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Acute myelogenous leukemia (AML) is a het-
erogeneous disease with diverse genetic ab-
normalities and variable responsiveness to 

therapy, with the prognosis highly conditioned in the 
presence of specific cytogenetic and molecular abnor-
malities, resulting in proliferative advantage over tu-
mor cells or impaired myeloid differentiation of tumor 
cells.1,2 Nonrandom chromosomal aberration in malig-
nancies provides important insights into the molecular 
pathogenesis of human cancer.3 In this study, we re-
ported a case of relapsed AML-M1 with a novel t(7;10) 
(p22;q24) along with NPM1 mutation that was not 
reported elsewhere.

CASE
A 27-year-old lady presented in March 1999 at our cen-
ter with fever, weakness, and loss of pallor. Her hemo-
globin was 5 gm%, platelet 34×109/L, and total WBC 
count 5.2×109/L.  Bone marrow was the diagnostic of 
AML-M1 subtype.  She received chemotherapy with 
cytosine arabinoside and doxorubicine followed by a 
high dose of cytosine arabinoside till July 1999. She 
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Chromosomal abnormalities/genetic mutations associated with hematological malignancies alter the 
structure and function of genes controlling cell proliferation and differentiation through multiple and 
complex pathways, resulting different clinical outcomes. This is a case study of a lady presented with 
acute myeloid leukemia (AML M1) at our center who relapsed 10 years after the induction therapy. 
Cytogenetic and molecular analyses were performed in this case at the time of relapse to find out the 
chromosomal abnormalities and genetic abnormalities like FMS-like tyrosine kinase (FLT3) and nucleo-
phosmin (NPM1) mutation. The cytogenetic analysis of bone marrow established a novel translocation 
t(7;10) (p22;q24) in 100% of the cells analyzed. Phytohaemagglutinin (PHA)-stimulated blood culture 
also revealed the same abnormality. Apart from this, the molecular analysis showed NPM1 exon 12 (hot-
spot) mutation in this patient. This was the first report of novel chromosomal translocation in this subset 
of AML in which a new translocation along with NPM1 mutation was discussed.

achieved remission and was at follow-up till June 2005. 
When she relapsed in the bone marrow with 93% blast 
in June 2009, she received chemotherapy with FLAG 
(fludarabine and Ara–C and GCSF) and continued to 
be in remission till Jan 2011. When she relapsed for the 
second time, she opted for further palliative treatment. 
She is alive and is in remission now.

Cytogenetic analysis
The short-term unstimulated culture of bone mar-
row cells was carried out in the RPMI 1640 medium 
(Himedia, India) supplemented with 20% fetal bo-
vine serum (Pan Biotech, Germany). Harvesting and 
GTG banding procedure was performed as per the 
standard protocol,4 followed by karyotyping accord-
ing to International System for Human Cytogenetic 
Nomenclature 20095 using cytogenetic software 
(Cytovision, USA).  PHA-stimulated culture was also 
carried out in the blood sample of the patient.

Mutation analysis
The molecular analysis was performed to find out mu-
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tations like FLT3-internal tandem duplication (ITD) 
(exon 14 and 15) mutation, tyrosine kinase domain 
(TKD) mutation (exon 20), and NPM1 (exon 12) 
mutation by polymerase chain reaction (PCR), agarose 
gel electrophoresis (AGE), restriction fragment length 
polymorphism (RFLP), and single strand confirmation 
polymorphism (SSCP), respectively.

For FLT3-ITD analysis, PCR products (329 bp) 
were subjected to 3% AGE and analyzed for band shift. 
In the case of TKD, the PCR product (114 bp) was 
subjected to restriction digestion by EcoRV and the 
number of bands was analyzed. SSCP (29:1, 8% gel) 
was performed for NPM1 exon 12 mutation analysis 
and band shifts were noted.

Results
The chromosome analysis of the bone marrow cells re-
vealed the karyotype 46, XX, t(7;10)(p22;q24) (Figure 
1: karyotype of GTG-banded metaphase showing 46, 
XX, t(7;10) (p22;q24). The arrows indicate clonal 
structural abnormalities.)  as a sole abnormality in all 
the 32 metaphases analyzed. Microscopic evaluation 
disclosed the translocation of the long arm of chromo-
some 10 (10q24) to the short arm of chromosome 7 
(7p22), thus the translocation t(7;10) (p22;q24) was 
defined. As this abnormality was seen in 100% of the 
cells, the long-term PHA-stimulated lymphocyte mi-
croculture was also performed, and the same abnormal-
ity was observed in all the cells analyzed (100%). When 
the molecular analysis was performed at the time of 
relapse, FLT3-ITD and TKD mutations were not de-
tected but NPM1 mutation was found to be positive, 
which was evident by the band shift in SSCP (Figure 2: 

SSCP gel picture showing NPM1 [exon 12] mutation. 
Arrow shows the shifted band).

