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Abstract 

 Angiogenesis is the formation and development of new blood vessels from pre-

existing vasculature. Inadequate balance of angiogenesis can cause various pathological 

disorders and considered mainly in cancer development. The blood vessels in solid tumors 

have abnormal physiological and morphological characteristics compared to the normal 

vasculatures. Two main gene expressions (matrix metalloproteinases-9) and (tumor 

necrosis factor-α) have very critical role in development of angiogenesis associated with 

cancer as well as its further metastasis. As stem cells are considered the source for all cell 

differentiation in every process in the body, they also are the source for the whole process 

of tumor tissues development. Stem cells participate in angiogenesis by differentiation into 

vascular lineage and/or by releasing angiogenic factors. Cancer stem cells are tumor 

initiating cells and predicted as a critical population of tumor cells which might mainly 

drive each step of tumor development. 

Angiogenesis: 

 The term ‘angiogenesis’ refers to formation and development of new blood vessels 

(neovascularization) from the pre-existing vasculature. Angiogenesis is a complex 

multistep process comprised of endothelial cell proliferation, migration, differentiation and 

remodelling of the extracellular matrix. Capillaries are formed by endothelial cells creating 

primitive tubules, which are then further supported and augmented by interactions with 

vascular pericytes. Angiogenesis consists of different steps including endothelial cell 

proliferation, stimulation of endothelial cells by various endogenous growth factors, cell 

migration and capillary tube formation (Yancopoulos et al., 2000). 

 The multi-step process of angiogenesis plays an important role in various simple 

and complex physiological process starting from embryonic development till various 

pathological and physiological processes. Under normal circumstances, angiogenesis is 

observed during inflammation, tissue regeneration and development, organ growth and 

repair, wound healing, menstrual cycle and metastasis. (Johnson and Traci, 2014; Birbrair 

et al., 2015).  

 Balance of angiogenesis when is changed can cause various disorders including 

malignancy, ischemic diseases, immune disorders and infectious diseases. The balance 
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between pro- and anti-angiogenic signals is the key factor that can maintain the overall 

balance of angiogenesis (Rajabi and Mousa 2017). 

Excessive angiogenesis is commonly associated with many pathological diseases, 

including diabetic retinopathy (Praidou et al., 2010), vascular malformations, 

atherosclerosis, obesity, arthritis, psoriasis as well as cancer (Dudek et al., 2012). 

Insufficient blood supply in case of reduced angiogenesis imposes the risk of tissue death in 

several diseases such as ischemic chronic wound (Frykberg and Banks, 2015) and coronary 

artery diseases (Kastrup, 2010). It is also indicated in  poor bone integration and survival in 

fracture repair (Saran et al., 2014). 

Cancer and Angiogenesis: 

Angiogenesis plays a vital role in tumor growth and progression, survival and 

metastasis. A primary tumor can grow only 1–2 mm
3
; beyond that it needs vascularization 

or angiogenesis to grow further. Moreover, tumor cells trigger an "angiogenic switch" that 

attracts blood vessels from the nearby stroma, which is further controlled by several pro- or 

anti-angiogeneic factors (Caporarello et al., 2017; Mukherjee, 2018). Several lines of 

evidence have indicated that growth, persistence and metastasis of solid tumors is 

dependent upon angiogenesis. Furthermore, a lot of studies have indicated that 

angiogenesis is also involved in the pathogenesis of haematopoietic malignancies. Because 

of this association of angiogenesis with multiple and diverse tumor types, it has long been a 

goal of clinicians to disrupt angiogenesis as a novel strategy for cancer therapy (Finney et 

al., 2009). 

The processes by which drugs inhibit tumor growth by suppressing angiogenesis is 

called antiangiogenesis procedure and is considered one of the most potential cancer 

treatment strategies. Several studies showed that significant therapeutic advantage can be 

achieved by treatment with angiogenesis inhibitors such as sorafenib, sunitinib, and 

bevacizumab (Escudier et al., 2007; Faivre et al., 2007). 

Although it was thought for many years that spread of cancer cells and growth of 

localized tumors beyond a few millimeters in size require local angiogenesis in which 

tumor cells produce new blood vessels by releasing pro-angiogenic chemical signals, recent 

studies have reported that tumors of brain, lung, and liver can grow along existing vessels 

without evoking new vessel growth (Rieger and Welter 2015; Winkler, 2017). Normal cells 

proximal to cancer cells may also support a pro-angiogenic response via signaling 

molecules. Local neovascularization supplies growing tumors with oxygen and essential 

nutrients, supports tumor extension and invasion into nearby normal tissue, and is essential 

to distant metastasis (Rajabi and Mousa, 2017). The growth of blood vessels is essential for 

organ growth and repair while the lymphatic vasculature forms the vessel network that 

participates in immune defense. Both angiogenesis and lymphangiogenesis play an 

important role in the process of numerous malignances (Alitalo et al., 2005; Carmeliet, 

2005). 

