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ABSTRACT

Aims: To evaluate the effect of short-term intensive insulin therapy on circulating T cell
subpopulations in patients with newly diagnosed type 2 diabetes mellitus (T2DM).
Methods: A total of 113 patients with T2DM and 28 normal subjects were enrolled. Demo-
graphic parameters and biochemical markers were collected at baseline, and flow cytome-
try was applied to determine the proportion of T cell subpopulations in participants. Then
the patients underwent continuous subcutaneous insulin injection (CSII) treatment with
euglycemia for 2 weeks, and the T cell subpopulations were measured again after CSII
treatment.
Results: Compared with normal subjects, the proportion of Th1 cells and the ratio of Th1/
Th2 increased, the proportion of Treg cells decreased in patients with T2DM (p < 0.05 for
all). The ratio of Th1/Th2 was positively correlated with glycosylated hemoglobin Alc
(HbA1c) and negatively correlated with high density lipoprotein cholesterol (HDL-C). Fur-
thermore, there were negative associations between the proportion of Treg cells and fasting
plasma glucose, HbAlc, triglyceride, low density lipoprotein cholesterol, and positive asso-
ciation between the proportion of Treg cells and HDL-C. After CSII treatment, the propor-
tion of Th1 cells and the ratio of Th1/Th2 decreased (p < 0.05 for both), the proportion of
Treg cells increased in patients with T2DM (p < 0.05).
Conclusions: Short-term intensive insulin therapy could modulate circulating T cell subpop-
ulations in patients with T2DM, which might alleviate inflammatory responses caused by
hyperglycemia.
This study was registered with ChiCTR-OPN-17010405.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Type 2 diabetes mellitus (T2DM) was described as a chronic
low-grade inflammatory disease, characterized by increased
circulating inflammatory cytokines and acute phase proteins
that could contribute to systemic metabolic dysfunctions [1].
It was reported that pro-inflammatory cytokines, such as
tumor necrosis factor-f (TNF-), interleukin-2 (IL-2), and
interferon-y (IFN-y), could activate intracellular transduction
cascades that interfere with insulin signaling, and anti-
inflammatory cytokines, such as interleukin-4 (IL-4) and
interleukin-10 (IL-10), could increase insulin sensitivity [2-4].
Early studies on inflammatory regulation of diabetes focused
on innate immunity, macrophages were the major inflamma-
tory cell type in the glucose-utilizing tissues, such as liver and
adipose tissue [5,6]. Recently, growing emphasis was placed
on adaptive immune. It was believed that T cell subpopula-
tions played a crucial role in the development of T2DM and
its related complications [7].

Early short-term intensive insulin therapy was an effective
strategy for patients with T2DM, which could improve glyce-
mic control, preserve f cell function, and even prevent dia-
betic complications [8]. Despite these promising results, the
data from published research was insufficient to reflect the
changes of pathophysiology in patients with this therapy, par-
ticularly for the immune system. Our previous study found
that insulin treatment had an anti-inflammatory effect in
patients with newly diagnosed T2DM, which was indepen-
dent of the reduction in blood glucose [9].

In order to elucidate the effects of insulin treatment on
immune response, we evaluated the difference of circulating
T cell subpopulations between patients with T2DM and nor-
mal subjects, and the effect of short-term intensive insulin
therapy on circulating T cell subpopulations in patients with
T2DM.

2. Patients and methods

2.1.  Subjects

Patients with newly diagnosed T2DM were recruited in this
study from the department of endocrinology and metabolism
in Nanjing First Hospital between February 2016 and Decem-
ber 2017. T2DM was diagnosed in accordance with the WHO
diagnostic criteria (1999) [10], and all patients never took
anti-hyperglycemic therapy. In order to evaluate the effect
of short-term intensive insulin therapy on circulating T cell
subpopulations in patients with different blood glucose
levels, we expanded the inclusion criteria of HbAlc. In the
premise of ensuring patient safety, we included patients with
hemoglobin Alc (HbAlc) > 7%. The key exclusion criteria were
severe hepatic or renal dysfunction, acute diabetic complica-
tions, infections requiring antibiotic treatment, autoimmune
disease, recent trauma or surgery, and taken systemic corti-
costeroids or any other drugs which might influence immune
system in the last 3 months. Moreover, 28 age-matched sub-
jects with normal blood glucose, lacked family history of

T2DM as well as no clinical diagnosed diseases were recruited
as control. The protocol and informed consent document
were approved by the ethics committee of Nanjing First
Hospital, and all participants gave written informed consent.

