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Abstract: Low-dose aspirin (LDA) is efficacious in preventing preeclampsia, but its mechanism of
action is unclear. Conflicting evidence suggests that it may inhibit placental trophoblast release of
soluble fms-like tyrosine kinase-1 (sFlt1), a key mediator of preeclampsia. We examined whether,
and at what concentrations, aspirin and its principal metabolite, salicylic acid, modulate sFlt1 release
and/or expression in trophoblasts. Human trophoblast lines BeWo and HTR-8/SVneo were cultured;
BeWo cells were also treated with 1% oxygen vs. normoxia to mimic hypoxia in preeclamptic placentas.
Cells were treated with aspirin or salicylic acid vs. vehicle for 24 h at concentrations relevant to LDA
and at higher concentrations. Protein concentrations (ELISA) and mRNA expression (RT-PCR) of
sFlt1 were determined. Under normoxia, LDA-relevant concentrations of aspirin (10–50 µmol/L) or
salicylic acid (20–100 µmol/L) had no significant effect on sFlt1 protein release or mRNA expression
in BeWo cells. However, inhibition was observed at higher concentrations (1 mmol/L for aspirin
and ≥200 µmol/L for salicylic acid). Hypoxia enhanced sFlt1 protein release and mRNA expression
in BeWo cells, but these responses were not significantly affected by either aspirin or salicylic acid
at LDA concentrations. Similarly, neither drug altered sFlt1 protein secretion or mRNA expression
in normoxic HTR-8/SVneo cells at LDA concentrations. We suggest that direct modulation of
trophoblast release or expression of sFlt1 is unlikely to be a mechanism underlying the clinical efficacy
of LDA in preeclampsia.
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1. Introduction

Preeclampsia is a serious complication of pregnancy that affects 3–5% of women in the
general population and ~20% of those with high-risk conditions, including diabetes [1,2].
Preeclampsia is characterized as new-onset hypertension during the second half of preg-
nancy in a previously normotensive woman, accompanied by proteinuria and/or other
end-organ damage [3]. It is thought to originate from the under-development of uterine
spiral arteries early in pregnancy, later resulting in an ischemic and hypoxic placenta that
releases ‘toxic’ circulating factors into the maternal circulation, eventually causing vascular
endothelial damage [4]. A key circulating factor that has been implicated is soluble fms-like
tyrosine kinase-1 (sFlt1), an alternatively spliced extracellular fragment of vascular endothe-
lial growth factor (VEGF) receptor 1 [5,6]. Excessive levels of sFlt1 scavenge VEGF and
placental growth factor (PlGF), causing a deficiency of angiogenic signaling that, in turn,
leads to endothelial dysfunction and vasoconstriction. Plasma levels of sFlt1 are elevated
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weeks before clinical onset of preeclampsia [2,5,6] and correlate with disease severity [7].
Accumulating preclinical [8,9] and clinical evidence [10,11] supports the notion of sFlt1 as
a potential target for therapeutic development.

Current treatment options for preeclampsia are limited, mainly comprising symptomatic
management of hypertension and seizures. The only medication that has shown some disease-
modifying effect is aspirin (acetylsalicylic acid). Since 1978, numerous clinical studies have
demonstrated the beneficial role of low-dose aspirin (LDA) in preventing preeclampsia [12].
Systematic reviews of randomized clinical trials found this effect to be modest overall (i.e.,
10–18% efficacy) [13–15], and currently, a daily dosage of 81 mg is recommended for high-risk
pregnancies [16,17]. Interestingly, the recent Aspirin for Evidence-Based Preeclampsia Preven-
tion (ASPRE) trial showed that 150 mg daily reduced the incidence of preterm preeclampsia
by 62%, suggesting a dose-dependent effect [12,18]. However, the underlying mechanism
of action remains elusive. Some authors have suggested that aspirin might inhibit sFlt1
release from placental trophoblasts [19–22], while others did not find such an effect [23,24];
however, in some of these earlier studies, aspirin was studied at much higher concentrations
than are practically achievable in pregnant women. Furthermore, earlier work focused
on aspirin only and did not explore the possible role of its principal metabolite, salicylic
acid; the latter is known to reach higher plasma concentrations than the parent drug and to
mediate at least some of aspirin’s pharmacologic actions.

To date, available randomized clinical trials have not documented a reduction of
plasma sFlt1 by LDA in pregnant women [25–27]; therefore, although plausible, this puta-
tive mechanism of action merits careful examination, considering that sFlt1 plays a critical
role in connecting placental pathologies to maternal symptoms. If confirmed, aspirin’s
effect on sFlt1 might be exploitable for the development of next-generation therapies with
better potency and/or efficacy.

In the present study, we determined whether aspirin and/or its metabolite salicylic
acid could modulate sFlt1 protein release and/or mRNA expression of either of the two
predominant transcripts (i13 and e15a) in cultured human trophoblasts and whether they
do so at clinically relevant concentrations. The choriocarcinoma-derived cell line BeWo is
a main model for villous syncytiotrophoblasts [28], the predominant placental source of
sFlt1 [29]. The non-tumor cell line HTR-8/SVneo is frequently used to simulate cytotro-
phoblasts [30]. Since we previously found that hypoxia stimulated sFlt1 release in BeWo
cells (but not in HTR-8/SVneo cells) [31], we also evaluated drug effects in this cell line
under hypoxic conditions.

2. Materials and Methods
2.1. Cell Culture

Human placental trophoblast BeWo cells (ATCC, Manassas, VA, USA) were maintained
in DMEM/F12 (Gibco, Thermo Fisher, Waltham, MA, USA) supplemented with 2 mM L-
glutamate, and HTR-8/SVneo trophoblasts (a gift from Professor Charles Graham, Queen’s
University at Kingston, ON, Canada) were cultured in RPMI 1640 (Sigma-Aldrich, St. Louis,
MO, USA). All growth media contained 10% fetal calf serum and were devoid of detectable
levels of sFlt1.

