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Abstract

Purpose Providing feasible preimplantation genetic testing strategies for monogenic disorders (PGT-M) for prevention and
control of genetic cancers.

Methods Inclusion of families with a specific pathogenic mutation or a clear family history of genetic cancers. Identifica-
tion of the distribution of hereditary cancer-related mutations in families through genetic testing. After a series of assisted
reproductive measures such as down-regulation, stimulation, egg retrieval, and in vitro fertilization, a biopsy of trophecto-
derm cells from a blastocyst was performed for single-cell level whole-genome amplification (WGA). Then, the detection of
chromosomal aneuploidies was performed by karyomapping. Construction of a haplotype-based linkage analysis to deter-
mine whether the embryo carries the mutation. Meanwhile, we performed CNV testing. Finally, embryos can be selected
for transfer, and the results will be verified in 18-22 weeks after pregnancy.

Results Six couples with a total of 7 cycles were included in our study. Except for cycle 1 of case 5 which did not result in
a transferable embryo, the remaining 6 cycles produced transferable embryos and had a successful pregnancy. Four cou-
ples have had amniotic fluid tests to confirm that the fetus does not carry the mutation, while 1 couple was not tested due
to insufficient pregnancy weeks. And the remaining couples had to induce labor due to fetal megacystis during pregnancy.

Conclusion Our strategy has been proven to be feasible. It can effectively prevent transmission of hereditary cancer-related
mutations to offspring during the prenatal stage.

Keywords Preimplantation genetic testing for monogenic disorders - Karyomapping - Hereditary cancers - Haplotype
linkage analysis
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world. Over the past few decades, the incidence of tumors
has been on the rise, both in developed and developing coun-
tries [1, 2]. Besides, the mortality rate associated with cancer
has also been increasing. While treatments have improved,
the mortality rate remains high [2]. Hereditary tumor is one
of the major types of malignant tumors. Approximately
5-10% of all cancers are caused by inherited mutations in
tumor susceptibility genes [3—5]. Inherited cancer-related
mutations can significantly increase the risk for associated
cancer and pose major challenges to the prevention and treat-
ment of tumors. Hereditary tumors are common in a variety
of tumors. Take breast cancer as an example, breast cancer
is currently the first tumor (31%) in the number of new cases
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and the second (15%) in mortality in women [1], and the
new study is the first to document an elevated risk of breast
cancer recurrence (BCR) persisting more than 25 years
after primary surgery [6]. However, 5-10% of breast can-
cer patients are associated with inherited cancer-associated
genes [7]. These figures indicate the urgent need for effec-
tive interventions to prevent and control tumors, especially
hereditary tumors.

Preimplantation genetic testing (PGT) is a rapidly evolv-
ing technology that is used to diagnose genetic disorders
in embryos before they are implanted into the uterus [8].
The technology has advanced significantly in recent years
and is now widely used for a variety of purposes, including
detecting single-gene disorders, chromosomal abnormali-
ties, and other genetic conditions [9, 10]. PGT-M currently
adopts the strategy of constructing haploid, with linkage
analysis of single nucleotide polymorphisms (SNPs) located
upstream and downstream of the pathogenic or predisposing
genes [11-13]. The strategy of linkage analysis can reduce
the risks and serious consequences of allele dropout (ADO)
[14, 15].

The current prevention and treatment strategy for heredi-
tary tumors is to conduct regular prevention and physical
examinations for family members with a family history of
hereditary tumors or to perform prenatal diagnosis during
pregnancy [16]. Cancer in a member will increase the finan-
cial and psychological burden of the family [17], and the
induction of labor if abnormalities are found in the prenatal
stage will cause great harm to the pregnant woman's body
[18].

