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Abstract The study aims to investigate the impacts of

hyperglycemia in the presence of fatty acids on early pla-

centation processes that involves tube formation, cellular

growth and proliferation, and metabolic activities of the

first trimester trophoblast cells. Effects of maternal circu-

latory glucose levels that mimic physiological (5.5 mM),

pre-diabetic (11 mM) and diabetic (C25 mM) phenotypes

on tube formation (as a measure of angiogenesis in vitro),

cellular viability and proliferation, fatty acid uptake and

expression of genes associated with invasion, angiogenesis

and fatty acid metabolism were examined using HTR8/

SVneo cells. Glucose (25 mM) induced tube formation,

viability, and proliferation of the first trimester trophoblast

cells, HTR8/SVneo. Tube formation was, however, disin-

tegrated in the presence of high glucose (40 mM) which

was partially protected by eicosapentaenoic acid, 20:5n-3

(EPA) and docosahexaenoic acid, 22:6n-3 in vitro. Glu-

cose (25 mM)-mediated induction in tube formation was

favored by increased cellular uptake of [14C]EPA

(p \ 0.05). Treatment of HTR8/SVneo cells with glucose

(25 mM) significantly increased mRNA and protein level

of matrix metalloproteinase-9 (MMP9) (p \ 0.05). In

addition, glucose (25 mM) stimulated the expression of

fatty acid binding protein-4, FABP4, and plasma mem-

brane fatty acid binding protein, FABPpm, in these cells

(p \ 0.05). Glucose-stimulated tube formation in a

‘concentration-dependent’ manner, and this may involve

activation of several factors that include MMP9 and fatty

acid uptake and metabolism.

Keywords Glucose � Tube formation � Fatty acid uptake �
First trimester trophoblast � MMP9 � Docosahexaenoic

acid � FABP4 � HTR8/SVneo

Introduction

Placenta of women with gestational diabetes mellitus

(GDM) showed several changes that may be associated

with impaired functioning, leading to bad perinatal out-

come. With the onset of global epidemic of diabetes, it is

imperative to measure effect of GDM on the feto-placental

growth and development. Increased plasma levels of glu-

cose associated with diabetes may affect placentation. The

development of a placental vascular network is essential

for the angiogenesis and growth of the developing fetus [1].

Hyperglycemia during pregnancy profoundly changes

maternal and fetal milieu with higher levels of growth

factors and free fatty acids [2]. Several factors are involved

in angiogenic process, including vascular endothelial

growth factor (VEGF), platelet-derived growth factor

(PDGF), angiopoietin-like protein-4 (ANGPTL4), matrix

metalloproteinase (MMP), FABP4, and others [3, 4]. Under

hyperglycemia, vasculogenesis of the blood vessels in the

yolk sac is disrupted, and the cellular structures in the

vessels are altered [5, 6]. Direct effect of glucose on the

first trimester trophoblast cells, HTR8/SVneo revealed

lower activity of urokinase plasminogen activator and thus

implicated reduced invasiveness of the trophoblast [7].

However, the combined effects of hyperglycemic factors

such as glucose, free fatty acids on tube formation in the
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first trimester trophoblast cells are not known. Since fatty

acids affect tube formation processes in these cells, the

present study was aimed to examine the effects of fatty

acids and glucose together, as both of these factors at

higher levels can contribute in the pathogenesis of the

GDM.

Placental uptake of long chain fatty acids (LCFAs) such as

arachidonic acid, 20:4n-6 (AA), eicosapentaenoic acid, 20:5n-

3 (EPA), and docosahexaenoic acid, 22:6n-3 (DHA) from the

maternal circulation is indispensable for growth and brain

development of the fetus [8]. Our previous data showed that

these fatty acids favored energy-intensive tube formation

process in the first trimester trophoblast cells [9–11]. There-

fore, uptake of LCFAs (14C-LCFAs) by these cells was mea-

sured under hyperglycemic conditions. Although the

physiological blood glucose level is *5 mM, the precise

glucose concentration at the fetal-maternal interface is not

known [12].The placental glucose transport is, however,

highly efficient and saturable at maternal circulatory concen-

tration of C20 mM, which is well above the normal physio-

logical range [13]. Since no information was available on the

effect of excess maternal glucose level on the tube formation of

the first trimester trophoblast cells, the study examined glucose

levels at physiological (5.5 mM), pre-diabetic (11 mM), and

diabetic (C25 mM) on early placental development, using a

first trimester trophoblast cell line, HTR8/SVneo.

