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Abstract

The Epithelial-to-Mesenchymal Transition (EMT) is an important naturally occurring process in
the human body. It has been identified to be present in embryonic development, wound healing, and
there is strong suspicion that it is one of the leading causes of cancer metastasis. Previous studies had
led to the theory that, unlike commonly thought, EMT is a constantly occurring spontaneous process,
that it serves to, in the environment, maintain a balance of epithelial and mesenchymal cells. In this
work this possibility is further studied, analyzing not only the murine epithelial cell line nMuMG, but
also two others obtained by clonal expansion of an epithelial and a mesenchymal cells (E and M clone
respectively). We observe that both the parental cell line show signs of both cell types, but so do the
clonal lines. With time-lapse microscopy some cells were observed changing morphology, assumed as
a phenotype switch. We show that the M clone and E clone cell lines show differences in protein and
mRNA levels when compared to the nMuMG line, despite originating from it; and that for the most
cases the M clone samples behave similarly to a TGF-β exposed nMuMG sample, except in regards
to the mRNA levels. This is seen as an indication that current EMT studies using TGF-β may not
accurately describe what occurs in the human body. Also noted was the fact that all three cell lines
had different behaviors regarding cell crowding at the protein level while still keeping the same trend
in mRNA transcription.
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1. Introduction

EMT is a process that leads an epithelial cell,
through biochemical modifications, to obtain a mes-
enchymal phenotype. It ends with a mesenchymal
cell (with migratory potential) and the degradation
of the basement membrane to which the previously
epithelial cell was attached [1].

Situations that EMT has been observed in range
from development (dispersing cells in embryogen-
esis) [2] to tissue repair (presence of some of the
fibroblasts in injured areas) and pathological stress
(invasion and metastasis of some epithelial cancers)
[1, 3, 4].

MET on the other hand is the reverse of the pre-
viously mentioned process. Here, mesenchymal cells
are modified towards obtaining an epithelial pheno-
type.

It is important to note that although the
EMT/MET processes are usually thought of as the
transition between two states, that is not entirely
accurate. It has been observed in studies that the
transition may be halted at nominally any stage,
therefore leading to a variety of different possible

combinations of factors expressed or repressed, re-
sulting in cells that may have characteristics of both
epithelial and mesenchymal phenotypes [1].

There are three main situations in which one
can observe EMT (which is not to say that there
are only these three, but so far these three sce-
narios compile the majority of reported EMT ob-
servations), and though it is essentially the same
program occurring, they all end up producing mes-
enchymal cells with different functions [1]. The de-
nominated Type 1 EMT relates to embryonic devel-
opment, associated with the formation of the pri-
mary mesenchyme, and eventually, the generation
of the three germ layers. Type 2 EMT is attributed
to cases of inflammation, like in wound healing.
This type of EMT, unlike the previous one, occurs
over longer periods of time, as long as the inflamma-
tion persists, which can lead to the destruction of
the affected organ (fibrosis). Finally, Type 3 EMT
details what is thought to occur when epithelial can-
cer cells initiate the metastatic process.

The EMT is a major cellular process, involv-
ing many different components, be it transcription

1



factors, cell-surface proteins, cytoskeletal proteins,
ECM-degrading enzymes, micro-RNAs, etc.

One of the most important molecules in this pro-
cess is E-cadherin, as it seems to be the one whose
behavior is most conserved during the various differ-
ent EMT observations. As such, most of the studies
in EMT focus on this protein, and many of the dis-
coveries of molecules involved in signaling pathways
was through changes in this proteins’ expression.

So far, many signaling pathways related to EMT
activation have been discovered, the most notable
ones involve the following molecules as activators:
TGF-β, BMP, EGF, FGF, PDGF, Wnt, Notch re-
ceptor, Hedgehog and several integrins. Other no-
table pathways relate to ECM and even hypoxia
signaling [5, 6]. The most common inducer, used in
the majority of EMT studies so far is the TGF-β
molecule.

