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Chromosomal Abnormalities, Cancer and Mouse Models: The Critical Role
of Trandocation-Associated Genesin Human Cancer
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Abstract: Cancer results from subversion of the processes that control the normal

growth, location and mortality of cells. Thisloss of normal control mechanisms arises I

from the acquisition of mutations in three broad categories of genes. proto-oncogenes,

tumor suppressor genes and DNA repair enzymes. Proto-oncogene activation may occur by

mutation, gene amplification or DNA rearrangement. Chromosomal translocations entail the generation of
gene fusions in both haematopoietic and solid mesenquimal tumors. Despite the successful identification of
these specific and consistent genetic events, the nature of the intimate association between the gene fusion and
the resulting phenotype is pending to understand. The application of transgenic methods to the study of these
cancer-associated gene fusions have provided insights into their in vivo functions and suggested mechanisms
by which lineage selection may be achieved. Herein these studies are reviewed to illustrate how manipulation
of their loci in the mouse have contributed to current understanding in unique and unexpected ways.

It has been realized for many years that cancer
has a genetic component and at the level of the cdll it
can be said to be a genetic disease. In 1914, Boveri
suggested that an aberration in the genome might be
responsible for the origin of cancer. This was
subsequently supported by the evidence that cancer,
or the risk of cancer, could be inherited; that
mutagens could cause tumors in both animals and
humans; and that tumors are monoclonal in origin,
that is, the cells of a tumor all show the genetic
characteristics of the original transformed cell. It is
only in recent years that the involvement of specific
genes has been demonstrated at the molecular level.
Cancer cells contan many adterations with
accumulate as tumors develop. Over the last 20
years, considerable information has been gathered
on regulation of cdl growth and proliferation
leading to the identification of the proto-oncogenes
and the tumor suppressor genes.

WHAT ISCANCER?

In normal cell growth thereisafinely controlled
balance between growth-promoting and growth-
restraining signals such that proliferation occurs
only when required. The baance is tilted when
increased cell numbers are required, for example

*Address correspondence to this author at the Departamento de
Diferenciacion y Proliferacion Celular, Instituto de Microbiologia
Bioguimica, CSIC/ Universidad de Salamanca, Edificio Departamental,
Avda del Camgz? Charro, s/n 37.007- Salamanca, Spain; Tel: +34-923-
238403; Fax: +34-923-224876; E-mail: isg@gugu.usal .es

1389-2029/00 $25.00+.00

during wound healing and during normal tissue
turn-over. Differentiation of cells during this
process occurs in an ordered manner and
proliferation ceases when no longer required. In
malignant tumor cells this process is disrupted,
continued cell proliferation occurs and loss of
differentiation is found. In addition the normal
process of programmed cell death may no longer
operate. Cancer arise from a single cell which has
undergone mutation. Mutations in genes such as
those described below give the cell increased growth
advantages compared to others and allows them to
escape normal controls on proliferation.

IDENTIFICATION OF ONCOGENES

Oncogenes were first directly identified in
viruses capable of inducing tumors in animals
and/or of transforming cells in vitro. There are
presently nearly 200 known oncogenes that, under
certain conditions, can contribute to the release of
cellsfrom normal controls of proliferation, degth,
migration and adhesion to cause neoplastic
transformation. It is probable that the majority of
genes that possess oncogenic potential have now
been identified and this figure of approximately 200
proto-oncogenes from about 60.000 functional
human genes thereby sets an upper limit to the
number of points at which the biochemical pathways
controlling normal cell growth might be subverted
by oncoproteins. Fortunately, the actual number of
general mechanismsis probably much smdler, as
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oncoproteins fall into groups of similar activity and
the members of each group are presumed to act at
corresponding pointsin signalling pathways (Fig.
1). In the main, oncogene activation is the result of
somatic events rather than hereditary genetic causes
transmitted by mutation in the germline. It is, in
other words, a consegquence of evolution (mutation
and selection) within the body of one animal.
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diseases, many investigators have endeavored to
define genetic dterations that are specific for agiven
cancer category. Though such cancer type-specific
aterations have generally not been found in the
common epithelial malignancies, there has been
considerable success in studies of mesenquimal
tumors. A series of gene fusions resulting from
chromosomal translocations have been identified in
the leukemias, lymphomas and sarcomas (for a

review see references [1] and [2]). The
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Fig. (1). Genetic signalsin cancer development. Three broad functional categories may be distinguished within which
mutations may arise: (1) and (2) pathways driving cell proliferation and controlling cell cycle progression and apoptosis, (3) in
the promotion of genetic instability through mutationsin DNA repair genes, and (4) effects associated with metastasis.

