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Clinical and HLA genotype
analysis of immune checkpoint
inhibitor-associated diabetes
mellitus: a single-center case
series from China

Yi-chen Liu, Hong Liu, Shao-li Zhao, Ke Chen and Ping Jin*

Department of Endocrinology, The Third Xiangya Hospital, Central South University, Changsha,
Hunan, China
Objective: To investigate the clinical characteristics and HLA genotypes of

patients with immune checkpoint inhibitor-associated diabetes mellitus (ICI-

DM) in China.

Methods: We enrolled 23 patients with ICI-DM and 51 patients with type 1

diabetes (T1D). Clinical characteristics of the patients were collected. HLA-DRB1,

HLA-DQA1, and HLA-DQB1 genotyping was conducted via next-generation

sequencing.

Results: The ICI-DM patients had a male predominance (70.6%), a mean body

mass index (BMI) of 21.2 ± 3.5 kg/m2, and a mean onset of ICI-DM in 5 (IQR, 3-9)

cycles after ICI therapy. Most (78.3%) ICI-DM patients were treated with anti-PD-

1, 78.3% presented with diabetic ketoacidosis, and all had low C-peptide levels

and received multiple insulin injections. Compared to T1D patients, ICI-DM

patients were significantly older (57.2 ± 12.4 vs 34.1 ± 15.7 years) and had

higher blood glucose but lower HbA1c levels (P<0.05). Only two (8.7%) ICI-DM

patients were positive for islet autoantibodies, which was lower than that in T1D

patients (66.7%, P<0.001). A total of 59.1% (13/22) of ICI-DM patients were

heterozygous for an HLA T1D risk haplotype, and DRB1*0901-DQA1*03-

DQB1*0303 (DR9) and DRB1*0405-DQA1*03-DQB1*0401 were the major

susceptible haplotypes. Compared to T1D, the susceptible DR3-DQA1*0501-

DQB1*0201 (DR3) and DR9 haplotypes were less frequent (17.7% vs 2.3%;

P=0.011 and 34.4% vs 15.9%; P=0.025), whereas the protective haplotypes

(DRB1*1101-DQA1*05-DQB1*0301 and DRB1*1202-DQA1*0601-DQB1*0301)

were more frequent in ICI-DM patients (2.1% vs 13.6%; P=0.006 and 4.2% vs

15.9%; P=0.017). None of the ICI-DM patients had T1D-associated high-risk

genotypes DR3/DR3, DR3/DR9, and DR9/DR9. Among the 23 ICI-DM patients, 7

(30.4%) presented with ICI-associated fulminant type 1 diabetes (IFD), and 16

(69.6%) presented with ICI-associated type 1 diabetes (IT1D). Compared to IT1D

patients, IFD patients exhibited marked hyperglycemia and low C-peptide and

HbA1c levels (P<0.05). Up to 66.7% (4/6) of IFD patients were heterozygous for

reported fulminant type 1 diabetes susceptibility HLA haplotypes (DRB1*0405-

DQB1*0401 or DRB1*0901-DQB1*0303).
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Conclusion: ICI-DM shares similar clinical features with T1D, such as acute

onset, poor islet function and insulin dependence. However, the lack of islet

autoantibodies, the low frequencies of T1D susceptibility and high frequencies of

protective HLA haplotypes indicate that ICI-DM represents a new model distinct

from classical T1D.
KEYWORDS
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Introduction

Immune checkpoint inhibitors (ICIs), which can regulate T-cell

activity and restore the host’s immune response against cancer, are

being increasingly used for the treatment of solid tumors (1). ICIs

usually include antibodies against programmed cell death-1 (PD-1)

or its ligand (PD-L1) or cytotoxic T lymphocyte associated antigen

4 (CTLA-4) (2, 3). The inhibitory costimulatory molecules play a

key role in regulating peripheral tolerance; thus, checkpoint

blockade may also lead to immune-related adverse events (irAEs).

Autoimmune endocrinopathies are the most common irAEs and

may involve the pituitary, adrenal glands, thyroid and pancreas (4).

