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Abstract 

Angiogenesis of vascular hematogenous and lymphatic vesicles is the process of formation of new sprouting vessels 
from preexisting vessels in these systems in order to adequately supply nutrients, oxygen and other growth promoting peptides 
to tumors that have reached a limited size of 1 to 2 cm. Growth factors that are secreted by breast cancer cells induce the 
proliferation, migration and sprouting of endothelial cells to the tumor. In this review we will focus on some of the more, novel 
and more potent angiogenic peptides or growth factors in cancer that can directly regulate angiogenesis or vascular mimicry by 
tumor cells or indirectly by enhancing the expression of more established angiogenic growth factors. 
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1. Abbreviations 

AKT1 : Protein Kinase B1 

ER : Estrogen Receptor 

ERK : Extracellular Signal-Regulated Kinase 

MAPK : Mitogen Activated Protein Kinase 

NICD : Notch Intracellular Domain 

PI3-K : Phosphoinositide 3-Kinase 

PR : Progesterone Receptor 

Ras : Rat Sarcoma 

Src :  Sarcoma-Related Cytoplasmic Tyrosine Kinase 

VEGF :  Vascular Endothelial Growth Factor 

VEGFR : Vascular Endothelial Cell Growth Factor Receptor. 

Introduction 

Breast cancer is the most common cancer leading to 
mortality in women worldwide. Nearly, 270,000 new cases in 
2017 in the United States have been diagnosed with this set of 
diseases and the lifelong risk factor for developing breast cancer 
is 1 in 8 women over their lifespan [1]. Overall survival rates from 
35% in the 1960’s to 89% in 2016 have improved for a subset 
of breast cancer patients. Nearly 500,000 women worldwide die 

from breast cancer each year. Risk factors for developing breast 
cancer include age over 40, early menarche, late stage menopause, 
hormone replacement therapy, a family history of invasive Ductal 
Carcinoma In Situ (DCIS) arising from premalignant Atypical 
Ductal Hyperplasia (ADH), breast density, obesity, diabetes and 
a family history of breast cancer development which accounts for 
20-25 % of all breast cancer cases of which 10-15 % are due to 
genetic predispositions in autosomal dominant mutations in tumor 
suppressor genes such as p53, Rb-1, BRCA1 and BRCA2 [1-4]. 
Breast cancer arises from a small subpopulation of tumor initiating 
cells or Cancer Stem Cells (CSCs) that can arise from multipotent 
basal Mammary Stem Cells (MaSCs) in the basal layer of the 
mammary gland or progenitor cells such as luminal progenitor cells 
in the luminal compartment of the mammary gland [4-6]. There are 
also bipotent progenitor cells that exhibit properties of both basal 
and luminal cells which are the two main types of differentiated 
cells in the mammary gland. The luminal progenitor cells can give 
rise to either ductal epithelial cells or secretory alveolar epithelial 
cells during pregnancy from unipotent luminal progenitor cells. 
CSCs exhibit properties of quiescence, self-renewal, recapitulation 
of the original tumor phenotype and genotype of the more 
differentiated breast cancer cells, tumor initiation at low numbers 
following orthotopic implantation of these cells, and chemo- and 
radio- resistance [5]. Normal stem cells, progenitor cells and in 
certain cases trans-differentiation of differentiated breast epithelial 
cells either of the basal or luminal lineages can be converted to 
CSCs by oncogenic insult such as activation of components 
in multiple intracellular signaling pathways that maintain cell 
proliferation, growth factor receptor tyrosine kinase alterations or 
intracellular signaling pathway mediators such as Ras mutations 
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that can result in ligand independent activation or excessive 

Pleiotrophin (PTN) growth factor stimulation either in an autocrine or paracrine 

fashion [5-9]. In addition, loss of tumor suppressor gene function, Novel Peptides 

radiation, environmental carcinogens and changes in the CSC 
Cripto-1 niche or microenvironment which contains different cell types 

such as activated stromal/fibroblast cells, mesenchymal stem cells, Nodal 
adipocytes, endothelial cells and immune cells such as CD4 and 
CD8 T cells, type II macrophages, pro-myeloid cells, neutrophils 

Apelin/Salcut-NH2 

and eosinophils all of which can secrete multiple lymphokines Adrenomedullin 
and cytokines that collectively can maintain the existing CSC 
subpopulation and/or can increase the number of CSCs as occurs Gastrin Releasing Peptide 

during chronic inflammation [9-11]. Table 1: Established and Novel Angiogenic Peptides in Breast Cancer. 

Breast cancer cells are normally hormone dependent for Furthermore, paracrine-derived growth factors from the 
their growth relying upon either systemic or breast tumor-derived adjacent stroma such as TGFβ1 and Hepatocyte Growth Factor 
estrogens, progesterone and prolactin that function through (HGF) can also drive breast cancer growth and progression by 
receptors such as the Estrogen Receptor (ER), Progesterone initiating Epithelial-Mesenchymal Transition (EMT) which is an 
Receptor (PR) and Prolactin Receptor (PrlR), respectively [7,12- embryonic process that is reactivated in multiple types of cancer 
14].These hormones can in turn tightly regulate the expression  whereby epithelial cells lose their phenotypic properties such as 
of various endogenous growth factors such as Epidermal Growth a loss in cell adhesion by down regulation of adherens junctional 
Factor (EGF), Transforming Growth Factor Alpha (TGFα), proteins such as E-cadherin and tight junctional proteins such 
amphiregulin, Wnt4, RANKL and insulin-like growth-1 in the as claudins and occludins [17,18]. These cells become more 
normal breast and in breast cancer cells or in the surrounding stroma mesenchymal in their phenotype as they upregulate vimentin, 
(paracrine) [7,11,12,15]. Eventually, most hormone-dependent smooth muscle actin, fibronectin and N-cadherin. Mesenchymal 
breast tumors have a tendency to lose their requirements for these  cells are more invasive and migratory and can move through the 
local or systemic steroid or polypeptide hormones and become breast stroma and can give rise to distant end organ metastases 
hormone-independent which increases their aggressive behavior  in the lung, liver, brain and bone after extravasation into the 
as they become resistant to anti-estrogens (i.e. Tamoxifen), hematogenous or lymphatic vessels near the outer rim of breast 
antiprogestins (i.e. APR19) or aromatase inhibitors [16]. Under  tumors. In addition, EMT can also initiate the formation of new 
these circumstances multiple growth factors can be produced in  CSCs which can contribute to the pool of Circulating Tumor Cells 
an uncontrolled fashion at excessive levels as autocrine peptides  (CTCs) that results in end organ colonization in the lung, brain, 
by the breast tumor cells (Table 1) which have either proliferative  liver and bone marrow following intravasation from the lymphatic and/or angiogenic activity (refer to next section). or hematogenous systems which is the first step in gaining access to 

metastatic tissue sites where these cells undergo a Mesenchymal- 
Established Peptides Epithelial Transition (MET) to engage in colonization at these 

Epidermal Growth Factor (EGF) end organ metastatic sites [19,20]. In addition, novel embryonic 
signaling pathways such as the TGFβ/Smad, HGF, canonical 

Transforming Growth Factor α (TGFα) Wnt/β-catenin/Lef, Notch and Hedgehog signaling pathways can 

Amphiregulin (AR) be activated in breast CSCs or in the surrounding stroma and can 
also contribute to CSC maintenance and EMT formation or MET 

Heparin Binding-Epidermal Growth Factor (HB-EGF) formation by Bone Morphogenic Proteins (BMPs), Periostin and 

Betacellulin (BTC) Tenascin C in the lungs and bone [10,21-23]. 

Insulin-like Growth Factor-1 (IGF-1) Breast cancer is not a uniform disease but is heterogeneous 
both within any given tumor and between different types of tumors 

Platelet-derived Growth Factor AA/ BB (PDGF) that consist of multiple molecular subtypes [4,6,24,25]. There 

Transforming Growth Factor ß 1/2 (TGFß) 
are several different molecular subtypes of breast cancers and 
interconversion between these molecular subtypes can occur due 

Fibroblast Growth Factor 1/2/3(int2)/4 (hst)/5/6/7 (Fgf) to the cellular plasticity of CSCs or progenitor cells that is dictated 

Vascular Endothelial Growth Factor A/B (VEGF) 
by local niche cellular and soluble factors [6,10]. These molecular 
subtypes include luminal A, luminal B, normal breast-like, HER2 

Angiopoetin 1/2 (Ang) (erbB2)-enriched, basal-like, mesenchymal-like and claudin-low 
based upon gene expression analysis and clustering. Actually, 

Placental-Derived Growth Factor (PLGF) 
the discrimination level of subtypes has increased to ten different 

Midkine (MK) classifications with an additional 6 in the TNBC group which 
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accounts for approximately 20% of all the breast cancer subtypes. 
The basal-like, claudin-low and mesenchymal-like (metaplastic) 
groups plus the three additional subgroups are classified as Triple 
Negative Breast Cancers (TNBC). TNBC cancers are Er-, PR- 
and HER2- but overexpress the EGF receptor (EGFR). TNBC 
are extremely resistant to chemo- and radio- therapy and there is 
no effective agent to clinically enhance the regression of TNBC 
which in patients with this subtype tend to exhibit an extremely 
low response rate to the effects of chemo- or radiotherapy as 
far as long-term patient survival and metastasis [26-28]. In this 
respect TNBC subtypes particularly the basal-like and claudin- 
low subtypes are enriched for CSCs and an EMT-like phenotype 
[25-28]. Each of these molecular subtypes of breast cancer can 
arise from a hierarchical order of multipotent MaSCs (claudin- 
low subtype) and bipotent progenitor cells (basal/luminal-like). 
In this respect, mesenchymal-like TNBC and claudin low TNBC 
resemble the more undifferentiated and primitive Adult Mammary 
Stem Cells (aMaSCs) from the adult postnatal mammary gland 
while more epithelial-like TNBC stem cells resemble bi-potent 
Fetal Mammary Stem Cells (fMaSCs) found in the embryonic 
day 18 mammary placodes that first start to exhibit branching 
morphogenesis from the developing nipple area, respectively [6]. 
Multipotent luminal progenitor cells can give rise to basal-like 
TNBC due to mutations in BRCA1, p53 or hyper-activation of 
Notch1 or Notch4 signaling [21]. HER2-enriched breast cancers 
probably arise from a more lineage restricted unipotent luminal 
progenitor cells while the more differentiated ER-/PR- or ER+/ 
PR+ luminal B and A subtypes arise from more differentiated and 
mature ductal or alveolar luminal cells, respectively. 

Angiogenesis 

Tumor cells require external sources of oxygen, nutrients 
such as glucose and metabolites such as proline and glutamine to 
survive when they exceed 1 to 2 cm in size. Blood (hematogenous) 
and lymphatic vessels need to be located within 100 to 200 µm of 
the tumor perimeter to initiate and facilitate angiogenesis and to 
facilitate reoxygenation and nutrient delivery to tumors [29]. In 
addition, these newly formed vascular vessels need to penetrate 
the tumor perimeter and to enter into the tumors through sprouting 
and vessel enlargement. Recruitment of new vessels to the 
growing tumor is initiated by a process known as angiogenesis 
[29-31]. Without new vessel innervation, tumors can die and fail 
to metastasize. Angiogenesis is the process of forming new vessels 
by sprouting from preexisting vascular hematogenous or lymphatic 
vessels. These newly formed vessels as they sprout or branch also 
migrate toward the tumor through the surrounding stroma due to 
the local release by breast cancers of multiple angiogenic peptides 
(Table1) such as VEGFs, FGFs and Angiopoietins (Ang) which 
are the most potent of angiogenic factors especially in breast 
cancer (Table 1). These peptides increase Micro-Vessel Density 
(MVD) and endothelial cells exhibit a higher proliferative rate. 
Expression in breast tumors of angiogenic growth factors such as 
VEGFA, TGFα, TBFβ2 and FGF2 are also associated with poorer 
patient prognosis [32-38]. Finally, a small molecule tyrosine 

kinase inhibitor AZD457, similar to Avastin which is a humanized 
monoclonal antibody that blocks VEGFA activity in breast 
cancers, can inhibit FGFR1-3 activity and block CSCs formation 
in the HER-2 expressing subtype of breast tumors. This may be 
particularly important since FGFR-3 expression is increased in 
tamoxifen resistant breast tumors and by Nodal [39,40]. 

This review will focus on other newly identified, novel 
angiogenic peptides such as Cripto-1, Nodal, Apelin, Salcut- 
NH2, Adrenomedullin and Gastrin Releasing Peptide in cancer 
and particularly breast cancer. Different stress factors that can 
induce angiogenesis include oxygen deprivation (hypoxia) which 
is common in all tumors especially in the inner tumor regions, 
low pH, glucose deprivation, inflammation and metabolic stress 
[29,41-46]. New vessels around tumors can also form by de 
novo vaculogenesis from bone marrow-derived endothelial cell 
precursors [29]. Finally, tumor cells including breast cancer cells 
can transdifferentiate into tubular-like luminal vessels by a process 
known as vascular mimicry which have similar phenotypic 
propertiesofhematogenousvesselstocircumventmoreconventional 
angiogenic processes [45,46]. A sparse population of periocytes 
also surround the endothelial cells in hematogenous and lymphatic 
vessels and function as protective agents from environmental 
stressors and as control cells to maintain vascular tone [29]. 
Unlike normal vascular vessels, the tumor vasculature can become 
leaky and highly disorganized due to fenestration and excessive 
branching within the lumen of the vessels and pore formation due 
to changes in cellular adhesion between the endothelial cells of the 
vessel wall, vascular enlargement and excessive branching [29]. In 
addition, loss of adhesion between endothelial cells can also can 
contribute to high vascular permeability due to a discontinuous 
loss of the basement membrane as a functional barrier. This may 
be due to excessive VEGF and/or Transforming Growth Factor 
β1 (TGFβ1) expression either in the tumor cells or surrounding 
tumor stroma can down regulate expression of adhesion molecules 
such as VE-cadherin in the endothelial cells and enhance pore 
formation, Inflammation induced by the transcription factor NFκB 
through an activated Jak2/Stat3 pathway that can be engaged 
by pro-inflammatory cytokines such as TNFα, IL-6 or IFNγ can 
also contribute to angiogenesis [41-44]. Likewise, hypoxia (low 
oxygen) which can induce expression of the hypoxia transcription 
factor family which includes Hypoxia-Inducible Factors (HIFs) 
also contributes to angiogenesis [41-44]. In breast cancer, HIF1α 
is the most prominent in breast cancer [29-38]. HIF1αor NFκB 
which is induced by chronic inflammation can induce a number 
of common downstream target genes such as the more established 
and more potent angiogenic peptides including VEGFs, PDGFs 
and Ang2 as well as a majority of the noveler angiogenic peptides 
that were previously mentioned and that will be described in more 
detail later in this review as well as Nitric Oxide Synthase (NOS) 
which is an enzyme that produces Nitric Oxide (NO) which is a 
potent vasodilator [42-48]. 

Precancerous breast ADH lesions and non-invasive DCIS 
already exhibit the ability to acquire angiogenic properties at a rate 
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of 30% compared to normal breast tissue before becoming invasive 
Ductal Carcinoma in Situ (DCIS) tumor cells which suggests that 
angiogenesis can occur early in the precancerous state [47-49]. In 
addition, breast tissue adjacent to tumors is twice as likely to induce 
angiogenesis as compared to breast tissues from non-neoplastic 
breasts. Disruption of the tumor vasculature can lead to oxygen 
deprivation (hypoxia) [50]. Hypoxia can induce the stabilization 
HIF-1α. HIF-1α can also be induced by chronic inflammation and 
by the hormones such as estrogen and progesterone [38,41]. HIF-1α 
plays a significant role in breast tumor progression and metastasis 
as it can positively regulate in tumors a number of different target 
genes including the upregulation of VEGFs, Ang2, FGFs, PDGFs, 
EGF. metalloproteases, glucose transporter genes, wild type p53, 
the EMT regulated transcription factor Twist, Akt-1, Oct4, Cripto-1, 
Nodal, adrenomedullin and apelin [27,36,37,51,52]. Of all the 
molecular subtypes of breast cancer HIFα expression, VEGFA 

expression and MVD of hematogenous vessels were significantly 
higher in basal and other TNBC subtypes as compared to the 
other molecular subtypes [26,28,50-53]. HIf-1α can also induce 
cripto-1 in developing mouse cardiomyocytes, in ischemic pig and 
in human cardiomyocytes following hypoxia-induced infarction 
suggesting that the HIF-1α regulatory pathway may be engaged in 
other developmental and pathological conditions [54]. 

Cripto-1 and Nodal as Novel Angiogenic factors 

Cripto-1 (CR-1) also known as Teratocarcinoma-Derived 
Growth Factor-1 (TDGF-1) is a glycosylated protein ranging in 
size from 20kDa to 45kDa depending upon the degree of N- or 
O-linked glycosylation, fucosylation within the EGF-like domain 
and potential phosphorylation of various serine and threonine 
residues within the CR-1 protein (Figure 1) [55,56]. 

 

 

Figure 1: Structure of CR-1 and Nodal Foca A, et al. 

In the human CR-1 protein, there are 188 amino acids and the protein has multiple domains and is the founding member of the 
EGF-CFC family of proteins. CR-1 contains an NH2-terminal signal sequence that is cleaved, an NH2 domain followed by a highly 
conserved EGF-like domain and a conserved cysteine rich CFC domain which is linked to a hydrophobic COOH-terminus with a motif 
for a Glycophosphatidylinositol (GPI) region which tethers CR-1 to the cell membrane in cholesterol-rich lipid raft regions within the 
cell membrane [57,58]. There are 6 cysteine disulfide bridges within CR-1 of which three are in the EGF-like domain and three are in the 
CFC domain. Unlike EGF which has three loops of cysteine bridges A, B and C, the EGF-like domain in CR-1 lacks the A loop and has a 
truncated B loop but a complete C loop as compared to EGF The EGF and CFC domains are the functional domains that bind to different 
proteins such as Nodal, Activins, TGFß1, Alk4, GRP78, Notch, furin-like proteases, canonical Wnts and Frizzeled co-receptors, Lrp5 

and Lrp6. Therefore, CR-1 is a multifunctional chaperone protein that can bind to various proteins in a context-dependent manner. CR-1 
is the founding member of the EGF-CFC protein family. It is evolutionary conserved along with a related subfamily consisting of cryptic 
in deutrostomes including sea urchins and amphioxus (lancelet) especially within the EGF-like and CFC domains (Figure 2). 

Figure 2: Phylogenetic Conservation of EGF-like and CFC domains in CR-1 [59]. 
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The EGF-CFC family also includes mouse and human 
Cryptic and Cripto-3 (CR-3) which differs from CR-1 by only 
five amino acids [59]. Physiologically, CR-1 can be cleaved from 
the cell membrane by either Phospholipase C (PLC) or by GPI- 
phospholipase-D which releases a soluble form of CR-1 that can 
act in a cell-non-autonomous, trans-acting, paracrine manner as 
a growth factor while the cell tethered formed can function in a 
cell autonomous, cis-acting, autocrine manner where it functions 
as a co-receptor for Nodal (see below), the canonical Wnt/β- 
catenin Frizzeled co-receptors Lrp5 and Lrp6 that bind to various 
canonical Wnt proteins to amplify this signaling pathway and to 
proNodal and proNotch receptors to facilitate the processing of 
these proteins in early endosomes through a series of furin-like 
proteases [60-62]. Interestingly, mouse CR-1 and human CR-1 are 
major target genes that are upregulated by the canonical Wnt/β- 
catenin/Lef pathway during early embryogenesis, in the fetal and 
adult mouse mammary gland, in normal colon crypt development 
and in human hepatoma and colon carcinoma cells [55-57,63- 
66]. Finally, CR-1 has been detected within secreted exosome- 
like vesicles that are derived from multi-vesicular bodies formed 
within the lipid raft regions [66]. In fact, secreted CR-1 has been 
detected in plasma and serum as well as in human milk and may 
be a potential diagnostic and prognostic serum marker in breast, 
colon and lung cancers as well as in glioblastomas and germ cell 
tumors [67-73]. 

Cell-tethered CR-1 functions as a co-receptor for the TGFβ 
related proteins such as Nodal and the growth and differentiation 
factors 1 and 3 (GDF-1/3). CR-1 binds to this subfamily of TGFβ 
related proteins through the EGF-like domain and then complexes 
with the type-I receptors Alk4 or Alk7 type-I serine-threonine 
kinase receptors through the CFC domain which then lead to a 
trans-phosphorylation of these type-I receptors by the type-II 
ActRIIB receptor and subsequent activation by phosphorylation 
of Samd2 and complex formation with Smad3 and Smad4 in 
early endosomes [55].This then leads to nuclear translocation 
of this trimeric complex that can then bind to Smad Binding 
Elements (SBEs) within the promoter region of various target 
genes in conjunction with other transcriptional co-activators such 
as FoxH1 to regulate their transcription such as stem cell related 
pluripotency transcriptional genes such Oct4 and Nanog and Oct4 
through a feed-forward loop that can also upregulate including 
CR-1 and Nodal expression [74-76]. CR-1 can also activate non- 
canonical, Smad-independent signaling pathways such as the 
src/ras/MAPK and PI3-K /AKT1 pathways to regulate cellular 
migration, invasion, EMT and cellular survival (Figure 4). In 
addition, Glucose Regulated Protein 78 (GRP78) is expressed 
on the surface of a number of different types of cancer cells and 
not in the Endoplasmic Reticulum (ER) where it would normally 
be in tissues and involved in the ER stress response of removing 
unfolded and dysfunctional proteins through degradation [77]. 
GRP78 can function as a chaperone protein and binds to CR-1 
through the CFC domain and the NH2-terminal domain of GRP78 
to amplify Smad-dependent and Smad-independent signaling 
pathways that are engaged by CR-1. Finally, CR-1 can bind to 

TGFβ1 and Activins to inhibit their binding to different receptors 
suggesting that CR-1 is a multifunctional chaperone protein in 
different signaling pathways in a context-dependent fashion. 

CR-1 was first identified as a unique gene and isolated 
from undifferentiated human and mouse embryonal carcinoma 
cells lines. Subsequently, it was identified in mouse and human 
embryonic stems cells with Nodal as genes that are essential in 
maintaining pluripotency and self- renewal by regulating Oct4 
and Nanog expression through a Smad-dependent pathway 
[55,56,64,74]. During early embryonic development, CR-1 and 
Nodal are important in inducing through a Smad-dependent 
signaling pathway that regulates anterior-posterior axis formation, 
formation of the primitive streak during gastrulation by initiating 
EMT, mesoendoderm formation and later in in left-right organ 
laterality formation (Cryptic) with Nodal and in early heart 
development by stimulating cardiomyocyte differentiation. In 
this regard, cripto-1 can be induced by hypoxia through HIF-1α 
in developing cardiomyocytes and is elevated in ischemic pig and 
human hearts following infarction. Germ line deletion of CR-1 is 
embryonic lethal at day 6.5 in mice [55,56]. More importantly, 
CR-1 expression is significantly upregulated in numerous types 
of human cancer including breast, prostate, colon, gastric, liver, 
pancreatic, ovarian, cervical, endometrial, non-small cell lung adeno 
and squamous cell, esophageal, head and neck, nasal pharyngeal, 
bladder and basal cell skin carcinomas as well as in glioblastomas, 
melanomas and in germ line embryonal carcinoma and non- 
seminoma testicular carcinomas [56]. In fact, CR-1 expression can 
be detected in early pre-malignant lesions in gastric metaplasia, 
colon adenomas and breast hyperplastic alveolar nodules. In breast 
cancer, overexpression of cripto-1 is highest the both mouse and 
human TNBC subtypes and can etiologically contribute to TNBC 
development [53,78]. In breast cancer, CR-1 expression was found 
to correlate with tumor grade and, an overall decrease in patient 
survival. This same correlation of an association with high CR-1 
tumor expression, poor overall survival and disease-free relapse 
has been observed in other types of carcinomas such as nasal 
pharyngeal, head and neck, lung and colon, gastric and cervical 
tumors. Finally, overexpression of a human CR-1 transgene in the 
mouse mammary gland at differential post-natal developmental 
stages can contribute to the formation of premalignant hyperplastic 
alveolar nodules and to mammary gland tumorigenesis [79,80]. 