In this paper, we report for the first time that glucose

(25 mM) alters tube formation of the first trimester tropho-

blast cells, HTR8/SVneo and stimulates the expression of

MMP9 with concomitant increases in the uptake of [14C]EPA.

Moreover, glucose up-regulates the expression of the genes

that encode fatty acid uptake and metabolism in these cells.

Materials and methods

Materials

The HTR8/SVneo trophoblast cell line was kindly provided

by Dr. CH Graham, Queen’s University, Canada. All the

radiolabeled and unlabeled fatty acids were procured as

described previously [9, 11]. Lactate dehydrogenase (LDH)

assay kit was obtained from Roche Molecular Biochemical,

Mannheim, Germany. Matrigel was procured from BD

Biosciences (USA). Trypsin–EDTA solution, oleic acid,

penicillin–streptomycin solution, RPMI 1640, D-glucose,

other fine chemicals and solvents were obtained from

Sigma-Aldrich Norway AS, Norway.

Cell culture

The HTR8/SVneo cells were cultured in RPMI-1640

medium as described before [9]. Normal RPMI 1640 media

were enriched with glucose at the rate of 2 g/l which cor-

responds to *11 mM of glucose (1 M glucose = 180 g/l).

Glucose level in 100 % fetal bovine serum (FBS) was

measured to be 4 mM [7]. Glucose was added externally to

glucose-free RPMI with a final concentration of 5.5 (con-

trol), 11, 25, and 40 mM enriched with 5 % FCS.

Cytotoxicity of glucose and fatty acid on HTR8/SVneo

cells

The cytotoxicity of glucose (5.5, 11, 25, and 40 mM) and

fatty acid (100 lM) treatment on HTR8/SVneo cells was

determined by measuring the enzyme LDH releases after

incubating these cells for 24 h [10].

Cellular viability and proliferation assay

Cell viability and proliferation were performed as a mea-

sure of cellular growth and differentiation as described

before [11]. Cells were incubated with different doses of

glucose (5.5, 11, 25 mM). 3-(4,-dimethylthiazol-2-yl)-2,-

diphenyl tetrazolium bromide (MTT) was used to

detect viable proliferating cells. The absorbance was read

at 560 nm.

Measurement of radiolabeled fatty acids (14C) uptake

by HTR8/SVneo cells

The fatty acid uptake was carried out as described before

[10]. The cells were pre-incubated with glucose (5.5, 11, and

25 mM) for 21 h followed by 3 h incubation with 14C fatty

acids. The radioactivity was determined using a scintillation

counter. Soluble protein content was measured by colori-

metric estimation (at 562 nm) derived on the biuret reaction

using bicinchoninic acid (Uptima). The data were derived

from the standard (BSA) as microgram (lg) of the soluble

protein. Fatty acid uptake was expressed as picomole (pmol)

of fatty acid taken up per lg of cellular protein.

Quantitative estimation of gene expression by real-time

PCR

HTR8/SVneo cells were incubated in presence of glucose

(5.5, 11, and 25 mM) for 24 h. The cells were then lysed

and total RNA was isolated as described previously [9, 11].

cDNAs were synthesized from RNA and analyzed using

TaqMan Assays (Table 1) on ABI7900HT Real-Time PCR

System.

Tube formation assay

Tube formation assay was performed in HTR8/SVneo

cells as described before [9, 11]. The cells were seeded
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(7 9 104 cells/well/24 well plate) on matrigel (growth

factor reduced) and glucose solution (5.5–40 mM) was

added to the cells. The wells were captured after 16 h by an

inverted microscope at 49 magnification (Nikon TS100F,

Japan). Capillary tube length was quantified and expressed

in pixel [9].

Western blot analysis of MMP9 expression

Cell lysates were prepared by adding 200 ll of radio-

immuno-precipitation assay buffer (RIPA, Sigma Aldrich).

The lysates were sonicated for 1 min in Vibra-Cell soni-

cator and centrifuged. The supernatants were estimated for

protein levels with BCA protein assay (Pierce, USA), and

50 lg of proteins/lane were resolved by SDS-PAGE

(12 %) prior to their transfer to polyvinylidene difluoride

membranes (Immobilon-P, Millipore Corp.). After block-

ing with startingblock buffer (ThermoScientific), mem-

branes were immunoblotted with antibodies against anti-

MMP9 (1:500, bs-0397R, Bioss) and anti b-actin (1:1,000;

ab-8227, Abcam) and incubated with HRP-conjugated goat

anti-rabbit IgG (1:10,000; Sigma Aldrich). The blots

were processed using enhanced chemiluminescence sub-

strate (Cat-32134, Pierce, USA). Immunoblot signals were

detected by Storm 860 phosphor imager and quantified by

ImageQuant software (GE healthcare).

