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Background: To investigate the correlation between gut microbiota and circulating microRNAs
(miRNAs) in patients with primary diagnosis of type 2 diabetes mellitus (T2DM) and to explore the possible
mechanisms of miRNA-gut microbiota crosstalke network in the regulation of the insulin signaling pathway
and glucose homeostasis in T2DM.

Methods: T2DM patients and normal controls were recruited. Fasting plasma and fecal samples were
collected from the subjects, and their biochemical indexes including fasting blood glucose (FBG), glycated
hemoglobin (HbAlc), cholesterol (T'C), total triglycerides (T'G), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and insulin were recorded. The variations in intestinal microbiota in the two
groups were analyzed using 16S rRNA third-generation sequencing technology, and the differential
expression of miRINAs between the groups was screened using miRNA high-throughput sequencing. The
correlation and association between specifically changed intestinal microbiota and miRNA expressions were
analyzed using a combination of bioinformatics analysis and statistical methods. Finally, 16S functional gene
prediction analysis and target gene enrichment pathway analysis were carried out to predict relevant gut
microbiota and miRNAs.

Results: Compared with normal controls, the biochemical indexes of HAlbe, FBG, TG, TC, LDL,
HDL, and insulin were significantly different in T2DM patients (P<0.001, P<0.001, P=0.0125, P=0.98,
P<0.001 P=0.022, and P=0.0013, respectively). The two groups also showed significantly different intestinal
microbiota distribution and miRNA expression characteristics, including in the counts of Bacteriodes.
uniformis and Phascolarctobacterium. Faecium (P=0.023, 0.031), which were negatively correlated (P=0.014, FC
= -2.36) with the expression levels of serum miR-122-5p (r=-0.68, -0.60, P=0.01, 0.01).

Conclusions: This study discovered specific gut microbiota and miRNA characteristics in patients with
a primary diagnosis of T2DM. A negative correlation between miR-122-5p and the intestinal bacteria
Bacteriodes. uniformis and Phascolarcrobacterium. Faecium was also revealed, suggesting that the crosstalke
between miRINA and gut microbiota may regulate the insulin secretion and signal transduction by controling

key genes of glucose metabolism during the development of T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a major public health
problem worldwide. At present, 366 million people are
estimated to have T2DM globally; this figure is predicted
to reach 422 million by 2030, and rise to 700 million by
2045 (1,2). Accounting for over 90% of cases, T2DM
is the most common form of diabetes (3). T2DM is a
metabolic disease characterized by insulin secretion defects
and/or chronic hyperglycemia due to insulin resistance.
T2DM affects all fields of physiological and biochemical
activity, including genetics, metabolomics, and proteomics.
Currently, blood glucose monitoring is the main diagnostic
method for T2DM, and the pathogenic mechanism of
T2DM occurrence has yet to be fully elucidated. There is
no specific treatment that can improve islet function, which
makes prevention and early diagnosis crucial. Consequently,
the various complex interaction mechanisms in the host’s
body at the initial stage of T2DM need to be illuminated,
and new ideas and strategies for identifying key therapeutic
targets in T2DM are urgently called for.

The gut microbiota is an extremely large microbial
population in the host gastrointestinal tract (4), which can
co-evolve with humans. It controls nutrient absorption and
energy conversion, forming and regulating the intestinal
mucosal barrier, and assisting the intestinal immune
defense system in maintaining the body’s homeostasis, such
as maturity after birth. The disruption of the symbiotic
relationship between the gut microbiota and the host may
lead to the occurrence of metabolic diseases such as T2DM.
MicroRNAs (miRNAs) are a class of non-coding single-
stranded molecules, the expression of which is tissue-
specific and developmentally regulated. MiRNAs have been
shown to be closely related to a broad range of physiological
and pathological processes. The main function of miRNAs
is to negatively regulate gene expression by cutting target
gene transcripts or binding to the 3' untranslated region
(3'-UTR) of target messenger RNAs (mRNAs) to inhibit
mRNA translation at the post-transcriptional level (5). The
regulatory effects of miRNAs on diabetes at the genetic
level have been investigated in depth (6).

