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Abstract

Introduction: Mortality from preeclampsia (PE) and PE-associated morbidities are 3-to 5-fold 

higher in persons of African ancestry than in those of Asian and European ancestries.

Methods: To elucidate placental contribution to worse PE outcomes in African ancestry 

pregnancies, we performed bulk RNA sequencing on 50 placentas from persons with severe 

PE (sPE) of African (n=9), Asian (n=18) and European (n=23) ancestries and 73 normotensive 

controls of African (n=10), Asian (n=15) and European (n=48) ancestries.

Results: Previously described canonical preeclampsia genes, involved in metabolism and 

hypoxia/angiogenesis including: LEP, HK2, FSTL3, FLT1, ENG, TMEM45A, ARHGEF4 and 

HTRA1 were upregulated sPE versus normotensive placentas across ancestries. LTF, NPR3 and 

PHYHIP were higher in African vs. Asian ancestry sPE placentas. Allograft rejection/adaptive 

immune response genes were upregulated in placentas from African but not in Asian or European 

ancestry sPE patients; IL3RA was of particular interest because the patient with the highest 

placental IL3RA expression, a person of African ancestry with sPE, developed postpartum 

cardiomyopathy, and was the only patient out of 123, that developed this condition. Interestingly, 

the sPE patients with the highest IL3RA expression among persons of Asian and European 

ancestries developed unexplained tachycardia peripartum, necessitating echocardiography in 

the European ancestry patient. The association between elevated placental IL3RA levels and 
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unexplained tachycardia or peripartum cardiomyopathy was found to be significant in the 50 sPE 

patients (p = .0005).

Discussion: High placental upregulation of both canonical preeclampsia and allograft rejection/

adaptive immune response genes may contribute to worse PE outcomes in African ancestry sPE 

patients.
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Introduction

Preeclampsia (PE) is a hypertensive disorder of pregnancy (HDP) that the WHO lists as one 

of the 5 major causes of maternal mortality worldwide1. Pregnant and parturient persons 

of African ancestry have 1.5 to 2.5-times higher rates of PE2–5 and are 3 to 5-times more 

likely to die of PE than pregnant and parturient persons of Asian or European ancestry6–7. 

PE-associated morbidities, such as, stroke, pulmonary edema and heart failure, are also 

significantly higher in pregnant and parturient persons of African ancestry6–7.

Underlying comorbidities and lower socioeconomic status (SES) do not entirely explain the 

higher PE rates and worse prognosis in persons of African ancestry. A population-based 

study of 718,604 Black and White pregnant and parturient persons from a California cohort 

of singleton births found that, although White persons of higher SES had a lower risk 

of PE than White persons of lower SES, higher SES did not attenuate PE risk in Black 

persons8. A review of the records of 1,355 pregnant persons with HDP found similar rates 

of underlying chronic hypertension in Black and White pregnant persons. However, among 

pregnant persons with HDP without underlying chronic hypertension, Black persons were 

significantly more likely to be diagnosed with PE than White persons9. A retrospective 

cohort study of California births in 2007 found that though obesity was a risk factor for 

PE and low birth weight in White pregnant persons, obesity did not confer significantly 

increased PE risk in Black persons10.

The placenta plays a central role in the pathology of PE, as PE only occurs in the context 

of pregnancy, and delivery of the placenta is often curative11–13. However, how the placenta 

contributes to worse PE outcomes in pregnant and parturient persons of African ancestry, 

and which specific placental injury pathways may be dysregulated in this population (and 

therefore potential targets for therapy), are not well studied.

Molecular and clinical data point to multiple pathways leading to PE. Using unsupervised 

clustering of aggregate microarray datasets (first in 173 patient samples, including 77 

with PE and 96 controls, and later in a larger dataset of 330 samples, including 157 PE 

and 173 non-PE samples), Leavey et al14–15 identified 3 molecular clusters/subclasses 

of PE which they termed maternal, canonical and immunologic. In the maternal PE 

group, infant birthweight and placental weight were appropriate for gestational age, and 

placental histology and gene expression patterns were not significantly different from 

normotensive controls. In the canonical PE group, birthweight and placental weight 
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were small for gestational age, placental histology showed evidence of maternal vascular 

malperfusion, and genes associated with metabolism, hormone regulation and angiogenesis 

were overexpressed. In the immunologic PE group, birthweight and placental weight 

were small for gestational age, placental histology showed massive/increased perivillous 

fibrin deposition, and genes associated with immune and inflammatory responses were 

overexpressed.

