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Cell transformation arises from activation of oncoproteins and ⁄ or
inactivation of tumor suppressor proteins. During the initial stage
of carcinogenesis, transformation occurs in a single cell within an
epithelial monolayer. However, it is not known what happens at
the interface between normal and transformed cells once the
initial transformation has occurred. Using elaborate cell culture
systems, recent reports have shown that interactions between
normal and transformed epithelial cells can induce various phe-
nomena. For example, when Ras- or Src-transformed cells are
surrounded by normal epithelial cells, multiple signaling pathways
are activated and the transformed cells are apically extruded from
the epithelium. In addition, normal and certain types of trans-
formed cells compete with each other for cell survival, and the
transformed cells undergo apoptosis. Importantly, when trans-
formed cells alone are present, neither apoptosis nor elimination
from epithelia occurs, indicating that the presence of surrounding
normal cells influences the signaling pathways and fate of
transformed cells. Comparable phenomena are also observed in
zebrafish and mice in vivo model systems. In this review, I will
introduce this newly emerging research field and discuss how
these studies can potentially lead to establishment of novel types
of cancer prevention and treatment. (Cancer Sci 2011; 102: 1749–
1755)

n our human society, to lead a peaceful life, each of us com-
municates with each other and properly behaves by respond-

ing to a variety of information. However, there often exist those
who disturb our harmonious society with disorderly conduct.
Therefore, we have created social and cultural systems to cope
with the bad guys. For extremely harmful individuals (e.g. ter-
rorists, serial murderers), a professional group of people such as
police or army will handle them. In contrast, for those who are
slightly disturbing (e.g. a lazy student in a lab or a noisy neigh-
borhood), surrounding ordinary people will try to deal with their
problems that are too minor for police or army to take care of.
Similarly, in our body, each cell receives various signals or
inputs from the surrounding environment and responds to them
accordingly. However, mutations in oncogenes or tumor sup-
pressor genes produce cells that have different properties from
neighboring cells and become harmful for the society of cells. It
is well known that for highly malignant cancer cells, specialized
immune cells (police or army in the cell society) will detect and
eliminate them. Then, for less transformed cells at the earlier
stage of oncogenesis, such as cells with a single oncogenic
mutation, do surrounding normal cells (ordinary people in the
cell society) recognize their presence and take some action?

In humans, more than 80% of cancers are derived from epi-
thelial tissues including lung, stomach, colon, and mammary
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glands. Therefore, it is important to investigate the interface
between transformed and non-transformed epithelial cells in
order to understand phenomena occurring at the initial stage of
oncogenesis. However, it is technically difficult to study the
interaction between different types of epithelial cells using con-
ventional co-culture assays because mixing different epithelial
cell populations often leads to cell sorting, a process in which
cells with different cell–cell adhesion strength or with unequal
membrane surface tensions segregate from each other.(1–3) This
cell sorting process would minimize the interface between nor-
mal and transformed epithelial cells and hinder thorough analy-
ses on the interaction between them. To circumvent this
problem, recently published studies have used cell lines express-
ing oncoproteins or shRNA of tumor suppressor proteins in an
inducible manner.(4–6) In those studies, Madin–Darby canine
kidney (MDCK) cells that form a polarized epithelial monolayer
were used, providing a useful tool to analyze the physiological
interaction between normal and transformed epithelial cells.
With these newly established cell culture systems, it has been
shown that the presence of surrounding normal cells affects the
signaling pathways and behavior of transformed cells (Table 1).
In addition, competition for cell survival has been shown to
occur between normal and transformed cells in cultured cells
and mice (Table 1). In this review article, I will introduce this
newly emerging research field: interactions between normal and
transformed epithelial cells. Interactions between transformed
epithelial cells and underlying stromal cells (such as fibroblasts,
endothelial cells, and immune cells) have also been shown to
play vital roles in tumorigenesis and tumor maintenance. How-
ever, this topic is not included in this review, so please refer to
other excellent review articles.(7–11)

Interface between normal and Ras-transformed
epithelial cells

Ras is one of the small GTPase superfamily that regulates multi-
ple cellular processes including cell proliferation, differentia-
tion, and motility.(12) Mutant Ras alleles have been frequently
found in various types of human cancers, such as pancreatic and
colonic carcinomas.(12) In order to examine the interaction
between normal and Ras-transformed epithelial cells, Hogan
et al.(4) established MDCK epithelial cells expressing constitu-
tively active, oncogenic Ras (RasV12) in a tetracycline-induc-
ible manner (MDCK-pTR GFP-RasV12 cells, hereafter referred
as RasV12 cells). The authors first labeled RasV12 cells with a
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Table 1. Interactions between normal and transformed epithelial

cells in vertebrates, except where hematopoietic stem and precursor

cells were used for analyses (†)

