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Summary 
We measured plasma concentrations, adipose tissue and 
placental mRNA expression of hepatokines fetuin A, fetuin B and 
fibroblast growth factor 21 (FGF21) in 12 healthy pregnant 
women (P group), 12 pregnant women with gestational diabetes 
(GDM) and 10 healthy non-pregnant women (N group) to explore 
their potential role in the etiopathogenesis of GDM. GDM and 
P group had comparable BMI, C-reactive protein (CRP) and 
glycated hemoglobin levels while IL-10 and TNF-α levels were 
higher in GDM group. Fetuin A and fetuin B levels were higher in 
pregnancy as compared to N group and decreased after delivery 
with no apparent influence of GDM. In contrast, the pattern of 
changes of circulating FGF21 levels differed between GDM and 
P group. Fetuin A concentrations positively correlated with CRP, 
TNF-α mRNA expression in adipose tissue and IL-6 mRNA 
expression in placenta. Fetuin B positively correlated with CRP. 
FGF21 levels correlated positively with IFN-γ mRNA in adipose 
tissue and inversely with IL-8 mRNA in the placenta. Taken 
together, fetuin A and fetuin B levels were increased during 
pregnancy regardless of the presence of GDM. In contrast, FGF21 
patterns differed between healthy pregnant women and GDM 
patients suggesting a possible role of this hepatokine in the 
etiopathogenesis of GDM.  
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Introduction 
 

Gestational diabetes mellitus shares common 
features with type 2 diabetes mellitus (T2DM) and its 
history represents a major risk factor for the development 
of T2DM later in life (Elnour et al. 2008, Seshiah et al. 
2006, Vejrazkova et al. 2017). Liver plays a central role 
in glucose metabolism as not only a major place of 
gluconeogenesis and glycogen storage but also as 
a source of numerous hormones commonly referred to as 
hepatokines (Abdul-Wahed et al. 2014, Spolcova et al. 
2014). These hormones including fetuin A, fetuin B and 
fibroblast growth factor 21 (FGF21) have all been 
connected with regulation of glucose metabolism and 
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energy homeostasis. 

Fetuin A and fetuin B are both members of 
cystatine fetuin family. Fetuin A, also referred to as  
α2-Heremans-Schmid glycoprotein, is secreted by liver 
and adipose tissue (Jialal et al. 2015). It acts as a natural 
inhibitor of the insulin receptor tyrosine kinase (Srinivas 
et al. 1993) and possibly as an endogenous ligand of toll-
like receptor 4 (Pal et al. 2012). Fetuin A is associated 
with insulin resistance, fat accumulation in the liver 
(Stefan et al. 2006), T2DM (Stefan et al. 2008, Sun et al. 
2013), metabolic syndrome and atherogenic lipid profile 
(Ix et al. 2006). It also contributes to macrophage 
migration to the adipose tissue and proinflammatory 
macrophage phenotype (Chatterjee et al. 2013) along 
with repression of adiponectin mRNA expression and 
induction of pro-inflammatory TNF-α, IL-1β cytokine 
expression (Hennige et al. 2008). Another member of 
cystatine fetuin family – fetuin B is produced by the liver, 
tongue and placenta (Denecke et al. 2003). In 
experimental studies in mice, fetuin B impaired insulin 
signaling in the muscle and the liver and reducing 
fetuin B improves glucose tolerance in obese mice. In 
humans, fetuin B was increased in obese patients with 
liver steatosis as compared to obese subjects without 
steatosis and positively correlated with fasting insulin and 
HOMA-IR (Meex et al. 2015).  

FGF21 is a member of the FGF superfamily 
produced predominantly by the liver and adipose tissue 
(Fon Tacer et al. 2010). In mice, FGF21 stimulated 
glucose uptake in adipocytes and showed lipid-lowering, 
thermogenic and insulin-sensitizing effects (Badman et 
al. 2007, Kharitonenkov et al. 2005, Telejko et al. 2009). 
FGF21 exerts its biological action after binding to  
high-affinity FGF receptors belonging to the tyrosine 
kinase receptor family. Co-factor βKlotho, a homologous 
single-pass transmembrane protein that binds to specific 
FGFRs, was identified as an essential prerequisite for 
FGF21 activity (Ogawa et al. 2007). Increased FGF21 
levels were observed in patients with obesity and T2DM 
(Dostalova et al. 2009, Mumtaz et al. 2015). Bariatric 
surgery decreased FGF21 levels (Haluzikova et al. 2013) 
while short-term very low calorie diet had an opposite 
effect (Mraz et al. 2009). 