Recently, our group performed RNA sequencing on placentas from PE patients with 

evidence of maternal vascular malperfusion and found trophoblast defects and activation 

of pathways associated with hypoxia, inflammation and reduced cell proliferation in 

placentas with maternal vascular malperfusion16, thus demonstrating that placental tissue 

RNA sequencing reflects pathways associated with histologic evidence of placental injury in 

PE.

Therefore, we sought to elucidate the cellular and molecular underpinnings of the worse 

PE outcomes in pregnant and parturient persons of African ancestry by performing bulk 

RNA sequencing on placentas from persons affected by PE with severe features (sPE) and 

normotensive controls of African ancestry compared to persons of Asian and European 

ancestries. We hypothesized that molecular PE subclasses differ in placentas from parturient 

persons of African ancestry versus those of Asian and European ancestries.

Materials and Methods

Study cohort selection

The study was approved by University of California, San Diego (UCSD) institutional 

review board, approval #181917. The study specimens were obtained from 2655 singleton 

parturitions at UCSD-affiliated hospitals between January 2010 and November 2020. 

The patients whose samples were collected gave written informed consent for accessing 

their electronic medical records and collection of placental tissue. Demographic, clinical 

and placenta histology data were collected in a REDCap-based obstetric registry. For 

each pregnancy, the clinical diagnosis of preeclampsia with severe features (sPE) was 

adjudicated by 2 Board-Certified obstetricians based on ACOG definition17. Of the 2655 

parturitions, 1003 for which the maternal ethnicity was recorded as Hispanic-other were 

excluded, because Hispanic is a language group that can include people of diverse 

ancestries, ranging from African (e.g. Afro-Cubans) to North and South Americans (e.g. 

Mexicans and Brazilians), Asians (e.g. Spanish Filipinos) and Europeans (e.g. Spaniards). 

Categorization as Hispanic-other thus provided insufficient information about ancestry and 

had the potential to confound the study. 4 American Indian, 18 Native Hawaiian and 3 

self-identified multiracial without further ancestry delineation were excluded because the 

numbers of patients in these categories were too few to gather generalizable information. 

There remained 142 parturitions with maternal African ancestry (self-identified as black, 

African or African American), 265 with Asian ancestry (self-identified as Asian) and 1220 

with European ancestry (self-identified as white, including Hispanic and non-Hispanic). Of 

these, RNA sequencing was performed on 9 sPE and 9 normotensive controls of African 

ancestry, 18 sPE and 15 normotensive controls of Asian ancestry and 23 sPE and 49 

normotensive controls of European ancestry. We then validated the self-reported maternal 
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ancestries using a previously published method for inferring ancestry from RNAseq data,18. 

(Supplemental Figure 1).

Obstetric Data

The demographic data collected included maternal ancestry, maternal age at delivery, 

gravidity, parity, maternal body mass index (BMI), maternal history of diabetes, maternal 

history of chronic hypertension, gestational age at delivery, fetal sex, birth weight, mode 

of delivery, documented sPE, intrauterine growth restriction (IUGR), maternal pregnancy 

complications including renal failure, stroke, unexplained tachycardia, or peripartum 

cardiomyopathy.

RNA sequencing and RNA sequencing-based ancestry inference

See supplementary methods file.

Immunohistochemistry and Immunohistochemistry quantification

See supplementary methods file.

Statistical analysis

See supplementary methods file.

Results

Histopathologic analysis cohort

The histopathologic analysis cohort was comprised of 868 patients; 127 with sPE and 741 

normotensive controls. Maternal age, gestational age at delivery, gravidity, parity, infant sex, 

infant birth weight and mode of delivery were evaluated in sPE patients African (n=15), 

Asian (n=23) and European (n=89) ancestries compared to normotensive controls of African 

(n=39), Asian (n=114) and European (n=588) ancestries. Gestational age at delivery and 

birth weight were significantly less in sPE patients than in normotensive controls across 

ancestries (Supplemental Table 1).

Higher incidence of maternal vascular malperfusion and perivillous fibrin deposition in 
placentas from patients of African ancestry with severe PE

We analyzed the 868 placentas using previously defined histopathologic criteria27–28. We 

found the incidence of maternal vascular malperfusion and perivillous fibrin deposition was 

higher in placentas from parturients of African ancestry with sPE compared to those of 

Asian or European ancestry, suggesting worse placental injury in the African ancestry sPE 

group (Supplemental Table 2).