Mutations
Phenomena

(reference)

Signaling

pathways

involved

Cell culture Ras Apical extrusion or

basal protrusion

formation of

Ras-transformed

cells (4)

MAPK, Myosin-II,

Cdc42, ROCK

Src Apical extrusion of

Src-transformed

cells (5)

MAPK, Myosin-II,

FAK

Mahjong Apoptosis of

Mahjong-knockdown

cells (6)

JNK

Scribble Apoptosis of

Scribble-knockdown

cells

(Norman et al.,

unpublished data;

Medical Research

Council, Laboratory

for Molecular

Cell Biology,

London, UK)

p38MAPK

In vivo

Zebrafish Src Apical extrusion of

Src-transformed

cells (5)

Unknown

Mice Minute Elimination of

Minute-knockout

cells (37)

Unknown

p53† Cell competition

between wild-type

and p53 mutant

cells (30)

Unknown
plasma membrane-permeable fluorescent dye and mixed them
with non-transfected normal MDCK cells at a ratio of 1:100
(RasV12 cells:normal cells). The mixture of cells was cultured
on a collagen gel in the absence of tetracycline until they formed
an epithelial monolayer. Tetracycline was then added in the cul-
ture medium to induce RasV12 expression. Under this condition,
the authors observed that 80% of RasV12 cells were apically
extruded from the epithelial monolayer (Fig. 1a). This apical
extrusion of RasV12 cells occurred independently of cell death,
and the extruded cells continued to proliferate and formed multi-
cellular aggregates. Importantly, when RasV12 cells alone were
cultured, no apical extrusion was observed (Fig. 1b), indicating
that activation of cell-autonomous Ras signaling pathways per
se is not sufficient to induce apical extrusion of RasV12 cells,
but that interaction with surrounding normal cells is also
required. What is the physiological significance of apical extru-
sion of Ras-transformed cells? Generally, to metastasize into
distant tissues, transformed epithelial cells have to migrate
basally through the underlying matrix. Thus, apical extrusion
can be considered to be an antimetastatic cellular process, in
which cells move into the direction opposite to that required for
metastasis. To understand the molecular mechanism of apical
extrusion, the authors analyzed RasV12 cells that were not yet
extruded and remained within an epithelial monolayer, just prior
to apical extrusion. They found that the height of RasV12 cells
along the apicobasal axis was significantly higher than that of
1750
surrounding normal cells. In addition, F-actin accumulated at
cell–cell contacts between RasV12 cells and phosphorylation of
myosin light chain of myosin-II was enhanced in RasV12 cells.
These changes were not observed when RasV12 cells alone
were cultured, suggesting that RasV12 cells recognize that they
are surrounded by normal cells and modulate their cell shape
and cytoskeleton accordingly. Furthermore, Cdc42, a member of
Rho GTPases, was activated in RasV12 cells surrounded by nor-
mal cells. Because apical extrusion did not occur in 20% of
RasV12 cells surrounded by normal cells, the authors next
examined the fate of the non-extruded RasV12 cells and found
that they formed large protrusions underneath surrounding nor-
mal cells (Fig. 2). When expression of RasV12 was induced in a
group of cells within a monolayer of normal cells, large protru-
sions were frequently found at the interface between normal and
RasV12 cells, but rarely observed between RasV12 cells, sug-
gesting that protrusion formation also occurs specifically at the
boundary between normal and RasV12 cells. Experiments with
inhibitors for various signaling pathways revealed that apical
extrusion and basal protrusion formation are regulated, at least
partially, by distinct molecular mechanisms. Finally, the authors
investigated the molecular mechanisms of how the fate of
RasV12 cells is determined, either being apically extruded or
forming basal protrusions. They found that expression of consti-
tutively inactive Cdc42 or dominant negative ROCK (also
known as Rho kinase) in RasV12 cells strongly suppressed their
apical extrusion while promoting basal protrusion formation. In
addition, when surrounded by E-cadherin-deficient cells,
RasV12 cells produced large basal protrusions more frequently
and were more often basally delaminated from the monolayer
than when surrounded by normal cells. These data suggest that
the fate of RasV12 cells is influenced by the activity of Cdc42
and ROCK in RasV12 cells and E-cadherin-based intercellular
adhesions between surrounding normal cells (Fig. 2). Thus,
RasV12 cells leave epithelial sheets either apically or basally in
a cell context-dependent manner, and most importantly these
phenomena occur only when they are surrounded by normal
epithelial cells.