Immune checkpoint inhibitor-associated diabetes mellitus (ICI-

DM) is a rare but often life-threatening side effect (5–7). A

retrospective analysis based on the US Food and Drug

Administration (FDA) adverse event reporting system showed

that the incidence of ICI-DM was 1.27% (8). Kotwal (6) et al.

analyzed the data of 1444 cancer patients treated with CTLA-4

inhibitors or PD-1 inhibitors at the Mayo Clinic and found that the

incidence of ICI-DM was 1.4%. ICI-DM is characterized by acute

onset of hyperglycemia and insulin deficiency, which share

analogous clinical characteristics with type 1 diabetes (T1D). As

reported, there are two subtypes of ICI-DM, ICI-associated

fulminant type 1 diabetes (IFD) and ICI-associated type 1

diabetes (IT1D) (9–14).

Although there has been a growing number of ICI-DM cases

with the wide use of ICIs, the pathogenesis of ICI-DM remains

unclear. It is well known that human leukocyte antigen (HLA) class

II genes, especially HLA-DRB1-DQA1-DQB1, confer the highest

risk for T1D (15), and susceptible HLA-DRB1-DQA1 genes vary

among different ethnicities. In the Caucasian population, T1D is

strongly associated with HLA-DR3-DQA1*0501-DQB1*0201

(DR3) and DR4-DQA1*0301-DQB1*0302 (DR4) haplotypes,

whereas HLA DR3/DR4 are the highest risk genotype (16). In

contrast, the major susceptible haplotypes in Japanese and Korean

T1D are DR3, DR4 and DRB1*0901-DQA1*0302-DQB1*0303

(DR9) (17, 18), whereas HLA DR3/DR9, DR3/DR3 and DR9/DR9

are high-risk T1D genotypes in Chinese individuals (19). Given that

ICI-DM has some clinical features similar to T1D, it is speculated

that HLA genes are also associated with ICI-DM susceptibility.

However, the impact of HLA genes on ICI-DM susceptibility has
02
rarely been reported, and most of the data were from Caucasian

populations (20–22). Herein, we describe the clinical characteristics

and HLA genotypes of patients with ICI-DM of Chinese origin. To

our knowledge, this is the largest sample size of ICI-DM patients

in China.
Materials and methods

Ethics statement

This study was approved by the Institutional Ethics Committee

of the Third Xiangya Hospital (NO. I22169). Written informed

consent was obtained from all subjects in this study. All procedures

were performed according to the World Medical Association’s

Declaration of Helsinki.
Subjects

Between January 2021 and December 2022, 23 patients with

ICI-DM (6 female and 17 male) and 51 new-onset T1D patients

(21 female and 30 male) were recruited from the Third Xiangya

Hospital of Central South University in succession. Patients with

ICI-DM who met the following criteria were included: 1) new

diagnosis of insulin-dependent diabetes after exposure to ICIs

and 2) no history of diabetes before the use of ICIs. T1D patients

were included by the following criteria: 1) diagnosis of diabetes;

2) acute onset and presence of diabetic ketosis or ketoacidosis;

and 3) insulin dependency at the time of diagnosis. Fulminant

type 1 diabetes (FT1D) met the following diagnostic criteria (23):

1) diabetic ketosis or ketoacidosis occurring soon after the onset

of hyperglycemic symptoms; 2) plasma glucose ≥16.0 mmol/L

and HbA1c <8.7% at the first visit; and 3) fasting serum C-

peptide level <0.10 nmol/L or postprandial serum C-peptide

<0.17 nmol/L at onset. Immune checkpoint inhibitor-associated

fulminant type 1 diabetes (IFD) was defined as fulminant type 1

diabetes induced by exposure to ICIs. Immune checkpoint

inhibitor-associated type 1 diabetes (IT1D) is defined as type 1

diabetes induced by exposure to ICIs (10). ICI-DM included IFD

and IT1D.
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Biochemical assays

The serum levels of blood glucose, C-peptide, sex hormone, growth

hormone, thyroid hormone, cortisol, adrenocorticotropic hormone

(ACTH), thyroid peroxidase antibody (TPOAb), thyroglobulin

antibodies (TGAb), and thyrotrophin receptor antibody (TRAb)

were all detected by electrochemiluminescence immunoassay (Roche

Cobas 6000 automatic electrochemiluminescence analyzer).