RNA sequencing patient demographics

Maternal age, maternal BMI, maternal history of chronic hypertension, maternal history 

of diabetes mellitus, gestational age at delivery, gravidity, parity, infant sex, infant birth 

weight, infant birth weight percentile and mode of delivery were evaluated in sPE versus 

normotensive control patients of African, Asian and European ancestries whose placenta 
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samples were RNA sequenced. In comparison to normotensive controls, infant birth 

weight and birth weight percentiles were significantly lower in sPE parturitions across 

ancestries; gestational age at delivery, gravidity and parity were significantly less in African 

ancestry sPE parturitions; maternal BMI was significantly higher in European ancestry sPE 

parturitions (Supplemental Table 3).

Among the sPE patients, maternal BMI at delivery was higher in African ancestry patients 

than in Asian and European ancestry patients; there was no significant difference in maternal 

BMI at < 20 weeks of gestation, maternal age, gestational age at delivery, gravidity, parity, 

infant sex, birth weight and mode of delivery – across ancestries (Supplemental Table 4).

RNA sequencing-inferred ancestries and concordance with self-reported ancestries

We compared self-reported ancestry to genetic ancestry based on SNPs commonly found in 

different geographic regions18, 29–30 (Supplemental Figure 2A). SNPs found in self-reported 

Whites included those commonly found in Europe and the Americas. Of the 72 self-reported 

White patients, 50 (69.4%) had SNPs associated with geographic origins in Europe, 21 

(29.2%) had SNPs associated with geographic origins in the Americas (including Mexico 

and South America) and 1 (1.4%) had SNPs associated with geographic origins in Africa. 

Upon delving deeper into the medical records of the 1 patient, we discovered that the 

reported ancestry in our electronic medical record was discrepant with that in the referral 

letter from the primary care facility. The ancestry in the referral letter matched the RNAseq-

inferred ancestry; thus the patient’s placenta was re-assigned to the African ancestry group 

for subsequent analysis.

SNPs found in self-reported Asians included those commonly found in East Asia, South 

Asia, Europe and the Americas. Of the 33 self-reported Asian patients, 25 (75%) had 

SNPs associated with geographic origins in East Asia or South Asia, 6 placentas had 

SNPs associated with geographic origins in Europe, and 2 with geographic origins in the 

Americas. Review of the electronic medical records in the 8 discrepant cases revealed that 

discrepancy was due to paternal origins outside of Asia, but confirmed maternal origins in 

Asia (Korea, Japan, Cambodia, Philippines, Vietnam).

SNPs found in self-reported Blacks/African-Americans/Africans included those commonly 

found in Africa, Europe, East-Asia and the Americas. Of the 18 self-reported African 

ancestry patients, 11 (61.1%) had SNPs associated with geographic origins in Africa; 3 

(16.7%) had SNPs associated with geographic origins in Europe, 2 (11.1%) had SNPs 

associated with geographic origins in East Asia and 2 (11.1%) had SNPs associated with 

geographic origins in the Americas. Review of the electronic medical records revealed 4 

of the 7 discrepant cases were in African-Americans with mixed ancestry (e.g. Irish and 

African or Indonesian and African) and 3 of the 7 discrepant cases were in Somalis who 

were categorized as Europeans by RNAseq. Our reference database for generating our 

pipeline for inferring ancestry was the 1000 genomes project, which though diverse, did not 

include Somalis. The absence of Somalis in the 1000 genomes project likely explains our 

observed discrepancy between self-reported and RNAseq-inferred ancestry in Somalis. We 

thus left self-reported Somalis in the African ancestry category.
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Therefore, we ended with 9 sPE and 10 normotensive controls of African ancestry, 18 sPE 

and 15 normotensive controls of Asian ancestry and 23 sPE and 48 normotensive controls of 

European ancestry (Supplemental Figure 1).

Canonical preeclampsia genes and pathways are upregulated in placentas from patients of 
all ancestries with sPE

We first performed principle component analysis (PCA) and found that the greatest amount 

of difference between these samples was between PE and the control groups as a whole 

(PC1: 20% and PC2: 12%) (Supplemental Figure 2B). Ancestry-dependent separation was 

subtle at PC10 (2%) in PE African vs. others (Supplemental figure 2C and Supplemental 

Table 5).

