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Background: Type 2 diabetes mellitus (T2DM) is a major social and public health problem which may be 
induced by intestinal flora imbalance through inflammatory response, and the specific mechanism remains 
unclear. In this study, we aim to explore the interaction network of intestinal flora and cell inflammation in 
T2DM. 
Methods: This a case-control study. Patients with T2DM was the case group and healthy people as control. 
The differences of cytokine expression levels between patients with T2DM and healthy controls were 
assessed by using flow cytometry. The diversity and abundance of intestinal flora were evaluated by using 16S 
rRNA three-generation full-length sequencing technology. 
Results: A total of 29 patients with T2DM and 28 healthy controls were included for analysis. Compared 
with the healthy control group, the expression levels of plasma cytokine interleukin-2 (IL-2) (P=0.0000006), 
IL-6 (P=0.000193), tumor necrosis factor α (TNF-α) (P=0.016), interferon-γ (IFN-γ) (P=0.000036) and 
interleukin-17 (IL-17) (P=0.004) were significantly up-regulated in T2DM patients, and the abundance of 
Megamonas_funiformis (P=0.0016) and Escherichia (P=0.049) in the intestine were significantly increased. 
In contrast, the abundance of Bacteroides_stercoris (P=0.0068), Bacteroides_uniformis (P=0.033), and 
Phascolarctobacterium_faecium (P=0.033) were decreased in T2DM patients. Further, differentially 
expressed Escherichia had a positive correlation with IFN-γ (r=0.73) by Pearson correlation analysis. 
Conclusions: The interaction network between the intestinal bacteria Escherichia and the cytokine 
IFN-γ may drive inflammation in visceral adipose tissue (VAT), indicating insulin signal transduction can be 
inhibited in adipocytes to induce insulin resistance.
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Introduction

Type 2 diabetes mellitus (T2DM) has gradually become 
a prominent social health problem worldwide with 
increasing incidence yearly. There were approximately 116 
million diabetic patients in China in 2019 (1). T2DM is 
a metabolic disease characterized by hyperglycemia and 
caused by relatively insufficient insulin secretion or insulin 
resistance (2). However, the pathogenesis of T2DM is 
complicated, including heredity, lifestyle, environmental, 
as well as unknown factors (3). Some studies have indicated 
that intestinal flora disorders can mediate the occurrence 
of T2DM, particularly those inducing insulin resistance 
by regulating visceral adipose tissue (VAT) inflammation. 
However, the specific pathogenic mechanism of the disease 
remains unclear.

Numerous studies have demonstrated that chronic low-
grade inflammation caused by visceral fat accumulation is 
one factor that may induce insulin resistance. Adipose tissue 
macrophage (ATM) is a key mediator of VAT inflammation, 
and its secreted pro-inflammatory cytokines can cause the 
inflammatory infiltration of VAT. This process will cause 
ATM stimulate further and release more pro-inflammatory 
cytokines, which could affect the sensitivity of insulin target 
tissues through multiple mechanisms to increase the risk 
of insulin resistance (4). However, the activation of ATM 
depends on the stimulation of interferon-γ (IFN-γ) (5), 
a pro-inflammatory cytokine secreted by natural killer 
(NK) cells. IFN-γ can stimulate the differentiation of 
macrophages into pro-inflammatory M1 macrophages (6) 
and mediate the occurrence of VAT inflammation in vitro 
experiments, while obesity-related inflammation and the 
development of insulin resistance was reduced by IFN-γ 
gene knockout in mice (7). A previous study has investigated 
the impact of low IFN-γ and interleukin-10 (IL-10) levels 
on tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) 
production by PHA-induced peripheral blood mononuclear 
cells in T2DM, in which found that IFN-γ concentration 
in the T2DM group was significantly lower than that in 
the control group (T2DM 7,700.86±3,037.77 vs. control 
10,672.69±5,625.50 pg/mL; P=0.048). However, TNF-α, 
IL-6, and IL-10 levels showed no significant difference 
between the two groups (8).

The intestinal flora is a large group of microbial 
communities in the human intestine, which forms the 
intestinal mucosal barrier controlling nutrient absorption 
and metabolism, and is associated with systemic hypo-
inflammation and immune competence of the organism. 

