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ABSTRACT

Angiogenesis means the growth of new capillary blood vessels in the body is an important natural process used for
healing and reproduction. The body controls angiogenesis by producing a precise balance of growth and inhibitory
factors in healthy tissues. When this balance is disturbed, the result is either too much or too little angiogenesis.
Excessive angiogenesis occurs in diseases such as cancer, diabetic blindness, age-related macular degeneration,
rheumatoid arthritis, psoriasis, and more than 70 other conditions for these Anti angiogenic therapies are aimed to
halt new blood vessel growth there by using angiogenesis inhibitors have been al so discovered from natural sourcesto
treat cancer. Insufficient angiogenesis occurs in diseases such as coronary artery disease, stroke, and chronic wounds.
Therapeutic angiogenesis aimed to stimulate new blood vessel growth with growth factors is being devel oped to treat
these conditions. Angiogenic gene therapy is also being developed as a method to deliver angiogenic growth factors to
the heart, limbs, and wounds. Currently there is no angiogenic gene therapy and drugs approved by FDA for the
treatment of ischemic cardiovascular disease. But FDA approved device is used to stimulate NBV to grow in diseased
heartsis a laser used in a technique called Direct Myocardial Revascularization. The present review will helpful for
the discovery of potent angiogenesis growth factors and further research findings from various sources is to be
encouraged to alternate the recombinant protein, monoclonal antibody, device and cell based therapies.

KEYWORDS:. Angiogenic growth factors, Angiogenesis inhibitorgnti-angiogenic therapies,
Therapeutic angiogenesis, VEGF

INTRODUCTION

Angiogenesis means for the growth of new capillaigod vessels in the body is an important
natural process in the body used for healing aptbdriction. The body controls angiogenesis by
producing a precise balance of growth and inhigitactors in healthy tissues. When this balance
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is disturbed, the result is either too much orlitile angiogenesis. Abnormal blood vessel growth
either excessive or insufficient is now recognizsda “common denominator” underlying many
deadly and debilitating conditions including canekin diseases, age related blindness, diabetic
ulcers, cardiovascular disease, stroke and margrtiihe list of diseases that have angiogenesis
as an underlying mechanism grows longer every jgar

Body Control Mechanism of Angiogenesis

Angiogenesis the growth of new blood vessels isngportant natural process occurring in the
body both in health and in disease. Angiogenesisirscin the healthy body for healing wounds
and for restoring blood flow to tissues after igjur insult. In females angiogenesis also occurs
during the monthly reproductive cycle (to rebuilte tuterus lining, to mature the egg during
ovulation) and during pregnancy (to build the ptaagthe circulation between mother and foetus).
The healthy body controls angiogenesis throughriasef "on" and "off" switches: The main "on"
switches are known as angiogenesis stimulating tirdactors and the "off switches" are known
as angiogenesis inhibitors, When angiogenic grdadtors are produced in excess of angiogenesis
inhibitors the balance is tipped in favours of ldogessel growth. When inhibitors are present in
excess of stimulators angiogenesis is stopped. Adrenal healthy body maintains a perfect
balance of angiogenesis modulators. In generalogegiesis is "turned off" by the production of
more inhibitors than stimulators [2].

ANGIOGENESISBASED DISEASES
In many serious diseases states the body losesobamter angiogenesis and angiogenesis
dependent diseases result when new blood vestats grow excessively or insufficiently.

Excessive Angiogenesis

Excessive Angiogenesis occurs in diseases suchreel; diabetic blindness, age related macular
degeneration, rheumatoid arthritis, psoriasis anderthan 70 other conditions. In these conditions
new blood vessels feed diseased tissues, destrayahtissues and in the case of cancer the new
vessels allow tumour cells to escape into the @Etmn and lodge in other organs (tumour
metastases). Excessive angiogenesis occurs wheasdi cells produce abnormal amounts of
angiogenic growth factors overwhelming the effeofsnatural angiogenesis inhibitors. Anti-
angiogenic therapies are aimed to halt new bloogselegrowth there by used to treat these
conditions.

