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ABSTRACT

Extracellular concentrations of vascular calcium ions are high, while intracellular levels are three logs lower in concentration.
However, high calcium levels in the cell cytoplasm are toxic to cells invoking programmed cell death (apoptosis) and/or
autophagy. The bioregulation of calcium influx into cells (both normal and malignant) is tightly regulated by a family of cell
membrane non-selective cation channels termed “Transient Receptor Potential” (TRP) channels. Such channels allow the passage
of calcium, magnesium and manganese into cells. At the cell bilayer membrane, the TRP channels are embedded in a cluster
of cell signaling proteins, (including protein kinases), known as a “signal plex.” This molecular signaling complex is essential
to maintain, support and stabilize the TRP channels within the bilayers of the cell membrane. The TRP channels within the
signal plex cluster can interact with an alpha-fetoprotein-derived peptide (GIP) which is capable of affecting both the TRP cell
membrane voltage current and the electrical resistance. These electrophysiological effects render the TRP channel susceptible to a
GIP-induced voltage effect which locks the calcium channel in an open position for a defined time period. Hence, an unrestricted
and non-regulated opening of the TRP channel can result in Ca++ cytoplasmic toxicity and ultimately, cell death via apoptosis.

Keywords: Alpha-Fetoprotein, Bone marrow, Breast cancer, Calcium channels, Cations, Cancer, Cell cycle, Cell death toxicity,
Chromosome, DNA repair, Gene instability, Prostate cancer, Stem cells.

1. Calcium Presence in the Body transported first to the mitochondria and secondly into storage in
the smooth endoplasmic reticulum (ER). Excess Ca™ ions can
be pumped out of the ER by Ca*™ associated ATPase enzymes
following their activation’>. However, in certain cases, alterations
due to damage and/or disruption of the cell membrane bilayer
can disable the cell surface membrane permeability barrier
resulting in increased Ca*" ion influx into the cell cytoplasm.
Overall, calcium ions are biologically very active, being capable
of disrupting the cell’s metabolic homeostasis resulting in
excess cytoplasmic accumulation of Ca™ ions which can induce
cytoplasmic toxicity and eventually cell death®*.

Calcium (Ca™) ions are essential for bodily cell maintenance,
regulation and homeostasis in man and other mammals. All cells
in the body are bathed in extracellular fluids very rich in Ca™
ions (10 M), while intracellular Ca™ ion concentrations are 3
logs lower in concentration'. However, normal cell membranes
are permeable only to lipid soluble components and are
impermeable to calcium ion influx. Thus, Ca™ ions are passed
into cells via ion channels. Excess Ca™ ions are usually pumped
out of the cytoplasm itself and into two other cell organelle
storage compartments. Thus, excess calcium ions are normally
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2. Calcium Presence in Cytoplasmic Organelles

Ca* ions are toxic to cells when present in excessively
high cytoplasmic concentrations as stated above’. However,
biological cells require calcium for the proper functioning of
the mitochondria (MT), an organelle that requires Ca™ to aid in
supplying ATP energy for cell function. Moreover, the influx of
high levels of cytoplasmic Ca'* ions can cause the MT to deplete
energy (ATP) stores to become dysregulated and imbalanced;
this condition results in cells literally “suffocating” for lack of
energy’®. Ultimately, calcium ions are normally stored in the
endoplasmic reticulum (ER) but can also be negatively affected
(overburdened) by high levels of calcium in the cell cytoplasm.
The uptake of cytoplasmic Ca** ions into both the MT and the
ER can occur by means of cell channels and pore openings,
respectively, in both organelles’. In the MT, Ca*" channel pores
(see below) are localized in the outer membrane of the MT which
also opens when exposed to high reactive oxygen species (ROS)
stimulation. Likewise, calcium channels can also be opened in
the ER when activated by nitric oxide levels®’.
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3. The Transient Receptor Potential (TRP) Calcium
Channels

