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KEYWORDS Abstract

Gestational diabetes Purpose: Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance that begins
mellitus; or is diagnosed during pregnancy. Our study aimed to establish a correlation between proin-
Cytokines; flammatory and anti-inflammatory response in order to be able to develop treatment strategies
Biomarkers; and determine early diagnosis biomarkers in the sera of cases diagnosed with GDM. Moreover,
PLACS; we aimed to investigate interleukin (IL), placenta-specific gene 8 protein (PLAC8) and total
Total antioxidant antioxidant capacity (TAC) in patients with GDM.

capacity Methods: Atotal of 121 patients were included in the study. These were divided into four patient

groups: pregnant and diagnosed with DM (P-GDM, n=30); pregnant and not diagnosed with DM
(P-NGDM, n=32); non-pregnant diagnosed with DM (NP-DM, n=29) and non-pregnant and not
diagnosed with DM (NPNDM, n=30). IL-10, IL-17A, IL-21, IL-33, PLAC8 and TAC determinations
from patients were evaluated by ELISA (Enzyme-Linked ImmunoSorbent Assay) method.

Results: 1L-10 and IL-33 concentrations were found to be significantly higher in P-GDM and NP-
DM patient groups compared to P-NGDM and NP-NDM groups (p < 0.001). The PLAC8 level in the P-
GDM patient group (20.38 +5.37) was determined to be significantly higher than in the P-NGDM
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Introduction

The prevalence of maternal obesity is increasing rapidly

patient group (3.41£2.17, p<0.001). TAC in the P-NGDM and NP-NDM groups (12.42 +2.31 vs.
12.96 +3.78, p<0.001) was determined to be significantly higher than in the P-GDM and NP-DM
groups (4.8 £0.52 vs. 2.21+£0.71, p<0.001).

Discussion: The fact that the importance of PLAC8 level and TAC in the diagnosis and follow-up
of GDM in pregnancy is demonstrated for the first time in this study shows that it is unique.

© 2023 SEEN y SED. Published by Elsevier Espana, S.L.U. All rights reserved.

Evaluacion de los niveles séricos de proteina del gen 8 especifico de la placenta,
capacidad antioxidante total, interleucina-10, interleucina-17A, interleucina-21 e
interleucina-33 en mujeres turcas con diabetes mellitus gestacional

Resumen

Objetivo: La diabetes mellitus gestacional (DMG) se define como una intolerancia a los carbo-
hidratos que comienza o se diagnostica durante el embarazo. El objetivo de nuestro estudio
consistio en proporcionar una correlacion entre la respuesta proinflamatoria e inflamatoria
para desarrollar estrategias de tratamiento y determinar biomarcadores séricos diagnosticos
tempranos en las mujeres con DMG. Ademas, pretendiamos investigar la interleucina (IL), la
proteina del gen 8 especifica de la placenta (PLAC8) y la actividad antioxidante total (AAT) de
las pacientes con DMG.

Métodos: En el estudio se incluyo a un total de 121 pacientes. Hubo cuatro grupos: embarazadas
y con diagnostico de DMG (E-DMG, n=30), embarazadas y sin DMG (E-NDMG, n=32); no
embarazadas con DMG (NE-DMG, n=29) y no embarazadas y sin DMG (NE-NDMG, n=30). Las
determinaciones de IL-10, IL-17A, IL-21, IL-33, PLAC8 y la AAT de las mujeres se evaluaron
mediante el método ELISA (prueba de inmunoadsorcion enzimatica).

Resultados: Se observo que las concentraciones de IL-10 e IL-33 eran significativamente superi-
ores en los grupos de pacientes E-DMG y NE-DMG en comparacion con los de E-NDMG y NE-NDMG
(p<0,001). La concentracion de PLAC8 en el grupo de E-DMG (20,38 & 5,37) era significativa-
mente superior que en el de E-NDMG (3,41 +2,17) (p<0,001). La AAT en los grupos de E-NDMG
y NE-NDMG (12,42 +2,31 vs. 12,96 + 3,78, p<0,001) era significativamente mayor que en los
de E-DMG y NE-DMG (4,8 +0,52 vs. 2,21 +0,71, p<0,001).

