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ABSTRACT

This review describes the antigrowth and anticancer activities of the alpha-fetoprotein (AFP)-derived growth
inhibitory peptide (GIP) 8-mer fragment. The 8-amino acid peptide (GIP-8) comprises the carboxy-terminal por-
tion of a 34-amino acid peptide (GIP-34) previously identified as an occult epitopic segment of the full-length
human AFP molecule. The GIP-8 segment has been chemically synthesized, purified, characterized, and bioas-
sayed. The purified 8-mer segment was characterized as a random coil (. disordered) structure extending from a
C-terminal B-hairpin that forms a horseshoe-shaped partially cyclic octapeptide; this structure can be Jormu-
lated into a fully cyclic form by the addition of asparagine or glutamine residues. The pharmacophore of the
octo- and nanopeptide forms is largely composed of a PXXP motif known to interact with Src-3 (SH3) domains
of serine/theronine kinases. The GIP-8 has been shown to be growth-suppressive largely in estradiol (E2)-de-
pendent neonatal and tumor-cell proliferation models and to inhibit tumor-cell adhesion to extracellular matri-
ces. The 8-mer GIP displays antigrowth properties in immature mouse uterine cells and anticancer cell prolif-
eration traits in estrogen receptor positive (ER™), but not (ER™) negative breast tumor cells. Even though its
mechanism of action has not been fully elucidated, GIP-8 has been shown by computer modeling to dock with
the extracellular loops of G-coupled seven transmembrane helical-like receptors, which could possibly interfere
with signal transduction through MAP kinase pathways. It was apparent that the GIP-8 derived from the 34-
mer GIP fragment of HAFP represented an E2-sensitive growth inhibitory motif, which allows the participation
in cellular events, such as receptor binding, contact inhibition, extracellular matrix adhesion, angiogenesis, and
T-cell activation. Thus, it was proposed that the 8-mer fragment derived from GIP could potentially serve as a
lead compound for targeted cancer therapeutic agents of the biologic-response modifier type.

Key words: alpha-fetoprotein, growth inhibitory peptide, tumor growth, 8-mer fragment, cell adhesion,
breast cancer

trometric analysis of the serum/plasma proteome
. has revealed the existence of large numbers of
previously unknown peptides and protein pro-

INTRODUCTION
High- and low abundant serum blood proteins

represent circulating reserves of potentially ac-
tive peptides as degradation products. Mass spec-
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teolytic fragments derived from serum proteins
in both low- and high concentrations.!? These
protein-derived fragments or peptides represent a
newly recognized amplified serum peptidome,
which potentially could contain a valuable source
of candidate biomarkers and biotherapeutic agents.
Some of the best known examples of comparable
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peptidomes, the extracellular matrix (ECM) pro-
teins, have been exploited as potent antiangio genic
agents. Some of these peptides are derived from
* terminal domain segments, whereas others are en-

crypted within molecular folds of large proteins

and become exposed following a conformational
change. Thus, the containment of a class of bio-
logically active peptide segments intrinsic within
circulating proteins of body fluids appear to be a
recurring motif in the field of signal transduction,
modulation, and growth regulation.34

The alpha-fetoprotein (AFP) derived growth in-
hibitory peptide (GIP) represents a prime example
of a peptide segment encrypted within a circulat-
ing blood protein.>’ The encrypted growth in-
hibitory 34-mer GIP displays a biological activity
that is distinct, or even opposite, to that of the pro-
tein of origin. The GIP epitope within the humah
AFP molecule has ‘also been detected by im-
munoassay in human clinical studies involving
liver cancer and patients with birth defects.® The
full-length, native HAFP molecule is a well-estab-
lished growth-enhancing protein, in contrast to its
encrypted 34-mer segment™ However, growth
episodes during ontogenic development _Tequire
both up- and downregulation in order to fine-tune
cell proliferation and differentiation events in the
developing embryo/fetal units, within their con-
stantly changing environments. Similar require-
ments are also found in cancer growth during pe-
rods - of cell proliferation and progression,
metastasis, anoxia, and apoptotic escape. Because
full-length AFP is a tumor-associated fetal protein,
it possesses the properties for both up- and down
regulation in the internal milieux of both fetal and
tumor tissues.>'# The vast amount of bioactive
peptide segments found throughout the HAFP mol-
ecule, including GIP-34, have recently been re-
viewed.!> However, the biological activities of an
8-mer segment derived from GIP has yet to be re-
viewed in the scientific literature. :

The 34-amino-acid (AA) segment of GIP lies
buried within a molecular cleft of the folded, com-
pact, circulating native AFP.%16 Randomly-ob-
tained human cord blood of full-term pregnancies
and sera from hepatoma patients have been found
to contain a small percentage (5%) of the already
exposed GIP as an activated or “conformationally”
transformed version of HAFP.217 Such exposed or
activated forms of AFP occur at the fetal-placen-
tal interface as a result of exposure to high con-
- centrations of polyunsaturated fatty acids localized
there.!#-20 High serum levels of E2 during preg-
nancy and fetal/neonatal development can also in-
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duce the conformational changes required to ex-
pose the GIP segment on compactly folded full-
length HAFP® (Table 1). In this regard, it has been
demonstrated that a host of biochemical agents,
such as excess fatty acids and steroids, can induce
the conformational change necessary for exposure
of the encrypted GIP segment on both human and
mouse full-length AFP.81721 The protein confor-
mational change that occurs is dependent upon the
AFP/ligand molar ratios that exist in that particu-
lar compartment of the embryo, fetus, placenta, or
neonate (Table 1),

Even though HAFP binds very little E2,%2 high
concentrations of E2 and fatty acids are capable of .
diffusing into the molecular crevices of compactly
folded HAFP and attaching to low-affinity hy-
drophobic binding sités, one of which is the “mid-
piece region” of the GIP segment.?3 In the com-
pactly folded circulating HAFP, the hydrophobic
portions of the molecule are tucked into the inside
folds of molecular crevices to enhance solubility
and create an outer hydrophilic surface for the cir-
culating serum protein,2* On- and offloading of ex-
cessive E2 or fatty acids at the hydrophobic mid-
piece site could initiate exposure of this segment

- of HAFP aided by potential serine/threonine phos-

phorylation sites serine 447 and theronine 472 and
a Src homology-3 (SH3) motif at the terrrinal end
of 34-mer GIP, namely, PVNP.825 Thus, the GIP
site on HAFP fits the description of a “hot spot”
on the molecule that is sensitive to stress/shock
conditions, such as excessive ligand concentra-
tions, high insulin levels, pH and heat extremes,
and hypertonic environments.?® In protein-protein
interactions, a molecular hot-spot has been defined
as a small hydrophobic region (i.e., P149b) that
dominates the free binding energy of a protein seg-
ment and is flanked by hydrophilic residues on ei-
ther side, such as those found in the front and tail-
piece of the 34-mer GIP.?7 It is germane to this
discussion that the 34-mer GIP has been reported
to exhibit an AA sequence identity/similarity to a
number of stress and shock-related proteins.?
Thus, the GIP-34 segment on HAFP appears to be
a stress/shock sensitive site that emerges following
HAFP exposure to adverse conditions in the em-
bryo/fetal/placental units. The stress concept has
been confirmed, in that the GIP segment on AFP
has recently been employed as a pregnancy bio-
marker for intrauterine growth retardation.*

*Bartha J, et al. Fetal Diagnosis and therapy. (In press),
2007,



‘Table 1. Comparison of Biological Activities Between Growth Inhibitory Peptides (GIP-34, GIP-8) and Transformed and

Nontransformed Human FLill-Length Alpha-Fetoprotein (590 Amino Acids)

Human alpha-fetoprotein (AFP)

Growth inhibitory peptide

'Refs.

Biological activity Nontransformed Transformed GIP-34 GIP-8
1. E2-induced uterine growth No effect Inhibits Inhibits Inhibits 5178
(rodents) 30, 40, 41
2. EZ2-induced fetotoxicity No effect Reduces Reduces Reduces 25, 29, 76
) deaths deaths deaths
3. E2-induced MCF-7 foci No effect Inhibits foci Inhibits foci Inhibits 7, 8, 28-30
formation (human)
4. T3-induced tail resorption No effect Inhibits Inhibits Not tested 17, 25,
(amphibian) resorption resorption 30, 76
5. Ascites fluid accumulation Slight reduction Slight reduction ~ Reduces fluid Reduces fluid 7, 8, 29,
(mouse mammary tumor) in fluid and and cell and cell 30, 76
cells number number
6. Breast cancer growth No.effect Inhibits growth Inhibits Inhibits 7, 16, 29,
’ ’ growth growth
7. E2 receptor binding (hum) No effect ‘Not tested Binds (107M)  Nonbinding 16, 76
8. Platelet aggregation (hum) Inhibits Not tested Inhibits No effect 28, 29,
aggregation aggregation 30, 76
9. Insulin toxicity (chicks) Not done Slight Suppression Not tested 28, 76
suppression
10. Fetal mortality (mice) Slight reduction Reduces Reduces Reduces 8, 16, 23,
deaths deaths deaths 29, 49
11. Fetal malformation (chick)  No effect Slight effect Slight effect Not tested 25,29
12, Growth retardation (chick) No effect Mild reduction Induces Not tested 25, 29
13. Litter size (mice) No effect Prevents litter Prevents litter Prevents litter 25, 29, 76
(E2-induced reduction) reduction reduction reduction
14. Brineshrimp hatchability Not tested Not tested Inhibits No effect 76
15. Angiogenesis Enhances Not tested Inhibits - Inhibits 76
16. Immune Inhibits Not known Enhances Invokes 76
response T~ and B~ immune natural T-
regulation cell response response cell immune
‘ Tesponse

A}

E2, estradiol; T3, Triidothyonine,

The GIP-34 segment derived from human (H)
AFP is well-documented in the biomedical litéi-
ature as a growth suppressor/inhibitor of both fe-
tal and cancer cells.?>28 The GIP is a suppressor
of cell proliferation and consists of 34 AA, which
can be further parsed into three smaller biologi-
cally active peptides: the front piece (12 AA), the
midpiece (14 AA), and the tail piece (8 AA). In
prior publications, the term GIP was equivalent
with the batch production number of P149; hence,
the three peptides subfragment were named
P149a, P149b, and P149c, respectively.® The
GIP-34 itself has been physiochemically charac-
terized -as an amphipathic, beta-sheet peptide in
its linear configuration; however, GIP can also

exist in a cyclic form by the disulfide-bridging of

-its two constitutive cysteine residues (Fig. 1).