Within the cell surface bilayer membrane, certain calcium
ion channels can be activated by chemo- and thermal sensitizing
agents such as spices, temperature and reactive oxygen species
(Table-1). These Ca*" channel types are tightly regulated by a
family of non-selective cation channels called “transient receptor
potential” (TRP) channels consisting of 6 different families with
multiple numbers of family sub-members'®. These members
(and sub-members) include the following: 1) the canonical
member (no sub-members) (TRPC); 2) the melastatin member,
TRPM (1-8 sub-members); 3) mucolipin member, TRPML (1-3
sub-members); 4) polycystic member, TRPP (1-5 sub-members);
5) vanilloid member, TRPV (1-6 sub-members); and 6) a single
ankyrin member, TRPA1. All such receptor subfamily members
display six transmembrane domains (TDI1-TM6) containing
carboxyl (C) and amino-terminal (N) regions located on the
intracellular side of the cell membrane with the pore forming
loop situated between transmembrane domains (TDS5-TD6).
The prominent differences between the 6 TRP channel families
lie in their C- and N-terminal cytosolic domains; these contain
putative protein interactive and regulatory motifs'' (see below).

Table 1: Listed below are the chemosensitizing agents, spices and environmental sensors or irritants that activate and/or stimulate
the cation selective and non-selective channels of vertebrate cells. Such channels interact with a family of proteins referred to as

Transient Receptor Potential (TRP)* channels (See Legend).

Name of Channel Stimulation/Sensor | Type of Cation TRP | Functions of Activated | Type of Cancer cells | References
Activation Chemosensitizing Agent Calcium Channel Activated | TRP Channels Affected, Suppressed Cited
1) Mustard seed or oil spice TRP AL, Cell cycle arrest, apoptosis, | Lung, liver, digestive tract, | 59
(Allythiocyanate) TRP M8, blocks cell migration and | pancreas, colorectal cancer
TRP V1, invasion
TRP V4
2) Ginger Spice TRP V4, Induction of programmed | Embryonic kidney cells, | 60
TRP V1 cell death i.e., apoptosis colorectal cancer
3) Wasabi (Japanese Horseradish) TRP A 1 (Ankyrin) Triggers cell signals to | Colon cancer, pancreatic, | 61,62
suppress programmed cell | central nervous system, lung
death, lipid peroxidation and breast
4) Cayenne Pepper, Hot Chili powder, | TRP V1, Upregulates liver apoptosis | Breast carcinoma, Renal | 63,64
Capsaicin, Camphor TRPCS6, or programmed cell death, | cell cancer, cervix cancer,
TRPM2, growth factor non-cell lung cancer.
TRPM7, Hepatoblastoma kidney,
TRPV6 colorectal, thyroid cancer,
stomach cancer
5) Menthol (peppermint oil) mint leaves | TRP M1, Increases cell migration, | Prostate  cancer, Brain | 65,66
(powder) TRP M2, spreading, motility, limits | glioblastoma, skin cancer
TRP M7, metastasis, tumor growth melanoma, lymphoma
TRP M8,
BK channels
6) Garlic TRPAI, Activation of dendritic | Mast cell cancers, T-cell | 67
TRPM1 endothelial cells lymphoma, prostate, skin
cancer, melanoma
7) Cinnamon (Cinnamaldehyde) TRPAI, Gut mobility, inflammation, | Head and neck, and | 68
TRPMS pain, O, stress squamous cell cancers
8) Cannabis, tetrahydrocannabinol TRP AL, Induces apoptosis, | Lung cancer 69
TRP V4 programmed cell death

Legend:

*The Transient Receptor Potential (TRP) superfamily can be subdivided into 6 subfamilies: these subfamilies include: 1) TRPC (canonical); 2)
TRPV (vanilloid); 3) TRPM (melastatin); 4) TRPA (ankyrin); 5) TRPP (polycystin); 6) TRPML (mucolipin).

Overall, the TRP channels also constitute the: A) the heat and cold sensory channels (not shown) such as TRPV1 (cold) and TRPMS (heat) sensitive
channels. The chemosensory channels (sensitive to capsaicin and menthol) comprise the remainder channels in the TRPV, TRPM and TRPA

subfamilies.
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The TRPnon-selective cation channel proteins can be
described as being grouped as homo- or heterotetramers within
the bilayers of the cell plasma membrane. The transmembrane
domains are a-helical proteins numbered 1 to 6 of which
comprise the aminoterminal domains and (1 to 3) constitute
the ligand (cation) sensing domains. The a-helical domain #4
comprises a more specific sensing ligand region, while a-helices
#5 and 6 constitute the selectivity core channel through which
the cations flow. The TRP channel displays consensus sequences
and additional specialized regions both at the aminoterminal and
carboxyterminal ends; namely, ankyrins 1,2,3.4, sites, coiled
coil-N-terminus sites; a calmodulin (CAM) site and an inositol
P3 (IPR) receptor site . As shown below, the third domain peptide
fragments of alpha- fetoprotein (AFP) have been mapped to
display AFP interactions with non-selective TRP cation channels
in silica (See Tables 2 & 4) (16).

