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Abstract 

Cancer is a disease advanced via surplus angiogenesis. The development of new anti-angiogenic therapeutic 

agents with more efficacy and fewer side effects is still quite necessary. Conventional therapies saving the life 

of many cancer patients but due to drug resistance and lack of specificity utilizing these methods is faced with 

limits. Recently, new therapeutic agents have been developed and used to treat cancers such as scaffold 

proteins, monoclonal antibodies, tyrosine kinase inhibitors, and peptides. In antiangiogenic drug development, 

anti-angiogenic peptides design is a significant aim. Peptides have developed as substantial therapeutics that 

are being carefully investigated in angiogenesis-dependent diseases because of their high penetrating rate into 

the cancer cells, high specificity, and low toxicity. In this review, we focus on anti-angiogenic peptides in the 

field of cancer therapy that are designed, screened, or derived from nanobodies, mimotopes, phage displays, 

and natural resources.  
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1. INTRODUCTION

Angiogenesis refers to the process of the 

formation of new blood vessels from existing 

blood vessels, which occurs in pathological 

conditions like cancers (1). This process is 

needed for supplying oxygen and nutrients 

during cancer growth and progression (2). 

Angiogenesis is caused by an imbalance 

between several proangiogenic and 

antiangiogenic endogenous factors that result in 

the progression of the disease. Important factors 

involved in the process include vascular 

endothelial growth factor (VEGF), fibroblast 

growth factor (FGF), platelet-derived growth 

factor (PDGF), and angiopoietins that act 

through interaction with the cell-extracellular 

matrix (Fig. 1) (3). Interaction between cell-

extracellular matrix and endothelial cells is an 

important step in the progression of cellular 

processes including migration, proliferation, 

differentiation, and apoptosis in several 

cancers. Many antiangiogenic drugs are widely 

available, however, many of them exhibit high 

long-term toxicity and drug resistance (4). 

Recently, various anti-angiogenic therapies 

have been designed and shown to efficiently 

block the tumor angiogenesis process. Many 

anti-angiogenic proteins are large and have 

complex structures that hardly penetrate the 

tissues. On the other hand, the production 

process of them in large volumes for 

maintaining the essential drug dose is very 

expensive (5). Among anti-angiogenic proteins, 

peptides have received special attention 

because of their specific advantages. 
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Fig. 1. Important enzymes and factors involved in the 

angiogenesis process. 

 Peptides are polymeric structures linked 

together by an amide bond. As a result of their 

low toxicity and high specificity, several 

numbers of peptides have been considered as 

candidate drugs and various drugs have been 

approved (6). Also, they could rapidly penetrate 

into tumor tissues because of their small size. 

Therefore, for solving the mentioned barriers, 

the development of small peptide fragments 

with similar functionality to antiangiogenic 

proteins has been considered. In recent years, it 

is demonstrated that anticancer and anti-

angiogenic peptides have a substantial role in 

cancer treatment and peptides have been 

recognized as future therapeutics (7). Peptides 

are composed of usually less than 50 amino 

acids in length and are often stabilized by 

disulfide bonds. They can be designed by 

methods that bind to a specific protein with high 

specificity and induce interaction with the 

desired protein (8). Peptides are easily 

synthesized and less immunogenic than 

antibodies (9,10). Therapeutic peptides are 

novel and promising tools for the development 

of anti-angiogenic drugs (11).  

The focus of this review is on anti-

angiogenic peptides with application in cancer 

therapy that not exceeding 50 residues in length 

and are rationally designed or derived from 

nanobodies, mimotopes, phage display, and 

natural resources. 

2. THERAPEUTIC PEPTIDES DERIVED

FROM NANOBODIES AND MIMOTOPES 

Treatment of cancer via monoclonal 

antibody has been recognized as one of the most 

effective therapeutic schemes for both solid 

tumors and hematologic malignancies in the 

last 20 years (12). For example, Oliner et al. 

generated peptide-Fc fusion proteins and 

antibodies via phage display peptide and Fab 

libraries which panned versus human Ang2. 

Anti-angiopoietin-2 therapy via this method 

hampered angiogenesis and tumor growth in the 

human epidermoid carcinoma cell line (A-431) 

(13). Although monoclonal antibodies (mAbs) 

are commonly used in cancer therapies, they 

have several disadvantages that restrict their 

applications. The production is often costly in 

eukaryotic expression systems and a high 

therapeutic dose is needed for the treatment of 

solid tumors (14). To overcome these problems, 

mimotopes derived from phage display could 

be a suitable substitute. The mimotopes or 

peptidomimetics are small peptides that are 

identified via the immune system, and they 

have some ‘key’ structural features that mimic 

the spatial structure of the presented epitope, 

and not necessarily its sequence (15). 

Mimotopes mimic proteins, lipids, or 

carbohydrates behavior and are produced 

through different methods. They have 

introduced a new approach to treat diseases like 

cancers (7,16). Mimotopes in comparison to 

mAbs have special advantages. For example, 

high-affinity mimotopes are easily obtained by 

phage display and biopanning techniques. Their 

safety and efficacy are usually higher than 

mAbs because of the epitopic features. In 

addition, they are more cost-effective than 

mAbs because they linger the immune 

responses and require only a low dose to 

achieve the therapeutic goal. Also, the 

administration of mimotopes in comparison to 

mAbs has special advantages for the induction 

of specific endogenous immune responses      

(17-19).  

Computational approaches are also used for 

designing mimotopes. However, the designed 

mimotopes should be more evaluated in vitro 

and in vivo to ensure safety and efficacy (20). It 

must be mentioned that in recent years, 

monoclonal antibodies have been gradually 

substituted with nanobodies. Nanobodies      

are derived from heavy chain antibodies 

(HCAbs) of a camel by genetic engineering 

(Table 1) (21). 

https://www.atcc.org/search#q=epidermoid%20carcinoma&f:contentTypeFacetATCC=[Products]
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Table 1. Anticancer peptides from nanobodies and mimotopes resources and their respective oncolytic properties 
against tumors. 

