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Introduction

Genetic instability results from phenotypic changes and 
mutations which are the consequence of metabolism and 
the environment. It is the instigator of both evolution 
and cancer. Instability may be observed as aneuploidy (or 
more rarely, polyploidy), chromosomal instability (CIN) or 
jumping translocations (JTs) (1). 

Aneuploidy is the state where a cell contains an abnormal 

number of chromosomes divergent from normal diploid (2). 
Segmental aneuploidy occurs when unbalanced alterations 
result from DNA breakage and repair; giving rise to 
deletions, duplications, and unbalanced translocations (1). 
Aneuploidy does not necessarily predispose to cancer. 

CIN in contrast ,  relates  to a  state of  dynamic 
chromosomal f lux of  gains,  losses  and structural 
rearrangements. Aneuploidy can be the result of CIN but 
cannot be considered a substitute (3). CIN is one of the 
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hallmarks of cancer cells and plays an important role in 
tumorigenesis (4). Although CIN may or may not promote 
tumor development, it is recognised as correlating to 
patient prognosis. Extreme CIN conflicts even with cell  
viability (3). In some instances, CIN can be induced or 
accelerated. For example, radiation was used to induce a 
translocation between chromosome 2 and 17 leading to 
mutations of alleles at the break sites (5). 

JTs are a rare chromosomal event. They involve one 
specific breakpoint on a chromosome, termed the donor, 
that is then involved in structural rearrangements with 
multiple recipient chromosomes. JTs were originally 
described in constitutional cases (6-8). More recently they 
have been mainly reported in haematological malignancies 
and correlated with poor prognosis (9,10). There have been 
rare reports in constitutional studies in the live population. 
In a review by Reddy [2010] (11), 49 cases were identified in 
the literature, in addition to the twin pregnancy presented 
in the paper. JTs may be simple or complex. For example, 
a child with four different cell lines involving donor 15q 
material was reported (12). Other cases describe a meiotic 
transfer where the same donor exhibits different recipient 
chromosomes from parent to child, each being apparently 
balanced rearrangements (13,14). 

There have been a few reports of prenatally identified 
JTs. Donor chromosomes include 22q11.2 (15,16), 
18p11.1 (17) and 21p10 (18,19). Early studies suggested 
the involvement of mainly acrocentric chromosomes with 
the breakpoints containing repetitive DNA sequences 
in telomeric, centromeric or heterochromatic regions. 
Although the recipient chromosomes were random, there 
seems to be a preference for telomeric sequences (7,20,21). 
It has been suggested that JTs are formed by illegitimate 
recombination between interstitial telomeric sequences 
and telomere repeat sequences (22). The review by Reddy  
[2010] (11) examined chromosome and breakpoint 
involvement across all the publications. Although the 
majority of breakpoints were in heterochromatin or regions 
of known repeats (such as those involving Prader Willi 
Syndrome on 15q or the DiGeorge/velo-cardio-facial 
region on 22q11.2), approximately 27% donor sites and 5% 
recipient sites were in interstitial euchromatic regions.

First trimester miscarriage without underlying medical 
conditions is most commonly caused by chromosomal 
abnormalities reported to occur in 50% or more of  
cases (23). This differs markedly from the live born 
population where a review across 11 countries in Europe 
yields a chromosome abnormality rate of less than  

0.5% (24). These chromosomal changes in early losses 
include both numerical abnormalities and structural 
alterations that result in gain and/or loss of genetic 
information, as few of these chromosomal imbalances 
are viable past the first trimester. Even the chromosomal 
abnormalities that are viable, such as monosomy X and 
trisomy 21, are often lost during the first twelve weeks after 
conception.

