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Rosiglitazone-Mediated Activation of PPARYy
Restores HO1 Expression in the Human
Preeclamptic Placenta

Brooke Grimaldi®, Hamid-Reza Kohan-Ghadr, Chidambra D. Halari, Pinki Nandi, John C. Kingdom‘®, Sascha Drewlo

BACKGROUND: Preeclampsia is a hypertensive disorder of pregnancy characterized by chronic placental ischemia and
suppression of proangiogenic proteins, causing oxidative stress, hypertension, and maternal systemic organ damage. The
transcription factor, PPARy (peroxisome proliferator-activated receptor-y) promotes healthy trophoblast differentiation but
is dysregulated in the preeclampsia placenta. Our study identifies the beneficial impact of Rosiglitazone-mediated PPARY-
activation in the stressed preeclampsia placenta.

METHODS: We used first trimester placentas, preeclamptic and preterm control placentas, and human trophoblast cell lines to
study PPARY activation.

RESULTS: Induction of PPARY activates cell growth and antioxidative stress pathways, including the gene, heme oxygenase
1 (Hmox1). Protein expression of both PPARy and HO1 (heme oxygenase 1) are reduced in preeclamptic placentas, but
Rosiglitazone restores HO1 signaling in a PPARy-dependent manner.

CONCLUSIONS: Restoring disrupted pathways by PPARYy in preeclampsia offers a potential therapeutic pathway to
reverse placental damage, extending pregnancy duration, and reduce maternal sequelae. Future research should aim to
understand the full scope of impaired PPARYy signaling in the human placenta and focus on compounds for safe use
during pregnancy to prevent severe perinatal morbidity and mortality. (Hypertension. 2023;80:2386-2396. DOI:
10.1161/HYPERTENSIONAHA.123.21645.) * Supplement Material.
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pregnancy that remains a leading cause of perinatal

morbidity and mortality worldwide. Without a prenatal
cure or effective treatment to prolong pregnancy when
preeclampsia is diagnosed before term, women may
require delivery of the fetus prematurely along with the
diseased placenta."? Multiorgan impairment, due to ele-
vated peripheral vascular resistance and low cardiac out-
put, typifies early onset severe preeclampsia.®* Compelling
evidence indicates that abnormal uteroplacental vascular
development in the first trimester mediates pathological
development of the placental villi in the second trimester.

Preeclampsia is a serious hypertensive disorder of

This consequently results in impaired secretion of proan-
giogenic proteins, such as PIGF (placental growth factor)
and HO1 (heme oxygenase 1) followed by an exponen-
tial rise in the soluble vascular endothelial growth factor
decoy protein, sFLT1 (soluble fms-like tyrosine kinase 1),
into maternal blood. This progressive circulatory imbalance
of placental-derived proteins directly impairs endothelial
function leading to elevated systemic vascular resistance,
ultimately causing maternal hypertension and organ dam-
age’ It would, therefore, be advantageous to understand
the molecular signaling mechanisms within placental villi
that are disrupted early in the clinically asymptomatic
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NOVELTY AND RELEVANCE

What Is New?

PPARY (peroxisome proliferator-activated receptor-y)
and HO1 (heme oxygenase 1) expression are reduced
in preeclamptic placental villi and is recapitulated in
the in vitro BeWo model of hypoxia-ischemia placental
injury. Rosiglitazone is capable of restoring deficient
HO1 signaling within placental villi in a PPARy-
dependent manner.

What Is Relevant?

There is a lack of pharmacological treatments for pre-
eclampsia, which directly target the disease-causing
perturbations from the placenta. Rosiglitazone has sig-
nificant beneficial effects in the diseased-preeclamp-
tic placenta in addition to increasing HO1 expressions.

Clinical/Pathophysiological Implications?
Rosiglitazone has been shown to significantly improve
the diseased-preeclamptic placenta; thus, future
research should investigate the use of Rosiglitazone
for short-term use in women with preeclampsia, espe-
cially in those who are at a high risk of progressing to
severe preeclampsia.