Statistics and data analysis

All the values are presented as mean and standard errors of

mean (SEM). Data were evaluated by one-way ANOVA

followed by post-hoc Bonferroni test for the fatty acid

groups. For glucose dose, the significance was calculated

using Student’s t test. A p value of \0.05 was considered

statistically significant.

Results

Effect of glucose on tube formation in the HTR8/SVneo

cells

Dose-dependent effect of glucose (5.5–40 mM) on tube

formation was measured in HTR8/SVneo cells (Fig. 1a).

Number and length of tubes were increased dose-depen-

dently up to 30 mM (2,800 ± 125 pixel) compared to

5.5 mM (500 ± 55 pixel) glucose. Tube formation was

significantly increased at 20–35 mM compared to 5.5 mM

Table 1 Taqman assay used for gene expression analysis

Symbol Gene name Assay ID Amplicon (bp)

ACSL5 Long chain acyl-CoA synthetase 5 Hs00212106_m1 90

ADRP Adipose differentiation-related protein/Plin2 Hs00605340_m1 139

CAV-1 Caveolin-1 Hs00971716_m1 66

FABP1 Fatty acid binding protein 1 Hs00155026_m1 71

FABP3 Fatty acid binding protein 3 Hs00269758_m1 92

FABP4 Fatty acid binding protein 4 Hs00609791_m1 105

FABP5 Fatty acid binding protein 5 Hs02339439_g1 91

FABPpm Plasma membrane-associated FABP Hs00905827_g1 67

FATP1 Fatty acid transport protein 1 Hs01587917_m1 91

FATP2 Fatty acid transport protein 2 Hs00186324_m1 90

FATP3 Fatty acid transport protein 3 Hs00225680_m1 70

FATP4 Fatty acid transport protein 4 Hs00192700_m1 75

FATP6 Fatty acid transport protein 6 Hs00204034_m1 101

CD36/FAT Fatty acid transporter Hs00169627_m1 77

LPIN1 Lipin-1 (fatty acid and steroid metabolism) Hs00299515_m1 78

DGAT1 Diacylglycerol O-acyltransferase 1 Hs01017541_m1 98

VEGFA Vascular endothelial growth factor A Hs00173626_m1 77

MMP2 Matrix metalloproteinases2/type IV collagen Hs01548727_m1 65

MMP9 Matrix metalloproteinases9/type IV collagen Hs00234579_m1 54

TIMP1 TIMP metallopeptidase inhibitor 1 Hs00171558_m1 104

TIMP2 TIMP metallopeptidase inhibitor 2 Hs00234278_m1 73

ANGPTL4 Angiopoietin-like 4 Hs01101127_m1 92

TBP TATA binding protein Hs99999910_m1 127
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glucose (Fig. 1b). Compared to 5.5 mM of glucose

(control), tube formation was increased by 480 %

(2,400 ± 110 pixel) and 530 % (2,650 ± 140 pixel) with

20 and 25 mM glucose (p \ 0.05, Fig. 1a, b).

Effect of glucose on viability and proliferation

of the HTR8/SVneo cells

Since cellular viability and proliferation are often associ-

ated with tube formation, we investigated glucose effects

on proliferation of these cells by incubating with different

doses of glucose (5.5, 11, 25 mM). Glucose increased

proliferation of the cells at 25 mM. Compared to 5.5 mM

(control), proliferation was increased significantly over

30 % (mean OD 0.701 ± 0.04 vs. 0.929 ± 0.15, p \ 0.01)

with 25 mM glucose (Fig. 2).

Effects of fatty acids on glucose-mediated tube

formation of the HTR8/SVneo cells

The cells were seeded with 40 mM glucose, and subsequently

50 lM of EPA or DHA or BSA (control) were added. High

concentration of glucose (HG, 40 mM) significantly reduced

tube formation by*200 % (2,650 ± 135 vs. 1,300 ± 70 pixel,

p\0.05) of the HTR8/SVneo cells as compared to 25 mM

glucose. BSA alone could not protect tube length as compared to

fatty acids. EPA and DHA (50 lM) partially protected the high

glucose (40 mM)-induced tubule disintegration by 65 %

(EPA ? HG: 2,770 ± 145 vs. BSA ? HG: 1,680 ± 95 pixel)

and 90 % (DHA ? HG: 3,190 ± 175 vs. BSA ? HG:

1,680 ± 95 pixel), respectively (p\0.05, Fig. 3a, b).

