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Background: The PADI6 gene is a component of the subcortical maternal effect
complex (SCMC). Mutations in the PADI6 gene, which was the first gene
discovered to impact the activation process of the human embryonic
genome, have been shown to induce early embryo arrest.

Case: A 29-year-old lady with primary infertility underwent in vitro fertilization
embryo transfer (IVF-ET) for tubal reasons, who had normal hormone levels and
ovarian reserve. A Progestin-Primed Ovarian Stimulation (PPOS) protocol of
Ovarian stimulation with IVF was performed. The total of Gonadotropin (Gn)
stimulation with u-FSH was 2100 IU, which lasted for 10 days. When three
follicles measuring less than 18 mm in diameter were seen, r-hCG 250 ug and
triptorelin acetate 0.2 mg were injected to trigger oocyte maturation. Nineteen
oocytes (including thirteen MIl oocytes) were picked up 37 h after the trigger,
and seven of these were normal fertilized. Unfortunately, these many embryos
were stopped at the 1- or 2-cell stage, hence this infertile patient’s IVF treatment
won't result in an embryo transfer. Using whole-exome sequencing, a complex
heterozygous mutation in PADI6 was discovered: c. 1247T>C [p.lle416Thr] in
exon 12 of PADI6, and c. 2009_2010del [p.Glu670GlyfsTer48] in exon 17 of
PADIG6.

Conclusion: We found a complex heterozygous mutation in the PADI6 gene (c.
1247T7>C; c. 2009_2010del) that caused embryos were arrested at the 1- or 2-
cell stage. The discovery in this patient adds to the evidence showing the
PADI6 gene mutation causes early embryo arrest in humans.
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Introduction

The subcortical maternal complex (SCMC) is an oocyte-to-embryo-specific maternal
functional module that is important for embryo development in both mice and humans
(Li et al., 2008; Zhu et al., 2015). In addition to the multiple effects that the SCMC was
thought to have during oocyte maturation and early embryo development in oogenesis
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(Bebbere and Albertini, 2021). The complex was connected to
essential events that contribute to the transition from oocyte to
embryo, such as meiotic spindle formation and placement,
translation regulating, organelle redistribution, and epigenetic
reprogramming (Bebbere and Albertini, 2021).

Genes encoding SCMC members that contribute to pre-
implantation embryonic arrest and regulate accurate zygote
cleavage have been identified (Zheng et al, 2021). PADI6,
TLE6, KHDC3L, NLRP2, NLRP5, and NLRP7 mutations in
SCMC have all been provided a link to abnormal fertilization
or embryo arrest (Wang et al., 2018; Mu et al., 2019; Maddirevula
etal., 2020; Xu et al., 2020; Zheng et al., 2021). Early identification
of causal genetic variations in the field of reproductive medicine
can enhance the diagnosis of unexplained infertility, allowing for
enhanced treatment and advice.

Case presentation

A 29-year-old woman suffered from primary infertility who
had been married for 2 years. The woman’s physical condition
was normal, and no abnormalities were discovered during the
medical examination. She also had regular menstrual periods that
lasted 28-30days (menarche occurred at 13years old).
Salpingography indicated that the left fallopian tube was
unobstructed and that the right fallopian tube was partially
obstructed. She then tried natural pregnancy for 7 cycles,
monitoring follicle growth with B-ultrasonography in a
reproductive center. Mature follicles were exhausted in all
seven cycles (sometimes on the left, sometimes on the right),
but no pregnancy occurred. The patient’s husband was married
for the second time, and he had a healthy child from his previous
marriage. To get her pregnant, we tried to approach in vitro
fertilization embryo transfer (IVE-ET).