The results of a previous study showed that T2DM patients 
suffered from dysbacteriosis of the intestine, with varying 
degrees of alteration in diversity and abundance (9).  
In addition, the metabolites of T2DM have changed, 
and the host intestinal mucosa was damaged with higher 
permeability. Intestinal bacteria and their metabolites 
can cross the barrier and become ectopic, causing tissue 
inflammation and reducing the sensitivity of tissues to 
insulin, which leads to the development of T2DM (10,11).

Some studies have shown that the intestinal flora and its 
metabolites can regulate the level of cytokines by affecting 
the immune response. However, the mechanism by which 
the intestinal flora induces T2DM through inflammation 
is not fully understood. Thus, a case-control experiment 
was implemented to determine whether cytokines play a 
role in reshaping intestinal flora as part of the development 
of T2DM and its mechanism. The results may provide a 
theoretical basis for diagnosing and treating T2DM more 
accurately and effectively.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2318).

Methods

Research design and determination for research objects

A case-control experiment was performed involving 
29 patients (15 women and 14 men) who were initially 
diagnosed with T2DM at the clinical endocrinology clinic of 
the Affiliated Hospital of Chengdu University of Traditional 
Chinese Medicine from March 2020 to September 
2020. A further 28 healthy individuals (16 women  
and 12 men) from the physical examination center of the 
institution were included as controls. All patients had not 
been previously treated with T2DM, and had no other 
metabolic or infectious disease, serious heart disease, liver 
disease, kidney injury, or intestinal disease, and had not 
taken antidiarrheal agents, probiotics, antibiotics, or other 
health care products within 3 months before participating 
in the current study.

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Medical Ethics Committee of the Affiliated Hospital 
of Chengdu University of Traditional Chinese Medicine 
(2020KL-031) and all participants signed informed 
consent. 

https://dx.doi.org/10.21037/apm-21-2318
https://dx.doi.org/10.21037/apm-21-2318
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Quantitative determination of plasma cytokines by flow 
cytometry

The levels of interleukin-2 (IL-2), interleukin-4 (IL-
4), IL-10, TNF-α, IFN-γ, and interleukin-17 (IL-17) 
in all plasma samples were measured quantitatively by 
BD™CBA Human Th1/Th2 Cytokine Kit II (BD, USA, 
catalog number 551809), based on a method of capturing 
the soluble analyte with the known-sized fluorescent 
microspheres and the soluble analyte could be detected by 
flow cytometry. We used the classical gating strategy which 
is based on the optical signals, forward scattered light (FSC) 
versus side scattered light (SSC) parameters, collected 
by the cytometer, and secondly by propidium iodide (PI) 
staining (DNA intercalant with passive diffusion across cell 
membrane). This gating strategy of flow cytometry permits 
the exclusion of smaller elements such as cellular debris and 
any type of aggregates (12). 

Each captured microsphere in the BD CBA kit (USA) 
had been conjugated with a specific antibody. The detection 
reagent was a mixture of phycoerythrin (PE)-coupled 
antibodies that provided a fluorescent signal proportional 
to the amount of analyte to be bound. When the capture 
microspheres and detection reagents were incubated with 
the analyte, a sandwich complex was formed, and the 
microsphere particles with fluorescence characteristics 
were measured and identified by BD FACS Canto II flow 
cytometer (USA). The PE fluorescence intensity of each 
sandwich complex revealed the corresponding cytokine 
concentration. Finally, the data were analyzed by FCAP 
array software, and the concentration of each cytokine was 
calculated from the standard curve.

Fecal DNA extraction and 16S rRNA gene sequencing

Microbia l  DNA was  i so la ted  f rom each 250 mg 
homogeneous fecal sample based on the instructions of 
the PowerSoil® DNA Isolation Kit (MoBio, USA), and the 
isolated DNA was stored at −20 to −80 ℃ for further study. 
The target region of 16S rRNA gene in each fecal sample 
were amplified by the following primers.
	Forward primer 27F: 5'-AGRGTTTGATYN 

TGGCTCAG-3';
	Reverse  pre imer1492R:  5 ' -TASGGHTACC 

TTGTTASGACTT-3'.
The obtained amplicons (1,200–1,650 bp) were detected 

by gel electrophoresis. The purified PCR amplification 
product was sequenced by Pacbio SMRT with the carrier 

of SMRT chip sequencing. After corrected and filtered 
the original sequence of PacBio, an effective sequence 
with a length of 1–1.8 kb was obtained, and after identified 
and removed the chimera, the Optimization-Circular 
Consensus Sequencing (Optimization-CCS) was obtained 
for subsequent analysis.