Accumulating evidence has illustrated that imbalance of
the gut microbiota and changes in miRNA expression levels
participate in the occurrence and progression of human
diseases; both may act as triggers for various disorders and
have been confirmed as promising biomarkers for T2DM.
MiRNAs may mediate part of the crosstalk network
between gut microbiota and the host (7,8). Gut microbiota
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can interact with miRNAs and play an intricate role in the
regulation of related metabolic diseases (8). Therefore,
through this interaction with miRNAs, the gut microbiota
may affect far more genes than we expected. However, due
to a lack of systematic clinical population studies, the role
of this interaction in the pathophysiological mechanism of
T2DM has not been well evaluated. In the present study, we
conducted a case-control study, 16 srRNA third-generation
full-length sequencing, microRNA high-throughput
sequencing, bioinformatics analysis, and statistical methods
were applied to detect variations in gut microbiota and the
levels of circulating miRNAs in plasma between T2DM
patients and healthy individuals. We aim to illuminate the
crucial role of the interaction between gut microbiota and
circulating miRNAs in 'T2DM, and to provide a theoretical
basis for exploreing and developing more accurate and
efficient methods for the early diagnosis and clinical
interventions of patients with T2DM.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6717).

Methods
Clinical samples

According to the epidemiological characteristics, blood
glucose indicators and consideration of 20% shedding
rate, we confirmed the sample size of this case-control
study. We recruited 60 volunteers and divided them in two
groups. The T2DM group was composed of patients who
are newly diagnosed with T2DM from the Endocrinology
department, Hospital of Chengdu University of Traditional
Chinese Medicine in Si Chuan province, China from March
2020 to September 2020. T2DM diagnosis based on World
Health Organization criteria in 1999 (9). Simultaneously,
healthy individuals were also enrolled from the medical
examination center and public as a normal control group,
this group was selected by stratified random sampling
referring to the age and sex of type 2 diabetes group.
The exclusion criteria were: a history of diabetes-related
treatment and taking medication for serious diseases;
patient had taken health care products, bulking agents,
antidiarrheals, antispasmodics, probiotics, or antibiotics
within the 3 months before the study or during the test
period; and a history of smoking. Pregnant, breastfeeding
or menstruating women were also excluded. All procedures
performed in this study involving human participants were
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in accordance with the Declaration of Helsinki (as revised in
2013). 'This study was approved by the Ethics Committee
of the Affiliated Hospital of Chengdu University of TCM
(2020KL-031). Patients who met the inclusion criteria
were informed of the details of the research and signed
an informed consent form. We collected the volunteers’
venous blood samples and stool samples, and some
basic biochemical indexes were detected immediately.
Demographic characteristics, basic indicators for auxiliary
diagnosis of T2DM including HAlbc, FBG, TG, TC, as well
as insulin and so on, were recorded. And subsequently 16
stRNA third-generation full-length sequencing, microRNA
high-throughput sequencing bioinformatics analysis, and
statistical methods were applied to detect variations in gut
microbiota and the levels of circulating miRNAs in plasma
between T2DM patients and healthy individuals.

16 s¥RNA third-generation full-length sequencing of gut
microbiota

Fecal specimens were collected from the subjects in normal
control group (n=30) and T2DM group (n=30). First, total
DNA was extracted from the samples using the PowerSoil®
DNA Isolation kit according to the manufacturer’s
instructions. After extraction, the 16S full-length primer was
designed according to the conservative region 27F-1492R,
for polymerase chain reaction (PCR) amplification of the
target area (10 pL system, Solexa PCR). The synthesized
specific primers (27F-1492R) were designed as follows:

Forward primer 27F: AGRGTTTGATYNTGGC
TCAG

Reverse primer 1492R: TASGGHTACCTTGTTA
SGACTT

Subsequently, quality inspection was performed on
the formed sequencing library, and processing, including
barcode recognition, was performed on the high-quality
circular consensus sequencing (CCS) sequence obtained.
The generated optimization CCS was clustered at the
level of 97% similarity (USEARCH, version 10.0), and its
species classification was obtained based on the sequence
composition of the operational taxonomic unit (OTU).
The platforms 168S: Silva database and RDP Classifier were
used to analyze species annotation and taxonomy as well
as the diversity of gut microbiota. Alpha diversity analysis
was performed to examine the species richness and diversity
within a single sample, and the ACE, Chao, Shannon,
and Simpson indices of each sample were calculated. The
differences in the community composition and structure
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of different samples were compared through Beta diversity
analysis. Finally, Metastats analysis was carried out to
compare the significant differences between the groups
at the genus level, and linear discriminant analysis effect
size (LEfSe) analysis was used to screen biomarkers that
were statistically different between the groups (biomarker
screening criteria: LDA score >4).

Extraction of circulating microRNAs from plasma and
microRNA high-throughput sequencing

Total RNA was extracted from the circulating plasma of 5
T2DM patients and 5 normal controls, drawn by random
number table method, using the miRNeasy Serum/Plasma
Kit (Qiagen, Hilden, Germany). Agilent 2100 Eukaryote
RNA Pico (Agilent, Santa Clara, CA, USA) was then used
to test the concentration and purity of 1.5 pL samples of the
extracted total RNA. The remaining total RNA was stored
at -80 °C. Quality inspection standards: total RNA >2.5 ng,
RNA concentration >500 pg/pL, 285/18S >1.5; no increase
in baseline; 5S peak was normal. After qualification, the
NEBnext multiplex small RNA (sRNA) library prep kit
was used to build the library. Low-quality sequences were
removed, as were reads with more than 10% unrecognizable
bases. The RNA 3'end and 5'end adapters were connected,
and reverse transcription was carried out to obtain cDNA.
Then, PCR amplification of the target region with primers
on the adapter was performed. After amplification, 140—
160 bp fragments of DNA were recovered with
polyacrylamide gel electrophoresis (PAGE). Agilent
2100 was used for detection, and after qualification, these
fragments were sequenced using the Illumina NOVA
platform. Then, Bowtie software was employed to classify
and annotate sSRNA, and unannotated reads were obtained
by comparing clean reads with the database. Homo sapiens.
GRCh38_release95 was used as the reference genome for
sequence alignment, and the position information of the
reference genome was obtained for the subsequent cluster
analysis.

Bioinformatics prediction

The PICRUSt algorithm, based on the species composition
information obtained from 16S sequencing data, was applied
to infer the functional gene composition of the target
bacteria, to obtain the Kyoto Encyclopedia of Genes and
Genomes (KEGG) information corresponding to the OTU,
and to analyze the differences in function. Additionally,
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according to the results of microRNA high-throughput
sequencing analysis, the screened-out statistically significant
miRNAs were predicted using TargetScan, and then
Metascape was used to perform pathway enrichment
analysis of target genes using the Gene Ontology biological
process (GO BP), KEGG Pathway, and Canonical Pathway
databases. P<0.01 was statistically significant.

Statistical analysis

Data were analyzed with SPSS version 23.0 (Statistical
Package for the Social Science, Chicago, IL, USA).
Continuous data were expressed as x = SD, and comparisons
between groups were performed using one-way analysis
of variance and Student’s  test. Cases with missing data
for analyzes were omitted and the remaining data were
analyzed. The correlation between gut microbiota and
environmental factors (blood biochemical indices) was
studied with canonical correlation analysis (CCA) or
redundancy analysis (RDA). Spearman’s correlation analysis
of the specific gut microbiota counts and the differential
expression of miRNAs in the circulating plasma of T2DM
patients was performed. P<0.05 was statistically significant.

