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   CORRESPONDENCE  CORRESPONDENCE 

   Re: Prognostic Signifi cance of 
a Short Sequence Insertion in 
the MCL-1 Promoter in  Chronic 
Lymphocytic  Leukemia  

    A recent article entitled  “ Prognostic 
Signifi cance of a Short Sequence  Insertion 
in the MCL-1 Promoter in Chronic Lym-
phocytic Leukemia ”  identifi ed two novel 
sequence variants of the MCL-1 promoter 
within lymphocytes from chronic lym-
phocytic leukemia (CLL) patients but not 
within noncancerous  tissue from the same 
individuals or in lymphocytes from 18 
healthy control subjects  ( 1 ) . This result 
suggested that the variants — insertions 
of 6 and 18  nucleotides at position  − 188 
relative to the transcription start site as 
mapped by Akgul et al.  ( 2 )  — were CLL-
related  somatic oncogenic mutations. 
Moshynska et al.  ( 1 )  also determined that 
the 6- and 18-nucleotide insertions were 
associated with higher MCL-1 mRNA 
and protein  expression.  

  In the course of analyzing the E2F1-
mediated transcriptional repression of 
MCL-1  ( 3 , 4 ) , we independently identi-
fi ed and cloned the three observed 
 sequence variants from three human 
cancer cell lines, H1299 (Mcl-1 +0/+0)  lung 
cancer cells, K562 (Mcl-1 +6/+6)  erythro-
leukemia cells, and T98G (Mcl-1 +0/+18)  
glioblastoma cells, representing the 
MCL-1 +0, +6, and +18 alleles, respec-
tively (see Supplemental Material at 
http://jncicancerspectrum.oxfordjourn-
als.org/jnci/content/vol97/issue14).  

  We next used polymerase chain reac-
tion (PCR), followed by resolution of the 
PCR products on acrylamide gels, to 
 determine MCL-1 promoter status in a 
large number of cell lines and solid 
 tumors. The +6 and +18 promoters 
 occurred with a high frequency in both 
breast and lung cancer genomic DNA 
( Fig. 1A ). To determine if these variants 
were somatic in origin, we analyzed DNA 
derived from 15 sets of paired lung cancer 
and adjacent normal lung tissue from 
 patients undergoing routine thoracotomy 
for surgical resection of their malignancy. 
All samples were  provided in deidentifi ed 
fashion, and all patients provided  informed 
consent as approved by the Institutional 

Review Board. In every instance, the 
MCL-1 promoter profi le was identical in 
cancerous and normal tissue ( Fig. 1B  and 
data not shown). To address the possibil-
ity that the MCL-1 promoter variants may 
predispose to malignancy, we screened 
DNA samples derived from 59 healthy 
individuals, all of whom had provided 
 informed consent, for the presence of the 
MCL-1 promoter insertions. Nearly half 
of the total alleles had one or both inser-
tions, and the insertion alleles were pres-
ent at frequencies similar to those in 
 cancer cell lines ( Fig 1, A and C , and data 
not shown). Thus, it appears likely that 
the +6 and +18 MCL-1 promoter variants 
are common benign polymorphisms.    

  MCL-1 belongs to the BCL-2 family 
of proteins and may be a potent oncogene 
due to its ability to block apoptosis. 
 Although we found the +6 and +18 
 polymorphisms to be common, we con-
sidered it possible that they contribute to 
oncogenesis by increasing the expression 
of MCL-1. To explore this possibility, we 
cloned the MCL-1 +0, +6, and +18 
 promoters into a pGL3 luciferase vector, 
transfected the constructs into multiple 
cell lines, and determined promoter 
 activity. Both variant promoters  displayed 
decreased promoter activity, both during 
normal cellular homeostasis and under 
conditions that actively induce MCL-1 
transcription (i.e., treatment with phorbol 

