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Abstract. The analysis was performed on bone marrow cells derived from 96 patients
with acute leukaemia (AL): 76 with acute myelogenous leukaemia (AML) and 20 with
acute lymphoblastic leukaemia (ALL). Aberrations of chromosome 7 were revealed in
20 (21%) of 96 analysed cases: in 14 (18%) with AML and in six (30%) with ALL.
Structural aberrations, present in 13 patients (eight with AML and five with ALL), were
unbalanced and led to partial monosomy (12 cases) or trisomy (four cases) of chromo-
some 7. Twelve (86%) out of 14 AML and all the ALL patients with chromosome 7 ab-
errations had complex karyotypes in their bone marrow cells. Monosomy 7 and 7q
losses were frequently observed in the AML group, whereas, in the ALL group, gains in
7q and losses in the short arms constituted most chromosome 7 aberrations. The occur-
rence of monosomy, or of losses in 7q, results in a worse response to induction therapy
in AML patients. The complete remission (CR) rate was significantly lower in this
group in comparison to the group of AML patients with a normal karyotype (p = 0.01)
in bone marrow cells.
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Introduction

Monosomy 7 or losses in the long arm of this chromosome, alone or with accom-
panying chromosomal changes, have been found as recurrent non-random
changes in a variety of haematological disorders, including AML and MDS
(PERKINS et al. 1997, HAUS 1998). Chromosome 7 monosomy is, after trisomy 8,
the second predominating numerical change in AML in children and in adults
(PERKINS et al. 1997). This abnormality is associated with prior exposure to car-
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cinogens or leukaemogenic agents, in particular to alkylating drugs, and with poor
prognosis (EL-RIFAI et al. 1997, HASLE et al. 1999, FERRANT et al. 1997). How-
ever, the AML cases with –7/7q- comprise a heterogeneous group. There is evi-
dence that the outcome is better in –7/7q- patients with a simple karyotype
(no more than two aberrations), with only one clone with aberrations, with more
than one normal metaphase and without an antecedent haematological disorder
than in patients with a complex karyotype, a polyclonal disease, no more than
one normal metaphase and with an antecedent haematological disorder (ESTEY et
al. 2000, VELLOSO et al. 1996). The –7/7q- aberrations are most frequent in M1
and M2 FAB subtypes, but they can be met in other FAB subtypes as well
(CASASNOVAS et al. 1998).

In ALL patients trisomy 7 or a loss of 7p is predominant (MITELMAN 2003).
The occurrence and significance of 7q losses in adult ALL is not well described.
Unlike in AML, chromosome 7 abnormalities were not predictive of a worse
prognosis in ALL patients in the multivariate analysis (DABAJA et al. 1999). How-
ever, WETZLER et al. (1999) observed that patients with monosomy 7 had signifi-
cantly lower probabilities of continuous CR and survival at 5 years than patients
with a normal karyotype and than the patients with miscellaneous cytogenetic ab-
normalities. The occurrence of –7/7q- changes is frequent in ALL cases with
the Ph’ chromosome, which can imply a worse prognosis in this group (DABAJA et
al. 1999).

The association of losses in 7q with myeloid leukaemia suggests that this re-
gion contains tumour suppressor gene(s) whose loss of function contributes to
leukaemic transformation or tumour progression (JOHANSSON et al. 1993).
On the basis of cytogenetic and molecular methods, several critical regions in 7q
have been identified in chromosome bands: 7q22, 7q31.1, 7q32, and 7q33-34
(KOIKE et al. 1999, FISHER et al. 1997, LEWIS et al. 1996, VELLOSO et al. 1996).