In Non-Small Cell Lung Cancer (NSCLC), there was a 
significant inverse correlation between expression of the miR 
205 family, which promotes an epithelial phenotype by blocking 
EMT-related transcription factors and CR-1 expression that were 
expressed in 94% of the NSCLC samples [81]. Those patients with 
high levels of CR-1 expression had a worse overall prognosis. In 
NSCLC there was also a significant correlation of CR-1 expression 
to neovascularization. In fact, resistance of NSCLC patients to EGF 
Receptor (EGFR) tyrosine kinase inhibitors can lead to an increase 
in MVD and to the acquisition of an EMT-like phenotype of more 
mesenchymal-like cells that are more angiogenic where CR-1 was 
overexpressed [82]. Blockade of CR-1 expression using a c-src 
tyrosine kinase inhibitor reestablished sensitivity of the NSCLC 
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cells to EGFR inhibitors and a down regulation in CR-1 expression. 
In MCF-7 luminal breast cancer cells that ectopically overexpress 
CR-1 are more angiogenic as evidenced by an increase in CD31 
positive endothelial cells and have a higher MVD orthotopically 
in the cleared mammary fat pad in nude mice than non-CR-1 
transduced cells [83]. Soluble CR-1 was able to stimulate both 
Smad2 phosphorylation and the phosphorylation of c-src, MAPK 
and AKT1 in Human Umbilical Vein Endothelial Cells (HUVEC) 
[83]. In HUVEC, VEGFA and FGF2 were able to stimulate in vitro 
proliferation as was CR-1 in a dose-dependent manner. To form 
new blood vessels in a tumor, endothelial cells must first invade 
the tumor stroma and extracellular matrix and migrate and invade 
the basement membrane into the perivascular space. CR-1 and 
VEGFA were able to significantly stimulate HUVEC migration 
and invasion in vitro. A VEGF receptor 1 tyrosine kinase receptor 
was able to block the migratory and invasive effects of VEGFA 
on HUVEC but not these responses that were also stimulated by 
CR-1. However, a CR-1 neutralizing mouse monoclonal antibody 
or a c-src inhibitor or PI3-K inhibitor but not MAPK or ALK4 
inhibitors were able to significantly inhibit CR-1 induced migration 
and invasion in vitro [83]. HUVEC cells when placed in vitro on 
a Matrigel matrix will form honey-comb-like, tubes in response to 
different angiogenic factors. VEGF or CR-1 using HUVEC were 
able to induce tube-like cords in this assay. As with the migration 
and invasion assays, a CR-1 neutralizing mouse monoclonal 
antibody or a c-src inhibitor or PI3-K inhibitor but not MAPK or 
ALK4 inhibitors were able to significantly inhibit CR-1 induced 
tube formation. In vivo, soluble CR-1 treated wild type MCF-7 
cells or MCF-7 CR-1 transduced cells induced angiogenesis 
which could be blocked with the CR-1 neutralizing antibody in 
both scenarios [83]. In prostate cancer a similar stimulatory effect 
of CR-1 on migration, invasion, angiogenesis and metastasis was 
observed [66,84]. Human PC3 or DU145 prostate cancer cells 
express CR-1 and were then transduced with a CR-1 siRNA. 
Knockdown of CR-1 mRNA or CR-1 protein expression ranged 
from 50 to 80 % compared to control siRNA transfected cells 
[66,84,85]. Knockdown of endogenous CR-1 blocked proliferation 
of both prostate cancer cell lines by ~50% and were arrested in the 
G1 phase of the cell cycle which was accompanied by a 50-70 
% reduction in Cyclin D1 and Cyclin E1 [84,85]. In addition, in 
vitro migration and invasion of both prostate cancer cells lines was 
inhibited by two-fold after CR-1 knockdown which correlated with 
a reduced expression of metalloproteases 2 and 9 in these cells. 
EMT was also severely impaired in the CR-1 knockdown cells 
as E-Cadherin was overexpressed while N-cadherin, vimentin and 
fibronectin expression was severely reduced. The CR-1 knockdown 
prostate cancer cells were more epithelial-like in their phenotype 
as compared to the siRNA transfected control cells which were 
more mesenchymal in appearance. Tube formation of HUVEC 
was used to assess the ability of secreted CR-1 in the Conditioned 
Medium (CM) to modify this phenotype. Tube formation of 
HUVEC using CM from CR-1 knockdown cells reduced by 
80% tube formation in HUVEC as compared to CM from siRNA 
control cells. Examination of the phosphorylation of c-src PI3-K, 
AKT1 and Glycogen Synthetase Kinase-3β (GSK-3β) which the 

latter is a regulator of AKT1 activation and the Wnt/β-catenin/ 
Lef pathways were all significantly compromised in the CR-1 
knockdown prostate cancer cell [84,85]. Finally, soluble CR-1 that 
is secreted from either CR-1 transduced kidney HEK293T cells 
or from NTERA2/D1 human Embryonal Carcinoma (EC) cells 
that have high levels of endogenous CR-1 expression can function 
in trans/paracrine manner to influence HUVEC cells [57]. In this 
context, soluble CR-1 can promote endothelial cell migration as 
a chemoattractant to facilitate migration and secretion of soluble 
CR-1 by GPI-PLD that can be enhanced by other growth factors 
such as HGF, EGF, HB-EGF, TNFα and IL-6 [57]. Nevertheless, 
tethered CR-1 on tumor cells can induce HUVEC cell sprouting 
through direct cell-cell interaction [57]. Shedding of CR-1 occurs 
at the GPI-anchorage site as by the ability of phospholipase C or 
endogenous GPI- phospholipase D to facilitate CR-1 cleavage 
[57,58]. Multiple hormones, growth factors and transcription 
factors such as LRH-1 and GCNF can either positively or 
negatively regulate cripto-1 expression (Table 2). Reciprocally, 
CR-1 can upregulate the expression of EMT regulated genes and 
EMT induced transcription factors as well as other growth factors 
receptors and novel angiogenic peptides and their cognate receptors 
such as apelin and adrenomedullin (see subsequent sections) as 
well as the NFkB-induced cytokines TNFα, IL-6 and IFNγ [86]. 
In colon cancer, CR-1 is found in the normal colonic crypt stem 
cells and is increased in colon cancer CSCs [87]. CR-1 knockdown 
inhibited colon cancer growth and metastasis in vivo [87]. 

Nodal is a member of the TGFβ superfamily and is expressed 
in all deuterostomes including hydra (Figure 3). 
 

Figure 3: Phylogenetic conservation of Nodal [90]. 

Nodal is expressed as extended 347 amino acid prepro- 
protein (55kDa) that is cleaved to pro-Nodal which has 238 amino 
acids (37kDa) and eventually to mature Nodal which is a 110 
amino acids (22kDa) monomeric form (Figure 1) which is heavily 
glycosylated [88-90]. Mature Nodal can homodimerize with itself 
or heterodimerize with GDF1 or GF3 [91]. Cleavage of these 
larger precursors is accomplished by proteins in the pro-protein 
convertase family such as Furin and Pace4. CR-1 can facilitate 
this intracellular processing by binding to these convertases and 
Nodal and can also enhance secretion of mature Nodal in early 
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endosomes where it becomes glycosylated and helps to stabilize the protein from degradation [92,93]. Nodal like CR-1 can function as a 
cell-associated autocrine growth factor or as a secreted paracrine factor. Nodal similar to CR-1 is important in regulating the expression 
through a Smad-dependent pathway expression of the pluripotency genes Nanog and Oct4 [74-76,92,93]. There are four distinct Nodal- 
related genes in Xenopus which has three related CR-1 genes (figure 3) and two Nodal genes are expressed in zebrafish namely squint, 
cyclops and southpaw that interact with the zebrafish version of CR-1 One-Eyed Pinhead (OEP) [94,95]. Nodal is not normally expressed 
in adult tissue which is similar to CR-1 except possibly adult tissue stem cell compartments such as the intestinal crypts, the embryonic 
day18 mammary mesenchyme and in the luminal progenitor cells in the adult early pregnancy mammary gland like CR-1 and in human 
trophoblast cells and endometrium. Nodal can upregulate its own expression, CR-1 and Lefty 1/2 through a Smad-dependent pathway. 
Lefty is an inhibitor that can bind to and block both Nodal and CR-1 activity [94,95]. Cerberus is another inhibitor of Nodal as wells as 
various Wnts and BMP. The Mir 15/16 family can block protein expression of CR-1 and the type-II Activin receptor by destabilizing 
their respective mRNAs resulting in their degradation [96-103]. 
 

 
Figure 4: Molecular interactions between CR-I, Nodal, Adrenomedullin and Apelin/ SCNH2. 

 

Similar to CR-1, Nodal can also be induced by hypoxia 
through HIF-1α in human MCF-7 and T47D breast cancer cells 
and in metastatic C81-61 human melanoma cells through HIF-1α 
which not only stabilizes the Nodal mRNA but upregulates both 
pro-Nodal and Nodal protein expression (Figure 4) [102,103]. 
HIF-1α can bind to the Nodal promoter through Nodal Dependent 
Enhancer (NDE) in the promoter region of the gene [99,100]. 
Hypoxia via HIF-1α can also enhance the expression of Oct4 and 
Notch receptors to promote a more dedifferentiated and aggressive 
phenotype in a variety of cancer cells probably by expanding the 
CSC population. Notch1 during early embryonic development 
and Notch4 in C81-61 cells can induce Nodal expression through 
the NDE. A similar effect was observed in T47 cells through the 
Intracellular Domain of Notch (NCID) and its binding to the 
NDE region following hypoxia treatment. Finally, hypoxia driven 
by HIF-1α can induce the invasion and migration of T47D cells 
and Conditioned Medium (CM) obtained from T47D cells could 

significantly enhance tube formation in HUVEC which was Nodal 
dependent as illustrated by shNodal knockdown in the T47 cells 
[100,101]. A similar observation relating to hypoxia and Nodal 
was observed in human A375 human melanoma cells [102]. In 
these cells, hypoxia can induce resistance to the cytotoxic drug 
dacarbazine. Hypoxia was able to induce Nodal expression through 
a HIF-1α−dependent pathway. Nodal expression was enriched 
in the CSC subpopulation of these cells as assessed by sphere 
formation and by the expression of stem cell related genes such 
as Oct4, Nanog Sox2, CD133 (prominin) and CD44 (hyaluronan 
receptor). Hypoxia induced both pro-Nodal and mature Nodal. In 
turn, Nodal was able to enhance the expression of the glucose-1 
transporter gene and glucose uptake (Warburg effect), PDK-1 
an upstream positive regulator of AKT1 action and cell survival. 
Nodal knockdown using a lentivirus transduced shRNA Nodal 
abrogated these effects. HIF-1α induced expression of Nodal 
also resulted in resistance to the cytotoxic effects of dacarbazine 
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which could be restored in shRNA Nodal transduced A375 cells 
[102]. Impairment of Nodal expression by either shRNA Nodal 
transduction or by blocking Nodal signaling through Alk4 using the 
inhibitor SB431542 also reduced sphere formation and invasion in 
vitro. Primary breast carcinomas also express Nodal but not benign 
breast tissue biopsies. Nodal expression was directly correlated 
with the diagnosis and disease [103]. Out of 431 breast carcinomas, 
66% were moderately or highly expressing Nodal. In addition, 
more poorly differentiated breast cancer were associated with 
higher levels of Nodal expression than more differentiated tumors. 
Likewise, higher tumor stage and lymph node positive patients 
presented with higher levels of Nodal expression. Breast cancer 
TNBC cell lines, MDA-MB-231 and MDA-MB-468 cells, Nodal 
was detected in ~39% and 22% of the cells in these two cell lines, 
respectively. Both cell-associated proNodal and the secreted mature 
Nodal protein were found in both cell lines. Treatment of either cell 
line with a Nodal neutralizing/blocking rabbit polyclonal antibody 
but not a control polyclonal IgG produced in a dose-dependent 
manner a 65-90 % decrease in the levels of the proNodal precursor 
with a concomitant decrease in the level of phosphorylated Smad2 
levels. Cell proliferation in both cell lines was decreased in a dose- 
dependent manner following treatment with the Nodal blocking 
antibody but not with the control IgG [103]. Reciprocally, there was 
a dose-dependent increase in apoptosis following treatment with 
the Nodal blocking antibody but not with the control IgG. Finally, 
there was a dose-dependent inhibition of anchorage-independent 
growth in soft agar of both of these cell lines following treatment 
with the Nodal blocking antibody but not the control IgG. Similar 
inhibitory effects on cell proliferation, invasion and clonogenicity 
in soft agar were observed in MDA-MB-231 or MDA-MB-468 
following transfection with an shNodal expression vector but not a 
control scrambled shRNA vector [100,101]. In those studies, tumor 
growth in nude mice of the Nodal knockdown cell lines was totally 
eliminated but not with a control shRNA vector. At the molecular 
level, Nodal knockdown repressed cyclin B1, cyclin D1 and c-myc 
expression but enhanced the expression of the negative cell cycle 
regulators p21 and p27 which explains the mechanism by which 
Nodal can modify cell proliferation. 
 

Upstream CR-1 Regulators Downstream CR-1 Targets 

Wnt/β-catenin VEGF 

TGFβ1 VEGFR2 

Activin A/B Apelin 

HIFα APJ 

BMP2/4 (-) Adrenomedullin 

Retinoic Acid (-) 
Adrenomedullin RAMP-3 co- 

receptor 

Germ Cell Nuclear Factor 
(GCNF)(-) 

FGF2/4/8 

Liver Receptor Hormone 1 
(LRH-1) 

FGFR1 

 

Snail(-) Snail 

CR-1 ZEB-1 

Nodal E-Cadherin(-) 

FGF4 Occulidins(-) 

Progesterone Claudins(-) 

Nkx-2.5 N-cadherin 

Msx1 Vimentin 

 α6 integrin 

 Fibronectin 

 Netrin-1 

 c-myc 

 Cyclin D1 

 RANKL 

 NFkb 

 Sox9 

 Gata3 

Table 2: Upstream CR-1 regulations, Downstream CR-1 targets. 

(-) above designates negative regulation or down regulation of 
expression 

MVD is well recognized in breast cancer as a reliable 
index of angiogenesis. In gliomas, Nodal can upregulate VEGF 
expression and MVD. Nodal expression in breast cancer is directly 
correlated to MVD in 83 primary breast carcinomas and can induce 
vascular recruitment in vivo as assessed by MVD and CD31 
expression [64,66,104-109]. Similar to melanoma cells, Nodal 
can be secreted by breast cancer cells in vitro wherein the CM 
from these cells can stimulate HUVEC tube formation in vitro. 
Nodal also in breast cancer cells in vitro can upregulate VEGF 
and PDGF protein expression. In MDA-MB-468 cells transfected 
with a shNodal vector caused a decreased expression of VEGF and 
PDGF protein expression and secretion into the CM from these 
cells [104]. Knockdown of Nodal using an shNodal expression 
vector can decrease MVD and can induce necrosis within breast 
tumor cells. In MDA-MB-231 cells transfected an shNodal 
expression vector, CM from these cells significantly reduced 
HUVEC branching, migration and tube formation compared to 
CM obtained from control scrambled shRNA MDA-MB-231 cells 
which stimulated these responses in HUVEC [100,101,103,104]. 
Gain of function studies in T47D cells which express lower levels 
of endogenous Nodal like MCF-7 luminal breast cancer cells as 
compared to MDA-MD-231, MDA-MB-468 and Hs578t TNBC 
cells when transfected with a Nodal expression vector confirmed 
these results using CM from these Nodal transduced T47D cells on 
target HUVEC in which branching, migration and tube formation 
were enhanced. When cultured in vivo shNodalMDA-MB-231 
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cells reduced vascular recruitment as compared to shMDA-MB- 

231 cells. Reciprocally, T47D cells expressing ectopic Nodal 
enhanced angiogenesis as compared to control T47D cells. These 
results were also confirmed in a Chick Chorioallantoic Assay 
(CAM) with MDA-MB-231 Nodal knockdown cells where these 
cells were unable to form vascularized tumors as compared the 
shRNA MDA-MB-231cells tumors that developed. In nude mice. 
shNodalMDA-MB-231 tumor cells had a significant decrease in 
CD31 staining for innervating endothelial cells as compared to 
the shMDA-MB-231 tumor cells. In addition, tumor necrosis was 
elevated in the Nodal knockdown tumors [104]. 

Vasculogenic Mimicry (VM) that does not involve vascular 
endothelialcellscancompensateforalossofvascular(hemotogenous 
or lymphatic) angiogenesis in melanoma, prostate, ovarian, liver, 
lung carcinomas and gliomas [44,46,105]. Recently Nodal has 
been demonstrated to induce VM in metastatic melanoma cells. 
In primary breast cancers, high bot not low Nodal expression was 
correlated with lymph node metastasis, tumor stage, poor overall 
patient survival that was accompanied by a loss of differentiation 
and overexpression of a VM marker VE-cadherin [100,104,106]. 
VM frequency was found in 32% of the Nodal expressing tumors 
expressed VE-cadherin in the Nodal high tumors and in only 8% 
of the Nodal low tumors. Likewise, 73% of the Nodal high tumors 
while only 37% of the Nodal low tumors exhibited VM [103,104]. 
shNodal MDA-MB-MB-231 cells exhibited a reduction in VE- 
cadherin expression while T47D Nodal transduced cells exhibited 
an upregulation in VE-cadherin. In addition, shNodalMDA-MB- 
231 cells were impaired in their ability to form VM channel-like 
structures on or in Matrigel while the shMBA-MB-231 cells were 
able to form such structures that could be blocked by the Alk4 
receptor inhibitor SB431542. Likewise, Nodal overexpression in 
MCF-7 cells promoted VM channel formation where VE-cadherin 
was found to be co-expressed with Nodal. Smad2/3 phosphorylation 
was inhibited in the shNodalMDA-MB-231 cells and reciprocally 
upregulated in the Nodal transduced MCF-7 cells. Using either 
the shNodal MDA-MB-231 cells or the T47D Nodal transduced 
cells, it was found that Nodal could enhance the expression of 
EMT as assessed by an increase in migration and invasion assays, 
expression of MMP2 and MMP9 and EMT-related genes such as 
N-cadherin, vimentin, Snail, Slug and c-myc, while E-cadherin 
expression was reduced [103,104]. In this respect, EMT has an 
important role in facilitating VM formation Finally, tumor growth 
in nude mice was found to be enhanced by Nodal overexpression 
and suppressed by Nodal inhibition with parallel changes in 
CD31 expression in both situations. Human glioma/glioblastoma 
cells express both CR-1 and Nodal [105]. Glioblastomas exhibit 
pronounced angiogenesis. Nodal expression correlates with 
invasive behavior and angiogenesis in these tumors and is more 
pronounced in glioblastomas than in anaplastic astrocytomas or 
normal brain tissue [105-107]. Likewise, there was a significant 
correlation between Nodal expression and VEGF expression 
in glioblastomas [107]. Knockdown of endogenous Nodal with 
an siRNA Nodal vector in vitro in U87MG human glioma cells 
decreased colony formation in soft agar and decreased VEGF 

secretion. Orthotopic intracranial injection of siRNA U87MG cells 
inhibited tumor growth of these cells and prolonged survival in 
SCID mice in vivo. Inhibition of Nodal expression also suppressed 
tumor vessel growth as assessed by CD31 analysis in vivo and 
inhibition of endogenous Nodal signaling in wild type U87MG cells 
using the Alk4 inhibitor SB431542 also produced a similar effect 
in vivo. Therefore, knockdown of Nodal suppresses angiogenesis 
in vivo in glioblastoma cells. Reciprocally, overexpression of 
Nodal in U87MG cells promoted in vivo the intracranial growth of 
these cells as tumors in SCID mice and enhanced angiogenesis as 
assessed by an increase in the number of CD31 positive endothelial 
cells within the tumors. Nodal overexpression increased HIF- 
1α expression which in turn upregulated VEGF secretion while 
knockdown of Nodal expression or by inhibiting Alk4 signaling 
suppressed HIF-1α expression and subsequent angiogenesis. 
Nodal could also enhance phosphorylation of ERK1/2 as this 
effect could be blocked by SB431542 through a CR-1/Alk4/ 
Smad2/3-dependent signaling pathway. Interestingly, inhibition 
of ERK1/2 phosphorylation suppressed HIF-1α induction which 
subsequently impaired VEGF expression and angiogenesis. 
In U87MG, high levels of endogenous CR-1 are expressed in 
a small subpopulation of potential CSC [108]. Treatment of 
U87MG cells with exogenous CR-1 induces its own expression 
in a dose-dependent manner by activating a Nodal/Alk4/Smad2/3- 
dependent signaling pathway thereby engaging a feed-forward 
auto-regulatory loop by transcriptional activation by exogenous 
CR-1 through Smad Binding Elements (SBEs) within the promoter 
region of the endogenous CR-1 gene [108]. This same mechanism 
of autoregulation also been demonstrated in human embryonal 
carcinoma cells and in human colon cancer cell lines [55,56]. In 
addition, auto-induction of endogenous CR-1 by exogenous CR-1 
was observed in MCF-7 breast cancer cells and in non-transformed 
human kidney HT-29 cells. Following treatment of the U87MG 
cells with recombinant CR-1, there was an expansion in the CSC 
subpopulation in U87MG cells as assessed by the expression of the 
CSC maker, Multi-Drug Resistant Transporter1 (MDR1) [108]. 
MDR1 is in the ABC transporter family of membrane pumps that 
utilizes ATP hydrolysis to efflux various chemotherapeutic drugs 
from CSCs which explains their drug resistance. CR-1 increased 
MDR1 expression from a basal level of 13% in the non-treated cells 
to 37% in the CR-1 treated cells. Therefore, a bimodal distribution 
and heterogeneous existence of both low CR-1 expressing U87MG 
cells and high CR-1 U87MG CSCs subpopulations might also 
exist in a dynamic equilibrium in other different types of tumors 
such as melanomas, embryonal carcinomas and potentially breast 
carcinomas and in in different tumor subpopulations [55,56,64,76, 
86,97,100,102,108]. The percentage of such CR-1 positive low and 
high cells between different tumors and/or tumor subtypes may 
vary by several-fold depending upon the CSC niche properties 
and cell types within the niche such as macrophages and secreted 
growth factors and cytokines such as TGFβ, Wnt3, TNFα, IL-6 
and BMP 2/4 from these different supportive niche cell types that 
might either enhance or repress CR-1 expression. 
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Regulatory Peptides That Function as Tumor 
Growth Factors Via Direct Trophic Effects or 
Indirectly Through Angiogenesis 

A New Definition of Endocrine Organs 

Fifty years ago, there were seven major anatomical tissue 
types (glands) that had been defined as endocrine in nature by 
virtue of their ability to produce and release peptide hormones into 
the blood stream and in turn, having distal effects on other organ 
function. Adrenal, parathyroid, thyroid, pituitary, pancreas, testis 
and ovary were considered classic endocrine glands. Today it is 
well recognized that almost every know cells type can produce 
and release bioactive peptides that have global effects on the host 
body. The heart, lung, GI tract, skin, adipose are only a few of 
the newly recognized tissue types having endocrine activity [109- 
114]. Anomalies in these newly defined endocrine organs can have 
detrimental effects on the host due to an abundant release of peptide 
hormones. For example, individuals with overactive adipose in 
obesity are known to have an increased risk for type-II diabetes, 
cardiovascular disease and cancer [115,116]. Adipocytokine 
secretions from excessive fat deposits in breast cancer patients 
can augment cancer cell proliferation, enlarge tumor stem cell 
populations, enhance angiogenesis/lymphoangiogenesis, drive 
pro-inflammatory environment and stimulate invasion [117- 
120]. Chronic inflammation is an established hallmark of cancer 
promotion primarily mediated by cytokines produced from 
infiltrating immune cells [121-125]. Interestingly, hematopoietic 
tumor infiltrates can also produce and respond to classic peptide 
hormones such as Vasoactive Intestinal Peptide (VIP) and Prolactin 
(PRL), transitioning breast cancer cells into a more aggressive 
phenotype by trans-activating EGFR/HER2, inducing neoplasm 
VEGF expression, enhancing microenvironment inflammation 
and augmenting metastasis [126-133]. 

Post-Translational Modifications of Regulatory Peptides 

and Resulting Biological Activity 

All regulatory peptides are derived from larger precursor 
proteins denoted as the prepro-hormone comprised of the 
secretory signal peptide (specifying secretion) and the prohormone 
component which is further enzymatically processed into 
biologically active peptides. Several functional peptides can be 
produced from a single prohormone, the best example of which 
is Pro-Opiomelanocortin (POMC) hormones: ACTH, alpha- 
melanocyte-stimulating hormone (αMSH), gamma-melanocyte- 
stimulating hormone (γMSH), beta-endorphin (βEND) and 
beta-lipotropin hormone (βLPH) [134]. There are a multitude 
of post-translational modifications that can occur to proteins or 
peptides that include phosphorylation, acetylation, cysteinylation, 
farnesylation, glyosylaiton, sulfation, oxidation, palmitoylation, 

pyroglutamation, methylation, and amidation. When evaluating 
all of the structural alterations listed, it has been shown that only 
Carboxy-Terminal Amidation (CTA) exclusively tracks with 
bioactivity [135-137]. 
 

 
Figure 5: Complete AA sequence of pre-pro-human gastrin-releasing 
peptide (AA1-77). NCBI Accession number NP_002082.2. Identification 
of trypsin-like and carboxypeptidase cleavage sites at basic arginines. 
Targeted glycine-intermediate peptide that serves as a substrate for 
Peptidyglycine α-Amidating Monooxygenase (PAM) processing that 
converts the amine of glycine to the amide of it penultimate AA neighbor 
methionine resulting in a bioactive peptide. GRP (Met-amide, prepro GRP 
24-50). 

A distinct Amino Acid (AA) motif in the precursor protein 
codes for CTA to take place via a series of enzymatic processing 
steps [138-140]. Glycine is the only known AA to donate its 
amine to become the amide of its penultimate neighbor within 
the precursor’s infrastructure [139]. Generally, CTA starts with 
a trypsin-like cleavage event occurring within the pro-hormone 
at a basic AA (arginine or lysine), followed by carboxypeptides 
activity to give rise to the glycine-intermediate moiety. This in turn 
is acted upon by an enzyme complex denoted as Peptidylglycine- 
α-Amidating Monooxygenase (PAM) which is composed of 
Peptidylglycine α-Hydroxylating Monooxygenase (PHM) that 
hydroxylates the α-carbon on glycine next to its acid residue 
and Peptidyl-α-Hydroxyglycine α-Amidating Lyase (PAL) that 
amidates the penultimate AA to glycine and forms glyoxylate as 
a by-product [140,141]. The prepro-human Gastrin-Releasing 
Peptide (GRP) diagram given in Figure 5 reveals the enzymatic 
processing steps necessary to generate a bioactive peptide amide 
from its precursor molecule. 
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Figure 6: PAM enzymatic cascade that takes place on the glycine-extended intermediate substrate of GRP, ultimately results in the formation of the 
bioactive methionine amide derivative. 

Step 1: Formation of the glycine-extended intermediate after two rounds of carboxypeptidease to remove adjacent basic arginines. 

Step 2: Peptidylglycine α-Hydroxylating Monooxygenase” (PHM) hydroxylates the α-carbon on glycine. 

Step 3: Peptidyl-α-Hydroxyglycine α-Amidating Lyase” (PAL) amidates glycine’s penultimate neighbor AA methionine to for the fully 
functional bioactive peptide amide, plus generating glyoxylate as byproduct. 

*Boxed area designates the site of amine to amide conversion. 

(Figure 6) demonstrates the enzymatic cascade that takes place during the generation of the carboxy-terminal methionine-amide that is 
critical for receptor binding and biological activity of GRP. 
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Figure 7: Bioactivity designation and structural comparison of inactive GRP glycine-extended intermediate (A), full functional bioactive amidated 
methionine derivative (B) and the methionine free-acid form (C) that is 100-1,000 times less potent than its amide counterpart. 
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(Figure 7) gives a structural comparison of GRP’s glycine-extended intermediate (having no activity), its methionine amide (fully 
active) and the free-acid derivative (that is 100-1,000 times less potent than the amide). Peptide amides for all twenty commonly known 
AAs have been identified in nature having different signaling amidation motifs that flank the amide donor glycine [138]. 
 

 

Glycine Is The Only Know Amino Acid 

To Function As An Amide Donor 

For Its Penultimate Neighbor 

 

Leu Met Gly Lys Lys Ser 
 

 

Amide Recipient Can   

Be Any Amino Acid 

 
E xamples 

Multiple Proteolytic 

Cleavage Sites 
Met 

Tyr 

Arg 

Gly 

Phe 

Gly 

Pro 

Val 

Gastrin-Releasing Peptide (GRP) 

Adrenomedullin (AM) 

proAM-NH2-terminal 20 peptide (PAMP) 

Salcut-NH2 

Gastrin or Cholecystokinin (G or CCK) 

Arginine Vasopressin 

Calcitonin (CT) 

-Melanocyte Stimulating Hormone (MSH) 

-Lys-Lys- 

-Arg-Arg-Arg-Arg-Arg- 

-Lys-Arg- 

-Arg-Arg-Lys- 

-Arg-Arg- 

-Lys-Arg- 

-Lys-Lys-Arg- 

-Lys-Lys-Arg-Arg- 

Leu 

Ile 

Growth Hormone Releasing Hormone (GHRH) 

Corticotropin-Releasing Factor (CRF) 

-Arg-Gln- 

-Lys* 

 
 

 
Figure 8: All twenty known AA have a naturally occurring peptide amide product found in nature. This diagram, utilizing the AA backbone of GRP, 
presents several examples of human peptide hormones with flanking basic AA cleavage sites identified, all using glycine as their amide donor AA, and 
giving various AA that can be enzymatically converted to their bioactive peptide amide. 

