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Abstract 
Gestational diabetes mellitus (GDM) is defined as diabetes diagnosed in  

the second or third trimester of pregnancy that was not clearly overt diabetes prior 
to gestation. GDM is associated with a proinflammatory intrauterine environment, 
characterized by increased circulant proinflammatory cytokine, such as tumor 
necrosis factor alpha (TNF-⍺) leading to endothelial inflammation. TNF-⍺ also 
seems to play a role in key regulators of the nitric oxide (NO) synthesis mediated by 
the endothelial NO synthase (eNOS). Adenosine is a nucleoside that is increased in 
the fetoplacental vasculature in GDM pregnancies. Adenosine can increase the 
synthesis of NO and can exert anti-inflammatory effects. Moreover, adenosine 
counteracts the effect of TNF-⍺ in different cell types. Nevertheless, the role of 
TNF-⍺ in the key adenosine regulators are not yet well established. In human 
umbilical vein endothelial cells (HUVECs) incubated in basal (5.5 mmol/L) and 
high D-glucose (25 mmol/L) conditions, we evaluated the effect of TNF-⍺ (2 ng/ 
mL), a proinflammatory stimulator, on mRNA expression of markers of endothelial 
inflammation (Interleukin 8 (IL-8), intercellular adhesion molecule 1 (ICAM-1) and 
E-selectin (E-Sel)) and two important regulators of the NO synthesis, eNOS and 
human cationic amino acid transporter 1 (hCAT-1). Additionally, we evaluated the 
effect of TNF-⍺ on the mRNA of adenosine kinase (AK) and human equilibrative 
nucleoside transporter 1 (hENT1). Furthermore, we evaluated the role of AK in the 
TNF-⍺ effect. For this, we use ABT-702, a non-purinergic AK inhibitor. HUVECs 
from uncomplicated pregnancies were provided by the Endothelial Cell Facility 
UMCG. HUVECs were maintained in basal D-glucose medium until passage 3. 
Then, the cells were incubated under basal or high D-glucose level in the presence 
or absence of TNF-⍺ and/or ABT-702 for 24 hours. Total RNA was then isolated, 
and mRNA levels of the above-mentioned targets were measured with RT-qPCR. As 
expected, TNF-⍺ increased the mRNA level of IL-8, ICAM-1 and E-Sel. This 
response to TNF-⍺ was independent of the D-glucose level. Moreover, we found 
that TNF-⍺ abolished the effect of high D-glucose on eNOS, decreasing the eNOS 
mRNA level in basal and high D-glucose. No significant effect of TNF-⍺ was found 
on the mRNA level of AK and hENT1. Inhibition of AK with ABT-702, reduced the 
effect of TNF-⍺ in the mRNA levels of ICAM-1 and E-Sel in HUVECs incubated 
under basal and high D-glucose conditions. ABT-702 reduced the IL-8 mRNA only 
in cells exposed to basal D-glucose. Nevertheless, the TNF-⍺ effect on eNOS was  
not reduced by the AK inhibitor. These results suggest that TNF-⍺ induces not only 
endothelial inflammation but also alters the NO synthesis in HUVECs. Moreover, 
the inhibition of AK seems to be beneficial in reducing the proinflammatory effects 
of TNF-⍺ even under high D-glucose conditions. 
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Introduction 
Gestational diabetes mellitus (GDM) is a type of diabetes that 

is diagnosed during pregnancy [1,2]. Its main feature is maternal 
hyperglycemia, which is transferred to the fetus, resulting in fetal 
hyperglycemia and hyperinsulinemia [1]. Patients with GDM are at 
increased risks of pregnancy complications, like preeclampsia or 
preterm birth [3,4]. They also have an increased risk for metabolic 
disease, type 2 diabetes and cardiovascular diseases in later life [5,6]. 
Moreover, not only the mothers but also the offspring has an 
increased cardio-metabolic risk in later life [7,8]. 

In the GDM offspring, the increased risk for metabolic 
diseases, type 2 diabetes and cardiovascular disease may be 
associated with fetoplacental endothelial dysfunction and activation 
during GDM [9–12]. This fetoplacental endothelial dysfunction from 
GDM pregnancies is mainly characterized by increased nitric oxide 
(NO) synthesis in response to adenosine, altered adenosine transport 
and signaling, and lower vascular reactivity [13–15]. On the opposite, 
endothelial activation is characterized by increased intercellular and 
vascular adhesion molecule-1 (ICAM-1 and VCAM-1, respectively), E- 
selectin and TNF-⍺ receptor [16–19]. Although high D-glucose is a 
well-known inducer of fetoplacental endothelial dysfunction and 
activation [20,21], the pro-inflammatory condition, observed in the 
fetus, may also be involved in the endothelial dysfunction and 
activation [18]. This hypothesis is tested in the present study. 

