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Abstract
The identification of chromosomal rearrangements is of utmost importance for the diagnosis and 
classification of specific leukaemia subtypes and therefore has an impact on therapy choices in individual 
cases. The t(7;12)(q36;p13) is a cryptic rearrangement that is difficult to recognise using conventional 
cytogenetic methods and is often undetected by reverse transcription polymerase chain reaction due to 
the absence of a fusion transcript in many cases. Here we present a reliable and easy to use dual colour 
fluorescence in situ hybridisation assay for the detection of the t(7;12)(q36;p13) rearrangement. A comparison 
with previous similar work is given and advantages and limitations of this novel approach are discussed.
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Introduction
Chromosomal translocations are a hallmark of cancer and 
leukaemia and are useful biomarkers for disease diagnosis 
and follow up [1]. The t(7;12)(q36;p13) rearrangement is a rare 
chromosomal translocation recurrently found in a subset of 
paediatric leukaemia affecting mostly children between 0-2 
years, also known as infant leukaemia [2-5]. It has been estimated 
that this cytogenetic abnormality occurs in approximately 
one third of infant leukaemia, representing the second most 
common rearrangement after those involving the MLL gene 
on 11q23 [2,6]. Conventional cytogenetic methods of chro-
mosome banding are broadly used in diagnostic laboratories. 
However, these have limitations when analysing complex or 
cryptic abnormalities. Because the t(7;12)(q36;p13) affects the 
terminal regions of 7q and 12p respectively, the rearrangement 
is difficult to identify by conventional karyotyping. Nowadays, 
various other techniques are in place for the detection of chro-
mosomal translocations. One of these is reverse transcription 
polymerase chain reaction (RT-PCR) that uses primers specific 
for known translocations, identifiable when a fusion transcript 
is present [7]. This approach is commonly used in diagnostic 
laboratories as it allows for a quick detection of the abnormali-
ties. A fusion transcript arising from the t(7;12) rearrangement 
has been described as the HLXB9-ETV6 fusion [8]. However, 

this fusion transcript has been identified in only approximately 
50% of cases harbouring the t(7;12)(q36;p13) [6,9]. Therefore, 
a more reliable method must be used for the detection of this 
rearrangement. Fluorescence in situ hybridisation (FISH) is cur-
rently applied in many diagnostic laboratories using in-house 
made probes, custom made probes or commercially available 
probes. An advantage of using FISH is the possibility of con-
ducting single cell analysis on both metaphase chromosomes 
and interphase nuclei, allowing the possibility to estimate the 
proportion of cells carrying the abnormality. Here we report 
the use of a novel dual colour FISH assay for the identification 
of the t(7;12)(q36;p13) rearrangement in paediatric leukae-
mia. This has been designed as an alternative to a previously 
described three colour probe set [10]. 

Findings
Patient samples
Archival methanol: acetic acid fixed chromosomes and cells 
suspensions from four patients previously described were 
used in this study [2,10-12]. All of the patients were children 
affected by myeloid disorders (see Table 1). The samples were 
selected on the basis of harbouring a t(7;12) rearrangement 
previously characterised using FISH assays different from the 
one here reported. 

Hematology and Leukemia
ISSN 2052-434X | Volume 3 | Article 4 

CrossMark
← Click for updates

http://www.hoajonline.com
mailto:sabrina.tosi%40brunel.ac.uk?subject=
http://creativecommons.org/licenses/by/3.0
http://www.hoajonline.com/hematolleuk
http://crossmark.crossref.org/dialog/?doi=10.7243/2052-434X-3-4&domain=pdf&date_stamp=2015-10-05


Owoka et al. Hematology and Leukemia 2015, 
http://www.hoajonline.com/journals/pdf/2052-434X-3-4.pdf

2

doi: 10.7243/2052-434X-3-4

pt Diagnosis Previous FISH 
probes

Reference Comparison with previous 
FISH studies

1 T-ALL 
later revised as AML

49,XX,+6,t(7;12)(q36;p13),+8,+19[3]/ 
50,idem,+18[7]