(Figure 8) gives both the flanking basic AA motif and 
recipient AA amide for a few representative examples of bioactive 
human peptide hormones. PAM deficiency in mice is embryonic 
lethal, validating the critical role peptide amidation plays during 
fetal development as well as in wound repair, immunity and 
carcinogenesis [142-144]. CTA enzymes are highly conserved 
in evolution and are found in lower order invertebrates such as 
nematodes, confirming their importance in biological systems 
[145]. Interestingly, when assessing well established growth factors 
for the presence of amidation motifs in their respective precursor 
proteins, it becomes evident that there are many more possible 
bioactive components yet to be recognized given that pre-pro- 
epidermal growth factor has eleven possible peptide amides, the 
precursor of hepatocyte growth factor has six, preproendothelin-1 
has five, intact transferrin has nine (is transferrin a prohormone 
unto itself?), and the precursor of Insulin-Like Factor-I (IGF-I) has 
two potential amide products [138]. We have actually generated an 
in-silico predicted peptide amide found in the alternatively spliced 
IGF1-B prohormone coined Tyr-23-Arg-NH2 (Y-23-R-NH2) and 
found it to be mitogenic for human tumor cells [146]. Y-23-R-NH2 
did not mediate its cancer cell grow effects via the IGF1 receptor 
but through a unique high affinity binding site nor did Y-23-R-OH 

(free-acid) demonstrate any trophic ability or antagonize peptide 
amide binding [146]. Given that Nature has the benefit of protracted 
evolutionary time to develop biological control mechanisms via a 
Push/Pull or Ying/Yang phenomenology, it is not too surprising 
to find the existence of several deamidating enzymes that can 
convert amides to their free-acids counterparts thereby modulating 
bioactivity and having growth inhibitory effects in both the normal 
and malignant setting [147-150]. 

Unique peptide amides that augment tumor 
growth 

For the remainder of this review we will be targeting three 
unique peptide amides that included Amphibian Bombesin (BN) 
and its mammalian counterpart GRP, Adrenomedullin (AM), and 
a split product from the apelin gene denoted as Selective Apelin- 
36 Cutting & Amidation peptide or Salcut-NH2 (SCNH2). These 
amidated mediators function as either direct autocrine/paracrine 
cancer cell growth factors or induce global angiogenic effects 
throughout the tumor microenvironment. As such, they have been 
investigated as potential targets for the clinical intervention of solid 
tumor growth or as imaging tools for the anatomical localization 
of cancers. 
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Bombesin/Gastrin-Releasing Peptide (BN/GRP) 

BN is tetra-decapeptide-amide (Pyr-Gln-Arg-Leu-Gly-Asn- 
Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2) initially isolated from 
the skin of the European frog Bombina bombina and shown to 
have biological function in mammalian systems [151]. There are 
two human homolog of BN, having the identical carboxyl-terminal 
heptapeptide amino acid sequences, initially isolated from pig 
stomach and spinal cord, and were termed GRP and Neuromedin-B 
(NMB) respectively [152,153]. BN-like immune-reactivity or 
mRNA has been found in the human brain, gastrointestinal tract, 
pancreas, lung, and breast, showing elevated expression in disease 
states [154-156]. BN or GRP have been shown to stimulate the 
growth of Swiss 3T3 cells, normal fetal lung, and cancers of the 
lung (SCLC/Non-SCLC), stomach, colon, head/neck, pancreas, 
prostate, and breast [157-166]. The cDNA of GRP, NMB and their 
respective receptor (GRPR/BB2, NMBR/BB1) have been cloned 
and shown to have a high degree of conservation in mammals 
[167-172]. Knockout mice for GRPR/BB2 and NMBR/BB1 
have been generated and where shown not to be embryonic lethal 
but have resulting phenotypes involving locomotor activity and 
thermoregulation [173,174]. A third BN-like receptor denoted as 
BN receptor subtype-3 (BRS-3/BB3) has been identified, cloned 
and a knockout mouse generated that develops metabolic defects 
and obesity [172,175]. 

Several reports now exist that define a variety of BN/GRP/ 
NMB regulated signal transduction pathways induced either 
directly through GRPR/BB2 and NMBR/BB1 or through the 
transactivation of the Epidermal Growth Factor Receptor (EGFR) 
that encompass cAMP, MAPK/ERK, PI3K and Akt [176-180]. 
When considering what factors upregulate GRP/GRPR expression, 
it has been demonstrated that cigarette smoke, oxidative stress or 
targeted pulmonary irradiation can elevate ligand/receptor levels in 
human lung epithelial cells, phorbol esters increase expression in 
small cell lung cancer cells and Type-I interferon and progesterone 
can enhance GRP levels in the ovine uterus [181-187]. 

Given the prevalent role that GRP/GRPR plays in neoplastic 
disease, multiple reagents have been developed to suppress GRP 
induced cancer cell growth by either masking the ligand with 
neutralizing monoclonal antibody, small molecule compounds 
preventing receptor interaction or peptide antagonists that bind 
receptor and sterically block ligand binding [171,188-191]. 
Such reagents have been shown to be effective in blocking GRP 
mediated growth of human breast cancer or lung cancer cells 
in the in-vitro or in-vivo settings either directly by suppressing 
tumor cell division or by blocking tumor induced angiogenesis or 
lymphoangiogenesis [161,162,165,191-194]. 

As previously discussed, chronic inflammation is a hallmark 
of cancer progression and infiltrating immune cells can make or 
respond to classic peptide hormones [121-133]. BN or GRP have 
been shown to regulate immune function by increasing lymphocyte 
or mast cell proliferation, augmenting macrophage, neutrophil, 
mast cell chemotaxis, enhancing cytokine release from activated 

macrophages, increasing vascular adhesion of monocytes, and 
performing a critical role in TLR4 mediated disease [195-203]. 

Recent preclinical studies have generated promising results 
for the use of labeled BN or GRP analogs to image human tumors 
with high GRPR expression that include cancers of the breast, 
lung, and prostate [204-209]. 

Adrenomedullin/Proadrenomdullin N-Terminal 20 
Peptide (AM/PAMP) 

AM is a 52 AA tyrosine amide peptide having a single 
disulfide bond in the mid portion of the molecule, initially isolated 
from a human pheochromocytoma, shown to stimulate cAMP 
activity, and elicit a dose-dependent hypotensive response in rats 
[210]. Human AM cDNA has been cloned and the prohormone 
was predicted to contain an additional bioactive peptide amide 
denoted as “proAM N-terminal 20 peptide” (PAMP) [211]. The 
predicted PAMP amidation motif and peptide is highly conserved 
in rat and porcine prepro hormones [212,213]. 

 

Figure 9: Complete AA sequence of prepro-human adrenomedullin (AA1- 
185) that identifies enzymatic processing sites for both AM (Try-amide, 
prepro AM 95-146) and PAMP (Arg-amide, prepro AM 22-41). GenBank 
Accession number BAA03589.1. 
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(Figure 9) illustrates the AA sequence of pre-pro-human 
AM and enzymatic processing site required for the generation of 
bioactive peptides. As was discussed previously in this text, the free 
acid and glycine-extended intermediates of peptide amides have 
diminished or completely absent bioactivity, representing a similar 
relationship that has been observed with AM [214, 215]. PAMP 
was proven to be a bioactive arginine amide that can function as a 
vasodilator in rats and a bronchodilator in guinea pigs [216,217]. 
AM mRNA and peptide have been shown to be expressed in a 
variety of animal tissues including normal adrenal, heart, lung, 
kidney, brain, vascular endothelium, liver, and intestine [211,218- 
220]. AM has been implicated to play a critical autocrine and/or 
paracrine role in mouse and rat embryogenesis and it is highly 
expressed in amniotic fluid and fetal tissue [221,222]. Genetically 
altered mice having non-functional AM die at mid-gestation with 
extreme hydrops fetalis and cardiovascular abnormalities [223]. 

Calcitonin Gene-Related Peptide (CGRP) and AM are 
related peptides with distinct pharmacological profiles [224]. The 
individual biological function for each peptide is mediated through 
a common primary receptor called the Calcitonin-Receptor- 
Like Receptor (CRLR/CLR), which is structurally modified to 
selectively respond to a given peptide by the interaction with co- 
receptors termed Receptor-Activity-Modifying-Proteins (RAMPs) 
[224]. The CRLR/RAMP1 complex initiates CGRP bioactivity 
while CRLR/RAMP2/RAMP3 controls AM function [224]. An 
AM-Binding Protein (AMBP-1) has been identified in plasma that 
is identical to complement factor H which augments AM induced 
breast cancer cell line growth without effecting ligand/receptor 
affinity. AM/AMBP-1 complexing has a negative effect on the 
complement cascade and suppresses AM’s bacterial defensin 
capabilities [225]. Interestingly, CR-1 can upregulate RAMP2 
expression in mammary epithelial cells (Table 3). 

 

 

(Cumulative data obtained from assessment of 12,600 mouse genes from Affymetrix Oligo Array; from the 588 Mouse cDNA Gene Atlas Clontech 
Filter array and from RTPCR of 75 different embryonic genes. Expression of 90 gene found to be significantly altered in 2-3 separate assays) 

Table 3: Gene profiling in CR-1 transduced EpH-4 mouse mammary epithelial cells. 
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AM orchestrates a major impact on species survival given 
its evolutionary conservation, broad spectrum regulatory role on 
animal physiology, and its critical involvement in normal cell 
proliferation during embryogenesis and wound repair [223,226- 
228]. 
 

 
Figure 10: Identification the high degree of evolutionary conservation 
found for AM in mammalian species when comparing the AA sequence 
of the peptide amide derived from diverse species of human (Accession# 
BBA03589.1), rat (Accession# AAB60519.1), cow (Accession# 
AA123827.1), dog (Accession# AAD09957.1) and pig (Accession# 
BAA03590.1). Note all products contain conserved disulfide bond regions 
and identical carboxyl-terminal hepta peptide amide AA sequence that 
has been proven critical for bioactivity [214,215]. AA differing from the 
human AA sequence is indicated by “*”. Interesting that both dog and pig 
AM differ by one AA from the human sequence in a biologically irrelevant 
region of the peptide. 

(Figure 10) compares the AA structure among diverse 
mammals, it is interesting to note that there is only a single AA 
difference between human, dog and pig AM. AM-like peptides are 
also expressed in non-mammalian vertebrates (cartilaginous and 
bony fish, amphibians, reptiles, and birds), found in invertebrates 
(starfish), and has recently been demonstrated to have growth 
promoting qualities in plants [229-231]. 

Mitogenic events associated with embryogenesis, wound 
repair and carcinogenesis all share common growth potentiating 
pathways that are corrupted in disease states [117,232,233]. We 
have previously discussed the involvement of AM in embryogenesis 
and wound healing and will now present a historic overview of 
the peptide’s participation in human tumor development, growth, 
invasion and metastasis. AM was initially shown to function as a 
trophic factor for murine Swiss 3T3 fibroblast cells by elevation 
intracellular cAMP [234]. Follow up studies demonstrated that 
AM was expressed in a variety of human lung cancer cell lines 
(carcinoids, large cell CA, adeno CA, and squamous CA) and that 
the peptide amide could mediate autocrine and/or paracrine tumor 

cell growth [118,235]. Over the years, numerous solid human 
neoplasms have been shown to produce AM, including tumors 
of the brain, colon, stomach, kidney, skin, pancreas, adrenals, 
prostate, uterus, ovary, and breast [236-250]. Several reports 
have implicated AM to underpinning cancer progression via the 
regulation of tumor cell proliferation, migration, angiogenesis, 
and inflammation, which are modulating events that ultimately 
enhances the malignant process [241,244,250-254]. Multiple 
reagents have been developed (neutralizing antibodies, small 
molecule inhibitors, shRNA, peptide receptor antagonists) that 
block AM bioactivity and have been shown to suppress in-vivo 
cancer cell growth, offering promising therapeutic application 
potential in the clinic [189,235,255-259]. Cumulative scientific 
evidence has reported that AM can induce a wide range of internal 
cell signaling which include initiating Ca2+ mobilization, elevating 
intracellular cAMP and activating MAPK/PKA/PKC/PI3K/Akt/ 
eNOS signal transduction pathways [234,239,251,260-262]. 
Some of the reported factors that can upregulate AM expression 
are hypoxia, phorbol ester, retinoic acid, Interleukin-1beta (IL- 
1β), Tumor Necrosis Factor-Alpha (TNFα), Interferon-Gamma 
(INF-γ), Lipopolysaccharide (LPS), EGF, FGF, PDGF, CR-1 and 
cigarette smoke [263-268]. 

AM represents yet another example of a peptide amide 
functioning as a modulator of the immune response expressing 
first line defensin capabilities as an antimicrobial compound and 
regulating the activity of tissue infiltrating leukocytes. Defensin- 
like compounds are small protein primitive immune products of 
both plants and animals that lyse bacteria by intercalating into the 
outer cell wall of pathogens and disrupt the selective permeability 
barrier allowing the free movement of water and causing a lytic 
event in the invading organism, qualities shared by both AM 
and PAMP [269-271]. Several members of the leukocyte family, 
include macrophages, mast cells, basophils and lymphocytes, have 
been shown to express AM, CRLR, RAMPs and play a role in 
regulating immune function [272-278]. Recent evidence has shown 
that tumor mast cell infiltrates in breast cancer patients augment 
tumor progression and track with disease severity [279-281]. 
Mast cell mobility exhibits a biphasic response to AM gradients 
produced by cancer cells in that they migrate up from lower to 
higher concentrations of the peptide amide and once within the 
tumor infrastructure they stop their movement and de-granulate 
releasing angiogenic factors such as VEGF, MCP-1, basic FGF 
and AM, and can thereby enhance malignant progression and 
metastasis [274]. Recent studies have revealed that tumor- 
expressed AM accelerates breast cancer bone metastasis and that 
small molecule AM inhibitors can effectively block this process in 
an animal model [282]. 

Stromal fibroblasts of tumors, also known as Cancer 
Associated Fibroblast (CAFs), are phenotypically different 
from normal tissue fibroblasts in that they have been usurped 
by the tumor cells to produce a large array of growth promoting 
substances that cross-talks to adjacent cancer cells augmenting 
tumor progression [283]. In breast cancer, CAFs have been shown 
to promote tumor cell growth and convey therapy resistance, 
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hence are actively being pursued as a new drug target for clinical 
intervention of disease [284]. Along this same theme, new evidence 
has been revealed that CAFs produce large quantities of AM in 
breast cancer that contribute to the regional expansion of tumor 
blood vessel formation driving neoplasm progression and that such 
events can be blocked with anti-AM, anti-AM receptor antibodies 
or the peptide antagonist AM22-52 [285]. Given the collective 
cellular components encompassing the tumor microenvironment 
that include cancer cells, infiltrating leukocytes (macrophages, 
mast cells, basophils, and lymphocytes), endothelial cells and 
stromal fibroblasts, all of which can produce and release AM, it is 
relatively easy to see how critical a role this neuropeptide plays in 
the progression process of carcinogenesis. 

Lastly, given that this review article is targeting novel 
angiogenic factors of breast cancer, it should be noted that AM 
is expressed in luminal epithelium of small/large ducts and in 
terminal end buds during normal mammary gland development, 
is elevated during lactation and AM/AMBP-1 are found in milk 
as beneficial supplements that participate in gut maturation of 
the neonate [286-288]. Hence, under normal circumstances this 
peptide amide is already present in the ductal epithelium of the 
mammary gland and when malignant transformation takes place, 
all of AM’s previously discussed growth promoting biological 
assets can contribute to breast cancer progression. 

Apelin/APELA/ELABELA/ELA/Toddler/APJ/AR/ 
APLNR/SalcutNH2 

The natural ligand for the orphan G protein-coupled receptor 
APJ was initially isolated from bovine stomach tissue extracts, 
shown to bind APJ at high affinity, and stimulate APJ cell signaling. 
The ligand was produced from a 77AA prepro-molecule based on 
human cDNA cloning data, and named “apelin” as a truncation of 
APJ endogenous ligand [289]. Further analysis of the predicted 
precursor protein showed that several synthetic carboxy-terminal 
peptide derivatives can activate APJ signal transduction with 
apelin-13 (last 13 AA of the prepro-hormone) and its pyroglutamate 
homolog being the most potent ligands [289]. 
 

Figure 11: Complete AA sequence of prepro-human apelin (AA1-77) that 
identifies enzymatic processing sites for apelin-36 (AA42-77)/apelin-13 
(AA65-77) and a potentially new peptide amide found within the apelin 
precursor. UniProKB/Swiss-Prot Accession No. Q9ULZ1.1. 

(Figure 11) represents the human prepro-apelin precursor 
molecule along with proven and predicted enzymatic processing 
sites. Later on in this text we will discuss in detail a putative 
peptide amide derived from apelin-36 and its implications in both 
normal and malignant cell growth. 
 

 
Figure 12: Conservation of apelin-13 structural integrity is maintained 
over 450 million years of evolutionary adaptation with a single AA 
substitution at the amino-terminus of the peptide (Gln- > Pro) occurring 
when going from humans to bony fish. It is interesting to note that the 
putative amidation motif within apelin-36 (indicated by the highlighted 
GGRRK or GGRKK) that coded for SCNH2 is consistently carried in 
all mammals, maintained in marsupials representing transitionary animals 
going from egg laying to live birth, and lost in lower vertebrates like frogs 
and fish. UniProKB/Swiss-Prot, NCBI or GenBank accession numbers 
are given below each animal prepro-hormone AA sequence. Diagram is a 
modification of the figure presented in Fang C et al. 

(Figure 12) demonstrates that the conservation of apelin- 
13 structural integrity is maintained over 450 million years of 
evolutionary adaptation with a single AA substitution at the 
amino-terminus of the peptide (Gln- > Pro) occurring when going 
from humans to bony fish. It is interesting to note that the putative 
amidation motif within apelin-36 is consistently carried in all 
mammals, maintained in marsupials representing transitionary 
animals going from egg laying to live birth, and lost in lower 
vertebrates like frogs and fish. 

A recent review by Shin K, et al. provides a comprehensive 
overview of the human apelinergic system and its relationship with 
normal and disease states [290]. Apelin/APJ have been shown to 
be ubiquitously expressed in brain, vascular endothelium, heart, 
lung, gut, pancreas, adipose, liver, kidney, adrenal gland, testis, 
ovary, thyroid, and bone [290-294]. A variety of human disease 
are attributed to anomalies in apelin/APJ expression and include 
cardiovascular disorders, obesity, type-II diabetes and cancer 
[295]. Hypoxic insult causes a marked elevation of apelin/APJ 
expression followed by activation of the MAPK and PI3K/Akt 
pathways which leads to enhanced proliferation of endothelial 
progenitor cells [296,297]. Interestingly, in two independent in 
vivo studies on oxygen deprivation disease involving stroke and 
acute lung injury in rats, therapeutic intervention with exogenous 
apelin-13 reduced disease severity, enhanced vascular stability 
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and suppressed inflammation induced tissue damage while APJ 
antagonist enhanced these processes [298,299]. The expression 
of apelin or APJ are elevated in cancers of the lung, liver, breast, 
kidney, colon, prostate and brain [295]. Apelin can promote 
lymphangiogenesis and lymph node metastasis in a mouse model 
of melanoma [300]. Human cholangiocarcinoma cells express 
APJ receptor and their growth was markedly diminished by the 
APJ antagonist ML221 both in vitro and in vivo [301]. In cancer 
patients, apelin blood levels track with disease stage representing 
a possible risk marker for cancer progression [302]. In vitro studies 
with MCF-7 cells have demonstrated that exogenous addition of 
Apelin-13 can augment breast cancer cell proliferation and gel 
matrix invasion in a dose-dependent manner through the p44/42 
MAPK signaling pathway [303]. Western blot analysis of patient 
colon cancer tissue showed that apelin, APJ and Notch 3 were 
elevated in these tumors but not in patient matched normal tissue 
[304]. Follow-up studies by the same group, using the human 
colon cancer cell line LS180, demonstrated that these cell actively 
produce and secret apelin, that the peptide can function as an 
autocrine growth factor that increases cell proliferation via a Notch 
3 signaling pathway and that inhibition of either apelin or Notch 3 
could block the mitogenic process [196]. 

Two independent studies have identified the existence of a 
second peptide that binds the APJ receptor termed ELABELA/ 
ELA/Toddler. ELABELA/ELA was present in human embryonic 
stem cells and shown to a secreted 37 AA peptide that regulated 
cardiovascular system development in zebrafish, with null 
mutations being lethal [305]. Toddler, identical to ELABELA/ 
ELA, was shown to be important initiating an early signal that 
promotes gastrulation movement during the embryogenesis of 
zebrafish [306]. ELABELA/ELA/Toddler are now referred to 
as apelin receptor early endogenous ligand or apela based on 
UniProtKB/Swiss-Prot: PODMC3 universal nomenclature. 

 

 
Figure 13: Compares AA sequence of human apelin (UniProKB/Swiss- 
Prot Q9ULZ1.1) verses apela (GenBank AHW47894.1) prepro-hormones 
and their reported processed peptide derivatives. Boxed area indicates 
“secretory signal sequence” for each precursor peptide. 

Note: Pyroglutamate (“Pry-E” designation) is derived from 
the amino-terminal glutamine (“Q” designation). Highlighted AA 
represents the bioactive sequence dictating receptor recognition 
and bioactivity for each truncated in isoforms of apelin or apela. 
Diagram represents a modification of the figure from Chapman 
NA, et al. [307]. 

(Figure 13) compares the AA sequence of human apelin to that 
of apela, defines the reported processing peptides from the prepro- 
hormone and identifies the APJ binding region of each peptide 
[307]. Loss of apela expression in mice has been shown to induce 
low penetrance embryonic lethality and effects early mesodermal 
development [308]. Down regulation of apela expression can lead 
to pulmonary arterial hypertension in human and rats, a disease 
condition that can be compensated for by treatment with exogenous 
peptide in animal models [309]. Various histological types of human 
ovarian cancer express apela and experimental manipulation of the 
peptide in ovarian cell lines tracks with increased or decreased cell 
growth and migration in a p53-dependent manner [310]. Recent 
experimental studies of apela mutants in developing zebrafish 
showed mesodermal cell migration under peptide control that was 
downstream of Nodal/CR-1 signaling and indirectly modulating 
endodermal cell movement by the Cxcr4a pathway [311]. 

Analysis of the human prepro-apelin protein as presented in 
Figure 11 reveals the possibility of a secondary bioactive peptide 
derived from the carboxy-terminal end of apelin-36. As previously 
discussed in this text, peptide amidation consistently tracks with 
bioactivity and is defined by a distinct AA sequence motif comprised 
of a glycine followed by basic amino acids (lysine or arginine) 
[137,138]. Within the mid-portion internal AA structure of apelin- 
36, we have identified a bona fide AA sequence (gly-gly-arg-arg- 
lys) that would potentially dictate enzymatic processing events that 
could lead to the formation of a bioactive glycinie-amide peptide 
(leu-val-gln-pro-arg-gly-ser-arg-asn-gly-pro-gly-pro-trp-gln-gly- 
NH2) [312]. As previously discussed, this predicted peptide amide 
was named Salcut-NH2 (SCNH2) [312]. Although SCNH2 was 
derived from apelin-36, it had a totally different AA sequence than 
apelin-13 and was shown to interact with a different receptor than 
APJ. There is historic precedence to show that a peptide amide 
can be derived from another non-peptide amide hormone as seen 
with ACTH and its internal partner αMSH [141,313]. We have 
previously demonstrated that in-silco analysis of prepro-hormones 
can be a viable approach to identify new bioactive peptide amides 
as was shown with Y-23-R-NH2 derived from the IGF-1B precursor 
and PAMP identified in the prepro-AM molecule [38,211,216,217]. 
To validate the importance of CTA in the predicted glycine-amide 
SCNH2 peptide, the following peptide isoforms where synthesized 
and evaluated for bioactivity: SCNH2 (peptide amide), SC-OH 
(free-acid derivative) and SC-Gly (glycine intermediate peptide). 
These peptide isomers were evaluated in a variety of bioassays 
and only the SCNH2 (peptide amide) proved effective in inducing 
a biological response. Initial proliferation studies with SCNH2 
were performed using APTlite one-step firefly luciferase assay and 
the peptide amide was shown to give a dose-dependent mitogenic 
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response with statistical differences over negative controls at 
1nM concentrations using primary Human Umbilical Vein Cells 
(HUVEC), Human Microvascular Endothelial Cells (HMEC-1), 
Porcine Endothelial Cells (PAE), Mouse Mammary Epithelial 
Cells (NMuMG), human breast cancer cells (MCF-7/T47D), 
human fibrosarcoma cells (HT-1080), human leiomyosarcoma cells 
(SK-LMS-1) and human mast cells (HMC-1). SCNH2 was shown 
to be a potent angiogenic factor which was able to induce, in a 
dose-dependent manner, HUVEC tube formation with a statistical 
significant response at the 10pM range. Similar angiogenic 
effects were seen using the rat aortic ring assay or using chick 
embryo chorioallantoic membrane analysis. SCNH2 was shown 
to activate p44/42 MAPK, PI3K/Akt, p38 MAPK, CXCR4 signal 
transduction pathways and enhance migration and invasion of 
human melanoma cells (MB435). MB435 cells bound biotinylated 
SCNH2 at high affinity and this interaction was not blocked SC- 
OH (free-acid), SC-Gly (glycine intermediate), apelin-13 nor other 
glycine amide peptides (luteinizing hormone-releasing hormone, 
arginine vasopressin, or oxytocin). Interestingly, SCNH2 induced 
phosphorylation of p44/42 MAPK or PI3K/Akt on MB435 cells was 
resistant to pertussis toxin treatment but sensitive to cholera toxin, 
the complete opposite of what was seen with apelin-13 activating 
the APJ receptor [314]. Given the combined data obtained from 
the two previous MB435 studies, it becomes abundantly clear 
that SCNH2 interacts with a yet to be determined novel G-protein 

Summary 

The consideration that single modality therapy in cancer 
treatment including breast cancer has proven to be virtually 
ineffective. Therefore, novel combinatorial therapeutics and 
new targets are needed to treat primary cancer initiation, tumor 
growth, metastasis and angiogenesis at early stages in each of 
these biological processes. We have attempted to elucidate a 
number of novel proteins and peptides that have proven to be 
involved in these different stages of cancer progression. CR-1, 
Nodal, GRP, AM, Apelin and SCNH2 have been shown to interact 
at a biological level in cancer progression and CR-1 has been 
demonstrated to directly regulate AM, RAMP-3, Apelin, APJ and 
Apela expression through a Nodal and Smad-dependent signaling 
pathway. Moreover, each of these proteins/peptides can directly 
regulate the expression of more classic angiogenic peptides such 
as VEGF, FGF, angiopoietin and some of their cognate receptors 
which can further be modified by micro-environmental agents such 
as hypoxia, inflammatory cytokines, cancer stem cell transcription 
factors, regulatory signaling pathways and systemic hormones 
(Figure 4 and Table 3). In conclusion this new class of angiogenic 
peptides that have multiple biological activities may represent 
novel targets in cancer for therapeutic intervention. 

References 
coupled receptor that is independent of APJ. 