Both forms display growth-suppressive proper-
ties, albeit at different concentrations.293% Of the
three GIP subfragments, the P149c¢ tailpiece has
displayed the greatest growth inhibitory potential
against estrogen-sensitive cell and animal mod-
els encompassing both ontogenic and oncogenic
cell growth,28-31 To avoid further confusion in
the present review, the GIP tailpiece EMT-
PVNPG (previous names P211, P149c, P472,
ATPep, and so forth) will simply be referred to
either as GIP-8 in its cyclic form or linear form.
For purposes of the review, a 9-mer (nonapep-
tide) version formed by cyclization of an extra
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A [ 6IP-34 Linear sequence . GIP-34 Cyclized sequence

B .

Human Alpha-Fetoprotein

(HAFP AA#590) _

Aniino acld Amino acid

Amino Acid #1 44D ATS ricke

NH2{ DOMAIN-1_|  DOMAIN-Z ] DOMAIN-3}- COOH

Growth Inhibitory Peptide

(AA# 445-478)

GIP-34 (AA#445-478)—>[LSEDKLL ACGEGAADIIIGHLCIRHEMTPVNPGY|

HAFP . 4 ;

GIP-8 (AA#470-477) —»[ EMTPVNPG]

HAFP

ALB-8 (AA#466-473) ‘ »[ EKTPVSDR |

ALBUMIN ‘

P263 (AA#440-473) HPEAKRMPCAEDYLSVVLNQLCVLEKTPVSDR

ALBUMIN

P327 (AA#445-478) GINHLPSDAVGTAIEVMPCLRDGKLCIGAEHIEL

Scrambled -

" P192 (AA#511-550) KDFIHKQGVALQTMKQELINLVKELVKPQIEAVADFSGLL
HAFP-modified. .o

Figure 1. (Panel A) The linear and cyclic versions of the 34-mer and 8-mer growth inhibitory peptides (GIPs) are displayed
in panels A and A1 as nonsolvent computer-derived forms (see refs 31-34), Panel A1 shows the amino acid sequence (single-
letter code) of the linear versions; while Panel A2 shows the amino acid sequence (single-letter code) of the cyclic versions,
(Panel B) The three domains of human alpha-fetoprotein are shown in a bar configuration indicating the 590 amino-acid full-
length protein. The telescoping segments of GIP-34 displayed from amino acid 445 to 478 (solid lines) are depicted in single-
letter code sequences together with the tailpiece fragment comprising GIP-8 (dotted line). Control peptides P263, P327, and P192
constitute the bottom three peptides (ref. 7), while ALB-8 indicates the human albumin control peptide described in ref, 32. The
minimal energy computer nonsolvent models of GIP were kindly provided by Dr. Curt Brennerman, department of chemistry,
Rensselaer Polytechnic Institute, Troy, NY. GIP-L8, linear 8-mer; GIP-C8, cyclic 8-mer,

glutamine or asparagine residue will still be in- . The report presented in this paper will demon-
cluded under the original name of GIP-8, as the strate that both the linear and cyclic forms of GIP-
extra amino acid was intended for formulation 8 can provide potential molecular platforms as
and not for functional purposes.3!:32 anticancer agents, mainly against E2-dependent
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growth, but also against selected nonestrogen sen-
sitive growth systems. Although the linear and
cyclic 34-mer GIP have been extensively surveyed
in the biomedical literature, the GIP-8 forms have
yet to be reviewed. This review will consider the
origin, historical background, and development of
GIP-8 as a potential estrogen-sensitive growth in-
hibitor/suppressor agent in comparison to the non-
estrogen-dependent GIP 34-mer peptide growth
regulator, Thus, the biological, biochemical, and
physiochemical properties of the GIP-8 will be ex-
amined in comparison to its source of origin, the
GIP-34. Finally, the possible utilization of GIP-8
in biomedical research will be explored in cancer
therapeutics for a proposed use in molecular tar-
geting, It is the propensity of GIP-8 for E2-sensi-
tive growth inhibition that has provided the under-
pinning for utilization of both the linear and cyclic
forms'in a series of cancer and noneancer thera-
peutic studies described below.

Historical Background

Discovery and development of the GIP-34 seg-
ment, which includes GIP-8, was first reported in
the author’s laboratory in 1993 following an ex-
tensive search of Genbank amino acid matches
on the HAFP molecule’ (Table 2). Queries were.
performed in search of a binding site on HAFP
for heat-shock proteins (HSPs-70, HSP-90), com-
parable to that found on the estrogen receptor
(ER)."#333 The HSP binding sites on the ER had
already been localized at, or near, the ligand-
binding domain positioned on the carboxyl-ter-
minal side of the DNA binding domain and nu-
clear localization site, lying juxtaposed to the
rodent E2 hydrophobic binding pocket.3435 An
HSP-70 AA matched identity sequence on HAFP
was found positioned adjacent to, and just down-
stream of, the E2-binding site modeled after ro-
dent AFP.” More recently, HSP-70 was demon-
‘strated to interact with, and to chaperone,
full-length AFP molecule during folding of the
fetal protein in the endoplasmic reticulum,36:37

Those investigators found that HAFP coexisted '

in anti-HSP70 monoclonal antibody immunopre-
cipitates, whereas there was also HSP70 in those
of the anti-HAFP monoclonal antibody precipi-
tates. Moreover, soluble HSP-70 has been de-
tected in amniotic flnid (AF), and together with
HAFP, have been shown to positively correlate
with AP-tumor necrosis factor-c levels.?8:39 The
GIP-34 fragment of the presumptive HSP-70
binding site on HAFP has been chemically syn-

thesized, purified, and its physiochemical prop-
erties characterized.” Following an assay of the
biological activity of the synthetic GIP, growth
inhibition of GIP-34 was demonstrated using a
rodent immature uterine growth assay developed .
earlier as an assay of biological activity (Table
1) for both rodent and human AFP 4041 .
Shortly after the discovery of GIP-34, it was rea-
soned that trypsin enzymatic digestion of the 34
mer GIP should result in three peptide subfrag-
ments owing to the substrate specificity of trypsin
for arginine and lysine residues (Table 2). Surpris-
ingly, the resultant 8-mer tailpiece fragment of GIP
displayed an antigrowth potency in the E2-sensi-
tive uterine assay that was comparable to, and
sometimes exceeded, the 34-mer GIP.” From 1994
to 1995, the identity of the GIP tailpiece sequence
was confirmed, subjected to bioassay, and the 8-

" mer peptide was synthesized as EMTPVNPG,

known as P149C, now termed GIP-842% (Table 2).
The linear forms of the peptides were studied from
1994 to 2000, encompassing both-GIP-34 and GIP-
8 and resulting in several reports.”* Since that
time, other investigators have added additional
AAs to the segment and synthesized cyclic versions
of GIP-8, named AFPep.312245-48 The anticancer
potential of GIP-8 was first démonstrated in 1996,
using a MCF-7 breast cancer E2-dependent cell-
focus assay employing cell contact inhibition.’
Later that year, GIP-8 was also found to inhibit a
mouse mammary ascites in vivo tumor model; by
1998, it was found that GIP-8 also inhibited a
mouse E2-dependent MCF-7 human breast cancer
implanted as a kidney capsule xenograft (see 1998
row, Table 2). By the following year, all other frag-
ments of GIP-34 had been synthesized, character-
ized, and bioassayed in both antigrowth and anti-
cancer assays.* Outside laboratory confirmatory
studies of GIP-8 as an anticancer agent appeared
in 2000-2001, and multiple publications have con-
tinued to emerge.?%3048 A cyclized 9-mer version
of the original GIP-8 was developed in 2001-2002
and demonstrated antibreast cancer activity in
SCID mice implanted with MCE-7 cells. 4547 Sub-
sequent publications emerged in that same year
demonstrating the increased scientific interest gen-
erated by GIP-8.%24%t After more than a decade of
development, the 8-mer fragment of the original
34-mer GIP has been confirmed as a novel E2-de-

T Mesfin FB. Design, synthesis, and characterization of
antiestrogenic, and anti-breast cancer alpha-fetoprotein-
derived peptides. Ph.D. Dissertation; Albany Medical Col-
lege Graduate Studies Program, Dept. of Biochemistry and
Molecular Biology. In. Albany, NY, 2001,
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Table 2.

cancer proliferation, progression, and metastasis and oral activity,

Historical Background of the Development of Growth Inhibitory Peptide 8-mer Fragment (GIP-8
Year Event/observation/report Authors and references (#)
1993 Concept of an AFP-growth inhibitory peptide conceived; GIP-34 synthesized, Mizejewski, (42, 43, 44)
. purified, characterized, and uterine bioassayed. ’
1994 Trypsin digest of GIP-34; high-performance liquid chromatography . Mizejewski, (7] 42, 43)
purification, and uterine bioassayed antigrowth activity of HEMTPVYNIPG
demonstrated,
1994 Linear EMTPVNPG (GIP-8) synthesized, purified, characterized, and uterin Mizejewski, (7] 46)
bioassayed, :
1995-1996 GIP-8 suppresses growth of MCF-7 human breast cancer cells in vitro. Mizejewski, etfal (7)
1996-1997 GIP-8 suppresses growth of E2-independent mouse mammary ascites tumar. Mizejewski, (17, 46, 44)
.1997-1998 Two U.S. patents issued on GIP-34 and GIP-gb<¢ Mizejewski®
1998 Linear GIP-8 demonstrates growth suppression of MCE-7 xenografts in nude  Mizejewski and Bennett?
i mice in collaborative study.? . -
1999 Anticancer activity of GIP-8 presented, Mizejewski and Richardson (46)
2000 GIP-34 and GIP-8 anticancer activity reported in mouse mammary tumors Vakharia and Nlizejewski (8)
in vivo and varions human breast tumors in vitro.