Tumor Vasculatures Characteristics: 

The solid tumors have blood vessels with abnormal physiological and 

morphological characteristics compared to the normal vasculatures. Tumor vasculatures 
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have highly chaotic and irregular arrangement of blood vessels (Morikawa et al., 2002; 

Campbell, 2006). Tumors blood vessels have increased permeability to circulating 

macromolecules and significantl higher growth rate of endothelial cells. The enhanced 

microvessel permeability is likely associated with creation of abnormally opened inter-

endothelial junctions (Bae et al., 2011) (Fig. 1). These characteristics of tumor vasculatures 

has led to design and develop a number of effective anticancer drugs. In tumors the size of 

vascular gap openings falls within the range of 400 to 600 nm which can be targeted by 

nano-structured materials of smaller sizes to penetrate into leaky tumor vasculatures 

delivering the loaded anti-cancer agents. (Bae et al., 2011) 

 

 

Fig. 1: Schematic illustration depicting the cancer-targeted accumulation of nanovehicles 

via the enhanced permeability and retention (EPR) effect (Bae et al., 2011). 

 

Matrix Metalloproteinases (MMPs): 

The establishment and progression of metastasis is a complex multi-step process 

involving dynamic interactions between cancer cells and their microenvironment (Egeblad 

et al., 2010; Hanahan and Weinberg, 2011; Valastyan and Weinberg, 2011). Within the 

primary tumor, these reciprocal interactions initiate angiogenic vessel assembly and 

culminate in the formation of vascular networks contributing to both tumor growth and 

cancer cell spread to secondary sites (Weis and Cheresh, 2011). This metastasis-supporting 

vasculature is shaped in part through continuous proteolytic modifications of tissue 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933969/#B009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933969/#B009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933969/#B069
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extracellular matrix and various cell surface molecules, particularly by the matrix 

metalloproteinases (MMPs). Nevertheless, the precise mechanisms whereby MMP-9 and 

other MMPs induce development and sustain those distinct angiogenic vessels capable of 

supporting tumor cell intravasation and metastatic dissemination of aggressive cancer cells, 

are still in the spotlight of cancer research. (Deryugina and Quigley, 2015 ) 

 As an example, MMPs have been implicated in diverse roles in breast cancer 

development and progression. While many of different MMPs expressed in breast cancer 

are produced by stromal cells, MMP-9 is produced mainly by the tumor cells themselves 

(Mehner et al., 2014). The human breast cancer cell-produced MMP-9 is specifically 

required for invasion in cell culture and for pulmonary metastasis in a mouse orthotopic 

model of basal-like breast cancer. The tumor cell-produced MMP-9 promotes tumor 

vascularization with only modest impact on primary tumor growth, and that silencing of 

MMP-9 expression in tumor cells leads to an altered transcriptional program consistent 

with reversion to a less malignant phenotype (Mehner et al., 2014). MMP-9 is most highly 

expressed in human basal-like and triple negative breast cancer and contributes to 

metastatic progression. MMP-9 may offer a target for anti-metastatic therapies for basal-

like triple negative breast cancers, a poor prognosis subtype with few available molecularly 

targeted therapeutic options (Mehner et al., 2014). 

Tumor Necrosis Factor-α (TNF-α): 

Tumor necrosis factor-α (TNF-α) was originally described as a circulating factor 

that can induce haemorrhagic necrosis of tumors. It is now clear that TNF-α has many 

different functions in cancer biology. In addition to causing death of cancer cells, TNF-α 

can activate cancer cell survival and proliferation pathways, trigger inflammatory cell 

infiltration of tumors and promote angiogenesis as well as tumor cell migration and 

invasion (Waters et al., 2013). 

Although administration of TNF-α can cause tumor regression in specific rodent 

tumor models, human expression polymorphisms suggest that TNF-α can be a tumor-

promoting cytokine, whereas blocking the TNF-α pathway in a variety of tumor models 

inhibits tumor growth. In addition to direct effects of TNF-α on tumors, TNF-α can 

variously affect immunity and tumor microenvironment. Whereas TNF-α can promote 

immune surveillance designed to eliminate tumors, it can also drive chronic inflammation, 

autoimmunity, angiogenesis, and other processes that promote tumor initiation, growth and 

spread (Lebrec et al., 2015). TNF-α signal transduction pathways can open the way for 

more selective targeting TNF-α signaling in cancer therapy (Waters et al., 2013). 