The above Optimization-CCS sequences were clustered 
by operational taxonomic units (OTUs) at 97% similarity 
level. Species annotations and abundance analysis were 
performed to reveal the species composition of the samples. 
The abundance and diversity of species were studied within 
individual samples by Alpha diversity analysis, which will 
count ACE, Chao1, Shannon, and Simpson indexes of each 
fecal sample, draw dilution and rank abundance curves. The 
differences in community composition and structure among 
samples were compared by Beta diversity analysis. Finally, 
the significance of the difference in genus level between 
the two groups was compared by Metastats Analysis and 
Principal Component Analysis (PCA) (the screening criteria 
of biomarker: LDA score >4).

Statistical analysis

All statistical analyses were performed by SPSS v23.0. 
Continuous variables are expressed as mean ± standard 
deviation. Data with a normal distribution applied to t-test, 
otherwise, the non-parametric test was applied. The case-
control group were compared by Mann-Whitney U test. 
The intestinal flora data of two independent samples were 
compared by the Mann-Whitney U test, with P<0.05 
considered as a statistically significant difference. The 
correlation and association analysis between the intestinal 
flora and cytokines were conducted by redundancy analysis 
(RDA) or canonical correspondence analysis (CCA). The 
strength of the linear relationship between the differential 
intestinal flora and cytokines were analyzed by Pearson 
correlation analysis technique.

Results

Clinical and biochemical characteristics

According to the inclusion and exclusion criteria, 29 
patients initially diagnosed T2DM as cases and 28 healthy 
controls were included. The characteristics of these two 
groups were shown in Table 1. There was no statistical 
difference between the two groups in terms of gender 
and age (P>0.05). The renal parameters such as urea and 
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creatinine were all within the normal range. While HDL 
was decreased (P<0.001) in patients with T2DM, the levels 
of FPG (P<0.001), HbA1c (P<0.001), FINS (P=0.03), body 

mass index ( )
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 (P<0.001), TG (P=0.035), 

and LDL (P=0.026) were significantly increased, indicating 
T2DM patients may potentially be at risk of cardiovascular 
disease.

Plasma cytokine expression

The plasma cytokine including IL-2, IL-4, IL-6, IL-
10, TNF-α ,  IFN-γ ,  and IL-17 were tested both in 
T2DM patients and healthy controls. Figure 1 shows that 
the concentration of the pro-inflammatory cytokines, 
including IL-2 (P=0.0000006), IL-6 (P=0.000193), TNF-α 
(P=0.016), IFN-γ (P=0.000036), and IL-17 (P=0.004) in 
T2DM patients were significantly higher than those of 
controls. The concentration of IL-4 (P=0.000010), an anti-
inflammatory cytokine, was also significantly higher in 
T2DM patients than that in the healthy control group, and 
IL-10 (P=0.053) demonstrated a rising trend in T2DM 
patients. These results indicated that patients initially 
diagnosed as T2DM are in a state of inflammation. Studies 

have shown that hyperglycemia can cause oxidative stress 
on T-lymphocytes by activating reactive oxygen species and 
protein kinase C, which promote the secretion of cytokines 
and progression of inflammation causing damage to cellular 
immune function (13).

Abundance, diversity, and different composition of 
intestinal flora

Differences between the Shannon index (2.58±0.09 
vs. 2.16±0.12, P<0.05), Chao 1 index (94.34±4.15 vs. 
79.06±5.56, P<0.05), and ace index (94.36±3.99 vs. 
79.56±5.58, P<0.05) of healthy individuals and T2DM 
patients were statistically significant, while the Simpson 
index (0.18±0.018 vs. 0.25±0.028, P>0.05) has no statistical 
significance but with an increasing trend in value  
(Figure 2A). These results showed that the abundance 
and diversity of bacteria in T2DM patients were reduced 
compared with healthy controls. Furthermore, PCA analysis 
indicated that the composition of the intestinal flora of 
T2DM patients had some specific changes compared with 
healthy controls (Figure 2B).

