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Abstract
Purpose To investigate the frequency of a founder mutation inNLRP7, L750V, in independent cohorts of Mexican patients with
recurrent hydatidiform moles (RHMs).
Methods Mutation analysis was performed by Sanger sequencing on DNA from 44 unrelated Mexican patients with RHMs and
seven molar tissues from seven additional unrelated patients.
Results L750V was present in homozygous or heterozygous state in 37 (86%) patients and was transmitted on the same
haplotype to patients from different states of Mexico. We also identified a second founder mutation, c.2810+2T>G in eight
(18.1%) patients, and a novel premature stop-codon mutation W653*.
Conclusion Our data confirm the strong founder effect for L750V, which appears to be the most common mutation in NLRP7.
We also report on six healthy live births to five patients with biallelic NLRP7mutations, two from spontaneous conceptions and
four from donated ovum and discuss our recommendations for DNA testing and genetic counseling.
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Introduction

Hydatidiform mole (HM) is an aberrant human pregnancy
characterized by abnormal embryonic development and ex-
cessive proliferation of the trophoblast. Common HM is spo-
radic and affects 1 in every 600 pregnancies [1]. At the histo-
pathological level, HM is classified as complete or partial.
Complete hydatidiform moles (CHMs) are characterized by
the absence of embryo and excessive proliferation of the tro-
phoblast. Partial hydatidiform moles (PHMs) have moderate
focal trophoblastic proliferation and may contain embryonic
tissues. CHMs are androgenetic while PHMs are triploid
dispermic [2]. Recurrent hydatidiform moles (RHMs) are de-
fined by the occurrence of at least two molar pregnancies in
the same patient and affect approximately 1-9.4% of women
with a prior HM, depending on studies and populations [3–7].
Based on morphological analysis, RHMs may be classified as
CHM or PHM.

Biallelic NLRP7 mutations are the major cause for RHMs
(OMIM 231090) [8] and explain the genetic etiology of 55%
of patients [9]. A second gene responsible for RHMs,
KHDC3L, was identified in 2011 [10] and its biallelic
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mutations explain the etiology of 5% of patients with RHMs
(hydatidiform mole, recurrent type 2 (OMIM 611687)) [9, 11].
Molar tissues from patients with mutations in NLRP7 or
KHDC3L are diploid biparental. Both genes are components of
the subcortical maternal complex, which is essential for epige-
netic reprogramming of the oocyte genome and the activation of
the embryonic genome [12–14]. Recently, biallelic mutations in
three other genes, MEI1, TOP6BL (C11orf80), and REC114,
with roles in meiotic double-strand break formation have been
identified in patients with recurrent androgenetic complete
hydatidiform moles, miscarriages, and infertility [15].

In 2013, our group analyzedNLRP7mutations in 20Mexican
patients with RHMs and found that 17 of them have biallelic
mutations in NLRP7 [16] and all the 17 patients had at least
one copy of a previously reported mutation, c.2248C>G,
p.Leu750Val (L750V) in two Mexican patients [17].
Furthermore, of the 17 patients, 12 were homozygous for
L750V. These 12 patients were born in different parts of
Mexico and all denied consanguinity between their parents. In
addition, the L750V was found in a heterozygous state in 5% of
control subjects from the general Mexican population [16].
These data suggested a strong founder effect for L750V in the
Mexican population.

Founder mutations in NLRP7 have been reported in other
populations, including the Indian [c.2078G>C, p.(Arg693Pro)
and c.2738A>G, p.(Asn913Ser)] and Egyptian [c.-39-
387_2129+265dup, p.(Glu710Aspfs*7)] populations [17–19].
However, the founder effect in theMexican population appeared
stronger because the same mutation was found in all the 17
patients with biallelic mutations we reported in Estrada et al.
[16]. We therefore set up to analyze another independent cohort
of 44 unrelated Mexican patients with RHMs, and seven molar
conceptions from unrelated patients with RHMs. Thirty-one of
these patients and the seven moles were recruited or retrieved
from the Instituto Nacional de Perinatologia in Mexico City. We
also reviewed the mutation analysis results of another cohort of
13 unrelated patients with RHMs of Mexican origin who were
referred either from the USA or Mexico to the Research Institute
of the McGill University Health Centre (RI-MUHC) for muta-
tion analysis. Our data confirm our previous findings and high-
light the strong founder effect for L750V in Mexico and its
inheritance on the same haplotype to patients from various states.
Our study also revealed a second founder mutation, c.2810+
2T>G and a novel protein-truncating mutation in the Mexican
population.

