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Abnormal placentation, often resulting from inappropriate interactions between

embryo-derived trophoblasts and maternal tissues, can lead to pregnancy

complications, including fetal intrauterine growth restriction and preeclampsia. The

tightly controlled interactions between trophoblasts, the maternal decidua and

spiral arteries are regulated by multiple local factors, including hypoxia and

activation of signaling pathways. At the beginning of the first trimester of

pregnancy, the initial phase of placentation occurs in physiologic hypoxic

conditions with oxygen tension ranging from 1-3%. Disruption of the hypoxic

microenvironment, or failure to increase oxygen tension, is believed to impact

extravillous trophoblast migration and invasion, leading to abnormal placentation,

decreased placental perfusion, and pregnancy complications. While studies

support a role for Notch and hypoxia as mediators of trophoblast (TB) function,

direct or indirect interactions have yet to be described. We hypothesized that

Notch signaling mediates the effects of hypoxia in TB cells. In this study, the first

trimester immortalized TB cell line, HTR-8/SVneo (HTR-8), was used to

investigate the relationship between hypoxia and Notch signaling on TB migration.

METHODS

RNA sequencing (RNA-seq)
• HTR-8 cells were exposed to normoxia (21% O2) or hypoxia (2.5% O2) for 6h

• Total RNA was extracted from HTR-8 cells

• RNA-seq was performed to determine differentially expressed genes

qRT-PCR
• Total RNA was extracted from HTR-8 cells after exposure to (21% O2) or

hypoxia (2.5% O2) for 6h

• Gene expression for NOTCH1, JAG1, HEY2 and NRARP was determined by

quantitative (q) RT-PCR

• The relative expression level of each target gene was quantified using (2−ΔΔCt)

comparing to 18s rRNA

Cell migration scratch assay
• To determine the effect of hypoxia on HTR-8 cell migration, cells were

exposed to normoxia (21% O2) or hypoxia (2.5% O2) for 6h and 24h

• To determine the effect of γ-secretase inhibition on HTR-8 cell migration, cells

were incubated with 25µM DAPT, γ-secretase inhibitor, or DMSO for 6h or

24h

• To determine the impact of γ-secretase inhibition on hypoxia-induced

trophoblast cell migration, HTR-8 cells were pretreated with 25µM DAPT or

DMSO for 24hrs, followed by a wound scratch and subsequent exposure to

normoxia (21% O2) or hypoxia (2.5% O2) for 6h

• In these migration assays, a scratch was made through a confluent

monolayer and wound closure captured at 0, 6, and 24h

• The distance traveled by the cells was calculated from the mean of 10

random horizontal measurements

• Percent wound closure was calculated as the difference of the scratch width

at 0h compared to 6h or 24h

Statistical Analysis
• For non-parametric data, medians were compared using the Wilcoxon rank

sum and Mann Whitney U tests and data are expressed as medians with

interquartile range (IQR)

• For normally distributed data, means were compared using Student’s t test

and data are expressed as mean± standard deviation (SD)
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Figure 1. A. Heatmap depicts expression of 36 genes in the Notch signaling

pathway in HTR-8 cells following 6h hypoxia exposure. Red asterisks indicate the 24

significantly differentially expressed genes. B-E. qRT-PCR confirming hypoxia-

induced Notch pathway gene expression changes. Expression of NOTCH1(B),

HEY2(C), JAG1(D) and NRARP(E) is increased. Data are represented as median +

IQR. *p <0.05, **p< 0.01

Exposure to hypoxia impacts cell motility 

Figure 2. Gene Ontology analysis identifies biological processes enriched in HTR-8

exposed to hypoxia.

Hypoxia increases the migration capacity of HTR-8

Figure 3. A-F. Representative images of the scratch migration after exposure to

normoxia (21% O2) or hypoxia (2.5% O2) for 0h, 6h and 24h. G,H. HTR-8 cell migration

is increased after exposures to 2.5% O2 for both 6h and 24h. Data are represented as

mean± SD. **p<0.01, *** p<0.001

Using HTR-8 cells, we demonstrated that physiologic low oxygen tension

activates hypoxia and Notch signaling pathways as well as cellular motility

pathways. We demonstrated that exposure to hypoxic conditions, increased

migration, while inhibition of γ-secretase decreased migration in both normoxic

and hypoxic conditions. Our findings support the hypothesis, that first trimester

physiologic hypoxia leads to Notch activation and promotion of trophoblast

migration. We predict that spatiotemporal alterations in hypoxia could lead to

decreased Notch activation and decreased trophoblast migration with

subsequent abnormal placentation and pregnancy complications.
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Hypoxia induced HTR-8 migration is mediated by Notch signaling

Figure 6. A. Pretreatment with 25µM DAPT decreases the migration of cells exposed to

normoxic and hypoxic conditions. B, C. Pretreatment with 25µM DAPT for 24h followed by

exposure to hypoxia for 6h decreases HES1 expression and increases ANGPTL4

expression. Cell migration data are represented as mean ± SD. qRT-PCR data are

represented as median + IQR. *p <0.05, **p< 0.01, ***p <0.001

DAPT inhibits Notch activity in HTR-8

Figure 4. Exposure to 25µM DAPT as compared to DMSO for 24h decreases HES1

gene expression in HTR-8 cells. Data are represented as median + IQR. *p<0.05.

DAPT decreases the migration capacity of HTR-8 

Figure 5. A-D. Representative images of the scratch migration after exposure to DMSO or

25µM DAPT for 0h and 24h. E. Exposure to 25µM DAPT for 24h decreases HTR-8 cell

migration. Data are represented as mean± SD. *p <0.05


