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Abstract

Background: The role of the immune system in insulin resistance associated with type 2 diabetes has been suggested.
Objectives: We assessed the profile of Th1/Th2 cytokines along with the frequencies of immune cells in insulin-treated type 2
diabetic patients (T2DP).
Methods: 45 T2D patients and 43 age-matched healthy subjects were selected. Serum concentrations of T-helper type 1 (Th1)
and Th2 cytokines and the frequencies of innate and adaptive immunity cells were assessed.
Results: T2DP were hyperglycemic and showed high level of insulin, normal levels of triglycerides and total-cholesterol and
without any change in HDL-cholesterol.Compared to healthy subjects, T2DP exhibited significant decreased frequencies of
neutrophils, without any change in monocytes, eosinophils and natural killer cells. The percentages of total lymphocytes (CD3+)
and CD8+-T-cells decreased whereas those of regulatory T-cells increased without any change in CD4+ T-cells in T2DP. Interestingly, the frequencies of effector CD4+-T and B-cells increased in T2DP. Serum concentrations of IL-2, IFN-γ and IL-4
decreased while IL-10 significantly enhanced in T2DP, suggesting a differentiation of CD4+T helper cells towards IL-10-producing-Teff-cells in these patients.
Conclusion: Insulin-treated type 2 diabetes is associated with anti-inflammatory profile consistent with differentiation of
CD4+-Th-cells towards IL-10-producing-Teff-cells, concomitant with increased frequencies of Treg and B-cells, and this may
probably offer prevention against certain infections or autoimmune/inflammatory diseases.
Keywords: Type 2 diabetes, Insulin, Immune cells, Th1/Th2 polarization.
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Introduction
of diabetes1-3. Type 2 diabetes is a group of metabolic
Type 2 diabetes mellitus is one of the most important ep- disorders characterized by chronic hyperglycemia associidemic diseases in the world. It accounts for 90% of cases ated with abnormalities of the metabolism of carbohydrates, fats and proteins resulting in insulin resistance1-3.
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Besides, evidence is now arising and suggesting the
pathological role of immune system in the chronic inflammation and insulin resistance observed in type 2
diabetes. Indeed,type 2 diabetes results from generalized
activation of innate immune system, in which there is a
chronic cytokine-mediated inflammation4-6. These cytokines act on liver, adipose tissue, brain, and pancreatic
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β-cells leading to a disrupted lipid metabolism which is
the main risk factor for atherosclerosis, obesity and insulin resistance associated with type 2 diabetes7,8. We have
previously demonstrated, in human and animal studies,
the implication of T-cell differentiation through Th1/
Th2 cytokines in the modulation of gestational diabetes
and macrosomia9-13. Nowadays, it is well known that naïve
Th0 cell can differentiate into specific Th subsets (Th1,
Th2, Th9, Th17, Th22, Treg,…) under the influence of
cytokines, which on one hand can promote differentiation into a specific subset or on the other hand block
differentiation towards a functionally-opposing subset14.
Th1 cells, producing pro-inflammatory cytokines (IL-2,
IL-12, IFN-γ), support cell-mediated immunity and as
a consequence promote inflammation, cytotoxicity, and
delayed-type hypersensitivity; whereas Th2 cells, secreting
anti-inflammatory cytokines (IL-4, IL-5, IL-13), support
humoral immunity and down-regulate the inflammatory
actions of Th1 cells15-17. Other studies have shown the
role of adaptive immunity in insulin resistance observed
in obesity-induced type 2 diabetes18-22. Indeed, obesity
modulates the balance between the pro-inflammatory
CD4+ T lymphocyte subpopulations (Th1 and Th17)
and anti-inflammatory (Th2), and the increase of CD8+
cytotoxic T cells and production of pro-inflammatory cytokines leading to the activation and infiltration of macrophages in adipose tissue18-23. It has been reported that
CD4+CD25+ regulatory T cells can suppress inflammation of adipose tissue and play a protective role against
the insulin resistance induced by obesity24-26. Of note,
regulatory T (Treg) cells were initially defined as a subpopulation of suppressor T cells that mediate immune
tolerance to self and foreign antigens by suppressing autoreactive CD4+ or CD8+ T cells27,28. Several types of
Treg cells have been identified and characterized as natural and adaptive/inducible Treg cells29. Natural Treg cells
that originate in the thymus are self-reactive29, and possess ability to suppress the activation of effector T cells in
a cell-contact-dependent manner, cytokine-independent
(interleukin-10, (IL-10)-independent, and transforming
growth factor, (TGF-β)-independent manner27,28. However, the inducible Treg cells (iTreg) arise in the periphery,
either during an immune response or after encountering
tolerogenic dendritic cells30. They suppress the activation of effector T cells in a cytokine-dependent manner: TGF-β for Th3 cells and IL-10 for T regulatory 1
cells31.Understanding the relationship between T cell cy-
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tokines and immune cell subtypes may reveal the clinically relevant pathways that contribute to inflammation
and insulinresistance observed in T2D. Thus, the present
study was undertaken to investigate the profile of Th1/
Th2 cytokines along with the frequencies of leukocyte
subpopulations of innate and adaptive immune systems