An ovarian stimulation treatment using the progestin-
primed ovarian stimulation (PPOS) protocol was given on the
patient, who had normal hormone levels and ovarian reserve
(Table 1). Gonadotropin (Gn) stimulation with urinary follicle
stimulating hormone (u-FSH) (Lishenbao®, LIVZON, Zhuhai,
China) was started at 225 IU/day, and the total of Gn was 2100 IU
for 10days. Up until the trigger day, oral progesterone
(Dupbaston®, Abbott Biologicals B.V, Netherlands) 20 mg was
used daily. When three 18 mm diameter follicles were observed,
recombinant human chorionic gonadotropin (r-hCG) (Ovidrel®,

TABLE 1 Sex hormone level and ovarian reserve of the patient.
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Merk-Serono, Spain) 250 ug and triptorelin acetate injection
(Decapeptyl®, Ferring AG, Switzerland) 0.2 mg were used to
stimulate oocyte maturation. Nineteen oocytes, including
thirteen MII oocytes, were pick up by transvaginal ultrasound
guidance 37 h after the trigger. At 4 h after retrieval of oocytes
insemination was performed by normally IVF, and fertilized
embryos were cultured in a time-lapse incubator. Light
microscopy and time-lapse microscopy were used to
determine the morphology of embryos at various growth
stages during 4-5h of IVF. Seven of them were normally
fertilized, and all embryos were arrested at the 1- or 2-cell
stage following culture (Figure 1). Embryo grading and viable
embryo definition followed the previously documented
procedure (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011; ESHRE
Special Interest Group of Embryology and Alpha Scientists in
Reproductive Medicine, 2017).

In this infertile woman, IVF failed in no embryo transfer and
early embryo arrest. Then, for the infertile woman, a novel
complex heterozygous mutation in PADI6 was found using
whole-exome sequencing (WES). Singer sequencing was used
for verification, and the results were as follows: c. 1247T>C
[p.lle416Thr] in exon 12 of PADI6 (Figures 2A,C). 2009_2010del
[p.Glu670GlyfsTer48] in exon 17 of PADI6 (Figure 2B).

Discussion

In this patient, all embryos arrest at the 1- or 2-cell stage
on the second day after fertilization, resulting in the failure of
IVF assisted reproductive treatment. Early embryo arrest
occurs when the development of preimplantation embryos
stops, and embryos at the cleavage stage with development
retardation are unable to form blastocysts, which is one of the
causes for the failure of assisted reproduction (Wang et al.,
2020). Normal preimplantation embryonic development is an
essential step in improving a successful pregnancy. On day
3 of culture, the zygote experiences three consecutive episodes
of cytokinesis and forms six to eight blastomeres (ESHRE
Special Interest Group of Embryology and Alpha Scientists in
Reproductive Medicine, 2017). Whenever all embryos in a
patient’s infertility suffer from developmental arrest, the
patient’s IVF/intracytoplasmic sperm injection (ICSI) cycle
fails.

FSH (IU/L) LH (IU/L) E, (pg/ml)
MC2 7.98 5.22 34.92
Trigger day NA 5.16 3334.19

P (ng/ml) AMH (ng/ml) AFC/Follicles
0.42 25 16
1.45 NA 15

MC2, menstrual cycle day 2; FSH, follicle stimulating hormone; LH, luteinizing hormone; E,, estrogen; P, progesterone; NA, not available. The follicles on the day of triggering were follicles

with diameter >12 mm.
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FIGURE 1

Morphological characteristics of seven embryonic observed by time-lapse imaging.

A
Reference GCATCCATTCCATTGCGAACCTG
Mutant GCATCCATTCCACTGCGAACCTG
¢.1247T>C (p.lle416Thr)
1
B
Reference TTACCTGACAGAGGTCGGAGA
Mutant TTACCTGACAGGTCGGAGACA
¢.2009_2010del (p.Glu670Glyfs*48)
1
FIGURE 2
A novel complex heterozygous mutation in PADI6 of the
patient. (A) The missense mutation of (C) 1247T>C in the PADI6
gene; (B) The frameshift mutation of (C) 2009_2010del in the
PADI6 gene.

