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Abstract

Background This study aims to examine the alterations and clinical significance of CD8* regulatory T cell subsets
in the peripheral blood of individuals with type 1 diabetes mellitus (T1DM).

Methods From January 2020 to December 2023, a study was conducted involving 40 individuals with T1DM, who
visited the Department of Endocrinology at the First Affiliated Hospital of Nanjing Medical University (T1DM group).
For comparison, 40 healthy individuals who underwent routine physical examinations at the same hospital during this
period were selected as the control group. Peripheral blood mononuclear cells were isolated, and CD8* T cells were
labeled with CD3, CD25 and FoxP3 to analyze their subset frequencies using flow cytometry. The study examined dif-
ferences in subset frequencies between the two groups and explored correlations between subset frequency, disease
duration, and age of onset.

Results The frequencies of CD8" CD25%, CD8* FoxP3™, CD8* CD25* CD3* and CD8* FoxP3* CD3™ subsets in periph-
eral blood mononuclear cells did not significantly differ between the healthy control group and the TIDM group
(P>0.05). In the T1DM group, the expression level of CD25 on CD8* T cells showed no correlation with the age

of onset or disease duration, and FoxP3 levels were also unrelated to the age of onset, with no statistical differences
(P>0.05). However, within the TIDM group, FoxP3 levels progressively decreased with longer disease duration,
demonstrating a statistically significant negative correlation (Pearson r=-0.331, P<0.05). In the TIDM group, the level
of CD3* CD8* T cells expressed CD25, and there was no correlation between Foxp 3 level and age of onset, not sta-
tistically significant (P> 0.05), but the level of Foxp 3 in the TIDM group decreased with the duration of the disease,
(Pearson r=—-0.363, P<0.05).

Conclusion The levels of CD8*FoxP3* regulatory T cells in peripheral blood mononuclear cells of patients with T1DM
show a significant correlation with disease duration, suggesting that these cells may play a critical role in the progres-
sion of TIDM.
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Background

Type 1 diabetes mellitus (T1DM) is an endocrine and
metabolic disorder arising from the interaction of sus-
ceptibility genes and environmental factors, leading to
the destruction of islet B cells by autoantigen-specific
and pathogenic T cells, thus necessitating lifelong insu-
lin therapy [1]. Notably, individuals aged 20 years or
older constitute 65.3% of newly diagnosed T1DM cases
[2]. The pathogenesis of TIDM involves both immune
response and immunosuppressive mechanisms. Regu-
latory T cells (Tregs), a subset of T lymphocytes, are
critical in maintaining immune homeostasis by playing a
pivotal role in the generation and maintenance of periph-
eral immune tolerance. Dysregulation in the number and
function of Tregs has been implicated in various autoim-
mune diseases, while an excessive presence of Tregs may
hinder the immune response against cancer or pathogens
[3, 4]. Historically, the term Treg has typically referred to
CD4*CD25"8MFOXP3* T cells, known as conventional
Tregs. However, research on CD8* Tregs has been less
common. In recent years, a growing body of research has
indicated that CD8* Tregs play a crucial role in immune
regulation in various contexts, including tumors and
autoimmune diseases [5]. In the pathogenesis of T1DM,
Tregs are not only involved in the suppression of auto-
reactive T cells, thereby protecting islet p-cells from
destruction, but may also influence the natural course
of diabetes and response to treatment [6]. Compared to
CD4* Tregs, CD8" Tregs possess distinct phenotypes
and functions; they suppress immune responses through
direct cell contact-dependent mechanisms or by secret-
ing cytokines such as Transforming Growth Factor-beta
(TGF-B) and Interleukin-10 (IL-10). Importantly, CD8*
Tregs play a crucial role in immune evasion in the tumor
microenvironment and immune regulation in autoim-
mune diseases, suggesting that they may have a vital
function in the immune dysregulation associated with
T1DM [7]. However, the role of CD8* Tregs in T1IDM
remains to be fully elucidated. The aim of this study is to
assess the frequency changes of peripheral blood CD8*
Treg cells and their subsets in individuals with TIDM
and to explore their clinical significance in the disease’s
progression.