Stem Cells: 

Stem cells are classically defined as cells that have the capacity to differentiate into 

specialized cell types and the ability to self-renew, by dividing, while maintaining an 

undifferentiated state. An example of most important stem cells type are embryonic stem 

cells (ESs) which are considered pluripotent with an intrinsic ability to differentiate into all 

three germ layers (King et al., 2014). 
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Stem Cells and Angiogenesis: 

Stem cells participate in angiogenesis by differentiating into vascular lineage and/or 

by releasing angiogenic factors. A number of stem and progenitor cells have been examined 

for boosting angiogenesis within ischemic cardiovascular diseases, including adult bone 

marrow-derived mononuclear cells, endothelial progenitor cells, and pluripotent stem cell 

derived endothelial cells. Stem cells have been shown to play an important role both 

through direct differentiation and incorporation as mature endothelial cells, as well as, a 

potent source of pro-angiogenic growth factors that support new vessels formation (Hou et 

al., 2016). There are three main populations of endothelial progenitors derived from adult 

tissue that demonstrate potential augmenting vasculogenesis in wound healing including 

endothelial progenitor cells (EPCs), mesenchymal stem cell (MSCs), and induced-

pluripotent stem (iPS) cells (Fig. 2) (King et al., 2014). MSCs were reported to have the 

ability to differentiate into endothelial lineage and/or express endothelial lineage markers 

(Huang et al, 2010). Also MSCs secrete angiogenic paracrine factors such as vascular 

endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), and platelet-

derived growth factor (PDGF) that stimulate neovessel formation (Gnecchi et al., 2006). 

These varying mechanisms enable stem cells to differentiate and/or to incorporate into 

vasculature or release paracrine factors to stimulate host-derived angiogenesis. 

Cancer Stem Cells and Angiogenesis: 

 Cancer is a complicated disease in which it has two main phenomena; abnormal 

cells that divide without control and the ability of that cells to invade other tissues, 

spreading to other parts of the body through the blood and lymph, developing to the most 

devastating stage (metastasis) and considered the leading cause of death in cancer. 

The most systemic anticancer therapies after primary tumor resection often fail 

because of tumor recurrence and over-occurring side effects. Increasing evidence indicates 

existence of small subpopulations of cells endowed with unique self-renewal capacity, 

tumorigenesis, and radio- or chemotherapy resistance, which defined as cancer stem cells 

(CSCs) or tumor initiating cells. These cells are predicted as a critical population of tumor 

cells which might mainly drive each step of tumor programming, including neoplasm 

initiation, tumor growth and metastasis (Lapidot et al., 1994; Al-Hajj et al., 2003; Singh et 

al., 2004). Initially, cancer stem cells were identified in hematological malignancies and 

then they were isolated subsequently from many tumors including breast, prostate, brain, 

gastrointestinal, liver, lung, skin and ovarian cancer.  
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Fig. 2: Neovascularization during different stages of development. In embryonic 

development, the primary precursor cells are termed angioblasts and 

hemangioblasts that migrate, differentiate to endothelial cells, and then coalesce to 

form the vascular plexus and de novo vasculature. In the postnatal setting, the 

formation of  new blood vessels occurs primarily through two independent 

processes: angiogenesis and vasculogenesis. Angiogenesis results from the 

sprouting of new capillaries from existing vessels. This occurs through endothelial 

cell (EC) activation, proliferation, and migration to form new vessels that are then 

stabilized by pericytes. Vasculogenesis describes de novo generation of vessels, a 

process dependent on bone-marrow-derived and circulating endothelial progenitor 

cells (EPCs), which differentiate to endothelial cells and result in formation of new 

vessels. The differentiated endothelial cells also participate in reendothelialization 

and vessel repair (King et al., 2014). 

Accumulating evidence has shown that CSCs interact closely with angiogenesis, 

especially in glioma, a solid tumor that is highly lethal, difficult to treat and intimately 

dependent on angiogenesis. A lot of studies revealed the interplay among CSCs, 

angiogenesis and tumor vasculature based on this tumor model. (Zhao et al., 2011). 