A series of interesting findings has been recently reported 
that link apelin/APJ with Nodal/TGFβ/CR-1 downstream 
signaling which modulates stem cells activity in both embryonic 
cardiogenesis and early carcinogenesis [315,316]. As apelin/APJ 
are known to modulate angiogenesis, the precise mechanism 
how vascular elongation actually occurs has remained elusive. 
Independent studies by Del Toro R et al and Palm MM et al 
have identified an anatomical separation of apelin and APJ at the 
leading edge of the sprouting blood vessel where tip cells express 
apelin and stalk cells express the APJ receptor, thus defining 
a biological push/pull ligand/receptor relationship that drives 
microvasculature advancement [317,318]. A relatively new study 
done by the National Cancer Institute demonstrates that APJ 
activates JAK1 which regulates tumor responses to INF-γ and 
that immunotherapies of adoptive cell transfer in mouse models 
are reduced in efficiency when APJ is lost or mutated leading 
to a reduction in therapeutic immunomodulation [319]. Finally, 
glioblastoma is a rapidly advancing brain tumor associated with 
poor clinical outcome and having a 50% mortality rate 15 months 
after diagnosis. Ongoing studies by Team SOAP (University of 
Nantes, France) have demonstrated a novel apelin/APJ nexus point 
between endothelial cells (ligand donor) and glioblastoma stem 
cells (receptor expressing recipient) that drives tumor proliferation 
and augments plasticity, progressionary events that can be blocked 
by the APJ antagonist MM54 inducing tumor regression and 
increased survival in animal models [320,321]. 

1. 
 

 
2. 

 
3. 

 
4. 
 

 
5. 

 
6. 
 

 
7. 

 
8. 

 
9. 

 
10. 

Shah R, Russo K, Nathanson DS (2014) Pathogenesis, prevention, 

diagnosis and treatment of breast cancer. World Journal of Clinical 

Oncology 5: 283-298. 

Weinberg R (1994) Oncogenes and tumor suppressor genes. CA Can- 

cer J Clin 44: 160-170. 

Seldin L, Guelte AL, Macara IG (2017) Epitherlial plasticity in the mam- 

mary gland. Curr Opin Cell Biol 49: 59-63. 

Sreekumar A, Roarty K, Rosen JM (2015) The mammary stem cell 

hierarchy: A looking glass into heterogeneous breast cancer land- 

scapes. Endocr Relat Cancer 22: 161-176. 

D’Angelo RC, Wicha MS (2010) Stem cells in normal development and 

cancer. Prog Mol Biol Transl Sci 95: 113-158. 

Wahl GM, Spike BJ (2017) Cell state plasticity, stem cells, EMT, and 

the generation of intra-tumoral heterogeneity. NPJ Breast Cancer 

3:14. 

Hinck L, Macias H (2012) Mammary gland development. Wiley Inter- 

discip Rev Dev Biol 1: 533-557. 

Croce CM (2008) Oncogenes and cancer. N Engl J Med 358: 502- 

511. 

Hanahan D, Weinberg RA (2011) Hallmarks of cancer: The next gen- 

eration. Cell 144: 646-674. 

Pattabiraman DR, Weinberg RA (2014) Tackling the cancer stem cells- 

what challenges do they pose? Nature Reviews/Drug Discovery 13: 

497-512. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127601/
https://onlinelibrary.wiley.com/doi/pdf/10.3322/canjclin.44.3.160
https://www.ncbi.nlm.nih.gov/pubmed/29232628
https://www.ncbi.nlm.nih.gov/pubmed/26206777
https://www.ncbi.nlm.nih.gov/pubmed/26206777
https://www.ncbi.nlm.nih.gov/pubmed/21075331
https://www.ncbi.nlm.nih.gov/pubmed/28649654
https://www.ncbi.nlm.nih.gov/pubmed/28649654
https://www.ncbi.nlm.nih.gov/pubmed/22844349
https://www.nejm.org/doi/full/10.1056/NEJMra072367
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/24981363
https://www.ncbi.nlm.nih.gov/pubmed/24981363


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 19 

 

 

 

11. 
 

 
12. 

 
13. 

 
14. 
 

 
15. 
 

 
16. 

 
17. 

 
18. 
 

 
19. 
 

 
20. 
 

 
21. 
 

 
22. 
 

 
23. 

 
24. 

 
25. 

 
26. 

 
27. 

 
28. 
 
 

 
29. 

 
30. 

Barcellos-Hoff MH, Lyden D, Wang TC (2013) The evolution of the 

cancer niche during multistage carcinogenesis. Nature Reviews/Can- 

cer 13: 511-518. 

Dickson RB, Lippman ME (1995) Growth Factors in breast cancer. 16: 

559-589. 

Finaly-Schultz J, Sartorius CA (2015) Steroid hormones, steroid recep- 

tors, and breast cancer. J. Mammary Gland Biol. Neoplasia 20: 3-50. 

Tomlinson DC, Knowles MA, Speirs V (2012) Mechanisms of FGFR3 

actions in endocrine resistant breast cancer. International Journal of 

Cancer 130: 2857-2866. 

Birsken C, Ataca D (2015) Endocrine hormones and local signals dur- 

ing the development of the mouse mammary gland. WIREs Dev Biol 

4;181-195. 

Horowitz KB (1993) Mechanisms of hormone resistance in breast can- 

cer. Breast Cancer Research and Treatment 26: 119-130. 

Nieto MA, Huang RYJ, Jackson RA, Thiery JP (2016) EMT:2016. Cell 

166: 21-45. 

Yang J, Weinberg RA (2008) Epithelial-Mesenchymal Transition: At 

the crossroads of development and tumor metastasis. Developmental 

Cell 14: 818-829. 

Yao D, Dai C, Peng (2011) Mechanism of the Mesenchymal-Epithelial 

Transition and Its relationship with metastatic tumor formation. Mo- 

lecular Cancer Research 9: 1608-1620. 

Gunasinghe N.P.A D, Wells A, Thompson EW, Hugo HJ (2012) Mes- 

enchymal-Epithelial Transition (MET) as a mechanism for metastatic 

colonization in breast cancer. Cancer Metastasis Rev 31: 469-478. 

Takebe N, Harris PJ, Warren RQ, Ivy SP (2011) Targeting cancer stem 

cells by inhibiting Wnt, Notch, and Hedgehog pathways. Nature Re- 

views/Clinical Oncology 8: 97-106. 

Peinado H, Zhang H, Matei IR,Costa-Silva B, Hoshino A, et al. (2017) 

Pre-metastatic niches: organ-specific homes for metastases. Nature 

Reviews/Cancer 17: 302-317. 

Gupta GP, Massague J (2006) Cancer metastasis: Building a frame- 

work. Cell 127: 679-695. 

Prat A, Perou CM (2009) Mammary development meets cancer ge- 

nomics. Nature Medicine 15: 842-844. 

Yeo SK, Guan J-L (2017) Breast cancer: Multiple subtypes within a 

tumor. Trends in Cancer 3: 753-760. 

Greenberg S, Rugo HS (2010) Triple negative Breast cancer: Role of 

antiangiogenic agents. The Cancer Journal 16: 33-38. 

Jitariu A-A, Cimpean AM, Ribatti D, Raica M (2017) Triple negative 

breast cancer: the kiss of death. Oncotarget 8: 46652-46662. 

Rangel MC, Bertolette D, Castro NP, Klauzinska M, Cuttitta F, et at. 

(2016) Developmental signaling pathways regulating mammary stem 

cells and contributing to the etiology of triple-negative breast cancer. 

Breast Cancer Research and Treatment 156: 211-226. 

Carmeliet P, Jain RK (2000) Angiogenesis in cancer and other dis- 

eases. Nature 407: 249-257. 

Tonini T, Rossi F, Claudio PP (2003) Molecular basis of angiogenesis 

and cancer. Oncogene 22: 6549-6556. 

31. 

 
32. 
 
 

 
33. 
 

 
34. 
 
 

 
35. 
 

 
36. 
 
 

 
37. 
 
 

 
38. 
 

 
39. 
 
 

 
40. 
 

 
41. 
 
 

 
42. 
 

 
43. 
 
 

 
44. 
 

 
45. 

Fox SB, Generali DG, Harris AL (2007) Breast tumor angiogenesis. 

Breast Cancer Research 9:216 1-11. 

De Jong JS, Van Diest PJ, Van Der Valk P, Baak PPA (1998) Expres- 

sion of growth factors Growth-Inhibiting factors, and their receptors in 

invasive breast cancer II: Correlations with proliferation and angiogen- 

esis (1998). Journal of Pathology 184: 53-57. 

Penault-Llorca F, Bertucci F, Adelaide J, Parc P, Coulier F, et al. (1995) 

Expression of FGF and FGF receptor genes in human breast cancer. 

Int. J. Cancer 61: 170-176. 

Zhang L, Kharbana S, Chen D, Bullocks J, Miller DL, et al. (1997) 

MCF-7 breast carcinoma cells overexpressing FGF-1 form vascular- 

ized, metastatic tumors in ovariectomized tamoxifen-treated mice. On- 

cogene 15: 2093-2108. 

Kern FG, Lippman ME (1996) The role of angiogenic growth factors 

in breast cancer progression. Cancer and Metastsis Reviews 15: 213- 

219. 

Mohammed RAA, Ellis IO, Mahmmod AM, Hawkes EC, Green AR, et 

al. (2011) Lymphatic and blood vessels in basal triple-negative breast 

cancers: Characteristics and prognostic significance. Modern Pathol- 

ogy 24: 774-785. 

Markiewicz A, Nagel A, Szade J, Majewska H, Skokowski J, et al. 

(2018) Aggressive phenotype of cells disseminated via hematogenous 

and lymphatic route in breast cancer patients. Translational Oncology 

11: 722-731. 

Ribatti D, Nico B, Ruggieri S, Tamma R, Simone G, et al. (2016) Angio- 

genesis and anti-angiogenesis in triple-negative breast cancer. Trans- 

lational Oncology 9: 453-457. 

Zhao Q, Parris AB, Howard EW, Zhao M, Ma Z et.al. (2017) FGFR 

inhibitor AD4547, impedes the stemness of mammary epithelial cells 

in the premalignant tissues of MMTV-ErbB2 transgenic mice. Scientific 

Reports. 7: 11306. 

Ellis PS, Burbridge S, Soubes S, Ohyama K, Ben-Haim N, et al. (2015) 

ProNodal acts via FGFR3 to govern duration of Shh expression in the 

prechordal mesoderm. Development 142: 3821-3832. 

Marotta LLC, Almendro V, Maruysk A, Shipitsin M, Schemme SA, et 

al (2011) The JAK2/STAT3 signaling pathway is required for growth of 

CD44+CD24- stem cell-like breast cancer cells in human tumors. The 

Journal of Clinical Investigation 121: 2723 -2735. 

Blaylock RL (2015) Cancer microenvironment, inflammation and can- 

cer stem cells.: A hypothesis for a paradigm change and new targets 

in cancer control. Surg Neurol Int 6: 92-117. 

Yun Z, Lin Q 2014) Hypoxia regulation of cancer cell stemness. Chap- 

ter 2 Tumor Microenvironment and Cellular Stress, Advances in Ex- 

perimental Medicine and Biology, Springer Science New York NY, USA 

Hypoxia and regulation of cancer cell stemness. 41-53. 

Kim H, Lin Q, Glazer PM, Yun Z (2018) The hypoxic tumor microenvi- 

ronment In vivo selects the cancer stem cell fate of breast cancer cells. 

Breast Cancer Research 20: 16. 

Kirschmann DA, Seftor EA, Hardy KM, Seftor REB, Hendrix MJC 

(2012) Molecular Pathways: Vasculogenic mimicry in tumor cells: Di- 

agnostic and therapeutic implications. Clinical Cancer Res 18: 2726- 

2732. 

https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://www.nature.com/articles/1201386
https://www.jci.org/articles/view/44745
https://www.ncbi.nlm.nih.gov/pubmed/23760023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2246178/
https://www.ncbi.nlm.nih.gov/pubmed/23760023
https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://academic.oup.com/edrv/article-abstract/16/5/559/2548506?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/26265122
https://www.ncbi.nlm.nih.gov/pubmed/26265122
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.26304
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.26304
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.26304
https://www.nature.com/articles/1201386
https://onlinelibrary.wiley.com/doi/abs/10.1002/wdev.172
https://onlinelibrary.wiley.com/doi/abs/10.1002/wdev.172
https://link.springer.com/article/10.1007/BF00689685
https://link.springer.com/article/10.1007%2FBF00437474
https://www.sciencedirect.com/science/article/pii/S0092867416307966
https://www.sciencedirect.com/science/article/pii/S0092867416307966
https://www.sciencedirect.com/science/article/pii/S1534580708002098
https://www.sciencedirect.com/science/article/pii/S1534580708002098
https://www.sciencedirect.com/science/article/pii/S1534580708002098
http://mcr.aacrjournals.org/content/9/12/1608.article-info
https://www.sciencedirect.com/science/article/pii/S1936523318300548
http://mcr.aacrjournals.org/content/9/12/1608.article-info
https://link.springer.com/article/10.1007/s10555-012-9377-5
https://link.springer.com/article/10.1007/s10555-012-9377-5
https://link.springer.com/article/10.1007/s10555-012-9377-5
https://www.nature.com/articles/nrclinonc.2010.196
https://www.nature.com/articles/nrclinonc.2010.196
https://www.nature.com/articles/s41598-017-11751-7
https://www.nature.com/articles/nrc.2017.6
https://www.nature.com/articles/nrc.2017.6
https://www.nature.com/articles/nrc.2017.6
https://www.sciencedirect.com/science/article/pii/S0092867406014140
https://www.sciencedirect.com/science/article/pii/S0092867406014140
https://www.jci.org/articles/view/44745
https://www.nature.com/articles/nm0809-842
https://www.sciencedirect.com/science/article/pii/S2405803317301759
https://www.sciencedirect.com/science/article/pii/S2405803317301759
https://journals.lww.com/journalppo/Abstract/2010/02000/Triple_Negative_Breast_Cancer__Role_of.6.aspx
https://journals.lww.com/journalppo/Abstract/2010/02000/Triple_Negative_Breast_Cancer__Role_of.6.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542300/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542300/
https://link.springer.com/article/10.1007/s10549-016-3746-7
https://link.springer.com/article/10.1007/s10549-016-3746-7
https://link.springer.com/article/10.1007/s10549-016-3746-7
https://link.springer.com/article/10.1007/s10549-016-3746-7
https://www.ncbi.nlm.nih.gov/pubmed/11001068
https://www.ncbi.nlm.nih.gov/pubmed/11001068
https://www.nature.com/articles/1206816
https://www.nature.com/articles/1206816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2246178/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2246178/
https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://www.ncbi.nlm.nih.gov/pubmed/9582527
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.2910610205
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.2910610205
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.2910610205
https://www.nature.com/articles/1201386
https://www.nature.com/articles/1201386
https://www.nature.com/articles/1201386
https://www.nature.com/articles/1201386
https://link.springer.com/article/10.1007%2FBF00437474
https://link.springer.com/article/10.1007%2FBF00437474
https://link.springer.com/article/10.1007%2FBF00437474
https://www.nature.com/articles/modpathol20114
https://www.nature.com/articles/modpathol20114
https://www.nature.com/articles/modpathol20114
https://www.nature.com/articles/modpathol20114
https://www.sciencedirect.com/science/article/pii/S1936523318300548
https://www.sciencedirect.com/science/article/pii/S1936523318300548
https://www.sciencedirect.com/science/article/pii/S1936523318300548
https://www.sciencedirect.com/science/article/pii/S1936523318300548
https://www.sciencedirect.com/science/article/pii/S1936523316300717
https://www.sciencedirect.com/science/article/pii/S1936523316300717
https://www.sciencedirect.com/science/article/pii/S1936523316300717
https://www.nature.com/articles/s41598-017-11751-7
https://www.nature.com/articles/s41598-017-11751-7
https://www.nature.com/articles/s41598-017-11751-7
https://www.nature.com/articles/s41598-017-11751-7
http://dev.biologists.org/content/142/22/3821.abstract
http://dev.biologists.org/content/142/22/3821.abstract
http://dev.biologists.org/content/142/22/3821.abstract
https://www.jci.org/articles/view/44745
https://www.jci.org/articles/view/44745
https://www.jci.org/articles/view/44745
https://www.jci.org/articles/view/44745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4455122/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4455122/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4455122/
https://link.springer.com/chapter/10.1007/978-1-4614-5915-6_2
https://link.springer.com/chapter/10.1007/978-1-4614-5915-6_2
https://link.springer.com/chapter/10.1007/978-1-4614-5915-6_2
https://link.springer.com/chapter/10.1007/978-1-4614-5915-6_2
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-018-0944-8
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-018-0944-8
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-018-0944-8
http://clincancerres.aacrjournals.org/content/early/2012/05/01/1078-0432.CCR-11-3237.short
http://clincancerres.aacrjournals.org/content/early/2012/05/01/1078-0432.CCR-11-3237.short
http://clincancerres.aacrjournals.org/content/early/2012/05/01/1078-0432.CCR-11-3237.short
http://clincancerres.aacrjournals.org/content/early/2012/05/01/1078-0432.CCR-11-3237.short


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 20 

 

 

 

46. 
 

 
47. 
 

 
48. 
 

 
49. 

 
50. 
 

 
51. 
 

 
52. 
 

 
53. 
 
 

 
54. 
 
 

 
55. 
 

 
56. 
 

 
57. 
 
 

 
58. 
 
 
 

 
59. 

 
60. 
 

 
61. 

Seftor REB, Hess AR, Seftor EA, Kirschmann DA, Hardy KM, et al. 

(2012) Tumor cell vasculogenic mimicry from controversy to therapeu- 

tic promise. The American Journal of Pathology 181: 1115-1125. 

Tsubura A, Yoshizawa K, Uehara N, Yuri T, Matsuoka Y (2007) Multi- 

step mouse mammary tumorigenesis through preneoplasia to neopla- 

sia and acquisition of metastatic potential. Med Mol Morphol 40: 9-17. 

Gimbrone MA, Gullino PM (1976) Angiogenic capacity of pre-neoplas- 

tic lesions of the murine mammary gland as a marker of neoplastic 

transformation. Cancer Research 36: 2611-2620. 

Brem SS, Jensen HM Gullino PM (1978) Angiogenesis as a marker of 

pre-neoplastic lesions of the human breast Cancer 41: 239-244. 

Wu M-Z, Chen S-F, Nieh S, Benner C, Ger L-P, et al. (2015) Hypoxia 

drives breast tumor malignancy through a TET-TNFα-p38-MAPK sig- 

naling axis 75: 3912-3924. 

Ben-Porath I, Thomson MW, Carey VJ, Ge R, Bell GW et.al. (2008) An 

embryonic stem-cell-like gene expression signature in poorly differen- 

tiated aggressive human tumors. Nature Genetics 40: 499-507. 

Hadjimichael C, Chanoumidou K, Papadopoulou N, Arampatzi P, Papa- 

matheakis J, et al. (2015) Common stemness regulators of embryonic 

and cancer stem cells. World Journal of Stem Cells 7: 1150-1184. 

Bianco C, Castro NP, Baraty C, Rollman K, Held N, et al. (2013) Regu- 

lation of human Cripto-1 expression by nuclear receptors and DNA 

promoter methylation in human embryonal and breast cancer cells. J. 

Cell Physiology 228: 1174-1188. 

Bianco C, Cotten C, Lonardo E, Strizzi L, Baraty C, et al. (2009) Crip- 

to-1 is required for hypoxia to induce cardiac differentiation of mouse 

embryonic stem cells. The American Journal of Pathology 175: 2146- 

2158. 

Bianco C, Rangel MC, Castro NP, Nagaoka T, Rollman K, et al. (2010) 

Role of Cripto-1 in stem cell maintenance and malignant progression. 

The American Journal of Pathology 177: 532-540. 

Castro NP, Rangel MC, Nagaoka T, Salomon DS, Bianco C (2010) 

Cripto-1: an embryonic gene that promotes tumorigenesis. Future On- 

cology 6: 1127-1142. 

Watanabe K, Bianco C, Strizzi L, Hamada S, Mancino M, et al. (2007) 

Growth factor induction of Cripto-1 shedding by glycosylphosphati- 

dylinositol-phospholipase D and enhancement of endothelial cell mi- 

gration. Journal of Biological Chemistry 282: 31643-31655. 

Aykul S, Parenti A, Chu KY, Reske J, Floer M, et al. (2017) Biochemi- 

cal and cellular analysis reveals ligand binding specificities, a molecu- 

lar basis for ligand recognition, and membrane association-dependent 

activities of Cripto-1 and Cryptic. Journal of Biological Chemistry 292: 

4138-4151. 

Ravisankar V, Singh TP, Manoj N (2011) Molecular evolution of the 

EGF-CFC protein family. Gene 482: 43-50. 

Watanabe K, Nagaoka T, Lee JM, Bianco C, Gonzales M, et al. (2009) 

Enhancement of Notch receptor maturation and signaling sensitivity 

by Cripto-1. J. Cell Biology 187: 343-353. 

Lo RC-L, Leung CO-N, Chan K K-S, Ho D W-H, Wong C-M, et al. 

(2018) Cripto-1 contributes to stemness in hepatocellular carcinoma 

by stabilizing dishevelled-3 and activating Wnt/β-catenin pathway. Cell 

Death & Differentiation 25: 1426-1441. 

62. 
 
 

 
63. 
 

 
64. 
 

 
65. 
 

 
66. 
 
 

 
67. 
 

 
68. 
 

 
69. 
 

 
70. 
 

 
71. 
 

 
72. 
 
 

 
73. 
 

 
74. 
 
 

 
75. 
 

 
76. 
 
 

 
77. 

Nagaoka T, Karasawa H, Turbyville T, Rangel MC, Castro NP, et al. 

(2013) Cripto-1 enhances the canonical Wnt/β-catenin signaling path- 

way by binding to LRP5 and LRP6 co-receptors. Cell Signaling 25: 

178-189. 

Spike BT, Kelber JA, Booker E, Kalathur M, Rodewald R, et al. (2014) 

CRIPTO/GRP78 signaling maintains fetal and adult mammary stem 

cells Ex Vivo. Stem Cell Reports 2: 427-439. 

Strizzi L, Postovit L-M, Margaryan NV, Seftor EA, Abbott E, et al. 

(2008) Emerging roles of nodal and Cripto-1: From embryogenesis to 

breast cancer progression. Breast Dis 29: 91-103. 

Strizzi L, Mancino M, Bianco C, Raafat,A, Gonzales M, et al. (2008) 

Netrin-1 can affect morphogenesis and differentiation of the mouse 

mammary gland. J Cellular Physiology 216: 824-834. 

Terry S, El-Sayed IY, Destouches D, Maille P, Nicolaiew N, et al. 

(2015) CRIPTO overexpression promotes mesenchymal differentia- 

tion in prostate carcinoma cells through parallel regulation of AKT and 

FGFR activities. Oncotarget 6: 11994-12008. 

Bianco C, Wechselberger C, Ebert A, Khan NI, Sun Y, et al. (2001) 

Identification of Cripto-1 in human milk. Breast Cancer Research and 

Treatment 66: 1-7. 

Bianco C, Strizzi L, Mancino M, Rehman A, Hamada S, et al. (2006) 

Identification of Cripto-1 as a novel serologic marker for breast and 

colon cancer. Clin Cancer Res 12: 5158-5164. 

Xu CH, Cao L, Wei Y, Yu Lk (2015) Serum cripto-1 as a clinical marker 

for lung cancer. The international journal of biological markers 30: 4: 

369-373. 

Xu CH, Wang Y, Qian LH, Yu LK, Zhang XW, et al. (2017) Serum 

Cripto-1 is a novel biomarker for non-small cell lung cancer diagnosis 

and prognosis. Clinical Respiratory Journal 11: 765-771. 

Pilgaard L, Mortensen JH, Henriksen M, Olesen P, Sorensen P, et al. 

(2014) Cripto-1 expression in glioblastoma multiforme. Brain Pathol- 

ogy 24: 360-370. 

Tysnes BB, Satran HA, Mork SJ, Margaryan NV, Eide GE, et al. (2014) 

Age-dependent association between protein expression of the embry- 

onic stem cell marker Cripto-1 and survival of glioblastoma patients. 

Traslational Oncology 6: 732-741. 

Spiller CM, Gillis AJM, Burnet G, Stoop H, Koopman P, et al. (2016) 

Cripto: Expression, epigenetic regulation and potential diagnostic use 

in testicular germ cell tumors. Molecular Onology 10: 526-537. 

Fiorenzano A, Pascale E, D’Aniello C, Bassalert C, Russo F, et al. 

(2016) Cripto is essential to capture mouse epiblast stem cell and 

human embryonic stem cell pluripotency. Nature Communications 7: 

12589. 

Park S-W, Do H-J, Han M-H, Choi W, Kim J-H (2018) The expression 

of the embryonic gene Cripto-1 is regulated by OCT4 in human em- 

bryonal carcinoma NCCIT cells. FEBS Letters 592: 24-35. 

Watanabe K, Meyer MJ, Strizzi L, Lee JM, Gonzales M, et al. (2010) 

Cripto-1 is a surface marker for a tumorigenic, undifferentiated sub- 

population in human embryonal carcinoma cells. Stem Cells 28: 1303- 

1314. 