2.2. Study design

All the enrolled patients were admitted to hospital. During
the admission assessment of patients and the first visit of
control participants, height, weight, and blood pressure were
measured by trained and certified nurse using standard pro-
tocols and techniques. Body mass index (BMI) was calculated
as weight divided by the square of height (kg/m?).

During the study period, all patients were given diet and
exercise instructions, and received continuous subcutaneous
insulin injection (CSII) of insulin aspart (Novo Nordisk, Bags-
vaerd, Denmark) via Medtronic insulin pumps (Northridge,
CA). Initial insulin doses were calculated as 0.4-0.5IU/kg
and were equally administered as basal and bolus injection.
Insulin doses were subsequently titrated by the treating
physician according to blood glucose values obtained by
self-monitoring. The capillary blood glucose values were
monitored at 7 time-points: 07:00, 09:00, 11:00, 13:00, 17:00,
19:00, and 22:00, respectively. The glycemic target were
defined as fasting blood glucose levels of less than
6.1 mmol/L and blood glucose at 2 h after each of three meals
of less than 8.0 mmol/L [8], and the rate of glycemic target
achievement should >75%. After the glycemic target was
achieved, CSII treatment was maintained for 2 weeks. In addi-
tion, patients with a history of hypertension or dyslipidemia
were told to continue taking their drugs.

2.3.  Laboratory analyses

After an overnight fast, fasting blood samples were collected
for the measurement of fasting plasma glucose (FPG), glycosy-
lated serum protein (GSP), HbAlc and lipid profiles in all par-
ticipants before treatment. Fasting blood samples were also
collected for the measurement of these biochemical markers
in all T2DM patients at the end of treatment (24-hour after
insulin cessation). The blood glucose level was assessed by
glucose oxidase method using an automatic biochemistry
analyzer (HITACHI-7180, Tokyo, Japan), fasting and postpran-
dial capillary blood glucose was monitored by blood glucose
meter (OneTouch® UltraVue™, Johnson, USA), HbAlc was
measured by high-pressure liquid chromatography (BIO-RAD
D-10™, California, USA), and lipid profiles were assessed by
enzymatic colorimetric assay using an automatic biochem-
istry analyzer (HITACHI-7180, Tokyo, Japan). All these tests
were done in the clinical laboratory of Nanjing First Hospital.

2.4.  Flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized blood by Ficoll-Hypaque density gradient
separation. Immuno-phenotype of the PBMCs was performed
by a BD FACSCcanto™ II flow cytometer (BD Biosciences, USA)
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with BD FACSDiva™ software v6.1.2 (BD Biosciences, USA) for
data evaluation. PBMCs were washed and stained, then four
color flow cytometry analysis was performed. CD8" T cells
were stained with anti-CD3-APC and anti-CD8-PE-Cy7 anti-
bodies, Thl cells were stained with anti-CD4-PerCP-Cy5-5
and anti-IFN-y-FITC antibodies, Th2 cells were stained with
anti-CD4-PerCP-Cy5-5 and anti-IL-4-PE antibodies, and Treg
cells were stained with anti-CD4-FITC, anti-CD25-PE and
anti-FOXP3-APC antibodies. All the antibodies used in Flow
cytometry analysis were purchased from BD Biosciences
(San Diego, CA, USA).