Discusion: En este estudio se ha demostrado por primera vez la importancia de la concentracion
de PLAC8 y de la AAT en el diagnostico y seguimiento de la DMG en el embarazo, lo que lo
convierte en un trabajo sin precedentes.

© 2023 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

1.3-3.8 times higher in obese women compared to women
with normal body mass index. It is also known that 70% of
women with GDM have the risk of developing type 2 diabetes

worldwide and is reported as a major gynaecological prob-
lem, due to increased mother and child mortality and
morbidity. It has been shown that while obese women
have a 10% tendency to develop pregnancy complications
such as gestational diabetes mellitus (GDM), their chil-
dren also develop cardiovascular and metabolic diseases
in later life." Maternal obesity and GDM may be associ-
ated with a chronic condition called ‘‘meta-inflammation’’
that develops against low-grade inflammation and an acute
inflammatory response. Developing cardiovascular and
metabolic disorders in addition to pregnancy complications
such as pre-eclampsia, thromboembolism and gestational
diabetes in obese women is one of the risks that obese
women face during the process of their pregnancy.? In
this group, the risk of developing GDM was found to be
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(T2DM). "33

GDM is defined as glucose intolerance that begins during
the second or third trimester of pregnancy. Many experimen-
tal and clinical studies have proven that metabolic syndrome
components such as impaired glucose tolerance, dyslipi-
daemia and hypertension are associated with low-grade
systemic inflammation. Metabolic syndrome is a metabolic
disorder characterised by biochemical and clinical findings
in which some or all of the parameters of insulin resistance,
impaired glucose balance, dyslipidaemia, obesity and hyper-
tension are present.” Inflammatory signalling pathways are
activated in metabolic syndrome, changing the release
of proinflammatory and anti-inflammatory cytokines, and
causing biochemical and clinical disorders attributed to
metabolic syndrome. Despite advances in this area, the
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pathogenesis and pathophysiology of GDM has not been fully
clarified."*®

It has been reported that proinflammatory and anti-
inflammatory cytokines are necessary for the development
and continuation of pregnancy from the beginning to the end
of pregnancy.’ It has been shown that gestational diabetes
mellitus constitutes a metabolic disorder that needs to be
explained and followed up because the balance between the
proinflammatory system and the anti-inflammatory system
tends towards proinflammation, when compared to non-
pregnant women.??

There are studies showing that hyperglycaemia initiates
inflammation and causes the secretion of cytokines, which
are protein molecules that function as immune mediators
and regulators expressed by various cell types, and the for-
mation of the acute phase response.”' In addition to the
physiological role in the fetoplacenta during pregnancy, the
expression of cytokines at abnormal levels has a role in the
pathophysiology of GDM.'%"

In recent years, there have been increasing studies on
the role of the inflammatory system in the pathogenesis
of T2DM and GDM.'>"* Because of the similarity between
T2DM and GDM and the clear relationship between type I
diabetes and inflammation, it has been hypothesised that
inflammation may also be involved in the pathophysiology of
GDM. %> During pregnancy, the increase in cytokines such as
interferon-gamma (IFN-G) and tumour necrosis factor-alpha
(TNF-A) synthesised by Th1, the producer of proinflam-
matory cytokines, jeopardises the pregnancy, while IL-4,
which is synthesised by Th2, is one of the anti-inflammatory
cytokines. Increased synthesis of IL-6 and IL-10 ensures the
continuation of a normal pregnancy period. IL-10 production
is related to genetic variations in its promoter region, and
this region controls transcription and contains SNPs that are
related to diabetes and its complications.'®" In addition,
inflammation caused by secreted cytokines is thought to
be associated with increased insulin resistance in pregnant
women with gestational diabetes.'®

Th1 cells initiate inflammation by acting on the
cell-mediated immune system and are therefore consid-
ered cytotoxic agents. However, Th2 cells are effective
in humoral immunity and regulate the inflammatory
response.' Th1/Th2 changes have been observed not only
in normal pregnancies, but also in pregnancies complicated
by diabetes. According to the results of clinical and exper-
imental studies, it has been suggested that while the Th1
response decreases during pregnancy, the Th2 response
increases.”’ Studies have shown that Th2 response pre-
dominates with a successful pregnancy, while Th1 activity
is prominent in spontaneous abortions and pre-eclampsia.
However, since it is associated with Th2 immunity in
recurrent miscarriages, the Th1/Th2 balance was insuffi-
cient to explain the mechanism preventing foetal allograft
rejection.?"??