Gray PC, Vale W (2012) Cripto/GRP78 modulation of the TGF-β path- 

way in development and oncogenesis. FEBS Letters 586: 1836-1845. 

https://www.sciencedirect.com/science/article/pii/S0002944012005780
https://www.sciencedirect.com/science/article/pii/S0002944012005780
https://link.springer.com/article/10.1007/s00795-006-0351-6
https://link.springer.com/article/10.1007/s00795-006-0351-6
http://cancerres.aacrjournals.org/content/36/7_Part_2/2611.short
http://cancerres.aacrjournals.org/content/36/7_Part_2/2611.short
https://www.ncbi.nlm.nih.gov/pubmed/26294212
https://www.ncbi.nlm.nih.gov/pubmed/26294212
https://www.ncbi.nlm.nih.gov/pubmed/18443585
https://www.ncbi.nlm.nih.gov/pubmed/18443585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4620423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4620423/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.24271
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.24271
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.24271
https://www.sciencedirect.com/science/article/pii/S0002944010607237
https://www.sciencedirect.com/science/article/pii/S0002944010607237
https://www.sciencedirect.com/science/article/pii/S0002944010607237
https://www.sciencedirect.com/science/article/pii/S0002944010601095
https://www.sciencedirect.com/science/article/pii/S0002944010601095
https://www.futuremedicine.com/doi/abs/10.2217/fon.10.68
https://www.futuremedicine.com/doi/abs/10.2217/fon.10.68
http://www.jbc.org/content/282/43/31643.short
http://www.jbc.org/content/282/43/31643.short
http://www.jbc.org/content/282/43/31643.short
http://www.jbc.org/content/early/2017/01/26/jbc.M116.747501.short
http://www.jbc.org/content/early/2017/01/26/jbc.M116.747501.short
http://www.jbc.org/content/early/2017/01/26/jbc.M116.747501.short
http://www.jbc.org/content/early/2017/01/26/jbc.M116.747501.short
https://www.sciencedirect.com/science/article/pii/S0378111911002071
http://jcb.rupress.org/content/187/3/343.short
http://jcb.rupress.org/content/187/3/343.short
https://link.springer.com/article/10.1007/s00795-006-0351-6
http://cancerres.aacrjournals.org/content/36/7_Part_2/2611.short
https://www.sciencedirect.com/science/article/pii/S0002944010601095
https://www.futuremedicine.com/doi/abs/10.2217/fon.10.68
http://www.jbc.org/content/early/2017/01/26/jbc.M116.747501.short
http://jcb.rupress.org/content/187/3/343.short
https://www.sciencedirect.com/science/article/pii/S0898656812002665
https://www.sciencedirect.com/science/article/pii/S0002944012005780
https://www.sciencedirect.com/science/article/pii/S0898656812002665
https://www.sciencedirect.com/science/article/pii/S0898656812002665
https://www.sciencedirect.com/science/article/pii/S2213671114000629
https://www.sciencedirect.com/science/article/pii/S2213671114000629
https://content.iospress.com/articles/breast-disease/bd000276
https://content.iospress.com/articles/breast-disease/bd000276
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21462
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4620423/
http://clincancerres.aacrjournals.org/content/12/17/5158.article-info
http://clincancerres.aacrjournals.org/content/12/17/5158.article-info
https://journals.sagepub.com/doi/abs/10.5301/jbm.5000155
https://journals.sagepub.com/doi/abs/10.5301/jbm.5000155
https://onlinelibrary.wiley.com/doi/abs/10.1111/crj.12414
https://onlinelibrary.wiley.com/doi/abs/10.1111/crj.12414
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12131
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12131
https://www.sciencedirect.com/science/article/pii/S1936523313800137
https://www.sciencedirect.com/science/article/pii/S1936523313800137
https://www.sciencedirect.com/science/article/pii/S1936523313800137
https://febs.onlinelibrary.wiley.com/doi/full/10.1016/j.molonc.2015.11.003
https://febs.onlinelibrary.wiley.com/doi/full/10.1016/j.molonc.2015.11.003
https://www.ncbi.nlm.nih.gov/pubmed/27586544
https://www.ncbi.nlm.nih.gov/pubmed/27586544
https://www.ncbi.nlm.nih.gov/pubmed/27586544
https://febs.onlinelibrary.wiley.com/doi/full/10.1002/1873-3468.12935
https://www.sciencedirect.com/science/article/pii/S0378111911002071
https://febs.onlinelibrary.wiley.com/doi/full/10.1002/1873-3468.12935
https://stemcellsjournals.onlinelibrary.wiley.com/doi/full/10.1002/stem.463
https://stemcellsjournals.onlinelibrary.wiley.com/doi/full/10.1002/stem.463
https://stemcellsjournals.onlinelibrary.wiley.com/doi/full/10.1002/stem.463
https://www.sciencedirect.com/science/article/pii/S0014579312000841


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 21 

 

 

 

78. 
 

 
79. 
 
 

 
80. 
 
 

 
81. 
 

 
82. 

Castro NP, Federova-Abrams ND, Merchant AS, Rangel MC, Nagaoka 

T, et al. (2014) Cripto-1 as a novel therapeutic target for triple negative 

breast cancer. Oncotarget 6: 11910-11929. 

Strizzi L, Bianco C, Normanno N, Seno M, Wechselberger C, et al. 

(2004) Epithelial Mesenchymal Transition is a characteristic of hyper- 

plasias and tumors in mammary gland from MMTV-Cripto-1 transgenic 

mice. Journal of Cellular Physiology 201: 266-276. 

Sun Y, Strizzi L, Raafat A, Hirota M, Bianco C, et al. (2005) Overex- 

pression of human Cripto-1 in transgenic mice delays mammary gland 

development and differentiation and induces mammary tumorigenesis. 

American Journal of Pathology 167: 585-597. 

Park K-S, Moon YW, Raffeld M, Lee DH, Wang Y, et al. (2018) High 

cripto-1 and low miR-205 expression levels as prognostic markers in 

early non-small cell lung cancer. Lung Cancer 116: 38-45. 

Park K-S, Raffeld M, Moon YW, Xi L, Bianco C, et al. (2014) CRIPTO1 

Expression in EGFR-mutant NSCLC elicits intrinsic EGFR-inhibitor re- 

94. 

 
95. 

 
96. 

 
97. 
 

 
98. 
 

 
99. 

Hill CS (2017) Spatial and temporal control of NODAL signaling. Cur- 

rent Opinion in Cell Biology 51: 50-57. 

Schier AF (2009) Nodal morphogens. Cold Spring Harb Perspect Biol 

1: a003459. 

Chen F, Hou S-k, Fan H-j, Liu Y-f (2014) MiR-15a-16 represses Cripto 

and inhibits NSCLC cell progression. Mol Cell Biochem 391: 11-19. 

Sun G, Yan S-S, Shi L, Wan Z-Q, Jiang N, et al. (2016) MicroRNA-15b 

suppresses the growth and invasion of glioma cells through targeted 

inhibition of cripto-1 expression. Mol. Med. Reports 13; 4897-4903. 

Aykul S, Ni W, Mutatu W, Martinez-Hackert (2015) Human Cerberus 

prevents Nodal-receptor binding, inhibits Nodal signaling, and sup- 

presses Nodal-mediated phenotypes. PLOS ONE 10: e0114954. 

Quail DF, Taylor MJ, Walsh LA, Dieters-Castator D, Das P, et al. (2011) 

Low oxygen levels induce the expression of the embryonic morphogen 

Nodal. Molecular Biology of the Cell 22: 4809-4821. 

 
83. 
 

 
84. 
 

 
85. 
 

 
86. 
 

 
87. 
 
 

 
88. 
 
 

 
89. 
 

 
90. 
 

 
91. 

 
92. 
 

 
93. 

sistance. J Clin Invest 124: 3003-3015. 

Bianco C, Striuzzi L, Ebert A, Chang C, Rehman A, et al. (2005) Role 

of human Cripto-1 in tumor angiogenesis. Journal of the National Can- 

cer Institute 97: 132-141. 

Zoni E, Chen L, Karkampouna S, Granchi Z, Verhoef E, et al. (2017) 

CRIPTO and its signaling partner GRP78 drive the metastatic pheno- 

type in human osteotropic prostate cancer. Oncogene 36: 4739-4749. 

Wu D, Shi Z, Xu H, Chen R, Xue S, et al. (2017) Knockdown of Crip- 

to-1 inhibits the proliferation, migration, invasion, and angiogenesis in 

prostate carcinoma cells. J Biosciences 42: 405-416. 

Zhang D-M, Bao Y-L, Yu C-L, Wang Y-M, Song Z-B (2016) Cripto-1 

modulates macrophage cytokine secretion and phagocytic activity via 

NFkB signaling. Immunol Res 64: 104-114. 

Francescangeli F, Contavalli P, De Andelis ML, Baiocchi M, Gambara 

G, et al. (2015) Dynamic regulation of the cancer stem cell compart- 

ment by Cripto-1 in colorectal cancer. Cell Death and Differentiation 

22: 1700-1713. 

Foca A, Sanguigno L, Foca G, Strizzi L, Iannitti R, et al. (2015) New 

anti-Nodal monoclonal antibodies targeting the Nodal pre-helix loop in- 

volved in Cripto-1 binding. International Journal of Molecular Sciences 

16: 21342-21362. 

Chea HK, Wright CV, Swalla BJ (2005) Nodal signaling and the evo- 

lution of deuterostome gastrulation. Developmental Dynamics 234: 

269-278. 

Tisler M, Wetzel F, Mantino S, Kremnyov S, Thumberger T, et al. 

(2016) Cilia are required for asymmetric nodal induction in the sea 

urchin embryo. BMC Developmental Biology 16: 28. 

Tajer B, Mullins MC (2017) Patterning and Axis Formation: Heterodim- 

ers reign in the embryo 6: 33682. 

Blanchet MH, Good JAL, Mesnard D, Oorschot V, Baflast S, et al. 

(2008) Cripto recruits Furin and PACE4 and controls Nodal trafficking 

during proteolytic maturation. The EMBO Journal 27: 2580-2591. 

Blanchet MH, Le Good JA, Oorschot V, Baflast S, Minchiotti G, et al. 

(2008) Cripto localizes Nodal at the limiting membrane of early endo- 

somes. Science Signaling 1: 1-9. 

100. Gong W, Sun B, Zhao D, Zhang D, Sou J, et al. (2016) Nodal signal- 

ing promotes vasculogenic mimicry formation in breast cancer via the 

Smad2/3 pathway. Oncotarget. 7: 70152-70167. 

101. Strzzi L, Sandomenico A, Margaryan NV, Foca A, Sanguigno L, et al. 

(2015) Effects of a novel Nodal-targeting antibody in melanoma. On- 

cotarget. 6: 34071-34086. 

102. Li H, Chen J, Wang X, He M, Zhang Z, et al. (2018) Nodal induced 

by hypoxia exposure contributes to dacarbazine resistance and the 

maintenance of stemness in melanoma cancer stem-like cells. Oncol 

Rep 39: 2855-2864. 

103. Strizzi L, Hardy KM, Margaryan NV, Hillman DW, Seftor EA, et al. 

(2012) Potential for the embryonic morphogen Nodal as a prognostic 

and predictive biomarker in breast cancer. Breast Cancer Res 14: 75. 

104. Quail DF, Walsh LA, Zhang G, Findlay SD, Moreno J, et al. (2012) Em- 

bryonic protein Nodal promotes breast cancer vascularization. Cancer 

Research 72: 3851-3863. 

105. Hueng DY, Lin GJ, Huang SH, Liu LW, Ju DT, et al. (2011) Inhibition 

of Nodal suppresses angiogenesis and growth of human gliomas. J 

Neurooncol 104: 21-31. 

106. De Silva T, Ye G, Liang YY, Fu G, Xu G, et al. (2012) Nodal promotes 

glioblastoma cell growth. Front Endocrinol (Lausanne) 3: 59. 

107. Lee CC, Jan HJ, Lai JH, Ma HI, Hueng DY, et al. (2010) Nodal pro- 

motes growth and invasion in human gliomas. Oncogene 29: 3110- 

3123. 

108. Loying P, Manhas J, Sen S, Bose B (2015) Autoregulation and hetero- 

geneity in expression of human Cripto-1. PLoS One 10: e0116748. 

109. Romer AS (1962) The Vertebrate Body. 3rd Edition. WB Saunders 

Company, Philadelphia, USA. 553-569. 

110. Palmer BF, Clegg DJ (2015) An emerging role of natriuretic peptides: 

igniting the fat furnace to fuel and warm the heart. Mayo Clin Pro 90: 

1666-1678. 

111. Pearse AGE (1986) The diffuse neuroendocrine system: peptides, 

amines, placodes and the APUD theory. Prog Brain Res 68: 25-31. 

112. Polak JM, Bloom SR (1986) Regulatory peptides of the gastrointesti- 

nal and respiratory tracts. Arch Int Pharmacodyn Ther 280: 16-49. 

https://cshperspectives.cshlp.org/content/early/2009/08/22/cshperspect.a003459.abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494913/
https://www.sciencedirect.com/science/article/pii/S0955067417301412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494913/
https://cshperspectives.cshlp.org/content/early/2009/08/22/cshperspect.a003459.abstract
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.20062
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.20062
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.20062
https://www.sciencedirect.com/science/article/pii/S0002944010630003
https://www.sciencedirect.com/science/article/pii/S0002944010630003
https://www.sciencedirect.com/science/article/pii/S0002944010630003
https://www.sciencedirect.com/science/article/pii/S0002944010630003
https://www.sciencedirect.com/science/article/pii/S0169500217306177
https://www.sciencedirect.com/science/article/pii/S0169500217306177
https://www.sciencedirect.com/science/article/pii/S0169500217306177
https://www.ncbi.nlm.nih.gov/pubmed/24911146
https://www.ncbi.nlm.nih.gov/pubmed/24911146
https://www.sciencedirect.com/science/article/pii/S0955067417301412
https://www.sciencedirect.com/science/article/pii/S0955067417301412
https://cshperspectives.cshlp.org/content/early/2009/08/22/cshperspect.a003459.abstract
https://cshperspectives.cshlp.org/content/early/2009/08/22/cshperspect.a003459.abstract
https://link.springer.com/article/10.1007/s11010-014-1981-y
https://link.springer.com/article/10.1007/s11010-014-1981-y
https://www.spandidos-publications.com/mmr/13/6/4897
https://www.spandidos-publications.com/mmr/13/6/4897
https://www.spandidos-publications.com/mmr/13/6/4897
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0114954
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0114954
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0114954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3237624/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3237624/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3237624/
https://www.ncbi.nlm.nih.gov/pubmed/26518101
https://www.sciencedirect.com/science/article/pii/S0079612308602290
https://www.ncbi.nlm.nih.gov/pubmed/24911146
https://academic.oup.com/jnci/article/97/2/132/2544059
https://academic.oup.com/jnci/article/97/2/132/2544059
https://academic.oup.com/jnci/article/97/2/132/2544059
https://www.nature.com/articles/onc201787
https://www.nature.com/articles/onc201787
https://www.nature.com/articles/onc201787
https://link.springer.com/article/10.1007/s12038-017-9700-y
https://link.springer.com/article/10.1007/s12038-017-9700-y
https://link.springer.com/article/10.1007/s12038-017-9700-y
https://link.springer.com/article/10.1007/s12026-015-8724-3
https://link.springer.com/article/10.1007/s12026-015-8724-3
https://link.springer.com/article/10.1007/s12026-015-8724-3
https://www.nature.com/articles/cdd201519
https://www.nature.com/articles/cdd201519
https://www.nature.com/articles/cdd201519
https://www.nature.com/articles/cdd201519
https://www.mdpi.com/1422-0067/16/9/21342s1
https://www.mdpi.com/1422-0067/16/9/21342s1
https://www.mdpi.com/1422-0067/16/9/21342s1
https://www.ncbi.nlm.nih.gov/pubmed/22645523
https://onlinelibrary.wiley.com/doi/full/10.1002/dvdy.20549
https://www.ncbi.nlm.nih.gov/pubmed/20383200
https://onlinelibrary.wiley.com/doi/full/10.1002/dvdy.20549
https://bmcdevbiol.biomedcentral.com/articles/10.1186/s12861-016-0128-7
https://www.ncbi.nlm.nih.gov/pubmed/25658584
https://bmcdevbiol.biomedcentral.com/articles/10.1186/s12861-016-0128-7
https://elifesciences.org/articles/33682
https://elifesciences.org/articles/33682
https://www.ncbi.nlm.nih.gov/pubmed/26518101
http://emboj.embopress.org/content/27/19/2580.abstract
http://emboj.embopress.org/content/27/19/2580.abstract
https://www.sciencedirect.com/science/article/pii/S0079612308602290
http://stke.sciencemag.org/content/1/45/ra13
http://stke.sciencemag.org/content/1/45/ra13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741437/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741437/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741437/
https://www.ncbi.nlm.nih.gov/pubmed/29693169
https://www.ncbi.nlm.nih.gov/pubmed/29693169
https://www.ncbi.nlm.nih.gov/pubmed/29693169
https://www.ncbi.nlm.nih.gov/pubmed/29693169
https://www.ncbi.nlm.nih.gov/pubmed/22577960
https://www.ncbi.nlm.nih.gov/pubmed/22577960
https://www.ncbi.nlm.nih.gov/pubmed/22577960
http://cancerres.aacrjournals.org/content/72/15/3851
http://cancerres.aacrjournals.org/content/72/15/3851
http://cancerres.aacrjournals.org/content/72/15/3851
https://www.ncbi.nlm.nih.gov/pubmed/21116837
https://www.ncbi.nlm.nih.gov/pubmed/21116837
https://www.ncbi.nlm.nih.gov/pubmed/21116837
https://www.ncbi.nlm.nih.gov/pubmed/22645523
https://www.ncbi.nlm.nih.gov/pubmed/22645523
https://www.ncbi.nlm.nih.gov/pubmed/20383200
https://www.ncbi.nlm.nih.gov/pubmed/20383200
https://www.ncbi.nlm.nih.gov/pubmed/20383200
https://www.ncbi.nlm.nih.gov/pubmed/25658584
https://www.ncbi.nlm.nih.gov/pubmed/25658584
https://books.google.co.in/books?id=-hKzAAAAIAAJ&q=Romer%2BAS%2B(1966)%2BThe%2BVertebrate%2BBody&dq=Romer%2BAS%2B(1966)%2BThe%2BVertebrate%2BBody&hl=en&sa=X&ved=0ahUKEwiWtPeFsNbeAhXVV30KHbJnC7AQ6AEIKTAA
https://books.google.co.in/books?id=-hKzAAAAIAAJ&q=Romer%2BAS%2B(1966)%2BThe%2BVertebrate%2BBody&dq=Romer%2BAS%2B(1966)%2BThe%2BVertebrate%2BBody&hl=en&sa=X&ved=0ahUKEwiWtPeFsNbeAhXVV30KHbJnC7AQ6AEIKTAA
https://www.ncbi.nlm.nih.gov/pubmed/26518101
https://www.ncbi.nlm.nih.gov/pubmed/26518101
https://www.ncbi.nlm.nih.gov/pubmed/26518101
https://www.sciencedirect.com/science/article/pii/S0079612308602290
https://www.sciencedirect.com/science/article/pii/S0079612308602290
https://www.ncbi.nlm.nih.gov/pubmed/2425759
https://www.ncbi.nlm.nih.gov/pubmed/2425759


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 22 

 

 

 

113. Langan EA, Foitzik-Lau K, Goffin V, Ramot Y, Paus R (2010) Prolactin: 

an emerging force along the cutaneous-endocrine axis. Trends Endo- 

crinol Metab 21: 567-577. 

114. Wozniak SE, Gee LL, Wachtel MS, Frezza EE (2009) Adipose tis- 

sue: the new endocrine organ? A review article. Dig Dis Sci 54: 1847- 

1856. 

115. Macciò A, Madeddu C, Mantovani G (2009) Adipose tissue as target 

organ in the treatment of hormone-dependent breast cancer: New 

therapeutic perspective. Obes Rev 10: 660-670. 

116. Wysocka MB, Pietraszek-Gremplewicz K, Nowak D (2018) The Role 

of Apelin in Cardiovascular Diseases, Obesity and Cancer. Front 

Physiol 9: 557. 

117. Li J, Han X (2018) Adipocytokines and breast cancer. Curr Probl Can- 

cer 42: 208-214. 

118. Argolo DF, Hudis CA, Iyengar NM (2018) The impact of obesity on 

breast cancer. Curr Oncol Rep 20: 47. 

119. Nickel A, Blücher C, Kadri OA, Schwagarus N, Müller S, et al. (2018) 

Adipocytes induce distinct gene expression profiles in mammary tu- 

mor cells and enhance inflammatory signaling in invasive breast can- 

cer cells. Sci Rep 8: 942. 

120. Cozzo AJ, Fuller AM, Makowski L (2018) Contribution of adipose tis- 

sue to development of cancer. Compr Physiol 8: 237-282. 

121. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100: 

57-70. 

122. He Q, Fu Y, Tian D, Yan W (2018) The contrasting roles of inflam- 

masomes in cancer. Am J Cancer Res 8: 566-583. 

123. Parisi L, Gini E, Baci D, Tremolati M, Fanuli M, et al. (2018) Mac- 

rophage polarization in chronic inflammatory diseases: killer or build- 

ers? J Immunol Res 8917804. 

124. Gu J, Liu Y, Xie B, Huang J, Lu Z (2018) Role of toll-like receptors: 

from inflammation to lung cancer progression (review). Biomed Rep 

8: 126-132. 

125. Capece D, Verzella D, Tessitore A, Alesse E, Capalbo C, et al. (2018) 

Cancer secretome and inflammation: The bright and the dark sides of 

NF-κB. Semin Cell Dev Biol 78: 51-61. 

126. Jara EL, Muñoz-Durango N, Lianos C, Fardella C, González PA, et 

al. (2017) Modulating the function of the immune system by thyroid 

hormones and thyrotropin. Immunol Lett 184: 76-83. 

127. Gonzelez-Rey E, Delgado M (2005) Role of vasoactive intestinal pep- 

tide in inflammation and autoimmunity. Curr Opin Investig Drugs 6: 

116-123. 

128. Martinez C, Delgado M, Abad C, Gomariz RP, Ganea D, et al. (1999) 

Regulation of VIP production and secretion by murine lymphocytes. J 

Neuroimmunol 93: 126-138. 

129. Valdehita A, Bajo AM, Schally AV, Varga JL, Carmena MJ, et al. (2009) 

Vasoactive Intestinal Peptide (VIP) induces transactivation of EGFR 

and HER2 in human breast cancer cells. Mol Cell Endocrinol 302: 41- 

48. 

130. Valdehita A, Carmena MJ, Collado B, Prieto JC, Bajo AM (2007) Va- 

soactive Intestinal Peptide (VIP) increases endothelial growth factor 

(VEGF) expression and secretion in human breast cancer cells. Regul 

Pept 144: 101-108. 

131. Tang MW, Garcia S, Malvar Fernandez B, Gerlag DM, Tak PP, et al. 

(2017) Rheumatoid arthritis and psoriatic arthritis synovial fluids stimu- 

late prolactin production by macrophages. J Leukoc Biol 102: 897- 

904. 

132. Dill R, Walker AM (2017) Role of prolactin in promotion of immune cell 

migration into the mammary gland. J Mammary Gland Biol Neoplasia 

22: 13-26. 

133. Hammer A, Diakonova M (2016) Prolactin-induced PAK1 tyrosyl phos- 

phorylation promotes FAK dephosphorylation, breast cancer cell motil- 

ity, invasion and metastasis. BMC Cell Biol 17: 31-44. 

134. Cawley NX, Li Z, Loh YP (2016) 60 years of POMC: Biosynthesis, traf- 

ficking and secretion of proopiomelanocortin-derived peptides. J Mol 

Endocrinol 56: 77-97. 

135. Tatemoto K, Mutt V (1978) Chemical determination of polypeptide hor- 

mones. Proc Natl Acad Sci USA 75: 4115-4119. 

136. Tatemoto K, Mutt V (1980) Isolation of two novel candidate hormones 

using a chemical method for finding naturally occurring polypeptides. 

Nature 285: 417-418. 

137. Cuttitta F (1993) Peptide amidation: Signature of bioactivity. Anat Rec 

236: 87-93. 

138. Cuttitta F, Treston A, Siegfried J, Quinn K, Avis I, et al. (1993) Peptide 

physiology of human cancer cells and its relationship with autocrine/ 

paracrine growth. In: Diagnostic Histopathology of neuroendocrine tu- 

mours. Polak JM (Editor). Churchill Livingstone. London 15-39. 

139. Bradbury AF, Finnie MD, Smyth DG (1982) Mechanism of C-terminal 

amide formation by pituitary enzymes. Nature 298: 686-688. 

140. Eipper BA, Mains RE (1988) Peptide alpha-amidation. Ann Rev Phys- 

iol 50: 333-344. 

141. Kumar D, Mains RE, Eipper BA (2016) 60 years of POMC: From 

POMC and α-MSH to PAM, molecular oxygen, copper, and vitamin C. 

J Mol Endocrinol 56: T63-T76. 

142. Czyzyk TA, Ning Y, Hsu MS, Peng B, Mains RE, et al. (2005) Deletion 

of peptide amidation enzymatic activity leads to edema and embryonic 

lethality in the mouse. Dev Biol 287: 301-313. 

143. Eipper BA, Green CB, Mains RE (1992) Expression of prohormone 

processing enzymes in neuroendocrine and non-neuroendocrine 

cells. J Natl Cancer Inst Monogr 163-168. 

144. Saldise L, Martínez A, Montuenga LM, Treston A, Springall DR, et al. 

(1996) Distribution of peptidyl-glycine alpha-amidating mono-oxyge- 

nase (PAM) enzymes in normal human lung and in lung epithelial tu- 

mors. J Histochem Cytochem 44: 3-12. 

145. Van Bael S, Watteyne J, Boonen K, De Haes W, Menschaert G, et al. 

(2018) Mass spectrometric evidence for neuropeptide-amidating en- 

zymes in Caenorhabditis elegans. J Biol Chem 293: 6052-6063. 

146. Siegfried JM, Kasprzyk PG, Treston AM, Mulshine JL, Quinn KA, et al. 

(1992) A mitogenic peptide amide encoded with the E peptide domain 

of the insulin-like growth factor IB prohormone. Proc Natl Acad Sci 

USA 89: 8107-8111. 

https://www.ncbi.nlm.nih.gov/pubmed/20598901
https://www.ncbi.nlm.nih.gov/pubmed/20598901
https://www.ncbi.nlm.nih.gov/pubmed/19052866
https://www.ncbi.nlm.nih.gov/pubmed/19052866
https://www.ncbi.nlm.nih.gov/pubmed/19460113
https://www.ncbi.nlm.nih.gov/pubmed/19460113
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/29433827
https://www.ncbi.nlm.nih.gov/pubmed/29644507
https://www.nature.com/articles/s41598-018-27210-w
https://www.nature.com/articles/s41598-018-27210-w
https://www.nature.com/articles/s41598-018-27210-w
https://www.ncbi.nlm.nih.gov/pubmed/29357128
https://www.ncbi.nlm.nih.gov/pubmed/10647931
https://www.ncbi.nlm.nih.gov/pubmed/29736304
https://www.ncbi.nlm.nih.gov/pubmed/29507865
https://www.ncbi.nlm.nih.gov/pubmed/29507865
https://www.ncbi.nlm.nih.gov/pubmed/29435270
https://www.ncbi.nlm.nih.gov/pubmed/29435270
https://www.ncbi.nlm.nih.gov/pubmed/28779979
https://www.ncbi.nlm.nih.gov/pubmed/28779979
https://www.ncbi.nlm.nih.gov/pubmed/28216261
https://www.ncbi.nlm.nih.gov/pubmed/28216261
https://www.ncbi.nlm.nih.gov/pubmed/16312132
https://www.ncbi.nlm.nih.gov/pubmed/16312132
https://www.ncbi.nlm.nih.gov/pubmed/10378876
https://www.ncbi.nlm.nih.gov/pubmed/10378876
https://www.ncbi.nlm.nih.gov/pubmed/19101605
https://www.ncbi.nlm.nih.gov/pubmed/19101605
https://www.ncbi.nlm.nih.gov/pubmed/19101605
https://www.ncbi.nlm.nih.gov/pubmed/17683807
https://www.ncbi.nlm.nih.gov/pubmed/17683807
https://www.ncbi.nlm.nih.gov/pubmed/17683807
https://www.ncbi.nlm.nih.gov/pubmed/28642278
https://www.ncbi.nlm.nih.gov/pubmed/28642278
https://www.ncbi.nlm.nih.gov/pubmed/28642278
https://www.ncbi.nlm.nih.gov/pubmed/27900586
https://www.ncbi.nlm.nih.gov/pubmed/19460113
https://www.ncbi.nlm.nih.gov/pubmed/27900586
https://bmccellbiol.biomedcentral.com/articles/10.1186/s12860-016-0109-5
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://bmccellbiol.biomedcentral.com/articles/10.1186/s12860-016-0109-5
https://www.ncbi.nlm.nih.gov/pubmed/26880796
https://www.ncbi.nlm.nih.gov/pubmed/29433827
https://www.ncbi.nlm.nih.gov/pubmed/26880796
https://www.ncbi.nlm.nih.gov/pubmed/279902
https://www.ncbi.nlm.nih.gov/pubmed/6892950
https://www.ncbi.nlm.nih.gov/pubmed/6892950
https://www.ncbi.nlm.nih.gov/pubmed/8389534
https://www.ncbi.nlm.nih.gov/pubmed/29357128
https://www.ncbi.nlm.nih.gov/pubmed/10647931
https://www.ncbi.nlm.nih.gov/pubmed/7099265
https://www.ncbi.nlm.nih.gov/pubmed/26667899
https://www.ncbi.nlm.nih.gov/pubmed/26667899
https://www.ncbi.nlm.nih.gov/pubmed/16225857
https://www.ncbi.nlm.nih.gov/pubmed/16225857
https://www.ncbi.nlm.nih.gov/pubmed/1389689
https://www.ncbi.nlm.nih.gov/pubmed/1389689
https://www.ncbi.nlm.nih.gov/pubmed/8543779
https://www.ncbi.nlm.nih.gov/pubmed/8543779
https://www.ncbi.nlm.nih.gov/pubmed/8543779
https://www.ncbi.nlm.nih.gov/pubmed/29487130
https://www.ncbi.nlm.nih.gov/pubmed/29487130
https://www.ncbi.nlm.nih.gov/pubmed/1325646
https://www.ncbi.nlm.nih.gov/pubmed/1325646
https://www.ncbi.nlm.nih.gov/pubmed/1325646


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 23 

 

 

 

147. Bernstein KE, Ong FS, Blackwell WL, Shah KH, Giani JF, et al. (2013) 

A modern understanding of the traditional and nontraditional biologi- 

cal functions of angiotensin-converting enzyme. Pharmacol Rev 65: 

1-46. 