We next performed differential gene expression analysis of sPE vs. normotensive controls 

within each ancestry, and found 120 protein-coding genes upregulated in African-sPE, 158 

in Asian-sPE, and 891 in European-sPE placentas (Figure 1A; Supplemental Tables 6–8). 

Among the 120 protein-coding genes upregulated in African ancestry sPE versus African 

ancestry normotensive controls, 67 of them were also upregulated in Asian and European 

sPE versus normotensive controls (Figures 1A–B).

The relatively small number of differentially expressed genes did not show enrichment of 

ontology terms using hypergeometric statistical tests. We therefore used our ranked gene 

list to perform gene set enrichment analysis (GSEA) to look for enriched pathways in our 

dataset. We found 11 gene sets commonly enriched in PE of all three ancestries compared to 

their respective normotensive controls (Figure 1C).

We then performed leading edge and fold-change analysis and identified the genes driving 

the pathways upregulated in sPE versus normotensive controls of all ancestries; the 

most highly upregulated genes included genes involved in metabolism (LEP and HK2), 

inflammation (TPBG, ARMS2, QPCT, SH3BP5), hypoxia (TMEM45A, HTRA1, FLT1, 
ARHGEF4), cell migration (MYO7B), protein localization (PHYHIP), hormone synthesis/

regulation (CRH, PAPPA2) and TGF-beta signaling, angiogenesis and matrix remodeling 

pathways (ENG, FSTL3 and INHA) (Table 1; Supplemental Tables 9–11).

Allograft rejection and adaptive immune response genes and pathways are selectively 
upregulated in placentas from patients of African ancestry with sPE

Our GSEA identified 5 pathways, including allograft rejection and adaptive immune 

response (interleukin-JAK-STAT signaling) pathways, upregulated in placentas from sPE 

patients of African ancestry (versus African ancestry normotensive controls), but not in 

Asian or European ancestry sPE placentas (versus normotensive controls) (Figure 2A). We 

performed leading edge and fold-change analysis and identified the genes more highly 

upregulated in African versus Asian and European ancestry sPE placentas included genes 

involved in allograft rejection/immune response (IL3RA, INHBA, CXXC1, TNFAIP2, 
CXCL8, LTF, USP18, TREM1), hedgehog and wnt signaling (PTCH1), ion transport (CP), 

water transport (AQP1) and blood pressure regulation (NPR3) (Table 2).
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To narrow down the most significant of the uniquely or more highly expressed genes in 

placentas from African ancestry sPE patients versus Asian and European ancestry sPE 

patients, we performed differential gene expression analysis of placentas from African 

versus Asian ancestry sPE patients and African versus European ancestry sPE patients 

(Supplemental Tables 12–13) and then corrected for PE-independent ancestry-related 

differences by comparing identified upregulated genes to the 120 genes upregulated in 

placentas from African ancestry sPE patients versus African ancestry normotensive controls; 

LTF, NPR3 and PHYHIP were the most significant of the genes more highly expressed in 

placentas from African ancestry sPE patients versus Asian ancestry sPE patients; PTCH1 
and allograft rejection/adaptive immune response genes, IL3RA and CXXC1 were the most 

significant of the genes more highly expressed in placentas from African ancestry sPE 

patients than in both Asian and European ancestry sPE patients (Figure 2B–C).

High placental upregulation of IL3RA is associated with unexplained tachycardia and 
peripartum cardiomyopathy

To determine the extent to which high gene expression correlated to adverse maternal 

outcomes, we reviewed the electronic medical records for maternal complications – 

renal failure, stroke, unexplained tachycardia (i.e. tachycardia in the absence of clinically 

explained causes such as chorioamnionitis, urinary tract infection, viral infection, post-

partum hemorrhage/anemia, dehydration, sleep apnea and bulimia) and peripartum 

cardiomyopathy – in the patients with the highest placental expression of the 6 genes 

uniquely or more highly upregulated in African ancestry sPE placentas. We found that 

patients with the highest IL3RA expression levels for their ancestry developed either 

peripartum cardiomyopathy (PPCM; African ancestry) or unexplained tachycardia (UET; 

Asian and European ancestries) (Figure 3A).

