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Abstract:
A key oncogene in breast cancer is the receptor tyrosine kinase EGFR (epidermal growth
factor receptor). This protein is responsible, among other things, excessive proliferation and
survival (evasion of apoptosis). In breast cancer cells, EGFR’s translocation to the nucleus
causes resistance to cancer therapeutics. This has led to the field of research in cancer therapies
that can target and inactivate EGFR, preventing its promotion of the breast cancer phenotype.
Previous therapeutics, such as the tyrosine kinase inhibitors lapatinib and afatinib, and tyrosine
kinase inhibitors that target the kinase domain of EGFR, have been found to have minimal effect
when used to treat breast cancer. Therefore, another method of targeting EGFR via its JXM
domain has been developed. This drug is known as SAH5-EJ1.
Prior research has established that SAH5-EJ1 binds to a region of EGFR, the
juxtamembrane (JXM) domain, causing reduced cell viability, inhibited ERBB activation,
modified Calcium/Calmodulin signaling to promote membrane blebbing, stimulated ROS
production in the mitochondria, and overall causing apoptosis and necrosis in TNBC (triple
negative breast cancer) cells. To determine a potential source of calcium that is caused by the use
of SAH5, different assays have been done to determine which calcium channels act as drivers.
MTT assays have shown that the mechanism of SAH5-induced cell death doesn’t involve the IP3
receptor (as seen when SAH5-induced cell death still happens in the presence of IP3R inhibitor
2-APB). Also, a rescue effect from SAH5-induced cell death could be seen via use of the
antioxidant NAC, or the combination of reduced glutathione (GSH) and a thiol (RSH), the
downstream products of NAC. This is further seen in how using either BCTC, NAC, or a
combination of both on SAH5-treated TNBC cells results in a drop in ROS (reactive oxygen
species) in these cells. Finally, there is data to suggest the mechanism of action for SAH5
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involves the use of the calcium membrane transporter TRPV1, whose inhibition lowers the
effects of SAH5-induced cell death. Overall, the current data suggests that SAH5 is a potent
cancer therapeutic in TNBC and its mechanism of action involves the use of membrane
transporter TRPV1.
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Background:
Cancer is a worldwide problem, being the second leading cause of death in the United
States, with 595,690 cancer deaths seen in the US in 2016 [1]. In women, the most prevalent
form of cancer is breast cancer [2]. Breast cancer can be classified into different subtypes based
on certain gene expression: estrogen receptors, progesterone receptors, and HER-2 (Human
Epidermal Growth Factor Receptor 2, part of the ErbB protein family). This leads to
development of five different subtypes: Luminal A, Luminal B, HER-2 Enriched, Normal
Breast-Like, and Triple Negative (Basal Epithelial-Like) [3, 4].
Luminal A (from the luminal cells lining the mammary ducts) is characterized by both
estrogen and progesterone receptors being present, while low/no HER-2 expression occurs. This
breast cancer subtype is the most prevalent (50-60% of breast cancer cases) and has a 10-year
survival rate (due to having low levels of protein Ki-67, which causes slower cancer cell growth)
with a longer relapse period. Luminal B is characterized by estrogen and progesterone receptor
expression (similar to Luminal A), and high expression of proliferation-related genes. This
subtype is found in 10-20% of breast cancers and has a poorer prognosis than the Luminal A
subtype.
HER-2 Enriched lacks estrogen receptor expression but has high expression of HER-2
and related genes. 10-15% of all breast cancers are this subtype, which results in a poor
prognosis. Normal Breast-Like (IBC) expresses genes seen in normal mammary tissue, having
estrogen and progesterone receptors, HER-2, and EGFR (epidermal growth factor receptor). This
subtype has an intermediate prognosis relative to the other subtypes. Finally, Triple Negative
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(TNBC) has low/no expression of estrogen and progesterone receptors, as well as lacks HER-2
and related genes. Also, an overexpression of genes normally seen in basal and myoepithelial
cells occurs, such as the overexpression and/or mis-localization of EGFR (which helps make this
subtype be so aggressive). 10-20% of breast cancers are triple negative, with this subtype having
the lowest prognosis [5].
