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Abstract

Problem—Diabetes confers an increased risk of preeclampsia, but its pathogenic role in 

preeclampsia is poorly understood. The objective of this study was to elucidate the effects of 

excess glucose on trophoblast function and whether any changes could be reversed by metformin.

Method of Study—The human first trimester trophoblast cell line (Sw.71) was treated with 

glucose at 5mM, 10mM, 25mM and 50mM, in the presence and absence of metformin. 

Trophoblast migration was quantified and supernatant cytokine, chemokine, and angiogenic 

factors measured.

Results—Increasing concentrations of glucose significantly increased trophoblast secretion of 

the inflammatory cytokines/chemokines: IL-1β, IL-6, IL-8, GRO-α, RANTES and G-CSF; 

significantly increased trophoblast secretion of the anti-angiogenic factors sFlt-1 and sEndoglin; 

and significantly decreased trophoblast migration. Excess glucose-induced trophoblast IL-1β 

production was inhibited by disabling the Nalp3/ASC inflammasome. Metformin partially reduced 

the glucose-induced inflammatory response, but had no effect on the anti-angiogenic or anti-

migratory response.

Conclusion—Excess glucose induced a pro-inflammatory, anti-angiogenic, and anti-migratory 

state in first trimester trophoblast cells. Glucose-induced trophoblast IL-1β secretion was mediated 

by the inflammasome. Glucose-induced inflammation was partially reversed by metformin. These 

findings demonstrate the pleiotropic effects of hyperglycemia on the trophoblast, providing 

potential explanations for the strong link between diabetes and preeclampsia.
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Introduction

More than 8 million women in the United States have pre-gestational diabetes, and it is 

currently observed in 1% of all pregnancies1. The rate of diabetes in pregnancy is projected 

to rise in parallel with the growing burden of diabetes worldwide2. Pregnancies complicated 

by diabetes are at increased risk of adverse pregnancy outcomes3. In particular, poor 

glycemic control correlates with an increased risk for preeclampsia in a dose-dependent 

manner4.

Three prevailing observations exist for the pathogenesis of preeclampsia: shallow 

implantation of the placenta, disruption of the angiogenic balance, and inflammation at the 

uteroplacental interface. In early gestation, normal placentation requires the cytotrophoblast 

to invade beyond the decidua and remodel the maternal vasculature to form low-resistance, 

high-capacitance vessels5. In preeclampsia, impaired trophoblast migration and invasion, 

and elevated levels of anti-angiogenic factors, such as soluble fms-like tyrosine kinase 

(sFlt-1)6, may disrupt vascular remodeling. Lastly, a pro-inflammatory milieu, with 

increased concentrations of cytokine such as interleukin (IL)-6 and IL-8 has also been noted 

at the maternal-fetal interface in placenta from patients with preeclampsia7, 8.

In patients with diabetes, hyperglycemia is well-known to play a pathological role in 

development of microvascular disease9. Diabetic nephropathy, neuropathy and retinopathy 

are also characterized by increased inflammation and altered angiogenesis10. However, 

whether a similar mechanism of hyperglycemia-induced inflammation and abnormal 

angiogenesis occurs in the placenta is unclear. Understanding the cellular effects of excess 

glucose on the development of the human placenta is important because women with 

diabetes mellitus often have suboptimal glycemic control during the integral period of 

placentogenesis.

Metformin (1,1-dimethylbuguanide hydrochloride; Pregnancy category B) is a biguanide 

agent that is widely used as first-line treatment in type 2 diabetes11, 12. Metformin improves 

peripheral and liver sensitivity to insulin, reduces basal hepatic glucose production, and 

increases insulin-stimulated uptake and utilization of glucose by peripheral tissues13-15 

While insulin remains the most reliable and commonly used diabetes treatment during 

pregnancy1, numerous studies have demonstrated the safety of metformin in pregnancy, and 

metformin is becoming increasingly accepted as an alternative16-18. This oral medication has 

intriguing potential applications to pregnancy, in relation to preeclampsia and abnormal 

placentation, as it has also been shown to improve inflammation and alter angiogenesis in 

other diabetic states10, 19. However, the effects of metformin on the placenta and its long-

term effects on fetal physiology have not been well-studied16-18. Therefore, the objective of 

this study was to characterize the impact of excess glucose and metformin on the normal 

function of human first trimester trophoblast cells by studying their ability to produce 

cytokines, chemokines, and angiogenic factors and to migrate spontaneously in vitro.
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Materials and Methods

Reagents

Sterile D-glucose and L-glucose in 45% solution was purchased from Sigma-Aldrich (St. 

