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Abstract

BACKGROUND: Preeclampsia is characterized by a new onset of hypertension during 

pregnancy and is associated with autoantibodies against the angiotensin II type 1 receptor and 

oxidative stress. There is growing evidence for mitochondrial dysfunction in preeclampsia, 

however, the culprits for mitochondrial dysfunction are still being defined. We previously 

demonstrated that angiotensin II type 1 autoantibodies cause renal, placental, and endothelial 

mitochondrial dysfunction in pregnant rats. However, the role of the angiotensin II type 1 

autoantibodies in endothelial mitochondrial function in response to sera from preeclamptics is 

unknown. Thus, we hypothesized that circulating factors, such as the angiotensin II type 1 
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autoantibodies, during preeclampsia would negatively impact the vascular endothelial 

mitochondrial function in human umbilical vein endothelial cells.

OBJECTIVE: The objective of the study was to determine a role for circulating angiotensin II 

type 1 autoantibodies to cause endothelial mitochondrial reactive oxygen species and dysfunction 

in preeclampsia compared to normal pregnant controls.

STUDY DESIGN: Immediately after delivery, sera was collected from preeclamptic patients and 

normal pregnant controls. The mitochondrial reactive oxygen species were determined from the 

cells treated overnight with 10% sera from either the control or preeclamptic patients with and 

without the antiotension II type 1 autoantibodies inhibitor peptide (‘n7AAc’).

RESULTS: Preeclampsia patients at <34 weeks’ gestation exhibited an elevated mean arterial 

blood pressure. Cells treated with serum from the preeclampsia patients at <34 weeks gestational 

age showed significantly (P<0.05) greater mitochondrial oxidative stress and reduced respiration 

than cells treated with the control sera, and these abnormalities were restored with ‘n7AAc’.

CONCLUSION: This study demonstrates that endothelial mitochondrial dysfunction occurs in 

response to circulating factors, especially in response to serum from preterm preeclampsia 

patients, and can be restored by blocking circulating angiotensin II type 1 autoantibodies, thereby 

indicating a potential new therapeutic target for preeclampsia.
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Introduction

Preeclampsia (PE) is a pregnancy-specific syndrome that is primarily defined by the 

development of new-onset hypertension and organ dysfunction, with or without proteinuria, 

after 20 weeks of gestation.1-4 Approximately 10% of pregnancies in the United States and 

worldwide are affected by PE annually.1-4 There are no effective treatments available for PE 

except for delivering the fetus and placenta. Despite a considerable amount of research done 

in the field, the molecular mechanisms underlying the pathogenesis of PE are still unclear. 

Oxidative stress, a state of imbalance between reactive oxygen species (ROS) and the 

antioxidant defenses, has been shown to be positively associated with the pathology.5-9 ROS 

is an umbrella term used to describe a wide range of oxidant molecules such as the free 

radicals superoxide (O2
.−), the hydroxyl radical (·OH), and peroxynitrite (ONOO−).6 When 

ROS and hydrogen peroxide (H2O2) (a nonradical) are released in excess, protein, DNA, and 

RNA could be damage, which ultimately leads to cellular dysfunction and death.9 

Mitochondria are dynamic organelles known as the powerhouses of cells because they 

account for 90% of the energy production within the cell. In addition, mitochondria play an 

important role in calcium signaling, apoptosis, and redox signaling.10 ROS produced within 

the mitochondria play a crucial role in physiological signaling. However, an excessive 

generation of ROS could cause oxidative stress and cell death.11 The major site of ROS 

production within the mitochondria is the electron transport chain (ETC) located on the 

inner mitochondrial membrane. With the ETC being the site where electron transfer occurs 
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through the complexes, any abnormality within the chain would cause leakage of the 

electrons, thereby affecting respiration which could lead to excessive ROS production.12

Agonistic autoantibodies against the angiotensin II type 1 (AT1) receptor were found to be 

elevated in pre-eclamptic patients and in reduced uterine perfusion pressure (RUPP) rats, a 

model of PE.13,14 Both rat and human AT1 autoantibodies (AT1-AAs) have a high binding 

affinity to an amino acid sequence composed of 7 residues (AFHYESQ) that are located on 

the second extracellular loop of the AT1 receptor. Therefore, we recently generated an 

inhibitory peptide (‘n7AAc’) to prevent AT1-AAs from binding to and activating the AT1 

receptor.15 This inhibitory peptide contains the 7 amino acid sequence along with protein 

capping of the N and C terminus of the peptide, a process that is commonly used to increase 

a peptide half-life and to protect exogenous peptides from protein lysis and degradation. In 

previous studies we showed that ‘n7AAc’ binds to circulating AT1-AAs to inhibit the AT1-