A protein involved in the proliferation of breast cancer cells is EGFR in the ErbB protein
family. The ErbB family is composed of four members: ErbB1 (EGFR), ErbB2 (HER-2), ErbB3
(HER-3), and ErbB4 (HER-4). These proteins are tyrosine kinase growth factor receptors and are
composed of the following domains in this order: extracellular, transmembrane, juxtamembrane,
kinase, and c-terminal tail. The ErbB proteins respond to extracellular proteins from the EGF
(epidermal growth factor) family. The binding of the specific EGF ligand to its corresponding
ErbB monomer causes receptor dimerization (which can be homo-typic or hetero-typic), kinase
activation, and cross-phosphorylation of the tyrosine on the receptor tails. This leads to the full
activation of the ErbB protein as a dimer, initiating downstream pathways [6,7]. Some of the
different pathways controlled by EGFR can be seen in Figure 1 [32].
The ErbB family is involved in four crucial cell signaling cascades: the Phosphoinositide3-kinase pathway, the Phospholipase C gamma (PLC-γ) protein pathway, the Mitogen Activated
Protein Kinase (MAPK) pathway, and the JAK-STAT signaling pathway. When activated by an
ErbB, these pathways are involved in essential functions such as angiogenesis, cell-cell/cellmatrix adhesions, cell proliferation, growth, migration, and survival.
An EGFR pathway with important relevance is the PLC-γ pathway, modeled in Figure 2
[20]. This cascade is caused by the kinase domain of EGFR binding and activating the PLC-γ
protein. As a result, PLC-γ will hydrolyze phosphatidyl inositol 4,5-biphosphate (PIP2) to the
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products of diacylglycerol (DAG) and inositol triphosphate (IP3). DAG acts as a co-factor for
protein kinase C (PKC). When activated, PKC causes apoptosis, cell-cycle progression,
differentiation, and transformation. IP3, on the other hand, will translocate to the IP3 receptor in
the endoplasmic reticulum (ER), causing calcium ion release. The secondary messenger of
calcium will activate several calmodulin dependent enzymes [8]. Since calcium acts as a
secondary messenger for various cellular pathways and vital functions, its cellular levels are
tightly controlled so to prevent cell survival threats [19]. Certain organelles, such as the ER, act
as reservoirs for calcium so to keep cytoplasmic calcium levels low (when calcium signaling
isn’t needed) and prevent misregulation [20, 21].

Figure 1: Growth factor stimulated EGFR and its downstream signaling pathways. These
signaling cascades regulation cell proliferation, death events, motility, and transformation
[32].
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Figure 2: PLC cleaves PIP2 to IP3 and DAG. IP3 can bind IP3R and cause intracellular
calcium release [20].

TNBC and IBC have the greatest overexpression of EGFR (although the other three
subtypes have overexpression of EGFR to some degree). This overexpression results from EGFR
gene amplification. Gene amplification has more frequently been seen in TNBC cells (25% of
cases). Also, dysregulation of EGFR downstream signaling is seen as a major contributing factor
to tumorigenesis and malignant phenotypes, leading to cell invasiveness and polarity loss (EGFR
is normally in the basal-lateral region of the cell membrane). EGFR is so crucial to the functions
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of a TNBC cell that substantial inactivation of EGFR will cause apoptosis in a TNBC cell [9,
10].
Previous research into therapeutics that target EGFR include antibodies to bind EGFR’s
extracellular domain, as well as tyrosine kinase inhibitors (TKIs). TKIs include lapatinib,
afatinib, gefitinib and erlotinib [11, 12]. However, partial and poor responses have been seen in
the use of these treatments for TNBC cells. As a result, no significant EGFR-targeted therapeutic
for TNBC cells has been made so far, leading to a demand for this therapeutic to effect TNBC is
a safe and efficient way.
The lack of effective targeting of EGFR’s kinase domain in breast cancer has led to
looking at alternatives into inactivating this protein. A promising target of drug treatment is the
juxtamembrane (JXM) region of EGFR, a highly-conserved domain in the ErbB family
responsible for the formation of EGFR dimers (leading to protein activation), as well as nuclear
translocation (via a nuclear location sequence, NLS) for DNA damage repair, DNA replication,
and upregulation several genes including BCRP, COX2, Cyclin D, and iNOS for cell
proliferation, survival, and resistance to cancer therapeutics. Also, the JXM domain is
responsible for ErbB mitochondrial translocation via the same NLS (to interact with cytochrome
oxidase and affect ATP levels), and calcium signaling (to increase intracellular calcium levels for
eventual calmodulin binding to EGFR and propagation of downstream processes). This has led to
the development of the protein drug EJ1 [13, 14, 15, 16]. The sequence and activity of the JXM
domain can be seen in Figure 3 [17].