The composition of the intestinal flora was assessed 
by comparing the relative proportions of dominant 
taxonomic units at the phylum level. As shown in Figure 2C, 
compared to healthy controls, the abundance of Firmicutes 
and Proteobacteria in T2DM patients was increased, 
whereas that of Bacteroides was decreased, and the ratio 
of Firmicutes/Bacteroidetes was significantly increased. 
16 differentially expressed biomarkers (Figure 2D) were 
found from LDA distribution histograms which were 
generated by LEfSe analysis. At the species level, compared 
to healthy controls, the abundance of Bacteroides_
stercoris (P=0.0068), Bacteroides_uniformis (P=0.033), 
and Phascolarctobacterium_faecium (P=0.033) were lower 
in patients with T2DM, while Megamonas_funiformis 
(P=0.0016) and Escherichia (P=0.049) were enriched 
(LAD score log10>4.0). These above results revealed the 
difference in the composition of the intestinal microbiota 
between the two groups, showing the unique diversity and 
distribution characteristics of the intestinal microbiota in 
patients initially diagnosed as T2DM.

Correlation analysis of intestinal flora and cytokines

The RDA/CCA correlation analysis chart shows the 
association of the intestinal flora and cytokines in diabetic 
patients (Figure 3A). The 12 categories of intestinal bacteria 

Table 1 Clinical parameters of T2DM patients and healthy controls

Clinical parameters Control, n=28 T2DM, n=29 P

Gender (female/male) 16/12 15/14 0.681

Age (years) 46.71±2.17 48.28±1.80 0.581

BMI (kg/m2) 22.04±0.37 24.72±0.55 0.000

FPG (mg/dL) 5.14±0.10 7.53±0.49 0.000

HbA1c (%) 5.41±0.07 7.13±0.35 0.000

TC (mg/dL) 4.72±0.13 4.76±0.13 0.829

TG (mg/dL) 1.29±0.14 1.80±0.18 0.035

HDL (mg/dL) 1.51±0.08 1.14±0.05 0.000

LDL (mg/dL) 2.74±0.10 3.10±0.12 0.026

Urea (mmol/L) 4.60±0.39 5.30±0.31 0.162

Crea (μmoI/L) 62.00±2.32 60.69±2.21 0.660

FINS (μU/mL) 8.42±0.658 11.43±1.16 0.030

All parameters are mean ± SD. BMI, body mass index; FPG, 
fasting plasma glucose; HbA1c, hemoglobin A1c; TC, total 
cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; FINS, fasting serum insulin.
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Figure 1 Cytokine level of T2DM patients and healthy controls. All parameters mean ± SD is reported. *, P<0.05; **, P<0.01; ***, P<0.001. 
T2DM, type 2 diabetes mellitus; IL-2, interleukin-2; IL-4, interleukin-4; IL-10, interleukin-10; TNF-α, tumor necrosis factor α; IFN-γ, 
interferon-γ; IL-17, interleukin-17.
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Figure 2 Abundance, diversity, and different composition of intestinal flora. (A) Species diversity differences between T2DM patients and 
healthy controls were estimated by the Shannon, Simpson, ace, and Chao1 indexes. The abundance of species was measured by Chao1 and 
ACE indexes, to indicate the specific types of species. The diversity of species was measured by Shannon and Simpson indexes, which was 
affected by species abundance and community evenness in sample communities. *, P<0.05; (B) the bacterial structural clustering is shown in 
a PCA map based on relative abundance OTUs (97% similarity level); (C) relative abundance of the top 15 abundant bacterial phylum in 
two groups; (D) the distribution histogram of LDA value. T2DM, type 2 diabetes mellitus; OTU, operational taxonomic unit.
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Figure 3 Correlation analysis of intestinal flora and cytokines. (A) RDA/CCA analysis of cytokines and intestinal flora. (B) Pearson 
correlation analysis of cytokines and intestinal flora. RDA, redundancy analysis; CCA, canonical correspondence analysis. *, 0.2< |r| <0.4; 
**, 0.4< |r| <0.6; ***, |r| >0.6.
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in the top 20 in abundance have different degrees of positive 
and negative correlation with cytokines at the genus level 
(Figure 3B) by Pearson correlation analysis and visualization. 
Among them, the differentially expressed Escherichia had 
the most significant positive correlation with IFN-γ (r=0.73, 
P<0.001), while no cytokines had significant negative 
correlation with Escherichia. 