Tumor angiogenesis is critical for tumor growth and maintenance (Kaur et al., 2005), 

that is important cellular parameter of tumorigenesis. CSCs show greater potential for 

tumor initiation and formation than non-stem cell like tumor cells. Gliomas are examplary 
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for the significant impact of angiogenesis on tumor progression with impressively elevated 

levels of VEGFs. Although VEGFs are expressed at elevated levels by endothelial cells 

engaged in angiogenesis and circulating bone marrow derived endothelial progenitor cells, 

many types of human cancer cells can also secrete VEGFs (Kerbel, 2008). In these regards, 

it is logical to suggest that cancer stem cells can function on angiogenesis. An emerging 

area of research supports that CSCs, besides their self-renewal and proliferative capabilities, 

may promote tumor angiogenesis (Zhao et al., 2011). 

Chorioallantoic Membrane (CAM) as an Experimental Model for Assessment of 

Angiogenesis: 

The main challenge for studying angiogenesis was to find a suitable model for its 

assessment.  Hen’s Egg Test Chorioallantoic Membrane (HET-CAM) is considered the 

most suitable model for angiogenic related assays. CAM is an extraembryonic membrane 

which serves as a gas exchange surface and its function is supported by a dense capillary 

network (Fig. 3). It is a highly vascularized membrane that surrounds the chick embryo 

(Ribatti, 2012). CAM assay is considered an experimental alternative to animal model. It 

serves as an ideal model for studying pro- or anti-angiogenic properties of different 

compounds. CAM provides an effective model for grafting cell lines, tissues as well as 

tumors. Tumor grafting on CAM gives the opportunity for studying several parameters for 

tumor growth such as mass formation, induced angiogenesis and metastasis independently 

or combined with anti-cancer compounds. Among the most valuable features of CAM 

assay are inexpensive, relative ease of carrying out the assay, high sensitivity for very low 

quantities of tested compound and allowing live real time monitoring. HET-CAM model 

was subjected to several trials making it the selected model for both quantitative and 

qualitative assessments for angiogenesis and tumor cultivation (Galal et al., 2016).  

 

Fig. 3: Live image for Chorioallantoic Membrane (CAM) blood vessels network 

(Galal et al., 2016). 
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 تكوين الأوعيت الدمويت الجديدة في كل من التطور الطبيعى والباثولوجي

 للسادة الدكاترة

يحًىد جلال
ا

، يحيً انًشار
ة

عيسً أحًذ عهً  ، أيبًَ
ا

، رحبة كبيم
ا
  

 مـــــن
ا

 يصز –انقبهزح –جبيعخ حهىاٌ –كهيخ انصيذنخ  –قسى الأدويخ و انسًىو : 

ة
 يصز –انقبهزح –انجزيطبَيخ ثًصزانجبيعخ  –كهيخ انصيذنخ : 

 

تكىيٍ الأوعيخ انذيىيخ انجذيذح عهً اَه تكىٌ أوعيخ ديىيخ يٍ أوعيخ ديىيخ سبثقخ انىجىد. إٌ عذو يعُزف  

انتىاسٌ في تكىيٍ الأوعيخ يًكٍ أٌ يسجت اضطزاثبد يزضيخ يختهفخ خبصخ في تطىر الأيزاض انسزطبَيخ. إٌ 

يقبرَخ ثبلأوعيخ انذيىيخ انطجيعيخ. كًب الأوعيخ انذيىيخ في الأوراو انصهجخ نهب خصبئص فسيىنىجيخ وشكهيخ غيز سىيخ 

ب في تكىيٍ الأوعيخ انذيىيخ  9أٌ انتعجيزانجيُي لإَشيى يبتزيكس ييتبنىثزوتيبس  ًً وعبيم َخز انىرو أنفب يهعت دورًا حبس

خلايب انجذيذح انًزتجطخ ثبنسزطبٌ ثبلإضبفخ انً هجزح انخلايب انسزطبَيخ. وثًب أٌ انخلايب انجذعيخ تعتجز يصذراً نكم ان

ثعذ عًهيخ انتًبيش، فهي أيضًب يصذرًا نعًهيخ تطىر أَسجخ انىرو ثأكًههب. تشبرك انخلايب انجذعيخ في تكىيٍ الأوعيخ 

انذيىيخ عٍ طزيق انتًبيش إنً أوعيخ ديىيخ سىاء ثشكم أسبسً أو عٍ طزيق إفزاس انعىايم انًحفشح نتكىيُهب. كًب أٌ 

انُبشئخ نهىرو ويعُشي نهب ثأَهب يجًىعخ يًيشح يٍ انخلايب انسزطبَيخ انتي يًكٍ  انخلايب انجذعيخ انسزطبَيخ هي انخلايب

 أٌ تقىد كم خطىح يٍ خطىاد تطىر انىرو.

 

 