ONCOGENE ACTIVATION BY
CHROMOSOMAL TRANSLOCATIONS IN
HUMANS

The fact that human cancers do not generally
appear to be caused by retroviraly activated
oncogenes raises the question of how proto-
oncogenes become activated in human cancers. In
normal cells proto-oncogene activation may occur
by mutation, DNA rearrangement or gene
amplification (Fig. 2). Chromosomal translocations
entall the generation of gene fusions in both
haematopoi etic and solid mesenquimal tumors (for a
review see references [1] and [2]). Despite the
successful identification of these specific and
consistent genetic events, the nature of the intimate
association between the gene fusion and the
resulting phenotype is pending to understand. The
application of transgenic methods to the study of
these cancer-associated gene fusions have provided
insightsinto their in vivo functions and suggested
mechanisms by which lineage selection may be
achieved. Herein, these studies are reviewed to
illustrate how manipulation of their loci in the
mouse have contributed to current understanding in
unique and unexpected ways.

Following the common belief that different
categories of cancer represent biologicaly distinct

trandocations juxtapose portions of two cdlular
genes to generate chimeric gene products and/or
dter regulation of gene expression, thereby
providing a putative oncogenic stimulus (Fig. 2).

From a bhiologica perspective, the successful
identification of these specific and consistent genetic
events now demands that we explain the nature of
the intimate association between the gene fusions,
the phenotype with which they are associated and
the target cell from which the cancers arise. Due to
the absence of adirect link between a cell carrying
the cytogenetic abnormality and a test of whether
this cell has the capacity to maintain the disease in
vivo, two different hypothesis try to explain the link
between the gene fusion and the resulting
phenotype. One hypothesis suggests that many cell
types in the stem/progenitor hierarchy are
susceptible to transformation [3, 4]. The gene
fusion event would dter the normal development
program, resulting in the expansion of abnormal
cells that are blocked at a particular stage of
differentiation. The degree of commitment of the
target cdl influences the characteristics of the
resulting tumor cells. The second hypothesis
suggests that mutations responsible  for
transformation and progression occur in primitive
cells only [5]. According to this, the phenotype
results from the ability of these primitive target stem
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Fig. (2). Schematic representation of mechanisms of oncogene activation.

cellsto differentiate, depending on the influence of
the specific gene fusion. This article will examine
the data from the knock-in mouse model systems
that investigate the link between the oncogenic gene
fusions and the resulting phenotype in human
cance.

PROTO-ONCOGENES
SPECIFICITY

AND LINEAGE

According to the pattern of expression, the proto-
oncogenes can be divided into two different
categories. The former category includes proto-
oncogenes such as members of the RAS family and
tumor-suppressor genes such as p53. The
associated gene products generdly have a
widespread pattern of expression and function
within fundamental signal-transduction pathwaysin
the mammalian cell. Such genes are often altered in
avariety of cancers because their gene products are
part of a genera lineage-independent mechanism
that regulates transit through the cel cycle. In
contrast, despite the apparent diversity of gene
rearranged by tumor type-specific fusion event, one
of the two gene products involved in each fusion
often functions in lineage-specific developmental
pathways. Examples include ABL and CHOP that
are rearranged in leukemias [6, 7] and sarcomas [8,
9], respectively. Such gene products have a more
restricted pattern of expression or function, and
contribute to the control of growth, differentiation
and surviva within a restricted set of cel types.
Support for their lineage-specific role comes from
the finding of specific developmenta defectsin mice

with inactivating mutations of these genes [10-12].
This suggests that these gene fusions may only
exert their oncogenic influence in certain cdlular
environments  through a  lineage-dependent
mechanism, in spite of the gene fusion expression
asaresult of chromosomal rearrangement is usually
regulated by endogenous éements from the 5'
partners which have a widespread pattern of
expression, such as BCR, FUS/TLS, MLL, SIL [1,
2].