2000 Linear GIP-8 antiuterotrophic and antibreast cancer activities confirmed, Mesfin, et al, (81)

2001 Cyclic GIP-8 inhibits estrogen-dependent growth in MCE-7 xenografts in Mesfin et al. (31)
SCID mice. Mizejewski (33)

2001 GIP-34 and GIP-8 displayed as G-coupled receptor ligands drugs. Mizejewski (6,133)

2002 Cyclic GIP-8 prevents growth of E2-dependent breast cancers resistant to Bennett et al. (#7, 111)
tamoxifen, '

2002 Biological role of HAFP and derived peptides in anticancer therapy Mizejewski, (1]1)
employing G-coupled receptors.

2002 Peptides derived from alpha-fetoprotein demonstrate anticancer activities Mizejewski, et fal, (111)
against both breast and prostate cancers. ’

2003 Alpha-fetoprotein-derived GIPs published as potential leads for cancer Mizejewski and MacColl (28)
therapeutic agents.

2003 GIP-34 and GIP-8 shown to reduce estrogen-induced fetotoxicity in mouse Butterstein and|Mizejewski (25)
pups of term pregnancies.

2004 Cyclo- and linear GIP-8 shown to inhibit human breast cancer and mouse DeFreest, et al.f (32)
uterine growth by the PVNPG pharmacophore,

2004 A proposed action of GIP-34 and GIP-8 was presented as inhibitory peptides  Mizejewski et 4l. (23)
of both estrogen and cytoskeleton factors.

2005 AFP-derived GIP-34 and GIP-8 demonstrated to be biotherapeutic agents for ~ Mizejewski, et fal. (28, 29,

. cancer growth, progression, and metastasis. 30, 32)

2005 GIP-8 shown to prevent induction of methylnitrosuria breast tumors in rats. Parikh, et al. (48)

2006 AFP-derived GIP-34 and GIP-8 presented as cell-surface reactive agents in Mizejewski and Butterstein

(29, 71, 76)

AFP, alpha-fetoprotein
“Peterson JE, Bennett JA, Cavanagh KA, Mizejewski G. Studies of purified alpha-fetoprotein growth inhibitPry peptides GIP-
34, GIP-8 to determine anticancer activity. In: Research Material Transfer. Albany, NY: Collaboration and Confidentiality Agree-
ment between Wadsworth Center and Albany Medical College, 1997, :
‘PMizejewski G, Growth inhibitory peptides, In United States Patent #5, 674,842, U.S. Patent Office Filing|#US00567-4842,

1997,

“Mizejewski G, Methods of using growth inhibitory peptides: In United States Patent. U.S. Patent Office Filing #US0057-7-
963A, 1998:707.

pendent antibreast cancer therapeutic agent (Table

2). Since

vestigators have continued to pursue and charac-
terize both the antigrowth and the anticancer ac-
tivities of GIP-8.2829,31,45.48
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the discovery of GIP-8 in 1995, many in-

Amino Acid Sequence Matches

The GIP-8 AA sequence was subjected to a
FASTA search in the Genbank (GCG Wisconsin
Program) database, as described>* (Table 3). The




Table 3, Matching of Amino Acid Region #471-480 of Human Alpha-Fetoprotein (AFP) with Conserved Sequences of
Various Receptor/Binding Proteins

- Amiro acid® Amino acid Percent (%) Percent (%)
Protein sequence nos. : sequences ident/sim. " total
Receptor/binding proteins

Human AFP (GIP-8) 471-480 EMTPVNPGVG 100/0 (100)

Human DOPAR 253-262 L SNPVDPGVG 60/20 (80)

Human ANKY 1305-1413 HMTPILZXPGIXG 60/10 70)

Rattine SOMATR 734-843 RTTPTIAPGVYR 50120 (70)

Human SrctyK 12801289 EMAPIWPGATL 50/20 (70)

Murine Kinesin 595-604 ‘G MTPL SPGTA 50/20 (70)

Rattine: GIyR 338-347 EMTPVLGTETI 50/10 (60)

Murine FGFR . 685-696 QMTPANPGOQTL 50/10 60)

Murine IGFIIR 30-39 RMTPLTPPLT 40/40 (80).

Rattine MeGLNR 518-529 EMXKNMOPGTDYV 40/20 (60)

Human T-Cell CD28 RMTPTLTPPLA 40/40 80)
Transcription-associated factors

Human AFP (GIP-8) 471-480 EMTPVNPGV G 100/0 (100)

Human Crumbs® 16521661 QMTPVNTPGVY Q 70/10 (80)

Human PAX-3/FKH 512421 IMTPVDEPGYV P 70/10 (80)

Human HOXG2 633-642 EMTPSTPGTLQ 60/30 (90)

Murine WnT-7a® 315-324 QHTPVRPGVA 60/20 (80)

Rattien Notch IT 2378-2387 EMOQPILRUPGA A S 50/30 (80)

Human TF11D 163-174 PMTPATPGS A 50120 (70)

Human Sre-TK 1280-1289 EMAPTIWPGA AL 50/20 (70)

Human Kid-TS 1145-1154 KSTGANPGVTP 50/10 (60)

Human Cad-TS 3718-3727 EMTUPVILEATITI 50/0 (50)

Human FTZ-F1 628-637 KPTPISPGYOQ 40/30 (70)

Human 1-Rel TF 528-537 EASPSTPGRDOQ 40/30 (70)

Rattine Pou Dom® 90-91 Q KTPIVF¥HCHT 20/40 (60)
Extracellular matrix-associated proteins . '

Human AFP (GIP-8) 471-480 EMTPVNPGVG 100/0 (100)

Human «1 Coll IV 5-12 L S PLAZPGN 38/50 (88)

C.Eleg Coll «3 10-17 XPPVAPGN 57/29 (86)

Human Coll XIII #5 5-12 L APCLZPGTI 38/50 (88)

Human Coll-Sp 38-45 LMAPVIXPOQLL 50/33 83)

Human Elastin 400406 P FPPGV G 71/14 (85)

Human Lamimin 88-97 Q GXDSNUPGV S 40/20 (60)

Human Fibron 2070-2080 RPRPYPPNVG 40/20 60)

Human Coll-IV 90-98 GTPIGPGV 63/25 (88)

Human Coll-XTII 10-17 GTPIGPGY 63/25 (88)

Dros Laminin-A 660-668 L FISSNPGVG 56/11 ©7

Human-VWE 14801486 TVSXVNLTLTLTL 44/16 (60)

Chicken attach L VGVGGEGEGEVEG 47/18 (65)

protein . .

Rat VLA-1 755-760 S FLMLDULULTULUL 40/30 (70)

Human a-IP10 32-40 S NQPVNPRSTL 46/8 54

Human PG-IIIA 180188 QLGPVNPALL 50/41 9D

*Genebank-derived.

Yhomeodomain protein. ‘

DOPAR, dopamine receptor; ANKY, ANKyrin repeat sequence; SOMATR, somatostatin receptor; SrctyK, Src tyrosine kinase;
GIyR, glycine (linker) receptor; FGFR, fibroblast growth factor receptor; IGFIIR, insulin growth factor II receptor; MeGLNR,
metabotropic glutamate receptor; Kinesin, motor protein (microtubule-associated); X, Unknown amino acid; Pax/Hox, homeobox pro-
tein; TF11D, transcription initiation factor (TATA-Box); Kid-TS, kidney tumor suppressor; Cad-TS, cadherin tumor suppressor; Pou
Dom, pituitary-specific transcription factor; FTZ, F1-AFP transcription factor; 1-Rel TF, NF-Kappa-3 transcription factor inhibitor;
Ste, proto-oncogene tyrosine kinase; Notch, membrane protein, ankyrin-associated, WNT-7a, frizzled receptor; AFP, alpha-fetopro-
tein; attach protein, attachment (adhesion) protein; Coll, collagen; C. eleg, Caenorhabitis elegans; Dros, Drosophilia melanogaster,
Fibron, fibronectin; IP10, interferon-a-induced chemokine; VLA-1, integrin 1, (lamin and collagen receptor); VWF, von Wille-
brand’s Factor,




GCG search found identity/similarity sequence
matches to receptor-binding proteins, such as the
fibroblast growth factor (FGF) receptor, insulin
growth factor II receptor (IGFIIR), transforming
growth factor-8, (TGF-B), and the dopamine
(DOPA) receptor (Table 3). Other matches for
transcription-associated-  proteins, including
homeodomain proteins and FTZ-F1 (the AFP
transcription factor), have been previously re-
ported ™ These AA matches provide evidence
that the GIP fragments contain short recognition
cassettes for possible G-coupled-receptor (GPR)
involvement and interaction. Matches with cell-
adhesion-related proteins were also found; these
included collagen XTIT, collagen IV, laminin, fib-
rinogen, and fibronectin, Finally, identities/simi-
larities were identified with transcription-associ-
ated factors, such as Hox, c-myc, forkhead, and
Pax (Table 3).