Interface between normal and Src-transformed epithelial
cells

The Rous sarcoma virus src gene (v-src) was the first identified
oncogene.(13) v-Src and its cellular counterpart c-Src are non-
receptor tyrosine kinases that phosphorylate various substrate
proteins and regulate cell proliferation, cell adhesions, and other
cellular processes.(14,15) Increased Src expression and ⁄ or activity
have been described in many different tumor types including
breast and colon cancer.(15) To investigate the phenomena
occurring at the interface between normal and Src-transformed
cells, Kajita et al.(5) used MDCK cells transformed with a tem-
perature-sensitive v-Src mutant (ts-Src MDCK cells). In this
cell line, activity of ts-Src is controlled by temperature shifts
between 40.5�C (the non-permissive temperature for ts-Src
activity) and 35�C (the permissive temperature for ts-Src activ-
ity).(16,17) As described above for RasV12 cells, ts-Src MDCK
cells (hereafter referred as Src cells) were first stained with a
fluorescent dye and mixed with untransfected (normal) MDCK
cells at a ratio of 1:100. The mixture of cells was cultured at
40.5�C until they formed a monolayer of epithelial sheets. Sub-
sequently, activation of ts-Src was induced by a temperature
shift to 35�C, and the fate of Src cells surrounded by normal
cells was examined. The authors found that the majority of Src
cells were extruded from the apical surface of the monolayer.
During the apical extrusion, activity of myosin-II and focal
adhesion kinase was increased in Src cells, leading to activation
of downstream MAPK. They also showed that activation of
these molecules plays a crucial role in apical extrusion of Src
doi: 10.1111/j.1349-7006.2011.02011.x
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Fig. 1. Apical extrusion and basal protrusion formation of RasV12-expressing cells surrounded by normal epithelial cells. Fluorescently labeled
MDCK-pTR GFP-RasV12 cells (CMTPX) are mixed with non-transformed MDCK cells (a,c) or MDCK-pTR GFP-RasV12 cells (b). Images are extracted
from a representative time-lapse analysis. Scale bar = 20 lm. (a,b) Red arrows indicate fluorescently labeled RasV12 cells. (c) Images are captured
at 50-min intervals. Black arrow and white arrows indicate RasV12 cell surrounded by non-transformed cells and protrusions, respectively.
(Adapted from Hogan et al., 4 with permission, figs 1,3.)
cells. When Src cells alone were cultured, neither apical extru-
sion nor activation of these molecules was observed, suggesting
that the presence of surrounding normal cells influences the fate
and signaling pathways of Src cells.

Apical extrusion of Src and RasV12 cells shares several
common features. First, apical extrusion occurs only when
transformed cells are surrounded by normal cells. Second,
apical extrusion occurs independently of apoptosis of the
transformed cells. Third, the height of the transformed cells
increases when they are surrounded by normal cells. Fourth,
activity of myosin-II is enhanced in the transformed cells, and
this activation is involved in apical extrusion. Finally, the
MAPK pathway is involved in apical extrusion. It is intriguing
that activation of Src and Ras, each of which activates distinct
signaling pathways, induces similar phenomena. However,
basal protrusion formation, which is observed for RasV12
cells, does not occur in Src cells, indicating that different
signaling pathways are also regulated in the respective trans-
formed cells.

Furthermore, the authors examined whether apical extrusion
of Src-transformed cells also occurs in vivo using zebrafish
embryos.(5) They induced v-Src expression in a mosaic manner
within the outer epithelial layer (enveloping layer) of zebrafish
gastrula and showed that v-Src-expressing cells were frequently
extruded from the apical surface of the epithelium (Fig. 3). This
result indicates that apical extrusion of Src-transformed cells
indeed occurs in vivo.
Fujita
Cell competition between normal and Mahjong-
transformed epithelial cells

In Drosophila, it has been reported that normal and transformed
epithelial cells compete with each other for cell survival.(18–20)

For example, when Drosophila Myc (dMyc)-overexpressing
cells coexist with wild-type cells in the wing disc epithelium,
wild-type cells neighboring dMyc-overexpressing cells undergo
apoptosis and are eliminated from the epithelium.(21,22) In con-
trast, when cells deficient for tumor suppressor protein Scribble
coexist with wild-type cells, Scribble-deficient cells die by apop-
tosis.(23) These phenomena are called ‘‘cell competition’’ and
are currently intensively studied in Drosophila. However, the
underlying molecular mechanisms of cell competition remain
largely unknown, and it was not clearly understood whether
comparable phenomena also occur in mammals.