INFLUENCE OF LINEAGE
MODEL S OF FUSION GENES

IN CELL

The possibility that these gene fusions may only
exert their oncogenic influence in certain cdlular
environments  through a  lineage-dependent
mechanism indicates that caution must be exercised
when interpreting the phenotypic effect of these
gene fusions in heterologous environments. In
particular, the activity of these gene fusionsin model
cel-culture systems may not be appropriate
indicators of their actua function in the specific
tumors in which the fusion specifically occurs. For
example, several of these fusions are not
transforming in NIH-3T3 mouse fibroblasts [1].
For a variety of these gene fusions, more relevant
cell-culture systems have been developed in which
the effect of the fusion on growth, differentiation
and survival can be examined in cell types related to
the specific associated lineages [13-16].

For the gene fusions that generate chimeric
transcription factors, the influence of cdlular
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environment has been further examined by
monitoring changes in expression of downstream
genes. Genes whose expression was induced in
NIH-3T3 cells by the E2A-PBX1 fusion [17],
which is typically found in pre-B cdl acute
lymphoblastic leukemias, were not expressed in
E2A-PBX1 immortalized mouse myeloblasts, nor in
human pre-B cdl leukemia lines. These findings
indicate that transcriptional function of these
chimeric proteinsis cell-type specific. Thisintimate
relationship between gene fusions and cell lineage
must be considered in the design of future cdl
culture models to explore the role of these gene
fusions. As additiona lineage markers are identified
by developmental and cell biologists, these markers
must be examined in the tumors to precisely define
the characteristics of the tumor lineage. In turn,
these lineage characteristics must be incorporated
into the selection of such variables as cell lines and
retroviral constructs to introduce the gene fusion
into smaller cdlular subsets. Then, functional
endpoints must be compared among multiple
lineages in these cell-culture models to dissect how
the effect of the fusion product is influenced by the
different cell types.

TRANSGENIC MOUSE MODEL S OF GENE
FUSIONS

Further issues of lineage specificity have been
investigated in transgenic mouse models in which
these fusions are introduced into the germline
(Table 1). In these transgenic experiments, the
phenotype is highly influenced by the choice of an
attached expression cassette that regulates when and
where the transgene is expressed. Furthermore,
unlike the translocations that occur sporadically in
single cells during prenatad or postnatal
development, the transgenic fusion genes will be
expressed in all deveoping and/or adult cells in
which the expression cassette is active The
difficulties with this approach are illustrated by
initid attempts to express the BCR-ABL fusion
under control of the BCR promoter [18]. The
absence of live transgenic animals in these
experiments was attributed to transgene expression
in various developing lineages that resulted in
pleiotrophic letha effects. However, severd
transgenic models of leukaemia-associated fusions
have been described. In transgenic mice expressing
BCR-ABL from the metallothionein-1 promoter, the
lineage specificity of the BCR-ABL fusion has only
been partly recapitulated [19]. Despite the activity of
the promoter in awide range of tissues, transgenic
mice expressing BCR-ABL from this promoter
specificaly developed Iymphoid or myeoid
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leukemias. This finding indicates that BCR-ABL
may preferentially exert oncogenic effects in the
hematopoi etic compartment.

Transgenic  models resembling acute
promyelocytic leukemia were successfully generated
by directing PML-RARA expression to the early
myeloid lineage [20, 21]. However, expression of
the PML-RARA from a promoter which is activein
myelomonocytic cells but not myeloid progenitor
resulted in impaired myelopoiesis without
leukemogenesis [22], thus, emphasizing that the
effect of thisfusion is dependent on the stage of
haematopoi etic devel opment.

In generd, the transgenic mouse models have
failed to reproduce the intimate rel ationship between
the gene fusions and the resulting phenotype in
human cancer. The reason for this lack of success
could be related to the tandem-repeat nature of the
transgene insertion (often 5-50 copies), which
appears to contribute to a phenomenon akin to
variegation [23]. The many examples of variagation,
co-suppression and related phenomena emphasize
the conclusion that mechanisms exist by which
different copies of a DNA seguence can
intercommunicate in some real sense such as,
jointly, their activity state can differ substantialy
from that of a single copy acting alone. Thereisa
route by which these problems can be avoided:
single-copy gene insertions do not appear to
variegate. This argues for the use of targeted
integration of single transgene constructs by
homol ogous recombination in embryonic stem (ES)
cells.