      Fig. 1.     Frequency of MCL-1 promoter variants within DNA derived from various samples.  A ) Allelic 
frequencies of the MCL-1 +0, +6, and +18 promoters in DNA derived from cancerous cell lines of breast 
and lung, paired lung tumor and  adjacent normal tissue, and healthy donor  genomic DNA were determined 
by resolving polymerase chain reaction (PCR) products from the MCL-1 promoter on a polyacrylamide 
gel with subsequent staining and visualization.  B ) MCL-1  promoter  status in genomic DNA from paired 
lung tumor biopsy and adjacent normal tissue derived from patients undergoing routine thoracotomy. The 
fi rst lane is the 50-bp ladder, with the visible band representing 100 bp. The second through seventh lanes 
represent polyacrylamide resolution of PCRs amplifying the MCL-1 promoter in paired lung tumor and 
adjacent normal tissue. The eighth lane represents a negative control PCR with no template DNA, and the 
ninth lane is a positive control which consists of a mixture of three separate amplifi cations of the three vari-
ant promoters conducted on plasmid template DNA representing the three observed promoters.  C ) MCL-1 
promoter status within genomic DNA derived from healthy donors. The fi rst lane of each gel represents 
a 50-bp ladder, with the 100-bp fragment visible. The last two lanes represent the negative and positive 
controls, respectively, and the middle lanes represent deidentifi ed healthy donor DNA samples.       
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12-myristate 13-acetate), with the +18 
promoter displaying approximately 
half the activity of the MCL-1 +0 
 promoter (see Supplemental Material at 
http://jncicancerspectrum.oxfordjournals.
org/jnci/content/vol97/issue14).  

  It is uncertain why our results differed 
from those of Moshynska et al. One pos-
sibility is that their sequencing method 
is less sensitive to the presence of the 
 insertion alleles than our method of  direct 
resolution of PCR products on gels. Al-
ternatively, it is possible that the local 
population they studied shares a common 
genetic background in which the MCL-1 
+6 and +18 alleles are rare and indeed 
correlate with CLL. In contrast, we ex-
amined a larger control population re-
cruited in Durham, North  Carolina, and 
Tampa, Florida. Given the fact that we 
have identifi ed many healthy  individuals 
harboring the MCL-1 +6 or +18 alleles, it 
seems  unlikely that the MCL-1 +6 and 
+18  alleles contribute to CLL in a large 
 population. Thus, the MCL-1 +6 and +18 
alleles probably do not represent a reli-
able prognostic marker.  
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     Re:  Prognostic Signifi cance of a Short Sequence Insertion in the MCL-1 Promoter in Chronic Lymphocytic Leukemia      We read with interest the report of 
Moshynska et al.  ( 1 )  on the discovery of 
two different insertional mutations at the 
same position in the promoter of the 
MCL-1 gene in chronic lymphocytic leu-
kemia (CLL) specimens. The insertions, 
of 6 or 18 nucleotides, were associated 
with increased expression of MCL-1 
mRNA and protein and with a poorer 
prognosis for the patients. In preparation 
for the development of a rapid and fo-
cused assay for these mutations, we 
searched the DNA sequence database at 
the National Center for  Biotechnology 

 Information ( http://www.ncbi.nlm.nih.gov/ 
entrez/query.fcgi ?db=Nucleotide) for ge-
nomic sequences of the MCL-1 gene. The 
sequence des cribed by Moshynska et al. 
as being wild type was found in accession 
numbers  AF162676  and  AF198614 . 
However, the 18-bp insertion was the se-
quence of  record in accession numbers 
 AL356356  and  AF147742 .  

  We therefore considered the possibil-
ity that the mutations discovered by 
Moshynska et al.  ( 1 )  exist as germline 
variants. The assay we devised involves 
polymerase chain reaction (PCR) and 
polyacrylamide gel electrophoresis. We 
searched for the mutations/polymor-
phisms in 24 individuals using anony-
mized DNAs from the peripheral blood 
of people who had been tested for  genetic 
disease and had not been selected with 
regard to the presence or absence of 
 malignancy. We found clear evidence 
for the existence of at least three size 
variants in this region.  Figure 1  shows 
an example of such an analysis. Lane 1 
contains a DNA fragment that was con-
fi rmed by sequence analysis (data not 