2.5.  Statistical analyses

All analyses were conducted using SPSS 22.0. All variables
were tested for normal distribution of the data. Data are pre-
sented as means +standard error (SE), or as median and
interquartile range (IQR). Differences between the groups
examined using the student’s unpaired t-test or Mann-
Whitney U test. Spearman analysis in non-parametric vari-
ables were performed to identify the clinical and metabolic
parameter that correlate with the T cell subpopulations. All
comparisons were 2-sided at the 5% significance level. P
value < 0.05 was considered to be statistically significant.

3. Results

3.1. Baseline characteristics

The study population consisted of 113 patients with T2DM
and 28 normal subjects (see Fig. 1). There were no significant
differences in age, gender, diastolic blood pressure (DBP), total
cholesterol (TC) between the T2DM and control groups
(p > 0.05 for all). However, compared with control group, the

levels of BMI, systolic blood pressure (SBP), FPG, HbAlc,
triglyceride (TG), and low density lipoprotein cholesterol
(LDL-C) increased, and the level of HDL-C decreased in
patients with T2DM (all p < 0.05) (Table 1).

3.2.  The distribution of T cell subpopulations in patients
with T2DM

The proportions of T cell subpopulations in the peripheral
blood were evaluated by flow cytometry. And compared with
control group, the proportion of Thl cells and the ratio of
Th1/Th2 increased, the proportion of Treg cells decreased in
patients with T2DM (p < 0.05 for all) (Fig. 2).

3.3.  The relationship between T cell subpopulations and
clinical parameter

Spearman’s rank correlation analysis revealed a positive cor-
relation between the ratio of Th1/Th2 and HbAlc (r =0.221,
p=0.008), and a negative correlation between the ratio of
Th1/Th2 and HDL-C (r = —0.202, p = 0.016). Furthermore, neg-
ative associations between the proportion of Treg cells and
FPG (r=—-0.370, p<0.001), HbAlc (r=—-0.395, p<0.001), TG
(r=-0.452, p <0.001), LDL-C (r = —0.381, p < 0.001), and posi-
tive association between the proportion of Treg cells and
HDL-C (r = 0.189, p = 0.023) were observed (Fig. 3).

3.4. Regression analysis of associations between T cell
subpopulations and clinical parameter

To confirm the factors which influenced T cell subpopula-
tions, multiple stepwise regression analysis was applied to
the data from all subjects. With the ratio of Th1/Th2 and
the proportion of Treg cells as dependent variable, age,

assessed for eligibility

120 patients with T2DM and 30 normal subjects

5 patients with T2DM and 2 normal

subjects did not meet inclusion criteria

isolated for flow cytometry analysis

Fasting blood samples were collected from 115
patients and 28 normal subjects, and PBMC were

v

weeks

115 patients with T2DM received CSII treatment for 2

2 patients with T2DM did not achieve

glycemic target

113 patients with T2DM completed study

Fig. 1 - Trial profile.
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Table 1 - Clinical characteristics of patients with T2DM and normal subjects.

T2DM (n = 113)

Normal (n = 28)

Age, years 60.2+12.4 56.2 +10.0

Gender, male/female 68/45 15/13

BMI, kg/m? 24.71+4.25" 22.93+2.18

SBP, mmHg 130.00 (120.00, 140.00)" 120.00 (110.00, 125.75)
DBP, mmHg 80.00 (72.00, 80.00) 80.00 (70.00, 88.75)
FPG, mmol/L 7.70 (6.20, 9.90)" 5.09 (4.69, 5.35)
HbA1lc, % 9.30 (8.30, 10.0)" 5.00 (4.40, 5.40)

TC, mmol/L 4.15 (2.88, 5.01) 4.47 (3.87, 4.96)

TG, mmol/L 2.38 (1.47, 3.60)" 1.19 (0.99, 1.28)
LDL-C, mmol/L 2.54 (1.93, 2.99) 2.22 (1.75, 2.60)

HDL-C, mmol/L

CD3*CDS8"* T cells, %

Th1 cells, %

Th2 cells, %

Th1/Th2 ratio

Treg cells, %

Medication for dyslipidemia, %
Medication for hypertension, %

1.32 (1.11, 1.70)"
32.96 (25.00, 40.65)
20.70 (16.20, 28.15)"
1.20 (0.90, 1.60)
17.81 (13.30, 23.02)"
0.80 (0.50, 1.10)"
20.35 (23/90)