AAs from binding to the AT1 receptor.15 We have shown recently that ‘n7AAc’ decreases 

blood pressure, vasoactive factors, cytolytic natural killer cells, and mitochondrial oxidative 

stress, thereby providing an improved outcome in response to placental ischemia in the 

pregnant RUPP rat model of PE.16 Although ‘n7AAc’ improved the outcomes in animal 

models of PE, it is unknown if it could improve factors associated with PE in patients.

The evidence for mitochondrial oxidative stress in PE has been reported in a number of 

studies that demonstrated placental mitochondrial morphologic changes, reduced ETC 

activity, and alterations in the mitochondrial DNA and mitochondrial biogenesis in 

trophoblasts17-23 Moreover, changes in the H2O2 levels and respiration have been noted 

among either early onset or late onset PE.24,25 Collectively, these studies suggest an 

important role for impaired placental mitochondrial function in contributing to the oxidative 

stress in PE. However, the mechanisms linking placental mitochondrial dysfunction to 

endothelial mitochondrial dysfunction caused by factors found in the circulation of women 

with PE, such as the AT1-AAs, are not clearly defined. Our previous work indicates that 

mitochondrial dysfunction and oxidative stress cause hypertension in response to placental 

ischemia in the RUPP rat model of PE.26 Moreover, we have recently reported a role for 

AT1-AAs in mitochondrial dysfunction and hypertension in response to placental ischemia.
16 Thus, the objective of the current study was to determine if circulating factors, such as the 

AT1-AAs, from the PE patients impair vascular endothelial cell mitochondrial function, 

indicated by mitochondrial oxidative stress and impaired respiration, and if this could be 

attenuated with ‘n7AAc’.

Materials and Methods

Reagents

OIigomycin (O4876), FCCP (C2920), rotenone (R8875), antimycin A (A8674), and M199 

(M4530) were purchased from Sigma Aldrich (St. Louis, MO). DMEM (10566-016), fetal 

bovine serum (FBS) (16000044), antimycotic and antibiotic (15240062), and MitoSOX Red 

(M36008) were purchased from Thermo Fisher Scientific (Waltham, MA). Human umbilical 

vein endothelial cells (HUVECs) were purchased from ATCC (Manassas, VA).
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Patient recruitment and sample collection

The study participants were recruited from the Department of Obstetrics and Gynecology, 

University of Mississippi Medical Center, Jackson, Mississippi. The research protocol was 

approved by the University of Mississippi Medical Center Institutional Review Board, and 

all participants provided informed consent.

All the women that were included were pregnant with singleton gestations and underwent a 

cesarean or vaginal delivery performed for the usual obstetrical indications. PE was defined 

as the development of de novo hypertension (ie, a blood pressure of ≥140/90 mm Hg) and 

proteinuria (ie, protein at a concentration of >300 mg/24 h or a +1 classification on a repeat 

dipstick). We excluded women with multiple gestations, fetal anomalies, those diagnosed 

with gestational diabetes or other preexisting medical conditions such as diabetes, chronic 

hypertension, sickle cell disease, lupus, other inflammatory disorders, or sexually 

transmitted infections, and those that used tobacco or other abused substances during 

pregnancy.

The obstetrical patients were admitted to the Winfred Wiser Hospital for Women and Infants 

for delivery because of usual obstetrical indications. All patients consented to have their 

blood drawn before delivery, and for use of their discarded placental tissue. The patients 

underwent blood collection by means of venipuncture into BD Vacutainer whole blood 

collection tubes (Fisher) for serum. Following the manufacturer instructions, the samples 

were allowed to clot and then centrifuged for 10 minutes at 3200 rpm at 4°C and the 

resultant serum was stored at −80°C.26,27 Subsequently, each patient’s serum was 

individually stored in 1 mL aliquots in microcentrifuge tubes for future use in the assays.

Human umbilical vein endothelial cell culture

To determine if circulating factors from the PE patients impair vascular endothelial cell 

mitochondrial function, HUVECs were grown to 70% confluency on gelatin coated T25 

culture flasks in a humidified atmosphere of 5% CO2 at 37°C in HUVEC media (Medium 

199: DMEM [50:50], 10% FBS, and 1% antimycotic and antibiotic). At passage 4, the cells 

were cultured in the appropriated T25 flasks or 6-well plates for additional experiments.