The possible significance of changes in fetuin A, 
fetuin B and FGF21 in patients with gestational diabetes 
mellitus and its relationship to its clinical features is not 
fully clarified. We hypothesized that systemic levels or 
fat and placenta mRNA expression of these hepatokines 
will differ between healthy pregnant women and patients 
with GDM and that these differences could contribute to 

metabolic disturbances in GDM patients. To this end, we 
explored the changes in circulating fetuin A, fetuin B and 
FGF21 levels and their mRNA expression in placenta and 
adipose tissue in pregnant women with and without GDM 
and healthy non-pregnant women and explored its 
relationship to clinical features and measures of glucose 
metabolism and subclinical inflammation.  
 
Methods 
 
Study subjects  

The study was performed at a single tertiary 
level department of obstetrics and gynecology. Studied 
pregnant subjects included 12 healthy women and 
12 pregnant women with GDM. GDM was diagnosed  
via 75 g, 2-h oral glucose tolerance test using IADPSG 
criteria. Exclusion criteria were multiple pregnancy, 
chronic systemic disease or other pregnancy-related 
conditions. Ten non-pregnant women who underwent 
diagnostic laparoscopy for common gynecological 
indications were included in the study.  

Women diagnosed with GDM received dietary 
counseling and underwent diabetologic surveillance. In 
one case insulin treatment had to be initiated at 33 weeks 
and in two cases oral glucose-lowering medication 
(metformin) was administered at 30 and 31 weeks of 
gestation to ensure appropriate glucose control.  

Each subject signed written informed consent 
and the Human Ethics Committee, First Faculty of 
Medicine and General University Hospital, Prague, 
Czech Republic, approved the studies. The study was 
performed in accordance with the principles of the 
Declaration of Helsinki as revised in 2008. 

 
Blood and adipose tissue sampling 

Clinical examination was performed and blood 
samples were taken at 28 to 32 weeks of gestation 
(visit 1), 36 to 38 weeks of gestation (visit 2) and 6 to 
12 months after delivery (visit 3). In the group of  
non-pregnant women, a single clinical examination and 
blood drawing were performed before the laparoscopic 
operation.  

Blood samples were taken after an overnight 
fasting and centrifuged for 10 min at 3,000 x g within 
30 min after withdrawal. Serum or plasma aliquots were 
subsequently stored at -80 °C.  

Samples of mixed cord blood were taken after 
delivery of the fetus and delayed umbilical cord clamping 
in all pregnant women. Within 30 min, the blood was 
centrifuged for 10 min at 3,000 x g. Serum or plasma 
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aliquots were then stored at -80 °C.  
In case of operative delivery, the adipose tissue 

biopsy was taken from the episiotomy or visceral and 
subcutaneous adipose tissue if the cesarean section had to 
be performed. Samples of perineal adipose tissue were 
obtained from 5 women without GDM and 5 women with 
GDM. Visceral and subcutaneous adipose tissue was 
obtained from 6 women without GDM and 6 women with 
GDM. Placental tissue was obtained from all women 
regardless of the mode of delivery. Adipose tissue 
samples were immediately placed in the RNAlater® 
solution (Ambion® – Invitrogen, Carlsbad, California, 
USA) and were stored at -80 °C.  

 
Hormonal and biochemical assays 

Plasma fetuin A levels were measured by ELISA 
kit (Biovendor, Brno, Czech Republic) with sensitivity 
0.104 ng/ml. Plasma fetuin B levels were measured by 
ELISA kit (Biovendor, Brno, Czech Republic). 
Sensitivity was 0.19 ng/ml. Plasma FGF21 levels were 
measured by ELISA kit (Biovendor, Brno, Czech 
Republic). Sensitivity was 7 ng/ml. C-reactive protein 
(CRP) levels were measured by instant ELISA kit 
(eBioscience, Vienna, Austria) with sensitivity 3 pg/ml. 
The intra- and interassay variabilities for all assays were 
between 5.0 and 10.0 %. 

