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Abstract: Objectives: This study used a quantitative bioinformatic analysis of public RNA sequencing databases to
study key molecules mediating the occurrence of childhood constipation (CHC) and explore associated immune cell
abnormalities and the role of natural killer (NK) cells. Methods: Gene expression profiling datasets, including CHC
(GSE36701), were obtained. Immune genes were downloaded from the MSigDB database, and 3,907 immune-
related genes were obtained. Differential analysis and weighted gene co-expression network analysis identified 12
hub genes related to CHC and immune genes in adipose tissue and blood samples from GSE36701. Gene ontol-
ogy analysis was performed to determine key biologic processes. Stepwise and logistic regression analyses were
performed to select specific genes for constructing a diagnostic model for CHC. The model was validated using
GSE36701, and its diagnostic performance was assessed using the AUC value. The study recruited 20 CHC patients
and 20 HV children. After blood collection, peripheral blood mononuclear cells (PBMCs) were extracted, and flow
cytometry was used to detect the proportions of immune cells in the blood. gRT-PCR was employed to measure the
expression of hub genes in NK cells. Results: A total of 12 hub genes were identified, among which the regulation
of steroid metabolic processes and renal sodium excretion were closely associated with an increased expression
level of CHC. Gene set enrichment analysis revealed that the core genes were associated with glycosphingolipid
biosynthesis ganglio series, base excision repair, and ribosome characteristics. Immunoinfiltration analysis and
experimental findings showed that the proportion of CD56" NK cells in patients with CHC was significantly lower
compared to healthy children. The qRT-PCR results indicated that compared to the healthy volunteers group, the
expression of AGTR1, FAM200B, NRSN2-AS1, PRAC1, SERTAD3, and TEF genes was decreased, while the expres-
sion of APANXA2-0T41, FMO9P, and LOC100506929 genes was increased in the CHC group. Conclusion: This study
identified TEF as a hub gene associated with the coexistence of CHC and immune cell abnormalities. The study high-
lights the important role of CD56* NK cells in the pathogenesis of CHC and provides possible targets for diagnosis
and therapeutic intervention.

Keywords: Childhood constipation, immune cells, TEF, CD56* NK cells, gene expression profiling, pediatric immu-
nology

Introduction

Childhood constipation (CHC) is one of the most
common conditions in children [1]. According to
the Rome IV diagnostic criteria released in
20186, the criteria for diagnosis require > 2 of
the following indicators: constipation at least
once a week for a minimum of one month; < 2
bowel movements per week; > 1 episode of

large diameter stool; maintaining painful or
severe posture during bowel movements; stool
impaction; and large diameter stool that can
block the toilet [2]. Studies reported that in
infants aged 0-6 months, the incidence of con-
stipation was approximately 1.5%. In infants
aged 0-12 months, the prevalence of constipa-
tion was 1.3-17.7%. Among children aged 13-48
months, it was 1.3-26%, and in children aged
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4-18 years old is it was 13% [3, 4]. The majority
of cases (approximately 96%) are attributed to
functional causes [5], while organic causes of
constipation are rare and can often be exclud-
ed clinically [6]. Long-term constipation in chil-
dren can lead to multiple adverse symptoms,
including abdominal pain, bloating, vomiting,
loss of appetite, failure to thrive, encopresis
(involuntary soiling of underwear), anal fissures,
and cystitis (caused by accumulation of fecal
matter near the urethra) [7]. However, many
previous studies have primarily focused on the
disease itself while overlooking any potential
connection between constipation and immune
cells [8, 9].

