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ABSTRACT

The mechanisms that underlie Type 2 diabetes are complex and far less 
illustrated compared to Type 1 diabetes which has been acknowledged 
as an autoimmune disease. It has been hypothesized that autoimmunity, 
autophagy, or/and dedifferentiation of islet β cells and other factors 
could be involved in the development of Type 2 diabetes, in which 
autoimmunity may also play a critical role.
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INTRODUCTION

Type 2 diabetes is characterized by hyperglycemia, insulin resistance, 
and insufficiency or relative lack of insulin.[1-3]. In some patients with 
type 2 diabetes, insulin resistance causes cells to respond inadequately to 
normal insulin levels, resulting in a relative lack of insulin [3]. In contrast, 
other patients exhibit insufficient insulin production from dysfunctional 
pancreatic β cells [2,3]. In most cases, people with insulin resistance do 
not develop irreversible diabetes without impairing insulin secretion by 
β cells [4,5], indicating β cell damage(apoptosis) or/and dedifferentiation 
[4] is a critical factor in developing type II diabetes. It was found that the 
β cell mass expands, increasing the insulin output to compensate for the 
insulin insensitivity in the early stages of insulin resistance [4,6], and the 
loss of 50% of β cells when type 2 diabetes has been clinically developed 
[4,6,7]. Other studies also found β cell reduction in type 2 diabetes 
[8]. These findings are consistent with most clinical observations [2]. 
However, the mechanism of β cell loss in type 2 diabetes has not been 
fully elucidated, although many studies have been done and various 
hypotheses have been posited. [1-4,6,7].

Contribution of Autoimmunity to Insulin Resistance

Insulin resistance can be found in almost every tissue of type 2 diabetes 
patients whose adipose, muscle and liver tissue are well studied [2]. 
In obesity-induced insulin resistance, the chronic tissue inflammation 
in adipose tissue is caused by increased cytokines and chemokines as 
well as macrophages and other immune cells. More than ten cytokines 
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and chemokines such as IL-1, TNF, IL-6, leptin, and chemo 
attractant protein-1 (MCP-1), are associated with the 
insulin resistance in adipose, muscle and liver cells. These 
cytokines and chemokines play important roles in attracting 
immunocytes, inducing macrophage polarization, and 
causing inflammation [9,10]. Auto-antibodies against 
intracellular antigens, such as GOSR1 (a golgi complex 
protein), GFAP1 (an inter mediate filament protein), BTK 
(a tyrosine kinase important in B cell development), and 
enzymes such as aspartoacylase, glutathione-s-transferase, 
and RNA polymerase, were found in adipose tissue and serum 
of high fat diet-fed mice [3,11,12]. These antigens, when 
exposed to the immune system, can stimulate T cell immune 
responses, causing T and B lymphocytes in the adipose 
tissue to release more cytokines and exacerbate insulin 
resistance. The excessive inflammatory factors released 
from adipose tissue enter other tissues or organs and further 
cause inflammation of the target tissues or organs. This is a 
hypothesized mechanism for the inflammation of pancreatic 
islets which may initiate 𝛽 cell damage [2,13]. The more that 
immunocytes infiltrate the adipose tissue, the more cytokine 
is released, forming a vicious circle.

Many therapeutic measures of weight control can effectively 
break this cycle and reduce insulin resistance or retard its 
development. However, it is unknown if the insulin resistance 
can be remitted by blocking cytokines and/or chemokines 
pathway or depleting any subtype of T or B cells.

Hypothesized Mechanisms for 𝛽 Cell Loss in Type 2 
Diabetes

Cytokine mediated 𝛽 cell loss

After being processed by antigen-presenting cells, such as 
dendritic cells and macrophages, the auto-antigens from 
the lipolysis caused by lipotoxicity are presented to CD4+ 
T cells in the pancreatic lymph nodes, which lead to the 
recruitment of proinflammatory cells to the pancreatic 
islets and to the production of proinflammatory cytokines, 
resulting in 𝛽 cell loss [2,13]. This hypothesis does not 
explain why those cytokines only damage the 𝛽 cells but not 
their adjacent α cells. One possibility could be that 𝛽 cells 
are unusually sensitive to the stress from cytokines when 
they are overworking to produce and release insulin due to 
the excessive insulin needs triggered by insulin resistance. 
In our recent observations, more insulin was needed to 
bring the blood glucose down to normal levels in type 2 

diabetes patients experiencing cytokine storm caused by 
severe COVID-19, suggesting the effects of cytokines on 
exacerbation of Type 2 diabetes. 

Critical role of macrophages

Although T cells did not increase in pancreatic islets in Type 
2 diabetes, a significant increase in macrophages was found 
around the islets [14,15]. In adipose tissue, macrophage 
polarization from M1/M2 balance to M1 dominance 
increases the inflammation of adipose tissue and further 
increases the insulin resistance of adipose cells [14,15]. If the 
same macrophage polarization occurs around the pancreatic 
islets, it could explain 𝛽 cell loss or damage because M1 
polarization can enhance the inflammation reaction (M1 
represents the classically activated proinflammatory 
macrophages and M2 represents the alternatively activated 
anti-inflammatory macrophages). This hypothesis still has 
a specificity problem in which only the 𝛽 cells are damaged 
but not their adjacent α cells in the islet.