General opinion on this topic is that EMT and
its opposite, MET, similarly to many chemical re-
actions, require a significant jump start (contrary
to others that are constantly occurring in the back-
ground) in order to actually occur, in either direc-
tion. This idea that EMT is a process to be induced
by external factors like TGF-β only when there is
the need to fulfill a certain function, may be incor-
rect.

Previous work wielded data that showed the ep-
ithelial cell line nMuMG constantly maintains, in
equilibrium (once again, similar to a standard re-
versible reaction) a mix of both epithelial and mes-
enchymal cells when in culture. This could occur
through exposure to one of the afore mentioned
many inducible factors. However, in that case the
exposure would need to be low, as there are a mix
of both cell types, but therein lies the issue, as a
continuous exposure would be needed to maintain
the cells in a mesenchymal state (by the same logic,
the stimuli needed to convert epithelial cells to mes-
enchymal would need to be removed to re-stimulate
the conversion back to the epithelial phenotype),
and a continued exposure would surely increase the
% of population in the mesenchymal state. As
such, the hypothesis that the EMT process is spon-
taneous and is constantly occurring in the back-
ground, maintaining a balance of both types of cells
was thought up.

This line of thought led to the creation of two new
cell lines, using as a progenitor the nMuMG one. By
serial dilution of a nMuMG cell suspension, single
cells were separated, observed and annotated as ep-
ithelial or mesenchymal through their morphology.
From a single epithelial cell, and by clonal expan-
sion, the E clone cell line was grown. In a similar
way, but using a mesenchymal cell, the M clone cell
line was obtained.

This led to the opportunity of researching the

EMT process in a way that is completely different
to everything that is done today, not only that , but
also to compare the newly (suspected) discovered
EMT with the previously studied induced EMT.

2. Materials and Methods
2.1. Cell culture
Normal mouse mammary gland cell line (nMuMG)
was purchased from American Type Culture Col-
lection (ATCC, #CRL-1636). M clone and E clone
cell lines were obtained from single cell cloning of
mesenchymal and epithelial-looking (respectively)
cells originating from the parental nMuMG cell line.
nMuMG and clonal cell lines were cultured in Dul-
beccos Modification of Eagles Medium (DMEM,
Corning Cellgro, Manassas, VA) supplemented with
10% of fetal bovine serum (FBS, Hyclone, Logan,
UT) and 100U penicillin and 100 µg streptomycin
(Sigma, St. Louis, MO) at 37 °C and 5% CO2. Cells
were passaged when grown to confluence. For TGF-
β treatment, TGF-β1 (Sigma-Aldrich) was added
to the media at a concentration of 1 to 5 ng/mL.
Samples subjected to this treatment were incubated
at 37 °C and 5% CO2 for 24 or 48 hours (exposure
time).

2.2. Low density colony analysis
Cells were seeded at 0,1 to 0,3% confluence and left
to expand for 3 days. Following, cells were fixed
and washed with PBS. Images were collected with
a ORCA-3CCD Digital CCD camera (Hamamatsu,
Hamamatsu City, Japan) installed on an Eclipse
TE-2000 inverted microscope (Nikon) with a Plan
Fluor 10x lens (Nikon), a motorized stage, and mo-
torized excitation and emission filters (Prior Scien-
tific) controlled by Nikon NIS Elements. Two hun-
dred twenty five (15-by-15 grid) fields of views were
consistently generated using the software.

2.3. Live cell imaging
Cells were seeded at 1% confluence and left to ex-
pand for a day, following which they were set into
the Live Cell�(Pathology Devices, Inc., Westmin-
ster, MD) incubation system. Images were collected
with a ORCA-3CCD Digital CCD camera (Hama-
matsu, Hamamatsu City, Japan) installed on an
Eclipse TE-2000 inverted microscope (Nikon) with
a Plan Fluor 10x lens (Nikon), a motorized stage,
and motorized excitation and emission filters (Prior
Scientific) controlled by Nikon NIS Elements. The
cells were left under observation for 72h, during
which, images were obtained every 7,5 minutes.