Immune cells are broadly classified into specific
and non-specific cells. Nonspecific cells include
neutrophils, eosinophils, monocytes, macro-
phages, dendritic cells, and natural Killer (NK)
cells, while specific immune cells include B and
T cells [10, 11]. Normal immune function is
essential for maintaining normal body func-
tions. Abnormalities in immune cells and their
functions are often caused by changes in the
frequency or activation state of specificimmune
cells or subsets, resulting in corresponding
changes in immune molecules in the body and
affecting some physiologic functions [12, 13].
Studies have shown a close relationship
between T cells and the intestine [14, 15]. For
instance, T-helper 17 (Th17) cells can regulate
the host’s defense and resistance to extracel-
lular pathogens in the skin and mucous mem-
branes, and are widely distributed in the gut
lamina propria [16]. Other subsets of CD4*
helper T cells, including Thl, Th2, Thl7, and
Treg cells, also contribute to immune regulation
[17]. When constipation occurs, the rectum is
often affected, and studies have shown that
the proportion of peripheral Th17 and Treg cells
is positively correlated with the severity of
colonic involvement [18]. This indicates that
there is a connection between the distribution
of peripheral T cell subsets and constipation
[18]. Although some studies have shown that
CHC is associated with abnormal immune cells,
few have specifically identified the immune
cells that exhibit the most significant alteration
in pediatric constipation [19].

Utilizing publicly available data and bioinfor-
matics methods, this study conducted differen-
tial analysis and weighted gene co-expression
network analysis on GSE36701 data to identify
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hub genes related to immune function and
pediatric constipation. Further gene ontology
(GO) and gene set enrichment analysis (GSEA)
were performed to explore the biological pro-
cesses and pathways involved. Two genes were
screened using stepwise and logistic regres-
sion analyses, leading to the development of a
diagnostic model for pediatric constipation.
The model was validated using the GSE36701
dataset. The AUC value indicated that the
model had good diagnostic performance, sug-
gesting clinical application in the diagnosis of
pediatric constipation. As pediatric constipa-
tion is associated with immune cell function,
we further investigated the immune infiltration
and correlation between various immune fac-
tors and these hub genes, and verified the
abnormalities of these hub genes. To validate
these findings, we conducted an analysis of
gene abnormalities and immune cell correla-
tions using blood samples from 40 children
with pediatric constipation [20]. The results
showed a strong correlation between pediatric
constipation and NK cell maturation, providing
insight for precise treatment and control
strategies.

Materials and methods
Data acquisition

Gene expression data were obtained from the
National Center for Biotechnology Information
Gene Expression Omnibus public database.
GSE36701 contained RNA expression data
annotated by GPL570 in the rectal biopsies.
This dataset included 18 participants with
constipation-predominant irritable bowel syn-
drome (IBS-C) and 27 patients with diarrhea-
predominant IBS (IBS-D) compared to 21
healthy volunteers (HV). Additionally, it included
21 cases of Campylobacter jejuni infection cat-
egorized as post-infectious bowel disease
(PIBD), post-infection IBS (PIBS), and post-
infection non-IBS (PINIBS), compared with 19
HV. PIBD refers to IBS developing within 6
months after Campylobacter infection, PIBS
represents post-infection IBS of unknown time
point and organism, and PINIBS refers to indi-
viduals who experienced Campylobacter infec-
tion without developing IBS.

Differential expression analysis
Differential expression analysis of IBS-C, IBS-D,

and HV samples was performed using the
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“limma” package in R software. Genes with an
adjusted P-value (p_adj) < 0.01 and an abso-
lute log-fold (logFC) > 0.585 were considered
differentially expressed genes (DEGs). Heat
maps and volcano plots illustrating DEGs were
generated using the “pheatmap” and “ggplot2”
packages.

Identification of hub genes

To obtain hub genes associated with IBS-C,
IBS-D, and HV samples, the intersection of
DEGs was determined using the “VennDiagram”
package in R software. Differences in the
expression levels of hub genes between the
IBS-C, IBS-D, and HV samples were represent-
ed by violin plots. Statistical comparisons were
performed using the t-test for normally distrib-
uted data and the Mann-Whitney U test for non-
normally distributed data. Statistical signifi-
cance was defined as P < 0.05.