We thus searched for UET and PPCM in the medical records of all 50 sPE study patients 

and found elevated IL3RA levels to be significantly associated with UET or PPCM (Fisher’s 

exact test p value .0005) (Table 3). We performed regression analysis of IL3RA levels in 

placentas of sPE patients of African, Asian and European ancestries delivered at various 

gestational ages and found IL3RA levels to be elevated in African ancestry sPE placentas, 

regardless of gestational age at delivery (Figure 3B). In African ancestry parturients, 

individual placentas showed upregulation of both canonical (exemplified by FLT1 and LEP) 

and allograft rejection/ immune response genes (exemplified by IL3RA) (Supplemental 

Figure 3).

Placental syncytiotrophoblast CD123 expression by immunohistochemistry correlates with 
placental DEseq2 normalized IL3RA expression levels

To confirm protein expression and determine the cell-specific placental localization of 

IL3RA, we evaluated the localization and expression pattern of CD123, the protein 

product of IL3RA by immunohistochemistry on formalin-fixed paraffin-embedded (FFPE) 

sections from sPE patient placentas with the highest and lowest placental IL3RA levels 

for their ancestry (i.e. the 2 highest and 2 lowest IL3RA-expressing sPE placentas of 

each ancestry; N =12). There was variable CD123 expression in chorionic plate vessel 

endothelial cells, stem villous vessel endothelial cells, decidual vessel endothelial cells and 
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syncytiotrophoblasts (Figure 4A–D). CD123 expression in syncytiotrophoblasts correlated 

with DEseq2 normalized IL3RA expression levels (simple linear regression p = .0027), but 

expression in stem villous vessels did not (p = .1782) (Figure 4E–F).

Discussion

Factors underlying increased PE risk and worse PE outcomes in African ancestry 

pregnancies and parturitions are incompletely understood. In their seminal papers Leavey 

et al.14–15 identified molecular subtypes of preeclampsia, including canonical, associated 

with increased expression of genes like FLT1, LEP and FSTL3 involved in angiogenesis and 

metabolism and immunologic, associated with increased expression of allograft rejection-

associated genes. In the current study, we evaluated placental gene expression by RNA 

sequencing in patients with sPE of African, Asian and European ancestries and found 

upregulation of canonical PE genes in sPE patients of all ancestries. Of the canonical PE 

genes, LEP, FSTL3, HK2 and FLT1 were among the most highly upregulated.

Fms-related receptor tyrosine kinase, FLT1 is probably the most widely recognized PE-

associated gene, having been found to be upregulated in PE in multiple studies31–34. The 

ratio of soluble FLT-1 (sFlt-1) to placental growth factor (PIGF) has been validated as 

a test to predict impending PE35. Leptin, LEP plays a major role in the regulation of 

energy homeostasis and body weight36. Elevated LEP has been previously described in 

preeclampsia in multiple studies and leptin infusion in mice induces clinical characteristics 

of preeclampsia37–38. Longitudinal measurement of leptin/ceramide ratio outperformed 

sFlt-1/PIGF ratio in predicting impending PE39. Follistatin-like 3, FSTL3 is an activin 

antagonist that Mukherjee et al. found to be involved in glucose and fat metabolism40. 

In their unsupervised placental gene expression profiling, Leavey et al14–15 found FSTL3 
to be the top gene associated with canonical PE. Hexokinase 2, HK2, is involved in 

glucose metabolism41. A number of studies have reported differential expression of HK2 
in PE32, 42–43.

We observed lactotransferrin (LTF), phantonyl-CoA 2-hydroxylase interacting protein 

(PHYHIP) and natriuretic peptide receptor 3 (NPR3) to be more highly expressed in 

placentas from African ancestry sPE patients than in Asian ancestry sPE patient. LTF 
encodes an iron-binding protein involved in the innate immune response. Prior studies have 

reported upregulation of LTF in preeclampsia31. PHYHIP has been described to be involved 

in protein localization and has been suggested to be involved in the development of Refsum 

disease, a neurologic disorder caused by the toxic accumulation of phytanic acid in brain and 

peripheral neurons44. A few studies have identified PHYHIP as one of the placenta genes 

associated with early-onset preeclampsia45–46. NPR3 gene encodes one of three natriuretic 

peptide receptors, involved in regulation of blood volume and pressure47. To our knowledge, 

ours is the first study to report elevation of NPR3 in preeclamptic placentas. Interestingly 

however, genome-wide association studies have identified risk loci in NPR3 to be associated 

with preeclampsia48–49.

Another important finding in this study is that PTCH1 and genes and pathways involved in 

allograft rejection and adaptive immune responses –, CXXC1 and IL3RA – are selectively 
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or more highly upregulated in placentas from parturient persons of African ancestry with 

sPE than in both Asian and European ancestry sPE parturients. Patched 1 (PTCH1) is 

a component of the hedgehog signaling pathway that also regulates WNT signaling50. 