Activation of TRP channels can occur by several different
chemosensors. Direct activation can result from endogenous
sensors agents such as 1) diacylglycerols; 2) phosphoinositides;
3) eicosanoids; 4) anandamides and 5) reactive oxygen species
(ROS) by products. Channel-activating chemosensor substances
may also include various spices and other environmental agents'?
(see Table-1). In summary, TRP channels are ubiquitously
expressed throughout the mammalian body in multiple cells
organs and tissues. The TRP channels are non-selective for
cations such as Ca", Mg" and Mn"" and are expressed in
neurological, cardiovascular, metabolic, blood vascular and
pulmonary tissues as well as multiple types of cancers'. Overall,
TRP channels are involved in important biological functions in
both health and disease conditions involving signal transduction
mechanisms, sensory and mechanical activation, environmental
sensors agents and translational products.

4. The TRP Channels in Signal Transduction
Mechanisms (the Signal plex)

The location of the TRP channels within the cell membrane
is such that the channel itself can be activated in concert with
several other proteins that cluster together with the TRP cation
channel at its point of insertion within the cell membrane.
The entire cluster of different proteins in conjugation with
the TRP channel is collectively called the Signalplex (signal
molecular complex)'“. Thus, the TRP channel proteins exist in
macromolecular assemblies comprising nine different multiple
signaling protein components'>. The molecular members of
the signalplex proteins comprise an array of potential targeting
and scaffolding proteins comprising TRPs and 8 other different
proteins; all of which are localized at the cell membrane bilayer
and comprising the entire molecular complex'>'®. The nine
total members of the signalplex consist of the following: 1) the
TRP ion channels; 2) phospholipase-C (beta); 3) Rhodopsin;
4) Protein Kinase-C; 5) Calmodulin; 6) Myosin; 7) Beta-2-
adrenergic receptor; 8) Na”/H* Cotransporter; and 9) the ezrin-
radin-moesin complex (44).

Thus, the TRP channel can be activated, modulated or
modified by stimulation and participation in conjunction with
members of the constituent protein members of the signalplex'”.
It appears that this complex of proteins is essential to maintain,
form scaffolds and stabilize the presence of the TRP channel
in proximity to the microvilli of the cell surface membrane.
The molecular complexes are also in juxtaposition to lipid
rafts linked to caveolae proteins near the microvilli. Lipid rafts
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consist of glycosphingolipid and cholesterol-enriched membrane
microdomains associated with the transmembrane channel
proteins of the plasma membrane'®'”. A main member of the signal
activation of the TRP channel is the phospholipase-C molecule
which activates inositol 1, 4, 5-triphosphate, diacylglycerol
(DAG) and polyunsaturated fatty acids (PUFAs). Further
activation can be initiated by Ca™ release from storage areas in
the smooth endoplasmic reticulum and in mitochondria®!. It is
also known that certain members of this signalplex are capable
of linkage to G-protein coupled receptor signal transduction
factors and to the actin cytoskeleton framework of the cell.