Louis, MO, USA) and stored at room temperature. Metformin powder was purchased from 

Enzo Life Sciences (Farmingdale, NY, USA), reconstituted in distilled deionized water, re-

filtered with 0.22μm filters, and stored at −20°C. The caspase −1 inhibitor (Z-WEHD-FMK) 

was purchased from R&D Systems (Minneapolis, MN).

Trophoblast Cell Lines

The immortalized human first trimester trophoblast cell line, Sw.71, was used in these 

studies. Sw.71 cells were derived by telomerase-mediated transformation of 7-week 

gestational age trophoblasts20. Sw.71 cells were maintained in DMEM (Life technologies, 

Grand Island, NY) supplemented with 10% fetal bovine serum (Hyclone, South Logan, UT), 

10mM Hepes, 0.1mM minimal essential medium (MEM) non-essential amino acids, 1mM 

sodium pyruvate, and 100nM penicillin/streptomycin (Life technologies) and maintained at 

37°C with 5% CO2. These cells exhibit characteristics of an extravillous trophoblast and 

function similarly to primary cultures20-22. This study also used Sw.71 cells stably 

transfected with either the pLKO.1 expression plasmids containing the ASC-shRNA 

construct, NM_013258.3-718s1c1 (sh-ASC), or a non-target shRNA control, SHC002 (sh-

control); or stably transfected with a specific shRNA Nalp3-shRNA (sh-Nalp3) or a Nalp3 

mutated targeting sequence as a negative control (Nalp3-mut), as previously described22-24. 

For all treatment experiments, glucose-free, serum-free RPMI media (Life technologies) was 

used with sterile glucose added back. L-glucose was used as an osmotic control. Viability of 

the Sw.71 cells was confirmed using the CellTiter 96TM viability assay (Promega, Madison, 

WI, USA) at all doses of glucose and metformin used.

Cytokine, Chemokine and Angiogenic Factor Studies

Sw.71 trophoblast cells were treated with RPMI containing glucose at various 

concentrations representing physiological euglycemia to severe hyperglycemia: 5mM 

(equivalent to normoglycemia), 10mM (borderline hyperglycemia), 25mM (hyperglycemia), 

and 50mM (severe hyperglycemia), with or without metformin (0.5mM). This dose of 

metformin was found experimentally to not affect the viability of trophoblast cells (data not 

shown), and is commonly used for in vitro studies of metformin25. Glucose concentrations 

of 25mM and 50mM may be seen in the clinical conditions of diabetic ketoacidosis26 and 

hyperosmolar hyperglycemia state27, 28. Following a treatment for 72 hours, cell-free culture 

supernatants were collected, centrifuged at 1500 × g for 10 min, and stored at −80°C until 

analysis was performed. The concentrations of IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17, 

monocyte chemoattractant protein (MCP-1), growth-regulated oncogene-alpha (GRO-α), 

RANTES (regulated on activation, normal T cell expressed and secreted), granulocyte-

colony stimulating factor (G-CSF), granulocyte-macrophage colony stimulating factor (GM-

CSF), interferon gamma (IFN-γ), Macrophage inflammatory protein 1 alpha (MIP-1α), 

MIP-1β, tumor necrosis factor alpha (TNF-α), sFlt-1, sEndoglin, vascular endothelial 

growth factor (VEGF), and placental growth factor (PlGF) in supernatants were evaluated 

by ELISA (Assay Designs, Ann Arbor, MI & R&D Systems; Minneapolis, MN) or using the 
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Bioplex multiplex assay (Bio-Rad, Hercules, CA). Uric acid secretion was measured using 

the QuantiChrom assay kit from BioAssay Systems (Hayward, CA).

Migration Assay

A two-chamber assay was used for the migration studies and has been previously described 

by our group29. The lower chamber for this assay consisted of 24-well tissue culture plates 

(BD Falcon, Franklin Lakes, NJ, USA), which contained 800μL of treatment media. 