Prior to drug treatments, BeWo and HTR-8/SVneo cells were harvested by trypsiniza-
tion and then seeded onto 48-well culture plates at 6 × 104 and 1.2 × 105 cells, respectively,
to reach 80–90% confluence in approximately 24 h. For the BeWo-hypoxia model, cells were
seeded onto the 48-well culture plate overnight, pre-treated with the drugs for 1 h, and then
subjected to ambient oxygen vs. 1% oxygen (with 5% CO2 and 94% N2) in a humidified,
temperature-controlled hypoxia chamber (Coy Laboratories, Grass Lake, MI, USA) for 24 h.
The supernatants and cell pellets were collected for protein and mRNA expression assays,
as described below. Cultured cells were inspected microscopically and confirmed free of
discernible morphological changes or death.
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2.2. Drug Materials

Aspirin and salicylic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Chetomin was obtained from Santa Cruz Biotechnology (Dallas, TX, USA). Fresh drug solu-
tions were prepared in ethanol per manufacturer’s instructions on the day of experiments
and spiked into cell culture media to achieve the final test concentrations. The vehicle itself
had no effect on cellular expression or release of sFlt1.

2.3. LDA-Relevant Drug Concentrations

In order to determine the test drug concentrations for cell culture studies, we surveyed
the available clinical pharmacokinetic data for the LDA dose range of 40–150 mg/day.
As summarized in Table 1, there were dose-related increases in plasma concentrations of
both aspirin and salicylic acid, with the latter substantially higher than the former (the
salicylic acid/aspirin maximum concentration (Cmax) ratio ranged from 2.0 to 18.1). While
most published data were from healthy, non-pregnant male and female volunteers, at
least two studies have shown that plasma Cmax and area under the curve (AUC) drug
exposures were lower in pregnant than non-pregnant women [32,33]. Overall, the Cmax
concentrations for aspirin were in the range of single-digit µmol/L for the 40–100 mg doses
(and that for the 150 mg dose was not significantly higher as estimated from the salicylic acid
data [33]), except for one study that showed an aberrantly higher value of 23.4 µmol/L [34].
For salicylic acid, the Cmax values ranged from 2.3–34.7 µmol/L for the 40–150 mg dose
range, again with the exception of one study showing 57.4 µmol/L [34]. Considering
that Cmax occurs transiently and the average concentration over time is much lower, we
chose approximate concentrations of aspirin (10 and 50 µmol/L) and salicylic acid (20 and
100 µmol/L) to represent LDA in pregnant women in our experiments. Although plasma
concentrations of aspirin close to or in the millimolar range are typically not experienced
by pregnant women, they have been used in earlier cell culture studies; we, therefore,
included concentrations of up to 1000 µmol/L aspirin and 2000 µmol/L salicylic acid in
some experiments for comparison.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

Cell culture supernatants of different treatment conditions were collected and clarified
at 2000 g (10 min, 4 ◦C) to remove cellular debris. Protein concentrations of sFlt1 were
quantified in duplicate using the Quantikine ELISA kit (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions.

2.5. Real-Time Quantitative PCR (RT-PCR)

Total RNA was isolated from the cell pellets by the RNeasy mini kit (Qiagen, Hilden,
Germany). The RNA concentration was assessed by the NanoDrop 1000 spectrophotometer,
and 1 µg RNA was reverse-transcribed into cDNA by the First-Strand cDNA synthesis
kit (Thermo Fisher, Waltham, MA, USA) following manufacturer’s protocol. The level
of mRNA expression was quantified by RT-PCR using the LightCycler 480 system with
SYBR Green I Master (Roche Diagnostics GmbH, Mannheim, Germany). The primers
included sFlt1 i13 forward: ACAATCAGAGGTGAGCACTGCAA, sFlt1 i13 reverse: TC-
CGAGCCTGAAAGTTAGCAA; sFlt1 e15a forward: ACACAGTGGCCATCAGCAGTT,
sFlt1 e15a reverse: CCCGGCCATTTGTTATTGTTA; β-actin forward: TGGGACGACATG-
GAGAAAAT, β-actin reverse: GAGGCGTACAGGGATAGCAC. β-Actin was used as a
housing-keeping gene. Gene expression fold changes were calculated by dividing the
normalized values of control samples by normalized values of treated samples.
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Table 1. Systemic plasma exposures of aspirin and salicylic acid after oral low-dose aspirin in humans from published studies.

Aspirin Dose (mg/day
or Single Dose) Formulations Aspirin Cmax

(µmol/L)
Aspirin AUC
(µmol/L∗h) SA Cmax (µmol/L) SA AUC

(µmol/L∗h)
SA vs. Aspirin

Cmax Ratio Subjects References

40 Immediate-release tablet 1.3 ± 0.4 2.1 ± 0.7 10.9 ± 2.1 44.9 ± 11.6 8.4

Healthy males
and females

[35]40 Extended-release tablet 0.2 ± 0.1 0.6 ± 0.5 3.8 ± 0.9 40.1 ± 13.4 18.1

81 Immediate-release tablet 2.8 ± 0.8 4.8 ± 1.4 22.8 ± 4.9 101.4 ± 29.8 8.1

81 Extended-release tablet 0.6 ± 0.3 1.8 ± 0.7 9.0 ± 3.5 87.6 ± 30.2 15.3

50 Modified-release capsule 1.2 ± 0.6 2.1 ± 0.7 19.9 ± 2.5 10.6 ± 14.5 16.6 Healthy males
and females

[36]
50 Solution 7.3 ± 4.1 3.8 ± 1.9 31.5 ± 3.7 78.2 ± 8.3 4.3

75 Solution 7.3 ± 2.1 3.6 ± 0.5 ~14.5 34.4 ± 8.8 2.0 Healthy males [37]
75 Controlled-release tablet 0.5 ± 0.1 2.7 ± 0.6 4.9 ± 1.4 29.1 ± 8.0 9.2

75 n/a 5.1 ± 2.6 4.5 ± 2.0 23.2 ± 5.9 54.8 ± 14.7 4.5 Healthy pregnant
women (27–29 weeks)

[32]75 n/a 5.1 ± 1.8 4.9 ± 2.0 17.8 ± 3.0 44.7 ± 8.5 3.5 Healthy pregnant
women (36–38 weeks)

75 n/a 7.4 ± 1.3 6.4 ± 2.0 29.6 ± 8.4 71.4 ± 24.3 4.0 Healthy males and
non-pregnant females

