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The aim of the study was to assess T cell differentiation and the modulation of inflammatory cytokines in obese and gestational
diabetes mellitus (GDM) women and their macrosomic newborns. Hence, immediately after delivery, blood samples were collected
through the mother’s arm vein and the umbilical cordon vein. Biochemical parameters measured were HbA1C, glucose, insulin,
triglyceride (TG), total cholesterol (Tchol), HDL cholesterol (HDLchol), and LDL cholesterol (LDLchol). T lymphocytes were
purified from the total blood with Ficoll-Paque. The mRNA expression of inflammatory markers in T cells was determined
by RT-qPCR. We observed that diabetic mothers exhibited higher HbA1C, glycemia, insulinemia, TG, Tchol, HDLchol, and
LDLchol levels than control mothers. Glycemia was not significantly different between macrosomic and control newborns.
However, insulinemia was high in macrosomic babies. TG, Tchol, HDLchol, and LDLchol were not significantly different between
macrosomic and control babies. In diabetic mothers, mRNA expression of the Th1 cell subtype was significantly increased. Th1
markers were upregulated in babies born to diabetic women than in control newborns. However, expression of two Th2 markers
(GATA3 and IL-4) was not significantly different between control and GDM women and between their respective newborns.
Interestingly, IL-10 mRNA expression was decreased in diabetic mothers and their offsprings. The Th1/Th2 cytokine ratio was
increased in GDM obese mothers and their macrosomic newborns, suggesting a proinflammatory status in these subjects.

1. Introduction

Gestational diabetes mellitus (GDM) is defined as a state of
glucose intolerance during pregnancy [1]. A sedentary and
the modern lifestyle in developing countries contributes to
the increased prevalence of the GDM. In studies, the global
prevalence of GDM was estimated to be 1%–14% according
to the population studied [2–5]. Gestational diabetes mellitus
is also associated with increased risk for a mother and her off-
spring in the short and long term. About 50% of GDM

women develop type II diabetes in 5–10 years after their
pregnancy [4]. Gestational diabetes is responsible for perina-
tal complexities such as fetal malformations, growth anoma-
lies, and miscarriages induced by high blood pressure and
preeclampsia [6]. Several studies support the hypothesis that
maternal hyperglycemia in the second half of pregnancy may
lead to an increased fetal weight. Indeed, some authors have
reported the relationship between gestational diabetes and
fetal macrosomia [7, 8]. Macrosomia is observed in 50% of
pregnancies with gestational diabetes, being one of the main
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reasons of increased perinatal morbidity and mortality [8, 9].
In the long term, children born to gestational diabetic
women present a high risk to develop obesity and type II
diabetes in adolescence [2]. It has been clearly established
that both obese and type II diabetic subjects suffer from
having a proinflammatory status [10, 11]. Adipose tissue
of obese people has been shown to release several cytokines
such as IL-6 and TNF-α favouring inflammation and insu-
lin resistance [12, 13].

The immune system is composed of two major subdivi-
sions, the innate immune system and the adaptive immune
system. The innate immune cells control the adaptive
immune response through the activation and induction of
differentiation of naive T helper (Th0) cells to Th1, Th2,
Treg, or Th17 effector cells. Th1 cells, by the production of
IL-2 and IFN-γ, trigger a cell-mediated immunity response
through the activation of macrophages and cytotoxic T cells,
whereas Th2 cells trigger a humoral immune response by
the production IL-4, IL-5, and IL-13 which activate IgE
antibody-producing B cells [13]. Thus, it has also been shown
that the immune system, particularly T helper lymphocytes
(Th cells), by their capacity to differentiate into either pro-
or anti-inflammatory Th cells, plays a pivotal role during
the development of insulin resistance [13].

Differentiation of Th cells into Th1 and Th2 cells involves
the activation of Th1 and Th2 transcription factors, T-bet
and GATA3, respectively [14, 15]. It has been reported that
abnormalities of humoral and cell-mediated immunity in
type I diabetic women during pregnancy may complicate
immune-fetal interaction leading to fetal overgrowth and
alteration in the immune system of a newborn which persist
till adulthood [16, 17].