in insulin-treated type 2 diabetic patients.
Subjects and methods
Patients
Forty five insulin-treated type 2 diabetic patients between
30 and 55 years of age were selected from type 2 diabetic population at the Principal Insulin Bank (Diabetic
Centre) of Cotonou(Benin) where medical records were
screened by specialist clinicians. Diabetes was diagnosed
according to WHO criteria. They were non-obese or formally obese people, with or without family records of
diabetes, and in whom oral treatments, diet management
and physical exercises were not favourable. They were all
on insulin treatment. No patients received lipid lowering
medications. None of them had shown renal failure evaluated by renal impairment such as abnormal creatinemia,
uraemia and macroalbuminuria. As controls, forty three
healthy subjects were selected from the general healthy
community in same study area. Control subjects and diabetic patients were matched with respect to age and body
mass index (BMI) as determined by the weight and height
of patients.
Control subjectss had no family history of diabetes and
showed normal fasting glycaemia measured twice at inclusion. As inclusion criteria, all participants were nonsmokers, had no significant history of other illness, no
pregnancy, no clinical signs of infectious disease, no hepatitis B viral, no HIV and no malaria infection after blood
sample tests. They lived in Cotonou (Littoral province,
Benin) and within 5 km around the city, where the endemicity of helminth infections has not been shown32,33.
The anthropometric and clinical data of diabetic and
control subjects are shown in Table 1. Informed written
consent was obtained from all individual participants included in the study. The study was conducted in accordance with the Declaration of Helsinki (1964, as revised
in Edinburgh 2000). The protocol was approved by the
Ethics Committee on Research of the Institute of Applied Biomedical Sciences of Cotonou, Benin under the
number Dec.n°075/CER/ISBA-2015.
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Blood samples
From each patient or control subject, fasting venous
blood samples were collected in tubes containing either
EDTA or fluoride oxalate, or nothing to obtain respectively plasma and serum by low-speed centrifugation
(1000 g for 10 min). Plasma from fluoride oxalate tube
was immediately used for blood glucose determinations.
Serum was distributed in aliquots and frozen at – 80°C
for future determinations of insulin, lipids and T cell cytokine concentrations. Whole blood samples of EDTA
tubes were used for immune cell subtype phenotyping.
The quality of serum and plasma was checked visually to
ensure lack of turbidity and hemolysis that may interfere
with the assay results.
Determination of plasma glucose and HbA1c and
serum insulin and lipid concentrations
Plasma fasting glucose was determined by the glucose
oxidase method using a glucose analyzer (Beckman Instruments, Fullerton, CA). Glycosylated haemoglobin
(HbA1c) levels were determined in the whole blood.
HbA1c concentration was calculated using a percentage
of total haemoglobin, according to the manufacturer’s instructions (Ref. 41190, Labkit Chemelex SA, Barcelona,
Spain). Serum triglycerides, total- and HDL-cholesterol
concentrations were determined by using enzymatic
methods, according to the instructions furnished with
the kit (Boehringer, Mannheim, Germany). Serum insulin concentrations were determined by using the Insulin
IRMA kit (Ref. IM3210; Immunotech, Beckman Coulter
Inc., Fullerton, CA) with a detection limit of 0.5 IU/ml.
The interassay coefficients of variability were 3.3 and 4%,
respectively, for the concentrations 13 and 54 IU/ml.
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Immune cell phenotyping
The frequencies of innate immunity cells (monocytes,
polynuclear eosinophils PNE, polynuclear neutrophils
PNN, natural killer NK cells) and adaptive immunity cells
(total lymphocytes, CD4+ T helper cells, CD8+ cytotoxic T cells, effector T cells and B cells) were determined
in the whole blood by immunostaining with different
specific monoclonal antibodies (mAbs) combinations.
Briefly, whole blood was stained with appropriate combination of specific mAbs to allow identification of T
cell sub-populations. After incubation with the mAbs for
30 min at 4°C in the dark, cells were washed and fixed
with FACS lysing solution (BD Pharmigen). Anti-CD3FITC/ anti-CD4-PerCP/ anti-CD8-PE/ anti-CD25-PE/
anti-CD127-FITC/ anti-Foxp3-APC (BD Pharmigen)
were used for T cell labeling, anti-CD19-FITC (BD Pharmigen) for B lymphocytes, anti-CD16-PE/anti-CD56APC (BD Pharmigen) for NK cells, anti-CD14-FITC
(BD Pharmigen) for monocytes and anti-CD16-PE (BD
Pharmigen) for polynuclear cells. Anti-CD4-PerCP, antiCD25-PE and anti-CD127-FITC were used for Treg cell
labeling. Anti-Foxp3-APC (BD Pharmigen) was added
for intracellular staining of Treg cells according to the
manufacturer’s instructions, after permeabilisation and
fixation with PermFix (BD Pharmigen). Of noteworthy, we used a definition of regulatory T cells (Treg,
CD4+CD25+CD127-) for a sub-population of CD4+
T cells that highly expressed Foxp3, thereby distinguishing it from the sub-population defined as effector T cells
(Teff, CD4+,CD25+,CD127+) (data not shown). The
cells were finally resuspended in 300 µl of staining buffer,
acquired using FACSCalibur four-colour flow cytometer
(BD Pharmigen, France) and analyzed using CellQuest
Pro or FlowJo 7.6 software (BD Pharmigen, France).
Gating strategies for immune cell phenotyping are shown
in Figure 1a-g.
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Figure 1