Mitochondrial respiration in human umbilical vein endothelial cells

Respiration was measured in the HUVECs following overnight incubation with 10% serum 

from either the control or PE groups. After the HUVECs were grown to 70% confluency in 

T25 culture flasks, the cells were serum starved for 4 hours before overnight incubation with 

10% serum from either the control or PE groups. Serum is a complex mix of growth factors 

and hormones involved in growth promotion and specialized cell function, and therefore the 

role of serum in cell culture is very complex, but typically normal growth media contains 2% 

to 10% of serum.28 Castells-Sata et al29 tested a human plasma supplement as a substitute 

for FBS in primary human vascular cells culture, and the results indicated that they were 

able to support proliferation, preserve cellular morphology, and functionality similarly to 

FBS at a concentration of 5% and 10% human plasma or FBS in viability assays. Moreover, 

we have previously shown that this concentration of serum from RUPP rats causes activation 

of HUVECs, resulting in increased endothelin 1 and mitochondrial ROS.26,30 Therefore, 
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10% human serum was used in the experimental media for each patients respective wells 

used in this assay. The following day, the experimental serum was removed, and serum-free 

medium was added for an additional 4 hours. The cells were harvested and counted and used 

to measure respiration using the Oxygraph-2K (Innsbruck, Austria). Basal (cells only), leak 

(induced by oligomycin at a dose of 2 μg/mL), and maximal respiration (induced by 2 μL of 

a 1 mM solution of carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone [FCCP]; 

titrations were performed until the maximal response was achieved) were measured, and 

after FCCP titration, rotenone (0.5 μM) and antimycin A (2.5 μM) were injected to measure 

nonmitochondrial respiration. All the data were normalized to 1×106 cells.15,16,26

Mitochondrial mediated reactive oxygen species production in human umbilical vein 
endothelial cells

Mitochondrial-specific ROS production was measured using MitoSOX red, a fluorogenic 

dye specifically targeted to the mitochondria in live cells. Briefly, HUVECs were grown to 

70% confluency in 6-well culture plates. The cells were serum starved for 4 hours before 

overnight incubation with 10% serum from either the control or PE groups with or without 

the AT1-AA inhibitory peptide (ie, ’n7AAc’ at a dose of 2 μg/mL in saline).15,26 The 

experimental serum was removed and the cells were incubated with MitoSOX red (5 μM) for 

30 minutes at 37°C. Antimycin A (100 μM) was included in the experiment as a positive 

control. Serum-free medium was added and the cells were incubated for an additional 4 

hours. The cells were collected and analyzed in the FL2 and FL3 channels of a Gallios flow 

cytometer (Beckman Coulter, Brea, CA). At least 5000 events for each sample were 

collected for analysis.

Statistical analysis

All data are expressed as mean±standard error (SEM), whereas the table and figures depict 

the mean±standard deviation. One-way analysis of variance or Student’s t tests were 

performed for statistical comparisons between the groups. A value of P<.05 was considered 

statistically significant.

Results

Patient demographics

We have included 8 normal pregnant women (control) and 10 women with PE (ie, 6 patients 

with PE at <34 weeks and 4 patients with PE at >34 weeks gestational age). The 

demographic and delivery information can be found in the Table. The maternal age was all 

within a similar range of 26 to 27 years old across all the groups. The maternal body mass 

index was not significantly different among the groups. Importantly, the gestational age was 

significantly lower in the PE of <34 weeks’ gestation group than the control women and the 

PE of >34 weeks’ gestation group. The fetal weight decreased in the PE of <34 weeks’ 

gestation group when compared with the control women or the PE of >34 weeks’ gestation 

group. The mean arterial pressure in the patients with PE was significantly higher both at 

admittance and delivery in the PE of <34 weeks’ gestation group (110±6 mm Hg; P<.05; 

n=6) than the control group (95±2 mm Hg; n=8) (Figure 1).
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Sera from the preeclampsia patients reduced endothelial cell respiration and increased 
mitochondrial reactive oxygen species production in vitro

Overnight incubation of the HUVECs with 10% serum from PE of <34 weeks’ gestation 

group significantly reduced the maximal respiration rate to 20.40±3.83 pmol O2 per million 

cells (n=6; P<.05), compared with the rate of 49.11±8.61 pmol O2 per million cells (n=8) 

that was seen in the HUVECs treated with the serum from the control patients (Figure 2, A). 