2.4. Immunofluorescence analysis
To observe and quantify E-cadherin and Vimentin
protein expression, samples were fixed, and then
stained with E-Cadherin (24E10) Rabbit mAb pri-
mary antibody (#3195, Cell Signaling Technolo-
gies, Danvers, MA) and Anti-Vimentin antibody
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[VI-10] primary (#ab20346, Abcam, Cambridge,
MA) overnight at 4°C. This was followed by in-
cubating the samples with Goat anti-Rabbit IgG
(H+L) Secondary Antibody, Alexa Fluor® 647 con-
jugate (#A21244, ThermoFisher Scientific), Goat
anti-Mouse IgG (H+L) Secondary Antibody, Alexa
Fluor® 488 conjugate (#A11001, ThermoFisher
Scientific), Alexa Fluor® 568 Phalloidin (Ther-
moFisher Scientific) and Hoechst 33342 (Sigma-
Aldrich) for 1h at 37°C. Fluorescent images were
collected with a Zyla 5.5 sCMOS (Andor Tech-
nology Ltd., Belfast, UK) camera installed on an
Eclipse Ni -U upright microscope (Nikon) with a
CFI Plan Apo VC 20x lens (Nikon), a motorized
stage, and excitation and emission filters (Prior Sci-
entific) controlled by Nikon NIS Elements.

2.5. Western Blot

Protein content of E-cadherin and Vimentin, com-
monly used molecular markers for epithelial and
mesenchymal phenotypes, respectively; were an-
alyzed to confirm EMT. The samples (25µg of
protein) of cell lysates were denatured and elec-
trophoresed on SDS-PAGE gel. Separated pro-
teins were electrotransferred to nitrocellulose mem-
branes. The membranes were incubated with 5%
fat-free milk for 1h, and then incubated with anti-
bodies against E-cadherin and Vimentin (the same
primaries as in immunocytochemistry experiments)
overnight at 4°C, and then washed with TBS-
Tween. Secondary antibodies conjugated to HRP
were diluted in TBS-Tween plus 5% fat-free milk
and incubated with the membranes at room tem-
perature for 1h. The membranes were washed
with TBS-Tween and then developed with Clarity�

Western ECL Blotting Substrate (Bio-Rad) for 5
minutes. Membranes were imaged with a Bio-Rad
ChemiDoc XRS imaging system, and all bands were
quantified by relative intensity using Bio-Rad Im-
age Lab software.

2.6. RT-qPCR analysis

Total RNA was isolated from cell lines, con-
verted to cDNA and real-time PCR was per-
formed with the primers and Maxima SYBR
Green/ROX qPCR Master Mix (Bio-Rad). Primers
for mouse E-cadherin, forward: 5 TCGGAA-
GACTCCCGATTCAAA 3; reverse: 5 CGGAC-
GAGGAAACTGGTCTC 3 (amplifies a fragment
of 95 bp). For mouse Vimentin, forward: 5 TC-
CACACGCACCTACAGTCT 3; reverse: 5 CC-
GAGGACCGGGTCACATA 3 (amplifies a frag-
ment of 95 bp). For mouse Snail (Snai1), for-
ward: 5 GTCCAGCTGTAACCATGCCT 3; re-
verse: 5 TGTCACCAGGACAAATGGGG 3 (am-
plifies a fragment of 106 bp). For mouse Slug
(Snai2), forward: 5 CAGCGAACTGGACACA-
CACA 3; reverse: 5 ATAGGGCTGTATGCTCC-

CGAG 3 (amplifies a fragment of 111 bp). For
mouse glyceraldehyde-3-phosphate dehydrogenase
(GADPH), forward: 5 AGGTCGGTGTGAACG-
GATTTG 3; reverse: 5 GGGGTCGTTGATG-
GCAACA 3 (amplifies a fragment of 100 bp).

2.7. Data analysis

Plots presented display the average value indicated
in the axis, and bars represent Standard Error
of the Mean. Statistical analysis performed with
significance criteria of p-value≤0,05. *:p≤0,05;
**:p≤0,01; ***:p≤0,001; ****:p≤0,0001.