      Fig. 1.     Polymerase chain reaction (PCR) analysis of the MCL-1 gene promoter region. Genomic DNA 
was amplifi ed using PCR. The PCR was done in a volume of 25  μ L, with the primers ( upstream primer, 
CGTTACGTAACCGGCACTCAGA; downstream primer, CGGCAGCTTCCGGAGGGTTG) at a con-
centration of 1  μ  M  each, 50  μ  M  each deoxynucleoside triphosphate, and 1.2 units of HotStar Taq DNA 
polymerase in the buffer provided by the manufacturer of the enzyme (Qiagen Inc., Valencia, CA). The 
tubes were subjected to 34 cycles of 96 °C for 20 seconds, 58 °C for 30 seconds, and 72 °C for 1 minute, 
preceded by 95 °C for 10 minutes, and followed by 72 °C for 5 minutes, in an Eppendorf Mastercycler 
(Brinkmann Instruments, Westbury, NY). The PCR products were separated by polyacrylamide gel elec-
trophoresis, stained with ethidium bromide, and photographed. Lane 1 has only the wild-type sequence. 
Lane 2 is heterozygous for the 18-bp insertion, with clear separation of the two bands. Lane 3 is hetero-
zygous for the 6-bp insertion. Although the DNA fragments in this lane did not clearly separate from each 
other, the presence of the two forms is demonstrated by the formation of the heteroduplex bands and was 
confi rmed by DNA sequence analysis (data not shown). M = size markers (size indicated in base pairs 
[bp]). The region of the gel containing heteroduplexes is indicated.      
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shown) to have the same sequence as the 
wild-type allele in  Fig. 1  of Moshynska 
et al.  ( 1 ) . Lane 2 shows a clear separa-
tion of a larger form, and lane 3 reveals 
heteroduplex bands consistent with a 
polymorphism that did not resolve by 
gel electrophoresis. Sequence analysis 
of the DNA fragments generated by the 
PCR shown in lane 3 revealed two over-
lapping sequences, one consistent with 
the wild-type allele and the other corre-
sponding to the 6-bp insertion described 
by Moshynska et al.  ( 1 )  (data not shown). 
A similar analysis of a specimen with the 
larger DNA fragment such as that seen 
in lane 2 revealed the presence of two 
overlapping sequences, the wild-type se-
quence and the 18-bp insertion  ( 1 )  (data 
not shown). These data strongly suggest 
that the different forms of the MCL-1 
promoter reported by Moshynska et al. 
 ( 1 )  exist as germline polymorphisms. 
We did not study a suffi cient number of 
specimens to establish an allele  frequency 
for the variant forms; however, each 
variant was detected more than once.    

  Despite our fi nding that the DNA 
variants identifi ed by Moshynska et al. 
 ( 1 )  exist as germline polymorphisms, 
our data do not challenge their interest-
ing fi nding of tumor-specifi c alterations 
in CLL patients or the association of the 
variants with the course of the  disease. 
In fact, the association of the MCL-1 
variants with increased expression of 
MCL-1 RNA and protein  ( 1 )  and the role 
of MCL-1 in apoptosis  ( 2 )  raise  additional 
questions concerning the  possible role of 
the MCL-1 germline variants as genetic 
modifi ers of the risk of malignancy.  

    ROBERTO L.     VARGAS  
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     Re:  Prognostic Signifi cance of a Short Sequence Insertion in the MCL-1 Promoter in Chronic Lymphocytic Leukemia      We read with great interest the recent 
article by Moshynska et al.  ( 1 )  in the 
Journal, which reported short sequence 
insertions in the MCL-1 promoter of 
B-cell chronic lymphocytic leukemia (B-
CLL) samples. The authors analyzed 
 genomic DNA from B-CLL cells of 58 B-
CLL patients and from lymphocytes of 18 
healthy control donors. The sequence of 
the promoter region of the MCL-1 gene 
revealed the presence of a 6- or 18-base 
pair insertion in approximately 30% of 
the B-CLL samples. In contrast, and very 
interestingly, these insertions were com-
pletely absent in all healthy control sub-
jects and in the normal soft tissues from 
two B-CLL  patients whose lymphocytes 
harbored these insertions. These altera-
tions would appear to represent one of the 
most  frequent  somatic genomic altera-
tions  described so far in B-CLL patients, 
and these  results deserved an editorial in 
the same issue of the journal  ( 2 ) .  

  To confi rm the presence of these in-
sertions in the B-CLL samples from 
 patients at our hospital, Hospital Univer-
sitari de Bellvitge, we obtained the 
 corresponding MCL-1 gene promoter 
 region from the genomic DNA of lym-

phocytes from 26 B-CLL patients. From 
each genomic DNA sample, the putative 
presence of the insertions was  analyzed 
in both alleles by polymerase chain reac-
tion amplifi cation and electrophoresis 
analysis. Each amplifi ed band was eluted 
from the gel, purifi ed, and sequenced. 
The nucleotide sequences obtained for 
this region corroborated the three  variants 
observed in the electrophoresis, corre-
sponding to the absence of insertion, 
the 6-nucleotide  insertion, and the 18-
nucleotide insertion ( Table 1 ).    

