First-trimester euploid miscarriages
analysed by array-CGH

Chiara Donatella Viaggi, S. Cavani,
M. Malacarne, F. Floriddia, G. Zerega,
C. Baldo, M. Mogni, M. Castagnetta,
G. Piombo, et al.

Journal of Applied Genetics

e orsotsra Joumal of
Applied “enetics

Approved by
The Polish Genetic Society
The Polish/Society of Human Genetics

o~ U ) /iR

2

pan

=

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Institute of
Plant Genetics, Polish Academy of Sciences,
Poznan. This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
article, please use the accepted manuscript
version for posting on your own website. You
may further deposit the accepted manuscript
version in any repository, provided it is only
made publicly available 12 months after
official publication or later and provided
acknowledgement is given to the original
source of publication and a link is inserted

to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.

@ Springer



J Appl Genetics
DOI 10.1007/s13353-013-0157-x

HUMAN GENETICS » ORIGINAL PAPER

First-trimester euploid miscarriages analysed by array-CGH

Chiara Donatella Viaggi - S. Cavani - M. Malacarne - F. Floriddia « G. Zerega -
C. Baldo - M. Mogni - M. Castagnetta - G. Piombo + D. A. Coviello -
F. Camandona - D. Lijoi - W. Insegno + M. Traversa - M. Pierluigi

Received: 21 February 2013 /Revised: 20 May 2013 /Accepted: 28 May 2013

© Institute of Plant Genetics, Polish Academy of Sciences, Poznan 2013

Abstract It is estimated that 10-15 % of all clinically
recognised pregnancies results in a miscarriage, most of
which occur during the first trimester. Large-scale chromo-
somal abnormalities have been found in up to 50 % of first-
trimester spontaneous abortions and, for several decades,
standard cytogenetic analysis has been used for their identi-
fication. Recent studies have proven that array comparative
genomic hybridisation (array-CGH) is a useful tool for the
detection of genome imbalances in miscarriages, showing a
higher resolution, a significantly higher detection rate and
overcoming problems of culture failures, maternal contami-
nation and poor chromosome morphology. In this study, we
investigated the possibility that submicroscopic chromosom-
al changes, not detectable by conventional cytogenetic anal-
ysis, exist in euploid miscarriages and could be causative for
the spontancous abortion. We analysed with array-CGH
technology 40 foetal tissue samples derived by first-
trimester miscarriages with a normal karyotype. A whole-
genome microarray with a 100-Kb resolution was used for
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the analysis. Forty-five copy number variants (CNVs), rang-
ing in size between 120 Kb and 4.3 Mb, were identified in 31
samples (24 gains and 21 losses). Ten samples (10/31, 32 %)
have more than one CNV. Thirty-one CNVs (68 %) were
defined as common CNVs and 14 were classified as unique.
Six genes and five microRNAs contained within these CNV's
will be discussed. This study shows that array-CGH is useful
for detecting submicroscopic CNVs and identifying candi-
date genes which could account for euploid miscarriages.

Keywords Array comparative genomic hybridisation -
Miscarriages - Copy number variants (CNVs)

Introduction

Approximately 10-15 % of all clinically recognised preg-
nancies ends in a spontaneous abortion, most of which occur
within the first trimester of pregnancy. Of these first-
trimester miscarriages, about 50 % are due to the presence
of large-scale chromosome abnormalities (Hassold et al.
1980; Jacobs and Hassold 1995): aneuploidies or poly-
ploidies (86 %), structural rearrangements (6 %) and others
(8 %) (Goddijn and Leschot 2000).