Discussion

In the current study, we evaluated the differences in 
cytokine levels and the diversity and richness of intestinal 
flora of healthy controls and patients with T2DM. 
Compared to healthy controls, the level of FPG, TG, 
FINS, BMI, and other basic clinical indicators were 
remarkably increased with statistical significance in 
T2DM patients, and with an increasing trend of TC 
and LDL. Related studies have found that elevated TG 
levels were the most common manifestation of metabolic 
disorders in T2DM patients (14). TG is the major source 
of energy in the body. It will be stored in adipose tissue 
and induce inflammation of adipose tissue when it is in 
excess. In addition, we found that the serum levels of IL-
2, IL-6, TNF-α, IFN-γ, and IL-17 in T2DM patients 
were significantly higher than those in the control group, 

suggesting patients with T2DM may have an inflammatory 
state, which was consistent with other studies (15). The 
activation and accumulation of M1 macrophages participate 
in the occurrence of T2DM through the levels of IFN-γ 
or lipopolysaccharide (LPS), the subsequently secreted IL-
6, IL-1β, TNF-α, and other pro-inflammatory cytokines 
which can induce chronic low-level inflammation and 
metabolic damage (16,17).

Our results also showed that patients with T2DM 
suffered from intestinal flora disorders, with reduced 
species diversity and altered abundance of dominant 
species. The changes of abundance, including Firmicutes 
and Proteobacteria increased, Bacteroidetes significantly 
decreased, and the ratio of Bacteroidetes/Firmicutes 
significantly decreased, which were consistent with earlier 
studies (18,19). The decrease in Bacteroidetes and increase 
in Firmicutes may be related to some enzymes that can 
make polysaccharides break down and enhance the ability to 
obtain energy from food, which could cause mild systemic 
inflammation (20,21). These findings indicated that an 
extremely complex network of regulatory mechanisms 
stemming from intestinal flora imbalance which affects the 
occurrence and development of T2DM may exist.

Furthermore, we found that Megamonas_funiformis and 
Escherichia were significantly enriched in the intestines of 
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T2DM patients at the genus level. The linear relationship 
between cytokine levels and intestinal flora was analyzed by 
Pearson correlation, revealing a positive correlation between 
Escherichia and IFN-γ (R=0.73, P<0.001), and suggesting 
Escherichia may be involved in the development of T2DM 
in mutual regulation with IFN-γ. As a pro-inflammatory 
cytokine produced by NK cells, IFN-γ plays a role as the 
Janus kinase/signal transducer and activator of tran-ions 
(JAK/STAT) (22). Previous experiments have shown that 
VAT was the major source of chronic inflammation and an 
important underlying cause of inducing insulin resistance 
and developing T2DM, while VAT inflammation seemed 
to be related to the accumulation of M1 macrophages for a 
pro-inflammatory M1 phenotype caused by the conversion 
of ATM from an anti-inflammatory M2 phenotype 
(23,24). M1 macrophages are the most abundant immune 
cells infiltrating VAT, which is the key mediator of VAT 
inflammation (25), and the depletion of M1 macrophages in 
humans and mice has been shown to significantly improve 
systemic insulin resistance (26). Thus, macrophages are 
critical for the development of VAT inflammation, which 
seems to be the main source of IL-6, IL-1β, and TNF-α 
pro-inflammatory cytokines contributing to insulin 
resistance (27), while IFN-γ is a key factor that activates 
macrophages and induces their differentiation into the 
pro-inflammatory M1 phenotype (5). In the context of 
host obesity, the NK cell activating receptor 1 (NCR1) 
on adipocytes can be up-regulated, which stimulates NK 
cell proliferation and IFN-γ production (28), and up-
regulates the JAK/STAT pathway. Studies have found that 
mice with IFN-γ deficiency reduced the differentiation and 
accumulation of M1 macrophages in VAT, and the insulin 
sensitivity of high-fat diet feeding could be improved (7,29). 
In addition, inhibition of the JAK/STAT signaling pathway 
from IFN-γ subsequent pathway and the expression of 
suppressor of cytokine signaling-1 (SOCS1) could inhibit 
the effect of IFN-γ on the differentiation and accumulation 
of macrophages towards M1 type (30,31). Therefore, 
IFN-γ produced by NK cells may be an enabling factor 
that mediates the onset of VAT inflammation and induces 
insulin resistance in T2DM.