Materials and methods

Study subjects

Forty individuals with TIDM who visited the Depart-
ment of Endocrinology at the First Affiliated Hospital
of Nanjing Medical University between January 2020
and December 2023 were selected for this study (T1DM
group). The group consisted of 18 males and 22 females,
aged between 19 and 62 years, with a mean age of
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30.4+11.3 years, and an average disease duration of 1.5
to 16.8 years. The inclusion criteria were: (1) meeting the
1999 WHO diagnostic criteria for diabetes mellitus; (2)
having at least one positive antibody among glutamate
acid decarboxylase antibody (GADA), protein tyros-
ine phosphatase antibody (IA —2 A), zinc transporter 8
antibody (ZnT8A), or insulin autoantibody (IAA), with
ZnT8A, GADA, and IA-2 detected using the radiobind-
ing assay, and IAA detected using the enzyme-linked
immunosorbent assay; (3) continuous reliance on insulin
replacement therapy since onset, with fasting C-peptide
levels below 300 pmol/L at initial diagnosis. Exclusion
criteria were: (1) presence of microvascular complica-
tions or acute and chronic inflammatory diseases; (2)
history of smoking and alcohol consumption; (3) comor-
bid acute and chronic infections, malignant tumors, or
thyroid diseases. A control group comprising 40 healthy
individuals who underwent physical examinations dur-
ing the same period, with 18 males and 22 females, aged
18 to 65 years, and a mean age of 30.8+11.6 years was
used for this study. The inclusion criteria for the con-
trol group are as follows: Healthy individuals were from
the same geographic area, without age restriction, and
have no diabetes or evident autoimmune diseases or any
chronic conditions. The basic demographic data of the
two groups are shown in Table 1. The study protocol was
reviewed and approved by the hospital ethics committee,
and informed consent was obtained from all participants.

Serum samples and antibody detection

All patients with TIDM and healthy controls underwent
a fasting period of over 8 h before blood collection. In the
morning, 10 ml of blood was drawn from the cubital vein.
The samples were centrifuged at 2500 rpm for 20 min

Table 1 Baseline characteristics of the type 1 diabetes group
and normal control group

T1D HD
n 40 40
Age at draw 304+113 308+11.6
Gender (M/F) 18/22 18/22
Age at diagnosis 19.8+838 -
Duration 48(1.5-16.8) -
Autoantibody positive
ZnT8A (%) 16 (40.0) -
GADA (%) 24 (60.0) -
I1A-2 A (%) 23(57.5) -
IAA (%) 35(87.5) -

Age at draw and age at T1D diagnosis are shown as mean+SD.T1D disease
duration is shown as median and quartile

M male, F female, HD, healthy donor
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within 2 h to separate the serum, which was subsequently
stored at —80 °C. GADA, ZnT8A, and IA-2 were meas-
ured using a standardized radiobinding assay. Specifi-
cally, 5 ul of serum was incubated overnight at 4 °C with
sulfur-35 isotope-labeled antigen. Following incubation,
sulfur-35-labeled antibodies were isolated via protein A
precipitation (GE Healthcare, USA), and the radioactivity
was quantified using a multifunctional liquid scintillation
luminescence analyzer (Perkin Elmer, USA). IAA levels
were determined using an enzyme-linked immunosorb-
ent assay (Biomerica, USA).

Multi-color flow antibody labeling

Peripheral blood mononuclear cells (PBMC) were iso-
lated using Ficoll density gradient centrifugation. The
cells were then surface-labeled with anti-human CD8
antibody (PerCP-Cy5.5, clone SK1, BD Biosciences,
USA), anti-human CD25 antibody (PE-Cy7, clone
M-A251, BD Biosciences, USA) and anti-human CD3
antibody (BV 605, clone SK7, Biolegend, USA) at room
temperature, protected from light, for 30 min. Follow-
ing two washes with PBS, the cells were fixed with Fix/
Perm buffer at room temperature for 45 min. After two
additional washes with PBS, intracellular labeling was
performed using anti-human FoxP3 antibody (PE-CF594,
clone 259D/C7, BD Biosciences, USA) at room tempera-
ture and shielded from light for 30 min. The labeled cells
were then analyzed using a FACSAria II flow cytometer
(BD Biosciences, USA), with data processed using FlowJo
V10 software.

Statistical methods

The data were analyzed using SPSS version 20.0. Quanti-
tative data are presented as means + standard deviations
(X £ s). Inter-group comparisons were conducted using
a two-sided unpaired t-test. Pearson’s correlation coeffi-
cients were employed to evaluate relationships between
quantitative variables. Statistical significance was set at a
P<0.05.

