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Abstract

Background: Double aneuploidies - especially in combination with structural aberrations - are extremely rare
among liveborns. The most frequent association is that of Down (DS) and Klinefelter syndromes (KS). We present
the case of a male newborn with a unique 47,XY,+ 21[80%]/48 XY, +i(X)(q10),4+ 21[20%] karyotype, hypothesize about
his future phenotype, discuss the aspects of management and review the literature.

Case presentation: The additional association of isochromosome Xq (i(X)(q10)) could be the result of a threefold
non-disjunction event. 47,XY,+i(X)(q10) KS is not common and its symptoms differ from the classical KS phenotype.
In combined DS and i(X)(g10) KS, the anticipatory phenotype is not simply the sum of the individual syndromic
characteristics. This genotype is associated with higher risk for several diseases and certain conditions with more
pronounced appearance: emotional and behavioral disorders; poorer mental and physical quality of life; lower
muscle mass/tone/strength; connective tissue weakness; muscle hypotonia and feeding difficulties; osteopenia/
—porosis with earlier beginning and faster progression; different types of congenital heart diseases; more common
occurrence of hypertension; increased susceptibility to infections and female predominant autoimmune diseases;
higher risk for hematological malignancies and testicular tumors.

Conclusions: In multiple aneuploidies, the alterations have the potential to weaken or enhance each other, or they
may not have modifying effects at all. Prenatal ultrasound signs are not obligatory symptoms of numerous
chromosomal anomalies (specifically those involving supernumerary sex chromosomes), therefore combined
prenatal screening has pertinence in uncomplicated pregnancies as well.
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Background their co-occurrence and association with i(X)(q10) struc-
Double aneuploidies - especially in combination with  tural abnormality needs a specific approach.
structural aberrations - are extremely rare among

liveborns. The most frequent co-occurrence is of Down .
(DS) and Klinefelter syndromes (KS) (coincidence Case presentation

0.098%) [1], because they are common and relatively The 2nd child of a healthy, non-consanguineous Caucasian
couple (31-year-old mother, 43-year-old father) was first re-

ferred to genetic counseling as a male newborn exclusively
with signs and symptoms of DS: flat occiput, small and
low-set ears, epicanthal folds, upslanting palpebral fissures,
¥ Corespondence: pinti.eva@med.semmelweis-univhu rectus diasthasis, umbilical hernia, cutis marmorata, sandal
2nd Department of Pediatrics, Semmelweis University, Budapest, Hungary gaps on feet, moderate appetite and feeding difficulties
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well tolerated chromosome abnormalities in humans [2].
Although their features are separately well described,
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because of generalized muscle hypotonia and a rela-
tively large tongue. During the event-free pregnancy
none of the prenatal ultrasound examinations showed
any abnormalities. The child was born naturally at 39
gestational weeks with 3170 g, 54 cm, 9/10 Apgar scores
and his postnatal adaptation was uneventful. Family his-
tory was negative for genetic diseases and developmental
disorders and no teratogenic damage was reported. Post-
natal analysis of his 15 Giemsa-stained metaphases from
standard 72-h peripheral blood lymphocyte cultures led to
the 47,XY,+21[80%]/48,XY,+i(X)(q10),+ 21[20%] geno-
type. The proportion of mosaicism was confirmed to be
47,XY,+ 21[80%]/48,XY,+i(X)(q10),+ 21[20%] by fluores-
cent in situ hybridization (FISH) of 200 interphase cells
with 21q22 region (Kreatech, Amsterdam, Netherlands),
Xp and Xq (Cytocell, United Kingdom) specific probes
(Fig. 1). The 2-month-old child was re-examined when
the genetic test results were reported. The features of DS
continued to dominate his phenotype, but due to his
young age we could not see any KS traits.