75 Controlled-release 0.3 ± 0.03 n/a 2.3 ± 0.4 n/a 7.9
Healthy males [38]

162.5 Immediate-release 6.8 ± 1.3 n/a 15.4 ± 1.6 n/a 2.3

80 Tablet 5.5 ± 1.3 5.2 ± 0.8 30.2 ± 6.7 88.5 ± 23.4 5.5 Healthy males [39]

100 Tablet 5.6 ± 1.9 4.9 ± 2.2 30.3 ± 7.1 105.7 ± 28.0 5.4 Healthy males
and females [40]

100 n/a 23.4 n/a 57.4 n/a 2.5 Pregnant women [34]

100 Enteric-coated tablet n/a n/a 9.2 ± 0.7 86.4 ± 0.8 n/a
High-risk

pregnant women

[33]

100 Non enteric-coated tablet n/a n/a 17.5 ± 0.5 88.2 ± 0.7 n/a

150 Non enteric-coated tablet n/a n/a 23.8 ± 0.8 144.8 ± 1.7 n/a

100 Enteric-coated tablet n/a n/a 13.1 ± 1.1 159.4 ± 0.9 n/a

Non-pregnant women100 Non enteric-coated tablet n/a n/a 23.3 ± 0.7 152.8 ± 3.9 n/a

150 Non enteric-coated tablet n/a n/a 34.7 ± 1.3 212.1 ± 3.1 n/a

AUC, area under the curve from time 0 to 24 h or the last measurable concentration if before 24 h; Cmax, maximum drug concentration. Data include all oral aspirin formulations
(solutions, immediate-release formulations, and modified-release formulations) and are expressed as means ± SD. Some of the originally published values were converted to the current
units. SA, salicylic acid. n/a, not available. A 162.5 mg dose was also included as a close dose for reference.
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2.6. Data Analysis

For comparison of normoxic and hypoxic conditions in BeWo cells, unpaired two-tailed
Student’s t-tests were used. Drug treatment effects were analyzed by one-way ANOVA
followed by Dunnett’s multiple comparison tests (Prism 8, GraphPad Software, San Diego,
CA, USA). Drug exposure data were expressed as means ± SD, and efficacy data were
presented as mean ± SE. p values < 0.05 were considered statistically significant.

3. Results
3.1. Effects of Aspirin and Salicylic Acid on sFlt1 Protein Release and mRNA Expression
in BeWo Cells

As shown in Figure 1, aspirin treatment at LDA concentrations (10–50 µmol/L) for 24 h
did not affect sFlt1 protein release (Figure 1A) nor mRNA expression (Figure 1B,C) in BeWo
cells. However, 1000 µmol/L aspirin significantly reduced sFlt1 protein concentrations (by
39%, Figure 1A); it also significantly inhibited both sFlt1 i13 (Figure 1B) and e15a (Figure 1C)
mRNA expression.
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Figure 1. Concentration-dependent effects of aspirin (10–1000 µmol/L, 24 h) on sFlt1 protein release
and mRNA expression in BeWo cells. (A) Effects of aspirin on supernatant sFlt1 protein concentrations.
(B,C) Effects of aspirin on sFlt1 i13 and e15a mRNA expression. ASA, aspirin. Data are expressed as
fold changes relative to the control and presented as means ± SE, n = 6. ** p < 0.01 and *** p < 0.001.

Similarly, salicylic acid did not alter sFlt1 protein secretion at concentrations relevant
to LDA (20–100 µmol/L) but caused significant inhibition at higher concentrations: by 30%
at 200 µmol/L and by 40% at 2000 µmol/L (Figure 2A). In agreement, LDA concentrations
of salicylic acid had no effect on mRNA expression of either sFlt1 i13 or e15a; however, a
concentration-related inhibitory effect was observed at 200–2000 µmol/L (Figure 2B,C).

3.2. Effects of Aspirin and Salicylic Acid on Hypoxia-Induced sFlt1 Protein Release and mRNA
Expression in BeWo Cells

We further determined whether LDA-relevant concentrations of aspirin and sali-
cylic acid could modulate sFlt1 in BeWo cells under hypoxic conditions. As shown in
Figure 3A, hypoxia treatment (1% oxygen for 24 h) increased supernatant sFlt1 protein
concentrations in BeWo cells by approximately 2-fold vs. normoxia (50.0 ± 3.1 pg/mL
vs. 26.3 ± 3.6 pg/mL, respectively). This effect was blocked by 10 nmol/L of the HIFα
inhibitor chetomin [31]. We found that neither aspirin (10 and 50 µmol/L) nor salicylic acid
(20 and 100 µmol/L) had any significant effect on sFlt1 protein release (Figure 3B,D) or
mRNA expression (Figure 3C,E). We did not test higher drug concentrations in this hypoxia
model, considering that they are not relevant to pregnant women.
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Figure 2. Concentration-dependent effects of salicylic acid (20–2000 µmol/L, 24 h) on sFlt1 protein
release and mRNA expression in BeWo cells. (A) Effects of salicylic acid on supernatant sFlt1 protein
concentrations. (B,C) Effects of salicylic acid on sFlt1 i13 and e15a mRNA expression. SA, salicylic
acid. Data are expressed as fold changes relative to the control and presented as means ± SE, n = 6.
** p < 0.01 and *** p < 0.001.
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Figure 3. Low concentrations of aspirin (10 and 50 µmol/L) and salicylic acid (20 and 100 µmol/L) on
hypoxia-induced sFlt1 protein release and mRNA expression in BeWo cells. (A) Hypoxia (1% oxygen,
24 h) induced sFlt1 release from BeWo cells. (B) Effect of aspirin on supernatant sFlt1 protein levels.
(C) Effect of aspirin on sFlt1 mRNA expression. (D) Effect of salicylic acid on supernatant sFlt1 protein
concentrations. (E) Effect of salicylic acid on sFlt1 mRNA expression. ASA, aspirin. SA, salicylic acid.
Data are expressed as absolute values or fold changes relative to the control and presented as means
± SE, n = 4. ** p < 0.01.

