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ABSTRACT

Background: Hypohidrotic ectodermal dysplasia (HED) is a genetic skin condition presenting as hypohidrosis, hypodontia, and
hypotrichosis, resulting in an important burden for affected families. The most common form of HED has an X-linked inheritance
and female carriers have the option of prenatal or preimplantation genetic testing (PGT) to avoid transmission of the disease.
A combined PGT for a mutation in EDA gene and aneuploidies in a Mexican carrier of X-linked HED is reported. Materials and
Methods: Ovarian stimulation and assisted reproduction procedures were performed in a private academic medical center. PGT
for a novel c.707-1G>A (rs886039466) mutation in EDA gene and chromosomal aneuploidies was performed by massive
parallel and Sanger sequencing. Results: In the first PGT, the transfer of two blastocysts did not result in a pregnancy. An ac-
cumulative stimulation approach was decided to improve pregnancy chances for a second PGT procedure. Three ovarian
stimulations were performed and 10 blastocysts coming from fresh and vitrified oocytes were genetically analyzed. A single
embryo transfer produced a healthy non-carrier euploid girl. Discussion: PGT combining aneuploidy and mutation analyses is
an alternative for female carriers of X-linked and other Mendelian disorders in Latin-American countries. In the era of ge-
nomic and personalized medicine, medically assisted reproduction techniques, such as PGT, are shifting from only infertility to
preventive genetics. (REV INVES CLIN. 2018;70:164-8)
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INTRODUCTION

Hypohidrotic ectodermal dysplasia (HED) is one of
the ectodermal dysplasias, a group of approximately
200 genetic skin disorders affecting the structure of
ectodermal tissues, skin, hair, nails, sweat glands, and
teeth. HED is characterized by a triad of signs: hypo-
trichosis, anodontia or hypodontia, and anhidrosis or
hypohidrosis?®.

HED is caused by mutations in EDA, EDAR, EDARADD,
or WNTIOA genes and inherited in an autosomal
dominant, autosomal recessive, or X-linked manner
depending on the gene involved!. The majority of in-
dividuals with HED has the X-linked form (OMIM
305100) with pathogenic variants in EDA gene lo-
cated at Xg13.1 and encoding for ectodysplasin-At.

Patients carriers of an X-linked, autosomal recessive,
or dominant genetic disorder have two main options
to prevent the transmission of disease: prenatal diag-
nosis or preimplantation diagnosis. Prenatal diagnosis
can be performed determining only sex (by karyotyp-
ing) or with direct mutation analysis in fetal tissue
obtained from chorionic villus sampling or amniocen-
tesis. Preimplantation genetic testing (PGT) offers the
advantage that couples do not need to interrupt an
already established pregnancy. However, for PGT-M, it
is required to know in advance which is the mutation
and set up a specific assay for embryo testing in each
affected family. There are important advances to the
study of genetic make-up of embryos, and now, it is
becoming possible to study aneuploidies and muta-
tions producing Mendelian disorders at the same
time2

In this report, we describe our experience in perform-
ing a combined preimplantation genetic testing (PGT)
for aneuploidy using massive parallel sequencing and
single-gene defect in EDA gene in a Mexican family
affected by X-linked HED.

MATERIALS AND METHODS
Assisted reproduction procedures
Transvaginal ultrasound scan was performed on the

patient at day 2 or 3 of her menstrual cycle to verify
ovarian quiescence and perform antral follicle count3.

165

300 IU recombinant follicle-stimulating hormone
(rFSH) + 150 recombinant luteinizing hormone (rLH)
(Pergoveris, Merck Serono) and 75 IU rFSH (Gonal,
Merck Serono) were initiated on day 3 until oocyte
retrieval and gonadotropin-releasing hormone antag-
onist started when one follicle reached 14 mm. A
single s.c. injection of 250 pg of recombinant human
chorionic gonadotropin (rhCG) (Ovidrel, Merck Sero-
no) was administered when one follicle reached 18
mm; 36 h after the hCG injection, oocyte retrieval
was performed by culdocentesis using a needle and
vacuum pump with the patient under IV sedation3.

Embryology procedures were modified from our previ-
ous protocols®. In retrieved cumulus-oocyte complex-
es, granulosa cells were removed using hyaluronidase
(InVitroCare) and mechanical pipetting for the as-
sessment of oocyte maturity. Mature (metaphase I)
oocytes were injected with spermatozoa obtained
after gradient centrifugation (Pure Sperm, Nidacon)
combined with a swim-up procedure. Injected oocytes
were transferred to Global Total medium (LifeGlobal
Group) covered with paraffin oil (LifeGlobal Group)
and incubated at 37°Cin 6.5% CO,, 5% O, in mini-
incubators (Miri, Esco). After 17 h, fertilization was
evaluated by the presence of two pronuclei and two
polar bodies. Embryos were cultured in 20 pl droplets
of Global medium at 37°C in 6.5% CO,. For embryo
biopsy, laser (Octax, MTG GmbH)-assisted trophec-
toderm biopsy of day 5 or 6 blastocysts in HEPES-HTF
medium (LifeGlobal) was performed. The biopsies of
trophectoderm containing 5-10 cells were transferred
to polymerase chain reaction (PCR) tubes and trans-
ported to Igenomix laboratory. Zygotes and blasto-
cysts were vitrified using Cryotop devices (Kitazato);
blastocysts were maintained frozen waiting for the
genetic results. Endometrial preparation was from a
natural cycle, and embryos were transferred using a
Wallace catheter under ultrasound guidance. Luteal
supplementation with micronized progesterone 90
mg vaginal gel (Crinone, Merck Serono) for 3 months
was prescribed. Levels of hCG 14 days after embryo
transfer were measured, and fetal heartbeat con-
firmed at 35 days after embryo transfer with obstet-
rical follow-up of established pregnancy.

