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Abstract
Background: Although H. pylori infection has previously been reported to be linked with Alzheimer’s
disease(AD), the pathogenesis between the two is unclear. Dysregulation of miRNA in AD in Helicobacter
pylori(H. pylori) infection have been implicated in the development and progression of AD. The purpose of
this study is to analyze and screen the relevant and promising molecular markers between H. pylori
infection and AD. Method In the present study, differentially expressed genes (DEGs) in AD samples (gray
matter) of GSE37263 dataset and in H pylori-positive of GSE19769 collected by NCBI Gene Expression
Omnibus (GEO) were analyzed utilizing the bioinformatics approach (R software and related packages),
The MiRNA target gene was predicted by miRDB. Then intersected them and common genes were
obtained,The interaction between genes was analyzed by STRING.WebGestalt was used for GO and
KEGG analysis. Moreover, the MCODE of Cytoscape software was employed to uncover the protein–
protein interaction (PPI) network and the matching hub gene. 

Result:The gene set of H. pylori infection was crossed with that of AD acquired from GEO to obtain 48
common genes. Among them, 13 genes were interacted with each other and were key genes in AD
regulatory network.  After the establishment of PPI network, 9 pivot genes related to AD were retrieved,
among which the most critical genes were GAD2, GABRG2, SLC32A1 and GABRA1 which are regulated by
mirNA-650, mirNA-206, mirNA-142-3p and mirNA326. To reveal functional enrichment assessment of 13
cross genes, which were abundant in biological regulation and cell communication, and participates in
nervous system regulation and neurotransmitter transmission. KEGG cascade analysis revealed three
main pathways KEGG cascade analysis revealed �ve pathways associated with the Key genes: GABA A
receptor activation, GABA synthesis, release, Nicotine addictio, GABAergic synapse, and Neurotransmitter
release cycle. 

Conclusion: The establishment of these candidate key genes and their enriched signal transduction
cascades provide promising molecular markers for H. pylori infection associated AD, which may
contribute to the diagnosis and future treatment of patients with AD. 

Intriduction
AD is a  neurodegenerative disorders distinguished  by memory difficulty, daily activity dysfunction, and
cognitive decline, with Neuropathy and neuronal loss in the brain[1,2]. The pathological character of AD
are extracellular amyloid plaques and intraneuronal neuro�brillary tangles, whose building modules are
amyloid-β (Aβ) peptides and phosphorylated tau.There have not been effective pharmacotherapeutic
options for the prevention and treatment of AD yet[3,4].Helicobacter pylori is a gram-negative microbe
with a spiral shape in the stomach,even both innate and acquired immune responses are activated,when
individuals infected with H. pylori but it cannot be cleared by the host, resulting in chronic lifelong
infection[5,6].In addition to gastritis, peptic ulcer disease,  adenocarcinoma and mucosa-associated
lymphoid tissue (MALT) -lymphoma, H. pylori infection has also been associated with neurological
diseases. 
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Although the pathology of H. pylori infection is not limited to gastric ulcers, it is also associated with a
range of diseases, such as neurological disorders (Parkinson's disease and AD), the speci�c mechanism
may be that H. pylori enters the central nervous system through the oral-naso-olfactory pathway or the
gastral-cerebral nerve pathway[7,8].The mini-Mental State Examination scores of AD patients infected
with Helicobacter pylori were lower, and the corresponding cognitive impairment was more
serious[9]. Recently study on APP transgenic mice has showed an increase in the level of Helicobacter
and Odoribacter and a decreased abundance of Prevotella[9].  Besides,Helicobacter pylori induces tau
hyperphosphorylation through activation of glycogen synthase kinase 3β (GSK-3β)[10].However, in a
recent population-based cohort including 4215 participants, the association between H. pylori serology
and dementia risk was not con�rmed[11].Althouth there are Clinical Datas above on the H. pylori in AD, it
is still unclear which specifc gene targets are involved.

