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a b s t r a c t

Objective: Euchromatic variants (EVs) of 8q21.2 are extremely rare chromosomal abnormalities. So, far
there have only been two reports on EVs of 8q21.2. Here, we report an 8q21.2 EV detected in cultured
amniotic-fluid cells of twins. It was later found to be inherited from the mother, who did not present
with abnormal phenotypes.
Case Report: A pregnant woman underwent amniocentesis at 16 weeks of gestation because of advanced
maternal age. This pregnancy was monozygotic twins conceived naturally. A cytogenetic analysis of
cultured amniocytes revealed 46,XY,?dup(8)(q21.2). Chromosomal microarray revealed no abnormalities.
C-banding and fluorescent in situ hybridization using chromosome 8 painting probe suggested
euchromatic nature of the extra chromosomal band. Karyotyping of the parents showed that the EV was
inherited from the mother.
Conclusion: Many, but not all, EVs are clinically innocuous. This is the first case of 8q21.2 EV reported in
the ethnic Han. More cases are needed to clarify whether 8q21.2 duplication as a bona fide EV.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Heteromorphism of chromosomes (variant chromosomes) is an
example of genetic polymorphism. Structural rearrangements of
heterochromatic material, satellite polymorphism, or fragile sites,
are well-known examples of common chromosome variation [1].
But now, a new class of variants that does not fit in with the usual
perception of heteromorphism involves the so-called euchromatic
variants (EVs), regions that are C-band negative and not generally
anticipated to be variable in size or staining because they pre-
sumably contain genetic material [2].

Most visible chromosome abnormalities concerning euchro-
matic regions have serious phenotypic consequences. By contrast,
the absence of phenotypic effects was reported in some cases of
euchromatic anomalies [1]. Barber [3] divided euchromatic
anomalies into two categories: (1) unbalanced chromosome
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abnormalities, such as deletions or duplications, and (2) EVs,
mostly because of variation in the copy number of pseudogenes.

Copy-number variation (CNV) means a segment of DNA 1 kb or
larger and is present at a variable copy numbers in the population.
CNVs may arise from insertions, deletions, or duplications. This
definition also includes large-scale copy number variants, which
are variants that involve segments of DNA�50 kb, allowing them to
be detected by array CGH [4]. If the size of amplified regions is big
enough to become visible with the light microscope, the CNVs
become EVs [5]. The common EVs comprise 4p16, 8p23.1, 9p12,
9q12, 9q13, 15q11.2, and 16q11.2 [6]. Most of the EVs are clinically
innocuous, but the 8p23.1 EV has been associated with a number of
traits [7] and the 4p16.1 EV cosegregated with microtia [8].

EVs of 8q21.2 is an extremely rare chromosome abnormality,
and it has been reported only twice. The previous reports seemed to
indicate that patients with 8q21.2 EV have clinical or reproductive
problems [9]. In our case, the cytogenetic analysis of cultured
amniocytes of two fetuses revealed 46,XY,?dup(8)(q21.2) in a twin
gestation. The same karyotype was displayed with their mother.
Being different from previous reports, the gravida was phenotypi-
cally normal and healthy.
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Case Report