Source Peptide Cancer type Anticancer activity Reference 

Nanobodies and 
mimotopes 

VEGF mimotope Human umbilical vein endothelial cells Inhibition VEGF signaling (15) 

CEA mimotope Human colorectal adenocarcinoma 
Effectively inhibit the growth of 
CEA-positive tumors. 

(22) 

CDR3 domain of 
HER3 nanobody 

Breast cancer Targeting HER-3 (23) 

EGFR mimotope Unilateral ureteral obstruction Inhibition of EGFR signaling (24) 

EGFR mimotope Lewis lung carcinoma xenograft model Inhibition of EGFR signaling (25) 

keyhole limpet 
hemocyanin-12P 

Human umbilical vein endothelial cells 
Block VEGF binding with 
VEFGR 

(27) 

peptides 12/16 MyLa 
Induce cytolytic responses of 
the cytotoxic T lymphocytes 

(28) 

Glypican 3 
peptide 

Ovarian clear cell carcinoma 
Induce cytolytic responses of 
the cytotoxic T lymphocytes 

(29) 

VEGF, Vascular endothelial growth factor; CDR3, complementarity determining region 3; HER-3, receptor tyrosine-
protein kinase erbB-3; EGFR, epidermal growth factor receptor; VEGFR, vascular endothelial growth factor receptor. 

In approximately 50% of all human and 
veterinarian tumors, a glycoprotein named 
carcinoembryonic antigen (CEA) is 
overexpressed. Bramswig et al. used the 
monoclonal anti-CEA antibody Col-1 and the 
biopanning method to design mimotopes of the 
Col-1 epitope. This mimotope which exhibited 
a specific and significant inhibition of tumor 
growth was in a murine tumor transplant model 
(22). 

Recently, Karami et al. developed a 
nanobody-derived mimotope against VEGF 
which effectively inhibited cell proliferation 
and angiogenesis (tube formation) in the 
HUVEC cell line (15). The human epidermal 
growth factor receptor 3 (HER3) is an 
important therapeutic target in cancer therapy. 
In 2017, Pourhashem et al. considered the 
complementarity-determining region 3 (CDR3) 
domain of HER3 nanobody as a mimicking 
peptide using bioinformatics studies. The 
resulted CDR3 fragment of the HER3 
nanobody has a similar binding affinity to the 
HER3 receptor when compared to the full 
HER3 nanobody (23). In another study, Yang et 
al. evaluated the effect of epidermal growth 
factor receptor (EGFR) mimotope 
(WHTEILKSYPHEGGGSGGGS) as an EGFR 
inhibitor. The designed EGFR mimotope 
showed a decrease in renal fibrosis in a 
unilateral ureteral obstruction animal model 
through inhibition of EGFR signaling and 
apoptosis-induction in macrophages (24). In 
another study by Javanmardi et al. triple tandem 

repeat of EGFR mimotope displaying particles 
(3M) and single EGFR mimotope displaying 
phage particle prepared by utilizing m13-PVIII 
phage display system. With treatment of 
C57BL/6 mice Lewis lung carcinoma xenograft 
model via 3M phage vaccine, 1M phage 
vaccine, and control agents, the anti-
angiogenesis properties of phage vaccine were 
established (25). Although EGFR inhibitors 
and mAbs against EGFR are commercially 
available, they are expensive and require 
sequential injections which are oftentimes 
neglected by the patients (26). Therefore, 
producing a mimotope that can mimic the 
EGFR inhibitors' behavior is useful. The design 
of peptide vaccines is another interesting field 
in cancer therapy. In 2013, Li et al. utilized a 
phage display technique to design mimotopes 
that complemented the Avastin antibody. The 
chemically synthesized DHTLYTPYHTHP, 
named 12P, was conjugated to keyhole limpet 
hemocyanin (KLH) via glutaraldehyde to 
produce the vaccine (KLH-12P). Their results 
showed that the peptide can prompt specific 
antibody production against VEGF and 
angiogenesis. The sera obtained from KLH-
12P-immunized mice captured VEGF and 
blocked its binding to VEGF receptor 
(VEGFR), and therefore, successfully inhibited 
the proliferation and migration of human 
umbilical vein endothelial cells (HUVECs) 
(27). Linnemann et al. produced mimotopes      

of a tumor‐associated T cell epitope via 
combinatorial peptide library screening. These 
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mimotopes, nonapeptides 12 (PVKTKDIKL), 
and 16 (PVKTYDIKL) were generated 
according to the HLA restriction of the original 
cytotoxic T lymphocytes (CTL) clone for 
presentation by HLA-B8. The peptides induced 

IFN‐γ secretion by the MyLa CTL and evoked 

tumor‐specific T cell responses in lymphoma 
patients and, therefore, are suitable for 
therapeutic vaccination in cancers (28). Suzuki 
et al. purposed a peptide vaccine derived from 

a carcinoembryonic antigen, glypican‑3 

(GPC3), which is approved for the treatment of 
ovarian clear cell carcinoma. Thirty-two 
cancerous patients received an intradermal 
injection of GPC3298-306 (EYILSLEEL) and 
GPC3144-152 peptides (FVGEFFTDV) 
emulsified with incomplete Freund’s adjuvant 

near the bilateral axillary lymph nodes. GPC3 
peptide vaccines exhibited strong antitumor 
effects and prolong the patients' survival in 
certain populations with refractory ovarian 
clear cell carcinoma (29).  