3. Results

The normal Murine Mamary Gland cell line
(nMuMG) is an epithelial cell line, however, dis-
tinctly shaped cells can be easily observed. As can
be seen in Figure 1, some are present in colonies,
showing a more rounded appearance and having
straighter edges as expected of epithelial cells, while
others are found as single cells, with more elongated
morphologies and protuberances along the edges,
more common morphological features of mesenchy-
mal ones.

Figure 1: Representative image of the nMuMG cell line, ob-

tained by immunocytochemistry (staining for actin and the

nucleus). It can be observed that some cells are present in

colonies and show a more rounded morphology (highlighted

with the green arrows), while others appear detached and

also present a more elongated shape (examples identified

with yellow arrows).

From this observation, two new cell lines had
already been established. By serial dilution, an
nMuMG culture had been separated into single
cells. By clonal expansion of a cell exhibiting ep-
ithelial phenotype, the cell line E clone was ob-
tained. Simultaneously, from a mesenchymal cell,
the M clone cell line was obtained.
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Performing low density colony analysis, a rough
estimate was obtained for the amount of epithelial
and mesenchymal cells, which can be seen in Fig-
ure 2.

Figure 2: Result of colony analysis for the low density grow-

outs performed for all three cell lines. Black bars stand for

mesenchymal cells while grey bars represent epithelial ones

The results here observed support the theory that
the EMT process is not something that only occurs
when it is needed (induced), but that it is a back-
ground process (spontaneous). That is proven not
only by the fact that nMuMG cell line samples con-
tain evidence of both epithelial and mesenchymal
cells, but the clone cell lines, obtained by clonal
expansion of an epithelial and a mesenchymal cell,
respectively, also show evidence of both types of
cells. A question that arises from this experiment is
why are there differences in the composition of each
cell line? The clonal cell lines were obtained from
the nMuMG one, so they are in essence genetically
identical, which should mean that the percentage
of epithelial and mesenchymal cells in each sample
should be about the same. A thought is that each
cell, through epigenetics, regulates its genome to a
certain extent different from the others, so when
these cells are separated to originate new progeny,
the composition of said sample will vary because
the cells of origin were, while genetically identical,
epigenetically different.

Assuming that EMT is indeed spontaneous, cells
changing morphology between epithelial and mes-
enchymal states should be able to be observed with
time-lapse microscopy. The result of this can be
seen in Figure 3.

The images displayed in Figure 3 were carefully
selected, but it was somewhat difficult to uncover
cells going through this change in the midst of
all the data obtained. But, in the sequence pre-
sented, there were cells undergoing significant mor-
phological changes, here equated with phenotypical
changes between epithelial and mesenchymal states.
As such, this supports the theory of EMT being a
spontaneously occurring phenomenon, instead of a
program that is ready to be induced when needed.

However, the experiment performed presents a
major issue: the phase contrast data gives noth-
ing but morphological data, which is not exactly a
completely accurate description of epithelial or mes-
enchymal morphology, inviting the possibility that
while morphology may have changed, in some cases
there might not have been an accompanying phe-
notypical switch.

So far, the data obtained appears to favor the the-
ory of spontaneous EMT, as not only were cells re-
sembling epithelial and mesenchymal morphologies
observed in all three cell lines, so were cells observed
executing said change in nMuMG samples. But, as
mentioned, there are concerns that using morpho-
logical evidence as the basis for proving this theory
may not be enough, which gives the reasoning for
the following experiments.

To better understand the differences between
mesenchymal and epithelial cells and also between
all three cell lines, markers were selected for each
state. E-cadherin, a major cell-cell adhesion pro-
tein [7] was selected as the epithelial marker, while
Vimentin a cytoskeleton intermediate filament [8]
was chosen to represent mesenchymal cells.