A 36-year-old Taiwanese woman, gravida 2 para 1, underwent
amniotic fluid sampling at 16 weeks' gestation because of advanced
maternal age. Her height was 158 cm and her weight was 60 kg. Her
menarche occurred at the age of 13 years, and her menstrual cycle
has been regular since puberty. This pregnancy was monozygotic
twins conceived naturally. Cytogenetic analysis of cultured
amniocytes revealed that both twins were 46,XY,?dup(8)(q21.2)
(Figure 1A). The chromosomal microarray analysis using the Affy-
metrix 750k SNP array (Affymetrix Inc., Santa Clara, CA, USA)
Figure 1. (A) Three pairs of chromosomes 8 (a and b, two fetuses; c, woman). Arrows
indicate duplication of chromosome 8. (B) Fluorescence in situ hybridization (FISH)
analysis. Of 10 metaphase cells examined, no evidence of structural aberration of
chromosome 8 was found. FISH using the Aquarius Whole Chromosome Painting Probe
(Cytocell, Inc.). Probe contains whole chromosome 8 painting probe. It was labeled
with green fluorophore. (C) C-bands in addition to FISH analysis. C-bands by barium
hydroxide using Giemsa was also performed to reveal constitutive heterochromatin.
Red arrows indicate chromosome 8.
revealed no genomic changes {arr(1-22)*2(X)*1(Y)*1}. The couple
underwent karyotyping using peripheral blood lymphocytes. The
husband was found to have a normal male karyotype (46,XY), but
the wife was found to have duplication of 8q21.2 [46XX,?
dup(8)(q21.2)]. So the fetus had inherited the abnormal chromo-
some from their mother. We performed fluorescence in situ hy-
bridization using the painting probe as well as C-banding to prove
the nature of the duplicated region (Figure 1B and 1C). However, no
evidence of structural aberration of chromosome 8 was found. The
parents continued the pregnancy, and high-level ultrasound
showed no fetal malformations at 20 weeks. The babies were
delivered via the vaginal route smoothly at 37 weeks' gestation in
July 2015. The Apgar score was 8 and 9, respectively. Their birth
weight was 2530 g (twin A) and 2410 g (twin B). There was no
obvious SGA (small for gestational age) and they developed
normally.

Discussion

Copy number variants visible with the light microscope of
8q21.2 have been reported only twice previously [9,10]. In one
report, Manvelyan et al [10] described three patients of Middle
European origin and Japanese descent who had this condition. In
another report, Tyson et al [9] described the existence of this
condition in Caucasian, Czech, and Palestinian patients. In this
report, we found twins with this EV inherited from their mother, a
Taiwanese Han. Our case represents the first case reported in the
ethnic Han.

By analyzing patients with 8q21.2 EV using the probe BAC RP11-
96G1 [11], Tyson et al [9] found that this 8q21.2 consisted of a
sequence gap flanked by segmental duplications that contain the
12-kb components of one of the largest variable number tandem
repeat arrays in the human genome. Using digital NanoString
technology with a custom probe for the RNA exonuclease 1 homo-
logue (S. cerevisiae)-like 1 (REXO1L1) genewithin each 12-kb repeat,
they observed significantly enhanced diploid copy numbers of 270
and 265 in an EV family and a median diploid copy number of 166
copies in 216 controls. They concluded that CNV at 8q21.2 contains
tandemly repeated DNA families [12]. When the copy number is
enough (microscopically visible), it predisposes to polymorphic
inversions [13] and it has been associated with neocentromere
formation [14]. Given that the REXO1L1 gene is generally not
included in the gene chip, all cases of 8q21.2 EV, including ours, are
expected to have a normal chromosomal microarray analysis.

In order for a euchromatic deletion or duplication to be regarded
as a normal variant, Jalal and Ketterling [15] proposed that the
following criteria should be met. “It should have been: (1) reported
in a relatively large number of individuals; (2) been passed on from
parents to children; (3) associated with a normal phenotype; (4)
the identity of the extra or missing chromatin confirmed by chro-
mosome banding and/or molecular/molecular cytogenetic pro-
cedures.” In the past, most EVs were recognized as clinically
innocuous, but now the 8p23.1 EV has been reported to be asso-
ciated with a number of traits [7]. Gibbons et al [16] reported a
patient and her two daughters with minimal dysmorphology, and
Tsai et al [17] suggested that duplication 8p23.1 might also be the
cause of serious clinical defects, including mental retardation, short
stature, heart defects, or hypotonia, whereas Barber et al [18]
suggested that it is in fact an EV without clinical effects. The
4p16.1 EV has been reported to be cosegregated with microtia [8],
and 9p12, 9q12, 9q13, 15q11.2, and 16q11.2 are considered to have
no clinical effects [1]. Interestingly, the EV region of 8q21 was
already found to be involved in gene amplification in breast [19]
and prostate cancer [20], as well as in aberrant methylation in os-
teosarcoma [21]. However, the impact of that has to be elucidated
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in the future. For EVs 8q21.2, Tyson et al [9] reported that seven
patients were ascertained to have congenital anomalies, autism,
secondary amenorrhea, infertility, miscarriages, and a family his-
tory of intellectual difficulties and cystic fibrosis. The REXO1L1 gene
has no known disease association, and its product is a marker of
hepatitis C virus infection; moreover, a possible association be-
tween REXO1L1 copy number and susceptibility to hepatitis C virus
infection has been demonstrated [22,23]. They hypothesized that
congenital anomalies, autism, or family history of intellectual dif-
ficulties and cystic fibrosis were incidental findings [9], but the
possible association with infertility and/or miscarriage [12] would
need to be tested inmuch larger cohorts and ismore likely to reflect
bias of ascertainment [24]. Considering the absence of reproductive
or other health problems in our case, this case seems to support
that EV of 8q21.2 is a benign finding. However, more cases are
needed to clarify whether 8q21.2 duplication is a bona fide EV.

