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Abstract
It is now well known that the molecular pathways in embryonic development have similarities with the
pathways of tumor development. Tumor development is a deterministic chaos with the genetic and/or
epigenetic alterations in a differentiated mature organ.Further, the concept of cancer stemness originated
from the thorough understanding of the molecular pathways from normal developmental processes. In
this review, the molecular pathways that are common for the normal developmental processes and cancer
development are being discussed, with the hope to establish the idea, that understanding the normal
developmental genetic landscape is critical to understand the development of cancer and may help to
develop novel anti-cancer therapeutics.
Keywords : Tumor, Cancer, mutation, gene regulation, signaling pathway.
Abbreviations : APC : Adenomatous Polyposis Coli, BMP : Bone Morphogenetic Proteins, EGF :
Epidermal Growth Factor, GDF: Growth and Differentiation Factors, SHH : Sonic Hedgehog , TGFβ :
Transforming Growth Factor β.
INTRODUCTION
Normal development
Embryogenesis starts with the formation of zygote through amphimixis of sperm and ovum,
which results in the formation of blastula. The blastomeres are the new embryonic pluripotent stem cells
derived from reprogrammed parental genome.

The differentiation of pluripotent stem cells leads to

organogenesis.
Our early understanding of cancer development started with the ultimate goal to understand the
underlying mechanisms of cancer-causing gene mutations. Today, with the help of modern tools and
techniques in cell biology, we have considerable understanding about cells and cellular mechanisms.
Many genes that are already known for their role during embryonic development are now identified as
hallmark genes for cancer development. For example,Wnt (1), Hedgehog (2) TGFβs (3) Notch (4) and
receptor tyrosine kinase pathways (5) are extremely critical for normal developmental process.
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All metazoans exhibit conserved Wnt signaling pathway, both during embryonic development
and adult tissue homeostasis. Wnt proteins, secrete growth factors, which are known to regulate the
proliferation and differentiation of progenitor cells, as well in repair of damaged cells (6).Abnormal
alteration of Wnt signaling in the embryo and in adults resulted in wide varieties of disease including
cancer (7). Hedgehog signaling network incorporates many genes and proteins, which are known to
regulate the transcription of many different genes depending on type of tissue (8). Further, the Hedgehog
pathway has been shown to regulate embryonic development including neural crest cell survival, left-right
asymmetry, limbs patterning, development of eyes, bone, cartilage, muscle, nervous system, gonads and
germ cells (9). The transforming growth factor β (TGF- β) belongs to the superfamily of growth factors.
There are over 30 members TGF-β superfamily growth factors such as BMP (bone morphogenetic
proteins), GDFs (growth and differentiation factors), Activins and nodal. These superfamily of growth
factors are critical, in development and homeostasis of multicellular organisms. The ligands from TGF- β
are known to regulate wide variety of cellular function like growth, adhesion, migration, apoptosis and
differentiation (10.11)
Cancer Development
Cancer is a disease said to be caused by specific genetic alterations in the afore mentioned genes
and their pathways which leads to uncontrollable division of cells without differentiation. This is in
contrast to the embryonic development where precise spatio-temporal regulation of genes expression and
development signaling pathways are executed (12, 13). Among the pathways described above, most
frequently dys-regulated pathways are Wnt, Hedgehog and Notch pathways and they have been shown to
participate in tumor initiation, maintenance and metastasis (14).Wnt signaling pathway components are
Wnt co-receptors, β-catenin destruction complex, nuclear co-factors and Wnt secretory machinery. Wnt
signaling pathway can be canonical (β-catenin dependent) or non-canonical (β-catenin independent) (15).
The relationship between Wnt and cancer, arise from the finding that tumor suppressor protein such as
adenomatous polyposis coli (APC) works in conjunction with β-catenin to regulate the Wnt pathway.