Changes in immunocyte subsets in obese condition

Mukul Prasad, et al. [2,9,10] summarized previous studies 
and posited that immunocyte subset changes caused 
by intake of high fat diet in the observed obese subjects 
can play an important role in the development of type 
2 diabetes. They found a marked decrease in the anti-
inflammatory immunocyte subsets and an increase in the 
proinflammatory immunocyte subsets at various physiologic 
sites, including (1)anti-inflammatory Tregs, Bregs, iNKT 
cells, ILC2 cells, M2 macrophages, eosinophils decrease, 
and the proinflammatory TH1, CD8+ T cells, 𝛾𝛿 T cells, B 
cells, NK cells, and M1 macrophages increase in adipose 
tissue; (2) loss of TFH cells and IgA plasmablasts in digestive 
system; (3) the microglia become more proinflammatory 
and circulatory macrophages accumulate in the brain; (4) 
proinflammatory TH1 cells and macrophages accumulate 
in skeletal muscles; (5) loses the anti-inflammatory 
CD40+CD11c+ dendritic cells and the Kupffer cells become 
proinflammatory in liver; and (8) macrophages, CD4+ T cells 
and B cells accumulate in pancreas. These changes are part 
of the insulin-resistance mechanism and the changes in the 
pancreas could more directly contribute to the development 
of type 2 diabetes, although the significant amounts of CD8+ 
cytotoxic T lymphocytes found in pancreatic islet of type 1 
diabetes were not found in type 2 diabetes. This hypothesis 
also lacks specificity for 𝛽 cell damage.
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Controversial role of TNF-α

Unlike many other cytokines, TNF-α can directly lead to cell 
death by inducing apoptosis. Its role in the pathogenesis of 
insulin resistance and type 2 diabetes has been studied and 
reported by many authors [16,17]. Many studies found that 
TNF-α impaired the insulin action in the animal models and/
or cell cultures [2,18,19], induced inflammation in pancreatic 
islets, and caused apoptosis in β-cells of pancreatic islets 
[20,21] by activating transcriptional factor, NF-κB, to 
modulate pancreatic cell death [3,22,23].

The above studies posited that TNF-α plays a critical role 
in the development of insulin resistance, the impairment 
of β-cells of pancreatic islets, and the pathogenesis of 
type 2 diabetes. Therefore, several anti-TNF-α treatment 
strategies have been used to confirm the effects of TNF-α in 
the development of type 2 diabetes. In experimental animal 
studies, anti-TNF-α treatment compromised the insulin 
resistance [24], and neutralization of TNF-α reduced hepatic 
insulin resistance [25]. However, results from clinical trials 
with anti-TNF-α treatment strategies in the patients with type 
2 diabetes are controversial [19,26-28]. The inconsistency 
in the clinical observations has raised questions about the 
central role of TNF-α. In addition, this hypothesis also lacks 
the specificity on the impairment of 𝛽 cells, the same as 
other cytokines. It is possible that TNF-α is only one of many 
important factors in the pathogenesis of type 2 diabetes and 
that a more complicated mechanism needs to be explored.

The hypotheses above have a common defect: they lack 
specificity to the 𝛽 cells in pancreatic islet

We hypothesized that 𝛽 cells are unusually sensitive to 
inflammatory stress when they are long-term overworking 
to produce and secrete insulin due to insulin’s high demand 
triggered by insulin resistance. This hypothesis has evidence 
to support it. First, most early stage type 2 diabetes patients 
have elevated insulin level for several months or longer to 
fight the insulin resistance [4,29]. Afterwards, the insulin 
level declines. Second, after several months of insulin therapy, 
many early stage type 2 diabetes patients can recover to 
a level where only a proper diet is required and there is 
no need for insulin and other anti-diabetes medication 
[4,29]. Third, some type 2 diabetes patients with restricted 
carbohydrate intake (they mainly ate meat), such as those 
in our and others’ studies [30,31] with low carbohydrate, 
ketogenic diet (LCKD), for several months can stay free of 

any anti-diabetes medication and keep the blood sugar and 
insulin levels normal. However, the diabetes of these patients 
would relapse if they take the diet with normal amount of 
carbohydrate. Although this hypothesis is supported by 
above mentioned evidences, it faces more challenging issues 
to confirm it is true. First, there is a need to confirm that 
overworked 𝛽 cells are more susceptible to damage or death 
under inflammatory stress. Second, there is a need to clarify 
why overworked 𝛽 cells are more sensitive to inflammatory 
stress. It can be caused by simple increased cell membrane 
permeability, abnormal molecule expression or cell internal 
antigen exposure on the cell surface. Third, if any abnormal 
antigen is expressed on the cell surface, the corresponding T 
cell response should be further investigated, although no T 
cell increase was found in pancreatic islets of type 2 diabetes 
in previous studies [2].