Previous studies have demonstrated that Escherichia 
abundance in the intestinal flora of patients with T2DM 
increases dynamically with disease progression (32). 
The pro-inflammatory nature of Escherichia which 
may be related to LPS, a component of cell wall, has 
been repeatedly reported. When the intestinal flora is 
dysregulated and intestinal permeability is increased, LPS 

can easily absorbed into the blood through the intestinal 
barrier and subsequently binds to Toll-like receptor 4 
(TLR4) on the surface of macrophages. Together, these 
form a complex that upregulate NF-κB expression through 
a related pathway (33), which could promote the release of 
IL-6, TNF-α, INF-γ, and other inflammatory factors in 
various tissues and induce insulin resistance (34,35). TLR 
receptor is positively correlated with long-term blood 
glucose marker HbA1c (11), and activation of TLR4 may 
also induce synthesis of TG (36). Except for subclinical 
inflammation and insulin resistance, previous studies have 
shown that Escherichia could also increase the visceral fat 
content of mice. This is consistent with the performance 
of high-fat fed mice (37), which could up-regulate the 
NCR1 receptor on adipocytes, releases IFN-γ, promote 
the accumulation of M1-type macrophages, and exacerbate 
VAT inflammation-induced insulin resistance. Furthermore, 
Escherichia can inhibit the production of short-chain fatty 
acids (SCFA) which can induce the production of regulatory 
T cells (Tregs) outside the thymus. Tregs can inhibit the 
secretion of IFN-γ, reduce the activation of ATM, and 
improve insulin resistance in adipose tissue. Therefore, 
increases in Escherichia can reduce the production of 
SCFA, weakening the inhibitory effect of SCFA on VAT 
inflammation, further aggravating insulin resistance (15).

A paper published in Nature has evaluated the association 
of Vitamin D metabolites and the gut microbiome in 
older men (38). Their results showed that intestinal flora 
was correlated to vitamin D. Patients need to adjust their 
vitamin D levels to improve their intestinal flora. Thus, we 
suggested people with T2DM maintain vitamin D levels to 
improve the intestinal flora, including exposure to the sun, 
strengthen the sports, and eating more foods containing 
vitamin D.

In conclusion, our results indicated that dysbiosis 
of the intestinal flora may lead to disruption of the 
dynamic balance of the host immune system-intestinal 
flora interaction network, and gradually lead to immune 
pathological processes such as systemic or local chronic 
inflammation, ultimately causing insulin hypersecretion and 
the development of T2DM. IFN-γ and Escherichia were 
found to be significantly altered in T2DM patients, we 
speculate that the network of action between the two may 
have a role in driving VAT inflammation by blocking insulin 
signaling in cells and reducing insulin sensitivity, which 
may eventually lead to insulin resistance. Furthermore, the 
immune mechanism of T2DM induced by intestinal flora 
through chronic inflammatory pathways was discovered by 
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exploring the correlation between differentially expressed 
intestinal microorganisms and the level of organismal 
cytokines, which may represent a breakthrough in the 
early diagnosis and treatment of T2DM. However, our 
observation about correlation of the intestinal bacteria 
(Escherichia) and the inflammatory factor IFN-γ is only a 
preliminary finding, further in-depth exploration should be 
performed to determine the target genes that co-regulate 
intestinal flora and cytokines in the promotion of low-grade 
inflammation in T2DM. Moreover, the early diagnosis and 
precise treatment of T2DM can be realized by monitoring 
and regulating the expression of target genes.
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