Trophoblast cells (1×105 cells in 200μL of respective treatment media) were then seeded 

into a cell culture well insert with 8-μm pore size membrane (BD Biosciences), which 

served as the upper chamber. Similar to supernatant experiments, cells were treated with 

various concentrations of glucose, with and without metformin (0.5mM). Following a 48 

hour incubation, the inserts were removed and spontaneous trophoblast cell migration across 

the membranes were determined using the QCM 24-Well Colorimetric Cell Migration Assay 

(Chemicon International, Temecula, CA, USA). Migrated cells were then stained, collected, 

and lysed according to the manufacturer’s instruction. The resulting colored mixture were 

read in triplicate at 560 nm using a BioRad plate reader (Hercules, CA, USA), and compared 

to a 100% cell control to determine the relative percent migration.

Statistical Analysis

Experiments were performed at least three times and assayed in duplicate. Data are 

expressed as mean ± standard error of the mean (SEM) of pooled experiments. Statistical 

significance was set to p<0.05 and determined using Prism software (GraphPad Software, 

Inc, La Jolla, CA). For multiple comparisons, significance was determined using either one-

way ANOVA or the Kruskal-Wallis test. Otherwise data was analyzed using either the 

Wilcoxon matched-pairs signed rank test or the Mann-Whitney test.

Results

Excess glucose induces an inflammatory trophoblast cytokine/chemokine profile

The first objective of this study was to determine the effect of excess glucose on the 

secretion of cytokines and chemokines by first trimester trophoblast cells. As shown in 

Figure 1, exposure of Sw.71 cells to increasing levels of glucose significantly increased the 

secretion of inflammatory cytokines and chemokines in a dose-dependent manner when 

compared to euglycemia levels of glucose (5mM). IL-6 and RANTES levels were 

significantly elevated at all glucose levels (10, 25 and 50mM) when compared to 5mM 

glucose; IL-1β, IL-8, and GRO-α levels were significantly elevated at the hyperglycemic 

levels of 25 and 50mM glucose; while G-CSF secretion was only significantly elevated at 

50mM glucose (Figure 1). In parallel, basal secretion of immunomodulatory IL-12 was 

significantly downregulated at all glucose concentrations when compared to normoglycemic 

glucose levels of 5mM (Figure 1). Exposure of Sw.71 cells to increasing levels of glucose 

had no significant effect on the basal trophoblast secretion of IL-2, IL-4, IL-10, IL-17, IFNγ, 

MCP-1, TNFα, MIP-1α, MIP-1β or GM-CSF (data not shown).
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Glucose-induced trophoblast IL-1β secretion is mediated by the inflammasome

Having established that hyperglycemic levels of glucose induces a pro-inflammatory 

response in the trophoblast, including the upregulation of IL-1β secretion, we next sought to 

investigate some of the mechanisms involved. IL-1β secretion occurs after pro-IL-1β is 

processed into its active form; this is commonly mediated by the Nalp3 inflammasome, a 

complex of Nalp3 and ASC that subsequently activates caspase-130. In previous studies we 

demonstrated that human first trimester trophoblast IL-1β production can be mediated by the 

Nalp3/ASC inflammasome through the endogenous production of uric acid, a specific Nalp3 

agonist22, 23. As shown in Figure 2A, glucose at all concentrations (10, 25 and 50mM) 

significantly increased trophoblast uric acid production when compared to the 

normoglycemic 5mM glucose control. Excess glucose-induced IL-1β secretion was 

significantly inhibited by the presence of a caspase 1 inhibitor by 67.1% (Figure 1B). 

Furthermore, 50mM glucose-induced IL-1β secretion was significantly inhibited by 72.8% 

when Nalp3 expression was knocked down (Figure 1C), and by 68.8% when ASC 

expression was knocked down (Figure 1D).

Metformin decreases trophoblast secretion of cytokines and chemokines in both normal 
and excess glucose conditions

Having determined the effect of excess glucose levels on basal trophoblast cytokine and 

chemokine secretion, we next sought to evaluate the ability of metformin to modulate these 

glucose-induced alterations in trophoblast function. Since all the affected cytokines/

chemokines were significantly altered at the glucose dose equivalent to severe 

hyperglycemia, Sw.71 cells were treated with media containing 5mM or 50mM glucose, 

with or without metformin (0.5mM) for 72 hours. As shown in Figure 3, under normal 

glucose conditions (5mM), metformin significantly reduced the basal secretion of IL-1β, but 

had no effect on the basal levels of IL-6, IL-8, IL-12, GRO-α, RANTES or G-CSF. Under 

conditions of excess glucose (50mM) where we observed a change in cytokine/chemokine 

secretion, metformin significantly reduced trophoblast production of IL-6, IL-8, and GRO-

α, but had no effect on the excess glucose modulation of IL-1β, IL-12, RANTES or G-CSF 

secretion (Figure 3). While excess glucose had no effect on trophoblast secretion of IL-17, 

IFNγ, TNFα and MIP-1β, metformin was able to reduce the basal levels of these cytokines/

chemokines (Supplemental Figure 1).