Adenosine leads to vasodilation via NO, activating the 
adenosine/L-arginine/nitric oxide pathway (ALANO) [22]. Moreover, 
adenosine and NO also have an anti-inflammatory role in the 
endothelium [23–25]. Adenosine kinase (AK) and the human 
equilibrative nucleoside transporter 1 (hENT1) are major regulators 
of adenosine levels. Both are upregulated by high D-glucose in  
human umbilical vein endothelial cells (HUVECs) (chapter 6). This 
suggests that adenosine levels are different under circumstances of 
high D-glucose compared with basal D-glucose, indicating that a 
proinflammatory condition may have different endothelial effects in 
high vs. basal D-glucose. 

In   this   study  we   evaluated   the   effect   of   TNF-⍺, a 
proinflammatory stimulator, on mRNA expression of markers of 
endothelial inflammation and dysfunction in basal and high D- 
glucose, as well as on mRNA expression of adenosine metabolism 
regulators, AK and hENT1 in human umbilical vein endothelial cells 
(HUVECs) as a representative of the fetoplacental vasculature. Since 
adenosine  is  an  anti-inflammatory  molecule,  we  hypothesize  that 
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increasing the adenosine levels by the inhibition of AK may inhibit 
the response to TNF-⍺ alpha in this cell model. 

 
Materials and methods 
Cell culture and conditions 

Human umbilical vein endothelial cells (HUVECs) from 
uncomplicated pregnancies were provided by the Endothelial Cell 
Facility of the University Medical Center Groningen (UMCG) 
(Groningen, Netherlands). HUVECs were isolated by collagenase 
digestion (0.25 mg/mL collagenase type II from Clostridium 
histolyticum, as previously described [14]. HUVECs were cultured in 
5.5 mmol/L D-glucose RPMI-1640 medium (Lonza, Basel,  
Switzerland) supplemented with 2 mmol/L L-glutamine, 5 U/mL 
heparin, 100 IE/mL penicillin, 100 µg/mL streptomycin, 50 µg/mL 
crude ECGF solution, and 20% fetal calf serum (FCS) (37°C, 5% CO2) 
on 1% gelatin-precoated tissue culture flasks (Corning® Costar®; 
Sigma-Aldrich, Zwijndrecht, The Netherlands). Cells in passage 3 at 
approximately 80% confluency were washed and exposed for 24 
hours (h) to basal (5.5 mmol/L) (BG) or high (25 mmol/L) (HG) D- 
glucose. Additionally, cells (BG and HG) were incubated with the 
inhibitor of AK, ABT-702 (5-(3-Bromophenyl)-7-[6-(4-  
morpholinyl)-3-pyrido[2,3-d]byrimidin-4-amine dihydrochloride) 
(Axon medchem, Groningen, The Netherlands) (prepared in dimethyl 
sulfoxide (DMSO; vehicle)) at 2 µmol/L and/or TNF-⍺ was used at 2 
ng/mL. DMSO with or without (vehicle) ABT-702 and/or TNF-⍺ was 
used at a concentration of 0.1%. 

 
RNA isolation 

HUVECs were washed (2 times) in cold Dulbecco’s phosphate 
buffer saline (DPBS) (Gibco, Gaithersburg, MD, USA), then RNA was 
isolated using AllPrep DNA/RNA Mini Kit (Qiagen, Venlo, The 
Netherlands) as described by the manufacturer. RNA concentration 
and purity were  measured with  NanoDrop ND-100  UV-Vis 
spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). 

 
Reverse transcriptase reaction 

The reverse transcriptase (RT) reaction was performed using 
500 ng of total RNA following a standard protocol. Briefly, RNA was 
incubated with 300 ng of random hexamer primers and 10 mmol/L 
dNTP for 5 minutes at 65ºC and followed by cooling down the 
samples on ice. After this, 5x First-Strand buffer, 0.1 DTT, 
RNaseOUT (recombinant ribonuclease inhibitor) (40 units/µL) and 



Chapter 8 

149 

 

 

superscript II (200 units) (Thermo Fisher Scientific Inc., Landsmeer, 
The Netherlands) were added obtaining a final volume of 20 µL. The 
mix was then incubated on a T100™ Thermal Cycler (Bio-Rad, 
California, USA) at 25ºC for 10 minutes, 42ºC for 50 minutes and 
70ºC for 15 minutes. The cDNA product (approximately 25 ng/µL) 
was stored at -20ºC until use. 