 

3. PEPTIDES FROM NATURAL 

RESOURCES 

 

There are numerous drugs with anti-

angiogenic and antiproliferative effects that are 

either natural products or natural product 

derivatives (30). Nature provides a wide range 

of peptides expressed in various organisms. 

Natural selection has led to the selection and 

optimization of these peptides for binding to 

specific molecules with high affinity (31).  

 
Table 2. Anticancer peptides from natural resources and their respective oncolytic properties against tumors. 

Source Peptide Source Cancer type Anticancer activity Reference 

Venoms 

ICD-85 

Venoms of an Iranian 

brown snake (Agkistrodon 

halys) and a yellow 

scorpion (Hemiscorpius 

lepturus) 

HeLa cancer cell 
Caspase 8 activation 

and apoptosis 
(44) 

Melittin Bee venom Breast, lung, and leukemia Membrane disruption (41) 

Gonearrestide 

Scorpion venom 

Androctonus 

mauritanicus 

Androctonus australis 

Leukemia and colon cancers 
Inhibiting cyclin-

dependent kinases 
(43) 

Bacteria 

P8 Protein Lactobacillus rhamnosus  
Colorectal, cervical, lung and 

stomach cancers 

Inhibition of the p53-

p21-cyclin B1/Cdk1 

signal pathway 

(45) 

Apratoxin A Lyngbya majuscula 
HeLa cervical carcinoma and 

HT29 colon adenocarcinoma 

Inducing G1-phase 

cell cycle arrest 
(47) 

Ieodoglucomides Bacillus licheniformis 
lung cancer and stomach 

cancer cell lines 
- (48) 

Fungi Beauvericin Fusarium sp. Human epidermoid carcinoma 

Release of 

cytochrome C, 

caspase-9/3 

activation 

(49) 

Sponges Jaspamide Jaspis and Hemiastrella Leukemia 

Caspase-3 activation 

and reducing the 

expression of Bcl-2 

(51) 

Animals 

Kahalalides Elysia refescens 

Non-small cell lung cancer 

and androgen-independent 

prostate cancer 

Induces disturbances 

in lysosomal 

function, anti-tubulin 

(53) 

Aurein 1.2 Litoria aurea Human glioblastoma cells 

Disruption of the 

mitochondrial 

membrane and/or 

plasma membrane 

(54) 

Plants 

Deoxybourvardin Rubia yannanesis Human breast cancer cells 

Inducing 

mitochondria-

mediated apoptosis 

(55) 

Lunasin Soy and wheat 

Cancerous mammalian cells 

which were induced by 

chemical carcinogens and viral 

oncogenes 

Bind to chromatin, 

anti-transformation 

(foci formation) 

(56) 

CDK1, Cyclin-dependent kinase 1; Bcl-2, B-cell lymphoma 2. 
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Studies have shown that nearly                             

7000 peptides/peptidomimetics with different 

therapeutic properties have been discovered 

from nature (32,33). In recent years, in the field 

of biotechnology, peptides derived from the 

venom of various organisms have been 

extensively used for therapeutic purposes. For 

example, peptides isolated from the venom of a 

snake, bee (34), and scorpion can act as potent 

anticancer agents in malignant tumors or 

peptides from bacteria, animals, and plants also 

can play an anti-angiogenic role (35). On the 

other hand, recent advances in chromatographic 

or spectrometric techniques such as high-

performance liquid chromatography (HPLC) 
and mass spectrometry have enabled us to 

identify and isolate the biologically active 

peptides and proteins from any natural resources 

(36). In this section, we explain peptides derived 

from natural resources that showed anti-

angiogenic activity in cancers (Table 2). 

3.1. Therapeutic peptides derived from 

venoms 

Most snake venoms contain contortrostatin 

that exhibits antitumor activity against various 

cancer cells. This peptide exerts its deleterious 

effect on the cancer cells by binding to 

carcinoma epithelial receptors and apoptosis 

induction in the cancer cells (36,37). Studies 

also showed bee venom consists of different 

anticancer peptides such as melittin, adolapin, 

and apamin (38,39). Melittin, a small linear 

basic 26 amino acid peptide with a molecular 

weight of 2847.5 Da, has a powerful haemolytic 

activity (40). In vitro and in vivo studies 

revealed the beneficial effects of melittin in the 

treatment of breast and lung cancer, as well as 

leukemia (41). Scorpion venoms also contain 

anticancer peptides. For example, a peptide 

extracted from a black Indian scorpion showed 

anticancer activity against human leukemia 

cancer cells (42). In 2018, a new peptide 

derived from scorpion venom was discovered 

using the next-generation sequencing technique 

and mass spectrometry (MS/MS) proteome 

platform. This peptide which was named 

gonearrestide exhibited strong anticancer 

activity against colon cancer cells and solid 

tumors. It inhibits the growth of cancer cells 

and solid tumors through inhibiting cyclin-

dependent kinases (43). Some peptides are also 

concurrently isolated from the venom of snakes 

and scorpions. For instance, ICD-85 peptide is 

extracted from both Agkistrodon Halys 

(an Iranian brown snake) and Hemiscorpius 

lepturus (a yellow scorpion). According to in 

vitro toxicity tests, isolated ICD-85 showed a 

slight effect on natural killer cells, while had 

significant dose-dependent toxicity on Hela 

tumor cells (44). 

3.2. Therapeutic peptides derived from 

bacteria, fungi, and sponges 

Peptides from bacteria are popularly used in 

medicine for therapeutic purposes. In 2019, a 

protein (P8) was extracted from lactic acid 

bacteria and showed significant cytotoxicity 

against colorectal cancer (45). Cyanobacteria 

are one of the bacterial resources that contain 

proteins with anti-cancer activity (46). 