148. Jackman HL, Tan FL, Tamei H, Beurling-Harbury C, Li XY, et al. (1990) 

A peptidase in human platelets that deamidates tachykinins. Prob- 

able identity with the lysosomal “protective protein”. J Biol Chem 265: 

11265-11272. 

149. Shipp MA, Tarr GE, Chen CY, Switzer SN, Hersh LB, et al. (1991) 

CD10/neutral endopeptidase 24.11 hydrolyzes bombesin-like peptides 

and regulates the growth of small cell carcinomas of the lung. Proc 

Natl Acad Sci USA 88: 10662-10666. 

150. Sunday ME, Hua J, Torday JS, Reyes B, Shipp MA (1992) CD10/neu- 

tral endopeptidase 24.11 in developing human fetal lung: Patterns of 

expression and modulation of peptide-mediated proliferation. J Clin 

Invest 90: 2517-2525. 

151. Anastasi A, Erspamer V, Bucci M (1972) Isolation and amino acid se- 

quences of alytensin and bombesin, two analogous active tetradeca- 

peptides from the skin of European discoglossid frogs. Arch Biochem 

Biophys 148: 443-446. 

152. McDonald TJ, Jörnvall H, Nilsson G, Vagne M, Ghatei M, et al. (1979) 

Characterization of gastrin-releasing peptide from porcine non-antral 

gastric tissue. Biochem Biophys Res Comm 90: 227-233. 

153. Minamino N, Kangawa K, Matsuo H (1983) Neuromedin B: a novel 

bombesin-like peptide identified in porcine spinal cord. Biochem Bio- 

phys Res Commun 114: 541-548. 

154. Polak JM, Bloom SR (1983) Regulatory peptides: key factors in the 

control of bodily functions. Br Med J (Clin Res Ed) 286: 1461-1466. 

155. Ghatei MA, Sheppard MN, Henzen-Logman S, Blank MA, Polak JM, et 

al. (1983) Bombesin and vasoactive intestinal polypeptide in the devel- 

oping lung: marked changes in acute respiratory distress syndrome. J 

Clin Endocrinol Metab 57: 1226-1232. 

156. Sunday ME, Kaplan LM, Motoyama E, Chin WW, Spindel ER (1988) 

Gastrin-releasing peptide (mammalian bombesin) gene expression in 

health and disease. Lab Invest 59: 5-24. 

157. Rozengurt E, Sinnett-Smith J (1983) Bombesin stimulation of DNA 

synthesis and cell division in cultures of swiss 3T3 cells. Proc Natl 

Acad Sci USA 80: 2936-2940. 

158. Spindel ER, Sunday ME, Hofler H, Wolfe HJ, Habener JF, et al. (1987) 

Transient elevation of messenger RNA encoding gastrin-releasing 

peptide, a putative pulmonary growth factor in human fetal lung. J Clin 

Invest 80: 1172-1179. 

159. Sunday ME, Hua J, Dai BH, Nusrat A, Torday JS (1990) Bombesin in- 

creases fetal lung growth and maturation in utero and in organ culture. 

Am J Respir Cell Mol Biol 3: 199-205. 

160. Carney DN, Cuttitta F, Moody TW, Minna JD (1987) Selective stimula- 

tion of small cell lung cancer clonal growth by bombesin and gastrin- 

releasing peptide. Cancer Res 47: 821-825. 

161. Ni C, Zhao X, Sunn T, Liu Y, Gu Q, et al. (2012) Role of gastrin-releas- 

ing peptides in breast cancer metastasis. Hum Pathol 43: 2342-2347. 

162. Lango MN, Dyer KF, Lui VW, Gooding WE, Gubish C, et al. (2002) 

Gastrin-releasing peptide receptor-mediated autocrine growth in 

squamous cell carcinoma of the head and neck. J Nat Cancer Inst 

94: 375-383. 

163. Hajri A, Balboni G, Koenig M, Garaud JC, Damgé C (1992) Gastrin- 

releasing peptide: in-vivo and in-vitro growth effects on an acinar pan- 

creatic carcinoma. Cancer Res 52: 3726-3732. 

164. Chung DH, Evers BM, Beauchamp RD, Upp JR Jr, Rajaraman S, et al. 

(1992) Bombesin stimulates the growth of human gastrinoma. Surgery 

12: 1059-1065. 

165. Siegfried JM, Krishnamachary N, Gaither Davis A, Gubish C, Hunt JD, 

et al. (1999) Evidence for autocrine actions of neuromedin B and gas- 

trin-releasing peptide in non-small cell lung cancer. Pulm Pharmacol 

Ther 12: 291-302. 

166. Patel O, Shulkes A, Baldwin GS (2006) Gastrin-releasing peptide and 

cancer. Biochim Biophys Acta 1788: 23-41. 

167. Spindel ER, Chin WW, Price J, Rees LH, Besser GM, et al. (1984) 

Cloning and characterization of cDNAs encoding human gastrin-re- 

leasing peptide. Proc Natl Acad Sci USA 81: 5699-5703. 

168. Sausville EA, Lebacq-Verheyden AM, Spindel ER, Cuttitta F, Gazdar 

AF, et al. (1986) Expression of the gastrin-releasing peptide gene in 

human small cell lung cancer. J Biol Chem 261: 2451-2457. 

169. Lebacq-Verheyden AM, Bertness V, Kirsch I, Hollis GF, McBride OW, 

et al. (1987) Human gastrin-releasing peptide gene maps to chromo- 

some band 18q21. Somat Cell Mol Genet 13: 81-86. 

170. Krane IM, Naylor SL, Helin-Davis D, Chin WW, Spindel ER (1988) 

Molecular cloning of cDNA encoding the human bombesin-like peptide 

neuromedin B. Chromosomal localization and comparison to cDNA 

encoding it amphibian homolog ranatensin. J Biol Chem 263: 13317- 

13323. 

171. Battey JF, Way JM, Corjay MH, Shapira H, Kusano K, et al. (1991) 

Molecular cloning of bombesin/gastrin-releasing peptide receptor from 

swiss 3T3 cells. Proc Natl Acad Sci. USA 88: 395-399. 

172. Jensen RT, Battey JF, Spindel ER, Benya RV (2006) International 

Union of Pharmacology. LXVIII. Mammalian bombesin receptors: 

nomenclature, distribution, pharmacology, signaling, and functions in 

normal and disease states. Pharmacol Rev 60: 1-42. 

173. Wada E, Watase K, Yamada K, Ogura H, Yamano M, et al. (1997) 

Generation and characterization of mice lacking gastrin-releasing pep- 

tide receptor. Biochem Biophys Res Commun 239: 28-33. 

174. Ohki-Hamazaki H, Sakai Y, Kamata K, Ogura H, Okuyama S, et al. 

(1999) Functional properties of two bombesin-like peptide receptors 

revealed by the analysis of mice lacking neuromedin B receptor. J 

Neurosci 19: 948-954. 

175. Ohki-Hamazaki H, Watase K, Yamamoto K, Ogura H, Yamano M, et al. 

(1997) Mice lacking bombesin receptor subtype-3 develop metabolic 

defects and obesity. Nature 390: 165-169. 

176. Ramos-Álvarez I, Moreno P, Mantey SA, Nakamura T, Nuche-Berngu- 

er B, et al. (2013) Insights into bombesin receptors and ligands: High- 

lighting recent advances. Peptides 72: 128-144. 

177. Lui VW, Thomas SM, Zhang Q, Wentzel AL, Siegfried JM, et al. 

(2003) Mitogenic effects of gastrin-releasing peptide in head and neck 

squamous cancer cells are mediated by activation of the epidermal 

growth factor receptor. Oncogene 22: 6183-6193. 

https://www.ncbi.nlm.nih.gov/pubmed/23257181
https://www.ncbi.nlm.nih.gov/pubmed/23257181
https://www.ncbi.nlm.nih.gov/pubmed/23257181
https://www.ncbi.nlm.nih.gov/pubmed/23257181
https://www.ncbi.nlm.nih.gov/pubmed/1694176
https://www.ncbi.nlm.nih.gov/pubmed/1694176
https://www.ncbi.nlm.nih.gov/pubmed/1694176
https://www.ncbi.nlm.nih.gov/pubmed/1694176
https://www.ncbi.nlm.nih.gov/pubmed/1660144
https://www.ncbi.nlm.nih.gov/pubmed/1660144
https://www.ncbi.nlm.nih.gov/pubmed/1660144
https://www.ncbi.nlm.nih.gov/pubmed/1660144
https://www.ncbi.nlm.nih.gov/pubmed/1469102
https://www.ncbi.nlm.nih.gov/pubmed/1469102
https://www.ncbi.nlm.nih.gov/pubmed/1469102
https://www.ncbi.nlm.nih.gov/pubmed/1469102
https://www.ncbi.nlm.nih.gov/pubmed?term=4537042
https://www.ncbi.nlm.nih.gov/pubmed?term=4537042
https://www.ncbi.nlm.nih.gov/pubmed?term=4537042
https://www.ncbi.nlm.nih.gov/pubmed?term=4537042
https://www.ncbi.nlm.nih.gov/pubmed/496973
https://www.ncbi.nlm.nih.gov/pubmed/496973
https://www.ncbi.nlm.nih.gov/pubmed/496973
https://www.ncbi.nlm.nih.gov/pubmed/6882442
https://www.ncbi.nlm.nih.gov/pubmed/6882442
https://www.ncbi.nlm.nih.gov/pubmed/6882442
https://www.ncbi.nlm.nih.gov/pubmed/6405843
https://www.ncbi.nlm.nih.gov/pubmed/6405843
https://www.ncbi.nlm.nih.gov/pubmed/6630415
https://www.ncbi.nlm.nih.gov/pubmed/6630415
https://www.ncbi.nlm.nih.gov/pubmed/6630415
https://www.ncbi.nlm.nih.gov/pubmed/6630415
https://www.ncbi.nlm.nih.gov/pubmed/2839735
https://www.ncbi.nlm.nih.gov/pubmed/2839735
https://www.ncbi.nlm.nih.gov/pubmed/2839735
https://www.ncbi.nlm.nih.gov/pubmed/6344074
https://www.ncbi.nlm.nih.gov/pubmed/6344074
https://www.ncbi.nlm.nih.gov/pubmed/6344074
https://www.ncbi.nlm.nih.gov/pubmed/3654977
https://www.ncbi.nlm.nih.gov/pubmed/3654977
https://www.ncbi.nlm.nih.gov/pubmed/3654977
https://www.ncbi.nlm.nih.gov/pubmed/3654977
https://www.ncbi.nlm.nih.gov/pubmed/2390263
https://www.ncbi.nlm.nih.gov/pubmed/2390263
https://www.ncbi.nlm.nih.gov/pubmed/2390263
https://www.ncbi.nlm.nih.gov/pubmed/3026617
https://www.ncbi.nlm.nih.gov/pubmed/3026617
https://www.ncbi.nlm.nih.gov/pubmed/3026617
https://www.ncbi.nlm.nih.gov/pubmed/22789785
https://www.ncbi.nlm.nih.gov/pubmed/22789785
https://www.ncbi.nlm.nih.gov/pubmed/11880476
https://www.ncbi.nlm.nih.gov/pubmed/11880476
https://www.ncbi.nlm.nih.gov/pubmed/11880476
https://www.ncbi.nlm.nih.gov/pubmed/11880476
https://www.ncbi.nlm.nih.gov/pubmed/1319829
https://www.ncbi.nlm.nih.gov/pubmed/1319829
https://www.ncbi.nlm.nih.gov/pubmed/1319829
https://www.ncbi.nlm.nih.gov/pubmed/1455308
https://www.ncbi.nlm.nih.gov/pubmed/1455308
https://www.ncbi.nlm.nih.gov/pubmed/1455308
https://www.ncbi.nlm.nih.gov/pubmed/10545285
https://www.ncbi.nlm.nih.gov/pubmed/10545285
https://www.ncbi.nlm.nih.gov/pubmed/10545285
https://www.ncbi.nlm.nih.gov/pubmed/10545285
https://www.ncbi.nlm.nih.gov/pubmed/16490321
https://www.ncbi.nlm.nih.gov/pubmed/16490321
https://www.ncbi.nlm.nih.gov/pubmed/6207529
https://www.ncbi.nlm.nih.gov/pubmed/6207529
https://www.ncbi.nlm.nih.gov/pubmed/6207529
https://www.ncbi.nlm.nih.gov/pubmed/3003116
https://www.ncbi.nlm.nih.gov/pubmed/3003116
https://www.ncbi.nlm.nih.gov/pubmed/3003116
https://www.ncbi.nlm.nih.gov/pubmed/3027901
https://www.ncbi.nlm.nih.gov/pubmed/3027901
https://www.ncbi.nlm.nih.gov/pubmed/3027901
https://europepmc.org/abstract/med/2458345
https://europepmc.org/abstract/med/2458345
https://europepmc.org/abstract/med/2458345
https://europepmc.org/abstract/med/2458345
https://europepmc.org/abstract/med/2458345
https://www.ncbi.nlm.nih.gov/pubmed/1671171
https://www.ncbi.nlm.nih.gov/pubmed/1671171
https://www.ncbi.nlm.nih.gov/pubmed/1671171
https://www.ncbi.nlm.nih.gov/pubmed/18055507
https://www.ncbi.nlm.nih.gov/pubmed/18055507
https://www.ncbi.nlm.nih.gov/pubmed/18055507
https://www.ncbi.nlm.nih.gov/pubmed/18055507
https://www.ncbi.nlm.nih.gov/pubmed/9345264
https://www.ncbi.nlm.nih.gov/pubmed/9345264
https://www.ncbi.nlm.nih.gov/pubmed/9345264
https://www.ncbi.nlm.nih.gov/pubmed/9920658
https://www.ncbi.nlm.nih.gov/pubmed/9920658
https://www.ncbi.nlm.nih.gov/pubmed/9920658
https://www.ncbi.nlm.nih.gov/pubmed/9920658
https://www.ncbi.nlm.nih.gov/pubmed/9367152
https://www.ncbi.nlm.nih.gov/pubmed/9367152
https://www.ncbi.nlm.nih.gov/pubmed/9367152
https://www.ncbi.nlm.nih.gov/pubmed/25976083
https://www.ncbi.nlm.nih.gov/pubmed/25976083
https://www.ncbi.nlm.nih.gov/pubmed/25976083
https://www.ncbi.nlm.nih.gov/pubmed/13679857
https://www.ncbi.nlm.nih.gov/pubmed/13679857
https://www.ncbi.nlm.nih.gov/pubmed/13679857
https://www.ncbi.nlm.nih.gov/pubmed/13679857


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 24 

 

 

 

178. Thomas SM, Grandis JF, Wentzel AL, Gooding WE, Lui VW, et al. 

(2005) Gastrin-releasing peptide receptor mediates activation of the 

epidermal growth factor receptor in lung cancer cells. Neoplasia 7: 

426-431. 

179. Liu X, Carlisle DL, Swick MC, Gaither-Davis A, Grandis JR, et al. 

(2007) Gastrin-releasing peptide activates Akt through the epidermal 

growth factor receptor pathway and abrogates the effect of gefitinib. 

Exp Cell Res 313: 1361-1372. 

180. Kanashiro CA, Schally AV, Zarandi M, Hammann BD, Varga JL (2007) 

Alterations of EGFR/HER, angiogenesis, apoptosis pathways after 

therapy with antagonists of growth hormone releasing hormone and 

bombesin in non-small cell lung cancer. Int J Oncol 30: 1019-1028. 

181. Aguayo SM, Kane MA, King TE Jr, Schwarz MI, Grauer L, et al. (1989) 

Increased levels of bombesin-line peptide in the lower respiratory tract 

of asymptomatic cigarette smokers. J Clin Invest 84: 1105-1113. 

182. Aguayo SM (1994) Determinants of susceptibility to cigarette smoke. 

Potential roles for neuroendocrine cells and neuropeptides in airway 

inflammation, airway wall remodeling, and chronic airflow obstruction. 

Am J Respir Crit Care Med 149: 1692-1698. 

183. Siegfried JM, DeMichele MA, Hunt JD, Davis AG, Vohra KP, et al. 

(1997) Expression of mRNA for gastrin-releasing peptide receptor by 

human bronchial epithelial cells: Associated with prolong tobacco ex- 

posure and responsiveness to bombesin-like peptides. Am J Respir 

Crit Care Med 156: 358-366. 

184. Sunday ME (2014) Oxygen, gastrin-releasing peptide, and pediatric 

lung disease: life in the balance. Front Pediatr 2: 72. 

185. Zhou S, Nissao E, Jackson IL, Leong W, Dancy L, et al. (2013) Radi- 

ation-induced lung injury is mitigated by blockade of gastrin-releasing 

peptide. Am J Pathol 182: 1248-1254. 

186. Draoui M, Moody TW, Fathi Z, Battey J (1993) Phorbol esters regu- 

late preprogastrin-releasing peptide messenger RNA in small cell lung 

cancer. Cell Growth Differ 4: 723-729. 

187. Song G, Satterfield MC, Kim J, Bazer FW, Spencer TE (2008) Gastrin- 

releasing peptide (GRP) in the ovine uterus: regulation by interferon 

tau and progesterone. Biol Reprod 79: 376-386. 

188. Cuttitta F, Carney DN, Mulshine J, Moody TW, Fedorko J, et al. (1985) 

Bombesin-like peptides can function as autocrine growth factors in hu- 

man small-cell lung cancer. Nature 316: 823-826. 

189. Martínez A, Julián M, Bregonzio C, Notari L, Moody TW, et al. (2004) 

Identification of vasoactive nonpeptidic positive and negative modula- 

tors of adrenomedullin using a neutralizing antibody-based screening 

strategy. Endocrinology 145: 3858-3865. 

190. Moody TW, Venugopal R, Zia F, Patiermo S, Leban JJ, et al. (1995) 

BW2258U89: a grp receptor antagonist which inhibits small cell lung 

cancer growth. Life Sci 56: 521-529. 

191. Yano T, Pinski J, Groot K, Schally AV (1992) Stimulation by bombesin 

and inhibition by bombesin/gastrin-releasing peptide antagonist RC- 

3095 of growth of human breast cancer cell lines. Cancer Res 52: 

4545-4547. 

192. Radulovic S, Miller G, Schally AV (1991) Inhibition of growth of HT-29 

human colon cancer xenografts in nude mice by treatment with bomb- 

esin/gastrin releasing peptide antagonist (RC-3095). Cancer Res 51: 

6006-6009. 

193. Martínez A, Zudaire E, Julián M, Moody TW, Cuttitta F (2005) Gastrin- 

releasing peptide (GRP) induces angiogenesis and the specific GRP 

blocker 77427 inhibits tumor growth in-vitro and in-vivo. Oncogene 24: 

4106-4113. 

194. Fang C, Miguel MA, Avis I, Martinez A, Zudaire E, et al. (2009) Non- 

peptide small molecule regulators of lymphangiogensis. Lymph Res 

Biol 7: 189-196. 

195. Del Rio M, Hernanz A, de la Fuente M (1994) Bombesin, gastrin-re- 

leasing peptide, and neuromedin C modulate murine lymphocyte pro- 

liferation through adherent assessor cells and activate protein kinase 

C. Peptides 15: 15-22. 

196. Subramaniam M, Sugiyama K, Coy DH, Kong Y, Miller YE, et al. (2003) 

Bombesin-like peptides and mast cell responses: relevance to bron- 

chopulmonary dysplasia? Am J Respir Crit Care Med 168: 601-611. 

197. Del Rio M, De la Fuente M (1994) Chemoattractant capacity of bomb- 

esin, gastrin-releasing peptide and neuromedin C is mediated through 

PKC activation in murine peritoneal leukocytes. Regul Pept 49: 185- 

193. 

198. Czepielewski RS, Porto BN, Rizzo LB, Roesler R, Abujamra AL, et al. 

(2012) Gastrin-releasing peptide receptor (GRPR) mediates chemot- 

axis in neutrophils. Proc Natl Acad Sci USA 109: 547-552. 

199. Lemaire I (1991) Bombesin-related peptides modulate interleukin-1 

production by alveolar macrophages. Neuropeptides 20: 217-223. 

200. Lemaire I, Jones S, Khan MF (1991) Bombesin-like peptides in alveo- 

lar macrophages: increased release in pulmonary inflammation and 

fibrosis. Neuropeptides 20: 63-72. 

201. Kim MK, Park HJ, Kim Y, Kim HJ, Bae SK, et al. (2017) Gastrin-releas- 

ing peptide induces monocyte adhesion to vascular endothelium by 

upregulating endothelial adhesion molecules. Biochem Biophys Res 

Commun 485: 542-549. 

202. Petronilho F, Vuolo F, Galant LS, Constantino L, Tomasi CD, et al. 

(2012) Gastrin-releasing peptide receptor antagonism induces protec- 

tion from lethal sepsis: involvement of toll-like receptor 4 signaling. Mol 

Med 18: 1209-1219. 

203. Shirey KA, Sunday ME, Lai W, Patel MC, Blanco JCG, et al. (2018) 

Novel role of gastrin releasing peptide-mediated signaling in the host 

response to influenza infection. Mucosal Immun.(2019) 12:223-231. 

204. Morgat C, MacGrogan G, Brouste V, Vélasco V, Sévenet N, et al. 

(2017) Expression of Gastrin-Releasing Peptide Receptor in Breast 

Cancer and Its Association with Pathologic, Biologic, and Clinical Pa- 

rameters: A Study of 1,432 Primary Tumors. J Nucl Med 58: 1401- 

1407. 

205. Salouti M, Saghatchi F (2017) BBN conjugated GNPs: a new targeting 

contrast agent for imaging of breast cancer in radiology. IET Nanobio- 

technol 11: 604-611. 

206. Kaloudi A, Lymperis E, Giarika A, Dalm S, Orlandi F, et al. (2017) 

NeoBOMB1, a GRPR-Antagonist for Breast Cancer Theragnostics: 

First Results of a Preclinical Study with [67Ga] NeoBOMB1 in T-47D 

Cells and Tumor-Bearing Mice. Molecules 22: 1950. 

207. Sonni I, Baratto L, Iagaru A (2017) Imaging of Prostate Cancer Using 

Gallium-68-Labeled Bombesin. PET Clin 12: 159-171. 

208. Pu F, Qiao J, Xue S, Yang H, Patel A, et al. (2015) GRPR-targeted 

Protein Contrast Agents for Molecular Imaging of Receptor Expression 

in Cancers by MRI. Sci Rep 5: 16214. 

https://www.ncbi.nlm.nih.gov/pubmed/15967120
https://www.ncbi.nlm.nih.gov/pubmed/15967120
https://www.ncbi.nlm.nih.gov/pubmed/15967120
https://www.ncbi.nlm.nih.gov/pubmed/17349623
https://www.ncbi.nlm.nih.gov/pubmed/17349623
https://www.ncbi.nlm.nih.gov/pubmed/17349623
https://www.ncbi.nlm.nih.gov/pubmed/17332943
https://www.ncbi.nlm.nih.gov/pubmed/17332943
https://www.ncbi.nlm.nih.gov/pubmed/17332943
https://www.ncbi.nlm.nih.gov/pubmed/2794048
https://www.ncbi.nlm.nih.gov/pubmed/2794048
https://www.ncbi.nlm.nih.gov/pubmed/7911710
https://www.ncbi.nlm.nih.gov/pubmed/7911710
https://www.ncbi.nlm.nih.gov/pubmed/7911710
https://www.ncbi.nlm.nih.gov/pubmed/9279210
https://www.ncbi.nlm.nih.gov/pubmed/9279210
https://www.ncbi.nlm.nih.gov/pubmed/9279210
https://www.ncbi.nlm.nih.gov/pubmed/9279210
https://www.ncbi.nlm.nih.gov/pubmed/25101250
https://www.ncbi.nlm.nih.gov/pubmed/23395092
https://www.ncbi.nlm.nih.gov/pubmed/23395092
https://www.ncbi.nlm.nih.gov/pubmed/8241020
https://www.ncbi.nlm.nih.gov/pubmed/8241020
https://www.ncbi.nlm.nih.gov/pubmed/18448839
https://www.ncbi.nlm.nih.gov/pubmed/18448839
https://www.ncbi.nlm.nih.gov/pubmed/2993906
https://www.ncbi.nlm.nih.gov/pubmed/2993906
https://www.ncbi.nlm.nih.gov/pubmed/15107357
https://www.ncbi.nlm.nih.gov/pubmed/15107357
https://www.ncbi.nlm.nih.gov/pubmed/15107357
https://www.ncbi.nlm.nih.gov/pubmed/7869832
https://www.ncbi.nlm.nih.gov/pubmed/7869832
https://www.ncbi.nlm.nih.gov/pubmed/1643647
https://www.ncbi.nlm.nih.gov/pubmed/1643647
https://www.ncbi.nlm.nih.gov/pubmed/1643647
https://www.ncbi.nlm.nih.gov/pubmed/1682040
https://www.ncbi.nlm.nih.gov/pubmed/1682040
https://www.ncbi.nlm.nih.gov/pubmed/1682040
https://www.ncbi.nlm.nih.gov/pubmed/15750618
https://www.ncbi.nlm.nih.gov/pubmed/15967120
https://www.ncbi.nlm.nih.gov/pubmed/15750618
https://www.ncbi.nlm.nih.gov/pubmed/15750618
https://www.ncbi.nlm.nih.gov/pubmed/20143917
https://www.ncbi.nlm.nih.gov/pubmed/17349623
https://www.ncbi.nlm.nih.gov/pubmed/20143917
https://www.ncbi.nlm.nih.gov/pubmed/8015972
https://www.ncbi.nlm.nih.gov/pubmed/8015972
https://www.ncbi.nlm.nih.gov/pubmed/8015972
https://www.ncbi.nlm.nih.gov/pubmed/12807697
https://www.ncbi.nlm.nih.gov/pubmed/12807697
https://www.ncbi.nlm.nih.gov/pubmed/8140272
https://www.ncbi.nlm.nih.gov/pubmed/8140272
https://www.ncbi.nlm.nih.gov/pubmed/8140272
https://www.ncbi.nlm.nih.gov/pubmed/22203955
https://www.ncbi.nlm.nih.gov/pubmed/22203955
https://www.ncbi.nlm.nih.gov/pubmed/1812404
https://www.ncbi.nlm.nih.gov/pubmed/1791927
https://www.ncbi.nlm.nih.gov/pubmed/1791927
https://www.ncbi.nlm.nih.gov/pubmed/28093230
https://www.ncbi.nlm.nih.gov/pubmed/23395092
https://www.ncbi.nlm.nih.gov/pubmed/28093230
https://www.ncbi.nlm.nih.gov/pubmed/28093230
https://www.ncbi.nlm.nih.gov/pubmed/22735756
https://www.ncbi.nlm.nih.gov/pubmed/22735756
https://www.ncbi.nlm.nih.gov/pubmed/22735756
https://www.ncbi.nlm.nih.gov/pubmed/30327535
https://www.ncbi.nlm.nih.gov/pubmed/30327535
https://www.ncbi.nlm.nih.gov/pubmed/28280221
https://www.ncbi.nlm.nih.gov/pubmed/28280221
https://www.ncbi.nlm.nih.gov/pubmed/28280221
https://www.ncbi.nlm.nih.gov/pubmed/28280221
https://www.ncbi.nlm.nih.gov/pubmed/28745296
https://www.ncbi.nlm.nih.gov/pubmed/28745296
https://www.ncbi.nlm.nih.gov/pubmed/29137110
https://www.ncbi.nlm.nih.gov/pubmed/29137110
https://www.ncbi.nlm.nih.gov/pubmed/29137110
https://www.ncbi.nlm.nih.gov/pubmed/28267450
https://www.ncbi.nlm.nih.gov/pubmed/26577829
https://www.ncbi.nlm.nih.gov/pubmed/26577829


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 25 

 

 

 

209. Cai H, Xie F, Mulgaonkar A, Chen L, Sun X, et al. (2018) Bombesin 

functionalized 64Cu-copper sulfide nanoparticles for targeted imaging 

of orthotopic prostate cancer. Nanomedicine (Lond) 13: 14. 