Nonstandard Abbreviations and Acronyms

HO1 heme oxygenase 1

H/R hypoxia/reoxygenation

PIGF placental growth factor

PPARY peroxisome proliferator-activated
receptor-y

sFLT1 soluble fms-like tyrosine kinase 1

phase of the disease, which ultimately may cause either
stillbirth or preterm delivery from severe preeclampsia.
This approach has the potential to identify therapeutic
options for effective disease prevention.

The transcription factor, peroxisome PPARY (prolifera-
tor activated-receptor-y) regulates genes in several cellu-
lar pathways including cell differentiation, oxidative stress,
nutrient balance, and anti-inflammatory pathways.® PPARy
has important roles in human placental development and
function, such as promoting normal villous trophoblast dif-
ferentiation and turnover that is required for normal expres-
sion and secretion of PIGF into maternal blood5” PPARY
expression is decreased in placental villi obtained at delivery
of pregnancies affected by severe preeclampsia." Further,
animal-based studies indicate that reduced placental activ-
ity and expression of PPARY is likely implicated in the devel-
opment of preeclampsia®'® Importantly, animal studies
show that aberrant trophoblast differentiation and function
in pathological conditions can be restored when deficient
PPARY signaling is activated by Rosiglitazone.”0-12

Major disruptions to HO1 expression and activity are
implicated in several diseases, including cardiovascular
and metabolic disease, and especially in the preeclampsia
placenta.’®'* The reduction of placental HO1 expression
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in preeclampsia is a major contributor to exacerbated oxi-
dative stress, endothelial dysfunction, a proinflammatory
state, and immune imbalances in the placenta and are sys-
temic features of women with preeclampsia.’®'* HO1 is an
inducible cytoprotective molecule that initiates the metabo-
lism of heme into free iron, carbon monoxide, and biliver-
din/bilirubin. HO1 and its metabolites have a significant
impact on maintaining cytoprotection from oxidative stress
and excessive inflammation. Effective tissue expression of
HO1 may be necessary to maintain normal blood pressure
and prevent cardiovascular disease through maintaining
endothelial relaxation and vasodilation.”* Thus, induction
of this molecule may serve an important role in decreas-
ing the risk of hypertension and endothelial dysfunction in
women at risk of developing preeclampsia.

Several studies have highlighted the importance of tar-
geting HO1 for restoring normal placental function in pla-
cental villi derived from women with preeclampsia via the
ability for PPARY to enhance tissue HO1 expression.'®'®
PPARY activation has been shown to upregulate HO1
and inhibit inflammation during lung injury’” and in mouse
models of asthma.'® McCarthy et al'® also show that acti-
vating PPARY via Rosiglitazone in a placental-hypoxia rat
model reversed the preeclampsia phenotype by decreas-
ing hypertension and increasing the expression of HO1.

While animal models show that PPARY activation can
increase HO1, it is unclear if this occurs in the human
placenta and if the underlying mechanism is responsive
to PPARYy-stimulation. In this study, we hypothesized that
a PPARy-HO1 axis can be enhanced in preeclampsia to
restore elements of normal placental function. Our study
began with RNA sequencing of Rosiglitazone-treated
placental-derived cell-based model oxidative stress. While
we discovered several altered genes and pathways, HO1
was discovered to be an important PPARYy target. We
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used human placental tissues from first trimester, preterm
controls, and preeclampsia pregnancies and treated with
Rosiglitazone to determine whether this pathway is altered
in the human placenta. We activated PPARY via Rosigli-
tazone and inhibited PPARY via siRNA in our in vitro oxi-
dative-stress model to understand how changes in PPARy
expression influenced HO1. Our data highlight the poten-
tial of PPARy-activation as a potential therapeutic interven-
tion for women at risk of developing severe preeclampsia.

METHODS
Data Availability

The authors declare that all supporting data are available within
the article and its Supplemental Material 292!