Apratoxin A is a peptide extracted from 

lyngbya that inhibits the cell cycle in cervical 

cancer (47). Ieodoglucomides are another 

peptide derived from bacteria. It is a 

glycoprotein extracted from marine-derived 

bacterium Bacillus licheniformis, and has been 

reported it shows antitumor activity against 

lung and stomach cancer cell lines with GI50 

values of 25.18 and 17.78 μg/mL, respectively 

(48). Fungi are another source of peptides that 

can be used in medicine. Beauvericin (CAS 

26048-05-5, MW 783.957 Da), derived from 

mangrove endophytic fungus Fusarium sp, is a 

cyclic hexadepsipeptide that comprises three N-

methyl-phenylalanyl and three D-hydroxy-

isovaleryl residues in the sequence. 

Beauvericin induces apoptosis in human 

epidermoid carcinoma cells via different 

mechanisms including a decrease in reactive 

oxygen species, loss of mitochondrial 

membrane potential, the release of cytochrome 

C, caspase 9/3 activation, and poly (ADP-

ribose) polymerase cleavage (49). In different 

studies, various peptides and oligopeptides with 

anticancer effects were extracted from sponges. 

Jaspamide is a cyclic depsipeptide derived from 

Jasipsis and Hemiastrella. It owns a 15-carbon 

macrocyclic ring that comprises three amino 

acid residues. Jaspamide induces apoptosis in 
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the human leukemic cell line by activating 

caspase-3 and reducing the expression of the             

B-cell lymphoma 2 (Bcl-2) gene at the 

transcriptional level (50,51). 

3.3. Therapeutic peptides derived from 
animals and plants 

Mollusca is the second largest phylum of 
invertebrates that has an important role in 
medicine. Some mollusca-extracted peptides 
exhibit antitumor activity. For example, 
kahalalid, a dehydroaminobutyric acid-
containing peptide isolated from Elysia 
refescens, showed promising results in 
disturbances of lysosomal function and 
suppressed the expression of particular genes 
that are involved in DNA replication and cell 
proliferation. It successfully prevented tumor 
spreading and growth in androgen-independent 
prostate and non-small cell lung cancers 
(52,53). Aurein 1.2 (GLFDIIKKIAESF) is a 
peptide derived from Litoria aurea that showed 
antitumor effects against human glioblastoma 
cell lines via disruption of the mitochondrial 
and/or plasma membranes. Notably, besides the 
antitumor activity, this peptide also has potent 
antimicrobial activity against different 
microbial pathogens (54). 

Recently, it was shown that peptides derived 
from plants also exhibit antitumor activity. For 
instance, deoxybouvardin (RA-V), is a plant 
cyclopeptide extracted from Rubia yunnanensis 
that its anticancer activity has been identified in 
human breast cancer cells by inducing 
mitochondria-mediated apoptosis. RA-V also 
repressed phosphorylation of pyruvate 
dehydrogenase kinase 1 and protein kinase B in 
breast cancer MCF-7 cells (55). Lunasin, a 43-
amino acid chemopreventive peptide derived 
from soy and wheat, significantly prevents the 
development of cancers induced by viral 
oncogenes and chemical carcinogens in 
mammalian cells. Lunasin exerts its anticancer 
effects via anti-transformation capacity by 
binding to the chromatin (56). 

4. TARGETING AND THERAPEUTIC

PEPTIDES DERIVED BY PHAGE 

LIBRARY SCREENING 

Screening of phage display libraries is one of 
the efficient tools for obtaining targeting and 

therapeutic peptides against cancer. These 
screening could be performed against any 
molecular library involved in remodeling the 
vasculature of tumor tissues. Many peptides 
isolated by in vivo panning of combinatorial 
phage libraries efficiently target endothelial 
cells (Table 3). For example, peptides isolated 
via in vivo selection of phage display libraries 
composed of an ɑV integrin-binding motif 
(Arg-Gly-Asp) that coupled with drug and 
boosted the efficacy of the drug against human 
cancer cells (57). Some of these peptides 
concurrently blocked ɑV integrin from binding 
to their ligands and were utilized for targeting 
angiogenic tissues like tumors (58). Matrix 
metalloproteinase-2 (MMP-2) and MMP-9 are 
known to play a vital role in tumor invasion, 
angiogenesis, and metastasis. Koivunen et al. 
isolated cyclic peptides by phage library 
screening that are selective potent inhibitors for 
MMP-2 and MMP-9. One of these peptides, 
CTTHWGFTLC, showed potent efficacy for 
blocking blood vessels angiogenesis and 
migration of human endothelial cells in vivo 
(59). In another study, Lu et al. isolated 
MMP-2 specific inhibitors via a phage display 
technology that suppressed cell invasion of 
pancreatic cancer in vitro and reduced the 
growth of tumor blood vessels in nude mice 
(60). Another isolated peptide, named CRV 
(CRVYGPYLLC), inhibited MMP-9, 
efficiently. The CRV-treated mice exhibited 
inhibition of angiogenesis and less developed 
tumor vasculature (61).  

In other studies, Arap et al. introduced a 
novel peptide selected via phage display that 
homes specifically to human vasculature 
prostate. They linked this peptide (SMSIARL) 
to a pro-apoptotic peptide, D(KLAKLAK)2, 
which is an amphipathic D-amino acid peptide. 
The chimeric peptide was selectively toxic to 
angiogenic endothelial cells and disrupted 
mitochondrial membranes after cellular uptake 
(62). Also, in another study in 2010, Li et al. 
separated a vasculature targeting peptide TCP-
1 (CTPSPFSHC) using the in vivo phage library 
selection against an orthotopic colorectal 
cancer model. This peptide could significantly 
deliver the apoptosis-inducing peptide 
D(KLAKLAK)2 to the tumor site and inhibit 
angiogenesis (63). Essler et al. introduced a 
cyclic nonapeptide (CPGPEGAGC) that homes 
to breast cancer tissue with high selectivity.  
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Table 3. List of therapeutic peptides derived by phage library screening for cancer treatment. 