Conflicts of interest

The authors have no conflicts of interest relevant to this article.

Acknowledgments

The study was supported by a grant from Cheng Chen Founda-
tion, Taiwan.

References

[1] Kowalczyk M, Srebniak M, Tomaszewska A. Chromosome abnormalities
without phenotypic consequences. J Appl Genet 2007;48:157e66.

[2] Wyandt HE, Tonk VS. Human chromosome variation: heteromorphism and
polymorphism. Dordrecht: Springer; 2011. p. 51e3.

[3] Barber JC. Autosomal imbalance and copy number variation without pheno-
typic effect. Abstracts for 5th European Cytogenetics Conference, Madrid
Chromosome Res 2005;13(Suppl. 1).

[4] Feuk Lars, Carson AR, Scherer SW. Structural variation in the human genome.
Nat Rev Genet 2006;7:85e97.

[5] Barber JCK. Directly transmitted unbalanced chromosome abnormalities and
euchromatic variants. J Med Genet 2005;42:609e29.

[6] Gardner RJM, Sutherland GR, Shaffer LG. Chromosome abnormalities and
genetic counseling. New York: Oxford University Press; 2011. p. 264e5.

[7] Hollox EJ, Huffmeier U, Zeeuwen PL, Palla R, Lascorz J, Rodijk-Olthuis D, et al.
Psoriasis is associated with increased beta-defensin genomic copy number.
Nat Genet 2008;40:23e5.
[8] Harada N, Takano J, Kondoh T, Ohashi H, Haseqawa T, Suqawara H, et al.
Duplication of 8p23.2: a benign cytogenetic variant? Am J Med Genet
2002;111:285e8.

[9] Tyson C, Sharp AJ, Hrynchak M, Yong SL, Hollox EJ, Warburton P, et al.
Expansion of a 12-kb VNTR containing the REXO1L1 gene cluster underlies the
microscopically visible euchromatic variant of 8q21.2. Eur J Hum Genet
2014;22:458e63.

[10] Manvelyan M, Cremer FW, Lanc�e J, Kl€as R, Kelbova C, Ramel, et al. New
cytogenetically visible copy number variant in region 8q21.2. Mol Cytogenet
2011;4:1.

[11] Iafrate AJ, Feuk L, Rivera MN, Listewnik ML, Donahoe PK, Qi Y, et al. Detection
of large-scale variation in the human genome. Nat Genet 2004;36:949e51.

[12] Warburton PE, Hasson D, Guillem F, Lescale C, Jin X, Abrusan G. Analysis of the
largest tandemly repeated DNA families in the human genome. BMC Geno-
mics 2008;9:533.

[13] Giglio S, Broman KW, Matsumoto N, Calvari V, Gimelli G, Neumann T, et al.
Olfactory receptor-gene clusters, genomic inversion polymorphisms, and
common chromosome rearrangements. Am J Hum Genet 2001;68:874e83.

