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Abstract
Purpose of Review  In this article, we summed up the different types of stem cells which are present in the skin and the role 
of adipose-derived stem cells (ADSCs) in providing various anti-aging properties.
Recent Findings  Adipose-derived stem cells (ADSCs) can be utilised in numerous unbelievable ways like in skin regeneration, 
soft tissue augmentation, anti-aging therapy, curing wrinkled skin and even in skin whitening. ADSCs prove to be useful 
even in cosmetic surgeries where it increases the success rate dramatically with the fusion of fat grafts and lipo-injections.
Summary  We sum up the various other related properties of ADSCs like angiogenesis, plastic surgery and cancer treatment 
and their applications in curing skin diseases.
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Introduction

Skin, one of the largest organ, is always subjected to the 
outer environmental factors and has evolved rightly in order 
to respond to various stressors [1]. The aging of skin can be 
of various types from chronological to photoaging, where 
chronological refers to the physiological alterations of the 
skin functions and photoaging is related to light, radiations 
and UV rays [2]. There have been various studies focus-
ing on the different factors that are responsible for the early 
skin aging and also on the changes that take place as skin 
and its cells gradually start to age. Apart from the scientists 
and researchers who are studying the aging of the skin and 
would thus even induce rapid aging in model skin tissues, 
nobody likes the skin to age and lose its young properties. 
Skin aging induction can be done by various ways like UV 
radiation-induced connective tissue damage [3].

There are numerous ways by which researchers have tried 
to bring back the aged skin to life and undoubtedly have even 
been successful in doing so. One still cannot deny the fact 
that there is lot to improve and would be so ahead as well, 
with this particular field always remaining a wide area of 
research for many researchers. One major way of healing the 
skin and regenerating it is doing it from the root source. This 
is where the stem cells come into account which due to their 
property of acting as a repair system of the body and replen-
ishing other body cells always stays in the limelight [4]. One 
of the most easily accessible and most effective stem cells 
with diverse skin regeneration and rejuvenation properties 
is adipose stem cells (ADSCs) [5]. With its diverse proper-
ties, it can not only be used for skin regeneration and wound 
healing, but also for plastic surgery to even soft tissue aug-
mentation. Its vibrant properties make it an interesting topic 
for the researchers to dwell deeper into it and find more uses.

Types of Skin Stem Cells

Skin is a simple-looking but a rather complex organ of 
the body. It is not a smooth surface as it tends to look like 
but a flat surface full of depths and troughs. As there are 
different types of cells and glands present on the skin, it 
is obvious that there are different types of stem cells also 
(Table 1). Stem cells are those distinct types of cells that 
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can self-renew and differentiate into any type of adult stem 
cells and can replenish any lost cells during the course of 
time [6, 7]. These stem cells reside in a specific environment, 
known as “niche”, which is present in a tissue, for progeny 
production and self-renovation [8•].

Epidermal Stem Cells (ESC)

The epidermis is the outermost layer of the skin. Its major 
role is in protecting the tissues and cells from the unfavour-
able outer conditions. It is a tough layer with horny cells and 
comprises of stratum corneum [22, 23]. Epidermis also has 
some different sub layers in it, including the outer layers, 
mid layers and base layers, which all together form a proper 
epidermis. If epidermal layers also include the outer layer 
membranes, then the epidermis can be said to have 4 dis-
tinct sub divisions. The outermost membrane is the plasma 
membrane which consists of a lipid bilayer. Moreover, the 
outermost layers are protective layers which are categorised 
as the line barriers, further classified as the first line barrier 
and the second line barrier. Other sub layers are named as 
Granular layer, Spinous layer and Basal layer [23].

Epidermis mostly comprises keratinocytes and they 
account to more than 95% of the total cells present [24]. 
Apart from keratinocytes, there are 2 more type of dendritic 
cells; Langerhans cells and Melanocytes [25]. Their loca-
tion too varies from one another, for an example, keratino-
cytes reside in the lower levels of epidermis [26], while 
Langerhans usually rest in the supra-basal position [27]. 
Epidermis is a type of tissue that continually renews itself 
(renewal turnover of epidermal cell is 7 days) and sheds of 
its unwanted dead cells [28]. The two upper layer of skin, 
the epidermis and the dermis, are filled with extracellular 
proteins in between them.