YAC 964c10 (12p13)
Vysis TEL/AML1
ETV6 exon specific 
cosmids
YAC HSC7E551
(7q35)
YAC HSC7E526
(7q36)

pt. 4 in [2] Refined chromosome 7 
breakpoint

2 AML-M4 48,XY, t(7;12)(q36;p13),+8,+19 YAC 964c10 (12p13)
ETV6 exon specific 
cosmids
PAC H_DJ1121A15 
(7q36)
Cos 121b1 (7q36)
Cos 227e6 (7q36)
Cos 85c10 (7q36) 
Cos 133f02 (7q36)

pt 6 in [2] Confirmed previous  
findings

pt 4 in [12]

3 AML-M0 47,XY,t(7;12)(q36,p13),+der(19) YAC 964c10 (12p13)
ETV6 exon specific 
cosmids
PAC H_DJ1121A15 
(7q36)
Cos 121b1 (7q36)
Cos 227e6 (7q36)

pt 5 in [2] Confirmed previous  
findings

Cos 107a07 (7q36)
Cos 148a04 (7q36)
Cos 85c10 (7q36)
Cos 133f02 (7q36)

pt 3 in [12]

Three colour FISH 
probe

Pt 2 in [10]

4 MDS 46,XX,der(7)t(7;12)(q22;p13)del(7)
(q22q36)

YAC 964c10 (12p13)
ETV6 exon specific 
cosmids

pt 1 in [2] Confirmed previous  
findings

Various 7q22and 
7q36 probes
Three colour FISH 
probe

pt 1 in [12]
pt 1 in [10]

Table 1. Clinical features, cytogenetic data and FISH findings relative to the patients analysed in this study.

Fluorescence in situ hybridization (FISH) 
A dual colour FISH probe set for the detection of the t(7;12)
(q36;p13) was provided by MetaSystems (MetaSystems GmbH, 
Altlussheim, Germany). A schematic representation of the 
probes and their location along chromosomes 7 and 12 is 
shown in Figure 1. FISH experiments were carried out accord-
ing to the manufacturer’s instructions with slight modifica-
tions. Briefly: slides were denatured with 70% formamide at 
72°C for 3 min. Probe mixture was denatured at 72°C for 8 
min, incubated at 37°C for 30 min, and subsequently applied 
to the slides under a 22×22 mm cover-slip. After overnight 
hybridization, slides were washed with 2×SSC (pH 7.0) for 5 
min on shaker, then transferred to 0.4×SSC (pH 7.0) at 70°C  
for 5 min followed by another wash in 2×SSC/Tween20 for 
5 min on shaker and then a final wash in 1×PBS for 5 min 
on shaker. The slides were then mounted in Vectashield 

(Vector Laboratories Ltd., Peterborough, UK) containing 49, 
6-Diamidine-29-phenylindole dihydrochloride (DAPI). Hybrid-
ized chromosomes and nuclei were viewed and images were 
captured using an Olympus BX41 fluorescence microscope and 
SmartCapture 3 software (Digital Scientific, Cambridge, UK).

Results and discussion
The dual colour FISH approach enabled us to detect the 
t(7;12) rearrangement in all four cases analysed. In three 
of the patient samples (patient nos. 1-3), it was possible to 
visualise the fusion hybridisation signals on both der(7) and 
der(12), as this translocation is reciprocal. However, in one of 
the patients (no. 4), the translocation was accompanied by 
a deletion of the chromosome 7 region comprised between 
bands q22 and q36, in the same homolog affected by the 
translocation. A precise mapping of the deletion and trans-
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location breakpoints enabled us to determine, in a previous 
study, that the chromosome 7 fragment translocated onto 
the der(12) included a small region from 7q22 joint with 7q36, 
indicating that the deletion event might have been prior to 
the translocation event [12]. In this case, only one fusion signal, 
on the der(12), was visible on both metaphase chromosomes 
and interphase nuclei, due to the fact that the chromosome 
7 breakpoint occurred outside of the region covered by 
the probe. FISH images of metaphase chromosomes and 
interphase nuclei are shown in Figure 2. All of the samples 
used in this study had been previously analysed by FISH us-
ing various probe sets [2,10-12]. These are listed in Table 1. 
Two of the patients were previously studied using the three 
colour probe set (patient nos. 3 and 4) [10] and have been 
re-analysed here using this novel approach. The findings here 
reported confirmed analyses previously performed in most 
cases (patient nos 2-4) and refined the abnormality in one 
case (patient no. 1), where the chromosome 7 breakpoint was 
previously mapped between 7q35 and 7q36 and has now been 
narrowed down to between the regions flanking HLXB9. The 
dual colour FISH assay has the advantage over the three colour 