  Surprisingly, and in contrast to the re-
sults described by Moshynska et al.  ( 1 ) , 
when we analyzed genomic DNA from 
normal lymphocytes from 10 control 
subjects we also found that the same 
insertions were present. Furthermore, 
 genomic DNA from mouth epithelial 
cells from 10 additional healthy indi-
viduals also contained these insertions. 
Moreover, different allelic combinations 
for this polymorphism were present in 
all kinds of samples. In fact, as shown 
in  Table 1 , the allelic frequencies were 
similar in the B-CLL and control  samples. 
Consequently, we conclude that the 
MCL-1 insertions represent hereditary 
polymorphisms that likely do not predis-
pose to chronic lymphocytic leukemia. 
We do not have a clear explanation for 
the discrepancy between our data and 
those of Moshynska et al.  ( 1 )  other than 
technical problems or some kind of bias 
in the use of control subjects.  

  In summary, our data show that 
these MCL-1 insertions correspond to 
a  polymorphism. Their relevance to 

    Table 1.       Summary of the allelic analysis of insertions in MCL-1 gene promoter   

           Controls      

  Patterns of allelic     Lymphocytes    Mouth epithelial      
combinations *   B-CLL  †   (n = 26)  (n = 10) cells (n = 10)  Total (n = 20) 

  No. of each allelic           
    combination
     wt/wt   16   6   4   10  
     wt/6   2   1   3   4  
     wt/18   5   2   2   4  
     6/6   1   0   0   0  
     6/18   2   1   0   1  
     18/18   0   0   1   1  
  Polymorphism           
  frequencies  ‡  
     wt   39 (75%)   15 (75%)   13 (65%)   28 (70%)  
     6   6 (11.5%)   2 (10%)   3 (15%)   5 (12.5%)  
     18   7 (13.5%)   3 (15%)   4 (20%)   7 (17.5%)  
 % Alleles with   25%   25%   35%   30% 
    an insertion      

   *  Wt = wild-type allele; 6 = 6-nucleotide insertion; 18 = 18-nucleotide insertion.  
   †   B-CLL = B-cell chronic lymphocytic leukemia.  
   ‡   Percentages in parentheses correspond to the allelic frequencies of each polymorphism in B-CLL and 

control samples.   
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the pathogenesis of B-CLL should be 
 reevaluated.  
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  ÀUREA     NAVARRO-SABATÉ  
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     Re: Prognostic Signifi cance of a Short Sequence Insertion in the MCL-1 Promoter in Chronic Lymphocytic Leukemia      Moshynska et al.  ( 1 )  recently report-
ed the fi nding of somatic nucleotide in-
sertions in the promoter region of the 
 antiapoptotic myeloid cell leukemia 1 
(MCL-1) gene in patients with chronic 
lymphocytic leukemia (CLL), giving a 
possible explanation of the mechanisms 
responsible for higher MCL-1 expres-
sion in these patients. The authors 
showed that these mutations were of 
prognostic signifi cance in that they were 
associated with an adverse outcome in 
CLL patients.  

  MCL-1 is involved in the pathoge-
nesis of hematopoietic malignancies 
and plays a critical role in the survival 
of malignant cells  ( 2 ) . Increased Mcl-1 
protein levels are associated with pro-
gression to a more chemorefractory 
disease and, consequently, with clini-
cal outcome in CLL  ( 3 , 4 ),  in adult 
acute myeloid  leukemia (AML), and in 

adult acute lymphoblastic leukemia 
(ALL)  ( 5 ) .  

  To investigate whether MCL-1 pro-
moter insertions also occur in relapsed 
childhood ALL and, if so, if they are of 
prognostic value, we sequenced the 
same region of the MCL-1 promoter 
from lymphoblasts in bone marrow 

samples of 134 children with fi rst re-
lapse of ALL, from nine cell lines (two 
B-cell precursor ALL lines [Reh and 
SUP-B15], six T-ALL lines [Loucy, 
Peer, HSB2, Jurkat, Molt4, and Molt16], 
and one Burkitt lymphoma line [Raji]), 
and from blood samples of six healthy 
control subjects. The 134 patients were 

    Table 1.       Genotype and association between MCL-1 insertion and clinical features of 134 children with 
fi rst relapse of acute lymphoblastic leukemia   

           MCL-1 promoter insertion *         

   All patients    Wt    Wt/Mut    Mut/Mut     
   Parameters and events  †     (n = 134)   (n = 107)   (n = 8)   (n = 19)    P    