Interestingly, though we observe upregulation of placental PTCH1 in African ancestry 

sPE patients, Takai et al.51 reported down-regulation of placental PTCH1 in a Japanese 

cohort of preeclamptic patients; we do not observe any significant change in PTCH1 in 

our cohort of Asian sPE versus normotensive patients. Cxxc finger protein 1 (CXXC1) is a 

CpG-binding transcriptional activator that plays a role in the survival and differentiation of T 

cells52–54. Interleukin 3 receptor alpha (IL3RA) is a cell surface receptor for IL3, expressed 

on hematopoietic progenitor cells, monocytes and B-lymphocytes55. To our knowledge, ours 

is the first to report the upregulation of CXXC1 and IL3RA in preeclampsia.

The most striking finding in our study is the association between high placental expression 

of IL3RA and unexplained tachycardia and peripartum cardiomyopathy in sPE patients. 

Binding of IL3 to IL3RA causes heterodimerization with the beta subunit, IL3RB, and 

downstream JAK2-STAT5 signaling56. IL5 and GM-CSF share the beta subunit with IL3 and 

can activate signal transduction upon binding57. High levels of IL3 and GM-CSF have been 

observed in various models of heart failure. Vistnes et al.58 found IL3 and GM-CSF among 

the cytokines increased upon inducing heart failure in a mouse cardiomyopathy model. IL3 

caused allograft fibrosis and chronic rejection of mouse heart transplants59. IL3 impaired 

the cardioprotective effects of endothelial cell-derived extracellular vesicles in a rat cardiac 

ischemia/reperfusion model60. In humans, Oren et al.61 found CRP, GM-CSF and IL3 to 

be significantly upregulated in the first 12 hours of patients presenting to the emergency 

department with acute myocardial infarctions.

Placental endothelial cells and syncytiotrophoblasts express CD123, the protein product 

of IL3RA, with syncytiotrophoblast CD123 expression being a better correlate of IL3RA 
levels by RNA-sequencing. Syncytiotrophoblasts and decidual endothelial cells interact with 

the maternal systemic circulation at the intervillous space and decidua respectively62–63. 

CD123/IL3RA localization to these cell types suggests IL3RA may exert its adverse 

cardiovascular effects via interactions with the maternal systemic circulation and circulating 

immune cells. In support of this theory is the finding by Anzai et al.64 that T-cell derived 

IL3 acted on IL3RA-expressing cardiac macrophages and fibroblasts to amplify autoimmune 

inflammation in a mouse experimental myocarditis model. Furthermore, Pistulli et al65 

found accumulation of CD123+ dendritic cells in hearts of humans with acute myocarditis, 

and that dendritic cell accumulation caused adverse left ventricular remodeling in murine 

model of experimental myocarditis. IL5, which shares the signal transducing beta subunit 

with IL3-IL3RA, is a contributor to the pathogenesis of eosinophilic myocarditis66–69. 

Altogether, the upregulation of placental IL3RA in patients with sPE who develop 

unexplained tachycardia and/or peripartum cardiomyopathy suggest that this marker may 

be a predictor and/or cause of cardiac dysfunction, perhaps via interaction with circulating 

immune cells that then accumulate in, and cause damage to, the heart. Studies of the 

crosstalk between syncytiotrophoblasts, immune cells, and cardiomyocytes may yield 

further mechanistic insights into how the placenta may cause cardiovascular damage in 

susceptible patients.
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In summary, we have identified high placental expression of metabolism and angiogenesis 

(canonical PE) genes as well as allograft rejection/immune response (immunologic PE) 

genes, particularly CXXC1 and IL3RA in African ancestry sPE parturients. Notably, 

individual placentas from patients of African ancestry with sPE had upregulation of both 

canonical PE genes and immune response genes, and high placental IL3RA was associated 

with unexplained tachycardia and peripartum cardiomyopathy. This high expression of both 

canonical and immunologic PE genes likely explains the worse placental histopathology, 

with increased rates of maternal vascular malperfusion and perivillous fibrin deposition, 

we observe in African ancestry sPE parturients. Our findings suggest that the combined 

activation of canonical PE and allograft rejection/adaptive immune response genes may be 

a marker of worse placental injury and harbinger of worse PE outcomes. As pregnancy 

is a semi-allogeneic state and HLA diversity is higher in people of African ancestry70, 

the possibility that the higher upregulation of canonical and immunologic PE genes in 

pregnancies and parturitions with maternal African ancestry may be related to higher rates of 

maternal-fetal HLA mismatches in this population is an intriguing concept for future studies.

