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ABSTRACT

Aims: We investigated the relationships between control of glycemia and the frequencies
of immune cell subpopulations and also the profile of circulating T cell cytokines in
insulin-treated persons with type 1 diabetes (T1D).
Methods: Clinical data and blood samples were collected from two groups of persons with
T1D exhibiting either adequate (AGC) or inadequate glycemic control (IGC), as well as from
individuals without diabetes considered as a control group. Serum cytokine levels and
immune cell subpopulation frequencies were determined.
Results: Irrespective of their capacity to control glycemia, the percentages of effector CD4*
T-cells and CD19* B-cells were higher in persons with T1D than in controls, whilst mono-
cytes were significantly more frequent in those with IGC than in controls. The overall fre-
quencies of CD4" T-cells, CD8" T-cells and Foxp3*CD4"CD25" regulatory T-cells did not
differ between the three groups. The serum levels of IL-2 and IFN-y were lower in both
groups with T1D compared to controls, whilst the level of IL-4 did not differ. The level of
IL-10 was significantly lower in those with AGC compared to controls.
Conclusion: Our study shows that insulin treatment is associated with a Th2-biased sys-
temic immune phenotype in persons with T1D, reflected by a high proportion of effector
CD4" T cells and CD19" B cells and a down-regulation of Thl-type serum cytokines.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Type 1 diabetes (T1D) is a chronic T lymphocyte-mediated
autoimmune disease that results in the destruction and loss
of functional insulin-producing pancreatic islet beta cells
[1]. The pathogenesis of T1D relies on the interaction between

* Corresponding author.

a genetic predisposition, immune system modulation, and
environmental factors such as drugs, toxins, nutrients and
viruses [2]. There is evidence that functional changes and
alterations in lymphocyte and cytokine profiles are implicated
in T1D onset and progression [3-5]. Indeed, in the early phase
of the disease, T1D is characterized by islet inflammation
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with a predominance of activated immune-cell infiltration
including CD4" T cells, B cells, natural killer cells, and macro-
phages, and a release of inflammatory mediators, especially
proinflammatory T helper 1 (Thl) cell-derived cytokines, all
contributing to B-cell apoptosis [6]. The pathological mecha-
nisms that trigger the loss of self-tolerance between f-cell
antigens and auto-reactive T-cells are not fully elucidated.
However, it is well known that the destruction of insulin-
secreting pancreatic beta cells in T1D that leads to insulin
deficiency induces a set of metabolic disorders including
hyperglycemia and dyslipidemia.

Chronic hyperglycemia has been shown to enhance proin-
flammatory cytokines production and to increase susceptibil-
ity to infections related to impairment of the innate immune
cell functions such as monocytes, macrophages and polymor-
phonuclear neutrophils [7-12]. It is also associated with the
development of several micro and macrovascular complica-
tions due to a proinflammatory state and to various biochem-
ical mechanisms, leading to overproduction of reactive
oxygen species and tissue damage [13,14].

The benefits of insulin therapy for glycemic control in
delaying or reducing long-term T1D complications, morbidity
and mortality, are well-documented [15,16]. In fact, insulin
has been shown to exert its therapeutic effects by improving
the anabolism of glucose, proteins and lipids, thereby pre-
venting the deleterious effects of hyperglycemia. Thus, insu-
lin therapy for T1D promotes an anti-inflammatory state
through the reduction of proinflammatory cytokines and
reactive oxygen species, and conversely, the increase of
anti-inflammatory cytokines [17-20]. Moreover, many in-
vitro studies have shown that insulin can induce a systemic
anti-inflammatory response via modulation of proliferation,
differentiation, metabolism and immune functions of neu-
trophils, monocytes, macrophages, effector and regulatory T
cells [20-22]. However, it remains unclear whether glycemic
control can modulate, in-vivo, the pattern of immune cell
subtypes of T1D patients treated with insulin.

Thus, the aim of the present study was to investigate the
effect of glycemic control on the frequencies of leucocytes
subpopulations along with the profile of systemic T-cell
derived cytokines in insulin-treated persons with T1D.

2. Material and methods
2.1.  Subjects and samples

Sixty-five individulas with T1D, aged 12-37years (mean
age = 22.8 + 7.3 years), were recruited at the principal Insulin
Centre of Cotonou (Benin) by specialist clinicians. They were
all long-established diabetes patients (disease duration =7.7
+ 5.6 years) diagnosed according to the criteria of the Ameri-
can Diabetes Association [23] and were all on insulin treat-
ment. After firstly analyzing biochemical data, we were able
to classify persons with T1D into two metabolic groups with
respect to glycemic control: thirty-four exhibited inadequate
glycemic control (IGC), determined by glycated hemoglobin
(HbA1c) equal to or higher than 7.0% and thirty-one showed
adequate glycemic control (AGC) (HbAlc<7.0%) [23,24].
Thirty-six control subjects were recruited and matched for

age, sex, body mass index (BMI), and geographic origin of
those with T1D.

