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Abstract

Introduction—Placental FasL is up-regulated in women with HELLP (hemolysis elevated liver
enzyme and low platelet) syndrome and has been proposed to contribute to the liver damage seen
in these patients.

Objective—This study aimed to determine if an experimental rodent model of HELLP also had
dysregulation of Fas/FasL compared to normal pregnant (NP) rats. We also set out to determine if
blockade of the endothelin system regulated Fas/FasL expression in HELLP rats.

Study Desigh—On gestational day (GD) 12, sEng (7ug/kg) and sFlt-1 (4.7ug/kg) infusion began
via mini-osmotic pump into NP rats. On GD19 plasma and tissue were collected and FasL and Fas
were measured via enzyme linked immunosorbent assay and gene expression via real-time PCR.

Results—HELLP rats had significantly more circulating and placental FasL compared to NP
rats, whereas hepatic FasL was decreased and placental Fas was increased compared to NP rats.
Administration of an endothelin A receptor antagonist (ET a) beginning on GD12 significantly
decreased placental expression of Fas in HELLP rats. Liver mMRNA transcript of Fas was
significantly increased in HELLP rats compared to NP rats).

Conclusion—These data suggest that rats in this experimental model of HELLP syndrome have
abnormal expression of the Fas/FasL system. Future studies will examine the sources of Fas/FasL
dysregulation in this model and if blockade could reduce some of the inflammation and
hypertension associated with HELLP syndrome.
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INTRODUCTION

Despite being one of the leading causes of maternal death and a major contributor to
maternal and perinatal morbidity, the mechanisms responsible for the pathogenesis of
HELLP (Hemolysis, Elevated Liver enzymes, Low Platelet) syndrome remain unclear [1, 2].
HELLP syndrome is becoming more recognized as an immune based disease, as studies by
our labs and others have reported increased circulating and placental levels of inflammatory
cytokines and anti-angiogenic imbalance [3-5]. The Fas receptor and FasL (Fas Ligand) are
part of the TNF receptor family and have multiple roles, including regulation of an
inflammatory response via activation and proliferation of CD4* T lymphocytes [6, 7]. Under
physiologic conditions, FasL will bind Fas* cells to induce apoptosis or activate CD4* T
cells. However dysregulation of the Fas/FasL system leads to a decrease in Fas activation
and may result in autoimmune and chronic inflammatory diseases [8, 9].

While there is evidence of dysregulation of the Fas/FasL system in pregnancies complicated
with hypertension such as HELLP syndrome, the reason or effect of this dysfunction is
unclear [10, 11]. Fas/FasL has not been reported to have a direct role in the induction of
hypertension, however when this system is left unchecked then apoptosis of inflammatory
cytokine secreting leukocytes can become decreased. As leukocytes have been implicated in
inducing not only inflammation but also endothelial activation and hypertension [12-14], it
is important to determine the role of Fas/FasL in contributing to this phenomenon.

Pharmacological blockade of the endothelin system during pregnancy has been
demonstrated to attenuate hypertension [12, 15, 16], which points to the importance of the
endothelin system in women who suffer from hypertensive pregnancies. We have recently
reported a role of the endothelin system in mediating the hypertension, increased CD4* T
cells and the biochemistry that defines HELLP syndrome in an experimental animal model
of HELLP [16]. Interestingly, alteration of the Fas pathway has been shown to lead to
endothelial cell activation and vascular dysfunction [17-19]. Therefore in the current study
we sought to determine if rats experiencing hypertension, inflammation and endothelin
activation in response to a HELLP-like syndrome had alterations in Fas/FasL respective to
normal pregnant rats. We also wanted to determine if blockade of the endothelin system
altered any HELLP-induced changes in Fas/FasL expression.

MATERIALS AND METHODS

All studies were performed in 230-250g timed-pregnant Sprague Dawley rats (Harlan,
Indianapolis, Indiana). Animals were housed in a temperature controlled room with a 12:12
light:dark cycle. All experimental procedures in this study were in accordance with the
National Institute of Health guidelines for use and care of animals and were approved by the
Institutional Animal Care and Use Committee at the University of Mississippi Medical
Center.

Experimental Animal Model of HELLP Syndrome

SEng (soluble endoglin) and sFlt-1 (soluble fms-like tyrosine kinase-1; 7 and 4.7 ug/kg
respectively, R&D Systems, Minneapolis, MN) were diluted in sterile 0.9% saline to the
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appropriate concentration. 250uL of the drug solution was loaded into mini-osmotic pumps
(model 2002; Alzet Scientific, Cupertino, CA) and surgically inserted into NP (normal
pregnant) rats to allow chronic infusion of sFlt-1 and sEng from GD (gestational day) 12 to
GD19 to induce HELLP syndrome (n=8) as previously published [16, 20]. NP rats that were
subjected to a SHAM surgery but did not receive a mini-osmaotic pump served as the control
group (n=8). On GD19, whole blood was collected before euthanization via the abdominal
aorta and collected for enzyme linked immunosorbent assays (ELISA). Maternal placentas,
kidneys (minus the subcapsular layer), and livers were collected, snap frozen and stored at
—-80°C for the current study.