First Trimester Placental Tissue Collection and
Explant Culture

First trimester placental tissues were obtained with written
informed consent from healthy pregnant women undergo-
ing elective termination of pregnancy during 2013 to 2017.
The Institutional Review Board of the Wayne State University
approved all consent forms and protocols used in this study, which
abide by the National Institutes of Health research guidelines.

Statistical Analysis

All statistical analysis was performed with GraphPad Prism 7.0
software. The mRNA and protein expressions were normalized to
housekeeping genes or protein. Data from tissues or cells treated
with either dimethylsulfoxide and Rosiglitazone or PPARy-siRNA
and scramble siRNA were normalized to housekeeping genes or
protein, then relative expression or secretion values for each tis-
sue or biological replicate set were subsequently normalized to
respective dimethylsulfoxide (set equal to 1) or scramble siRNA
control (set equal to 1). ELISA data was normalized based on
protein concentration. Groups were analyzed by student t test,
after determination if samples are normally distributed. F-test was
applied to determine variances between groups, which determined
the parameters for the ttest. A<0.05 is considered significant and
is indicated with (*) on each graph. Bar plot data are reported as
mean+SEM. All sample numbers are reported as per group.

RESULTS

Rosiglitazone Restores Expression of Multiple
Dysregulated Transcripts, Including HO1
Isoforms, Under Hypoxia-Reoxygenation
Conditions

To elucidate the molecular mechanisms underlying cellular
stress in hypoxia/reoxygenation (H/R) conditions similar
to that of the preeclampsia placenta, we conducted RNA
sequencing to compare the transcriptomes of BeWo cells
under normoxia (20% O,) and H/R conditions, with or with-

out exposure to Rosiglitazone. Using a fold change thresh-
old of >1.8 (abs [log2 Fold Change] >0.6) and an adjusted
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Pvalue (false discovery rate) of <0.05, we identified 8746
downregulated and 7259 upregulated transcripts in BeWo
cells under H/R conditions (Figure 1A). Further analysis
revealed that 207 transcripts were downregulated, and
281 transcripts were upregulated in Rosiglitazone-treated
cells compared with vehicle-treated controls under H/R
conditions (Figure 1B). Several of the upregulated tran-
scripts, such as HEY'1 (Hairy/enhancer-of-split related with
YRPW motif protein 1), TRAP1 (tumor necrosis factor recep-
tor-associated protein 1), ITGAV (Integrin alpha-V/beta-6),
TGIF1 (TG-interacting factor 1), and ALG5 (ALG5 Dolichyl-
Phosphate Beta-Glucosyltransferase), were involved in cell
growth, proliferation, and migration (Figure 1C). Gene
ontology analysis revealed that transcripts regulated by
Rosiglitazone were significantly enriched in a variety of bio-
logical processes, including cell growth, differentiation, and
apoptosis/death (Figure 2A). Furthermore, we observed
that 2 major HO1 transcripts, ENSTO0000216117 encod-
ing HMOX1-201 and ENSTO0000678411 encoding
HMOX1-206, were significantly upregulated (Figure 2B)
in stressed cells exposed to Rosiglitazone, suggesting that
Rosiglitazone promotes the production of key angiogenic
factors such as HO1 and contributes to the inhibition of
cellular stress in hypoxic conditions.

Cultured Preeclamptic Placentas Exhibit
Reduced Protein Expression of PPARy and HO1
and Reduced HO1 Secretion Compared With
Control Placentas

We further assessed how HO1 expression changes in
human placentas. We identified a significant reduction
of PPARY protein expression in preeclampsia placen-
tas compared with PTC (0.47+0.13 versus 1.03+0.11
relative expression values; P=0.01, n=7; Figure 3A). We
observed a significant reduction of HO1 protein expres-
sion (0.79%0.1 versus 0.34+0.06 relative expression
values; P=0.0045, n=7; Figure 3B) and a significant
reduction of HO1 secretion (as measured by ELISA) in
preeclampsia compared with PTC (99+8.2 pg/mL ver-
sus 141.0£16 pg/mL; P=0.0476, n=T7; Figure 3C).