 
Quantitative PCR (qPCR) 

Total cDNA was diluted 20 times with RNAse-free water and 
then 5 µL were mixed with FastStart Universal SYBR Green Master 
(Roche Diagnostics, Basel, Switzerland). SYBR green forward and 
reverse primers (6 µmol/L) were used at a final concentration of 300 
nmol/L. qPCR for total AK, total hENT1, eNOS, hCAT-1, interleukin 8 
(IL-8), intercellular adhesion molecule 1 (ICAM-1) and E-selectin (E- 
Sel) was performed in ViiA 7 Real-Time PCR System (Applied 
Biosystems, Foster City, CA, USA) with a cycling protocol as follows: 
40 cycles of 15 seconds at 95°C for denaturation, 30 seconds at 60°C 
for primer annealing and 30 seconds of extension at 72°Cincluding 
also a melting curve. The primer annealing temperature and primer 
efficiency were determined using a 5-points standard curve obtained 
from a pool of the total cDNA diluted 5 to 80 times. Efficiency 
reaction of 90-110% was considered as acceptable. For detailed 
primer sequence see Table 1. Geometric mean Ct of BACTIN and 
GAPDH were used as housekeeping genes (HKG) [26,27]. Changes in 
expression were analyzed using the following expression 2-(Ct gene 
of interest-Ct HKG). 

 
Statistical analysis 

For normality distribution, Kolmogorov-Smirnov test was 
used for untransformed and log transformed data. For comparison of 
more than two groups, two-way ANOVA test was used using 
untransformed and log-transformed data. For post hoc test, Sidak 
adjustment was used. Data were analyzed using GraphPad Prism 
software (version 7a, San Diego) [20]. Data is shown as mean ± 
S.E.M. A p-value < 0.05 was considered statistically significant and a 
p-value <0.1 was considered as a trend. 

 

Results 
Effect of TNF-⍺ in pro-inflammatory markers 

As expected, TNF-⍺ significantly increased ICAM-1 and IL-8 
mRNA in basal and high D-glucose incubated HUVECs (Fig. 1a, 1b). 
Moreover, it induced a significant increase in E-Sel mRNA expression 
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Abbreviations: BACTIN, beta-actin (gene, ACTB); (E-Sel, E-selectin (gene: 
SELE); eNOS, endothelial nitric oxide synthase (gene: NOS3); GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase (gene, GAPDH); hCAT-1, human 
cationic amino acid transporter 1 (gene, SLC7A1); ICAM-1, intercellular adhesion 
molecule 1 (gene, ICAM1); IL-8, interleukin-8 (gene, CXCL8); Total AK, total 
(nuclear and cytoplasmic isoform) adenosine kinase (gene, ADK); Total hENT1, 
total (including all transcriptional variants) human equilibrative nucleoside 
transporter 1 (gene, SLC29A1). 

only in basal D-glucose and showed an upward trend in high D- 
glucose (Fig. 1c). 

 
TNF-⍺ decreased eNOS expression but not hCAT-1 

Inflammation is associated with altered nitric oxide 
production. Therefore, we evaluated the effect of TNF-⍺ on the 
mRNA expression of eNOS and  hCAT-1. Two-way ANOVA 
demonstrated an effect of glucose and TNF-⍺ on the expression of 
eNOS (Fig. 2a). However, the expression of hCAT-1 was not 
significantly altered (Fig. 2b). Post hoc analysis showed a reduced 
eNOS mRNA expression induced by TNF-⍺ in basal and high D- 
glucose (Fig. 2a). Regarding the expression of hCAT-1, the post hoc 
analysis did not show a significant effect of TNF-⍺ neither in basal 
nor high D-glucose (Fig. 2b). 