Results
Baseline characteristics

There was no statistical difference in demographic
characteristics of sex distribution and age between the
two groups (P >0.05), while the body mass index (BMI)
was calculated from the following formula: weight (kg)/
height (m’) is significantly different (P<0.001) (Zizble I). The
basic blood biochemical indicators of the T2DM patients
and normal controls are shown in Figure 14. Among
them, the HAlbc, FBG, T'G, LDL, and insulin of T2DM
patients were significantly increased compared to those
of the normal controls, while the HDL was decreasing,
with statistical significance (P<0.001, P<0.001, P=0.0125,
P<0.001, P=0.022, and P=0.0013, respectively) (Figure 1A4).

Third-generation full-length sequencing analysis of
165srRNA of gut microbiota

From the 60 samples sequenced, 514,080 CCS sequences
were obtained after barcode identification. Each sample
produced at least 428 CCS sequences, with an average of
8,568 CCS sequences. The number of OTUs, and the
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chao and ACE indexes of the two groups were statistically
different (P=0.01, 0.007, and 0.037, respectively), which
suggested that T2DM may cause changes in intestinal
microbial diversity. Shannon and Simpson index analyses
showed that the depth of sequencing was sufficient to
capture all bacterial species and that the samples were
representative. The composition of the differences between
the two groups was preliminarily interpreted by analyzing
a diversity and B diversity. At the phylum level, Firmicutes,
Bacteroides, Proteobacteria, and Actinomycetes were the
dominant species of gut microbiota in the two groups, and
all were found in relatively high proportions. Firmicutes,
Bacteroides, and Proteobacteria accounted for 40.5%,
45.1%, and 18.7%, respectively, of gut microbiota in the
normal control group, compared with 47.4%, 25.8%, and
21.4%, respectively, in the T2DM group. The difference
in Bacteroides as the dominant flora was statistically
significant (P=0.0049), and the ratio of Bacteroides to
Firmicutes was reduced in the T2DM group. LEfSe
analysis identified 53 significantly different species
between the two groups (biomarker screening criteria:
LDA score >4) (10) (P<0.05) (Figure 1B,C). The results
of CCA canonical correlation analysis of the correlation
between the levels of different gut microbiota and basic
indicators are shown in Figure 1D.

miRNAs bigh-throughput sequencing analysis

Through miRNA high-throughput sequencing analysis,
4,542 miRNAs were obtained from all samples, including
1,913 known miRNAs and 2,629 newly predicted miRNAs.
The number of newly predicted miRNAs in the normal
control group was significantly higher than that in the
T2DM group. With FDR<0.05 and fold change (FC
>2) set as the screening criteria, 405 circulating miRNAs
differentially expressed between the groups were initially
screened using a volcano map, and the undetectable
miRNAs and non-human miRNAs were eliminated.
Compared with the control group, the expression of
88 miRNAs was significantly down-regulated and the
expression of 22 miRNAs was significantly up-regulated
in the newly diagnosed T2DM group (Figure 2A4). Nine
candidate miRNAs with significant differential expression
in T2DM group were selected; these included miR-122-
5p, miR-193a, miR-3151, miR-582-3p, and miR-184, which
were significantly down-regulated, and #iR-200a-3p, miR-
487a, miR-34c-3p, and miR-449a, which were up-regulated.
Subsequently, correlation and association analyses of the gut
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Table 1 Main characteristics of NC group and T2DM group

Variables NC (n=30) T2DM (n=30)
Male (n, %) 13 (43.3) 14 (46.7)

Age (years) 46.27+8.44 48.13+6.56
BMI (kg/m?) 22.37+1.87 23.70+3.00

NC, normal control; T2DM, type 2 diabetes mellitus; BMI, body
mass index.

microbiota were performed.