3.3. Effects of Aspirin and Salicylic Acid on sFlt1 Protein Release and mRNA Expression in
HTR-8/SVneo Cells

To confirm the above observations, we also examined the effects of aspirin and sali-
cylic acid at LDA concentrations in a second trophoblast cell line, HTR-8/SVneo. Again,
neither aspirin (10–50 µmol/L) nor salicylic acid (20–100 µmol/L) significantly reduced
sFlt1 protein release (Figure 4A,C) or mRNA expression (Figure 4B,D). Salicylic acid at
100 µmol/L appeared to cause a non-significant increase of sFlt1 mRNA expression, but
not at the protein level. Since we previously found that sFlt1 protein release and mRNA
expression were not stimulated by hypoxia in this cell line [31], we did not test drug effects
under this condition.
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4. Discussion

The clinical effects and mechanisms of action of aspirin vary with dosage. The recom-
mended prophylactic LDA dosage for preeclampsia is typically 75–81 mg/day, although
up to 150 mg/day has been used in some studies. The main established mechanism of
action for LDA is irreversible acetylation of platelet cyclooxygenase (COX)-1, which results
in reduced thromboxane A2 formation and a subsequent antithrombotic effect [41]. Aspirin
also inhibits COX-2, although at a much lower potency, and this underlies its analgesic,
antipyretic, and anti-inflammatory actions [42,43]. Aspirin has a unique pharmacokinetic–
pharmacodynamic property: following oral administration, it is rapidly absorbed into
the portal vein, where acetylation of platelet COX-1 occurs, and most of the parent drug
is converted to salicylic acid by plasma and liver esterases before reaching the systemic
circulation [44]. Thus, even though aspirin has a low plasma concentration (i.e., lower
than that of salicylic acid) and a short plasma half-life of ~20 min, its antithrombotic action
relies on circulating platelets (which have a lifespan of 8–12 days) with already inactivated
COX-1, and not necessarily on systemic drug concentrations. However, we anticipate
that mechanisms independent of platelets would be driven by plasma drug levels. With
these considerations, we hypothesized that (1) if aspirin could directly modulate sFlt1
in trophoblasts, it must operate at relatively low concentrations consistent with the low
doses used in pregnant women; (2) either aspirin or its major metabolite salicylic acid or
both, may mediate the action; and (3) such an effect may occur via known or unknown
mechanism(s).

A review of the clinical LDA data showed that plasma peak concentrations for as-
pirin and salicylic acid were in the range of single- and double-digit µmol/L, respec-
tively (Table 1). While plasma concentrations of both aspirin and salicylic acid were dose-
dependent, formulations were also important: the Cmax values were much lower for the
modified-release formulations than the immediate-release formulations. This was partic-
ularly evident for plasma aspirin concentrations, as slow absorption of modified-release
formulations favors the metabolic conversion of aspirin to salicylic acid in the portal circu-
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lation. Due to the short plasma half-lives of both aspirin and salicylic acid, there was no
steady-state accumulation after chronic dosing.

In this study, we examined the effect of both aspirin and salicylic acid in two human
trophoblast cell lines, BeWo and HTR-8/SVneo, simulating villous syncytiotrophoblasts
and cytotrophoblasts, respectively. Our results show that both aspirin and salicylic acid
indeed reduced sFlt1 protein release and mRNA expression, but only at near-millimolar to
millimolar concentrations, and not at lower concentrations relevant to LDA. Furthermore,
the LDA-relevant concentrations of both drugs failed to mitigate hypoxia-induced sFlt1
upregulation in BeWo cells. These data suggest that direct modulation of trophoblast
release or expression of sFlt1 is unlikely to be the mechanism to account for aspirin’s
clinical efficacy.

Our results are largely in line with the literature but with some exceptions. Overall,
it appears that the earlier observations of a role for aspirin in reducing trophoblast sFlt1
were primarily from treatments at high concentrations. For example, Li et al. [19] found
that aspirin reduced sFlt1 protein secretion and mRNA expression in human primary
cytotrophoblasts and HTR-8/SVneo cells under both normoxia and hypoxia, but the
effects were only seen at 3–12 mmol/L and not at lower concentrations. Su et al. [21]
reported that aspirin was able to inhibit sFlt1 protein release from both human primary
cytotrophoblasts and HTR-8/SVneo cells at 100 µmol/L and above, but they did not test
lower concentrations. In contrast and consistent with our results, Han et al. [23] showed that
aspirin at 10 µg/mL (55 µmol/L) did not modulate sFlt1 protein release from HTR-8/SVneo
cells, either under basal conditions or in the presence of an antiphospholipid antibody. In a
co-culture study of HTR-8/SVneo and endothelial cells, 100 µmol/L aspirin did not affect
the protein or mRNA levels of either sFlt1 or VEGF [24]. While many earlier investigations
focused on HTR-8/SVneo and primary cytotrophoblasts, only one has tested aspirin’s effect
on sFlt1 in BeWo cells [20]. In that work, the authors observed that aspirin at 5 µg/mL
(27.8 µmol/L) was able to suppress sFlt1 expression and release elicited by the serum from
patients with preeclampsia. It is unclear if different experimental conditions might have
attributed to the discrepancies between their findings and our present observation.

To date, only limited clinical studies have investigated the effect of LDA on circu-
lating levels of sFlt1. Murtoniemi et al. found that 100 mg/day aspirin, initiated before
14 weeks of gestation, was associated with elevated plasma levels of PlGF at 26–28 weeks
in high-risk pregnant women, but sFlt1 concentrations were not reported in their study [25].
Mayer-Pickel et al. showed that 75–150 mg/day aspirin overall did not affect the plasma
sFlt1/PlGF ratio throughout gestation in women regardless of obstetric outcomes, although
there appeared to be a transient reduction of the sFlt1/PlGF ratio at 11–14 weeks ges-
tation, but not later, in a subset women with a pathologic first-trimester screening for
preeclampsia risk [26]. Mone et al. recently evaluated the effect of aspirin (75 mg/day)
on low-risk pregnant women and found no effect on serum biomarkers, including PlGF
and pregnancy-associated plasma protein-A (PAPP-A); no sFlt1 data were reported in their
study [27]. Thus, the available clinical evidence for a role of LDA in sFlt1 modulation is
sparse and inconclusive, and further clinical biomarker investigation is needed to provide
a definitive answer.

The strengths of our study include the examination of both aspirin and its metabolite
salicylic acid at clinically relevant concentrations. We were able to confirm the findings
of earlier studies that aspirin indeed inhibits sFlt1 secretion from trophoblasts but at high
concentrations. More importantly, we showed that at lower concentrations relevant to
LDA treatment in pregnant women, neither aspirin nor salicylic acid had any effect on
sFlt1 under similar experimental conditions. To our knowledge, this report is the first to
investigate the role of salicylic acid on sFlt1 expression in trophoblasts.