PGT-M is a medically and ethically acceptable way to
reduce the considerable risk of every offspring to inherit
a familial tumor-predisposing mutation, and some studies
have been conducted on PGT-M in hereditary tumor families
[19-22]. The Ethics Taskforce of the European Society of
Human Reproduction and Embryology declared that it is
acceptable to perform PGT-M for late-onset and multifac-
torial diseases in 2003 [23]. In this study, we summarized
and combed through all pedigrees with hereditary tumor
family history in our center and aimed to explore the appli-
cation of our technology in blocking the transmission of
hereditary cancer-related mutations to offspring during the
preconception period. This study involved hereditary tumors
such as breast cancer, familial medullary thyroid carcinoma,
renal cell carcinoma, retinoblastoma, and various hereditary
tumors caused by the tumor susceptibility gene p53. All six
families have successfully blocked familial cancer-predis-
posing genes and obtained pregnant or live births, demon-
strating the feasibility of our strategy.
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Materials and methods
Patients

Six couples suffering from hereditary tumors from the
beginning of the Center of Reproductive Medicine of the
First Affiliated Hospital of Zhengzhou University to April 1,
2023, were enrolled in this study. All the families of heredi-
tary tumors included had a specific pathogenic mutation or a
clear family history. Characteristics of including couples are
shown in Table 1. All couples in the pedigree included have
signed an informed consent form at genetic counseling. The
subject was approved by the Internal Review Board of The
First Affiliated Hospital of Zhengzhou University (Ethic no.
2023-KY-0361), and written informed consent was obtained
from all patients.

Workflow of analysis

The flow of the method is shown in detail in Fig. 1. First,
genetic counseling and peripheral blood collection were
used to determine the hereditary cancer-related mutation and
their distribution in the family. At the same time, the fertili-
zation process is completed by intracytoplasmic sperm injec-
tion (ICSI), and the biopsy of the trophectoderm (TE) cell
of the resulting embryo was performed to whole-genome
amplification (WGA). Next, the copy number variations
(CNVs) and the SNP flanking of the mutation were obtained
by karyomapping technology. CNV was applied to detect
aneuploidy of the embryo, and SNP information was used
for linkage analysis. After SNP linkage analysis, haplotypes
can be constructed based on references of the pedigree to
assess the carrier status of all embryos. Then, non-carrier
embryos can be selected to be transferred into the uterus.
And we can complete the transmission of risk genes associ-
ated with hereditary tumors to offspring.

Genetic variation detection

Learn basic family information through genetic counseling.
The hereditary cancer-related mutation was verified in fam-
ily members by Sanger sequencing. Next, genomic DNA was
extracted from the peripheral blood of couples and refer-
ences, which was performed for library construction, probe
capture, and karyomapping. The pathogenic criteria of the
detected mutations were evaluated according to ACMG [24].

Embryo biopsy, single-cell WGA

The blastocyst (day 5 or day 6) is the most commonly used
stage of embryo biopsy by far [25], while trophoblast culture
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Table 1 Characteristics of the included couples

Reference status Cycle Retrieved MII oocytes 2PN Biopsied

Reference

Hereditary

Case Male age Male karyotype Female age Female karyotype Hereditary cancer

blasto-
cysts

cancer-associated oocytes

genes/affected
partner/ACMG"

14

23

23

RET(+) 1

Daughter

Medullary thyroid RET/female/P

31 46,XX

46,XY

32

carcinoma

11

15

18
14

1
1

BRCAI(+)

Father
Son

Breast cancer BRCA1/male/P

46,XX
46,XX

46,XY,21pstk+ 30

28

RAD5ID(+)
TP53(+)

RADS51D/male/

Multiple tumors

30

46,XY

36

LP
TP53/male/LP

RB1/male/LP

(tumor suscepti-
bility genes)

10
13

11

15
18

1

Amniotic fluid RB1(+)

Retinoblastoma

46,XX
46,XX

46,XY 33
44

46,XY

29

17

Daughter FH(+)

FH/male/VOUS

Renal cell carci-

44

noma

19 12

23

2

FH(+)

Daughter

Renal cell carci-  FH/male/VOUS

46,XY 44 46,XX

44

noma

15

BRCAI(-) 1

Daughter

Breast cancer BRCA1/male/P

46,XY 37 46,XX

36

TP, pathogenic; LP, likely pathogenic; VOUS, variants of uncertain significance

is the most commonly used biopsied tissue [26, 27]. Due to
the limited number of biopsied cells, we adopted multiple
displacement amplification (MDA) for single-cell whole-
genome amplification (WGA).