Other possible mechanisms

In recent years, some new hypotheses for 𝛽 cell loss 
were proposed. Among them, autophagy[32-34] and 
dedifferentiation [35-37] of β cells were considered to 
important causative factors of the development of type 2 
diabetes. However, it is not clear if and how autoimmunity play 
a role in inducing β cell autophagy or/and dedifferentiation. 
The inflammation caused by cytokines and immunocytes 
could be the major perpetrator in triggering the β cell 
autophagy and dedifferentiation [4,32-37].

Relevance of Other Autoimmune Diseases to Type 2 
Diabetes

Obesity and many other diseases are associated with type 
2 diabetes. Among these, some autoimmune diseases are 
often accompanied by type 2 diabetes [38]. The relationship 
between autoimmune diseases and type 2 diabetes 
strongly suggests that at least part of type 2 diabetes has 
a pathogenesis similar to those autoimmune diseases, or 
that those autoimmune diseases trigger the autoimmune 
response to islet 𝛽 cells with aforementioned hypothesized 
mechanisms.

Kari Hemminki, et al. [38] investigated 757,368 patients 
with autoimmune diseases, and found that these patients 
were more susceptible to developing type 2 diabetes later, 
especially chorea minor (8.00), lupoid hepatitis (5.75), 
Addison disease (2.63), and immune thrombocytopenic 
purpura (2.46) and they have a higher risk of developing type 
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2 diabetes than most other diseases. Their data also showed 
that the risk of type 2 diabetes was higher in patients with 
rheumatoid arthritis (1.5), which is consistent with other 
findings by Piero Ruscitti, et al., [39,40] Solomon DH, et al. 
[41] and Dubreuil M. et al.[42] The studies from Solomon DH, 
et al. [43] and Dubreuil M, et al.[44] also found a higher risk 
of diabetes in patients with psoriatic arthritis and psoriasis.

Supporting Data from Type 2 Diabetes Animal Models

An animal model is an important tool for studying the 
etiology, pathology, pathogenesis and treatment of type 2 
diabetes. Current animal models were mainly prepared by 
genetic manipulations to cause type 2 diabetes symptoms 
or imposing a high fat diet to induce obesity and type 2 
diabetes symptoms.[45,46] However, mouse genetic model 
can model a few of them for induction of diabetes, and most 
patients get type 2 diabetes from their diet rather than their 
genetics. A great advantage of a high fat diet mouse model 
is that it engenders obesity, insulin resistance and chronic 
inflammation by increasing the cytokines, such as TNF-α, IL-
1β, and IL-6, in circulation. [48,49] These are similar to those 
aforementioned changes observed in human type 2 diabetes. 
Therefore, a high fat diet model is a more appropriate model 
for type 2 diabetes [50]. The rat and cat high fat diet models 
are also used in the studies of type 2 diabetes [49,51].

Several studies were successfully conducted to demonstrate 
the effects of TNF blockage on insulin resistance with animal 
models [19,26,27], and other studies directly focused on the 
etiology and pathogenesis of type 2 diabetes [45-47], The 
data from these animal experiments provide evidence that 
autoimmunity is the main mechanism in the development of 
type 2 diabetes.

Indirect supporting data from mesenchymal stem cell 
(MSC) therapy

In past years, many clinical studies exhibited that MSC 
therapy significantly improved the condition of patients 
with type 2 diabetes, including ameliorating hyperglycemia, 
reducing insulin requirement increasing in fasting C-
peptide levels and decreasing glycosylated hemoglobin 
levels [52,53]. Since MSC showed significant 
immunomodulatory effects in treatment of numerous 
autoimmune diseases, [54,55] its therapeutic effects seen in 
type 2 diabetes treatment suggest autoimmunity could be 
one of the type 2 diabetes causative factors. 

Involvement of Th17 cells in the mechanism of 
type 2 diabetes development

Th17 cells are a subset of T helper cells characterized by their 
interleukin 17 production [56]. Some studies demonstrated 
they are implicated in autoimmune and inflammatory 
disorders, such as rheumatoid arthritis, multiple sclerosis, 
and psoriasis [57,58]. Excessive or over-activated Th17 
cells were also found in type 2 diabetes patients and animal 
models [59-61]. It may suggest a new therapy for type 2 
diabetes if further studies provide more direct evidence to 
show how Th17 cells affect the inflammation in the adipose 
tissue to cause insulin resistance and damages of exhausted 
islet 𝛽 cells. 

SUMMARY

In the past decade, more studies have suggested that type 
2 diabetes is an autoimmune disease that involves both 
innate and adaptive immunity [2]. Chronic inflammation 
in the adipose tissue with cytokines, chemokines and 
immunocytes initiates the insulin resistance, extending to 
pancreas and resulting in islet 𝛽 cells loss. There is a  critical 
need to further clarify the mechanism of type 2 diabetes 
development by determining the specific factor for 𝛽 cell 
loss for more effective treatment and prevention of type 2 
diabetes.
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