Glycosylated hemoglobin was measured by high-performance

liquid chromatography (HA8180 automatic glycosylated

hemoglobin analyzer).
Iselet autoantibody assays

Glutamate decarboxylase antibody (GADA), protein tyrosine

phosphatase autoantibody (IA−2A) and zinc transporter 8

autoantibody (ZnT8A) were detected by radioligand assays

(RLAs) with a respective sensitivity and specificity of 82% and

97.8% for GADA, 76% and 100% for IA-2A, and 72% and 100% for

ZnT8A according to the 2016 islet autoantibody standardization

program (IASP 2016) (24). The presence of IAA was determined by

the electrochemiluminescence (ECL) method, with a sensitivity of

52% and specificity of 100%, according to the IASP 2020 (25).
HLA genotype

The genomic DNA of human blood was extracted with the

American OMEGA Company kit and stored at -80 °C after

concentration determination. HLA-DRB1, HLA-DQA1, and

HLA-DQB1 genotyping was conducted via next-generation

sequencing (NGS) by Genesky Biotechnologies Inc. in Shanghai.

Multiplex PCR amplifications of the HLA loci, quality control and

filtering, and data processing were performed as previously

described (26). The HLA genotype was obtained by designing

specific primers for specific HLA loci to amplify gene fragments

and combining them with a large amount of data obtained by high-

throughput sequencing.
Statistical analysis

Data are shown as the mean ± standard deviation (SD) or

proportion (%), and continuous variables that were not normally

distributed are described as the median and interquartile range

(IQR). Comparison of groups was carried out with independent

sample t tests, and comparison of categorical variables employed the

chi-square test. Statistical analyses were performed using GraphPad

Prism 8.0. All tests were two-tailed, and a probability value of P <

0.05 was considered statistically significant. Owing to the number of

statistical tests we performed, a Bonferroni correction for multiple

testing was applied. If two independent comparisons were tested,

the significance level p<0.05 was divided by two, which provides a

significance level corrected for multiple testing: p<0.025.
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Result

Comparison of clinical characteristics
between ICI-DM and T1D patients

The clinical characteristics of ICI-DM and T1D patients are

shown in Table 1. Among the 23 ICI-DM patients, 43.5% had lung

cancer, 8.7% had tongue carcinoma, 8.7% had gastric carcinoma, and

the remaining were affected by different types of carcinomas. Most of

the ICI-DM patients received monotherapy: 18 (78.3%) patients were

treated with anti-PD-1 (5 camrelizumab, 6 pembrolizumab, 4

sintilimab, 2 tislelizumab, and 1 penpulimab), 4 (17.4%) patients

were treated with anti-PD-L1 (2 durvalumab and 2 atezolizumab),

and one patient received cadonilimab (PD-1/CTLA-4 bispecific

antibody). The ICI-DM patients had a male predominance

(70.6%), a mean body mass index (BMI) of 21.2 ± 3.5 kg/m2, and a

mean onset of ICI-DM in 5 (IQR, 3-9) cycles after ICI therapy. At

diagnosis, 78.3% of ICI-DM patients had diabetic ketoacidosis, 34.8%

of patients had at least one other endocrine irAE, and autoimmune

thyroid disease was the most common (26.1%). All ICI-DM patients

had very low C-peptide levels and received multiple insulin injections.

Compared to T1D patients, ICI-DMpatients were significantly older

(57.2 ± 12.4 vs 34.1 ± 15.7 years, P<0.001) and had higher blood glucose

(19.6 ± 11.2 vs 11.2 ± 3.5 mmol/L, P<0.001) but lower HbA1c levels (8.9

± 1.9% vs 10.6 ± 2.5%, P=0.006, Table 1). No significant discrepancies

were observed in sex, BMI, DKA, or C-peptide level between ICI-DM

and T1D patients. The frequencies of GADA and ICA in ICI-DM

patients were significantly lower than those in T1D patients (8.7% vs

52.9% and 8.7% vs 41.7%, P<0.001 and P=0.005). No ICI-DM patients

were positive for IAA, IA-2 or ZnT8A. No patient who was negative for

islet antibody at diagnosis developed antibodies in the 2-year follow-up.
Comparison of clinical characteristics
between IFD and T1D

Among the 23 ICI-DM patients, 7 (30.4%) met the criteria for IFD,

and 16 (69.6%) met the criteria for IT1D. The clinical characteristics of

IFD and T1D are shown in Table 1. Compared to IT1D patients, IFD

patients exhibited marked hyperglycemia (14.7±2.8 vs 30.7±15.3 mmol/

L, P<0.001), low HbA1c levels (7.6 ± 0.8% vs 9.5 ± 1.9%, P=0.020) and

low C-peptide (0.09 ± 0.12 vs 0.45 ± 0.40 ng/ml, P=0.034). No

significant discrepancies were observed in age, sex, BMI, DKA, time

to diagnosis in cycles and islet autoantibodies between IFD and IT1D.