Karyomapping array, haplotype analysis, and CNV
detection

Karyomapping is based on SNP linkage analysis flanking
the mutation. We selected SNPs within 2M of upstream and
downstream of the related mutation. According to the rel-
evant guidance provided by ESHRE (European Society of
Human Reproduction and Embryology), we should include
a minimum of three informative SNP loci within this range
[28]. This region length minimizes the impact of chromo-
somal recombination on linkage analysis. The reference is
not only a member of the pedigree but also a crucial com-
ponent for constructing haplotypes by linkage analysis. The
SNPs are designed on the main principle that carriers are
heterozygous and normal people are homozygous in couples.
Besides, if the reference is the parent of the couple and car-
ries the mutation, the selection of the reference SNP allele is
required to be homozygous. If the reference is the offspring
of the couple, there is no specific requirement for the selec-
tion of the reference SNP allele.

SNP information is obtained through karyomapping tech-
nology. After the SNPs were designed, haplotype analysis
can be further verified. We construct haplotypes by couples
and references in the pedigree. Based on available SNP locus
information, haplotype analysis can determine whether the
embryo carries the related mutation.

It can also detect copy number variations (CNVs) and
their parental origin, including aneuploidy and partial
deletion of chromosomes. And whether the embryo is ane-
uploid or not can be determined by visualizing the log R
ratio (LRR) and B-allele frequency (BAF). LRR and BAF
were used to estimate the CNVs. Because LRR is the logged
ratio of observed probe intensity to expected intensity, any
deviations from zero in this metric are evidence for copy
number change. BAF is the proportion of the hybridized
sample that carries the B allele as designated. In a normal
sample, discrete BAFs of 0.0, 0.5, and 1.0 are expected for
each locus (representing AA, AB, and BB).

Frozen embryo transfer (FET) and follow-up

The blastocysts with normal copy numbers that do not carry
familial cancer-predisposing mutations were transferred
into the uterus during frozen embryo transfer (FET) cycles.
Amniotic fluid genetic testing was performed at 18-22 gesta-
tional weeks to validate the result of preimplantation genetic
testing for monogenic disorders (PGT-M).
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Fig. 1 Workflow of analysis. (A—C) The main purpose is to obtain
family information through genetic counseling and to clarify the
mutated genes and their distribution in the family. (D-F) This is an
embryo biopsy and preimplantation genetic testing. (G) This means
that we obtain SNP information and CNV results through the kary-
mapping chip. (H) It shows that we selected SNPs with 2M SNP

Results
Characteristics of included couples

A total of six families (7 cycles) were included in this study,
all of which are inherited cancer-related gene families; 43
embryos from 7 PGT-M cycles were biopsied from the
six couples. An average of 6.14 blastocysts were biopsied
per cycle. Single-cell WGA was performed after obtaining
TE cells, and the success rate of WGA was 100% (43/43).
According to the ACMG, case 1, case 2, and case 6 were
classified to pathogenic genes, and case 3 and case 4 were
classified to likely pathogenic genes.

Case 1 is a familial medullary thyroid carcinoma
(fMTC) that has been inherited within three generations
(proband, mother, daughter). Both the proband and her
mother have been diagnosed with medullary thyroid carci-
noma. Case 2 was found to carry the BRCAT1 gene because
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upstream and downstream of mutation for linkage analysis to con-
struct haplotypes containing mutations. (I) It clearly indicates
whether the embryo is aneuploidy. Through the analysis of H and
I, we can tell which embryo can be transferred (see J). (K) It is the
process by which we transfer embryos into the uterus. This flowchart
uses case 1 as an example