Figure 1. Map of probes. 
Probes for the dual colour break-apart FISH assay were designed to 
flank the HLXB9 gene (in red) on chromosome 7 and the ETV6 gene 
(in green) on chromosome 12. Due to the probes design, a gap is left in 
the genomic region that includes HLXB9 on 7q36 and ETV6 on 12p13. 
This may result in the visualisation of double signals (doublets) on the 
non-translocated chromosomes in the interphase nuclei (see FISH 
images in Figure 2).

Figure 2. Fluorescence in situ hybridisation shows t(7;12) rearrangement.
The ideograms on the left show possible patterns of hybridisation using the dual colour break-apart probe (A and G). 
A straight forward t(7;12)(q36;p13) translocation results in the juxtaposition of green and red signals on the der(7) 
and the der(12), whereas the normal chromosome 7 carries only red signals and the normal chromosome 12 carries 
only green signals (A). This is visible on the metaphase chromosomes (B).  In the nuclei it is possible to visualise one 
green signal and one red signal as well as two red-green signals (C-E). By the analysis of interphase FISH alone, it is 
not possible to discriminate between the two derivatives, although it is assumed that one would be a der(7) and the 
other one would be a der(12) (F) Images B-E were obtained using patient no. 3 sample. A different hybridisation 
pattern is shown on the sample from patient no. 4, where the der(7) involved in the translocation is also affected by a 
deletion. This results in a shorter chromosome 7 carrying only green signals and a der(12) carrying green-red signals, 
whereas the normal chromosomes 7 and 12 carry red only and green only signals respectively (G and H). In the 
interphase nuclei it is possible to identify confidently the der(12) as a green-red signal in this case, whereas the normal 
chromosome 7 is identified by red signals alone. Green signals may indicate the normal chromosome 12 or the der(7), 
although it is noted that in most nuclei one of the two green signals is smaller, indicating the der(7) (I-J). 
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one of relying on a fluorescence microscope equipped with 
the most commonly used filter sets. These recognise the red 
and green fluorochromes used to label the probes and the 
DAPI counterstaining. However, it has to be noted that the 
two derivatives cannot be distinguished based on the FISH 
pattern alone as they both carry a red-green fusion signal. 
Therefore, although the derivatives can be discriminated on 
the metaphases based on chromosome morphology, this is 
not possible when analysing interphase nuclei. Furthermore, 
a double fusion signal will be visualised only in cases of true 
reciprocal translocations without associated deletions. In the 
presence of deletion involving either of the chromosome 7 
or 12 regions covered by the probes, or where one of the 
translocation breakpoints falls outside of the region covered 
by the probe, one fusion signal might be replaced by a single 
colour signal such as in case no. 4 here presented. In deletion 
cases, particular attention should be given to chromosome 
morphology as a large deletion might impact on the iden-
tification of the derivative. The dual colour FISH assay here 
presented has been designed to cover the regions flanking 
the HLXB9 gene, to allow detection of the most common 
t(7;12) rearrangements. However, a certain heterogeneity in 
the chromosome 7 breakpoints has been described in the 
t(7;12) rearrangements [12], therefore situations in which 
one of the fusion signals is not visualised are likely to occur.