Enrichment analysis

Functional enrichment analyses were conduct-
ed to investigate the biological mechanisms
by which hub genes affect IBS. First, we ana-
lyzed the GO biological processes in which
these genes are involved, and the final results
were presented in a chord diagram using the
“GOplot” package in R software. Next, the func-
tions of each gene were revealed using GSEA.
The samples were divided into low and high
expression groups based on median values of
hub gene expression levels. Genes were sorted
by logFC from the highest to the lowest, and
the final results were presented using the
“enrichplot” package in R software. All these
analyses were conducted using the “clusterPro-
filer” package in R software, and the screening
condition was p_adj < 0.05.

Logistic regression model

Logistic regression is a generalized linear re-
gression analysis model that can be used for
automatic diagnosis of diseases. In this study,
logistic regression with two response variables
was used, representing the IBS sample when
the response variable was 1 and the HV sample
when it was 0. Stepwise regression analysis
was used to eliminate factors that were not sig-
nificant for the response variable, and only
those that were significant were retained to
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simplify the model. Stepwise regression itera-
tively added or removed variables from the
model until the statistical value of the Akaike
information criterion was minimized. Subse-
quently, logistic regression was used to fit the
relationship between these significant factors
and the response variables. Finally, the diag-
nostic efficacy of the model was evaluated
using receiver operating characteristic curves
(ROCs) and the area under the ROC curve
as described by Coat et al. (2015) and Lai
et al. (2021). These analyses were performed
with the “stats” and “pROC” packages in R
software.

Immune infiltration and immune-related fac-
tors

Immune cell infiltration within the microenvi-
ronment was assessed using CIBERSORT,
which contains 547 biomarkers and 22 human
immune cells, including plasma, B cells, T cells,
and myeloid cell subpopulations. This tool is
based on the linear support vector regression
principle for deconvolution analysis of the
expression matrix of immune cells. This study
used expression data from GSE36701 to quan-
tify the relative proportions of 22 immune cells
in each sample. In addition, Spearman’s corre-
lation analysis was performed between hub
genes, immune infiltration, and immune fac-
tors. This analysis was performed using the
“psych” package in R software, and the results
were displayed as heatmaps. Different immune
factors, including 24 immunoinhibitors, 45
immunostimulators, and 41 chemokines, were
downloaded from the TISIDB database (Ru et
al., 2019).

Flow cytometry analysis for clinical pediatric
immunophenotyping and cell subset propor-
tion determination

We recruited 20 pediatric patients with consti-
pation and 20 healthy children from Anhui
Provincial Children’'s Hospital. Clinical data,
including age, sex, and relevant examination
indicators were recorded and analyzed. After
blood collection from patients, we used an
immunocyte separation reagent kit to isolate
immune cells, which were washed three times
and stained with CD3 and CD56 molecules.
The stained cells were analyzed using a flow
cytometer, with a total of 1x10% immunocytes
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recorded. Data recording and analysis were
performed using the FlowJo software. Written
informed consent was obtained from the fami-
lies of all the study participants. This study was
approved by the Ethics Committee of the Anhui
Provincial Children’s Hospital.

qRT-PCR detection of NK cell gene expression

NK cells were sorted by flow cytometry, and
total RNA was extracted from the cells. RNA
was heat-denatured at 65°C for 5 min and
immediately placed on ice to cool. In the reac-
tion system, 2 uL of 5x RT Master Mix and 1 ug
of RNA template were added, followed by the
addition of nuclease-free water to a final vol-
ume of 10 uL. The reaction mixture was gently
mixed and subjected to reverse transcription at
37°C for 15 min, 50°C for 5 min, and 98°C for
5 min to obtain the cDNA template, which was
then stored at 4°C. For gPCR, the resulting
cDNA template was used in a 20 pL reaction
system consisting of 6.4 uL distilled water, 10
UL SYBR® Green Realtime PCR Master Mix, 0.8
pL of each forward and reverse primer, and 2
pL of the sample. The mixture was then sub-
jected to fluorescence quantitative PCR using a
PCR machine with the following cycling condi-
tions: 95°C for 30 s, followed by 40 cycles of
95°Cfor5s,55°Cfor 10 s, and 72°C for 15 s.
After amplification, the data were downloaded
from the machine and processed. The primers
used are listed in the table.