GIP-8 matches were found also with integrin-
associated proteins, the ECM proteins, such as
the avian attachment protein and other adhesion
proteins (Table 3). Further identities were found
with the integrin «/B chain proteins such as

11683, @183, and «,B; (Table 4).3° The integrins

serve as receptors for ECM proteins and are
known to participate in cell-adhesion and migra-
tion (spreading) activities, as well as binding to
disintegrins. Finally, matches were also made

with BECM-associated proteins, such as the Von-
Willebrand Factor, VLA-1, and PG-IIla proteins,
which are involved in cell adhesion, aggregation,
and the action of metalloproteinases (i.e., the
Adams family). Thus, GIP-8 shows an iden-
tity/similarity to integrins, basement membrane
proteins, and ECM proteins, all of which are in-
volved in cell-to-cell and cell-to-ECM interac-
tions (see Tables 3 and 4).

GIP-8 physicochemical properties

Both GIP-34 and GIP-8 have been synthesized

by classical F-MOC (9-fluorenylmethoxy-car-
bonyl)-protected solid-phase synthesis, as previ-
ously described in detail.”-3}4> Following peptide
syntheses, the Iyophilized peptides were purified
by reverse-phase high-performance liquid chro-
matography (HPLC), producing a peptide whose
major peaks displayed molecular masses of 3573
(34-mer) and 844 Da (8-mer), as determined by
electrospray ionization mass spectroscopy.49-52
Cyclization of GIP-34-mer can be accomplished
by reducing agents to form a disulfide bridge con-
struct at the time of synthesis; cyclization of GIP-
8 was performed using methods described by

Kates ¢t al. and others,*>53

Circular dichroism analyzed in the UV wave-.
length for GIP-34 displayed a negative maximum

Table 4. Growth Inhibitory Peptide (GIP) Amino Acid Sequences Matched in the Genbank to Various Integrin Alpha/Beta
Chain Complexes and Compared to their Extracellular Matrix (ECM) Adhesion Inhibition by GIP

Integrin AA identity% (#AA) ECM Tumor to Cell/tissue and
Subunits GIP amino acid binding ECM adhesion tumor
chains Sequences* a-chain B-chain ligand (% inhibition) distribution
a3 IIGHLCIRHE; 53 (17) 75 (8) COLL, LAM 30-55 Epithelium,
MTPVNPGV endothelium
leucocytes
4By - GEGAADII; 78 (9) 56 (9) FBN VCAM 50 Endothelial,
MTPVNPGVDI MADCAM mucosal cells
aeBy IRHEMTPVPVNPGY 78 (8) 50 (12) LAM-1 3045 Keratinocyte
‘ LAM-2 ) malignancy
ayfs - CGEGAADIIIG; 67 (12) 80 (25) VTN, FBN 95; Epithelium,
HLCIRHEMTPVN; 45-50 carcinoma cells
PGVGQ
a,Bs IRHEMTPVNPGG 67 (12) 50 (12) Not known Not tested Reproductive
tissues

Note. Many of the Integrins are expressed on a variety of tumor cells. Integrin data were obtained from References 5 and 30.

*, amino acid single letter code.

COLL, collagen; FBG, fibrinogen; FBN, fibronectin; LAM, laminin; VTN, vitronectin; (#AA), number of amino acid in se-

quence,
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at approximately 201 nm. Computer analysis of
the GIP-34 CD spectrum resulted in a secondary
structure, comprising 45% B-sheets and turns,
45% random coil (disordered), and 10% a-helix.
In comparison, computer analysis predicted the
carboxyterminus (GIP-8) linear fragment to ex-

~ hibit a random coil (disordered) structure; energy

minimization computations of the octapeptide
suggested that the linear peptide, with a terminal
B-hairpin loop, had the potential to form a horse-
shoe-shaped psendocyclic structure3! (Fig. 1).
Thus, the data indicated that GIP-8 had an innate
propensity to form a cyclic configuration® (Fig,
1). The addition of an aspargine or glutamine to
the carboxy terminus of GIP-8 allowed the for-
mation of a cyclized 9-mer, resulting in a planar
macrocyclic nonopeptide.324 In comparison of
the two 34-mer peptides, the linear GIP-34 had
the potential to form a twisted fish-hook struc-
ture, whereas the disulfide-bridged 34-mer con-
struct formed a two-tailed cyclic configura-
tion?*2%:30 (Rig, 1A).

In further studies, the AA constituents of GIP-
34 and GIP-8 were subjected to extensive sub-
stitutions in order to determine the active site of
the molecule,2849-51,54 Studies by Bennett et al.
parsed the entire GIP-34 sequerice for estrogen-
sensitive growth inhibitory activity, and then fur-
ther assayed the linear GIP-8 and the cyclic
nonopeptide.3145 The minimal portion of the cy-
clized GIP pharmacophore appeared to encom-
pass the PVNP sequence and favored the hy-
drophobic branched side chains of Ile and Leu as
valine substitutions.? The presence of valine and
proline was proposed to producé a hydrophobic
pocket, Although the biologic activity of the GIP.
nonopeptide could withstand proline-, and
glycine-g substitutions, proline-; and aspargine-¢

could not be mutated without loss of growth in- -

hibitory activity. Thus, the presence of the imino
acid at proline-; is required to maintain growth
inhibitory potency. Substitution of hydroxypro-
line for proline was also tolerated and resulted in
increased hydrophicity and shelf-life of the GIP-
cyclized nonapeptide.313245 The positions of
Glu;-Met,-Thr; and Glyg were not found to con-
stitute the pharmacophore nucleus of the cyclized
GIP-8.

The pharmacophore nucleus of GIP-8 appears
to involve most, if not all, of the PVNP sequence,
which represents a PXXP motif found as a Src
Homology-3 (SH3) domain in many proteins and
peptides.”>3¢ The PXXP domain allows for par-
ticipation in phosphorylation events employing

serine/theronine SH3 kinases. The SH3 motifs
recognizes sequences bearing the AA sequence
PXXP (X = any AA), which participates in di-
verse signaling pathways involving protein-pro-
tein interactions, such as ligand binding, micro-
tubule association, protein scaffolding, cell
adhesion, and signal sorting.’”58 The action of
the mechanoenzyme dynamin during endocyto-
sis is mediated, in part, through the association
of its proline-rich regions with SH3 domains con-
taining single or repeat sequences of PXXP.59.60
The same SH3 domain phenomena are also ob-
served in microtubule-associated proteins. The
SH3 proteins/peptides employ PXXP as a dock-
ing motif, which, in tumn, provides an interface
for ligand binding, recognition, and selectivity,6!
Members of the p53 protein family, including
P73, utilize one to two PXXP motifs for transac-
tivation and to suppress growth,5263 whereas
such sequences are further required for p53 to in-
duce apoptosis during tumor chemotherapy,64-66
BRCAT1 and HSP70 are also known to contain an
essential C-terminal PXXP motif involved in the
mechanism of response to DNA double-strand
breaks, genome surveillance, and repair.57:68 In
the control of mitosis and tumor pathogenesis, an
SH3-interacting domain containing a double
PXXP motif was found on a human pituitary tu-
mor transforming protein, known as securin.”® Fi-
nally, a molecular mechanism of Src kinase en-
zyme activation involving interaction with the
estrogen receptor (ERa) and associated scaffold-
ing proteins has been reported.®® The Src enzyme
can be further activated either by tyrosine kinases
or serine/theronine kinases, the latter of which
display the PXXP motif. Mutation of the PXXP
sequences abolishes the activation of Src kinase
activity and stimulation of ER transcriptional ac-
tivity of the A/B domain (Ser 118) and tyr 537
phosphorylation of the ERa.”® Thus, mutation of
these motifs can prevent ER-scaffolding and pro-
tein-protein complex formation, and can elimi-
nate activation of the Sre/MAPK (ERK1 and
ERK?2) pathways. Recent studies have also
shown colocalization of steroid-linked scaffold-
ing proteins with ER« receptor by the PXXP do-
main,® The PXXP segment on GIP-8 might
mimic a portion of the pharmacophore that is in-
volved with the nonligand transactivation (A/B)
domain of the ER, as GIP-8 does not bind to the
ER, yet is inhibitory for E2-stimulated growth
and MAPK signaling cascades. It is of interest
that GIP-8 has been found to reduce SER 118
phosphorylation of the human ER.”! Previous
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studies have shown that binding between the Src
homology (PXXP) to the SH3 domain results in
a suppression of kinase activity.”> Thus,  the
PXXP motif on GIP could interfere, or compete,
with the rapid formation of stable protein signal

(kinases) complexes and the mediation of ligand .

binding specificities.”374

Biological Activities

Linear and cyclic GIP-8 antiuterotrophic
growth properties: In vivo immature mouse
uterine assay

