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Where cell fate conversions meet Chinese philosophy
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Accumulating evidence indicates
that the mesenchymal-epithelial
transition (MET) and epithelial-
mesenchymal transition (EMT) are
basic mechanisms for cell fate conver-
sion and may help us understand both
physiologic and pathologic processes
such as development and carcinogen-
esis. Here, we further suggest that
mammalian cells fall into two grand
divisions, mesenchymal or epithelial;
interconversions between these two
grand divisions through EMT/MET
resonate with some ancient Chinese
philosophic ideas.

When mammalian fibroblasts are re-
programmed to induce pluripotent stem
cells (iPSCs) they pass through MET,
which overcomes a major roadblock
on the pathway of reprogramming [1].
Yet the introduction of reprogramming
factors sequentially promotes a transient
early EMT, before a later MET [2].
Curiously this early EMT, although
potentially wasteful and counterintui-
tive, actually improves the efficiency of
reprogramming [3]. These two basic ob-
servations beg the question: why must
cells pass through these seemingly un-
necessary processes during reprogram-
ming? In this perspective, we provide
some additional deductions and propose
a “two grand divisions” hypothesis,
stating: “There are two grand divisions
of mammalian cells: One mesenchymal
(M-Grand) and the other epithelial (E-
Grand), and most mammalian cells are
within these two divisions. Transitions
across the grand divisions are not only
feasible but also beneficial for cell fate
conversion and determination.”

Of course, the transitions across the
M-/E-Grand divisions, i.e., EMT/MET,

are not limited to reprogramming. In
fact, during embryonic development,
the generation of adult tissues and or-
gans appears to require multiple rounds
of EMT followed by MET. If one uses
E-cadherin expression as a benchmark
for E-Grand, the fertilized egg first gen-
erates cells belonging to the E-Grand
up to gastrulation when the three germ
layers form, and at that point the first
mesenchymal cells emerge. In fact,
gastrulation turns the inner cell mass of
a blastocyst into a three-layered gastrula
by commencing the first EMT events.
During the pathogenesis of cancer,
EMT is also essential for the initial
invasion and migration of tumor cells,
whilst later MET is important for cells
to regain similarities to primary tumors
at secondary sites [4]. The prevalence of
EMT and MET during multiple devel-
opmental, physiological and pathologi-
cal processes suggests two basic ideas.
Firstly, mammalian cells have evolved
to possess ways or mechanisms to ex-
ecute both EMT or MET as needed for
basic cell fate conversions. Secondly,
since epithelial cells have collective cell
migration, the necessity of EMT and
MET can not be fully explained by the
high motility of mesenchymal cells [5].
Thus, more studies are required to un-
ravel the role of EMT/MET in cell fate
transition at multiple levels, including
epigenetics, and basic cell architectural
remodeling.

To practically group cells into the
M- and E-Grand divisions, we could
take advantage of the ratio of E-cadherin
(epithelial) to N-cadherin (mesenchy-
mal) as it was successfully utilized to
predict reprogramming potentials of
various cells [2]. To extend this logic

further, we have performed a meta-
analysis on the gene expression profiles
of 745 human primary cell samples from
BioGPS (http://biogps.org, dataset Pri-
mary Cell Atlas) and found that ~25%
of all cell types are high in N-cadherin
(mesenchymal) and ~55% of cell types
are high in E-cadherin (epithelial).
Together, we can classify ~80% of the
cells analyzed either into the M- or E-
Grand divisions, although this analysis
did not cover all possible cell lineages
and may be biased by the presence of
tissues containing both mesenchymal
and epithelial cells. While it is relatively
straightforward for somatic cells to be
assigned into the two grand divisions,
it may not be that apparent for the oo-
cyte, sperm, or zygote. Sperm is highly
polarized and can move freely using a
flagellum, but is not motile in the same
way that mesenchymal cells are. Nev-
ertheless, E-cadherin and N-cadherin
are expressed in the oocyte, zygote and
the 2C embryo. At the morula stage,
E-cadherin expression increases, whilst
any residual N-cadherin expression de-
clines. Indeed, in the E-cadherin (Cdh1)
knockout mouse, although it initiates
compaction due to maternal E-cadherin
protein, it does not form a trophecto-
derm or form a blastocoel cavity [6],
indicating that the formation of an
epithelium is one of the earliest events
in development. Looking back through
evolution, cadherin proteins are found
only in Animalia, a few rare examples
in Chromalveolates and Choanoflagel-
lates, the last of which is unicellular
and represents the closest living rela-
tives of metazoans [7]. Co-incidentally,
Animalia is the only Kingdom that has
an epithelium [8]. Hence the emergence
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Figure 1 Two grand divisions and Chinese
philosophy. The sperm, oocyte and zygote
could be considered a primordial state (or
“One”), whilst the onset of epithelialization at
the morula stage results in the “Two” grand
divisions (M-Grand, E-Grand). Later at gas-
trulation, the three germ layers originate to
form “Three”, which then leads to the organ-
ism proper (“All"). As Lao Zi once said: “One
produced Two, Two produced Three, Three
produced All things”.

www.cell-research.com | Cell Research

of M-Grand and E-Grand divisions is
also associated with the appearance of
cadherins and the acquisition of an epi-
thelium in evolution. This evolutionary
paradigm also mirrors the acquisition of
E-cadherin in a developing mammalian
embryo: a loose collection of essentially
identical single cells (blastomeres) form
an epithelial sheet (compaction of the
morula) with the expression of E-cad-
herin which then undergo gastrulation
to acquire specialized organs and tissues
during which EMT/MET events appear
to dominate [9].

As evolution and development are
considered two basic processes of life,
one cannot help but recall Lao Zi (ap-
proximately 6" century BCE), one of
the most famous philosophers in China,
who once stated “One produced Two,
Two produced Three, Three produced
All things”, which fits well with our
hypothesis above. The status of oocyte,
sperm, and zygote could be considered
as the “one”, which could give rise to
two grand divisions as “One produces
Two”. The transitions between these
two divisions, as EMT/MET, begins
at gastrulation and generates the three
germ layers, which could be considered
as “Two produce Three”. The subse-
quent generation of all descending cell
types and the organism proper could be
regarded as “Three produce All things”.
In this way ancient wisdom appears
to apply to the modern understanding
of development as well (Figure 1). It
would be interesting to entertain the
idea of a comprehensive description

for the two grand divisions as this may
help us better understand development
and cell fate conversions, including
de-differentiation/reprogramming,
trans-differentiation and targeted dif-
ferentiation.
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