Statistical methods

Statistical analysis was conducted with SPSS
21.0 software. Continuous data were present-
ed as mean + standard deviation (SD). Com-
parisons between two independent groups
were made using an independent samples
t-test, while repeated measures analysis of
variance was applied to repeated measured
data. Categorical data were reported as counts
or percentages, with the x? test used for group
comparisons. A P-value of less than 0.05 was
considered to indicate statistical significance.

Results

Identification of genes associated with IBS-C
and IBS-D

To identify genes associated with IBS-C and

IBS-D, and genes in HV, we first obtained 113
differentially expressed up-regulated genes
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from GSE36701 with the screening conditions
“p_adj < 0.05 and false discovery rate < 0.05”.
These DEGs are presented as a volcano plot. A
heat map of the top 20 DEGs was plotted.
Among them, in IBS-C-vs. HV, there were 51
upregulated genes (Figure 1A); in IBS-D vs. HY,
there were 62 upregulated genes (Figure 1A);
and in IBS-D vs. HV, there were 36 upregulated
genes (Figure 1A). The differentially expressed
genes common to pairwise comparisons were
identified, revealing 24 shared up-regulated
genes (Figure 1B). Only the top 20 are displayed
in the heat map (Figure 1C).

Biological processes and pathways enriched
for the Hub genes

Enrichment analyses were performed to eluci-
date the potential biological roles of these
genes. Biological processes, including regula-
tion of systemic processes, positive regulation
of NADPH oxidase activity, and regulation of
blood vessel endothelial cell proliferation, play
a role in sprouting angiogenesis (Figure 2A).
Cellular component analysis indicated that
these genes were associated with integral com-
ponents of intrinsic components of the mem-
brane, plasma membrane, and intracellular
non-membrane-bounded organelles (Figure
2B). The molecular function analysis revealed
asociations with positive regulation of endothe-
lial cell proliferation, G protein-coupled peptide
receptor activity, and regulation of steroid met-
abolic processes (Figure 2C). Twelve hub genes
associated with IBS-C, IBS-D, and HV were
identified by examining the intersections of
28 IBS-C vs. HV DEs and IBS-D vs. HV Des
(Figure 2D). GO analysis revealed that two of
the nine genes were involved in biological pro-
cesses, including the regulation of steroid met-
abolic processes, angiotensin-activated signal-
ing pathways, and renal sodium excretion
(Figure 2E). Interactions between genes are
represented by the protein-protein interaction
(PPI) network (Figure 2F).

GSEA of hub genes

The respective functions of each gene were
revealed by GSEA. The samples were catego-
rized into two groups based on the median val-
ues of hub gene expression levels. The GSEA of
these genes showed that they were associated
with the glycosphingolipid biosynthesis ganglio
series, base excision repair, and ribosomes
(Figure 3).
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Figure 1. Differentially expressed genes associated with pediatric constipation versus healthy cohorts. A. Volcano
plot of differentially expressed genes in IBS-C and HV groups. The red and green triangles in the volcano map rep-
resent differentially expressed genes from top to bottom. B. Volcano plot of common differentially expressed genes
between IBS-C and HV groups. C. Heatmap of top 20 expressed genes (fold change) in each group.

