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Purpose: We aimed to explore the immunological characteristics and cytokine profile of the
initial stage of type 1 diabetes.

Patients and Methods: In total, 123 age- and sex-matched subjects with newly diagnosed
classic type 1 diabetes mellitus (TIADM), fulminant type 1 diabetes mellitus (FT1DM), and
normal glucose tolerance (NGT) were enrolled. Serum cytokine levels were measured using
Milliplex MAP multifactor detection.

Results: There was a significant increase in the levels of transforming growth factor
(TGFp1) and TGFB2 and decrease in programmed death-1 (PD-1), PD ligand 1 (PD-L1),
pro-inflammatory cytokines, and anti-inflammatory cytokines in type 1 diabetes patients
compared with the NGT subjects (all P < 0.05). There was no significant difference in
C-reactive protein (CRP) and blood routine indicators between the two groups. Type 1
diabetes was further divided into TIADM and FT1DM subgroups. FT1DM patients had
much higher CRP levels than TIADM patients (4.90 [0.95-26.05] mg/L vs 0.39 [0.20—
0.74] mg/L, P < 0.01). Blood routine results showed that the number of leukocytes was
significantly increased in FT1DM compared with that in TIADM (9.2 [5.1-18.8] x 10° cells/
L vs 5.4 [4.5-6.7] x 10° cells/L, P < 0.01). In FTIDM patients, neutrophil% was increased,
and lymphocyte% was declined significantly, compared with that in TIADM patients
(neutrophil%: 80.2 [59.2-85.2]% vs 59.5 [54.8-64.0]%; lymphocyte%: 18.3 [10.1-32.31%
vs 32.6 [26.8-35.9]1%; both P < 0.01). However, there was no difference between FT1DM
and TIADM in cytokine profile except for the decrease in CTLA-4 in TIADM (P < 0.05).
Conclusion: Compared with TIADM, CRP and leukocytes’ levels were increased signifi-
cantly in FT1DM, with an increase in neutrophil% and decline in lymphocyte%, suggesting
that FTIDM may have more abrupt onset and occur as a more serious subtype of type 1
diabetes mellitus.

Keywords: cytokine profile, fulminant type 1 diabetes mellitus, immune response,
multifactor detection, type 1 diabetes mellitus

Introduction

Type 1 diabetes mellitus is caused by an interaction among genetic and environ-
mental factors and mainly characterized by progressive and insidious destruction of
pancreatic B cells, thereby resulting in absolute lack of insulin.' Although the
factors triggering the onset of type 1 diabetes remain unclear, it is widely accepted
that immune factors, ie, organ-specific autoimmune destruction of pancreatic 3 cells
mediated by autoimmune T cells may be responsible for the pathogenesis of this
condition. This process is mainly manifested by the production of autoantibodies to
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B-cell antigens, including glutamic acid decarboxylase
antibodies (GAD-AD), insulinoma-associated protein 2
antibodies (IA,-Ab), and insulin autoantibody (IAA) and
these are related to the action of immune response-related
genes.”> Moreover, studies found a shift in the ratio of
CD4" T-cell
a regulatory phenotype to a pro-inflammatory one, which

islet-autoantigen-specific subsets from
underlies the pathogenesis of type 1 diabetes.®

Cytokines have been implicated in the pathogenesis of
type 1 diabetes because they are regarded as the major
drivers of inflammation and play crucial roles in control-
ling the ongoing B-cell destruction.” Studies conducted in
mouse models, especially in non-obese diabetic (NOD)
mice, showed that the regulation of cytokine function
may be employed in type 1 diabetes therapy. In this vein,
several cytokines (including tumor necrosis factor [TNF],
interleukin 2 [IL-2], etc) have been identified as potential
therapeutic targets.*'? However, the specific role of cyto-
kines in the pathophysiology of type 1 diabetes remains
unclear, particularly in terms of whether it exerts
a pathological or protective immune response in the initial
stage of the disease.