Peptide sequence Target antigen Mechanism of action Cancer type Reference 

CDCRGDCFC  Integrin 
Target tumor blood vessels with 

doxorubicin 

Human breast 

cancer 
(57) 

CTTHWGFTLC MMP-2/9 
Inhibit the migration of tumor 

cells 

Ovarian carcinoma, 

fibrosarcoma 
(59) 

HWWQWPSSLQLRGGGS MMP-2 
Reduce MMP-2-mediated 

invasion of tumor cells 
Pancreatic cancer (60) 

CRVYGPYLLC MMP-9 
Inhibits proenzyme activation 

and cell migration 

Tongue squamous 

cell carcinoma, 

fibrosarcoma 

(61) 

SMSIARL Prostate-homing phage 
Deliver a proapoptotic peptide 

to tumor tissue 

Prostate cancer 

(TRAMP mice) 
(62) 

CTPSPFSHC 
Vasculature of the 

colorectal cancer tissue 

Deliver a pro-apoptotic peptide 

to tumor tissue  

Orthotopic 

colorectal cancer 
(63) 

CPGPEGAGC Aminopeptidase- P 
Deliver a conjugated drug to 

tumor tissue 

Human breast 

cancer 
(64) 

Cyclic RGD  MMP-2 

Antiangiogenic activity by 

inhibiting of MMP2 binding to 

αVβ3     

Human 

fibrosarcoma 
(66) 

ATWLPPR VEGF 
Abolish VEGF-induced 

angiogenesis 

Rabbit corneal 

angiogenesis 
(68) 

WHSDMEWWYLLG Flt‐1 receptor 
Reduce Flt‐1-induced 

angiogenesis 

Human breast 

cancer 
(69) 

CNGRCVSGCAGRC Aminopeptidase- N 
Inhibit APN-mediated 

angiogenesis  

Human melanoma 

cancer 
(71) 

CGNSNPKSC 
Endothelial cells of 

human gastric cancer 
Anti-angiogenesis activity 

Human gastric 

cancer 
(74) 

TLTYTWS  Collagen IV  
Reduce endothelial 

differentiation and angiogenesis 

Murine Lewis lung 

carcinoma 
(75) 

CRGDKGPDC Neuropilin-1 
Target tumor tissue with 

Abraxane  

Human prostate 

cancer 
(76) 

SVSVGMKPSPRP 
Human umbilical vein 

endothelial cells  

Target tumor tissue with 

doxorubicin 

Human oral and 

lung cancer 
(77) 

CPRECESIC Aminopeptidase-A 

Suppress proliferation of 

endothelial cells, inhibit 

angiogenesis 

Human breast 

carcinoma 
(78) 

MMP, Matrix metalloproteinase-2; TRAMP, transgenic adenocarcinoma of the mouse prostate; VEGF, vascular 

endothelial growth factor; Flt-1, vascular endothelial growth factor receptor 1. 

 
Aminopeptidase P was the receptor for this 

breast-homing peptide (64). A construct 
containing CPGPEGAGC, a cell-penetrating 
peptide, and an optional linker were coupled 
together to make an angiogenesis blocker with 
antitumor activity (65). 

Studies revealed that the interaction between 

upregulated αvβ3 integrin and membrane-

bound MMP-2 in proliferating endothelial 

cells, which commonly occur in the tumors, 

plays a vital role in angiogenesis. To block such 

interaction, a phage display libraries screening 

was conducted by Boger et al. in which in vivo 

results indicated that the selected peptides 

demonstrate a potent antitumor and anti-

angiogenic activity (66). 

As mentioned before, the VEGF mediates 

angiogenesis with binding to the kinase domain 

receptors such as VEGFR-2 and kinase insert 

domain receptor/fetal liver kinase1 

(KDR/FLK1). Via a phage library screening, a 

single-chain antibody was selected against 

VEGF that selectively homes to tumors tissue 

after intravenous administration. Therefore, the 

screened peptide was potentially proposed for 

targeting tumor vasculature (67). In another 

study, Binetruy et al. isolated peptides that 

blocked the binding of VEGF to KDR using 

https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-cell


Shoari et al. / RPS 2021; 16(6):559-574  

566 

screening of a peptide library displayed on 

filamentous phages. ATWLPPR specifically 

inhibited human endothelial cell proliferation in 

vitro and eliminated VEGF-induced 

angiogenesis in vivo (68). The screening of a 

filamentous phage M13 library resulted in a 12‐
mer peptide (WHSDMEWWYLLG), which 

was named F56. Further experiments on this 

peptide indicated that F56 inhibits the efficient 

binding of VEGF to Flt‐1 in vitro. Furthermore, 

F56 displayed an antiangiogenic effect and 

inhibited blood vessel formation in implanted 

human breast cancer cells (BICR‐H1) in severe 

combined immunodeficient mice (69). Also, 

Hamzeh-Mivehroud et al. developed two novel 

peptides specific for EGFR that were identified 

using phage display technology which can lead 

to compounds for designing new 

pharmaceuticals effective in anti-angiogenesis 

cancer therapy (70). 