Figure 1. Cytometry-based gating for definition of phenotypes. (a) Monocytes (CD14+) were gated from mononuclear population in blood cells. (b) Eosinophils and neutrophils
(CD16+) were gated from granulocyte population. (c) NK cells, non-T lymphocytes (CD16+CD56+) were gated from the total lymphocyte population. (d) B cells (CD19+) were
gated from total lymphocytes. (e) CD4+ and (f) CD8+ T cells were gated from total lymphocyte population (CD3+). (g) Gating strategies for Treg (CD4+CD25+CD127-) and Teff
(CD4+CD25+CD127+). Cell frequencies were determined as a percentage of total lymphocytes (CD3+), and relative Foxp3 expression level determined as a function of Foxp3 expression by CD4+ T cells
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Determination of serum Th1/Th2 cytokine concentrations
Determination of cytokine concentrations was performed on serum samples that were stored at -80°C. Repeated freeze-thaw cycles were avoided. Cytokines were
quantified by ELISA, using BioLegend human Th1/Th2
ELISA MAXTM Deluxe set kits (BioLegend, San Diego,
CA, USA), according to the manufacturer’s instructions.

frequencies and cytokine levels between type 2 diabetic
patients and control subjects. Anthropometric, clinical
and biochemical data were compared between type 2 diabetic patients and control subjects, using Student’s t test.
Differences were considered significant when p < 0.05.