The particular interest is associated with epidermal stem 
cells (ESC) in skin repair as they are accessible and numer-
ous in numbers. The ESC is highly proliferative and form 
large clones [29]. They are responsible for maintaining skin 
homeostasis and are widely used in clinical studies and 

regenerative medicine for skin repair [29]. Since 1970s, the 
regenerative potentials of ESCs have been explored to over-
come the limitations associate with therapeutic conventional 
strategies and have been demonstrated to promote healing 
of wounds and replacement of irreversibly lost skin [30]. 
ESCs were found to get activated during wound healing. 
The lineage restriction of resident skin stem cells and spatial 
confinement led to the recruitment of ESCs from different 
regions of the skin and contribute to multiple ESCs during 
skin repair [31].

Follicular Stem Cells

A hair follicle comprises the whole structure from the outer 
strand of hair to the innermost bulb. In between this, there 
are many sub structures like Arrector pili muscle (APM), 
Bulb, Club hair, Dermal papilla (DP), Dermal Sheath (DS), 
Hair canal, Hair germ, Hair peg, Hair shaft, Infundibulum, 
Inner root sheath (IRS), Outer root sheath (ORS), Isthmus, 
Pelage hairs and Sebaceous gland [32]. All have various 
specific functions like dermal papilla regulates hair growth, 
arrector pili muscle controls piloerection and inner root 
sheath (IRS) expresses fibroblast growth factor mRNA 
(FGF-22 mRNA) [33].

It has been observed that the bulge region of the hair 
follicle is the most important niche where the stem cells 
reside [10]. Moreover, the bulge stem cells play a vital role 
in wound healing due to their regeneration potential, and 
their ability to migrate to the site of damaged epidermis 
[34]. The DP cells of the hair follicle have proven to produce 
many growth factors, matrix components and cytokines like 
fibroblast growth factor (bFGF), endothelin-1 (ET-1) and 
stem cell factor (SCF) [35]. Thus, proving their worth in skin 
repair and wound healing.

Melanocyte Stem Cells

White, pale, black and brown, this is how the colour of the 
skin is usually characterised. But what actually decides the 

Table 1   Common stem cell types, their niche and their functions

S no Stem cells Niche Functions

1 Epidermal stem cells Basel layer, bulge, base of sebaceous 
gland shaft [9]

Homeostasis and wound [10]

2 Follicular stem cells Bulge [11] Cyclic bouts of hair growth [12]
3 Melanocyte stem cells Bulge and bulb [13] Maintenance of periodic cycles of hair pigmentation [14]
4 Sebaceous gland stem cells Bulge (region of outer root sheath) [15] Holocrine secretion of sebum [16]. Protect and lubricate the skin 

[17]
5 Mesenchymal stem cells Perivascular niche [18•] Tissue homeostasis and regenerative medicine [19•]. Wound heal-

ing, heart regeneration, immune disorder and graft vs host disease 
treatment (GvHD) [20]

6 Haematopoietic stem cells Vascular niche [21] Self-renew and differentiate into any type of mature blood cells [22]
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colour of the skin is the total count of melanocyte present in 
it. More the number of melanocytes present, darker would 
the skin colour be. The melanocytes are not just confined to 
the skin but are present at other sites too. Residing in the fol-
licles of hair, they tend to play a major role in hair pigmenta-
tion. They are even said to be phenotypically prominent but 
histologically inconspicuous skin cells [36].

Melanocyte stem cells have various functions and offer 
an advantageous model which helps us understand how stem 
cell behaviour is regulated by their surrounding microenvi-
ronment. They are fairly easy to isolate. The major hotspot 
for these stem cells is found out to be in the bulge region of 
the hair follicle [37]. Also, the epidermal cells and mela-
nin form a functional unit which comprises of melanocytes 
and keratinocytes [38]. The melanin pigment is of immense 
importance to the skin as it has many useful functions like 
preventing the skin from harmful sun rays [39]. Moreover, 
it makes the skin less vulnerable to infections as compared 
to the skin with less melanin content thus helping in faster 
skin repair too.

Sebaceous Gland Stem Cells

Apart from the complexion, the skin can be oily, dry or 
normal. This texture of the skin is the result of different 
secretions that take place by different glands. Apart from its 
association which tends to be with hair follicles only, these 
glands are present on other sites as well [40•] and depend-
ing on the site, they are recognised by different names; for 
example, meibomian is the sebaceous gland of the eyelid 
[40•]. Sebaceous gland stem cells help in the renewal of the 
sebaceous gland. Many multiple stem and progenitor cell 
compartments have been identified [41] which contributes 
together to the regeneration and continuous renewal of hair 
follicles and sebaceous gland [42].