The mutation in the APC protein has been documented in the colorectal cancer (16), hepatocellular
carcinoma, endometrial cancer, and pancreatic cancer (17)
Many components of the Hedgehog signaling pathway have either tumor suppressing or protooncogenic in function. Thus, the proto-oncogenic become oncogenic when upregulated and concomitant
tumor suppressors inactivation results in tumor growth. Inactivation of Hedgehog pathway during
development results in congenital disorder whereas, the hyperactivation in the adult leads to
tumorigenesis (18). Hedgehog pathway comprised of Hedgehog proteins such as Sonic, Indian and
Desert; Patched receptor, Smoothened receptor, Kinesin protein, Protein Kinase A and GL1 transcription
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factor. The hedgehog signaling pathway regulate the transcription of target genes via GL1 transcription
factors (19). It has been shown that the mutation in the Hedgehog pathway promotes tumorigenesis and
this correlation was first established in the tumors of skin, cerebellum and muscle as origin observed in
the patients with Gorlinsyndrome (20). The extensive research work from the past decade revealed the
abnormal activation of Hedgehog pathway in many tumors such as lung, liver, breast, prostate, stomach,
colon and pancreas syndrome (21). Many studies have shown this is one of the dysregulated pathway in
the cancer stem cells that have the capacity of self-renewal and differentiation (22)
The functional studies clearly linked the Notch signaling to oncogenic and tumor suppressive
functions. Recent gene sequencing studies revealed the mutations in Notch genes and effects of these
mutations in wide variety of cancer. In higher animals, there are four different Notch receptors and have
EGF repeats followed by juxta membrane negative regulatory region and heterodimerization domain on
the extracellular region. Whereas, the intracellular domain mainly consists of proline, glutamate, serine
and threonine amino acids, typical components of the signaling pathway that regulates the gene
expression (23). Alterations in Notch signaling molecules have been detected in many solid tumors.
Within the cancer, Notch signaling pathway has been linked in the epithelial-mesenchymal origin, thus
establishing mesenchymal phenotype that are hallmarks of cancer (24, 25).
While the mutations in the genes that are linked to normal development leads to cancer
development, it is also important to realize the root cause of these cancer initiating mutations. The cancer
causing mutations can be broadly classified as loss-of-function mutations (For eg.-mutation within tumor
suppressing genes) and gain-of-function mutations (For eg.-mutation within oncogenes). Loss-of-function
mutations are mostly point mutations or small deletions, chromosomal deletions or somatic recombination
in which the normal gene copy is replaced by a mutant copy (26). On the contrary, if gain-of-function
mutation occurs, it results in the new protein isoform with different functions compared to the normal
counter part, and studies have shown these new proteins failed to fold into a tertiary structure.
Decades of research work suggest that there are multiple external as well internal genetic factors
responsible for triggering cancer initiating mutations. For.eg., the external factors such as smoking on ling
cancer, sun exposure and skin cancer, human papilloma virus (HPV) and cervical cancer and viral
hepatitis, and hepatocellular carcinoma have been well established (https://www.cancer.gov/aboutcancer/causes-prevention/risk).Whereas,the intrinsic factors refer to the basal mutation not influenced by
the external factors and the intrinsic factors arise from random errors that happens during DNA
replication. The error during the DNA replication is not just specific to humans, it occurs in different
organism at different rates (27).
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Conclusion
The knowledge about the genetic landscape of cancer development has been improving gradually
and there is considerable understanding, as a result of decades of research across the world. It becomes
evident and clear, that the genes responsible for causing cancer development are also known to have a
direct role in normal development. Therefore, it becomes imperative to know the role of genes and their
regulation in normal development as this holds the key to understand the development of cancer. This
paves the way for novel drug development. In fact, there are several small molecules and large biologics
(antibody based drugs) which are being developed and used in the clinical trials to curtail cancer
development and in the treatment of cancer.
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Figure. Contrast between normal development and cancer development. During normal development
(top panel), the cells undergo asymmetric division and require balanced gene expression to
promote the controlled normal development. Whereas in the cancer development (lower
panel), the cancer-causing mutations disrupt the balance in the expression of the same genes
that are involved in the normal development.
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