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Birth of a healthy child by a woman
with inherited Xq duplications who had
experienced stillbirths
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ABSTRACT. A 23-year-old woman who had experienced repeated
stillbirths, was found to carry an additional segment on the long arm
of the X chromosome. Array comparative genomic hybridization
(aCGH) confirmed the origin of the 2 duplications (about 17.11
Mb). Thus, her karyotype was 46, X, dup (X) (q13.2-q21.1), dup(X)
(921.32-q22.1). We demonstrate that aCGH is a useful complementary
tool to cytogenetic analysis for accurately determining banding. To our
knowledge, this is the first case with normal apparently phenotype who
inherited 2 duplications on Xq. Notably, after 2 stillbirths, she bore a
healthy, normal female infant via natural pregnancy. Thus, a carrier of
this karyotype can birth a phenotypically normal child.
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INTRODUCTION

Stillbirth rates range from 0.5% in rich countries to 3.2% in southern Asia and sub-
Saharan Africa (Stanton et al., 2006). Chromosome analysis, obstetric history, laboratory tests,
and autopsy findings are generally used to investigate the cause of a stillbirth (Incerpi et al.,
1998). About 15-25% of stillbirths are caused by genetic factors and up to 20% of stillborn
babies with malformations have chromosomal abnormalities (Simpson and Acuna, 2011). Du-
plication of the X chromosome can be de novo or inherited (Aughton et al., 1993). X chromo-
somal duplication in males is associated with multiple congenital anomalies and developmen-
tal delays (Solomon et al., 2004; Cheng et al., 2005). However, its manifestations in females
are varied and complex. Some females are normal, some only have short stature, and others
have a variety of abnormalities (Armstrong et al., 2003).

Here, we describe a phenotypically normal female with inherited 2 partial dupli-
cations on the long arm of the X chromosome. Array comparative genomic hybridization
(aCGH) confirmed the origin of the X duplications. After 2 stillbirths, she gave birth to a
healthy female infant. To our best knowledge, this is the first repeated case of a woman with
a normal phenotype bearing a baby via natural pregnancy with 2 duplications on the long arm
of the X chromosome.

MATERIAL AND METHODS
Patients

The proposita was a 23-year-old Chinese woman who had twice experienced still-
birth. Her height was 162 cm and weight was 57.5 kg. She is the third child of a non-consan-
guineous, healthy 50-year-old father and 54-year-old mother who had no adverse reproduc-
tive history. Her elder brother had fathered a phenotypically normal child, although another
brother died only 10 minutes after his birth with multiple malformations.

Reproductive hormone levels of the proband, detected by an electrochemilumines-
cence immunoassay using a Elecsys® 2010 Serum Chemistry Analyzer (Roche Diagnostics,
Mannheim, Germany), were normal for: luteinizing hormone (LH), 4.01 mIU/mL (normal
range = 2.4-12.6 mlU/mL); estradiol (E2), 33.17 pg/mL (normal range = 12.5-166 pg/mL);
progesterone (P), 0.905 ng/ml (normal range, 0.2-1.5 ng/mL); prolactin (PRL), 497 ulU/mL
(normal range, 102-498 ulU/mL); and testosterone (T), 1.18 ng/mL (normal range, 0.22-2.9 ng/
mL), whereas follicle-stimulating hormone (FSH) was slightly lower (6.27 mIU/mL, normal
range = 8.5-12.5 mIU/mL). Normal uterus and ovaries were detected by ultrasonographic ex-
amination. Other laboratory tests conducted to investigate the causes of stillbirth were normal.

The pregnancy of the patient, 1 year after undergoing chromosome analysis, was con-
ceived naturally. At 19 weeks of gestation, she had undergone prenatal screening and ultra-
sonographic examination with normal results. Then, she bore a female infant with a normal
phenotype. At the time of writing this manuscript, her infant was 6 months old.

Cytogenetic analysis and array comparative genomic hybridization (aCGH)

Peripheral blood lymphocytes were cultured in lymphocyte culture medium (Yish-
engjun; BaiDi Bio-Technology, Guangzhou, China) at 37°C for 72 h, followed by treatment
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with 50 pg/mL colchicine (Yishengjun) to arrest mitosis for 1 h before culture termination.
Lymphocyte harvesting was performed by hypotension, fixation, trypsinization, and Giemsa
banding (GTG-banding) (350-400 bands level). At least 20 metaphases were analyzed.

Sample genomic DNA was isolated from peripheral blood, using a DNA extraction kit
such as the QIAGEN QIAamp DNA Blood Mini Kit. Control DNA was obtained directly from
Promega (G1471/G1521). After that, around 50-400 ng of sample and control DNA were labeled
with Cy3 and Cy5 fluorophores, respectively. Labeling mixes were combined and co-precipitated
with COT Human DNA in preparation for hybridization on the microarray. A CytoChip with 3500
BAC DNA targets spaced at ~1-Mb intervals were produced in BlueGnome (Illumina). Labeled
DNA were resuspended in hybridization buffer and hybridized to the CytoChip microarray area
for 16-21 h at 47°C. The hybridized fluorophores were then imaged on a scanner (InnoScan 710;
INNOPSYS, France) and the resulting images of the Cy3 and Cy5 signals in TIFF format were
read by the BlueFuse Multi analysis software (BlueGnome, UK). CytoChip BAC arrays can be
scanned at 10-um resolution. The BlueFuse Multi software was used to complete analysis and re-
porting of regions of genomic copy number imbalance. The following criteria were used to make
a diagnosis of a gain or loss according to the value of log, (Cy5/Cy3): 3 or more adjacent probes
changed in the same direction, if log, (Cy5/Cy3) >0.40, the region was classified as repeated; if
log, (Cy5/Cy3) <-0.40, the region was classified as a deleted region (0.40 as the threshold).