Control individuals had no family history of diabetes and
showed normal fasting glycaemia measured at inclusion. Per-
sons with T1D with neurological or micro- and macro-
vascular complications were excluded from this study. All
participants were non-smokers, had no immunosuppressive
treatment, no significant history of other illness, were not
pregnant, and had no clinical signs of infectious disease. All
tested negative for HIV, hepatitis B, hepatitis C, and Plasmod-
ium falciparum (malaria parasite) infection at inclusion.

The study was carried out in accordance with the Declara-
tion of Helsinki (1964, as revised in Edinburgh 2000). The
study was approved by the Ethical Committee on Research
of the Institute of Applied Biomedical Sciences of Cotonou,
Benin under the number Dec.n°075/CER/ISBA-2015. Subjects
were informed of the study aim and their written consents
were obtained. The privacy rights of human subjects were
observed. Blood samples were collected and treated as we
previously described [25,26].

2.2.  Immune cell phenotyping

Innate and adaptive immune cell characterization was per-
formed as we previously described [25,26]. Briefly, the follow-
ing combinations of monoclonal antibodies (mAbs)
purchased from BD Pharmingen (France) were used to mea-
sure the frequencies of cells in whole blood: anti-CD3-FITC/
anti-CD4-PerCP/anti-CD8-PE/anti-CD25-PE/anti-CD127-FITC/a
nti-Foxp3-APC were used for T cell subset labeling, anti-CD19-
FITC for B lymphocytes, anti-CD16-PE/anti-CD56-APC for NK
cells, anti-CD14-FITC for monocytes, according to the manu-
facturer’s instructions. The stained cells were acquired using
a FACS Calibur flow cytometer and analyzed using Flow]Jo 7.6
software (BD Pharmingen, France). Gating strategies for
immune cell phenotyping are shown in Fig. la-e.

2.3.  Determination of biochemical parameters and serum
cytokine concentrations

Plasma glucose, HbAlc, serum triglycerides, total and HDL-
cholesterol concentrations were determined as we previously
described [26]. Cytokines were quantified in serum samples
by ELISA, using human Th1/Th2 ELISA MAX™ Deluxe set kits
(BioLegend, San Diego, CA, USA), according to the manufac-
turer’s instructions. The minimum detectable concentrations
were 4 pg/mL (standard ranges = 7.8-500 pg/mL) for IL-2 and
IFN-y and 2 pg/mL (standard ranges = 3,9-250 pg/mL) for IL-4
and IL-10.

2.4. Statistical analyses

Data analyses were performed using Graph Pad Prism 6.0
(Graph Pad Inc, CA, USA). The Kruskal-Wallis test, followed
by Dunn’s multiple comparison test, was used to analyze dif-
ferences between the three groups (those with T1D exhibiting
AGC and IGC and the control group). The Mann-Whitney U
test was also used when appropriate. p values < 0.05 were
considered to indicate statistically significant differences.
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Fig. 1 - Cytometry-based gating for definition of immune cell phenotypes. (a) Monocytes (CD14") were gated from
mononuclear population in blood cells. (b) CD4* and CD8* T cells were gated from CD3* lymphocytes. (c) Gating strategies for
regulatory T cells (Treg: CD4"CD25"CD127") and effector T cells (Teff: CD4*CD25*CD127*) and relative Foxp3 expression level
determined as a function of Foxp3 expression by naive CD4"* T cells. (d) NK cells (CD16*CD56") and (e) B cells (CD19*) were

gated from the total lymphocytes.

3. Results

3.1.  Anthropometric and biochemical profiles

The anthropometric and clinical characteristics of the T1D
and control groups are shown in Table 1. There was no signif-
icant difference in age or body mass index (BMI) between the
T1D and control groups (Table 1). In this study, thirty-four per-
sons with T1D exhibited inadequate glycemic control (IGC)
determined by glycated hemoglobin (HbAlc) equal or higher
than 7.0% and thirty-one persons with T1D showed adequate
glycemic control (HbAlc <7.0%) [23,24]. As expected, fasting
glucose levels were higher in the IGC compared to either the
AGC (13.5+2.0mM vs 4.8+1.6mM, p=0.003) or control
groups (13.5+2.0mM vs 4.0 +0.1 mM, p=0.0001) (Table 1).
Although triglyceride levels were normal, both groups with
T1D showed higher levels of triglycerides as compared to con-
trol subjects. Total cholesterol and HDL-cholesterol did not
differ between the groups (Table 1).