Understanding the cause for the foetal loss may be invalu-
able, as it may eliminate further testing and provide a better
recurrence risk estimation for the couple involved. Clinical
information is routinely obtained by pathology and cytoge-
netic analysis of the miscarriage tissues. Classical cytogenet-
ic investigations, however, require viable tissue and up to
40 % of cases undergoes culture failure (Lomax et al. 2000).
Maternal cell contamination and suboptimal quality of chro-
mosome preparations are adjunctive limiting factors to kar-
yotype analysis (Bell et al. 1999; Menasha et al. 2005).
Moreover, the possibility that miscarriages could be due to
submicroscopic chromosomal aberrations has been raised
(Philipp et al. 2003; Schaeffer et al. 2004; Rajcan-Separovic
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et al. 2010a, b) and recent studies (Doria et al. 2009; Menten
et al. 2009; Rajcan-Separovic et al. 2010a, b) demonstrated
that array comparative genomic hybridisation (array-CGH) of
DNA extracted from uncultured foetal tissue is a very useful
tool to detect these submicroscopic changes not visible by
routine cytogenetic analysis. Molecular karyotyping is fast,
does not require tissue culture and allows the screening of the
entire genome at high resolution. Submicroscopic aberrations
were found in 8 % of non-euploid spontaneous abortions and
4-13 % of euploid miscarriages (Schaeffer et al. 2004;
Shimokawa et al. 2006; Zhang et al. 2009). In addition
array-CGH analysis of miscarriages that failed to grow in
culture revealed chromosomal abnormalities in 29-58 % of
cases, 6 % of which were submicroscopic (Benkhalifa et al.
2005; Zhang et al. 2009). The application of array-CGH in
miscarriages has been limited to about 530 miscarriages
worldwide, the majority of which were studied with targeted
and low-resolution (1-Mb) arrays that failed to report the
origin, the exact size of the copy number variants (CNVs) or
their gene content (Schaeffer et al. 2004; Benkhalifa et al.
2005; Shimokawa et al. 2006; Menten et al. 2009; Robberecht
et al. 2009; Zhang et al. 2009). These studies indicated that
small CNVs were present in 1-13 % of samples. Two recent
studies with high-resolution arrays (60 Kb) (Rajcan-Separovic
et al. 2010a, b) reported potential pathogenic submicroscopic
CNVs in 6-12 % of cases, all <0.25 Mb. Thus, the study of
spontaneous abortions with normal karyotype have the poten-
tial to identify CNVs that could lead to developmental failure.

The present study was designed to identify and evaluate
possible miscarriage-associated CNVs using high-resolution
array-CGH in euploid spontaneous abortions occurring be-
tween the 7th and 11th weeks of gestation. Our goal was to
assess the presence and prevalence of CNVs and identify
possible candidate genes within the CNVs which could be
involved in early embryonic development and could be
causative for miscarriage.

Materials and methods
Samples

Forty first-trimester miscarriages with a normal karyotype
were investigated by array-CGH using a 100-Kb resolution
platform. All samples were sent to the Laboratory of Human
Genetics, Galliera Hospital, Italy, for chromosome analysis.
Ethical approval for this study was obtained through the
Galliera Hospital Ethics Committee. All the mothers gave
consent for the execution of the molecular cytogenetic in-
vestigation on the miscarriage sample. No sample from the
parents could be retrieved. Specimens were generally col-
lected by curettage. In all cases, the chorionic villi were
separated from maternal deciduas and blood clots. Each
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tissue sample was divided into fragments: part of them was
used for the routine cytogenetic test and part was frozen and
stored at —80 °C for subsequent DNA extraction and array-
CGH analysis. Conventional Q-banding karyotype on
uncultured and cultured foetal tissue samples was performed
according to standard procedures. Chorionic villi were se-
lected for array-CGH analysis.

Array-CGH

DNA was isolated from tissue samples using the DNeasy
Blood & Tissue Kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. Array-CGH was performed
on the miscarriage DNA and the sex-matched Human
Genomic DNA (Promega, Madison, WI, USA), as controls,
using a Human Genome CGH Microarray Kit 8x60K
(Agilent, Santa Clara, CA, USA), with a resolution of
100 Kb. Experiments were performed according to the proto-
col provided by the company (version 4.0, June 2006). Array
slides were analysed with am Agilent G2505B Microarray
Scanner. Image analyses were carried out with Feature
Extraction 9.5.1 (Agilent, Santa Clara, CA, USA). The results
were visualised with Genomic Workbench Standard Edition
5.0.14 (Agilent, Santa Clara, CA, USA), annotated against
build NCBI 37 (human genome assembly UCSC hgl9, Feb.
2009). An ADM-2 algorithm (cut-off 5.1), followed by a filter
to select regions with four or more adjacent probes and a
minimum average log?2 ratio +0.25, was used for the analyses.
All results were confirmed by repeating the experiments.

CNVs were compared to those present in the Database of
Genomic Variants (DGV, http://projects.tcag.ca/variation),
Decipher (http://decipher.sanger.ac.uk) and the Database of
Human CNVs (http:/gvarianti.homelinux .net/gvarianti/index.php)
to differentiate between benign CNVs and CNVs that are likely to
be pathogenic. Common CNVs were defined as those that
overlapped completely with CNVs reported in at least a control
population survey catalogued in the DGV with more than 100
subjects studied and a frequency equal to or greater than 1 %.
Unique CNVs were defined as those that showed no or incomplete
overlap with CNVs published in the DGV or which are reported in
the DGV in surveys with less than 100 subjects studied and/or a
frequency less than 1 %.