Mesenchymal Stem Cells

Be it bone, dermis or even smooth and rough muscles, the 
involvement of mesenchymal cells is everywhere. Talking 
about the migration of the mesenchymal cells, they tend 
to migrate in early embryonic development between the 
ectodermal and endodermal layers [43]. The most fasci-
nating part of these cells is related with skin regeneration 
and wound healing, thanks to its ability of space filling and 
repair mechanisms [43]. A study has been performed where 
mesenchymal stem cells derived from the umbilical cord 
blood (UCB) proved to be extremely effective in cutane-
ous skin repair. The tests were periodically performed on 
rats [44]. Considering the source, there are different types 
of tissues derived from mesenchymal progenitor stem cells. 
Some of which are bone, cartilage, tendon, adipose, muscle 
and vascular derived [45].

Haematopoietic Stem Cells (HSC)

Haematopoietic stem cells are the stem cells from which all 
the different types of blood cells are derived. They were also 
the first tissue specific stem cells to be isolated [46]. There 
are many diseases like leukaemia and some autoimmune 
disorders in which the haematopoietic stem cells contain-
ing grafts prove to be extremely useful [47]. Because of the 
very short life span of most effector cells, mature blood cell 
production is an ongoing process with estimates suggesting 
the production of 1.5 × 106 blood cells every second in an 
adult human [48]. Haematopoietic stem cells have been dem-
onstrated to restore the architecture of skin and hair follicles 
while enhancing the wound healing speed and quality [49].

Adipose Tissue and Cells

Adipose tissue or fat tissue is composed of lipid filled cells 
known as the lipocytes [50]. The location of this tissue is 
under the skin [50, 51]. Adipose cell consists of a large lipid 
droplet surrounded by a thin rim of cytoplasm [52]. There 
are usually 2 types of adipose tissues present in the body, 
white adipose tissue (WAT) and brown adipose tissue (BAT) 
[53]. White adipose tissues are the main supplier of lipid 
whereas the brown ones are more useful for fatty acids and 
heat production [54]. Adipose tissue provides thermal insu-
lation, mechanical protection and is also known for its high 
expandable nature [55, 56]. Adipose tissue had also been 
observed to expand on the level of obesity [57], or shrink 
during weight loss [58].

Adipose-derived stem cells (ADSCs) are the mesenchy-
mal cells that can be isolated from subcutaneous adipose 
tissue, are abundantly present in human body and can be iso-
lated in large numbers [59]. Because of their multi-lineage 
capacity, the ADSCs potential had been extensively explored 
for tissue repair and maintenance [60]. The various applica-
tions of ADSCs in skin repair are discussed in the following 
sections.

Role and Applications of ADSCs

The ADSCs have immense capacity to differentiate into 
different types of cells, which is also responsible for their 
immense importance to skin regeneration and tissue aug-
mentation. There are various factors that prove its worth 
in this very field. Some factors include [61] the following:

1.	 They continue proliferating even after transplantation
2.	 Differentiation of adipose-derived stem cells into 

endothelial cells and possible neovascularization
3.	 Multipotent differentiation capacity
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4.	 Release of angiogenic growth factors
5.	 Wound healing

Thus, its multipotency and ability to release angiogenic 
growth factors can be useful in reducing the symptoms of 
many types of diseased patients, like diabetes and many 
other age-related complications [61]. ADSCs release vari-
ous growth factors and cytokines which prove to be vital in 
skin repair and wound healing. They even have various other 
functions like storing fat and burning calories (Berry et al., 
2015). Other vital applications include face reconstruction, 
skin whitening, skin rejuvenation and breast augmentation 
(Fig. 1).