Results
Blood glucose, serum insulin and lipid levels
Insulin-treated T2D patients were hyperglycemic and
Statistical analyses
showed high level of insulin as compared to healthy conData analyses were performed using STATA/MP 11.2 trol subjects (Table 1). Although insulin-treated T2D
(StataCorp, College Station, TX, USA) and Graph Pad patients were normolipidemic, they showed significant
Prisme 5.0 (Graph Pad Inc, CA, USA). Values are means low levels of TG and total-cholesterol, as compared to
± SEM or medians ± IQR. The non-parametric Mann- control subjects; HDL-cholesterol did not differ between
Whitney U test was employed for the comparison of cell both groups (Table 1).
Table 1: Anthropometric and biochemical data of subjects

Male/female ratio
Age
BMI (kg/m2)
Duration of disease (years)
Insulin treatment (% patients
receiving insulin treatment)
Fasting glucose (mM)
HbA1C (%)
Insulinemia (µUI/ml)
Urea (mM)
Creatinemia (µM)
Total cholesterol (mM)
HDL-cholesterol (mM)
Triglycerides (mM)

Control subjects
(n = 43)
23/20
30-54 yr
25.19 ± 1.90
-

Type 2 diabetic patients
(n = 45)
21/24
30-55 yr
26.38 ± 0.92
9.9 ± 2.3

No

Yes (100%)

5.05 ± 0.17
4.25 ± 0.25
5.46 ± 0.77
5.33 ± 0.33
95.38 ± 6.31
5.64 ± 0.41
1.63 ± 0.03
1.23 ± 0.13

9.55 ± 1.11**
9.57 ± 1.56**
10.93 ± 0.64**
5.49 ± 0.17
98.30 ± 6.10
4.35 ± 0.36*
1.55 ± 0.05
0.83 ± 0.11*

BMI: Body Mass Index; HDL: High Density Lipoproteins; HbA1c: glycosylated hemoglobin. Values are means ± SEM. n = 43
healthy control subjects; n = 45 type 2 diabetic patients. *p<0.05 and **p<0.01 indicate significant difference between type 2
diabetic patients and healthy control subjects. Ranges of normal values: Fasting glucose: 3.88-6.10 mM (0.7-1.10 g/L); Totalcholesterol: 3.23-6.46 mM (1.25-2.50 g/L) ; HDL-cholesterol: 1.16-1.94 mM (0.45-0.75 g/L); Triglycerides: 0.57-1.71 mM (0.501.50 g/L); Urea: 2.50-7.49 mM (0.15-0.45 g/L) ; Creatinine: 53.04-123.76 µM (6-14 mg/L) ; HbA1c: 4-6 % ; Insulin: 1.21-14.5
μUI/ml.

Immune cell frequencies are modified in type 2 diabetes
General analysis revealed that mononuclear cells declined
while polynuclears did not change between insulin-treat-

ed T2D patients and healthy control subjects (Figure 2ab). The frequencies of polynuclear neutrophils decreased
while those of monocytes, polynuclear eosinophils and
natural killer cells did not change when comparing T2D
patients to control subjects (Figure 2c-f).
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Figure 2
Control subjects
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Figure 2. Frequencies (%) of innate immunity cells in type 2 diabetic patients and control subjects. Cells were stained, as described in Materials and Methods section, in whole blood with appropriate combination of specific monoclonal antibodies to allow identification of cell
sub-populations. (a) Total mononuclear cells; (b) Total polynuclear cells; (c) Natural killer cells ; (d) Monocytes ; (e) Polynuclear neutrophils ;
(f) Polynuclear eosinophils. Cells were acquired using FACSCalibur four-colour flow cytometer (BD Pharmigen, France) and analyzed using
CellQuest Pro or FlowJo 7.6 software (BD Pharmigen, France). Values are medians ± IQR. n = 43 healthy control subjects; n = 45 type 2
diabetic patients. *p<0.05 or **p<0.01 indicate significant difference between type 2 diabetic patients and healthy control subjects.

