Zhou et al. Molecular Cytogenetics (2022) 15:49
https://doi.org/10.1186/513039-022-00626-w

Prenatal diagnosis and genetic counseling

Molecular Cytogenetics

®

Check for
updates

of an inherited Xq24qg25 deletion associated

with normal phenotype

Yaging Zhou'!, Mingxi Zhang?', Yanmin Zhu*" and Qi Zhao*

Abstract

Background: Copy number variants (CNVs) are an important source of normal and pathogenic genome variations.
CNVs identified in prenatal cases need careful considerations and correct interpretation if those are harmless or harm-

ful variants from the norm.

Case presentation: A 28-year-old, gravida 1, para 0, woman underwent amniocentesis at 17 weeks of gestation
because the noninvasive prenatal testing (NIPT) results revealed a 9.8 Mb deletion from Xg24 to Xg25. GTG-banding
karyotype analysis was performed on cultured amniocytes. Chromosomal microarray analysis (CMA) on uncultured

amniocytes was performed.

Results: Chromosomal GTG-banding of the cultured amniocytes revealed a karyotype of 46, XX. CMA detected a 9.5-
Mb chromosomal deletion in the region of Xq24q25 (arr[GRCh37] Xq24q25(118,975,436_128,444,692) x 1).

Conclusion: The present report highlights that an integration of prenatal ultrasound, NIPT, karyotype analysis, CMA
and genetic counseling is helpful for the prenatal diagnosis of chromosomal deletions/duplications.

Keywords: Chromosomal microarray analysis (CMA), Noninvasive prenatal testing (NIPT), Chromosomal deletions/

duplications, Prenatal diagnosis

Introduction
Besides whole chromosome gains or losses, microdele-
tions and microduplications are in the focus of prenatal
diagnostics [1]. Nowadays especially noninvasive prena-
tal testing (NIPT) is widely used in the screening of com-
mon fetal chromosome aneuploidy [2].

Conventional karyotyping provides an overview of the
entire genome and can identify structural and numerical
chromosome abnormalities. Chromosomal microarray
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analysis (CMA) is a method using array technology to
detect chromosome abnormalities spanning less than
5 Mb [3]. Because CMA does not require cell culture,
samples which cannot be cultured by conventional kar-
yotyping can be analyzed with CMA, and CMA offers
faster testing result. However, conventional karyotyp-
ing is limited to detect the rearrangement with a length
longer than 5 Mb, which can be detected by CMA [4] and
CMA cannot detect balanced translocations, which can
be detected by conventional karyotyping [5].

Here we report the prenatal diagnosis and genetic
counseling of a Xq24q25 deletion in a Chinese family
with normal phenotype using NIPT, chromosomal GTG-
banding and CMA.
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Methods

Patients and samples

In 2019, a 28-year-old, gravida 1, para 0, woman under-
went amniocentesis at 17 weeks of gestation because
the noninvasive prenatal testing (NIPT) results revealed
9.8 Mb deletion from Xq24 to Xq25. Her husband was
27-year old. There was no family history of birth defects
or genetic diseases. GTG-banding karyotype analysis
was performed on cultured amniocytes and parental
blood samples. CMA on uncultured amniocytes was per-
formed using the Affymetrix CytoScan 750 K chip, which
includes 550 k non-polymorphic markers and 200 k SNP
markers.

Results

Chromosomal GTG-banding revealed a karyotype of
46,XX (Fig. 1). CMA detected a 9.5-Mb chromosomal
deletion in the region of Xq24q25, which is to be reported
according to International System of Cytogenomic
Nomenclature 2020 (ISCN 2020) [6] as arr[GRCh37]
Xq24q25(118,975,436_128,444,692) x 1 (Fig. 2). Then we
performed both CMA and chromosomal GTG-banding
using the samples from the parents’ peripheral blood.
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Parental karyotypes were done and were 46,XX and
46,XY, respectively. However, in CMA the mother had
the same deletion in Xq24q25 as the fetus. Ultrasound
examination showed no dysmorphisms or intrauterine
growth restriction (IUGR) in the fetus. A comprehen-
sive physical examination of the parents, especially the
mother showed no abnormalities.After genetic coun-
seling, the parents decided to continue the pregnancy.

