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Abstract 

With the development of developmental biology, accumulating evidence validate that 
embryonic development has a close connection with cancer. In this review, I briefly 
introduce the similarities between embryonic development and cancer, as well as the 
effects of embryos on tumor growth and the relationship between stem cells and cancers. 
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1. INTRODUCTION 

With the development of developmental biology, more and more evidence confirms that 
embryonic development is closely related to the occurrence and development of cancer. This is 
important because it can inspire the study of cancer from the perspective of developmental 
biology, deepen the understanding of the mechanism of cancer occurrence and development, 
and provide the possibility to discover new diagnostic markers and therapeutic targets for 
cancer. This article briefly introduces the similarities between embryonic development and 
cancer, the influence of embryos on tumor growth, and the relationship between stem cells and 
tumors, as well as the potential application value of these knowledge.  

2. SIMILARITIES BETWEEN EMBRYONIC DEVELOPMENT AND CANCER 

Developing organisms and cancers have some similar characteristics, including some key 
signaling pathways, epigenetic regulation, gene expression, protein profiling, and biological 
behaviors such as epithelial-mesenchymal transition (EMT). 

2.1. Signaling Pathway 

The precise spatial and temporal activation of developmental signaling pathways is required 
during embryonic development [1]. Some of these signaling pathways, such as Wnt, Hedgehog, 
and Notch, are also involved in tumor development.  

The Wnt signaling pathway is involved in cell fate specialization, cell proliferation and cell 
migration during development [2]. The classic Wnt signaling pathway is active in almost all 
developing tissues, playing a crucial role in the formation of the body axis [3] and the 
maintenance of stem cell stemness [4], and it also plays a role in cancer. After Wnt binds to 
Frizzled receptor (Fz) and LRP5/6, LRP5/6 binds to Axin and GSK3, preventing APC, GSK3 and 
β-catenin from forming a complex. Free β-catenin enters the nucleus and acts as a transcription 
factor to promote the transcription of T lymphocyte-specific transcription factor (TCF) and 
lymphoid enhancer factor (LEF) [5]. Some targets of TCF/LEF promote cell growth and 
proliferation. Therefore, when this signaling pathway is over-activated, it will cause tumors. The 
Wnt signaling pathway has been recognized as a therapeutic target for various cancers [6]. 
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The Hedgehog signaling pathway regulates gene expression associated with cell proliferation 
and differentiation [7], playing an important role in the development of many organs including 
the central nervous system, teeth and appendages [8], [9]. The Hedgehog signaling pathway is 
involved in the occurrence of one third of malignant tumors. Under pathological conditions, 
abnormal activation of the Hedgehog signaling pathway can lead to cancers such as basal cell 
carcinoma [10]. 

The Notch signaling pathway is also involved in the fate determination of embryonic cells and 
is essential for the development of many organs, such as the central nervous system, pancreas, 
bones, and heart [11]. Notch's role in tumor development is related to the microenvironment. 
It acts as an oncogene in some cases and as a tumor suppressor gene in other cases [12]. 

The TGF-β signaling pathway has a wide range of functions. It is the key to induce embryonic 
tissue growth and morphogenesis, and plays a crucial role in the EMT of embryonic 
development. It also plays an important role in the tissue homeostasis by inducing 
antiproliferative response and promote cell differentiation and apoptosis, becoming a tumor 
suppressor of early tumors [13]. The TGF-β signaling pathway can activate other downstream 
signaling pathways and trigger the secretion of cytokines, such asinterleukin-like epithelial-
mesenchymal transition inducer (ILEI), which can induce EMT as well as the growth and 
metastasis of cancer [14]. Therefore, TGF-βmay be the potential therapeutic target of cancer. 

Hepatocyte growth factor (HGF) can induce mitosis and morphogenetic during development 
and cancer [15]. HGF downregulates E-cadherin expression through the cascade of RTK and 
MAPK, which is closely related to cancer metastasis. In the HGF signaling pathway, the 
transcription factor Snail inhibits the expression of E-cadherin, and Snail is also the main factor 
that induces EMT [16]. 

The FGF signaling pathway can promote embryonic mesoderm differentiation by enhancing 
TGF-β signaling and mediate EMT through RTK [17], [18]. It also affect tumorigenesis through 
different mechanisms, including deregulation of cellular signaling, angiogenesis, and resistance 
to therapies. Therefore, FGF/FGFR targeted therapy is the focus of anti-tumor study [19]. 

