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Lifting the lid on unborn lethal Mendelian phenotypes
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Purpose: Mendelian phenotypes in humans vary from benign vari-
ants to lethal disorders. Embryonic lethal phenotypes that are simi-
lar to what has been known for a long time in mice have remained
largely unknown because of the difficulty in arriving at a molecular
diagnosis. The purpose of this study is to test whether next generation
sequencing can reveal the underlying etiology of recurrent fetal loss.

Methods: We hypothesized that exome sequencing combined with
autozygome analysis can reveal the underlying mutation in a family
in which recurrent fetal loss was likely to be autosomal recessive in
origin.

INTRODUCTION

The recent availability of next-generation sequencing has ushered
in a new era of medical genetics and genomics, particularly in
the area of Mendelian diseases.' The pace at which novel disease
genes are identified is unprecedented, and patients and families
with these diseases are now reaping the benefits from accurate
molecular diagnosis.” The remarkable variability in phenotypic
severity observed in these newly “solved” Mendelian disorders
raises interesting possibilities about the degree to which the
phenotypic spectrum of single-gene mutations can extend. For
instance, now it is not only possible to hypothesize the existence
of single-gene mutations that are lethal in utero (akin to “embry-
onic lethal” phenotype in mice) but also to test this hypothesis
using next-generation sequencing. In other words, one can now
test for the existence of Mendelian disorders that have not yet
been cataloged because they are embryonic lethal. In this com-
munication, we show for the first time the use of next-generation
sequencing to identify the causative mutation in a family with
recurrent fetal loss due to nonimmune hydrops fetalis (NIHF).

CLINICAL REPORT
The consultand is a 24-year-old Saudi woman who presented
at 15 weeks of gestation for prenatal counseling with her first-
cousin husband. She had a history of two fetal losses due to
NIHE The couple has one healthy son, and the family history
was negative for malformation syndromes or recurrent fetal loss.
Available records on the two pregnancies with NIHF revealed
normal karyotype on amniocytes from one and on cord blood

Results: A novel mutation in CHRNAI was identified. This gene is
known to cause multiple pterygium and fetal akinesia syndrome.

Conclusion: This is the first report of exome sequencing to identify
the cause of recurrent fetal loss and reveal the diagnosis of a lethal
human phenotype. Our results should inspire a systematic exami-
nation of the extent of “unborn” Mendelian phenotypes in humans
using next-generation sequencing.
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from the other. Both pregnancies were terminated therapeuti-
cally and parents were counseled for the possibility of an unde-
termined autosomal recessive cause of the recurrent fetal loss.
The current pregnancy developed signs of NIHF at 19 weeks of
gestation, but detailed ultrasonographic examination was non-
specific otherwise. Parents were counseled on the possibility of
an autosomal recessive disorder and expressed intense interest
in pursuing detailed genetic investigation of their current preg-
nancy. After signing a written informed consent (KFSHRC RAC
no. 2080006), cord blood from the fetus was drawn for karyo-
typing and DNA extraction. High-resolution conventional and
molecular karyotype (array comparative genomic hybridization)
were both normal.

EXOME SEQUENCING AND FILTRATION
We hypothesized that given the consanguineous nature of the
parents, the proposed causal autosomal recessive mutation
would reside within the autozygome. Because we did not have
access to DNA from previously affected pregnancies, we pro-
ceeded with exome sequencing of this fetus and filtered the
resulting variants by the autozygome. Of 4,400 homozygous
coding/splicing variants, 440 resided within the autozygome
and of these only 5 were novel, i.e., absent from dbSNP and 200
in-house Saudi exomes (Supplementary Figure S1 and Table
S1 online). Of these five missense variants, only two (R254C
in CHRNA1 and P825S in SAP130) were absent in 250 Saudi
controls by direct sequencing whereas the other three (R634G
in ZAK, E25G in MOCS2, and R1168G in KIAA1462) were
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Figure 1 Identification of a Mendelian cause of recurrent fetal loss by exome sequencing. (a) Schematic of CHRNA1 protein with the novel mutation
indicated by an inverted red triangle. Sequence chromatogram of the fetus and the carrier parent is shown to the right. (b) R254 is strongly conserved in
CHRNAT1 orthologs. (c) R254 is also conserved across other human CHRN proteins.

encountered, albeit at low frequency (Supplementary Table S1
online). The variant ¢.760C>T, p.R254C in CHRNA1 was par-
ticularly interesting because mutations in this gene are known
to cause fetal akinesia and NTHE? This variant was absent in
178 Saudi controls by direct sequencing and the affected resi-
due was not only conserved across species but was also con-
served among all other acetylcholine receptors (Figure 1). In
addition, the only other variant that was absent in Saudi con-
trols (P825S in SAP130) is unlikely because mice homozygous
for a transposone insertion in this gene lack any discernible
phenotype (http://www.jax.org). Therefore, the missense vari-
ant in CHRNA1 is the most likely candidate mutation, although
we could not confirm segregation due to lack of available tissue
from previously affected fetuses.

DISCUSSION
Next-generation sequencing has quickly proven helpful in a
number of clinical settings. Its first application in Mendelian
disorders was quickly followed by its adoption by the oncology
community, and it is likely that it will be beneficial in common
diseases as well (it has already proven effective in Mendelian
phenocopies of common diseases).*® Under the Mendelian
category, next-generation sequencing has shown promise in
identifying the cause of not only recognized syndromes but also
ambiguous clinical presentations.”® Next-generation sequenc-
ing has been used to diagnose a fetus with hemoglobinopathy
based on the knowledge of parental carrier status.” However, to
the best of our knowledge, this technology has not been used to
identify the cause of an undiagnosed lethal unborn Mendelian
condition. NIHF is the final common pathway of a very het-
erogeneous group of disorders, and it is often very difficult to
discern the underlying etiology due to the nonspecificity of the
presentation.”” Mendelian causes of NIHF are numerous, and
the case we present shows that next-generation sequencing
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can be used to effectively identify the cause. We acknowledge
that most cases of NIHF are not likely to be Mendelian, but
we suggest that next-generation sequencing may be consid-
ered in recurrent NIHF or even in the first presentation when
no specific cause can be identified. In addition, what this case
suggests is that unborn lethal Mendelian conditions are for the
first time amenable to genetic analysis at a high resolution. It
will be extremely informative to systematically study products
of conception for the possible occurrence of lethal Mendelian
mutations. An attractive population would be consanguineous
healthy couples with a history of recurrent abortion or fetal loss
(especially when they have at least one healthy child as this can
eliminate a lot of maternal causes of recurrent pregnancy loss)
to increase the odds of finding such mutations. Cataloging of
these mutations will provide insight into previously untapped
Mendelian genes, some of which may already have equivalent
embryonic lethal mouse phenotype.
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