HUVECs incubated with 10% serum from PE patients of >34 weeks’ gestation reduced the 

maximal respiration rate to 46.5±17.13 pmol O2 per million cells (n=4), which was not 

significantly different when compared with the HUVECS treated with serum from the 

control patients (Figure 2, A). Likewise, HUVECs treated with 10% serum from the PE 

patients of <34 weeks’ gestation showed increased mitochondrial ROS production 

(93.25±1.54 percent gated; n=6; P<0.05) when compared with the treatment of the HUVECs 

with the serum from the control patients (83.13±3.38 percent gated; n=8). HUVECs treated 

with 10% serum from the PE patients of >34 weeks’ gestation showed increased 

mitochondrial ROS production (88.25±1.71 percent gated; n=4), which was not significantly 

greater than the serum from the control patients (Figure 2, B). Inhibition of the AT1-AA 

activity was tested with a specifically designed AT1-AA inhibitor peptide, ‘n7AAc’ to 

determine if the AT1-Aas were the cause of the increased mitochondrial ROS.24,31 The 

mitochondrial ROS was reduced with ‘n7Aac’ treatment in the HUVECS treated with serum 

from the PE patients at < 34 weeks’ gestation to 82.7±0.17 percent gated (n=3; P<.05), when 

compared with the HUVECS treated with serum from the PE patients at < 34 weeks’ 

gestation. The mitochondrial ROS was reduced with ‘n7Aac’ treatment in the HUVECS 

treated with serum from the PE patients at >34 weeks’ gestation to 77.4±1.21 percent gated 

(n=3; P<.05) in comparison with HUVECS with serum from the PE patients at >34 weeks’ 

gestation (Figure 3).

Discussion

Principle findings

Although the relevance of oxidative stress in the pathology of PE has been studied 

extensively, the results from this study link the reduced vascular endothelial mitochondrial 

respiration and mitochondrial ROS to the presence of circulating agonistic autoantibodies 

against the AT1 receptor. In conjunction with the data recently published by McCarthy et al,
32 we demonstrated that soluble factors released in association with the placental 

mitochondrial dysfunction causes vascular mitochondrial ROS accumulation and decreased 

respiration in HUVECs exposed to the serum from PE patients. Importantly, we 

demonstrated that blockade of the circulating AT1-Aas in the serum of PE patients 

completely attenuated the mitochondrial ROS in HUVECs treated with the sera of PE 

patients. These data support the hypothesis that the endothelial dysfunction associated with 

PE is caused by AT1-Aas within the circulation, thereby suggesting an additional avenue and 

treatment option for PE.

Oxidative stress is defined as a state of imbalance between the ROS and antioxidant defenses 

in the cell.33 ROS are highly reactive free radicals that could damage cellular contents, 

thereby causing cellular dysfunction and ultimately cell death. Oxidative stress has been 
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shown to be associated with the physiology of normal pregnancies.5,7 However, the 

magnitude of oxidative stress is further elevated during pregnancy complications such as PE.
5,7

Results

In this study, we demonstrate both a decrease in the endothelial cell respiration and an 

increase in the mitochondrial ROS when HUVECs were exposed to sera from PE women 

who delivered at <34 weeks gestational age when compared with the cells exposed to sera 

from nonpreeclamptic women. This is in contrast to the respiration and mitochondrial ROS 

when endothelial cells were exposed to sera from PE women who delivered at >34 weeks’ 

gestation, which was not different from what was seen in cells exposed to sera from the 

nonpreeclamptic women.

Previously published studies reported that ROS can be generated by various sources such as 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, mitochondria, and xanthine 

oxidase in PE placenta.23,24 The role of NADPH oxidase in causing oxidative stress in PE 

patients or animal models has been shown in other studies.10,34-39 In fact, we previously 

published that in the RUPP rat model of PE, the placenta exhibits an elevated NADPH 

oxidase-mediated ROS production.39 As such, we have started exploring mitochondrial 

oxidative stress in the preeclamptic pathophysiology. We have previously published similar 

findings for placental and renal mitochondria from the RUPP rat model of PE and showed 

that administration of drugs that improved mitochondrial function lowered the blood 

pressure, thus indicating the importance of proper mitochondrial function during pregnancy.
27

The existing literature indicate that mitochondrial dysfunction is evident in the preeclamptic 

placenta.16-21,31,40-46, In addition, endothelial dysfunction has been well established in PE. 