Serum levels of cytokines were measured by 
multiplex assay MILLIPLEX MAP Human High 
Sensitivity T Cell Panel (Merck KGaA, Darmstadt, 
Germany). Sensitivity for IFN-γ was 0.48 pg/ml, IL-10 
was 0.56 pg/ml, IL-6 was 0.11 pg/ml, IL-8 was 0.13 pg/ml 
and for TNF-α was 0.16 pg/ml. The intra- and interassay 
variabilities for all assays were between 5.0 and 15.0 %. 

Biochemical parameters (urea, creatinine, uric 
acid, total bilirubin, ALT, AST, ALP, GGT, glycated 
hemoglobin – HbA1c, HDL cholesterol, total cholesterol, 
triglycerides) were measured and LDL cholesterol was 
calculated at the Department of Biochemistry, General 
University Hospital, Prague, Czech Republic by standard 
laboratory methods. 
 
Quantitative real time PCR 

Samples of adipose tissue were homogenized on 
MagNA Lyser Instrument (Roche Diagnostics GmbH, 
Mannheim, Germany). Total RNA was extracted on 
MagNA Pure instrument using Magna Pure Compact RNA 
Isolation kit (tissue) (Roche Diagnostics GmbH, 
Mannheim, Germany). RNA concentration was determined 
from absorbance at 260 nm on NanoPhotometer (Implen, 

Munchen, Germany). Reverse transcription was performed 
using random primers according to the manufacturer’s 
protocol of the High-Capacity cDNA Reverse 
Transcription Kits (Applied Biosystems, Foster City, CA, 
USA). Input amount of RNA was 250 μg per reaction. 
Gene expression was performed on a 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, CA, 
USA). For reaction, a mix of TaqMan® Universal PCR 
Master Mix II, NO AmpErase® UNG (Applied 
Biosystems, Foster City, CA, USA), nuclease-free water 
(Fermentas Life Science, Vilnius, Lithuania) and specific 
TaqMan® Gene Expression Assays (fetuin A: 
Hs00155659_m1, fetuin B: Hs00608480_m1, IFN-γ: 
Hs00174143_m1, IL-6: Hs00174131_m1, IL-8: 
Hs00174103_m1, TNF-α: Hs00174128_m1, leptin: 
Hs00174877_m1, beta-2 microglobulin (B2M): Hs 
99999907_m1, all Applied Biosystems, Foster City, CA, 
USA) were used. B2M was applied as endogenous 
reference. The formula 2-ddCt was used to calculate relative 
gene expression.  

 
Statistical analysis  

Statistical analysis was performed and graphs 
were drawn using SigmaPlot 13.0 (SPSS Inc., Chicago, 
IL, USA). Results are expressed as means ± standard 
error of the mean (SEM). One way ANOVA/One way 
RM ANOVA followed by Holm-Sidak test, One way 
ANOVA on Ranks/One way RM ANOVA on Ranks 
followed by Dunn's method, unpaired t-test or  
Mann-Whitney Rank Sum Test, paired-test or Wilcoxon 
Signed-Rank were used for the assessment of intergroup 
differences, as appropriate. Spearman or Pearson 
correlation test was used to assess the association 
between fetuin A, fetuin B or FGF21 and other measured 
parameters. The baseline results of non-pregnant and all 
pregnant women (V1) were used for correlation analyses. 
Statistical significance was assigned to p<0.05. 
 
Results 
 
The effect of pregnancy and gestational diabetes mellitus 
on biochemical parameters 

The age of women in all three groups was 
comparable. The BMI of the non-pregnant women 
(22.6±0.98 kg/m2) and pre-pregnancy BMI of women 
with (23.8±1.39 kg/m2) and without gestational diabetes 
(22.9±1.09 kg/m2) did not differ (p=0.865) similarly to 
BMI between the two groups of pregnant patients during 
the study visits (Table 1). 
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Differences in line with physiological changes in 
pregnancy including lower levels of creatinine, uric acid 
and total bilirubin and higher levels of total cholesterol, 
triglycerides, HDL cholesterol and LDL cholesterol were 
found between the non-pregnant control group and both 
groups of pregnant women at V1. Pregnant women with 
GDM had increased urea and decreased ALP levels 
compared to pregnant women without GDM while no 
difference was observed in HbA1c (Table 1). 

All studied biochemical characteristics of the 
subjects in V2 followed the course observed in V1.  
At 6 to 12 months after delivery (V3), no difference was 
observed between non-pregnant women and women 
without GDM. At the same visit, pregnant women with 
GDM had higher urea and ALP compared to non-
pregnant women (Table 1).  