ADSCs and Skin Whitening

According to a study, a conditioned medium of ADSCs was 
prepared and its skin lightening and effect on melanocytes 
was studied in melanoma B16 cells [62] ADSCs treatment 
inhibited the synthesis of melanin and the activity of tyrosi-
nase in a dose dependent manner [62]. ADSCs also help in 
producing antioxidant cytokines which are helpful in giving 
a fair skin [63]. The melanin pigment forms a cap over the 
keratinocytes which protects it from the harmful rays of the 
sun like UV rays [39]. The main enzyme involved in the 
synthesis of melanin is tyrosinase [64], and the main site is 
melanosome [65]. Therefore, tyrosine inhibitors can be help-
ful in lightening the tone of the skin [62]. Human tyrosinase 
related protein-1(TRP1) have proved to be extremely impor-
tant for the activation of tyrosinase enzyme. Moreover, it is 
stimulated and enhanced by cyclic AMP, ATP, magnesium, 
pH of around 6.2 and temperature of around 30 °C [66, 67].

ADSCs culture mediums contain specific growth fac-
tors like TGF-β (Transforming growth factor-b1) which 
hinders the process of the melanin synthesis [68]. Anti 
TGF-β1 antibodies have also been tested and showed rapid 

re-stabilization of the dropped tyrosine levels of ADSC-CM 
treated melanoma B16 cells. This is the reason behind the 
ongoing research to bring in more effective tyrosine inhibi-
tors that would prove useful in less melanin production. 
Among the numerous experiments, treatment of ADSCs 
in the culturing medium of B16 melanoma cells have been 
proven successful in reducing the tyrosinase activity in B16 
cells (Fig. 2) [62].

Wrinkled Skin, ADSCs and Fat Grafts

Aging can be both intrinsic and extrinsic, where extrinsic 
factors are all the external environmental factors [69]. Stud-
ies have found various factors like extreme stress, ultraviolet 
rays and smoking intensively affecting the skin aging [70]. 
There are many changes that take place during the course 
of time in the skin structure and composition. For example, 
changes in the gene expression of skin fibroblasts led to a 
significant decrease in cell number [71] and skin collagen 
production also experiences a gradual decrease [72].

The skin also experiences a redistribution of fat after a 
certain age limit. The fat is redistributed in different areas 
of the body like the arms, thighs and buttocks; however, 
the fat consistency experiences a fair decrease in certain 
areas like face [69]. This tends to make the skin look loose 
and lack stiffness. This is where injections of ADSCs work. 
However, studies have proven that the effectiveness in skin 
rejuvenation is dramatically increased if the ADSCs injec-
tion is given in combination with the fat grafts [69].

Face Reconstruction

Face reconstruction is not only confined to the jawline repair 
and other lower jaw related corrections but also remains 
vibrant from lip augmentation to cheek lifting. There are 
various types of fillers used in fat grafting. The classical 

Fig. 1   Applications of adipose-
derived stem cells in skin repair
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tools like the blunt cannula seems to be one of the easiest 
and safe fillers available [73]. Although, there have been 
significant successful improvements in the field of fat fill-
ers but the use of old classical tools can never be neglected. 
More than the issue of filling the fat graft, the more concern-
ing factor for the surgeons is the retention and viability of 
the same. This is the reason behind the continuous ongoing 
research for the improvement of fat graft viability. Stud-
ies have shown that there is a significant improvement in 
the retention of fat grafts with the combination of adipose-
derived regenerative cells (ADRCs) [74].

There are many diseases whose side effects involved the 
loss of fat grafts in some parts of the face. Lipoinjection 
can prove to be divine in diseases like lipoatrophy which 
can even be associated with HIV infection [75]. However, 
it still needs further improvement as there are many loop-
holes which demand improvement. Although, autologous 
lipoinjection had proven to be one of the best treatment for 
soft tissue augmentation because there is no incision scar or 
complications associated [76].

Mechanism of ADSC Assisted Angiogenesis

Apart from the direct differentiation, ADSCs also triggers var-
ious paracrine functions like immunoregulation, vasculariza-
tion, skin repair and others. Vascular endothelial growth factor 
(VEGF) released from the ADSCs promotes rapid growth of 

endothelial cells which thereafter helps in vessel formation. 
Moreover, hypoxic conditions have also turned out to be 
favourable for VEGF release and angiogenesis [77]. Also, the 
role of leptin cannot be left behind in enhancing the process 
of angiogenesis. The activation of specific receptor known 
as the leptin receptor (Ob-R) in the endothelial cells plays an 
important role in angiogenesis (Fig. 3) [78].