Immune infiltration of TCGA of hub genes

Analysis of immune infiltration of The Can-
cer Genome Atlas (TCGA) of FAM200B, CD4*
shows negative correlation expression, while
CD8*" shows positive correlation expression.
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In immune infiltration analysis of TCGA of
FXYD7, both CD4* and CD8* showed positive
correlation expression. In Immune infiltration
analysis of TCGA of NRSN2, both CD4* and
CD8* showed negative correlation expression.
In Immune infiltration analysis of TCGA of
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SERTAD3 and SPANXA2, the expression pat- tive correlation expression, while NK cells
terns remain unclear. In Immune infiltration show a positive correlation expression (Figure
analysis of TCGA of TEF, CD4* shows a nega- 4).
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Figure 3. Pancancer immune infiltration expression of hub genes. Immune cell infiltration associated with the gene.
A. FAM200B. B. FMO9P. C. FXYD7. D. NRSN2. E. SERTAD3. F. SMPX. G. TEF. H. SPANXA2.

Construction and validation of a diagnostic
model and immune infiltration of related
genes

The tissue microenvironment consists of im-
mune cells, the extracellular matrix, inflamma-
tory factors, and various growth factors that
have an important impact on clinical therapeu-
tic sensitivity and disease diagnosis. In this
study, the proportions of 22 immune cell types
in 18 IBS-C, 27 IBS-D, and 40 HV samples were
estimated using the CIBERSORT algorithm, as
shown in the histogram (Figure 5A). Immune
cell infiltration in IBS-C, IBS-D, and HV samples
was compared using a boxplot (Figure 5B). The
results showed that the HV group had signifi-
cantly higher proportions of resting mast cells
(P = 4.3e-6), activated NK cells (P = 0.01), and
naive B cells (P = 1.3e-3), and lower propor-
tions of activated mast cells (P = 4.4e-5) than
the IBS-C and IBS-D groups.

A multigene prediction model was constructed
using a logistic regression algorithm based on
GSE36701. Using stepwise regression analy-
sis, two of these nine genes, including AGTR1
and TEF, were selected to obtain the best mo-
del (Figure 5C). The findings revealed that the
predictive model constructed from these two
genes had good diagnostic performance, with
an AUC of 0.74 (Figure 5D).
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Significant decrease in CD56* NK cell propor-
tion in children with constipation

To validate the abnormalities in immune cells
found in pediatric patients with constipation
using bioinformatics, we examined the condi-
tion of immune cells in the blood of 20 pa-
tients and 20 healthy children. There were no
significant differences in baseline data, such
as sex, age, and blood cell composition,
between the two groups of participants (Table
1). Subsequently, we isolated immune cells
from the blood of the two participant groups
and used flow cytometry to detect differences
in their immune cell composition. The propor-
tion of CD3* T cells did not differ between the
two groups. CD3" cells were defined as the pop-
ulation of NK cells, and further differentiation
was performed using CD56 expression in this
group of cells. There was a significant differ-
ence in the expression of CD56* cells between
the two groups (Figure 6A, 6B). CD56" cells are
usually considered mature NK cells, indicating
abnormalities in NK cell maturation in CHC

group.

Gene expression differences of NK cells in
children with constipation

This study further examined the expression of

hub genes in NK cells isolated from pediatric
patients. The results revealed that in the CHC
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Figure 4. GSEA of hub genes. A. FAM200B. B. FXYD7. C. TEF. D. NRSN2-AS1. E. SMPX. F. SPANXA2.

cells isolated from the blood was lower com-
pared to the HV group (Figure 7A). In contrast,

group, the expression of AGTR1, FAM200B,
NRSN2-AS1, PRAC1, SERTAD3, and TEF in NK
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Figure 5. Construction and validation of a diagnostic model and immune infiltration of related genes. A. Proportion
of immune cells in IBS-C, IBS-D and HV samples estimated by the CIBERSORT algorithm. B. predictive model with
ROC curve. C. The proportion of immune cells in IBS-C, IBS-D and HV samples. D. Stepwise regression analysis of

hub genes.