Aminopeptidase N (APN), a type II 

metalloprotease, is often up-regulated in tissues 

that undergo angiogenesis. Pasqualini et al. 

screened that peptides containing the NGR 

motif could specifically bind to APN. A 

conjugate of doxorubicin to CNGRC peptide 

was specifically toxic to APN-expressing cells 

and inhibited angiogenesis (71). Also, NGR 

peptide (CNGRC) was fused with human tumor 

necrosis factor-alpha protein (TNF-α) to form a 

novel recombinant protein that could 

significantly boost the activity of TNF- α at a 

very lower dose (0.3 μg) in mice with tumor 

(72). Further studies revealed that 0.1 ng of 

NGR-TNF-α could increase synergistically the 

tumor toxicity of cisplatin, doxorubicin, 

paclitaxel, gemcitabine, and melphalan in 

mouse tumor models, without any 

amplification in the side effects (73). Also, a 

cyclic 7-mer peptide (CGNSNPKSC), named 

GX1, binds specifically to the human gastric 

cancer vasculature. This peptide was isolated 

using in vivo screening of a phage-displayed 

peptide library. It was shown that the coupling 

of this peptide to recombinant mutant human 

tumor necrosis factor (rmhTNFα) inhibits 

efficiently angiogenesis in tumor tissue (74). 

Proteolytic degradation of collagen IV by 

MMP-2 plays also a vital role in tumor 

angiogenesis. In one study, Essler et al. carried 

out a combined in vitro and in vivo screening 

via a library of recombinant phage-displayed 

peptides. They found a peptide sequence 

(TLTYTWS) that selectively binds to collagen 

IV modified by MMP-2. This novel tumor-

homing peptide significantly blocked 

angiogenesis in vivo by accumulating in the 

tumor environment (75).  

Neuropilin-1 (NRP-1) is a receptor on the 

cell surface of endothelial cells involved in the 

angiogenesis process. A peptide, termed iRGD 

(CRGDKGPDC), was screened using in vivo 

phage library versus a human prostate cancer 

mouse model. This peptide can specifically 

bind to the NRP-1 receptor. Chemical 

conjugation of iRGD to Abraxane could 

enhance the accumulation of the drug in tumor 

tissues and improved the therapeutic index (76). 

Via a phage-displayed random peptide library, 

Lee et al. recognized a targeting peptide, 

SVSVGMKPSPRP (SP5-52). The peptide 

could selectively bind to the tumor vessels of 

several tumor types. In a further study, SP5-52 

was coupled to liposomes comprising 

doxorubicin, and noticeably, the targeted 

liposomes could reduce tumor blood vessels 

and angiogenesis in both human oral and lung 

cancer xenografts in severe combined 

immunodeficient mice (77). 

Aminopeptidase A (APA) is a zinc 

metallopeptidase cell surface protein that is 

upregulated in the angiogenic tumor blood 

vessels. Enzymatic activity of aminopeptidase 

A plays a critical role in the angiogenesis of 

tumor tissues. Marchio et al. separated a 

selective peptide inhibitor of aminopeptidase A 

(CPRECESIC) from a phage display peptide 

library. The inhibition of aminopeptidase A 

activity using this peptide led to a reduction in 

proliferation and migration of endothelial cells 

in tumor tissues (78). 

 

5. RATIONALLY DESIGNED ANTI-

ANGIOGENIC PEPTIDES 

 

Multiple therapeutic peptides have been 

designed for targeting cell cycle, signal 

transduction pathways, proto-oncogenes, cell 

adhesion molecules (laminin and integrin), and 

angiogenesis growth factors (VEGF, PDGF) 

(Table 4). For example, after identifying the 

vital role of laminin in the angiogenesis process 
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in 1987, Iwamoto et al. designed and evaluated 

a nonapeptide (peptide 11) and its amide form 

(peptide 11-amide). In vivo tests revealed 

that these peptides successfully inhibit                         

angiogenesis in the lung tumor colonization 

murine model (79). In another study, Sakamoto 

et al. evaluated the inhibitory effects of a 

synthetic laminin peptide-NH2 (CDPGYIGSR) 

on tumor growth and angiogenesis.                           

This peptide significantly inhibited the 

embryonic angiogenesis of 3LL Lewis lung     

carcinoma and chick chorioallantoic 

membrane (80). 

Cilengitide (EMD 121974) is a cyclized 

pentapeptide that selectively inhibits ανβ3 and 

ανβ5 integrins. These proteins are involved    

in the attachment and migration of 

endothelial cells.  

Table 4. List of rationally designed antiangiogenic peptides for cancer treatment. 

Peptide name Sequence 
Target 

molecule 

Effects of 

treatment 
Cancer type Reference 

Peptide 11 CDPGYIGSR Laminin 

Inhibit of 

endothelial cell 

migration and 

angiogenesis 

Lewis lung 

carcinoma 
(80) 

Cilengitide 

(EMD 121974) 
RGD -DPhe-(NMeVal) 

ανβ3/ανβ5 

integrin 

Antiangiogenic 

activity 

Ocular melanoma, 

adenoid cystic 

cancer 

(81) 

IM862 L-glutamine L-tryptophan VEGF 

Inhibition of β-FGF 

and VEGF-induced 

angiogenesis 

AIDS-Kaposi's 

sarcoma 
(82) 

JV-1-38 

PhAc-Tyr1, D-Arg2, Phe(4-

Cl)6, Har9, Tyr(Me)10, Abu15, 

Nle27, D-Arg28, Har29 

Growth 

hormone-

releasing 

hormone 

Anti-proliferative 

effects 

Human androgen-

sensitive prostate 

cancer 

(83) 

TM peptide 
ILITIIAMSALGVLLGAVCG

VVLYRKR 
pTM-NRP1 

Anti-angiogenic 

effect 

Human breast 

cancer 
(84) 

ATN-161 Ac-PHSCNNH2 Integrin α5β1 

Reduction of 

phosphorylated 

MAPK expression  

Prostate, colon 

and renal cancers 
(85) 