3.2 Immune cell profiles in insulin-treated T1D patients
and control subjects

The proportions of effector CD4" T cells (T helper cells, CD4"-
CD25*CD127%), B cells (CD19*) and monocytes (CD14") were
significantly higher in the IGC group compared to controls
(17.6 £3.5% vs 13.5+1.2%, p=0.01; 11.9 £ 3.9% vs 7.7 + 2.0%,
p=0.04 and 9.0+2.1% vs 5.8+24%, p=0.03 respectively)
(Fig. 2c, e and g). The frequencies of effector CD4* T cells
and B cells, but not those of monocytes, were also signifi-
cantly higher in the AGC group compared to controls (19.9
+1.4% vs 13.5+1.2%, p=0.004 and 12.3+2.7% vs 7.7 £ 2.0%,
p = 0.02 respectively) (Fig. 2c and e). On the other hand, there
was no significant difference in the frequencies of effector
CD4* T cells, B cells and monocytes between those with
AGC or IGC (Fig. 2c, e and g). The proportions of CD4" T cells,
CD8* T cells, regulatory T cells (CD4*CD25"CD127 Foxp3™)
and natural killer cells did not differ between the groups with
T1D and controls (Fig. 2a, b, d and f).
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3.3.  Profile of serum cytokines in insulin-treated T1D
patients and control subjects

Serum IL-2, IL-10 and IFN-y levels were significantly lower in
the AGC group compared to controls (6.7 + 2.4 pg/mL vs 23.1
+4.4pg/mL, p=0.013; 4.9+1.6pg/mL vs 11.8+2.5pg/mlL,
p=0.03 and 14.4 +2.9 pg/mL vs 82.7 + 33.8 pg/mL, p =0.029
respectively) whilst the concentration of IL-4 did not differ
between the groups (Table 2). Serum IL-2 and IFN-y levels
were also significantly lower in the IGC group compared to
controls (7.0+ 1.5 pg/mL vs 23.1+4.4pg/mL, p=0.038 and
28.7 + 6.3 pg/mL vs 82.7 + 33.8 pg/mL, p = 0.033 respectively),
whilst IL-4 and IL-10 levels did not differ between the groups.
There was no significant difference in IL-2, IL-4 and IL-10
levels between the two T1D groups, however, serum IFN-y
levels were higher in those with IGC compared to those with
AGC (28.7 + 6.3 pg/mL vs 14.4 + 2.9 pg/mL, p = 0.045) (Table 2).
The ratios of cytokine levels (IL-2/IL-4 and IFN-y/IL-4) dis-
played a trend towards a down-regulation of Th1l cytokines
(IL-2 and IFN-y) in those with T1D as compared to controls
(Table 2).

31 persons with T1D

P value Ctrl vs IGC
no significant difference. Ranges of normal values: Fasting glucose: 3.88-

0.0001
0.0001
0.01
NS

NS

NS
0.01

P value AGC vs IGC

0.003
0.0007

NS
NS
NS
NS
NS
36 control subjects as group without diabetes (Ctrl), n

34 persons with T1D showing inadequate glycemic control (IGC). NS

4, Discussion

P value Ctrl vs AGC

0.04
0.02

NS
NS
NS
NS

The beneficial effect of insulin therapy through regulation
of metabolic mechanisms and immune responses has
been shown to improve glycemic control and reduce the
risk of long-term complications in persons with T1D [14—
16,20,27]. It has been reported that glycemic control may
modulate the immune responses of peripheral blood
mononuclear cells in T1D patients displayed after in-
vitro stimulation [21,28-30]. However, whether glycemic
control can modulate the profiles in-vivo of immune cell
subtypes of those with T1D treated with insulin has not
been determined.

In the present study, we investigated the effect of glycemic
control on the in-vivo pattern of a wide array of immune
parameters (innate and adaptive immune cells and cytokines)
in insulin-treated persons with T1D. We observed that the fre-
quencies both of effector CD4" T cells and of CD19* B cells
were higher in persons with T1D than in controls, regardless
of their capacity to control glycemia, suggesting that blood
sugar levels do not influence the proportion of these cells in
those with T1D. This idea is consistent with the results of pre-
vious studies that demonstrated that lymphocyte prolifera-
tion was increased in those with diabetes, irrespective of
glycemic control [21]. Furthermore, it has been previously
reported that insulin treatment had no effect on CD4* T cell
proliferation [31].

In agreement with previous studies [32-36], no significant
differences were observed in the frequencies of NK cells,
CD4" T cells and regulatory T cells (Foxp3™ T cells) between
those with T1D and matched controls. However, the fact that
the frequencies of effector CD4" T cells significantly increased
while those of regulatory T cells did not change in those with
T1D compared to controls, irrespective of their glycemic con-
trol, may probably be explained by the general impairment of
the immune-suppressive activity of regulatory T cells that has
been described in those with T1D [37,38].

T1D with IGC
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Control subjects (Ctrl)

18/18
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36
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Fig. 2 - Frequencies of peripheral blood immune cell subsets in T1D and control groups. Data shown as box plots representing
medians with 25th and 75th percentiles and whiskers illustrating 10th and 90th percentiles of immune cell subset
frequencies: (a) CD4" T cells, (b) CD8* T cells, (c) effector T cells (CD4*CD25"CD127"), (d) regulatory T cells

(CD4*CD25*CD127 FoxP3"), (e) CD19* B lymphocytes, (f) Natural killer cells and (g) Monocytes from n = 36 control subjects as
group without diabetes, 31 persons with T1D showing adequate glycemic control (AGC) and 34 persons with T1D showing
inadequate glycemic control (IGC). The statistical differences were performed using the nonparametric Kruskal-Wallis test.