The frequencies of total lymphocytes declined in insulintreated T2D patients compared to control subjects, as
shown in Figure 3a-b. Besides, CD8+ cytotoxic T cell frequencies decreased (Figure 3d) in T2D patients whereas
there was no change in the frequency of CD4+ Th cells be-

tween both groups (Figure 3c). However, the frequencies
of effector CD4+ T cells (Teff, CD4+CD25+CD127+),
regulatory T cells (Treg, CD4+CD25+CD127-) and B
cells were significantly higher in insulin-treated T2D patients than in healthy control subjects (Figure 3e-f-g).
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Figure 3
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Figure 3. Frequencies (%) of adaptive immunity cells in type 2 diabetic patients and control subjects. Cells were
stained, as described in Materials and Methods section, in whole blood with appropriate combination of specific
monoclonal antibodies to allow identification of cells sub-populations. (a) Total lymphocytes; (b) CD3+ T cells; (c)
Total CD4+ cells; (d) CD8+ T cells. (e) Effector CD4+T cells (CD4+CD25+CD127+); (f) Regulatory T cells (Treg,
CD4+CD25+CD127-); (g) B lymphocytes. Cells were acquired using FACSCalibur four-colour flow cytometer (BD
Pharmigen, France) and analyzed using CellQuest Pro or FlowJo 7.6 software (BD Pharmigen, France). Values are
medians ± IQR. n = 43 healthy control subjects; n = 45 type 2 diabetic patients. *p<0.05 or **p<0.01 indicate
significant difference between type 2 diabetic patients and healthy control subjects.

Type 2 diabetes modulates serum cytokine levels
Serum IL-2 and IFN-γ concentrations significantly diminished in insulin-treated T2D patients compared with
control subjects (Figure 4a). Besides, IL-4 concentration
decreased whereas that of IL-10 significantly enhanced

in insulin-treated T2D patients compared with control
subjects (Figure 4b). The Th1/Th2 ratios, determined as
IL-2/IL-4, IL-2/IL-10, IFN-γ/IL-4, and IFN-γ/IL-10,
demonstrated a shift towards IL-10-producing Teff cell
phenotype in type 2 diabetic patients (Table 2).
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Table 2 : Ratios of serum Th1 and Th2 cytokine concentrations in subjects.

IL-2/IL-4

IL-2/IL-10

IFN-γ/IL-4

IFN-γ/IL-10

IL-4/IL-10

Control subjects

2.16

1.49

5.91

4.07

0.69

Type 2 diabetics

0.99§

0.15§

3.95§

0.61§

0.16§

“Th1/Th2 and Th2/Th2 (last column) ratios were shifted toward Th2 phenotype in insulin-treated T2D patients. Values are ratios of mean
concentrations of serum cytokines n = 43 healthy control subjects; n = 45 type 2 diabetic patients. The symbol (§) indicates significant difference between the two ratios”.
Figure 4

Figure 4. Serum Th1 (IL-2, INF-γ) and Th2 (IL-4, IL-10) cytokine concentrations in insulin-treated T2D patients
and control subjects. Serum cytokine concentrations were determined as described in Materials and Methods.
Values are medians ± IQR. n = 43 healthy control subjects; n = 45 type 2 diabetic patients. *p values indicate
significant difference between type 2 diabetic patients and healthy control subjects.

