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ABSTRACT
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Region q14 of human chromosome 13 harbors a critical tumor
suppressor gene (TSG) for chronic lymphocytic leukemia and
some other malignancies. Here we review the history of
positional cloning attempts to identify a TSG for B-cell chronic
lymphocytic leukemia (B-CLL) and evaluating all candidates
for CLL TSG. A lack of open reading frames and mutations in
DNA of CLL cells prompted the removal of DLEU1 and
DLEU2 genes from the list of candidates. Some studies suggest
a role of the alteration of the normal expression suppressor
function of miRNAs located within 13q14. Other researchers
continue to work with protein encoding genes located within
the minimally deleted area, namely RFP2 and KCNRG. A
haploinsufficiency model of CLL tumorigenesis has been
proposed recently, stating that the inactivation of one copy of
the tumor suppressor gene is enough to provide selective
advantage or prevent apoptosis in progenitor cells of CLL.
The involvement of the haploinsufficient genes in the process
of tumorigenesis cannot be proven by mutation screenings, but
requires thorough functional studies. As rearrangements of
13q14.3 are frequently found in other human tumors,
particularly in multiple myeloma and prostate cancer, the
importance of the elusive TSG located in 13q14.3 may be not
limited to CLL. Therefore, all CLL TSG candidates should be
subject to both mutational screening and functional studies in
the malignant cells of non-lymphatic origin.
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INTRODUCTION
In the early 1970s, Alfred Knudson proposed a two-hit
model of retinoblastoma development that assumed the
existence of tumor suppressor genes that, when mutated,
predispose human cells to transformation into
malignancy.1, 2 Since then, a number of tumor suppressor
genes (TSGs) have been discovered and characterized in
detail. Reports describing novel TSG candidates are
published regularly, but the connection between their
alterations and particular tumor phenotypes warrants
further functional evidence. Thorough characterization
of TSGs is a major goal of clinical oncogenomics. TSGs
represent an important class of potential drug targets, since
the restoration of TSG function substantially reduces the
cell proliferation rate and, in some cases, leads to the
reversion of the tumor phenotype.
Before the completion of the Human Genome sequencing
project, the strategy of searching for TSG was based on
reverse genetics. First, a gene of interest was assigned to a
particular chromosome or a chromosomal region and
thereby approximately localized within the genome. At
that stage, mapping was performed by methods of
conventional cytogenetics. In the case of TSG research,
scientists relied on the well-known phenomenon of tumorspecific chromosomal deletions, often eliminating one or
two copies of TSG in tumors.3 The resolution of this mapping
technique was about 4 Mb, approximately the size of a
chromosomal segment detectable by metaphase G-banding.
On average, a 4-Mb region of the human genome contains
about 100 genes. Hence, the second step was minimization
of the chromosome region containing a potential TSG. The
region of interest was saturated by various DNA markers,
such as Sequence Tagged Sites (STS) or Expressed
Sequence Tags (ESTs), and overlapped by cosmid, YAC,
or cDNA clones organized into contig. Then, the marker
arrangement and distances between markers were
determined in order to obtain a fine physical map of the
region. DNA markers representing the backbone of this
map were used as molecular probes to test tumor samples
for the presence or absence of the corresponding
microfragments of the genome.4 As a result, researchers
created a deletion map pointing to the precise location of
the TSG. The minimized candidate region was either
screened for the presence of transcribed elements, i.e. genes
and regulatory RNAs, or completely sequenced and
analyzed in silico. Subsequently, potential TSG candidates
were identified and tested for tumor-specific mutations.
Finding point mutations in the potential TSG dictates study
in greater functional detail.

approach to TSG identification relies on complete
sequences of human chromosomal DNA and numerous
cDNAs, the availability of functional annotations of genes,
and comparative genomic data.5 At present, a search for
potential TSGs takes advantage of publicly available
databases and methods of bioinformatics rather than of
tedious positional cloning. However, the tumor suppressor
function of a candidate gene should always be verified by
experimental study at the lab bench.
Here we review the history of positional cloning attempts
to identify a TSG for B-cell chronic lymphocytic leukemia
(B-CLL), evaluating all candidates for CLL TSG, and
sketching some possibilities for specific CLL therapy.