Cell-Based Model of Ischemia-Reperfusion
Injury Shows a Reduction of PPARy and HO1
Protein Expression and HO1 Secretion

BeWo cells were cultured for 18 hours in hypoxia (1.5%
0,) followed by 18 hours of normoxia (20% O,; H/R)
to mimic the ischemia-reperfusion injury that occurs in
preeclampsia.?? PPARY protein expression was signifi-
cantly reduced during H/R conditions compared with
normoxia (0.37£0.12 versus 0.92£0.08 relative expres-
sion values; P=0.026, n=5; Figure 4A). In addition, HO1
protein expression was significantly reduced in H/R
compared with normoxia (0.54£0.09 versus 0.9£0.09
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Figure 1. RNA sequencing of Rosiglitazone treatment during hypoxia/reoxygenation (H/R) in BeWo cells.

Volcano (A) depicts the differentially expressed genes in BeWo cells u

nder H/R compared with normoxia (20% O,) and (B) show differential

gene expression profiles of Rosiglitazone-treated cells under H/R conditions relative to drug vehicle (dimethylsulfoxide)-exposed cells.
C, A heatmap visualizes the differences of gene isoform expression profiles between the various conditions. The results suggest that
Rosiglitazone is capable of rescuing the perturbed gene isoforms in BeWo cells under H/R conditions.

relative expression values; P=0.045, n=7; Figure 4B).
HO1 secretion was measured by ELISA and was sig-
nificantly reduced in H/R compared with normoxia
(1681£129 pg/mL versus 2666+170 pg/mL; P=0.01,
n=Db; Figure 4C). These data suggest the BeWo H/R
model can recapitulate the in vitro reduction of PPARY
and HO1 during ischemic-reperfusion conditions.

Rosiglitazone Rescues HO1 Expression and
Secretion in the Preeclamptic Placenta and in

a Cell-Based Model of Ischemia-Reperfusion
Injury

To test if PPARY activation influences HO1 expression
and secretion, we treated preeclampsia placentas, first
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Figure 2. Cellular changes induced by Rosiglitazone.
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A, Bubble plots visualizing the top 15 enriched gene ontology (GO) functions of differentially expressed gene isoforms related to Rosiglitazone
in BeWo cells under hypoxia/reoxygenation (H/R) conditions, with a focus on biological processes (BP). B, Significantly increased expression

of 2 HO1 (heme oxygenase 1) isoforms (ENST00000216117; HMOX1-201 and ENST00000678411; HMOX1-206) in BeWo cells exposed

to Rosiglitazone under H/R conditions.
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Figure 3. PPARY (peroxisome proliferator-activated receptor-y) and HO1 (heme oxygenase 1) are reduced in the preeclamptic

(PE) placenta.

Cultured human PE placentas exhibit significant less protein expression of PPARy (A) and HO1 (B) and as well secrete significantly less HO1
(C) compared with preterm controls (PTC; n=7). Protein expression was normalized to 3-actin, followed by a student t test to determine

significant differences between groups; *£<0.05, **£<0.01, n="7.

trimester placental explants, and BeWo cells cultured
in H/R conditions with Rosiglitazone or vehicle. Rosigl-
itazone-treated preeclampsia placentas show a signifi-
cant increase of Hmox1 gene expression (1.213+0.17
versus 1 relative expression values; n=6, P=0.0069; Fig-
ure BA) and HO1 protein expression (1.7£0.07 versus
1 relative expression values; n=7, P=0.01; Figure BA),
and an increase in HO1 protein secretion (1.16+0.02
versus 1 relative expression values; n=9, P=0.017; Fig-
ure BA). BeWo cultured in H/R conditions and treated
with Rosiglitazone mimicked a significant increase of