At 40 weeks of gestation, the expectant mother gave
birth vaginally to a female baby. The baby’s growth
parameters at birth were in the normal ranges. Apgar
scores were 9/9/10. The baby received a complete
physical examination and the results were normal. At
36-month checkup, the baby was developing normally
(Intelligence Quotient, IQ =108).

Discussion

Only a few cases/families with Xq24q25 deletion have
been reported in the literatures [1, 7-14]. The chromo-
somal deletion of Xq24q25 contains several dosage-sen-
sitive genes, such as LAMP2, CUL4B, XIAB, SH2D1A and
GRIA3. The deletion of XIAP and SH2DI1A genes are the
cause of X-linked lymphoproliferative disease [11]. The
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Fig. 1 The karyotype of 46,XX
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Fig. 2 CMA detected a 9.8-Mb chromosomal deletion in the region of Xq24q25 (arr[GRCh371Xq24925(118,975,436_128,444,692) x 1)
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deletion of LAMP2 gene is the cause of X-chromosomal
dominant Danon disease [12, 13]. The deletion of GRIA3
and CUL4B genes are the cause of X-linked mental retar-
dation or/and X-linked intellectual disability [7, 12, 13].

NIPT is a very efficient and accurate method for the
detection of chromosome aneuploidy, especially for
chromosome 13, 18 and 21. Recently, further expan-
sion of NIPT has focused on additional screening for sex
chromosome aneuploidy. Maternal CNVs, especially at
the X chromosome is an important cause of false positive
NIPT results for sex chromosomal aneuploidy. In addi-
tion, some maternal CN'Vs can cause significant anoma-
lies if the male fetus was inherited the X chromosome
with CNVs [7].

X chromosomal CNVs does not usually cause signs
or symptoms in women because of the presence of the
second, normal X chromosome. Important genes in an
X chromosome deletion CNVs can be recovered by the
normal X chromosome [7]. However, if an X chromo-
some with a CNVs is transmitted to a male, it can cause a
clinically significant phenotype.

Researches have shown that most female carriers with
Xq24q25 deletion also develop symptoms, from a virtu-
ally asymptomatic to more classical profile. This variable
expression in females is thought to be influenced by the
process of X-chromosome inactivation (XCI). The analy-
ses revealed that patients presented with the broad range
of disease expression—from mild to severe, and their
clinical involvement did not correlate with XCI profiles.

Heterozygous female carriers with the random XCI may
present with the wide range of disease signs and symp-
toms. Thus, XCI is not a main factor in the phenotype
variability in heterozygous females [14, 15].

Generally in these cases the inactivated X is the one
that is affected, with the deletion, i.e. there is a non-ran-
dom inactivation of the X chromosome. But in a percent-
age of cases this non-random inactivation does not occur.
Some authors suggest that this could be due to some type
of gene or chromosomal aberration in the “normal X”
[16].

Therefore, pregnant women with an X chromosomal
CNVs need proper genetic counseling about the possible
clinical outcomes. It is generally considered appropriate
to offer genetic counseling about the potential risks to
offspring and reproductive options to these female car-
riers [7].

During pregnancy, there were no dysmorphisms or
IUGR in the female fetus. At the 3-year follow-up, the
baby did not have an abnormal phenotype and exhibited
no evidence of mental retardation, intellectual disabilit,
X-linked lymphoproliferative disease or X-chromosomal
dominant Danon disease. However, further study is
needed. We plan to follow this patient in order to moni-
tor her development.