As the threat of AD  to the elderly becomes greater and greater, there is an urgent need to identify the
etiology and molecular characteristics of AD.Currently, high-throughput sequencing technology is
increasingly considered to have important clinical signi�cance in disease research by evaluating gene
expression differences and possible splicing variations, especially in molecular diagnosis, prognosis
assessment and drug target discovery.Gene Expression Database (GEO) is a public website supported by
the National Center for Biotechnology Information (NCBI).  There are dozens of basic experimental
disease gene expression patterns, which are widely used to explore pivot genes and expected
mechanisms of disease onset and development[12].This research attempted to screen key genes for the
occurrence and development of AD from the perspective of differential mirnas in H pylori infection, so as
to learn more about the pathological mechanism associated with H pylori infection and AD, and provides
a new direction for exploring the pathogenesis and treatment of AD.

Data Abstraction
We retrieved gene expression chip data GSE37263 and GSE19769 Respectively about H. pylori infection
and AD ,GSE37263 contains 8 control and 8 AD samples,which are subjects recuited into OPTIMA(Oxford
Project to Investigate Memory and Ageing).while,the miRNA dataset GSE19769 of H. pylori infection was
obtained from ten H. pylori-negative and nine H. pylori-positive patients' subjects .

Prediction of miRNA target genes

miRNA target gene of data GSE37263 prediction was performed using miRWalk (http://mirwalk.umm.uni-
heidelberg.de/) web-based online analysis tool. MiRWalk was developed by Sticht et al[13]. and can be
used by users to provide a more comprehensive relationship between miRNA and target genes.

Variance analysis

Te core R package was employed to process the abstracted matrix �es. Following the normalization, we
determined the diferences between AD and the control group,H. pylori-negative and nine H. pylori-positive
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via truncation criteria (|log fold change (FC)|≥1, adjusted P<0.05), and determined the signifcant DEGs
for subsequent analyses.Te intersection of the two sets of mrna was obtained by VENN diagram.

Construction of protein interaction networks

The interaction between proteins was analyzed using STRING(https://string-db.org/) database[14] Based
on the prediction results of STRING and miRWalk, Cytoscape software was used to draw the interaction
network.

Assessment of the PPI network of the DEGs

We used the STRING online search tool to analyze the PPI data encoded by DEGs[15], and only the
combination score > 0.7 was considered signifcant. Then,the PPI network was analyzed and visualized
using Cytoscape, and the frst four hub genes were determined as per the connectivity between DEGs. Te
standard default setting of the mcode parameter. Te function enrichment of DEGs of each module was
analyzed by adjusted P < 0.05 as the cutof standard.

Functional enrichment analysis of genes

Using WebGestalt analyses function of enrichment (http://www.webgestalt.org/)[16]. The WebGestalt
database can be used for GO analysis (Gene Ontology) and KEGG analysis (Kyoto Encyclopedia of Genes
and Genomes) and their graphs.

Result
DEGs identifcation

Firstly, we selected 89 DEGs from AD samples and healthy controls in the GSE37263 data set via limma
package screening of R software,Of these, we selected 12 upregulated genes and 77 downregulated
genes. At the same time,71 DEGs consisting of 19 upregulated genes and 52 downregulated genes, were
uncovered via analysis of the H. pylori-positive samples in the miRNA dataset GSE19769,the frst 12 DEGs
of two dataset were represented by volcano map, and heat map respectively (Fig. 1a–d), using |log FC|≥
1 criteria and adjusted P < 0.05.

target genes of differential miRNA and Screening key genes for interaction network

a total of 10424 miRNA-binding genes were obtained from H. pylori-positive DEGS by using
MiRWalk,There were 48 differentially overlapping genes with Alzheimer's disease (�g.2)and STRING was
used to analyze the protein interaction of these 48 co-genes,among the rest,13 genes interact with each
other,We believe that these 13 genes are key genes in the regulatory network of Alzheimer's disease(�g.3)

Module screening from the PPI network



Page 5/17

Based on 13 co-genes,the Cytoscape publicly available platform and the STRING resource were employed
to develop the PPI network, perform module analysis, as well as visualization. Thus, we developed a PPI
network bearing 15 crosstalk based on 7 integrated DEGs related to AD,We employed the MCODE
algorithm to ensure highly interconnected subnets, which are usually protein complexes, as well as
components of cascades as per the topological structure.We selected only one module from the entire
network for Subsequent analysis(Fig.4) .

