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Objective: To describe in vitro development of human embryos derived from an individual with a homozygous pathogenic variant in NLRP7
(19913.42) and recurrent hydatidiform mole (HM), an autosomal recessive condition thought to occur secondary to an oocyte defect.
Methods: A patient with five consecutive HM pregnancies was genomically evaluated via next generation sequencing followed by controlled
ovarian hyperstimulation, in vitro fertilization (IVF) with intracytoplasmic sperm injection, embryo culture, and preimplantation genetic screen-
ing. Findings in NLRP7 were recorded and embryo culture and biopsy data were tabulated as a function of parental origin for any identified
ploidy error.

Results: The patient was found to have a pathogenic variant in NLRP7 (c.2810+2T > G) in a homozygous state. Fifteen oocytes were retrieved
and 10 embryos were available after fertilization via intracytoplasmic sperm injection. Developmental arrest was noted for all 10 embryos after
144 hours in culture, thus no transfer was possible. These non-viable embryos were evaluated by karyomapping and all were diploid biparen-
tal; two were euploid and eight had various aneuploidies all of maternal origin.

Conclusion: This is the first report of early human embryo development from a patient with any NLRP7 mutation. The pathogenic variant iden-
tified here resulted in global developmental arrest at or before blastocyst stage. Standard IVF should therefore be discouraged for such pa-
tients, who instead need to consider oocyte (or embryo) donation with IVF as preferred clinical methods to treat infertility.

Keywords: Hydatidiform mole; In vitro fertilization; Preimplantation embryo development; Recurrent miscarriage; Reproductive genetics

blastic disease. These pathologic conceptions are thought to result
from fertilization of an oocyte where maternal chromosomes have

Introduction

Hydatidiform mole (HM) is sporadic and androgenetic diploid in or-
igin, and represents the most common type of gestational tropho-
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been lost and endoreduplication of a single sperm genome occurs
(or fertilization by two sperm), yielding a diploid DNA content de-
rived entirely from the paternal genome [1]. Rarely, HM can be recur-
rent or familial [2,3]. Detailed homozygosity mapping and gene mu-
tation screening in these settings has identified two causative loci,
19913.4 and 6q13—chromosomal regions which contain NLRP7 and
KHDQ3L, respectively [4]. Of note, approximately 70% of women af-
fected by familial recurrent HM have autosomal recessive mutations
of NLRP7 [5]. Compelling evidence that an abnormal oocyte is re-
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sponsible for the pathophysiology of recurrent HM is provided from
observations that in vitro fertilization (IVF) cycles using donated oo-
cytes for women with NLRP7 mutations result in normal offspring [6].
Nevertheless, several questions remain open regarding this phenom-
enon: (1) is the NLRP7 protein and/or its corresponding ribonucleic
acid (RNA) required in the oocyte, and, if yes, at what stages; (2) what
are the consequences of recessive NLRP7 mutations for the oocyte
and for the embryo (cultured in vitro) which derives from it; and (3)
when do embryo developmental defects manifest in this setting?
This case report contributes new information addressing each of
these unresolved issues.

Methods

1. Clinical presentation and genetic assessment

A 35-year-old G5P0050 presented with her husband for reproduc-
tive endocrinology consultation. Both partners were of Latino heri-
tage and in excellent health. Her blood type/Rh group was A positive;
she had no known drug allergies; and the patient took no medica-
tion on a regular basis. Between 2001 and 2012, the couple estab-
lished five unassisted conceptions, all of which were HM and elec-
tively terminated in the first trimester. After the initial pregnancy, ad-
ditional evaluation discovered that the patient had an European So-
ciety of Human Reproduction and Embryology Class llb uterine
anomaly/bicornuate uterus although her medical records did not
define which uterine compartment contained the pregnancy for all
cases. To evacuate all molar tissue, each event was followed by dila-
tion and curettage performed by a gynecologist in an outpatient set-
ting. However for her most recent pregnancy in 2012, serum human
chorionic gonadotropin (hCG) levels did not decline normally after
surgery and the patient received nine cycles of intravenous. doxoru-
bicin [7] for low risk gestational trophoblastic disease under co-man-
agement with an oncology team. She was then placed on oral con-
traceptive pills, referred to a genetic counselor and advised not to
conceive again for 12 months.