Material and methods

Patients with RHMs

The study was approved by the review boards of the Instituto
Nacional de Perinatologia (INPer), study number: 212250-

3220-11108-01-14 and McGill University (study number:
A01-M07-03A). Patients with at least two HMs were referred
from different hospitals in Mexico. A complete clinical eval-
uation including family and reproductive histories of the pa-
tients and their first-degree relatives was taken for all patients.
When possible, sisters with RHMs and parents were invited to
participate in the study. Written informed consents were ob-
tained from all participants prior to obtaining venous blood
samples. A total of 44 unrelated patients were included in this
study, 31 were referred to INPer, and 13 were referred to the
RI-MUHC. Archived formalin-fixed paraffin embedded
(FFPE) molar tissues were retrieved from seven patients with
RHMs from the INPer by screening the pathology department
record for patients with RHMs.

DNA extraction and mutation analysis

Genomic DNA was isolated from the patient venous periph-
eral blood. Sequence analysis was performed at the INPer
(Mexico) first for exon 6 ofNLRP7 to investigate the presence
of the founder mutation L750V. Patients without biallelic mu-
tations were screened for mutations in the other exons, 1 to 5
and 7 to 11, at the RI-MUHC (Montreal, Canada). Primer
sequences and polymerase chain reaction (PCR) conditions
were as previously described [17, 20] (Supplementary
Table 1). PCR products were purified and directly sequenced
in forward and reverse orientations using terminator dye in an
ABI Prism 3130 (Applied Biosystems). All identified muta-
tions were compared with the reference sequence
NM_001127255.1 (http://fmf.igh.cnrs.fr/ISSAID/infevers/)
and annotated according to the Human Genome Variation
Society (HGVS) (http://varnomen.hgvs.org/). Sequence
variant nomenclature is given according to the following
references: NM_001127255.1 (cDNA), NG_008056.1
(genomic DNA), and NP_001120727.1 (protein). Patients
who were negative for mutations in NLRP7 were analyzed
for mutations in KHDC3L as previously described [21].

Parental contribution to the molar tissues

Sections of FFPEmolar tissues were stained with hematoxylin
and eosin. Chorionic villi were separated from maternal tis-
sues under a stereomicroscope and used to extract DNA as
previously described [9, 22]. Multiplex microsatellite DNA
genotyping was performed using the Powerplex 16 HS
System (Promega Corporation, Fitchburg, WI, USA), and an-
alyzed as previously described [9, 22].

Results

During the study period, a total of 31 unrelated patients with
RHMs were recruited and analyzed for mutations in NLRP7
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(Table 1). Of these 31 patients, seven had a family history of
RHMs and nine (29%) patients had gestational trophoblastic
disease after one of their molar pregnancies.Mutation analysis
on these 31 patients revealed biallelic NLRP7 mutations in 26
(83.8%) of them. Of these patients, seventeen were homozy-
gous for L750V; five were compound heterozygous for
L750V and c.2810+2T>G, another previously reported muta-
tion in Mexican patients [17]; one patient was compound het-
erozygous for L750V and a large deletion in the promoter
region, c.-6831_-39-1586del, that leads to the absence of tran-
scripts from the allele carrying it [23]; one patient was com-
pound heterozygous for L750V and c.2471+1G>A,
p.Leu825* (L825*); one patient was compound heterozygous
for L750V and a novel premature stop-codon mutation
c.1959G>A, p.Trp653* (W653*); and one patient was homo-
zygous for c.1168del p.Arg390Alafs*26 (R390Afs*26) [9].
Five patients (16.1%) did not have any pathogenic or likely
pathogenic variant in NLRP7 and were screened for
KHDC3L, but none of them had any mutation.

In the light of the high frequency of L750V in the 31 pa-
tients, we screened the record of the Pathology Department of
the Instituto Nacional de Perinatologia for cases of RHMs
since 2003. We found seven archived FFPE molar tissues,
from seven additional unrelated patients that were available
for analysis. DNA extraction from the chorionic villi of these
tissues and their genotyping demonstrated that six are diploid
biparental and one is diploid androgenetic monospermic. We
next tested the six biparental moles for the presence of the
founder L750V mutation. We found that two molar tissues
were negative for L750V, three were heterozygous for
L750V, and one was homozygous for L750V (Table 1). The
latter observation indicates that the father of the HM carries
the L750V, known to be present in 5% of control subjects
from the general Mexican population [16].