Limitations

Our study was retrospective and limited by the small number of patients with preeclampsia 

who developed unexplained tachycardia or peripartum cardiomyopathy peripartum, which 

raises the possibility that our observed association between high placental IL3RA and 

unexplained tachycardia and peripartum cardiomyopathy is coincidental. Nevertheless, we 

think IL3RA is worth further investigation in preeclampsia and peripartum cardiomyopathy 

for the following reasons: 1. The relationship between high IL3RA levels and cardiovascular 

outcomes in sPE patients appears to cut across ancestries. 2. CD123, the protein product 

of IL3RA is expressed by cells in contact with the maternal systemic circulation 

(syncytiotrophoblasts and endothelial cells) and therefore likely mediates systemic effects. 3. 

The ligands for IL3RA/CD123 have been shown to cause cardiovascular damage in animal 

models and to be increased in human patients with heart failure. Prospective studies of 

how expression of placental genes relate to peripartum cardiovascular complications are 

warranted. Another limitation of our study is that we were unable to obtain pre-pregnancy 

BMI in a majority of our patients due to the fact that many of our patients were transferred 

to UCSD to obtain higher level of care. Furthermore, we did not have enough samples in 

our African ancestry group to include birth weight percentile in our DESeq2 adjustment 

formula and maintain statistical power. Larger studies that include higher numbers of 

African ancestry patients are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Genes and pathways upregulated in common in placentas from severe PE versus 

normotensive patients of African, Asian and European ancestries. A. Differential gene 

expression analysis of sPE vs. normotensive controls within each ancestry showing the 

numbers of protein-coding genes that are significantly upregulated (with DESeq2 calculated 

adjusted p values of <.05) in sPE versus normotensive placentas of each ancestry. B. Heat 

map of the 67 protein-coding genes upregulated in patients of all three ancestries with sPE. 

C. Results of gene set enrichment analysis showing signaling pathways upregulated in sPE 

versus normotensive placentas.
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Figure 2: 
Genes and pathways selectively or more highly upregulated in African ancestry sPE 

placentas. A. Results of gene set enrichment analysis showing pathways upregulated in 

African ancestry sPE (vs. normotensive) placentas, but not in Asian or European ancestry 

sPE (vs. normotensive) placentas. B. Identification of the most significant protein-coding 

genes upregulated in African ancestry sPE placentas; differentially upregulated genes in: 1. 

African ancestry sPE vs. normotensive placentas; 2. African sPE vs. Asian sPE placentas 

and 3. African sPE vs. European sPE placentas were compared. Non-protein-coding genes 

were excluded. Statistical analysis was performed using DESEq2; adjusted p values <.05 

were considered significant. C. Plots of DESeq2-normalized gene expression levels of the 

most significant genes upregulated in African ancestry sPE placentas in comparison to their 

levels in Asian and European ancestry sPE placentas. Statistical analysis was performed 

using DESEq2; adjusted p values <.05 were considered significant.
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Figure 3: 
A. Patients with the highest placental DESeq2 normalized IL3RA expression levels for 

their ancestry developed either unexplained tachycardia or peripartum cardiomyopathy. B. 

Logarithmic regression analysis of DESeq2 normalized placental IL3RA expression levels 

in African versus Asian and European ancestry severe preeclampsia parturitions at various 

gestational ages.
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Figure 4: 
CD123 localization in placenta sections; in placentas with CD123 expression, variable 

expression was seen in chorionic plate vessels (A), decidual vessels (B), stem villous vessels 

(C) and syncytiotrophoblasts (D). CD123 expression in syncytiotrophoblasts correlated 

better with DESeq2 normalized IL3RA expression levels than expression in stem villous 

vessels (E and F).

Aisagbonhi et al. Page 18

Placenta. Author manuscript; available in PMC 2024 February 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aisagbonhi et al. Page 19

Table 1:

Fold changes in genes upregulated in severe PE (versus normotensive controls) of all three ancestry groups. 

Listed genes include leading edge genes and genes upregulated at greater or equal to 2.5-fold in African 

ancestry severe PE placentas. DESeq2 adjusted p value <.05 for all listed genes.