Table 1. Demographics and clinical character-
istics of individuals

HV (n=20) CHC (n=20)
Female/Male 5/15 5/15
Mean Age (months) 69.8+35.7 58.1+47.6
WBC, x10°%/L 14.0£1.8 7.27+1.6
RBC, g/L 125.3+6.8 118.1+23.4

PLT, x10°%/L 287.5£53.1 295.4+100.9

WBC: white blood cells; RBC: red blood cells; PLT: plate-
lets.
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the expression levels of APANXA2-0T41, FMO9P,
and LOC100506929 were higher in the CHC
group compared to the HV group (Figure 7B).
These differences in gene expression may play
key roles in regulating the maturation of NK
cells in pediatric patients with constipation.

Discussion

This study explored common core genes and
pathways associated with pediatric constipa-
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Figure 6. Flow cytometry detection of differences in immune cell subgroups
and proportions between pediatric patients and healthy children. A. Sub-
groups and proportions of CD3  and CD56* cells in the two groups of chil-
dren. B. Quantitative plot of the proportion of different cells (%).

tion and immune abnormalities using bioinfor-
matic analysis of public databases. The identi-
fied genes were significantly upregulated in
both CHC and patients with immune abnor-
malities. These genes were most strongly asso-
ciated with the regulation of systemic process-
es, positive regulation of NADPH oxidase activ-
ity, and regulation of blood vessel endothelial
cell proliferation involved in sprouting angio-
genesis. Furthermore, GSEA analysis showed
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Qdot 605-A

=== CHC

that many biological process-
es, including glycosphingolip-
id biosynthesis, ganglio se-
ries, base excision repair, and
ribosomes, were associated
with the high expression of
these core genes.

In our subsequent studies on
immune cell infiltration, we
found differences in CD4* and
CD8* T cells between normal
individuals and children with
CHC, as well as a higher per-
centage of CD56* NK cells in
healthy individuals compared
to children with CHC. Addi-
tionally, bioinformatics and
flow cytometry analyses con-
firmed these findings regard-
ing the differences in NK
cells. Research has shown
that the maturation of NK
cells is significantly related to
the expression intensity of
CD56 on their surface, with

CD56" NK cells considered
mature and CD56° NK cells
thought to be immature [21].

NK cells play a major role in
the body’s tissue immune
defense, and their develop-
ment and functional activity
are regulated by multiple fac-
tors [22, 23]. During NK cell
development, maturation can
be assessed based on the
expression levels of surface
molecules [24, 25]. CD56 is
an important marker of NK
cells and can be used to dis-
tinguish between two sub-
groups of human NK cells,
CD56bright and CD56dim.
CD56bright NK cells express higher levels of
CD56, CD16, and CD94, demonstrating strong
cytotoxic and secretory functions. In contrast,
CD56dim NK cells express lower levels of
CD56, while showing higher levels of CD16 and
NKG2A/C/E, primarily exhibiting cytotoxic char-
acteristics [24, 26-28]. The low percentage of
CD56* NK cells in CHC patients may be attrib-
uted to the toxic effects caused by constipa-
tion, which makes it difficult for NK cells to with-

Am J Transl Res 2025;17(6):4135-4147
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Figure 7. Detection of Hub gene expression in NK cells by gRT-PCR. A. Expres-
sion of AGTR1, FAM200B, NRSN2-AS1, PRAC1, SERTAD3, and TEF genes in
the CHC group and HV group, ***P < 0.001 compared to the HV group. B.
Expression of APANXA2-0OT1, FMO9P, and LOC100506929 genes in the CHC
group and HV group, ***P < 0.001, **P < 0.001 and *P < 0.05 compared

to the HV group.

stand cytotoxicity [29]. Long-term constipation
can lead to excessive accumulation of toxins
and waste in the intestine, causing inflamma-
tory reactions and immune system dysfunction
[30]. These disruptions may impair various
immune cell functions, including the develop-
ment and maturation of NK cells [31]. However,
further research is needed to elucidate the
pathologic mechanisms of immune cells in
pediatric constipation.
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