
Chronic Lymphoproliferative Disorders

The relevance of sequence insertions in the
Mcl-1 promoter in chronic lymphocytic leukemia
and in normal cells

We measured the frequency of insertions in the
Mcl-1 promoter in chronic lymphocytic leukemia
(CLL) and in normal individuals. Insertions were
found in 37/54 (69%) of the CLL samples.
However, insertions were not associated with
prognostic markers and were also detected in
38/66 (58%) of normal controls and in normal cells
isolated from CLL patients. Thus, Mcl-1 insertions
are not acquired during leukemogenesis and are
unlikely to play an important role in this disease.
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Mcl-1 is an anti-apoptotic Bcl-2 family protein, impli-
cated in inappropriate cell survival and poor response to
therapy in chronic lymphocytic leukemia (CLL).1,2

Moshynska et al.3 recently described short insertions (6
and/or 18 base pairs) in the Mcl-1 promoter in 29%
(17/58) of CLL samples. Insertions were associated with
increased Mcl-1 RNA and protein expression, poor
response to therapy and overall survival. Insertions were
not detected in healthy controls or in normal tissue from
CLL patients suggesting that insertions were acquired
during leukemogenesis and contributed to resistance to
apoptosis. It was important, therefore, to investigate
Mcl-1 promoter insertions in other cohorts of CLL
patients and normal individuals.

Following ethical approval, we isolated genomic DNA
from peripheral mononuclear cells of 54 CLL patients
(Table 1). We developed a fluorescent fragment (Gene-
Scan) assay to detect Mcl-1 promoter insertions. Part of
the Mcl-1 promoter was amplified by polymerase chain
reaction (PCR) using primers 5’-AAAAACCTCTGGC-
GAAAACCA-3’ and 5’-FAM-TTATCAGGGTTTTAG-
GGCGG-3’ and the size of the products was determined
using an ABI 3100 Genetic analyzer and GeneScan soft-
ware 3.7 (Applied Biosystems) (Figure 1A). We detected
promoter insertions in 37/54 (69%) CLL samples (Table
1). Additional assays were performed on 6 samples using
a second set of Mcl-1-specific primers and gave equiva-
lent results. Sequencing of cloned PCR products derived
from patients 1 and 21 demonstrated that the position
and sequence of the insertions were identical to those
described previously.3 The presence of insertions (all
cases with insertions considered as a single group) was
not statistically significantly associated with key prog-
nostic markers for CLL,4 CD38 expression, VH status or
Zap70 expression (Pearson’s χ2 analysis, all p>0.05). We
were unable to study the relationship with survival, dis-
ease progression or response to chemotherapy because of
the short follow-up available for our group of patients.

We investigated whether Mcl-1 insertions were also
present in the DNA from normal individuals. Following
ethical approval, blood was obtained from two groups of
individuals; 20 elderly women who had provided a rou-
tine blood sample at a hospital out-patient’s clinic and 46
healthy adults of all ages. Six and 18-nucleotide inser-
tions were detected in 38/66 (58%) of normal individu-
als. To determine whether the insertions detected in CLL

cells were also present in normal cells of CLL patients,
we used immunomagnetic isolation (Miltenyi Biotec) to
separate the normal T cells and malignant B cells from
two individuals with insertions (patients 16 and 40). The
resulting B-cell preparations contained ~99% B cells,
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Table 1. Mcl-1 promoter genotype in CLL patients.