FINE MAPPING OF 13Q14.3 REGION
DELETED IN B-CLL
The search for a TSG involved in B-CLL was stimulated
by the fact that RB, a well-known TSG residing in13q14.3
remains functional in some B-CLL patients, while a region
adjacent to RB1 on the telomere side is often deleted.6, 7 It
was assumed that this region contains TSG critical for BCLL development. At the time, the 13q14.3 region, as well
as most of the human genome landscape, was an uncharted
territory: markers suitable for physical mapping were several
megabases apart from each other, which hindered precise
localization of the chromosomal breakpoints in CLL cells.
Through concerted efforts by a number of research teams,
several STS-markers were mapped to the region of interest
and used as anchors for yeast artificial chromosome (YAC)
contig.8 These markers were also used as probes for
Southern blotting with patients’ DNAs in order to pinpoint
the area deleted in B-CLL cases.9, 10 Fine structural analysis
of the 13q14 region of the human genome was a necessary
step in initial attempts to clone CLL TSG. Those attempts
were supported in the frame of Chromosome 13 Mapping
and Sequencing Project of the Russian Human Genome
Program. First, a contig overlapping 13q14.3 region was
built using cosmid libraries constructed by Los Alamos
National Laboratory (LANL, United States) and the
Imperial Cancer Research Foundation (ICRF, United
Kingdom). About 30,000 individual cosmids (equivalent
to approximately nine spans of chromosome 13) individually
stored in 96-well plates were used as probes for crosshybridization, revealing overlapping cloned DNA
fragments covering more than 600 kb of the chromosome
13 region frequently deleted in B-CLL. 11 Further
delineation of the region was obtained during analysis of
the loss of heterozygosity (LOH) patterns and fluorescence
in situ hybridization (FISH) studies. As a result, the minimal
region lost in B-CLL was reduced to 300 kb.10, 12

The strategy outlined above is now obsolete. The modern
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This region was localized between two STSs, D13S1149
and D13S25; another marker, D13S319, proved to be the
one most often eliminated by deletion. Further
minimization attempts were performed in different labs
which examined independent groups of B-CLL patients.
Surprisingly, each group succeeded in chopping minimally
deleted region down to less than 300 kb, but resulting
regions were minimally overlapping, and in extreme cases
deleted regions were mapped 200 kb apart.12, 13 Since further
minimization of the deleted region yielded discrepant
results, a physical map with a higher resolution was
necessary. Southern hybridization of DNA probes
representing 300bp-2 kb fragments of cosmid clones with
genomic DNA of B-CLL patients allowed precise
localization of rearrangements in individual patients. As a
result, genome rearrangements were mapped on a map of
EcoRI/HindIII digestion sites with a resolution of 1-2 kb
[9]. Such a resolution cannot be obtained by FISH or LOH
analysis. Rearranged genomic DNA fragments were
observed in three out of 206 B-CLL patients examined in
the Karolinska Hospital, Sweden. The minimal area of
overlap between deletions in these three patients was only
10 kb. In 46% cases (95 out of 206 tumor DNA specimens),
deletions of 10-kb region affected either both chromosomes
(28 cases) or only one of these (67 cases).14 Interestingly,
the minimally deleted region identified in this study was
located upstream of D13S319 (i.e., on its centromere side),
whereas most other authors mapped CLL TSG downstream
of this marker.
Another uncertainty was added after the completion of
high-resolution interphase FISH experiments on
simultaneous hybridization of two cosmid probes carrying
different (red or green) fluorescent labels. In this case,
hybridization of one probe in the absence of hybridization
of the other serves as an absolute control on the cellular
level, indicating that hybridization itself is successful and
that a lack of one signal could be interpreted as true deletion
rather than an artifact. Surprisingly, nonoverlapping
deletions of 13q14.3 region in a proportion of CLL cases
were found in different B cells of the same patient. In some
cells, deletions in two copies of chromosome 13 did not
overlap either. Thus, these data revealed heterogeneity of
deletions in the same patient’s cells, and thus for the first
time demonstrated the polyclonal character of tumor cell
population in B-CLL [L. Richmond, unpublished
observations]. At the time when these experiments were
performed, this idea was so unconventional that the authors
never submitted a completed manuscript. Now, however,
these results can be viewed as additional evidence in favor
of the theory that the 13q14 region is inherently unstable
in human cells. This theory is supported by the notions of
unusually high content of AluY repeats,15 observed contig
Austral - Asian Journal of Cancer ISSN-0972-2556, Vol. 8, No. 2, April 2009

branching16, 17 due to low-copy number repeats, and the
presence of similar 13q14 deletion in many other human
malignancies (see below).