KNOCK-IN MOUSE MODELS OF GENE
FUSIONS

The genetic changes underlying human cancer
are somatic in nature; therefore, creating germline
mutations is not always suitable to produce proper
animal modelsin order to understand the intimate
relationship between gene fusions and resulting
phenotypes in human cancer. A newly developed
tool has opened up many ways to circumvent these
problems. This approach employs homologous
recombination to generate fusion genes at the
endogenous mouse locus in embryonic stem cells
followed by blastocysts injections to create chimeric
mice and provides not only unprecedenta
opportunities to dissect the function of
chromosomal-associated genes, but also the proper
means to query their role in disease processes
(Table 2).
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Table 1. Transgenic Mouse Models of Genes Activated/Fused in Chromosomal Translocations

Translocation Tumour type Construct Mouse Phenotype
strain
(8;14)g24;932) BL, B-ALL MTV/c-myc C57BL/6J Mammary adenocarcinomas
Enig-c-myc C57BL/6 Pre-B cell lymphoblastic
lymphomas
Emc-myc C57BL/6 Lymphoma. Leukemia
By -SV40-c-myc C57BL/6 Lymphoma (35%)
LTR-c-myc C57BL/6 Lymphoma (7%)
SV-c-myc C57BL/6 Lymphosarcoma. Fibrosarcoma
(14%)
MT-c-myc C57BL/6 Normal
GATA1P -c-MYC FVB/N Erythroleukemia
t(14;18)(q32;921) FL bci2-1g C57BL/6 Follicular lymProliferation
bc12-Em SWR/JIx SLJJ Polyclonal expansion of B-cells
WAP-bc12-SV40pA C57BL/6 Increased MM TV -myc-induced
tumours
H2KPPro_BCL 2-MoMuLV-LTR C57BL/6 Normal. Increased radioresistance
Embcl2 BJFI Enhanced B and T cells survival
Embcl2 SCID Promotes B-lymphoid development
IckPr-bc1-2 C57BL/6 Apoptosis delayed in T-cells
IckPr-bc1-2 B6 x C3H Peripheral T-cell lymphoma
t(1;14)(p32;q11) T-ALL cD2enh.gRraPr-tall Normal
CD2-TAL1 Normal
IckPr-TAL1-hGHpA C57BL/6 T-ALL
ProxickPr-tall-hGHpA FVB/N T-ALL
t(11;14)(p15;911) T-ALL IckPr-Ttgl C57BL/6 T-ALL
TCRbenh-RBTN1P'-RBTN1 CBA x C57/B T-ALL
InsP-RBTN1-SV40pA CBA x C57/B Normal
t(11;14)(p15;911) T-ALL CD2P"-rbtn2-CcD2enh CBA x C57/B T-ALL
t(10;14)(g24;911) T-ALL IgHmHOX11 | - B-cell lymphomas
Ick-HOX11 | - Not vialable
Inv(14)& T-PLL, T-CLL LckPr-TCL1-hGHpA B6C3 T-cell leukemias (long latency)

t(14,14)(q11;932)
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(Table-1). contd....