The Hippo signaling pathway plays a central role in regulating organ size and tissue 
homeostasis from Drosophila to mammals. The abnormality of it, especially the abnormality of 
YAP/TAZ and TEADs, is a key factor in cancer development, and its effects include the induction 
of excessive cell proliferation, invasion, metastasis and drug resistance. Many studies targeting 
the key regulators of the Hippo pathway in cancer have been reported [20]. 

2.2. Epithelial-Mesenchymal Transition 

During embryonic development, EMT performed by embryonic epithelial cells plays an 
important role in gastrulation and other developmental events. EMT also occurs during the 
spread of cancer cells. The transcription factors Snail and Twist, which play a role in 
gastrulation, are also drivers of EMT and metastasis in cancers such as breast cancer, pancreatic 
cancer, and colorectal cancer [21]. EMT acts on the migration of neural crest cells during 
development, facilitated by the transcription factors Snail, Slug and the Zeb family which are 
also associated with the invasion and proliferation of cancer cells [22]. 

2.3. Other Similarities 

The same mechanisms used by embryo implantation are also used for tumor invasion and 
metastasis. There are also many similarities in the epigenetic regulation of embryos and tumors, 
with genome-wide demethylation, high level of DNA methyltransferases, increased expression 
and translocation of retrotransposons, and the activation of long interspersed nuclear elements 
and endogenous retroviruses which are usually methylated. Embryos and tumors are also 
similar in that they both express genes involved in proliferation and differentiation such as c-
myc, Rb, c-met, c-fms, c-kit, fgf-2, and src. Embryos and tumors also have similarities in the 
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proteins they express, including a number of antigens, growth factors and hormones. In 
addition, embryos and tumors share similar mechanisms of metabolism, proliferation, 
differentiation and immune escape [23]. 

3. EMBRYO AND TUMOR GROWTH 

Embryonic tissue can induce the differentiation of normal stem cells and tumor stem cells. 
Exposure of developing embryos to chemical carcinogens may cause malformations, but not 
cancer, suggesting that the embryo's microenvironment can correct carcinogen-induced 
mutations, thereby preventing tumorigenesis. The microenvironment of blastocysts controls 
the growth of transplanted malignant cells, and the factors secreted by blastocysts can induce 
the differentiation of cancer stem cells. In contrast, malignant cells transplanted to other parts 
of the embryo are uncontrolled [24]. The more differentiated tissue in the embryo can regulate 
the growth of cancer cells in it. Some tumors can be transformed into normal developing tissues 
in the appropriate embryonic microenvironment [25], [26]. Therefore, different embryonic 
microenvironments can make cells have different differentiation potentials and affect tumor 
growth, indicating that cancer is a developmental biology disease. 

4. STEM CELLS AND TUMORS 

Tumors and normal stem cells share some common features. They have some common 
signaling pathways, such as Wnt and Hedgehog. The genetic structure and metabolism of tumor 
cells are very similar to stem cells in that they have active proto-oncogenes, embryonic growth 
factors, carcinoembryonic antigen and anaerobic metabolic functions. The difference between 
tumor cells and stem cells is that tumor cells cannot complete development and differentiation 
due to mutations [24]. Tumor cells have specific membrane receptors that can be targeted by 
stem cell differentiation factors. Stem cell differentiation factors can induce the differentiation 
or apoptosis of tumor cells by correcting events that occur in malignant tumors such as 
mutations or epigenetic changes. 

5. PROSPECT 

Some evidence suggests that cancer is a developmental biology disease, which helps to 
understand cancer biology from a new perspective and promote research on the mechanism of 
cancer occurrence, invasion and metastasis, so that the growth and spread of tumor can be 
better controlled. Understanding cancer from the view of developmental biology also has great 
potential application value that could provide new strategies to treat cancer, promoting the 
development of new diagnostic markers and therapeutic targets. For example, key signaling 
pathways can be used as therapeutic targets, and the development of cancer can be inhibited by 
suppressing the expression of key genes in the pathway. The embryonic microenvironment may 
contain some factors that can inhibit tumor growth or induce the differentiation of tumor cells, 
which may be extracted and made into drug to assist in cancer treatment. 
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