of his high myopia with his father. Therefore, the gene
has a specific pathogenicity of breast cancer, so special
attention should be paid to the vertical transmission of
BRCAL1 in the female offspring. In case 3, the proband
came to the clinic with astrocytoma and was found to carry
RADS51D and TP53 mutations, and it was found that the
mutation originated from his father. These mutations are
an inherited tumor susceptibility gene. The proband in
case 4 was diagnosed with retinoblastoma, and the related
gene was de novo RB1 mutation. This mutation has been
passed on to offspring by amniotic fluid testing. In case 5,
the proband developed renal cell carcinoma, and the FH
mutation came from his father and was likely to be passed
on to other offspring. In case 6, the reference was diag-
nosed due to delayed myelination in children with devel-
opmental delay, and trio whole exome sequencing (Trio
WES) detected that his father carried the BRCA1 gene.
Given the specific pathogenicity of BRCA1 and the fact
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that obtaining this mutation in female offspring greatly
increases the risk of breast cancer [29], PGT-M is carried
out in this couple to block the genetic tumor risk of off-
spring. The relevant risk genes and cycles of the included
families can be found in Table 1, and the family trees show
the inheritance of hereditary tumor susceptibility genes
in detail (Supplementary Fig. 1). In addition, the Sanger
sequencing results of susceptibility genes carried by vari-
ous families, along with the corresponding primers, are
presented in Fig. 2.

Fig.2 The results of gene
mutation detection by Sanger

. s Casel: RET
sequencing of families

¢.1901G>A(p.C634Y)

ACACATC

AN

Case2: BRCAI
¢.5470_5477delATT
GGGCA

(p-Ile1824 Aspfs*3)

CGAGC T TGT|AICCGCACGGTG ATCG

Reference (mutation)

Strategy analysis

Taking case 1 as an example, the proband was the wife
of the couple who had been diagnosed with medullary
thyroid carcinoma when she came to our center. The
daughter of the proband has been detected to carry the
RET mutation. We can obtain SNP information for analy-
sis using the karyomapping technique and select SNPs
within 2M upstream and downstream of RET mutations
for linkage analysis. The principle of informative SNP
site selection is that the carrier is heterozygous, and the

CGAGCTGT|IGECGCACGGTGATCG

Female (mutation)

ACACATC|ITGCCCA AGIACATAGAA

il

TGCCCA AGIACATAGAG

GCAGTTTA

AA‘AA““AAA&

Reference (mutation)

Case3: RADS1D
¢.270_c.271dupTA
(p-Lys911lefs*13)

Male (mutation)

TCGAGTGTGGTGA

ahhAnnquu

Male (mutation)

Reference (mutation)
GCAGTTTA TCGAGTGTGGT GA

A

GCTGT|ITCCGITCCCACCAAATTAC

Case3: TP53
¢.799_802dupCGGA
(p-Asn268Thrfs*5)

GCTGT|ITCCGNTCCCACCAAATAAC

o\ hoahnao

isasnabluad

AGGTTATATT|TIAAAAGAAAAAGG

MM

Case4: RB1
¢.277C>T(p.Q93X)

Reference (mutation)

Male (mutation)
AGGTTATAT T[chAAAGAAAAAG G

TCCTAACTCACCTC|G|IGG AATAA G

CaseS: NPSH1
(male)
¢.3478C>T
(p-Argl160%*)

Case5: FH
c.404A>G
(p-His135Arg)

CaseS: NPSH1
(female)
¢.65C>T(p.Ala22Val)

ACACGAGCATC

Case6: BRCA1
c.4987-2A>G

Reference (mutation)

Reference (mutation)

Reference (normal)

GAAATTAAATC ACAC GAGCATC GAAATTAAATC,

il

Male (normal)
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normal one is homozygous in couples. SNP linkage analy-
sis based on the reference can construct haplotypes. We
identified the haplotypes carrying the pathogenic gene
mutation, which can analyze the RET mutation status of
the blastocysts biopsied. We can analyze E1, E7, E8, and
E9 do not carry the RET mutant gene. (See Fig. 3 for
details.) CNV testing was performed on 9 embryos in
one cycle, and we found that E1, E2, E3, E4, E5, E7, E8,
and E9 were all euploidy embryos (Fig. 4). Based on the
haplotype analysis and CNV results, E1, E7, E8, and E9
can be transferred.

SNP linkage analysis and CNV diagnosis

For other families, we analyzed and diagnosed according
to the above strategies for SNP linkage analysis and CNV
diagnosis.

After testing of the pathogenic gene in the family and sin-
gle-cell WGA of the blastocyst, screening was performed for
the couple and reference by karyomapping. The haplotype
was constructed by SNP linkage analysis to determine the
pathogenic gene carrier status of embryos in case 1, case 2,
case 3, case 4, case 5, and case 6 (Supplementary Tables 1,
2,3,4,5,6). CNV testing was then performed, and we can
obtain embryonic aneuploidy information through visual-
izing LRR and BAF.