5. Proposed Scope of the Present Review

The present review proposes a plausible cell surface
targeting of therapeutic AFP-derived fetal peptides (GIP)
which can interact with the Transient Receptor Potential (TRP)
calcium channels; such studies have used information from
both: A) clinical data from patients bearing prostate and breast
cancers and B) cultured human LNCaP and MCF-7 cells in
culture”®. Hence, the TRP Ca'* channels present plausible
targets for a novel anti-cancer therapy using peptides derived
from fetal proteins such as alpha-fetoprotein***. Calcium (Ca™)
is both an extracellular and intracellular signaling cation that
is essential for cell growth, proliferation and survival in both
normal (non-malignant) and cancer cells. Furthermore, calcium
is a universal second messenger cation employed in cell cycle
progression, cell proliferation and programmed cell death
(apoptosis)**®. TRPs are barely detectable (baseline levels) in
normal healthy cells and tissues, including benign cell growth.
In contrast, TRP channels are highly overexpressed in prostate
and breast cancer bearing patients and in as well as in multiple
other cancer patients’’?. Furthermore, TRPs were the first
Ca*" channel to be clearly identified as targets both in cells and
tissues from clinical cancer patients’ specimens and in cultured
cancer cells. This is because TRPs are highly overexpressed
in cancers and especially in human breast MCF-7 and prostate
LNCaP cell cultures lines. It is interesting that prostate LNCaP
cultured cells display TRPs but were found to display less of
the conventional L-type voltage Kv dependent Ca-channels
(i.e., the dihydropyridine) type. Thus, in comparison, TRPs are
not voltage-dependent channels but rather non-selective cation
channels. TRP channel overexpression further correlates with
cancer tumor grade progression in patients; thus, TRP levels
were found to correlate with the degree of clinical malignancy
in human prostate, breast and in other cancer types®*. TRPs
are highly expressed-in advanced prostate and breast cancers,
metastatic cancers and androgen-insensitive cancer lesions. As
suggested above, TRPs are also useful for pathology staging
(biomarker) of human cancers and to predict clinical cancer
outcomes. Hence, the scope of the present report is to present
a plausible link between calcium ion signaling, TRPs, fetal
peptides and calcium-induced cell death.

6. Evidence for Involvement of an Alpha-fetoprotein
Derived Peptide with TRP Calcium Channel Signaling

A. Alpha-fetoprotein and Derived Peptides: Alpha-fetoprotein
(AFP) is a tumor-associated fetal mammalian glycoprotein
present during ontogenic and oncogenic growth’*'. Human
alpha-fetoprotein (HAFP) is secreted by the yolk sac and fetal
liver during pregnancy and can be re-expressed in adult cancers
such as teratomas, hepatomas and yolk sac tumors of the ovary**.
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Thus, in the clinical laboratory, HAFP has been employed both
as a tumor and gestational age-dependent fetal defect marker
with utility first, as a screening agent for neural tube defects and
aneuploidies and secondly, as a serum tumor marker for adult
cancers*>*. In recent years, AFP has further been determined to
be a growth regulatory protein for both fetal and tumor cells.
AFP comprises a 70-kDa single chain polypeptide containing
3-5% carbohydrate and is a member of the albuminoid gene
family?2.

B. Published Properties of the Growth Inhibitory Peptide
(GIP): The Growth Inhibitory Peptide (GIP) is a synthetic
peptide fragment derived from the naturally occurring fetal
alpha-fetoprotein (AFP) polypeptide present during mammalian
pregnancy>*. An encrypted GIP peptide segment lies buried within
the full-length AFP molecule and AFP can undergo a transformal
change exposing the peptide in the presence of fetal stress/shock
environments***; Thus, the GIP segment can be temporarily
exposed following a conformational change of the entire AFP
fetal protein. The exposed GIP segment on AFP has been found
to be used within the fetus to prevent unwanted (dysregulated)
fetal growths during pregnancy. Appropriate repair proteins and
other signaling transduction pathways are coincidently utilized
in re-establishing the monitoring, regulation and homeostasis of
growth within the developing fetus.
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Overall, Growth Inhibitory Peptide (GIP) can best be
described as an AFP derived peptide sequence buried within
the internal protein folds of the AFP molecule during human
pregnancy. Following pregnancy, serum circulating full-length
AFP levels are gradually reduced in both the woman and in
the newborn®. During pregnancy, when a stress/shock induced
conformational change in the fetal AFP molecule takes place,
the GIP peptide becomes exposed on the full-length AFP protein
surface stemming from within a concealed site buried within
the tertiary folded AFP*. Within recent years, the exposed 34
amino acid GIP peptide segment has been isolated, purified
and biochemically characterized; hence, GIP has been found to
target, block and suppress malignant growth in man and other
mammals®*3%, In later published reports, GIP was demonstrated
to target cancer cells and to inhibit cell growth of nine different
types of cultured cancer cell types which included breast, prostate
and ovarian among other cancers***!. GIP can further participate
in biological activities such as platelet blood clotting, arresting
growth cell cycle, suppressing tumor blood vessel angiogenesis
and inhibiting circulating cancer cell metastases (Table-2). In
further studies, GIP has been reported to suppress cancer growth
in 38 of 60 different cancer cell culture lines provided by the
National Cancer Institute (NCI). Finally, the mechanism of
action of cancer cell suppression in vitro and in vivo has now
been elucidated and published*.