There are limitations and other considerations that apply to this work. Firstly, our
findings were based on trophoblast cell lines, which may or may not reflect the properties of
trophoblasts in vivo. Indeed, translational preeclampsia research is hindered by the lack of
reliable models. Although primary cytotrophoblasts are considered the gold standard, they
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undergo rapid phenotypic switches once in culture and have a limited lifespan [45]. To cir-
cumvent translational difficulties, we have recently revisited and identified BeWo cells as a
suitable surrogate model for preclinical studies, considering the sFlt1 response to pharma-
cologic agents [31]. It is also possible that single cell culture may not fully recapitulate the
in vivo milieu, although our present data are in agreement with an earlier HTR-8/SVneo
and endothelial cell co-culture study, which did not find aspirin (100 µmol/L) effective
in modulating sFlt1 protein or mRNA levels [24]. Nevertheless, the many similarities of
cellular responses to aspirin at low and high concentrations between our study and the
published primary cytotrophoblasts lend support to the relevance of this investigation.
Secondly, we used human plasma Cmax data to guide our experiments. Cmax occurs only
transiently, and the average concentration over time is lower, whereas cultured cells were
theoretically exposed to more constant drug levels. Although we did not determine the
intracellular drug levels, the plasma compartment is considered to be equivalent to cell
culture media for experimental purposes, and the lower protein concentration (~10% of
human serum) in culture media theoretically favors the release of unbound, free drugs to
the cells. Additionally, plasma exposures of both aspirin and salicylic acid are lower in preg-
nant than non-pregnant women due to hemodilution and altered pharmacokinetics [32,33],
and the use of slow- rather than immediate-release formulations also reduces peak drug
concentrations. Thus, we expect that the drug concentrations used in our experiments
represent a conservative estimate of clinical scenarios; this notion is consistent with the
earlier placental perfusion literature [46,47]. Thirdly, our present interpretation is limited to
the direct effect of aspirin on trophoblast release/expression of sFlt1 but does not address
other potential effects of aspirin and salicylic acid on trophoblasts (e.g., other pro- and
anti-angiogenic factors such as PlGF and soluble endoglin), the downstream pathways of
sFlt1, or the effects caused by global uteroplacental hemodynamic alterations.

5. Conclusions

The mechanism underlying the clinical efficacy of LDA in preeclampsia prevention
remains not clearly understood. We examined whether aspirin and its principal metabolite,
salicylic acid, might modulate sFlt1 release and/or expression in trophoblasts at clinically
relevant concentrations. We found that in both normoxic and hypoxic conditions, neither
aspirin nor salicylic acid modulated sFlt1 protein release or mRNA expression in cultured
human trophoblasts at LDA-relevant concentrations. Further investigations are needed
to understand whether aspirin and/or salicylic acid may act via alternate mechanisms
and whether those might be utilized for the development of more potent and efficacious
therapeutics for preeclampsia.

Author Contributions: Conceptualization, J.Z., T.J.L. and J.Y.Y.; Data curation, J.Z. and J.Y.Y.; Formal
analysis, J.Z., T.J.L. and J.Y.Y.; Funding acquisition, J.Y.Y.; Investigation, J.Z., R.D., J.S., R.P.C. and
J.Y.Y.; Methodology, J.Z., R.D., J.S., R.P.C. and J.Y.Y.; Project administration, J.Y.Y.; Resources, J.Y.Y.;
Supervision, J.Y.Y.; Validation, J.Z., R.D., J.S., R.P.C. and J.Y.Y.; Visualization, J.Z. and J.Y.Y.; Writing—
original draft, J.Z. and J.Y.Y.; Writing—review and editing, J.Z., R.D., J.S., R.P.C., T.J.L. and J.Y.Y. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Saving Lives at Birth (a partnership between the
United States Agency for International Development, the Norwegian Ministry of Foreign Affairs, the
Bill & Melinda Gates Foundation, Grand Challenges Canada, and the Department for International
Development of the United Kingdom) under award #0703-03, and by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD) of the National Institutes of
Health under award #R01HD096501. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the funding agencies.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article. The data supporting the findings
of this study are available from the corresponding author upon reasonable request.



Cells 2024, 13, 113 10 of 12

Acknowledgments: The authors would like to thank Charles Graham (Queen’s University at
Kingston, Canada) for generously providing the cell line, and Mary Zhang for her technical as-
sistance in this work.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

AUC area under the curve
Cmax maximum concentration
COX cyclooxygenase
LDA low-dose aspirin
PlGF placental growth factor
sFlt1 soluble fms-like tyrosine kinase-1
VEGF vascular endothelial growth factor

References
1. Hanson, U.; Persson, B. Outcome of pregnancies complicated by type 1 insulin-dependent diabetes in Sweden: Acute pregnancy

complications, neonatal mortality and morbidity. Am. J. Perinatol. 1993, 10, 330–333. [CrossRef] [PubMed]
2. Yu, Y.; Jenkins, A.J.; Nankervis, A.J.; Hanssen, K.F.; Scholz, H.; Henriksen, T.; Lorentzen, B.; Clausen, T.; Garg, S.K.; Menard, M.K.;

et al. Anti-angiogenic factors and pre-eclampsia in type 1 diabetic women. Diabetologia 2009, 52, 160–168. [CrossRef] [PubMed]
3. American College of Obstetricians and Gynecologists. Hypertension in Pregnancy, Report of the American College of Obstetricians

and Gynecologists’ Task Force on Hypertension in Pregnancy. Obstet. Gynecol. 2013, 122, 1122–1131.
4. Roberts, J.M.; Hubel, C.A. The two stage model of preeclampsia: Variations on the theme. Placenta 2009, 30 (Suppl. A), S32–S37.