Pta Sexb Age Stagec Mcl-1 VH VH CD38 Zap70
genotyped statuse genef (%)g (%)h

1 M 51 nki 0/18 U 1-69 57 56
2 F 72 B 0/18 U 3-09 76 nd
3 M nk B 0/18 U 1-69 49 16
4 M 56 A 0/6 U 1-69 25 88
5 F 50 A0 0/6 U 1-08 3 13
6 M 76 A 0/0 U 2-05 38 84
7 M 66 C 0/18 U 3-66 80 50
8 F 68 A 0/0 U 2-70 4 1
9 M 57 A0 0/0 U 5-51 3 27
10 F 67 A 0/0 U 2-05 1  85
11 M 60 B 0/6 U 7-04.1 33  64
12 M 87 B 0/6 U 4-34 61  40
13 M 64 A0 0/18 U 1-18 38  36
14 M 48 nk 0/6 U 1-69 45  33
15 M 59 A0 0/0 U 7-04.1 42  90
16 M 47 A 6/18 U 1-69 3  35
17 M 77 A 0/0 U 1-69 100 24
18 F 73 A 0/6 U 4-34 2  5
19 M 64 nk 6/18 U 3-48 60 40
20 F 81 A0 0/6 M 4-34 3  14
21 M 70 A 0/6 M 1-69 5  12
22 F 73 A 0/0 M 4-34 3  1
23 F 83 A 0/18 M 3-21 19  28
24 F 84 A 0/0 M 4-34 1  3
25 M 60 A 0/0 M 3-15 3  22
26 M 81 A 0/0 M 6-01 5  42
27 F nk A0 0/6 Mj 1-02/6-01 4  8
28 F 70 A 6/18 M 3-23 4  2
29 M 88 A 0/0 M 3-74 26  14
30 M 80 A 0/0 M 3-21 85  0
31 M 75 A 0/6 M 1-02 2  1
32 F 73 A 0/18 M 3-21 4  6
33 M 60 nk 6/18 M 4-34 1 3
34 F 66 nk 0/0 M 4-59 5  2
35 M 74 A 0/0 M 4-34 3  4
36 F 81 A 0/18 M 4-34 1  23
37 M 55 A 6/6 M 5-51 0  28
38 M 65 A0 0/18 M 3-23 2  14
39 M 67 A 0/18 M 2-05 0  7
40 F 63 nk 0/6 M 4-34 1   11
41 F 76 A 6/18 M 3-72 1   nd
42 M 74 A 0/6 M 3-15 0   0
43 F 80 C 0/0 M 4-61 0   39
44 M 58 C 6/6 M 4-30.4 10   7
45 M 71 A 0/6 M 1-69 3   2
46 M 83 A 0/18 M 3-30.3 1   5
47 M 60 A 0/0 M 3-23 7   0
48 F 88 A0 0/18 M 3-23 66  10
49 F 80 A 0/6 M 4b 5    3
50 F 76 A0 0/0 M 315 97  4
51 M 82 A 0/6 M 3-23 1   1
52 F 84 A 0/18 ndk − 2 2
53 M 64 nk 18/18 M (IgG) 3-23 94   4
54 M 55 nk 0/18 M (IgG) 5-51 26   0

a54 CLL samples were studied, obtained between 04/02/03 and 18/02/05. All
patients were untreated and expressed IgM, except patients 53 and 54 who were
IgG positive. bM: male; F: female; cdisease stage is according to the Binet scale;
dMcl-1 genotype (0, wildtype; 6, 6-base insertion; 18, 18-base insertion); eVH

mutation status, greater than 2% deviation from germline VH sequence was
considered as mutated; U: unmutated; M: mutated; fVH gene expression; gCD38
(>30% considered positive): hZap70 expression (>20% considered positive); ink:
not known; jpatient 27 showed two populations of cells, both with mutated VH

genes but different gene segments; knd: not determined. 
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whereas the normal cell fractions contained 17% or 36%
contaminating B cells, respectively. Mixing experiments
demonstrated that the fragment assay could quantitative-
ly detect the various alleles, and the detection of identi-
cal insertions in the normal and malignant cells therefore
demonstrated that insertions are not restricted to malig-
nant cells (Figure 1B).

In conclusion, we have confirmed the presence of
insertions in the Mcl-1 promoter in CLL. However, these
insertions are not associated with prognostic markers and
are also present in unaffected individuals. Similar findings
were presented by Tobin et al.5 while this manuscript was
under preparation. However, we have additionally shown
that identical insertions are present in the normal cells of
CLL patients clearly demonstrating that they are not CLL
specific. It is not clear why Moshynska et al. failed to detect
insertions in non-malignant cells derived from two CLL
patients in their study.3 However, they used direct
sequencing which may not be as reliable as GeneScan
analysis for allele discrimination in heterozygotes. This
may also explain why the frequency of CLL patients with
insertions was significantly lower in their study (29%)
than in ours (69%) or that by Tobin et al. (61%), who also
used GeneScan analysis. Consistent with this, almost 50%
of the insertions detected by Moshynska et al. were homo-
zygous, compared to ~10% in our study and the study by
Tobin et al., suggesting technical difficulties in identifying
patients with heterozygous insertions. 

Taken together, these findings demonstrate that Mcl-1
insertions are polymorphic variants, present in the normal
population, and are not acquired during leukemogenesis. It
remains possible that insertions are associated with elevat-
ed Mcl-1 promoter activity and suppression of apoptosis,
and may therefore contribute to the development of CLL.
However, the lack of association with prognostic markers
and the similar frequency of insertions in normal individu-
als and CLL patients (64% and 63%, respectively, when
our results are combined with those of Tobin et al.) do not
support this hypothesis. It is possible that environmental-
ly derived signals, rather than genetic variations, may be a
major determinant of Mcl-1 expression in CLL.6
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Figure 1. Mcl-1 promoter insertions. Mcl-1 promoter insertions
were detected using a GeneScan assay. A. Representative results
obtained with DNA from 3 CLL patients. B. Analysis of Mcl-1 inser-
tions in B- and T-cells isolated from patient 16. The position of wild
type (0) and +6 and +18 PCR products are indicated.
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