With regard to gestational diabetes, several reports have
analysed the expression of cytokines by ELISA in serum or
by RT-PCR in the pancreas and spleen of gestational diabetes
rats [18] and mice [19]. A few studies have reported in
nonobese human GDM the production of proinflammatory
cytokines measured either by ELISA in serum or by RT-
PCR in the placenta [19–21]. The originality of our study is
that we selected only obese GDM mothers and their macro-
somic offsprings and we determined Th1/Th2 lymphocyte
differentiation by measuring their respective mRNA in puri-
fied T cell lymphocytes from these subjects.

2. Subjects and Methods

2.1. Subjects and Protocol

2.1.1. Subjects. This study was conducted at the gynecol-
ogy department of Roi Baudouin Guediawaye Hospital,
Dakar Principal Hospital, and Health Center Dakar Plateau
between July 2016 and April 2017. The study protocol was
approved by the National Ethical Committee of Senegal. All
subjects were informed about the procedure and purpose of
the study. The written informed consent was obtained from
all the participants.

We recruited 20 pregnant women and their newborns
(n = 20). Women aged from 24 to 39 years were between
their 20th and 30th week of gestational period. These subjects

were divided into two groups; (i) the first group (G1), consid-
ered the control group, included normoglycemic pregnant
subjects without any history of illness or risk factors for ges-
tational diabetes and (ii) the second group (G2) included
women with gestational diabetic mellitus (GDM) diagnosed
during pregnancy by the oral glucose tolerance test (OGTT)
and they had not received insulin treatment. All pregnant
women included in this study had no history of smoking
and were not taking decoction or medicine, which could dis-
turb the pregnancy evolution.

Immediately after delivery, blood samples were collected
through the mother’s arm vein and the umbilical cord vein.

2.1.2. Experimental Protocol

(1) Blood Samples. After delivery, fasting venous samples
were collected in either EDTA or dry tubes (without antico-
agulant). The blood collected in the EDTA tube was used
for determination of the HbA1C (glycated hemoglobin) level.
Blood samples in the dry tube or in EDTA were centrifuged
to obtain, respectively, serum and plasma. Samples were ali-
quoted and frozen at −80°C for determination of other bio-
chemical parameters.

(2) Determination of Biochemical Parameters. Biochemical
parameters were analysed by using an automatic spec-
trometer (chemistry module LEc4000 of architect system
ci4100). We determined plasma glucose concentrations
and serum levels of insulinemia, triglyceride (TG), total cho-
lesterol (Tchol), and high-density lipoprotein cholesterol
(HDLchol). Low-density lipoprotein cholesterol (LDLchol)
concentrations were calculated by the Friedewald formula:
LDLchol = Tchol –HDLchol – TG/5.

(3) T Cell Isolation. PBMC were isolated from the blood with
EDTA using Ficoll-Paque™. T lymphocytes were isolated
from PBMC by panning as described elsewhere [22]. Briefly,
PBMC were washed once with PBS-containing bovine serum
albumin (2 g/L) and seeded in a Petri dish. After 2 h, nonad-
herent cells were gently decanted and transferred to antihu-
man IgG-coated Petri dishes. This allowed adhesion of B
lymphocytes to the substratum of the Petri dishes. After
one hour of incubation, T lymphocyte-rich supernatant was
decanted and washed twice with PBS-BSA and resuspended
in RPMI 1640 medium. This technique provided us with an
enriched T cell population (99%), verified by flow cytofluoro-
metry (data not shown).

(4) Detection of mRNA Expression of Inflammatory Markers
in T Cells by RT-qPCR. Total RNA of T lymphocytes was
extracted using TRIzol® Reagent, the quality of RNA was
evaluated with the optical density (OD) at 260nm–280 nm,
and the RNA/DNA ratio was measured by spectrophotome-
try (Jenway Genova).