Discussion
The pathological role of the immune system in inflammation and insulin resistance observed in type 2 diabetes mellitus has been suggested4-6. Indeed, cytokines
produced by T cells interfere with insulin signalling and
have been implicated in insulin resistance in type 2 diabetes mellitus34. In the present study, we investigated the
profile of T-cell derived Th1/Th2 cytokines along with
percentages of innate and adaptive immune system cells
in insulin-treated type 2 diabetic patients. It’s well known
that immune responses between male and female are not
identical, since sexual hormones have been associated
with prevalence, susceptibility, and severity of autoimmune diseases35,36. However, we would like to mention
that our results did not reveal any difference between

male and female individuals, either in diabetic group or
control group.
In the present study, we observed that as compared to
control subjects, insulin-treated T2D patients were hyperglycemic, have showed high level of insulin and high level
of HbA1c, reflecting a poor control of diabetes37 and a
decrease in insulin sensitivity in these patients, and this
was in accordance with several reports38. Besides, we observed that insulin-treated T2D patients were normolipidemic, even though they showed significant low levels of
TG and total-cholesterol, as compared to control subjects;
HDL-cholesterol did not differ between both groups. In
fact, insulin treatment could account for lowering the lipids (TG and total-chol) to normal levels in these patients,
since insulin is known to enhance the activity of lipo-
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protein lipase, resulting in increase of lipid metabolism
and then decreased levels of lipids39-41. Our results are
in accordance with previous studies which have shown
that insulin treatment could account for normalizing the
levels of total cholesterol, TG and LDL-cholesterol in
type II diabetic patients under poor metabolic control40.
Interestingly, the lipid-lowering action of insulin, independent of glycemic control in T2D patients, appeared
to be beneficial because of the role of dyslipidemia in the
development of diabetic macrovascular disease such as
vasculopathy41.
In the present study, we observed that serum IL-2, INF-γ
(Th1 cytokines) and IL-4 (Th2 cytokine) concentrations
were down-regulated in insulin-treated T2D patients. Interestingly, the levels of IL-10 were increased in these
diabetic patients. Our observations suggested that diminished concentrations of Th1 cytokines and increased
IL-10 levels might contribute to the anti-inflammatory
state observed in these patients. However, the diminished
levels of circulating IL-4 mightay be responsible for the
induction of diabetes mellitus. Our idea can be supported
by the observations of Muller et al.42 who showed that
diabetes susceptibility was more associated with reduction of IL-4 than with induction of IFN-γ in islets of
Balb/c diabetic mice. Similarly, Wood et al.16 have reported diminished expression of IL-4 in thymocytes of
diabetic mice. Moreover, we have previously shown in
clinical and experimental studies that a decrease of IL-4
may favour the onset of diabetic pregnancy in humans9
and animals10,11.

nuclear neutrophils, but also to the significant decrease of
total mononuclear cells (as shown in the Fig 2a), mainly
revealed by the significant reduction of total lymphocytes
(Fig 3a, 3b, 3d). Regarding adaptive immunity cells,we
have mentioned above that insulin-treated T2D patients
showed declined frequency of total lymphocytes when
compared to control subjects. Specifically, the decrease
of total lymphocytes was revealed by the diminished percentages of circulating CD3+ T and CD8+ cytotoxic T
cells and no change in the frequency of CD4+ T cells
between both groups. Similar results have been reported
by Nishimura et al.18 who have observed a lower CD8+ T
cell counts in peripheral blood from ob/ob mice. One hypothesis to explain the low number of circulating CD8+
T cell in T2D patients, in ourthis study, could be a preferential relocation of these cells in adipose tissue18. Indeed,
it has been reported a decreased number of peripheral
CD8+ T cells and an increased infiltration of these cells
in adipose tissue of ob/ob mice which contribute tomacrophage recruitment and adipose tissue inflammation in
obesity and insulin resistance18,24. Thus, the concomitant
reduction of innate immunity and decline of total CD3+
lymphocytes and CD8+ T cells in insulin-treated T2D
patients might suggest a decreased level of generalimmune defense system (see below)15,16.