Correlation and association analysis

Spearman’s correlation analysis was performed. Figure 2B
shows a heat map depicting five miRNAs that have
statistically significant positive and negative correlations
with certain microflora (P<0.05). Among these five
miRNAs, miR-122-5p is highly conserved in the evolution
of mammals and is related to eight types of intestinal
bacteria, including two types of intestinal bacteria
[Bacteroides.uniformis (B.uniformis) and Phascolarctobacterium.
faecium (P.faecium)| that are significantly different (P=0.023
and 0.031, respectively) before and after T2DM disease
onset (r=-0.68 and -0.60; P=0.01 and 0.01, respectively).
After the selection of intestinal bacteria species with
differences between groups, bioinformatics methods were
used to further predict and analyze the potential pathogenic
mechanism of the interaction between miR-122-5p and
related intestinal bacteria.

Bioinformatics prediction results

To confirm the findings of the analysis of the interaction
between certain gut microbiota and miRNAs,
bioinformatics prediction and correlation analyses were
conducted. The KEGG information corresponding to the
OTU was obtained using PICRUSt software (Figure 3A4).
Some differences in the metabolic pathways of functional
genes of intestinal bacterias such as B.uniformis, B.plebeius,
B.taiotaomicron, Pfaecium, and Faecalibacterium.sp were
observed. These intestinal bacterias were found to play
an important regulatory role in the metabolism of amino
acids, carbohydrates, polysaccharides, vitamins, cofactors,
membrane transport and energy conversion. Due to the
significant differences in B.uniformis and P.faecium between
the normal control and T2DM groups, CCA analysis of
gut microbiota and blood indicators was carried out and
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showed that B.uniformis and P.faecium were negatively
correlated with insulin, FBG, LDL, and TG. B. uniformis
has been confirmed to be related to autoimmunity, and in
animal models, has been found to have considerable efficacy
in treating metabolic disorders and immune function
disorders. Oral administration of this strain can reduce
serum cholesterol, triglycerides, glucose, and insulin in
high-fat diet (HFD)-fed mice, as well as leptin levels, and
can improve tolerance to oral glucose. An increase in the
abundance of B.uniformis has been shown to down-regulate
inflammatory cytokines and play a key role in improving
low-grade inflammation and insulin sensitivity (11,12).

Next, TargetScan Human 2.1 was used to predict 7iR-
122-5p target genes. A total of 226 target genes were
predicted. The clusterprofiler package of R Studio was
used to perform GO enrichment analysis of all predicted
target genes, and the results are visualized in Figure 3B.
The Metascpe platform was also used to perform for
enrichment analysis using the GO BP, KEGG Pathway,
Reactome Pathway, Canonical Pathway databases. Forty-
eight biologically corresponding metabolic pathways with
statistical significance (P<0.01) were obtained for the target
gene set relative to the background. Figure 3C shows the
top 20 enriched pathways with functional redundancy
removed (13). miR-122-5p was found to be significantly
enriched in glucose metabolism-related signaling pathways
(P<0.01), including the gluconeogenesis and glycolysis
pathways. The target genes of the regulated signal
pathways included glucose 6-phosphatase (G6PC), G6PC3,
PDK, KAT2A, and many other genes; these genes have
been proved to have a direct regulatory effect on sugar
metabolism and energy metabolism (14-16). Further, the
significantly enriched HIF signaling pathway also involves
several miR-122-5p target genes. HIF signaling pathway
has been demonstrated to be related to the expression of
glucose-producing enzyme genes, such as Pepck, G6PC,
and glucose transporter type 2 (GLUT?2), which can
promote cells metabolism by increasing the expression of
GLUT1 uptake and up-regulate the expression of PDK and
other enzymes to increase glycolysis (17-19).

Discussion

In normal circumstances, the processes of insulin synthesis
and secretion are both regulated by the level of glucose in
pancreatic cells. However, under pathological conditions,
continuous gluconeogenesis causes the glucose levels in
the body to increase. The body responds by oversecreting
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Figure 2 Results of high-throughput sequencing of miRNAs and correlation and association analysis of miRNAs and gut microbiota.