FIRST LINE OF THE TUMOR SUPPRESSOR
GENE CANDIDATES FOR CLL
All overlapping and non-overlapping deletions found in
patients with B-CLL are mapped within the 620-kb interval
between D13S1168 and D13S25. These findings may be
interpreted in two different ways: either the expression of
the B-CLL-associated gene is sensitive to chromosome
rearrangements in its vicinity, or the B-CLL-associated gene
is rather large, so that deletions in its first or last exon similarly
impair its function. In either case, identification of the TSG
associated with B-CLL required mapping of all RNA
transcripts located within a 620-kb area of interest. This
work started in 1996, when the process of mapping and
initial characterization of transcripts was laborious. Hence,
the first attempts to hunt down CLL TSG were restricted
to analysis of the most probable candidates located in the
chromosome region most commonly eliminated by
deletions. Ten thousands basepairs, deleted in most of the
CLL cases, were analyzed by the BLAST software, which
at that time had not yet been divided into numerous
subprograms serving different purposes.13 Two new genes
were identified and named Leu1 and Leu2 (after
leukemia). Several years down the road, their names were
changed to DLEU1 and DLEU2 (Deleted in LEUkemia)
to conform to the rules of the newly established HUGO
Committee on Nomenclature. Nucleotide sequence
analysis of DLEU1 and DLEU2 did not reveal any homology
to known genes. The putative open reading frames of
DLEU1 and DLEU2 may only encode for proteins of 72
and 84 residues, respectively, making them at best
questionable. Single-strand conformational polymorphism
(SSCP) analysis did not reveal any point mutation of these
genes in B-CLL patients.14 As further analysis showed,
DLEU1 represents a fragment of a larger gene 560-kb in
size that contains at least 50 exons and expresses as many
as 20 different RNAs, all non-coding. This gene was later
re-named BCMS (B-Cell Multiple Splicing).16 The DLEU2
gene was also extensively studied. The extended sequence
of this gene was deposited in GenBank in 2000 under the
name BCMSUN (BCMS-Upstream Neighbor).18 Like
DLEU1, DLEU2 is expressed as multiple alternatively
spliced RNAs lacking reading frames. Interestingly, despite
the DLEU2 ortholog being present in the mouse genome,
human and mouse RNA isoforms of DLEU2 only have a
few exons in common,19 thus indicating that the 13q14
region harboring putative CLL TSG underwent relatively
recent rearrangements in the course of evolution.
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Despite a number of interesting findings describing
peculiar expression patterns of the first line candidates
DLEU1 and DLEU2, a lack of open reading frames and
mutations in DNA of CLL cells prompted the removal of
these genes from the “to do” lists of CLL researchers.