210. Kitamura K, Kangawa K, Kawamoto M, Ichiki Y, Nakamura S, et al. 

(1993) Adrenomedullin: a novel hypotensive peptide isolated from hu- 

man pheochromocytoma. Biochem Biophys Res Commun 192: 553- 

560. 

211. Kitamura K, Sakata J, Kangawa K, Kojima M, Matsuo H, et al. (1993) 

Cloning and characterization of cDNA encoding a precursor for human 

adrenomedullin. Biochem Biophys Res Commun 194: 720-725. 

212. Sakata J, Shimokubo T, Kitamura K, Nakamura S, Kangawa K, et al. 

(1993) Molecular cloning and biological activities of rat adrenomedul- 

lin, a hypotensive peptide. Biochem Biophys Res Commun 195: 921- 

927. 

213. Kitamura K, Kangawa K, Kojima M, Ichiki Y, Matsuo H, et al. (1994) 

Complete amino acid sequence of porcine adrenomedullin and cloning 

of cDNA encoding its precursor. FEBS Lett 338: 306-310. 

214. Eguchi S, Hirata Y, Iwasaki H, Sato K, Watanabe TX, et al. (1994) 

Structure-activity relationship of adrenomedullin, a novel vasodilatory 

peptide, in cultured rat vascular smooth muscle cells. Endocrinology 

135: 2454-2458. 

215. Cao YN, Kitamura K, Ito K, Kato J, Hashida S, et al. (2003) Glycine- 

extended adrenomedullin exerts vasodilator effect through amidation 

in the rat aorta. Regul Pept 113: 109-114. 

216. Kitamura K, Kangawa K, Ishiyama Y, Washimine H, Ichiki Y, et al. 

(1994) Identification and hypotensive activity of proadrenomedullin N- 

terminal 20 peptide (PAMP). FEBS Lett 351: 35-37. 

217. Kanazawa H, Kawaguchi T, Fujii T, Kudoh S, Hirata K, et al. (1995) 

Comparison of bronchodilator responses to adrenomedullin and proa- 

drenomedullin N-terminal 20 peptide. Life Sci 57: 241-245. 

218. Sugo S, Minamino N, Kangawa K, Miyamoto K, Kitamura K, et al. 

(1994) Endothelial cells actively synthesize and secrete adrenomedul- 

lin. Biochem Biophys Res Commun 201: 1160-1166. 

219. Martinez A, Miller MJ, Unsworth EJ, Siegfried JM, Cuttitta F (1995) 

Expression of adrenomedullin in normal human lung and lung tumors. 

Endocrinology 136: 4099-4105. 

220. Shoji H, Minamino H, Kangawa K, Matuso H (1995) Endotoxin mark- 

edly elevates plasma concentration and gene transcription of ad- 

renomedullin in rat. Biochem Biophys Res Commun 215: 531-537. 

221. Macri CJ, Martínez A, Moody TW, Gray KD, Miller MJ, et al. (1996) 

Detection of adrenomedullin, a hypotensive peptide, in amniotic fluid 

and fetal membranes. Am J Obstet Gynecol 175: 906-911. 

222. Montuenga LM, Martínez A, Miller MJ, Unsworth EJ, Cuttitta F (1997) 

Expression of adrenomedullin and its receptor during embryogenesis 

suggest aurtocrine or paracrine modes of action. Endocrinology 138: 

440-451. 

223. Caron KM, Smithies O (2001) Extreme hydrops fetalis and cardiovas- 

cular abnormalities in mice lacking a functional Adrenomedullin gene. 

Proc Natl Aca Sci USA 98: 615-619. 

224. McLatchie LM, Fraser NJ, Main MJ, Wise A, Brown J, et al. (1998) 

RAMPs regulate the transport and ligand specificity of the calcitonin- 

receptor-like receptor. Nature 393: 333-339. 

225. Pio R, Martinez A, Unsworth EJ, Kowalak JA, Bengoechea JA, et al. 

(2001) Complement factor H is a serum-binding protein for adrenom- 

edullin, and the resulting complex modulates the bioactivities of both 

partners. J Biol Chem 276: 12292-12300. 

226. Martínez A, Cuttitta F (1998) Adrenomedullin. IOS Press/Ohmsha, 

Amsterdam 1998. 

227. Harada K, Yamahara K, Ohnishi S, Otani K, Kanoh H, et al. (2011) 

Sustained-release adrenomedullin ointment accelerates wound heal- 

ing of pressure ulcers. Regul Pept 168: 21-26. 

228. Idrovo JP, Yang WL, Jacob A, Ajakaiye MA, Cheyuo C, et al. (2015) 

Combination of adrenomedullin with it binding protein accelerates cu- 

taneous wound healing. PLoS One 10: e0120225. 

229. López J, Cuesta N, Cuttitta F, Martínez A (1999) Adrenomedullin in 

nonmammalian vertebrate pancreas: an immunocytochemical study. 

Gen Comp Endocrinol 115: 309-322. 

230. Martínez A, Unsworth EJ, Cuttitta F (1996) Adrenomedullin-like immu- 

noreactivity in the nervous system of the starfish Marthasterias glacia- 

lis. Cell Tissue Res 283: 169-172. 

231. Peláez R, Niculcea M, Martínez A (2017) The Mammalian Peptide Ad- 

renomedullin Acts as a Growth Factor in Tobacco Plants. Front Physiol 

8: 219. 

232. Patt LM, Houck JC (1983) Role of polypeptides growth factors in nor- 

mal and abnormal growth. Kidney Int 23: 603-610. 

233. Roberts AB, Sporn MB (1987) Transforming growth factor-beta: Po- 

tential common mechanisms mediating its effects on embryogenesis, 

inflammation-repair, and carcinogenesis. Int J Rad Appl Instrum B 14: 

435-439. 

234. Withers DJ, Coppock HA, Seufferlein T, Smith DM, Bloom SR, et al. 

(1996) Adrenomedullin stimulates DNA synthesis and cell proliferation 

via elevation of cAMP in Swiss 3T3 cells. FEBS Lett 378: 83-87. 

235. Miller MJ, Martínez A, Unsworth EJ, Thiele CJ, Moody TW, et al. (1996) 

Adrenomedullin expression in human tumor cell lines. Its potential role 

as an autocrine growth factor. J Biol Chem 271: 23345-23351. 

236. Satoh F, Takahashi K, Murakami O, Totsune K, Sone M, et al. (1995) 

Adrenomedullin in human brain, adrenal glands and tumor tissues 

of pheochromocytoma, ganglioneuroblastoma and neuroblastoma. J 

Clin Endocrinol Metab 80: 1750-1752. 

237. Takahashi K, Satoh F, Hara E, Sone M, Murakami O, et al. (1997) 

Production and secretion of adrenomedullin from glial cell tumors and 

its effects on cAMP production. Peptides 18: 1117-1124. 

238. Martínez A, Elsasser TH, Muro-Cacho C, Moody TW, Miller MJ, et 

al. (1997) Expression of adrenomdullin and it receptor in normal and 

malignant human skin: a potential pluripotent role in the integument. 

Endocrinology 138: 5597-5604. 

239. Xu M, Qi F, Zhang S, Ma X, Wang S, et al. (2016) Adrenomedullin 

promotes growth of pancreatic ductal adenocarcinoma through recruit- 

ment of myelomonocytic cells. Oncotarget 7: 55043-55056. 

240. Hata K, Takebayashi Y, Akiba S, Fujiwaki R, Iida K, et al. (2000) Ex- 

pression of the adrenomedullin gene in ephithelial ovarian cancer. Mol 

Hum Reprod 6: 867-872. 

241. Rocchi P, Boudouresque F, Zamora AJ, Muracciole X, Lechevallier 

https://www.ncbi.nlm.nih.gov/pubmed/29786467
https://www.ncbi.nlm.nih.gov/pubmed/11116141
https://www.ncbi.nlm.nih.gov/pubmed/29786467
https://www.ncbi.nlm.nih.gov/pubmed/8387282
https://www.ncbi.nlm.nih.gov/pubmed/8387282
https://books.google.co.in/books?id=8Lzd13WTfCAC&pg=PP5&dq=Adrenomedullin.%2BIOS%2BPress/Ohmsha%2C%2BAmsterdam.&hl=en&sa=X&ved=0ahUKEwi2lKCu39reAhVTfisKHeXXBfMQ6AEIKjAA%23v%3Donepage&q=Adrenomedullin.%20IOS%20Press%2FOhmsha%2C%20Amsterdam.&f=false
https://www.ncbi.nlm.nih.gov/pubmed/8387282
https://www.ncbi.nlm.nih.gov/pubmed/21362442
https://www.ncbi.nlm.nih.gov/pubmed/7688224
https://www.ncbi.nlm.nih.gov/pubmed/7688224
https://www.ncbi.nlm.nih.gov/pubmed/25781901
https://www.ncbi.nlm.nih.gov/pubmed/7690563
https://www.ncbi.nlm.nih.gov/pubmed/7690563
https://www.ncbi.nlm.nih.gov/pubmed/7690563
https://www.ncbi.nlm.nih.gov/pubmed/8043068
https://www.ncbi.nlm.nih.gov/pubmed/8043068
https://www.ncbi.nlm.nih.gov/pubmed/8043068
https://www.ncbi.nlm.nih.gov/pubmed/7988431
https://www.ncbi.nlm.nih.gov/pubmed/7988431
https://www.ncbi.nlm.nih.gov/pubmed/7988431
https://www.ncbi.nlm.nih.gov/pubmed/7988431
https://www.ncbi.nlm.nih.gov/pubmed/12686469
https://www.ncbi.nlm.nih.gov/pubmed/12686469
https://www.ncbi.nlm.nih.gov/pubmed/12686469
https://www.ncbi.nlm.nih.gov/pubmed/8076689
https://www.ncbi.nlm.nih.gov/pubmed/8076689
https://www.ncbi.nlm.nih.gov/pubmed/8076689
https://www.ncbi.nlm.nih.gov/pubmed/7564889
https://www.ncbi.nlm.nih.gov/pubmed/7564889
https://www.ncbi.nlm.nih.gov/pubmed/7564889
https://www.ncbi.nlm.nih.gov/pubmed/8024557
https://www.ncbi.nlm.nih.gov/pubmed/8024557
https://www.ncbi.nlm.nih.gov/pubmed/8024557
https://www.ncbi.nlm.nih.gov/pubmed/7649118
https://www.ncbi.nlm.nih.gov/pubmed/7649118
https://www.ncbi.nlm.nih.gov/pubmed/7649118
https://www.ncbi.nlm.nih.gov/pubmed/7487988
https://www.ncbi.nlm.nih.gov/pubmed/7487988
https://www.ncbi.nlm.nih.gov/pubmed/7487988
https://www.ncbi.nlm.nih.gov/pubmed/8885746
https://www.ncbi.nlm.nih.gov/pubmed/8885746
https://www.ncbi.nlm.nih.gov/pubmed/8885746
https://www.ncbi.nlm.nih.gov/pubmed/8977434
https://www.ncbi.nlm.nih.gov/pubmed/8977434
https://www.ncbi.nlm.nih.gov/pubmed/8977434
https://www.ncbi.nlm.nih.gov/pubmed/8977434
https://www.ncbi.nlm.nih.gov/pubmed/11149956
https://www.ncbi.nlm.nih.gov/pubmed/11149956
https://www.ncbi.nlm.nih.gov/pubmed/11149956
https://www.ncbi.nlm.nih.gov/pubmed/9620797
https://www.ncbi.nlm.nih.gov/pubmed/9620797
https://www.ncbi.nlm.nih.gov/pubmed/9620797
https://www.ncbi.nlm.nih.gov/pubmed/11116141
https://www.ncbi.nlm.nih.gov/pubmed/11116141
https://www.ncbi.nlm.nih.gov/pubmed/11116141
https://www.ncbi.nlm.nih.gov/pubmed/11116141
https://books.google.co.in/books?id=8Lzd13WTfCAC&pg=PP5&dq=Adrenomedullin.%2BIOS%2BPress/Ohmsha%2C%2BAmsterdam.&hl=en&sa=X&ved=0ahUKEwi2lKCu39reAhVTfisKHeXXBfMQ6AEIKjAA%23v%3Donepage&q=Adrenomedullin.%20IOS%20Press%2FOhmsha%2C%20Amsterdam.&f=false
https://books.google.co.in/books?id=8Lzd13WTfCAC&pg=PP5&dq=Adrenomedullin.%2BIOS%2BPress/Ohmsha%2C%2BAmsterdam.&hl=en&sa=X&ved=0ahUKEwi2lKCu39reAhVTfisKHeXXBfMQ6AEIKjAA%23v%3Donepage&q=Adrenomedullin.%20IOS%20Press%2FOhmsha%2C%20Amsterdam.&f=false
https://www.ncbi.nlm.nih.gov/pubmed/21362442
https://www.ncbi.nlm.nih.gov/pubmed/21362442
https://www.ncbi.nlm.nih.gov/pubmed/21362442
https://www.ncbi.nlm.nih.gov/pubmed/25781901
https://www.ncbi.nlm.nih.gov/pubmed/25781901
https://www.ncbi.nlm.nih.gov/pubmed/25781901
https://www.ncbi.nlm.nih.gov/pubmed/10480982
https://www.ncbi.nlm.nih.gov/pubmed/10480982
https://www.ncbi.nlm.nih.gov/pubmed/10480982
https://www.ncbi.nlm.nih.gov/pubmed/8593645
https://www.ncbi.nlm.nih.gov/pubmed/8593645
https://www.ncbi.nlm.nih.gov/pubmed/8593645
https://www.ncbi.nlm.nih.gov/pubmed/28446879
https://www.ncbi.nlm.nih.gov/pubmed/28446879
https://www.ncbi.nlm.nih.gov/pubmed/28446879
https://www.sciencedirect.com/science/article/pii/S0085253815329355
https://www.sciencedirect.com/science/article/pii/S0085253815329355
https://www.nucmedbio.com/article/0883-2897(87)90020-1/pdf
https://www.nucmedbio.com/article/0883-2897(87)90020-1/pdf
https://www.nucmedbio.com/article/0883-2897(87)90020-1/pdf
https://www.nucmedbio.com/article/0883-2897(87)90020-1/pdf
https://www.ncbi.nlm.nih.gov/pubmed/8549809
https://www.ncbi.nlm.nih.gov/pubmed/8549809
https://www.ncbi.nlm.nih.gov/pubmed/8549809
https://www.ncbi.nlm.nih.gov/pubmed/8798536
https://www.ncbi.nlm.nih.gov/pubmed/8798536
https://www.ncbi.nlm.nih.gov/pubmed/8798536
https://www.ncbi.nlm.nih.gov/pubmed/7745031
https://www.ncbi.nlm.nih.gov/pubmed/7745031
https://www.ncbi.nlm.nih.gov/pubmed/7745031
https://www.ncbi.nlm.nih.gov/pubmed/7745031
https://www.ncbi.nlm.nih.gov/pubmed/9396051
https://www.ncbi.nlm.nih.gov/pubmed/9396051
https://www.ncbi.nlm.nih.gov/pubmed/9396051
https://www.ncbi.nlm.nih.gov/pubmed/9389548
https://www.ncbi.nlm.nih.gov/pubmed/9389548
https://www.ncbi.nlm.nih.gov/pubmed/9389548
https://www.ncbi.nlm.nih.gov/pubmed/9389548
https://www.ncbi.nlm.nih.gov/pubmed/27391260
https://www.ncbi.nlm.nih.gov/pubmed/27391260
https://www.ncbi.nlm.nih.gov/pubmed/27391260
https://www.ncbi.nlm.nih.gov/pubmed/11006313
https://www.ncbi.nlm.nih.gov/pubmed/11006313
https://www.ncbi.nlm.nih.gov/pubmed/11006313
https://www.ncbi.nlm.nih.gov/pubmed/11221851


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 26 

 

 

 

E, et al. (2001) Expression of adrenomedullin and peptide amidation 

activity in human prostate cancer and in human prostate cancer cell 

lines. Cancer Res 61: 1196-1206. 

242. Letizia C, Tamburrano G, Alo P, Paoloni A, Caliumi C, et al. (2001) 

Adrenomedullin, a new peptide, in patients with insulinoma. Eur J En- 

docrinol 144: 517-520. 

243. Albertin G, Forneris M, Aragona F, Nussdorfer GG (2001) Expression 

of adrenomedullin and its receptor in the human adrenal cortex and 

aldosteronomas. Int J Mol Med 8: 423-426. 

244. Li Z, Takeuchi S, Otani T, Maruo T (2001) Implications of adrenom- 

edullin expression in the invasion of squamous cell carcinoma of the 

uterine cervix. Int J Clin Oncol 6: 263-270. 

245. Huang TH, Chu TY (2014) Repression of miR-126 and upregulation 

of adrenomedullin in the stromal endothelium by cancer-stromal cross 

talks confers angiogenesis of cervical cancer. Oncogene 33: 3636- 

3647. 

246. Oehler MK, Hague S, Rees MC, Bicknell R (2002) Adrenomedullin 

promotes formation of xenografted endometrial tumors by stimulation 

of autocrine growth and angiogenesis. Oncogene 21: 2815-2821. 

247. Fujita Y, Mimata H, Nasu N, Nomura T, Nomura Y, et al. (2002) Involve- 

ment of adrenomedullin induced by hypoxia in angiogenesis in human 

renal cell carcinoma. Int J Urol 9: 285-295. 

248. Giacalone PL, Vuaroqueaux V, Daurés JP, Houafic L, Martin PM, et al. 

(2003) Expression of adrenomedullin in human ovaries, ovarian cysts 

and cancers. Correlation with estrogens receptor status. Eur J Obstet 

Gynecol Reprod Biol 110: 224-229. 

249. Kim JY, Park WD, Lee S, Park JH (2012) Adrenomedullin involved in 

the progression of colonic adenocarcinoma. Mol Med Rep 6: 1030- 

1034. 

250. Oehler MK, Fischer DC, Orlowska-Volk M, Herrle F, Kieback DG, et 

al. (2003) Tissue and plasma expression of the angiogenic peptide 

adrenomedullin in breast cancer. Br J Cancer 89: 1927-1933. 

251. Martínez A, Vos M, Guédez L, Kaur G, Chen Z, et al. (2002) The ef- 

fects of adrenomedullin overexpression in breast tumor cells. J Natl 

Cancer Inst 94: 1226-1237. 

252. Cuttitta F, Pío R, Garayoa M, Zudaire E, Julián M, et al. (2002) Ad- 

renomedullin functions as an important tumor survival factor in human 

carcinogenesis. Microsc Res Tech 57: 110-119. 

253. Zudaire E, Martínez A, Cuttitta F (2003) Adrenomedullin and cancer. 

Regul Pept 112: 175-183. 

254. Zudaire E, Portal-Núñez S, Cuttitta F (2005) The central role of ad- 

renomedullin in host defense. J Leukoc Biol 80: 237-244. 

255. Ouafik L, Sauze S, Boudouresque F, Chinot O, Delfino C, et al. (2002) 

Neutralization of adrenomedullin inhibits the growth of human glioblas- 

toma cell lines in vitro and suppresses tumor xenograft growth In vivo. 

Am J Pathol 160: 1279-1292. 

256. Ramachandran V, Arumugam T, Hwang RF, Greenson JK, Simeone 

DM, et al. (2007) Adrenomedullin is expressed in pancreatic cancer 

and stimulates cell proliferation and invasion in an autocrine manner 

via the adrenomedullin receptor, ADMR. Cancer Res 67: 2666-2675. 

257. Berenguer-Daizé C, Boudouresque F, Bastide C, Tounsi A, Benyahia 

Z, et al. (2013) Adrenomedullin blockade suppresses growth of human 

hormone-independent prostate tumor xenograft in mice. Clin Cancer 

Res 19: 6138-6150. 

258. Nouguerède E, Berenguer C, Garcia S, Bennani B, Delfino C, et al. 

(2013) Expression of adrenomedullin in human colorectal tumors and 

its role in cell growth and invasion in vitro and in xenograft growth In 

vivo. Cancer Med 2: 196-207. 

259. Gao Y, Li J, Qiao N, Meng Q, Zhang M, et al. (2016) Adrenomedullin 

blockade suppresses sunitinib-resistant renal cell carcinoma growth 

by targeting the ERK/MAPK pathways. Oncotarget 7: 63374-63387. 

260. Shimekake Y, Nagata K, Ohta S, Kambayashi Y, Teraoka H, et al. 

(1995) Adrenomedullin stimulates two signal transduction pathways, 

cAMP accumulation and Ca2+ mobilization, in bovine aortic endothelial 

cells. J Biol Chem 270: 4412-4417. 

261. Andreis PG, Markowska A, Champion HC, Mazzocchi G, Malendow- 

icz LK, et al. (2000) Adrenomedullin enhances cell proliferation and 

deoxyribonucleic acid synthesis in rat adrenal zona glomerulosa: re- 

ceptor subtype and signaling mechanism. Endocrinology 141: 2098- 

2104. 

262. Maki T, Ihara M, Fujita Y, Nambu T, Harada H, et al. (2011) Angiogenic 

roles of adrenomedullin through vascular endothelial growth factor in- 

duction. Neuroreport 22: 442-447. 

263. Garayoa M, Martínez A, Lee S, Pío R, An WG, et al. (2000) Hypoxia- 

inducible factor-1 (HIF-1) up-regulates adrenomedullin expression in 

human tumor cell lines during oxygen deprivation: a possible promo- 

tion mechanism of carcinogenesis. Mol Endocrinol 14: 848-862. 

264. Nakayama M, Takahashi K, Kitamuro T, Murakami O, Shirato K, et al. 

(2000) Transcriptional control of adrenomedullin induction by phorbol 

ester in human monocytic leukemia cells. Eur J Biochem 267: 3559- 

3566. 

265. Kubo A, Minamino N, Isumi Y, Katafuchi K, Dohi K, et al. (1998) Pro- 

duction of adrenomedullin in macrophage cells lines and peritoneal 

macrophage. J Bio Chem 273: 16730-16738. 

266. Isumi Y, Minamino N, Katafuchi t, Yoshioka M, Tsuji T, et al. (1998) 

Adrenomedullin production in fibroblasts: its prossible function as a 

growth regulator of Swiss 3T3 cells. Endocrinology 139: 2552-2563. 

267. Sugo S, Minamino N, Shoji H, Kangawa K, Kitamura K, et al. (1995) 

Interleukin-1, tumor necrosis factor and lipopolysaccharide additively 

stimulate production of adrenomedullin in vascular smooth muscle 

cells. Biochem Biophys Res Commun 207: 25-32. 

268. Portal-Nuñez S, Shankavaram UT, Rao M, Datrice N, Atay S, et al. 

(2012) Aryl hydrocarbon receptor-induced adrenomedullin mediates 

cigarette smoke carcinogenicity in humans and mice. Cancer Res 72: 

5790-5800. 

269. Allaker RP, Zihni C, Kapas S (1999) An investigation into the antimicro- 

bial effects of adrenomedullin on members of the skin, oral, respiratory 

tract and gut microflora. FEMS Immunol Med Microbiol 23: 289-293. 

270. Marutsuka K, Nawa Y, Asada Y, Hara S, Kitamura K, et al. (2001) Ad- 

renomedullin and proadrenomedullin N-terminal 20 peptide (PAM) are 

present in human colonic epithelia and exert an antimicrobial effect. 

Exp Physiol 86: 543-545. 

271. Allaker RP, Grosvenor PW, McAnerney DC, Sheehan BE, Srikanta 

BH, et al. (2006) Mechanisms of adrenomedullin antimicrobial action. 