Discussion and conclusions

Incidence, etiology

Approximately 15% of clinically proven pregnancies end
with spontaneous miscarriages, half of them (7.5%) arise

-
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Fig. 1 The presented patient’s genotype: 47,XY,+21[80%]/
48,XY,+i(X)(q10),+21[20%]. a Partial karyogram with Giemsa-banding
b FISH image of a metaphase cell with three 21922 region signals
(short red arrows), three Xqg arm signals (short green arrows) and
one Xp arm signal (long red arrow)
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from chromosome abnormalities. In the case of stillbirths
this rate is 6—13% [3]. In spontaneous abortions the detec-
tion rate of double and multiple aneuploidies is 4.6 and
0.4%, respectively. Double aneuploidies are mostly com-
posed (in descending frequency-order) of chromosome
21, 16, X, 22, 18, 13 and 15. The most frequent combina-
tions are -X/+21 (8.5%), +21/+22 (4.4%), +16/+21
(4.4%), +7/+ 16 (4.4%) in double, and + X/+5/+ 8, + 8/+
20/+22, +16/+20/+22, +14/+21/+22, -X/+21/+21,
-X/+7/+21 in multiple aneuploidies. These results sug-
gest that the excess of chromosomes (with the exception
of X) is less tolerated than their deficiency. The incidence
of these abnormalities is significantly higher (59.2%) in
maternal age group 40—44 years [4], where the higher risk
of chromosome aberrations - due to the increased age
(=35 years) - combines with greater willingness to bear
children in more developed countries.

The incidences of various chromosome aneuploidies
differ between livebirths and spontaneous abortions or
stillbirths. While autosomal trisomies in combination with
X monosomy are more common in the latter group, the as-
sociation of DS and KS are more dominant in the former
(incidence 4—9:100000 male newborns) [2]. Co-occurrence
of DS and KS is higher (9.8 x 10~ 2) than expected (1.298 x
107) [1] because of their similar origin: increased predis-
position for non-disjunction events [5]. This hypothesis is
supported by the theory that the imbalance of one chromo-
some increases the risk for further aberrations [6, 7]. The
simultaneous appearance of our patient’s three chromo-
somal aberrations is therefore the result of a threefold non-
disjunction event.

Cumulative cell division defects may be explainable by
the presence of different epigenetic and other risk fac-
tors. The risk is higher in instances of increased mater-
nal (>35years) or paternal (>45years) age [8], cousin
marriage, known genetic disorders in the family, patho-
logical fetal ultrasound signs, increased maternal serum
marker levels, quantitative abnormalities of amniotic
fluid, certain medicaments, infections, chemicals or ion-
izing radiation during the pregnancy.

88% of DS cases arise from the 2nd maternal and the
1st grandmaternal meiotic cell division, 8% have paternal
origin and 4% occur after fertilization [9, 10]. Meiotic
non-disjunction events causing KS are inherited mater-
nally in 50-56% of cases (36% occur in 1st and 20% in
2nd meiosis), and paternally in 44-50% (100% 1st mei-
osis) [11, 12]. Isochromosome Xq originates presumably
during the 2nd maternal meiosis from a separation error
of the centromere or the sister chromatids [12].

In the presented newborn the excess of chromosome
21, as it is non-mosaic, could have originated from either
a paternal or maternal germ cell, or from an early post-
zygotic cell division defect. In contrast, the i(X)(q10) is
not present in all the lymphocytes of the patient. Some
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authors suggest that 47,XY,+i(X)(q10) could be maternally
inherited [12], but on the basis of mosaicism a postzygotic,
mitotic defect is more likely in the present case. A further
explanation could be that the maternally inherited extra
chromosome had been lost during somatic cell divisions
as the result of a negative selection effect.

Genotype-phenotype correlation (Table 1)

Down syndrome

The immune system’s dysregulation and its consequences,
as well as the higher risk for infections and some types of
leukemias are characteristic for DS [13, 14]. A further,
scarcely understood aspect is that patients with DS have
decreased risk for certain solid tumors, a notable excep-
tion being testicular cancer [15]. This relative protection
could be explained by higher dosages of putative tumor
suppressor loci on chromosome 21 [16, 17].

Children with DS have a 20-fold greater risk for acute
lymphoid leukemia (ALL) and a 500-fold higher risk for
myeloid leukemia (ML) compared to children without DS.
Overall survival (OS) in DS-ALL (70%) is below the group
of patients without DS (OS: 89%). The increased rate of
treatment-related toxicity and infectious deaths in DS-
ALL can be explained by the patients’ altered metabolic
profile and immunodeficient state. The long-distance out-
comes are further worsened by the high risk for relapse
even after hematopoietic stem cell transplantation. Min-
imal residual disease response can differentiate between
low and high relapse risk DS-ALL patients, and indicate
the necessary and safe intensity of treatment [18].