CRP levels were increased during pregnancy in 
both pregnant women with and without GDM compared 
to healthy control subjects with no significant differences 

between GDM and healthy pregnant women. After 
pregnancy, CRP levels decreased to levels comparable to 
healthy control subjects. 
 
The effect of pregnancy and gestational diabetes mellitus 
on circulating and cord blood concentrations of fetuin A, 
fetuin B and FGF21 

Pregnant women without GDM had higher 
fetuin A levels during the whole study period (V1 and 
V2) compared to non-pregnant group although their 
fetuin A levels decreased significantly after delivery. 
Compared to non-pregnant women, GDM group showed 
similar pattern with higher fetuin A levels at V1 while V2 
and V3 values did not significantly differ from  
non-pregnant group. No significant differences in 
fetuin A concentrations between healthy pregnant and 
GDM group were detected. Cord blood fetuin A levels 
were higher in pregnant women without GDM compared 
to GDM group (Fig. 1). 

 

 
 
Fig. 1. The effect of pregnancy and GDM on fetuin A, fetuin B and FGF21 levels. FGF21 levels were not determined in cord blood.  
N – non-pregnant women, P – pregnant women without GDM, GDM – pregnant women with GDM. Values are mean ± SEM. * p<0.05 
vs. non-pregnant women, One way ANOVA/ANOVA on Ranks. 1 p<0.05 vs. V1; One way repeated measures ANOVA/One way repeated 
measures ANOVA on Ranks. 2 p<0.05 vs. V2; One way repeated measures ANOVA/One way repeated measures ANOVA on Ranks. 
3 p<0.05 vs. V3; One way ANOVA/One way ANOVA on Ranks. x p<0.05 vs. pregnant women without GDM; unpaired t-test or  
Mann-Whitney Rank Sum Test. 
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Both groups of pregnant women had higher 
fetuin B levels at V1 and V2 compared to non-pregnant 
women. After delivery (V3), fetuin B levels decreased to 
concentrations comparable with those of non-pregnant 
group in both pregnant groups. No differences between 
healthy pregnant and GDM group were found in plasma 
or cord blood fetuin B levels (Fig. 1). 

Compared to non-pregnant group, healthy 
pregnant women had lower FGF21 levels at V1 and 
GDM patients had higher FGF21 after delivery. 

 
The effect of pregnancy and gestational diabetes mellitus 
on mRNA expression of fetuin A, fetuin B and FGF21 in 
adipose tissue and placenta 

Fetuin A and FGF21 mRNA expression in 
perineal adipose tissue were under the detection limit, 
while a weak fetuin B mRNA expression on the 
borderline of detection limit of the method in perineal 
adipose tissue was noted and did not differ between 
women without and with GDM. Fetuin B mRNA 
expression was not detected in the placenta. FGF21 
mRNA expression was detected in half of the samples, 
while fetuin A mRNA expression was detected in 
placenta, but did not differ between pregnant women with 
and without GDM. Furthermore, we aimed to assess 
a difference between mRNA expression of fetuin A and 

fetuin B in subcutaneous and visceral adipose tissue. We 
failed to detect fetuin A mRNA expression in both depots 
and only weak fetuin B mRNA expression was found in 
half samples of subcutaneous adipose tissue (data not 
shown). 

 
The effect of pregnancy and gestational diabetes mellitus 
on inflammatory cytokines 

In healthy pregnant women, the circulating 
levels of IL-6 at V1 were lower as compared to V2 and 
V3, respectively (Table 2). No such pattern was found in 
GDM group. Circulating IL-10 levels in healthy pregnant 
women significantly increased at V3 as compared to V1 
and V2. IL-10 levels at V1 in GDM group were higher 
than in healthy pregnant women and were not changed at 
V2 or V3, respectively. During the entire study, TNF-α 
levels were consistently higher in GDM pregnant women 
compared to healthy pregnant women. 

Perineal adipose tissue IL-8 mRNA expression 
was higher in women without GDM (Fig. 2), while 
mRNA expression of TNF-α, IFN-γ, IL-6 and leptin did 
not differ between groups (data not shown). Placental 
leptin mRNA expression was higher in healthy pregnant 
women compared to GDM group (Fig. 2). Placental 
mRNA expression of TNF-α, IFN-γ, IL-6 and IL-8 did 
not differ between groups (data not shown). 