Effects of glucose on the uptake of LCFAs

To investigate whether hyperglycemic condition affects

uptake of LCFAs, [14C] fatty acid uptake by HTR8/SVneo

cells was measured. Pre-incubation of HTR8/SVneo with

glucose, stimulated the uptake of [14C]EPA by 26 %

(46 ± 1.9 vs. 58 ± 3.0 pmol/lg protein: 5.5 vs. 25 mM,

p \ 0.05), while uptake of [14C]OA (48 ± 2.5 vs.

54 ± 2.9 pmol/lg protein: 5.5 vs. 25 mM), [14C]AA

(114 ± 5.6 vs. 110 ± 5.7 pmol/lg protein) and [14C]DHA

(29 ± 1.6 vs. 28 ± 1.3 pmol/lg protein) remained
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Fig. 1 Effect of glucose on

tube formation of the first

trimester trophoblast cells,

HTR8/SVneo. Serum starved

cells (7 9 104 per well) were

seeded to a pre-coated matrigel

(8 mg/ml) wells. Cells were

cultured in glucose-free media

with different dosages of

glucose as described in the

methods. Total capillary tube

length was quantified in pixel as

described in ‘‘Materials and

methods’’ section. Controls

were cells received 5.5 mM

glucose. Data are shown as

mean ± SEM (n = 3).

*p \ 0.05 vs. control

Fig. 2 Effect of glucose on viability and proliferation of HTR8/

SVneo cells. Cell (2 9 103/well/96 plate) viability was measured by

MTT assay as described in the method. The absorbance was read at

560 nm. Data represent mean ± SEM (n = 3). Percentage of

changes in proliferation was calculated by considering 5.5 mM

(control) as 100 % after normalized over basal values. **p value

\0.01 versus control
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insignificant (Fig. 4). Uptake of [14C]EPA was increased

dose-dependently when cells were pre-stimulated with

glucose (5.5, 11 and 25 mM). [14C]EPA uptake was sig-

nificantly increased by glucose (25 mM) compared with

the uptake of other fatty acids (p \ 0.05).

Effects of glucose on the mRNA expression of invasion

and angiogenic factors

In order to understand the mechanism of glucose-induced

tube formation, we measured the expression of invasion

and angiogenesis growth factors, such as VEGFA, MMPs,

and ANGPTL4. Among these, expression of MMP9

increased to 400 % (p \ 0.05) when cells were treated with

glucose (25 mM) compared to 5.5 mM glucose (control).

The expression of MMP9 remained unaffected when the

cells were challenged with 11 mM glucose. In contrast

to MMP9, expression of VEGFA, MMP2, TIMP1, and

TIMP2 remained insignificant (Fig. 5a). The expression of

ANGPTL4 was decreased by 55 % at 25 mM glucose

compared to 5.5 mM (p \ 0.05) (Fig. 5b).

Effect of glucose on MMP9 protein expression

in HTR8/SVneo cells

In order to investigate the expression of MMP9 at protein

level, HTR8/SVneo cells were pre-incubated with glucose

(5.5, 11, and 25) for 24 h and harvested whole cell lysate

for Western blotting. Figure 6a showed increased protein

level for MMP9 with 25 mM glucose. Relative expression

of MMP9 was increased significantly by *60 % (mean

density 0.28 ± 0.01 vs. 0.45 ± 0.02, p \ 0.05) at 25 mM

glucose as compared to 5.5 mM (Fig. 6b).