Fulminant type 1 diabetes mellitus (FT1DM) is a new
subtype of type 1 diabetes characterized by the sudden
onset of insulin-deficient hyperglycemia and rapid pro-
gression to diabetic ketosis (DK) or diabetic ketoacidosis
(DKA) in a short time (approximately 7 days), accompa-
nied with almost complete destruction of p-cell function.
Thus far, the etiology and pathogenesis of FT1DM remain
unclear and are currently thought to be associated with
genetic, environmental (viral infection, especially the
enterovirus), and autoimmune factors.'*'> FTIDM was
considered not to be related to autoimmunity because the
reported patients showed negative results for islet autoan-
tibodies when the first case of FTIDM was reported."
Therefore, FT1DM was distinguished from autoimmune
type 1 diabetes (ie, TIADM) and was classified as type 1B
diabetes temporarily. However, subsequent follow-up stu-
dies reported that some FT1DM patients presented with
positive GAD-Ab or accompanied with autoimmune dis-
eases such as Hashimoto’s thyroiditis, or showed lympho-

cyte infiltration in islet tissue,'®'’

suggesting that immune
response may be involved in the occurrence of FT1DM.
Nevertheless, the differences in impact of inflammation on
T1ADM and FT1DM, especially in the early stage, remain
unknown.

Milliplex MAP multiple detection is a liquid-chip mul-

tifactor detection product based on xMAP technology

(Merck & Co., Inc., New Jersey, USA). It can detect
multiple analytes in a single sample simultaneously and
accurately, and has been applied to studies of various
diseases including metabolic diseases (such as obesity
and liver disease), infectious diseases, congenital immu-
nodeficiency diseases, and tumors as a new research
strategy.'®'? Consequently, the present study enrolled
newly diagnosed type 1 diabetes patients (both TIADM
and FT1DM) and normal glucose tolerance (NGT) sub-
jects with an aim to explore the specific immunological
characteristics, so as to clarify the differences between the
immune responses in the early stage of TIADM and
FT1DM to provide a basis for their clinical diagnosis
and treatment.

Patients and Methods
Study Population

In this single-center cross-sectional study, a total of 40
patients who were admitted to the Department of
Endocrinology and Metabolism, Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital between
January 2007 and November 2019 were diagnosed with
FT1DM. Seventeen patients were excluded because they
were first diagnosed and treated in other departments or
other hospitals. Finally, 23 newly diagnosed FT1DM
patients, age- and sex-matched newly diagnosed TIADM
(n = 66) patients, and NGT (n = 34) subjects with com-
plete clinical data and blood samples available (with
a diabetes duration of less than 1 month) were enrolled
in the current study.

The present study was conducted in accordance with
the Declaration of Helsinki and approved by the Ethics
Committee of Shanghai Jiao Tong University Affiliated
Sixth People’s Hospital. Written informed consent was
obtained from each participant.

Diagnostic Criteria

NGT and TIADM were defined based on the American
Diabetes Association (ADA) diagnostic criteria.”’ FT1DM
was diagnosed according to the 2012 Japan Diabetes
Society (JDS) diagnostic criteria, in line with previous
studies;?! that is, patients who met all the following three
criteria were diagnosed with FTIDM: 1) DK/DKA rapid
onset after the occurrence of hyperglycemia symptoms; 2)
glucose >16.0 mmol/L and glycated hemoglobin A,
(HbA;.) <8.7%; 3) fasting C-peptide <0.1 nmol/L and
2-hour postload C-peptide <0.17 nmol/L.
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Anthropometric and Biochemical

Assessments

Physical examination of anthropometric indexes (eg,
height, body weight) and blood pressure measurements
were performed comprehensively in every participant,
and related clinical information on basic characteristics,
medical history, past history, and family history of diabetes
was recorded. Body mass index (BMI) was calculated as
weight (kg) divided by height® (m?). Related laboratory
data, including data on blood routine indicators, glucose
levels, HbA ., glycated albumin (GA), fasting C-peptide,
2-hour C-peptide, C-reactive protein (CRP), GAD-AD, 1A,
-Ab, TAA, amylase, and lipase, were collected. GAD-AD,
[A,-Ab and IAA were measured by enzyme-linked immu-
nosorbent assay (Analyzer [ automated analyzer,
EUROIMMUN Inc., Germany). The detection methods
for the remaining indicators are described previously.?