NEW CANDIDATES ARISING
C13ORF1: A novel human gene, C13ORF1, also known
as CLLD6, encodes for a protein of 196 amino acid residues
with a high evolutionary conservation.20 Highly homologous
orthologs of this protein were found in the nematode
Caenorhabditis elegans, the insect Drosophila melanogaster
and the fish Danio rerio. The nucleotide sequence similarity
of mouse and human C13ORF1 is 97%, while the average
similarity of mouse and human orthologs is 82–85%. Hence,
the product of this gene is probably essential for the function
of the cell. Yet mutations of C13ORF1 were not detected
in B-CLL patients. The C13ORF1 protein contains a single
SPRY domain (domain in SPla and the RYanodine
Receptor). Its function is still unknown. In other proteins,
the SPRY domain is often associated with the DEAD
domain, zinc-finger domains like BBOX or RING, or with
the PRY and BBC domains. These domains are necessary
for protein–protein interactions and homooligomerization
of proteins.21, 22 Gene coding solely for the SPRY domain
provides a unique model for studying the SPRY domain’s
function in the eukaryotic cell.
miRNAs in 13q14 region: Obvious difficulties with
pinpointing the CLL TSG candidate within the minimal
deleted region prompted researchers to look for unusual
players. Particularly, it has been shown that a 30-kb region
of loss in CLL contains two micro-RNA genes, miR-15 and
miR-16-1.23 miRNAs represent a new class of gene products
that are typically excised from 60- to 70-nt fold-back RNA
precursor structures by Dicer RNase III and Argonaute
family members.24 miR-15 and miR-16 are down-regulated
or deleted in the majority of B-CLL cases. In addition, a
clearly identifiable band of 70 np was seen in many CLL
samples, suggesting that miR-15 could be inefficiently
processed in CLL.23 Both miR-15 and miR-16 were shown
to negatively regulate Bcl2 at a post-transcriptional level
and induce apoptosis.25 It should be mentioned that miR16-1 is a member of the family of miRNA-16-like genes
which share sequence identity, so it would be extremely
difficult to study trans-regulation effects of miR-16-1
located in 13q14 apart from the effects of its paralogues.
Collectively, miR-16 family down-regulates a number of
targets located on various human chromosomes and causes
an accumulation of cells in G(0)/G(1).26 To what extent
this cell cycle block depends on the individual effect of
miR-16-1 remains unknown.
Austral - Asian Journal of Cancer ISSN-0972-2556, Vol. 8, No. 2, April 2009

A C→T homozygous substitution was detected in premiR-16-1 in 2 out of 75 screened CLL patients, but in none
of 160 normal subjects. In both patients, normal cells from
the buccal mucosa were heterozygous for this abnormality.
Therefore, the C→T change is a germ-line mutation; the
mother and sister of one of these patients had CLL and
breast cancer, respectively, supporting the possible causal
role of this mutation in predisposition to CLL.27 Similarly,
the genome of the CLL model animal, the New Zealand
black (NZB) mouse, contains a point mutation in the 3'
flanking sequence of the identical microRNA, miR-16-1.
This mutation is not present in other strains, including the
nearest relative, NZW. A decrease in the levels of miR-16
was noted in NZB lymphoid tissue.28, 29 All these findings
suggest that alteration of the normal expression suppressor
function of miRNAs located within 13q14 is intimately
linked to CLL.
Targets regulated by miR-15 and miR-16-1 spread
thoughout the human genome, implying trans-regulation
as the mechanism of CLL development. Interestingly, the
same RNA molecules may exert cis-regulatory effects on
other genes located in 13q14, as they are located within
the area covered by the DLEU2 transcript described above.
A very complex transcribed unit, DLEU2/miR-15/miR-161 also overlaps with the RFP2/KCNRG/RFP2OS unit
described in the following chapters.
RFP2: Simultaneously with the mapping and
characterization of the first-line candidates DLEU1 and
DLEU2, our group worked on another gene, which did
contain an extended open reading frame. This gene, named
Leu5 (leukemia candidate 5) and later renamed as RFP2
(Ret Finger Protein 2) was found through hybridization
screening of cDNA libraries prepared from B cells and
cardiomyocytes by labeled fragments of cosmid clones
described above.17 The RFP2 gene is situated 10 kb away
from the minimal deletion region (Fig. 1). Its open reading
frame encodes for a protein of 407 amino acid residues and
contains zinc-binding RING domains, a B-box, and a coiledcoil domain.30 This combination of domains is known as
the RBCC/TRIM domain and is found in a number of Rfplike proteins which take part in cell differentiation,
regulation of early embryo development, immune response,
and neoplastic transformation. As a general rule, RBCC/
TRIM domain-containing proteins appear to function as
parts of large protein complexes and possess E2-dependent
E3 ubiquitin ligase activity.31 It has been shown recently
that RFP2 indeed encodes an unstable protein with autopolyubiquitination activity. Rfp2 protein interacts with other
proteins localized to the endoplasmic reticulum (ER) and
is involved in the ER-associated degradation (ERAD)
pathway, which serves as a primary mean of quality control
pp 113-120
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FIG.1. Schematic representation of the chromosome 13q14.3
region often deleted in chronic lymphocytic leukemia cells. Both
non-overlapping and overlapping minimally deleted region are
shown.