I nsufficient Angiogenesis

Insufficient Angiogenesis occurs in diseases sigloagonary artery disease, stroke and chronic
wounds. In these conditions blood vessel growtinglequate and circulation is not properly
restored leading to the risk of tissue death. fidaht angiogenesis occurs when tissues cannot
produce adequate amounts of angiogenic growthrf&ag8s5]. Therapeutic angiogenesis is aimed
to stimulate new blood vessel growth with growtlttées is being developed to treat these
conditions.

ANGIOGENESISBASED THERAPIES

Angiogenesis dependant therapies restoring the’®odyural control of angiogenesis are new and
comprehensive approach to fighting disease. Bygusaw medical treatments that either inhibit or
stimulate angiogenesis, doctors are prolonging lives of cancer patients, preventing limb
amputations, reversing vision loss and improvingegal health.

527



V. Vinoth Prabhu et al J. Chem. Pharm. Res,, 2011, 3(2):526-533

Anti-angiogenic Therapy

All cancerous tumour release angiogenic growthofaproteins that stimulate blood vessels to
grow into the tumour, providing it with oxygen andtrients, Anti-angiogenic therapies literally
starve the tumour of its blood supply by interfgriwith this process. New classes of cancer
treatments that block angiogenesis are now apprawedavailable to treat cancers of the colon,
kidney, lung, breast and liver, as well as multiplgeloma and bone gastrointestinal stromal
tumours. Some older drugs have been rediscoverklb¢& angiogenesis as well. These are being
used to treatment angiogenesis dependent condittuth as hemangiomas, colon polyps and
precancerous skin lesions.

Angiogenic Therapy

Else called as Therapeutic angiogenesis, in cdnstamulates angiogenesis where it is required
but lacking. This technique is used to replenish lfiood supply to chronic wounds to speed
healing and it prevents unnecessary amputations. fdgearch suggests this approach can be also
used to save limbs afflicted with poor circulatiand even oxygen starved hearts. Therapeutic
angiogenesis may even help to regenerate damaglestaissues in ways that were previously
considered impossible such as with nerves and bissne [1, 2].

ANGIOGENESISGROWTH FACTORS

There are at least 20 different known angiogenoavgn factors (Tab.1) out of that five angiogenic

growth factors are being tested in humans for gngwiew blood vessels to heal wounds and to
restore blood flow to the heart, limbs and brair8[6 Angiogenic gene therapy is also being

developed as a method to deliver angiogenic gréadtors to the heart, limbs and wounds [1, 4, 5,
9, 10].

Table 1: List of Known Angiogenic Growth Factors

Sl. No. Known Angiogenic Growth Factors
1. Angiogenin
2. Angiopoietin-1
3. Del-1
4, Fibroblast growth factors: acidic (aFGF) andidésFGF)
5. Follistatin
6. Granulocyte colony-stimulating factor (G-CSF)
7. Hepatocyte growth factor (HGF) /scatter fac®iF)
8. Interleukin-8 (IL-8)
9. Leptin
10. Midkine
11. Placental growth factor
12. Platelet-derived endothelial cell growth fadqfieb-ECGF)
13. Platelet-derived growth factor-BB (PDGF-BB)
14, Pleiotrophin (PTN)
15. Progranulin
16. Proliferin
17. Transforming growth factor-alpha (TGF-alpha)
18. Transforming growth factor-beta (TGF-beta)
19. Tumor necrosis factor-alpha (TNF-alpha)
20. Vascular endothelial growth factor (VEGF)/vdacypermeability factor (VPF)
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ANGIOGENESISINHIBITORS

There are at least 28 known natural angiogenekibiiars found in the body (Tab. 2). Other than
this Angiogenesis inhibitors have also been dismx/é&om natural sources in total more than 300
angiogenesis inhibitors have been discovered ®[dad, 5, 10].