Placenta-specific gene 8 (PLAC8) is one of the highly
conserved placental regulatory genes among placental
mammals. It promotes invasion and migration of human tro-
phoblast cells during implantation. It is highly expressed in
serumcytoid dendritic cells and tissues of the immune sys-
tem such as bone marrow, lymph nodes, and spleen in adult
mammals.?

Materials and method

The study was reviewed and approved by the Ethics Com-
mittee of Biruni University (2019/30-10) and was conducted
in accordance with the World Medical Association Declara-
tion of Helsinki. Between 2021 and 2022, female patients
between the ages of 18 and 40 who were followed up rou-
tinely at Biruni University Hospital and at internal medicine
and obstetrics and gynaecology outpatient clinics were
included in the study. The 75g oral glucose tolerance test
(OGTT) was performed on the pregnant group between 24
and 28 weeks of pregnancy.

A total of 121 volunteer patients were included in the
study. These were divided into four patient groups: diag-
nosed with GDM (P-GDM, n=30) not diagnosed with GDM
(P-NGDM, n=32); non-pregnant diagnosed with DM (NP-DM,
n=29) and not diagnosed with DM (NP-NDM, n=30).

For the diagnosis of GDM and DM, 75 g glucose load and
0 hour >95mg/dl on OGTT; 1st hour >180mg/dl; 2nd hour
>153mg/dl is considered as a critical value according to
IADPSG (International Association of Diabetes and Pregnancy
Study Groups).

Anthropometric measurements (BMl), demographic data
(age, gestational age) and biochemical parameters (fast-
ing blood glucose, HbA1c, insulin, lipid) of the individuals
included in the study were examined. Venous blood sam-
ples were collected from all subjects after an eight-hour
overnight fasting period. Blood samples (serum) were col-
lected in tubes without anticoagulants, centrifuged at
3000 rpm for 10 min, and stored at —80°C until analysis.

IL-21, IL-33, IL-10, IL-17A, PLAC8 and total antioxi-
dant capacity determinations from patients were evaluated
by ELISA (Enzyme-Linked ImmunoSorbent Assay) method.
Reagents in ELISA kits (BT-LAB, Shanghai Korain Biotech)
were prepared and studied in accordance with the proce-
dure IL-10 (Cat. No: EO102Hu), IL-17A (Cat. No: E0047Hu),
IL-21 (Cat. No: E6614Hu), IL-33 (Cat. No: E0044Hu), PLAC-
8-onzin (Cat. No: E6632Hu) and total antioxidant capacity
assays (Cat. No: E4350Hu). The calibration standard curve
graph was drawn from the absorbance values obtained as
a result of the study. IL-21, IL-33, IL-10, IL-17A, PLAC8 and
total antioxidant concentrations of patient serum samples
were calculated using the calibration standard curve graph
formula.

Statistical analyses

Prism 9.1.1 (GraphPad Software, La Jolla, CA) was used for
all statistical analyses and significance was noted when the
p value was <0.05. Differences between the groups were
compared by Mann-Whitney U test. Relationships between
variables were tested by Spearman’s rank correlations. The
two-way ANOVA test was used to compare the differences
in cytokine, PLAC8 and total antioxidant activity (TAC) con-
centrations.