*p < 0.05; **p < 0.01.

Clinical and experimental studies support the notion that
T1D is a chronic Thl-mediated autoimmune disease, espe-
cially at its onset [39]. In the present study, the observed
down-regulation of IL-2 and IFN-y in T1D patients is in agree-
ment with previous studies that provided evidence against a
Th1 paradigm in T1D onset and progression [39-43]. Indepen-
dently of glycemic control, we observed that the proportion of
CD19* B cells was increased while Th1l cytokines (IL-2 and
IFN-y) were down-regulated in T1D persons compared with
control subjects. Such observations may clearly be related to
the insulin treatment in these patients. Indeed, several stud-
ies have documented the anti-inflammatory properties of
insulin through downregulation of pro-inflammatory cytoki-
nes and promoting the polarization of effector CD4" T cells
towards a Th2-type response [20,22,26,31,44]. We observed
here also that the IL2/IL-4 and IFN-y/IL-4 (Th1/Th2) ratios
were shifted in favor of IL-4 in those with T1D, regardless of
glycemic control. Taken together, these data were consistent
with a humoral immune response reflected by the activation
and expansion of CD19" B lymphocytes [45,46] observed in
insulin-treated persons with T1D.

In the current study, the high frequencies of CD14" mono-
cytes in those with IGC was in accordance with previous stud-
ies suggesting that activation and expansion of monocytes
was related to hyperglycemia in these patients and to the risk
of developing vascular complications [9,47]. On the other
hand, the proportion of monocytes was not higher in those
with AGC suggesting that glycemic control may be involved
in reducing the expansion and/or deleterious proinflamma-
tory activity of monocytes in these patients, possibly due to
the anti-inflammatory effects of insulin on monocytes
[14,20,22].

As far as the IL-10 levels are concerned, there was no
difference between the groups with T1D, irrespective of
glycemic control, and the control group without diabetes.
The present data support previous studies that showed
that glycemic control did not influence IL-10 produced in
cultured peripheral blood mononuclear cells from those
with diabetes [28,29]. Furthermore, those with AGC had
completely normalized their glycemia but their serum level
of IL-10 was even lower than in the controls. This is in
agreement with a previous report that suggested that insu-
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Table 2 — Serum Th1 (IL-2, IFN-y), Th2 (IL-4) and IL-10 cytokine levels in persons with T1D and control subjects.

Control subjects T1D with AGC T1D with IGC P value P value P value
(Ctrl) Ctrl vs AGC AGC vs IGC Ctrl vs IGC
IFN-y (pg/mL) 82.7 +33.8 14.4+29 28.7+6.3 0.029 0.045 0.033
IL-2 (pg/ml) 23.1+44 6.7+2.4 7.0+15 0.013 NS 0.038
IL-4 (pg/mL) 45+16 2.1£03 25.+04 NS NS NS
IL-10 (pg/mL) 11.8+2.5 49+16 84+33 0.03 NS NS
IL-2/IL-4 (pg/mL) 5.13 3.19 2.8
IFN-v/IL-4 (pg/mL) 18.38 6.86 11.48

Values are means + SEM. n = 36 control subjects as group without diabetes (Ctrl); n = 31 persons with T1D showing adequate glycemic control

(AGC); and n = 34 persons with T1D showing inadequate glycemic control (IGC). NS = no significant difference.

linemia was associated with a reduced systemic level of IL-
10 [48].

As far as the clinical implication of serum T-cell cytokines
and immune cell subpopulation frequencies in T1D is con-
cerned, it is well admitted that metabolic disturbance and
altered immune parameters such as cytokines and immune
cells in the peripheral blood of those with T1D are involved
in the onset and the progression of T1D complications [3-
5,15]. Among these complications, the higher susceptibility
of persons with diabetes to infections has been reported
and has been linked to their defective immune response [7-
10,28,41,49]. In the present study, insulin treatment in T1D
was associated with an anti-inflammatory Th2 profile in-
vivo, associated with high frequencies of effector T cells and
B cells and low levels of Th1l cytokines, suggesting activation
and maintenance of humoral immune responses in those
with T1D. This may offer a degree of protection against cer-
tain extracellular infections and inflammatory diseases. Be
that as it may, the clinical implication of our findings merits
further exploration in new studies.

5. Conclusion

Inadequate glycemic control was associated with a high pro-
portion of monocytes in the peripheral blood of insulin-
treated persons with T1D. Moreover, we observed that glyce-
mic control did not influence the polarisation of effector T
cells in insulin-treated persons with T1D. Indeed, these
patients displayed a Th2-biased immune phenotype with a
high proportion of effector CD4* T cells and CD19" B cells,
and a down-regulation of Th1l serum cytokines, irrespective
of their capacity for glycemic control. Further studies are
required to determine whether the pattern of immunological
parameters in peripheral blood of insulin-treated T1D individ-
uals is related to the anti-inflammatory effects of the insulin
treatment, and whether it can influence the immune
response of such individuals against infections.