Table 2: List of Known Angiogenic I nhibitors

Sl. No. Known Angiogenic I nhibitors
1. Angioarrestin
2. Angiostatin (plasminogen fragment)
3. Antiangiogenic antithrombin 1l
4, Cartilage-derived inhibitor (CDI)
5. CD59 complement fragment
6. Endostatin (collagen XVIII fragment)
7. Fibronectin fragment
8. Gro-beta
9. Heparinases
10. Heparin hexasaccharide fragment
11. Human chorionic gonadotropin (hCG)
12. Interferon alpha/beta/gamma
13. Interferon inducible protein (IP-10)
14. Interleukin-12
15. Kringle 5 (plasminogen fragment)
16. Metalloproteinase inhibitors (TIMPS)
17. 2-Methoxyestradiol
18. Placental ribonuclease inhibitor
19. Plasminogen activator inhibitor
20. Platelet factor-4 (PF4)
21, Prolactin 16kD fragment
22, Proliferin-related protein (PRP)
23. Retinoids
24, Tetrahydrocortisol-S
25, Thrombospondin-1 (TSP-1)
26. Transforming growth factor-beta (TGF-b
27. Vasculostatin
28. Vasostatin (Calreticulin fragment)

HISTORICAL HIGHLIGHTSIN THE FIELD OF ANGIOGENESIS

1787: British surgeon Dr. John Hunter first uses the temngiogenesis" (new blood vessel

growth) to describe blood vessels growing in thedeer antler.

1935: Boston pathologist Dr. Arthur Tremain Hertig délses angiogenesis in the placenta of
pregnant monkeys.

1971: Surgeon Judah Folkman hypothesizes that tumouwvtigris dependent upon angiogenesis.
His theory, published in the New England JournaMefdicine, is initially regarded as heresy by
leading physicians and scientists.

1975: The first angiogenesis inhibitor is discovered amtitage by Dr. Henry Brem and Dr. Judah
Folkman.

1984: The first angiogenic factor (basic fibroblast gtbvactor, b-FGF) is purified by Yuen Shing

and Michael Klagsbrun at Harvard Medical School.

1989: One of the most important angiogenic factors, vesendothelial growth factor (VEGF), is
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discovered Dr. Napoleone Ferrara. It turns out @oidentical to a molecule called Vascular
Permeability Factor (VPF) discovered in 1983 by Barold Dvorak.

1989: The first successful treatment of an angiogendsisendent benign tumor (pulmonary
haemangioma) using interferon alfa2a is reportedhyCarl White, a paediatric radiologist in
Denver.

1992: The first clinical trial of an anti angiogenic dr(TNP-470) begins in cancer patients.

1994: The Angiogenesis Foundation is founded to imprgl@bal efforts by facilitating the
development and application of angiogenesis-basstiaines.

1997: The first angiogenesis-stimulating drug (becaplerniRegranex) is FDA-approved for
treatment of diabetic foot ulcers.

1997: Dr. Michael O'Reilly publishes research findingthre journalNature showing complete
regression of cancerous tumours following repeatgdes of anti angiogenic therapy using
angiostatin and endostatin.

1998: The first angiogenesis-stimulating laser is FDAwayed for the treatment of severe, end-
stage coronary disease.

1999: The first vascular targeting therapy is FDA-apa\for treatment of age-related macular
degeneration.

1999: Massive wave of anti-angiogenic drugs enter dihicials: 46 anti-angiogenic drugs for
cancer patients; 5 drugs for macular degeneratiodrug for diabetic retinopathy; 4 drugs for
psoriasis.

1999: Massive wave of angiogenesis-stimulating drugegredinical trials: 5 drugs for coronary
artery disease; 5 drugs for peripheral vasculagadis; 1 drug for stroke; 10 drugs for wound
healing.

1999: Laboratory research led by Dr. Robert Kerbel and Indah Folkman shows that some
traditional cytotoxic chemotherapy may inhibit tium@ngiogenesis when given at low-doses.
1999: Dr. Richard Klausner, Director of the U.S. Natibr@@ancer Institute, designates the
development of anti-angiogenic therapies for caasea national priority.