FIG.2. Genomic organization of RFP2/KCNRG gene locus and
experimentally confirmed expressed mRNA isoforms. Fused
mRNA RFP2/KCNRG is not translated.

within the secretory pathway and decreases ER stress by
clearing terminally misfolded proteins from the ER .32
Mutational screening performed by Dr. Zaletaev (Research
Center for Medical Genetics, Moscow, Russia) did not reveal
point mutations of the protein-coding exon of RFP2 in 30
Russian patients with B-CLL. Additionally, direct
sequencing of the RFP2 gene revealed no mutations in six
patients and four MM cell lines harboring 13q14 deletions.33
However, a study of RFP2 has revealed many interesting
features of that locus which might be relevant to CLL, as
they point to the unexpectedly high complexity of this
expressed region of chromosome 13. The region proved to
be transcribed in both directions, as RFP2 overlaps with at
least two antisense RNAs encoded by the opposite DNA
Austral - Asian Journal of Cancer ISSN-0972-2556, Vol. 8, No. 2, April 2009

strand, DLEU210 and RFP2OS.30 Furthermore, the RFP2
promoter has been shown to contain multiple quadruplex
forming GGGGA-repeats and possesses very low
nucleosome forming potential, allowing for its unusual
strength.34 Finally, the most probable CLL TSG candidate,
KCNRG, resides within the 3’ end of the largest transcript
of RFP235 (Fig.2). Although most of the KCNRG mRNAs
are being transcribed independently of RFP2, starting at
the KCNRG-specific promoter located within the 3’untranslated region of RFP2, some KCNRG transcripts share
their promoter with RFP2. RT-PCR experiments support
the existence of mRNA isoforms, which include exons from
both RFP2 and KCNRG (Fig.2). These findings are also
supported by multiple ESTs made of 5’-untranslated exons
of RFP2 and two of the KCNRG exons present in the dbEST
database. Thus, RFP2 and KCNRG may represent a dual
transcribed unit consisting of multiple coregulated mRNAs.
KCNRG: The most recently described CLL candidate,
KCNRG (K+ Channel Negatively Regulating Gene), is
situated less than 1 kb away from the 3' end of RFP235
(Fig. 2). Human KCNRG encodes two protein isoforms,
KCNRG-L and KCNRG-S, which differ in their C-ends.
There is no significant difference in potassium regulation
activity between these protein isoforms.36 KCNRG proteins
have a high homology to the tetramerization domain of
voltage-gated K+ channels (Kv channels). This protein
may interfere with the normal assembly of the K+ channel
proteins, binding to their tetramerization domain and
causing the suppression of Kv currents. Using the patchclamp technique, it was determined that KCNRG indeed
suppresses Kv channel activity in the human androgensensitive prostate cell line LNCaP.35, 36 In turn, suppression
of Kv currents slows down the proliferation of prostatic
carcinoma cells.37 The inhibitory effect that KCNRG exerts
towards potassium channels might also suppress the
proliferation of lymphocytes. Kv channels (Kv1.3
subfamily) are known to regulate membrane potential in
lymphocytes and their proliferation.38, 39 In lymphocytes, as
well as in other types of nonexcitable cells, the main
function of Kv channels is to maintain proper cell
membrane potential and cell volume. Alteration of K+
channel activity in the cell membrane can mediate
functional adaptation to a variety of chemical and physical
stimulations through membrane potential stabilization and
maintenance of salt and water balance.38, 39 The commonly
proposed role of Kv channels in proliferation is to maintain
the driving force for calcium influx, thereby affecting
calcium-dependent cell cycle control.
In contrast to normal lymphocytes, the role of Kv channels
in the proliferation of transformed immune cells
(i.e. leukemia and lymphoma) is not very well understood.
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Nevertheless, general observations suggest that the
inhibition of Kv channels produces growth suppressive
effects. For instance, in the human myeloid leukemia cell
line, ML-1, the nonselective Kv channel blocker 4aminopyridine reduced proliferation and induced
differentiation into nonproliferative monocyte/
macrophages.40 The Kv inhibition in these cells prevents
phosphorylation of the retinoblastoma protein and the G1/
S transition of the cell cycle.41 Kv channels are required
for the G1/S-phase transition of the cell cycle in this type of
cell and could be activated by epidermal growth factor
(EGF). Suppression of K+ channels prevented the
activation of extracellular signal-regulated protein kinase
2 (ERK-2) in response to EGF and serum, but not ERK-2
activation induced by 12-O-tetradecanoyl-phorbol 13acetate (TPA).41 Therefore, Kv channels are a part of the
EGF-mediated mitogenic signal-transduction process and
are required to initiate the EGF-mediated mitogenactivated protein kinase (MAPK) pathways.
Kv channel proteins have recently been shown to be
upregulated in many types of lymphomas and leukemias.
The selective HERG channel blocker E-4031 reduces
proliferation of the leukemic cell lines CEM, U937, and
K562. 42 There are also precedents for Kv channel
involvement in apoptosis,43 as inhibiting of the K+ channels
depolarizes the cells and initiates a caspase-dependent
apoptotic pathway. Our own experiments with KCNRG
overexpression in the cell lines RPMI-8226, LNCaP and
HL-60 also indicate that KCNRG both suppresses
proliferation by making the cells accumulate in G2 and
stimulates apoptosis. In addition, the phenotype of KCNRG
overexpressing cells dramatically changes as many cells
become polynucleated. Recent study of KNCRG effects
in hepatic carcinogenesis showed significant inhibition of
cell proliferation in Hep3B cells transfected with the wildtype KCNRG gene.36
Gene inactivating mutations in KCNRG in CLL have not
yet been identified. Nevertheless, some other findings
indicate that KCNRG inactivation might play a role in
tumorigenesis. Differences in the level of expression for
KCNRG mRNA isoforms between tumor and normal cells
were revealed in RT-PCR experiments. PCR with primers
designed to amplify KCNRG’s exon 1, exon 2 and part of
exon 3 yields two KCNRG-specific bands, corresponding
to isoforms 1a and 1b in normal human lungs, lymphocytes,
and prostate, but not in the prostate carcinoma cell line
LNCaP. In A431 epidermoid carcinoma expression of an
mRNA isoform encoding, a larger isoform of KCNRG
protein was decreased, and in osteosarcoma cell line SAOS2 the same mRNA isoform of KCNRG can not be
amplified.35 In other tumor cell lines, e.g. in the ovarian
Austral - Asian Journal of Cancer ISSN-0972-2556, Vol. 8, No. 2, April 2009