Inhibition of the ET receptor in an experimental animal model of HELLP Syndrome

To determine whether attenuation of the endothelin system via the endothelin A receptor
(ET ) had an effect on Fas/FasL regulation, rats were treated with an ET a receptor
antagonist. Beginning on GD12, NP (n=6) and HELLP rats (n=6) were treated ad libitium
(via drinking water) with the ET 4 receptor antagonist (ABT-627, 5mg/kg) until GD19.

We have previously reported [16] that rats infused with sFIt-1 and sEng to induce HELLP
syndrome had significantly increased hemolysis, liver enzymes and a significant decrease in
platelets compared to NP rats. Additionally, these HELLP rats were also reported to be
hypertensive compared to NP rats, all of these characteristics were attenuated with blockade
of the ET 4 receptor [16]. Samples from these rats were used to conduct the following
experiments.

Circulating and local Fas and FasL protein expression

Rat Fas and FasL protein levels were assessed in the circulation, liver and placenta via
ELISA (RayBiotech Inc; Norcross, GA) per manufacturer’s instructions. The minimum
detectable dose of FasL was 90pg/mL and Fas was 40pg/mL with intra and inter-assay CVs
< 10 and 12% respectively for both ELISASs. Livers (section from one maternal lobe) and
placentas were homogenized individually on ice in homogenization buffer (10mM Tris Base,
37.22 mg EDTA, pH 7) plus a protease inhibitor cocktail (RPI Inc. Mt. Prospect, IL) and
centrifuged at 1600 RPM at 4°C for 10 minutes. Each supernatant was individually filtered
via a 100uM cell strainer and the filtrate saved before being assayed. To determine the total
protein content in the filtrate, commercially available bicinchoninic acid assays (BCA,;
ThermoFisher, Waltham, MA) were performed following the manufacturer’s directions. Fas
and FasL ELISA protein concentrations were divided by the total protein in each respective
sample.

Fas and FasL mRNA transcript expression

To determine if local expression of Fas and/or FasL was altered in response to HELLP
syndrome mRNA was extracted from individual liver, placenta, kidney cortex, and kidney
medulla as previously described [16]. Briefly, individual tissues (h=4-6/group) were crushed
in liquid nitrogen, and mMRNA was extracted using a Qiagen kit (Menlo, Netherlands) as
outlined in the manufacturer’s instructions followed by treatment with DNAse per
manufacturer’s directions (Applied Biosystems, Foster City, CA). cDNA was synthesized
from 1pg of RNA with BioRad Iscript cDNA reverse transcriptase kit (Hercules, CA). Real-
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time polymerase chain reaction was performed using BioRad Sybre Green Supermix with an
iCycler. Beta actin Ct (threshold cycle) was used as a housekeeping gene and the 2-AACt
method was used to analyze the results.

delta/delta Ct method was used to assess gene expression. Primer sequences [16, 21] were
provided by Life technologies (Carlsbad, CA).

Fas
Forward: TCTAGTTGGAAAGAACCGAAGG

Reverse: CCACAAACGAGATGCAATCAC

FasL
Forward: ATCCCTCTGGAATGGGAAGA

Reverse: CCATATCTGYCCAGTAGTGC

Beta Actin
Forward: GCTCGTCGTCGACAACGGCTCCGGC

Reverse: CAAACATGATCTGGGTCATCTTCTCGCGG

Statistical Analysis

RESULTS

All of the data are reported as mean + standard error mean. Data was analyzed via two-way
analysis of variance (ANOVA). Interactions that equaled p<0.05 were analyzed via Tukey’s
multiple comparison test or Student’s T. Graphpad Prism version 5.0 was used as the
statistical software program. P<0.05 was considered statistically significant.

Rats with HELLP have increased circulating and placental FasL and decreased hepatic

FasL

Rats in this experimental model of HELLP syndrome had significantly more circulating
FasL compared to NP rats (p=0.01; Figure 1A). However, there was not a statistically
significant main interaction (p=0.31). Placental FasL was significantly increased in HELLP
rats compared to NP rats (p<0.01; Figure 1B), however there was not a statistically
significant when ET 5 was administered (p=0.18). Liver FasL levels were significantly
decreased in HELLP rats when compared to NP rats (p=0.01; Figure 1C). There was not a
statistically significant main interaction (p=0.62).

