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Abstract: Angiogenesis is sprouting of new capillaries from already existing ones. It is a dynamic process that can 
be seen in every phase of human life. It is among the dynamic mechanisms of both physiological and pathological 
processes. Vascular endothelial growth factor is one of the many molecules that play a role in angiogenesis. Vascular 
endothelial growth factor  is released specifically to the endothelium. It regulates mitogenesis, vascular tone, vascular 
permeability and vasodilatation in the vascular endothelium. Caenorhabditis elegans is a nematode used to detect 
and screen the developmental processes and genetic mutations. It is appropriate to study at the organism level to 
isolate cells and to demonstrate intercellular interactions in vivo. Polyvinyl fluoride-1 is a molecule that plays a role 
in the neural development of Caenorhabditis elegans. In addition, the polyvinyl fluoride-1 molecule is told to be 
effective in angiogenesis. Studies have shown that polyvinyl fluoride-1 binds to vascular endothelial growth factor 
receptor-1 and vascular endothelial growth factor receptor-2, but not to vascular endothelial growth factor recep-
tor-3 and platelete derivated growth factor receptor β. In the research of human umbilical vein endothelial lines, it 
was observed that polyvinyl fluoride-1 induced angiogenesis and vascular tube formation. These results suggest that 
Caenorhabditis elegans may have a very important role in vascular endothelial growth factor studies. Caenorhabditis 
elegans model is used in many scientific areas such as aging, nervous system and genetic changes. However, only a 
few laboratories around the world studied the Caenorhabditis elegans angiogenesis model. Besides, this model is not 
currently used in Turkey. This provides a great advantage in terms of the utilization of this model in angiogenesis.
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INTRODUCTION

 Angiogenesis
 Angiogenesis is sprouting of new vessels from matu-
re endothelial cells. This process is a condition that may 
occur in every phase of human life in both physiologi-
cal-pathological processes in the body. Physiologically, 
all tissues need capillaries for diffusion of nutrients and 
metabolites. To maintain this, the capillaries should be 
formed from the main vessels. Changes in angiogene-
sis and capillaries are determined by metabolic activity. 
Oxygen plays a vital role in these processes (1).

 Studies on angiogenesis began in 1971 with the hy-
pothesis that angiogenesis might be the reason for tu-
mor growth (Figure 1) (2). After this hypothesis, ideas 
such as stimulation of angiogenesis may be used thera-
peutically in ischemic heart diseases, peripheral artery 
diseases, and wound recoveries have been thought. In 
addition to this, there has been a supposal that inhibi-
tion or reduction of angiogenesis may be used thera-
peutically in cancer, ophthalmic diseases, rheumatoid 
diseases, and other diseases (1). Apart from these pat-
hological conditions, capillaries develop or regress in 

healthy tissues according to functional needs. In other 
words, physiologically, stimulation and inhibition of 
angiogenesis occur in the body. 
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Figure 1: An illustration of angiogenesis on a tumor 
cell (3).

Turkish Med. Stud. J. 2018; 5: 79-84  DOI: 10.4274/tmsj.galenos.2019.06.01.06

Received: 31.01.2019 - Accepted: 05.02.2019

 
 Various molecules play a role in the regulation 
of angiogenesis in the body: Fibroblast growth 
factor (FGF), vascular endothelial growth fac-
tor (VEGF), angiostatin, thrombostatin etc. (4). 
Angiogenesis is stimulated and inhibited by such 
factors. 
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 Vascular Endothelial Growth Factor
 Vascular endothelial growth factor is a molecule 
that regulates mitogenesis, vascular tone, vascular per-
meability and vasodilation in the vascular endothelium 
(5). Members of the VEGF family and VEGF receptors 
play a critical role in physiological and pathological an-
giogenesis (6).  VEGF is a strong angiogenic factor and 
it is upregulated in many tumor tissues (7). VEGF and 
VEGF receptors are expressed from many cells, especi-
ally endothelial cells and tumor cells (8). 