Conclusion
The availability of a dual colour FISH assay specific for the 
t(7;12)(q36;p13) will enable diagnostic laboratories to identify 
easily and confidently this cryptic chromosomal abnormality. 
The correct identification of this rearrangement will also help 
estimating its real incidence in infant leukaemia.

Competing interests 
The authors declare that they have no competing interests.
Authors’ contributions

Acknowledgement
The authors would like to thank Professor Anthony Moorman, 
Leukaemia Research Cytogenetics Group, Northern Institute for 
Cancer Research, Newcastle University, for retrieving the 
archival sample of patient no. 1 used in this study.

Publication history
EIC: Evangelos Terpos, University of Athens, School of Medicine, Greece.
Received: 21-Jul-2015 Final Revised: 16-Sep-2015
Accepted: 28-Sep-2015 Published: 05-Oct-2015

Authors’ contributions TO MV CF SS ST

Research concept and design -- ✓ -- -- ✓

Collection and/or assembly of data ✓ ✓ -- -- ✓

Data analysis and interpretation ✓ -- ✓ ✓ ✓

Writing the article -- -- -- -- ✓

Critical revision of the article -- -- ✓ ✓ ✓

Final approval of article ✓ ✓ ✓ ✓ ✓

Statistical analysis -- -- -- -- --

References
1.	 Zheng J. Oncogenic chromosomal translocations and human cancer 

(review). Oncol Rep. 2013; 30:2011-9. | Article | PubMed 
2.	 Tosi S, Harbott J, Teigler-Schlegel A, Haas OA, Pirc-Danoewinata H, 

Harrison CJ, Biondi A, Cazzaniga G, Kempski H, Scherer SW and Kearney 
L. t(7;12)(q36;p13), a new recurrent translocation involving ETV6 in 
infant leukemia. Genes Chromosomes Cancer. 2000; 29:325-32. | Article 
| PubMed 

3.	 Slater RM, von Drunen E, Kroes WG, Weghuis DO, van den Berg E, Smit 
EM, van der Does-van den Berg A, van Wering E, Hahlen K, Carroll AJ, 
Raimondi SC and Beverloo HB. t(7;12)(q36;p13) and t(7;12)(q32;p13)--
translocations involving ETV6 in children 18 months of age or younger 
with myeloid disorders. Leukemia. 2001; 15:915-20. | Article | PubMed 

4.	 de Rooij JD, Zwaan CM and van den Heuvel-Eibrink M. Pediatric AML: 
From Biology to Clinical Management. J Clin Med. 2015; 4:127-49. | 
Article | PubMed Abstract | PubMed Full Text

5.	 Masetti R, Vendemini F, Zama D, Biagi C, Pession A and Locatelli F. Acute 
myeloid leukemia in infants: biology and treatment. Front Pediatr. 2015; 
3:37. | Article | PubMed Abstract | PubMed Full Text

6.	 von Bergh AR, van Drunen E, van Wering ER, van Zutven LJ, Hainmann I, 
Lonnerholm G, Meijerink JP, Pieters R and Beverloo HB. High incidence 
of t(7;12)(q36;p13) in infant AML but not in infant ALL, with a dismal 
outcome and ectopic expression of HLXB9. Genes Chromosomes Cancer. 
2006; 45:731-9. | Article | PubMed 

7.	 Bagg A and Kallakury BV. Molecular pathology of leukemia and 
lymphoma. Am J Clin Pathol. 1999; 112:S76-92. | Article | PubMed 

8.	 Beverloo HB, Panagopoulos I, Isaksson M, van Wering E, van Drunen E, de 
Klein A, Johansson B and Slater R. Fusion of the homeobox gene HLXB9 
and the ETV6 gene in infant acute myeloid leukemias with the t(7;12)
(q36;p13). Cancer Res. 2001; 61:5374-7. | Article | PubMed 

9.	 Ballabio E, Cantarella CD, Federico C, Di Mare P, Hall G, Harbott J, 
Hughes J, Saccone S and Tosi S. Ectopic expression of the HLXB9 gene 
is associated with an altered nuclear position in t(7;12) leukaemias. 
Leukemia. 2009; 23:1179-82. | Article | PubMed 