Hmox1 gene expression (2.16£0.02 versus 1£0.03
relative expression values; n=6, P=0.004; Figure 5B),
protein expression (1.25+0.05 versus 1£0.02 relative
expression values; n=6, P=0.009; Figure 5B), and pro-
tein secretion (1.67£0.2 versus 1£0.01 relative expres-
sion values; n=6, P=0.025; Figure 5B). An overnight
culture of first trimester placentas treated with Rosigli-
tazone also caused an increase of HO1 protein expres-
sion (1.756£0.32 versus 1 relative expression values;
n=4, P<0.05; Figure 5C) and secretion into the culture
media (1.45+£0.22 versus 1 relative expression values;
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Figure 4. In vitro ischemia-reperfusion causes a reduction of PPARYy (peroxisome proliferator-activated receptor-y) and HO1

(heme oxygenase 1).

BeWo exposed to hypoxia/reoxygenation (H/R) mimics the reduced PPARY (A) and HO1 protein expression (B) and HO1 secretion (C) that
was previously observed in the preeclamptic placenta (n=3). Protein expression was normalized to B-actin, followed by a student ¢ test to
determine significant differences between groups; * £<0.05, **/A<<0.01. NT indicates no treatment.
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Figure 5. Rosiglitazone (Rosi) restores HO1 (heme oxygenase 1)
placentas, and during in vitro ischemia-reperfusion injury.

expression in preeclamptic placentas, first trimester

PPARY (peroxisome proliferator-activated receptor-y) induction by Rosi significantly increases in Hmox1 gene and HO1 protein expression

and secretion in the preeclamptic placenta (A, n=6). BeWo exposed to hypoxia/reoxygenation (H/R) show a significant increase in Hmox1
gene expression, HO1 protein expression, and secretion when treated with Rosi (B, n=6). First trimester explants treated with Rosi also

show a significant increase in HO1 protein expression and secretion (C, n=4). Moreover, a qualitative assessment of HO1 staining revealed
strong HO1 production in the syncytiotrophoblast layer of the first trimester placenta (D) when treated with Rosi. Relative mRNA and protein
expression were determined by normalization to housekeeping genes or protein. ELISA data were normalized to total protein content or
semidry tissue weight. Relative expression values were normalized to vehicle (set equal to 1) and subsequent statistical analysis was performed
by student t test to determine significant differences between groups; *A<0.05, **<0.01.

n=4, P<0.05; Figure 5C). Immunohistochemical stain-
ing of first trimester explants treated with Rosiglitazone
shows an increase of HO1 production in the syncytio-
trophoblast layer of the first trimester explant compared
with the vehicle control (Figure 5D).

HO1-Induction Is PPARy Dependent

We questioned if HO1 expression is directly influenced
by PPARY. To test this, PPARYy expression was reduced
via siRNA in BeWo cells and expression of PPARY and
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HO1 were measured by quantitative PCR and Western
blotting. PPARy-siRNA treatment led to 2 90% reduction
of PPARy gene expression (0.09£0.01 versus 1 relative
expression values; n=3, P<0.0001; Figure 6A) and a
53% reduction of PPARY protein expression (0.47£0.01
versus 1 relative expression values; n=3, P=0.0004;
Figure 6A). The siRNA-mediated reduction of PPARYy
led to a 44% reduction of Hmox1 gene expression
(0.66+0.06 versus 1 relative expression values; n=3,
P=0.0029; Figure 6B) and a 40% reduction of HO1
protein expression (0.6£0.1 versus 1 relative expression
values; n=3, P=0.028b; Figure 6B). We next treated the
PPARy-silenced cells with Rosiglitazone to determine
whether the previously observed upregulation of HO1 by
Rosiglitazone occurs in a PPARy-dependent manner. In

