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The term “stem cell” was proposed in the early 1900s by Russian 
histologist Alexander Maksimov who postulated the existence of 
hematopoietic stem cells possessing two important properties, i.e. self-
renewal and differentiation capacity. Since then enormous amount 
of research on hematopoietic stem cells has been documented which 
provided important insights into the behavior of stem cells. Such 
understanding led to the development of therapeutic approaches for 
different disease conditions. On the contrary, the idea that tumors 
harbor a sub-set of cells with stem-like cell characteristics and termed 
as cancer stem cells (CSCs) has been controversial and a hotly debated 
topic [1]. Till recently, there was no consensus among the researchers 
over the existence of such sub-type of cells within the tumor mass that 
may be refractory to chemotherapy/radiotherapy or have a different 
growth pattern compared to the bulk of the tumor cells in the tumor 
mass [2]. Such skepticism was due in part to the lack of proper 
tools and adequate screening capabilities that hindered the proper 
characterization and isolation of these elusive cells.

The first conclusive evidence for CSCs was published in 1997 
when Bonnet and Dick isolated a subpopulation of leukemic cells that 
expressed a specific surface marker CD34, but lacked the expression of 
CD38 [3]. The authors have concluded that these CD34+/CD38- cells 
are capable of initiating tumors in a mice model which recapitulated 
the histologic and other characteristic that was similar to the original 
tumor. Since then a number of laboratories all across the globe have 
been able to capture, characterize and propagate CSCs obtained 
from multiple human tumor types. Recent advancement in both cell 
characterization methods and isolation techniques have allowed for 
deeper understanding of tumor heterogeneity and CSCs [4]. Researchers 
are able to simultaneously sort heterogeneous cell populations for 
multiple stem cell like markers [5]. These advancements coupled with 
omics (genomic, proteomic, interactomic and mathematical modeling) 
tools have rapidly accelerated stem cell research in the past 15 years [6]. 
It is safe to say that tremendous progress has been made in this direction 
documenting, to a large extent, led to put the debate surrounding the 
existence of CSCs to rest.

Cancer stem cells have been proposed to be the major cause for 
therapeutic resistance in tumors [7]. Generally, most of the chemo, 
neoadjuvant and targeted therapies are able to target bulk of the 
tumors. However, it is these refractory CSCs that remain un-touched 
by the drug treatment, resulting in tumor recurrence. Therefore, prior 
to designing regimens against heterogeneous tumor cells within a 
tumor, the CSCs signaling needs to be better understood. The hallmark 
work of Weinberg and colleagues as well as enhancement in 3D culture 
techniques has helped in deeper understanding of CSC growth kinetics 
and phenotype [8]. A collective analysis of works from different 
laboratories points to a highly complex interaction network involving 
multiple signaling pathways and cross talk with non-coding RNAs 
(microRNAs) that in-turn supports the existence and plasticity of CSCs 
[9]. This allows for their greater motility which renders them to initiate 
cancers at distant site. Interestingly, reversal of CSCs mesenchymal 
feature has been suggested to be a major form of therapy against these 
resistant cells. It is increasingly being recognized that any successful 
cancer therapy should be designed to target both bulk population of 
cancer cells in a tumor as well as the stem cell fraction within the tumor 

[10]. Stem cells are projected to play pivotal role in cancer diagnostics, 
selective drug targeting, prevention of metastasis, and development of 
newer intervention/therapeutic strategies. Nevertheless, progress in 
CSC research has been slow, and through this thematic issue we take 
the opportunity to make abreast the research community with the 
latest developments in this cutting-edge area of research.

We have organized this special issue to touch upon the most current 
topics in the cancer stem cell research. The topic begins with a highly 
informative review article by Ivan Gomez and colleagues that details 
the importance of gene regulatory networks and single cell analysis 
in the understanding of tumor heterogeneity. Their article is followed 
by a review from Achuta Guddati who provides detailed analysis of 
a dual regimen consisting of stem cell antagonist and differentiating 
agents for successful chemotherapy. In this article the author presents 
a mathematical model which stimulates stem cell homeostasis and a 
dual therapy that could successfully eliminate heterogeneous stem cell 
population. This is followed by our article describing the progress in 
systems and network pharmacology approaches for the identification 
and elimination of cancer stem cells. This is followed by three highly 
informative reviews in which Dr. Adhip Majumdar, Dr. Ahmad and 
Shadan Ali evaluated the role of cancer stem cells in the progression 
of colorectal, lung and pancreatic cancer. These multiple reviews 
provide deeper insights into the cross-talk of multiple pathways along 
with recently discovered microRNAs. In another important article, 
Dr. Kiyoko presents modeling data for early carcinogenesis in normal 
endometrium that was developed through introduction of oncogenic 
Ras. Finally, Dr. Clarkson, in his review, details the complex role of 
cancer stem cells in breast cancer heterogeneity and plasticity.

These highly informative reviews are expected to serve as an 
excellent resource to readers who are interested in pursuing research 
in the area of cancer stem cells. It was indeed a pleasure to collect 
this impressive list of articles from experts in the field and we expect 
enthusiastic readership from the audience that is key to the success of 
this thematic issue on cancer stem cells.
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