(A) Volcano plot showing different miRNAs between the two groups; (B) heatmap showing the correlations between miRNAs and gut

microbiota.

insulin in an attempt to maintain stable blood glucose
metabolism. Free fatty acids produced by the increase
in fat mobilization enter and accumulate in the liver,
simultaneously inhibiting insulin signal transduction and
weakening tissue sensitivity to insulin. This eventually
leads to the development of insulin resistance (20). When
T2DM occurs, the imbalance between the abnormal
glycoside production pathway and the body’s insulin
action in turn induces chronic hyperglycemia in the
body. The involvement of gut microbiota and miRNAs
in the regulation of glucose and lipid metabolism
has been supported by many studies. For instance,
Clark and Mach found that the metabolites of gut
microbiota can indirectly regulate key transcriptional
co-activators, transcription factors, and enzymes related
to mitochondrial biogenesis through regulating the
endocrine and immune systems, and participate in
the metabolism of non-bound lipids and glucose, as
well as energy conversion function adjustment (21).
MiRNAs can directly or indirectly affect almost all
biological processes of the body. They participate in
the uptake and consumption of glucose by affecting the

© Annals of Translational Medicine. All rights reserved.

expression levels of cellular glucose transporters and the
efficiency of intracellular glucose metabolism, and then
indirectly regulating insulin signal transduction (22).
Furthermore, the gut microbiota in the current study is
found to interact with miRNAs to play an authoritative
role in the occurrence and progression of multiple diseases.
Therefore, to investigate insulin intolerance at the initial
stage of T2DM, our study drew on the combination of the
recent research hotspots of gut microbiota and miRNA
in an effort to further clarify their role in the molecular
mechanism of the pathogenesis of T2DM. We hope that
our findings will lead to a breakthrough in the efforts to
discover a key molecular target for the treatment of T2DM.

Our research data show that newly diagnosed patients
with T2DM have specific gut microbiota distribution and
miRNA expression characteristics, with some significantly
different miRNAs showing a statistically significant positive
or negative correlation with certain microflora (P<0.05).
It can be inferred that these miRNAs may facilitate host
control of the gut microbiota by functioning as selective
regulators of bacteria gene transcripts and growth (23).
Among them, miR-122-5p is highly conserved in the
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Figure 3 Results of bioinformatics prediction. (A) Histogram of KEGG metabolic pathways and 7ziR-122-5p-related intestinal microbiota; (B)
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functional redundancy via Metascape database. KEGG, Kyoto Encyclopedia of Genes and Genomes; GO BP, Gene Ontology biological
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evolution of mammals and is significantly related to a
variety of intestinal bacteria, including two intestinal
bacteria that are significantly different before and after
T2DM (r=-0.68 and -0.60; P=0.01 and 0.01, respectively).
Bioinformatics and statistical methods were used to analyze
the potential pathogenic mechanisms of B.uniformis,
P.faecium, and miR-122-5p, and their possible mechanisms
in maintaining body homeostasis and shaping the host’s
regulation of T2DM were explored. Through KEGG
metabolic pathway analysis, some differences in the
metabolic pathways of the functional genes of B.uniformis
and P.faecium were observed. CCA analysis showed that
both bacteria were negatively related to insulin, fasting
glucose, LDL, and TG. Previous studies have proved that
B.uniformis has a key regulatory role in liver metabolism (24).
It is negatively related to liver G6PC, which reduces the
ectopic lipid deposition and endoplasmic reticulum stress in
the liver and muscle tissues, this regulatory mechanism can
improve the liver glucose metabolism phenotype of mice.
B.uniformis has strong glycolytic ability and can utilize diet
and endogenous polysaccharides to provide bacteria and
hosts with more beneficial end products, such as butyrate.
It also participates in the metabolism of polyphenols in
the form of O-glycosylation and C-terminal fission, and
regulates plasma insulin and glucagon-like peptides by
indirectly regulating key gluconeogenesis genes, such as
peroxisome proliferator activated receptor v (PPARY), to
improve glucose homeostasis and increase insulin sensitivity
(11,25,26). Combined with the results of this test and
previous studies, B.uniformis has been suggested to play an
important role in glucose metabolism and plasma insulin
synthesis and secretion.