Results

Demographic characteristics, anthropometric measure-
ments and biochemical parameters of the study subjects

14
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Table 1 Clinical characteristics of the study participants.
Variable P-GDM (m =+ SD) P-NGDM (m +SD) NP-DM (m + SD) NP-NDM (m =+ SD) p value
Age (year) 27.38 + 4.68 26.96 +£5.42 26.25+3.17 27.66+5.18 >0.061
Gestational age (weeks) 25.31 +£1.96 26.02 +1.38 N/A N/A >0.076
BMI (kg/m?) 25.41 + 4.33 23.21+3.87 22.25+ 3.61 26.35+4.52 <0.05
OGTT Oh (mg/dl) 102.35 + 17.38 80.26 +8.52 119.6 +19.8 76.42+7.93 <0.001
OGTT 2 h (mg/dl) 188.4 + 38.97 116.28 £9.45 180.51 £17.31 108.73 £72 <0.001
HbA1c (%) 5.96 + 1.36 N/A 5.17+1.36 N/A <0.0009
Insulin (mIU/ml) 15.62 + 3.28 34.12+6.21 18.45+4.41 31.87+5.27 <0.001
Triglycerides (mg/dl) 2.73 £ 0.96 2.83+0.68 2.63+0.79 2.81+0.82 <0.05
Total cholesterol (mg/dl) 5.76 + 0.69 5.62 +0.91 5.68 +0.89 5.74+0.986 >0.05
LDL-cholesterol (mg/dl) 3.5 +£0.59 3.29+0.91 3.46+0.72 3.43+0.78 >0.05
HDL-cholesterol (mg/dl) 1.88 + 0.41 1.77+£0.5 1.98+0.36 1.79+0.53 <0.001
Ultrasonography results

Foetal weight (kg) 2.35 + 0.84 1.86 +0.57 N/A N/A <0.001

Abdominal circumference (cm) 29.3 £+ 6.45 26.21+3.25 N/A N/A <0.001

m: mean; SD: standard deviation; P: pregnancy; NP: non-pregnancy; DM: diabetes mellitus; GDM: gestational diabetes mellitus; OGTT:

oral glucose tolerance test.
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are presented in Table 1. The P-GDM, P-NGDM, NP-DM and
NP-NDM groups were of similar maternal age (27.38 +4.68;
26.96 +5.42; 26.254+3.17 vs. 27.66 +-5.18 years, p=0.061),
and the P-GDM and P-NGDM groups were of similar gesta-
tional age (25.314+1.96 vs. 26.02 +1.38 weeks, p=0.076),
respectively. The BMI of the P-GDM group was signifi-
cantly higher than in the P-NGDM group (25.41+4.33
vs. 23.21+3.87kg/m?, p<0.05). The BMI of the NP-DM
group was significantly lower than in the NP-NDM group
(22.25+3.61 vs. 26.35+4.52, p<0.05). The patients from
the P-GDM and NP-DM groups had significantly higher glucose
levels (102.354+17.38 vs. 119.6 =19.8 and 188.4 + 38.97 vs.
180.51+17.31) at Oh and 2 h of the OGTT (mg/dl) (p <0.001
and p 0.001, respectively). The level of HbA1c (%) was
found to be significantly higher in the P-GDM and NP-GDM
groups (5.96 +1.36 vs. 5.17 +1.36, p<0.0009) compared to
the P-DM and NP-DM groups. The level of insulin (mIU/ml)
was found to be significantly lower in the P-GDM and

Interluekin-33 {pg'mi)

W Interluekin-174 [pg/mil)
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Serum levels of cytokines (IL-10/IL-17A/IL-21 and IL-33) for all groups. *p <0.001; *p < 0.05.

NP-GDM groups (515.62+3.28 vs. 18.45+4.41, p<0.001)
compared to the P-DM and NP-DM groups (34.12+6.21
vs. 31.87+5.27, p<0.001). HDL-cholesterol (mg/dl) lev-
els were found to be significantly higher in the P-GDM and
NP-DM groups (1.88+0.41 vs. 1.98 +£0.36, p<0.05) com-
pared to the P-NGDM and NP-NDM groups (1.77 £0.5 vs.
1.79+£0.53, p<0.05). No significant changes were detected
in total cholesterol (mg/dl) and LDL-cholesterol (mg/dl) lev-
els for each group (p>0.05) (Table 1 and Fig. 1).

When the results were evaluated in terms of ultra-
sonography results, foetal weight (kg) and abdominal
circumference (cm) were found to be significantly higher
in GDM patients (2.354+0.84 vs. 29.3+6.45) compared
to NGDM patients (1.86 £0.57 vs. 26.21+3.25) (p<0.001)
(Table 1).