Results
Frequency of CD8*regulatory T cell subset in peripheral
blood mononuclear cells of patients with TIDM
Figure 1 displays the frequency of CD8*CD25" regula-
tory T cell subsets. The percentage of CD25* subsets
among total CD8* regulatory T cells was 2.51£0.26 in
the normal control group and 2.13+0.26 in the TIDM
group, with a P=0.2957, indicating no statistical differ-
ence (P>0.05). No significant difference in the frequency
of CD25" CD8" subset for CD3" T cells (P=0.104> 0.05).
Figure 2 provides a schematic representation of the
frequency of CD8FoxP3* regulatory T cell subsets.
The percentage of FoxP3* subsets among total CD8"
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regulatory T cells was 2.83+0.41 in the normal con-
trol group and 2.74+0.32 in the TIDM group, with a
P=0.8718, indicating no statistical difference (P> 0.05).
There was no significant difference in the frequency of
CD3* CD8* T cells (P=0.893>0.05).

Relationship between the frequency of CD8*regulatory T
cell subsets and age of onset and disease duration

The Pearson’s correlation coefficient was utilized to
assess the relationship between the frequency of CD8*
regulatory T cell subsets and both the age of onset
and disease duration in the T1DM group. The fre-
quency of CD257CD8* regulatory T cell subsets did
not show a significant association with the age of onset
(Pearson’s r=0.0069, P=0.697) or disease duration
(Pearson’s r=0.131, P=0.938), with no statistically sig-
nificant differences (P>0.05). Conversely, the frequency
of FoxP3*CD8" regulatory T cell subsets did not corre-
late with the age of onset (Pearson’s r=0.187, P=0.254).
However, it exhibited a significant negative correlation
with disease duration (Pearson’s r = —0.331, P=0.039),
indicating a statistical difference (P <0.05). See Fig. 3. The
frequency of CD25% expression in CD3* CD8* regula-
tory T cell was not associated with age of onset (Pearson
r=0.0792, P=0.632), but also not associated with disease
duration (Pearson r= —0.032, P=0.849) and not statis-
tically significant (P>0.05). The frequency of FoxP 3*
expression in CD3" CD8" regulatory T cell was not asso-
ciated with age at onset (Pearson r=0.176, P=0.285), not
statistically significant (P> 0.05), but negatively correlated
with disease duration (Pearson r= —0.363, P=0.023), sta-
tistically significant (P <0.05). See Fig. 4 for details.

Discussion

Studies have established that the immune system signifi-
cantly influences the onset and progression of T1DM.
The destruction of islet B cells, which characterizes the
disease, involves interactions between autoantigens
within the islets and various immune cells, including
CD4" and CD8" T lymphocytes, B lymphocytes, natu-
ral killer cells, and dendritic cells. In the detection of T
cells, CD3 is one of the most commonly used markers.
CD3 initially appears in the cytoplasm of anterior thymo-
cytes. As T cells mature, CD3 in the cytoplasm gradually
decreases and begins to be expressed in the cell mem-
brane, so CD3" is a marker of mature T cells. Regulatory
T cells (Tregs), a subtype of T lymphocytes, are cru-
cial for maintaining immune homeostasis due to their
potent immunosuppressive functions. These cells medi-
ate anti-inflammatory effects through the production of
cytokines such as IL-10 and TGEF-f, which are vital for
normal immune regulation [3, 4, 8].
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Fig. 1 Schematic diagrams of flow cytometry dot plots and expression frequency for CD8* CD25* T Cells in the T1DM and normal control groups

Furthermore, predominant types of CD8" Tregs,
based on surface markers, include CD8*CD103",
CD8*CD122%, CD8*CD287, and CDS8a HLA-
E*TCRap* cells [9]. Other regulatory CD8" popula-
tions include CD8*CD25" and CD8*CD25*FoxP3* cells.
Churlaud et al. [10] identified CD8" T cells express-
ing CD25"8"FoxP3* as immunosuppressive cells in
both murine and human models, associating them with
immunosuppressive functions. CD8* Tregs display simi-
lar inhibitory capabilities to CD4* Tregs, exerting their
effects through direct cell-to-cell contact or cytokine
secretion pathways [7, 11].