Real-time qPCR (RT-qPCR) was performed with Ste-
pOne software V2.3 using Power SYBR Green PCR Master
Mix (Thermo Fisher Scientific) and oligonucleotide human
primers (Table 1). We used β-actin as the reference gene
since it has shown the most relative stability. The relative
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gene expression was determined using the ΔΔCt method.
The normalized delta cycle threshold (ΔCt) was calculated
by subtracting the cycle threshold (Ct) value of the genes
of interest from the β-actin cycle threshold value (ΔCt =
Ctβ − actin – Ctgene). Comparative gene expression between
two independent samples (ΔΔCt) was obtained by sub-
tracting the delta cycle threshold of the control group
from the delta cycle threshold of the group of interest
(obese or macrosomic).

(5) Statistical Analysis. Samples were analysed using Graph-
Pad Prism version 5.2. Data expressed as mean± standard
deviation (SD) were evaluated by one-way ANOVA. The
Fisher test and the Student t-test were used to compare the
values between two groups. Differences were considered sig-
nificant when the p value was <0.05.

3. Results

3.1. Medical and Obstetrical Background. Regarding the med-
ical and obstetrical background, GDM women presented
more obstetrical complications than their preceding preg-
nancy. Recurrent spontaneous abortions were frequent in
GDM mothers (70%). Miscarriage and stillbirth were ranged
from 20% to 30% on gestational diabetes. Other previous
complications such as preeclampsia and high blood pressure
were less frequent (10%) (Table 2).

3.2. Anthropometrical Parameters.We observed that the con-
trol group (mothers and their newborns) had normal BMI.
All of gestational diabetic women included in the study were

obese, and their newborns were macrosomic with a birth
weight over 4 kg. The cranial perimeter of macrosomic new-
borns was significantly higher than that of the control new-
borns (Table 3).

3.3. Biochemical Parameters. Diabetic mothers exhibited a
higher level of fasting glycemia and insulinemia than control
mothers. Compared to nondiabetic mothers, blood HbA1C
percentage was increased in gestational diabetic women.
Plasma glycemia was not significantly different between
macrosomic and control newborns. However, the serum
insulinemia level was high in the macrosomic babies.

As regards the lipid parameters, gestational diabetic
women had significantly higher levels of triglycerides, total
cholesterol, HDL cholesterol, and LDL cholesterol compared
to nondiabetic women. Serum triglycerides, total cholesterol,
HDL cholesterol, and LDL cholesterol were not significantly
different between macrosomic newborns and babies born to
control mothers (Table 3).

3.4. Expression of Pro- and Anti-Inflammatory mRNA
Markers (Th1/Th2) in T Cells. In T cells of diabetic gesta-
tional mothers, the mRNA expression of Th1 transcriptional
factor (T-bet) and Th1 cytokines (IL-2 and IFN-γ) was sig-
nificantly higher compared to that in T cells of nondiabetic
mothers (Figure 1(a)). Th1 markers were more expressed in
babies born to gestational diabetic women than in newborns
of control mothers (Figure 1(b)). Analysis of mRNA expres-
sion of Th2 transcriptional factor (GATA3) and IL-4 (Th2
cytokine) showed that there was no significant difference
between control and diabetic women and between their
respective newborns (Figures 2(a) and 2(b)). However,
IL-10 expression (Th2 cytokine) was decreased in T lym-
phocytes from diabetic gestational mothers and in their
offsprings (Figures 2(a) and 2(b)).

In gestational diabetic mothers and control mothers and
their corresponding babies, the Th1/Th2 ratios were calcu-
lated: T-bet/GATA3, IL-2/IL-4, IL-2/IL-10, IFN-γ/IL-4, and
IFN-γ/IL-10. The obtained ratio showed that the profile of
Th1 transcriptional factor and Th1 cytokines was upregu-
lated, while Th2 markers were downregulated, in T lym-
phocytes from both obese gestational diabetic mothers and
their macrosomic newborns, compared to their respective
controls (Table 4).

Table 1: Sequences of PCR primers.