Angiogenesis and Wound Healing

Different phases of wound healing in the skin have been 
extensively documented where all involve dynamic inter-
actions between epidermal cells, dermal cells and bone 
marrow-derived cells, leading to rapid wound closure and 
subsequent tissue repair [79]. The best available treatment 
for chronic wounds achieves only a 50% healing rate that 
is often temporary. Among the many factors contributing 
to non-healing wounds, impairment in the production of 
cytokines by local inflammatory cells and fibroblasts and 
reduced angiogenesis are crucial [80]. Tumours can develop, 
albeit infrequently at the site of chronic skin wounds or 
untreated mouth ulcers [81]. Wound healing response of 
fibroblasts has many similarities to the activation of fibro-
blasts in the tumour stroma—for example, the expression 
of markers of myofibroblasts used to predict the outcome 
of cancers of the lung, stomach and mammary gland [82].

Fig. 2   The role growth factors released by ADSCs in hindering the production of melanin
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One of the most important conclusions from recent 
research on the epidermis is that there are multiple popula-
tions of stem cells residing in different locations within the 
tissue [83]. Revascularization plays a critical role in wound 
healing and is regulated by a complex zone of growth factors 
and cytokines. Deficiencies in revascularization contribute 
to the development of chronic non-healing wounds [84]. 
According to a research done, the angiogenic capillaries are 
said to come in the fibronectin-rich wound clot and thereaf-
ter form a microvascular network throughout the granulation 
tissue [85]. Vascularization is the first step in the formation 
of blood vessels [86]. Endothelial cells which form the lin-
ing of the vessels have been proven to play a major role 
in angiogenesis [87•]. It had also been studied that wound 
angiogenesis seems to be regulated by endothelial cell inter-
action with the three-dimensional ECM environment in and 
around the wound area [85]. Apart from wound healing angi-
ogenesis is also triggered in various other cases like female 
menstrual cycle, embryonic cycles and organ growth [88].

Angiogenesis and Aging

Skin aging is characterised by many factors from gradual 
timely aging of the various skin cells and reduced number 
of stem cells that are able to respond to proliferative signals 
[89]. Angiogenesis is the development of new blood vessels 
and can be a determinant factor in age-related changes. This 
is why we see more severity in vascular related disorders 
in older individuals [90]. Be it vascular sprouting, vessel 
maturing or any type of blood vessel formation, ECM (extra-
cellular matrix) plays a very important role in it [83], like 
providing binding scaffold to various cytokines and helping 
in many signalling factors as well [91]. There is also a sig-
nificant loss of vessels in aged individuals which are respon-
sible for exchange of nutrients. These vessels are affected by 
both density and surface area [92].

Angiogenesis and Photoaging

Photoaging refers to the damage of skin which is caused by 
the over exposure to sunlight and other harmful rays of the 
sun [93, 94•]. UV radiation, infrared rays and even heat are the 
main age inducer trio of photoaging and reports have suggested 
that angiogenesis is induced by these stimuli [95]. However, 
although skin angiogenesis is induced by acute UV irradia-
tion but a chorological decrease in cutaneous blood vessels 
was observed in photodamaged skin. The photoaged skin is 
characterised by coarse wrinkles, loss of elasticity, pigmented 
spots, dryness, verrucous papules and telangiectasia [96, 97].

Defensins

Defensins are widely distributed and abundant antimicro-
bial peptides (3–4 KDa) that are variably cationic and con-
tain six disulphide-paired cysteines [98]. They are broadly 
divided into three different types based on their structure; 
α-defensins, β-defensins and θ defensins [99]. The impor-
tance of these peptides in skin regeneration and wound 
healing cannot be ignored because of their ability to trig-
ger many immunomodulatory and chemotactic functions. 
Some investigations are also done on the effects of human 
β-defensins (hBDs) on keratinocytes and fibroblasts, 2 major 
skin cell types involved in skin regeneration [100]. Not only 
skin regeneration and wound healing, these peptides also 
play an essential role in male fertility [101].