5-10% of DS newborns have manifest, and 10-31% have
silent transient myeloproliferative disorder (TMD). TMD is
a preleukemia characterised by GATA Binding Protein 1
(GATAI) gene mutations in 30% of DS newborns. 25% of
TMD in DS (DS-TMD) undergo spontaneous regression
(in the first 3 months of life), while the remainder will go
on to develop myeloid leukemia of DS (ML-DS). Most
cases of DS-TMD are diagnosed 3-7 days after birth, but
almost all of them present signs of TMD by age 2 months.
20-30% of TMD (meaning 0.5—-2% of all patients with DS)
will go on to develop ML-DS (within the first 2—4 years of
life, approximately 1.2—-1.5years from the onset of TMD)
or, less commonly, ALL. ML-DS involves two entities: mye-
lodysplastic syndrome (MDS) and acute megakaryoblastic
leukemia (AMKL). MDS often precedes AMKL [18].

There is no standard for screening GATAI mutations
in patients with DS, but international guidelines recom-
mend at least one full blood count (FBC) for newborns.
Patients who have documented DS-TMD require regular
monitoring every 3 months until 4 years of age with FBC
and physical examination, due to their higher risk for
developing ML-DS. ML-DS patients have significantly
better disease-free survival (DFS: 88—89%) compared to
children without DS (DFS: 42%), because ML-DS shows
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better response to less intense therapy. The better che-
mosensitivity of AMKL could be explained by alteration
of cytarabine metabolism. Patients with DS — who de-
velop AMKL — have better 5-years event-free survival
(5yEFS: 81%) under the age of 4 years than older chil-
dren (5yEFS: 33%). Children over 4 years of age with DS
and AMKL are more likely to have cytogenetic aberra-
tions similar to sporadic AML, therefore older children
with AMKL need more intense therapy [18].

Klinefelter syndrome

47,XY,+i(X)(q10) is very rare among patients with KS.
Including our patient, 23 cases have been reported so
far. Although the KS encompasses a wide spectrum of
features, the classical phenotype includes consequences
of hypergonadotropic hypogonadism. Height can exceed
the average, presumably because of delayed epiphyseal
plate closure and the extra copy of short stature homeo-
box (SHOX) gene on Xp [19-23].

Several studies have dealt with the distinct phenotypic
effect of the supernumerary X chromosome in KS. It has
emerged that the X inactivation pattern of KS patients is
similar to that of healthy women, which extends not
only to the extra X chromosome(s), but also to the auto-
somes. Protection against inactivation is ensured by the
expression of X inactive specific transcript (XIST) gene
on the long arm of the active X. This mechanism regu-
lates X-chromosomal gene dosages in relation to the
number of autosomes, therefore in cases of tri-, tetra- or
higher polyploidy, there are more than one active X
chromosomes [24]. Therefore, the KS phenotype is influ-
enced by more than simply the increased dosages of
non-inactivated X-chromosomal genes [7, 23]. In KS pa-
tients this may lead to the increased incidence of female
predominant autoimmune disorders [25].

Skakkebeaek et al. analysed the genome-wide transcrip-
tome and methylome of peripheral blood leukocytes in
KS patients, male and female controls and detected a
unique, KS-specific genetic and epigenetic landscape.
They identified candidate genes (coding and non-
coding) and regions responsible for the diverse KS fea-
tures and comorbidities [23].

1(X)(q10) Klinefelter syndrome

In 47,XY,+i(X)(q10) some traits, but not all, could easily
be originated from the altered dosages of the X chromo-
somal arms. The excess of Xq is responsible for most of
the typical KS symptoms, and the relative lack of Xp for
normal height and intellect [7, 20].