We next reviewed the results of all Mexican patients with
RHMs who were referred from various hospitals and medical
centers from the USA or Mexico to the RI-MUHC since 2006
for NLRP7 and KHDC3L mutation analyses. We found 13 un-
related patients, of them 12 had biallelic mutations in NLRP7
(Table 1). Seven were homozygous for L750V; one was com-
pound heterozygous for L750V and another previously reported
promoter region deletion, c.-13413_2982-344del [24]; two were
compound heterozygous for L750V and c.2810+2T>C [24]; one
was compound heterozygous for L750V and c.2471+1G>A,
p.L825*; and one was compound heterozygous for p.Tyr872*
(Y872*) and c.2810+2T>C.

The states of origin of 44 unrelated patients analyzed on
DNA from blood or molar tissues in this study or in Estrada
et al. [16] with at least one copy of the L750V were available
and are provided on the Mexican map in Fig. 1, which shows
an important clustering of these patients in the state of Mexico
City where they were recruited and also in some neighboring
states. Haplotype analysis of all the SNPs and variants that are

covered by our Sanger sequencing demonstrated the inheri-
tance of the L750V mutation on a shared haplotype between
patients from variousMexican states (Table 2), from rs775886
to rs269933 spanning 18,296 bp. We note that the shared
haplotype is certainly larger; however, in Table 2, we included
only the single nucleotide polymorphisms that are covered by
our Sanger sequencing.

Since NLRP7 is highly rich in Alu repeats and so far, nine
of its 80 reported mutations are mediated by Alu recombina-
tion (https://infevers.umai-montpellier.fr/web/), which can be
easily missed when using only Sanger sequencing, we
attempted to retrieve archived FFPE tissues from patients
with no mutations to re-evaluate the diagnosis of their HMs
and determine whether they are diploid biparental. Among the
patients who were recruited in Mexico, we were able to re-
trieve four products of conception (POCs), two from each of
patients 29 and 30. Morphological and genotypic evaluation
of two POCs from patient 29 demonstrated that one is a trip-
loid dispermic PHM and the other lacked morphological fea-
tures of molar pregnancies and we revised its diagnosis to
miscarriage (Table 1). Multiplex microsatellite genotyping
of this miscarriage demonstrated its diploid biparental genome
and SNP microarray confirmed the diagnosed and demon-
strated the absence of aneuploidy [22]. Therefore, this patient
did not have RHMs (Table 1). The two POCs from patient 30
fulfilled the morphological diagnosis of CHM and both were
found diploid androgenetic monospermic by multiplex micro-
satellite genotyping. From a third patient, 31, no tissues could
be retrieved, but one of her POCs had been karyotyped and
found to be tetraploid 92,XXYY. Of the patients referred to
the RI-MUHC, only one patient was negative for NLRP7mu-
tations and four of her molar conceptions were available for
genotype analysis and were found diploid androgenetic
monospermic. This patient was later analyzed by exome se-
quencing and found to have biallelic mutation in MEI1 [15].
Therefore, the data on the POCs of these four patients explain
the absence of NLRP7 mutations in them since biallelic
NLRP7 mutations are associated with RHMs that are diploid
biparental (Table 1). In conclusion, of the five patients with no
NLRP7 mutations, only four had RHMs, which brings the
number of patients with RHMs recruited in Mexico to thirty
and the total number of analyzed and reviewed patients in this
study to forty-three.

Discussion

Recurrent molar pregnancy is a rare disease. However, in the
current study along with that of Estrada et al. [16], we report
on a total of 70 unrelated patients with RHMs of Mexican
origin (30 recruited in Mexico, 13 referred to the RI-MUHC,
7 molar tissues, and 20 reported in Estrada et al.). To our
knowledge, this is the largest series from a single country
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Table 1 Recapitulation of data on 71 analyzed patients with RHMs from Mexico

Case
N.

Patient ID Reproductive history (complications) NLRP7 mutations Complication References

