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Uremia is a common syndrome that happens to nearly all end-stage kidney diseases, which profound have changes in human gene
expressions, but the related pathways are poorly understood. Gene Ontology categories and Kyoto Encyclopedia of Genes and
Genomes pathways enriched in the differentially expressed genes (DEGs) were analyzed by using clusterProfiler, org.Hs.eg.db,
and Pathview, and protein–protein interaction (PPI) network was built by Cytoscape. We identified 3432 DEGs (including
3368 down- and 64 up-regulated genes), of which there were 52 different molecular functions, and 178 genes were identified as
immune genes controlled by the four transcription factors (POU domain class 6 transcription factor 1 (POU6F1), interferon
regulator factor 7 [IRF7], forkhead box D3 (FOXD3), and interferon-stimulated response element [ISRE]). In the gender
research, no significant difference was observed. The top 15 proteins of 178 immune-related genes were identified with the
highest degree in PPI network. The DEG analysis of uremia patients was expected to provide fundamental information to
relieve pain and add years to their life.

1. Introduction

More than two million people around the world have been
subjected to chronic kidney disease (CKD) [1]. Uremia is a
common syndrome that occurs in nearly all end-stage kid-
ney diseases followed by a series of clinical manifestations,
such as metabolic dysregulation and multiple organ distur-
bance [2]. The etiology of uremia is very complicated,
mainly resulting from primary and secondary glomeruli,
nephritis, chronic pyelonephritis, and so on [3], which are
associated with severe alterations of the immune system,
and its molecular mechanism is too hard to figure out in
comparison to other single diseases [4]. Several studies in
the literature have investigated the concentration changes
of individual uremic retention solutes [5, 6]. Multiple causes
associated with end-stage renal diseases (ESRD) were highly

heterogeneous [7]. Some hereditary nephropathies—includ-
ing autosomal dominant polycystic kidney disease, Fabry
disease, and Alport syndrome—can progress to ESRD [8].
It was reported that less than 10% of adult ESRD was
thought to be genetic, mainly attributed to clinically diag-
nosed autosomal dominant polycystic kidney disease [9].
However, the differences in gene expression in patients with
uremia are not fully understood. Teng et al. performed inte-
grated bioinformatics analysis to identify the differentially
expressed genes (DEG) and hub genes for the function and
pathways in the occurrence and development of calcific aor-
tic valve disease [10], which provided a new idea for the
treatment of uremia.

Clinical and experimental data indicated gender differ-
ence existed in renal anatomy, physiology, and susceptibility
to renal diseases [11]. Sexual dimorphism in renal injury has
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Figure 1: Heatmap of the top 3432 significant DEGs. Red and green indicate up-regulated and down-regulated gene expression.
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been acknowledged since the 1940s, and the possible role of
sex hormones has been intensively discussed in the last 50
years [12]. It is evenmore complicated that the disease progres-
sion, resultant complications, and overall mortality are hetero-
geneous by sex in CKD. For example, it appears that men
showed a faster decline in kidney function and highermortality
before dialysis, but the death rate is relatively equal between
men and women in kidney failure or after dialysis [13].

With the increase in ESRD cases, the economic burden
and pain of dialysis are always observed in uremic patients,
as well as their caregivers and payers. In this work, we inves-
tigated several aspects to provide a close view of uremia,
which would lay the foundation for clinical interventions.

2. Materials and Methods

2.1. Data Resources and Reprocessing. The original dataset
GSE37171 was downloaded from theGene Expression Omni-
bus (GEO) expression database (http://www.ncbi.nlm.nih
.gov/geo), which consisted of 75 uremia samples and 20 nor-
mal samples. Raw data were processed by rectangular approx-
imation method from the Affy and affPLM packages of the R
program, and Perl was used to convert Probe ID into gene
symbols, and limma packages for differential expression anal-
ysis of genes. The significance analysis of microarrays algo-
rithm | Log2(fold change) | = 1, adjust P < 0:05 was used to
screen DEGs between uremia patients and control subjects.
The heatmap was produced by the gplots package.

2.2. The Analysis of GO and KEGG in the DEGs. To explore
molecular functions of DEGs, Gene Ontology (GO) analysis
was used to annotate and illustrate genes. Kyoto Encyclope-
dia of Genes and Genomes (KEGG) is a comprehensive
database, which contains the information of high-level func-
tions and biological systems from large-scale molecular
dataset [14]. Software packages, including clusterProfiler,
org.Hs.eg.db, and Pathview, were used in GO and KEGG
enrichment analyses.