  Parameter                 
   Sex                 
      Male   79 (59%)   62 (46%)   6 (5%)   11 (8%)   .571  
      Female   55 (41%)   45 (34%)   2 (2%)   8 (6%)     
   Age at primary diagnosis                 
      <1 year   2 (2%)   2 (2%)    —     —    .848  
       ≥ 1 year and <10 years   95 (71%)   74 (55%)   6 (5%)   15 (11%)     
       ≤ 10 years   37 (28%)   31 (23%)   2 (2%)   4 (3%)     
   Age at relapse                 
      <5 years   23 (17%)   20 (15%)   2 (2%)   1 (1%)   .949  
       ≥ 5 years and <10 years   50 (37%)   38 (28%)   2 (2%)   10 (8%)     
       ≥ 10 years   61 (46%)   49 (37%)   4 (3%)   8 (6%)     
   Time point of relapse                 
      Very early   27 (20%)   19 (14%)   4 (3%)   4 (3%)   .090  
      Early   36 (27%)   32 (23%)   2 (2%)   2 (2%)     
      Late   71 (53%)   56 (42%)   2 (2%)   13 (10%)     
   Site                 
      Bone marrow isolated   109 (81%)   90 (67%)   5 (4%)   14 (10%)   .145  
      Bone marrow combined   25 (19%)   17 (13%)   3 (2%)   5 (4%)     
      Extramedullary isolated    —     —     —     —      
   Peripheral blast cells (per  μ L)                 
      <1   20 (15%)   14 (11%)   1 (1%)   5 (4%)   .563  
       ≥ 1 and <10.000   93 (715%)   78 (59%)   5 (4%)   10 (8%)     
       ≥ 10.000   19 (14%)   14 (11%)   2 (2%)   3 (2%)     
      No data   2   1    —    1     
   Immunophenotype                 
      Pro-B-ALL   9 (7%)   8 (6%)    —    1 (1%)   .232  
      Common-ALL   73 (55%)   60 (46%)   3 (2%)   10 (8%)     
      Pre-B-ALL   40 (30%)   31 (24%)   5 (4%)   4 (3%)     
      T-ALL   9   5    —    4     
      No data   3   3    —     —      
   Strategic group                 
      S1    —     —     —     —    .316  
      S2   77 (58%)   62 (46%)   3 (2%)   12 (9%)     
      S3   26 (19%)   24 (18%)   1 (1%)   1 (1%)     
      S4   31 (23%)   21 (16%)   4 (3%)   6 (5%)     
   BCR/ABL                 
      Positive   5 (4%)   4 (3%)    —    1 (1%)   .920  
      Negative   127 (96%)   101 (77%)   8 (6%)   18 (14%)     
      No data   2   2    —     —      
   MLL rearrangement                 
      Positive   4 (3%)   3 (2%)    —    1 (1%)   .872  
      Negative   120 (97%)   97 (77%)   8 (6%)   16 (13%)     
      No data   10    8    —    2     
   TEL/AML1                 
      Positive   27 (20%)   22 (17%)   1 (1%)   4 (3%)   .748  
      Negative   106 (80%)   84 (63%)   7 (5%)   15 (11%)     
      No data   1   1    —     —      
  Events                 
     Progressive disease   16 (12%)   14 (10%)   1 (1%)   1 (1%)   .636  
     Induction death   7 (5%)   4 (3%)    —    3 (2%)     
     Chemotherapy-related death   15 (11%)   12 (9%)   2 (2%)   1 (1%)     
     Second relapse   41 (31%)   31 (23%)   3 (2%)   7 (5%)     
      Complete continuous remission   55 (41%)   46 (34%)   2 (2%)   7 (5%)       

   *  wt (wild type) indicates that no insertion was present; Mut (mutant) indicates that the 6- or 18-
 nucleotide promoter insertion was present.  

   †   Defi nitions are given in  ( 6 ) .   
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enrolled in 2000 and 2001 in the relapse 
trials of the  Berlin-Frankfurt-Münster 
Study group (ALL-REZ BFM), and 
their bone  marrow samples were ob-
tained after written informed consent. 
Statistical comparisons of characteris-
tics of the 134 studied patients with 
those of 62 patients from whom leuke-
mic samples were not available  revealed 
no statistically signifi cant differences, 
except that the group for whom samples 
were available had more  patients with 
TEL/AML1-positive ALL ( P  = .018) 
and more patients of intermediate risk 
(S2) ( P  = .044). All  patients were treat-
ed according to the protocol ALL-REZ 
BFM 96. Coincidence analyses of in-
sertions with patient characteristics 
were performed using the Kruskal-
 Wallis test.  