Effects of glucose on the expression of fatty acid uptake

and metabolic genes

Since pre-incubation of HTR8/Svneo cells with glucose

(25 mM) stimulated fatty acid uptake, we, therefore,

investigated the expression of genes related to fatty acid

uptake, binding, and metabolic activities. Among these,

expression of FABPpm, FABP4, and Cav1 was increased

to 200, 152, and 166 %, respectively (p \ 0.05) compared

with those in controls (Fig. 7). However, expression

of other intracellular fatty acid binding proteins such as

FABP1, FABP3, FABP5 and fatty acid uptake and
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Fig. 4 LCFA uptake of first trimester trophoblast cells, HTR8/SVneo

in presence of glucose. [14C] Fatty acid uptake was measured in

HTR8/SVneo cells after pre-incubation with glucose (5.5, 11 and

25 mM) with 100 lM LCFAs [oleic acid (OA), arachidonic acid

(AA), eicosapentaenoic acid (EPA), and docosahexaenoic acid

(DHA)] labeled with [14C]-FAs. Uptake of FAs was calculated as

pmol of [14C]-FAs related to micrograms of protein per sample. The

results are presented as percentage increase of [14C] fatty acid uptake

over control (assigned as 100 %). Data are mean of three independent

experiments performed in triplicates (n = 3) ± SEM. *p value\0.05

versus. 5.5 mM glucose (control)
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membrane transport proteins (FATP1-4,6, FAT, ACSL5,

ADRP, DGAT1, LPIN1) remain unaffected (data not

shown).

Discussion

This paper reports for the first time that glucose (25 mM)

activates the expression of pro-angiogenic factors such as

MMP9, uptake of [14C]EPA, and expression of FABP4 in

the first trimester trophoblast cells, HTR8/SVneo. All these

positive modulatory factors of angiogenesis may be

responsible for glucose-stimulated tube formation of these

cells.

HTR8/SVneo tube-like formation reflects trophoblast

migration and differentiation toward an invasive pheno-

type, a physiologic process that takes place during early

human pregnancy [14]. This in vitro study raises the pos-

sibility that inappropriate glucose concentration might

contribute to abnormal trophoblast migration and/or inva-

sion, which are associated with major complications of

pregnancy. Moreover, trophoblast invasion in vivo is

controlled by angiogenic factors and accompanied by

remodeling of extracellular matrix (ECM) by MMPs [15,

16]. MMP-2 and MMP-9 are the most important MMP

enzymes produced by the cytotrophoblast during the first

trimester of pregnancy, and their involvement in the suc-

cess of extravillous trophoblast (EVT) functions, such as
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Fig. 6 Effect of glucose on MMP9 expression in HTR8/SVneo cells.

Cell lysates were prepared after treatment of HTR8/SVneo cells with

glucose (5.5, 11, and 25). Western blot was performed for the

expression of MMP9 as described in the methods. a MMP-9 protein

signal and b-actin (internal control). The relative expression of

MMP9 protein level was analyzed based on the density of the bands

after normalized with b-actin (b). Values are mean of three

independent experiments performed in duplicates (n = 3) ± SEM.

*p value \0.05 versus 5.5 mM glucose (control)
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migration and invasion, has been well documented [17,

18]. Since MMP9 is a key molecule associated with cel-

lular remodeling that involves trophoblast invasion and

angiogenesis of the cells [19], therefore, selective activa-

tion of MMP9 over MMP2 without affecting MMP inhib-

itors could be the initial response under hyperglycemia in

the trophoblast cells, HTR8/SVneo. This study also sug-

gests that glucose regulates angiogenic factors that

involved in EVT invasion and enzymes involved in the

remodeling of the decidua by EVT during the first trimester

of pregnancy, a crucial process for proper functioning of

the maternal-fetal interface and trophoblast-mediated

spiral artery remodeling of the decidua. Further, recent

report suggests that altered MMP9 level could be the

mediator in the development of insulin resistance and

inflammation in pregnancies complicated with GDM [20].

In diabetes, placental morphology is altered since surface

areas become enlarged due to hypervascularisation.

Hyperglycemia induces thickening of the trophoblastic

membrane with high amount of collagen deposition and

increased surface area of the placenta that leads to alter-

ation in the oxygen gradient across the placenta and creates

local hypoxia in the maternal-placental-fetal axis. The

resulting low oxygen level up-regulates expression of

excess pro-angiogenic factors that leads to enhanced vas-

cularization and endothelial cell proliferation and limited

trophoblast invasion [19]. In the present study, higher

expression of MMP9 and elevated tube formation in

response to glucose challenge to the trophoblast cells could

be the early response of the possible alteration of the

trophoblast invasion, a key process that have been linked to

the incidence of spontaneous abortion, pre-eclampsia, and

intrauterine growth restriction associated with diabetes.

