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“In this light, a new perspective for therapeutic intervention by directing differentiation 
and restoring communications between cancer cells is certainly relevant, and the example of 
gap junctions is illuminating” [1].

Introduction

Is searching for a “Rose in a Dung Heap” the correct strategy for future cancer research? 
Starting from the view point that there are two philosophical approaches to solve the extremely 
complex problem of preventing and treating cancers, namely (a) the empirical, unbiased 
approach of collecting large amount of observations in hopes of finding a pattern (i.e., current 
use of data mining or computational biology and “Artificial Intelligence ”) or (b) a specific 
hypothesis-mechanistically based, deductive approach), it seems, while both approaches 
are being used, we still have made no “conceptual” breakthrough. In spite everyone today 
recognizing that this cancer problem requires a true multi-disciplinary approach, it still must 
be based on some biological facts. With all the known facts about many physical (radiations), 
chemical (natural toxins/synthetic toxicants) and biologics (viruses, bacteria, fungi) having 
some influence on human carcinogenesis, the link to these factors is only somewhat known 
to be involved in the multi-stage/multi-mechanism of human carcinogenesis [2,3]. Yet, the 
integration of the psychological, social, anthropological, cultural, economic, political and 
ecological sciences has only been weakly linked to the evolutionary and biological sciences 
[4-7]. As this article is grounded in my limited 50 years of experience in but a few disciplines, 
as an “opinion” writer, I feel, while the multidisciplinary field of carcinogenesis is still very 
incomplete, there is sufficient solid scientific information that could supply a new direction. 
First, we know that there are genetic, racial, developmental, gender, environmental, dietary, 
nutritional, immunological, behavioral, ecological, cultural, and economic/political factors 
that influence the cancer process. In addition, we know that cancers have their origin in a single 
cell [ 8,9]. Today, there is a substantial evidence that the organ-specific adult stem cell and its 
early progenitor daughter are the target cells to become, in time, a “cancer stem cell” [10-12]. 
It is now thought that these “cancer stem cells” ought to be the target for both prevention 
and therapy [13,14]. Moreover, there is ample evidence of the power of nutrition and diets 
to influence, either positively or negatively, the frequency of many cancers, especially with 
the observations of caloric restricted, excess calories, and changes in diets due to diaspora of 
both peoples and foods, especially in large populations during the Second War in Europe and 
Japan [15,16]. This is now leading some investigators to view that pregnant women, exposed 
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Abstract

Solving the problem of preventing or treating cancers is still a major problem. While much is known 
about those multi-disciplinary contributors to the initiation, promotion and progression phases of human 
cancers, major hurdles to efficacious prevention and treatment involve, while recognizing that there are 
many known factors that can influence human carcinogenesis, little integration of this knowledge has 
been used. This brief “Opinion” paper hypothesizes that, by recognizing the multi-stage, multi-mecha-
nism process of carcinogenesis, the roles of organ-specific adult stem cells as the “targets for two types of 
“cancer stem cells”, and new strategies for nutritional /dietary intervention, could help in the prevention 
of early susceptibility for cancers later in life, as well as for treatment for the two very different “cancer 
stem cells”.  
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to many toxins/toxicants/behaviors, diets, can influence diseases 
later in life (The “Barker hypothesis” [17]). 

Understanding the Role of Adult Stem Cells in the 
Multi-Stage, Multi-Mechanism Process of Human 
Carcinogenesis

Putting this vague overview into sharper vision, we now have 
to look at recent advances in the isolation of human stem cells ( 
embryonic; “induced pluripotent” or “iPS”, somatic nuclear transfer, 
and organ-specific adult stem cells) in the context of the multi-
stage, multi-mechanism process of human carcinogenesis [18], the 
“stem cell hypothesis”[19-26] of cancer and “cancer stem cells”. If 
we assume the single cell of any organ is the first cell that is altered 
to become the “cancer stem cell”, then the question becomes, “What 
is that cell?”. Is it an adult stem cell that is blocked from terminally 
differentiation (“Oncogeny as partially blocked ontogeny” [20]); or 
Is it a somatic differentiated cell that is re-programmed to become 
“embryonic -like” in an adult tissue? [21]. In this short “opinion” 
paper, a strong argument can be made that there is sufficient 
evidence that the adult-organ-specific stem cell is the target cell 
for this “initiation” event to occur, as in the case of blood cancers; 
breast cancers, prostate cancers neural-derived cancers, intestinal 
cancers and skin cancers.