RESULTS

Conventional cytogenetic analysis of the proband with GTG-banding revealed a chro-
mosome number of 46, including 1 normal X chromosome and 1 X with additional material
on the long arm (Figure 1A). [Karyotype: 46, X, dup(X?q21)]. Her mother’s karyotype was
as the same as the proband, 46, X, dup(X?q21) (Figure 1B). However, the karyotypes of her
father, elder brother, and husband were all normal with 46, XY. Figure 1C and D show the
idiogram of duplicated Xq and a pedigree analysis of the family, respectively. No karyotype
was analyzed for her deceased brother.
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Figure 1. A. GTG-banded X chromosomes of the proposita. Normal homologue (left) and duplicated Xq (right);

B. GTG-banded of X chomosomes of her mother; C. idiogram of duplicated Xq (Green on behalf of the two repeat

regions); D. pedigree of the famility.
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Our aCGH results included 2 duplications on the long arm of the X chromosome
that encompassed approximately 17.11 Mb of the proband (Table 1, Figure 2). One duplica-
tion segment, from Xq13.2 to Xq21.1, encompassed approximately 9.43 Mb that encoded 36
HGNC (Hugo Gene Nomenclature Committee) genes and 19 OMIM (Online Mendelian in
Man) genes. Another duplication area that encoded 28 HGNC genes and 16 OMIM genes,
from Xq21.32 to Xq22.1, encompassed approximately 7.67 Mb. Thus, Array CGH combining
with G-banding showed that the karyotype of the proband is 46, X, dup (X) (q13.2-q21.1),
dup(X) (q21.32-q22.1).

Table 1. Results by analysis CytoChip of the proband.

Region Start Cyto End Cyto Type Chr Start End Size (bp) % Included
1 Xql3.2 Xq21.1 GAIN X 73,109,547 82,541,761 9,432,215 100
2 Xq21.32 Xq22.1 GAIN X 93,081,153 100,754,570 7,673,417 91.67
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Figure 2. aCGH profile of all the chromosomes, with two duplications in X chromosome. Dotted lines represent
threshold = 0.40/-0.40. If log, (Cy5/Cy3) >0.40, the region as repeated, if log, (Cy5/Cy3) <-0.40, the region as
deletional region.

DISCUSSION

Duplication of the X chromosome can occur in both males and females. Reports fre-
quently describe female patients with different repeated segments and different abnormal clin-
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ical phenotypes (Volletha et al., 2001; Kokalj Vokac et al., 2002; Burégio-Frota et al., 2010).
These data suggest that the distribution of X chromosomal duplications in males and females
is different, and duplications on Xq may result in a less severe abnormal phenotype than those
on Xp (Zhang et al., 1997; Carrel et al., 1999). The severity of the abnormal phenotype is not
only related to the location and size of the duplication, and the X-inactivation pattern in differ-
ent tissues should also be considered (Lachlan et al., 2004).

Females with structurally abnormal X chromosomes are predicted to be protected
from genetic imbalance through preferential inactivation of the dup(X) chromosome and are
usually phenotypically normal (Therman et al., 1980). To our knowledge, there have been
no previous reports on a normal phenotype female with only stillbirth and 2 partial inherited
duplications of Xq. More importantly, she later bore a phenotypically normal female infant.

According to the Database of Genomic Variants Archive and OMIM, genes in the
Xq13.2-Xg21.1 and Xq21.32-Xq22.1 regions do not include well-known genes associated
with reproductive failure. We hypothesized that our current case has been a consequence of
preferential inactivation of the dup(X) and implied that the normal X chromosome was active.
During prophase I of meiosis, the duplication segment can form a loop to allow homologous
sequences to align. Additionally, asymmetric crossing over the loop may lead to the forma-
tion of the dicentric chromosome. In the early postzygotic period, the dicentric chromosome
can undergo a breakage and create an unbalanced zygote that could have resulted in the 2
stillbirths of the proposita. However, when the duplication region can align with the homolo-
gous chromosome, the patient conceived naturally and bore a girl at 6 months with a normal
phenotype. Her mother, of the same karyotype as the proband, gave birth to 2 phenotypically
normal children and an abnormal son who died 10 min after delivery with unexplained reason.
Considering her mother’s reproductive history, this current karyotype of the 2 duplications of
Xq13.2-g21.1 and Xq21.32-g22.1 can birth a phenotypically normal child. However, prenatal
screening and diagnosis could be necessary.

In conclusion, our patient appears to be the first reported case that showed 2 inherited
duplications on the long arm of X chromosome and had a normal phenotype female infant de-
spite 2 previous stillbirths. The aCGH technique was used to precisely define the breakpoints
of the 2 unknown chromosomal duplications.
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