Several recent studies had identified maternal-effect
that the development of
preimplantation embryos (Wang et al, 2018). Normal

factors were critical in
embryonic development depended on maternal-effect genes
to coordinate the oocyte-to-embryo transition, and the SCMC
was a maternal functional module that was particular to the
oocyte-to-embryo transition (Bebbere and Albertini, 2021).
The SCMC, which was situated in the subcortex and consisted
of maternal functional modules specific to the oocyte to the
embryo, was important for embryonic development in both

mice and humans; altering SCMC genes in mice and humans
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led to embryonic arrest (Wang et al., 2018; Bebbere and
Albertini, 2021). PADI6 (peptidyl arginine deiminase, type
VI), and TLE6 (transducin-like enhancer of split 6) mutations,
for instance, induced embryonic arrest before the 8-cell stage
(Bebbere and Albertini, 2021; Zheng et al., 2021).

The PADI family was made up of five members: PADII, PADI2,
PADI3, PADI4, and PADI6 (Liu et al., 2021). PADI6 was only found
in oocytes and early embryos, and it was required for oocyte
maturation and embryo development (Liu et al, 2021), and was
one of the SCMC components that localized to other components in
oocytes and early embryos (Xu et al, 2016; Wang et al., 2022).
PADI6 encoded a peptidylalarginine deiminase, the amino acid
sequence substantially
mammalian peptidylarginine deiminases (Xu et al, 2016; Lu
et al,, 2017). The stored PADI6 mRNAs were mainly destroyed
in the zygote (Li et al,, 2008; Yurttas et al,, 2008), with spindle
microtubule construction and mobility changing to mediate correct
cleavage in early embryo development (Yurttas et al., 2008; Kan
et al,, 2011). Mutation in the PADI6 gene Because oocytes lack a
particular cytoskeletal structure known as cytoplasmic lattices, they
exhibit abnormal organelle placement and redistribution (Liu et al,,

of which was conserved  across

2017). PADIG6 played an important evolutionary and developmental
role in the early embryonic development of advanced vertebrate
species (Liu et al., 2017).

In 2016, Xu et al. (2016) first reported that PADI6 gene mutation
was associated with embryonic arrest due to embryonic genome
activation failure in human. PADI6 was considered to encode a
protein involved in the SCMC, which was required for embryonic
advancement beyond the 2-cell stage (Li et al, 2010). The
and  the
mutations of PADI6 have been reported to cause embryo arrest
(Wang et al,, 2022; Xu et al, 2022). In this case, we found a missense
mutation (c. 1247T>C) and a frameshift mutation (c. 2009 2010del) in
PADI6 by WES, as well as embryos with aberrant cleavage patterns
and embryos at 1- or 2-cell arrest on Day 2. Xu et al. (2016) found that
the compound-heterozygous mutation of PADI6 gene (c. 633T>C; c.
2009_2010del) caused early embryo arrest in human. Dong et al.

homozygous  mutations compound-heterozygous
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(2022) found that a compound-heterozygous mutation of PADI6
gene (c. 1247T>C; ¢.294 + 5G>A) and a homozygous mutations (c.
1247T>C) caused embryos were arrested at the 2- or 7- cell stage. We
considered that the compound heterozygous mutation of PADI6 gene
(c. 1247T>C; c. 2009 2010del) in this patient was the reason of early
embryos were all arrested at 1- or 2- cell. The patient’s parents didn’t
check the PADI6 gene mutation because of the patient’s reason. We
propose that if a young woman with infertility has no evident risk
factors for abnormal embryo cleavage but it occurs, the cause should
be aggressively examined, as well as whether there are gene mutations
that influence the quality of oocytes or embryos. Although abnormal
embryo cleavage induced by gene mutation was uncommon, it did
occur in those whose problems could not be explained by
conventional understanding.

Conclusion

We found a complex heterozygous mutation in the PADI6
gene (c. 1247T>C; c. 2009_2010del) that caused embryos were
arrested at the 1- or 2- cell stage. The discovery in this patient
adds to the evidence showing the PADI6 gene mutation causes
early embryo arrest in humans.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author.

included in article/Supplementary Material,

Ethics statement

Written informed consent obtained from the

individual(s) for the publication of any potentially identifiable

was

images or data included in this article.