Linear forms of GIP-8 displayed considerable
activity as an inhibitor of normal E2-sensitive
growth of the immature rodent uterns (Tables 1
and 2), The original observation of suppression
of E2-dependent growth in the 23-hour immature
mouse uterus assay observed in- 1993 produced a
GIP-34 antiuterotrophic activity of 38%-42%;
this was the first demonstration to show that syn-
thetic GIP-34 did not require E2 incubation for

growth inhibition as did the full-length AFP.7 In

1994, studies revealed that the 8-mer fragment of
GIP-34 had potent uterine growth inhibitory
properties, The linear GIP-8 was even shown to
display an inhibitory potency (40%-45%) equal
to, or greater than, that of GIP-34. Between 1995
and 2001, both linear and cyclic GIP-8 were
firmly established as being capable of suppress-
ing B2-supported growth of the immature mouse
uterus, and of inhibiting MCF-7 breast cancer
growth similarly to GIP-34.7845 A similar uter-

ine growth assay for both GIP-34\and GIP-8 were .

also demonstrated in an adult uterine growth
model,”s

Linear GIP-8: activities independent of
estrogen sensitive growth: Estrogen
receptor-cc binding

The non-E2-sensitive activities of GIP-8 have
been described in several prior publications and
- have been discussed within the context of GIP-
34. Further, GIP-8 has been subjected to estro-
gen receptor (ER-a) binding affinity studies (Fig.
2A), and two independent studies havé confirmed
that GIP-8 does not interfere with, or compete
for, B2 binding to the human ER,8 the rabbit ER,
and the progesterone receptor.314¢ Human re-
combinant «ER bound GIP-34 with an ICsy =
8 X 1076 M, whereas GIP-8 showed no binding
affinity whatsoever.®3076 In later studies using
rabbit uterine cytosols, LY156758, 4-hydroxyta-
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moxifen, and raloxifene displayed their well-doc-
umented competition with E2 for binding to the
ER. In contrast, GIP-8 did not bind to the human
ER over a peptide concentration range of 105
M to 1071 M. The authors stated that the mech-
anism of growth inhibition by which GIP-8 in-
terferes with the response to E2 signaling is
clearly different from tamoxifen and agents that
compete directly with E2 for binding to the ER,

HAFP receptor binding

It was previously proposed’ that GIP-8 and GIP-
34 might bind to a human AFP receptor isolated
by several different investigators.”8-80 A cell-sur-
face receptor for HAFP was isolated and purified
from plasma membranes of human breast cancer
cells (MCF-7) and has been described on several
other types of cancer cells.8%:82 Both high (10~°
M) and moderate to low (10~¢ M) affinity sites
have been reported, with binding site numbers
(N) ranging from 2000/cell to 100,000/cell, By
the use of microtiter plates coated with MCF-7 -
AFP receptor-enriched cell membrane prepara-

tions, biotinylated HAFP (B-AFP) was found to

bind to the AFP-receptor (Fig. 3B) using a strep-

tavidin-horseradish peroxidase substrate. Neither

cyclic GIP-34 and linear GIP-34, nor linear GIP-

8 could displace, or compete for the binding of,

B-AFP to the putative HAFP receptor, whereas

full-length HAFP did bind (Fig. 2B). Although

GIP-34 and its fragments have been shown to be

highly reactive at various cell surfaces, they do
not appear to bind the' AFP receptor-rich mem-

brane isolates prepared from MCE-7 cells.

Antiangiogenesis: Chick allantoic
membrane assay

The GeneBank sequence matching data indicated
that both GIP-34 and GIP-8 showed an AA se-
quence identity/similarity matching to ECM and
blood vasculature components (Table 3),2976
These observations led to the testing of GIP-34
and GIP-8 in assays employing chick embryo
blood vessel angiogenesis (Table 5). The chick
allantoic membrane (CAM) assay is a measure of
blood vessel formation in the chicken inner
eggshell membrane.” Thus, the CAM assay is a
means to measure angiogenesis in the chorioal-
lantoic membrane system, which develops from
incubation days 3 to 5. Vessels subsequently
grow throughout the inner surface of the egg shell
meimbrane, which encompasses both the yolk sac
and the embryo unit. The CAM assays are per-
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Figure 2. (Panel A) Binding of GIP [growth inhibitory peptide]-34 and GIP-8 to human estrogen receptor (HER) was analyzed
as depicted, The binding of HAFP-derived peptides to human estrogen receptor (HER)-alpha is a competitive displacement hy-
droxyapatite assay using recombinant HER and tritiated estradio) (*H-E2). Values represent mean = standard deviation of tripli-
cate observations. AFP-peptides were tested as equimolar-mixtures to displace 2nM *H-E2 bound to 1.2 nM HER-alpha, Nonla-
beled estradiol and tamoxifen used as positive binding controls for the assay. (Panel B) Microtiter plates coated with HAFP
receptor-rich preparations from MCE-7 cell membranes (50 X 10~5 cells/mL) bind biotimylated HAFP (B-AFP) in a dose-depen-
dent fashion, as shown in the diagonal line (solid, nonbold). Color changes derived from strepaviden-horseradish peroxidase-ABTS
substrate were monitored at 492 NM wavelength and recorded as optical density. Using a B-AFP solation of 500 pg/mL, nonla-
beled HAFP was titrated in 3-fold dilutions from 50 ug/mL to 1.9 pg/mL, which displaced labeled AFP with the nonlabeled form.
Linear GIP-34 (L-34) and GIP-8 (L.-8) and cyclic GIP-34 (C-34) were used as competitive binding displacement agents.
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Figure 3, (Panel A) A bar graph is displayed showing human AFP, GIPfgrowth inhibitory peptide)-34, and GIP-8 assayed in the
MCF-7 breast cancer cell foci assay using E2 (10~3M) supplemented media. Unrestrained cells pile up, one upon another, forming
microscopic mounds called foci, Tumor-cell foci are enumerated microscopically by means of a cell-colony counter and expressed as
foci/em?, HAFP, GIP-34, and GIP-8 reduce and/or prevent the loss of tumor-cell contact inhibition, The P263 control peptide is de-
rived from human serum albumin. Data are expressed as mean * 1,0 standard deviation. * = <0.05 statistical significance (Panel B)
Both human breast and prostate tumors were studied in virro using a sulforhodamine-B cell proliferation assay to assess cyclic and
linear GIP-34 and cyclic GIP-8 growth inhibitory potency. Linear GIP-34 is capable of growth inhibition in a variety of prostate- and
breast-cancer cells in a dose-dependent fashion ranging from 10~ to 107 Molar concentrations. P237 is a scrambled peptide version
of GIP-34. (Panel B Inset) The effect of cyclic GIP-34 and GIP-8 on MCE-7 and T47D human breast-cancer cells is depicted. Note
that the cyclic AFP peptides (inset) are effective at lower conéentrations (107%M) than the linear GIP (10~%-10~5M) in the whole
picture of Panel B. Data for cell proliferation are expressed as percent of control cell growth in sulforhodamine-stained preparations.




formed during the 6-9 day incubation period con-
comitant with the embryo-to-fetus conversion ob-
serving changes in pattern, density, and size dis-
tribution of the CAM blood vessels, compared to
FGF and TGF stimulation, used as the positive
contro]s.®3.84

As listed in Table 5, both cyclic GIP-34 and
linear GIP-8 preparations substantially inhibited
the angiogenic CAM response in chick eggs that
occurred at molar concentrations of 1.0-10 uM.
Whereas cyclic GIP-34 inhibited 95%, linear
GIP-34 was only capable of a 40% angiogenesis
inhibition, GIP-8 was similar to cyclic GIP-34,
showing >90% inhibition of angiogenesis. In
comparison, the albumin control peptide, P263,
and a carboxy-terminal HAFP fragment (P192)
were both found to be unreactive at these same
concentrations.® The antiangiogenic activity dis-
played by GIP is comparable to that of endostatin,
a much larger fragment derived from collagen.

Tumor cell adhesion to extracellular matrix

Tumor cell adhesion to the ECM is an essential
step during tumor cell migration and metastases,
providing a means for migrating cancer cells to
transiently or permanently attach to the connec-
tive tissue substratum.?883 A tumor cell adhesion
ECM assay was utilized to assess whether the

AFP peptides could influence or modify tumor
cell attachment to a protein substratum or matrix.
Various ECM proteins were adsorbed to the walls
of microtiter plates and screened for their ability
to serve as a substratum for enhanced tumor cell
adhesion, as compared to non-ECM protein-
coated microtiter plates. With 6WI-1 mouse
mammary tumor cells, substantial cell attachment
was observed with vitronectin, laminin, fibrino-
gen, fibronectin, and collagens I and IV after 2.0
hours of incubation at 37°C (Table 6). GIP-34
and GIP-8 were then tested for their ability to
compete with tumor cell adhesion to the ECM
substratum,29:85

Whereas GIP-34 was capable of inhibiting
most ECM proteins from 40% to 68%, GIP-8 was
selective for fibronectin, fibrinogen, and colla-
gens I and IV, and largely lacked the ability to
inhibit polylysine, chondrotin sulfate, “and
gelatin?885 GIP-8, at 1.0-10 uM, inhibited
mouse tumor cell adhesion to fibronectin by 73%,
fibrinogen by 78%, collagen-I by 40%, and col-
lagen IV by 60% (Tables 6 and 7). When T47D
human breast cancer cells were similarly tested
against 1.0 uM of cyclic GIP-8, growth inhibi-
tion of the BE2-dependent cells showed 31% and
34% inhibition using cells cultured on fibronectin
and collagen-I plates, respectively, and 49% in-
hibition of cells plated on collagen IV.35 No sig-

Table 5. Summarized Activities of Growth Inhibitory Peptide (P149) in Normal Blood Vessel and Tumor Angiogenesis
using the Chick Chorioallantoic Membrane (CAM) Assay®

b
CAM-Angiogenesis Inhibition (%)

. Normal blood Tumor blood Tumor cell Platelet
Peptide tested: vessel (CAM) vessel adhesion aggregation
no. designation angiogenesis angiogenesis® ) inhibition (%) inhibition (%)

1. GIP-34 linear 40 45 60-70 90-95
2. GIP-34 cyclic 95 95-100 40-50 90
3. GIP-8 linear 90 90-95 45-55 <10
5. P263 (ALB) 0 0 ’ <15 0
6. P192 (CT-AFP) 0 0 0 0
© 7. P237 (Scram) 0 0 <10 0
8. ayAP ND ND <10 85-90
9. Ristocetin ND ND ND 100
10. Ovalbumin ND ND <20 ND

Note, Percent inhibition of blood vasculature formation on chick embryo extraembryonic membrane is displayed for P149, its
fragments, and control peptides. For peptide number designations, see the footnotes to Table 3.