Excess glucose alters basal trophoblast angiogenic factor secretion and this is unaffected 
by metformin

The next objective of this study was to determine the effects of excess glucose on the 

secretion of the anti-angiogenic factors, sFlt-1 and sEndoglin, and pro-angiogenic factors, 

VEGF and PlGF, by first trimester trophoblast cells. As shown in Figure 4, exposure of Sw.

71 cells to increasing levels of glucose (10, 25 and 50mM) significantly increased the 

secretion of sFlt-1 when compared to the 5mM normoglycemic control. Glucose at 10 and 

50mM also significantly increased trophoblast secretion of sEndoglin when compared to the 

5mM normoglycemic control (Figure 4). While trophoblast secretion of PlGF was 

significantly upregulated by borderline and hyperglycemic levels of glucose (10 and 25mM) 

when compared to the 5mM normoglycemic control, the 50mM concentration had no 
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significant effect (Figure 4). Increasing levels of glucose at all doses had no significant 

effect on trophoblast secretion of VEGF (Figure 4). As shown in Figure 5, metformin had no 

significant effect on trophoblast secretion of sFlt-1, sEndoglin, PlGF or VEGF under either 

normoglycemic (5mM glucose) or severe hyperglycemia (50mM glucose) conditions.

Excess glucose decreases basal trophoblast migration

The final objective of this study was to determine the effect of excess glucose on the ability 

of the trophoblast to spontaneously migrate, and the ability of metformin to modulate this 

response. As shown in Fig. 6A, exposure of Sw.71 cells to hyperglycemic levels of glucose 

(25 and 50mM) significantly decreased basal trophoblast migration. However, metformin 

did not affect basal trophoblast migration, nor was it able to reverse the excess glucose-

mediated decrease in cell migration (Fig 6B).

Discussion

Despite the increasing prevalence of diabetes in the pregnant population1, the effects of 

hyperglycemia on the placenta remain poorly understood. We focused on the impact excess 

glucose levels have on human first trimester trophoblast function, given the unique role of 

these cells in placentation and pathogenesis of adverse pregnancy outcomes, such as 

preeclampsia. Trophoblast dysfunction is implicated in the shallow implantation and poor 

vascular remodeling seen in states of uteroplacental insufficiency6. Moreover, these 

alterations associated with preeclampsia are thought to occur early in gestation31.

The effects of hyperglycemia on biochemical networks in BeWo cells have been 

described32, but the implications of this previous work are limited by the use of a 

choriocarcinoma cell line, with a potential loss of differentiated cell function. Sw.71 cells, 

on the other hand, are well- characterized and mimic the characteristics of primary 

extravillous trophoblast cells20-22. The present study describes, for the first time, the broad 

effects of hyperglycemia on a non-cancerous human trophoblast cell line by investigating 

the cell’s complete cytokine, angiogenic, and migratory profile as well as the potential role 

of metformin in reversing these effects.

Diabetes is known to create a pro-inflammatory microenvironment that can progress to 

microvascular and macrovascular complications10. Our excess glucose-induced findings in 

the trophoblast mirror the inflammatory milieu seen in other organ systems affected by 

hyperglycemia, such as the kidneys, retina and neurons10. We found that increasing levels of 

glucose elevated trophoblast secretion of the inflammatory cytokines/chemokines: IL-1β, 

IL-6, IL-8, GRO-α, RANTES, and G-CSF, while the basal secretion of the 

immunomodulatory cytokine, IL-12, was reduced. Our data on the hyperglycemia-induced 

trophoblast secretion of IL-6 confirms data found in a recent study using a similar culture 

system33. Our observation that high levels of glucose trigger IL-1β secretion through the 

Nalp3/ASC inflammasome is in keeping with models of diabetic neuropathy and 

nephropathy showing involvement of the Nalp1 and Nalp3 inflammasomes34, 35. Moreover, 

like other triggers of trophoblast inflammasome activation and subsequent IL-1β production, 

glucose may be activating this pathway through the endogenous production of the Nalp3 

agonist and danger signal, uric acid22, 23. Together, this pro-inflammatory state may 

Han et al. Page 6

Am J Reprod Immunol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



contribute to the increased inflammation seen in preeclampsia8. Indeed, similarly to our 

observed glucose-induced inflammatory profile generated by the trophoblast, in pregnancies 

with preeclampsia, IL-1β, IL-6, IL-8, GRO-α, RANTES and G-CSF are increased in the 

placenta and/or the maternal circulation36-38.