Genetic analysis

Genetic analysis was performed by Igenomix, Spain.
Microsatellite markers DXS1125,DXS1275,DXS8031,
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Figure 1. Pedigree of family. Affected members are shown by B, proband by arrow, and carriers by dotted circles. Only proband

underwent molecular testing.
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DXS1690, DXS8107, DXS8052, and the mutation
€.707-1G>A were analyzed using DNA from the cou-
ple, an affected nephew, and a healthy nephew using
capillary electrophoresis and minisequencing in an
AB3130 machine (Thermo Fisher Scientific). This was
done to confirm that PGT for the mutation was pos-
sible.

For aneuploidy screening, whole genome amplification
and screening for unbalanced chromosomes were per-
formed with lon ReproSeq PGS kit (Thermo Fisher
Scientific) using massive parallel sequencing in a PGM
system and analyzed by ReproSeq Low-pass v 1.0 tool
of lon Reporter version 5.0 suite. c.707-1G>A muta-
tion was analyzed by minisequencing and using
DXS1275, DXS8031, and DXS1690 y DXS8107
markers by fragment analysis and amelogenin (AME-
LY) gene for detection of Y chromosome by quantita-
tive PCR.

RESULTS
Patients

This family is affected by X-linked HED with three
affected members, two deceased brothers (Fig. 1, in-
dividuals lll-5 and IlI-8) and one nephew (Fig. 1, indi-
vidual IV-8) of the proband. The proband (individual
IlI-3, marked by an arrow in Fig. 1) is a 25-year-old
woman who has two missing teeth (upper right and
left lateral incisors), with no other features of HED.
Her partner is a 26-year-old healthy man. The couple
was referred to our infertility clinic for their interest
in PGT for X-linked HED before attempting to con-
ceive.

The patient is a carrier of a novel pathogenic genetic
variant NM_001399.4:c.707-1G>A (rs886039466)
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in EDA gene (OMIM 300451). This variant was in-
cluded in ClinVar database (SCV000322044.6) by
GeneDx laboratory, which originally performed mo-
lecular testing and classified it as pathogenic. It is
proposed that the mutation removes the canonical
splice acceptor site in intron 4 and causes abnormal
gene splicing. The rs886039466 variant is not re-
ported in the 123,136 exomes, and 15,496 genomes
included in the gnomAD database or the 62,784 in-
dividuals of TOPMed database, supporting that this is
a rare variant even in Latino population.

PGT cycles

In the first PGT cycle, 11 oocytes were retrieved, of
and seven were in metaphase Il. Five blastocysts de-
veloped after intracytoplasmic sperm injection (ICSI);
three blastocysts of excellent quality were biopsied
with the following results: Two non-carrier, non-aneu-
ploid XY embryos, and one XX carrier, —10q abnormal
embryo. The two non-carrier XY blastocysts were
transferred with a negative B-gonadotropin result 2
weeks after transfer.

For a second PGT cycle, we decided to change the
stimulation approach and accumulate zygotes before
the blastocyst biopsy to have a better chance of preg-
nancy and decrease the cost of genetic testing. Three
ovarian stimulations were performed obtaining six
metaphase Il oocytes and six vitrified zygotes in the
first stimulation, and seven metaphase Il oocytes and
six vitrified zygotes in the second. In the third and last
stimulation, 12 metaphase Il oocytes were retrieved,
and nine zygotes were obtained. The 12 zygotes from
two previous stimulations were thawed, and all em-
bryos were cultured to blastocyst stage having a total
of 10 blastocysts biopsied for the second PGT cycle.
The results of combined genetic diagnosis of the sec-
ond PGT are presented in table 1.
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Table 1. Results of combined genetic analysis for EDA ¢.707-1G>A mutation and aneuploidy in the second PGT cycle.