2. Molecular characterization of parents at NLRP7

The couple expressed interest in IVF and preimplantation genetic
screening (PGS) of embryos before transfer. Anonymous donor oo-
cyte IVF was also discussed but this option was declined as first-line
treatment for personal reasons. While basic chromosomal data (stan-
dard G-band karyotypes) from both partners had been reassuring,
further evaluation and counseling was obtained before moving for-
ward with IVF in April 2016. Written informed consent for clinical and
research aspects of the proposed treatment were obtained from
both partners, and the investigational component was approved by
our laboratory’s independent institutional review board. The rare na-
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ture of recurrent HM [3,8] was discussed and genomic sequencing
for the NLRP7 gene was carried out for both individuals. Briefly, ge-
nomic DNA was extracted from blood samples collected by periph-
eral venipuncture and, after evaluating the quantity and quality of
the DNA, nucleic acids were disrupted to mean fragment size of 250
bp. Hybrid capture was used to enrich for areas of interest that in-
cluded the coding and splicing regions of the NLRP7 gene. Pair-end-
ed DNA sequences were obtained by next generation sequencing
(NGS) using the NextSeq platform (lllumina, San Diego, CA, USA) at a
mean depth of 100X; all regions of interest were characterized by
coverage equal to or greater than 20X. Analysis of deletions and du-
plications was derived from NGS data; potential deletions or duplica-
tions were excluded for the index case.

3. Follicular recruitment, IVF protocol, and fertilization

technique

Pre-IVF screening tests were normal for both partners. Ovarian re-
serve [9] was considered satisfactory by serum anti-Mdllerian hor-
mone and antral follicle count estimates (4.63 ng/mL and n=12, re-
spectively). Monophasic oral contraceptive pills were used for sup-
pression in the cycle immediately prior to IVF. No ovarian cysts >15
mm diameter were detected and baseline serum estradiol was <80
pg/mL.The patient received a combined follicle-stimulating hormone
+human menopausal gonadotropin regime and gonadotropin-re-
leasing hormone (GnRH)-antagonist commenced on stimulation day
6 [10,11]. Estradiol and follicular monitoring via transvaginal ultra-
sound continued until at least three follicles had maximum diameter
of >17 mm. This threshold was achieved after a 12 day follicular re-
cruitment interval, and 2500 IU hCG+80 u GnRH-agonist (leuprolide)
was administered subcutaneous. with oocyte retrieval scheduled 36
hours later. Because PGS was planned, fertilization for all oocytes was
exclusively via intracytoplasmic sperm injection (ICSI) [12].

4. Embryo culture, biopsy, and modified PGS protocol

Embryos were initially cultured in 10 uL microdrops of G1:3 culture
medium (Vitrolife, Goteborg, Sweden), and on d3 post-fertilization
placed in 20 p of G2:3 (Vitrolife) to support blastocyst culture. As all
embryos in this study had six or more cells by d3, each was placed in
20 pL of G-MOPS medium (Vitrolife) under mineral oil and subjected
to biopsy following zona ablation via noncontact laser (ZILOS-tk;
Hamilton Thorne Inc., Beverley, MA, USA). Cells from each embryo
were removed using micromanipulation and placed immediately in
RNAse—DNAse-free polmerase chain reaction (PCR) tubes containing
10 pL of PCR-grade water. Following addition of 50 ug/mL Proteinase
K (Roche Biochemicals, Mannheim, Germany) each sample was
placed under oil and transferred to our laboratory. DNA assessment
used the lllumina Infinium HumanKaryomap-12 DNA Analysis kit.
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Beadchips were read by the iScan array scanner. Data were analyzed
with BlueFuse Multi software to determine familial haploblocks. The
screening protocol involved a first-round multiplex PCR, simultane-
ously amplifying the coding region of NLRP7 along with two un-
linked fluoroscopically labelled (Cy5.5) microsatellite markers, GA-
BRB3, and D135314. The first round PCR reaction was then subject to
(1) analysis of NLRP7 genotypes using real-time PCR protocol and al-
lele-specific hybridization probes using the LightCycler system 1.0
(Roche Diagnostics, Manheim, Germany) and (2) microsatellite sizing
on a Visible Genetics OpenGene System automatic DNA sequencer
with Gene Objects software (Visible Genetics, High Wycombe, UK) to
exclude chance contamination, as described previously [13].