Aberrations of chromosome 7 are usually difficult to determine because of
the heterogeneity of breakpoints and their occurrence in complex karyotypes,
which are difficult to analyse cytogenetically (LEWIS et al. 1996, LIANG et al.
1998). Complex karyotypes with multiple unbalanced translocations are observed
in most cases of AML with –7/7q- (VELLOSO et al. 1996). Thus, in many cases
fluorescent in situ (FISH) analysis may be helpful in revealing the involvement of
this chromosome in structural aberration (FLEISCHMAN et al. 1999, KEARNEY
1999). Taking into consideration the sensitivity of this technique, it can also con-
firm the numerical aberrations of chromosome 7, even when they occur in small
populations of cells. Because –7/7q- aberrations are considered as a poor prognos-
tic factor in AML, establishing their presence is very important from the clinical
point of view.

Material and methods

Ninety-six patients with newly diagnosed untreated AL who were referred to
the Department of Haematology and Department of Paediatrics, Haematology,
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Oncology and Endocrinology of the Medical University of Gdañsk between 1993
and 2001 were reviewed: 76 (67 adults and 9 children) were diagnosed as having
AML and 20 adults with ALL. Among the AML patients the median age of adults
was 41 years (17-79), of children 9 years (1-14), and among the adult ALL cases
24 years (17-54). Aberrations of chromosome 7 were revealed in 20 cases (14 with
AML and 6 with ALL) (Table 1).

Chromosome analysis was performed on 24 and 48 hrs unstimulated bone mar-
row cultures. Metaphases were G-banded with Wright’s stain. Karyotypic abnor-
malities were described according to the specifications of the International
System for Human Cytogenetic Nomenclature (MITELMAN ISCN, 1995). Karyo-
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Table 1. Clinical data of patients with chromosome 7
aberrations in bone marrow cells.

Case no. Age at diagno-
sis/sex*

Diagnosis FAB
classification

CR achieving

1 48/F AML M1 –

2 7/M AML M5 –

3 10/F AML M1 +

4 39/F AML M2 +

5 36/M AML M6 –

6 49/M AML M5b –

7 32/F AML –

8 39/M AML M4 –

9 31/F AML M2 –

10 38/M AML M4eo +

11 17/M AML M1 +

12 61/M AML M4 –

13 53/F AML M7 –

14 66/M AML M2 –

15 26/M ALL +

16 41/F ALL L2 +

17 18/M ALL L2 +

18 26/M ALL L2 –

19 17/M ALL L1 –

20 17/F ALL –

* M – male, F – female



types were divided into three categories: normal (no aberration in at least 20 ana-
lysed cells), simple (one or two aberrations) and complex. According to literature,
a complex karyotype was defined as one with three or more structural or numeri-
cal aberrations (MAUTITZON et al. 1999, MRÓZEK, BLOOMFIELD 1998, VELLOSO

et al. 1996).
Confirmatory FISH studies with chromosome 7 specific probes were per-

formed in five cases. FISH analysis was carried out with an alphoid DNA
and whole chromosome painting (wcp) probes specific for chromosome 7 (Vysis,
Oncor).

For cytogenetic and FISH analyses the CytoVision Ultra System (Applied Im-
aging) was used.

Results

Aberrations of chromosome 7 were revealed in 20 (21%) of the 96 analysed cases.
In the AML group aberrations of chromosome 7 were revealed in 14 (18%)

of 76 cases (Table 2). Structural aberrations were present in six patients, numeri-
cal also in six and both structural and numerical in two cases. All structural aberra-
tions of this chromosome were unbalanced and led to partial monosomy (seven
cases) or trisomy (one case) of chromosome 7 (Figure 1). Monosomy or losses
in 7q were detected in 13 (25%) of the 51 AML patients with clonal aberrations in
bone marrow cells. Losses observed in chromosome 7 frequently concerned
the distally located bands in short and long arms: p22 (seven cases) and q36 (eight
cases). Losses in 7q22 occurred in seven cases. In 12 (86%) of the 14 AML pa-
tients with chromosome 7 aberrations complex karyotypes were revealed (Fig-
ure 2).