Declaration of Competing Interest

All of the authors have nothing to declare as far as the con-
flict of interest is concerned.

Acknowledgements

We thank the University of Abomey-Calavi and the Institute
of Applied Biomedical Sciences (ISBA) under the Ministry of
Higher Education and Research of Benin which sanctioned
the contingent grants to Professor Akadiri Yessoufou for this
work. We also express our sincere thanks to the Centre
d’Etude et de Recherche sur le Paludisme associé a la Gros-
sesse et a 'Enfance and the Institute of Research for Develop-
ment (CERPAGE/UMR216-IRD) who provided with cytometry
platform. We sincerely thank and highly appreciate the con-
tribution of Dr. Adrian J. F. Luty (Department of Medical Micro-
biology, Radboud University Nijmegen Medical centre,
Nijmegen, The Netherland) for having carried out extensive
proof reading of the manuscript and checked the English style
and for his valuable linguistic advice.

Authors contributions

MPN was in charge of major parts of technical aspects of work
and wrote the manuscript. RF and AF participated in the tech-
nical work and contributed to the collection of blood. EKA
contributed to the development of protocol and participated
in the interpretation of data. KM and DH participated in the
manuscript writing. AY designed the study, supervised the
work, participated in the manuscript writing and established
the collaborative aspects. All authors read and approved the
final manuscript.

REFERENCES

Funding

This work was supported by the University of Abomey-Calavi
and the Institute of Applied Biomedical Sciences (ISBA) under
the Ministry of Higher Education and Research of Benin.

[1] Castano L, Eisenbarth GS. Type-I diabetes: a chronic
autoimmune disease of human, mouse, and rat. Annu Rev
Immunol 1990;8:647-79. https://doi.org/10.1146/annurev.

1y.08.040190.003243.



https://doi.org/10.1146/annurev.iy.08.040190.003243
https://doi.org/10.1146/annurev.iy.08.040190.003243

DIABETES RESEARCH AND CLINICAL PRACTICE I57 (20I9) 107868 7

[2] Hober D, Sauter P. Pathogenesis of type 1 diabetes mellitus:
Interplay between enterovirus and host. Nat Rev Endocrinol
2010;6:279-89. https://doi.org/10.1038/nrendo.2010.27.

[3] Boitard C. Pancreatic islet autoimmunity. Press Medicale
2012;Dec;41(12). https://doi.org/10.1016/j.1pm.2012.10.003.

[4] Jaberi-Douraki M, Pietropaolo M, Khadra A. Continuum

model of T-cell avidity: understanding autoreactive and

regulatory T-cell responses in type 1 diabetes. ] Theor Biol

2015. https://doi.org/10.1016/j.jtbi.2015.07.032.

Cieslak M, Wojtczak A, CieSlak M. Role of pro-inflammatory

cytokines of pancreatic islets and prospects of elaboration of

new methods for the diabetes treatment. Acta Biochim Pol

2015. https://doi.org/10.18388/abp.2014 853.

Padgett LE, Broniowska KA, Hansen PA, Corbett JA, Tse HM.

The role of reactive oxygen species and proinflammatory

cytokines in type 1 diabetes pathogenesis. Ann NY Acad Sci

2013;1281:16-35. https://doi.org/10.1111/].1749-
6632.2012.06826.X.

Delamaire M, Maugendre D, Moreno M, Le Goff MC, Allannic

H, Genetet B. Impaired leucocyte functions in diabetic

patients. Diabet Med 1997. https://doi.org/10.1002/(SICI)1096-

9136(199701)14:1<29::AID-DIA300>3.0.CO;2-V.

[8] Shah B, Hux J. Quantifying the risk of infectious diseases for
people with diabetes. Diabetes Care 2003.

[9] Shanmugam N, Reddy MA, Guha M, Natarajan R. High
glucose-induced expression of proinflammatory cytokine
and chemokine genes in monocytic cells. Diabetes 2003.
https://doi.org/10.2337/diabetes.52.5.1256.

[10] Leonidou L, Mouzaki A, Michalaki M, DeLastic AL,
Kyriazopoulou V, Bassaris HP, et al. Cytokine production and
hospital mortality in patients with sepsis-induced stress
hyperglycemia. ] Infect 2007. https://doi.org/10.1016/].
jinf.2007.05.177.

[11] Sun C, Sun L, Ma H, Peng ], Zhen Y, Duan K, et al. The
phenotype and functional alterations of macrophages in
mice with hyperglycemia for long term. J Cell Physiol 2012.
https://doi.org/10.1002/jcp.22891.

[12] Gonzalez Y, Herrera MT, Soldevila G, Garcia-Garcia L, Perez-
Armendariz EM, Fabian G, et al. High glucose concentrations
induce TNF-alpha production through the down-regulation
of CD33 in primary human monocytes. BMC Immunol 2012.
https://doi.org/10.1186/1471-2172-13-19.

