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Type 1 diabetes mellitus (T1DM), an autoimmune
disorder, is marked by T cell-mediated destruction of
the b cells of the pancreas, which leads to an almost
complete loss of the ability to synthesize insulin.[1] This
insulin deficiency results in loss of the ability to regulate
blood sugar, therefore, exogenous insulin administration is
necessary for patients to control blood sugar and to reduce
the incidence of related chronic diabetic complications.[2]

In addition, a positive correlation between diabetes
mellitus and hypertension has been detected.[3]

During the development of T1DM, the autoimmune attack
of b cells of the pancreas mediated by T cells is regarded as
the final step.[4] Typical T1DM-related autoantibodies
target various proteins.[1,5] Various autoantibodies can be
observed many months or years before clinical onset.
These autoantibodies can be considered biomarkers of
b-cell injury rather than its cause. The mechanism
triggering this autoimmune process remains elusive, and
this is the most crucial challenge preventing T1DM.
Studies to date propose that interactions between genetic
susceptibility and environmental exposures are necessary
in the development of T1DM. Compared to the relatively
well-known genetic factors,[6] environmental determinants
remain poorly understood despite intensive research.
Studies have shown that diet, virus infection, and the
bacterial microbiome in the gastrointestinal tract (GIT)
are associated with T1DM.[1,7,8] Currently, few studies
on successfully preventing the onset of T1DM have been
reported.[9]

Oral tolerance represents an adaptation, an unresponsive-
ness or a hyporesponsiveness to an orally administered
antigen by the immune system. Thus, this process functions
importantly in maintaining a balance between reactions
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against these exogenous antigens and body self-compo-
nents.[10] As a physiological response to dietary antigens,
oral tolerance mainly develops in the GIT. Although most
of the orally delivered antigens are digested into short
peptides and/or amino acids, a small amount of intact
antigens can reach the intestinal epithelium.[11] Composed
of Peyer patches (PPs) and mesenteric lymph nodes
(MLNs), gut-associated lymphoid tissue (GALT) functions
heavily in inducing oral tolerance. Based on various
proposed routes for antigens passing through the intestinal
epithelium,[11] CD103+ dendritic cells (DCs) harboring
autoantigens derived from the gut move to the MLNs,[12]

which have been identified as an important site of oral
tolerance induction.[13] However, compared to the MLN,
PPs may not be necessary for oral tolerance induction.[14]

In the MLN, CD103+ DCs harboring antigens meet naïve
CD4+ and CD8+ T cells, and oral tolerance induction
occurs in an antigen dose-dependent manner, including
low- and high-dose tolerance.[11,15] With repeated encoun-
ters with low-dose antigens, the resultant regulatory T cells
(Tregs) help to induce oral tolerance. With a single
encounter with high-dose antigen, anergy and/or deletion
of antigen-specific T cells is induced in GALT, which
contributes to oral tolerance.[10]

As T1DM is a predictable disease, individuals at risk for it
may be identified years before clinical onset.[7] This makes
oral tolerance, which acts as an antigen-specific immuno-
therapy (ASI), an attractive treatment for delaying and/or
preventing T1DM.[16] Based on the formula used, oral
tolerance trials performed in non-obese diabetic (NOD)
mice can be divided into two types, including direct oral
administration of a single autoantigen and combinatorial
therapy. The latter may be further divided into the
following types, including a combination of different
Correspondence to: Prof. Xin Chang, Department of Ultrasound Medicine, Nanjing
Lishui People’s Hospital, Zhongda Hospital Lishui Branch, Southeast University,
Nanjing, Jiangsu 211200, China
E-Mail: changxin156@sina.com

Copyright © 2020 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under the
CC-BY-NC-ND license. This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2021;134(1)