Functional enrichment analysis of 13 DEGS in Alzheimer's disease regulatory network

WebGestalt was used for enrichment analysis of 13 genes in the regulatory network,GO term assessment
illustrated that these genes, which were mainly related to biological regulation and cell communication,
and participates in the molecular functions of nervous system regulation and neurotransmitter
transmission through the combination of proteins or ion receptors with cell membranes and
vesicles(Fig.5a). KEGG cascade analysis identifed �rst 5 pathways associated with the Key genes:GABA
A receptor activation,GABA synthesis,release,Nicotine addictio,GABAergic synapse,Neurotransmitter
release cycle (Fig.5b).

Discussion
The study showed that through network analysis of GO, KEGG and PPI, four pivot genes (GABA GABRA1
GABRG2 SLC32A1) were screened out,which are respectively regulated by mirNA-650, mirNA-206, mirNA-
142-3p and mirNA326.Moreover, GO term “cell communication, protein binding, ion binding and
transporter activity ”and KEGG term "GABA A receptor activation,GABA synthesis,release" was
obtained.All of these have potential therapeutic effects on AD.

The four mrnas and KEGG term are commonly involved in GABAergic signal transduction system.GABA
synthesis occurs via the α-decarboxylation of L-glutamate by the enzyme glutamic acid decarboxylase
(GAD).GABA is then recruited into synaptic vesicles via the action of vesicular GABA transporter (vGAT).
Following membrane depolarization, GABA is released into the synapse and can bind to GABAA receptors,
lead to inhibition of the post-synaptic neuron.

GABA is widely spreaded over in the brain, its receptors show a high diversity of conformations. Thus, the
GABAergic system has been related to a wide range of behavioral and cognitive functions encompassing
the regulation of vigilance, anxiety, learned fear and memory[17-20].Furthermore,GABA signaling is
considered to be the underlying mechanism for a lot of diseases, including schizophrenia, anxiety
disorders, depression, bipolar disorder, autism, and others[21,22].Pathological markers of Alzheimer's
disease have been found to be associated with changes in GABA signal transduction in extensive animal
model studies.recently in vitro experiments, however, have revealed that Aβ neurotoxicity weakens
GABAergic neuron activity and impairs inhibitory postsynaptic potentials  due to downregulating
postsynaptic GABAA receptors[23,24]. As well, TgCRND8 mice, which represent early Aβ deposition,exhibit
a loss of GABAergic neurons at 6 months of age[23]. Similarly, a 50–60% reduction in the number of
GABAergic interneurons coexpressing SOM and NPY is showed up in APP/PS1 mice a at 6 months,
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preceding pyramidal cell loss, which suggests that GABAergic dysfunction may be an early performance
of pathology in AD.In term of tau pathology, a signi�cant reduction in the number of GAD-, SOM- and PV-
positive cells in the hippocampus is showed in JNPL3(P301L) mice, which expresses human tau at twice
endogenous levels. [25]. Furthermore, tau proteins co-localize with these populations of
interneurons,illustrating that tau possiblely promote to a loss of GABA neurotransmission in the
hippocampus[25,26].

Joan Jiménez-Balado etal. hypothesize that The effect of age on GABAergic level may be in�uenced by
some factors such as female, APOE ε4 and cerebrovascular disease, which cripple GABAergic function
either independently or interactively. These factors may decrease GABA levels via impairing interneurons
or weekening GABAergic function  Which overexcites the hippocampal circuitry. Sustained exposition to
hippocampal hyperactivity result in episodic memory loss, accumulation and atrophy of Aβ/tau ,
Ultimately increases the likelihood of dementia.in line with the hypothesis, GABAergic dysfunction might
anterior to both the clinical symptoms of cognitive disorder, and tau and Aβ accumulation, and playing a
critical role between risk factors and episodic memory impairment.Further research for the GABAergic
system in aging may be useful for understanding of age-related cognitive decline and AD. furthermore ,
GABA emerged as a potential pharmacological target,as previous clinical trials have reported positive
effects of levetiracetam on cognitive decline[27,28].