The frequency of various autoimmune diseases distrib-
utes differently between the sexes and different types of
chromosome abnormalities, which illustrates the dosage-
dependent effect of X-chromosomal genes. Approximately
15% of them remain active (30% of the Xp and < 3% of the
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Xq genes) [26]. More precisely, 5% of the genes escape
completely from inactivation and 10% show variable cell-
type specific patterns [7]. Decreased expression of Forkhead
Box P3 (FOXP3) gene on Xpl11.23, which encodes a tran-
scription factor responsible for regulatory T-cell differenti-
ation, leads to insufficient inhibition of autoreactive T-cells.
Deletion of FOXP3 causes the IPEX syndrome, which is
characterized by immune-dysregulation, polyendocrinopa-
thy, enteropathy and X-linked inheritance. Further anti-
(Interleukin 10 (IL10), Transforming Growth Factor Beta 2
(TGE[2)) and pro-inflammatory (Interleukin 6 (IL6), Trans-
forming Growth Factor Beta 1 (TGFf31)) cytokine genes are
located on the X chromosome, altered dosages of which in-
fluence the immune system’s regulation in the opposite
way. The decreased dosages of anti-inflammatory cytokine
genes on Xp and the increased copies of pro-inflammatory
cytokine genes on Xq lead to higher risk for autoimmune
diseases. This data is supported by the fact that some disor-
ders (e.g. Hashimoto’s disease) occur more commonly
among patients with 45,X,i(X)(q10) Turner syndrome [27].
A similar relationship between the altered cytokine gene
dosages and higher autoimmune disease risk may exist in
KS with i(X)(q10) structural abnormality.

It is not yet known how inactivation is affected in struc-
tural X abnormalities, notably in the 47,XY,+i(X)(q10)
genotype. Considering the results of Skakkebeek et al., the
expression of candidate Xp genes presumably involved in
the KS phenotype may not be altered in the case of
i(X)(q10) KS, therefore those features should be lacking.
One of those genes is eukaryotic translation initiation fac-
tor 2 subunit gamma (EIF2S53), which is associated with
diabetes, cognitive dysfunction and altered brain volumes,
hypogonadism and azoospermia in typical KS [23]. If the
expression of EIF253 is not altered in i(X)(q10) KS, the
aforementioned symptoms should be not present. This
hypothesis is supported by the fact that as of yet all re-
ported i(X)(q10) KS patients have normal intellect. On the
other hand, these patients are affected by hypogonadism
and azoospermia, which further complicates the proper
understanding of genotype-phenotype correlations.

Double 48,XXY,+ 21 trisomy

Since the first description of double 48,XXY,+ 21 trisomy
[28], 82 postnatal and 17 prenatal cases have been reported
[29]. Interestingly, in 1963 Wright and his colleagues re-
ported two independent sibling duos with single aneu-
ploidies. There was one child with KS and one with DS in
each family [30], which are further examples of the com-
mon combination of these aneuploidies and the increased
predisposition for non-disjunction events. Prenatal hints of
similar cases could be the ultrasound signs of DS and the
increased maternal serum marker levels. Keeping in mind
that ultrasound signs are not obligatory, simultaneous
screening of biomarker levels is essential. Prenatal
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ultrasound examinations of the presented patient did not
show any pathological alterations. Since the mother was
under 35 years of age, no serum biomarker testing was con-
ducted. Our patient’s case supports the relevance of com-
bined prenatal testing in uncomplicated pregnancies.

In cases of combined DS and KS the incidence of con-
genital heart disease could be higher compared to the
isolated forms of these aneuploidies. In 12 previously de-
scribed 48,XXY,+21 cases atrial and atrioventricular
septal defects were the most frequent abnormalities [31].

In addition, the spectrum of different mental problems
could be wider, and their risk could be higher in this
group of patients.

The phenotype of 48,XXY,+21 double aneuploidy is
characterized by classical DS features in children, who
then develop additional KS symptoms from the age of
puberty. If we experience the following symptoms, we
should suspect the presence of KS beside DS: male in-
fant with developmental abnormalities of the genitalia
(hypospadias, micropenis, cryptorchidism), delay or ab-
sence of puberty, signs of hypergonadotropic hypo-
gonadism (absence of voice cracking, female secondary
sex characteristics, gynecomastia, < 4 ml testicle volume),
oligo—/azoospermia, tall stature (>97th percentile).

Combined Down and i(X)(q10) Klinefelter syndrome

The combined DS and i(X)(ql0) KS is associated with
higher risk for several diseases and certain conditions with
more pronounced appearance: emotional and behavioral
disorders; poorer mental and physical quality of life; lower
muscle mass/tone/strength; connective tissue weakness;
muscle hypotonia and feeding difficulties; osteopenia/—poro-
sis with earlier beginning and faster progression; different
types of congenital heart diseases; more common occur-
rence of hypertension; increased susceptibility to infections
and female predominant autoimmune diseases; higher risk
for hematological malignancies and testicular tumors.