Statistical analysis

The CNVs identified in this study were compared with similar
CNVs reported in phenotypically normal individuals from
control population studies present in the DGV. Control popu-
lations published in this database are usually used as refer-
ences to determine CNV frequencies and include healthy
women and men from different ethnic origins (Caucasian,
Asian and African). The prevalence of common CNVs (gains
or losses) in our cases was calculated. For each of these
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chromosomal regions, we compared the prevalence of CNVs
(i.e. the percentage of samples with loss and the percentage of
samples with gain, respectively) in our samples to the preva-
lence of CNVs in control populations using x* or Fisher’s
exact test when appropriate. When more than one control
study for a specific CNV was present, the median prevalence
was calculated.

Results

Whole-genome array-CGH with a 100-Kb resolution was
performed on 40 first-trimester euploid miscarriages (<12
weeks). Forty-five CNVs, ranging in size between 120 Kb
and 4.3 Mb and corresponding to 22 different CNVs, were
identified in 31 samples (31/40, 77.5 %). Nine samples
showed no CNVs. The complete CNVs list, reporting size,
location, gene content and functions is shown in Table 1.
Nineteen CNVs ranged between 120 Kb and 200 Kb, six
between 200 Kb and 500 Kb, three between 500 Kb and
1 Mb, and 17 between 1 Mb and 4.3 Mb. Forty-three CNVs
were located on autosomes and two on chromosome X.
Twenty-four CNVs were submicroscopic genomic gains and
21 losses. Ten samples (10/31, 32 %) had more than one CNV.

Thirty-one out of 45 CNVs (68 %), present in 24 cases
(24/31, 77 %), were defined as common CNVs. Fourteen
CNVs were classified as unique: seven of them overlapped
only partially with CNVs published in the DGV, and seven,
all gains, had never been previously reported (Table 1;
22q13.33; 7q11.22; 7p22.2; 11p11.12p11.11; 2p21; 14q24.1;
10q24.31). The common CNV in the 15q11.21 region resulted
in being the most frequent (17/45, 37.8 %), followed by
common CNVs in the 2q37.3 and 2pl1.2 regions (4/45,
8.9 %). Four common CNVs showed no gene content
(1921.2; 2p11.2; 2q37.3; 14q11.2).

Comparing the prevalence of the CNVs identified in our
samples with that found in control population studies pub-
lished in the DGV, seven CNVs frequencies resulted in being
statistically different from that calculated in control popula-
tions (Table 2). Among them, three were observed as gains
(8ql2.1; 15ql11.11q11.2; Xq22.2) and four as losses
(1p36.13; 2pl11.2; 3q@29; 13ql2.11). CNVs 13ql2.11,
15q11.1q11.2, 2p11.2 and 8ql2.1 resulted in being more
frequent in our samples than in control populations, whereas
CNVs 1p36.13, 3929 and Xq22.2 were less frequent.

Discussion

Array-CGH studies of spontaneous abortions with normal
karyotype have the potential to identify CNVs that could
lead to developmental failure (Rajcan-Separovic et al.
2010a). Studies reported in the literature identified numerous

genes required for proper development of the placenta
(Adams et al. 2000; Hemberger 2007) and the disruption of
many of these genes, including growth factors, transcription
factors, extra-cellular matrix proteins and proteins involved
in cell signalling, leads to embryonic lethality (Cross et al.
2003). Numerous genes are up- or down-regulated in the
course of differentiation and several functional genes were
involved in angiogenesis, morphogenesis, organogenesis,
cell-cycle control, cellular transport, growth and mainte-
nance (Gheorghe et al. 2010). Microarray analyses have
provided insights into the genetic mechanism of develop-
ment, cell growth, stress response and numerous other pro-
cesses (Gasa et al. 2004).

We applied array-CGH to study 40 euploid first-trimester
miscarriages to assess the presence and prevalence of CNVs,
and identify possible candidate genes which could be in-
volved in early embryonic development and could be caus-
ative for miscarriage. Forty-five CNVs, ranging in size be-
tween 120 Kb and 4.3 Mb, were identified in 31 samples.
Thirty-one CNVs resulted in being common, whereas 14
CNVs were classified as unique: seven overlapped only
partially with CNVs published in the DGV, and seven, all
gains, had never been reported previously (Table 1).