 
 
Table 2. Changes in inflammatory cytokines in pregnant women without and with gestational diabetes mellitus and non-pregnant 
control group.  
 

 IFN-γ  
(pg/ml) 

IL-6  
(pg/ml) 

IL-8  
(pg/ml) 

IL-10 
(pg/ml) 

TNF-α 
(pg/ml) 

Non-pregnant women 27.36 ± 2.76 6.45 ± 1.54 9.24 ± 2.18 32.97 ± 6.62 9.16 ± 1.44 

Pregnant women without GDM     
V1 16.55 ± 2.30 2.78 ± 0.37 4.94 ± 0.52 9.29 ± 1.79 * 3.88 ± 0.52 * 
V2 19.27 ± 2.94 3.69 ± 0.29 1 5.84 ± 0.62 10.25 ± 1.71 * 5.18 ± 0.99 * 
V3 19.41 ± 3.34 3.75 ± 0.49 1 5.91 ± 0.36 16.71 ± 3.36 1,2 5.12 ± 0.90 * 
Cord blood --- 3.75 ± 1.31 13.07 ± 4.19 1 --- 6.37 ± 0.88 

Pregnant women with GDM     
V1 19.18 ± 3.31 4.33 ± 0.81 5.78 ± 0.53 20.88 ± 3.86 x 10.99 ± 1.81 x 
V2 20.58 ± 4.17 5.02 ± 1.13 6.31 ± 0.75 17.93 ± 4.65 12.16 ± 1.74 x 
V3 24.46 ± 5.98 5.93 ± 1.81 7.79 ± 0.83 17.34 ± 4.48 12.13 ± 2.10 x 
Cord blood --- 5.78 ± 2.13 10.22 ± 1.43 1 --- 19.46 ± 4.39 x 

 
IFN – interferon, IL – interleukin, TNF – tumour necrosis factor. V1 – 28 to 32 weeks of gestation, V2 – 36 to 38 weeks of gestation, 
V3 – after delivery. Values are mean ± SEM. * p<0.05 vs. non-pregnant women, One way ANOVA/ANOVA on Ranks. 1 p<0.05 vs. V1; 
One Way repeated measures ANOVA/One way repeated measures ANOVA on Ranks. 2 p<0.05 vs. V2; One Way repeated measures 
ANOVA/One way repeated measures ANOVA on Ranks. x p<0.05 vs. pregnant women without GDM; unpaired t-test or Mann-Whitney 
Rank Sum Test. 
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Fig. 2. The effect of GDM on mRNA expression IL-8 in perineal adipose tissue and placental mRNA expression of leptin. P – pregnant 
women without GDM, GDM – pregnant women with GDM, IL – interleukin. Values are mean ± SEM. x p<0.05 vs. pregnant women 
without GDM; unpaired t-test or Mann-Whitney Rank Sum Test.  
 
 
The relationship of fetuin A, fetuin B and FGF21 to other 
studied parameters 

Plasma fetuin A positively correlated with uric 
acid (R=0.897, p=0.025) and CRP levels (R=0.379, 
p=0.032) and was inversely related with creatinine  
(R=-0,372, p=0.036) and total bilirubin (R=-0.396, 
p=0.025). Fetuin A positively correlated with fetuin B 
levels (R=0.497, p=0.003), TNF-α mRNA expression in 
perineal adipose tissue (R=0.699, p=0.035) and IL-6 
mRNA expression in placenta (R=0.468, p=0.021). 

Plasma fetuin B levels positively correlated with 
triglycerides (R=0.497, p=0.013) and CRP levels 
(R=0.466, p=0.007) and were inversely correlated with 
total bilirubin (R=-0.391, p=0.027). Fetuin B positively 
correlated with fetuin A levels (R=0.497, p=0.003). 

Plasma FGF21 levels positively correlated with 
creatinine (R=0.410, p=0.020), GGT (R=0.436, p=0.023) 
and inversely correlated with ALP levels (R=-0.484, 
p=0.041) and LDL cholesterol (R=-0.451, p=0.027). 
FGF21 positively correlated with IFN-γ mRNA 
expression in perineum adipose tissue (R=0.685, 
p=0.025) and negatively correlated with IL-8 mRNA 
expression in placenta (R=-0.500, p=0.013). 
 