JTs were first described in miscarriages by Jacobs et al. 
[1974] (13), who reported a mother (the proband) with 
a maternally inherited apparently balanced whole arm 
translocation of 14q10 and 6p10. This translocation was 
also present in the sister and one aunt. The aunt had given 
birth to a son with the same chromosome 14 translocated to 
15q10. The proband had a history of two early miscarriages 
and subsequently miscarried at 21 weeks. None of 
these losses were examined chromosomally. Tomkins  
[1981] (14) reported a family with the index miscarriage 
sample exhibiting an 11p11 translocated to 15p12 from 
a maternal apparently balanced reciprocal translocation 
between 11p11 and 22q12. Both of these cases were from 
familial alterations. 

More recently, two cases of JTs were published by 
Levy et al. in 2000 (25), and two others by Lee et al., in  
2010 (26). These four cases were all de novo, and may be 
better described as CIN, or re-termed jumping alterations, 
as the rearrangements involved not just translocations, but 
inversions, deletions and whole chromosome loss.

We present an observational study of 12 retrospective 
cases identified during routine cytogenetic analysis of first 
trimester miscarriage samples. All samples exhibited CIN. 
In these examples, we observed numerous chromosomal 
alterations in different cell populations. Some may be 
considered to be JT, where a single donor site was observed 
with different recipients. Others involved more than one 
site on the “donor” chromosome. One reported miscarriage 
involved multiple aneuploidy. All alterations resulted in 
partial trisomies and monosomies which predisposed the 
pregnancy to chromosomal imbalance and subsequent 
demise. To our knowledge this is the first report of such a 
large cohort in a single study population.

Methods

The 12 patients reported herein were identified during 
routine clinical cytogenetic evaluation of failed pregnancies. 
Standard laboratory protocols for tissue culture, harvesting 
and analysis were in accordance with that published in 
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Hardy et al. in 2016 (27). As this was a retrospective study 
obtained from laboratory records, no ethics approval was 
necessary. All patients have been de-identified. All material 
and data are stored according to NHMRC regulations.

Results

We report 12 examples of chromosome instability seen in 
the fetal material of spontaneous first trimester miscarriages 
(Tables 1,2). In these samples related chromosomal 
alterations were observed in different cell clones. Some 
may be considered to be JT, where a single donor site was 
observed with different recipients. Others involved more 
than one site on the “donor” chromosome. 

All pregnancies miscarried within the first trimester 
(6–11 weeks). Eight patients were attending a reproductive 
clinic, although only four mothers required intervention 
to achieve pregnancy; two involving embryo transfer, and 

the other two conceived with hormone assistance. All other 
conceptions were spontaneous pregnancies. Maternal age 
varied from 25 to 36 years of age at the time of miscarriage. 
One patient worked as an industrial chemist and exhibited 
two pregnancy failures with CIN (numbers 1 and 2). There 
were no other patients with any identified risks from 
environmental or mutagenic exposure.

The past pregnancy history of the patients varied from 
no previous pregnancy, through miscarriage and normal 
pregnancy, to later pregnancies with medical complications, 
and no further pregnancies even with IVF attempts (Table 1).

One conception involved multiple aneuploidy variations. 
All conceptions demonstrated partial trisomies and/or 
monosomies. Donor chromosomes included 2, 5, 8, 11, 
12, 14, 16, and 22. Two conceptions exhibited more than 
one breakpoint in the donor chromosome: chromosome 5 
(conception 6) (Figure 1) and chromosome 22 (conception 5). 
Another conception exhibited a common breakpoint on 

Table 1 Clinical information

Conceptus Date Maternal age (year) Comments Conception Other factors
Previous pregnancy 

history

1 25/01/2008 35 7 weeks Natural Industrial chemist None

2 05/05/2008 35 6 weeks,  
5 days

Natural Same mother as case 1 Case 1

3 27/10/2009 32 6 weeks Natural Mild autoimmune hepatitis 2008: 32 weeks 
severe preeclampsia 

2011: 37 weeks  
4,180 g

4 28/05/2010 26 11 weeks Natural None known 11 week failure,  
1 normal pregnancy