Since CNV differences in the normal population have
recently gained considerable interest as a source of genetic
diversity likely to play a role in functional variation
(Henrichsen et al. 2009), influencing transcriptional and
translational levels of overlapping or nearby genes (Perry
et al. 2008), we investigated the potential biological conse-
quences of the CNVs identified in our study, comparing their
prevalence to that of similar CNVs reported in phenotypi-
cally normal individuals in the DGV. We evaluated the
frequencies of both the common CNVs and the unique
CNVs that overlapped partially with CNVs published in
the DGV. Not being able to access parental samples, the de
novo or inherited origin of the CNVs could not be assessed.
However, also, CNVs that are inherited from a healthy
carrier parent could potentially lead to miscarriage if: the
CNV contains imprinted genes; a gene(s) relevant for
embryonic/placenta growth is present in the CNV and has a
mutation in the other allele; or a gene(s) in the CNV is
variably expressed. As shown in Table 2, seven CNVs showed
statistical differences from control populations. Among them,
three were observed as gains (8q12.1; 15q11.11q11.2; Xq22.2)
and four as losses (1p36.13; 2p11.2; 3g29; 13q12.11). CNVs
13q12.11, 15q11.1q11.2, 2p11.2 and 8q12.1 resulted in being
more frequent in our samples than in control populations, where-
as CNVs 1p36.13, 329 and Xq22.2 were less frequent. Studies
in both human and model organisms revealed that genes in CNV
regions are expressed at more variable levels than genes mapping
elsewhere and, also, that CNVs not only affect the expression of
genes inside them, and, thus, varying in copy number, but can
also influence the transcriptome (Henrichsen et al. 2009). Both
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Table 1 Copy number variants (CNVs) in the studied miscarriages. Common CNVs are highlighted in grey; CNVs never reported before are in bold

Sample | CNV Locus oo ™ el | size (o) Genes involved Functions
1m ut 22q13.33 50.662.989-51.178.264 Gain 5153 HDAC10,MAPK11, MAPK12 HDAC10 histone deacetylase 10; MAPK11-12 signalling d
111 | u2 7q11.22 70.356.011-71.708.048 Gain 1352.0 | CALN1, WBSCR17, MIR3914-1 | GALN{ negative regulation Golgi-to-plasma membrane trafficking; WBSCR17 N-acetylgalactosaminyliransferase; MIR3914-1 microRNA 3914-1
| us 13q12.11 20.285.261-20.405.620 Gain 1204 | PSPCI PSPC1 androgen receptor-mediated transcriptional regulation in Sertoli
1411 U4 7p22.2 3.347.012-4.017.883 Loss 670.9 SDK1 SDK1 Cell adesion regulation in developing neurons
us 13q12.11 20.285.281-20.406.620 Gain 1204 | PSPC PSPC1 androgen receptor-mediated transcriptional regulation in Sertoli
1511 | O | 1sqiiiqit2 | 2048175022.432687 Loss 19509 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
16/11 Us 7q11.21 64.691.936-65.070.919 Loss 378.9 ZNF92,INTS4L1 %\"\!(FSQAZL:IESCNPUOHN [aepgclgtaoﬁ:;\'
c1 15q11.1q11.2 ‘ 20.102.541-22.486.999 Gain CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
1911 | c2 2112 | 90012337:90204023 Loss 2217
2111 ue 1ptt “291 T 51.432.683-55.710.526 Gain 4277.8 TRIM48,0R, SPRYD5 OR family Olfactory receptor
ct | 1sqitigrt2 ‘ 20.102541-22.500.254 Gain 24067 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
22111 u7 2p21 45.063.376-45.186.612 Gain 1232 | SIX3 SIX3 Holoprosencephaly-2
c2 2p11.2 ‘ 90.012.337-90.234.023 Loss 221.7
c3 24873 ‘ 242.886.386-243.007.300 Loss 10
2311 us 8q12.1 56.776.665-56.922.601 Gain 145.9 LYN LYN Regulation of Trophoblast giant cell differentiation
c3 2q37.3 242.886.386-243.007.300 Loss 1209 |
c4 11pi1.12 50.032.746-50.378.802 Gain 346.1
C1 | 15qi11qt12 | 20.481702-22509.254 Gain 2027.5 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
24711 | C1 | 15qi14qi12 | 20.102541-22500.254 Gain 24067 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
2511 | c5 19212 149.079.747-149.224.043 Gain 1443
28/11 (9] 15q11.1q11.2 20.575.646-22.509.254 Loss 1933.6
301 | C1 | 1sqi1iqii2 | 20.481.702-22.318.656 Loss 18369 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
a1 | g 1p36.13 16.840.487-17.231.817 Loss 3913 | MIR367S MIR3675 MicroRNA 3675
3611 | U10 Xq22.2 103.220.412-103.376.914 Gain 1565 | papracc: H2BFXP, HEBPWT. | o8 histone family; MIR1256 microRNA 1256
3711 | ©1 | 1sqi1iqil2 | 20.102541-22.378.143 Gain 22756 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
38/11 Cc1 15q11.2 20.575.646-22.432.687 Loss 1857.0
a1 | c2 2p11.2 90.012.337-90.234.023 Loss 2216 |
ci 15q11.2 20.481.702-22.378.143 Gain 1896.4
4011 | Ut | 14q241 68.466.776-68.609.006 Loss 1422 | RADS1B RADS 18 homologous recombination repair (HRR) pathway of double-stranded DNA breaks
411 | o1 | 1sqiteqitd 20.481.702-22.500.254 Gain 202075
42111 u1o Xq22.2 103.220.412-103.376.914 Gain 156.5 M‘ZELZ’\;S, HBFXP, H2BFWT, H2B histone family; MIR1256 microRNA 1256
ct 159112 22.318.507-22.500.254 Gain 1907
44711 | ©1 | 1sqi1iqil2 | 20.481.702-22509.254 Loss 2027.5
4611 | co 6p21.32 32.485.173-32.604.038 Loss 1189
4711 | ©1 | 15q111qi12 | 20.481702-22.486.999 Gain 2027.5 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
4811 | C1 | 1sqitiqil2  20481.702-22.500.254 Gian 2027.5 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
w911 | o7 329 195.340.844-195.459.538 Gain 1187 | MIRS70 MIRS70 microRNA 570
s011 | ¢ 15q11.2 22.318.597-22.600.254 Loss 1907
5111 C5 1921.2 149.079.747-149.224.043 Gain 1443
cs 1aq112 22.387.418-23.016.598 Gain 620.2
52/11 u12 10qg24.31 102.777.838-102.897.500 Loss 119.7
Ci | 1sqiiiqi12 | 20.481702-22500.195 Gain 20275 | CHEK2P2 CHEK2P2 Homo sapiens checkpoint kinase 2 pseudogene 2
53/11 c2 2pi1.2 90.012.337-91.234.023 Loss 1222
c7 3q29 195.340.844-195.459.589 Gain 1187 | MIRS70 MIRS70 microRNA 570
ce 6p21.32 32.485.173-32.604.038 Loss 1189