Serum Cytokine Measurement

After an overnight fasting for at least 10 hours when DK/
DKA resolved, fasting blood samples were collected and
centrifuged, and sera were collected for cytokine determina-
tion. The following cytokines were measured: interleukin
IL)-1g, IL-2, 1L-4, IL-5, IL-6, IL-10, IL-17A/CTLA-8, IL-
17F, IL-21, IL-22, IL-23, interferon-y (IFN-y), programmed
death-1 (PD-1), PD ligand 1 (PD-L1), cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4/CD152),
CDA40, transforming growth factor Bl (TGFP1), TGFp2,
and TGFP3. All these measurements of cytokines were per-
formed using Milliplex MAP technology in the Luminex
platform (Millipore, Billerica, MA). Immunology multiplex
assay kits (HTH17MAG-14K-12, TGFBMAG-64K-03, and
HCKPMAG-11K-04) were obtained from MERCK
(MERCK Millipore Co., Billerica, MA, USA). All the col-
lected serum samples were mixed and diluted at a ratio of 1:2
with buffer, and all samples, standards, and quality controls
were assayed in accordance with the manufacturer’s instruc-
tions. Median fluorescent intensity (MFI) data were acquired
MILLIPLEX  Analyst.V5.1
a 5-parameter logistic method was used to calculate cytokine

using software, and

concentrations.

Statistical Analysis

Statistical analyses were performed with SPSS, version
24.0 (SPSS Inc., Chicago, IL, USA) and MedCalc 19.0.4
(MedCalc Software bvba, Ostend, Belgium). Propensity
score matching was used for matching sex and age. For

continuous variables, data were presented as mean =+ stan-
dard error of the mean or median with the interquartile
range, and for categorical variables, data were presented as
numbers (percentages). Intergroup comparisons were per-
formed using unpaired Student’s #-test, Wilcoxon rank-
sum test, analysis of variance, and chi-square test for
continuous and categorical variables, respectively. The
receiver operating characteristic (ROC) curve was used
to evaluate the efficacy of relevant indicators in distin-
guishing TIADM and FT1DM. A two-tailed P < 0.05
was considered statistically significant.

Results
Clinical Characteristics of the Study

Participants

The average age in all 123 subjects (86 males and 37
females) was 33 (26—43) years. As shown in Table 1,
T1ADM patients had a significantly lower BMI than
those in the NGT group (20.9 + 0.4 kg/m? vs 22.9 =+
0.7 kg/m?, P < 0.01), while their blood pressure and family
history of diabetes did not differ from those in NGT and
FT1DM subjects. Moreover, the duration of symptoms in
the enrolled FT1DM patients was 4 (1-7) days, with an
onset blood glucose of 36.07 + 2.17 mmol/L and 30.4%
(7/23) GAD-Ab-positive rate.

Glucose-related indicators showed that both HbA . and
GA were increased gradually in all three subgroups. For
HbA,, the NGT, FT1DM, and TIADM subjects, had 5.4
(5.2-5.4)%, 6.5 (6.1-6.9)%, and 10.9 (8.2-13.3)%, respec-
tively. In addition, GA levels were 13.0 (12.4-14.1)%,
21.4 (19.5-23.2)%, and 32.5 (23.5-42.7)% in three
groups, respectively (all P < 0.01). Furthermore, islet
function indicators suggested a deterioration in the newly
diagnosed type 1 diabetes patients, and the islet dysfunc-
tion further progressed in FT1DM patients when compared
with the NGT population (fasting C-peptide: 0.35 [0.18—
0.64] ng/mL vs 0.06 [0.01-0.21] ng/mL vs 1.93 [1.47—
2.25] ng/mL; 2 hours postload C-peptide: 0.71 [0.31-1.13]
ng/mL vs 0.11 [0.02-0.26] ng/mL vs 7.64 [6.71-9.96] ng/
mL, all P <0.01].