Received: 26-03-2020 Edited by: Li-Shao Guo

mailto:changxin156@sina.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


Chinese Medical Journal 2021;134(1) www.cmj.org
autoantigens and a combination of autoantigen(s) with
various delivery vehicles and/or immune adjuvants and/or
immunomodulatory agents. Recently, T1DM was pre-
vented in all immunized NODmice by oral administration
of HSP65-6�P277-loaded gut DCs-targeting nanopar-
ticles, and oral tolerance induction was achieved by
repairing Th1/Th2 imbalance and increasing the function-
al CD4+Foxp3+CD25+ Tregs proportions.[17] Oral admin-
istration of a single-chain insulin analog, which was
delivered by bacterium-like particles, could suppress the
process of T1DM in NOD mice through a similar
mechanism.[18]

Compared to oral tolerance trials in animals, in human
clinical trials, insulin is the only used T1DM autoantigen.
Oral insulin (7.5 mg/day) had no effect on delaying or
preventing T1DM in people who were autoantibody
positive; however, a beneficial effect of delaying T1DM
onset in patients with confirmed insulin autoantibody
(IAA) levels ≥80 nU/mL was observed by sub-group
analyses.[19,20] These results suggested that IAA levels may
be a key recruitment criterion for such studies. As a
primary prevention trial, the Pre-POINT randomized
clinical trial showed that oral insulin (67.5 mg/day) led
to a regulatory immune response without hypoglycemia in
T1DM-high-risk children who bore no signs of islet
autoimmunity. The enhanced saliva IgG towards insulin
and regulatory profiles of T cells responding to insulin
among treated individuals indicated the successful induc-
tion of oral tolerance.[21]

Working as an ASI, oral tolerance therapy, if applied
properly, exhibits the ability to restore the immune system
towards durable tolerance to disease-related autoantigen
(s). Most previous study indicate that oral administration
of T1DM-related autoantigens exhibits a positive effect to
prevent, delay or reverse the disease in NOD mice.
However, these preclinical reports are somewhat conflict-
ing with respect to the timing of therapy initiation,
frequency and dosage of autoantigen administration,
treatment duration, type of autoantigen applied, demand
for combinational reagents and, perhaps most important-
ly, degree of efficacy. In addition, there are some reports
indicating that oral autoantigen therapy exhibits no effect
on delaying or preventing the onset of T1DM in animal
models, possibly because antigens passing through the GIT
are degraded, which leads to little autoantigen reaching the
mucosal immune surface and subsequently influences
tolerance induction.

Although some oral insulin therapies for T1DM have been
shown to be effective in animals, their clinical translation
has not been achieved. Some important differences related
to the progression of T1DM in animal models and humans
may be responsible for this translation failure. Further-
more, compared to mouse models, humans exhibit more
complicated regulation of the immune system, which may
result in lower immune response to similar dosages of
autoantigens. In addition, it should be noted that efficacy
rather than safety is more addressed during the design and
implementation of animal studies, and the potential
treatment-associated complications are less investigated
or documented. However, the safety of oral tolerance
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induction should be considered when designing clinical
trials, therefore, among the performed clinical trials, a
lower dose of orally administered autoantigens is applied,
and some combinational therapies using various delivery
vehicles, immune adjuvants or immunomodulatory agents
have not been introduced.

As an antigen-based immunotherapy, we believe that oral
tolerance therapy shows promise for restoring immune
tolerance to autoantigen(s) and subsequently preventing,
delaying or reversing T1DM. To achieve this aim in human
clinical trials, the following factors need to be carefully
considered. First, immune biomarkers with improved
sensitivity and specificity are needed to identify individuals
at risk of T1DM as early as possible. Second, since T1DM
is a heterogeneous disease,[22] all patients might not exhibit
a similar response to one therapy strategy. Therefore, more
personalized strategies for tolerance induction may be
needed. Third, the results obtained from animal and
human tests have shown that it may be far easier to prevent
T1DM by oral tolerance therapy than to arrest or reverse
its effects after clinical onset. Therefore, assuming it is safe,
oral tolerance therapy should be introduced in at-risk
subjects, who are often children, as early as possible before
clinical onset. Finally, animal studies have indicated that
combinational therapies consisting of autoantigen admin-
istration with immune adjuvants and/or immunomodula-
tory agents possess the potential to safely prevent or stably
reverse disease processes. Such combination studies in
humans, which may be difficult to conduct, have not been
published; however, these strategies still exhibit high
therapeutic potential.
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