The end-organ effects seen in diabetes may also result from alterations in the angiogenic 

balance, such as excessive angiogenesis in diabetic retinopathy19. In the retina, increased 

angiogenesis and VEGF result in proliferative retinopathy19. In the trophoblast, 

interestingly, hyperglycemia paradoxically induces an anti-angiogenic state, similar to that 

seen in preeclamptic pregnancies. In particular, sFlt-1, a soluble VEGF receptor, and 

sEndoglin, a co-receptor for TGF-β, have both been well-studied and are known to be 

elevated in maternal plasma in women with preeclampsia compared to healthy pregnant 

controls39. Our observations of the excess glucose-induced anti-angiogenic milieu align with 

our current understanding of the pathogenesis of preeclampsia. Herein we found that 

increasing levels of glucose elevated trophoblast release of sFlt-1 and sEndoglin, similar to 

findings by Cawyer et al., at similar glucose concentrations33. However, contrary to the 

study by Cawyer et al., who reported reduced PlGF and VEGF levels33, we found high 

levels of glucose elevated trophoblast PlGF secretion and had no effect on the secretion of 

VEGF. Nonetheless, the net effect may be anti-angiogenic.

Lastly, cell migration may be either promoted or impeded by excess glucose, depending on 

the cell type. For example, high levels of glucose increase rat brain astrocyte migration40, 

but impedes human fibroblast migration41. Our study shows for the first time that 

hyperglycemic conditions may decrease the ability of trophoblast cells to spontaneously 

migrate. While we have previously found that decreased IL-6 production is associated with 

reduced trophoblast migration42, in this current study we saw glucose increasing IL-6 

production while reducing cell migration. Thus, glucose may be modulating another pro- or 

anti-migratory factor(s) in the trophoblast. Preeclampsia is associated with failure of 

cytotrophoblasts to invade and remodel the uterine spiral arteries, thereby compromising 

blood flow to the maternal-fetal interface5. Thus, the shallow trophoblast migration resulting 

from exposure to excess glucose may result in uteroplacental insufficiency in patients with 

diabetes.

Optimal pre-pregnancy control of existing diabetes is most effective in decreasing risks 

associated with diabetes in pregnancy43. Unfortunately, relatively few women with diabetes 

receive preconceptional counseling44. Management of diabetes upon identification of a new 

pregnancy, therefore, requires rapid initiation and titration of an appropriate insulin regimen. 

Euglycemia is often not achieved until after the period of integral placentation in the first 

and early second trimesters. Metformin may provide a possible alternative therapy due to its 

ease of use, its role as the first-line medication in the non-pregnant population, and its 

beneficial effects in other organ systems. However, the effects of metformin on the human 

trophoblast had not been studied. Metformin co-treatment was able to reduce both basal and 

glucose-induced up-regulated secretion of some, but not all, inflammatory cytokines and 

chemokines by trophoblast. However, metformin was unsuccessful in reversing the anti-

angiogenic response and migratory deficit. Although the treatment in vitro reverses some of 
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the findings seen in preeclampsia, the clinical effects of reducing cytokine and chemokine 

levels are unknown.

One limitation of our study is the unknown concentrations of metformin in placental tissues 

in vivo. Plasma levels of metformin may underestimate the local penetration and 

concentration in tissue45. A dose previously described in in vitro literature was chosen25. A 

second limitation is the use of a trophoblast cell line for these experiments rather than 

primary cultures. However, Sw.71 cells have been well-characterized to mimic the 

properties of extravillous trophoblast cells20-22. The mechanisms by which excess glucose 

and metformin modulate trophoblast function are mostly unknown, although our findings 

suggest a role for the Nalp3/ASC inflammasome in glucose-induced IL-1β production; a 

novel observation. In contrast, the pathogenesis of non-placental microvascular 

complications of diabetes have been extensively studied. Reactive oxygen species, advanced 

glycation end-products (AGE), and NF-κB activation have all been implicated in the 

pathogenesis of diabetic nephropathy, retinopathy, and neuropathy10, and may play a similar 

role in the placenta; and a recent study in trophoblast cells suggest a role for MAPK p38 and 

peroxisome proliferator-activated receptor-gamma (PPAR-γ)33. Metformin, on the other 

hand, is known to activate adenosine-5’-monophosphate (AMP)-activated protein kinase 

(AMPK) in hepatocytes46 AMPK, a major cellular energy sensor and master regulator of 

metabolic homeostasis, also participates in cytokine regulation in skeletal muscles47. 