[CrossRef] [PubMed]
5. Levine, R.J.; Maynard, S.E.; Qian, C.; Lim, K.H.; England, L.J.; Yu, K.F.; Schisterman, E.F.; Thadhani, R.; Sachs, B.P.; Epstein, F.H.;

et al. Circulating angiogenic factors and the risk of preeclampsia. N. Engl. J. Med. 2004, 350, 672–683. [CrossRef]
6. Naljayan, M.V.; Karumanchi, S.A. New developments in the pathogenesis of preeclampsia. Adv. Chronic. Kidney Dis. 2013, 20,

265–270. [CrossRef]
7. Rana, S.; Schnettler, W.T.; Powe, C.; Wenger, J.; Salahuddin, S.; Cerdeira, A.S.; Verlohren, S.; Perschel, F.H.; Arany, Z.; Lim, K.H.;

et al. Clinical characterization and outcomes of preeclampsia with normal angiogenic profile. Hypertens. Pregnancy 2013, 32,
189–201. [CrossRef]

8. Bergmann, A.; Ahmad, S.; Cudmore, M.; Gruber, A.D.; Wittschen, P.; Lindenmaier, W.; Christofori, G.; Gross, V.; Gonzalves, A.;
Grone, H.J.; et al. Reduction of circulating soluble Flt-1 alleviates preeclampsia-like symptoms in a mouse model. J. Cell. Mol.
Med. 2010, 14, 1857–1867. [CrossRef]

9. Maynard, S.E.; Min, J.Y.; Merchan, J.; Lim, K.H.; Li, J.; Mondal, S.; Libermann, T.A.; Morgan, J.P.; Sellke, F.W.; Stillman, I.E.;
et al. Excess placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, hypertension, and
proteinuria in preeclampsia. J. Clin. Investig. 2003, 111, 649–658. [CrossRef]

10. Thadhani, R.; Kisner, T.; Hagmann, H.; Bossung, V.; Noack, S.; Schaarschmidt, W.; Jank, A.; Kribs, A.; Cornely, O.A.; Kreyssig, C.;
et al. Pilot study of extracorporeal removal of soluble fms-like tyrosine kinase 1 in preeclampsia. Circulation 2011, 124, 940–950.
[CrossRef]

11. Thadhani, R.; Hagmann, H.; Schaarschmidt, W.; Roth, B.; Cingoez, T.; Karumanchi, S.A.; Wenger, J.; Lucchesi, K.J.; Tamez, H.;
Lindner, T.; et al. Removal of Soluble Fms-Like Tyrosine Kinase-1 by Dextran Sulfate Apheresis in Preeclampsia. J. Am. Soc.
Nephrol. 2016, 27, 903–913. [CrossRef] [PubMed]

12. Rolnik, D.L.; Nicolaides, K.H.; Poon, L.C. Prevention of preeclampsia with aspirin. Am. J. Obstet. Gynecol. 2022, 226, S1108–S1119.
[CrossRef]

13. Askie, L.M.; Duley, L.; Henderson-Smart, D.J.; Stewart, L.A. Antiplatelet agents for prevention of pre-eclampsia: A meta-analysis
of individual patient data. Lancet 2007, 369, 1791–1798. [CrossRef] [PubMed]

14. Duley, L.; Meher, S.; Hunter, K.E.; Seidler, A.L.; Askie, L.M. Antiplatelet agents for preventing pre-eclampsia and its complications.
Cochrane Database Syst. Rev. 2019, 10, CD004659. [CrossRef] [PubMed]

15. Henderson, J.T.; Vesco, K.K.; Senger, C.A.; Thomas, R.G.; Redmond, N. Aspirin Use to Prevent Preeclampsia and Related
Morbidity and Mortality: Updated Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA
2021, 326, 1192–1206. [CrossRef] [PubMed]

16. Force, U.S.P.S.T.; Davidson, K.W.; Barry, M.J.; Mangione, C.M.; Cabana, M.; Caughey, A.B.; Davis, E.M.; Donahue, K.E.; Doubeni,
C.A.; Kubik, M.; et al. Aspirin Use to Prevent Preeclampsia and Related Morbidity and Mortality: US Preventive Services Task
Force Recommendation Statement. JAMA 2021, 326, 1186–1191.

17. Espinoza, J. Low-Dose Aspirin for the Prevention of Preeclampsia. JAMA 2021, 326, 1153–1155. [CrossRef]

https://doi.org/10.1055/s-2007-994754
https://www.ncbi.nlm.nih.gov/pubmed/8397576
https://doi.org/10.1007/s00125-008-1182-x
https://www.ncbi.nlm.nih.gov/pubmed/18985316
https://doi.org/10.1016/j.placenta.2008.11.009
https://www.ncbi.nlm.nih.gov/pubmed/19070896
https://doi.org/10.1056/NEJMoa031884
https://doi.org/10.1053/j.ackd.2013.02.003
https://doi.org/10.3109/10641955.2013.784788
https://doi.org/10.1111/j.1582-4934.2009.00820.x
https://doi.org/10.1172/JCI17189
https://doi.org/10.1161/CIRCULATIONAHA.111.034793
https://doi.org/10.1681/ASN.2015020157
https://www.ncbi.nlm.nih.gov/pubmed/26405111
https://doi.org/10.1016/j.ajog.2020.08.045
https://doi.org/10.1016/S0140-6736(07)60712-0
https://www.ncbi.nlm.nih.gov/pubmed/17512048
https://doi.org/10.1002/14651858.CD004659.pub3
https://www.ncbi.nlm.nih.gov/pubmed/31684684
https://doi.org/10.1001/jama.2021.8551
https://www.ncbi.nlm.nih.gov/pubmed/34581730
https://doi.org/10.1001/jama.2021.14646


Cells 2024, 13, 113 11 of 12

18. Rolnik, D.L.; Wright, D.; Poon, L.C.; O’Gorman, N.; Syngelaki, A.; de Paco Matallana, C.; Akolekar, R.; Cicero, S.; Janga, D.; Singh,
M.; et al. Aspirin versus Placebo in Pregnancies at High Risk for Preterm Preeclampsia. N. Engl. J. Med. 2017, 377, 613–622.
[CrossRef]

19. Li, C.; Raikwar, N.S.; Santillan, M.K.; Santillan, D.A.; Thomas, C.P. Aspirin inhibits expression of sFLT1 from human cytotro-
phoblasts induced by hypoxia, via cyclo-oxygenase 1. Placenta 2015, 36, 446–453. [CrossRef]

20. Brennecke, S.; Pratt, A.; Yong, H.; Panagodage, S.; Borg, A.; Murthi, P. Low dose aspirin corrects in vitro the placental cell derived
sFlt-1/PlGF imbalance characteristic of preeclampsia: Biomarkers, prediction of preeclampsia. Pregnancy Hypertens. 2016, 6, 149.
[CrossRef]