10.	Naiel A, Vetter M, Plekhanova O, Fleischman E, Sokova O, Tsaur G, 
Harbott J and Tosi S. A Novel Three-Colour Fluorescence in Situ 
Hybridization Approach for the Detection of t(7;12)(q36;p13) in Acute 
Myeloid Leukaemia Reveals New Cryptic Three Way Translocation 
t(7;12;16). Cancers (Basel). 2013; 5:281-95. | Article | PubMed Abstract 
| PubMed Full Text

11.	Tosi S, Giudici G, Mosna G, Harbott J, Specchia G, Grosveld G, Privitera 
E, Kearney L, Biondi A and Cazzaniga G. Identification of new partner 
chromosomes involved in fusions with the ETV6 (TEL) gene in 
hematologic malignancies. Genes Chromosomes Cancer. 1998; 21:223-9. 
| Article | PubMed 

12.	Tosi S, Hughes J, Scherer SW, Nakabayashi K, Harbott J, Haas OA, 
Cazzaniga G, Biondi A, Kempski H and Kearney L. Heterogeneity of the 
7q36 breakpoints in the t(7;12) involving ETV6 in infant leukemia. Genes 
Chromosomes Cancer. 2003; 38:191-200. | Article | PubMed 

Citation:
Owoka T, Vetter M, Federico C, Saccone S and Tosi S. 
Detection of t(7;12)(q36;p13) in paediatric leukaemia 
using dual colour fluorescence in situ hybridisation. 
Hematol Leuk. 2015; 3:4. 
http://dx.doi.org/10.7243/2052-434X-3-4

http://www.hoajonline.com/journals/pdf/2052-434X-3-4.pdf
http://dx.doi.org/10.7243/2052-434X-3-4
http://dx.doi.org/10.3892/or.2013.2677
http://www.ncbi.nlm.nih.gov/pubmed/23970180?dopt=Citation
file:///F:/vanitha%20journals/Hematology%26leuk/Volume%203/878917062/10.1002/1098-2264(2000)9999:9999%3c::AID-GCC1039%3e3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/11066076?dopt=Citation
http://europepmc.org/abstract/med/11417477
http://www.ncbi.nlm.nih.gov/pubmed/11417477?dopt=Citation
http://dx.doi.org/10.3390%2Fjcm4010127
http://www.ncbi.nlm.nih.gov/pubmed/26237023?dopt=Citation
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470244/
http://dx.doi.org/10.3389%2Ffped.2015.00037
http://www.ncbi.nlm.nih.gov/pubmed/25973412?dopt=Citation
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4411976/
http://dx.doi.org/10.1002/gcc.20335
http://www.ncbi.nlm.nih.gov/pubmed/16646086?dopt=Citation
http://europepmc.org/abstract/med/10396303
http://www.ncbi.nlm.nih.gov/pubmed/10396303?dopt=Citation
http://cancerres.aacrjournals.org/content/61/14/5374.abstract
http://www.ncbi.nlm.nih.gov/pubmed/11454678?dopt=Citation
http://dx.doi.org/10.1038/leu.2009.15
http://www.ncbi.nlm.nih.gov/pubmed/19212340?dopt=Citation
http://dx.doi.org/10.3390%2Fcancers5010281
http://www.ncbi.nlm.nih.gov/pubmed/24216708?dopt=Citation
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730311/
http://dx.doi.org/10.1002/(SICI)1098-2264(199803)21:3%3c223::AID-GCC6%3e3.0.CO;2-1
http://www.ncbi.nlm.nih.gov/pubmed/9523197?dopt=Citation
http://dx.doi.org/10.1002/gcc.10258
http://www.ncbi.nlm.nih.gov/pubmed/12939747?dopt=Citation
http://dx.doi.org/10.7243/2052-434X-3-4

	Abstract
	Introduction
	Findings
	Patient samples
	Fluorescence in situ hybridization (FISH)

	Results and discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgement
	Publication history
	References