D D

M F R (daughter)
rs3004260 43487986 B B A B A B
rs1254986 43499481 B B A B A B
rs1271546 43505098 A A B A B A
rs2419089 43518525 A A B A B A
rs7088902 43549708 A A B A B A
rs7069590 43552895 A A B A B A
rs3026709 43558857 A A B A B A
rs3026720 43563854 A A B A B A
rs2435359 43580015 A A B A B A
rs2435344 43585874 A A B A B A
rs4606438 43589056 B B A B A B
rs715106 43616751 B B A B A B
rs2075912 43622217 A A B A B A
rs2249005 43627280 A A B A B A
rs2435338 43642115 A A B A B A
rs7476512 43649563 A A B A B A
rs2505556 43666623 A A B A B A
rs1254965 43689853 A A B A B A
rs1272142 43695484 B B A B N N
rs1224192 43713047 B B A B A B
rs1235889 43718513 A A B A B A

E1l E2 E3 E4 E5 E6 E7 E8 E9

rs3004260 43487986 B B A B N N A B A B A B B B B B
rs1254986 43499481 B B A B A B A B A B A B B B B B
rs1271546 43505098 A A B A B A B A B A B A A A A A
rs2419089 43518525 A A B A B A B A B A B A A A A A
rs7088902 43549708 A A B A B A B A B A B A A A A A
rs7069590 43552895 A A B A B A B A N N B A A A A A
rs3026709 43558857 A A B A B A B A N N B A A A A A
rs3026720 43563854 A A B A B A B A N N B A A A A A
rs2435359 43580015 A A B A B A B A N N B A A A A A
rs2435344 43585874 A A B A B A B A N N B A A A A A
rs4606438 43589056 B B A B A B N N N N N N B B B B
rs715106 43616751 B B A B A B N N N N N N B B B B
rs2075912 43622217 A A B A B A B A B A B A A A A A
rs2249005 43627280 A A B A B A B A B A B A A A A A
rs2435338 43642115 A A B A B A B A B A B A A A A A
rs7476512 43649563 A A B A B A N N B A B A A A A A
rs2505556 43666623 A A B A B A B A B A B A A A A A
rs1254965 43689853 A A B A B A B A B A B A A A A A
rs1272142 43695484 N N N N A B A B A B A B B B B B
rs1224192 43713047 B B A B A B A B A B A B B B B B
rs1235889 43718513 A A B A B A B A B A B A A A A A

Fig.3 Haplotype analysis of embryos in case 1. M means the male.
F means the female. R means references, and E means embryos. This
figure shows in detail how case 1 constructed haplotypes contain-
ing mutations and performed linkage analysis. Firstly, SNPs within
2M upstream and downstream of the mutation were selected, and the
female (F) in the couple was known to be a carrier and the male (M)
was a non-carrier. Therefore, the male SNP selects homozygous alleles,
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and the female SNP selects heterozygous alleles. Because their daugh-
ter (R) is a carrier, haplotypes containing mutations can be constructed
according to reference (R) and then extrapolated to the mutation carrier
of each embryo. []: Male without hereditary cancer-related mutation.
(): Female with hereditary cancer-related mutation. <>: unknown
gender without hereditary cancer-related mutation. <}: unknown gen-
der with hereditary cancer-related mutation
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of CNV showed that the proportion of euploid embryos
reached 48.8%, and the proportion of chromosomally abnor-
mal embryos reached 51.2%. The number of informative
SNP alleles near the related mutation and the CNV results in
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Table 2 The results of haplotype analysis and CNVs of embryos