Genes
amplified

Human primer sequences

Actin
Forward 5′ATGATATCGCCGCGC TCGTCG TC 3′
Reverse 5′AGG TCC CGGCCAGCCAGGTCCAG 3′

T-bet
Forward 5′TGT CCT ACT ACC GAG GCC AG 3′
Reverse 5′ATC TCA GTC CAC ACC AAG GG 3′

IFN-γ
Forward 5′AGC ACT GGC TCA GAT TGC AGG C3′
Reverse 5′ATC TCA GGG GCC AAC TAG GCA G3′

IL-2
Forward 5′CAC TAA TTC TTG CAC TTG TCA C 3′
Reverse 5′CCT TCT TGG GCA TGT AAA ACT 3′

GATA3
Forward 5′CTC ATT AAG CCC AAG CGA AG 3′
Reverse 5′TCT GAC AGT TCG CAC AGG AC 3′

IL-4

Forward 5′ TGC-CGG-CAA-CTT-TGT-CCA-CG 3′
Reverse 5′ TGG-TGG-CTG-TAG-AAC-TGC-

CGG-A 3′

IL-10

Forward 5′ AGG-AGG-TGA-TGC-CCC-AAG-
CTG-A 3′

Reverse 5′ TTC-TTC-ACC-TGC-TCC-ACG-
GCC-T 3′

Table 2: Medical and obstetrical background of women.

Background
Control
mothers

GDM
mothers

Previous gestational diabetes — 1 (10%)

High blood pressure — 1 (10%)

Preeclampsia — 1 (10%)

Miscarriage 2 (20%) 3 (30%)

Recurrent spontaneous abortions — 7 (70%)

Stillbirth 1 (10%) 2 (20%)

%: the percentage of the occurrence of previous obstetric complications;
n = 10 control mothers; n = 10 gestational diabetes mellitus (GDM)mothers.
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4. Discussion

Both obesity and gestational diabetes mellitus (GDM) com-
plications during pregnancy can substantially influence the
development of offspring during fetal life and postnatally.
Several complications have been associated with gestational
diabetes as well as with macrosomia, including metabolic
abnormalities, alteration in antioxidant status, and dysregu-
lation of the immune system [23].

This study was conducted to investigate Th1/Th2 T
cell polarisation in obese mothers with GDM and their
macrosomic offspring. GDM confers a risk of obstetrical
complications during pregnancy [2]. The high frequency of
obstetrical background observed in our gestational diabetic
women corroborates the observations of several studies that
have reported links between gestational diabetes and high
risk of obstetrical complications during pregnancy [2, 24].

By the anthropometric view, GDM mothers of the study
population were obese and their newborns were macrosomic.
Biochemical data obtained in the present study showed that
gestational diabetic women were hyperglycemic, hyperinsu-
linemic with HbA1C, and lipidic with levels higher than
those of control mothers. The HbA1C elevation shows that
glycemic balance was better in the control group than in
the gestational diabetic one. Hyperglycemia associated with
hyperinsulinemia observed in GDM mothers represents an
insulin-resistant state as shown in several reports [20, 25].
Obesity constitutes a favourable situation for diabetes devel-
opment. Moreover, gestational diabetes mellitus and obesity
during pregnancy significantly influence the development of
offspring during fetal life and postnatally. Indeed, animal
and human studies indicated that fetuses from mothers with
gestational diabetes are at high risk of developing fetal
macrosomia and they are prone to adverse side effects

Table 3: Anthropometrical and biochemical parameters.