cancer cell line SKOV-3 and the osteosarcoma cell line
T1-13, expression of KCNRG was not found at all.35 Another
group of researchers studied the expression of the KCNRG
gene in 68 samples of hepatocellular carcinoma (HCC).
Six out of the 68 corresponding non-cancerous tissues
expressed only KCNRG transcript variant 1, while 35 cases
showed variant 2, and 27 cases revealed both variants 1
and 2.36
A missense mutation, CGT → CAT, at codon 92 in exon
1 of KCNRG gene, has been identified in 1 out of 77 HCC
samples by PCR-SSCP, followed by the sequencing
analysis.36 This mutation caused an Arg to His substitution,
which is a conservative mutation. As the corresponding
normal sample showed no evidence of mutations by
repeated SSCP, it seems that the mutation was a somatic
event.36 Interestingly, the HCC case with a KCNRG
mutation showed an LOH at D13S272 and only aberrant
bands of the mutant allele on the SSCP gel, suggesting a
mutation in one allele and loss of the other.36
When Hep3B hepatoma cells were transfected with wild
or mutant KCNRG to determine the effect of this mutation,
the suppressive cell growth activity of the mutant KCNRG
was significantly lower than that of the wild-type KCNRG.36
These and other results described above strongly suggest
that KCNRG may act as a tumor suppressor gene for the
development or progression of various types of cancers,
including CLL.
If KCNRG indeed plays a role in CLL tumorigenesis, it
might define a novel class of human tumor suppressor genes
with a mechanism of action that can be relatively easily
reproduced by pharmacological means. Potassium-channel
inhibitors could be used to make up for a loss of KCNRG
activity in CLL. The excellent records for nanomolar
concentrations of K+ channel blockers used in the
management of epilepsy, stroke, and cardiac arrhythmias
enhances the attractiveness of this therapeutic approach.
Therefore, functional studies of the tumor suppressing
activity of KCNRG and similar genes are warranted, as
they may provide novel insights for both fundamental cell
biology and clinical oncology.