Translocation Tumour type Construct M ouse strain Phenotype
t(14;X)(932;g28) T-PLL CD2-p13MTCPL | - T-PLL-like syndrome
t(11;14)(q13;932) B-CLL EmSRa-CyclinD1-pA- C57BL/6J x Normal
SV40tag SIL/Ad
EmVHpr-CyclinD1- C57BL/6 x C3H Normal
bglobinpA
MMTV-CyclinD1-SV40pA | - Mammary adenocarcinomas
t(14;19)(g32;q13) B-CLL EmV Hpr-BCL3-bglobinpA C3HHenCrMTV LymphoPloliferative disorders
t(5;14)(931;932) pre-B-ALL GFAF-IL3 | - Motor disfunction
CMV-I13 FVB/n Autoimmune disorder
t(1;19)(q23;p13) pre-B-ALL EmVH-E2A-PBX 1aSV40pA FVB/N T-lymphoblastic lymphoma
1(9;22)(g34;q11) CML, B-ALL EmVH-bcr-v-abl-SV40pA C57BL/6/J Wehi Pre-B or T-lymphoma (25%)
X SJL/J Wehi
MPSV-LTR-bcr-v-abl-SV40pA | C57BL/6/J Wehi Pre-B or T-lymphoma (25%)
X SJL/J Wehi
Emgag-v-abl BSF1 Plasmacytomas
B-ALL MT-p190bcr-abl C57BL/6 x CBA Myeloid or B-lymphoid AL
B-ALL BCRpr-p210bcr-abl | - Embryonic lethal
CML DMTpr-p210BCR-ABL C57BL x CBA B- and T-cell leukemias
CML MTpr-p210bcr-abl-SV 40PA C57BL/6 x T-cell leukenias
DBA/2
CML Tec-p210bcr-abl-SV40pA C57BL/6 x ALL (founder). CML-like (F1)
DBA/2
t(15;17)(g21;921- ANLL (M3, CD1lbpr-PML-RARA | - Myelopoiesis impairment
22) APL)
hCGpr-PML-RARA C57BL/6 x AML(30%, long latency)
C3H/He
hMRP8-PML-RARA FVB/N APL (low fregency, long latency)
hCGpr(+5'flank)-PML-RARA- | - APL (low fregency, long latency)
Catb
bActinpr-PML-RARA | - Embryonic lethal
MT-PML-RARA C57BL/6 x SIL/J Hepatocellular carcinoma
1(1;7)(g34;934) T-ALL Ickpr-lck(exonsl-12)-hGHpA DBA2 x Thymic tumours
C57BL/6J
inv(16)(p13;922) ANLL hMRP8pr-PEBP2b-MYH11 FVB/N Neutrophil impairment

Abbreviations used: Ch: chimeric; Het: heterozygous; BL: Burkitt's lymphoma; FL: follicular lymphoma; AML: acute myelogenous leukemia; ALL: acute
Y|

lymphoblastic leukemia; PLL: Pfolymphocytic leukemia; CLL: chronic lymphocytic leukemia; CML: chronic kyelogenous leukemia; ANLL: acute
nonlymphoblastic leukemia; pA:polyA; tk: tyrosine kinase; pr:promoter; enh: enhancer.
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Table 2. Knock-in Mouse Models of Genes Fused in Chromosomal Translocations
Translocation | Tumour type Construct Mouse strain Phenotype
t(9;11)(p22;923) AML HSVtk-MIl(exon8)-AF9pA- C57BL/6 AML (Ch)
MC1neopA
t(9;22)q34;q11) ALL M C1neopA-ber(exonl)-ABL-pA C57BL/6 ALL (Ch). Lethal (Het)
1(8;21)(922;922) AML AML1(exon5)-ETO-Neo-HSV-tk C57BL/6 Normal (Ch). Embryonic |ethal (Het)
AML 1(exond)-ETO-Neo-Difteria C57BL/6 Normal (Ch). Embryonic lethal (Het)
tox. A
inv(16)(p13;922) AML(M4Ey) PGKtk-Cbfb(exon5)-MYH11- C57BL/6 Normal (Ch). Embryonic lethal (Het)
PGKNeo

Abbreviations used: Ch: chimeric; Het: heterozygous; BL: Burkitt’s lymphoma; AML: acute myelogenous leukemia; pA: polyA; tk: tyrosine kinase; pr:

promoter; enh: enhancer

In contrast to the transgenic mice models
described above, only a single copy of the fusion
gene is generated by inserting the 3' end of the
fusion cDNA into the endogenous locus of the 5'
partner, and in this position, fusion gene expression
isregulated by endogenous elements from the 5'
partner (Fig. 3). Making chimeras between wild-
type blastocysts and mutant ES cells provides one
of these easiest ways to attain a nondirected
restriction for genome dteration (a genome
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alteration that occurs in a restricted but random
manner, so that a limited number of cells in the
organism undergo the genomic alteration, but they
can be any cellsin the organism). Normal ES cells
can contribute to any cells in the embryo proper as
well as the amnion and yolk sac mesoderm. Thus,
iIf the mutant ES cells have a biased contribution in
the embryo or animal, it can be very informative
about the nature of the defect caused by the cancer
gene. Chimera studies have been also useful in
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Fig. (3). Knock-in mouse models of gene fusions. The fusion gene is generated by homologous recombination at the
endogenous mouse locus in ES cells followed by blastocyst injection. In contrast to the classical transgenic mouse models,
only asingle copy of the fusion gene is generated by inserting the 3' end of the fusion cDNA (gene Y) into the endogenous
locus of the 5' partner (gene X), and in this position, fusion gene expression is regulated by the endogenous el ements from the

5' partner.
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answering the question of whether the mutation is
cell autonomous or non autonomous in nature.