28.31 (32/81) -

1.36 (1.21, 1.52)
34.50 (27.47, 40.25)
16.30 (14.22, 21.55)
1.40 (0.92, 1.70)
13.47 (9.97, 16.26)
2.25 (1.52, 3.00)

Abbreviation: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAlc, hemo-
globin Alc; TG, total cholesterol; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; Th1
cells, type 1 T help cells; Th2, type 2 T help cells. *, p < 0.05 vs. control participants; p < 0.01 vs. control participants.

gender, BMI, SBP, DBP, FPG, HbAlc, TC, TG, LDL-C and HDL-C
as independent variable, multiple stepwise regression analy-
sis revealed a significant positive association between the
ratio of Th1/Th2 and HbAlc (p = 0.018), and a negative associ-
ation between the proportion of Treg cells and TG (p = 0.043)
(Table 2).

3.5.  The changes of T cells subpopulations in T2DM after
CSII treatment

After 2 weeks of CSII treatment, a significant reduction of FPG
and GSP were observed in patients with T2DM (p < 0.05 for
all). Moreover, CSII treatment could decrease the proportion
of Th1 cells and the ratio of Th1/Th2 (p < 0.05 for all), increase
the proportion of Treg cells in patients with T2DM (p < 0.05)
(Table 3).

3.6. Comparison of T cells subpopulations between groups
with different HbA1lc levels

According to HbA1lc levels, all diabetic patients were divided
into two groups: HbAlc < 9% and HbAlc > 9%. An increased
trend in Th1 cells were found in patients with HbAlc > 9%
compared with HbAlc<9% (p <0.05). After CSII treatment,
the proportion of Treg cells increased in patients with
HbAlc<9% (p<0.05). While in patients with HbAlc > 9%,
aside from the proportion of Treg cells increased, the propor-
tion of Thl cells significantly decreased (p<0.05 for all)
(Table 4).

4, Discussion

In the present study, we found an imbalance of Th1, Th2 and
Treg cells in patients with T2DM compared with health sub-
jects, which were associated with glucose-lipid metabolism

disorder. For the first time we found that after 2 weeks of CSII
treatment, the imbalance of Th1, Th2 and Treg cells could be
rebuilt with the improvement of glycemic control in patients
with newly diagnosed T2DM.

CD4" T cells could be divided into pro-inflammatory Thi,
Th17, and anti-inflammatory Th2 and Treg subtypes based
on their functionality and cytokine production [11]. Once acti-
vated, Thl and Th2 cells showed many inflammatory fea-
tures, such as releasing large amount of cytokines.
Specifically, Thil cells produce IFN-y and TNF-p, trigger cell
mediated immunity, which promote inflammatory process
and insulin resistance in metabolic organs, such as adipose
tissue, liver, and muscle [12-14]. In contrast, Th2 cells produce
IL-4 and IL-13, which could attenuate adipose tissue inflam-
mation, maintain adipose tissue metabolic functions [15].
Treg cells are involved in preventing excessive inflammatory
responses and limiting tissue impairment by controlling
immune cell activation and producing anti-inflammatory
cytokines, such as IL-10 and transforming growth factor-p
(TGF-B) [16]. It was reported that Th1 cells increased in adi-
pose tissue and peripheral blood of patients with T2DM, and
were correlated with insulin resistance [17]. While the
amount of Treg cells decreased in patients with T2DM [18].