Cytokine Profile, Rather Than the
Inflammation Indicators, Can
Differentiate Type | Diabetes from NGT

Related inflammatory indicators and serum cytokines were
measured to evaluate whether the immune response played
a certain role in the early onset of type 1 diabetes and to
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Table | Clinical Characteristics of NGT, TIADM and FTIDM Subjects

NGT (n = 34) TIADM (n = 66) FTIDM (n = 23)
Male, n (%) 24 (70.6) 46 (69.7) 16 (70.0)
Age, years 29 (26-43) 34 (27-43) 32 (28-46)
Duration of diabetes, days - 4 (1-7) 24 (18-27)
SBP, mmHg 120 (111-125) 11 (110-120) 110 (105-120)*
DBP, mmHg 75 (70-79) 73 (70-80) 70 (60-80)
BMI, kg/m? 229+ 0.7 20.9 + 0.41F 217 £05
DM family history, n (%) 8 (23.5) 27 (40.9) 6 (26.1)
HbA ., % 5.4 (5.2-5.4) 10.9 (8.2—13.3y+T 6.5 (6.1-6.9)*
GA, % 13.0 (12.4-14.1) 32.5 (23.5-42.7)T 21.4 (19.5-23.2)*
FCP, ng/mL 1.93 (1.47-2.25) 0.35 (0.18-0.64)+tT 0.06 (0.01-0.21)*
2hCP, ng/mL 7.64 (6.71-9.96) 0.71 (0.31—1.13)#ft 0.11 (0.02-0.26)"*

Notes: Data were expressed as mean # standard error of the mean, median (interquartile range), or n (%). **P < 0.0 FTIDM vs TIADM. #P < 0.05 and **P < 0.01 FTIDM

vs NGT. 1P < 0.0l TIADM vs NGT.

Abbreviations: 2hCP, 2-hour C-peptide; BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; FCP, fasting C-peptide; FT DM, fulminant type |
diabetes mellitus; GA, glycated albumin; HbA,, glycated hemoglobin A;; NGT, normal glucose tolerance; TIADM, classic type | diabetes mellitus; SBP, systolic blood

pressure.

explore its characteristic immune spectrum. Our results
showed that TGFP1 and TGFB2 levels were increased
significantly in type 1 diabetes patients, while their PD-1,
PD-L1, pro-inflammatory cytokines (IFN-y, IL-1p, and IL-
21), and anti-inflammatory cytokines (IL-5, IL-10, and IL-
13) were decreased significantly when compared with
those in NGT subjects (all P < 0.05). No significant differ-
ences were found in other related cytokines between the
two groups (all P> 0.05; Supplementary Figure 1). Type 1
diabetes patients were further divided into TIADM and
FT1DM subgroups. Compared with the NGT population,
the changes in cytokine levels in both TIADM and

FTIDM subgroups were similar (Figure 1). Moreover,

we found a significant increase in CD40 in FT1DM
patients compared to that in NGT subjects (P < 0.05).

In contrast to the cytokine measurement results, the
traditional inflammatory indicator CRP and blood routine
indicators including leukocyte, neutrophil% (Neu%), and
lymphocyte% (Lc%) in type 1 diabetes patients did not
differ significantly from those in NGT subjects (data not
shown). Likewise, we compared the TIADM and FT1DM
subgroups with the NGT group (Figure 2). In FT1DM,
CRP was significantly higher (4.90 [0.95-26.05] mg/L vs
0.42 [0.23-0.91] mg/L, P < 0.01), while the blood routine
results showed significant reduction in the number of
erythrocytes, remarkable increase in the number of leuko-
cytes and Neu%, and observable decline in Lc% (all P <
0.05). Moreover, there was no difference in both CRP and
blood routine indicators between TIADM patients and
NGT subjects (all P > 0.05).

Inflammation Indicators, Rather Than the
Cytokine Profile, Can Help Distinguish
Fulminant Type | Diabetes Mellitus from