2.3. The Character of Immune Genes in Uremia. Many dis-
eases are associated with immune abnormalities, but the
relationship between immunity and uremia has not been
explored [15, 16]. More than 3000 immune-related genes
were obtained from the Immunology Database and Analy-
sis Portal (https://immport.niaid.nih.gov). CIBERSORT
(https://cibersort.stanford.edu/) and ESTIMATE were utilized
to discover the composition of 22 kinds of immune cells.
HiPlot was used to show significantly different immune cells.

2.4. The Regulatory Network of Transcription Factor. In
order to investigate the regulatory network of transcription
factor (TF) about immune-related genes, DAVID (v6.8) was
utilized byUCSC_TFBS, whichHomo sapienswas considered
as the background database, and Benjamini was less than or
equal to 0.05 as the screening standard. Cytoscape software
(v3.7.0) was taken to map the regulatory networks of TF.

2.5. Protein–Protein Interaction Network. String was used to
select the interacting proteins, and Cytoscape (v3.7.0) was
used to map the PPI regulatory network. The thickness of

the line represented the combined score, and the color gradi-
ent from blue to red represented enhanced reliability. The
size and color of the circle displayed the degree to which
the protein could interact with it. The larger and redder cir-
cle illustrated that more proteins could be linked to it.

2.6. Role of Gender in Uremia. Numerous studies have shown
that gender has diverse expression patterns in the same dis-
ease, such as cardiovascular disease [17]. To understand the
role of gender in uremia, we screened for differential genes
by comparing healthy male population with male patients
and healthy female population with female patients, as well
as healthy male population with healthy female population
and male patients with female patients, respectively. KEGG
analyzed the signaling pathways involved in various differen-
tial genes.

3. Results

3.1. Differentially Expressed Genes. The GSE37171 dataset
was standardized to obtain 21,629 genes. Using limma anal-
ysis, 3432 DEGs were investigated, of which 3368 genes were
down-regulated and 64 genes were up-regulated (Figure 1).
The DEGs were represented by a volcano plot, of which the
down-regulated genes accounted for the majority, and the
down-regulated genes with significant differences marked as
green were much more than the up-regulated genes (Figure 2).
The heatmap explained the difference in gene expression
between normal and diseased individuals. The clustering of
DEGs demonstrated that they could be divided into at least four
categories. It was indicated that the messenger ribonucleic acid
(mRNA) expression profile of the uremia patients was different
from that of healthy individuals.

3.2. GO and KEGG Analyses. Go enrichment analysis of
DEGs showed that there were 52 different molecular
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Figure 2: The volcano plot shows the DEGs. The red dots
represent up-regulated genes, the green dots represent down-
regulated genes, but the black dots represent genes that are non-
significantly differentially expressed.

3Analytical Cellular Pathology

http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/geo
https://immport.niaid.nih.go
https://cibersort.stanford.edu/


Count

p.adjust

25
50
75
100

0.001

0.002

0.003

0.004

0.040.03
GeneRatio

SUMO binding

SH3/SH2 adaptor activity

signaling adaptor activity

histone acetyltransferase activity

peptide-lysine-N-acetyltransferase activity

peptide N-acetyltransferase activity

N-acetyltransferase activity

helicase activity

phosphoprotein phosphatase activity

phosphatase activity

histone binding

ubiquitin-like protein ligase binding

ubiquitin-like protein transferase activity

ubiquitin-protein transferase activity

catalytic activity, acting on RNA

0.020.01

(a)

p.adjust

Count

40

30
20
10

0.355

0.350

0.345

GeneRatio

RNA transport

Spliceosome

mRNA surveillance pathway

RNA degradation

Inositol phosphate metabolism

Nucleotide excision repair

N-Glycan biosynthesis

DNA replication

Glycosylphosphatidylinositol (GPI)-anchor biosynthesis

Steroid biosynthesis

0.02 0.04 0.06

(b)

Figure 3: GO and KEGG pathway enrichment analyses of DEGs. (a) Top 15 GO enrichment analysis. (b) Top 10 pathways enrichment
analysis.
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Figure 4: Continued.
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functions, biological processes, and cell components. GO
enrichment results of top 15 biological roles had been shown
in Figure 3(a). We could observe that the enrichment mainly
included ubiquitin-like protein transfer activity, ubiquitin pro-
tein transfer activity, helicase activity, phosphatase activity,
ubiquitin like protein binding, histone binding, catalytic activ-
ity, and acting on RNA. KEGG analysis of 3432 DEGs revealed
that there were 10 pathways filtered by adjusted P value (less
than 0.05), such as RNA transport, spliceosome, mRNA sur-
veillance pathway, RNA degradation, and so on (Figure 3(b)).