21. Su, M.T.; Wang, C.Y.; Tsai, P.Y.; Chen, T.Y.; Tsai, H.L.; Kuo, P.L. Aspirin enhances trophoblast invasion and represses soluble
fms-like tyrosine kinase 1 production: A putative mechanism for preventing preeclampsia. J. Hypertens. 2019, 37, 2461–2469.
[CrossRef] [PubMed]

22. Lin, L.; Li, G.; Zhang, W.; Wang, Y.L.; Yang, H. Low-dose aspirin reduces hypoxia-induced sFlt1 release via the JNK/AP-1
pathway in human trophoblast and endothelial cells. J. Cell Physiol. 2019, 234, 18928–18941. [CrossRef] [PubMed]

23. Han, C.S.; Mulla, M.J.; Brosens, J.J.; Chamley, L.W.; Paidas, M.J.; Lockwood, C.J.; Abrahams, V.M. Aspirin and heparin effect
on basal and antiphospholipid antibody modulation of trophoblast function. Obstet. Gynecol. 2011, 118, 1021–1028. [CrossRef]
[PubMed]

24. Xu, B.; Shanmugalingam, R.; Chau, K.; Pears, S.; Hennessy, A.; Makris, A. The effect of acetyl salicylic acid (Aspirin) on
trophoblast-endothelial interaction in vitro. J. Reprod. Immunol. 2017, 124, 54–61. [CrossRef] [PubMed]

25. Murtoniemi, K.; Vahlberg, T.; Hamalainen, E.; Kajantie, E.; Pesonen, A.K.; Raikkonen, K.; Taipale, P.; Villa, P.M.; Laivuori, H. The
effect of low-dose aspirin on serum placental growth factor levels in a high-risk PREDO cohort. Pregnancy Hypertens. 2018, 13,
51–57. [CrossRef] [PubMed]

26. Mayer-Pickel, K.; Kolovetsiou-Kreiner, V.; Stern, C.; Munzker, J.; Eberhard, K.; Trajanoski, S.; Lakovschek, I.C.; Ulrich, D.; Csapo,
B.; Lang, U.; et al. Effect of Low-Dose Aspirin on Soluble FMS-Like Tyrosine Kinase 1/Placental Growth Factor (sFlt-1/PlGF
Ratio) in Pregnancies at High Risk for the Development of Preeclampsia. J. Clin. Med. 2019, 8, 1429. [CrossRef]

27. Mone, F.; Mulcahy, C.; McParland, P.; Downey, P.; Culliton, M.; Maguire, O.C.; Mooney, E.E.; Clarke, P.; Fitzgerald, D.; Tully, E.;
et al. Evaluation of the Effect of Low-Dose Aspirin on Biochemical and Biophysical Biomarkers for Placental Disease in Low-Risk
Pregnancy: Secondary Analysis of a Multicenter RCT. Am. J. Perinatol. 2019, 36, 1387–1393. [CrossRef]

28. Wice, B.; Menton, D.; Geuze, H.; Schwartz, A.L. Modulators of cyclic AMP metabolism induce syncytiotrophoblast formation
in vitro. Exp. Cell Res. 1990, 186, 306–316. [CrossRef]

29. Nevo, O.; Soleymanlou, N.; Wu, Y.; Xu, J.; Kingdom, J.; Many, A.; Zamudio, S.; Caniggia, I. Increased expression of sFlt-1 in
in vivo and in vitro models of human placental hypoxia is mediated by HIF-1. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2006,
291, R1085–R1093. [CrossRef]

30. Graham, C.H.; Hawley, T.S.; Hawley, R.G.; MacDougall, J.R.; Kerbel, R.S.; Khoo, N.; Lala, P.K. Establishment and characterization
of first trimester human trophoblast cells with extended lifespan. Exp. Cell Res. 1993, 206, 204–211. [CrossRef]

31. Zhao, J.; Chow, R.P.; McLeese, R.H.; Hookham, M.B.; Lyons, T.J.; Yu, J.Y. Modelling preeclampsia: A comparative analysis of the
common human trophoblast cell lines. FASEB Bioadv. 2021, 3, 23–35. [CrossRef] [PubMed]

32. Rymark, P.; Berntorp, E.; Nordsjo, P.; Liedholm, H.; Melander, A.; Gennser, G. Low-dose aspirin to pregnant women: Single dose
pharmacokinetics and influence of short term treatment on bleeding time. J. Perinat. Med. 1994, 22, 205–211. [CrossRef] [PubMed]

33. Shanmugalingam, R.; Wang, X.; Munch, G.; Fulcher, I.; Lee, G.; Chau, K.; Xu, B.; Kumar, R.; Hennessy, A.; Makris, A. A pharma-
cokinetic assessment of optimal dosing, preparation, and chronotherapy of aspirin in pregnancy. Am. J. Obstet. Gynecol. 2019, 221,
255 e1–255 e9. [CrossRef] [PubMed]

34. Leonhardt, A.; Bernert, S.; Watzer, B.; Schmitz-Ziegler, G.; Seyberth, H.W. Low-dose aspirin in pregnancy: Maternal and neonatal
aspirin concentrations and neonatal prostanoid formation. Pediatrics 2003, 111, e77–e81. [CrossRef] [PubMed]

35. Patrick, J.; Dillaha, L.; Armas, D.; Sessa, W.C. A randomized trial to assess the pharmacodynamics and pharmacokinetics of a
single dose of an extended-release aspirin formulation. Postgrad. Med. 2015, 127, 573–580. [CrossRef] [PubMed]

36. Bochner, F.; Williams, D.B.; Morris, P.M.; Siebert, D.M.; Lloyd, J.V. Pharmacokinetics of low-dose oral modified release, soluble
and intravenous aspirin in man, and effects on platelet function. Eur. J. Clin. Pharmacol. 1988, 35, 287–294. [CrossRef] [PubMed]

37. Charman, W.N.; Charman, S.A.; Monkhouse, D.C.; Frisbee, S.E.; Lockhart, E.A.; Weisman, S.; Fitzgerald, G.A. Biopharmaceutical
characterisation of a low-dose (75 mg) controlled-release aspirin formulation. Br. J. Clin. Pharmacol. 1993, 36, 470–473. [CrossRef]