  In bone marrow samples of 27 of 
the 134 patients and in Molt4 cells and 
the blood of one control subject, we 
found either a 6- or a 18-nucleotide in-
sertion in the promoter region of the 
MCL-1 gene. We detected the same 
 insertions in corresponding remission 
material that did not contain any leuke-
mic cells from 12 of the 27 patients, 
indicating that the  genetic alterations 
seem to be hereditary polymorphisms. 
Nineteen of the 27  patients were homo-
zygous. The presence of an insertion 
was not  associated with clinical out-
come or with any of the known major 
prognostic parameters for outcome at 
relapse of ALL ( Table 1 ).  

    Other than the fact that the frequency 
at which we detected promoter inser-
tions (27/134) is similar to the fre-
quency with which they were detected 
by Moshynska et al.  ( 1 )  (17/58), our 
data for relapsed childhood ALL were 
not consistent with those presented by 
Moshynska et al. for CLL regarding 
the prognostic relevance and the leu-
kemic cell specifity of these genetic 
alterations.  

  Thus, although MCL-1 promoter in-
sertions also occur in childhood ALL 
with fi rst relapse, these mutations are 
 unlikely to contribute to the process of 
relapse and do not seem to have an 
 independent prognostic infl uence in 
childhood ALL.  

  We also note that Tobin et al.  ( 7 )  in-
vestigated the same promoter insertions 
of the MCL-1 gene in 173 CLL and 105 
age-matched healthy controls. The in-
sertions were detected in a much higher 
 frequency in CLL patients (61%) 

and control subjects (69%) than we or 
Moshynska et al. observed. In contrast to 
the data presented by Moshynska et al., 
but in line with our data, no statistically 
signifi cant differ ences in survival were 
shown between patients with or without 
an insertion.  
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     Re: Prognostic Signifi cance of a Short Sequen ce In sertion in the MCL-1 Promotor in Chronic Lymphocytic Leukemia      High MCL-1 protein expression levels 
have been associated with failure to 
achieve complete remission in chronic 
lymphocytic leukemia (CLL)  ( 1 ) . 
Moshynska et al.  ( 2 )  recently reported 
the presence of short sequence inser-
tions, of 6 and 18 nucleotides, in the 
MCL-1 promoter in some CLL patients. 
These insertions were detected in the 
leukemic cell population in 17 of 58 CLL 
patients but not in normal tissue of af-
fected patients (n = 2). They were also 
absent in all 18 analyzed control sub-
jects. The authors concluded that the 
promoter insertions are associated with 
increased MCL-1 mRNA and protein 
and may identify a high-risk group of 
CD38-negative CLL patients.  

  To pursue this idea, we analyzed the 
MCL-1 promoter insertions in samples 
from 72 CLL patients who presented at 
our institution and from whom written 
 informed consent was obtained. The 
 promoter region was amplifi ed by PCR, 
and the resulting fragment sizes were ana-
lyzed by GeneScan analysis. Results were 
confi rmed by direct DNA sequencing. In 
41 patients (60%), we detected the same 
insertions of 6 and/or 18 nucleotides at 
the same site as observed by Moshynska 
et al. ( Table 1 ). In addition, a 12- nucleotide 
insertion at the same site was seen in two 
patients. Because we observed no statisti-
cally  signifi cant difference in the distribu-
tion of insertions between CD38-positive 
and CD38-negative patients ( P =  .394, 
Fisher’s exact test), we considered the 
 possibility that the insertions might 
be polymorphisms. Thus, we conducted 
an additional study of DNA samples from 
40 healthy control persons that were 
 obtained from a human genetics labora-
tory. Informed consent for participation in 
anonymized genetic studies was obtained 
from all individuals. Thirty (75%) of the 
 control subjects contained an MCL-1 pro-
moter insertion, a frequency that was not 
statistically signifi cantly different from 
that seen in CLL patients ( P  = .147, Fish-
er’s exact test). Based on these data, we 
suggest that these insertions in the 
MCL-1 promoter are most likely poly-
morphisms rather than somatic mutations 
contributing to the leukemic potential of 
the tumor cells. Indeed, buccal swabs 
from two CLL patients, one heterozygous 
for the 6- nucleotide insertion and one 
hetero zygous for the 18-nucleotide inser-
tion, contained the same alleles as the 
 peripheral blood lymphocytes.    
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  Moshynska et al. also determined that 
the MCL-1 promoter insertions were 
associated with increased MCL-1 tran-
script levels  ( 2 ) . Of the 72 CLL patients 
included in our study, gene expression 
profi les generated with the Affymetrix 
U133 Plus 2.0 microarrays were avail-
able for 46 patients. We observed no sta-
tistically signifi cant difference in MCL-1 
transcript levels from samples without 
the insertion (n = 19) as compared with 
samples containing the insertion (n = 27) 
( P  = .148, t-test).  