Results

1. Mutation analysis

Variants in the NLRP7 gene were annotated following American Col-
lege of Medical Genetics guidelines for interpretation. A substitution
affecting the invariant donor splice site at position ¢.2810+2T> G of
the coding region was identified in the sample obtained from the wife
(Figure 1), while no pathogenic or likely pathogenic variants were
identified in the husband. This pathogenic variant was shown to alter
splicing of intron 9 and result in abnormal retention of the intron,
which in turn inserts 54 amino acids in the protein (Figure 2). Of note,
this pathogenic variant was previously reported in three patients with
recurrent HM, all of Latino-American origin [14]. Our patient was fully
informed and counseled about all results when available, and elected
to proceed with IVF, PGS, and potential single embryo transfer.
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Figure 1. Pathogenic variant in the NLRP7 gene identified in a patient
with recurrent hydatidiform mole and global arrest of in vitro fertiliza-
tion embryos. A substitution affecting the conserved donor splice site
at position ¢.2810+2T > G of the coding region (black brackets and
red arrow), intron 9 of the NLRP7 gene, was identified in the wife. This
position had a coverage of 142X in an area of good quality sequence
(i.e., further confirmation not required).
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Figure 2. Schematic of NLRP7 protein structure with representative mutations identified in patients with hydatidiform mole. The homozygous
mutation present in the index case is shown in red. PYD, pyrin domain; ATP, adenosine 5-triphosphate binding motif; NACHT, found in NAIP,
CIITA, HET-E, and TP1 protein family; LRR, leucine rich region; AA, amino acid number. Mutation nomenclature shown follows Human Genome

Variation Society convention.
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Figure 3. Representative images of embryos derived from a mother with homozygous mutation at ¢.2810+2T > G and unaffected father. De-
velopmental arrest was observed in all 10 embryos generated after intracytoplasmic sperm injection, with ploidy errors identified in six of 10

embryos.

Table 1. Summary of oocyte status and embryo development dur-
ing extended in vitro culture

No. Oocyte

3 ) 24 hr 72hr? 144 hr Status
maturation

1 Mil 2pn 8b2ff pm 10 Embryos
submitted for PGS

2 Mil 2pn 7b2ff pm

3 Mil 2pn 7b2ff pm

4 Mil 2pn 7b2ff -

5 Mil 2pn 7h2ff -

6 Mil 2pn 6b2fff -

7 Mil 2pn 6b2fff -

8 Mil 2pn 5b2fff -

9 Mil 2pn Sb2fff -

10 Mil Opn 6b2f -

1 Mil 4pn - - Arrest after 24 hr,
not tested

12 MI Opn - -

13 deg - - -

14 deg - - -

15 G - - -

MIl, metaphase two; pn, pronuclei; pm, premorula; PGS, preimplantation ge-
netic screening; MI, metaphase one; deg, degenerated; G, giant cell (abnor-
mal).

PEmbryo morphological scores assigned according to the system of Gardner
and Schoolcraft [15].

2.IVF response, embryology data, and PGS findings

Fifteen oocytes were retrieved and nine progressed to 2 pronuclei
(pn) stage following ICSI. An additional oocyte (initially designated as
0 pn) cleaved after 72 hours and joined the others as a provisionally
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Table 2. Summary of findings from preimplantation genetic screen-
ing from 10 non-viable embryos obtained from IVF where the oocyte
source carried a pathogenic (homozygous) variant at NLRP7 (2810
+2T>Q)

No. karyotype data PGS status
1 45,XY;del(8p),~16 Indet

2 45,XX;-8 Maternal monosomy

3 46,XY Biparental

4 47 XY;421 Maternal trisomy (21)

5 47 XX;+22 Maternal trisomy (22)

6 47 XX;42 Maternal trisomy (2)

7 46,XX Biparental

8 45,XX;-21 Indet

9 46,XX;4+9,-19 Indet (9); maternal monosomy (19)
10 c/a Complex/indet

IVF, in vitro fertilization; PGS, preimplantation genetic screening; del, dele-
tion; Indet, ploidy error of indeterminate parental origin; c/a, complex (> 3)
chromosomal error.

viable zygote. However, arrest of all embryos was noted between 72
and 144 hours in culture (Figure 3), rendering none suitable for trans-
fer. Progression of embryo development and associated morphology
is summarized in Table 1. The 10 non-viable embryos were submitted
for molecular diagnosis and biparental chromosomal contributions
were identified in all embryos. While ploidy error for some embryos
was of indeterminate origin, none was of paternal origin while five
were of maternal origin (Table 2). A summary of NGS findings and
genetic recombination events observed in the two euploid embryos
is presented in Figures 4 and 5.
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Figure 4. Next generation sequencing data derived from two euploid embryos (sample #3 (A): 46,XY; sample #7 (B): 46,XX) obtained from a
patient with recurrent hydatidiform mole and homozygous pathogenic variant in NLRP7 (c.2810+2T > G).

Discussion

NLRP7 is a maternal-effect gene believed to be required in oocytes
to sustain normal development of the early human embryo. Previous
research has shown that assisted reproductive technologies incorpo-
rating donor oocytes can correct the rare problem of recurrent HM
[6]. Within oocytes, NLRP7 localizes to the cytoskeleton and is abun-
dant in the cortical region [16]. However, the actual consequence of
a mutation at NLRP7 as monitored during in vitro embryo culture has
not been directly observed and reported until now.