3.3. The Role of Immune Genes in Uremia. A total of 178
DEGs were identified as immune genes (Figure 4(a)). T test
was used to analyze the differences of 22 types of immune
cells in normal and uremic samples. The results reflected that
there were significant differences in nine types of immune
cells (P < 0:05), among which plasma cells, CD4 memory
activated T cells, and T cells regulatory (Tregs; Figure 4(b))
ESTIMATEwere used to analyze the level of immune infiltra-
tion. As could be seen from the graph, estimate that the nor-
mal individuals had relatively high level of immune
infiltration and higher immune score (Figure 4(c)).

3.4. The Regulatory Network of TF. The four TFs (POU
domain class 6 transcription factor 1 (POU6F1), interferon
regulator factor 7 [IRF7], forkhead box D3 (FOXD3), and
interferon-stimulated response element [ISRE]) that could
be relevant to immune-related genes were identified by David

analysis. POU6F1 is a member of the POU TF family that
binds favorably to a variant of the octamer motif (5′-ATGA
TAAT-3′) and contributes to activity-dependent circuit
remodeling [18]. IRF7 is themain regulator of type I interferon
(IFN) expression, which can form dimers with IRF3, and type I
IFN expressionwas impaired in Irf7−/−plasmacytoid dendritic
cell precursors (pDCs) or mouse embryonic fibroblast (MEFs)
upon virus infection [19]. FOXD3 regulates the interleukin 10
(IL-10) promoter to facilitate the regulation of regulatory B
(Breg) cell production [20]. ISRE is related to the specific tran-
scriptional activation of IFNa and IFN-stimulated gene factor
[21] (Figure 5). IRF7 regulated themost immune-related genes
(87), FOXD3 the least (69), and POU6F1 and ISRE, 83 and 84,
respectively. Fourteen immune-related genes were controlled
by the four TFs, and these were fibroblast growth factor, trans-
forming growth factor beta receptor III, IL-15, phosphatase 3
catalytic subunit beta, nuclear receptor subfamily 3 group C
member 2, membrane metalloendopeptidase (VAV3), alpha-
methyl-para-tyrosine, protein phosphatase catalytic subunit
alpha, BTB and CNC homolog 2, phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit gamma, nuclear recep-
tor subfamily 3 groupCmember 1, IL 1 receptor accessory pro-
tein, and Cbl proto-oncogene B.

3.5. Protein–Protein Interaction Network. The protein–pro-
tein interaction (PPI) network of 178 immune-related genes
was analyzed by String. The confidence value of the interact-
ing proteins was set to 0.9. The degree of each protein was

T−test, p = 6.5e−11 T−test, p = 0.00093 T−test, p = 0.0014 T−test, p = 0.027 T−test, p = 0.009 T−test, p = 0.00029 T−test, p = 0.0027 T−test, p = 0.00072 T−test, p = 0.0053
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Figure 4: Immune-related genes. (a) Venn diagram for the overlapping comparison of immune-related genes and DEGs. (b) Immune
infiltration. (c) Nine types of immune cells with significant differences in normal and uremic samples.
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presented by the size of the circle. The larger the circle, the
greater the degree. The top 15 proteins with the highest
degree in PPI were phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha, lymphocyte-specific protein
tyrosine kinase, phosphoinositide-3-kinase regulatory sub-
unit 1, tyrosine protein kinase (FYN), v-rel reticuloendothe-
liosis viral oncogene homolog A, Ras homolog family
member A, tumor necrosis factor, C-terminal Src kinase,
inhibitor of kappa light polypeptide gene enhancer in B-
cells kinase beta, p21 protein activated kinase 2, signal trans-
ducer and activator of transcription 1, conserved helix-loop-
helix ubiquitous kinase, neuroblastoma RAS viral oncogene

homolog, heat shock protein 90 alpha family class A mem-
ber 1, and formyl peptide receptor type 2 (Figure 6). Mean-
while, the degree of proteins in the PPI network was also
shown in the supplementary material.