A chimera approach was used to investigate the
biological role of BCR-ABLP190 and MLL-AF9
oncogenes [24, 25]. Both studies demonstrated
oncogenicity and lineage specificity in the chimeric
mice. Despite the activity of the BCR and MLL
endogenous promoters in avariety of lineages, only
leukemias developed in this mice. These leukemias
recapitulated specifically fusion genes are associated
in humans [24, 2%1) Thus, these findings suggest
that BCR- ABLp and MLL-AF9 activity is cdl
autonomous and that it likely acts in stem or
multipotential  progenitor cells. Moreover, this
knock-in approach has also been used to show the
influence of the gene product from the remaining
intact allele on the oncogenic activity of the chimeric
protein [24].

Similar studies were carried out with the AML1-
ETO and CBFB-MYH11 fusions associated with
myeloid leukemia [26-28]. To determine the
biological role of the AML1-ETO and CBFB-
MY H11 fusions, a conventiona gene knock-in was
first carried out (Fig. 3). When the AML1-ETO and
CBFB-MYH11 fusion genes were transmitted
through the germline, the resulting heterozygotes
demonstrated severely impaired haematopoiesis and
died in midgestation. The smilarity of these
phenotypes with those of homozygous Aml-1 and
Cbfb mutants suggest that the fusion products exert
a dominant-negative effect to block haematopoiesis.
Although this block may contribute to
leukemogenesis when it sporadically occurs in a
single myeloid progenitor cdl, it seems most
compatible with embryonic viability when it occurs
throughout  the  hematopoietic ~ progenitor
populations. This finding clarifies that the
oncogenicity of some of these fusionsis restricted
to the setting of sporadic acquired and not inherited
germline events. To check whether thiswas a cel
autonomous defect, the modified ES cells were used
to make chimeric animals. These modified ES cells
were excluded from contributing to the
hematopoietic lineages and leukemia did not develop
in the chimeric animals [26-28]. Together, these
studies demonstrated not only their requirement for
hematopoiesis, but also that their activity is cdl
autonomous and that it likely acts in stem or
multipotential progenitor cellsaswell.

Overall these studies, with the knock-in mouse
models suggest, that leukemia-initiating genetic
event might regularly occur at the stem cdl levd,
irrespective of the phenotypic makeup of the bulk
population of leukemic blasts. An explanation could
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be that the gene fusion itself determines the
differentiation program of the affected cell clone,
which contrasts with the opinion that the leukemia
phenotype is a reflection of the levd of the
hematopoietic hierarchy at which the genetic defect
occurs. Thus, data coming from he knock-in mouse
models support the hypothesis that the
leukemogenic event most often occurs in the
primitive cell [5] and that the nature of this genetic
defect itself determines the differentiation program
of the leukemic clone. These results favor the idea
that hematopoietic lineage determination is driven
intrinsically (as described in stochastic models) [29]
rather than extrinscaly (through externd
influences), though it still is pending to understand
how a common progenitor cell become one type
rather than another. This question cannot be
answered with the current knock-in mouse models
of gene fusions, as in the knock-in mice generated
by conventional methods [24-28] the genetic change
existsin all the cells throught their life span. After
establishment, there is no way to modulate the
presence of these mutations. An appropriate model
of these diseases would be one in which only afew
cells or a single stem cell undergoes the genetic
dteration, rather than the mgority of cells in a
tissue.