Rats with HELLP syndrome have increased placental Fas expression

There was not a statistically significant interaction in circulating Fas (p=0.17; Figure 2A).
Placental Fas was significantly increased in HELLP rats compared to NP rats (p<0.05;
Figure 2B). Furthermore there was a significant interaction upon administration of ETa
where administration of the ET 5 antagonist significantly decreased placental Fas in HELLP
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rats (p<0.0005; Figure 2A) and in NP+ET a rats (p<0.01; Figure 2A) compared to untreated
HELLP rats. There was not a significant interaction in liver Fas levels (p=0.62; Figure 2C).

Hepatic Fas mRNA transcript expression is downregulated in response to HELLP

syndrome

Gene expression of FasL by real-time PCR was undetectable in livers from rats with HELLP
syndrome regardless of ET 5 treatment, but was detectable in livers collected from NP rats.
There was no statistically significant difference in FasL transcript expression between NP
and NP+ET 4 treated rats (p=0.69; Table 1). Two-way ANOVA of Fas mRNA transcript
expression was found to be statistically significant (p=0.01), with a significant increase in
livers of HELLP rats compared to NP rats (p<0.05; Table 1). There was no statistically
significant difference in either placental FasL (p=0.32) or placental Fas (p=0.89; Table 1).

We also examined FasL and Fas mRNA transcript expression in the kidney cortex and
kidney medulla of rats as the kidney has in the etiology of hypertension. As the kidney
cortex and kidney medulla have differential expression of FasL and endothelin we analyzed
these parts separately [22, 23]. FasL expression was undetectable via real-time PCR in
kidney cortices collected from NP rats treated with or without ET 5, whereas there was there
was no significant difference in FasL mRNA expression in rats with HELLP syndrome
treated with or without the ET 5 antagonist (p=0.08; Table 1). There was no significant
expression in cortical Fas expression (p=0.31), in medullary Fas expression (p=0.57) or FasL
expression in the medulla (p=0.12; Table 1).

DISCUSSION

Studies have reported that trophoblast debris from ischemic placentas, such as in HELLP
syndrome and preeclampsia can lead to the stimulation and activation of the vascular
endothelium which results in endothelial dysfunction, inflammation and hypertension [24—
26]. The Fas/FasL system has been implicated in contributing to some of the dysfunction
present in HELLP syndrome [27] as the increase in FasL-induced apoptosis of trophoblast
cells is suggested to be one cause for the excessive release of trophoblast debris from the
placenta into the maternal circulation [11, 28, 29].

In the current study we investigated whether an experimental rat model of HELLP syndrome
also exhibited alterations in Fas or FasL. We found that circulating and placental levels of
FasL are increased in HELLP rats compared to NP rats and hepatic FasL was significantly
decreased. These results correlate with data from human studies which have reported that
circulating and placental FasL expression is increased in women with HELLP syndrome [10,
11]. Additionally placental derived FasL has been reported to not only be the primary source
of FasL in women with HELLP syndrome but to also induce liver apoptosis and cytotoxicity
in these women [10]. As the decrease in hepatic FasL in HELLP rats was statistically
significant from NP rats, this suggests that indeed the placenta may serve as the primary
source of FasL in the circulation.

The lack of significant change in circulating Fas is in contrast to what has been previously
reported in the clinical literature, in which studies found that women with HELLP syndrome
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had increased circulating soluble Fas levels [30, 31]. It could be that as these other studies
measured the soluble form of Fas and we did not assay the soluble only portion of Fas, but
rather total Fas, we did not have any statistically significant changes in circulating Fas.
Placental Fas expression was significantly increased in response to HELLP syndrome.
Despite the lack of significant difference in protein levels of hepatic Fas, mMRNA transcript
of Fas was significantly increased in this model of HELLP syndrome. One might expect to
see an increase in Fas levels as there was a statistically significant decrease in FasL protein
levels. It’s possible that due to the short nature of disease development (GD12-GD19) in
this experimental animal model there was not enough experimental time to allow for
statistically significant changes in protein levels of Fas to be expressed. Future experiments
will address the protein:mRNA levels of Fas and FasL in rats that have a full gestation.

We have previously reported that attenuation of the endothelin system in this model of
HELLP syndrome decreases hypertension, significantly decreases all of the symptoms of
HELLP syndrome that were found to be significantly increased in untreated rats infused
with sFlt-1 and sEng to mimic HELLP syndrome (i.e. a significant increase in hemolysis, a
significant elevation in liver enzymes and a significant decrease in platelets), endothelial
activation and cytokine secreting T cells [16]. Indeed, HELLP rats were found to have an
average mean arterial pressure (MAP) of 121.5+2.44mmHg compared to 99.5+2.2mmHg in
NP rats which was reduced to 100.7+4.8mmHg in HELLP+ET p treated rats [16]. In the
current study we used previously collected samples from these same animals to determine if
blockade of the endothelin system via the ET p receptor reversed any changes in Fas/FasL
expression due to HELLP syndrome. Circulating FasL tended to decrease in response to
ETa antagonism in HELLP rats but neither placental nor liver FasL were significantly
affected by ET 5 antagonism. However, ET 5 blockade in HELLP rats tended to drive both
liver FasL and placental Fas levels in the direction of a normal pregnant response. As NP
rats treated with the ET 5 antagonist didn’t exhibit any statistically significant changes in Fas
or FasL production compared to the untreated NP rats, we believe that the changes in Fas
and FasL are due directly to HELLP syndrome induced by angiogenic imbalance.