IS4 Ac-VMDGYPMP MMP-14 

Inhibition of MMP-

14-enhanced cell 

migration  

Human 

fibrosarcoma 
(88) 

Peptide 

[SRSRY] 
SRSRY uPAR 

Inhibition of extra-

cellular matrix 

invasion 

Chondrosarcoma 

and osteosarcoma 
(89) 

A6 Ac-KPSSPPEE CD44 

Inhibition of cell-

cell interactions 

mediated migration 

Breast, lung, 

glioma, ovarian, 

and prostate 

cancer 

(90) 

CTCE-9908 KGVSLSYRKKGVSLSYR CXCR4 
Inhibition of the 

rate of metastases 

Human breast 

adenocarcinoma 
(94) 

Peptide 47-70 
NGRKICLDLQAPLYKKIIKK

LLES 

Platelet 

factor-4 

Inhibition of cell 

proliferation 
Colon carcinoma (97) 

CXCL4L1 

CXCL4 variant with three-

amino acid replacements (P58L, 

K66E, and L67H) 

CXCL4 
Inhibition of 

angiogenesis 
B16 melanoma (98) 

Met-CCL5 
CCL5 from residues 24-91 with 

an N-terminus methionine 
CCR1/CCR5 

Reduction 

leukocyte 

infiltration and 

tumor volume 

Human breast 

cancer 
(99) 

RC-3095 
D-Tpi6, Leu13 psi[CH2NH]-

Leu14 

Gastrin-

releasing 

peptide 

Reduction of the 

tumor size 

Estrogen-

independent 

human breast 

carcinoma 

(102) 

VEGF, Vascular endothelial growth factor; AIDS, acquired immunodeficiency syndrome; β-FGF, Basic fibroblast 

growth factor; TM-NRP1, transmembrane domain of neuropilin 1; MAPK, mitogen-activated protein kinase; MMP-

14, matrix metalloproteinase-14; uPAR, urokinase-type plasminogen activator receptor; CD44, cluster of 

differentiation 44; CXCR4, C-X-C chemokine receptor type 4; CXCL4, C-X-C chemokine ligand 4; CCL5, C-C 

motif chemokine ligand 5; CCR, C-C chemokine receptor type. 
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The efficacy and safety of this peptide were 

evaluated by Hariharan and his colleague on 20 

patients who received 50 doses of the drug. The 

results revealed that cilengitide is well-tolerated 

as an antiangiogenic agent (81). A synthetic 

dipeptide IM862 (l-glutamine l-tryptophan) 

with antiangiogenic properties is well 

established in vitro and in vivo with no known 

toxic metabolites. Albeit it was demonstrated to 

be ineffectual in acquired immunodeficiency 

syndrome (AIDS) Kaposi’s sarcoma in phase 

III clinical trial, there are still some promising 

results for other forms of cancers (82). 

Several studies elucidate growth hormone-

releasing hormone (GHRH) antagonists can 

attenuate the VEGF expression, which is 

considered to be one of the main factors in 

angiogenesis. GHRH antagonist peptide was 

synthesized in the Letsch laboratory by a solid 

phase method. In an MDA-PCa-2b model of 

human androgen-sensitive prostate cancer, 

tumor inhibition was observed by injection of 

JV-1-38. This inhibition has occurred via 

suppression of VEGF synthesis at both 

transcriptional and translational levels (83). 

It was shown that the binding of NRP-1 to 

VEGF leads to tumor progression and 

pathological angiogenesis. TM peptide 

(ILITIIAMSALGVLLGAVCGVVLYRKR), 

which targets the transmembrane domain 

(TMD) of neuropilin-1 (pTM-NRP1), blocked 

glioma growth in vivo and inhibited 

angiogenesis and primary tumor growth in 

breast cancer models (84). 

A five-amino acid peptide, Ac-PHSCNNH2 

(ATN-161), which was manufactured via a 

solution-phase method, demonstrated abilities 

to inhibit angiogenesis. It also blocked 

metastasis with prolonged survival in multiple 

animals tumor models, such as prostate, colon, 

and breast cancers, either when given as a 

single compound or when accompanied with 

radiotherapy and chemotherapy (85). A very 

well safety profile was obtained for utilizing 

ATN-161 in the phase I clinical trial (86). But 

phase II for renal cancer and phase I/II for 

recurrent glioma in the United States were 

terminated in 2016 due to the low activity of 

this peptide (87).  

Recently, new investigations indicated that 

MMPs might have non-proteolytic activity via 

the c-terminal hemopexin domain that is 

essential for MMP-mediated tumor tissue 

angiogenesis. For example, it was shown that 

the c-terminus hemopexin domain of matrix 

MMP-14, which is responsible for the 

homodimerization of MMP-14 and cross-

talking between MMP-14 and cluster of 

differentiation 44 (CD44), is essential for both 

invasion and angiogenesis. Zarrabi et al. 

introduced synthetic peptides that mimic the 

critical outermost strand motifs inside the                      

c-terminal hemopexin domain of MMP-14 and 

found that the peptides interrupt MMP-14-

induced cancer cell angiogenesis and metastasis 

in vivo (88). 

The urokinase-type plasminogen activator 

receptor (uPAR) is generally known as the 

principal regulator of cell migration and 

residues 88 to 92 (SRSRY) are the minimal 

sequence needed to promote angiogenesis and 

cell motility via interacting with the formyl 

peptide receptor type 1. The synthetic linear 

SRSRY peptide hampers the angiogenic and 

chemotactic activity of uPAR in vitro and in 

vivo. Moreover, the cyclized SRSRY peptide 

prevents neovascularization, suppresses trans-

endothelial migration of monocytes, 

intravasation of chondrosarcoma, and 

osteosarcoma cells (89). An 8-mer capped 

peptide (A6), which is taken from the non-

receptor binding region of uPA, prevented the 

interaction between uPA and uPAR in a non-

competitive manner. Additionally, anti-

invasive and anti-angiogenic aspects of A6 

peptide were illustrated in preclinical studies 

via modulation of CD44 receptor function (90). 