Leading edge genes African ancestry fold change Asian ancestry fold change European ancestry fold change

LEP 23.42 18.34 11.11

FSTL3 14.18 13.28 3.49

HK2 6.39 5.21 3.50

TMEM45A 4.09 2.26 3.06

HTRA1 3.99 2.46 2.23

SH3BP5 3.69 3.07 2.39

ENG 3.59 2.36 2.27

TPBG 3.58 2.30 1.86

INHA 3.56 3.35 2.61

NDRG1 3.34 2.57 2.37

SPAG4 3.18 2.68 2.94

SLC6A8 2.79 2.08 2.18

PROCR 2.59 2.09 2.35

TRIM14 2.58 1.87 2.03

GAPDH 2.47 1.82 1.62

DUSP1 2.35 1.93 1.78

SCARB1 1.82 1.66 1.64

SLC2A1 1.79 1.71 1.61

OCRL 1.78 1.60 1.59

RHOB 1.69 1.59 1.35

Non-leading edge highly upregulated 
genes

ARMS2 9.49 6.54 5.36

ARHGEF4 6.09 6.31 3.02

FLT1 5.55 4.30 4.14

MYO7B 5.12 3.29 3.03

PHYHIP 4.89 2.46 2.54

CRH 4.42 3.13 2.91

QPCT 4.36 2.54 2.43

RNF223 3.98 4.94 3.35

PAPPA2 3.72 4.07 2.97

PNCK 3.37 4.24 2.89

PLIN2 3.29 2.32 2.09

ARHGAP45 3.28 3.38 2.35

RASEF 3.21 2.32 2.29

GPR146 3.18 1.94 1.74

PPP1R3G 2.86 2.34 1.57

NPNT 2.85 2.20 2.33

Placenta. Author manuscript; available in PMC 2024 February 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aisagbonhi et al. Page 20

Leading edge genes African ancestry fold change Asian ancestry fold change European ancestry fold change

MXI1 2.79 1.95 1.70

TET3 2.76 1.79 2.08

NECTIN4 2.75 2.32 1.97

FLNB 2.72 1.75 1.77

SASH1 2.71 2.26 2.46

GPT2 2.65 1.87 1.87

HEXB 2.61 1.86 1.72

BCL6 2.54 2.15 1.91

SFXN3 2.53 2.19 1.79
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Table 2:

Fold changes in genes upregulated in African ancestry severe PE (versus normotensive control) placentas. 

Listed genes include leading edge genes and genes upregulated at greater or equal to 2.5-fold in African 

ancestry severe PE placentas. DESeq2 adjusted p value <.05, except when listed as NS (not significant).

Leading edge genes African ancestry fold change Asian ancestry fold change European ancestry fold change

LTF 15.89 NS 6.22

IL3RA 3.87 NS NS

INHBA 3.16 NS 2.56

USP18 2.38 NS NS

ERO1A 2.06 NS 1.73

PTCH1 1.82 NS NS

CXXC1 1.75 NS 1.26

Non-leading edge highly upregulated 
genes

HTRA4 5.83 NS 4.44

CGB5 5.27 NS 2.86

CP 5.01 NS NS

CXCL8 4.44 NS NS

TREM1 4.28 NS 2.38

ANKRD37 4.04 NS NS

PPP1R1C 3.89 NS 2.42

BHLHE40 3.32 NS 2.11

CELSR1 3.28 NS NS

AQP1 3.15 NS 2.12

NRIP1 2.96 NS 1.93

NPR3 2.76 NS NS

MYO15A 2.52 NS 1.67

TNFAIP2 2.50 NS NS
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Table 3:

Frequency of unexplained tachycardia or peripartum cardiomyopathy and their relationship with IL3RA levels 

in parturitions complicated by preeclampsia with severe features (sPE) per ancestry (N=50). Comparison 

placental IL3RA levels were set to 2-fold greater than average of the levels in sPE patients per ancestry.

IL3RA PPCM or unexplained tachycardia No PPCM or unexplained tachycardia

IL3RA 2-fold greater than PE average for ancestry African – 1 African – 0

Asian – 1 Asian – 0

European – 1 European – 0

Total – 3 Total – 0

IL3RA less than 2-fold of PE average for ancestry African – 0 African – 8

Asian – 0 Asian – 17

European – 2 European – 20

Total – 2 Total – 45

Fisher’s exact test p-value .0005
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