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During gestation in many mammalian species trophoblast cells are directly 
bathed in maternal blood. It is this hemochorial placentation that is responsible 
for the intimate communication between both maternal and fetal 
compartments. One such placenta-mediated event involves trophoblast cell 
transformation of the uterus; wherein invasive trophoblast cells migrate from the 
placenta and restructure the maternal vasculature thus providing adequate 
blood flow to the developing fetus. Aberrant trophoblast cell development and 
function lead to obstetrical complications that are associated with 
coagulopathies. Trophoblast cells can regulate thrombotic activity through the 
production of anti-coagulation factors, including tissue factor pathway inhibitor 
(TFPI) and thrombomodulin (THBD). In mice, loss of TFPI or THBD results in prenatal 
lethality. Disruption of mouse Tfpi or Thbd genes is associated with anomalous 
placentation, which was viewed as a contributor to the in-utero demise. Mouse 
models do not adequately mirror the deep intrauterine trophoblast invasion 
observed in human and rat placentation. Consequently, in this study we 
examine the biology of TFPI and THBD in the rat. TFPI and THBD are differentially 
expressed in compartments of the placentation site over the course of 
gestation.  To investigate the physiological roles of these anti-coagulation 
factors we utilized CRISPR/Cas9 genome editing to establish loss-of-function rat 
models for TFPI and THBD. Exon 4 of the Tfpi gene and Exon 1 of the Thbd gene 
were independently targeted in separate experiments. CRISPR/Cas9 reagents 
were microinjected into embryonic day 0.5 rat zygotes. The zygotes were then 
transferred into the oviducts of appropriately timed pseudopregnant female 
rats. Offspring were screened by PCR and mutations confirmed by genomic 
DNA sequencing. Two mutant Tfpi rat founders were generated: i) 636-bp 
deletion including all of Exon 4 (Tfpi-K1), which encodes Kunitz domain 1; and ii) 
1-bp insertion within Exon 4 (Tfpi1bp); whereas, one mutant Thbd rat founder was 
produced containing a 1316 bp deletion of Exon 1. Mutations were effectively 
transmitted through the germline. Heterozygous males and females with any of 
the Tfpi or Thbd mutations were fertile. However, heterozygous intercrosses for 
Tfpi-K1, Tfpi1bp, or Thbd rat strains did not yield viable homozygous mutant 
offspring. Timed heterozygous intercrosses were euthanized at various stages of 
gestation to determine the onset of in-utero demise. Tfpi-K1 and Tfpi1bp 
phenotypes were indistinguishable. At gestation day (gd) 11.5 Tfpi null mutants 
were visibly growth restricted and possessed anemic yolk sacs. All homozygous 

  



Tfpi mutants were dead by gd 13.5. Thbd null mutants exhibited growth 
restriction by gd 10.5 and were dead by gd 12.5. Rat TFPI deficiency exhibited a 
uniform prenatal death at midgestation, which contrasts with the reported 
heterogenous phenotypes associated with mouse TFPI deficiency. Rat and 
mouse THBD deficiency exhibited similar phenotypes. In summary, we have 
successfully generated rat models possessing global disruption of Tfpi and Thbd 
loci. Although, the midgestation lethality of homozygous Tfpi and Thbd rat 
mutants precludes examining their impact on the uterine-placental interface of 
late gestation, roles for TFPI and THBD in early placentation events are actively 
being pursued. (Supported by NIH grants HD020676, HD079363, HD099638; and 
the Sosland Foundation). 