HLA-DRB1-DQA1-DQB1 haplotypes in ICI-
DM and T1D

According to a previous report in a Chinese population (19),

HLA DR3, DR4, DR9, DRB1*0901-DQA1*05-DQB1*0201,

DRB1*0301-DQA1*03-DQB1*0303, and DRB1* 0405-DQA1*03-

DQB1*0401 were categorized as T1D susceptible haplotypes, while

DRB1*1101-DQA1*05-DQB1*0301, DRB1*0803-DQA1*0103-

DQB1*0601, DRB1*1202-DQA1*0601-DQB1*0301, DRB1*1501-

DQA1*0102-DQB1*0602 and DRB1*1401-DQA1*0101-

DQB1*0503 were recognized as protective haplotypes.
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In total, HLA genotyping was performed in 95.7% (22/23) of ICI-

DM and 94.1% (48/51) of T1D patients. As shown in Table 2, DR9 and

DRB1*0405-DQA1*03-DQB1*0401 are the major T1DM susceptible

haplotypes, whereas DRB1*1101-DQA1*05-DQB1*0301 and

DRB1*1202-DQA1*0601-DQB1*0301 are the major T1DM

protective haplotypes in ICI-DM. The frequencies of T1D susceptible

haplotypes DR3 and DR9 in ICI-DM patients were lower than those in

T1D patients (2.3% vs 17.7%; P=0.011 and 15.9% vs 34.4%; P=0.025),

whereas the frequencies of T1D protective haplotypes DRB1*1101-

DQA1*05-DQB1*0301 and DRB1*1202-DQA1*0601-DQB1*0301

were significantly higher in ICI-DM patients (13.6% vs 2.1%;

P=0.006 and 15.9% vs 4.2%; P=0.017). A total of 59.1% (13/22) of

ICI-DM patients were heterozygous for a susceptible HLA haplotype,

22.7% had both susceptible and protective haplotypes, and 31.8%

carried only protective HLA haplotypes (Table 3). The frequency of

total susceptible haplotypes in ICI-DM patients was significantly lower

than that in T1D patients (59.1% vs 83.3%, P=0.038). However, the

frequency of total protective haplotypes was significantly higher in ICI-

DM patients than in T1D patients (54.5% vs 22.9%, P =0.014, Table 3).
HLA-DRB1-DQA1-DQB1 Haplotypes
in IFD and IT1D

HLA genotyping was performed in 100% (16/16) of IT1D and 85.7%

(6/7) of IFD patients. As shown in Table 2, T1D-susceptible DR9 and

DRB1* 0405-DQA1*03-DQB1*0401 haplotypes were detected in 25.0%

and 8.3% of the IFD patients, respectively. Up to 66.7% (4/6) of IFD
Frontiers in Immunology 04
patients were heterozygous for reported fulminant type 1 diabetes

susceptibility HLA haplotypes (DRB1*0405-DQB1*0401 or

DRB1*0901-DQB1*0303).
Risk HLA-DRB1-DQA1-DQB1 Genotypes in
ICI-DM and T1D

The high-risk Chinese T1D genotypes DR3/DR3, DR3/DR9, and

DR9/DR9 were not found in ICI-DM patients, whereas the genotypes

DR3/DR3, DR3/DR9, and DR9/DR9 were found in 10.4%, 4.2% and

22.9% of T1D patients, respectively (Table 4). None of the ICI-DM

patients were homozygous for T1D-susceptible HLA Class II

haplotypes or heterozygous for two susceptible haplotypes, which was

lower than the 45.8% (22/48) in T1D (P<0.001). In contrast, 18.2% (4/

22) of ICI-DM patients were homozygous for T1D protective HLA

Class II haplotypes or heterozygous with two protective haplotypes,

higher than the 4.2% (2/48) in T1D (P=0.052). None of the ICI-DM

and T1D patients had the DR3/DR4 or DR4/DR4 genotype.