[13] Brownlee MB. Mechanism of hyperglycemic damage in
diabetes. In: Lippincott Williams & Wilkins, editor. Atlas of
Diabetes. 2nd ed, Philadelphia; 2002. p. 125-37.

[14] Stentz FB, Umpierrez GE, Cuervo R, Kitabchi AE.
Proinflammatory cytokines, markers of cardiovascular risks,
oxidative stress, and lipid peroxidation in patients with
hyperglycemic crises. Diabetes 2004. doi:53/8/2079 [pii].

[15] Control TD, Trial C. The effect of intensive treatment of
diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. The
Diabetes Control and Complications Trial Research Group. N
Engl ] Med 1993. https://doi.org/10.1056/
NEJM199309303291401.

[16] Fullerton B, Jeitler K, Seitz M, Horvath K, Berghold A,
Siebenhofer A. Intensive glucose control versus conventional
glucose control for type 1 diabetes mellitus. Cochrane
Database Syst Rev 2014. https://doi.org/10.1002/14651858.
CD009122.pub2.

[17] Dandona P, Aljada A, Mohanty P, Ghanim H, Hamouda W,
Assian E, et al. Insulin inhibits intranuclear nuclear factor
kB and stimulates IkB in mononuclear cells in obese
subjects: Evidence for an anti-inflammatory effect?. J Clin
Endocrinol Metab 2001;86:3257-65. https://doi.org/10.1210/
jc.86.7.3257.

[18] Jeschke MG, Klein D, Herndon DN. Insulin treatment
improves the systemic inflammatory reaction to severe

[5

[6

[7

trauma. Ann Surg 2004;239:553-60. https://doi.org/10.1097/01.
s1a.0000118569.10289.ad.

[19] Jeschke MG, Klein D, Bolder U, Einspanier R. Insulin
attenuates the systemic inflammatory response in
endotoxemic rats. Endocrinology 2004;145:4084-93. https://
doi.org/10.1210/en.2004-0592.

[20] Deng H, Chai J. The effects and mechanisms of insulin on
systemic inflammatory response and immune cells in severe
trauma, burn injury, and sepsis. Int Inmunopharmacol 2009.
https://doi.org/10.1016/j.intimp.2009.07.009.

[21] Foss-Freitas MC, Foss NT, Donadi EA, Foss MC. Effect of
metabolic control on the in vitro proliferation of peripheral
blood mononuclear cells in type 1 and type 2 diabetic
patients. Sao Paulo Med J; 2006. doi:S1516-31802006000400009
[pi].

[22] Xiu F, Stanojcic M, Diao L, Jeschke MG. Stress hyperglycemia,
insulin treatment, and innate immune cells. Int ] Endocrinol
2014. https://doi.org/10.1155/2014/486403.

[23] American Diabetes Association. Standards of medical care in
diabetes-2018 abridged for primary care providers. Clin Diab
2018;36:14-37. https://doi.org/10.2337/cd17-0119.

[24] Lind M, Svensson AM, Kosiborod M, Gudbjornsdottir S,
Pivodic A, Wedel H, et al. Glycemic control and excess
mortality in type 1 diabetes. N Engl ] Med 2014. https://doi.
0rg/10.1056/NEJMoa1408214.

[25] Nekoua MP, Yessoufou A, Alidjinou EK, Badia-Boungou F,
Moutairou K, Sane F, et al. Salivary anti-coxsackievirus-B4
neutralizing activity and pattern of immune parameters in
patients with type 1 diabetes: a pilot study. Acta Diabetol
2018:1-8. https://doi.org/10.1007/s00592-018-1158-3.

[26] 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 Heal Sci
2016;16:712-24. https://doi.org/10.4314/ahs.v16i3.11.

[27] Rosenbauer J, Dost A, Karges B, Hungele A, Stahl A, Béchle C,
et al. Improved metabolic control in children and adolescents
with type 1 diabetes: a trend analysis using prospective
multicenter data from Germany and Austria. Diabetes Care
2012. https://doi.org/10.2337/dc11-0993.

[28] Foss-Freitas MC, Foss NT, Donadi EA, Foss MC. Effect of
metabolic control on interferon-gamma and interleukin-10
production by peripheral blood mononuclear cells from type
1 and type 2 diabetic patients. Braz ] Med Biol Res 2007.
S0100-879X2007000500010 [pii].

[29] Foss-Freitas MC, Foss NT, Donadi EA, Foss MC. Effect of the
glycemic control on intracellular cytokine production from
peripheral blood mononuclear cells of type 1 and type 2
diabetic patients. Diabetes Res Clin Pract 2008. https://doi.
0rg/10.1016/j.diabres.2008.09.003.

[30] Foss-Freitas MC, Foss NT, Rassi DM, Donadi EA, Foss MC.
Evaluation of cytokine production from peripheral blood
mononuclear cells of Type 1 diabetic patients. Ann NY Acad
Sci 2008. https://doi.org/10.1196/annals.1447.053.

[31] Viardot A, Grey ST, Mackay F, Chisholm D. Potential
antiinflammatory role of insulin via the preferential
polarization of effector T cells toward a T helper 2 phenotype.
Endocrinology 2007. https://doi.org/10.1210/en.2006-0686.