 
TNF-⍺ does  not alter the  mRNA  expression of adenosine 
regulators 

Our previous results (chapter 7) suggested a link between the 
inhibition of AK and the expression of TNFR1 and levels of TNF-⍺. 
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Figure 1. Effect of AK inhibition in TNF⍺ 
induced changes in pro-inflammatory 
markers. mRNA expression of a) intercellular 
adhesion molecule-1 (ICAM-1), b) interleukin 8 (IL-
8), c) and E-selectin (E-Sel) in HUVECs incubated 
with basal and high D-glucose (BG and HG 
respectively) in the presence or absence of TNF- 
⍺ (2 ng/mL). Two-way ANOVA (and Sidak post hoc) 

was performed. * p-value <0.05 vs. BG vehicle. † p- 
value <0.05 vs. HG vehicle. Values are mean S.E.M. 
(n= 7). 

Therefore, we here evaluated whether the incubation with TNF-⍺ 
induces changes in mRNA expression of the adenosine regulators, 
AK and hENT1, in HUVECs incubated with basal and high D- 
glucose. Two-way ANOVA showed a trend only in the effect of 
glucose on the expression of AK (Fig. 3a). Post hoc analysis showed  
a significant difference in high D-glucose in the presence and the 
absence of TNF-⍺ in comparison with basal D-glucose control. 
Regarding the mRNA expression of hENT1 (Fig. 3b), Two-way 
ANOVA demonstrated a significant effect of glucose and a trend in 
the effect of TNF-⍺. Post hoc analysis showed that TNF-⍺ increased 
the mRNA of hENT1. Likewise,TNF-⍺ high D-glucose increased the 
level of hENT1 mRNA. However, the effect of TNF-⍺ observed in 
basal D-glucose was not observed in high D-glucose, since TNF-⍺ 
did not show differences with the high D-glucose control (Fig. 3b). 

 
Effect of AK inhibition in TNF-⍺ induced changes in pro- 
inflammatory markers 

The inhibition of AK partially prevented  the  increased 
mRNA expression of ICAM-1 and E-Sel mediated by TNF-⍺ in basal 
and high D-glucose (Fig 5a, 5c). Moreover, the effect of TNF-⍺ on  
the mRNA of IL-8 was prevented by the inhibition of AK only in 
basal D-glucose (Fig. 5b). However, for all the markers, the effect of 
the inhibition of AK was not enough to prevent completely  the 
effect of TNF-⍺. 



Chapter 8 

152 

 

 

 
 

 
 
 

Figure 2. Effect of TNF-⍺ decreased eNOS expression but not hCAT-1. 
mRNA expression of a) endothelial nitric oxide synthase (eNOS) and b) human 
cationic amino acid transporter 1 (hCAT-1) in HUVECs incubated with basal and 
high D-glucose (BG and HG respectively) in the presence or absence of TNF-⍺ (2 
ng/mL). Two-way ANOVA (and Sidak post hoc) was performed. * p-value <0.05 
vs. BG vehicle. † p-value <0.05 vs. HG vehicle. Values are mean S.E.M. (n= 7). 

 
 
Effect of AK inhibition in TNF-⍺ induced changes in eNOS and hCAT-1 

We found that inhibition of AK prevents the HG-induced 
changes in TNFR1 (TNF-⍺ receptor 1, chapter 7). Since TNF-⍺ had an 
effect on eNOS mRNA, we evaluated the role of AK in the changes 
induced by TNF-⍺ in eNOS expression. We found that the inhibition 
of AK did not altered the response to TNF-⍺ with regard to the mRNA 
expression of eNOS and hCAT-1 (Fig. 3a, 3b, respectively). 

 
Discussion 

The fetoplacental vasculature in GDM is exposed to both 
hyperglycemia and proinflammatory conditions [18,28,29]. This 
results in endothelial dysfunction and activation [16–19]. Various 
studies have shown that hyperglycemia can be responsible for many 
of the changes induced in the fetoplacental endothelium in GDM 
[20,21,30–33] (Chapter 6, Chapter 7). In the present chapter, we 
show that the proinflammatory condition (here represented by 
incubation with TNF-⍺,  one of the major  proinflammatory 
regulators) may also be involved in this fetoplacental endothelial 
dysfunction and activation. We showed that TNF-⍺ increased the 
expression of proinflammatory markers, such as ICAM-1, IL-8 and E- 
Sel in HUVECs. However, no differences between basal and high D- 
glucose in the TNF-⍺-induced changes were found. TNF-⍺ decreased 
eNOS mRNA and did not affect hCAT-1, AK and hENT1, irrespective 
of the glucose concentration. The effect of TNF-⍺ on the expression of 
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the adhesion molecules ICAM-1 and E-Sel was decreased by 
inhibition of AK in both high and basal D-glucose, while the effects of 
TNF-⍺ on IL-8 expression was only inhibited by AK inhibition in low 
glucose. Inhibition of AK did not affect the TNF-⍺ downregulation of 
eNOS. Our data suggest that next to hyperglycemia, also 
proinflammatory factors may be important inducing the endothelial 
dysfunction of activation in fetoplacental vasculature in GDM. 
Moreover, we showed that adenosine may play a role in modulating 
the effect of TNF-⍺. 