The first analysis consisted of a Western Blot,
used to confirm that there were indeed differences
in these two proteins’ expression levels between the
cell lines in study. As a positive control, a measure
for a mesenchymal cell line, some nMuMG samples
were exposed to TGF-β. After data analysis the
result is presented in Figure 4.

Figure 4: E-cadherin (left) and Vimentin (right) protein
expression levels in various samples. Values relative to un-
treated untreated nMuMG cell line.

The results obtained from the Western Blot seem
for the most part to agree with what has already
been published and with what was previously ob-
served. The effects of the addition of TGF-β to
the nMuMG culture are as expected: decreased E-
cadherin levels and increased Vimentin ones. What
is unexpected seems to be the fact that the E-
cadherin decrease appears to be minimal (with
1ng/mL it is ∼0,9-fold, while it only goes to ∼0,65-
fold with 5ng/mL). The M clone cell line also regis-
ters a slight E-cadherin decrease (around the lev-
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Figure 3: Image sequences of nMuMG sample throughout 48h. In the left lower corner of each image is the time at which
it was captured. The sequence corresponds to a representative field of view where it was suspected that EMT was observed.
After capture and analysis, a small number of representative cells were chosen from the initial time-point, then labeled and
traced. For further time-points, those same cells and progeny were tracked as best as possible and traced. The labeling
was done through the assignment of a number to each cell. Progeny from a cell are labeled with the original number plus
the addition of .1 or .2 to the new cells created. In green are cells with epithelial morphology while blue represent the
mesenchymal ones.

els of the 1ng/mL TGF-β sample) and a sharp
Vimentin increase (∼3,1-fold, slightly above the
5ng/mL TGF-β sample value), which can be taken
as evidence that it is a mostly mesenchymal cell
line. The E clone cell line however, despite regis-
tering a slight Vimentin decrease (∼0,8-fold) shows
almost no change in the E-cadherin level (it regis-
tered at 0,97-fold), which shouldn’t happen seeing
as E clone cell line seems to be composed mostly of
epithelial cells while nMuMG appears to have only
around 40% of this type of cells. Explanations for
that may involve epigenetics, it was observed earlier
that despite the clonal cell lines originating from
nMuMG, they still show different % of epithelial
and mesenchymal cells, so seeing as that is verified,
how can we also be sure that the average expression
for one protein is about the same in two cell lines?

Complementing the Western Blot, immunocyto-
chemistry experiments were performed. In these we
stained the cells from all three cell lines (and a sam-
ple of nMuMG exposed to TGF-β) for E-cadherin
and Vimentin. The images obtained were processed
with a Matlab algorithm that traced cells and ob-
tained phenotypical data for the different proteins
studied. This type of study gave information on the
protein expression at the single cell level, to also be
able to complement the average sample value with
the population shifts (as mesenchymal and epithe-
lial cells in a sample should also have their expres-
sion levels differing).

The final results are displayed in Figure 5.

Figure 5: Average fluorescence intensity measures of E-
cadherin (left) and Vimentin (right) expression for nMuMG,
TGFβ treated nMuMG, M and E clone samples. Comparison
for each condition with the nMuMG one.

The results obtained seem to be contradictory
to the previous Western Blot in some cases, as
nMuMG samples seem to uniformly have the lowest
expression of both E-cadherin and Vimentin. This
is likely indicative that an error occurred in either
the experimental work (immunocytochemistry pro-
tocol is more prone to small problems that largely
affect the final results) or the analysis process, as
the algorithm may have some false positives that
slip through to the final results. Observable from
the scatterplots of E-cadherin vs Vimentin (Fig-
ure 6) is that there is no clear division between M
and E clone values (as would be expected from mes-
enchymal and epithelial cell lines). Reinforcing the
previous results, the fact that nMuMG sample al-
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Figure 6: Scatterplots of the E-cadherin (X axis) and Vi-
mentin (Y axis) data obtained by analysis of the immuno-
cytochemistry images. Comparisons between untreated and
TGF-β treated nMuMG (top left); M and E clone (top right);
nMuMG and E clone (bottom left); nMuMG and M clone
(bottom right). nMuMG condition represented in black,
TGF-β treated nMuMG condition in blue, M clone in green
and E clone in red.

ways shows up on the low E-cadherin, low Vimentin
quadrant show that an error occurred in this exper-
iment.