Activation of AMPK in the trophoblast may be involved in metformin’s ability to modulate 

cytokine and chemokine production in trophoblast cells. Further studies are needed to 

explore the mechanisms of glucose and metformin action in the trophoblast.

In summary, this study characterizes the effects of excess glucose on the inflammatory, 

angiogenic and migratory profile of human first trimester trophoblast cells, providing 

potential explanations for the strong link between diabetes and preeclampsia. This study also 

suggests the potential use of metformin as an alternative therapy in the first trimester to 

reverse the possibly detrimental effects of excess glucose on the developing placenta.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of glucose on trophoblast cytokine/chemokine secretion
Sw.71 cells were treated with glucose at 5mM, 10mM, 25mM, and 50mM. Supernatants 

were analyzed for cytokines/chemokines by ELISA and multiplex assays. Barcharts show 

changes in IL-1β, IL-6 IL-8, IL-12, GRO-α, RANTES and G-CSF. *p<0.05 compared to 

5mM glucose (n=6).
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Figure 2. Glucose-induced trophoblast IL-1β secretion is mediated by the inflammasome
(A) Sw.71 cells were treated with glucose at 5mM, 10mM, 25mM, and 50mM. Supernatants 

were measured for uric acid. *p<0.05 compared to 5mM glucose (n=3). (B) Sw.71 cells 

were treated with glucose at 5mM or 50mM in the presence of media or a caspase-1 

inhibitor (caspase-1 inhib; 5μM) after which supernatants were measured for IL-1β by 

ELISA. (C-D) Sw.71 cells transfected to express either (C) shRNA for Nalp3 (sh-Nalp3) or 

a Nalp3 mutated targeting sequence (Nalp3-mut); or (D) shRNA for ASC (sh-ASC) or a 

control sequence (sh-control) were treated with glucose at 5mM or 50mM after which 

supernatants were measured for IL-1β by ELISA. (B-D) Bar charts show fold change in 

IL-1β in response to 50mM glucose relative to 5mM glucose (*p<0.05; n=3).

Han et al. Page 13

Am J Reprod Immunol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Effect of metformin on glucose-mediated modulation of trophoblast cytokine/
chemokine secretion
Sw.71 cells were treated with glucose at 5mM (black bars) or 50mM (gray bars) in the 

presence of media or metformin (0.5mM) (n=3). Supernatants were measured for cytokines/

chemokines by ELISA and multiplex assays. Barcharts show changes in IL-1β, IL-6, IL-8, 

IL-12, GRO-α, RANTES and G-CSF (*p<0.05; ns=not significant).
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Figure 4. Effect of glucose on trophoblast angiogenic factor secretion
Sw.71 cells were treated with glucose at 5mM, 10mM, 25mM, and 50mM. Supernatants 

were measured for angiogenic factors by ELISA and multiplex assays. Barcharts show 

changes in sFlt-1, sEndoglin, PlGF and VEGF. *p<0.05 compared to 5mM glucose (n=3).
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Figure 5. Effect of metformin on glucose-mediated modulation of trophoblast angiogenic factor 
secretion
Sw.71 cells were treatment with glucose at 5mM (black bars) or 50mM (gray bars) in the 

presence of media or metformin (0.5mM) (n=3). Supernatants were measured for angiogenic 

factors by ELISA and multiplex assays. Barcharts show changes in sFlt-1, sEndoglin, PlGF 

and VEGF (ns=not significant).
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Figure 6. Effect of glucose and metformin on trophoblast cell migration
Sw.71 cells were incubated with: (A) glucose at 5mM, 10mM, 25mM, and 50mM (n=7); 

and (B) glucose at 5mM (black bars) and 50mM (gray bars) in the presence of media or 

metformin (0.5mM) (n=4). After 48 hours, cell migration was measured. *p<0.05 compared 

to 5mM glucose; ns=not significant.
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