Peptides 27: 661-666. 

https://www.ncbi.nlm.nih.gov/pubmed/11221851
https://www.ncbi.nlm.nih.gov/pubmed/11221851
https://www.ncbi.nlm.nih.gov/pubmed/11221851
https://www.ncbi.nlm.nih.gov/pubmed/11331218
https://www.ncbi.nlm.nih.gov/pubmed/11331218
https://www.ncbi.nlm.nih.gov/pubmed/11562782
https://www.ncbi.nlm.nih.gov/pubmed/11562782
https://www.ncbi.nlm.nih.gov/pubmed/11828944
https://www.ncbi.nlm.nih.gov/pubmed/11828944
https://www.ncbi.nlm.nih.gov/pubmed/24037526
https://www.ncbi.nlm.nih.gov/pubmed/24037526
https://www.ncbi.nlm.nih.gov/pubmed/24037526
https://www.ncbi.nlm.nih.gov/pubmed/11973640
https://www.ncbi.nlm.nih.gov/pubmed/11973640
https://www.ncbi.nlm.nih.gov/pubmed/12110091
https://www.ncbi.nlm.nih.gov/pubmed/12110091
https://www.ncbi.nlm.nih.gov/pubmed/12969589
https://www.ncbi.nlm.nih.gov/pubmed/12969589
https://www.ncbi.nlm.nih.gov/pubmed/12969589
https://www.ncbi.nlm.nih.gov/pubmed/22923200
https://www.ncbi.nlm.nih.gov/pubmed/22923200
https://www.ncbi.nlm.nih.gov/pubmed/14612905
https://www.ncbi.nlm.nih.gov/pubmed/14612905
https://www.ncbi.nlm.nih.gov/pubmed/12189226
https://www.ncbi.nlm.nih.gov/pubmed/12189226
https://www.ncbi.nlm.nih.gov/pubmed/11921362
https://www.ncbi.nlm.nih.gov/pubmed/11921362
https://www.sciencedirect.com/science/article/abs/pii/S0167011503000375
https://www.ncbi.nlm.nih.gov/pubmed/16769769
https://www.ncbi.nlm.nih.gov/pubmed/11943713
https://www.ncbi.nlm.nih.gov/pubmed/11943713
https://www.ncbi.nlm.nih.gov/pubmed/11943713
https://www.ncbi.nlm.nih.gov/pubmed/17363587
https://www.ncbi.nlm.nih.gov/pubmed/17363587
https://www.ncbi.nlm.nih.gov/pubmed/17363587
https://www.ncbi.nlm.nih.gov/pubmed/24100627
https://www.ncbi.nlm.nih.gov/pubmed/24100627
https://www.ncbi.nlm.nih.gov/pubmed/24100627
https://www.ncbi.nlm.nih.gov/pubmed/23634287
https://www.ncbi.nlm.nih.gov/pubmed/11331218
https://www.ncbi.nlm.nih.gov/pubmed/23634287
https://www.ncbi.nlm.nih.gov/pubmed/23634287
https://www.ncbi.nlm.nih.gov/pubmed/27556517
https://www.ncbi.nlm.nih.gov/pubmed/27556517
https://www.ncbi.nlm.nih.gov/pubmed/7876206
https://www.ncbi.nlm.nih.gov/pubmed/7876206
https://www.ncbi.nlm.nih.gov/pubmed/7876206
https://www.ncbi.nlm.nih.gov/pubmed/10830296
https://www.ncbi.nlm.nih.gov/pubmed/10830296
https://www.ncbi.nlm.nih.gov/pubmed/10830296
https://www.ncbi.nlm.nih.gov/pubmed/10830296
https://www.ncbi.nlm.nih.gov/pubmed/21558971
https://www.ncbi.nlm.nih.gov/pubmed/21558971
https://www.ncbi.nlm.nih.gov/pubmed/10847587
https://www.ncbi.nlm.nih.gov/pubmed/10847587
https://www.ncbi.nlm.nih.gov/pubmed/10847587
https://www.ncbi.nlm.nih.gov/pubmed/10848972
https://www.ncbi.nlm.nih.gov/pubmed/10848972
https://www.ncbi.nlm.nih.gov/pubmed/10848972
https://www.ncbi.nlm.nih.gov/pubmed/9642228
https://www.ncbi.nlm.nih.gov/pubmed/9642228
https://www.ncbi.nlm.nih.gov/pubmed/9564871
https://www.ncbi.nlm.nih.gov/pubmed/9564871
https://www.ncbi.nlm.nih.gov/pubmed/7857273
https://www.ncbi.nlm.nih.gov/pubmed/7857273
https://www.ncbi.nlm.nih.gov/pubmed/7857273
https://www.ncbi.nlm.nih.gov/pubmed/22993405
https://www.sciencedirect.com/science/article/abs/pii/S0167011503000375
https://www.ncbi.nlm.nih.gov/pubmed/22993405
https://www.ncbi.nlm.nih.gov/pubmed/22993405
https://www.ncbi.nlm.nih.gov/pubmed/10225288
https://www.ncbi.nlm.nih.gov/pubmed/10225288
https://physoc.onlinelibrary.wiley.com/doi/10.1113/eph8602250
https://physoc.onlinelibrary.wiley.com/doi/10.1113/eph8602250
https://physoc.onlinelibrary.wiley.com/doi/10.1113/eph8602250
https://www.ncbi.nlm.nih.gov/pubmed/16226342
https://www.ncbi.nlm.nih.gov/pubmed/16226342


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 27 

 

 

 

272. Zaks-Zilberman M, Salkowski CA, Elsasser T, Cuttitta F, Vogel SN 

(1998) Induction of adrenomedullin mRNA and protein by lipopolysac- 

charide and paclitaxel (Taxol) in murine macrophages. Infect Immun 

66: 4669-4675. 

273. Matsushima M, Kitaichi K, Tatsumi Y, Hasegawa T, Takagi K (2003) 

The expression of mRNA for calcitonin receptor-like receptor/receptor- 

activity modifying proteins in rat peritoneal mast cells. Eur J Pharmacol 

464: 111-114. 

274. Zudaire E, Martínez A, Garayoa M, Pío R, Kaur G, et al. (2006) Ad- 

renomedullin is a cross-talk molecule that regulates tumor and mast 

cell function during human carcinogenesis. Am J Pathol 168: 280- 

291. 

275. Kitabatake Y, Kawamura S, Yamashita M, Okuyama K, Takayanagi M, 

et al. (2004) The expression of mRNA for calcitonin gene-related pep- 

tide receptors in a mucosal type mast cell line, RBL-2H3. Biol Pharm 

Bull 27: 896-898. 

276. Castellani G, Paliuri G, Orso G, Paccagnella N, D’Amore C, et al. 

(2016) An intracellular adrenomedullin system reduces IL-6 release 

via a NF-kB-mediated, cAMP-independent transcriptional mechanism 

in rat thymic epithelial cells. Cytokine 88: 136-143. 

277. Li M, Schwerbrock NMJ, Lenhart PM, Fritz-Six KL, Kadmiel M, et al. 

(2013) Fetal-derived adrenomedullin mediates the innate immune mi- 

lieu of the placenta. J Clin Invest 123: 2408-2420. 

278. Kamoi H, Kanazawa H, Hirata K, Kurihara N, Yano Y, et al. (1995) 

Adrenomedullin inhibits the secretion of cytokine-induced neutrophil 

chemoattractant, a member of the interleukin-8 family, from rat alveo- 

lar macrophages. Biochem Biophys Res Commun 211: 1031-1035. 

279. Aponte-López A, Fuentes-Pananá EM, Cortes-Muñoz D, Muñoz-Cruz 

S (2018) Mast Cell, the Neglected Member of the Tumor Microenviron- 

ment: Role in Breast Cancer. J Immunol Res 2018: 2584243. 

280. Marech I, Ammendola M, Leporini C, Patruno R, Luposella M, et al. 

(2017) C-Kit receptor and tryptase expressing mast cells correlate with 

angiogenesis in breast cancer patients. Oncotarget 9: 7918-7927. 

281. Das Roy L, Curry JM, Sahraei M, Besmer DM, Kidiyoor A, et al. (2013) 

Arthritis augments breast cancer metastasis: role of mast cell and 

SCF/c-kit. Breast Cancer Res 15: R32. 

282. Siclari VA, Mohammad KS, Tompkins DR, Davis H, McKenna CR, et 

al. (2014) Tumor-expressed adrenomedullin accelerates breast can- 

cer bone metastasis. Breast Cancer Res 16: 458. 

283. Avagliano A, Granato G, Ruocco MR, Romano V, Belviso I, et al. 

(2018) Metabolic Reprogramming of Cancer Associated Fibroblasts: 

The Slavery of Stromal Fibroblasts. Biomed Res Int 2018: 6075403. 

284. Ruocco MR, Avagliano A, Granato G, Imparato V, Masone S, et al. 

(2018) Involvement of breast cancer associated fibroblasts in tumor 

development, therapy resistance and evaluation of potential therapeu- 

tic strategies. Curr Med Chem 25: 3414-3434. 

285. Benyahia Z, Dussault N, Cayol M, Sigaud R, Berenguer-Daizé C, et 

al. (2017) Stromal fibroblasts present in breast carcinomas promote 

tumor growth and angiogenesis through adrenomedullin secretion. 

Oncotarget 8: 15744-15762. 

286. Jahnke GD, Miller MJ, Martínez A, Montuenga L, Cuttitta F (1997) Ad- 

renomedullin expression in the mouse mammary gland: evidence for 

the mature form in milk. J Mol Endocrinol 19: 279-289. 

287. Pío R, Martínez A, Elsasser TH, Cuttitta F (2000) Presence of immu- 

noreactive adrenomedullin in human and bovine milk. Peptides 21: 

1859-1863. 

288. Garayoa M, Bodegas E, Cuttitta F, Montuenga LM (2002) Adrenom- 

edullin in mammalian embryogenesis. Microsc Res Tech 57: 40-54. 

289. Tatemoto K, Hosoya M, Habata Y, Fuji R, Kakegawa T, et al. (1998) Iso- 

lation and characterization of a novel endogenous peptide ligand for the 

human APJ receptor. Biochem Biophys Res Commun 251: 471-476. 

290. Shin K, Kenward C, Rainey JK (2018) Apelinergic system structure 

and function. Compr Physiol 8: 407-450. 

291. Lee DK, Cheng R, Nguyen T, Fan T, Kariyawasam AP, et al. (2000) 

Characterization of apelin, the ligand for the APJ receptor. J Neuro- 

chem 74: 34-41. 

292. De Falco M, De Luca L, Onori N, Cavallotti I, Artigiano F, et al. (2002) 

Apelin expression in normal human tissue. In vivo 16: 333-336. 

293. Schilffarth S, Antoni B, Schams D, Meyer HH, Berisha B (2009) The 

expression of apelin and its receptor APJ during different physiological 

stages in the bovine ovary. Int J Biol Sci 5: 344-350. 

294. Kurowska P, Barbe A, Rózycka M, Chmielinska J, Dupont J, et al. 

(2018) Apelin in reproductive physiology and pathology of different 

species: a critical review. Int J Endocrinol 2018: 9170480. 

295. Wysocka MB, Pietraszek-Gremplewicz K, Nowak D (2018) The role 

of apelin in cardiovascular disease, obesity and cancer. Front Physiol 

9: 557. 

296. Zhang J, Liu Q, Hu X, Fang Z, Huang F, et al. (2015) Apelin/APJ sig- 

naling promotes hypoxia-induced proliferation of endothelial progeni- 

tor cells via phosphoinositide-3 kinase/Akt signaling. Mol Med Rep 12: 

3829-3834. 

297. Zhang J, Liu Q, Fang Z, Hu X, Huang F, et al. (2016) Hypoxia induces 

the proliferation of endothelial progenitor cells via upregulation of ape- 

lin/APLNR/MAPK signaling. Mol Med Rep 13: 1801-1806. 

298. Xin Q, Cheng B, Pan Y, Liu H, Yang C, et al. (2015) Neuroprotective 

effects of apelin-13 on experimental ischemic stroke through suppres- 

sion of inflammation. Peptides 63: 55-62. 

299. Fan XF, Xue F, Zhang YQ, Xing XP, Liu H, et al. (2015) The Apelin- 

APJ axis is an endogenous counter-injury mechanism in experimental 

acute lung injury. Chest 147: 969-978. 

300. Berta J, Hoda MA, Laszio V, Rozsas A, Garay T, et al. (2014) Apelin 

promotes lymphoangiogenesis and lymph node metastasis. Oncotar- 

get 5: 4426-4437. 

301. Hall C, Ehrlich L, Venter J, O’Brien A, White T, et al. (2017) Inhibition of 

the apelin/apelin receptor axis decreases cholangiocarcinoma growth. 

Cancer Lett 386: 179-188. 

302. Lacquaniti A, Altavilla G, Picone A, Donato V, Chirico V, et al. (2015) 

Apelin beyond kidney failure and hyponatremia: a useful biomarker for 

cancer disease progression evaluation. Clin Exp Med 15: 97-105. 

303. Peng X, Li F, Wang P, Jia S, Sun L, et al. (2015) Apelin-13 induces 

MCF-7 cell proliferation and invasion via phosphorylation of ERK1/2. 

Int J Mol Med 36: 733-738. 

304. Chen T, Liu N, Xu GM, Liu TJ, Liu Y, et al. (2017) Apelin13/APJ pro- 

motes proliferation of colon carcinoma by activating Notch3 signaling 

pathway. Oncotarget 8: 101697-101706. 

https://www.ncbi.nlm.nih.gov/pubmed/9746563
https://www.ncbi.nlm.nih.gov/pubmed/11150646
https://www.ncbi.nlm.nih.gov/pubmed/9746563
https://www.ncbi.nlm.nih.gov/pubmed/9746563
https://www.ncbi.nlm.nih.gov/pubmed/11921355
https://www.ncbi.nlm.nih.gov/pubmed/12620502
https://www.ncbi.nlm.nih.gov/pubmed/12620502
https://www.ncbi.nlm.nih.gov/pubmed/9792798
https://www.ncbi.nlm.nih.gov/pubmed/16400030
https://www.ncbi.nlm.nih.gov/pubmed/16400030
https://www.ncbi.nlm.nih.gov/pubmed/29357134
https://www.ncbi.nlm.nih.gov/pubmed/16400030
https://www.ncbi.nlm.nih.gov/pubmed/10617103
https://www.ncbi.nlm.nih.gov/pubmed/15187441
https://www.ncbi.nlm.nih.gov/pubmed/15187441
https://www.ncbi.nlm.nih.gov/pubmed/15187441
https://www.ncbi.nlm.nih.gov/pubmed/27619517
https://www.ncbi.nlm.nih.gov/pubmed/19461937
https://www.ncbi.nlm.nih.gov/pubmed/27619517
https://www.ncbi.nlm.nih.gov/pubmed/27619517
https://www.ncbi.nlm.nih.gov/pubmed/29977292
https://www.ncbi.nlm.nih.gov/pubmed/23635772
https://www.ncbi.nlm.nih.gov/pubmed/23635772
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/7598689
https://www.ncbi.nlm.nih.gov/pubmed/7598689
https://www.ncbi.nlm.nih.gov/pubmed/7598689
https://www.ncbi.nlm.nih.gov/pubmed/29651440
https://www.ncbi.nlm.nih.gov/pubmed/29651440
https://www.ncbi.nlm.nih.gov/pubmed/29651440
https://www.ncbi.nlm.nih.gov/pubmed/26676468
https://www.ncbi.nlm.nih.gov/pubmed/29487702
https://www.ncbi.nlm.nih.gov/pubmed/29487702
https://www.ncbi.nlm.nih.gov/pubmed/25278489
https://www.ncbi.nlm.nih.gov/pubmed/23577751
https://www.ncbi.nlm.nih.gov/pubmed/23577751
https://www.ncbi.nlm.nih.gov/pubmed/25439669
https://www.ncbi.nlm.nih.gov/pubmed/25439669
https://www.ncbi.nlm.nih.gov/pubmed/25439669
https://www.hindawi.com/journals/bmri/2018/6075403/
https://www.hindawi.com/journals/bmri/2018/6075403/
https://www.hindawi.com/journals/bmri/2018/6075403/
https://www.ncbi.nlm.nih.gov/pubmed/29521203
https://www.ncbi.nlm.nih.gov/pubmed/29521203
https://www.ncbi.nlm.nih.gov/pubmed/29521203
https://www.ncbi.nlm.nih.gov/pubmed/24469934
https://www.ncbi.nlm.nih.gov/pubmed/28178651
https://www.ncbi.nlm.nih.gov/pubmed/28178651
https://www.ncbi.nlm.nih.gov/pubmed/26135903
https://www.ncbi.nlm.nih.gov/pubmed/28178651
https://www.ncbi.nlm.nih.gov/pubmed/9460649
https://www.ncbi.nlm.nih.gov/pubmed/29254197
https://www.ncbi.nlm.nih.gov/pubmed/9460649
https://www.ncbi.nlm.nih.gov/pubmed/11150646
https://www.ncbi.nlm.nih.gov/pubmed/11150646
https://www.ncbi.nlm.nih.gov/pubmed/11150646
https://www.ncbi.nlm.nih.gov/pubmed/11921355
https://www.ncbi.nlm.nih.gov/pubmed/11921355
https://www.ncbi.nlm.nih.gov/pubmed/9792798
https://www.ncbi.nlm.nih.gov/pubmed/9792798
https://www.ncbi.nlm.nih.gov/pubmed/9792798
https://www.ncbi.nlm.nih.gov/pubmed/29357134
https://www.ncbi.nlm.nih.gov/pubmed/29357134
https://www.ncbi.nlm.nih.gov/pubmed/10617103
https://www.ncbi.nlm.nih.gov/pubmed/10617103
https://www.ncbi.nlm.nih.gov/pubmed/10617103
https://www.ncbi.nlm.nih.gov/pubmed/12494873
https://www.ncbi.nlm.nih.gov/pubmed/12494873
https://www.ncbi.nlm.nih.gov/pubmed/19461937
https://www.ncbi.nlm.nih.gov/pubmed/19461937
https://www.ncbi.nlm.nih.gov/pubmed/19461937
https://www.ncbi.nlm.nih.gov/pubmed/29977292
https://www.ncbi.nlm.nih.gov/pubmed/29977292
https://www.ncbi.nlm.nih.gov/pubmed/29977292
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/29875677
https://www.ncbi.nlm.nih.gov/pubmed/26018184
https://www.ncbi.nlm.nih.gov/pubmed/26018184
https://www.ncbi.nlm.nih.gov/pubmed/26018184
https://www.ncbi.nlm.nih.gov/pubmed/26018184
https://www.ncbi.nlm.nih.gov/pubmed/26676468
https://www.ncbi.nlm.nih.gov/pubmed/26676468
https://www.ncbi.nlm.nih.gov/pubmed/26676468
https://www.ncbi.nlm.nih.gov/pubmed/25278489
https://www.ncbi.nlm.nih.gov/pubmed/25278489
https://www.ncbi.nlm.nih.gov/pubmed/25278489
https://www.ncbi.nlm.nih.gov/pubmed/25375801
https://www.ncbi.nlm.nih.gov/pubmed/25375801
https://www.ncbi.nlm.nih.gov/pubmed/25375801
https://www.ncbi.nlm.nih.gov/pubmed/24962866
https://www.ncbi.nlm.nih.gov/pubmed/24962866
https://www.ncbi.nlm.nih.gov/pubmed/24962866
https://www.ncbi.nlm.nih.gov/pubmed/27894959
https://www.ncbi.nlm.nih.gov/pubmed/27894959
https://www.ncbi.nlm.nih.gov/pubmed/27894959
https://www.ncbi.nlm.nih.gov/pubmed/24469934
https://www.ncbi.nlm.nih.gov/pubmed/24469934
https://www.ncbi.nlm.nih.gov/pubmed/24469934
https://www.ncbi.nlm.nih.gov/pubmed/26135903
https://www.ncbi.nlm.nih.gov/pubmed/26135903
https://www.ncbi.nlm.nih.gov/pubmed/26135903
https://www.ncbi.nlm.nih.gov/pubmed/29254197
https://www.ncbi.nlm.nih.gov/pubmed/29254197
https://www.ncbi.nlm.nih.gov/pubmed/29254197


Citation: Salomon DS, Cuttitta F (2019) Novel Angiogenic Peptides in Breast Cancer. Adv Breast Cancer Ther: ABCT-112. DOI: 10.29011/ABCT-112/100011. 

Volume 2019; Issue 01 28 

 

 

 

305. Chng SC, Ho L, Tian J, Reversade B (2013) ELABELA: a hormone 

essential for heart development signals via the apelin receptor. Dev 

Cell 27: 672-680. 

306. Pauli A, Norris ML, Valen E, Chew GL, Gagnon JA, et al. (2014) Tod- 

dler: an embryonic signal that promotes cell movement via Apelin re- 

ceptors. Science 343: 1248636. 

307. Chapman NA, Dupré DJ, Rainey JK (2014) The apelin receptor: physi- 

ology, pathology, cell signaling, and ligand modulation of a peptide- 

activated class A GPCR. Biochem Cell Biol 92: 431-440. 

308. Freyer L, Hsu CW, Nowotschin S, Pauli A, Ishida J, et al. (2017) Loss 

of Apela Peptide in Mice Causes Low Penetrance Embryonic Lethal- 

ity and Defects in Early Mesodermal Derivatives. Cell Rep 29: 2116- 

2130. 

309. Yang P, Read C, Kuc RE, Buonincontri G, Southwood M, et al. (2017) 

Elabela/Toddler Is an Endogenous Agonist of the Apelin APJ Receptor 

in the Adult Cardiovascular System, and Exogenous Administration of 

the Peptide Compensates for the Downregulation of Its Expression in 

Pulmonary Arterial Hypertension. Ciruclation 135: 1160-1173. 

310. Yi Y, Tsai SH, Cheng JC, Wang EY, Anglesio MS, et al. (2017) APELA 

promotes tumour growth and cell migration in ovarian cancer in a p53- 

dependent manner. Gynecol Oncol 147: 663-671. 

311. Norris ML, Pauli A, Gagnon JA, Lord ND, Rogers KW, et al. (2017) 

Toddler signaling regulates mesodermal cell migration downstream of 

Nodal signaling. Elife 6: e22626. 

312. Fang C, Avis I, Bianco C, Held N, Morris J, et al. (2013) SCNH2 is a 

novel apelinergic family member acting as a potential mitogenic and 

chemotactic factor for both endothelial and epithelial cells. Open J Clin 

Diagn 3: 37-51. 

313. Hook V, Funkelstein L, Toneff T, Mosier C, Hwang SR (2009) Human 

pituitary contains dual cathepsin L and prohormone convertase pro- 

cessing pathway components involved in converting POMC into the 

peptide hormones ACTH, alpha-MSH, and beta-endorphin. Endocrine 

35: 429-437. 

314. Masri B, Lahlou H, Mazarguil H, Knibiehler B, Audigier Y (2002) Apelin 

(65-77) activates extracellular signal-regulated kinases via a PTX-sen- 

sitive G protein. Biochem Biophys Res Commun 290: 539-545. 

315. D’Aniello C, Lonardo E, Iaconis S, Guardiola O, Liguoro AM, et al. 

(2009) G protein-coupled receptor APJ and its ligand apelin act down- 

stream of Cripto to specify embryonic stem cells toward the cardiac 

lineage through extracellular signal-regulated kinase/p70S6 kinase 

signaling pathway. Circ Res 105: 231-238. 

316. Deshwar AR, Chng SC, Ho L, Reversade B, Scott IC (2016) The Ape- 

lin receptor enhances Nodal/TGFβ signaling to ensure proper cardiac 

development. Elife 5: e13758. 

317. del Toro R, Prahst C, Mathivet T, Siegfried G, Kaminker JS, et al. 

(2010) Identification and functional analysis of endothelial tip cell-en- 

riched genes. Blood 116: 4025-4033. 

318. Palm MM, Dallinga MG, Van Dijk E, Klaassen I, Schlingemann RO, 

et al. (2016) Computational Screening of Tip and Stalk Cell Behav- 

ior Proposes a Role for Apelin Signaling in Sprout Progression. PLoS 

One 11: e0159478. 

319. Patel SJ, Sanjana NE, Kishton RJ, Eldizadeh A, Vodnala SK, et al. 

(2017) Identification of essential genes for cancer immunotherapy. Na- 

ture 548: 537-542. 

320. Harford-Wright E, Andre-Gregoire G, Jacobs KA, Treps L, Le Gonidec 

S, et al. (2017) Pharmacological targeting of apelin impairs glioblas- 

toma growth. Brain 140: 2939-2954. 

321. Harford-Wright E, Gavard J (2018) Apelin, the Devil Inside Brain Tu- 

mors. J Exp Neurosci 12. 

https://www.ncbi.nlm.nih.gov/pubmed/24316148
https://www.ncbi.nlm.nih.gov/pubmed/24316148
https://www.ncbi.nlm.nih.gov/pubmed/24407481
https://www.ncbi.nlm.nih.gov/pubmed/24407481
https://www.ncbi.nlm.nih.gov/pubmed/25275559
https://www.ncbi.nlm.nih.gov/pubmed/25275559
https://www.ncbi.nlm.nih.gov/pubmed/28854362
https://www.ncbi.nlm.nih.gov/pubmed/28854362
https://www.ncbi.nlm.nih.gov/pubmed/28854362
https://www.ncbi.nlm.nih.gov/pubmed/28137936
https://www.ncbi.nlm.nih.gov/pubmed/28137936
https://www.ncbi.nlm.nih.gov/pubmed/28137936
https://www.ncbi.nlm.nih.gov/pubmed/28137936
https://www.ncbi.nlm.nih.gov/pubmed/29079036
https://www.ncbi.nlm.nih.gov/pubmed/29079036
https://www.ncbi.nlm.nih.gov/pubmed/29117894
https://www.ncbi.nlm.nih.gov/pubmed/29117894
https://www.ncbi.nlm.nih.gov/pubmed/23956953
https://www.ncbi.nlm.nih.gov/pubmed/23956953
https://www.ncbi.nlm.nih.gov/pubmed/23956953
https://www.ncbi.nlm.nih.gov/pubmed/19343278
https://www.ncbi.nlm.nih.gov/pubmed/19343278
https://www.ncbi.nlm.nih.gov/pubmed/19343278
https://www.ncbi.nlm.nih.gov/pubmed/19343278
https://www.ncbi.nlm.nih.gov/pubmed/11779205
https://www.ncbi.nlm.nih.gov/pubmed/24316148
https://www.ncbi.nlm.nih.gov/pubmed/11779205
https://www.ncbi.nlm.nih.gov/pubmed/19574549
https://www.ncbi.nlm.nih.gov/pubmed/24407481
https://www.ncbi.nlm.nih.gov/pubmed/19574549
https://www.ncbi.nlm.nih.gov/pubmed/19574549
https://www.ncbi.nlm.nih.gov/pubmed/19574549
https://www.ncbi.nlm.nih.gov/pubmed/27077952
https://www.ncbi.nlm.nih.gov/pubmed/27077952
https://www.ncbi.nlm.nih.gov/pubmed/20705756
https://www.ncbi.nlm.nih.gov/pubmed/20705756
https://www.ncbi.nlm.nih.gov/pubmed/27828952
https://www.ncbi.nlm.nih.gov/pubmed/27828952
https://www.ncbi.nlm.nih.gov/pubmed/27828952
https://www.ncbi.nlm.nih.gov/pubmed/28783722
https://www.ncbi.nlm.nih.gov/pubmed/29079036
https://www.ncbi.nlm.nih.gov/pubmed/28783722
https://www.ncbi.nlm.nih.gov/pubmed/29053791
https://www.ncbi.nlm.nih.gov/pubmed/29117894
https://www.ncbi.nlm.nih.gov/pubmed/29053791
https://www.ncbi.nlm.nih.gov/pubmed/29535551
https://www.ncbi.nlm.nih.gov/pubmed/23956953