DISCUSSION
AML is a group of aggressive neoplastic disorders 
thought to originate from the clonal expansion of a 
multipotent hematopoietic stem cell. Cytogenetic stud-
ies of AML for the past 3 decades indicated that each 
and every case is important, as there is an increase in 
the number of balanced and unbalanced rearrange-
ments, particularly in chromosomal translocations as-
sociated with distinct cases and characteristic clinical 
features.6  Moreover patients at relapse may acquire ad-
ditional cytogenetic abnormalities, and it is suggested 
that cytogenetics at relapse tends to be related to the 
outcome more strongly than cytogenetics at diagno-
sis. In this article, we have discussed about a case of a 
new chromosomal translocation t(7;10)(p22;q24).

To our knowledge, this is the first reported case of 
isolated t(7;10)(p22;q24) in AML.7 This karyotypic 
abnormality was detected in 100% of the bone mar-
row cells at the time of first relapse. Cytogenetic in-
formation at the time of diagnosis was not available. 
The PHA-stimulated culture also revealed the same 
abnormality in all the cells, showing the possibility of 
this abnormality to be present at the time of diagnosis 
also. Translocation involving chromosomes 7 and 10 
were frequently reported in acute lymphoblastic leuke-
mia (ALL) and chronic lymphocytic leukemia in which 
different regions of chromosome 7 were involved with 
respect to ours.8-10 In all these reported cases, 10q24 is 
a common entity. The translocation involving 10q24 re-
gion was not yet reported in AML.

Chromosomal alterations affecting band 10q24 
were recurrently associated with hematological malig-
nancies11 with a gene-rich domain and host to a num-
ber of cancer, developmental, and neurological genes. 
Recurring translocations, deletions, and mutations in-
volving this chromosome band were observed in differ-
ent human cancers and other disease conditions.12 The Figure 1. Karotype of GTG-banded metaphase showing 46, XX, t(7;10)(p22;q24).

Figure 2. SSCP gel picture showing NPM1 (exon 12) mutation. 
Lane 1:  Negative control (distilled water). Lanes 2 and 4: Control 
sample showing normal SSCP pattern for NPM1. Lane 3: Patient 
sample (case) showing NPM1 mutation as band shift.
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leukemia-specific genes in this region include HOX11 
and NFKB. Gene targeting and overexpression stud-
ies demonstrated the importance of clustered homeo-
box (HOX) gene in hematopoiesis, and substantial 
evidence exist to suggest that the aberrant expression 
of HOX gene contributes to the pathogenesis of leuke-
mia,13 which is the most frequently deregulated gene in 
T-ALL14 by t(7;10)(q35;q24) and t(10;14)(q24;q11) 
and showed a trend for better outcome for patients.15

Chromosomal translocation involving 10q24 region 
was also reported in B cell lymphoma where rearrange-
ment of NFKB2, which is involved in the initiation or 
acceleration of tumorigenesis, was reported as a result of 
translocation t(10;14)(q24;q32)16  and was associated 
with poor prognosis.

The translocation involving 7p22 region (t[7;21] 
[p22;q22]) were already reported in AML, where 
USP42 gene is involved leading to deregulation of ubiq-
uitin-associated pathways that may be pathogenetically 
important in AML.17 The t(7;10) involving 7p22 re-
gion was reported in 3 cases, t(7;10)(p22;q22) in AML 
(FAB-type M4),18 t(7;10)(p22;q25) in adenocarcino-
ma,19 and t(7;10)(p22;q23) in mycosis fungoides and 
the Sézary syndrome.20

Even though the involvement of 10q24 and 7p22 re-
gions was observed in various malignancies, no reports 
were seen in the AML case where 10q24 region was 
translocated to the short arm of chromosome 7p22 and 
also was not reported in any of the hematological malig-
nancies till date. The presence of frequent chromosomal 
rearrangements at 10q24 itself shows the importance for 
the progression of cancer. The present study supported 
the possible role of both del (10)(q24) and t(7;10)
(p22;q24) in the pathogenesis and progression of cancer.