In conclusion, rats in this model of HELLP syndrome demonstrated increased placental and
circulating FasL and increased placental Fas when compared to NP rats. Administration of
an ET  receptor antagonist to HELLP rats tended to decrease circulating FasL and placental
Fas, while not affecting placental FasL levels. These results suggest, that there is an
additional source of FasL besides the placenta that can be contributing to the increase in
circulating FasL and that the endothelin system is not involved in the regulation of FasL in
the placenta. In the current study we did not investigate all of the potential sources of FasL,
however studies by other labs have indicated that the placenta along with circulating immune
cells can potentially serve as a source of FasL [10, 20, 32]. As such future studies, in
addition to a closer look at hypertension and vascular function in relation to Fas/FasL will
also include examining the role of these immune cells (both circulating and placental) to
contribute to the pathogenesis of HELLP syndrome. As the Fas/FasL system can initiate not
only apoptosis but also inflammation via immune cell activation, it is important to continue
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study the role of this system in contributing to HELLP syndrome where both apoptosis
d inflammation are increased.
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Highlights
. Angiogenic imbalance during pregnancy is associated with dysregulation of
FasL
. Placental Fas was increased in response to angiogenic imbalance
. Blockade of the ET A receptor prevented an increase in placental Fas
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Figure 1. Rats with HELLP syndrome have increased FasL and Fas

Circulating (A) and placental (B) FasL expression were significantly increased in HELLP
rats compared with normal pregnant (NP) rats, while FasL expression was significantly
decreased in liver tissues (C) of HELLP rats compared with NP rats. N=6-8/group. *, **
denotes P<0.05, P<0.005 between indicated groups.
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Figure 2. Placental Fas is increased in response to HELLP
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There was no statistically significant difference in circulating levels of Fas (A). Fas protein
expression was significantly increased in the placental tissue of HELLP rats compared with
NP and HELLP rats treated with the ETA antagonist (B). Fas protein expression in the liver
was not statistically significant (C). N=4-5 samples/group. *, *** denotes P<0.05, and

P<0.0005 between indicated groups.

Pregnancy Hypertens. Author manuscript; available in PMC 2018 April 01.



Page 12

Gibbens et al.

Author Manuscript

‘dN 01 pasedwod Juedisiubis Ajjeansizers sem siyl “HOd awil-|eal Aq a]qe109]1ap 10U Sem uoissaldxa auss) — AN

"MOJ3q pajuasaldal sI 8]9A2 pjoysalyl Uy rleg — T1sed 1o se- abeiane ay] -uolssaidxa auab Jse 10 se

T alqeL

Author Manuscript

99°0FT8'€T | ¥9'0¥98°0T | LOEF¥8'OT | 82'0FEYCT | BINP3IN Adupr>f
Lr'ZF9E0T | L8'TF98'€E an an X810 AsupIX
89'0¥,0'9 | S9°0¥60'8 | €50¥26L | 6€0¥698 elUs0e|d

an an ZETTETL | TrTFMEL SN Tsed
L6'0FT9L | 89°0¥58'6 | v9'0¥6v'L | 99°0F.8'8 | BINP3IA Asupr
vZ1F0zY | ¥S°0%8TC 17187 69°0F6+Z | X100 Asupiy
Ly'0¥8y'c | SL0¥EST | €0¥0ET 20%05°C ejudde|d
190720 | «T9°0¥8TZ | 92°0%76LC | 88°0%L0°G SN sed
V13+dH dH V13+dN dN

Author Manuscript

Author Manuscript

Pregnancy Hypertens. Author manuscript; available in PMC 2018 April 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental Animal Model of HELLP Syndrome
	Inhibition of the ETA receptor in an experimental animal model of HELLP Syndrome
	Circulating and local Fas and FasL protein expression
	Fas and FasL mRNA transcript expression
	Fas
	FasL
	Beta Actin

	Statistical Analysis

	RESULTS
	Rats with HELLP have increased circulating and placental FasL and decreased hepatic FasL
	Rats with HELLP syndrome have increased placental Fas expression
	Hepatic Fas mRNA transcript expression is downregulated in response to HELLP syndrome

	DISCUSSION
	Conclusion

	References
	Figure 1
	Figure 2
	Table 1