Because the endothelium is the innermost layer in the vasculature, it is the first organ system 

to be exposed to the circulating pathologic factors that are released from other organs 

including the placenta. Thus, we sought to examine if the circulating AT1-Aas in PE patient 

sera would alter the mitochondrial function in endothelial cells when treated in vitro. We 

have previously demonstrated that infusion of AT1-Aas into normal pregnant rats causes 

excessive mitochondrial ROS production.15 Moreover, blocking the activity of the AT1-Aas 

with the ‘n7Aac’-specific epitope binding peptide significantly lowered the blood pressure 

and mitochondrial ROS in response to the AT1-Aas during pregnancy. This novel role of 

AT1-Aas was further confirmed in a subsequent study, which demonstrated that 

preeclamptic rats (RUPP) treated with ‘n7Aac’ showed improved placental and renal 

mitochondrial function and reduced mitochondrial ROS production.26,40 Moreover, when we 

incubated the HUVECs with serum obtained from the ’n7Aac’ treated RUPP rats, we saw a 

significant reduction in the mitochondrial ROS when compared with the cells incubated with 

the RUPP rat serum.16

Deer et al. Page 7

Am J Obstet Gynecol MFM. Author manuscript; available in PMC 2021 May 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Clinical implications

These findings identify AT1-Aas as 1 of the circulating factors in the pre-eclamptic sera that 

drive mitochondrial oxidative stress in the vascular cells, which could be indicative of the 

peripheral vascular function.

Strengths and limitations

In this study, we showed that the maximal respiration rate was significantly reduced in the 

HUVECs incubated overnight with 10% serum from the PE patients at <34 weeks’ gestation 

(Figure 2, A). However, we did not find any significant differences in the basal respiration 

rate, suggesting that only the maximal capacity of the ETC is compromised in the 

endothelial cells that are exposed to the circulating factors in the patient sera. In agreement 

with our findings, McCarthy et al32 reported that 3% PE plasma treatment reduced 

endothelial cell respiration.32 We utilized MitoSOX red, a fluorogenic dye that measures 

real-time mitochondrial ROS in live HUVECs when analyzed by flow cytometry. We 

demonstrate that HUVECs treated with sera from pre-eclamptic patients at <34 weeks’ 

gestation showed a significant increase in MitoSOX fluorescence in comparison with the 

cells treated with the nonpreeclamptic sera (Figure 2, B). The mitochondrial ROS in the 

HUVECs treated with sera from preeclamptic patients at >34 weeks’ gestation was not 

significantly greater than those treated with the sera from the nonpreeclamptic patients, 

indicating that preterm PE has an impact on the vascular endothelium, which may be more 

pathologic when compared with women at an older gestational age. Importantly, similar 

findings of elevated mitochondrial ROS in HUVECs incubated with 3% patient plasma were 

published by McCarthy et al,32 in which a different technique was used. Thus, both studies 

demonstrate that increased mitochondrial ROS is stimulated by circulating factors in 

response to placental ischemia in PE. Furthermore, based on our previous studies on the role 

of AT1-AAs in mediating mitochondrial oxidative stress, 15-30,10,31-58 we asked whether 

blocking AT1-AAs in the serum with ’n7AAc’ would reverse the mitochondrial ROS 

production in the cells incubated with PE patient serum. We demonstrated that cells 

coincubated with preeclamptic sera from either <34 weeks or >34 weeks’ gestation and 

‘n7AAc’ resulted in a significant attenuation of the MitoSOX fluorescence (Figure 3), 

suggesting that AT1-AAs mediate mitochondrial ROS production in the endothelial cells, 

and thereby offering a future treatment avenue for further investigations.

In summary, our study findings, in agreement with others, suggest that soluble factors from 

preeclamptic patients cause impaired endothelial mitochondrial function when compared 

with normal pregnancies.

Conclusion

Importantly, we extended the previous findings of McCarthy et al32 by showing that 

circulating factors from PE patients, such as AT1-AAs, cause endothelial cell mitochondrial 

oxidative stress and that inhibition of AT1-AA activity is a potential therapeutic strategy for 

improving the peripheral endothelial function during this disease. This supports the idea that 

PE is a multifaceted disease resulting from the dysfunction of many organs. Moreover, these 

studies indicate the importance of finding novel therapies that might affect mitochondrial 
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health and function by preventing upstream factors from causing cellular stress and 

dysfunction.