Type 2 diabetes has also been revealed as a chronic inflammatory disease promoted by changes in immune cell
function and several studies have indicated that T cells
are important mediators of inflammation in this disease18,
19,24,25
. As far as innate immunity cells are concerned, we
did not find significant differences in PNE, NK cells,
and monocytes between insulin-treated T2D patients
and controls, but we observed a tendency to a decrease
in frequencies of PNE and NK cells in type 2 diabetic
patients. Additionally to this trend towards a decrease of
PNE and NK cells, polynuclear neutrophils significantly
decreased in insulin-treated T2D patients, suggesting a
reduction of innate immunity in these patients. However,
it is important to mention that insulin-treated T2D patients exhibited a decline in their general immune defense
system which was not only due to the decrease of poly-

Recent data have supported the protective role of Treg
cells against inflammation inadipose tissue and insulin resistance observed during obesity and type 2 diabetes24,26.
In the present study, the concomitant increase of Treg cell
frequency with the decline of total lymphocytes in insulintreated T2D patients reinforces our hypothesis of a low
immune defense system in these patients15,16. Our results
did not support those obtained by Zeng et al. 43who have
observed that peripheral induced CD4+Foxp3+Helios(-)
Treg cells were decreased in T2D patients. JagannathanBogdan et al.19 have also observed that T2D patients had
decreased percentages of CD4+ Treg cells. Be that as it
may, our study shown increased frequencies of Treg cells
in T2D patients and, this is consistent with anti-inflammatory profile of these patients and might be partially
explained by their insulin treatment. Indeed, it has been
well established that insulin exerts anti-inflammatory activity through the inhibition of the production of proinflammatory cytokines by macrophages44-46. It is thus
interesting to observe that insulin-treated T2D patients
have shown decreased levels of pro-inflammatory Th1
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cytokines (IL-2/IFN-γ). Similarly, Dimitriadis et al.47
have shown in human studies that high insulin resulted in
thereduction of infiltration and accumulation of macrophages in the tissues. Other investigators45,46 have shown
that insulin exerts anti-inflammatory activity by inhibiting the secretion pro-inflammatory cytokines IL-1β, IL-8
and TNF-α. Based on studies cited above44,45,47, we can
state that insulin treatment in T2D patients, in the present study, might contribute to low numberof total lymphocytes (CD3+ and CD8+ T cells) and high frequency
of Treg cells which might be related to low cell-mediated
adaptive immunity in these patients, since Treg cells are
known to suppress the activation of CD4+ and CD8+ T
cells15,16,27,28.