Table 2: Global RNA Microarray:_Expression of 716 transcripts was significantly altered after 8 days of treatment with GIP as
compared to treatment with the scrambled peptide. Four hundred thirty were down regulated, while 286 were upregulated.

Microarray Data: Transcripts displaying 1.0 or larger log fold (log base 2.0) decrease for genes associated with cell division and proliferation processes.
Gene Title Fold Decrease (-) | Cell Function

I. Cell Cycle Regulation

1. F-Box/Wd40, Domain- 10 (FBXW10) -14.9 P27 degradation

2. Checkpoint Suppressor-1 (CHES1) 9.2 S-phase checkpoint

3. Cyclin-E** -4.6 Regulates G-S transition
4. SKP2** -4.3 Mediated p27 degradation
5. Calpain -32.5 Cell cycle progression

6. CDC20 Cell Division Homolog -4.3 Activates ubiquitin

11. Ubiquitin-Associated Proteins

1. SUMO/Sentrin/SMT3 Specific Protease (SENP3) -2.1 Lysine targeting ubiquitin
2. Ubiquitin Specific Protease-49 (MGC20741) 2.1 Ubiquitin enzyme

3. Ubiquitin Ligase Protein Complex (KIAA0804) -2.1 Protein degradation

II1. Apoptosis Associated Proteins

1. p53-regualted apoptosis-inducing protein 1 (PS3AIP1) -9.8 Mediates apoptosis

2. Epithelial Membrane Protein 1 (EMP1) -5.6 Promote Carcinogenesis
IV. Calcium Associated proteins

1. Phospholipase C, epsilon 1 (PLCE1) -8.0 CDC25-associated

2. Solute carrier family 22 (SLC22A16) -6.1 Cation transporter

3. Dystrophin (DMD) -6.1 Muscle/ECM connection
4. Cadherin 13(CDH13) -4.9 Cellular adhesion

V. Channel Associated Proteins

1. Potassium voltage-gated channel (KCNB2) -8.0 Shab ion channel

2. Transmembrane Channel like 5 (TMCS5) -5.2 Ion transporter

3. Potassium voltage-gated channel, KQT like (KCNQ3) -4.0 Cation signaling

4. Calcium Channel, Voltage dependent 2 (CACNA2D4) -2.0 Calcium signaling

5. Calcium/Calmodulin-dependent Kinase (CAMK2B) -1.9 Calcium regulation

6. Calcineurin A gamma (PPP3CC) -1.8 Calcium phosphate 3 protein
7. Calcium Channel, Voltage Dependent (CACNC6) -1.8 Calcium transport

**=real time PCR
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C. Review of Growth Inhibitory Peptide (GIP) as a TRP
channel Agonist:

An interactive electrophysiological study employing GIP
interaction with TRP Ca** channels in cultured MCF-7 human
breast cancer cells, was previously performed and reported*-. It
was demonstrated that GIP, administered to human breast cancer
cells in cultures, affected the electrical voltage conductance
in the cancer cell surface membrane involving TRP channels.
Compared to calcium influx into normal cells, the measured
inward voltage current across the cancer cell membrane
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increased with GIP treatment, while the TRP membrane electrical
resistance decreased in the Ca™ channel (Table-3)*. Earlier
studies using chemosensitizing agents (Table 1) had shown that
TRP Ca** ion channels were involved with regulating calcium
influx entry into cancer cells®*. Thus, GIP (at 1.0-10 pMol) was
found to impose an increased Ca™ influx flow into the MCF-7
cancer cell cytoplasm. GIP was found to interact with TRPs of
the M1 and M6 Melastatin subfamilies in computer simulations
of peptide-to-protein binding modeling studies, referred to as
“molecular docking” (Table-4).

Table 3: Amino Acid sequencing Matching of Alpha-fetoprotein (AFP) derived Growth Inhibitory Peptide (GIP, P149) with Various
Cation Channel-Associated and Calcium Interacting/ binding Proteins.