However, when this “initiation” event in a single organ-specific 
stem cell occurs, this is not a full-blown cancer. In fact, each human 
being has many organ-specific adults “initiated” stem cells. What 
is needed, in order that all the “hallmarks of cancer” [27,28] are 
acquired, is to allow these single cells to remain “immortal” or 
undifferentiated in order to be stimulated to proliferate to accrue 
more mutations and other epigenetic alterations and not to die by 
apoptosis or autophagy. This process is referred to as the promotion 
process, which can stimulate proliferation of this single “initiated” 
stem cells by agents or conditions that are “epigenetic” in nature, 
such as growth factors, hormones, cytokines, dietary factors, 
medications, non-toxic natural and synthetic chemicals, microbial 
toxins, wounding, non-mutagenic cytotoxins/cytotoxicants) [29]. 
After the expansion of these “initiated” cells by these non-mutagenic 
“promoters”, there can be the appearance of benign lesions ( nodules 
in the breast; polyps in the colon, papillomas in the skin, lesions in 
the liver), after systemic exposures at threshold levels and in the 
absence of “anti-promoters” [30]. However, after this expansion 
of initiate stem cells, finally, one cell acquires all the genotypic/
phenotypic changes required to invade and to metastasize into a 
malignant cancers. At this stage, as noted by current studies, the 
tumor is very heterogeneous [31].

However, while pathologists have long recognized for many 
tumors, there are two generalized classes: one being very 
“embryonic- like”, while the other being partially differentiated 
-like. The basal carcinomas and squamous carcinomas of the 
skin; the estrogen receptor positive versus the triple negative 
receptor beast carcinomas; the “flat-type” versus polyp -type colon 
carcinomas; etc. Other classifications include oncogene-associated 
and non-oncogene -associated cancers. It is here that, I propose 

that there exists in these tumors two types of “cancer stem cells” 
[32]. The colon cancer cells provide a great example [33], which 
I suggest existing in all organ tumors. The lining of the colon has 
few cancer stems cells in the ascending, transverse and descending 
sections. The tumors that do appear were, in all probability, derived 
and initiated from the adult colon stem cells. However, what is seen 
is that the polyp-type are partially differentiated and treatable. 
The “flat-type” colon tumors, to date, have not been treatable. Both 
types were probably “promoted” by different kinds of “promoters”. 
Since, the microbiome has been implicated in many diseases, 
including cancer and the different regions of the colon contain 
different microbiome population, it might be that the promoters 
might be the different toxins of these different bacteria that might 
cause stimulation of very early differentiation of the colon stem cell 
(polyp -type) and the undifferentiated colon stem cell that has been 
initiated is now promoter by other bacterial toxins to form the “flat-
type” of colon tumor.

If this hypothesis is true, cancer therapy must never use the 
same strategy that might work sometimes on the same “type” 
of cancer, but rather be designed to target either the “cancer 
stem cell”- type that is undifferentiated or “stem -like”, namely 
expressing the Oct4A gene [22] and not express any connexin gene 
, a gene expression required for differentiation [34]. The more 
differentiated-type of cancer is not expressing the Oct4A gene 
but is expressing the connexin or gap junction genes. Therefore, 
treatment of the undifferentiated type must use therapies that 
can induce the Oct4A gene to be transcriptional repressed and 
the connexin gene be expressed. On the other hand, the partially 
differentiated cells should restore functional gap junctional 
intercellular communication to either die by apoptosis or to 
terminally differentiate. In all tumors that are heterogenous with 
both cancer stem cells and non-cancer stem cells, the first objective 
is to remove most of the “cancer non-stem cells, in order to target 
the few “two-types of “cancer stem cells”. These are still tall orders 
but, without taking into account these two types of “cancer stem 
cells”, progress will be delayed.

Conclusion

It has been proposed that there exist two types of “cancer 
stem cells”, one derived from the undifferentiated adult organ-
specific stem cell, while the other has been derived from a very 
early differentiated adult organ specific stem cell. The former’s 
phenotype is one characterized by being very embryonic-like, with 
the expression of the Oct4A gene and the lack of expression of 
the connexin genes. These cells have no functional gap junctional 
intercellular communication. The latter “cancer stem cells” would 
be “partially differentiated”, having no Oct4A expression but 
expressing some connexin gene. Since all cancer stem cells are 
derived from normal organ specific stem cells, to prevent cancers, 
one, could, in principle, try to prevent expansion of adult organ-
specific stem cells during in utero development. Once these adult 
organ-stem cells are initiated in the adult, chemoprevention of 
agents that could block organ-specific natural or synthetic tumor 
promoters acting on these initiated cells by dietary intervention. 
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In the case of cancer therapy, in both cases, these two 
types of “cancer stem cells” have no functional gap junctional 
intercellular communication. The objective for cancer therapy is 
to transcriptionally suppress the Oct4A gene but transcriptionally 
induce the connexin gene in the former type. In the case of the latter 
type, since these cells already have suppressed the Oct4A gene and 
expressed the connexin gene but their connexin proteins have been 
rendered non-functional by some oncogene, the objective is to get 
the expressed connexin message/protein to become functional. 
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