CMA is superior to standard karyotype in detection
of chromosomal microdeletion/microduplication [17].
Therefore, CMA is recommended as an additional diag-
nostic test while conventional prenatal tests including
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blood test, ultrasonography examination and invasive
prenatal diagnosis revealed abnormal findings of fetus
[17].

Conclusions

Combination of NIPT, karyotype analysis, CMA, pre-
natal ultrasound and genetic counseling is helpful for
the prenatal diagnosis of chromosomal microdeletions/
microduplications.

Acknowledgements
We thanked all the participants and the families in this study for their
cooperation.

Author contributions

YZ and YZ are responsible for clinical diagnosis and treatment. MZ is respon-
sible for pathological examination. QZ is responsible for genetic testing and
thesis writing. All authors read and approved the final manuscript.

Funding
There was no funding available for this study.

Availability of data and materials
All relevant data and material is included in this publication.

Declarations

Ethics approval and consent to participate
The research was approved by the Ethics Committee of Dongsheng Area
People’'s Hospital. All patient guardians gave informed consent to the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Reproductive Center Laboratory, Ninghai County Maternal and Child Health
Hospital, Ningbo, Zhejiang, People’s Republic of China. 2Department of Inter-
nal Medicine, Wuhan Hospital of Traditional Chinese Medicine, Wuhan, Hubei,
People’s Republic of China. *Department of Treatment and Prevention, Wuhan
Hospital of Traditional Chinese Medicine, Wuhan, Hubei, People’s Republic

of China. “Department of Clinical Laboratory, Dongsheng Area People’s Hospi-
tal, Ordos, Inner Mongolia, People’s Republic of China.

Received: 20 August 2022 Accepted: 21 October 2022
Published online: 03 November 2022

References

1. LiehrT, Schreyer I, Kuechler A, Manolakos E, Singer S, Dufke A, Wilhelm K,
Jan¢uskova T, Cmejla R, Othman MAK, Al-Rikabi AH, Mrasek K, Ziegler M,
Kankel S, Kreskowski K, Weise A. Parental origin of deletions and duplica-
tions—about the necessity to check for cryptic inversions. Mol Cytogenet.
2018;11:1-8.

2. Liang D, Cram DS, Tan H, Linpeng S, Liu Y, Sun H, Zhang Y, Tian F, Zhu
H, Xu M, Wang H, Yu F, Wu L. Clinical utility of noninvasive prenatal
screening for expanded chromosome disease syndromes. Genet Med.
2019;21:1998-2006.

3. Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP,
et al. Consensus statement: chromosomal microarray is a first-tier clinical
diagnostic test for individuals with developmental disabilities or congeni-
tal anomalies. Am J Hum Genet. 2010;86:749-64.

4. Gekas J, van den Berg DG, Durand A, Vallee M, Wildschut HI, Bujold E,
Forest JC, Rousseau F, Reinharz D. Rapid testing versus karyotyping in

Page 4 of 4

down’s syndrome screening: cost-effectiveness and detection of clinically
significant chromosome abnormalities. Eur J Hum Genet. 2011;19:3-9.

5. Evangelidou P, Alexandrou A, Moutafi M, loannides M, Antoniou P, Koum-
baris G, Kallikas I, Velissariou V, Sismani C, Patsalis PC. Implementation of
high resolution whole genome array CGH in the prenatal clinical setting:
advantages, challenges, and review of the literature. Biomed Res Int.
2013;2013: 346762.

6. McGowan-Jordan J, Hastings RJ, Moore S. International system of cytog-
enomic nomenclature (ISCN 2020). Switzerland: Karger; 2020.

7. Kim SC, Cha DH, Jeong HR, Lee J, Jang JH, Cho EH. Clinically significant
maternal X chromosomal copy number variation detected by noninva-
sive prenatal test. J Obstet Gynaecol Res. 2019;45:1925-8.