Lethal giant larvae (Lgl) was originally identified as a tumor
suppressor protein in Drosophila.(24) In Drosophila imaginal
discs, mutations of lgl cause loss of apicobasal polarity and
uncontrolled proliferation, leading to neoplastic tumor forma-
tion.(24,25) These data indicate that Lgl plays an important role
in cell polarity and cell proliferation. In addition, Lgl is also
involved in cell competition; in Drosophila eye discs or wing
discs bearing lgl mutant clones in a mosaic manner, some lgl
mutant cells undergo apoptosis and are eliminated from the
epithelia.(6,26) In order to understand the molecular mechanisms
of Lgl-induced cell competition, Tamori et al.(6) carried out
Cancer Sci | October 2011 | vol. 102 | no. 10 | 1751
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Fig. 2. Schematic model for the fate of RasV12 cells surrounded by
normal epithelial cells. When expression of RasV12 is induced in a
single epithelial cell (green) within a monolayer of normal cells, two
independent phenomena can occur in a non-cell-autonomous fashion.
RasV12-expressing cells are either apically extruded from the
monolayer or form basal protrusions beneath the surrounding
neighbors. The fate of RasV12 cells is influenced by the activity of
Cdc42 and ROCK in RasV12 cells and by E-cadherin-based cell–cell
adhesions in the surrounding normal cells. (Adapted from Hogan
et al., 4 with permission, fig. 5.)
immunoprecipitation using mammalian epithelial cell lines
expressing GFP-tagged mammalian Lgl. They identified a novel
Lgl-binding protein and named it Mahjong, the name of a table
game in which winners and losers are determined through strong
competition. Mahjong is a cytosolic protein that contains LisH
and WD40-like domains. In Drosophila, there exists one
Mahjong homologue protein, and the authors confirmed that
Drosophila Mahjong protein interacts with Lgl, suggesting that
Mahjong is an evolutionally conserved Lgl-binding protein.
Furthermore, they showed that Mahjong is involved in cell
competition in Drosophila; mahj) ⁄ ) clones adjacent to wild-
type cells frequently underwent apoptosis and were eliminated
from the epithelium, whereas mahj) ⁄ ) clones that were not adja-
cent to wild-type cells rarely died. These data suggest that
neighboring wild-type cells trigger mahj) ⁄ ) cells to undergo
apoptosis. The authors also investigated the epistatic relation-
ship between lgl and Mahjong and found that Mahjong acts
GFP F-actin

Control

v-Src

Fig. 3. Apical extrusion of a v-Src-expressing cell from a monolayer of th
(semilateral view) of zebrafish embryos (at 8–9 h postfertilization), injecte
stage. Embryos are stained with phalloidin (red) and Hoechst (blue). Arro
height and extruded v-Src-expressing cell, respectively. Scale bar = 10 lm.
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downstream of Lgl and is involved in Lgl-mediated cell
competition.

To explore the involvement of Mahjong in cell competition in
mammalian cells, the authors established MDCK cell lines that
stably express Mahjong shRNA in a tetracycline-inducible man-
ner (MDCK-pTR Mahjong shRNA cells, hereafter referred as
Mahjong shRNA cells).(6) Mahjong shRNA cells were first
labeled with a fluorescent dye and mixed with normal MDCK
cells at a ratio of 1:10. The mixture of cells was cultured in the
absence of tetracycline until they formed a monolayer. The
authors then induced expression of Mahjong shRNA with tetra-
cycline and observed the fate of Mahjong-knockdown cells sur-
rounded by normal cells. They found that after 24–52 h of
tetracycline addition, �45% of Mahjong shRNA cells under-
went apoptosis and were apically extruded from the monolayer
(Fig. 4). When Mahjong shRNA cells alone were incubated in
the presence of tetracycline, neither apoptosis nor apical extru-
sion was observed, indicating that apoptosis of Mahjong-knock-
down cells depends on the presence of surrounding normal cells.
Furthermore, the authors showed that the JNK signaling path-
way is involved in apoptosis of Mahjong-knockdown cells in
both Drosophila and mammalian cells. This is the first evidence
showing that cell competition can occur in a mammalian cell
culture system.