Couple Cycle Embryo Gene Mutation carrier status Informative CNV{ Outcomes
SNPs (2M)
Casel 1 1 RET Normal 47 46, XN Live birth
1 2 RET Carrier 49 46, XN Abandoned
1 3 RET Carrier 46 46,XN Abandoned
1 4 RET Carrier 46 46,XN Abandoned
1 5 RET Carrier 41 46,XN Abandoned
1 6 RET Carrier 47 46,XY (mosic80%)/47,XXY (mosic20%) Abandoned
1 7 RET Normal 50 46, XN Not transfer
1 8 RET Normal 49 46, XN Not transfer
1 9 RET Normal 49 46, XN Not transfer
Case2 1 1 BRCA1 Normal 24 46, XN Live birth
1 2 BRCA1 Normal 23 46,XN Not transfer
1 3 BRCA1 Normal 23 46,XN Not transfer
1 4 BRCA1 Normal 17 46,XN Not transfer
1 5 BRCALl Carrier 25 38,XN,-3,-7,-8,-12,-13,-15,-16,-17 Abandoned
1 6 BRCA1 Carrier 24 46, XN Abandoned
1 7 BRCA1 Carrier 24 51,XN,del(6)(q12-q27),+2,+7,+14,+15,4+19 Abandoned
Case3 1 1 RADS51D; TP53 Normal; Normal 57; 33 46, XN Live birth
1 2 RADS51D; TP53 Normal; Normal 64; 32 46,XN,dup(12)(q23.3-qter) Abandoned
1 3 RADS1D; TP53 Carrier; carrier 67; 34 46,XN,7p+ Abandoned
1 4 RADS1D; TP53 Carrier; normal 65; 34 52,XN,+1,+5,+6,+7,+21,+22 Abandoned
1 5 RADS51D; TP53 Normal; Normal 68; 35 46, XN Not transfer
1 6 RADS51D; TP53 Normal; Normal 62; 34 46, XN Not transfer
1 7 RADS1D; TP53 Carrier; normal 66; 34 47,XN,del(2)(q32.1-q37.3),+7 Abandoned
Case4 1 1 RB1 Normal 31 46, XN Abortion
1 2 RB1 Carrier 30 46,XN,del(1)(pter-p31.3),3q- Abandoned
1 3 RBI1 Normal 35 46,XN Pregnancy
Case5 1 1 FH; NPHS1#% Carrier; normal 40; 22 46,XN,del(3)(q11.2-q29) Abandoned
1 2 FH; NPHS1#% Carrier; normal 32;20 45 XN,-21 Abandoned
1 3 FH; NPHS1#% Carrier; carrier 35;24 45,XN,-22 Abandoned
1 4 FH; NPHS1#% Carrier; normal 39;23 47,XN,+8 Abandoned
2 1 FH; NPHS 1% Carrier; normal 38;23 47,XN,+21 Abandoned
2 2 FH; NPHS 1% Normal; Normal 32;20 46, XN Pregnancy
2 3 FH; NPHS 1% Carrier; carrier 38;23 45,XN,-22 Abandoned
2 4 FH; NPHS 1% Carrier; normal 39; 22 47 XN,+4,-21,+22 Abandoned
2 5 FH; NPHS 1% Carrier; carrier 39;24 46,XN Abandoned
2 6 FH; NPHS1# Carrier; carrier 40; 24 47,XN,+16 Abandoned
2 7 FH; NPHS1# Normal; carrier 39; 24 46, XN Abandoned
2 8 FH; NPHS1# NA; carrier 39; 24 47,XN,+8 Abandoned
Case 6 1 1 BRCAI Normal 58 46,XN,upd(4)(q32.3-q34.3) Pregnancy
1 2 BRCA2 Normal 57 45 XN,-21 Abandoned
1 3 BRCA3 Carrier 65 45,XN,-19 Abandoned
1 4 BRCA4 Normal 60 47 XN,+3 Abandoned
1 5 BRCA5S Normal 60 45,XN,upd(4)(q32.3-q34.3),-22 Abandoned

+Copy number variants

tIndicates the number of informative SNPs within 1M upstream and downstream of the NPHS1 mutation
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case 1, case 2, case 3, case 4, case 5, and case 6 are presented
in Table 2. Based on the results of haplotype linkage analysis
and CNVs, it was comprehensively judged whether embryos
could be transferred. A total of 15 transferable embryos were
obtained, with an average of 2.14 transferable embryos per
cycle. Of the 7 cycles, only cycle 1 in case 5 had no transfer-
able embryos. Embryos are transferable in all other cycles.