AFP = alpha-fetoprotein; ALB, albumin (human); CT-AFP, carboxy terminal énd of AFP (human); Scram, scrambled pep-
tide of P149 amino acid sequence; a; AP, a2-antiplasmin; ND, not done.

®N = 5 each per experiment.

®Mouse melanomas (see text).
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Table 6. Growth Inhibitory Peptide (GIP-34, GIP-8) Interaction with and/or Binding to Various Ligands and

Organic/Inorganic Agents

Growth inhibitory peptides

Interacting or binding agent GIP-34 GIP-8 References
1. Human estrogen receptor (HER) a Binding Nonbinding 8, 46, 75, 76
(recombinant)
2. 17 B-estradiol® fetotoxic doses Reduces fetotoxic Reduces fetotoxic 25,76
. effect (73%)* - effect (37%)
3. (Bstradiol-induced) MCF-7 foci Inhibits foci. Inhibits foci 7, 28-31
formation (65%) (40%)
4. Congo red, ANS Midpiece binding Nonbinding 23
5. HAFP receptor Nonbinding Nonbinding . 77
6. Heavy metals: cobalt, zinc, copper, and iron Binding with all Nonbinding ©29-31
‘ cations listed
7. HSP-70 chaperone interaction Binding Binding 112, 33
8. Survivin protein interaction Not tested Binding 112, 33
9. Extracellular matrix® binding Inhibits Inhibits 29, 76, 85, 111
a. Collagen I, IV 3045 40-60%
b. Vitronectin 55 Not done
¢. Laminin <10 Nonbinders
d. Fibronectin 50-60 73%
e. Fibrinogen 50-55 8%

ANS, anilinonapthalene-sulfonic acid
*Insulin-induced teratogenic doses in the fetal chick.

®Estrogen-induced fetotoxic doses in the perinatal mouse,

°MCEF-7 cells and TD-47 cells.

nificant growth inhibition was noted when T47D
cells were cultured on laminin, polylysine, or
uncoated plastic. With cyclic GIP-8 doses of
1.0-100 uM, fibronectin coatings were inhibited
by 37%, collagen I by 38%, and collagen IV at

- 47%. These data suggested cross-"talk” signaling

between the ECM and the tumor cell membranes.
Overall, cyclic GIP-8 was capable of inhibiting
both the attachment of turnor cells to the sub-
stratum and the subsequent growth of remaining
tumor-cells on that particular ECM., Based on the
ECM adhesion data, tables of integrin-associa-

. tion with GIP fragment are presented, which re-

- veals integrin a- and B-chain interactions (Tables

4 and 6).

GIP immunoregulatory activity

Recent studies have reported that not all AFP-
specific T-cell clones are deleted during on-
togeny, and that AFP antigenic sites persist and
are recognized by both murine and human T-
cells, During the last decade, several research
groups have succeeded in assaying the T-cell
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immunodominant epitope sites on HAFP,86-90
These research groups have reported that four
major HLA-A epitotopic sites, and several more -
minor epitopic determinants, can be localized
throughout the three domains of HAFP. Com-
puter-generated HAFP AA sequences 9-10 AA
in length, comprising 74 potential peptides, were
screened, and they produced 14 positive and 10
negative peptides representing major histocom-
patability complex (MHC) sites of the HLA-A
epitopic type.®°1 Five peptidic segments of the
positive 14 corresponded to known major T-cell
epitopes that had been described in previous
reports.”»*3 Of the remaining nine antigenic
determinants, five qualified as minor epitopic
sites. Interestingly, two of the major epitopes
corresponded to overlapping AA sequence con-
stituents of GIP-8, namely, CIRHEMTPV and
PVNPGVGQC. Each peptide proved capable of
inducing specific T-cell lymphocyte responses in
vitro from normal human HLA-A *0201 donor
lymphocytes and recognized HLA-A *0201/AFP
primed tumor cells in both cytotoxicity assays
and in interferon (IFN-w) induction studies.?*




Table 7. Human and Rodent Breast Tumors Su

In Vitro Models

ppressed by Growth Iﬁhibitory Peptide (GIP) Using In Vivo and

Percent
Treatment growth
Tumor Receptors duration Optimal M
designation Cancer type present (days) conc, (M) GIP-34 GIP-8 Reference
L In vitro: Cell cultures
1. MCF-7, human Glandular adeno Bstrogen 6 1077 80 >90 7,8
i carcinoma ‘

2, T-47D, human Ductal carcinoma Prolactin, 6 10-5 25-30 65 8, 29,
progesterone, 31, 32
estrogen, androgen

3. BT-549, human Ductal papillary Estrogen 6 10-¢ 40-67 ND 8

4, MDA-MB-231, Glandular adeno  Non-E2 6-9 80 (59,60) 0 30, 31, .

human carcinoma : 47

5. MDA-MB-435, Glandular adeno EGF, TGFx 6 10-7 70 ND 8

human ‘

6. GI-101 Ductal carcinoma EGF, estrogen, pS2 6 10-8 75 ND 29, 30, 76

7. MCF-7 foci Grandular Estrogen 14 10712 65 40 7,8

8. CNS tumor Glial blastoma NR 5-6 1076107 45 >50 30

9. Human kidney Renal carcinoma NR 6 5 X 1074 70 ND Up

10. Hut, B-cell Lymphomas NR 2-3 107 85 ND uD
11. HEPG2 Hepatomas AFP, HGF 2-3 10-8 45 ND up’
1L Tn vivo: Isografis, xenografis

1. EMT-6, mouse Mammary-derived EGF, TGFB 30 0.5 pg/day 10-20 ND 30, 31

sarcoma . :

2. 6WI-1, mouse  Adenocanthoma  NR 12 1.0 pg/day 45-70 50 29-31

a. Mouse aduilt

3. Mouse pup Adenocanthoma  NR 6 0.5 ug/day 56 29 31,76

4. MCF-7 mouse  Glandular adeno Estrogen 15-30 0.5-10.0 pg/day >80  >90 30, 31,32

xenograft® carcinoma

3. GI-101 tamox-  Grandular ductal Estrogen 60 0.5 pg/day® >70 ND ND

resistant adenocarcinoma '
6. T47D Ductal carcinoma Estrogen, 30 2.0 pg/day ND >05 31,32
progesterone,

7. MCE-7/Tam Grandular Estrogen 30 2.0 pg/day ND >95 47

Tamox-resistant adenocarcinoma

8. MDA-MB-31  Grandular Non-ER 30 0.5 ug/day ~10 0 29, 30,

adenocarcinoma ‘ 47, 50
9. MCF-7 mouse  Grandular . Estrogen 20 10 pg/day ND >90 31,32
xenograft? adenocarcinoma -
10. MNU-induced  Breast ND 90 0.03-0.27 mgfrat/day  ND 60 48
rat tumor adenocarcinoma
1. MCF-7 mouse  Grandular Estrogen 30 10 pg/day ND >90
xenograft s.c. adenocarcinoma : 71
12, MCF-7 mouse  Grandular Estrogen 30 10 ug/day ND  >90
xenograft (oral) adenocarcinoma 71

EGF, epidermal growth factor; TGF, transforming growth factor; NR, not reported; CC, cell culture;
homolog; acanthoma, adenoid squamous-cell carcinoma; UD, un|

Goodwin Cancer Institute); S.C., subcutaneous; HGF, heptocyte growth factor; ND, not done; ER, estrogen receptor, E2, estradiol,

*Estrogen pellets applied.

SEMTOVNOGQ.
*EKTOVNOGN,

Wnt, wingless Drosophila

published data (G.J, Mizejewski and M. Dauphinee, Rambough-

87




AFP peptide-specific T-cells were also identified
in the spleens of mice immunized with dendritic
cells transduced with AFP-expressing adenovi-
rus. This study and others concluded that the hu-
man T-cell repertoire is capable of recognizing
AFP in the context of MHC class I immune re-

- sponses, even in an environment of high circu-

lating HAFP levels, in both hepatoma and ¢ir-
thotic patients.®%®5 Unlike GIP-34, the GIP-8 is
a sufficiently shorter segment that can generate
an MHC class I immune response and can sensi-
tize host T-cells against these epitopic sites. Al-
though the AFP epitopes provide a rationale for
T-cell-based immunotherapy against hepatomas
(AFP-producing cells), two overlapping GIP-8
antigenic epitopes are immunogenic and could
potentially induce an antigenic immune response,
resulting in host antibody production during the
course of therapy. Thus, the eventual production
of circulating antibodies and/or an immune cell
response to GIP-8, including the T-cell responses
described above, might interfere with, or provide
a long-term obstacle to GIP-8 anticancer peptide
therapeutic drug delivery. Aside from the T-cell
responses described above, actual in vivo anti-
body production against GIP-8 has yet to be dem-
onstrated.

