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Abstract: Cancer is a heterogenetic disease. Although multiple hypotheses and models have been indicated,

there is still no robust method to distinguish the heterogeneity of cancer. Evidence has been provided

showing that cancer stem cells (CSCs) play an important role in the origin and progression of cancer. In this

opinion article, based on the theory of CSCs, we propose a novel CSC-based classification model (CSCCM)

to explain the origin and progression of colorectal cancer, which would explain some confusing clinical

phenomena and distinguish the heterogeneity of colorectal cancer from its origin. We further suggest that

this model can presently be incorporated into the cancer progression theory.
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A malignant tumor is a kind of genome disorder. Although
the medical techniques for tumor treatments have made
great progress, malignant tumors are still one of the most
common reasons for death worldwide. There is no theory or
model that can perfectly explain all the clinical phenomena
related to tumorigenesis and tumor progression.

The cancer stem cell (CSC) theory was first proposed
over forty years ago. The standard CSC model posits
that only a few cancer cells have the ability to proliferate
continually; the ones that can are considered CSCs,
while other cancer cells lack the ability to proliferate
continually or can only transiently proliferate. CSCs are
also chemotherapy-resistant. CSCs have been reported to
be found in colorectal cancers, brain cancers, and breast
cancers (1-4). On the one hand, the theory of CSCs could
explain some phenomena such as tumor dormancy or
metastasis. On the other hand, it is still confusing that not
every cancer adheres to the CSC model. In this opinion
article, we propose a “CSC-based classification model”
(CSCCM) to clarify the origin, progression, and clinical
significance of CRC and describe how this model can
explain clinical phenomena otherwise unaccounted for by
other pre-existing theories or models.
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CSCCM of CRC

It is generally understood that for most cancers, CSCs
may not come from normal stem cells and may instead be
de-differentiated cancer cells. Colorectal cancer (CRC) is
the fourth most commonly diagnosed cancer in the world
and is a major cause of tumor-related death worldwide (5).
In colorectal cancer, there are two theories to explain
where CSCs come from. One opinion is that stem cells of
colorectal mucosa transform into CSCs and initiate CRC.
The other opinion is that non-stem cancer cells appear first,
and then some of the non-stem cancer cells de-differentiate
and transform into CSCs.

Base on the opinions mentioned above, we propose a
CSCCM of CRC and conclude that there should be four
subtypes of colorectal cancer:

% Type 1: the epithelial cells of colorectal mucosa
give rise to non-stem cancer cells, with no de-
differentiation occurring. The composition of the type
1 tumor is non-stem cancer cells.

% "Type 2: the epithelial cells of colorectal mucosa give
rise to non-stem cancer cells, with non-stem cancer
cells de-differentiating and transforming into CSCs.
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The composition of the type 2 tumor is mostly non-
stem cancer cells and a small portion of CSCs.

% Type 3: the epithelial cells of colorectal mucosa give
rise to cancer cells (group 1), with non-stem cancer
cells de-differentiating and transforming into CSCs.
The CSCs then accumulate novel mutations and
differentiate into non-stem cancer cells (group 2).
The group 1 cancer cells and group 2 cancer cells are
totally different colorectal cancer cells with different
biological behavior. For example, adenosquamous
carcinoma of CRC has both adenocarcinoma (group 1)
and squamous cancer cells (group 2), and usually
squamous cancer cells (group 2) are more aggressive
compared with adenocarcinoma ones (group 1) (6).
The composition of the type 3 tumor is group 1
cancer cells, CSCs, and group 2 cancer cells.

% Type 4: the tumor is directly originated from
colorectal stem cells. The composition of type 4
tumor is mostly CSCs and a small portion of non-
stem cancer cells.

Model-based four types of CRC versus
consensus molecular subtypes (CMS) of CRC

The consensus molecular subtypes (CMS) is a gene
expression-based subtyping. According to CMS, CRC can
be divided into four subtypes with distinguishing features:
CMS1, hypermutated, microsatellite unstable, strong
immune activation, least stemness; CMS2, epithelial,
chromosomal instability, marked WNT and MYC signaling
activation, moderate stemness, epithelial; CMS3, moderate
stemness, epithelial, metabolic dysregulation, prominent
KRAS mutation; and CMS4, prominent transforming
growth factor B activation, stromal invasion, angiogenesis,
stemness and epithelial-mesenchymal transition (EMT)
activation (7). In the CMS model, the overall survival of
each subtype is CMS1 = CMS2 = CMS3 > CMS4, and
relapse-free survival of each subtype is CMS1 = CMS2 =
CMS3 > CMS4.

Interestingly, when we compared the CSCCM with
CMS, we found some corresponding relationships
between them. According to our model, Type 1 should
have the best prognosis and least stemness, which is in
accordance with CMS1 (least stemness). Type 2 should
contain a few CSCs, which is in accordance with CMS2
(moderate stemness). Type 3 should contain CSCs
and at least two types of non-stem cancer cells (group
1 and group 2, as mentioned previously), which is in
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accordance with CMS3 (moderate stemness, metabolic
dysregulation). Type 4 should have the highest metastasis
potential and the worst prognosis due to the stemness of
the bulk of the tumor, which is in accordance with CMS4
(most stemness).

Early metastasis or no metastasis in a large
tumor burden

Usually, the larger the tumor is, the greater the tumor
burden, and the higher the possibility that local or distal
metastasis can happen. However, in clinical practice,
although rare, we can see that metastasis happens in an
early stage in CRC or there is no metastasis in a T'4b
CRC. According to this model, one explanation of this
phenomenon is that in Type 4 CRCs, cancer originates
from CSCs, and even in an early stage, the CSCs have the
ability to migrate and cause metastasis, while in Type 1
CRCs, there are no CSCs, which indicates the possibility
that no metastasis can occur even with a great tumor
burden.

Pathological complete resolve (PCR) in CRC
after neoadjuvant chemotherapy

Neoadjuvant chemotherapy now is recommended in
middle and low rectal cancer. The effect of neoadjuvant
chemotherapy varies. PCR after neoadjuvant chemotherapy
can be observed in some cases, while in others, it is
not. There are no predictive factors for chemotherapy
sensitivity. As known CSCs are resistant to chemotherapy,
and, according to this classification model, to Type 1 CRC,
the tumor is composed of non-CSC cancer cells and can
respond well to chemotherapy and be resolved completely.
In other types of CRC which the CSCs have aroused, the
tumor is composed of both CSCs and non-CSC cancer
cells. Chemotherapy kills the non-CSC cancer cells and
makes the tumor shrink temporarily; the dying of the non-
CSC cancer cells release space for CSCs, which make the
shrinking tumor rebound and progress quickly.

The dormancy of cancer cells

Cancer cells can change into a status of dormancy, but
when triggered by certain factors, the dormant cancer cells
can reactivate. After reactivation, most of the cancer cells
die due to being maladapted to the microenvironment, but
sometimes a few survive and initiate proliferation to cause
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cancer recurrence. It is not clear why some dormant cancer
cells survive while others do not. According to this model,
some of the undifferentiated dormant cancer cells transform
into CSCs, and then the CSCs differentiate into a new kind
of cancer cells (group 2 in Type 3), which are more adapted
to the microenvironment and survive to form recurrent
lesions.

In this perspective article, we propose a CSCCM to
explain the origin and progression of CRC. The model is
intended to provide a complete framework to help direct
future CRC research and clinical practice.
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