The initial transcription of miR-122 is derived from
the shearing of the her gene transcript and is located on
human chromosome 18, 18q21.31 (27). miR-122-5p is
continuously expressed and is highly conserved during
the development of the liver in vertebrates, and plays a
vital role in the homeostasis of liver glucose and lipid
metabolism (28). In this study’s bioinformatics analysis of
the miR-122-5p target gene set, many signal transduction
pathways were found to be closely related to glucose
metabolism pathways, including the gluconeogenesis and
glycolysis pathways. These pathways are related to G6PC,
PEPCK, PDK, KAT2A, and GLUT2, which are key
genes involved in sugar metabolism. Previous studies have
also revealed that the miR-122 family can maintain the
body’s energy requirements by participating in pyruvate
metabolism, glycolysis/gluconeogenesis, and the citric
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acid cycle (T'CA cycle), and can indirectly regulate insulin
resistance, 7iR-122 plays an important role in reversing
insulin resistance (29,30). The miR-122-5p target gene
human headbox transcription protein O (FoxO) is also
closely related to the sugar metabolism pathway. FoxO,
as a signal of liver insulin conduction which involved in
conducting insulin signaling and an important regulator
of gluconeogenesis-related genes, can combine with the
promoter region of genes encoding key gluconeogenesis
enzymes to control insulin-mediated glucose uptake (31).
Interestingly, the expression of FoxO can be induced to
regulate glucose metabolism and mitochondrial biogenesis
by PPARy (32), which is mentioned above can be regulated
by B.uniformis when it play a regulative role of plasma
insulin and glucagon-like peptides (25,26). Silencing of
miR-122 has been shown to inhibit gluconeogenesis in the
livers of miR-122 knockout (KO) mice, which manifested
as a decrease in the levels of phosphoenolpyruvate and
glucose-6-phosphate (G6P), leading to glucose intolerance
and insulin resistance (31,33,34). As a new circulatory
factor involved in insulin resistance, 7iR-122-5p was found
to be able to mediate changes in the expression levels of
key genes involved in insulin signaling, including GLUT4
and IRS1 (35), and to target the insulin-like growth factor
receptor (IGF-1R) to regulate insulin resistance in liver
cells (36). Therefore, from these perspectives, the molecular
mechanism involved in the abnormal expression of miR-
122-5p can be considered to be a new therapeutic target for
T2DM.

In conclusion, our research has illuminated the different
expression characteristics of the host gut microbiota
and miRNAs before and after the illness of T2DM
onset patients. Under the precondition that there is an
interconnected cycle between miRNAs and intestinal
microbes, we have reason to believe that miR-122-5p
and B.uniformis are likely to be regulated by each other
in the process of regulating gluconeogenesis genes and
insulin signal transmission, and play an authoritative role
in controlling the homeostasis of glucose metabolism and
insulin secretion. The crosstalk network of circulating
miRNAs and gut microbiota is a way to maintain the
stability and state of the host’s body, and shape another
mechanism for the regulation of T2DM. However, further
study is needed to determine the genes involved in sugar
metabolism that are jointly controlled by the two, as well
as the specific signaling pathways affecting the function
of pancreatic islet cells and the synthesis and secretion
of insulin. At the same time, this experiment has certain
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limitations, such as the small number of specimens and the
inability to strictly control the recent lifestyles of volunteers,
which may have impacted on the results. Therefore,
considering the persistently increasing incidence of T2DM
and the lack of specific treatment, the value of gut microbiota
and miRNA as potential therapeutic targets needs to be
further investigated. More rigorous and in-depth # vive and
in vitro experiments will be conducted to verify the results
of this study in order to obtain stronger evidence at the level
of molecular action and to bring new opportunities for the
early diagnosis and precise treatment of T2DM.
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