References

Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of
Embryology (2011). The istanbul consensus workshop on embryo assessment:
proceedings of an expert meeting. Hum. Reprod. 26, 1270-1283. doi:10.1093/
humrep/der037

Bebbere, D., and Albertini, D. F. (2021). The subcortical maternal complex:
emerging roles and novel perspectives. Mol. Hum. Reprod. 27, gaab043. doi:10.1093/
molehr/gaab043

Dong, J., Fu, ], Yan, Z,, Qiu, Y., Zeng, Y., Liu, R,, et al. (2022). Novel biallelic
mutations in PADI6 in patients with early embryonic arrest. . Hum. Genet. 67,
285-293. doi:10.1038/510038-021-00998-8

ESHRE Special Interest Group of Embryology and Alpha Scientists in
Reproductive Medicine (2017). The vienna consensus: report of an expert
meeting on the development of ART laboratory performance indicators. Reprod.
Biomed. Online 35, 494-510. doi:10.1016/j.rbmo.2017.06.015

Frontiers in Genetics

04

10.3389/fgene.2022.1104085

Author contributions

TZ: Wrote the manuscript and treated the patient. CC:
Provided the overall supervision of the manuscript. PL and
GY: Analyzed the gene report and the embryo morphology.
XZ: Attend to the patient. All authors have read and approved the
manuscript.

Funding

This work was supported by Hebei Health Commission
(20190975).

Acknowledgments

We acknowledge the contribution of Shanghai Shiji Medical
Laboratory of the genetic testing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

Kan, R, Yurttas, P., Kim, B., Jin, M., Wo, L., Lee, B,, et al. (2011). Regulation of
mouse oocyte microtubule and organelle dynamics by PADI6 and the cytoplasmic
lattices. Dev. Biol. 350, 311-322. doi:10.1016/j.ydbio.2010.11.033

Li, L., Baibakov, B., and Dean, J. (2008). A subcortical maternal complex essential
for preimplantation mouse embryogenesis. Dev. Cell 15, 416-425. doi:10.1016/j.
devcel.2008.07.010

Li, L, Zheng, P., and Dean, J. (2010). Maternal control of early mouse
development. Development 137, 859-870. doi:10.1242/dev.039487

Liu, X., Morency, E., Li, T., Qin, H., Zhang, X., Zhang, X,, et al. (2017). Role for
PADI6 in securing the mRNA-MSY2 complex to the oocyte cytoplasmic lattices.
Cell Cycle 16, 360-366. doi:10.1080/15384101.2016.1261225

Liu, J., Tan, Z, He, |, Jin, T., Han, Y., Hu, L, et al. (2021). Two novel mutations in
PADI6 and TLE6 genes cause female infertility due to arrest in embryonic development.
J. Assist. Reprod. Genet. 38, 1551-1559. doi:10.1007/s10815-021-02194-1

frontiersin.org


https://doi.org/10.1093/humrep/der037
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1093/molehr/gaab043
https://doi.org/10.1093/molehr/gaab043
https://doi.org/10.1038/s10038-021-00998-8
https://doi.org/10.1016/j.rbmo.2017.06.015
https://doi.org/10.1016/j.ydbio.2010.11.033
https://doi.org/10.1016/j.devcel.2008.07.010
https://doi.org/10.1016/j.devcel.2008.07.010
https://doi.org/10.1242/dev.039487
https://doi.org/10.1080/15384101.2016.1261225
https://doi.org/10.1007/s10815-021-02194-1
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1104085

Zhang et al.

Lu, X.,, Gao, Z., Qin, D., and Li, L. (2017). A maternal functional module in the
mammalian oocyte-to-embryo transition. Trends Mol. Med. 23, 1014-1023. doi:10.
1016/j.molmed.2017.09.004

Maddirevula, S., Awartani, K., Coskun, S., Alnaim, L. E., Ibrahim, N.,
Abdulwahab, F., et al. (2020). A genomics approach to females with infertility
and recurrent pregnancy loss. Hum. Genet. 139, 605-613. doi:10.1007/s00439-020-
02143-5