Perspectives

We showed that AT1-AAs is an important factor present in the circulation of PE patients that 

impair mitochondrial function in the vascular endothelium. The existing literature on the 

role of mitochondrial ROS in the pathology of PE is compelling, however, the knowledge on 

the pathologic factors or mechanisms that drive mitochondrial ROS is limited. In the 

previous few years, we and other investigators uncovered the potential of circulating factors 

like AT1-AAs and natural killer cells in causing mitochondrial dysfunction and oxidative 

stress using animal models of PE. In addition, this study addresses an important question as 

to whether blocking circulating AT-AA signaling with ’n7AAc’ peptide would attenuate the 

mitochondrial ROS in endothelial cells. We were successful in showing that coincubation 

of ’n7AAc’ with PE patient sera significantly reverses the mitochondrial oxidative stress in 

the endothelial cells of human origin (HUVECs). Although exploring strategies to target 

mitochondrial oxidative stress offers benefits by reducing mitochondrial ROS and improving 

mitochondrial function, blockade of AT1-AAs would target and potentially prevent a wide 

range of downstream effects of AT1-AAs including mitochondrial ROS, which might offer a 

better therapeutic profile in both the mother and fetus. Finally, our study unveils exciting 

findings on 1 of the important mechanisms of mitochondrial ROS in PE which will be of 

great value to the PE scientific community.
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AJOG MFM at a Glance

Why was this study conducted?

Sera from preterm (at <34 weeks’ gestation) preeclampsia (PE) patients cause endothelial 

mitochondrial dysfunction, which is in contrast with what was seen for sera from PE 

patients at >34 weeks’ gestation or normal pregnant controls.

Key findings

Blocking peptides specifically designed to inhibit the angiotensin II type 1 autoantibodies 

(AT1-AAs) from binding to the angiotensin II type 1 (AT 1) receptor restored the 

endothelial cell mitochondrial function.

What does this add to what is known?

These data suggest that blockade of the AT1-AAs during PE could improve the vascular 

endothelial cell mitochondrial function.
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FIGURE 1. Differences in the MAP at presentation
The control patients (n=8) and PE patients (n=10) (PE patients at <34 weeks [n=6] and PE 

patients at >34 weeks [n=4]), as separated by the serum samples used for the cell studies, 

displayed significant differences in the mean arterial blood pressure at presentation. The data 

are presented as mean ± standard deviation. The asterisk indicates a significant (P<.05) 

difference from the control group.

CRTL, control; MAP, mean arterial blood pressure; PE, preeclampsia.
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FIGURE 2. HUVECs exhibit impaired respiration with elevated mitochondrial ROS
A, Cell respiration is reduced in HUVECs treated with PE patient serum (PE at <34 weeks’ 

gestation [n=6]; PE at >34 weeks’ gestation [n=4]). HUVECs treated with 10% preeclamptic 

serum from PE patients at <34 weeks’ gestation show a significant reduction in the 

uncoupled respiration rate vs the cells that were treated with nonpreeclamptic serum (n=8). 

B, The mitochondrial ROS in HUVECs treated with preeclamptic serum (PE at <34 weeks’ 

gestation [n=6]; PE at >34 weeks’ gestation [n=4]) or with nonpreeclamptic serum (n=8). 

HUVECs treated with 10% serum from preeclamptic patients at <34 weeks’ gestation 

showed a significant increase in the mitochondrial ROS production when compared with 

nonpreeclamptic serum. Data are presented as the mean±standard deviation. The asterisk 
indicates a significant (P<.05) difference from the control group.

CRTL, control; ET, electron transport; PE, preeclampsia; ROS, reactive oxygen species.

Deer et al. Page 15

Am J Obstet Gynecol MFM. Author manuscript; available in PMC 2021 May 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. AT1-AA blockade attenuates mt ROS in response to PE sera
Preeclamptic sera increases mitochondrial ROS when incubated with HUVECs and 

coincubation with ‘n7AAc’ reverses the mitochondrial ROS production. HUVECs 

coincubated with pre-eclamptic (at <34 weeks’ gestation or >34 weeks’ gestation) serum 

and ‘n7AAc’ significantly reverses the mitochondrial ROS production when compared with 

treatment with preeclamptic (at <34 weeks’ gestaion or >34 weeks’ gestation) serum alone. 

Data are presented as mean±standard deviation. The asterisk indicates a significant (P<.05) 

difference from the control group and from the treatments with preeclamptic sera alone.
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AT1-AA, angiotensin II type 1 autoantibodies; CRTL, control; mtROS, mitochondrial 

reactive oxygen species; PE, preeclampsia.
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