The fluorescence in situ hybridization (FISH) analy-
sis was not carried out in this case because the involve-

ment of the actual putative genes in the translocation 
was not clear, letting the prognostic significance of this 
isolated abnormality remain elusive. Thus, the molecu-
lar mechanism by which this translocation can cause 
leukemia and whether this can form an independent 
prognostic factor is not known. This patient was also 
analyzed at the molecular level to analyze the most 
common molecular abnormalities associated with the 
prognosis of AML such as FLT3-ITD (exon 14 and 
15), FLT3-TKD (exon 20), and NPM1 (exon 12) mu-
tations. Studies revealed that FLT3 mutation carries an 
unfavorable prognosis, and NPM1 mutation confers a 
favorable prognosis.21 It was demonstrated that AML 
patients with intermediate cytogenetic risk and absence 
of FLt3-ITD mutation, showed a significantly improved 
overall survival in the presence of NPM1 mutation than 
those without NPM1 mutation.22

The molecular detection of these gene mutations 
in this patient showed a negative result for FLT3 mu-
tation (both ITD and TKD) and positive for NPM1 
mutation. The patient relapsed twice but attained re-
mission and is still alive and is having a better survival 
(>10 years).  In summary, we reported the first case 
of AML with a novel cytogenetic abnormality t(7;10)
(p22;q24) with NPM1 mutation that may contribute 
to a better outcome. Thus, further molecular character-
ization of this translocation will unravel the molecular 
mechanism for the disease progression and will provide 
further insight into the significance of various gene al-
terations in leukemogenesis.

Acknowledgments
We wish to thank the patients who participated in the 
study. We also thank acknowledge the support provided 
by the staff members of various clinical departments of 
Regional Cancer Centre, Trivandrum. 



case report relapsed aml

Ann Saudi Med 2013  November-December  www.annsaudimed.net622

1. Miller BG, Stamatoyannopoulos JA. Integrative 
meta-analysis of differential gene expression in 
acute myeloid leukemia. PLoS One, 2010.
2. Pedersen-Bjergaard J, Rowley JD. The bal-
anced and the unbalanced chromosome aberra-
tions of acute myeloid leukemia may develop in 
different ways and may contribute differently to 
malignant transformation. Blood; 2780-2786,1994.
3. Scandrya JM, Boccuni P, Cammenga J, Nimer 
SD: Transcription factor fusions in acute leukemia: 
variations on a theme. Oncogene:3422-3444, 2002.
4. Henegariu O, Heerema NA, Lowe WL, Bray-
Ward P, Ward DC, Vance GH; Improvements in 
cytogenetic slide preparation: controlled chro-
mosome spreading, chemical aging and gradual 
denaturing. Cytometry :101-109, 2001.
5. Shaffer LG, Slovak ML, Campell LJ: ISCN 2009: 
an international system for human cytogenetic no-
menclature (2009). Basel: Karger, 2009.
6. Ahmad F, Dalvi R, Mandava S, Das BR: Acute 
Myelogeneous Leukemia (M0/M1) with nov-
el  chromosomal abnormality of t(14;17) (q32; 
q11.2). Am J HematolJul : 676-8, 2007.
7. Mitelman F, Johansson B, Mertens F: editors: 
Mitelman database of chromosome aberrations 
and gene fusions in cancer (2011). Updated on 
November 21, 2011. Available from http://cgap.
nci.nih.gov/Chromosomes/Mitelman Accessed on 
December 5, 2011.
8. Cauwelier B, Dastugue N, Cools J, Poppe B, 
Herens C, De PA, Hagemeijer A, Speleman F:   Mo-
lecular cytogenetic study of 126 unselected T-ALL 
cases reveals high incidence of TCRbeta locus re-
arrangements and putative new T-cell oncogenes. 
Leukemia:1238-1244,2006.
9. Cook JR, Shekhter-Levin S, Swerdlow SH: Util-
ity of routine classical cytogenetic studies  in the 
evaluation of suspected lymphomas: results of 279 
consecutive lymph node/extranodal tissue biop-