Discussion 
 

Liver plays a central role in the regulation of 
glucose homeostasis as not only a major place of 
gluconeogenesis and glycogen storage but also as 
a source of numerous hormones commonly referred to as 

hepatokines (Abdul-Wahed et al. 2014). These hormones 
including fetuin A, fetuin B and FGF21 have all been 
connected with the regulation of glucose metabolism and 
energy homeostasis (Dostalova et al. 2009, Cheung and 
Deng 2014, Ix et al. 2006). In the present study, we 
aimed to determine the changes in fetuin A, fetuin B and 
FGF21 in women with physiological pregnancy and 
gestational diabetes mellitus and their possible 
interconnections with clinical features and measures of 
glucose metabolism and subclinical inflammation. We 
have demonstrated that fetuin A and fetuin B plasma 
levels are increased during pregnancy with only limited 
effect of the presence of GDM. In contrast, we found 
a different pattern of changes in FGF21 levels in healthy 
pregnant women and GDM patients.  

Some of the previous studies demonstrated 
increased fetuin A levels in the second and third trimester 
of pregnancy in GDM patients as compared to healthy 
pregnant women (Kalabay et al. 2002) or decreased 
fetuin A levels in patients with preeclampsia (Molvarec et 
al. 2009). In contrast, other studies did not show any 
influence of GDM on serum fetuin A levels (Farhan et al. 
2012). In our study, we found higher levels of fetuin A 
during the 28 to 38 weeks of pregnancy in healthy 
pregnant women compared to non-pregnant women, 
while women with GDM had higher fetuin A levels only 
at 28 to 32 weeks of gestation. Delivery significantly 
decreased fetuin A levels only in healthy pregnant 
women while its change in GDM group did not reach 
statistical significance despite the similar trend. 
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Importantly, fetuin A levels in 28 to 38 weeks of 
pregnancy did not differ between pregnant women 
without and with GDM in our study, which is in line with 
results of some studies (Farhan et al. 2012) but in 
disagreement with other studies (Iyidir et al. 2015). The 
differences between our data and other studies can be 
explained by varying levels of glucose control in GDM 
patients, which was optimal in our study but suboptimal 
in other studies.  

Previous studies have shown a potential 
connection of fetuin A to insulin resistance. For example: 
studies on db/db mice described NF-κB mediated lipid-
induced fetuin A expression in hepatocytes (Dasgupta et 
al. 2010) and the role of fetuin A as an endogenous 
ligand of toll-like receptor 4 promoting lipid-induced 
insulin resistance (Pal et al. 2012). Possibly,  
an association between fetuin A and toll-like receptor 4 
could be one of the explanations for its positive 
correlation with mRNA expression of TNF-α in adipose 
tissue or IL-6 in placenta in our study given a potential 
fetuin A modifying actions on lipopolysaccharide and 
endotoxemia (Basu et al. 2011, Dziegielewska et al. 
1998).  

According to a recently published study 
(Kralisch et al. 2017), fetuin B levels during pregnancy 
were increased in women with GDM compared to  
non-diabetic pregnant women with a drop in 
concentrations after delivery. Here we found equally 
increased fetuin B levels during pregnancy in both 
healthy pregnant and GDM groups with a significant 
decrease after delivery. We failed to demonstrate  
a difference in concentrations of fetuin B between 
pregnant women with and without GDM. This finding 
could be explained by the fact that GDM group had  
a perfect glucose control with glycated hemoglobin levels 
comparable to healthy non-diabetic pregnant women. 
Observed positive correlation between plasma fetuin B 
levels and triglycerides are consistent with increased 
fetuin B concentrations previously described in obese 
patients with liver steatosis (Meex et al. 2015).  

Although fetuin A production was found in both 
subcutaneous and visceral adipose tissue in animal 
studies (Perez-Sotelo et al. 2017) we were not able to 
detect fetuin A mRNA expression in perineal adipose 
tissue as well as in other adipose tissue depots and found 
only weak fetuin B mRNA expression in some of the fat 
samples. Our data thus suggest inter-species differences 
in fetuin A and B mRNA expression with human adipose 
tissue expressing no fetuin A and a very little, if any, 

fetuin B. It has been previously shown that both fetuin A 
and fetuin B are produced in human and animal placenta 
(Denecke et al. 2003). Our results confirm fetuin A 
mRNA expression in placenta with no differences 
between the groups. In contrast, mRNA expression of 
fetuin B could be detected only in some of the samples.  