Frozen embryo transfer (FET) and follow-up

We selected embryos without hereditary cancer-related
mutation for transfer into the uterus. Three of the six couples
gave birth to healthy babies, and three are pregnant. Case 1,
case 2, and case 3 all gave birth to healthy infants; none of
the babies were found to carry the associated inherited muta-
tion by amniotic fluid testing. In case 4, the couple trans-
ferred an embryo to obtain a clinical pregnancy, and amni-
otic fluid testing confirmed that the embryo did not carry the
hereditary cancer-predisposing mutation, while the couple in
case 6 has not tested yet due to insufficient pregnancy weeks.
In case 5, embryos without hereditary cancer-predisposing
mutation were successfully transplanted and obtained clini-
cal pregnancy. But, the couple induced labor due to fetal
megacystis during pregnancy.

Discussion

Cancer genetics is increasingly becoming integrated into
the practice of modern medical oncology. Several tumors
involved in this study are common familial hereditary
tumors with clear family history. Individuals with inherited
cancer-related mutations have a much higher risk of develop-
ing associated cancers than non-carriers. Taking the proto-
oncogene BRCAI as an example, both case 2 and case 6
carried the BRCA1 gene in the family. And study has shown
that BRCA1 mutations account for 30-35% of all hereditary
breast cancers overall [30]. The lifetime risk of developing
breast cancer for these women ranges from 47 to 66% in
BRCA1 mutation carriers, respectively [29, 31, 32].

Currently, both the psychological and financial costs of
prevention and treatment for hereditary cancers are substan-
tial, whether before or after birth. The clustering of heredi-
tary cancer cases within families imposes a heavy burden
on individuals, families, and healthcare systems [33-35].

We tried to use PGT-M to advance the prevention of
hereditary tumors to primary prevention and to block the
transmission of some cancer-associated mutations with spe-
cific pathogenicity or clear family history to offspring before
pregnancy. At present, the centers mainly perform PGT-M
for single-gene genetic diseases [36, 37].

Our center has been successfully applied to 6 families,
all of which have obtained embryos without inherited

cancer-related mutations. A total of 6 inherited cancer-
related genes were involved in the six couples. These cou-
ples have all achieved clinical pregnancies, and 5 of these
cases have been confirmed by amniotic fluid testing to be
fetuses without the associated mutation. Our study provides
feasible strategies for the prevention of hereditary tumors
and has proven its effectiveness.

This research strategy has its obvious advantages. First,
from the perspective of primary prevention, the transmission
of cancer-related mutations with a clear family history to
offspring is blocked, reducing the physical harm to preg-
nant women and the economic loss of the family. Second,
in order to reduce the risk of allele dropout (ADO) during
single-cell whole-genome amplification (WGA) [38], we
avoid the effects of ADO according to haplotype analysis
by karyomapping [39]. Because inherited tumors mostly
exhibit an autosomally dominant pattern of inheritance [40],
ADO in single-cell WGA will have serious consequences.
Our research provides feasible technical support for PGT-M
in the further improvement of cancer-related gene screening.

At the same time, our study had some limitations. First,
the sensitivity of karyomapping in detecting CN'Vs is not as
capable than that of next-generation sequencing (NGS) when
it comes to detecting mosaic and small fragment deletions
and duplications. Then, the implementation of our strategy
requires complete family information, which places demands
on the integrity of the family information. Finally, mutation
identification and haplotype linkage analysis take more time
and cost.

The use of PGT-M in hereditary tumors may be contro-
versial due to racial, religious, or other ethical issues [41],
and because of the diversity of cancer causes [42], PGT-M
is not a guarantee of a healthy future. However, it is unde-
niable that in patients with a family history of hereditary
tumors, blocking the susceptibility genes of inherited tumors
can greatly reduce the probability of developing hereditary
cancer, especially in the family with a specific pathogenic
mutation or a strong family history, which has great positive
significance for the individual, family, and society.

Our research demonstrated the feasibility of our strat-
egy. In order to better serve families affected by heredi-
tary tumors, deeper investigation and understanding of the
mechanism behind hereditary cancer-related mutations are
necessary in the future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10815-023-02939-0.
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