5 22/06/2011 33 ~6 weeks OI Mother has rob (13;14) None

6 10/01/2012 25 – Natural None known 2 normal pregnancies

7 16/01/2012 34 9–10 weeks Natural Von Willebrand 2007 NA G1 P0

8 13/02/2012 29 8 weeks Natural PCOS Loss 2010 from 
natural pregnancy

9 04/05/2012 29 IUI None known 20 week pregnancy 
in March 2013

10 12/09/2012 35 7 weeks FET None known Only pregnancy;  
2 more IVF attempts

11 06/05/2013 36 9 weeks IVF FET Sperm surgically removed
from epididymis

NA G1 P0

12 06/02/2014 36 8 weeks Natural None known None

OI, ovulation induction with hormones; IUI, intrauterine insemination with femara 2.5 mg for 5 days; FET, frozen embryo transfer with 
hormone replacement therapy progesterone; PCOS, polycystic ovary syndrome. 
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chromosome 11 and two different breakpoints on the long 
arm of chromosome 9 (conception 7). The most complex 
conception (number 12) exhibited multiple chromosomal 
aneuploidy, where some common errors were present in 

two clones, although extensive cell to cell variability was 
observed. Of the twelve pregnancies, three sets of parents 
did not have cytogenetic studies done in our facility. 
Conceptions 3, 6 and 9 (Figure 2) exhibited a normal 

Table 2 Chromosome instability 

Conceptus Result

1 mos46,XY,del(8)(p11.2)[6]/46,XY,der(8)t(1;8)(q24;p11.2)[6]

2 mos46,XX,add(17)(q25)[43]/46,XX,der(17)t(11;17)(q13;q25)[2]

3 mos46,XY,psuidic(12)(p13.1)[16]/46,XY,der(12)t(9;12)(q12;p13.1)[9]/46,XY,add(12)(p13.1)[5]/46,XY,der(12)t(12;?17)(p13.1;?q21)
[4]/46,XY[21] 

4 mos47,XX,+del(2)(p15)[7]/47,XX,+der(2)t(2;9)(p15;q12)[16] 

5 mos45,XX,rob(13;14)(q10;q10)[19]/45,XX,idem,del(22)(q11.21)[13]/45,XX,idem,add (22)(q13) type 1[6]/45,XX,idem,add(22)
(q13) type 2[1]/45,XX,idem,add(7)(p22),add(22)(q13) type 2[2]/44,XX,idem,-22[9] 

6 mos46,XX,del(5)(p15.1)[12]/46,XX,del(5)(p11.2)[6]/46,XX[22]

7 mos46,XX,der(11)t(9;11)(q13;q23.3)[3]/46,XX,der(11)t(9;11)(q22.3;q23.3)[2]

8 mos46,XX,add(16)(p13.3)[17]/46,XX,der(16)t(16;17)(p13.3;q12)[3]

9 mos46,XY,inv dup(4)(p16.3p14)[22]/46,XY,der(4)t(3;4)(p21.3;p16.3)[12]/46,XY[36]

10 mos91,XXYY,der(11)t(11;14)(p11.2;q11.2)[8]/91,XXYY,der(14)t(14;14)(p11.2;q11.2)[4]/91,XXYY,-14[2]/92,XXYY[2] 

11 mos46,XY,del(8)(p21.3)[4]/46,XY,der(8)t(8;8)(p21.3q13)[20]

12 36-57,XY,complex changes clone 1: +2,+8,+12,+mar[11]/clone 2: +1,+1,+del(1)(q11),+2,+5,+del(12)(p11),+mar(3-9)[4]

Figure 1 Conceptus 6: mos46,XX,del(5)(p15.1)[12]/46,XX,del(5)(p11.2)[6]. Mosaicism for two cell lines with different deletions of  
chromosome 5. One cell line exhibited a deletion of the terminal region of 5p with a breakpoint at 5p15.1. The deletion of 5p in the second 
cell line was much larger with a breakpoint at p11.2, therefore losing most of the short arm. Larger figure represents a full karyotype with 
the smaller deleted 5p. Note random loss of 14 in the karyotyped cell. Inset: a partial karyotype to demonstrate the different deletions 
observed in the sample.
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cell line, suggesting that the errors were post-zygotic. 
Conception 12 exhibited numerical alterations, which 
would not be constitutional in a parent.