So far, the analysis performed at the protein level
seems to indicate that M clone cell line is a good
standard for a mesenchymal cell line (the Western
Blot data show a great similarity with a nMuMG
sample treated with TGF-β), which concurs with
the morphological data (most of the cells in the
samples analyzed maintained a mesenchymal phe-
notype). However, when looking at the E clone line,
there seems to be a discrepancy, while the Vimentin
level is lower than nMuMG as expected (morpho-
logical data shows this line as being composed in
the majority by epithelial cells), the level of E-
cadherin remains about the same. This would indi-
cate that either E-cadherin is not a good epithelial
marker (which would have many repercussions, as it
is the most established marker for this phenotype),
or that the E clone cell line might have suffered
some unwanted modification during its creation.

Along with protein level analysis, mRNA was also
studied. The purpose was to complement the un-
derstanding of spontaneous EMT at the transla-
tional level with knowledge of the transcriptional
one. Due to ease of procuring reagents, two more
EMT-relevant genes were studied at this level. The
new genes selected were Snai1 and Snai2, two E-
cadherin repressors.

The analysis was performed by RT-qPCR, and
the final results are displayed in Figure 7.

The RT-qPCR results seem to be mostly in agree-
ment with Western Blot data, showing a some-
what positive correlation between the mRNA and
the protein level. However, the E-cadherin results

Figure 7: Comparison of the expression of the E-cadherin
(top left), Vimentin (top right), Snai1 (bottom left), Snai2
(bottom right) genes in the samples indicated above relative
to the untreated parental cell line (nMuMG). Comparison
between each condition with nMuMG one.

differ, as both clone cell line evidenced equal or
lower protein levels than nMuMG, but both show
increased mRNA levels. This might just be evi-
dence of a negative correlation, meaning that there
is an added level of regulation between E-cadherin
mRNA and protein. Looking at the additional
genes, most of the results came as expected, Snai1
and Snai2 increased in cases of mostly mesenchymal
cells (like M clone and TGF-β treated nMuMG)
and also showed marked decrease in the E clone
line. However, a peculiar result was obtained for
the M clone line, the Snai1 and Snai2 mRNA levels
were very much increased but so was the E-cadherin
level. Logically, if Snai1 and Snai2 are expressed
to mRNA and then protein, their function as E-
cadherin repressors would diminish the E-cadherin
mRNA, but that was not observed here. It may
mean that the repressors are not being translated
to protein, or that their function is being inhibited,
and either way, they are not inhibiting E-cadherin
mRNA levels in a mesenchymal line. But combined
with the Western Blot results, it is safe to say that
there is an added regulation mechanism, as despite
there being an increase in mRNA levels, there is a
decrease at the protein level.

Additionally, it was thought that some of the re-
sults obtained in the experiments might have been
influenced by the cell density of the samples used.
In order to verify that, the immunocytochemistry
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experiments were performed at different densities
to check whether or not this could be true. The
final results give a comparison between each cell
lines’ protein expression at different densities, but
unfortunately, as no condition was used in all exper-
iments as a common control, no comparison could
be performed between conditions. The comparisons
can be found in Figure 8.

Figure 8: Averages of the E-cadherin and Vimentin Inten-
sity in all three cell lines, nMuMG (top), M clone (middle)
and E clone (bottom). Comparisons performed among all
three conditions

From the data obtained it is possible to confirm
that the density at which the cells are stained affects
the results obtained. Both nMuMG E-cadherin and
Vimentin showed a decrease in expression with the
increase in density, while M clone presented a max-
imum of E-cadherin and a minimum of Vimentin
expression at medium density. Looking at the E
clone samples, the E-cadherin expression appears to
steadily increase with density (although the values
reported are not statistically significant), while Vi-
mentin levels showed the same trend as in M clone
samples, but with much more marked difference.
This appears to tell us, once again, that despite
both of the M and E clone cell lines having been
originated from nMuMG cells, that their response
to cell crowding due to density is markedly different.