Discussion

ICI-DM is a rare but often life-threatening adverse effect of ICIs. In our

cohort, 78.3% of ICI-DM patients presented with diabetic ketoacidosis,

81.8% of patients were treated with anti-PD-1, and all had low or

undetectable C-peptide levels, which is consistent with a previous report

(21). Compared to classic T1Dpatients, ICI-DMpatients had higher blood

glucose and lower HbA1c levels, which may indicate an outbreak onset of
TABLE 1 Clinical characteristics of ICI-DM, IFD, IT1D and T1D patients.

ICI-DM T1D
(n=51)

ICI-DM vs T1D IFD vs IT1D

Total
(n = 23)

IFD
(n=7)

IT1D
(n=16)

t/c2 p value t/c2 p value

Age (years) 57.2 ± 12.1* 53.7 ± 15.9 58.8 ± 10.3 33.8 ± 15.3 6.489 <0.001 0.915 0.371

Gender (female/male) 6/17 3/4 3/13 21/30 1.557 0.298 1.468 0.226

BMI (kg/m2) 21.2 ± 3.5 21.7 ± 4.6 21.0 ± 3.0 21.2 ± 3.3 0.008 0.993 0.462 0.649

Time to ICI-DM onset (cycle) 5 (3-9) 5 (2-9) 5 (3-9) / / 0.488 0.630

Diabetic ketoacidosis (%) 18/23 (78.3) 6/7 (85.7) 12/16 (75.0) 34/51 (66.7) 1.021 0.313 0.329 0.567

Diabetes symptoms (%) 19/23 (82.6) 6/7 (85.7) 13/16 (81.3) 41/51 (80.4) 0.051 0.822 0.068 0.795

BG (mmol/L) 19.6 ± 11.2* 30.7 ± 15.3# 14.7 ± 2.8 11.2 ± 3.5 4.861 <0.001 4.121 <0.001

C-peptide(ng/ml) 0.34 ± 0.38 0.09 ± 0.12 0.45 ± 0.40 0.40 ± 0.45 0.575 0.567 2.262 0.034

HbA1c (%) 8.9 ± 1.9* 7.6 ± 0.8# 9.5 ± 1.9 10.6 ± 2.5 2.813 0.006 2.514 0.020

GADA (%) 2/23 (8.7)* 1/7 (14.3) 1/16 (6.3) 27/51 (52.9) 13.02 <0.001 0.396 0.529

ICA (%) 2/23 (8.7)* 1/7 (14.3) 1/16 (6.3) 21/51 (41.2) 7.807 0.005 0.396 0.529

IAA (%) 0 0 0 9/51 (17.6) 4.621 0.032 / /

IA-2A (%) 0* 0 0 11/51 (21.6) 5.827 0.016 / /

ZnT8A (%) 0 0 0 8/51 (15.7) 4.045 0.044 / /
fron
ICI-DM, immune checkpoint inhibitor-associated diabetes mellitus; IFD, immune checkpoint inhibitor-associated fulminant type 1 diabetes; IT1D, immune checkpoint inhibitor-associated type
1 diabetes; T1D, type 1 diabetes; GADA, glutamic acid decarboxylase antibody; ICA, islet cell antibody; IAA, insulin autoantibody; IA-2A, protein tyrosine phosphatase autoantibody; ZnT8A,
zinc transporter 8 autoantibody. P value <0.025 was considered significant, as we had to correct our analysis for multiple testing (P value of 0.025 was calculated as 0.05 divided by 2). *P <0.025
ICI-DM vs T1D; #P<0.025 IFD vs IT1D.
tiersin.org

https://doi.org/10.3389/fimmu.2023.1164120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liu et al. 10.3389/fimmu.2023.1164120
TABLE 3 HLA susceptible and protective haplotype analysis in ICI-DM and T1D patients.

HLA Haplotypes ICI-DM T1D c2 p value

(n = 22) (n = 48)

Susceptible only (%) 8/22 (36.4)* 34/48 (70.8) 7.468 0.006

Susceptible and protective (%) 5/22 (22.7) 6/48 (12.5) 1.191 0.275

Neutral (%) 2/22 (9.1) 3/48 (6.3) 0.184 0.668

Protective only (%) 7/22 (31.8)* 5/48 (10.4) 4.865 0.027

Total susceptible (%) 13/22 (59.1)* 40/48 (83.3) 4.822 0.028

Total protective (%) 12/22 (54.5)* 11/48 (22.9) 6.841 0.008
F
rontiers in Immunology
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Susceptible only: patients carry the susceptible HLA haplotypes without protective haplotypes; protective only: patients carry the protective HLA haplotypes without susceptible haplotypes; total
susceptible: patients carry at least one of the susceptible HLA haplotypes; total protective: patients carry at least one of the protective HLA haplotypes. *P <0.05 ICI-DM vs T1D.
TABLE 2 HLA-DRB1-DQA1-DQB1 haplotype frequencies in ICI-DM, IFD, IT1D and T1D patients.