Cytogenetic observations

The karyotypes are presented in Table 2.

Conceptus 1
Two cell lines with a common breakpoint on 8p11.2. Half 
the cells were deleted for the terminal region of the short 
arm, while the other half exhibited an unbalanced derivative 
with additional 1q24 to the telomere.

Conceptus 2
Two cell lines with a common breakpoint at 17q25. The 
majority of cells had unidentified additional material 
terminal to this breakpoint. A minor clone exhibited a 
derivative unbalanced translocation with a breakpoint 
on11q13. The mother of this conception is the same as for 
Conceptus 1.

Conceptus 3
This conception exhibited five different clones. There 
was a common breakpoint on chromosome 12 at p13.1 in 

four populations. All four clones were monosomic for the 
terminal region of the short arm of chromosome 12. Partial 
trisomy 12, 9, unknown origin (or most likely 17) was 
present in the respective clones. The conception also exhibited 
a normal karyotype in approximately one third of cells. 

Conceptus 4
Chromosome 2 exhibited a breakpoint at p15. Clone 1 
partial monosomy 2p; clone 2 partial trisomy 9q. 

Conceptus 5
This  conception inherited a  Robertsonian 13;14 
translocation from the mother. Five additional cell 
lines were identified, each with different alterations to 
chromosome 22. Two different breakpoints occurred; one at 
q11.2, and the other at q13. The final clone was monosomic 
for chromosome 22.

Conceptus 6
Two different breakpoints on 5p resulting in deletions of 
the short arm terminal to the breakpoint.

Conceptus 7
This conception exhibited two different unbalanced 
translocations between chromosomes 9 and 11. The 
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Figure 2 Conceptus 9: mos46,XY,inv dup(4)(p16.3p14)[22]/46,XY,der(4)t(3;4)(p21.3;p16.3)[12]/46,XY[36]. Mosaicism for a normal male 
cell line and two different alterations to chromosome 4p. The larger abnormal clone exhibited an inverted duplication of approximately 
half the short arm. The smaller clone exhibited a derivative 4 from an unbalanced translocation of approximately half the short arm of 
chromosome 3 and the distal region of chromosome 4p. There were two normal copies of chromosome 3 in every cell in this clone. Larger 
figure: full karyotype of the larger abnormal clone. Inset: partial karyotype demonstrating a normal 4, the inverted duplicated 4p and the 
derivative 4 from the 3;4 translocation.



216 Hardy and Hardy. CIN in miscarriage

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2018;7(3):211-218tp.amegroups.com

breakpoint on chromosome 11 was constant at q23.3, while 
two different breakpoints on chromosome 9 were identified: 
one at q13 and the other at q22.3. 

Conceptus 8
Two different alterations to chromosome 16 at p13.3 
were observed. Material distal to the breakpoint was 
not identified in the major clone, while trisomy 17q was 
observed in clone 2.

Conceptus 9
This conception was mosaic for normal male and two 
different rearrangements at 4p16.3. One cell line was 
duplicated for 4p16.3 to 4p14. The second cell line 
contained an unbalanced derivative from a 4p16.3;3p21.3 
translocation. 

Conceptus 10
Four tetraploid cell lines were observed; one normal, two 
with different alterations at 14q11.2 and the final clone with 
loss of 14. 

Conceptus 11
The majority of cells in this conception exhibited a 
derivative chromosome 8 from an 8;8 translocation, with 
breakpoints at 8p21.3 and 8q13. The second cell line was 
deleted at 8p21.3, resulting in monosomy of the distal 
region.