HAPLOINSUFFICIENCY OF 13Q14.3 AS
POSSIBLE MECHANISM OF CLL
TUMORIGENESIS
The ultimate proof of involvement of any gene in tumor
suppression is finding a somatic mutation in the majority of
cases of a tumor of a given type. However, in many cases,
mutations of a gene clearly capable of tumor suppression in
both in vitro and in vivo experimental settings are never or
pp 113-120
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almost never found in tumor DNA samples. During the
last five years the haploinsufficiency mechanism of tumor
suppressor gene inactivation has come to be the focus of
many cancer-related studies.44 According to this model,
the inactivation of one copy of the tumor suppressor gene is
enough to provide selective advantage or prevent apoptosis
in progenitor cells of the tumor. Often in such cases tumor
cells contain a large chromosomal deletion of one copy of
the gene while the second copy remains intact with no
mutations. This might indeed be the case with CLL, since
non-imprinting based monoallelic silencing of genes
localized in the critical region has been observed.18
Therefore, deletion of the single active copy of 13q14.3
may result in significant down-regulation of the candidate
genes and loss of their function.18, 35 The involvement of
the haploinsufficient genes in the process of tumorigenesis
cannot be proven by mutation screenings, but requires
thorough functional studies. If CLL TSG is indeed
insufficient to fully suppress tumor cell growth in one copy,
and one wild-type copy of the gene remains in tumor cells,
it may be possible to boost its expression or the activity of its
protein product to achieve a therapeutic effect. Expressionboosting interventions are relatively easy in comparison with
intervention aimed at correction of a mutated gene or reintroduction of a deleted gene back into the cell.

OTHER HUMAN MALIGNANCIES WITH
LOSSES OF 13Q14.3
Many previously described human tumor suppressor genes
play a role in the development of more than one type of
human malignancies. The list of such polyfunctional TSGs
includes TP53,45 PTEN,46 CDKN2A,47 and others. If the
putative tumor suppressor for CLL is indeed located in
13q14.3, it might play a role in the development of other
tumors harboring deletion in this segment of the human
genome. Particularly, rearrangements of 13q14.3 are
frequently found in mantle cell lymphoma (MCL)48 and
multiple myeloma (MM).49, 33, 50 Deletions of 13q14.3 could
contribute to the development of overt leukemia in T-cell
prolymphocytic leukemia (T-PLL).51 Allelic imbalance at
13q14.3 is an important event in the progression of localized
prostate cancer52 and in high-grade high-stage carcinoma
originating from prostatic tissue.53 Interestingly, some studies
indicate that 13q14 loss is also associated with the initiation
of prostate tumors.40 The region within 13q14, distal to the
RB1-locus, is of importance to the development of lowmalignant lipomatous tumors.54 A study of the KCNRG
allelic loss in 13q14 revealed deletions in 13 (25.5%) out of
the 51 HBV-positive HCCs of grade II and in 4 (66.7%) out
of 6 HCCs of grade III. There was a significant correlation
between an allelic loss and the histology grades (P = 0.0078)
and stages (P d” 0.0071). Furthermore, the number of allelic
Austral - Asian Journal of Cancer ISSN-0972-2556, Vol. 8, No. 2, April 2009

losses was higher in those cases with an intrahepatic
metastasis than in the cases without a metastasis
(P = 0.0247).36 Taken together, these observations indicate
that the elusive TSG located in 13q14.3 may have an
importance not limited to CLL. Therefore, all CLL TSG
candidates discussed above should be subjected to both
mutational screening and functional studies in the
malignant cells of non-lymphatic origin.
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