DR-DQ Haplotypes ICI-DM T1D
(n= 96)

ICI-DM vs T1D IFD vs IT1D

Total
(n = 44)

IFD
(n=12)

IT1D
(n=32)

OR(95%CI) p value p value

Susceptible Haplotypes

DR3(%) 1/44 (2.3)* 0(0.0) 1/32 (3.1) 17/96 (17.7) 0.11
(0.01-0.68)

0.011 0.536

DR4(%) 1/44 (2.3) 0(0.0) 1/32 (3.1) 2/96 (2.1) 0.943 0.536

DR9(%) 7/44 (15.9) 3/12 (25.0) 4/32 (12.5) 33/96 (34.4) 0.47
(0.23-0.92)

0.025 0.312

DRB1*0301-DQA1*03-DQB1*0303(%) 0 (0.0) 0 (0.0) 0 (0.0) 2/96 (2.1) 0.667 /

DRB1*0405-DQA1*03-DQB1*0401(%) 4/44 (9.1) 1/12(8.3) 3/32 (9.4) 10/96 (10.4) 0.808 0.915

DRB1*0901-DQA1*05-DQB1*0201*%) 0 (0.0) 0 (0.0) 0 (0.0) 2/96 (2.1) 0.943 /

Protective Haplotypes

DRB1*1101-DQA1*05-DQB1*0301(%) 6/44 (13.6)* 1/12 (8.3) 5/32 (15.6) 2/96 (2.1) 2.61
(1.36-3.83)

0.006 0.530

DRB1*1202-DQA1*0601-DQB1*0301(%) 7/44 (15.9)* 0 (0.0) 7/32 (21.9) 4/96 (4.2) 2.22
(1.17-3.42)

0.017 0.259

DRB1*1401-DQA1*0101-DQB1*0503(%) 1/44 (2.3) 1/12 (8.3) 0 (0.0) 0 (0.0) 0.138 0.098

DRB1*0803-DQA1*0103-DQB1*0601(%) 1/44 (2.3) 0 (0.0) 1/32 (3.1) 3/96 (3.1) 0.779 0.536

DRB1*1501-DQA1*0102-DQB1*0602(%) 1/44 (2.3) 0 (0.0) 1/32 (3.1) 4/96 (4.2) 0.575 0.536
Data are presented as n (%). Abbreviations: DR3, DRB1*0301-DQA1*05-DQB1*0201; DR4, DRB1*0405-DQA1*03-DQB1*0302; DR9, DRB1*0901-DQA1*03-DQB1*0303; NS, no significance.
P value <0.025 was considered significant, as we had to correct our analysis for multiple testing (P value of 0.025 was calculated as 0.05 divided by 2). *P <0.025 ICI-DM vs T1D.
TABLE 4 HLA-DRB1-DQA1-DQB1 Susceptible Genotype Frequencies between ICI-DM and T1D.

HLA genotype ICI-DM
(n = 22)

T1D
(n=48)

DR3/DR3(%) 0(0.0) 5/48(10.4)

DR3/DR9(%) 0(0.0) 2/48(4.2)

DR9/DR9(%) 0(0.0) 11/48(22.9)

DR3/DR4(%) 0(0.0) 0(0.0)

DR4/DR4(%) 0(0.0) 0(0.0)
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diabetes and a short duration of hyperglycemia. As reported, islet