FUTURE PROSPECTS: CONDITIONAL
KNOCK-IN MOUSE MODELS

Germline mutations do not model many genetic
human diseases including cancer and even preclude
anaysis of a post-natal phenotype when the
mutation is embryonic lethd, as we pointed out
previoudy. Therefore, new models are needed to
specifically address the relationship between the
target cell and the expression and function of the
fusion genes. A solution could be to restrict the
genome ateration, either by limiting the type and/or
number of cellsthat carry it, or by introducing a
silent genetic alteration that can be activated in a
spatial- or temporal-specific manner. Oneway to
achieve a model would be to use an inducible and
lineage specific recombinase. The Cre recombinase
of the P1 bacteriophage and the FL P recombinase
of yeast have been the choice for experiments in
mammalian systems because they require only a
specific, short (34-bp) consensus recognition site
(loxP and FRT dtes, respectively) to catdyze
recombination. If two different sites are placed in
the same orientation in trans, recombination excision
will result in creation of specific chromosomal
rearrangements [30, 31]. Therefore, the generd
strategy for conditional knock-in will be to place
two recognition sites for a site-specific recombinase
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within the appropriate introns in such away that the
genes can function normally after this ateration.
Thus, completely normal mice carrying this altered
allele in homozygous form can be established. If a
transgene expressing the recombinase under the
control of a tissue/cell type-specific promoter is
introduced into this homozygous animd, it will
rearrange both genesin the lineage of specificity,
rendering the fusion gene functional . These models
would provide an imitation of the stochastic event
that probably occurs in initiation of human cancer
and a new framework for viewing the cellular and
molecular mechanisms that underlie the
heterogeneity seen in human cancer; particularly the
impact that fusion gene expresson has on the
development program of normal stem cells. These
studies should determine whether the common
mesodermal origin of the haematopoietic and
mesenchymal lineages provides a common link for
the frequent occurrence of these trandocations in
sarcomas and hematopoietic tumors. By exploring
these questions of lineage specificity in the new
mouse models, these studies will contribute to
understand the fundamental diversity of the different
diseases that are unified under the common heading
of cancer.

CONCLUSIONS AND FUTURE PROSPECTS

There have been remarkable advances in our
understanding of the molecular biology of cancer
that provides new sdective tumor destruction
mechanisms. The molecular characterization of the
tumor-specific chromosomal abnormalities has led
to the identification of genes (mainly nove
transcription factors) involved in the development of
cancer. It isintriguing how these molecular changes
are integrated into the development program of the
tumor-specific target cells, either by exploiting the
congtitutive activity of recombinases and rearranging
genes or by commonly gene fusion. The fact that
most of these chromosomal abnormality-associated
proteins share a common structural composition
suggests that there may exist a common pathway
leading to tumorigenesis. The viral oncoproteins are
continuing to point the way to important intracellular
pathways involved in growth regulation.
Deregulation of cel cycle control is becoming
increasingly important [1, 2], and most cancer cells
lack the Rb G1 checkpoint through mutation of one
of the elements in the cyclin D/Cdk4/p16/Rb axis.
We can anticipate that the perturbation of such
networks will be afundamental cause of cancer.

An emerging common theme is that ateration of
these genes disrupts the norma development of
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tumor-specific target cells by uncoupling of the
apoptotic and proliferative regulatory signals. Loss
of this coupling by trandocation-associated genes
diminishes tumor cell death by apoptosis and results
in malignant hyperproliferation. Diminished tumor
cel apoptosis could contribute both to tumor
progression by enhancing the survivd of cells
sustaining DNA damage and to determine the
reponsiveness of tumor to commonly employed
modalities of anti-neoplastic therapy. When the
chromosoma abnormality product also blocks a
differentiation program, an acute malignancy will
appear. If the tumor-associated protein only alters
proliferation control without blocking
differentiation, a chronic malignancy will develop,
being required to block a specific differentiation
program to achieve afull malignant phenotype.

Nevertheless, these advances provide new
molecular tools for diagnosis and patient
management during trestment and hold some
promise for more selective nontoxic therapy in the
future, because the chimeric molecules as a result of
chromosoma abnormalities are idea therapeutic
targets since they are unique to the disease, allowing
the design of new and specific anti-tumor proteins
[14, 32, 33], and the presence of the fusion protein
IS necessary for the persistance of tumor [13, 14].
Moreover, these strategies allow specificaly the
introduction of therapeutic molecules into the target
cell [14, 33]. However, there are some vital pieces of
the acute malignancy puzzle missing. In particular,
we are ignorant of the larger picture of the natural
history of these acute malignancies, which includes
Issues such as the role of genetic and environmental
factors, the disruption of differentiation program in
the tumor-specific target cells and the timing of
criticd molecular events in relation to initiation,
progression, and latency of disease. It isour task to
not only identify these mechanisms, but also to
determine their relative importance for each stage
and type of cancer. Our hope, then, isto translate
that knowledge into clinical applications.
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