GABAA receptors is an ionic channel in the central nervous system[29], Contextual learning not only
induces synaptic delivery of AMPA receptors but also strengthens GABAA receptor-mediated inhibitory
synapses onto CA1 neurons[30] Since Aβ weakened GABAA receptor-mediated synaptic inhibition, GABAA
receptor agonists may improve either symptoms or progression of AD. A human AD patient showed
several alterations in GABAA receptor subunits including α1, α2, α5, β2, β3 and γ2[31].GABAA α5 receptors
are particularly included in tonic inhibition, and their selective reduction has been shown to lead to
network hyperactivity in the hippocampus[32]. for the same reason, novel benzodiazepine-like ligands,
targeting GABAA α receptors, have been known to reverse working memory de�cits in aged (21–22 month
old) C57BL/6 mice[33] More over,GABRG2 gene has be known as the most common epileptic gene in
GABA A R subunit.If GABRG2 gene is mutated, neurons have different responses and metabolic abilities
to abnormal mRNA and mutated subunits as temporal and spatial speci�city of NMD and individual
differences in ERAD e�ciency. Impaired expression of GABAA receptors in the postsynaptic membrane
results in a decrease in the inhibitory function of GABA in the brain.studies indicated that GABAergic
dysfunction causes neural overactivity, which ultimately leads to AD seizures[34].Therefore,GABAA
receptors are a promising potential therapeutic target due to its high expression in the hippocampus and
its signi�cant role in memory.

H. pylori has evolved several strategies, including controling innate immune receptors and inhibiting
effector T cell responses,for purpose of evading the host’s immune response and surviving in the adverse
conditions found in the stomach[35]. The host-induced immune response can result in the local secretion
of various in�ammatory mediators,such as interleukin (IL) 8, -6, -1b, -10, and -12, tumor necrosis factor
(TNF) and interferon (IFN) , which enter the circulation causing systemic effects and inducing
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neuroin�ammation and toxicity[36].Meanwhile, H. pylori infection contribute to the release of various
neurotransmitters, such as acetylcholine, adrenaline, noradrenaline, serotonin, and dopamine[37,38]. In
addition, H. pylori infection may cause damage to axons/neurons, produce free radicals, and alter
neuropeptide expression , such as vasoactive intestinal peptide (VIP) and c-fos . Lastly, H. pylori infection
is related to changes in the group of the gastrointestinal microbiome and can possibly change the
prognosis of neurological disorders[39].The speci�c mechanism may be due to changes in
gastrointestinal pH or In�ammatory cells secrete in�ammatory cytokines caused by helicobacter pylori
infection[40,41]. 
A recent review[42]highlighted the important role of the microbiome - gut-brain (MGB) axis disorder in the
development of AD . Alteration in the constituent of intestinal �ora lead to impaired blood-brain barrier
(BBB) function due to increased intestinal barrier permeability and activation of immune cells, which
promotes neuroin�ammation, neuron loss, nerve damage, and �nally AD. The gut and brain are
connected bidirectionally by multiple pathways, including neural, immune, metabolic and endocrine
pathways[43].Bacteria can produce a variety of neurotransmitters or similar substances. Some strains of
gut bacteria have the ability to produce and release neurotransmitters, such as GABA, serotonin,
catecholamine and histamine. Neurotransmitters produced by these bacteria transmit signals to the
central nervous system by intestinal chroma�n cells and intestinal nerve receptors . In the animal studies
of Gao Yong et al.,They found that GABA derived from gut bacteria crosses the BBB and enters the central
nervous system. It was found that Lactobacillus rhamnosus could reduce anxiety and depression-related
behaviors in mice and increase the concentration of GABA in the hippocampus[44]. And this effect only
occurs when the vagus nerve is intact, so it is believed that intestinal microbes may indirectly regulate
GABA signal via the vagus nerve . Gut microbes affect the formation, absorption and transport of
serotonin and GABA in the brain. more over, some bacterial species in�uence amyloid plaque formation
and trigger an in�ammatory cascade that leads to the development of AD[45]. Therefore we will open up
new therapeutic pathway for the treatment of AD depend on reshaping the intestinal microbiota and the
anti-AD action focused on the microbiota guide the development of effective therapeutic methods in the
future by exploring the intestinal �ora associated with H. pylori.