Parameters
Mothers Babies

Control GDM Control Macrosomic

Age 30.6± 3.47 32.3± 4.3 H1 H1

Weight (kg)a,b 63.4± 3.9 84.4± 2.4∗ 3.29± 0.33 4.585± 0.46∗

Height (m) 1.65 0.04 1.67± 0.04 0.493± 0.011 0.51± 0.009
BMI (kg/m2)c 23.21± 1.27 30.25± 1.9∗ — —

Cranial perimeter (cm) — — 32.9± 1.45 35.5± 1.78∗

Glycemia (g/L) 0.70± 0.23 1.26± 0.24∗ 0.908± 0.26 0.78± 0.065
Insulinemia (μU/mL) 3.59± 2.26 17.02± 5.63∗ 2.73± 1.77 5.81± 4.4∗

HbA1C (%) 4.46± 0.18 5.27± 0.18 — —

Triglycerides (g/L) 0.51± 0.19 1.47± 0.31∗ 0.31± 0.13 0.55± 0.25
Total cholesterol (g/L) 0.64± 0.29 2.33± 0.68∗ 0.51± 0.15 0.42± 0.13
HDL cholesterol (g/L) 0.39± 0.15 0.84± 0.19∗ 0.30± 0.08 0.36± 0.10
LDL cholesterol (g/L) 0.15± 0.16 1.2± 0.52∗ 0.061± 0.04 0.14± 0.08
∗Significant difference between diabetic mothers andmacrosomic newborns and their corresponding controls; ∗P < 0 05. aMother’s weight measured in the first
trimester of pregnancy. bBabies weight measured in the first hour after birth. cBody mass index (BMI) of mothers, calculated with the following formula: BMI
(kg/m2) = weight/(height)2. H1 = first hour after birth.
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Figure 1: Th1 markers in T cells: mRNA expression of Th1 transcriptional factor (T-bet) and Th1 cytokines (IL-2, IFN-γ) in GDM and
control mothers (a) and their newborns (b). Relative quantity (RQ) of mRNA in different groups was determined as described in Subjects
and Methods.
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strongly associated with prematurity, birth trauma, respira-
tory distress syndrome, and fetal death [24].

Macrosomic newborns were normoglycemic but hyper-
insulinemic and had increased lipid levels compared to the
control newborns. According to several studies, high glu-
cose level of a gestational diabetic mother may induce the
release of insulin from the fetal pancreas, leading to fetal
hyperinsulinemia [25–27]. Besides, Grissa et al. demon-
strated correlations with obesity in maternal levels of amino
acids, triglycerides, fatty acids, and birth weight [28]. These
substances might modulate insulin secretion and insulin
sensitivity and increase fetal growth [28–30]. The hyperin-
sulinemia, associated with other growth factors like IGF-1
and IGF-2, could be responsible for hypoglycemic accidents
of newborns [28].

Commonly, macrosomic newborns of diabetic mothers
used to be hypoglycemic after birth as a consequence of their
hyperinsulinemia. In our study, the hyperglycemic babies
from obese diabetic pregnancies showed normoglycemia.
Studies have shown that, compared to pregnancies in nonob-
ese diabetic subjects, gestational diabetes in obese subjects is
characterized by lower weight gain and higher baseline

glucose [31]. This fact could explain the normoglycemic sta-
tus of the newborns from obese diabetic mothers.

T cells (responsible for cell-mediated immunity) have
been shown to play a critical role in GDM and macrosomia
[13, 17, 18]. T cells can be divided into two subsets: T helper
cells (CD4+) and T cytotoxic cells (CD8+). Prolonged stimu-
lation of Th0 cells with a specific antigen allows their differ-
entiation into two phenotypes: Th1 or Th2, characterized
by different profiles of cytokines. Th1 cells (IFN-γ) inhibit
the proliferation of Th2 cells, whileTh2 cells (IL-10) block
the Th1 cytokine processing. T cell differentiation into Th1
and Th2 phenotypes is dependent, respectively, on T-bet
and GATA3. Two transcriptional factors allow the transcrip-
tional activation of cytokine genes [14].

In the present study, T-bet and Th1 cytokines were
increased in both gestational diabetic mothers and macroso-
mic newborns, while, except for the downregulation of IL-10,
there was no significant modulation of GATA3 and IL-4, the
Th2 markers, in both diabetic women and their macrosomic
offsprings. IL-10 is mainly produced by activated macro-
phages and Treg and Th2 cells. IL-10 inhibits the production
of IFN-γ by Th1 cells, which shifts immune responses toward
a Th2 type [15, 31].