Mexican patients recruited in Mexico between 2013-2020

1 ACC 6 PHM L750V hom

2 CEA 4 HM L750V hom

3 BBL 2 HM, END (preeclampsia), LB L750V hom GTD

4 MMN
(consanguinity)

4 HM L750Vhom

5 GHR* 3 HM, MC L750V hom GTD

6 VGDE* 2 HM L750V hom

VGLE (sister) HM L750V hom

7 DJEY* 3 HM L750V hom

DJER (sister) 2 HM L750V hom

DJEG (sister) 2 HM L750V hom

8 OLO* 2 HM, MC L750V hom

9 CLL 2 HM L750V hom GTD

10 RLMC 2 HM L750V hom

11 PQRM 3 HM L750V hom

12 PAF 4 HM, MC L750V hom

13 GGE* 4 HM L750V hom GTD

14 DSL 3 PHM, MC L750V hom

15 VOM 3 HM L750V hom

16 CRA HM, 2 MC L750V hom GTD

17 ABH 5 CHM L750V hom GTD

18 GEM 2 PHM L750V, c.2810+2T>G

19 MADM HM, CHM, 2 MC L750V, c.2810+2T>G

20 CR 5 HM, LB L750V, c.2810+2T>G GTD

21 PVI 2 HM, MC L750V, c.2810+2T>G

22 RJG 2 PHM, MC L750V, c.2810+2T>G

23 HME HM, CHM, 2 PHM L750V,
c.-6831_-39-1586del

GTD Rezaei et al. [23]

24 RGR* HM, 2 CHM, MC L750V, c.2471+1G>A

25 LCMV HM, 2 PHM L750V, W653*

26 TGR* 2 HM R390Afs*26 hom Nguyen et al. [9]

27 GBNA CHM, PHM No mutation

28 VPA 2 HM, LB No mutation

29 QVSL PHM (triploid dispermic), PHM revised to MC No mutation

30 MCV 2 CHM (2 androgenetic monospermic), MC No mutation GTD

31 MTMC 2 PHM, 3 MC, MC (92,XXYY) No mutation

Screening for L750V in HM tissues from patients with RHMs received between 2003 and 2019

32 MTO 2 HM (1 diploid biparental) L750V hom

33 PFME* 3 HM (1 diploid biparental) L750V het

34 PSJ 5 HM (1 diploid biparental), MC L750V het

35 MGMJ 3 HM (1 diploid biparental) L750V het

36 CPE MC, 3 HM (1 diploid biparental) Negative for L750V

37 DCRN MC, 3 HM (1 diploid biparental) Negative for L750V

38 MAD 2HM (1 androgenetic monospermic) not screened

Patients of Mexican origin referred from various clinics and hospitals to the MUHC-RI between 2006 and 2020

39 655 2 PHM, MC, PHM L750V hom Deveault et al. 2009;
Nguyen et al. [29]657 (sister) PHM, CHM, HM L750V hom
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and suggests a higher frequency of RHMs in Mexico than in
other countries. This finding is in line with a previous report
describing a higher frequency of RHMs in Mexico as com-
pared to western countries.

Here, we describe the results of mutation analysis on 30
new unrelated patients with RHMs recruited in Mexico, seven
molar tissues from seven unrelated patients with RHMs, and
review mutation analysis on 13 unrelated patients of Mexican
origin referred to the RI-MUHC. Of the 43 analyzed patients,
excluding the molar tissues, L750V was present in homozy-
gous or heterozygous state in 37 (86%) of them (Table 3).
These data make the L750V the most frequent NLRP7 muta-
tion reported to date and are in agreement with its presence at a
minor allele frequency (MAF) of 0.025 in control subjects
from Mexico [16] and 0.00310 in Latino population reported
in gnomAD v2.1.1 (135 out of 35,430) (gnomAD
(broadinstitute.org)) and Varsome (3 out of 848) (Varsome
The Human Genomics Community).

In addition, this study revealed a second founder vari-
ant, c.2810+2T>G in the Mexican population that was
present in eight unrelated patients (Table 3). This muta-
tion is also reported in databases with a MAF in Latino
population of 0.0002892 (10 out of 34,574) in gnomAD
v.2.1.1 and 0.0004 in Varsome. Of note, that L750V and
c.2810+2T>G both appear to be specific for Mexican/
Latino population (Varsome) and have never been

reported in patients with RHMs or healthy subjects from
other populations. However, the c.2471+1G>A mutation
has been reported in patients of Pakistani, Indian, and
Chinese origin, and this study revealed its presence for
the first time in two unrelated Mexican patients, which
is not unexpected since the Mexican population consists
of a mixture of Native American inhabitants (56.4%),
European migrants (41.8%), and West Africans (1.8%)
[25]. Ruiz-Linares et al. [26] estimated individual ances-
try proportions in different countries from Latin America
and found that in the Mexican population, Native
American ancestry is highest in the center/south of the
country where the highest number of patients with
L750V was observed. This suggests that L750V may have
been inherited from the Native American population that
remains to be demonstrated in future studies.