Anti-Cancer Activities: Linear GIP-8:
E2-dependent growth/cell contact inhibition

The first published report on the E2 regulatory
GIP-34 included studies of growth inhibition of

- MCF-7 cells in vitro” (Tables 1 and 8; Fig. 3A).

GIP-34-inhibited tumor cell foci formed as a re-
sult of the accumulation of breast cancer cells in
vitro, which clump and pile up as a result of cell
overgrowth,”6 MCE-7 cells in culture lose their
contact inhibition properties when exposed to
physiological coricentrations (10~8 M) of E2.97
Whereas anchorage dependence of cell growth is
an integrin-associated process, it has been re-
ported that contact inhibition in MCEF-7 cells is
mediated through cell-cell adhesion molecules,
such as cadherin and catenin.®® In MCE-7 cells,
E2 exposure releases the constraints maintained
by cadherin/catenin-containing cells to allow mi-
gration. The migrating cells then stack up to form
mounds termed foci, and these can be quantitated
using a colony counter. In the absence or elimi-
nation of E2, cell proliferation is halted after the
cultured cells establish cell-cell contact, so cell
foci formation does not occur, Therefore, the
MCF-7 focus assay has been used for the evalu-
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ation of GIP-34 and GIP-8 antieétrogenicity
potency.” Results showed that both HAFP and
GIP-34, at 107! to 10712 M, were capable of

‘suppressing MCE-7 cell focus accumulation by
“nearly 75% and 70%, respectively’ (Fig. 3A).

Although not as potent, the linear GIP-8 produced
a 30%-40% inhibition, albeit at higher (1076 M)
concenirations (Table 8; Fig. 4).

It is evident from Fig. 3B (inset) that both
cyclic GIP-34 and GIP-8 were inhibitory against
two breast cancers, MCF-7 and T47D, as deter-
mined by sulforhodamine cell proliferation as-
says. Although linear GIP-34 has been shown to
be active against human prostate cancer (Fig.
4B), GIP-8 has yet to be studied in prostate can-
cer cell culture assays. It is evident that the GIPs
have a growth inhibitory range from 40% to 90%
against a multiplicity of breast and prostate tu-
INOrS.

GIP-8 was also utilized for studies of E2-de-
pendent breast cancer cell growth ‘both in vivo
and in vitro.31:3245 For a complete listing of tu-
mor models assayed using GIP-34 and GIP-8, see
Table 7; & Figures 3 and 4. GIP-8 was shown to
suppress E2-dependent breast cancer growth, as
previously reported for GIP-34 (Table 2). Fur-
thermore, both linear and cyclic GIP-8 inhibited
E2-dependent growth of MCF-7 cells implanted
in severe combined immunodeficient (SCID)
mice3! (Table 8). A hydroxyproline-substituted
GIP-8 analog also completely prevented the
growth of xenografted tamoxifen-resistant sub-
lines of MCF-7 (Fig. 4A), but it was not able to
suppress the growth of the E2-independent
MDA-MB-231 human breast cancer cell line.#’
Interestingly, the octamer peptide was further re-
ported to inhibit the uterotrophic effect of ta-
moxifen in the host mouse following tumor trans-
plantation, Thus, GIP-8 simultaneously inhibited
tamoxifen-resistant breast cancer while suppress-
ing the uterotrophic side-effect of tamoxifen. It
is interesting that both linear and cyclic GIP-8
forms are active only against E2-dependent breast
cancer growth, whereas the GIP-34 peptide is ac-
tive against both E2-dependent and E2-indepen-
dent growth (Table 8; Fig. 3B); this suggests dif-
fering mechanisms of action for the two peptides.
The authors of the above tamoxifen studies for-
warded three potential uses for GIP-8, First, it
might be utilized as a replacement for tamoxifen,
to eliminate that drug’s side-effects of uterine
cancer and blood clotting. Second, it might be
employed to as an adjunct drug to be-used to-
gether with tamoxifen treatment. Third, it could
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be used to treat tamoxifen-resistant breast cancer
patients. However, it is impractical to propose
that tamoxifen would be replaced by any such
drug in the near future. .

In a subsequent study using the cyclic GIP-8
in (2.0 pg/day) MCE-7 SCID mouse xenografts,
the cyclic GIP-8 suppressed total growth of the
tumor for a 20-day period.*> The mice also re-
ceived E2 supplementation by silastic tubing E2
implants (Fig. 4A). An 8-mer human albumin
+ control peptide (EKTPVSDR), derived from the
homologous AA region on HAFP, was employed
as a control peptide; it had previously tested neg-
ative in the immature mouse uterus assay.
Whereas the presence of E2 produced a 3-fold in-
crease in tumor volume in all control mice after
20 days, cyclic GIP-8 completely prevented tu-
mor growth over this time period. Finally, a re-
cent report by GIP-8 investigators demonstrated
that the cyclic 8-mer could be administered to
MCE-7 xenograft-bearing mice by oral delivery
in addition to the parenteral routes.”!

In a further study the cyclic GIP-8 was tested
in a model of N-methyl-N-nitrosourea-induced
breast cancer to determine whether it could pre-
vent the induction of mammary tumors in rats.48
GIP-8 prevented the appearance of the tumors in
a dose-dependent manner (Fig. 4B). It was de-
termined that cyclic GIP-8 treated rats displayed
significantly longer mean tumor-free days, lower
tumor incidence, and lower tumor multiplicity
(number of tumors/rats). Host toxicity was not
evident when body weight, fur texture, and organ
weight were used as criteria in the cyclic peptide-
treated animals. In addition, acute GIP-8 toxicity
studies in nontumor mice showed no effects on
total body weight or individual organ weight fol-
lowing a single intravenous (i.v.) injection of 10
mg peptide/mouse or following 5 successive day
treatments of 2 mg peptide/day and determined
by necropsy. The results indicated that the pro-
tection provided by cyclic GIP 8-mer was simi-
lar to the exposure levels measured in human
epidemiological studies of breast cancer risk re-
duction by full-length HAFP 99190 Representa-
tive samples of the induced tumors examined by
immunohistochemistry demonstrated that GIP-8§
had prevented growth of tumors comprising 80%
adenocarcinomas and 20% fibroadenomas.48

GIP-8 E2-independent cancer growth:
Mouse Ascites mammary tumor

A mouse-induced mammary tumor 6WI-1 of ade-
noacanthoma (squamous cell) origin was studied,
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as described.® The growth suppression of the
mammary ascites tumor by GIP-34, GIP-8, and
control peptides was determined in non-E2-sup-
plemented assays that measured both the tumor
cell number and the ascites volume of 6WI-1

' mammary tumors transplanted into NYLAR/nya

mice.?8-307¢ Tumor cell inocula, ranging from
cell concentrations of 0.3 to 3.0 X 106 cells; pro-
duced host mortality at 12-14 days and were
lethal in 100% of the mice (Fig. 5A).
Inoculation of mice at any of the cell doses led
to increases in body weight from 25 g (day 0) to
approximately 45 g by day 12, owing to the ac-
cumulation of tumor cells and ascites fluid in the
intraperitoneal cavity. It was observed that a dose
of 1 pg/day GIP-34 for 11 days suppressed the
tumor-associated body weight gain at the two
higher cell doses and totally suppressed weight
increase at the low cell dose (Fig. 5A; Table 8).
Mice in the totally suppressed group lived an ad-
ditional 30 days or more until sacrificed, a sub-
stantial increase for the 2-year lifespan of a
mouse. The GIP-34 or GIP-8 significantly sup-
pressed the accumulation of tumor cells and as-.
cites fluid volume (40%-45%) at a tumor cell in-
ocula of 1 X 10% cells (Fig. 5A; Table 2). A
scrambled version of GIP-34 and an albumin con-
trol peptide (P263) totally lacked anticancer ac-
tivity in the mouse mammary isograft model
(data not shown). As an alternative model of the -
6WI-1 mammary tumor in adult mice, an inocu-
lum of 1.0 X 105 tumor cells was injected into
15-day-old neonatal mice for a 6-day, rather than
a 12-day, period; it replicated the adult tumor
growth suppression produced by GIP (Table 8).
In addition to the mouse ascites tumor, GIP-8
was tested against a non-E2-dependent human
kidney tumor cell line; it demonstrated only a
30% inhibition of growth, compared to 70% by
GIP-34 (Fig. 5B). In addition, both linear and
cyclic GIP-8 failed to prevent and/or suppress
growth of the MDA-MB-231 human breast can-
cer (a nonestrogen receptor) cell line; however,
GIP-34 was able to suppress growth by 40%,28-30
Thus, GIP-8, unlike GIP-34, appears to be in-
hibitory mainly for E2-dependent reproductive
cancers, such as breast tumors (Tables 6 and 7).