In the study, DM (gestational and non-gestational) and
cytokine (IL-10/IL-17A/IL-21 and IL-33), TAC and change in
PLACS levels were evaluated (Table 2).
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Table 2 Serum levels of cytokines, PLAC8 and TAC of patients with and without DM.

Variable P-GDM P-NGDM NP-DM NP-NDM p

Interleukin-21 (pg/ml) 0.96 + 0.54 0.99 + 0.41 0.98+0.52 0.79+0.51 <0.05
Interleukin-33 (pg/ml) 1.61 £ 0.62 1.02 £ 0.39 1.57+0.8 0.99+0.48 <0.001
Interleukin-10 (pg/ml) 1.36 + 0.42 0.84 + 0.21 1.54+0.38 1.17+0.4 <0.001
Interleukin-17A (pg/ml) 0.97 + 0.36 1.06 + 0.52 0.91+0.52 0.82+0.31 >0.05
PLACS8 (ng/ml) 20.38 + 5.37 3.41 +2.17 N/A N/A <0.001
TAC (ng/ml) 4.8 +0.52 12.42 + 2.31 2.21+0.71 12.96+3.78 <0.001

m: mean; SD: standard deviation; P: pregnancy; NP: non-pregnancy; DM: diabetes mellitus; GDM: gestational diabetes mellitus; PLAC8:

placenta-specific gene 8 protein; TAC: total antioxidant capacity.
# p<0.05.
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The levels of IL-10/IL-17A/IL-21 and IL-33
associated cytokines in patients with DM (P-GDM
and NP-DM) and without DM (P-NGDM and NP-NDM)

IL-17A and IL-21 concentration levels in the NP-NDM patient
group (0.79+0.51, p<0.05) were determined to be lower
than in the P-GDM, P-NGDM and NP-DM groups (0.96 & 0.54,
0.99 +0.41vs. 0.98 +0.52, p <0.05). IL-33 and IL-10 concen-
tration levels in the P-GDM and NP-DM patient groups
(1.61+0.62vs. 1.57 +0.8, p<0.001) were determined to be
higher than in the NP-GDM and NP-NDM groups (1.02 +0.39
vs. 0.99 +£0.48, p<0.001) (Fig. 1).

The levels of PLAC8 in patients with and without
DM

The PLACS level in the P-GDM patient group (20.38 +5.37)
was determined to be significantly higher than in the P-
NGDM patient group (3.41+2.17, p<0.001) (Fig. 2). As
expected, there was no pregnancy in the NP-DM and NP-NDM
groups, so PLAC8 level could not be determined (Table 2).

The levels of TAC in patients with and without DM

TAC in the P-NGDM and NP-NDM groups (12.42 +2.31 vs.
12.96 +3.78, p<0.001) was determined to be significantly
higher than in the P-GDM and NP-DM groups (4.8 +0.52 vs.
2.21+0.71, p<0.001). When the P-GDM and NP-DM groups
were compared to each other, TAC in the P-GDM group
(4.8 £0.52) was determined to be significantly higher than

in the NP-DM group (2.21+£0.71, p<0.001). When the P-
NGDM and NP-NDM groups were compared to each other,
no significant difference was observed (p>0.05) (Fig. 2).

Discussion

In previous studies, it has been shown that changes in inflam-
matory factors due to GDM cause irreversible pancreatic
islet damage. Women with GDM are at higher risk of devel-
oping type 2 diabetes mellitus in the future.?*?> The role of
pro-inflammatory cytokines such as tumour necrosis factor-
o (TNF-a), IL-6 and IL-1 and anti-inflammatory cytokines
such as IL-10 have been previously evaluated in GDM, but
few studies have investigated the role of pro-inflammatory
cytokines such as IL-21, IL-17A in the pathogenesis of GDM.
The role of newly discovered anti-inflammatory cytokines IL-
33, PLAC8 and TAC level in the pathogenesis of GDM has not
been investigated yet. This study has shown that pregnant
women with GDM have higher serum IL-10, IL-33, PLAC8 and
TAC levels than pregnant women with normal gestation.