In this study, we showed that TNF-⍺ is a potent activator of 
HUVECs, as shown by increased expression of ICAM-1, E-Sel and IL-
8 after TNF-⍺ stimulation. These data are in line with previous 
studies also showing an increased TNF-⍺-induced mRNA expression 
of these proinflammatory markers [34,35]. However, in view of the 
effects of high D-glucose on the TNF-⍺ receptor 1 (chapter 7), which 
was increased under high D-glucose, we expected the response to 
TNF-⍺ to be increased in HUVECs incubated with high D-glucose. 
This was, however, not the case. We also described the effect of TNF- 
⍺ on the genes encoding for key proteins responsible for nitric oxide 
synthesis, eNOS and hCAT-1 [22]. We and others have previously 
shown that high D-glucose can increase the mRNA expression of 
these genes. Here we have shown that TNF-⍺ reduces the expression 
of eNOS, likely altering nitric oxide synthesis [36–39]. The effect of 
TNF-⍺ was not different in basal or glucose conditions. Moreover, it 
seems likely that the TNF-⍺ and high D-glucose effect on eNOS do 
not share a common pathwTNF-⍺ay since no interaction or synergic 
effect between TNF-⍺ and high D-glucose was found. 

 

Figure 3. TNF-⍺ does not alter the mRNA expression of adenosine 
regulators. mRNA expression of a) total AK and b) total hENT1 in HUVECs 
incubated with basal and high D-glucose (BG and HG respectively) in the 
presence or absence of TNF-⍺ 2 ng/mL. Two-way ANOVA (and Sidak post hoc) 
was performed. * p-value <0.05 vs. BG vehicle. τ p-value =0.057 vs. BG vehicle. 
Values are mean S.E.M. (n= 7). 
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The effect of TNF-⍺ on endothelial activation markers (ICAM-
1, E-Sel and IL-8) was moderately reduced by the inhibition of AK. 
Since inhibiting AK may increase adenosine levels [25,40], this 
suggests that increased levels of adenosine inhibit the effect of TNF- 
⍺. This is in line with the anti-inflammatory effects of adenosine 
previously reported [41–45]. The effect of AK inhibition on TNF-⍺ 
regulation of ICAM-1 and E-Sel was similar in basal and high D- 
glucose conditions. This may suggest that adenosine has similar anti- 
inflammatory effects in basal and high D-glucose. As indicated above, 
the role of the TNFR remains uncertain, not only in the effect of high 
D-glucose and TNF-⍺ on ICAM-1 and E-Sel, but also in the effect of 
inhibition of AK on ICAM-1 and E-Sel. The effect of the AK inhibitor 
on the upregulation of ICAM-1 and E-Sel following TNF-⍺ 
stimulation is similar in basal and high D-glucose conditions, while in 

Chapter 7 we showed that 
only under high D-glucose 
the TNFR was inhibited by 
the AK inhibitor. Future 
studies should show whether 
the changes in TNFR1 mRNA 
induced by ABT-702 are also 
reflected at protein level. 
Moreover, further  studies 
along the TNFR1 signaling 
pathway are required to 
define at which level of the 
s i g n a l i n g  the c ha n g es  
mediated   by   ABT-702   are 