My, J., Wang, W., Chen, B., Wu, L., Li, B., Mao, X,, et al. (2019). Mutations in
NLRP2 and NLRP5 cause female infertility characterised by early embryonic arrest.
J. Med. Genet. 56, 471-480. doi:10.1136/jmedgenet-2018-105936

Wang, X., Song, D., Mykytenko, D., Kuang, Y., Lv, Q., Li, B., et al. (2018). Novel
mutations in genes encoding subcortical maternal complex proteins may cause
human embryonic developmental arrest. Reprod. Biomed. Online 36, 698-704.
doi:10.1016/j.rbmo.2018.03.009

Wang, W., Dong, J., Chen, B.,, Du, J, Kuang, Y., Sun, X, et al. (2020).
Homozygous mutations in REC114 cause female infertility characterised by
multiple pronuclei formation and early embryonic arrest. J. Med. Genet. 57,
187-194. doi:10.1136/jmedgenet-2019-106379

Wang, X, Zhu, H,, He, Y., Zeng, J., Zhao, J., Xia, Q. et al. (2022). A novel
homozygous mutation in the PADI6 gene causes early embryo arrest. Reprod.
Health 19, 190. doi:10.1186/s12978-022-01495-7

Frontiers in Genetics

05

10.3389/fgene.2022.1104085

Xu, Y., Shi, Y., Fu, ], Yu, M., Feng, R, Sang, Q,, et al. (2016). Mutations in
PADIG6 cause female infertility characterized by early embryonic arrest. Am. J. Hum.
Genet. 99, 744-752. doi:10.1016/j.ajhg.2016.06.024

Xu, Y., Qian, Y., Liu, Y., Wang, Q., Wang, R., Zhou, Y., et al. (2020). A novel
homozygous variant in NLRP5 is associate with human early embryonic arrest
in a consanguineous Chinese family. Clin. Genet. 98, 69-73. doi:10.1111/cge.
13744

Xu, Y., Wang, R,, Pang, Z., Wei, Z,, Sun, L., Li, S, et al. (2022). Novel homozygous
PADI6 variants in infertile females with early embryonic arrest. Front. Cell Dev.
Biol. 10, 819667. doi:10.3389/fcell.2022.819667

Yurttas, P., Vitale, A. M, Fitzhenry, R. J., Cohen-Gould, L., Wu, W., Gossen, J. A.,
et al. (2008). Role for PADI6 and the cytoplasmic lattices in ribosomal storage in
oocytes and translational control in the early mouse embryo. Development 135,
2627-2636. doi:10.1242/dev.016329

Zheng, W., Hu, H., Dai, J., Zhang, S., Gu, Y., Dai, C,, et al. (2021). Expanding the
genetic and phenotypic spectrum of the subcortical maternal complex genes in
recurrent preimplantation embryonic arrest. Clin. Genet. 99, 286-291. doi:10.1111/
cge.13858

Zhu, K., Yan, L., Zhang, X., Lu, X., Wang, T, Yan, ., et al. (2015). Identification of
a human subcortical maternal complex. Mol. Hum. Reprod. 21, 320-329. doi:10.
1093/molehr/gaull6

frontiersin.org


https://doi.org/10.1016/j.molmed.2017.09.004
https://doi.org/10.1016/j.molmed.2017.09.004
https://doi.org/10.1007/s00439-020-02143-5
https://doi.org/10.1007/s00439-020-02143-5
https://doi.org/10.1136/jmedgenet-2018-105936
https://doi.org/10.1016/j.rbmo.2018.03.009
https://doi.org/10.1136/jmedgenet-2019-106379
https://doi.org/10.1186/s12978-022-01495-7
https://doi.org/10.1016/j.ajhg.2016.06.024
https://doi.org/10.1111/cge.13744
https://doi.org/10.1111/cge.13744
https://doi.org/10.3389/fcell.2022.819667
https://doi.org/10.1242/dev.016329
https://doi.org/10.1111/cge.13858
https://doi.org/10.1111/cge.13858
https://doi.org/10.1093/molehr/gau116
https://doi.org/10.1093/molehr/gau116
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1104085

	A complex heterozygous mutation in PADI6 causes early embryo arrest: A case report
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