Cell competition between normal and p53-transformed
cells in mice

The transcription factor p53 has been most extensively studied
in its capacity to mediate tumor suppression.(27–29) Expression
of p53 becomes upregulated upon various stress responses
including irradiation-mediated DNA damage. To investigate the
involvement of p53 in cell competition in mammals, Bondar
and Medzhitov(30) used genetic mosaic mouse models and bone
marrow chimeras with different levels of p53 activity. First, the
authors examined the effect of stress on the competitive status
of cells in the hematopoietic system using a low dose of ionizing
radiation (IR). The bone marrow from irradiated mice was
mixed with that from untreated mice, and the mixture of bone
marrow was transferred into lethally irradiated recipient mice.
Sixteen weeks later, the total number and the percentage of
hematopoietic stem and progenitor cells (HSPCs) were ana-
lyzed, and the result showed that hematopoietic cells from
untreated mice outcompeted those from irradiated mice. The
authors further showed that HSPCs from the untreated mice
replaced those from irradiated wild-type mice, but not from irra-
diated p53+ ⁄ ) mice, suggesting that IR-induced competition
Nuclei Merge

e enveloping layer in a zebrafish embryo. Immunofluorescence images
d with the GFP- (control) or v-Src-expressing vector at the 1- to 2-cell
whead and arrow indicate the v-Src-expressing cell with increased cell
(Adapted from Kajita et al., 5 with permission, fig. 3.)
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Fig. 4. Cell competition induced by knockdown of Mahjong in MDCK epithelial cells. MDCK-pTR Mahjong shRNA cells are fluorescently labeled
with green fluorescent dye CMFDA (green) and mixed with normal MDCK cells at a ratio of 1:10, and cultured in the presence of tetracycline
and EthD-1 (red) for the indicated times. Scale bar = 30 lm. (Adapted from Tamori et al., 6 with permission, fig. 3.)
depends on the p53 level in the competing cells. To further char-
acterize p53-mediated cell competition, the authors created an
inducible genetic mouse model expressing the oncogenic p53
mutant R172H (mp53) in a mosaic manner. The R172H mutant
suppresses endogenous p53 activity in a dominant-negative
fashion by forming mixed hetero-tetramers with wild-type p53
and reducing p53 binding to the p53-responsive element in its
target genes.(31,32) mp53 mice were crossed to Cre-ER mice, in
which Cre can be inducibly activated by tamoxifen injection.
Because the Cre-mediated recombination in the Cre-ER mice
occurred only in a fraction of cells, tamoxifen injection resulted
in the generation of genetic mosaic. Analyses of the percentage
of mp53-expressing HSPCs showed that expression of mp53
does not confer a selective advantage under homeostatic condi-
tions. In contrast, after IR, the percentage of mp53-expressing
HSPCs substantially increased. There was no significant differ-
ence in total HSPC numbers between wild-type and mosaic mice
after IR, suggesting that mp53-expressing cells replaced wild-
type cells, rather than simply expanding. The authors also
showed that this IR-induced, p53-mediated cell competition
occurs predominantly in the HSPC compartment, not in differ-
entiated lymphocyte compartments in the hematopoietic system.
Interestingly, the classical p53-mediated DNA damage response
did not contribute to the cell competition, and apoptosis was not
involved in the process, which is different from cell competition
in Drosophila where apoptosis plays a crucial role. Instead, sev-
eral positive markers of cell proliferation, such as Ki67, cyclin
B1, and cyclin A2, were expressed at higher levels in mp53 cells
than in wild-type cells from irradiated mosaic mice. In contrast,
genes encoding negative cell proliferation regulators, p57kip and
necdin, displayed the opposite pattern of expression. Impor-
tantly, these gene expression changes were dependent on the
presence of the competitor cells, suggesting that one of the
underlying mechanisms on p53-mediated cell competition is
through the non-cell-autonomous effect of p53 on cell prolifera-
tion. In addition, the authors observed senescence-like pheno-
type in outcompeted HSPCs. p16INK4a is a marker and mediator
of senescence of hematopoietic stem cells.(33,34) Expression of
p16INK4a was higher in outcompeted wild-type cells than in
mp53 cells from irradiated mosaic mice. Similarly, P-selectin
and Sdpr, which are upregulated in aged hematopoietic stem
cells,(35,36) were upregulated in outcompeted wild-type cells and
decreased in mp53 cells. These data suggest that induction of
senescence also plays a role in p53-mediated cell competition.
Fujita
In addition to this study, there are other reports showing the
occurrence of cell competition in mice.(37,38) Thus, taken
together with data from cultured cells, it is likely that cell com-
petition is a general cellular process in mammals. To examine
whether cell competition occurs during various stages of carci-
nogenesis, further in vivo studies need to be carried out. In con-
ventional mouse model systems, tissue-specific promoters are
used to knock-in or knock-out specific genes within the entire
tissues. These methods are suitable to examine the effect of
genetic changes on cell-autonomous processes, but not to ana-
lyze interactions between normal and transformed cells. There-
fore, novel mouse model systems need to be established to
induce genetic changes in a mosaic manner within the epithe-
lium. In addition, apical extrusion or cell death of transformed
cells at the earlier stage of carcinogenesis might have been over-
looked in previous studies, as cells extruded into the apical epi-
thelial lumen encounter physically harsh environments such as
flow of urine or stool and are likely to leave the epithelium
shortly after extrusion. Thus, in vivo live image analyses are also
required to carefully examine these phenomena.