CNV code: U unique; C common

deletion and duplication can be associated with the same pheno-
type, suggesting that the simple presence of a structural change at

Table 2 CNVs identified in our
samples compared to CNVs in
control populations published in
the Database of Genomic
Variants (DGV)

*Number of miscarriage samples
identified with CNVs

°® Number of subjects with CNVs
in control populations

€ P<0.05
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a given position may disturb a certain pathway, regardless of gene
dosage (Henrichsen et al. 2009). Considering this, we analysed

Gain

Loss

Samples®

Controls® P-value Samples®

Controls®

P-value

13q12.11

15q11.1q11.2

Tp22.2
2pl1.2
29373
8q12.1
1921.2
1p36.13
Xq22.2
6p21.32
3q29
14q11.2

12

115/4,825 <0.001°

N B = N

2/2,026 <0.001°
46/10,402 0.6978

1
1/270 0.0484°

2
188/270 <0.001°

82/1,190 0.5116

2/2,026
65/983
2/776
17/730
12/1,089

17/30

5/30

0.0024°
0.2029
0.1430
0.0249°
0.0907

<0.001°

0.2349
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the gene content of these seven statistically significant regions
and that of the seven unique CNVs described for the first time
and identified potential genes that could be considered as candi-
date ‘miscarriage’ genes.

Two samples (ab13/11 and ab14/11) showed the same
120.3-KDb gain at band 13q12.11 that contains gene PSPCI
(Fig. 1a), expressed in different tissues but especially in the
placenta. PSPC1 codifies for paraspeckle protein 1, a critical
protein for the nuclear RNA retention, a novel mechanism of
gene expression involved in many cellular processes, such as
stress responses (Fox and Lamond 2010). A perturbation in
the level of its expression due to the presence in the detected
CNV may have affected placenta development.