Two patients [3 and 20], the first with a homozygous
L750V and the second with L750V and c.2810+2T>G, had
each a live birth from a spontaneous conception that led to
healthy children. These observations are in agreement with
previous ones documenting the occurrence of a total of 13 live
births [8, 19, 23, 24, 27, 28], observed mostly in patients with
mutations that have mild functional consequences on the pro-
tein such as missense, splice, or sometimes protein-truncating
mutations at the end of the protein [27]. Among the 13 report-
ed live births, 12 children were reported to be healthy and only

Table 1 (continued)

Case
N.

Patient ID Reproductive history (complications) NLRP7 mutations Complication References

30 733 2 HM, MC, 2 HM, IVF-PGT-HM, 5 HM, donated
ovum-LB

L750V hom Nguyen et al. [29]

41 908* 4 HM (with 3 partners) L750V hom

42 1220* 3 HM L750V hom

1224 (sister) 3 HM, donated ova-2 LB L750V hom

1227 (sister) HM L750V hom

43 1352 2 PHM, 3 HM L750V hom

44 1371* 2 HM, CHM, 2 HM (with 3 partners) L750V hom

45 1878 5 HM, BO, donated ovum-LB L750V hom

46 1359 4 HM L750V, c.-13413_
2982-344del

Reddy et al. [24]

47 1243 PHM, 8 MC, MC, PHM L750V, c.2810+2T>G Reddy et al. [24]

48 1674 2 HM, MC, HM, MC, PHM, MC L750V, c.2810+2T>G

49 1888* MC, 2 HM, MC, HM L750V, c.2471+1G>A

1889 (sister 2 HM, HAT L750V, c.2471+1G>A

50 1074 MC, PHM, HM, 5 MC (2 after clomide), HM, CHM Y872X, c.2810+2T>G Nguyen et al. [29];
Reddy et al. [24]

51 1333 4 MC, 4 CHM (4 androgenetic monospermic) Biallelic MEI1 mutations Nguyen et al. [9]

HM, hydatidiform mole, which is used when the pathology report did not specify the classification; CHM, complete hydatidiform mole; PHM, partial
hydatidiformmole;MC, miscarriage; END, early neonatal death; LB, live birth;GTD, gestational trophoblastic disease; BO, blighted ovum; IVF, in vitro
fertilization; PGD, preimplantation genetic testing; HAT, total hysterectomy; hom, homozygous; het, heterozygous
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one was reported with various morphological abnormalities
[28]. Despite these relatively encouraging outcomes, sponta-
neous live births from such patients are extremely rare and

account for approximately 1.5% of all their conceptions
[29]. Because the primary defect in patients with biallelic
NLRP7 mutations is in their oocytes, ovum donation has been

Table 2 Shared haplotype between patients

MAF minor allele frequency in gnomAD database. In column cDNA, bold character indicates pathogenic variants

Fig. 1 Geographical distribution of patients carrying L750V in Mexican states. The numbers refer to unrelated patients
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proposed to these patients as their best reproductive option. To
date, eight such patients, including three reported in this study,
patients 733, 1224, and 1878, and another in a patient that we
previously reported in Estrada et al. [16], have achieved suc-
cessful pregnancies from donated ova and conceived ten
healthy live births [27, 30, 31].

Based on the above data and the replicated strong foun-
der effect for L750V, if Sanger sequencing were to be
used for mutation analysis, we propose to begin the anal-
ysis by sequencing exon 6 of NLRP7. If the patient is
negative for the common mutation, completing the gene
sequencing is then recommended. Genetic counseling of
patients with biallelic NLRP7 mutations must consider the
age of the patients, the risk of neoplastic degeneration,
which occurred in 29% of the 31 patients recruited in
Mexico, the scarcity of spontaneous live births in these
patients, and the benefit of oocyte donation. Spontaneous
live births have been observed in 13 patients; however,
we still do not know if these children are at a higher risk
for imprinting disorders. It is therefore important to keep
in mind that the earliest known defect in patients with
biallelic NLRP7 mutations is the impaired establishment
of maternal methylation marks in their oocytes. In addi-
tion, biallelic mutations in another member of the subcor-
tical maternal complex, PADI6, which have been shown
to cause female infertility, early embryonic arrest during
preimplantation development [32], and miscarriages and
HM [23, 33] were recently documented in patients with
Beckwith-Wiedemann and Silver-Russell syndromes [34,
35]. Therefore, a close follow-up of the pregnancies of
patients with biallelic NLRP7 mutations is highly rec-
ommended and may help monitoring for imprinting

disorders which may lead to a broad spectrum of clin-
ical manifestations.
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