2003: The monoclonal antibody drug Avastin (Bevacizumbbomes the first anti-angiogenic
drug to demonstrate in large-scale clinical triidat inhibiting tumor blood vessel growth can
prolong survival in cancer patients.

2004: A pivotal phase 3 trial published in the New Emglalournal of Medicine shows that the
addition of bevacizumab (Avastin), an anti-VEGF mdonal antibody, to chemotherapy
significantly improves survival in patients with tastatic colorectal cancer.

2004: Bevacizumab is FDA approved for the treatmentdviaaced colorectal cancer. At the time
of bevacizumab’s approval, FDA Commissioner MarkQWglan declares anti-angiogenic therapy
“the fourth modality for cancer treatment.”

2004: Pegaptanib (Macugen), an anti-VEGF aptamer, besaime first anti-VEGF drug to be
FDA approved for the treatment of age-related nexadgeneration.

2004: Erlotinib (Tarceva), a small molecule inhibitor BGFR tyrosine receptor kinase, receives
FDA approval for treatment of non-small cell lurencer (NSCLC).

2005: Endostatin (Endostar), an agent that inhibits statas and angiogenesis by down regulating
multiple pro-angiogenic growth factors, is approwedChina for the treatment of advanced lung
cancer.

2005: Sorafenib (Nexavar), a multi-tyrosine kinase ol demonstrates significantly longer
progression-free survival vs. placebo in patienth wdvanced renal cancer in a randomized phase
3 trial.

2005: Sorafenib is FDA approved as second-line therappdvanced renal cancer.

2005: Lenalidomide (Revlimid), and agent with both immuomdulatory and anti-angiogenic
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properties, is FDA approved for treatment of mygkpdastic syndrome.

2006: Sunitinib (Sutent), a multi-tyrosine kinase inlsj receives FDA approval as first-line
therapy for advanced renal cancer and gastroinsstiromal tumor (GIST).

2006: Ranibizumab (Lucentis), a fragment of the bevauialh molecule, is FDA approved for the
treatment age-related macular degeneration.

2006: Bevacizumab in combination with paclitaxel andbogolatin is shown to significantly
improve progression-free survival, overall survjvahd response rates in treatment-naive patients
with advanced NSCLC. This is the first time an amtgiogenic agent plus chemotherapy has been
shown to prolong survival in NSCLC patients.

2007: Results from a randomized phase 3 trial publishetthé New England Journal of Medicine
show a significant survival benefit for sorafent placebo in patients with advanced renal cancer
who fall first-line therapy.

2007: Temsirolimus (Torisel), an inhibitor of mTOR, ip@oved for the treatment of advanced
renal cancer after a pivotal phase 3 trial pubtisimethe New England Journal of Medicine shows
significantly improved progression-free survivalgreviously untreated mRCC patients with poor
prognosis.

2007: Results from a randomized phase 3 trial publisheétie New England Journal of Medicine
show that sunitinib doubles progression-free sualviin previously untreated patients with
metastatic renal cancer.

2007: Results announced at ASCO 2007 from a randomibedey 3 study show that sorafenib
extends overall survival by 44% vs. placebo ingras with advanced liver cancer. Based on these
findings, in November the FDA approves sorafeniltréat unresectable advanced hepatocellular
carcinoma. Sorafenib is the first systemic agenshow efficacy for advanced liver cancer.
2008: Angiogenesis pioneer Dr. Judah Folkman passes awdgenly on January 14 while
traveling to a conference. At the time of Dr. Folams death, an estimated 1.2 million patients had
been treated with anti-angiogenic therapy, a cankegdirst conceived of almost 4 decades prior.
He is widely recognized as one of the most impaortdgures in modern medicine.
2008: In February, bevacizumab (Avastin) becomes th& fanti-angiogenic agent approved to
treat breast cancer. The approval is based on @hasa results in which BV/paclitaxel doubled
median progression free survival versus paclitakahe (PFS: 11.8 mo. vs. 5.9 mo., P<0.0001) in
women with locally recurrent or metastatic breastoer [7- 12].