In multiple aneuploidies and compound chromosomal
abnormalities the anticipatory phenotype is not simply the
sum of the individual syndromic characteristics. The alter-
ations have the potential to weaken or enhance each other,
or they may not have modifying effects at all. Prenatal ultra-
sound signs are not obligatory symptoms of numerous
chromosomal anomalies (specifically those involving super-
numerary sex chromosomes), therefore combined prenatal
screening has pertinence in uncomplicated pregnancies as
well. This might also suggest that only chromosomal anom-
alies that usually lead to pronounced anatomical malforma-
tions (e.g. 21/13/18 trisomies) may be detected during the
18- to 22-week fetal anatomical ultrasound. In cases of
i(X)(q10) KS long-term follow-up, transcriptome and
methylome analyses are needed to clarify the role of the X-
chromosomal regions in KS traits, the regulation of the im-
mune system and autoimmune diseases.



Pinti et al. BMC Pediatrics (2020) 20:17

Abbreviations

SyEFS: 5-years event-free survival; ALL: Acute lymphoid leukemia;

AMKL: Acute megakaryoblastic leukemia; AML: Acute myeloid leukemia;
AVSD: Atrioventricular septal defect; DD: Developmental delay; DFS: Disease-
free survival; DS: Down syndrome; DS-ALL: Acute lymphoid leukemia in
Down syndrome; DS-TMD: Transient myeloproliferative disorder in Down
syndrome; DVT: Deep vein thrombosis; EIF2S3: Eukaryotic Translation Initiation
Factor 2 Subunit Gamma gene; FBC: Full blood count; FISH: Fluorescent in
situ hybridization; FOXP3: Forkhead Box P3 gene; GATAT: GATA Binding Protein
1 gene; i(X)(q10): Isochromosome of the X-chromosomal long arm;

ID: Intellectual dysability; IL10: Interleukin 10 gene; IL6: Interleukin 6 gene; IPEX
syndrome: Immune-dysregulation, Polyendrocrinopathy, Enteropathy, X-
linked inheritance syndrome; KS: Klinefelter syndrome; MDS: Myelodysplastic
syndrome; ML: Myeloid leukemia; ML-DS: Myeloid leukemia in Down
syndrome; OS: Overall survival; p: Short arm of a chromosome; PAPP-

A: Pregnancy-associated plasma protein A; PE: Pulmonary embolism; g: Long
arm of a chromosome; QTc: Corrected QT interval; RA: Rheumatoid arthritis;
SGA: Small for gestational age; SHOX: Short stature homeobox gene;

SLE: Systemic lupus erythematosus; SM: Sclerosis multiplex; sy.. Syndrome;
sys.: System; TIDM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus;
TGFBI1: Transforming Growth Factor Beta 1 gene; TGFB2: Transforming Growth
Factor Beta 2 gene; TMD: Transient myeloproliferative disorder;

UE3: Unconjugated oestriol; VSD: Ventricular septal defect; X: X chromosome;
XIST: X inactive specific transcript gene; Y: Y chromosome; B-hCG: Beta human
chorionic gonadotropin

Acknowledgements
The authors would like to thank the patient and his family for their
collaboration.

Authors’ contributions

EP analyzed and interpreted the patient data, reviewed the literature and
was a major contributor in writing the manuscript. IH made and analysed
the cytogenetic tests. GyF performed the physical examination of the
patient. AL checked the language grammar. All authors read and approved
the final manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
A written informed consent has been obtained from the parents of the
presented patient for publication of the submitted article.

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

Received: 19 November 2019 Accepted: 24 December 2019
Published online: 13 January 2020

References

1. Kovaleva NV, Mutton DE. Epidemiology of double aneuploidies
involving chromosome 21 and the sex chromosomes. Am J Med Genet
A. 2005;134A(01):24-32. https:;//doi.org/10.1002/ajmg.a.30306.

2. Bozdogan ST, Bisgin A. A rare double aneuploidy case (Down-Klinefelter). J
Pediatr Genet. 2017,6:241-3. https://doi.org/10.1055/5-0037-1604098.

3. Reddy UM, Page GP, Saade GR. The role of DNA microarrays in the
evaluation of fetal death. Prenat Diagn. 2012,32(4):371-5. https//doi.org/10.
1002/pd.3825.

4. Shivakumar S, Venkat RP, Susan M. Double and multiple chromosomal
aneuploidies in spontaneous abortions: a single institutional experience.
J Hum Reprod Sci. 2014;7(4):262-8. https://doi.org/10.4103/0974-1208.
147494.