The Lyn gene was present in the 145.9-Kb CNV gain at
band 8ql12.1 (ab23/11, Fig. 1b). Lyn, codifying for an Src-

a3 a2
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2 g
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% 3
w g
g 8
a) 14:68466776-68609006 b) 7:64691936-65070919
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g g ne
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T
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€) 22:50662989-51178264 f) X:103220412-103376914
Fig. 1 a-h Array comparative genomic hybridisation (array-CGH)
results (GRCh37-Feb 2009): a 14q24.1(68.466.776-68.609.006)x 1
(ab40/11), b 7q11.21(64.691.936-65.070.919)x1 (ab16/11), ¢
8q12.1(56.776.665-56.922.601)x3 (23/11), d 13q12.11(20.285.281-

related non-receptor tyrosine kinase, is activated during tro-
phoblast cell proliferation and differentiation, and is in-
volved in tyrosine kinase signalling pathways. Ligand-
tyrosine kinase receptor systems are established activa-
tors of the PI3-K/Akt pathway and regulate the tropho-
blast giant cell differentiation. Each branch of the tro-
phoblast lineage develops specialised functions required
for successful pregnancy. Disruptions in trophoblast de-
velopment can lead to early pregnancy loss, intrauterine
growth retardation and tumorigenesis. The Src family
tyrosine kinases activate the MAPK pathway, leading
to changes in transcription, cellular division and differen-
tiation (Kamei et al. 2002). Interestingly, MAPKI11 and
MAPKI12 genes, belonging to the MAPK family, were found
in the CNV gain at region 22q13.33 (ab1/11, Fig. 1c). These
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g) 7:3347012-4017883 h) 1:16840487-17231817
20.405.620)x3 (ab13/11;ab14/11), e 22q13.33(50.662.989-
51.178.264)x3 (abl/11), f Xq22.2(103.220.412-103.376.914)x3
(ab36/11;ab42/11), g 7p22.2(3.347.012-4.017.883)x1 (ab14/11), h
1p36.13(16.840.487-17.231.817)x1 (ab34/11)
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proteins, especially MAPKI11, are involved in the apoptotic
pathway under stress response. Another interesting gene pres-
ent in the same region is HDACI0, a histone deacetylase.
Embryonic development is based on a complex pattern of
methylation/demethylation: during gastrulation, methylation
levels are high and decrease during differentiation (Klose et al.
2006; Dodd et al. 2007). Enzymes, such as HDACI1O0, are
critically associated with these epigenetic modifications and
their altered expression may lead to a disruption of the epige-
netic state.

Genes H2BFXP, H2BFWT and H2BFM, belonging to the
H2B histone family, were included in the CNV at region
Xq22.2 (ab36/11, ab42/11, Fig. 1d). This region also
contained a microRNA, MIR1256. MicroRNAs (miRNA)
have emerged as important players in DNA methylation and
post-transcriptional gene regulation, since they are capable
of base pairing with mRNA and can tune gene expression
during development and differentiation in a sequence-
specific manner (Saito et al. 2006; Lujambio et al. 2007).
miRNAs are also included in CNVs at regions 7q11.22
(MIR3914-1, MIR3914-2), 1p36.13 (MIR3675) and 3q29
(MIRS570).

Another interesting gene is CHEK2P?2, contained in the
15q11.1q11.2 region, which is essential in responding to
hypoxia and reoxygenation and regulates downstream tar-
gets responsible for G, arrest and DNA repair (Freiberg et al.
2006). Hypoxia has been identified as a major stress in
development, and is believed to be a contributing cause to
placental pathology (Gheorghe et al. 2010).

In conclusion, this study, performed on spontaneous mis-
carriages with high-resolution array-CGH, has shown the
possibility to identify submicroscopic chromosome abnor-
malities, not detected by conventional cytogenetic analysis,
in 15 % of cases. We have reported pathways and genes that
may be interesting for the study of early human development
and pregnancy effects. Although the role of these CNVs
remain uncertain, the gene content showed an involvement
in transcription, cellular trafficking, cell cycle regulation,
apoptosis, DNA methylation or histone modification, and
cellular differentiation.

This study, together with previous investigations, pro-
vides emerging information on CNVs and data on their
potential association with human disease, emphasising the
importance of assessing CNVs in spontaneous abortion. The
accumulation of such data can lead to the identification of
pathogenic CNVs and ‘miscarriage’ genes. This would be of
interest in order to better understand early human develop-
ment and improved management of couples with recurrent
pregnancy loss.
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