After 2 weeks of CSII treatment, we found that a signifi-
cant improvement of glycemic control could be achieved in
patients with newly diagnosed T2DM. Following with the
improvement of glycemic control, the proportion of Th1 cells
and the ratio of Th1/Th2 decreased, the proportion of Treg
cells increased in patients with T2DM. These results showed
that short-term intensive insulin therapy could improve gly-
cemic control and modulate immune system imbalance.
After stratified by HbAlc, only the proportion of Treg cells
increased with statistical significance in patients with low
HbA1lc; while in patients with high HbA1lc, the proportion of
Th1 cells decreased, and the proportion of Treg cells increased
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Fig. 2 - Representative FACS dot-plots used for the quantification of T cell subpopulations. PBMCs were stained with anti -
CD4 - PerCP - Cy5 - 5, anti - CD25 - PE, anti - FOXP3 - APC, anti - IL - 4 - PE and anti - INF - y - FITC. Th1 cells were defined as
CD4" IFN - y* cells in control subjects (A), patients with T2DM (B), and patients with T2DM after CSII treatment (C), Th2 cells
were defined as CD4" IL - 4" cells in control subjects (D), patients with T2DM (E), and patients with T2DM after CSII treatment
(F), and Tregs cells were defined as CD4" CD25* FOXP3" cells in control subjects (G), patients with T2DM (H), and patients with

T2DM after CSII treatment (I).

after CSII treatment. Treg cells could inhibit the inflammatory
response by various pathways, such as surpassing cytokine
secretion, modulating the microenvironment and changing
the expression of surface receptors [19]. In diet-induced obe-
sity and T2DM rodent models, induction of Treg cells could
significantly mitigated inflammation and autoimmune reac-
tions, improve insulin sensitivity, lower blood glucose, ame-
liorate metabolic and cytokine abnormalities, and reduce
end-organ complications [20,21]. Our research indicated that
there were immunomodulatory effects with short-term inten-
sive insulin therapy, which might bring more benefits, such as
attenuated tissue impairment.

The mechanisms underlying the immunomodulatory
effects of short-term intensive insulin therapy remained
unclear. It was reported that hyperglycemia activate inflam-
matory pathways and induce intracellular oxidative stress,
intensive insulin therapy could reverse hyperglycemia more
quickly, suppress the production of reactive oxygen species
(ROS) [22,23]. Intensive insulin therapy also increase the
release of anti-inflammatory cytokines and upregulate mRNA

expression of anti-inflammatory signal transcription factors
[24,25]. Moreover, insulin resistance and dyslipidemia promote
the release of inflammatory cytokines, which was related to
the inflammatory responses in patients with diabetes, and
intensive insulin therapy was associated with the improve-
ment of dyslipidemia and insulin resistance [26-28]. Addition-
ally, in our previous study, insulin treatment in newly
diagnosed type 2 diabetes was associated with a significantly
decreased of inflammatory markers, such as high-sensitivity
C-reactive protein (hs-CRP) and interleukin-6 (IL-6), indicated
that insulin treatment also had anti-inflammatory effects [9].

In conclusion, immune system imbalance were related to
glucose-lipid metabolism disorder in patients with T2DM.
Short-term intensive insulin therapy rebuilt the balance of
immune cells in patients with T2DM. However, the mecha-
nisms of short-term intensive insulin therapy in
immunomodulatory should be further evaluated, and large
scale, randomized prospective studies will be warrant to con-
firm the influence of short-term intensive insulin therapy on
T cells in patients with T2DM.
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Fig. 3 - Linear correlation between different T cell subpopulations and clinical parameter. The relationship between the ratio
of Th1/Th2 and HbA1c (A), HDL - C (B). The relationship between the proportion of Treg cells and FPG (C), HbA1c (D), TG (E),
LDL - C (G), HDL - C (H).

Table 2 - Multiple regression analysis between T cell subtypes and correlative variables.

Dependent variable Independent variable B SE B t P 95%CI for B
Th1/Th2 ratio HbAlc 1.459 0.608 0.222 2.401 0.018 0.255-2.663
Treg cells TG —0.063 0.031 —-0.191 —2.045 0.043 —0.123 to —0.002

Abbreviation: 4, the difference between before and after CSII treatment; GSP, glycosylated serum protein.
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Table 3 - Clinical characteristics of patients with T2DM before and after CSII treatment.