autoantibodies were positive in half of ICI-DM patients with a

dominance of GADA (51%), 18% for IA-2, 13% for ICA, 26% for IAA

and 4% for ZnT8 (21). However, in our cohort, only 2 (8.7%) ICI-DM

patients were positive for islet autoantibodies (both had GADA and ICA),

which was apparently lower than T1D (66.7%). These findings are

consistent with a previous study in Japan, in which only two of ten ICI-

DM patients were positive for islet autoantibodies (both had GADA), and

no patients were positive for IA-2A, IAA, or Znt8A (5). In contrast,

Angeliki (20) et al. found that 40% (10/25) of ICI-DM Caucasian patients

were positive for at least one islet autoantibody. It has been reported that

the frequencies and levels of islet autoantibodies are related to the HLA-

DR-DQ genes (27, 28). In Caucasian populations with classical T1D,

GADApositivity and levels were associated with the HLA-DR3 haplotype,

whereas IAA and IA-2A positivity were associated with the HLA-DR4

haplotype (29, 30). The relationship between GADA, IA-2A, IAA, and

HLA-DR-DQ haplotypes in Chinese populations has not been extensively

studied.Wang (31) et al. found that GADAwasmore prevalent in Chinese

T1D patients carrying the DQA1*05-DQB1*0201 or DQA1*03-

DQB1*0401 haplotype, whereas IA-2A was more prevalent in patients

carrying the DQA1*03-DQB1*0303 haplotype. Peng (32) et al. found that

GADA multiepitope positivity was associated with DR3 haplotypes in

patients with latent autoimmune diabetes in youth. In Japanese T1D

patients, the level of ZnT8A was associated with the HLA-DR4 allele (33).

The low frequencies of DR3 and DR4 in our ICI-DM population may in

part explain the absence of antibodies to insulin, IA-2A, and ZnT8, but

large samples are needed to further confirm our conclusions.

Humoral autoimmunity, including islet-specific autoimmunity, is

modulated by HLA-DQ genes. HLA class II molecules expressed on

antigen-presenting cells have critical roles in the activation of CD4 T cells

andmay influence the autoimmune response (34). HLA class II genes are

the major genetic predisposition genes for T1D and contribute

approximately 50% of the T1D genetic risk (15). However, the effect of

HLA susceptibility genes on ICI-DM remains unknown, andmost of the

data were from Caucasian populations. A previous study showed that

there was a predominance of HLA-DR4 (16/21, 76%) in ICI-DM

patients (20). In another meta-analysis, HLA haplotypes were analyzed

in 51 ICI-DMpatients, and 61%were susceptible (mostly DR4), 4%were

susceptible and protective, and 16% had protective HLA genotypes (21).

In contrast, the data of our study showed that DR9 and DRB1*0405-

DQA1*03-DQB1*0401 are the major susceptible haplotypes, which

indicated that susceptible HLA-DRB1-DQA1 genes vary among

different ethnicities. Compared to T1D, the susceptible DR3 and DR9

haplotypes were less frequent, whereas the protective haplotypes

(DRB1*1101-DQA1*05-DQB1*0301 and DRB1*1202-DQA1*0601-

DQB1*0301) were more frequent in ICI-DM patients. Furthermore,

none of the ICI-DM patients had T1D-associated high-risk genotypes

DR3/DR3, DR3/DR9, and DR9/DR9. These findings indicated that a

significant discrepancy exists between ICI-DM and T1D in disease

susceptibility conferred by HLA genes, which helps to provide

additional information about HLA-associated risk for ICI-DM across a

more diverse patient population. However, considering the small sample

size of our study, additional multicenter studies are needed to evaluate

the correlation between HLA susceptibility genes and ICI-DM.

Fulminant type 1 diabetes is particularly prevalent in East Asians but

rare in Caucasians (35). However, there is a growing number of FT1D
Frontiers in Immunology 06
cases in Caucasians with the increased use of ICIs, which indicates the

possibility that immune checkpoint molecules play an important role in

pathogenesis (11). In our cohort, 30.4% of patients presented with IFD

who showed significantly higher plasma glucose levels, lower C-peptide

and low HbA1c levels compared to IT1D. To date, there are no available

detailed haplotypes inmost IFD cases. In our cohort, up to 66.7% (4/6) of

IFD patients carried reported fulminant type 1 diabetes susceptibility

HLA haplotypes (DRB1*0901-DQB1*0303 or DRB1*0405-DQB1*0401)

(36), which suggested that fulminant type 1 diabetes HLA susceptibility

alleles may be predictors of IFD.

In conclusion, ICI-DM shares analogous clinical characteristics

with T1D, such as acute onset, sudden permanent B-cell failure and

insulin dependence. However, the low frequencies of islet

autoantibodies and T1D-associated HLA-risk haplotypes indicate

that ICI-DM represents a new model distinct from classical T1D.

These findings shed light on the pathogenesis underlying ICI-DM.
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