We demonstrated earlier that fatty acids stimulate tube

formation by promoting the expression of angiogenic and

invasive growth factors [9]. The LCFA, DHA stimulates

maximum VEGF secretion in the first trimester trophoblast

cells, HTR8/SVneo. It is not known if this attribute of

DHA protects the first trimester trophoblast cells from the

disintegration of the capillary tube formation induced by

high amount of glucose (40 mM). Several biochemical

pathways have been associated with hyperglycemia,

including glucose-mediated increases in reactive oxygen

species (ROS), diacylglycerol production, and the sub-

sequent activation of the protein kinase C pathway flux

through the polyol metabolic pathway, accumulation of

advanced glycation end products and cytokine secretion

[21]. DHA may protect one or more of these steps. Glu-

cose- and fatty acid- mediated tube formation of the first

trimester trophoblastic cells are not similar as fatty acid

increased tube length threefold higher than glucose at their

respective potent dose. VEGF and ANGPTL4 are the

prominent angiogenic growth factors which are up-regu-

lated by fatty acids in HTR8/SVneo cells [9]. Unlike fatty

acids, glucose did not alter expression of VEGFA in these

cells. VEGF-independent induction was evidenced with

leptin- and CTGF-induced tube formation of the first tri-

mester trophoblast cells [22, 23].

We observed a dose-dependent increase in the tube

formation as well as cellular viability and proliferation of

the HTR8/SVneo cells up to 25 mM of glucose. One could

argue that 25 mM glucose is much higher than the physi-

ological level (5.5 mM), however, several in vitro studies

including HTR8/SVneo cells were reported using similar or

higher glucose concentrations [24–27]. Considering the

fact that in vitro cell culture routinely uses growth media

containing glucose much higher than the physiological

level (see ‘‘Cell culture’’ section), a dose of 25 mM of

glucose may expose cells reasonably higher glucose con-

centration under in vitro conditions. While high level of

glucose (50 mM) altered the angiogenic profiles of HTR8/

SVneo cells [25], we, however, observed decreased tube

formation beyond 40 mM glucose in these cells. Experi-

mental conditions were different in terms of glucose dose

and duration. In our study, HTR8/SVneo cells were pre-

starved for 48 h prior (pre-requisite for tube formation) to

glucose treatment that could favor instant glucose utiliza-

tion by the cells to compensate the energy-intensive tube

formation. Moreover, glucose treatment was restricted to

16 h (short term) as compared to 3–4 days (long term) in

their study.

Glucose (25 mM) stimulated the uptake of [14C]EPA in

these cells. EPA is the precursor of three series of
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Fig. 7 Effect of glucose on the expression of genes regulate fatty
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Fig. 5. Data are mean of three independent experiments performed in
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prostaglandins and an inducer of tube formation in these

cells [9], suggesting that glucose-induced tube formation

could be facilitated by an increased [14C]EPA uptake. EPA

increases glucose uptake in myotubes [28]. Increased

uptake of [14C]EPA by glucose may be regulated by altered

ANGPTL4 expression in these cells. ANGPTL4 is altered

by high glucose in retinal epithelial cells [29]. Since

ANGPTL4 inhibits fatty acid uptake by lowering plasma

level of free fatty acid by inhibiting LPL activity, it is

possible that this would augment the uptake of exoge-

nously added free fatty acids in the cellular system [30].

The lower ANGPTL4 expression couples with increased

fatty acid uptake ([14C]EPA) and expression of fatty acid

metabolic genes might increase the availability of free fatty

acids for cellular uptake and metabolism by these cells.

Further work on ANGPLT4 secretion and fatty acid oxi-

dation in the presence of glucose is required for definitive

conclusions. Glucose (25 mM) stimulated expression of

both intracellular (FABP4) and membrane-associated

(FABPpm) fatty acid binding proteins. FABP4 is being

increasingly established to be an intracellular mediator of

angiogenesis [31, 32]. Increased expression of the FABPs

may explain increased accumulation of fatty acids under

high glucose levels. All these findings are crucial to

understand the possible effects of hyperglycemia in the

metabolism of first trimester trophoblast cells.

To our knowledge, this is the first report to demonstrate

a selective activation of MMP9, a key invasive factor in the

first trimester trophoblast cells, HTR8/SVneo when

exposed to glucose (25 mM). Glucose (25 mM)-induced

tube formation with concomitant increase in the uptake of

[14C]EPA and expression of FABP4 may contribute to

angiogenic and metabolic activities of these cells. DHA

protects capillary tubular network disintegration of the

HTR8/SVneo cells induced by high glucose more effi-

ciently than EPA.

All of these aspects require further investigation possi-

bly with primary trophoblast from the first trimester

placenta.
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