After CSII treatment

Baseline
FPG, mmol/L 7.70 (6.20, 9.90)
GSP, umol/L 353.04 (295.38, 400.31)

CD3 + CD8 + T cells
Th1 cells, %

Th2 cells, %
Th1/Th2 ratio

Treg cells, %

32.96 (25.00, 40.65)
20.70 (16.20, 28.15)
1.20 (0.90, 1.60)
17.81 (13.30, 23.02)
0.80 (0.50, 1.10)

6.17 +1.00"

338.04 (300.00, 372.17)"
31.20 (30.74, 32.90)"
18.10 (16.80, 21.50)"
1.39 (1.00, 1.50)

14.75 (11.93, 20.66)°
1.10 (1.00, 1.20)"

Abbreviation: FPG, fasting plasma glucose; GSP, glycosylated serum protein; Th1 cells, type 1 T help cells; Th2, type 2 T help cells. *p < 0.05 vs.

baseline; "p < 0.01 vs. baseline.

Table 4 — The T cell subpopulations between groups with different HbA1lc levels.

HbAlc < 9% HbAlc > 9%

Baseline After CSII treatment Baseline After CSII treatment
FPG, mmol/L 6.95 (6.20, 8.95) 6.00 (5.40, 6.20)" 7.90 (5.90, 10.75) 6.20 (5.45, 7.15)"
GSP, umol/L 316.96 (289.92, 356.72) 324.87 (387.33, 353.62) 366.46 (303.57, 427.38)# 345.95 (317.89, 376.13)

CD3* CD8" T cells, %
Th1 cells, %

Th2 cells, %
Th1/Th2 ratio

Treg cells, %

34.65 (26.55, 44.60)
19.25 (14.55, 25.67)
1.00 (0.80, 1.35)
17.84 (14.40, 22.77)
0.80 (0.52, 1.05)

31.41 (30.82, 35.98)
18.57 (16.82, 22.00)
1.38 (1.00, 1.50)

15.90 (12.20, 20.44)
1.06 (0.99, 1.17)

30.70 (24.70, 39.65) 31.08 (30.40, 31.67)
22.50 (18.50, 22.95)* 17.88 (16.77, 21.50)"
1.35 (1.00, 1.75) 1.40 (1.05, 1.50)
17.81 (13.03, 23.96) 14.17 (11.66, 23.12)

. wx

0.85 (0.50, 1.10) 1.10 (1.00, 1.25)

Abbreviation: FPG, fasting plasma glucose; GSP, glycosylated serum protein; Th1 cells, type 1 T help cells; Th2, type 2 T help cells. *, p < 0.05 vs.

baseline; “p < 0.01 vs. baseline; #p < 0.05 vs. HbAlc < 9% group.

Acknowledgments

Funding: No funding or sponsorship was received for this
study or publication of this article.

Authorship: All named authors meet the International
Committee of Medical Journal Editors (ICMJE) criteria for
authorship for this article, take responsibility for the integrity
of the work as a whole, and have given their approval for this
version to be published.

Disclosures: The authors declare that they have no conflict
of interest.

Compliance with ethics guidelines: All procedures performed
in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Informed consent was obtained from all individual partici-
pants included in the study.

Data availability: The datasets generated during and/or
analyzed during the current study are available from the cor-
responding author on reasonable request.

Thanking participants: We thank the participants for their
involvement in the study.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.diabres.2019.02.007.

REFERENCES

[1] Asghar A, Sheikh N. Role of immune cells in obesity induced
low grade inflammation and insulin resistance. Cell Immunol
2017;315:18-26.

[2] Navarro JF, Mora C. Diabetes, inflammation, proinflammatory
cytokines, and diabetic nephropathy. Sci World J
2006;6:908-17.

[3] Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in

inflammation and metabolic disease. Nat Rev Immunol

2011;11:85-97.

Odegaard JI, Ricardo-Gonzalez RR, Goforth MH, Morel CR,

Subramanian V, Mukundan L, et al. Macrophage-specific

PPARgamma controls alternative activation and improves

insulin resistance. Nature 2007;447:1116-20.

[5] Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, et al.

Chronic inflammation in fat plays a crucial role in the

development of obesity-related insulin resistance. J Clin

Invest 2003;112:1821-30.

Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL,

Ferrante Jr AW. Obesity is associated with macrophage

accumulation in adipose tissue. ] Clin Invest

2003;112:1796-808.

[7] Xia C, Rao X, Zhong J. Role of T Lymphocytes in Type 2
Diabetes and diabetes-associated inflammation. ] Diabetes
Res 2017;2017:6494795.

[8] Weng ], Li Y, Xu W, Shi L, Zhang Q, Zhu D, et al. Effect of
intensive insulin therapy on beta-cell function and glycaemic
control in patients with newly diagnosed type 2 diabetes: a
multicentre randomised parallel-group trial. Lancet
2008;371:1753-60.

[4

[6


https://doi.org/10.1016/j.diabres.2019.02.007
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0005
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0005
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0005
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0010
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0010
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0010
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0015
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0015
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0015
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0020
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0020
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0020
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0020
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0025
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0025
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0025
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0025
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0030
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0030
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0030
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0030
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0035
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0035
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0035
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0040
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0040
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0040
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0040
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0040

114 DIABETES RESEARCH AND CLINICAL PRACTICE I49 (2019) I07-114

[9] Mao XM, Liu H, Tao X], Yin GP, Li Q, Wang SK. Independent
anti-inflammatory effect of insulin in newly diagnosed type 2
diabetes. Diabetes Metab Res Rev 2009;25:435-41.

[10] Metcalf PA, Scragg RK. Comparison of WHO and ADA criteria
for diagnosis of glucose status in adults. Diabetes Res Clin
Pract 2000;49:169-80.

[11] Raphael I, Nalawade S, Eagar TN, Forsthuber TG. T cell
subsets and their signature cytokines in autoimmune and
inflammatory diseases. Cytokine 2015;74:5-17.

[12] Surendar J, Mohan V, Rao MM, Babu S, Aravindhan V.
Increased levels of both Th1 and Th2 cytokines in subjects
with metabolic syndrome (CURES-103). Diabetes Technol
Ther 2011;13:477-82.

[13] Kintscher U, Hartge M, Hess K, Foryst-Ludwig A, Clemenz M,
Wabitsch M, et al. T-lymphocyte infiltration in visceral
adipose tissue: a primary event in adipose tissue
inflammation and the development of obesity-mediated
insulin resistance. Arterioscler Thromb Vasc Biol
2008;28:1304-10.

[14] Zeyda M, Huber J, Prager G, Stulnig TM. Inflammation
correlates with markers of T-cell subsets including regulatory
T cells in adipose tissue from obese patients. Obesity (Silver
Spring, Md) 2011;19:743-8.

[15] Wensveen FM, Valentic S, Sestan M, Turk Wensveen T, Polic B.
The, “Big Bang” in obese fat: Events initiating obesity-
induced adipose tissue inflammation. Eur ] Immunol
2015;45:2446-56.

[16] Dominguez-Villar M, Hafler DA. Regulatory T cells in
autoimmune disease. Nat Immunol 2018.

[17] McLaughlin T, Liu LF, Lamendola C, Shen L, Morton J, Rivas H,
et al. T-cell profile in adipose tissue is associated with insulin
resistance and systemic inflammation in humans.
Arterioscler Thromb Vasc Biol 2014;34:2637-43.

[18] Jagannathan-Bogdan M, McDonnell ME, Shin H, Rehman Q,
Hasturk H, Apovian CM, et al. Elevated proinflammatory
cytokine production by a skewed T cell compartment
requires monocytes and promotes inflammation in type 2
diabetes. ] Immunol (Baltimore, Md : 1950) 2011;186:1162-72.

[19] Guzman-Flores JM. Portales-Perez DP [Mechanisms of
suppression of regulatory T-cells (Treg)]. Gac Med Mex
2013;149:630-8.

[20] Tlan Y, Maron R, Tukpah AM, Maioli TU, Murugaiyan G, Yang
K, et al. Induction of regulatory T cells decreases adipose
inflammation and alleviates insulin resistance in ob/ob mice.
Proc Natl Acad Sci USA 2010;107:9765-70.