Other factors related to defensins and skin healing are 
acne and heat bumps. The basic mechanisms involved in the 
development of inflammation during acne vulgaris is a hot 
topic of research. There have been many experiments that 
have investigated the expression patterns of two antimicrobial 
peptides, human beta-defensin 1 (hBD1) and human beta-
defensin 2 (hBD2), in healthy human hair follicles as well as 
in peri- and intralesional skin of acne vulgaris lesions such 

Fig. 3   Role of ADSCs and its 
growth factors in angiogenesis
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as comedones, papules and pustules. Strong hBD1 and hBD2 
immunoreactivity have been found in all suprabasal layers of 
the epidermis, and all permanent compartments of the hair 
follicle including the distal ORS of the hair follicle and the 
pilosebaceous duct [102]. Moreover, due to their ability to 
trigger the activation of various cell types, along with playing 
a vital role in cytokine regulation, these defensins (human 
beta defensins in particular) also have been proven to be use-
ful in the regulation of various allergic diseases [103].

Plastic Surgery, Tissue Augmentation, Skin 
Regeneration and Stem Cells

The idea of tissue augmentation and new skin regeneration is 
obviously a fascinating topic; however, the therapies involved 
are not that common in all laboratories and are done at a huge 
cost. These procedures tend to be even more complicated with 
the involvement of infection, surrounding fibrosis and contrac-
ture [104]. There are relatively cheaper alternatives like that of 
fat grafting which is also a rather easier treatment with rela-
tively less complications. Fat grafting has been an active field 
of interest for many researchers where most of the observations 
include the deep survey of not less than 100 patients receiving 
minimum of at least two treatments [105]. As far as ADSCs 

are concerned, there have been many studies where their 
effectiveness in soft tissue augmentation has been evaluated 
[106•]. ADSCs appears to be more suitable for enhancement 
of fat graft as the self-renewal, proangiogenic and unlimited 
proliferation capacity of ADSCs have been known to promote 
the differentiation of epithelial cells, neovascularisation and 
increase proangiogenic factors concentration which ultimately 
improves the survival of fat grafts [107, 108]. A rapid develop-
ment has been seen in soft tissue engineering based on ADSCs 
in past decades with ADSCs becoming gradually the main 
stem cells source for adipose engineering [109].

Tumour Growth, Angiogenesis and Cancer 
Treatment

Tumour is a rapid uncontrolled growth of cells and the fac-
tors required for cell growth, involves vessels formation 
and their critical role in supplying essential nutrients and 
other types of growth factors to the tumour site. Tumour 
growth requires formation of new blood vessels for continu-
ous supply of oxygen and nutrients and the identification of 
chemical factors that mediate angiogenesis [110]. A study 
had demonstrated that the expression of various oncogenes, 
mainly the mutant ras, may lead to a marked induction of 

Fig. 4   Representation of the role of activators and inhibitors in turning on and off the angiogenesis switch, along with their sources
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a potent paracrine stimulator of angiogenesis i.e. vascular 
endothelial growth factor (VEGF) [111]. Vascular endothe-
lial growth factor (VEGF) is critical for angiogenesis [112].

There are various activating and inhibiting factors that 
play a major role in switching on or off the angiogenic state 
(Fig. 4). Talking about inhibitors in particular, although their 
main role is in the inhibition of new blood vessels (cyto-
static nature), some direct inhibitors can even prove to be 
toxic too (cytotoxic) [113]. Apart from cytokines, there are 
various other factors that play a major role in angiogenesis 
and vasculogenesis, like macrophages (pro angiogenic cell), 
neutrophils (anti angiogenic factor), B & T cells (both angi-
ogenic and anti-angiogenic), cancer-associated fibroblasts 
(pro angiogenic factor), adipocytes (promote angiogenesis 
by releasing pro angiogenic cytokines) and regulation of 
glucose availability [114].

Conclusion

There are various types of skin stem cells each having dif-
ferent useful properties. Among them, ADSCs tend to be 
extremely useful. Nor do they just have vibrant properties; 
they are even easy to isolate as compared to other skin 
stem cells. They are also useful in lightning the tone of the 
skin where these stem cells can be used in reducing the 
production of the melanin pigment. ADSCs have a vital 
role in tissue augmentation for which they become a wide 
area of interest to various plastic surgeons. It has even 
proved that with the combination of fat grafts, they can 
be extremely useful in reducing the wrinkles of the skin, 
be it due to the age or any external factor. Additionally, 
angiogenesis also plays a vital role in skin regeneration 
and rejuvenation. With angiogenesis providing vital help 
in triggering rapid cell growth, it tends to favour various 
oncogenic cells. Thus, as a counterblow, antiangiogenic 
factors may prove to be extremely useful in various fields 
like tumour suppression.
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