  Finally, we wish to point out that the 
18-nucleotide promoter insertion has 
previously been reported and was func-
tionally characterized by Akgul et al.  ( 3 )  
(GenBank accession number  AF147742 ). 
The genomic fragment analyzed by 
Akgul et al.  ( 3 )  was derived from a 
 human chromosome 1 library.  

  While this manuscript was under con-
sideration, Tobin et al.  (4)  reported the 
same MCL-1 promoter insertions in CLL 
participants and in healthy controls with 
frequencies that were similar to those 
 reported in our study.  

  Altogether, these data suggest that 
the MCL-1 promoter insertions are not 
 somatic mutations in the tumor cell pop-
ulation of CLL but are inherited through 
germline transmission and thus represent 
real polymorphisms that are detected 
with high frequency in the population.  
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  12-nt/18-nt   1 (1)   0  
  6-nt/6-nt   2 (3)   2 (5)  
   18-nt/18-nt   3 (4)   3 (8)    

   *  CLL = chronic lymphocytic leukemia; nt = nucleotide.   
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   CO RR ESPO N D ENC E      RESPONSE  
    The Correspondences by Freeman 

et al., Vargas et al., Iglesias-Serret et al., 
Nenning et al., and Dicker et al. address 
four key points regarding MCL-1 pro-
moter nucleotide insertions.  

   Mutations or polymorphisms?     Be-
cause our control group was too small 
(n = 18) to determine population preva-
lence, we simply referred to these pro-
moter changes as nucleotide insertions. 
Based on an analysis of 55 additional 
control samples, we have now found that 
the allele frequencies in the Saskatche-
wan population are 0.98 for the wild-
type allele and 0.01 each for 6- and 

18-nucleotide insertion alleles ( Fig. 1A 
and B ). The presence of these nucleotide 
insertions in other healthy populations is 
also reported in four of the fi ve letters. 
Vargas et al. refer to their presence in the 
healthy controls; the frequencies of the 
+18 allele were 11.8% in Freeman et al., 
17.5% in Iglesias-Serret et al., and 27.5% 
in Dicker et al., and the frequencies of 
the +6 allele were 20.3%, 12.5%, and 
23.7%, respectively. The frequency of 
these nucleotide insertions in 134 pa-
tients with acute lymphoblastic leukemia 
reported by Nenning et al. is similar to 
what we observed in patients with 
 chronic lymphocytic leukemia (CLL). 
Interestingly, Dicker et al. also report a 
novel 12-nucleotide insertion with a fre-
quency of 1.4% in CLL case patients. 
Although there can be exceptions, the 
commonly accepted defi nition of a mu-
tation is that the least common allele has 
a frequency of less than 1%. The pres-
ence of these nucleotide insertions in 
more than 1% of healthy population 
 suggests that the MCL-1 promoter nu-
cleotide insertions are polymorphisms, 
not mutations.    

    Location.     The exact transcriptional 
start site of the MCL-1 promoter is 
 controversial  ( 1  –  3 ) . The nucleotide in-
sertions can be inferred to be either at 
position  − 190, as reported by us and  ( 1 ) , 
or at  − 180  ( 2 ) . We are not entirely sure 
of the origin of the reference to position 
 − 188 in Freeman et al. Moreover, the 
 re ferences they cite for E2F1-mediated 
MCL-1 transcriptional regulation refer 
to promoter regions spanning  − 143/+10 
and  − 117/+10, both of which are outside 
the nucleotide insertion-harboring region 
that we described.  