Mechanism of action

"The site of action of GIP-34 has been proposed

to initiate at the plasma membrane where GPRs
are located; hence, GIP could serve as a possible
decoy peptide ligand and perhaps occupy a re-
ceptor binding site.?® Decoy ligands, in this case,
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are defined as molecules that bind to a cell-sur-
face receptor and block or neutralize, rather than
initiate, receptor signal cascade activation (Fig.
6). Alternatively, a molecule can bind to a cell
membrane protein (nonreceptor) and present as a

circulating soluble receptor to block signal trans-.
duction. Such cases have been described in the lit-
erature for Duffy chemokines and their recep- -

tors.%1-19%  The G-protein-coupled " receptors
(GPRs) are located at the cell surface and are re-
sponsible for the translation of an endogenous sig-
nal into an intracellular response through het-
erotrimeric G-proteins that target other proteins,
often enzymes, that influence the level of intra-
cellular second messengers. A recent computer
modeling study using GIP-8 demonstrated that the
peptide was potentially capable of docking with a
30-Kd GPR30 cell surface G-coupled receptor, a
rhodopsin-family molecule that serves as an es-
“trogen-binding cell membrane receptor.!%* The
computer program modeled GIP-8 as fitting into
a binding or docking pocket between the third and
fourth extracellular loops of the 7-transmembrane
G-coupled receptor (Fig. 6), GPR30 has indeed
been shown to transduce E2-activated signaling
from the cell membrane to the nucleus in a vari-
ety of breast cancer cells.!95-107 Thys, GPR30
and/or other G-coupled receptors could provide
possible leads for the identification of specific
therapeutic molecular targets of GIP-8,
The lack of cytotoxic activity and the demon-
stration of cytostatic effects on E2-dependent
. tumors suggest--a nontoxic growth inhibitory
mechanism, often observed as a fesult of homol-
ogous/heterologous desensitization of GPRs (Fig.
6). Both GIPs have never shown toxicity in any
mode] studied, In the process of GPR desensiti-
zation, and/or receptor occupancy, receptors are
normally withdrawn from the cell surface owing
to repeated overstimulation and are then either re-
cycled or subjected to ubiquitin-protoeosomal
degradation pathways.!% Regarding the process
of desensitization, it has been recently reported
that a family of guanosine triphosphate (GTP)
activating proteins for heterotrimeric. G-protein
alpha-subunits, termed regulators of G-protein
signaling (RGS), are responsible for the desensi-
tization of GPRs.!10819 The RGS proteins serve
as unidimensional desensitizing agents for GPR
signal transduction and also provide for scaffold
assembly and signaling coordination.!!0 It is
tempting to speculate that GIP-8 and GIP-34 bind
to G-coupled receptors, and then following con-
tinued stimulation by GIPs to the cell-surface re-
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ceptors, activate an RGS protein coupled to the
internal side of the GPR receptor at the plasma
membrane; this might initiate uncoupling of the
E2-activating signal transduction MAPK path-
way (Fig. 6). Future therapeutic targets could in-
clude the various portions of the RGS proteins,
such as the RGS domain, the kinase domain, and
the pleckstrin homology domain, in addition to
enzymes such as phospholipase alpha, beta, and
epsilon types. It is notable that various interac-
tions of GPRs with full-length HAFP have al-
ready been described in earlier reports.5111

The blocking of E2 signal-transduction path- -
ways interferes with the initiation of cell prolif-
eration and growth in estrogen-sensitive tissues,
including the mouse uterus and human breast
cancer cells, both in vitro and in vive. It has been
reported that GIP-8 reduces the levels of MAPK
kinase activity, thereby initiating the pathway -
leading to cell mitosis.2®47 This action of GIP-8
was reported to restrict the phosphorylation of the
ER, which is MAPK kinase-dependent, whereas
phosphorylation involving ERK1 and ERK? is
needed to make the ER fully operational,*® Ex-
amination of electrophoresed MCFE-7 tumor tis-
sue extracts obtained 2 hours after 8 days of treat-
ment by GIP-8 (using Western blots), showed a
decrease in phosphorylation of the ER and a con-
comitant increase in the phosphorylation of p53
(Ser 15) in the GIP-8-treated mice.*8 Thus, GIP-
8 was shown to block or reduce ER phosphory-
lation of serine-118 but increased p53 phospho-
rylation at serine-15. Blockage of serine-118 at
the aminoterminus of the human ER by the PXXP
motif of GIP-8 could involve the A/B domain for
the nonligand activation of the E2 receptor.
Therefore, the blockade of GPR-receptors and/or
the activation' of RGS protein by GIP-8 could
blunt the subsequent estrogen-induced signal
transduction MAPK pathways, thereby reducing
mitosis and cell proliferation, ultimately leading
to growth arrest, '

CONCLUSIONS

Both GIP-34 and GIP-8 have béen demonstrated
to be nontoxic and to suppress ontogenic and
oncogenic growth in cell culture and various an-
imal models. However, GIP-8 can be distin- -
guished from GIP-34 by its apparent selectivity
for estrogen-sensitive ontogenic and oncognic
growth suppression. The inhibition of estrogen-

dependent growth would appear to reduce the



o

s

Ligand (GIP-8 :
o ( ) GCR

Rt
o
0

G-coupled .
AR/eeptor (GCR)\A P

%

w&@vﬁ%&m
i,
%
k!
%

Y QU S
& 4 1/
\WARY,
Cytaskeletal Matrx
- = ™
ISR

P
ot
”
;%;3 RN ARG y
&

&8
% B S
L
: %
L SN Y
L N

5

Figure 6, An artist's rendition of plausible docking of the growth inhibitory peptide 8-mer fragment (GIP-8) onto a
G-coupled receptor, such as a heptahelical transmembrane protein member of the rhodopsin family. Some G-protein coupled re-
ceptors (GCRs) are linked to epidermal growth factor receptor (EGFR) signaling cascades. Ligand binding to a G protein-cou-
pled receptor (GPCR) changes the conformation of the receptor’s intracellular loops to promote the exchange of bound guano-
sine diphosphate (GDP) for guanosine triphosphate (GTP) on the Ge subunit and the subsequent dissociation of Ga from Gap.
The hydrolysis of Ge is the rate-limiting step in the reaction. The flow diagram (top to bottom) depicts the general scheme of
signal transduction by the heptahelical GPCRs and the subsequent signal termination (desensitization) by the regulators of G-sig-
nal transduction (RGS) proteins that serve as GTP-activating proteins for the heterotrimeric G-protein a subunits, Homologous
desensitization of ligand signaling by the regulator of G-signaling (RGS) protein (containing an RGS domain, a kinase domain,
and a pleckstrin homology (PH) domain) uncouples the signaling to the mitogen-activated protein kinase (MAPK) cascade through
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ceptor (EGFR), Src 111, Src homology IIT serine/threonine kinases; PI3, phosphoinositol-3-kinase; GRK, G-coupled receptor
threonine/serine kinases; PLC, phospholipase-C; AKT, oncoprotein signaling agent; RHO, GTP binding protein-associated ki-
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therapeutic scope of action of GIP-8 to treatment
of only E2-dependent, ER-positive tumors. Such
tumors represent approximately 50%—55% of hu-
man breast cancers in the clinic. The growth-sup-
pressive activities of the GIPs, as discussed
above, could occur at the plasma membrane level,
in the cytoplasmic MAPK signaling cascade, or
in the nuclear/cytoplasmic compartment of the
ERa or combinations thereof, Dual therapies us-
ing both GIP-34 and GIP-8 would, in theory, ad-
dress both E2-dependent and E2-independent tu-
mors. The mechanisms of action of GIP-8 and
GIP-34 appear to be different, even though both
must confront a plasma membrane to gain entry
or activate the tumor cell’s proliferation path-
ways. The GIP-34, by the use of fluorescent anti-
GIP antibodies in histochemistry studies, have
been clearly demonstrated to bind to the cell sur-
face and to become internalized into the cyto-
plasm, eventually lodging in a perinuclear posi-
tion.?® Whereas GIP-8 has not yet been localized
by histochemical procedures, computer modeling
has suggested the plausible docking of GIP-8
with a GPR-cell surface receptor.!%4 Evidence
linking GIP-8 to MAPK kinase downregulation,
and to the in vitro prevention of estrogen-recep-
tor phosphorylated activation, further suggests
that GIP-8 might be active in nuclear/cytoplas-
mic compartments following receptor-mediated
endocytosis. Because GIP is known to require
several days® and several cell cycles for activa-
tion (6-day assays), it would seem that dissolu-
tion of the muclear membrane during mitosis
might allow free access of GIP fo nuclear tran-
scription machinery at some point during the cell-
cycle phases.

Future. Studies

Because the GIPs act on various proliferating tis-
sues and a multitude of cancer types, both GIP-
34 and GIP-8 could potentially provide site-di-
rected targeted drug delivery to a variety of
different types of cancer. Because the GIPs have
been shown to target to specific cells,2328 the
peptide could be employed as a carrier molecule
using GIP conjugated to chemotherapy drugs,
heavy metals, toxins, antimetabolites, and ra-
dioisotopes. Because GIP-8 has shown promise
in studies to bypass drug resistance,*’ GIPs may
be capable of skirting the ABC transporter system
to avoid multidrug resistance. Small-molecule or-
ganic peptide mimics could also be modeled from
GIP-8 and GIP-34 to produce second-generation
drugs, preferably with oral modes of delivery, as
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recently described for GIP-8.7! The GIP-derived
peptides could further find utility in the process
of identifying molecular targets for drugs in-
tended as biomodulation cancer therapies and to
provide “proof of concept” in identification of
targets for future peptides and/or mimics.! Fi-
nally, AFP-derived peptides could find utility as
templates or lead compounds for the development
of anticancer drugs.
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