[32] Menart-Houtermans B, Riitter R, Nowotny B, Rosenbauer J,
Koliaki C, Kahl S, et al. Leukocyte profiles differ between type
1 and type 2 diabetes and are associated with metabolic
phenotypes: results from the German Diabetes Study (GDS).
Diabetes Care 2014. https://doi.org/10.2337/dc14-0316.

[33] Aghili B, Amirzargar AA, Rajab A, Rabbani A, Sotoudeh A,
Assadiasl S, et al. Altered suppressor function of regulatory T
cells in Type 1 diabetes. Iran J Immunol 2015.

[34] Putnam AL, Vendrame F, Dotta F, Gottlieb PA. CD4(+)CD25
(high) regulatory T cells in human autoimmune diabetes. ]



https://doi.org/10.1038/nrendo.2010.27
https://doi.org/10.1016/j.lpm.2012.10.003
https://doi.org/10.1016/j.jtbi.2015.07.032
https://doi.org/10.18388/abp.2014_853
https://doi.org/10.1111/j.1749-6632.2012.06826.x
https://doi.org/10.1111/j.1749-6632.2012.06826.x
https://doi.org/10.1002/(SICI)1096-9136(199701)14:1&lt;29::AID-DIA300&gt;3.0.CO;2-V
https://doi.org/10.1002/(SICI)1096-9136(199701)14:1&lt;29::AID-DIA300&gt;3.0.CO;2-V
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0040
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0040
https://doi.org/10.2337/diabetes.52.5.1256
https://doi.org/10.1016/j.jinf.2007.05.177
https://doi.org/10.1016/j.jinf.2007.05.177
https://doi.org/10.1002/jcp.22891
https://doi.org/10.1186/1471-2172-13-19
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0070
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0070
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0070
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0070
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1002/14651858.CD009122.pub2
https://doi.org/10.1002/14651858.CD009122.pub2
https://doi.org/10.1210/jc.86.7.3257
https://doi.org/10.1210/jc.86.7.3257
https://doi.org/10.1097/01.sla.0000118569.10289.ad
https://doi.org/10.1097/01.sla.0000118569.10289.ad
https://doi.org/10.1210/en.2004-0592
https://doi.org/10.1210/en.2004-0592
https://doi.org/10.1016/j.intimp.2009.07.009
https://doi.org/10.1155/2014/486403
https://doi.org/10.2337/cd17-0119
https://doi.org/10.1056/NEJMoa1408214
https://doi.org/10.1056/NEJMoa1408214
https://doi.org/10.1007/s00592-018-1158-3
https://doi.org/10.4314/ahs.v16i3.11
https://doi.org/10.2337/dc11-0993
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0140
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0140
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0140
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0140
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0140
https://doi.org/10.1016/j.diabres.2008.09.003
https://doi.org/10.1016/j.diabres.2008.09.003
https://doi.org/10.1196/annals.1447.053
https://doi.org/10.1210/en.2006-0686
https://doi.org/10.2337/dc14-0316
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0165
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0165
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0165
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0170
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0170

DIABETES RESEARCH AND CLINICAL PRACTICE I57 (2019) 107868

Autoimmun 2005;24:55-62. S0896-8411(04)00131-3 [pii]
\r10.1016/j.jaut.2004.11.004.

[35] Brusko T, Wasserfall C, McGrail K, Schatz R, Viener HL, Schatz
D, et al. No alterations in the frequency of FOXP3+ regulatory
T-cells in Type 1 diabetes. Diabetes 2007;56:604-12. https://
doi.org/10.2337/db06-1248.

[36] Hamari S, Kirveskoski T, Glumoff V, Kulmala P, Simell O, Knip
M, et al. Analyses of regulatory CD4 * CD25 * FOXP3 * T cells
and observations from peripheral T cell subpopulation
markers during the development of type 1 diabetes in
children. Scand ] Immunol 2016;83:279-87. https://doi.org/
10.1111/sji.12418.

[37] Lindley S, Dayan CM, Bishop A, Roep BO, Peatman M, Tree
TIM. Defective suppressor function in CD4+CD25+ T-cells
from patients with type 1 diabetes. Diabetes 2005;54:92-9.
https://doi.org/10.2337/diabetes.54.1.92.

[38] Brusko TM, Wasserfall CH, Clare-Salzler MJ, Schatz DA,
Atkinson MA. Functional defects and the influence of age on
the frequency of CD4 +CD25+ T-cells in type 1 diabetes.
Diabetes 2005;54:1407-14. https://doi.org/
10.2337/diabetes.54.5.1407.

[39] Walker LSK, von Herrath M. CD4 T cell differentiation in type
1 diabetes. Clin Exp Immunol 2016;183:16-29. https://doi.org/
10.1111/cei.12672.

[40] Halminen M, Simell O, Knip M, Ilonen J. Cytokine expression
in unstimulated PBMC of children with type 1 diabetes and
subjects positive for diabetes-associated autoantibodies.
Scand ] Immunol 2001;53:510-3. https://doi.org/10.1046/
j.1365-3083.2001.00904..x.