Regarding hopeful outcomes in phase I clinical 

trials (91), a phase II assessment of A6 peptide 

is presently ongoing to check the side effects 

and the efficacy in patients with persistent or 

recurrent ovarian epithelial cancer, fallopian 

tube cancer, and primary peritoneal cancer (92) 

(see at ClinicalTrials.gov). 
Chemokines are essential paracrine and 

autocrine players in tumor expansion. So, 
blocking of chemokine signaling pathways can 
be considered as a hopeful strategy to treat 
cancers (93). For instance, it was revealed the 
overexpression of C-X-C chemokine receptor 
type 4 (CXCR4) in cancer cells contributes to 
angiogenesis and metastasis. Since CXCR4 is a 
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valuable target in tumor tissues, various 
antagonists are already in clinical trial studies 
(93). Another example is a 17-amino acid 
peptide (CTCE-9908) which is a CXCR4 
antagonist. Surprisingly, it exhibited promising 
results in the reduction of the adhesion and 
growth of tumor cells via inhibition of 
angiogenesis in several in vivo models (94). 
Currently, the compound is in phase I/II clinical 
trials in patients with advanced metastatic 
cancer (95). Several peptides were also 
designed based on chemokines that exhibit 
angiostatic behavior. For example, platelet 
factor-4 (CXCL4/PF-4), which is released from 
alpha-granules of activated platelets, is the first 
described angiostatic chemokine (96). A short 

peptide (NGRKICLDLQAPLYKKIIKKLLES) 
derived from PF-4 is a well-established 

angiogenesis inhibitor (97). In another 
example, a CXCL4 variant, termed CXCL4L1, 
was designed via three-amino acid 
replacements (P58L, K66E, and L67H). This 
peptide showed antitumor and anti-angiogenic 
effects in a B16 melanoma in vivo model (98). 
In another study, Robinson et al. designed a 
peptide comprising 69 amino acids of C-C 
motif chemokine ligand 5 (CCL5) from 
residues 24-91 with an N-terminus methionine. 
This peptide which is called Met-CCL5 
inhibited significantly angiogenesis in a breast 
cancer model via antagonistic effects on C-C 
CCR1 and CCR5 proteins (99). 

The gastrin-releasing peptide (GRP) and 
other mammalian bombesin (BB)-like peptides 
are also considered as the main autocrine 
growth factors involved in the expansion of 
multiple human cancers. Irregular expression of 
GRP/BB-like peptides and their receptors 
(GRP/BB-R) have been described in many 
cancers such as prostate, breast, colon, 
pancreas, lung, and brain cancers (100). Several 
GRP/BB-R antagonists including RC-3950, 
RC-3940-II, and RC-3095 were designed and 
synthesized (101). These synthetic peptides 
displayed remarkable anti-angiogenic 
properties in numerous in vivo tumor models 
and represented hopeful outcomes in preclinical 
studies of breast and prostate cancers (102). 

6. CONCLUSION

As cancer therapies, peptides are appropriate 

constituents due to their advantages in 

production, for instance, possibilities for 

automated chemical synthesis and possibilities 

of several kinds of modifications. In near 

future, peptides can create a huge impact in the 

area of cancer treatment and anti-angiogenesis 

drugs. Aside from the fact that small peptide 

inhibitors have numerous benefits over larger 

anti-angiogenic drugs, they may also be used to 

help create improved, more active anti-

angiogenic peptides or even small molecule 

mimetics. However, due to and lack of oral 

bioavailability, enzymatic degradation, and 

renal clearance the most peptides suffer from 

short serum half-life, which has hindered their 

shift from an investigation into viable clinical 

drugs. The appearance of novel technologies in 

recent decades such as macromolecule 

conjugation, pegylation, non-natural amino 

acids, peptidomimetics, and polymer-supported 

formulation has enabled a number of recent 

clinical entries and commercialization of 

peptide-based therapeutics. Recent 

advancements in cost-effective solid-phase 

synthesis and novel drug delivery technologies 

have also surely helped new peptide 

therapeutics discovery.  

To attaining synergistic results, conjugations 

of anti-angiogenesis via traditional 

chemotherapy are presently using in clinical 
trials. For instance, in newly diagnosed 

glioblastoma patients cilengitide-temozolomide 

conjugation was utilized in a phase I/IIa which 

demonstrated better overall survival rates. 

Recent work by numerous researchers in the 

area of peptidomimetics, phage display, and 

natural peptides has also helped significantly in 

the development and design of approaches for 

improving the serum half-life of anti-

angiogenesis peptides. 

New methods and principles in drug design 

in phage display and peptidomimetics are now 

contributed to the improved pharmacokinetic 

profile of anti-angiogenesis peptides. 

Continued investigation in the structural 

chemistry of proteins and peptides, joined with 

the expansion of novel templates and scaffolds 

which can predictably mimic the stereo-

structural properties of peptides continue to 

offer the approaches for effective de novo 

peptidomimetic design (103). Anyway, rapid 

systemic clearance due to renal filtration and 

excretion always happens to proteins smaller 
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than 40 kDa. Although, the anti-angiogenic 

peptides being discussed here would fall in this 

classification but rapid renal clearance can be 

overwhelmed via conjugating the peptides with 

water-soluble polymers resulting in molecules 

larger than 40 kDa (104). 

Thus, further possibilities for modification 

of anti-angiogenesis peptides introduce a 

promising way to make better and more active 

drugs for cancer treatment. 
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