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It is not clearly understood what 
happens at the interface between 
normal and transformed epithelial 
cells at the first step of carcinogenesis. 
A recent study reveals that the orga-
nized epithelial structure suppresses 
clonal expansion of transformed cells. 
Translocation from the epithelium 
or perturbation of intercellular ad-
hesions may be required for trans-
formed cells to evade the suppressive 
environments. 

During the initial stage of carcinogen-
esis, transformation occurs in a single 
cell within an epithelial monolayer [1, 
2]. However, it is not clearly understood 
what happens at the interface between 
normal and transformed cells during 
this process. Are those transformed cells 
always accumulated in epithelia or are 
they eliminated from normal epithelial 
environments? In Drosophila melano-
gaster, normal and transformed cells of-
ten compete with each other for survival. 
For example, when Lethal giant larvae 
(Lgl)-knockout cells are surrounded by 
wild-type cells, Lgl-knockout cells die 
by apoptosis [3, 4]. When Src-activated 
cells are surrounded by wild-type cells, 
Src-activated cells are basally extruded 
and leave the epithelium [5]. These phe-
nomena are called ‘cell competition’, 
which has been intensively studied in 

Drosophila [6-8]. However, it was not 
known whether comparable phenomena 
also occur in mammals. 

Recent studies using mammalian 
cell culture systems have revealed 
that various phenomena can occur 
at the interface between normal and 
transformed epithelial cells [4, 9-11]. 
In these studies, the authors have es-
tablished Madin-Darby canine kidney 
(MDCK) epithelial cell lines express-
ing oncoproteins or shRNA of tumor 
suppressor proteins in a tetracycline- or 
temperature-inducible manner. First, 
normal and transformation-inducible 
cells are mixed, and incubated until 
the mixture of cells form a monolayer 
of epithelial sheets. Transformation is 
then induced by addition of tetracycline 
or temperature shift, and the fate of 
transformed cells surrounded by normal 
cells is examined. When oncoprotein 
RasV12- or v-Src-transformed cells are 
surrounded by normal epithelial cells, 
the transformed cells are apically ex-
truded and leave the epithelium [9, 10]. 
Interestingly, during these processes, 
a number of molecules or signaling 
pathways including mitogen-activated 
protein kinase (MAPK) and myosin-II 
are activated in the transformed cells 
surrounded by normal cells. And acti-
vation of some of those molecules has 
been shown to play a crucial role in api-
cal extrusion of the transformed cells. In 
addition, when tumor suppressor protein 
Lgl- or Mahjong-knockdown cells are 
surrounded by normal epithelial cells, 

the knockdown cells undergo apoptosis 
and are eliminated from the epithelium 
[4, 11]. c-Jun NH2-terminal kinase 
(JNK) or p38MAPK plays a crucial 
role in apoptosis of Lgl- or Mahjong-
knockdown cells, respectively. Impor-
tantly, when the transformed cells alone 
are present, neither apical extrusion 
nor apoptosis occurs. Collectively, 
these data indicate that the presence 
of surrounding normal epithelial cells 
substantially influences the signaling 
pathways and fate of transformed cells 
and that the epithelium has an ability 
to exclude transformed cells from their 
society [12, 13].  

In a recent study published in Nature, 
Leung and Brugge further developed 
the notion that the epithelium provides 
suppressive environments against tumor 
formation [14]. In this study, they used 
three-dimensional (3D) organotypic 
cultures using MCF10A cells, a non-
transformed human mammary epithelial 
cell line. When cultured in Matrigel that 
is composed of a mixture of extracellular 
matrix proteins, MCF10A cells formed 
polarized acinar structures containing an 
internal lumen, and eventually ceased 
proliferation. By infecting the acini 
with low-dose lentiviral vectors, Leung 
and Brugge established experimental 
conditions where oncoproteins are 
sporadically expressed in single cells. 
The fate of these single mutant cells in 
organotypic mammary acini was then 
analyzed by long-term microscopic 
observations. 
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ERBB2 is an oncogenic receptor 
tyrosine kinase and is overexpressed in 
30% of breast cancers. When ERBB2 
was overexpressed in sporadic cells 
within 3D acini, ERBB2-overexpress-
ing cells were translocated into the lu-
men, followed by clonal expansion. The 
appearance of the luminal outgrowth 
of the transformed cells resembles that 
of early-stage ductal carcinoma in situ 
(DCIS), but differs in that no ERBB2-
overexpressing cells remain within the 
epithelium as the DCIS tumor cells 
grow by replacing normal epithelia. 
Therefore, it is not clear at present 
whether the observed translocation of 
ERBB2-overexpressing cells reflects 
tumor formation or extrusion from the 
epithelium. Leung and Brugge presented 
data indicating that the MAPK pathway 
is involved in luminal translocation of 
ERBB2-overexpressing cells. Interest-
ingly, MAPK has also been shown to 
play a crucial role in apical extrusion of 
RasV12- or v-Src-transformed epithelial 
cells that are surrounded by normal 