% Identity/Similarity | % Total

Hum GIP #445 LSEDKLLACGEGAADIIIGHLCIRHEMTPVNPGVGN | 100/100 100
Fragments P149 (GIP)* 1. GIPa| 2. GIPb | 3. GIPc

Xen Na/K ATPase (#252) LSCTRLIACCYGNCTGAIXHLCXXTNLSSI 36/23 59
Na Chanel Protein (#55) YVQDQLQACGEG 58/25 83
Hum Calmodulin (#27) LSEIELL 71/0 71
Rab Ca Channel-P (#32) GLLPCAEG 63/25 88
Carp Ca Channel-P (#333) LCGEGAAGL 33/11 44
Piso ATP-syn A (31165) AANLTAGHLL 45/45 90
Hum Calcitonin R (#210) NSMIIIIHLC 50/30 80
Pig Calcitonin R (#195) NSIIIITHLV 50/30 80
Rat Calcitonin R (#195) NSIIIIIHLV 50/30 70
Hum calreticulin (#3692) IQSIIVGHLG 50/20 70
Yeast Calmodulin (#21635) NRIGQLCIR 66/11 77
Hum Calcitonin (#1550) LCIRHSFTPA 60/30 90
Mus K-Chanel P (#18) LCIRGTLTPR 60/20 80
Bov ATP-channel (P) (#385) CIQFELPPVN 50/30 80
Rat Ca/ATPase (#660) CIHNQMQPVH 60/40 100

*GIP can be divided into three smaller peptide fragments, termed GIPa, GIPb and GIPc (see references).

Table 4: Molecular docking and protein interaction sites on alpha-fetoprotein and Growth Inhibitory Peptide (GIP) were identified. Such sites
were localized by means of proprietary computer software (Peptimer Discovery platform). See legend below.* The amino acid segment of
human alpha-fetoprotein and Growth Inhibitory Peptide (GIP) that were probed for computer interaction sites employing allosteric modulation
designs. The single letter protein amino acid code was used for the Human Alpha-fetoprotein amino acid sequence 445-480 as follows:

NH2-LSEDKLLACGEGAADIITGHLCIRHEMTPVNPGVNPGYV GQ-COOH

Acc # Protein Function Computer Hit
1) 014757 Ser/Thr protein kinase CHK2 | Regulates S-phase, G2/M checkpoint Helical region near kinase for serl178
2) AAC37594 BRCALI Cell cycle checkpoint for DNA damage response Tumor suppressor region near carboxy terminus
3)NP_005188 | CHESI1 Cell cycle checkpoint regulator Glu/Ser kinase substrate site
4) NP_004761 KCNNB2 Volt-gated K-channel outflow Channel pore
S)YNP_113669 | SLC22A16 Carnitine, cation transporter Cation binding region
6) BAA037730 | Calpain Cys protease; Ca*" binding; DNA-repair Ca™" binding region
7)NP_009125 | Protein kinase CHK2 S-phase checkpoint regulator of the cell cycle FHA region, a fork head transcription factor
phosphatase; *NLS zip code site
8) NP_005188 | Checkpoint Suppressor | Suppresses checkpoint mutations of cell cycle proteins | QS kinase substrate sites, fork head region for
(CHESI) transcription
9) CAD12456 Titin Ca*™ dependent, myosin-binding ECM muscle protein | Ca™* binding domain
10) CA140077 | CNNM2 Cyclin-M2 Transporter associated region
11) AAH58266 | TRP-MI1; Transient receptor | A cation channel of the melastatin family; expressed | TRP consensus site; EWKFAR
potential (M-1 family) in metanocytes associated with development of
melanomas, permeable for Ca** and Mg™ ions
12) NP060124 | TRP-M6 Transient receptor | A channel permeable to Ca*™* and Mg** ions. Regulates | TRP consensus site: LPXPFXPSPK
potential (M-6 family) parathyroid hormone production, energy production
and DNA maintenance