[41] Kukreja A, Cost G, Marker J, Zhang C, Sun Z, Lin-Su K, et al.
Multiple immuno-regulatory defects in type-1 diabetes. ] Clin
Invest 2002;109:131-40. https://doi.org/10.1172/]JC1200213605.

[42] Karlsson Faresjo MGE, Ernerudh J, Ludvigsson J. Cytokine
profile in children during the first 3 months after the

diagnosis of type 1 diabetes. Scand ] Immunol 2004;59:517-26.
https://doi.org/10.1111/j.0300-9475.2004.01420.x.

[43] Chatzigeorgiou A, Harokopos V, Mylona-Karagianni C,
Tsouvalas E, Aidinis V, Kamper E. The pattern of
inflammatory/anti-inflammatory cytokines and chemokines
in type 1 diabetic patients over time. Ann Med
2010;42:426-38. https://doi.org/10.3109/07853890.2010.495951.

[44] Dandona P, Aljada A, Mohanty P. The anti-inflammatory and
potential anti-atherogenic effect of insulin: a new paradigm.
Diabetologia 2002. https://doi.org/10.1007/s00125-001-0766-5.

[45] Wan YY, Flavell RA. How diverse-CD4 effector T cells and
their functions. ] Mol Cell Biol 2009;1:20-36. https://doi.org/
10.1093/jmcb/mjp001.

[46] Zhu ], Yamane H, Paul W. Differentiation of effector CD4 T
cell populations. Annu Rev Immunol 2010;28:445-89. https://
doi.org/10.1146/annurev-immunol-030409-101212.
Differentiation.

[47] Ryba-Stanistawowska M, Mysliwska J, Juhas U, Mysliwiec M.
Elevated levels of peripheral blood CD14(bright) CD16+ and
CD14(dim) CD16+ monocytes may contribute to the
development of retinopathy in patients with juvenile onset
type 1 diabetes. APMIS 2015;123:793-9. https://doi.org/
10.1111/apm.12419.

[48] Leon-Cabrera S, Arana-Lechuga Y, Esqueda-Ledn E, Teran-
Pérez G, Gonzalez-Chavez A, Escobedo G, et al. Reduced
systemic levels of IL-10 are associated with the severity of
obstructive sleep apnea and insulin resistance in morbidly
obese humans. Mediators Inflamm 2015. https://doi.org/
10.1155/2015/493409.

[49] Geerlings SE, Hoepelman AIM. Immune dysfunction in
patients with diabetes mellitus (DM). FEMS Immunol Med
Microbiol 1999;26:259-65. https://doi.org/10.1016/S0928-8244

99)00142-X.



http://refhub.elsevier.com/S0168-8227(19)30600-X/h0170
http://refhub.elsevier.com/S0168-8227(19)30600-X/h0170
https://doi.org/10.2337/db06-1248
https://doi.org/10.2337/db06-1248
https://doi.org/10.1111/sji.12418
https://doi.org/10.1111/sji.12418
https://doi.org/10.2337/diabetes.54.1.92
https://doi.org/10.2337/diabetes.54.5.1407
https://doi.org/10.2337/diabetes.54.5.1407
https://doi.org/10.1111/cei.12672
https://doi.org/10.1111/cei.12672
https://doi.org/10.1046/j.1365-3083.2001.00904.x
https://doi.org/10.1046/j.1365-3083.2001.00904.x
https://doi.org/10.1172/JCI200213605
https://doi.org/10.1111/j.0300-9475.2004.01420.x
https://doi.org/10.3109/07853890.2010.495951
https://doi.org/10.1007/s00125-001-0766-5
https://doi.org/10.1093/jmcb/mjp001
https://doi.org/10.1093/jmcb/mjp001
https://doi.org/10.1146/annurev-immunol-030409-101212.Differentiation
https://doi.org/10.1146/annurev-immunol-030409-101212.Differentiation
https://doi.org/10.1146/annurev-immunol-030409-101212.Differentiation
https://doi.org/10.1111/apm.12419
https://doi.org/10.1111/apm.12419
https://doi.org/10.1155/2015/493409
https://doi.org/10.1155/2015/493409
https://doi.org/10.1016/S0928-8244(99)00142-X
https://doi.org/10.1016/S0928-8244(99)00142-X

	Does control of glycemia regulate immunological parameters in insulin-treated persons with type 1 diabetes?
	1 Introduction
	2 Material and methods
	2.1 Subjects and samples
	2.2 Immune cell phenotyping
	2.3 Determination of biochemical parameters and serum cytokine concentrations
	2.4 Statistical analyses

	3 Results
	3.1 Anthropometric and biochemical profiles
	3.2 Immune cell profiles in insulin-treated T1D patients and control subjects
	3.3 Profile of serum cytokines in insulin-treated T1D patients and control subjects

	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	ack16
	Acknowledgements
	Authors contributions
	References