Type | A Diabetes Mellitus Patients
Intergroup comparisons between TIADM and FT1DM
patients demonstrated that CRP levels were increased sig-
nificantly in the FT1DM patients (4.90 [0.95-26.05] mg/L
vs 0.39 [0.20-0.74] mg/L, P <0.01), along with an evident
decrease in erythrocyte (4.4 [4.1-4.8] x 10" cells/L vs 4.7
[4.3-5.1] x 10'? cells/L, P < 0.05) and an increase in
leukocytes and platelets (9.2 [5.1-18.8] x 10° cells/L vs
5.4 [4.5-6.7] x 10° cells/L; 234 [206-289] x 10° cells/L vs
209 [179-238] x 107 cells/L, both P < 0.05). Moreover,
Neu% in FT1DM patients was increased to 80.2 (59.2—
85.2)%, while Lc% was reduced to as low as 18.3 (10.1-
32.3)% compared to TIADM patients (Neu% 59.5 [54.8—
64.0]1%; Lc% 32.6 [26.8-35.91%; all P < 0.01). The ROC
curve analysis results showed that Neu%/Lc% ratio >3.5
could successfully differentiate 83.1% of FTIDM from
T1ADM patients, with sensitivity, specificity, and area
under the curve (AUC) values of 55.6%, 90.8%, and
0.732, respectively.

FT1DM participants were grouped according to GAD-
Ab results. CRP was much higher in the GAD-Ab-positive
subgroup than in the GAD-Ab-negative subgroup (51.9
[14.10-69.17] mg/L vs 3.51 [0.91-8.15] mg/L, P = 0.033),
which were both significantly higher than those in TTADM
patients. In addition, leukocytes, Neu%, Lc%, and other
related blood routine indicators did not differ significantly
between the GAD-Ab-positive and GAD-Ab-negative
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Figure | Inflammatory profiles of NGT, TIADM and FTIDM subgroups (A-T). The data are presented as Scatter dot plots (median with interquartile range). Wilcoxon
rank-sum test were used for statistical analysis. *P < 0.05; **P < 0.01. Cytokine profiles showed almost no difference between FTIDM and TIADM subjects, except for

a decrease in the Tregs-related indicator CTLA-4 in TIADM patients.

Abbreviations: CD40, tumor necrosis factor receptor superfamily member 5; CTLA-4, cytotoxic T-lymphocyte protein 4; FT DM, fulminant type | diabetes mellitus; IFN-
v, interferon vy; IL, Interleukin; PD-I, programmed cell death protein |; PD-LI, PD ligand |; TIADM, classic type | diabetes mellitus; TGFf, transforming growth factor .

subgroups (all P > 0.05; Figure 3). Moreover, we found that
both CRP and blood routine parameters were comparable in
terms of whether FTIDM patients experienced cold-like
symptoms or pancreatitis (all P > 0.05; Table 2).

In addition, we performed intergroup comparisons of
cytokine profiles between TIADM and FT1DM patients
(Figure 1). The results demonstrated that FTIDM and
T1ADM subjects shared similar cytokine profiles, but
with a decrease in only the Regulatory T cells (Tregs)-
related indicator CTLA-4 in TIADM (P < 0.05)
(Figure 4).

Discussion

The present study showed that, when compared with NGT
subjects, TGFB1 and TGFB2 were increased significantly
in type 1 diabetes patients. However, T cell-related indi-
cators, an important part of the adaptive immune system,
Thl- and Th2-cytokines, were declined significantly in
type 1 diabetes, while Thl7-cytokines and the Tregs-
CTLA-4 showed no difference,

related indicator

suggesting that adaptive immunity may not participate in
the early stage of type 1 diabetes.

Innate immunity and adaptive immunity are the two
major defense systems of the immune system. Adaptive
immunity is triggered when invading pathogens break
through the defense line of innate immunity. Among
immune cells, macrophages play an important role in
innate immunity, whereas T cells are an important part of
adaptive immunity.*>** Previous studies showed that cyto-
kines, which are major drivers of inflammation, played
a crucial role in coordinating multiple interactions between
pancreatic [ cells and immune cells in the development of
type 1 diabetes mellitus.'® However, the role of cytokines
in the onset and development of type 1 diabetes, especially
during the initial stage of the disease, has not yet been
fully clarified. Moreover, previous studies focused on sev-
eral cytokines and therefore could not obtain a relatively
complete cytokine profile in type 1 diabetes. One reason is
that the levels of cytokines and inflammatory biomarkers
can be affected by many factors including infection, stress,
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Table 2 CRP and Blood Routine Indicators of FTIDM Subjects
Cold-Like Symptoms P Pancreatitis P
+ - + -
n 9 14 - 5 18 -
CRP, mg/L 8.2 (0.7-24.8) 3.8 (1.1-27.5) 0.970 2.1 (0.5-43.9) 6.6 (1.5-26.1) 0.395
Ery, x10'%/L 4.7 (4.3-4.9) 4.3 (4.1-4.8) 0.355 4.2 (3.54.7) 4.6 (4.2-4.8) 0.210
Leu, x10°/L 242 (202-306) 234 (210-286) 0.764 242 (147-308) 234 (210-283) 0.906
PLT, x10°/L 9.4 (3.7-20.2) 8.5 (5.8-18.6) 0.867 7.6 (4.4-18.6) 9.2 (5.4-19.6) 0.667
Neu%, % 64.9 (56.8-87.2) 80.7 (65.9-84.2) 0.713 80.7 (56.3-83.4) 80.1 (59.1-85.8) 0.845
Lc%, % 223 (8.1-33.2) 18.1 (11.0-33.2) 0.825 20.6 (9.5-37.5) 18.3 (11.3-32.3) 1.000