epithelial cells [9, 10]. Thus, MAPK 
seems to be a general regulator for api-
cal extrusion of transformed cells from 
the epithelium. Furthermore, Leung 
and Brugge showed that inhibition of 
matrix metalloproteinases (MMPs) 
substantially blocks ERBB2-mediated 
luminal translocation. Surprisingly, 
sporadic overexpression of MT1-MMP 
promoted translocation to the lumen, 
and weakening of the cell-matrix 
adhesion was likely to be involved in 
this process. However, translocated 
MT1-MMP-overexpressing cells did 
not proliferate in the lumen, suggesting 
that translocation alone is not sufficient 
to facilitate clonal expansion. This is the 
first demonstration that MMP can play a 
crucial role in apical extrusion of trans-
formed cells from the epithelium.

Myc is a transcriptional factor whose 
overexpression often causes overpro-
liferation of cells and is found in many 
types of cancers. However, when Myc 
was sporadically expressed in single 
cells in 3D acini, Myc-overexpressing 

cells did not proliferate and stayed as 
single cells within the epithelial layer. 
Similarly, when constitutively active 
AKT (myrAKT1) was expressed in 
single cells, myrAKT1-expressing 
cells remained quiescent in the epithe-
lial layer. In addition, MMP inhibitor-
treated ERBB2-overexpressing cells 
stayed in the epithelial layer and were 
unable to proliferate. These data indi-
cate that epithelial environments have 
suppressive roles in proliferation of 
transformed cells. Leung and Brugge 
then examined whether cell displace-
ment from the epithelium facilitates the 
clonal outgrowth of sporadic mutant 
cells by using MT1-MMP as a tool to 
drive cell translocation. When MT1-
MMP and myrAKT were coexpressed 
in single cells, the mutant cells were 
translocated to the lumen and prolif-
erated. In contrast, coexpression of 
MT1-MMP and Myc induced luminal 
translocation, but clonal expansion did 
not occur due to increased apoptosis. 
Collectively, these results demonstrate 

Figure 1 Model showing mechanisms of clonal expansion of transformed cells. At the initial step of carcinogenesis, transfor-
mation occurs in a single cell within an epithelial monolayer. (A) As the organized epithelium creates suppressive environ-
ments, a single mutation in some of oncogenes such as AKT is not sufficient to cause clonal expansion, and the transformed 
cell remains dormant. (B) For clonal expansion of the transformed cell, additional mutations that induce luminal translocation 
such as upregulation of MMP will be required. (C) Perturbation of cell-cell adhesions will also help transformed cells escape 
from the epithelial suppressive environments.
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that cell translocation allows sporadic 
mutant cells to evade suppressive en-
vironments and elicits clonal selection 
depending on which signaling pathways 
are dysregulated in the mutant cells.

In epithelial sheets, each epithelial 
cell is connected with each other via E-
cadherin-based intercellular adhesions. 
Leung and Brugge examined whether 
E-cadherin-based cell-cell contacts have 
a role in suppressive epithelial environ-
ments, by knocking down p120-catenin, 
a crucial regulator of the E-cadherin 
complex. In p120-catenin-knockdown 
acini, Myc- or myrAKT-overexpressing 
cells underwent clonal expansion with-
out luminal translocation, suggesting 
that the epithelial organization mediated 
by E-cadherin-based cell-cell contacts 
is crucial for suppressing proliferation 
of mutant cells. 

The study by Leung and Brugge 
clearly demonstrates that the proper 
epithelial structure provides suppressive 
environments against clonal expansion 
of transformed cells. According to their 
results, one can postulate that trans-
formed cells may remain dormant while 
being surrounded by normal cells within 
epithelium (Figure 1A). For clonal 
expansion of the transformed cells, ad-
ditional mutations that induce luminal 
translocation such as upregulation of 
MMP will be required (Figure 1B). 
Pathological conditions that perturb 
intercellular adhesions of epithelia (e.g., 
chronic infection or inflammation) may 
also help transformed cells escape from 
the proliferative constraint (Figure 1C). 
What remains unknown is the molecular 
mechanism that creates epithelial sup-
pressive environments. Recent Droso-

phila studies have shown that normal 
and transformed cells can recognize the 
difference(s) between them during cell 
competition. For example, a membrane 
protein Flower has been shown to play a 
role in intercellular recognition between 
normal and dMyc-overexpressing cells 
[15]. It remains to be studied whether 
a comparable molecular mechanism 
is also involved in cell competition in 
mammals. It is expected that future 
studies will reveal a number of mol-
ecules that play a crucial role in cell-cell 
recognition and downstream signaling 
pathways at the interface between nor-
mal and transformed epithelial cells. 
By further investigation, 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 attenuat-
ing the defense of cancer cells against 
neighboring normal cells. 
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