 Glycoproteins which form the VEGF family, show 
their effects on cell membrane receptors (6). These re-
ceptors that VEGF family affects are called vascular en-
dothelial growth factor receptors (VEGFRs). VEGFRs 
are structurally tyrosine kinase receptors (8). VEGF 
receptors are similar to platelet-derived growth factor 
receptor (PDGFR). All subtypes of the VEGFR family 
have seven immunoglobulin-like domains in the extra-
cellular medium and a tyrosine kinase domain in the 
intracellular medium (6). 

 The VEGF family consists of five members that have 
a homodimeric structure: VEGF-A, VEGF-B, VEGF-C, 
and VEGF-D and Placental growth factor (PIGF). VE-
GF-A plays a regulatory role in angiogenesis, progres-
sional vasculogenesis and differentiation of progenitor 
endothelial cells. VEGF-B and PlGF induce angioge-
nesis in ordinary tissues. However, increased PlGF 
production promotes the development of pathological 
angiogenesis in tumor and inflammatory lesions. The 
effects of VEGF-B and PlGF on angiogenesis are wea-
ker than VEGF-A. VEGF-C plays a role in embryonic 
lymphangiogenesis (6). VEGF-D has mitogenic effects 
for endothelial cells. VEGF-D is a glycoprotein that sti-
mulates remodeling of the blood vessels and lymphatic 
vessels (9).

 VEGFR family consists of three members: VE-
GFR-1, VEGFR-2, and VEGFR-3. Vascular endothelial 
cells, hematopoietic stem cells, some tumor cells, mo-
nocytes and macrophages express VEGFR-1 (Figure 
2). VEGFR-2 is expressed from vascular endothelial 
cells, hematopoietic stem cells and some tumor cel-
ls. VEGFR-3 is specifically expressed from lymphatic 
endothelial cells in the human body (6). VEGF types 
show their effects by binding to VEGFRs. The level 
of binding varies according to the types of VEGF and 
VEGFRs. VEGF-A binds to VEGFR-1 and VEGFR-2 
among VEGFRs. VEGF-A shows higher affinity to VE-
GFR-1 than to VEGFR-2. In addition, the tyrosine ki-

nase activity of VRGFR-2 is higher than VEGFR-1 (8). 
The pro-angiogenic signal occurs mainly via VEGFR-2 
(8). VEGF-B and PIGF only bind to VEGFR-1 among 
VEGFRs (6). VEGF-C and VEGF-D bind to VEGFR-2 
and VEGFR-3, but not to VEGFR-1 (10). 

 Caenorhabditis Elegans
 Caenorhabditis elegans (C. elegans) is a small, 
non-pathogenic nematode found in nature in its free 
form. Larvae are 0.25 millimeters long, adults are 1 
millimeter long (12). C. elegans are transparent and 
have individual cells. Their subcellular details can ea-
sily be easily observed. C. elegans’ proteins can be la-
beled using fluorescent proteins (12). Thus, advanced 
details can be obtained. Fluorescent proteins can also 
be used to characterize developmental processes and 
mutations that effect cell function, to isolate cells, and 
to characterize intracellular and extracellular protein 
interactions in vivo.

 Caenorhabditis elegans’ life cycle is really fast. The 
time from the egg to the non-egg-producing adult is 3 
days at 25 °C. C. elegans consists male or hermaphrodi-
te sex characteristics. Male C. elegans occur in less than 
0.2%. Men are initially observed as a self-fertilizing 
hermaphrodite. Because of all these features, C. elegans 
is an important model for eukaryotic genetic studies. 
At the same time, C. elegans is the first multicellular 
organism known to hold a full genome sequence; thus 
allowing the molecular identification of many primary 
genes in genetic, developmental and biological proces-
ses of the cell and the discovery of new key molecules 
(12).

Figure 2: VEGF family members and their receptors 
(11).
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 C. elegans’ genome and 60-80% of human genes are 
found to be orthologue (12).  In addition, in the C. ele-
gans’ genome, 40% of genes that are associated with hu-
man diseases have orthologs. Therefore, the discoveries 
in C. elegans are valuable for the study of human health 
and diseases.