Abbreviations: CRP, C-reactive protein; FT DM, fulminant type | diabetes mellitus; Ery, erythrocyte; Leu, leucocyte; PLT, platelet; Neu%, neutrophil%; Lc%, lymphocyte%.

etc. We have also tested the antibodies to common virus
and bacteria in all enrolled subjects. The results showed
that only some of the included participants had previous
bacterial or viral infections (positive for corresponding
IgG antibody), but no recent infections (ie, positive for
corresponding IgM antibody), and none of them presented
symptoms of systemic infection such as fever. Therefore,
we considered that the change in cytokines and inflamma-
tory indicators in this study are more likely to be the
characteristics of FT1DM and TIADM.

PD-1/PD-L1|

o | .
@} - :;;‘)?/. _\?.\.I
( AN 7<%

Naive
CD8* T cell

IL-2

()
TGFB11, TGFR2T, g
TGFB3 _<

Naive
CD4* T cell

PD-1 is considered an important immune checkpoint
that plays a broad immune regulatory role in T cell activa-
tion and autoimmune tolerance and confers protection to
organs and tissues from autoimmune attacks under phy-
siological conditions.”>?® Previous studies reported that
overexpression of PD-1/PD-L1 could inhibit autoimmune-
related diabetes, while PD-1/PD-L1 blockade rapidly pre-
cipitated diabetes in prediabetic NOD mice.>”® Recently,
the soluble forms of PD-1 and PD-L1 in the blood have

attracted researchers’ attention because measurement of

CTL

IL-12 —» @ ——————— IFN-y|, IL-1B], IL-2,

IL-22,IL-23
Th1 cell

IL-4 —— @ — IL-4, IL-5], IL-6,

IL-10], IL-13]
Th2 cell

Figure 4 Inflammatory profiles of type | diabetes mellitus. In the early-onset stage of type | diabetes, the CD40 level increased (more pronounced in fulminant type |
diabetic patients), which results in the increase of CD40 binding to CD40L on antigen presenting cells (APC), and the significant increase of expression of TGFf1 and TGFfp2.
Besides, the PD-I/PD-L| decreases significantly, which reduces its inhibitory effect on effector T cells, and weakened its negative regulatory effect on APC, causing

a decrease in autoimmune tolerance.

Abbreviations: APC, antigen presenter cell; CD40, tumor necrosis factor receptor superfamily member 5; CD40L/CD 154, CD40 ligand; IFN-y, interferon v; IL, Interleukin;
PD-1, programmed cell death protein |; PD-LI, PD ligand |; TGF, transforming growth factor f; Th cell, helper T cell.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

4667

Dove!


https://www.dovepress.com
https://www.dovepress.com

Ying et al

Dove

serum indicators is less invasive and more efficient.”’
Studies showed that serum PD-1/PD-L1 may be involved
in the maintenance of peripheral self-tolerance and pre-
vention of autoimmunity.*® Moreover, studies have
reported a high concordance rate between serum levels
of PD-1/PD-L1 and membrane levels of PD-1/PD-L1 in
cancer cells.’' However, only few studies have explored
the role of PD-1 in type 1 diabetes, with no related data on
newly diagnosed type 1 diabetes, especially with blood-
based biomarkers, because the average duration of dia-
betes in the enrolled subjects ranged from 4.2 months to
7.8 years.>”>* Our research revealed that both PD-1 and
PD-L1 were decreased significantly in newly diagnosed
type 1 diabetes (both TIADM and FTIDM patients),
suggesting that a decrease in immune tolerance and weak-
ening of their inhibitory effect while presenting on anti-
gen-presenting cells are related to the onset and
development of type 1 diabetes.