The relationship between IL-10 concentration and GDM
has yet to be concluded, while both decreased’* and
increased IL-10 levels have been reported in type 2 DM and
GDM patients.? IL-10 has been extensively studied for its
role in GDM and it has been suggested that IL-10 gene poly-
morphism could potentially alter network pathways of genes
that result in a vulnerability to GDM in at-risk populations.Z®
In our study, it was determined that IL-10 was significantly
higher in the P-GDM and NP-DM patient groups compared to
the P-NGDM and NP-NDM groups (p <0.001).

16



Endocrinologia, Diabetes y Nutricion 71 (2024) 12-18

In their study of interleukin-33 and its receptor sol-
uble suppression of tumorigenicity 2 in the diagnosis of
gestational diabetes mellitus, Fan et al. found that, com-
pared to women with normal glucose tolerance pregnancies,
patients with GDM had increased secretions of IL-33, solu-
ble suppression of tumorigenicity 2 (sST2), IL-6 and TNF-a in
their plasma with elevated homeostatic model assessment
(HOMA). Moreover, they found that IL-33/sST2 was positively
correlated with HOMA, IL-6 and TNF-« levels in the plasma
of patients with GDM, respectively.? In our study, we found
that IL-33 concentration was significantly higher in the P-
GDM and NP-DM patient groups compared to the P-NGDM
and NP-NDM groups (p<0.001).

Tagoma et al. investigated plasma immune mediators
during gestational weeks 23-28 in 213 women at risk of
GDM, aiming to find associations between GDM and its
complications, and they compared the results with clini-
cal data from pregnancy and post-partum follow-up. They
found that lower levels of adiponectin and higher levels of
CCL2 were found in women with GDM. IL-27 levels were
associated with lower likelihood of GDM, and showed a risk
association with glutamic acid decarboxylase autoantibody
positivity. Similarly, they reported that higher IL-22 levels
increased the odds of glutamic acid decarboxylase autoan-
tibody positivity. They found that TGF-B1 was associated
with post-partum fasting glucose levels, and CCL4 with post-
partum C-peptide levels. Finally, they showed that women
who developed pregnancy complications had higher levels
of CXCL10 and CCL4. But they did not find any difference
between groups in terms of IL-10, IL-17A and IL-21.%8

Despite the fact that the precise endogenous biochem-
ical function of PLACS8 is unclear, more recent data shows
that it regulates the innate immune response, adipocyte
differentiation and cell proliferation/survival processes.
Adjunct studies indicated a role for PLAC8 in promoting
tumorigenesis. It is possibly via mechanisms involving prolif-
eration, survival, autophagy and epithelial-to-mesenchymal
transition.?’ For these studies, endothelial progenitor cells
were obtained and cultured from isolated umbilical cord
blood cells. Rogulski et al.>° found that PLAC8 overexpres-
sion functioned as a protective mechanism for endothelial
colony-forming cells to avoid senescence. Given that hyper-
glycaemia of GDM enhances endothelial colony-forming
cells senescence and impairs vasculogenesis, their findings
demonstrated an adaptive response of foetal endothelial
colony-forming cells to circumvent the negative effects of
a hyperglycaemic environment. Besides, differential methy-
lation was explored in endothelial colony-forming cells from
GDM mothers in the first intron of an isoform of PLACS.

In our study, while the PLACS level was found to be signi-
ficantly higher in the P-GDM group, it was significantly lower
in the P-NGDM, NP-DM and NP-NDM groups (p <0.001).

We demonstrated that TAC increased significantly in the
P-NGDM and NP-NDM groups compared to the P-GDM and
NP-DM groups (p <0.001). In addition, when the P-GDM and
NP-DM groups were compared to each other, TAC in the P-
GDM group was found to be significantly higher than in the
NP-DM group (p <0.001).

Conclusion

In this study, it was determined that PLACS8 level is a deter-
mining factor for the diagnosis and follow-up of GDM in
pregnant women. The fact that the importance of PLAC8
level and TAC in the diagnosis and follow-up of GDM in preg-
nancy is shown for the first time in this study demonstrates
that it is unique. With our study, it has been shown that
there may be new parameters that can be easily measured
from the blood for pregnant women who do not prefer sugar
overload. New studies are needed to detect whether there
are significant differences in circulating levels of cytokines
in patients with GDM.
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