For our patient, her history of five consecutive HM pregnancies im-
plicated a genetic etiology for her condition. As with the previously
reported mutation at ¢.2810, our patient with recurrent HM in Cali-
fornia was also of Latino ethnicity, although our case was homozy-
gous for this mutation while the earlier analysis identified a com-

pound heterozygous state [14]. While our report is the first to de-
scribe development of 2 pn zygotes and abnormal fertilization after
ICSI (as well as continued albeit variable development among ob-
served embryos), we can only speculate why some embryos arrested
sooner than others. The role of our patient’s uterine anomaly in the
context of recurrent HM is probably coincidental; to date, there has
only been one published case describing the coexistence of bicornu-
ate uterus and HM [17]. As our patient was known to harbor a homo-
zygous mutation at NLRP7, all embryos generated were expected to
inherit one abnormal copy of the gene responsible for HM. With a
large enough denominator of screened embryos available for screen-
ing, we hypothesized that at least one euploid embryo or blastocyst
might enable a transfer and subsequent opportunity for healthy
pregnancy given this autosomal recessive disorder. Two euploid em-
bryos were indeed identified for this couple after comprehensive

https://doi.org/10.5653/cerm.2017.44.1.40
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Figure 5. Karyomap and haploblock summary of chromosome 1 (upper) and 20 (lower) as representatives of euploid embryo #3 and #7 de-
rived from an in vitro fertilization patient with recurrent hydatidiform mole and homozygous pathogenic variant in NLRP7. Maternally inherited
material appears as yellow (shared with reference) and green, while paternally inherited material is shown in blue (shared with reference) and
red. Chromosomes are mapped according to predicted phase by BlueFuse software, alternating colors represent recombination events.

chromosomal screening, but unfortunately both embryos arrested in
culture and no in utero transfer was possible. This observation raises
questions about the reasons behind this developmental collapse.

NLRP7 subcellular localization has been explored using an ex vivo-
stimulated peripheral blood mononuclear cell model, revealing that
NLRP7 co-localizes with the Golgi apparatus and the microtubule or-
ganizing center. Interestingly, a defect in microtubule and actin fila-
ment organization was suggested by Edwards et al. [18] to explain
postzygotic abnormalities during in vitro culture of embryos from a
patient with recurrent HM. A maternal-effect model has thus been
proposed to explain the transcript abundance of NLRP7 which accu-
mulates in developing oocytes and in early preimplantation embryos
[19]. Such expression profiles suggest an involvement in the control
of maternally-derived epigenetic programing or early developmen-
tal events in the zygote that occur ahead of embryonic genome acti-
vation. It has also been proposed that a mutation at NLRP7 may in-
terfere with expression of imprinted genes on other chromosomes
[20]. Dysfunction of such processes could explain why global embry-
onic arrest was observed in our case. Thus it may be that the pres-
ence of only one copy of this mutation at NLRP7 is sufficient to inter-
rupt normal human embryo development.

It may be inferred that maternal NLRP7 mutations impair cytokine
secretion by affecting their trafficking either through the classical Gol-
gi-mediated secretory pathway or by disrupting the microtubule net-
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work known to play a role in the non-classical pathway of interleukin-
1B secretion. In contrast, paternal transmission of NLRP7 mutations
does not interfere with spermatogenesis, as males homozygous for
NLRP7 mutations can father children [21,22]. How such a maternal
mutation might manifest in the context of human embryo develop-
ment has not been directly observed until now. The earlier hypothesis
predicting developmental arrest secondary to a NLRP7 mutation is val-
idated by the current case, which graphically highlights the cata-
strophic disruption of human embryo growth when fundamental cy-
toskeleton elements are disabled due to this specific mutation.

In contrast to these findings from preimplantation embryos, geno-
typed molar tissues from pregnant patients with recessive NLRP7 mu-
tations are diploid biparental and do not have aneuploidies. The ob-
served genetic differences between IVF embryos and chorionic villi of
HM might be explained by the fact that HM tissues are genotyped
with multiplex microsatellite markers, a technique less comprehensive
than karyomapping and unable to detect all aneuploidies. Perhaps
more crucially, molar tissue is typically sampled during the first trimes-
ter and may have been subject to preferential selection or growth of
cells without ploidy error, a phenomenon well documented in fetal
loss where aneuploidy rates decline with advancing gestational age.

As oocyte donation is being considered by our patient now, her
prognosis for a healthy pregnancy with IVF and single embryo trans-
fer is bright. In the future, patients with this NLRP7 mutation should

(%}
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be advised about the potential for cycle cancellation due to embryo
arrest, and donor egg/embryo IVF or adoption encouraged as pre-
ferred management.
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