This study is the first to perform a comparison of cytokine
profiles between TIADM and FT1DM patients. Our results
illustrated that the cytokine profile in FT1DM did not differ
significantly from that of TIADM, except for the decrease in
the Tregs indicator CTLA-4 in TIADM (Figure 1). We also
found that the innate immune indicator CD40 in FT1DM
patients were remarkably higher than that of NGT subjects.
Considering that the onset of TIADM is relatively insidious,
the duration of symptoms of FT1DM is more accurate, and
the innate immune response progresses to adaptive immune
response usually after a duration of 48-96 hours (2—4 days).
Because the blood samples of FTIDM participants were
mostly collected within 4 days (17/23) after the onset of
DK/DKA, with an average duration of 4 (1-7) days, most
FT1DM patients were still in the innate immune stage within
this time window. Therefore, we believe that the innate
immune response, rather than the adaptive immune response,
is the driving factor in the early onset of type 1 diabetes,
while FT1DM may be a special type of type 1 diabetes that
manifests with more rapid onset and more severe condition.

It is worth noting that CRP and blood routine rather than
the cytokine profile may be used in the early differentiation
between TIADM and FT1DM. We found that the number of
leukocytes was increased significantly FT1DM compared
with those in TIADM, along with an increase in Neu%,
decrease in Lc%, and evident increase in CRP. All these
results indicated a stress state of FT1DM, while stress that
induces rapid outbreak of the immune response within a short
duration may be an important factor for the occurrence of
FT1DM in the more severe form than the occurrence of

T1ADM. Moreover, we proposed for the first time that the
Neu%/Lc% ratio may be used for the early identification of
FT1DM and TIADM and the differentiation between these
two subtypes.

In addition, we found that only CRP was increased in
GAD-Ab-positive FT1DM subjects, without differences in
blood routine parameters, compared with those in GAD-
Ab-negative subjects, suggesting that FT1DM in the pre-
sence of islet autoantibodies at onset may occur in the
more severe form than that in the absence of islet auto-
antibodies at onset.

The present study focused on newly diagnosed type 1
diabetes and enrolled FT1DM patients with an average
duration of symptoms for 4 (1-7) days; this period was
able to reflect the conditions at their onset stage.
Meanwhile, the emerging method of multiple parameters’
detection has been used for convenient and accurate mea-
surement of comprehensive cytokines, which can better
mirror the onset stage cytokine profile of type 1 diabetes.

However, the present study had some limitations. First,
this was a single-center, cross-sectional study, with
a relatively small sample size because the prevalence of
FT1DM was relatively low. Further study with expansion
of the sample size is needed for verification. Second, since
levels of indicators such as CRP and leukocyte may change
in the later stage of the disease, and the average duration of
symptoms in the enrolled FT1DM patients was 4 (1-7) days,
the Neu%/Lc% ratio was suitable only for early differentia-
tion between FT1DM and TIADM and in their diagnosis,
while a suitable indicator for the later course needs further
study. Moreover, further characterization of the T cell popu-
lations via intracellular cytokine staining and/or ELISPOT to
assess true precursor frequency and phenotype of the cyto-
kine expressing T cell population in NGT and type 1 diabetic
population is needed for verification.

Conclusion

This study suggested the important role of cytokines in the
early-onset phase of type 1 diabetes. Moreover, this study,
for the first time, reported that FTIDM and T1ADM
shared a similar cytokine profile, and FT1DM patients
had significantly higher CRP level and leukocytes, with
a remarkable increase in Neu% and a simultaneously
decrease in Lc%. These findings suggest that FT1DM
may have more rapid onset and occur as a more severe
special subtype of type 1 diabetes. The Neu%/Lc% ratio
may be a simple parameter for early differentiation and
diagnosis of FTIDM and TIADM.
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