Rosiglitazone Restores HO1 in Preeclampsia

the scramble siRNA control cells, Rosiglitazone signifi-
cantly increased HO 1 protein expression compared with
vehicle-treated scramble siRNA cells (1.17£0.13 versus
0.77£0.02 relative expression values; n=3, P=0.0416;
Figure 6C). In the PPARY-siRNA-treated cells, Rosigli-
tazone did not change HO1 expression in comparison
to the vehicle control (0.43+0.03 versus 0.56+0.07
relative expression values; n=3, P=0.17; Figure 60).
HO1 protein expression was significantly reduced in
the PPARYy siRNA-Rosiglitazone-treated cells in com-
parison to the vehicle-treated scramble siRNA control
cells (0.43+0.083 versus 0.77+£0.02 relative expression
values; n=3, P=0.011; Figure 6C) and Rosiglitazone
(0.43+0.03 versus 1.17£0.13 relative expression val-
ues, n=3, P=0.0053; Figure 6C).
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Figure 6. siRNA-mediated reduction of PPARY (peroxisome proliferator-activated receptor-y) significantly decreased HO1
(heme oxygenase 1) expression that were not rescued by Rosiglitazone (Rosi).

PPARY siRNA caused a significant reduction of PPARY gene and protein expression (A, n=3) and HO1 gene and protein expression (B, n=3)
when compared with the scramble siRNA control. Scramble siRNA (Scr)-treated cells were simultaneously treated with Rosi and caused a
significant increase in HO1 protein expression in comparison to the Scr-treated vehicle control (C, n=3). In the PPARY-silenced cells, Rosi
could not increase HO1 protein expression when compared with vehicle-treated PPARYy-silenced cells (C, n=3). HO1 protein expression was
significantly reduced in both vehicle and Rosi-treated PPARY-silenced cells in comparison to the Rosi and vehicle-treated Scr-treated cells,
which collectively suggests a PPARy-dependent mechanism for HO1 regulation. Relative mRNA and protein expression were determined by
normalization to housekeeping genes or protein. Relative expression values for sample sets were normalized to Scr control (set equal to 1)
and subsequent statistical analysis was performed by student ¢ test to determine significant differences between groups; *A<0.05, **/A<0.01,

***P<0.0001. siPPARY indicates PPARY siRNA.
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DISCUSSION

We used RNA sequencing methods to detail the molecu-
lar changes provided by Rosiglitazone treatment in an in
vitro oxidative-stress model to recapitulate the placental
stress conditions that occur in preeclampsia placental
villi. Rosiglitazone effects cell growth, proliferation, and
migration pathways and increased expression of HO1,
which is a key cytoprotective and proangiogenic mole-
cule whose expression is reduced in preeclampsia pla-
cental villi. The key findings of our study are 3-fold: first,
PPARy and HO1 expression are both reduced in the
placental villi of pregnancies complicated by preeclamp-
sia; second, these same observations are recapitulated
in the in vitro BeWo cell model of hypoxia-ischemia
placental injury; and lastly, Rosiglitazone is capable of
restoring deficient HO1 signaling within placental villi in
a PPARy-dependent manner. Collectively, these findings
have important implications for both the treatment and
prevention of severe preeclampsia.

The strengths of our approach are that we studied
this PPARy-HO1 axis in clinically relevant human tissues.
Severe preeclampsia is clearly mediated by a dysregu-
lated trophoblast surface of the floating placental villi
that directly contact maternal blood, because explanted
preeclampsia villi have analogous abnormal secretion
patterns of both PIGF and sFLT1'2%24as is observed in
maternal blood.?% Since severe preeclampsia is a pla-
cental disease that begins in the late first and early sec-
ond trimesters, it is therefore critical to show that HO1
expression within placental villi at this early gestational
age is indeed PPARYy-responsive.