38. Clarke, R.J.; Mayo, G.; Price, P.; FitzGerald, G.A. Suppression of thromboxane A2 but not of systemic prostacyclin by controlled-
release aspirin. N. Engl. J. Med. 1991, 325, 1137–1141. [CrossRef]

39. Benedek, I.H.; Joshi, A.S.; Pieniaszek, H.J.; King, S.Y.; Kornhauser, D.M. Variability in the pharmacokinetics and pharmacodynam-
ics of low dose aspirin in healthy male volunteers. J. Clin. Pharmacol. 1995, 35, 1181–1186. [CrossRef]

40. Nagelschmitz, J.; Blunck, M.; Kraetzschmar, J.; Ludwig, M.; Wensing, G.; Hohlfeld, T. Pharmacokinetics and pharmacodynamics
of acetylsalicylic acid after intravenous and oral administration to healthy volunteers. Clin. Pharmacol. 2014, 6, 51–59. [CrossRef]

41. Patrignani, P.; Filabozzi, P.; Patrono, C. Selective cumulative inhibition of platelet thromboxane production by low-dose aspirin in
healthy subjects. J. Clin. Investig. 1982, 69, 1366–1372. [CrossRef] [PubMed]

42. Patrono, C.; Rodriguez, L.A.G.; Landolfi, R.; Baigent, C. Low-dose aspirin for the prevention of atherothrombosis. N. Engl. J. Med.
2005, 353, 2373–2383. [CrossRef] [PubMed]

https://doi.org/10.1056/NEJMoa1704559
https://doi.org/10.1016/j.placenta.2015.01.004
https://doi.org/10.1016/j.preghy.2016.08.026
https://doi.org/10.1097/HJH.0000000000002185
https://www.ncbi.nlm.nih.gov/pubmed/31335509
https://doi.org/10.1002/jcp.28533
https://www.ncbi.nlm.nih.gov/pubmed/31004367
https://doi.org/10.1097/AOG.0b013e31823234ad
https://www.ncbi.nlm.nih.gov/pubmed/22015869
https://doi.org/10.1016/j.jri.2017.10.044
https://www.ncbi.nlm.nih.gov/pubmed/29055792
https://doi.org/10.1016/j.preghy.2018.04.003
https://www.ncbi.nlm.nih.gov/pubmed/30177071
https://doi.org/10.3390/jcm8091429
https://doi.org/10.1055/s-0038-1677476
https://doi.org/10.1016/0014-4827(90)90310-7
https://doi.org/10.1152/ajpregu.00794.2005
https://doi.org/10.1006/excr.1993.1139
https://doi.org/10.1096/fba.2020-00057
https://www.ncbi.nlm.nih.gov/pubmed/33521587
https://doi.org/10.1515/jpme.1994.22.3.205
https://www.ncbi.nlm.nih.gov/pubmed/7823260
https://doi.org/10.1016/j.ajog.2019.04.027
https://www.ncbi.nlm.nih.gov/pubmed/31051121
https://doi.org/10.1542/peds.111.1.e77
https://www.ncbi.nlm.nih.gov/pubmed/12509599
https://doi.org/10.1080/00325481.2015.1050341
https://www.ncbi.nlm.nih.gov/pubmed/25998572
https://doi.org/10.1007/BF00558267
https://www.ncbi.nlm.nih.gov/pubmed/3181281
https://doi.org/10.1111/j.1365-2125.1993.tb00399.x
https://doi.org/10.1056/NEJM199110173251605
https://doi.org/10.1002/j.1552-4604.1995.tb04044.x
https://doi.org/10.2147/CPAA.S47895
https://doi.org/10.1172/JCI110576
https://www.ncbi.nlm.nih.gov/pubmed/7045161
https://doi.org/10.1056/NEJMra052717
https://www.ncbi.nlm.nih.gov/pubmed/16319386


Cells 2024, 13, 113 12 of 12

43. Mitchell, J.A.; Akarasereenont, P.; Thiemermann, C.; Flower, R.J.; Vane, J.R. Selectivity of nonsteroidal antiinflammatory drugs as
inhibitors of constitutive and inducible cyclooxygenase. Proc. Natl. Acad. Sci. USA 1993, 90, 11693–11697. [CrossRef] [PubMed]

44. Pedersen, A.K.; FitzGerald, G.A. Dose-related kinetics of aspirin. Presystemic acetylation of platelet cyclooxygenase. N. Engl.
J. Med. 1984, 311, 1206–1211. [CrossRef]

45. Zhou, Y.; Gormley, M.J.; Hunkapiller, N.M.; Kapidzic, M.; Stolyarov, Y.; Feng, V.; Nishida, M.; Drake, P.M.; Bianco, K.; Wang, F.;
et al. Reversal of gene dysregulation in cultured cytotrophoblasts reveals possible causes of preeclampsia. J. Clin. Investig. 2013,
123, 2862–2872. [CrossRef]

46. Jacobson, R.L.; Brewer, A.; Eis, A.; Siddiqi, T.A.; Myatt, L. Transfer of aspirin across the perfused human placental cotyledon.
Am. J. Obstet. Gynecol. 1991, 165 Pt 1, 939–944. [CrossRef]

47. Walsh, S.W.; Wang, Y. Secretion of lipid peroxides by the human placenta. Am. J. Obstet. Gynecol. 1993, 169, 1462–1466. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1073/pnas.90.24.11693
https://www.ncbi.nlm.nih.gov/pubmed/8265610
https://doi.org/10.1056/NEJM198411083111902
https://doi.org/10.1172/JCI66966
https://doi.org/10.1016/0002-9378(91)90444-V
https://doi.org/10.1016/0002-9378(93)90419-J

	Introduction 
	Materials and Methods 
	Cell Culture 
	Drug Materials 
	LDA-Relevant Drug Concentrations 
	Enzyme-Linked Immunosorbent Assay (ELISA) 
	Real-Time Quantitative PCR (RT-PCR) 
	Data Analysis 

	Results 
	Effects of Aspirin and Salicylic Acid on sFlt1 Protein Release and mRNA Expression in BeWo Cells 
	Effects of Aspirin and Salicylic Acid on Hypoxia-Induced sFlt1 Protein Release and mRNA Expression in BeWo Cells 
	Effects of Aspirin and Salicylic Acid on sFlt1 Protein Release and mRNA Expression in HTR-8/SVneo Cells 

	Discussion 
	Conclusions 
	References