Also, Mayer and Hudrisier [32] reported that pregnan-
cies in obese women have a dysregulated maternal cytokine
profile with a significant rise in proinflammatory cytokines
[32–34]. These observations suggest the inflammatory state
in obese GDM women.

In normal pregnancy, Th1 cytokines are downregulated
whereas cytokines belonging to Th2 cells are upregulated at
the end of the first trimester and at delivery [35]. Besides, a
shift of a Th1 phenotype to Th2 during pregnancy has been
shown to encourage vigorous production of antibodies that
not only combat infections during pregnancy but also offer
passive immunity to the fetus [36]. In this present study, the
fetal passive immunity might be compromised by the decrease
in the Th2 phenotype in gestational diabetic mothers.

Atègbo et al. [20] have demonstrated the downregula-
tion of the Th1 phenotype. Contrary to that, in our obese
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Figure 2: Th2 markers in T cells: mRNA expression of Th2 transcriptional factor (GATA3) and Th2 cytokines (IL-4, IL-10) in GDM and
control mothers (a) and their newborns (b). Relative quantity (RQ) of mRNA in different groups was determined as described in Subjects
and Methods.

Table 4: Ratio of Th1/Th2 mRNA of transcription factors and
cytokines.

Th1/Th2 ratio
Mothers Newborns

Control Diabetic Control Macrosomic

T-bet/GATA3 4.73 6.44∗ 1.031 5.48∗

IL-2/IL-4 1.093 5.74∗ 0.36 2.03∗

IL-2/IL-10 0.034 0.95∗ 0.03 0.57∗

IFN-γ/IL-4 4.16 22.7∗ 0.22 1.14∗

IFN-γ/IL-10 0.13 3.76∗ 0.018 0.32∗

Relative quantity of mRNA in different groups was determined, and RQ
values were used to calculate the Th1/Th2 mRNA ratio in mothers
(control and gestational diabetic) and newborns (control and macrosomic).
∗Significant difference between diabetic mothers and macrosomic
newborns as compared to their corresponding controls.
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gestational diabetes women and their macrosomic new-
borns, the Th1/Th2 ratio reveals the upregulation of the
Th1 phenotype. Obesity of mothers might involve a Th1
increase. Our idea can be supported by observations of
Khan et al. who developed an animal model of macroso-
mic offspring of rats which become obese and diabetic in
adulthood. They observed a very high level of proinflam-
matory cytokines, IFNg and IL2, in obese and diabetic ani-
mals [18]. In gestational diabetic women, some authors
have shown that low Th1 concentrations and high IL-10
levels may be implicated in maintaining the pregnancy
[13, 17, 20]. Besides, recent data have suggested the pro-
tective role of IL-10 against inflammation in adipose tissue
and insulin resistance [37–39].

Furthermore, some authors [17, 40] have reported
spontaneous abortion cases and patients with recurrent
miscarriage are associated with lower systemic IL-10 com-
pared to normal pregnancies. Jasper et al. [41] have shown
that adoptive transfer of T lymphocytes depleted of Treg cells
in pregnant T cell-deficient mice led to a failure of gestation
due to immunological rejection of the fetus [17, 41].

In our study, the increase in Th1 and decrease in IL-
10 can be also explained by the status of GDM mothers
with multiple background of recurrent miscarriage and
spontaneous abortion.

We have not observed any significant variation in
GATA3 and IL-4, which is in line with previous reports
[18–20]. The lack of decrease in mRNA expression of
GATA3 and IL-4 would lead to a successful pregnancy in
these obese women with GDM.

5. Conclusion

In the context of gestational diabetes with obesity and multi-
ple background of recurrent abortion, Th1 transcriptional
factor and cytokines are upregulated while GATA3 and IL-
4 (belonging to the Th2 phenotype) are not altered in diabetic
mothers and their newborns. IL-10, belonging to both Treg
and Th2, is decreased. The modulation of Th1/Th2 balance
during pregnancy could explain the proinflammatory status
observed in diabetic mothers and their offsprings.
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