The most common underlying placental disease medi-
ating severe preeclampsia is described as maternal vas-
cular malperfusion,?™?® and is characterized by reduced
placental mass, diseased maternal spiral arterioles, and
abnormal differentiation of the placental villous surface
into syncytial knots that hypersecrete sFLT1.282930 The
abnormal secretion of proteins released from the dis-
eased placenta into maternal circulation can cause dam-
age to the maternal endothelium leading to high blood
pressure and organ damage. PPARy normally regulates
villous trophoblast differentiation in the placenta and its
perturbations in preeclampsia are thought to directly
contribute to the aberrant secretion of proteins, such as
HO1, that lead to the endothelial dysfunction. HO1 is an
important target in preeclampsia due to its roles in regu-
lating cytoprotection from oxidative stress, excessive
inflammation, and maintaining endothelial relaxation and
vasodilation,'* which are perturbed in preeclampsia. Iden-
tifying women at risk of preeclampsia and further target-
ing the upstream pathways regulating these abnormally
secreted proteins, such as HO1, may pose an opportu-
nity to dampen maternal sequelae.

Most patients at risk of developing severe preeclamp-
sia exhibit abnormal uterine artery Doppler waveforms
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and low maternal circulating PIGF3"32 Our ability to iden-
tify women at high risk of developing the disease, many
weeks ahead of any abnormal clinical signs, affords cli-
nicians a therapeutic opportunity to either prevent the
disease entirely or to at least convert it into a milder
entity occurring near term, when delivery will produce
a satisfactory outcome for both mother and fetus. This
time between identification of at-risk individuals and
overt disease expression is characterized by progressive
ischemia-reperfusion injury to the placental villi, which
can now be identified in vivo by magnetic resonance
oximetry.®® Progressive placental injury may lead to areas
of placental infarction, thereby further reducing PIGF
secretion and mediating fetal growth restriction.?”

Currently, our limited ability to intervene effectively
to prevent preeclampsia from developing in high-risk
women is based on low-dose aspirin.3* Subsequent pro-
spective research demonstrates the effectiveness of
this strategy in a high-throughput setting in the United
Kingdom with confirmed high rates of aspirin compli-
ance.® However, it is conceptually hard to imagine that
low-dose aspirin could prevent the most severe forms
of preeclampsia that currently require preterm delivery.
To date, no large-scale aspirin prevention studies have
captured placental pathology. Because no evidence has
suggested that PIGF/sFLT1 levels are influenced by
maternal aspirin ingestion, it is likely that aspirin medi-
ates its favorable actions via independent anti-inflamma-
tory pathways. Likewise, the mechanisms of action of the
antidiabetic drug metformin, shown in secondary analy-
ses to reduce preeclampsia in obese women at risk of
gestational diabetes,®® are unknown in vivo, although in
vitro metformin is capable of suppressing sFLT1 secre-
tion by preeclampsia placental villi.®"*®

Therapeutic strategies that are based on repressing
sFLT1 may hold less potential than maintaining effec-
tive production of proangiogenic growth factors (ie,
PIGF, HO1, and many others) for several reasons. Serial
maternal blood sampling studies reveal repression of
PIGF occurs well before elevation of sFLT1 produc-
tion.3'39 Attempts to reduce exponentially elevated levels
of sFLT1 from maternal blood of women with established
disease have been shown to be ineffective, because
sFLT1 levels rebound quickly after maternal plasma
ultrafiltration. Less dramatic and far more cost-effective
is the administration of oral metformin to women requir-
ing antihypertensive therapy for severe preeclampsia
before 34 weeks of gestation. In the recent large-scale
randomized control trial from South Africa, metformin
safely extended pregnancy duration by a median of 10
days, which conferred important neonatal benefits.?”

The ability of adjunctive therapies to confer clini-
cally meaningful benefits, in addition to aspirin, in ear-
lier stages of high-risk pregnancies remains uncertain. A
recent prospective study considered women at high-risk
for recurrent severe placenta-mediated preeclampsia
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disease and who had commenced aspirin prophylaxis
by 12 weeks and the incidence of preterm delivery at
<3440 weeks was 9%.%° At 16 weeks of gestation, low
circulating PIGF was more predictive of preterm delivery
than abnormal artery Doppler,*® because some placental
diseases causing severe preeclampsia are not associ-
ated with an impaired uteroplacental circulation.’ Res-
toration of deficient PIGF secretion in the early second
trimester of this niche group of women at highest risk of
severe preeclampsia and stillbirth may be an appropriate
next step to evaluate the potential of HO 1-augmentation
to deliver improved outcomes. A similar pilot observa-
tional strategy at this same gestational age, using low-
molecular-weight heparin was recently demonstrated to
restore deficient levels of PIGF via the non-anticoagulant
actions of low-molecular-weight heparin.*?