Complementary to this, so was the RT-qPCR ex-
periment repeated. This time, samples were ob-

tained while culture was still at low cell density.
Contrary to immunocytochemistry, a comparison
can be made between each cell line at low density,
but no comparison can be made between the two
densities for the same cell line. The results obtained
are presented in Figure 9.

Figure 9: Comparison of the expression of the E-cadherin
(top left), Vimentin (top right), Snai1 (bottom left), Snai2
(bottom right) genes at low cell density in the samples in-
dicated above relative to the untreated parental cell line
(nMuMG). Comparison performed between each condition
and nMuMG one.

As a whole, at low density, the results presented
in Figure 9 seem to agree with the ones from Fig-
ure 7. M clone cell line shows increased E-cadherin
and Vimentin expression levels along with a similar
increase in Snai1 and Snai2; while the E clone cell
line shows increase in E-cadherin levels and decrease
in the other 3 genes. The more notable difference
here is that the M clone E-cadherin level is much
closer to the parental cell line than the E clone (the
opposite was observed in the previous analysis).

4. Conclusions
The data obtained along this project is a step to-
wards proving the existence of a spontaneous and
naturally occurring EMT process, trying to replace
the concept of the induced EMT model that is the
current mode of thought. Concrete proof was not
supplied, as the experiments tried were very basic,
and still showed some results that prove hard to
conciliate (along with some that appear to be in-
correct), but it is a first step, that builds on to the
possibility of, with some more study, proving this
theory correct.

The two clonal cell lines (already created at the
beginning of the project) were tested along with
the parental nMuMG line, and evidence seemed to
point towards the two new cell lines being a viable
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standard for what could be considered the averages
epithelial and mesenchymal cell (E and M clone,
respectively).

The initial colony analysis appears to support the
spontaneous EMT theory (how would mesenchymal
cells show up in a cell line derived by clonal expan-
sion from an epithelial cell otherwise?). The study
of E-cadherin and Vimentin at the protein level
brought conflicting results, as besides the discrep-
ancies observed when comparing the Western Blot
and immunocytochemistry experiments, the data
analyzed showed various unexpected results (low E-
cadherin in E clone sample on Western Blot, low
E-cadherin and Vimentin levels in nMuMG sample
from immunocytochemistry). While most certainly
there is some error that accounts for the discrep-
ancy, the issue remains whether it was an experi-
mental error, an analytical one, or the other possi-
bilities (that during the clonal expansion, some ex-
ternal factor affected the clone cell lines, leading to
aberrant results, or even the unlikely fact that spon-
taneous EMT does not follow the conventionally
established rules for EMT). The mRNA analysis
once again also brings attention to those questions,
as although the response of E-cadherin repressors
Snai1 and Snai2 in M clone is similar to TGF-β
treated samples, the E-cadherin levels in this cell
line still register higher than the nMuMG cell line.
Several possibilities arise here: seeing as the action
of these repressors is at transcriptional level, the
Snai1 and Snai2 mRNA may not be translated, or
they may not even be involved in the spontaneous
EMT process, but instead other molecules regulate
E-cadherin levels post-transcriptionaly.

In the end, the mRNA analysis, despite not being
completely consistent with the Western Blot data
(the E-cadherin levels for both clone cell lines had
a different trend in each analysis), was still closer to
this data then the immunocytochemistry. Thought
was given to this, and the more likely possibility
is that there was an issue with the data gathering
in the immunocytochemistry images, as the algo-
rithm used also depends on human factors (choice
of several parameters) to operate, and the cell trac-
ing may not always be accurate. Although another
possibility is that a problem may have occurred in
the experimental steps of immunocytochemistry, a
more complicated technique, with more margin for
error.