Zhang et al. [12] isolated CD8"CD25" Tregs with high
expression of FoxP3, CD62L, CTLA-4, and CD103 from
HHD mice. These cells demonstrated significantly greater
immunosuppressive abilities compared to CD4*CD25"
Tregs from the same mouse strain. Treatment with H6F
led to the expansion of a subset of CD8*CD25"FoxP3"
T cells, which required peptide-specific stimulation for
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their immunosuppressive activity, suggesting that CD8*
Tregs possess stronger immunosuppressive capabili-
ties than CD4, Tregs. [12] Additionally, studies indicate
that CD8*CD25" Tregs exert immunosuppressive effects
not only peripherally but also locally within the pan-
creas, potentially inhibiting the autoimmune processes in
T1DM through mechanisms involving CTLA-4, CD103,
IL-17, and IFN-y [13].

Additionally, CD25, a receptor for interleukin-2 (IL-2),
is a key marker of T-cell activation and plays a significant
role in IL-2’s biological effects. Elevated levels of CD25
indicate T-cell activation and reflect the body’s immune
status. CD8*CD25" regulatory T cells (Tregs), a subset
of Tregs, are critical for maintaining immune tolerance
and regulating immune responses, akin to CD4"CD25%
Tregs. Despite their lower proportion in peripheral
blood, CD8*CD25" Tregs exhibit greater regulatory
effects compared to CD4tCD25* Tregs [14]. Recent stud-
ies have shown that CD8+*CD25"8""FoxP3* T cells have
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Fig. 2 Schematic diagrams of flow cytometry dot plots and expression frequency for CD8* FoxP3* T cells in the TIDM and normal control groups

even stronger inhibitory properties, particularly under
IL-2 stimulation [10].

FoxP3, a member of the forkhead family of tran-
scription factors encoded by the X-chromosome, is
essential for the development and function of Tregs.
It regulates Treg expression and supports their immu-
noregulatory functions through sustained expression
[15]. FoxP3 is increasingly recognized as a robust indi-
cator of true inhibitory function [10]. Elevated levels of
CDS8*CD25"FoxP3" Tregs have been observed in patients
with colorectal cancer, where they contribute to tumor
progression by modulating TGF-f1 levels. FoxP3* colon
cancer cells are likely to cooperate with Tregs in facilitat-
ing tumor immune escape [16]. In individuals with ovar-
ian cancer, increased levels of CD8*CD25"FoxP3* Tregs
are associated with disease progression, and FoxP3 levels
positively correlate with tumor staging.

Research by Agle et al. [17] indicates that the Bim
apoptosis gene affects the persistence of CD8FoxP3*

Tregs in graft-versus-host disease (GVHD) target tis-
sues post-transplantation. FoxP3 expression is more
stable in CD8* Tregs lacking Bim, suggesting that vari-
ations in FoxP3 levels may be related to the Bim apop-
tosis gene. From an immunological standpoint, the
infusion of Tregs may enhance regulatory functions
and mitigate autoimmune attacks on islet cells [18].
Studies in mouse models of TIDM show a decrease in
FoxP3" Tregs and increased apoptosis, with delayed
diabetes onset observed when the survival of FoxP3*
Tregs is prolonged [19, 20]. Trzonkowski et al. dem-
onstrated that infusing FoxP3* Tregs could potentially
benefit pediatric patients with TIDM [21]. Addition-
ally, elevated frequencies of CD8*CD25"8"* T cells and
higher FoxP3 levels have been noted in individuals with
liver cancer, mirroring changes observed in patients
with systemic lupus, multiple sclerosis, other autoim-
mune diseases, asthma, and various malignancies [11].
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Fig. 3 Correlation analysis between CD8" regulatory T cell subset frequencies and age of onset, disease duration in TIDM

Pellegrino et al. reported a significant reduction in
CD8*CD25" T cell frequency in patients with T1IDM
with a disease duration of >10 years [22]. However, Our
study revealed no significant difference in the frequency
of peripheral blood CD8*CD25" T cells between the
T1DM and healthy control groups. The observed differ-
ences may be attributed to the relatively short average
disease duration of the patients included in this study.
Our study similarly found that the surface expression
level of CD25 on CD8" T cells was not associated with
the age of onset or disease duration. Additionally, the
FoxP3 expression level did not correlate with the age
of onset, although it did show a gradual decrease with
increasing disease duration in individuals with T1IDM.
This finding contrasts with observations in individu-
als diagnosed with malignant tumors, where Treg levels
increase with disease progression, potentially enhancing
immunosuppressive effects and contributing to immune
evasion mediated by FoxP3" Tregs. In contrast, those
with T1DM experience a decline in CD8*FoxP3* Tregs
over time, leading to reduced immunosuppressive activ-
ity. The reduction in FoxP3 expression may be associ-
ated with the potential loss of Treg suppressive function,
as FoxP3 is a key transcription factor that maintains the