[14] Hasson D, Alonso A, Cheung F, Tepperberq JH, Papenhausen PR, Enqelen JJ,
et al. Formation of novel CENP-A domains on tandem repetitive DNA and
across chromosome breakpoints on human chromosome 8q21 neo-
centromeres. Chromosoma 2011;120:621e32.

[15] Jalal SM, Ketterling RP. Euchromatic variants. In: Wyandt HE, Tonk VS, editors.
Atlas of human chromosome heteromorphisms. Dordrecht: Kluwer; 2004.
p. 75e95.

[16] Gibbons B, Tan SY, Barber JCK, Ng CF, Knight LA, Lam S, et al. Duplication of 8p
with minimal phenotypic effect transmitted from a mother to her two
daughters. J Med Genet 1999;36:419e22.

[17] Tsai CH, Graw SL, McGavran L. 8p23 duplication reconsidered: is it a true
euchromatic variant with no clinical manifestation? J Med Genet 2002;39:
769e74.

[18] Barber JCK, Joyce CA, Collinson MN, Nicholson JC, Willatt LR, Dyson HM, et al.
Duplication of 8p23.1: a cytogenetic anomaly with no established clinical
significance. J Med Genet 1998;35:491e6.

[19] Choschzick M, Lassen P, Lebeau A, Marx AH, Terracciano L, Heilenkotter U,
et al. Amplification of 8q21 in breast cancer is independent of MYC and
associated with poor patient outcome. Mod Pathol 2010;23:603e10.

[20] Rubin MA, Varambally S, Beroukhim R, Tomlins SA, Rhodes DR, Paris PL, et al.
Overexpression, amplification, and androgen regulation of TPD52 in prostate
cancer. Cancer Res 2004;64:3814e22.

[21] Sadikovic B, Yoshimoto M, Al-Romaih K, Maire G, Zielenska M, Jeremy A, et al.
In vitro analysis of integrated global high-resolution DNA methylation
profiling with genomic imbalance and gene expression in osteosarcoma. PLoS
One 2008;3:e2834.

[22] Quiroga JA, Castillo I, Bartolome J, Carren V. Serum immunoglobulin G anti-
bodies to the GOR autoepitope are present in patients with occult hepatitis C
virus (HCV) infection despite lack of HCV-specific antibodies. Clin Vaccine
Immunol 2007;14:1302e16.

[23] Schaefer EA, Chung RT. The impact of human gene polymorphisms on HCV
infection and disease outcome. Semin Liver Dis 2011;31:375e86.

[24] Barber JCK. Reply to Dundar et al: why a causal association between classical
euchromatic variants of chromosome 9 and multiple miscarriages is unlikely.
Genet Couns 2010;21:469e71.

http://refhub.elsevier.com/S1028-4559(17)30019-0/sref1
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref1
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref1
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref2
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref2
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref2
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref3
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref3
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref3
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref4
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref4
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref4
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref5
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref5
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref5
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref6
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref6
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref6
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref7
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref7
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref7
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref7
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref8
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref8
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref8
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref8
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref9
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref9
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref9
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref9
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref9
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref10
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref10
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref10
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref10
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref10
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref11
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref11
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref11
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref12
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref12
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref12
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref13
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref13
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref13
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref13
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref14
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref14
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref14
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref14
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref14
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref15
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref15
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref15
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref15
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref16
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref16
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref16
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref16
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref17
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref17
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref17
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref17
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref18
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref18
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref18
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref18
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref19
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref19
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref19
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref19
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref20
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref20
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref20
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref20
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref21
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref21
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref21
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref21
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref22
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref22
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref22
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref22
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref22
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref23
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref23
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref23
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref24
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref24
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref24
http://refhub.elsevier.com/S1028-4559(17)30019-0/sref24

	Euchromatic variants of 8q21.2 in twins
	Introduction
	Case Report
	Discussion
	Conflicts of interest
	Acknowledgments
	References