3.6. The Role of Gender in Uremia. The DEGs of 3302 were
screened by comparing healthy males with sick males. In
the same way, 3716 were screened out by comparing healthy
female with female patients. It was noted that 3057 genes
were to be differentially expressed by men and women, and
245 genes were restricted to men and 659 genes to women
(Figure 7).

Figure 5: The regulatory network of transcription factor. The lines between two nodes mean that they have a subordinate relationship or
can interact with each other.
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4. Discussion

Uremia is a progressive and irreversible disease that remains
incurable despite dialysis and kidney transplants. In this
study, we analyzed 3432 DEGs, including 3368 down-
regulated genes and 64 up-regulated genes. Subsequently,
we utilized bioinformatic methods to deeply explore the
DEGs, including GO and KEGG pathway enrichment anal-
yses, PPI network construction, and target genes. The GO

and KEGG pathway analyses were conducted to explore
interactions among the DEGs, including top 15 GO enrich-
ment and top 10 pathways enrichment. The cause of uremia
was proposed to be complicated [7], and Ying and Zhou [22]
had verified end-stage renal failure had profound changes in
human gene expressions.

In patients with ESRD, the two major causes of death in
patients with ESRD, cardiovascular disease and infection,
are both connected with the impaired immune response [2,

Figure 6: The exploration of PPI with 178 target genes using String. The area of the circle is proportional to the size of the degree.
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23, 24]. As activated T cells, monocytes and macrophages
play critical roles in the formation of atherosclerotic plaques
[25]. In the present study, a total of 178 DEGs were identified
as immune genes, and nine types of immune cells had signif-
icant differences among twenty-two types in normal and ure-
mic samples. The intrinsic function of T and B cells is normal
when they are fitted with normal signaling from antigen-
presenting cells (APCs) [26]. Patients with chronic renal fail-
ure show a defective function of APCs-derived costimulation
leading to impaired activation of effector lymphocytes [27].
In other words, the abnormal APCs could not effectively acti-
vate T and B cells, so that the plasma cells decreased in uremia
patients. Monocytes are precursors to dendritic cells, a group
of the professional and highly efficient APCs in the immune
system [28]. In patients with chronic renal failure, as well as
those treated with maintenance hemodialysis, monocytes
are largely dysregulated [29]. The contribution of monocytes
to the dysregulated immune response in uremia can be based
on altered features of individual cells or a change in the rela-
tive numbers of the three different populations [30]. A review
came to the conclusion that the resting monocytes in the cir-
culation of patients with CKD had a higher level of activation
than in healthy individuals [29], which was consistent with
the present result that the number of active monocytes in ure-
mia was significantly higher in normal. It is possible to state
that the level of immune infiltration in patients is relatively
low, and the relationship between immunity and uremia is
elaborated [31]. In our research, the normal individuals had
relatively high level of immune infiltration and higher
immune score; these results fall in line with historical find-
ings. Renal failure led to decreasing erythropoietin (secreted
by peritubular interstitial cells of the kidney) and vitamin D
production, which adversely affected the immune system
[31]. Immune-related genes were regulated by four TFs
(POU6F1, IRF7, FOXD3, and ISRE) and top 15 proteins
expressed with the highest degree identified in the PPI net-
work, which could provide important information changes
in cellular biology and function [32]. Shinohara et al. studied

that renal failure was significantly associated with an increase
in aortic pulse wave velocity regardless of gender, which was
consistent with our research [33]. However, men began dial-
ysis more likely before death, and the causal mechanisms
were uncertain [34], perhaps it was considered from heredity,
income, and role. Studies have disclosed that in both animals
and humans shows a connection between male gender and a
more rapid progression of renal diseases, independent of
blood pressure and serum cholesterol level [35].

5. Conclusions and Outlook

In conclusion, we identified 3432 DEGs in patients with ure-
mia compared with healthy individuals. The 178 immune-
related genes were selected to establish the regulatory net-
work of TFs and PPI network. Expression levels of DEGs
were preliminarily detected according to the GSE37171
dataset. Our study indicated that DEGs could contribute to
the progression of uremia by regulating biological processes,
molecular function, and signaling pathways independent of
gender. In the future, we expect several promising molecular
markers will be found for kidney disease. However, only a
small fraction was evaluated in populations of different sam-
ples. To validate its clinical utility, studies in a large repre-
sentative population of specific kidney diseases are required.

Data Availability

Data used in this paper can be downloaded from the original
dataset GSE37171, http://www.ncbi.nlm.nih.gov/geohttps://
cibersort.stanford.edu/index.php.
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