Figure 4. Effect of AK inhibition in 
TNF-⍺ induced changes in pro- 
inflammatory markers. mRNA 
expression of a) ICAM-1, b) IL-8 and c) E- 
selectin (E-Sel) in HUVECs incubated with 
basal and high D-glucose (BG and HG 
respectively) in the presence or absence of 
TNF-⍺ (2 ng/mL). Basal or high D-glucose 
data was normalized to the TNF-⍺ effect 
percentage (TNF-⍺ =100%; stippled line). 
Two-way ANOVA (and Sidak post hoc). * 
p-value <0.05 vs. BG vehicle. † p-value 
<0.05 vs. HG vehicle. ‡ p-value <0.05 vs. 
TNF-⍺ in basal or high D-glucose Values 
are mean S.E.M. (n= 7). 
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Figure 5. Effect of AK inhibition in TNF-⍺ induced changes in eNOS 
and hCAT-1. mRNA expression of a) eNOS and b) hCAT-1 in HUVECs 
incubated with basal and high D-glucose (BG and HG respectively) in the 
presence or absence of TNF-⍺ 2 ng/mL. Basal or high D-glucose data was 
normalized to the TNF-⍺ effect percentage (TNF-⍺ =100%). Two-way ANOVA 
(and Sidak post hoc). Values are mean S.E.M. (n= 7). 

 

produced and whether the regulation of TNFR1 mRNA displays 
functional characteristics in the TNF-⍺ effect mediated by the AK 
inhibitor. 

The inhibition of AK prevented the TNF-⍺ effect on IL-8 
mRNA in basal D-glucose but not in high D-glucose. This difference 
might be explained by the effect of high D-glucose in post- 
transcriptional IL-8 regulation. In lung epithelial cell lines, IL-8 
mRNA stability is increased in an extracellular-signal kinase (ERK) 1 
and 2-dependent manner [46]. Furthermore, in HUVECs high D- 
glucose induce activation of this kinase [47]. This might explain the 
maintained higher expression of IL-8 in high D-glucose in 
comparison to basal D-glucose. 

Our findings regarding AK inhibition and downregulation of 
the proinflammatory effects of TNF-⍺ closely resembles a previous 
study [25], in which knockdown of  AK  reduced vascular 
inflammation induced by TNF-⍺. The authors attributed the 
consequences of the AK knockdown to increased intracellular 
adenosine concentrations. This resulted in a reduced histone 
methylation of histone H3 at lysine 4 (H3K4) and reduced 
transcriptional activity of pro-inflammatory genes, such as ICAM-1 
and VCAM1. A similar mechanism may play a role in our study. 
However, we cannot exclude the effect of adenosine receptors since 
AK inhibition also results in an increased extracellular adenosine 
concentration [40]. 

It has been previously shown that adenosine leads to an 
increased eNOS expression via adenosine receptors [45,48]. 
However, the adenosine accumulation, likely produced by ABT-702, 
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did not prevent the downregulation of eNOS by TNF-⍺, although a 
slight, non-significant upregulation was seen after the incubation  
with the AK inhibitor. Possibly, the increase in adenosine levels is not 
enough to prevent the downregulation of eNOS induced by TNF-⍺. It 
has been demonstrated that incubation of HUVECs with TNF-⍺, 
although in a much higher dose (i.e. 20 ng/mL) than in our study (i.e 
2 ng/mL), downregulates eNOS via a reduction in eNOS mRNA 
stability. This process is regulated via the binding of eukaryotic 
elongation factor 1A (eEF1A) to the 3’-UTR of eNOS mRNA [49]. 
Also, other mechanisms may play a role since another study [50] 
suggested that TNF-⍺ (10 ng/mL) induced the expression of miRNA 
155-5p, which regulates eNOS mRNA post-transcriptionally. 
Noteworthy, miRNA 155-5p is increased during GDM in the maternal 
circulation with male offspring [51]. However, whether it is also 
increased in the fetal circulation remains to be established. Similar to 
our previous suggestion regarding IL-8 mRNA, the lack of regulation 
of TNF-⍺ induced eNOS mRNA downregulation may be due to the 
fact that TNF-⍺ regulates eNOS mRNA at the post-transcriptional 
level. [13,19,52]. Moreover, it is important to mention that other 
mechanisms in eNOS regulation induced by TNF-⍺ or high D-glucose 
have been described (such as increased eNOS activation 
[13,38,39,52–54]) that were not considered in this study. 

In summary, this study showed that TNF-⍺ can regulate 
mRNA expression of genes encoding for proteins that are important 
for endothelial cell activation, adenosine transport and NO 
production. Additionally, we showed that the inhibition of adenosine 
kinase prevents partially the expression of pro-inflammatory markers 
in response to TNF-⍺ even in high D-glucose conditions. However, 
more studies are required to understand the molecular mechanisms 
of ABT-702 action. This might help to prevent the deleterious 
cardiovascular effects of proinflammation associated with GDM. 
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