8. Tessarech M, Gorce M, Boussion F, Bault JP, Triau S, Charif M, Khiaty S,
Delorme B, Guichet A, Ziegler A, Bris C, Laquerriere A, Fallet-Bianco C,
Jacquette A, Salhi H, Héron D, Reynier P, Procaccio V, Bonneau D, Colin E.
Second report of RING finger protein 113A (RNF113A) involvement in a
Mendelian disorder. Am J Med Genet A. 2020;182:565-9.

9. LiehrT. Cases with heteromorphisms. http://cs-tl.de/DB/CA/HCM/0-Start.
html (Accessed on 03.03.2022).

10. LiehrT. Benign & pathological chromosomal imbalances, 1st edition
microscopic and submicroscopic copy number variations (CNVs) in
genetics and counseling. Switzerland: Academic Press; 2014.

11. Babol-Pokora K, Wotowiec M, Popko K, Jaworowska A, Bryceson YT, Tesi
B, Henter JI, Mtynarski W, Badowska W, Balwierz W, Drabko K, Katwak
K, Maciejka-Kembtowska L, Pieczonka A, Sobol-Milejska G, Kottan S,
Malinowska I. Polish pediatric hematology oncology society. Molecular
genetics diversity of primary hemophagocytic lymphohistiocytosis
among polish pediatric patients. Arch Immunol Ther Exp. 2021. https://
doi.org/10.1007/500005-021-00635-4.

12. Horvath J, Ketelsen UP, Geibel-Zehender A, Boehm N, Olbrich H,
Korinthenberg R, Omran H. Identification of a novel LAMP2 mutation
responsible for X-chromosomal dominant Danon disease. Neuropediat-
rics. 2003;34:270-3.

13. Majer F, Kousal B, Dusek P, Piherova L, Reboun M, Mihalova R, Gurka
J, Krebsova A, Vlaskova H, Dvorakova L, Krihova J, Liskova P, Kmoch S,
Kalina T, Kubanek M, Sikora J. Alu-mediated Xq24 deletion encompass-
ing CUL4B, LAMP2, ATP1B4, TMEM255A, and ZBTB33 genes causes Danon
disease in a female patient. Am J Med Genet A. 2020;182:219-23.

14. Juchniewicz P, Kloska A, Tylki-Szymarniska A, Jakébkiewicz-Banecka J,
Wegrzyn G, Moskot M, Gabig-Cimirnska M, Piotrowska E. Female Fabry dis-
ease patients and X-chromosome inactivation. Gene. 2018,641:259-64.

15. Minamikawa S, Nozu K, Nozu Y, Yamamura T, Taniguchi-lkeda M, Nakani-
shi K, Fujimura J, Horinouchi T, Shima Y, Nakanishi K, Hattori M, Kanda
K, Tanaka R, Morisada N, Nagano C, Sakakibara N, Nagase H, Morioka |,
Kaito H, lijima K. Development of ultra-deep targeted RNA sequencing
for analyzing X-chromosome inactivation in female Dent disease. J Hum
Genet. 2018;63:589-95.

16. Katoh K, Aiba K, Fukushi D, Yoshimura J, Suzuki Y, Mitsui J, Morishita S, Tuji
S, Yamada K, Wakamatsu N. Clinical and molecular genetic characteriza-
tion of two female patients harboring the Xq27.3q28 deletion with differ-
ent ratios of X chromosome inactivation. Hum Mutat. 2020;41:1447-60.

17. Committee Opinion No. 682: microarrays and next-generation sequenc-
ing technology the use of advanced genetic diagnostic tools in obstet-
rics and gynecology. Obstetr Gynecol. 2016;128:262-268.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://cs-tl.de/DB/CA/HCM/0-Start.html
http://cs-tl.de/DB/CA/HCM/0-Start.html
https://doi.org/10.1007/s00005-021-00635-4
https://doi.org/10.1007/s00005-021-00635-4

	Prenatal diagnosis and genetic counseling of an inherited Xq24q25 deletion associated with normal phenotype
	Abstract 
	Background: 
	Case presentation: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Patients and samples

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