*Note: that GIP displayed direct computer hits on the melastatin family of the TRP calcium channels, TRP-M1 and TRPM6.
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The above published studies demonstrated that GIP was
found to increase the membrane current flow across the
cancer cell channel within the cell cytoplasm. More channel
proteins. These targeted pinpointe over, the increased electrical
potential across the Ca** channel occurred in a range of -30 to
-45 mV; this voltage imposed a clamp which keeps open the
Ca** channel which persisted for 90 minutes in a freeze frame
fashion**. Additional studies employing “patch-clamp”
electrophysiological procedures confirmed the extended open
channel time period induced by GIP. These studies proved to be
effective in stabilizing the cell membrane voltage current block
while decreasing the channel electrical resistance; this effect
was found to occur in TRP channels in both prostate and breast
cancer cultured cells. In summary, upon measurement of the
electrophysiological voltage conductance and resistance, GIP
treatment demonstrated a substantial channel current increase
accompanied by a decreased membrane resistance in cancer
cells compared to cells employing control scrambled AA peptide
sequences. Thus, it is interesting to note that such TRP Ca**
channels are also known to be involved in regulation of the cell
growth cycle in cancer cells and might account for the reported
GIP-induced cell growth arrest found in multiple cancer cell
types? .

Thus, in two distinct cultured cancer cell lines, the GIP
peptide enhanced the channel flow of Ca™ into the cancer
cells contributing to the intracellular Ca'* ion increase and
dysregulation. In subsequent reports of GIP treatment in MCF-7
cells, supporting GIP inhibition data were garnered from several
study sets including a) data from a global RNA microarray
analysis combined with; b) a computer program analysis of
protein-to-peptide pairing study and c) amino acid sequence
comparisons. All together, these data set studies suggested that
GIP peptides could serve to modulate TRP Ca™ channel passage
in both cultured MCF-7 breast cancer and LNCaP prostate
cancer cells®*. As shown in these other reports, it had been
known that calcium ion functioning and transport could affect
both cell cycle growth arrest and the induction of apoptosis
and autophagy. Thus, GIP is capable of imposing an increased
influx of Ca*"ions into cancer cells for a defined period of time
in a non-regulated/restricted fashion. If this event occurs, the
addition of chemosensitizing agents (such as the spices in Table
1) could contribute to the initial opening of Ca™ channels as a
first step in allowing an increased flow of Ca™ into the cancer
cell cytoplasm.

7. Calcium-induced Cell Death

Calcium (Ca*") ions are essential for maintenance of bodily
cell function but can also be toxic to cells in high concentrations.
All cells require physiologic levels of Ca™ ions to maintain
their homeostasis, but the accumulation of excessively high cell
concentrations of Ca*" ions into the cytoplasm can result in an
imbalance in intracellular organelle bioregulation of energy and
homeostasis, resulting in cell toxicity and death. Biomedical
researchers have taken advantage of this observed toxic cell effect
in the development of therapeutic drugs that could be employed to
destroy malignant tumor cells®. Such cell compartments include
substances, membranes and subcellular organelles involved in
the apoptotic process (programmed cell death); these include
calcium channels, mitochondria, cytokines, transcription factors
and the smooth endoplasmic reticulum. Overall, unregulated
and unrestricted Ca™ ion channel membrane flow can result in
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a constant stream of calcium ions into the cell cytoplasm. The
resultant unregulated activation of such cell membrane (TRP)
Ca™ channels can lead to a huge toxic influx of Ca™" ions into the
cancer cell cytoplasm.

The mode of action of cell toxicity produced by the calcium
overload of the cell’s mitochondria energy supply system can
essentially cause cell death via processes of both apoptosis and
autophagy (a lysosomal process)*’*. High levels of intracellular
calcium are taken up by the mitochondria (Mt) which triggers
the opening of MT pores termed “mitochondrial permeability
transition pores” (mPTP); such an event leads to increased
mitochondrial membrane permeabilization (uptake) and
accumulation of Ca*" ions’. The exposure of the mitochondria
to heavy influxes of Ca™ ions activates the dephosphorylation of
NFAT proteins, which are key regulators of T-cell development
and propagation. The NFAT (nuclear factor of activated T-cells)
proteins are a family of transcription factors whose activation
is regulated by calcineurin, a Ca™ dependent phosphatase
enzyme®*’. NFAT proteins have also been identified as
inducers of cytokine gene expression, especially the activation
of inteleukin-2 (IL-2). The IL-2 cytokine is a 16 kDa protein
secreted by T-lymphocytes, namely, CD4" and CD8" T-cells®!.
In turn, these T-cells can stimulate additional immune cell
proliferation and development of: 1) helper cells; 2) cytotoxic
cells; and 3) regulatory T-cells. This array of different T-cells
is responsive to the activation by microbial infections, self-
versus non-self/defense responses and induction of programmed
cell death (apoptotic) factors. In summary, the activation of
opening of Ca*™ channels can occur in several constituent cell
components including, 1) the cell membrane; 2) pore openings
in the mitochondria; and lastly in 3) the Ca™ channel influx
into the endoplasmic reticulum (ER)****. When all three Ca**
associated cell structures and organelles operate in concert,
calcium-induced cell death (apoptosis) and/or autophagy ensues
resulting in the observed cell toxicity, necrosis, autophagy and
cell death.