Embryo  Origin Mutation and Aneuploidy Sex Combined Recommended
maternal haplotype screening diagnosis for transfer
1 Fresh oocyte Negative No imbalance XX XX, not a carrier, Yes
no aneuploidy
2 Fresh oocyte Positive No imbalance XX XX, carrier, Counseling for
no aneuploidy female carrier
3 Fresh oocyte Positive No imbalance XX XX, carrier, Counseling for
no aneuploidy female carrier
4 Fresh oocyte Negative No imbalance XY XY, not a carrier, Yes
no aneuploidy
5 Fresh oocyte Negative +16p, +21 XY XY, not a carrier, No
aneuploidy
6 Fresh oocyte Negative -9q XX XX, not a carrier, No
aneuploidy
7 Vitrified embryo  Positive -16 XX XX, carrier, No
aneuploidy
8 Vitrified embryo  Negative +12, +16p XX XX, not a carrier, No
aneuploidy
9 Vitrified embryo  Positive +5q, +7, =16, +21 XX XX, carrier, No
aneuploidy
10 Vitrified embryo  Negative No imbalance XY XY, not a carrier, Yes

no aneuploidy

PGT: preimplantation genetic testing.

Embryo number 1 in table 1 was transferred; this was
an XX, non-carrier, and euploid embryo. At 14 days
after transfer, the level of hCG was 740 IU/mL. Vagi-
nal ultrasound confirmed a gestational sac with heart-
beat at 35 days. The couple was not interested in
performing prenatal genetic testing; however, a struc-
tural ultrasound at 12.5 and 22 weeks was performed
to rule out malformations. An apparently healthy girl
was delivered by cesarean section at 35.4 weeks, in-
dicated because of premature labor. She had 36 weeks
estimated by Capurro’s gestational score, weight of
2580 g and height of 47 cm with an Apgar score of
8/9. Karyotype in blood was 46,XX [30], confirming
the results of PGT-A; the mutation in the EDA gene
has not been tested in the baby.

Other two euploid, non-carrier blastocysts (Table 1)
are available in case the couple is interested in a sec-
ond child.

DISCUSSION

The mutation spectrum of X-linked HED has been
reported in different cohorts of Mexican mestizo
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patients®®, but the variant found in the reported fam-
ily is not included in those cohorts. Since several Mex-
ican families have been reported with X-linked HED,
clearly prenatal diagnosis of pathogenic mutations is
a necessary tool to support these families in Mexico.
Our report introduces PGT as an alternative for fam-
ilies looking for prenatal diagnosis of X-linked HED
using next-generation sequencing, and it can be con-
sidered as a model for other X-linked recessive disor-
ders such as hemophilia A, Menkes disease, or X-
linked adrenoleukodystrophy.

In Mexico, assisted reproduction is a well-developed
branch of gynecology with more than 40 clinics ac-
credited by the Latin-American Network of Assisted
Reproduction (REDLARA). Delivery rates per cycle in
REDLARA are 25.05% for ICSI and 27.41% for IVF,
respectively’, which are very similar to results in the
United States and the best centers in Europe. How-
ever, PGT in all of Latin America is importantly limited
compared to Europe and the US, with 2119 PGT cy-
cles and only 95 deliveries, with a delivery rate per
initiated fresh cycle of 4.7% and 36.40% delivery rate
per embryo transfer in 20147. Unfortunately, the
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REDLARA data on PGT7 do not differentiate between
PGT-A and PGT-M cycles to better estimate how of-
ten PGT-M is used in Latin-American countries to
prevent Mendelian disorders.

On the other hand, Mexico is slowly incorporating
molecular testing for mutations in patients affected
by genetic disorders, including those requiring as-
sisted reproduction as treatment for infertility® and
using new techniques for molecular diagnosis based
on parallel massive sequencing, such as exome se-
quencing®. Soon, when it becomes common that pa-
tients undergo testing to identify the mutations pro-
ducing their genetic disorders, they will request
prenatal and preimplantation diagnosis more often as
part of their reproductive decisions.

A growing experience in the United States and Europe
is showing that a single blastocyst biopsy can be used
for diagnosis of monogenic disorders or chromosome
translocations and aneuploidy screening?1°. The ra-
tionale of testing for aneuploidy in PGT-M cycles is
the high prevalence of aneuploidy in embryos from
non-infertile couples; for example, only 25% of blas-
tocysts have been reported as euploid and not af-
fected by mutations in a cohort of young women
undergoing PGT!!l. Other authors reported similar
numbers?O, strongly supporting the importance of
concurrent PGT-M and PGT-A testing. Other new PGT
techniques, such as karyomapping, offer the potential
for diagnosing recessive monogenic disorders and an-
euploidies at the same time!? without the need of
setting-up a genetic diagnosis for each family, as was
done in the case here reported.

Rare diseases are defined as those occurring with a
frequency of < 1:2000 individuals. They are mainly
genetic (80%), and it is estimated that 300 million
individuals worldwide are affected by a rare disease.
Therefore, there is a general necessity among physi-
cians practicing internal and family medicine to diag-
nose, personalize follow-up, treat, and importantly,
prevent these disorders.

In conclusion, we report the first experience using a
combined diagnosis of a monogenic disorder and
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aneuploidies in Mexico. This approach should be con-
sidered as a new tool for families affected by mono-
genic genetic disorders, including X-linked, trying to
prevent the transmission of disease. We foresee that
in the era of personalized medicine, assisted repro-
duction will have a primary role in the prevention of
diseases in families affected by rare genetic disorders.
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