by several types of cells including Treg cells, CD4+Teffh2
cell, Breg cells….10-13,31,49. However, we would like to specify that Treg cells represent 1–3% of total CD4+ T-cells
in human27-29. Although Treg cells increased in T2D patients, increase of IL-10 would not be attributed only to
Treg cell production since CD4 Th2 cells also increased
in these patients.
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To decide between these two opinions, we calculated the
Teff:Treg ratios. We found that the ratio value of T2D
patients (Teff:Treg=0.27) is 2.1-fold of that of control
subjects (Teff:Treg=0.12), suggesting that the observed
increase of IL-10 in T2D patients was in favor of Teff
cells. On the one hand, Under these observationconditions described above suggested, we can assume that
In the present study, insulin-treated T2D patients exhibit- IL10 comes, in large part, from Teff, cells confirming
ed an increased frequency of B lymphocytes and showed the preferential differentiation of CD+Th cells into (ILanti-inflammatory profile revealed by high level of circu- 10-producing) Th2 effector cells in insulin-treated T2D
lating IL-10. However, other investigators have reported patients. Our idea was supported by Th1/Th2 ratios calthat B cells induce insulin resistance, regulate inflamma- culated as IL-2/IL-4, IL-2/IL-10, IFN-γ/IL-4, IFN-γ/
tion and promote pro-inflammatory T cell functions and IL-10 which demonstrated a down-regulation of Th1 and
cytokines in type 2 diabetes 20, 48, which appeared to up-regulation of Th2 profile in T2D patients. In fact, the
becontradictory to that we described in this study. To ad- Th2 profile exhibited by insulin-treated T2D patients is
dress this dichotomy, we have calculated ratios of B-cell: consistent with the anti-inflammatory profile of these paTeff and B-cell:Treg. We found that the ratio value of T2D tients43-45.
patients (B-cell:Teff=5.27) was 1.41-fold of that of control subjects (B-cell:Teff=3.73), and (B-cell:Treg=1.42) To highlight the comparatively enhanced anti-inflammaof T2D patients was 3.0-fold of that of control subjects tory profile in T2D patients, we have calculated Th2/Th2
(B-cell:Treg=0.47), suggesting that the predominance ratio representing IL4/IL10 which declined from control
was in favor of B-cells in T2D patients. Nevertheless, the subjects (0.69) to diabetic patients (0.16). These observageneral idea that we described in this study is that T2D tions suggest that the absolute amount of Th2 cytokines
patients showed anti-inflammatory profileand increased (IL-4 and IL-10) was in favor of IL-10 in patients with diB lymphocytes due to insulin treatment, consistent with abetes, confirming the anti-inflammatory profile of these
Th2 phenotype. Be that it may, our results revealed that a patients. Nonetheless, it would be interesting to keep in
cross-talk would exist between insulin level and the num- mind the emerging evidence on the dynamic functional
ber of B lymphocytes in type 2 diabetes mellitus and, this plasticity of Treg cells into either pro-inflammatory or
need to be explored.
anti-inflammatory effector cells50. Thus, it would be logically useful to admit another plausible explanation of the
Furthermore, insulin-treated T2D patients exhibited present results. The augmented levels of IL-10 in insulinhigh frequency of differentiated Teff cells, defined as treated T2D patients might be, on the other hand, the
CD4+Th subpopulation that express CD25+CD127+ results of cumulative secretion of Treg cells, B cells and
and less Foxp-3 protein. Concomitantly, the level of cir- Teff cells, since this cytokine increased concomitantly
culating IL-10 (Th2 cytokines) was significantly increased with the enhanced frequencies of these cells observed
while those of IFN-γ and IL-2 were decreased in T2D in T2D patients. Indeed, it has been reported that ILpatients, suggesting that CD4+ Th0 cells in T2D patients 10 is produced by several types of cells including Treg
have preferentially differentiated into (IL-10-producing) cells, CD4+Teff cell, Breg cells10-13,31,49. Although the deTh2 effector cells. It is recognized that IL-10 is produced scribed dynamic functional plasticity of Treg cells 50, the

concomitant increase of Teff cells along with Treg cells
maysuggest an anti-inflammatory status in insulin-treated
diabetic patients, since Treg cells are known to possess
anti-inflammatory properties24-26.
Taken together, our study showed that insulin-treated
type 2 diabetes mellitus appears to be associated with a
down-regulation of immune defense system consistent
with increased number of Treg cells and CD4+ Th cell
differentiation towards IL-10-producing Teff-cells antiinflammatory Th2 phenotype associated with B cell expansion. To sum-up, our results provide evidence that
insulin therapy in T2D patients contributes to normalising dyslipidemia and may confer to these patients antiinflammatory profile with high production of IL-10 and
this may probably diminish their susceptibility to certain
infections or autoimmune and inflammatory diseases.
Further studies are required to explore insulin action in
the modulation of inflammatory parameters such as adipocytokines (IL-6, TNF-α, adiponectin, leptin...), through
T cell derived-cytokines and differentiation in type 2 diabetes mellitus.
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