    Effect on gene expression.     It has 
been shown that the MCL-1 promoter 
that  contains the nucleotide insertion –
  harboring region has statistically signifi -
cantly higher activity in response to 
 phorbol 12-myristate 13-acetate (PMA), 
serum, and granulocyte-macrophage col-
ony-stimulating factor than the promoter 
with this region deleted  ( 2 ) . Our original 
publication supports these fi ndings be-
cause we found an association between 
the +6 and +18 nucleotide insertions (con-
sidered together) and higher mRNA and 
protein levels. By contrast, Freeman et al. 
report reduced PMA-stimulated transcrip-
tion activity with the MCL-1 nucleotide 
insertions in two transfected human cell 
lines. The promoter region being evaluat-
ed and the length of the transfected 
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 segment are likely to infl uence the fi nd-
ings  ( 2 ) . Because we have not performed 
luciferase assays, we can neither confi rm 
nor refute their fi ndings. However, using 
a genetic algorithm for eukaryotic pro-
moters (RegScan [ http://wwwmgs.bionet.
nsc.ru/mgs/ ]), we found that the predicted 
MCL-1 promoter activity score was 0.87 
for the wild-type promoter, 0.99 for the 
+6 insertion, 0.96 for the +12 insertion, 
and 0.57 for the +18 nucleotide insertion 
( Fig. 1C ). The validity of this algorithm is 
supported by a high concordance between 
the predicted value and luciferase activity 
for a polymorphic allele (G125A) of the 
BAX promoter in CLL  ( 4 )  and publica-
tions on the computer program  ( 5 ) . Can a 
theoretical algorithm prediction be used 
to refute practical laboratory data? Not 
entirely, although it gives a reason to 

 explore alternative explanations. Other 
factors may regulate the  effect of nucleo-
tide insertions on gene transcription, and 
these might also be  tissue specifi c. More-
over, the +6 and +18 nucleotide inser-
tions are likely to have different effects. 
Therefore, at present, it is not possible to 
draw defi nitive conclusions regarding the 
effect of nucleotide insertions on MCL-1 
gene expression. Even if the nucleotide 
insertions negatively regulate gene ex-
pression, they may still be markers for 
other stimula tory infl uences on MCL-1 
gene expression. Future studies focused 
on promoter activity and regulatory 
 factors would help to resolve this issue.  

    Prognostic signifi cance.     Iglesias-
Serret et al. assert that, because these 
insertions are polymorphisms, they are 
unlikely to predispose to CLL. This was 

never our conclusion. We simply  reported 
the association of these insertions with 
clinical endpoints in CD38-negative 
CLL patients. The assertion by Freeman 
et al. that these nucleotide insertions are 
of no prognostic importance in CLL 
simply because these are  polymorphisms 
is not consistent with available informa-
tion. The effect of polymorphisms on 
prognosis in cancer is well known  ( 6 , 7 ),  
as is acknowledged by Vargas et al. This 
is further supported by a recent paper 
 ( 8 )  that confi rms the critical importance 
of a BAX promoter single-nucleotide 
polymorphism, G125A, fi rst reported 
by us  ( 9 ),  in infl uencing treatment 
 response and overall survival in CLL.  

     OKSANA     MOSHYNSKA  
  ANURAG     SAXENA   

      Fig. 1.     Allelic frequency of MCL-1 promoter in control and 
CLL populations. ( A ) MCL-1 promoter changes in genomic 
DNA amplifi ed from peripheral blood, amplifi ed by poly-
merase chain reaction (PCR), resolved on a polyacrylamide 
gel, and analyzed using the Gel-Doc 2000 system after 
staining with ethidium bromide. M = 100-bp Gene Ruler 
marker; N = negative control (PCR amplifi cation without 
DNA); lanes = amplifi ed DNA samples. We did not observe 
any of the heteroduplex bands reported by Vargas et al., 
possibly because we used different primers and PCR con-
ditions. ( B ) Allelic frequency of MCL-1 without and with 
6- or 18-nucleotide insertions as determined by PCR am-
plifi cation and gel electrophoresis/sequencing of genomic 
DNA extracted from the peripheral blood of healthy individ-
uals (n = 73; 18 are from the original study, and 55 are new 
control subjects) and CLL patients (n = 58). ( C ) Schematic 
of the predicted MCL-1 promoter recognition using genetic 
algorithm discriminant analysis. The program recognizes 
eukaryotic gene promoters based on an assessment of di-
nucleotide frequency distribution by discriminant analysis; 
 x -axis numbers correspond to GenBank promoter sequence 
(AF147742). The  y  axis shows the promoter activity score. 
The vertical line represents the predicted peak score for the 
transcription start site for the wild-type promoter sequence, 
with the highest peak score, 0.87, at this position. With the 
+6 insertion, the predicted activity score increased from 
0.87 (score for the wild-type allele) to 0.99 (up arrow); with 
the +12 insertion, the predicted score increased from 0.87 to 
0.96 (not shown); and with the +18 insertion, the predicted 
score decreased from 0.87 to 0.57 (down arrow).      
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