In the ALL group aberrations of chromosome 7 were revealed in six (30%) of
20 cases (Table 3). Different numerical and structural chromosome 7 aberrations
were observed in this group: monosomy (one case), trisomy (one case), losses
(five cases) and gains (two cases) in long and short chromosome arms. Losses oc-
curred more frequently in the short (five cases) than in the long (two cases) arm of
chromosome 7. Structural changes were present in five out of the six ALL patients
with chromosome 7 aberrations.

FISH analysis confirmed the involvement of chromosome 7 in aberrations
in five cases: in three cases with the application of alphoid centromere probes
(cases no. 9, 16, 18) and in two with wcp probes (17, 19) (Figure 3). Applying
chromosome 7 alphoid probes made it possible to establish the precise proportion
between clones with numerical chances.

We demonstrated the clinical significance of 7q aberrations in AML patients.
The CR rate in the group with –7/7q- was 21% and was significantly lower
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(p = 0.01) than in the group with a normal karyotype, where it was 64% (Table 4).
These two groups did not differ in such prognostic parameters as age and leuko-
cyte count.

A comparison between two groups of AML patients with a complex
karyotype: with and without chromosome 7 abnormalities, revealed a higher, but
not statistically significant CR rate in the group without chromosome 7 aberra-
tions. The CR was achieved by only three (23%) of the 13 patients with a complex
karyotype and chromosome 7 aberrations, whereas in the group of a complex
karyotype without chromosome 7 abnormalities the CR was achieved by three
(37%) out of eight cases.
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Table 2. Karyotypes of bone marrow cells in AML patients with clonal aberrations
of chromosome 7

Case
no.

Karyotype

1 42-44,XX,del(1)(q21),del(3)(q23),–5,+6,–7,del(8)(p11.2),del(9)(q11),
der(11)t(5;11)(q13;q11),t(12;17)(p11.2;q11),add(15)(p11.2),–17,
der(19)t(18;19)(q11.2;q13.1),–21[10]

2 44-45,XY,+der(6)t(6;8)(q15;q13),–7,–8[5]/45,XY,+der(6)t(6;8)(q15;q13), –7,

–8,+der(22)t(4;22)(q12;p11)[6]

3 46,XX,dup(7)(q22qter),add(14)(q24)[18]

4 68-92,XXadd(X)(q24),add(1)(p36)×2,del(1)(p13p32)×2,dic(3;9)(q21;p11),
del(4)(q31.1),–7,del(9)(p11.2)×2,–11,add(20)(q13),+mar[10]/ 46,Xadd(X)(q24),
add(1)(p36),del(1)(p13p32),dic(3;9)(q21;p11),del(4)(q31.1), –7,del(9)(p11.2),
add(20)(q13),+mar[2]/46,XX[2] nuc ish Xcen(DXZ1×3)[97]/(DXZ1×2)[3]

5 43-45,XY,del(7)(q11.2q22),der(8)t(8;17)(p11.2;q11.2),der(11)t(8;11)
(p11.2;p11.2),–15,add(18)(q23),+der(21)t(4;21)(q21;p11.2),+add(19)
(p13)[cp3]/55-59,XYY,+1,+2,+6,+8,+12,+13,+14,+15,+19,+hsr(19)(p13),
+20,+der(21)t(4;21)(q21;q11.2),+der(21;22)(q10;q10)[cp5]

6 52-56,XY,der(2)t(1;2)(p13;p23),add(5)(p13),add(7)(p22q32),
add(16)(p13.3),der(12;17)(q10;q10),der(?)t(?;2)(?;q11.2)[cp6]

7 46,XX,–7,add(12)(p11.2),+mar[20]

8 42-47,XY,del(7)(q21.2),t(9;21)(q12;q22),mar1,mar2.ish(wcp21+)[cp10]

9 45-46,XX,der(3)del(3)(q21)t(3;7)(p25;q22),–7,–17,del(18)(q21).ish(wcp3+),
ish7cen(D7Z1×1)[8]/45-46,XX, der(3)del(3)(q21)t(3;7)(p25;q22),t(3;11)(q10;q10),
–7,–17, del(18)(q21).ish(wcp3+), ish7cen(D7Z1×1)[5]