In our study, the presence of GDM was 
associated with higher levels of proinflammatory TNF-α 
levels and anti-inflammatory IL-10 levels in 28 to 
32 weeks of gestation suggesting that similarly to type 2 
diabetes mellitus women with GDM also suffer from 
subclinical inflammation which in our study could not be 
detected by differences in CRP levels (Leipold et al. 
2005). Interestingly, we also found increased TNF-α 
levels in the cord blood of newborns of women with 
GDM which is in contrast to some of the previously 
published data (Mahmoud et al. 2005). Furthermore, in 
our study we also noted a positive correlation of fetuin B 
with CRP levels while no such relationship was detected 
for fetuin A. Interestingly, no association between 
fetuin A or B and circulating cytokines could be detected 
in our study. All in all, these results suggest that fetuins 
are not major players in the induction of subclinical 
inflammation in patients with GDM.  

In contrast to fetuin A and fetuin B, changes in 
FGF21 during pregnancy were less consistent with a high 
degree of individual variability especially among GDM 
subjects. On the other hand, similar variability in FGF21 
was found in our previously published study focusing  
on the obese subjects undergoing laparoscopic sleeve 
gastrectomy (Haluzikova et al. 2013). Similarly to others 
(Stein et al. 2010), we failed to find increased FGF21 
levels in patients with GDM as it was suggested by some 
studies (Megia et al. 2015, Wang et al. 2013). The effect 
of pregnancy on the FGF21 level seems to be more 
complex. In our study, FGF21 levels in healthy pregnant 
women were lower at 28 to 32 weeks of gestation 
compared to non-pregnant subjects and increased in 36 to 
38 weeks of gestation while different pattern was seen in 
GDM patients. In contrast to another study (Dekker Nitert 
et al. 2014), we detected FGF21 mRNA expression in the 
placenta only in half of the samples regardless the 
diagnosis of GDM. Together with an increased FGF21 
levels after delivery in GDM women, these findings 
suggest potential ambiguous effect of placental 
production on maternal levels along with a possible role 
of FGF21 in the etiopathogenesis of GDM (Li et al. 
2015).  

Although the results did not reach statistical 
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significance, patients with GDM tended to have increased 
FGF21 in the early third trimester, soon after the 
manifestation of GDM. FGF21 is known to stimulate 
gluconeogenesis in the liver and induce lipolysis in white 
adipose tissue (Cheung and Deng 2014) along with 
increased insulin mRNA expression in pancreas and 
circulating insulin levels (Dostalova et al. 2009). Taken 
together elevated FGF21 levels are associated with 
decreased insulin sensitivity. The fact that increased 
concentration persisted after delivery suggests that 
elevation of FGF21 may not be just a transient 
consequence of GDM but rather an overall predisposition 
towards impaired glucose metabolism. Increased FGF21 
levels after delivery may also represent a link between 
GDM and later disturbances in metabolism as similarly 
elevated FGF21 concentrations were also observed in 
obesity and type 2 diabetes mellitus (Dostalova et al. 
2009, Mumtaz et al. 2015), hypertension, atherosclerosis 
and coronary artery disease (Cheung and Deng 2014).  
It can also explain the high recurrence rate of GDM in the 
subsequent pregnancy. 

Our study has several limitations that could have 
partially affected its results. One of the limitations is 
a relatively small sample size which could have 
contributed to failure of some comparisons to reach 
statistical significance. Adipose tissue samples could only 
be obtained from women who either had the episiotomy 

or cesarean section performed. With respect to ethical 
aspects, we aimed to avoid any unnecessary trauma 
during the delivery. Also, the mode of delivery was 
unknown at the time of recruitment. This approach was 
intended to prevent subject’s selection bias.  

In summary, our study has shown that both 
fetuin A and fetuin B levels were significantly increased 
during pregnancy without major modulatory role of the 
presence of gestational diabetes mellitus. On the contrary, 
changes in FGF21 levels during pregnancy were less 
consistent and showed different pattern between healthy 
pregnant women and patients with gestational diabetes. 
All in all, fetuin A and B do not appear to be responsible 
for metabolic disturbances or differences in subclinical 
inflammation in patients with gestational diabetes 
mellitus. The possible role of FGF21 in these processes 
seems more likely. Further studies on a higher number of 
patients will be necessary to bring more definitive 
answers with respect to a complex role of these 
hepatokines in the regulation of glucose homeostasis and 
glucose metabolism during pregnancy.  
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