sies. Am J Clin Pathol: 826-835, 2004.        
10. Kahl C, Gesk S, Harder L, Harbott J, French L, 
Deloukas P, Grote W, Schlegelberger B, Siebert R: 
Detection of translocations involving the HOX11/
TCL3-locus in 10q24 by interphase fluorescence 
in situ hybridization. Cancer Genet Cytogenet: 
80-84, 2001.
11. FKB2 nuclear factor of kappa light polypep-
tide gene enhancer in B-cells 2 (p49/p100): Atlas 
of Genetics and Cytogenetics in Oncology and 
Haematologyhttp://atlasgeneticsoncology.org/
Genes/NFKB2ID362.html.
12. Gough SM, McDonald M, Chen XN, Kore-
nberg JR, Neri A, Kahn T, Eccles MR, Morris 
CM: Refined physical map of the human PAX2/
HOX11/NFKB2 cancer gene region at 10q24 and 
relocalization of the HPV6AI1 viral integration 
site to 14q13.3-q21.1.BMCGenomics, 2003.
13. Frohling, S., Scholl, C., Bansal, D., and Huntly, 
B. J. HOX gene regulation in acute myeloid leu-
kemia: CDX marks the spot? Cell Cycle : 2241-
2245, 2007. 
14. Hoffmann K, Dixon DN, Greene WK, Ford J, 
Taplin R, Kees UR: A microarray model  system   
identifies potential new target genes of the 
proto-oncogene HOX11. GenesChromosomes-
Cancer:309-320,2004. 
 15. Kees UR, Heerema NA, Kumar R, Watt 
PM, Baker DL, La MK, Uckun FM, Sather 
HN:Expression of HOX11 in childhood T-lineage 
acute lymphoblastic leukaemia can occur 
in      the absence of cytogenetic aberration at 
10q24: a study from the Children’s Cancer Group 
(CCG).Leukemia:887-893,2003.
16.  Neri A, Chang CC, Lombardi L, Salina M, Cor-
radini P, Maiolo AT, Chaganti RS, la-Favera R: B 
cell lymphoma-associated chromosomal trans-
location involves candidate oncogene lyt-10, 
homologous to NF-kappa B p50. Cell:1075-1087, 

1991.
17. Paulsson K, Bekassy AN, Olofsson T, Mitel-
man F, Johansson B, Panagopoulos I: A novel 
and cytogenetically cryptic t(7;21)(p22;q22) 
in acute myeloid leukemia results in fusion of 
RUNX1 with the ubiquitin-specific protease gene 
USP42. Leukemia: 224-229, 2006.
18. Kim HJ, Cho HI, Kim EC, Ko EK, See CJ, Park 
SY, Lee DS. A study on 289 consecutive Korean 
patients with acute leukaemias revealed fluo-
rescence in situ hybridization detects the MLL 
translocation without cytogenetic evidence both 
initially and during follow-up. Br J Haematol: 
930-939, 2002.
19. Misawa S, Horiike S, Taniwaki M, Tsuda S, 
Okuda T, Kashima K, Abe T, Sugihara H, Noriki S, 
Fukuda M. Chromosome abnormalities of gastric 
cancer detected in cancerous effusions. Jpn J 
Cancer Res:148-152, 1990.
20. Batista DA, Vonderheid EC, Hawkins A, Mors-
berger L, Long P, Murphy KM, Griffin CA. Mul-
ticolor fluorescence in situ hybridization (SKY) 
in mycosis fungoides and Sezary syndrome: 
search for recurrent chromosome abnormali-
ties. Genes Chromosomes Cancer:383-391, 2006.
21. Dunna NR, Rajappa S, Digumarti R, Vure S, 
Kagita S, Damineni S, Rao VR, Yadav SK, Ra-
vuri RR, Satti V: Fms like tyrosine kinase (FLT3) 
and nucleophosmin 1 (NPM1) mutations in de 
novo normal karyotype acute myeloid leukemia 
(AML). Asian Pac J Cancer Prev:1811-6,2010.
22.  Verhaak RG, Goudswaard CS, van PW, Bijl 
MA, Sanders MA, Hugens W, Uitterlinden AG, 
Erpelinck CA, Delwel R, Lowenberg B, Valk PJ: 
Mutations in nucleophosmin (NPM1) in acute 
myeloid leukemia (AML): association with other 
gene abnormalities and previously established 
gene expression signatures and their favorable 
prognostic significance. Blood: 3747-3754, 2005.

References


