cance
related to proteinuria.

Figure 5

PPI enrichment analysis of hub genes associated with BMI in glomeruli Colors of nodes represent the
module that genes belong to. Genes that not display connections with other genes were not shown in the
network. PPI enrichment analysis parameters: number of nodes: 218; number of edges: 227; average
node degree: 2.08; avg. local clustering coe�cient: 0.346; expected number of edges: 153; PPI enrichment
p-value:1. 78e-08.
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Figure 6

PPI enrichment analysis of hub genes associated with GFR and Proteinuria in glomeruli Colors of nodes
represent the module that genes belong to and the Colors of circle represents gene relevant clinical
characteristics. Genes that not display connections with other genes were not shown in the network. PPI
enrichment analysis parameters: number of nodes: 168; number of edges: 390; average node degree:
4.46; avg. local clustering coe�cient: 0.375; expected number of edges: 174; PPI enrichment p-value: 0.
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Figure 7

PPI enrichment analysis of hub genes associated with BMI in tubulointerstitium Colors of nodes
represent the module that genes belong to and the colors of circle represent gene relevant clinical
characteristics. Genes that not display connections with other genes were not shown in the network. PPI
enrichment analysis parameters: number of nodes: 111; number of edges: 94; average node degree: 1. 69;
avg. local clustering coe�cient: 0.361; expected number of edges: 62; PPI enrichment p-value: 7. 33e-05.