Evidence[46]suggests that miRNAs can be transmitted between cells, even over long distances, which
showing that these small RNAs can deliver physiological states and change the function of cells
throughout the body, it is obviously that they can control various aspects of AD consider that mirnas have
important intra- and intercellular roles.A research shows that low level of miR-650 was a risk factor for
developing AD and was particularly pronounced in severe dementia and correlated with cognitive
functions[47].miR-326 as a proin�ammatory factor has been implicated in MS pathology. miR-326
expression in leukocytes correlated with disease severity in MS patients and in mice with EAE[48].In
contrast, Other research demonstrate that Mir-326 improves cognitive function of AD mice and inhibits
neuron apoptosis in AD mice through inactivation of the JNK signaling pathway by targeting
VAV1[49].Aidan Kenny et al[50]suggests that Mirna-206 in the peripheral plasma may be elevated in the
prodromal and presymptomatic stages of AD and it can be used as an economical and effective
biomarker.lastly,It is wellknown that miRNAs critically contribute to immune function and
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homeostasis[51-53]. A study of T1D[54]identi�ed the mir142-3p /Tet2/Foxp3 axis in mouse and human
CD4+ T cells, which interferes with effective induction of tregs and leads to them during islet
autoimmunity Treg stability is impaired, allowing islet autoimmunity to activate and progress,and
suggest that targeting miR142-3p could contribute to the development of intervention strategies.All of
these results indicate that these small molecules have great clinical potential. Thus, revealing therapy-
related immunomodulatory miRNAs may lead to new ones therapies that inhibit neuroin�ammation and
improve AD outcomes.

Conclusions
In conclusion, we de�ned the core function of key candidate genes, including GABA GABRA1 GABRG2
SLC32A1,mirNA-650 mirNA-206 mirNA-142-3p and mirNA326, by using a sequence of bioinformatics
tools for gene expression pro�ing.  In addition,the enriched signaling cascades constituting the
GABAergic signal transduction system pathways in the molecular modulation network of cognitive
decline via integrated bioinformatic analysis. Trough the above Analysis , we found that there may be a
signifcant correlation between  H. pylori infection and AD. This provides a series of possible therapeutic
targets for AD in patients with  H. pylori infection  in the future. However, in vitro and in vivo studies
should be conducted to verify our �ndings.  
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Figures

Figure 1

a(AD,volcano map) 

b(Twelve DEGs were identifed by analysis of AD gene expression datasets.Each column represents a
sample and each row represents the expression level of a given gene. The color scale represents the raw
Z score ranging from blue (low expression) to red (high expression). Dendrograms by heatmap
correspond to the hierarchical clustering by expression of the 12 genes.) 

c(H. pylori infection,volcano map) 
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d(Twelve DEGs were identifed by analysis of H. pylori-positive DEGS gene expression datasets)

Figure 2

VENN diagram
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Figure 3

An interaction network constructed by H pylori-positive differential miRNAs and 13 key genes in AD
regulatory network
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Figure 4

The protein–protein interaction (PPI) networks construction and signifcant gene modules analysis. a
Based on the STRING online database, 7 common genes were �tered into common genes PPI network. b
The most signifcant module from the PPI network
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Figure 5

a(GO analysis results of 13 key genes in AD regulatory network)

b(KEGG analysis results of 13 key genes in lung cancer regulatory network)