8. Additional Statements and Conclusion

It was the discovery of ion channels such as the voltage
regulated K-voltage regulated channels and the non-selective
ion channels like the “Transient Receptor Potential” (TRP) that
have advanced the present-day knowledge of channel functions
involved in transport, signal transduction and receptor crosstalk.
While K-channels are specific only for potassium passage and
flow into the cytoplasm, TRP channels are non-selective for the
several cations discussed above. Moreover, Kv channels are also
pore-forming proteins which can be engaged in 1) the efflux of K*
ions across the cell membrane; 2) the balance of action potential;
3) electrical waveforms; and 4) flux frequency*. In addition, K*
channels are sensitive to voltage changes in the cell membrane
action potential and electrical impulses. In contrast, TRP channels
display one-way passage and flow of several different cations
into cells. It is of further interest that a comparison study of
TRP channels TRPMS8 and TRPV1 versus KV2.1 channels was
performed. It was found that most structural elements from TRP
channels and from Kv channels were not sufficiently related to
allow for the creation of experimental hybrid channels** (Table-
1). It is of interest that the KV channels were downregulated by
GIP in the global mMRNA microarray analysis (Table-2) while the
TRP channel did not do so. However, it was found that the TRP
channels were found to bind GIP TRP channel allosteric sites as
found in computer modeling programs (Table-4).
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9. Conclusion

It can be ascertained from the reviewed data and information
presented in this report, that an alpha-fetoprotein derived peptide
(GIP) can interact with specific TRP channel family members
to alter Ca™ channel influx and the flow of cations into cells.
It is further tempting to speculate that GIP could provide the
means and transduction signaling for the cellular induction of
Ca™ induced toxic cell death. Furthermore, biological cells
require calcium ions and other ions for the proper functions
and regulation of cytoplasmic organelles such as found in the
mitochondria and the smooth endoplasmic reticulum (ER).
However, if an unregulated and unrestricted flow of Ca™ ions
is allowed to enter the cancer cell, then this unrestricted flow
of Ca™ ions into the cell would allow overflow passage into
certain cytoplasmic organelles leading to programmed cell death
via calcium induced toxicity. In summary, it may be stated that
peptide targeted therapy is presently changing the treatment and
prognosis of cancer in the clinic. Thus, targeting of ion channels,
such as TRPs, could lead to novel approaches in the biomedical
field for anti-cancer therapies employing peptide interactions
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with TRPs and other ion channels>®.
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13. Technical Notes: Addendum:

Computer Supporting Data: A search for Pairing

of Peptide-to-Protein Interactions: AFP and its derived
peptides are bristling with matching amino acid segment sites
from cytokines, chemokines and immune system amino acid
sequence identities which occur all over the AFP polypeptide
molecule®. The protein-to-peptide pairing computer software
from Serometrix Biotech Company revealed that the GIP
peptide contained multiple matched allosteric amino acid pairing
interaction sites with cellular and cancer-associated protein
molecules; such proteins are the hallmark of diseases specific
to cancer and other diseases. This software also focused on the
amino acid pairing of small amino acid fragments present on
disease cells associated with cancer. Such protein sites (amino
acid segments) are potential targets for future therapeutic
approaches to cancer treatment.46,47). Such pairing interactions
could affect signal transduction pathways by inhibiting (or
enhancing) receptor binding by blocking protein-to-peptide
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interactions. As shown in Table-3, the matched interacting sites
with GIP included: 1) growth factors; 2) cell cycle proteins; 3)
ubiquitins; 4) apoptosis associated proteins; 5) calcium-linked
proteins; and 6) channel proteins. These targeted pinpointed
interactions of cellular cycle proteins with cancer often cause
cancers to progress to the severe symptoms which are observed
clinically delayed in cancer afflicted patient.
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