 Growth and Maintenance
 Caenorhabditis elegans can easily be isolated from 
rotten vegetables and fruits that are rich in bacterial 
food sources. In the laboratory, C. elegans are grown in 
agar plates containing Escherichia coli (E. coli). After 
C. elegans consume the bacteria in the agar, they pass 
into the dauer form and survive for at least one month. 
This period can be up to 6 months at 15°C. The C. ele-
gans in the dauer form do not need continuous feeding. 
When healthy, developing animals are needed in the la-
boratory a piece of old plaque agar is transferred to a 
new plate containing bacteria, then C. elegans return to 
L4 larvae form from the dauer form and maintain their 
normal developmental processes (12).

 Caenorhabditis elegans is suitable for experimen-
tal usage because it can be reused after freezing and to 
produce new C. elegans from a single hermaphrodite. 
C. elegans can be grown at temperatures between 12 C° 
to 25 C°. A 10 C° increase accelerates the growth twi-
ce (12). Development at different temperatures makes 
it possible to follow the growth rate in C. elegans. It 
also helps in the isolation and utilization of tempera-
ture-sensitive mutants (12). C. elegans is an easy and 
cost-effective experimental animal.

 Sexual Forms
 Caenorhabditis elegans has two forms of wild type: 
hermaphrodite and male (Figure 3). Hermaphrodite C. 
elegans’ gonads produce amoeboid sperms which first 
stand in L4 staged spermatheca (12).  Then, in the peri-
od close to adulthood, the ovary changes the fate of the 
egg cell to produce larger oocytes (12). Normally, her-
maphrodites produce sperm a certain time before pro-
ducing oocytes. The hermaphrodites store the sperm 
they produce before producing oocytes and normally 
fertilize these sperms with their newly produced oocy-
tes. About 300 new eggs occur here. If hermaphrodites 
mate with men, they can produce 1000 eggs. This shows 
that sperm produced by hermaphrodite is a limited fa-
ctor in self-fertilization (12). The chromosomes of the 
hermaphrodite and male C. elegans are diploid and 
contain five autosomal chromosomes (12). The sexes 
differ in terms of sex chromosome. Hermaphrodites 

have two X chromosomes, while males have one X ch-
romosome (Hermaphrodite: XX, Male: XO) (12). Most 
of the eggs formed by hermaphrodites are hermaphro-
dites. Only 0.1-0.2% of the eggs form male C. elegans.

 Male C. elegans is fundamental because it allows the 
exchange of materials necessary to achieve genetic di-
versity and gene mapping (12).

 Role of Caenorhabditis elegans in Genetic Studies
Caenorhabditis elegans is one of the most important 
and useful experimental animals for genetic studies. 
One of the major reasons for the use of C. elegans in 
genetic studies is that it is a model suitable for genetic 
manipulation. In addition, C. elegans has many advan-
tages in terms of genetic use. One of the advantages of 
the usage of C. elegans is that they show genetically ra-
pid development. Mutant homozygotes can be detected 
in two weeks after mutagenesis.

 Polyvinyl Fluoride-1
 Polyvinyl fluoride -1 (PVF-1) is a polymer expres-
sed from the region of the gene in Drosophila melano-
gaster, Caenorhabditis remanei, Caenorhabditis brigg-
sae and Caenorhabditis elegans. The protein it encodes 
is called PVF-1. PVF-1 protein is similar to VEGF-A, 
VEGF-B and PIGF molecules in the molecular structu-
re (14).

 Polyvinyl fluoride-1 molecule acts on VEGFR 1-4 
receptors in C. elegans (15). Further studies have shown 
that PVF-1 binds to VEGFR-1 and VEGFR-2 but not 
to VEGFR-3 and PDGF receptor β (14). This results in 
PVF-1’s VEGF A and PIGF is closer to the suggestion. 

Figure 3: Caenorhabditis elegans hermaphrodite adult 
(13).
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These molecules interact with PVF-1, thus play a role 
in both angiogenesis and neural development (14).

 The relation between Polyvinyl Fluoride-1 and An-
giogenesis

 Polyvinyl fluoride-1, which is a molecule encoded 
from PVF-1 gene region in C. elegans has an important 
role for ray formation. Molecular studies show that; 
PVF-1 molecule binds to VEGFR-1 and VEGFR-2.