Also noted were some effects of cell crowding (due
to the high cell densities in some of the experiments
performed), and here it gave support to the idea
that it is not exactly the phenotype of the cell that
gives rise to the clonal cell line that affects its be-
havior but instead the epigenetic factors, as all three
cell lines exhibited different behaviors at the protein
level. At the mRNA level the trends observed were

seemingly the same, but further testing would be
needed to understand if the gene transcription is
actually not affected by cell crowding or if it is a
combination of the different variations in all three
cell lines that makes the mRNA trend at low density
appear so similar to the one at high density.

4.1. Future Work

Possibilities for future work spanning from this
project are plenty, especially since EMT is regarded
as an important process in cancer metastasis.

Some ideas are direct improvements or additions
to what was done in this project, such as expanding
the low density colony analysis, both in breadth of
samples and of tests. The idea would be to test the
same samples but this time when exposed to TGF-
β, mostly to compare the response from the new
cell lines. Still in this same general line of thought,
another interesting path to take would be to study
the effects of different environmental factors: me-
chanical, biochemical, etc. on the composition of
the three cell lines. This would provide knowledge
on the possible external factors that favor the EMT
or the MET process, to understand how the cell en-
vironment contributes to EMT, and possibly metas-
tasis.

As mentioned previously, the live-cell imaging
data obtained and analyzed didn’t supply much in
the way of conclusive evidence on the spontaneous
occurrence of EMT throughout time. The line of
thought is that morphological data is somewhat un-
reliable in terms of accurately annotating cells as
epithelial or mesenchymal, which brings up the need
to design a new experiment that simultaneously al-
lows for long term observation of live cells, but also
that provides information more accurate than mor-
phology to be able to identify cells as in one of the
two states in the transition. An idea for that would
be the creation of a reporter construct.

This way, cells would be engineered to produce a
reporter protein, like GFP, but in such a way that
the expression levels would be different depending
on which phenotype the cell had at the moment.
This would be achieved by attaching to the reporter
gene a promoter from another gene, this one known
to vary its expression in the different stages of EMT,
which would allow to observe the cells, track them
and further on more easily identify their phenotype
as a function of time.

From the mRNA analysis results, the best possi-
ble candidate for the construct would have to be the
Snai1 gene, as it was the one that showed the clear-
est separation between the two EMT states (∼3 fold
expression in the mesenchymal state as opposed to
∼0,15 fold in the epithelial state). This of course
would hinge on the assumption that the cell lines
E clone and M clone are faithful representations of
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a nMuMG cell in the epithelial and mesenchymal
stages, respectively, however even if it weren’t so,
a clear difference was also observed in this gene’s
expression between nMuMG and the same cell line
when exposed to TGF-β.

When comparing the mRNA results of the M
clone cell line with nMuMG exposed to TGF-β,
some discrepancies were found (even though none of
it was visible at the protein level, in either exper-
iment). This could indicate that the spontaneous
EMT process occurs differently than the induced
one, which would need more in-depth research in
this new process, that could end up leading to im-
portant discoveries later on.

The data from the colony analysis leads to the
thought that the clonal expansion procedure should
be repeated, this time obtaining more than one E
and M clone cell lines, in order to test the theory
that starting a cell line with a separate cell (but ge-
netically identical) would lead to a different balance
of epithelial and mesenchymal cells, to try and find
whether the thought that it is through epigenetic
variations that this equilibrium is defined.

From the observed difference in the expression
levels of Snai1 and Snai2 at 24 and 48h TGF-β ex-
posure, comes the thought that the actual nuances
in the function of these two E-cadherin repressors
are not fully understood, but may eventually pro-
vide some valuable information.

As a major continuation to this project come two
separate ideas, but not mutually exclusive ones.
The study of EMT comes not only from a desire
to understand every biological process, but also to
counteract it in malignant cases (cancer and fibro-
sis, for example). As such, the more the studies
performed can approximate the in vivo situation,
the better. For this, the proposition would be to
advance on to studies with human cell lines, and to
further take this to a new level, to try and develop
3D systems to perform most of the studies made
nowadays in 2D.
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