20.

21.

22.

23.

24,

25.

27.

28.

29.

Page 7 of 8

llliopoulos D, Poultsides G, Peristeri V, Kouri G, Andreou A, Voyiatzis N.
Double trisomy (48 XXY,4+21) in monozygotic twins: case report and review
of the literature. Ann Genet. 2004;47:95-8. https://doi.org/10.1016/j.anngen.
2003.08.025.

Lejeune J. Autosomal disorders. Pediatrics. 1963;32:326-37.

Tattelmann F, Gromoll J. Novel genetic aspects of Kliefelter's syndrome. Mol
Hum Reprod. 2010;16(6):386-95. https.//doi.org/10.1093/molehr/gaq019.
Erickson JD. Down syndrome, paternal age, maternal age and birth order.
Ann Hum Genet. 1978:41(3):289-98.

Coppedé F. Risk factors for Down syndrome. Arch Toxicol. 2016,90(12):2917-
29. https.//doi.org/10.1007/500204-016-1843-3.

Cheng L, Zhang DY, Eble JN. Molecular genetic pathology. New York:
Humana Press; 2008. p. 45. https://doi.org/10.1007/978-1-59745-405-6_2.
Lanfranco F, Kamischke A, Zitzmann M, Nieschlag E. Klinefelter's syndrome.
Lancet. 2004;364:273-83. https://doi.org/10.1016/50140-6736(04)16678-6.
Kondo T, Kuroda S, Usui K, Mori K, Asai T, Takeshima T, et al. A case of a rare
variant of Klinefelter syndrome, 47,XY,i(X)(q10). Andrologia. 2018;17:213024.
https://doi.org/10.1111/and.13024.

Lejeune J, Gautier M, Turpin R. Etude des chromosomes somatiques de
neuf enfants mongoliens. Comptes Rendus Hebdomadaires des Séances
de I'Académie des Sciences (Paris). 1959;248:1721-1722. [Article in
French].

Patterson D. Molecular genetic analysis of Down syndrome. Hum Genet.
2009;126(1):195-214. https://doi.org/10.1007/500439-009-0696-8.

Hasle H, Friedman JM, Olsen JH, Rasmussen SA. Low risk of solid tumors in
persons with Down syndrome. Genet Med. 2016;18(11):1151-7. https://doi.
0rg/10.1038/gim.2016.23.

Forés-Martos J, Cervera-Vidal R, Chirivella E, Ramos-Jarero A, Climent J.
A genomic approach to study Down syndrome and cancer inverse
comorbidity: untangling the chromosome 21. Front Physiol. 2015;4(6):10.
https://doi.org/10.3389/fphys.2015.00010.

Sheltzer JM, Ko JH, Replogle JM, Habibe Burgos NC, Chung ES, Meehl
CM, et al. Single-chromosome gains commonly function as tumor
suppressors. Cancer Cell. 2016;31(2):240-55. https://doi.org/10.1016/].
ccell.2016.12.004.

Mateos MK, Barbaric D, Byatt S-A, Sutton R, Marshall GM. Down
syndrome and leukemia: insights into leukemogenesis and translational
targets. Transl Pediatr. 2015;4(2):76-92. https://doi.org/10.3978/j.issn.2224-
4336.2015.03.03.

Jacobs PA, Strong JA. Case of human intersexuality having possible XXY
sex-determining mechanism. Nature. 1959;183:302-3.

Frihmesser A, Kotzot D. Chromosomal variants in Klinefelter syndrome. Sex
Dev. 2011;5:109-23. https://doi.org/10.1159/000327324.

Bearelly P, Oates R. Recent advances in managing and understanding
Klinefelter syndrome. F1000Research. 2019. https.//doi.org/10.12688/
f1000research F1000 Faculty Rev-112.

Gravholt CH, Chang S, Wallentin M, Fedder J, Moore P, Skakkebaek A.
Klinefelter syndrome: integrating genetics, neuropsychology, and
endocrinology. Endocr Rev. 2018;39(4):389-423. https://doi.org/10.1210/er.
2017-00212.

Skakkebaek A, Nielsen MM, Trolle C, Vang S, Hornshgj H, Hedegaard J, et al.
DNA hypermethylation and differential gene expression associated with
Klinefelter syndrome. Sci Rep. 2018;8(1):13740. https://doi.org/10.1038/
$41598-018-31780-0.