 Polyvinyl fluoride-1 induces angiogenesis and ca-
pillary tube formation in human umbilical vein endo-
thelial cells (HUVECs) (15). These results suggest that 
C. elegans may have a very important place in VEGF 
studies.

DISCUSSION

 Angiogenesis is in the pathological and physiologi-
cal processes in our body. This situation shows the im-
portance of angiogenesis in our life cycle. Angiogenesis 
is the necessary mechanism for the human body. If the 
production of molecules that lead to angiogenesis is in-
hibited or the receptors to which the molecules bind 
are blocked, the formation of angiogenesis is preven-
ted and tumor angiogenesis is inhibited. In this way, 
the tumor tissue cannot be fed, the vessels required for 
metastasis cannot be obtained and the body is minimi-
zed for damage. Also, tumor angiogenesis is induced to 
increase the likelihood of tumor-specific drugs. In this 
way, the drug dose to be given to the patient is reduced, 
the cost of the drug is decreased and the patient takes a 
minimum level of medication. These two opposite situ-
ations are important for understanding the importance 
of the balance in angiogenesis.

 Many molecules play an important role in angi-
ogenesis that is so critical for our body. VEGF comes 
at the beginning of these molecules. VEGF is a mole-
cule that regulates mitogenesis, vascular tone, vascu-
lar permeability and vasodilation in the vascular en-
dothelium, which is specific to the endothelium (5). 
VEGF has five different subtypes; VEGF-A, VEGF-B, 
VEGF-C, VEGF-D and placental growth factor (PIGF) 
(6). VEGF-A plays a regulatory role in the progressi-
on of vasculogenesis, angiogenesis, and differentiation 
of progenitor endothelial cells (6). VEGF-B and PIGF 
induce angiogenesis in ordinary tissues (6). However, 
increased PIGF production promotes the development 

of pathological angiogenesis in tumor and inflamma-
tory lesions (6). The effect of VEGF-B and PIGF on an-
giogenesis are weaker than VEGF-A. VEGF-C plays a 
role in embryonic lymphangiogenesis (6). VEGF-D is a 
mitogen for endothelial cells VEGF-D is a glycoprote-
in that stimulates the remodeling of blood vessels and 
lymphatic vessels. (9)  VEGF shows the effect on the 
VEGF receptor, which is a tyrosine kinase receptor on 
the cell surface. There are three subtypes of VEGFR: 
VEGFR-1, VEGFR-2, and VEGFR-3.  Vascular endo-
thelial cells and hematopoietic stem cells express VE-
GFR-1 and VEGFR-2 in physiological conditions (6). 
VEGFR-1 and VEGFR-2 are also expressed in some 
tumor cells pathologically (6). Furthermore, monocy-
tes, and macrophages express VEGFR-1 (6). The kinase 
activity of VEGFR-1 is very low compared to VEGFR-2 
(8). VEGFR-3 is usually expressed from lymphatic en-
dothelial cells in the body (5). 

 The future of angiogenesis can be changed using 
VEGF agonists and antagonists. This situation provi-
des the ability to stop the development of many cancers 
and diseases, regression of diseases and full cure. 

CONCLUSION

 Caenorhabditis elegans is a good and useful model 
for the detection of VEGF agonists and antagonists. The 
PVF-1 molecule, which is responsible for the formati-
on of the first of the rays at the tail of male C. elegans, 
resembles VEGF-A, VEGF-B and PIGF in the molecu-
lar structure (14). Studies have shown that PVF-1 binds 
to VEGFR-1 and VEGFR-2 (14). This suggests that C. 
elegans is a good, useful, inexpensive, simple model for 
the detection of VEGF agonists and antagonists. Inhi-
bition of angiogenesis, which plays an important role in 
the pathogenesis of important diseases, with the mole-
cules to be discovered will prevent the progression of 
many diseases and prevent further discomfort. It will 
also increase the diversity of treatment options in tu-
mors and many other diseases. 
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