Despite these significant efforts, there still persists
a great need to treat women suspected of severe pre-
eclampsia to improve pregnancy outcomes. The recently
established Food and Drug Administration approval for
measuring PIGF/sFLT1 levels in the blood to detect
women at risk for progressing to sever preeclampsia“*®
further emphasizes the need for therapeutic interven-
tion that directly impacts placental function to restore
this protein balance. Our group previously showed lower
levels of PIGF secreted from preeclampsia tissues when
compared with control placentas, which were increased
when the preeclampsia placentas were treated with
Rosiglitazone.?* While this data was not statistically sig-
nificant, it included a mixed population of late-term and
severe preeclampsia that warrants additional follow-up.
Our former study showing that Rosiglitazone-mediated
activation of PPARYy decreases sFLT1 in preeclampsia
placenta, also largely suggests Rosiglitazone can medi-
ate the GCM1-syncytin 1 regulatory axis of PIGE** With
this compelling evidence, more studies are still required
to elucidate any direct or indirect effects of PPARYy acti-
vation on PIGF expression in the preeclampsia placenta.

With the cumulative evidence showing the ability
for Rosiglitazone to restore the expression of disease-
causing molecules, Rosiglitazone should be considered
as an alternative approach in this high-risk population
of women, which can be identified via abnormal uterine
artery Doppler waveforms and low maternal circulating
PIGF/high circulating sFLT1. We can so far rely on the
limited case reports using Rosiglitazone treatment dur-
ing pregnancy*®*" and in multiple animal studies that
result in healthy human and murine pregnancy outcomes.
Specifically, in a study by McCarthy et al, they showed
that activation of PPARY by Rosiglitazone in the hypoxia-
induced rat model of preeclampsia can improve placental
function.’® This preeclampsia phenotype was achieved
by performing surgical clamping of the uterine artery to
simulate placental hypoxia. These rats developed hyper-
tension, decreased proangiogenic protein secretion, and
endothelial dysfunction. Rosiglitazone decreased blood
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pressure and significantly increased secretion of vasodi-
latory proteins to improve endothelial health.

Our studies spotlight Rosiglitazone’s effect on thera-
peutically targetable mechanisms that can increase pla-
cental function and hold potential to reduce the maternal
disease burden. Indeed, there is potential for Rosigli-
tazone to be a groundbreaking treatment for those with
preeclampsia, but future studies to assess the effect of
Rosiglitazone on fetal development in vivo and verifying
these results in large-scale clinical trials is still needed.

PERSPECTIVES

Preeclampsia poses a major threat to the long-term
maternal-fetal health if the disease progresses to severe
features and requires preterm delivery. Severe pre-
eclampsia is clearly mediated by the dysregulated tro-
phoblast, yet there are not any established therapeutic
interventions that directly improve placental functions in
these patients. Our study aimed to address the molecu-
lar changes provided by Rosiglitazone-mediated acti-
vation of PPARYy in the human preeclampsia placenta
and during cellular stress in an in vitro oxidative-stress
model. Our data highlights PPARY's beneficial actions
upon activation in preeclampsia, through the increase
in cell growth, proliferation, and migration pathways and
increased expression of antioxidant molecules such as
HO1 that occurs in a PPARy-dependent manner. Our
study highlights the need for therapeutic intervention
and encourages future researchers to re-evaluate the
therapeutic potential of Rosiglitazone in the potential
treatment of preeclampsia.
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