Clinical applications and future perspective

Accumulating evidence has indicated that various phenomena
can occur at the interface between normal and transformed
cells in vertebrates, especially within the epithelium
(Table 1).(4–6,30,37) However, at present, the underlying molecu-
lar mechanisms are still largely unknown (Fig. 5). How do nor-
mal and transformed cells recognize the difference(s) between
them? How does the cell-recognition machinery cause activation
of signaling pathways in transformed cells or surrounding
normal cells, leading to cell death or apical extrusion of trans-
formed cells? Recently, it was shown in Drosophila that a mem-
brane protein Flower is involved in cell competition between
normal and dMyc-overexpressing cells.(39) In Drosophila, the
fwe locus produces three alternative splicing isoforms. During
cell competition, expression of one of the Flower isoforms is
upregulated in loser cells (normal cells that surround dMyc-
overexpressing cells), and cell–cell comparison of relative levels
of Flower isoforms determines which cells undergo apoptosis. It
remains to be studied whether a comparable molecular mecha-
nism is also involved in cell competition in mammals. It is
expected that future studies will reveal a number of molecules
that play a crucial role in cell–cell recognition and downstream
Cancer Sci | October 2011 | vol. 102 | no. 10 | 1753
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Fig. 5. Schematic model for the interaction between normal and transformed epithelial cells.
signaling pathways at the interface between normal and trans-
formed epithelial cells.

Several reports have shown that transformed cells undergo
apoptosis and ⁄ or are apically eliminated from the tissues when
surrounded by normal cells, suggesting that normal cells have a
capability to attack and remove transformed cells.(4–6,37) This
is an unexplored scheme of defensive forces against cancer,
equipped by surrounding normal cells, not by specialized
immune cells. Once molecules that specifically function at the
boundary between normal and transformed cells are identified,
they will become drug targets. By developing these studies, we
may be able to establish novel types of cancer prevention and
treatment: enhancing the ability of surrounding normal cells to
fight against cancer cells or attenuating the defense of cancer
cells against neighboring normal cells. In most of the previous
cell competition studies, researchers have examined the inter-
action of normal cells with cells transformed with single onco-
genic mutations. To apply cell competition research into the
development of cancer treatment, the interaction between normal
cells and malignant cells that contain multiple mutations also
needs to be studied. Hence, from the data available at present, it
is more realistic to consider a possibility that cell competition
research may lead to cancer prevention or treatment of precancer-
ous lesions rather than treatment of malignant cancers. In recent
years, most of the efforts of oncologists and pharmaceutical
1754
companies have been directed toward treating malignant cancers.
However, in most clinical trials, with very few exceptions, cancer
patients at advanced stages are often resistant to treatment, and
complete remission cannot be achieved because of recurrence.
Thus, like other chronic diseases such as diabetes mellitus, hyper-
tension, and rheumatoid arthritis, it might be sensible to put more
effort into tackling the identification and treatment of cancer at
earlier stages. The interaction between normal and transformed
epithelial cells is a newly emerging research field, and the future
studies of this topic will be of promising potential to provide us
with a new weapon to fight against cancers.
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