suppressive activity of Tregs. This diminished regulatory
function could lead to an exacerbation of autoimmune
responses in patients with T1DM, thereby accelerating
the destruction of islet B-cells. Consequently, our find-
ings underscore the need for novel therapeutic strategies
in TIDM treatment to enhance or replace Treg func-
tions, protecting islet B-cells from autoimmune attacks. It
is noteworthy that regulatory Tregs exhibit a dual role in
cancer patients and autoimmune diseases. In the tumor
environment, an increased number of Tregs is often
associated with poorer prognosis, as they can suppress
antitumor immune responses and aid in the evasion of
immune surveillance by tumor cells. However, in certain
contexts, Tregs may also play a protective role by limit-
ing excessive inflammation and tissue damage. In auto-
immune diseases, Tregs can suppress immune responses
to self-antigens, preventing tissue damage caused by
autoimmune reactions, but excessive Treg function may
also lead to overly robust immune responses that harm
healthy tissues.

This study indicates that FoxP3 expression in peripheral
blood CD8*FoxP3* Tregs diminishes as the disease pro-
gresses, suggesting a decline in their inhibitory function.
Research has demonstrated that CD8*CD25"8FoxP3*
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Fig. 4 Correlation analysis between CD3" CD8" regulatory T cell subset frequencies and age of onset, disease duration in T1DM

T cells exhibit enhanced suppressive capacity upon IL-2
stimulation compared to conventional Tregs [10]. There-
fore, IL-2-targeted therapy for CD8*CD25Me"FoxP3+ T
cells presents a novel therapeutic approach for liver can-
cer. Given these insights, CD8*CD25M&"FoxP3* T cell
therapy may offer a promising new treatment strategy for
individuals with TIDM.

In summary, this study indicates that FoxP3 levels
in the TIDM group decrease progressively with dis-
ease duration, showing a negative correlation. This
finding may offer new insights into the pathogenesis
of TIDM and the potential for CD8* Treg-targeted
immunotherapy. However, due to the limited sample
size, this study did not include subgroup stratification
analysis for TIDM. Meanwhile, there is a lack of cor-
relation studies with relevant clinical manifestations,
such as glycemic control (HbAlc), incidence of com-
plications, or insulin sensitivity. Future research should
involve a larger cohort to enable more detailed explora-
tion. Additionally, further functional investigations are
required to fully elucidate the role of CD8* T regula-
tory cells in TIDM progression. Due to the very low
expression of the CD8*FoxP3* T cell subset within the
total lymphocyte population, we are actively seeking

new approaches to achieve more precise functional
experimental outcomes. In our subsequent studies, we
will conduct a broader range of functional assays, such
as cytokine production and suppression tests, as well as
longitudinal clinical observations to track changes in
patient conditions. We believe that future studies delv-
ing further into the role of CD8" Tregs in T1DM will
have a profound impact on our understanding of the
disease’s immune mechanisms and the development
of novel therapeutic strategies. As our comprehen-
sion of the functions and regulatory networks of Tregs
in TIDM deepens, we can more precisely identify key
nodes in the disease process, offering new perspec-
tives for the development of targeted treatments. For
instance, enhancing or mimicking the immunomodu-
latory functions of Tregs may help protect islet p-cells
from autoimmune attacks, potentially slowing disease
progression. Furthermore, a deeper understanding
of the complex interplay between Tregs and T1DM
pathology may uncover new biomarkers, thereby
improving disease surveillance and management. These
studies will not only enhance our knowledge of the eti-
ology of T1DM but also may lead to more effective and
personalized treatment options for patients.
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Abbreviations
cD Cluster of differentiation

TIDM  Diabetes mellitus type 1

Tregs  Regulatory T cell

PBMC  Peripheral blood mononuclear cells
Foxp3  Forkhead box P3

GVHD  Graft versus-host disease

SPSS Statistical Package for the Social Sciences
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