[21] Eller K, Kirsch A, Wolf AM, Sopper S, Tagwerker A, Stanzl U,
et al. Potential role of regulatory T cells in reversing obesity-
linked insulin resistance and diabetic nephropathy. Diabetes
2011,;60:2954-62.

[22] Fiorentino TV, Prioletta A, Zuo P, Folli F. Hyperglycemia-
induced oxidative stress and its role in diabetes mellitus
related cardiovascular diseases. Curr Pharm Des
2013;19:5695-703.

[23] Lee Y, Fluckey JD, Chakraborty S, Muthuchamy M.
Hyperglycemia- and hyperinsulinemia-induced insulin
resistance causes alterations in cellular bioenergetics and
activation of inflammatory signaling in lymphatic muscle.
Faseb ] 2017;31:2744-59.

[24] Nekoua MP, Fachinan R, Atchamou AK, Nouatin O,
Amoussou-Guenou D, Amoussou-Guenou MK, et al.
Modulation of immune cells and Th1/Th2 cytokines in
insulin-treated type 2 diabetes mellitus. Afr Health Sci
2016;16:712-24.

[25] Ghanim H, Korzeniewski K, Sia CL, Abuaysheh S, Lohano T,
Chaudhuri A, et al. Suppressive effect of insulin infusion on
chemokines and chemokine receptors. Diabetes Care
2010;33:1103-8.

[26] Zhang B, Chen YY, Yang ZJ, Wang X, Li GW. Improvement in
insulin sensitivity following intensive insulin therapy and
association of glucagon with long-term diabetes remission. J
Int Med Res 2016;44:1543-50.

[27] Yan BG, Ren XB, Zhao XD, Li H, Liu W, Zhao WF. Influence of
intensive insulin therapy on insulin resistance of patients
with severe burn or trauma. Zhonghua shao shang za zhi =
Zhonghua shaoshang zazhi = Chin J Burns 2013;29:181-4.

[28] Feitosa AC, Feitosa-Filho GS, Freitas FR, Wajchenberg BL,
Maranhao RC. Lipoprotein metabolism in patients with type
1 diabetes under intensive insulin treatment. Lipids Health
Dis 2013;12:15.


http://refhub.elsevier.com/S0168-8227(18)31623-1/h0045
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0045
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0045
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0050
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0050
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0050
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0055
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0055
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0055
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0060
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0060
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0060
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0060
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0065
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0070
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0070
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0070
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0070
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0075
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0075
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0075
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0075
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0075
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0080
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0080
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0085
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0085
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0085
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0085
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0090
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0090
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0090
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0090
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0090
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0095
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0095
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0095
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0100
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0100
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0100
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0100
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0105
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0105
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0105
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0105
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0110
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0110
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0110
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0110
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0115
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0115
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0115
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0115
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0115
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0120
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0120
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0120
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0120
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0120
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0125
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0125
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0125
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0125
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0130
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0130
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0130
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0130
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0135
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0135
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0135
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0135
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0140
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0140
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0140
http://refhub.elsevier.com/S0168-8227(18)31623-1/h0140

	The effect of short-term intensive insulin therapy on circulating T cell subpopulations in patients with newly diagnosed type 2 diabetes mellitus
	1 Introduction
	2 Patients and methods
	2.1 Subjects
	2.2 Study design
	2.3 Laboratory analyses
	2.4 Flow cytometry analysis
	2.5 Statistical analyses

	3 Results
	3.1 Baseline characteristics
	3.2 The distribution of T cell subpopulations in patients with T2DM
	3.3 The relationship between T cell subpopulations and clinical parameter
	3.4 Regression analysis of associations between T cell subpopulations and clinical parameter
	3.5 The changes of T cells subpopulations in T2DM after CSII treatment
	3.6 Comparison of T cells subpopulations between groups with different HbA1c levels

	4 Discussion
	ack17
	Acknowledgments
	Appendix A Supplementary material
	References