Migeon BR. Choosing the active X: the human version of X inactivation.
Trends Genet. 2017;33(12):899-909. https://doi.org/10.1016/j.tig.2017.09.005.
Seminog OO, Seminog AB, Yeates D, Goldacre MJ. Associations between
Klinefelter's syndrome and autoimmune diseases: English national record
linkage studies. Autoimmunity. 2015;48(2):125-8. https://doi.org/10.3109/
08916934.2014.968918.

Disteche M, Berletch JB. X-chromosome inactivation and escape. J Genet.
2015;94(4):591-9.

Bakalov VK, Gutin L, Cheng CM, Zhou J, Sheth P, Shah K, et al. Autoimmune
disorders in women with Turner syndrome and women with karyotypically
normal primary ovarian insufficiency. J Autoimmun. 2012;38(4):315-21.
https://doi.org/10.1016/jjaut.2012.01.015.

Ford CE, Jones KW, Miller OJ, et al. The chromosomes in a patient showing
both mongolism and the Klinefelter syndrome. Lancet. 1959;1(7075):709-10.
Jeanty C, Turner C. Prenatal diagnosis of double aneuploidy, 48 XXY,+21,
and review of the literature. J Ultrasound Med. 2009;28:673-81. https://doi.
0rg/10.7863/jum.2009.28.5.673.


https://doi.org/10.1002/ajmg.a.30306
https://doi.org/10.1055/s-0037-1604098
https://doi.org/10.1002/pd.3825
https://doi.org/10.1002/pd.3825
https://doi.org/10.4103/0974-1208.147494
https://doi.org/10.4103/0974-1208.147494
https://doi.org/10.1016/j.anngen.2003.08.025
https://doi.org/10.1016/j.anngen.2003.08.025
https://doi.org/10.1093/molehr/gaq019
https://doi.org/10.1007/s00204-016-1843-3
https://doi.org/10.1007/978-1-59745-405-6_2
https://doi.org/10.1016/S0140-6736(04)16678-6
https://doi.org/10.1111/and.13024
https://doi.org/10.1007/s00439-009-0696-8
https://doi.org/10.1038/gim.2016.23
https://doi.org/10.1038/gim.2016.23
https://doi.org/10.3389/fphys.2015.00010
https://doi.org/10.1016/j.ccell.2016.12.004
https://doi.org/10.1016/j.ccell.2016.12.004
https://doi.org/10.3978/j.issn.2224-4336.2015.03.03
https://doi.org/10.3978/j.issn.2224-4336.2015.03.03
https://doi.org/10.1159/000327324
https://doi.org/10.12688/f1000research
https://doi.org/10.12688/f1000research
https://doi.org/10.1210/er.2017-00212
https://doi.org/10.1210/er.2017-00212
https://doi.org/10.1038/s41598-018-31780-0
https://doi.org/10.1038/s41598-018-31780-0
https://doi.org/10.1016/j.tig.2017.09.005
https://doi.org/10.3109/08916934.2014.968918
https://doi.org/10.3109/08916934.2014.968918
https://doi.org/10.1016/j.jaut.2012.01.015
https://doi.org/10.7863/jum.2009.28.5.673
https://doi.org/10.7863/jum.2009.28.5.673

Pinti et al. BMC Pediatrics (2020) 20:17 Page 8 of 8

30.  Wright SW, Day RW, Moiser HD, Koons A, Mueller H. Klinefelter's syndrome.
Down's syndrome (mongolism), and twinning in the same sibship. J Pediatr.
1963,62:217-24.

31. Rodrigues MA, Morgade LF, Dias LFA, Moreira RV, Maia PD, Sales AFH, et al.
Down-Klinefelter syndrome (48 XXY,4+21) in a neonate associated with
congenital heart disease. Genet Mol Res. 2017;16(3). https://doi.org/10.4238/
gmr16039780.

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

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



https://doi.org/10.4238/gmr16039780
https://doi.org/10.4238/gmr16039780

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Incidence, etiology
	Genotype-phenotype correlation (Table 1)
	Down syndrome
	Klinefelter syndrome
	I(X)(q10) Klinefelter syndrome
	Double 48,XXY,+ 21 trisomy
	Combined Down and i(X)(q10) Klinefelter syndrome
	Abbreviations


	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