DISCUSSION ON CURRENT AND FUTURE PERSPECTIVES

This review clearly describes the basic conceptpiical highlights involved in angiogenesis
field and list of up to date known angiogenic grovdctors and inhibitors. Discussions on Current
and Future perspectives in the field of angiogenaa listed below.

Oncology

In the field of oncology angiogenesis inhibitore ased to treat Cancer. In U.S. there are currently
eight approved anti-cancer therapies with recoghiaeti angiogenic properties agents. These
agents which interrupt critical cell signalling patys involved in tumour angiogenesis and
growth involve three categories: 1) monoclonal antiboddisected against specific pro-
angiogenic growth factors and/or their receptofssm@all molecule tyrosine kinase inhibitors
(TKIs) of multiple pro-angiogenic growth factor egtors; and 3) inhibitors of mTOR
(mammalian target of rapamycin). In addition, ¢here two other approved anti angiogenic
agents may indirectly inhibit angiogenesis througtechanisms that are not completely
understood. Angiogenesis inhibitors have also logstovered from natural sources, including tree
bark, fungi, shark muscle and cartilage, sea cgrakn tea and herbs (liquorices, ginseng, cumin,
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garlic). In total, more than 300 angiogenesis iitbils have been discovered to date. Near about
184 million patients in World could benefit fromrse form of anti angiogenic therapy [1, 6, 13,
14].

Dermatology
In the field of dermatology there are several antiiogenic agents used for neoplasm of the skin.

Ophthalmology

In the field of ophthalmology angiogenesis in tlye @nderlies the major causes of blindness in
both developed and developing nations particuladg related macular degeneration (AMD),
proliferative diabetic retinopathy (PDR), diabetacular edema (DME), neovascular glaucoma,
corneal neovascularization (trachoma) and pterygiuRresently approved anti-angiogenic
therapies for ophthalmic conditions are biologiertg that inhibit VEGF. There are currently two
approved anti angiogenic therapies for ophthalnéeases an anti-VEGF aptamer (pegaptanib,
Macugen) and a Fab fragment of a monoclonal anyilatiebcted against VEGF-A (ranibizumab,
Lucentis). The first FDA-approved blood vessel #psrfor eye disease is a type of photodynamic
therapy called Visudyne (QLT Therapeutics/CIBA Yis), which has shown effectiveness, for
treating macular degeneration [13, 15].

Diabetal ogy

In the field of diabetics the first angiogenesignsiating medicine is a prescription gel called
Regranex (recombinant human platelet-derived grdadtor-BB, Ortho-McNeil Pharmaceuticals)
that became FDA-approved to heal diabetic footrslae December 1997.

Cardiology

In the field of cardiology angiogenic agents aredias a therapeutic angiogenesis for tissue repair
and regeneration. Therapeutic angiogenesis magalgipresent a broad range of interventions that
generate new blood vessel growth to promote nealasration and tissue repair. Near about 314
million patients in world would benefit from somerin of angiogenesis stimulating pro-
angiogenic therapy [1, 4, 9, 10]. Presently, treeethree major indications for which angiogenic
therapies are in clinical use: 1) chronic woundg.(diabetic lower extremity ulcers, venous leg
ulcerations, pressure ulcers and arterial ulc@jsperipheral arterial disease; and 3) ischemicthea
disease. In such conditions, the therapeutic got stimulate angiogenesis to improve perfusion,
deliver survival factors to sites of tissue repaigbilize regenerative stem cell populations and
ultimately restore form and function to the tissMigre than 2,000 patients with heart disease have
received some form of experimental angiogenic tnera But currently there are no FDA-
approved angiogenic drugs for the treatment ofesth cardiovascular disease. The first FDA-
approved device is used to stimulate new bloodeless grow in diseased hearts is a laser used in
a technique called Direct Myocardial Revasculaiirat{DMR) or called as trans myocardial
revascularization (TMR). [12, 16]. So it is necegs® determine the potent angiogenic growth
factors as well as research findings from natucalrees are to be encouraged to alternate the
recombinant protein, monoclonal antibody, device egll based therapies.
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