Conceptus 12
The cytogenetic result was highly complex. Two different 
clones with common changes were identified amongst the 
complexity of individual cells. Clone 1 exhibited additional 
copies of chromosomes 2, 8, 12 and a marker. Clone 2 
contained two additional copies of 1, an additional deleted 
1q, additional copies of 2, 5, del12p11, and variable copies 
of a marker chromosome.

Discussion

The 12 conceptions in this report are not consistent with 
many of the normal observations of JT. Conceptions 5 and 
6 demonstrated an unstable chromosome, rather than just 
one breakpoint. Conceptus 12 predominantly exhibited 
numerical alterations, in addition to structural errors which 
resulted in extensive genetic imbalance. 

The observation of JTs in miscarriage has been rarely 
reported. The first and second cases in the literature arose 

from meiotic alteration from a parental translocation 
(13,14). Four more cases in two manuscripts were 
presented where several cell lines were observed with 
donor chromosomes and different recipients; all of which 
were de novo events (25,26). An additional case of a slightly 
later pregnancy loss described a twin pregnancy with 
differing cytogenetic results involving the same donor 
chromosome (11). Many JTs breakpoints reported in 
the published literature are centromeric or telomeric. In 
contrast, this current data set presents multiple instances 
where they are not (numbers 3–9 and 11). In addition, this 
set of conceptions not only involves translocations, it also 
identifies different rearrangements within the same donor 
chromosome: inversions, complete loss of the chromosome, 
deletion of the chromosome distal to the breakpoint, and 
more than one alteration to the same chromosome arm 
(deletions with varied breakpoints, pseudo-isodicentric). It 
may be more correct to identify these events as CIN rather 
than purely JT. Conceptus 12 differs in that it appears to 
exhibit extensive variability, both in numerical and structural 
alterations.

Furthermore, though two instances of acrocentric donor 
chromosomes were identified (numbers 5 and 10), in most 
of the current data set the donor chromosome was not an 
acrocentric. The breakpoint on each acrocentric was on 
the q arm and not centromeric, although the breakpoint 
on chromosome 22 did occur at q11.2, the region involved 
in many genetic conditions (velocardiofacial/DiGeorge). It 
may therefore be suggested that the molecular mechanisms 
of these rearrangements may differ from those observed 
in haematological malignancies, in keeping with the 
conclusions of Reddy [2010] (11). 

This is the first time such a large number of JT’s and/
or CIN has been reported within a single study population 
of first trimester miscarriages. Indeed, never before has 
this many examples of instability been reported in one 
population of first trimester losses. They were observed in 
a population of 2,258 successfully karyotyped samples, thus 
representing 0.5%. The total study population comprised 
2,445 samples with a culture success rate of 92.4% and an 
abnormality rate of 74.5%.

The above reported percentage is higher than:
(I) Trisomies of chromosomes 3, 5, 6, 11, 12, 17, 19 

and X;
(II) XXY; 
(III) Autosomal monosomies (27).
In our population, structural alterations were observed 

in 2.9% of first trimester miscarriages (27). Other studies 
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range from 1.2% (28) to 4.4% (29). 
In conclusion, given the high rate of occurrence, 

the phenomena should be recognised as a significant 
contributor to genetic imbalance causing fetal demise. 
Therefore, it is important to integrate such understanding 
into testing protocols.

Parents experiencing CIN in miscarriage are able to 
have normal pregnancies, but in many cases, have other 
reproductive problems. Although preliminary (with only 
one patient), there is a chance that CIN may occur in 
future pregnancies. Environmental factors may be involved 
in causing CIN in miscarriage; our data suggests that it is 
unlikely to be the only cause.

Further understanding of the mechanisms resulting 
in genetic instability may give us insight into the reason 
for fetal demise in these cases. By the use of single cell 
molecular tools, it may be possible in the future to uncover 
the mechanism or better understand the result of CIN in 
early development.
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