10 47,XY,del(7)(q33),inv(16)(p13q22),+22.ish(16p13+)[5]/46,XY[5]

11 48,XY,der(1)t(1;3)(q31;p21),–7,+9,+10,+der(17?)t(7;17?)(q11.2;p13)[5]

12 45,XY,–7[10]

13 66-79,XX,–X,–3,add(4)(p12),add(4)(q31)×2,der(7)t(1;7)(p13;q11),

+add(8)(q11)×2,+add(9)(q34),+11,+del(11)(q11),–14,add(14)(q24),

der(16)t(2;16)(q21;q24),add(19)(p13)[cp7]

14 44-45,XY,–5,+del(6)(q22),–7,der(11)t(11;11)(p15;q13), del(12)(p12),
der(14)t(1;14)(p13;p11),–16,add(17)(p11),–18,+21,+der(21)t(18;21)(q11;p11), +mar[15]



Figure 1. Chromosome 7 aberrations in AL patients

A. Right site = losses, left site = gains in chromosomome 7 in AL patients. B. Examples of

chromosomome 7 aberrationts in AML and ALL cases.

Figure 2. Metaphase derived from AML patient. Multiple structural aberrations (arrows)

occurred in complex karyotype.
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Table 3. Karyotypes of bone marrow cells in ALL patients with clonal aberrations
of chromosome 7

Case
no. Karyotype

15 46-50,XY,add(1)(q44),+3,–6,+7,+del(9)(p13),t(14;17)(q32;q21), +del(22)(q13)[10]

16 83-85,XXXX,i(1)(q10),–3,der(6)t(6;7;12)(q13;q11q32;q15)×2,–7,
t(9;22)(q34;q11),–14,–14,–16,–16[10]/46,XX[90]
nuc ish Xcen (DXZ1×4)[22]/(DXZ1×2)[78]
nuc ish 7cen (D7Z1×3) [27]/(D7Z1×2)[73]

17 42-46,XY,–1,der(2)t(2;8)(q36;q22),–4,add(5)(q33),i(7)(q10),
der(7)dup(1)(q24q42)t(1;7)(q24;q11),der(7)
dup(1)(q24q42)t(1;7;9)(q24;p15q11;q11),+mar. ish(wcp1+7+)[20]

18 <3n>,XXY,–1,–2,–3,–6,del(7)(p11),–7,+add(12)(p11),–13,–15,–16,
–18,–20[7]/46,XY[4]
nuc ish Xcen(DXZ1×2)7cen(D7Z1×1)[80]/(DXZ1×1)(D7Z1×2)[20]

19 46,XY,del(1)(q32),der(2)t(1;2)(p32;q37),del(6)(q23),
der(7)t(1;7)(q32;p15),der(9)t(9;18)(p11;q11), der(?)t(?;10)(?;q11).ish(wcp1+7+) [7]

20 46,X,der(X)t(X;5)(q22;q13),i(7)(q10),der(14)t(14;17)(q32;q11),
i(17)(p10),add(19)(p13)[10]

Figure 3 Metaphase derived from ALL patient FISH stain with whole chromosome probes



Discussion

Aberrations of chromosome 7 were frequently observed in our groups of AML
and ALL patients. They were revealed in 18% of the AML and in 30% of the ALL
cases. The frequency of rearrangements of –7/7q- in AML is higher than previ-
ously observed by other authors, who detected –7/7q- in 8% (MAURITZON et al.
1999), 12% (PERKINS et al. 1997), 9% (SLOVAK et al. 2000) and 7.8% (BYRD et
al. 2002) of AML patients, respectively. GRIMWADE et al. (2001) revealed
monosomy 7 in 8% and 7q- in 5% of AML cases. The difference between our and
other authors’ observations may be caused by our active searching for chromo-
some 7 abnormalities using FISH techniques in all doubtful cases.

All structural aberrations of chromosome 7 detected in our group were unbal-
anced and they usually resulted in a partial loss of the long arms of the chromo-
some. Breakpoints in our 7q- cases were similar to those described in literature
(MITELMAN 2003). In our series, bands 7q22 and 7q32 were the most frequent
proximally and distally deleted regions.

Aberrations of chromosome 7 were observed in 30% of ALL cases. The high
frequency of chromosome 7 aberrations in ALL is not confirmed in literature.
DABAJA et al. (1999) observed –7/7q- aberrations in 6% patients with ALL
karyotyped successively. The differences between our and previously described
observations may arise from a relatively small group of patients and from the high
frequency of complex aberrations in bone marrow cells in this group. In our ALL
patients 7q losses were not frequent events and chromosome 7 aberrations con-
sisted both of losses and of gains in both short and long arms, which is in concor-
dance with previous observations (MITELMAN 2003).

The high variability of breakpoints in 7q makes cytogenetic analysis difficult
and requires applying molecular methods in unsolved cases, especially when
complex karyotype aberrations occur in bone marrow cells. The application of
the FISH technique made it possible to confirm the engagement of chromosome 7
in structural aberrations in two cases.

408 I. Bro¿ek et al.

Table 4. Frequency of complete remission (CR) in the groups of AML patients: with
a normal karyotype and with chromosome 7 aberrations in bone marrow cells

Karyotype Number of patients

CR+(%) CR–(%) total

Normal karyotype 16 (64) 9(36) 25

Chromosome 7
aberrations 3 (21) 11(79) 14

Total 19 (49) 20(51) 39

CR+ = complete remission achieved.
CR– = not achieved



Unbalanced chromosome changes are thought to be one of the most important
determinations of clinical outcome. All “favourable” aberrations described
in AML, such as t(15;17), t(8;21) and inv(16), are balanced changes, whereas
the most frequent unbalanced aberrations, such as –5/5q-, –7/7q-, +8, imply poor
prognosis. In our cases we observed only one (no. 10) case with the coexistence of
a “favourable” AML aberration (inversion in chromosome 16) and 7q deletion.

The median age of the AML adult patients with chromosome 7 aberrations was
42 and did not differ from the median age of the patients without these aberrations.
The overall median age of AML adults was in our group relatively young, so it is
impossible to compare the age of our –7/7q- patients with those previously re-
ported in literature.

Only 21% of our patients with –7/7q- reached CR. Similar data were reported
by other authors, showing a bad prognosis and poor response to therapy in
the group of –7/7q- patients (VELLOSO et al. 1996).

The –7/7q- aberrations frequently coexist with complex karyotypes.
GRIMWADE et al. (2001) observed complex karyotypes in 63% of AML cases
with 7q- and in 57% of cases with –7. In our group of AML –7/7q- patients, com-
plex karyotypes occurred in 85% of cases. The presence of complex karyotype ab-
errations in bone marrow cells may imply poor prognosis, as suggested by other
authors (BLOOMFIELD et al. 1997, MAROSI et al. 1992, GRIMWADE et al. 1998).
However, DASTUGUE et al. (1995) did not describe such prognostic associations.
The presence of deletions and losses in chromosome 7 is regarded as a poor prog-
nostic factor, especially in complex karyotypes which were observed by
VELLOSO et al. (1996) in 68% of AML and MDS cases. Overall survival was in
this group significantly lower in comparison with the group of the patients with
7q- as a sole aberration. In our group all but two aberrations detected in AML pa-
tients occurred in complex karyotypes.

Our investigations confirm the high importance of cytogenetic analysis of
bone marrow cells in AML patients. It is especially important to establish the en-
gagement of chromosome 7 in complex karyotypes, which are difficult to analyse
cytogenetically and where small structural changes may be easily overlooked.
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