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Figure 3: a diagram showing the relevant functional motifs of the ErbB1 JXM
(juxtamembrane) domain and its comparisons to the JXM domains of ErbB2 and ErbB3,
with conserved regions based on the National Center for Biotechnology information
protein alignment highlighted in gray. Also, a model of EGFR dimerization, activation, and
JXM-dependent activity is shown [17].

EJ1 is a polypeptide drug that targets the JXM region so to prevent EGFR function and
the progression of breast cancer. Previous data has shown that EJ1 can reduce cell viability,
inhibit ERBB activation, affect Calcium/Calmodulin signaling to promote membrane blebbing,
stimulate ROS production in the mitochondria, and overall cause apoptosis and necrosis [17]. To
enhance EJ1’s target specificity, longevity, and cell penetration, all at a decreased dose, the drug
has been developed further so to incorporate a stapled hydrocarbon. Hydrocarbon stapling is
typically used in small molecules and protein therapeutics, drugs that can lose their structure
when placed in solution due to entropic factors, causing diminished activity and binding affinity.
The use of a synthetic staple can lock these peptide drugs in a specific conformation to reduce
conformational entropy. This concept has been applied to EJ1 and has led to its current form,
SAH5-EJ1 [18]. The effects of SAH5 vary by cell line, especially in TNBC cells, with MDA-
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MB-453 and MDA-MB-468 being the most susceptible, followed by BT20 and MDA-MB-231.
Also, the non-tumorigenic MCF 10A cell line have no significant response to SAH5, serving as a
negative control in experiments.
Calcium is further regulated by the mitochondria, which takes up large amounts of
calcium, affecting cellular functions and viability as a result. This is done via the mitochondrial
calcium uniporter on the outer mitochondrial membrane, the voltage-dependent anion channel
(VDAC), and Ryr1 [22, 23]. These channels can be seen in the mitochondria diagram below in
Figure 4 [33]. As a result of calcium release from the ER, the mitochondrial uptake of calcium
causes calcium-sensitive processes in the mitochondrial matrix and membranes. This “crosstalk” between ER and mitochondria can become misregulated. A large intake of calcium can
open the mitochondrial permeability transition pores (PTP), leading to the release of proapoptotic mitochondrial factors, such as cytochrome c [24].
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Figure 4: Calcium channels on the mitochondrial membranes for calcium entry and exit
[33].
Further tests have been done to expand the understanding of ROS’s role in SAH5induced cell death. An antioxidant, NAC (N-acetylcysteine) has been used to lower ROS levels
in the cells, showing some rescue from EJ1-induced cell death when NAC is used in combination
with EJ1. This demonstrates that ROS is part of the mechanism by which EJ1 causes cell death
[17]. The role of ROS is further tested by using another antioxidant, glutathione (GSH), the
downstream product of NAC which leads to the reduction of oxidants, such as ROS. When GSH
is used with SAH5, ROS levels are seen to have been lowered (using a DCF-DA assay to get
these results) in comparison to SAH5 only treated cells [29].
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Due to the IP3R being activated by the kinase domain of EGFR, not the JXM domain,
different calcium channels have been researched to find one that is involved with EGFR activity
and cancer therapies. A calcium channel of interest is the transient receptor potential cation
channel subfamily V member 1 (TRPV1). It has been shown to be in a feedback loop with
EGFR, where EGFR stimulation leads to PIP2 degradation. PIP2 acts as an TRPV1 inhibitor, so
lowered levels of PIP2 can allow for the activation of TRPV1. The channel can them stimulate
calcium/calpain and protein tyrosine phosphatase 1B (PTP1B). PTP1B can then dephosphorylate
and deactivate EGFR [30].

Figure 5: Interactions between EGFR and TRPV1 [30].
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Overall, SAH5 acts as a potent cancer therapeutic, causing, among other things, EGFR
inactivation and TNBC cell apoptosis (via ROS generation). There is data to suggest the role of
calcium channels in the mechanism of action for SAH5-induced cell death. We hypothesize that
membrane calcium transporters allow for SAH5 to function by transporting calcium ions into the
cell. This will be tested via using inhibitors for these channels. At the same time, calcium
channels on the ER, such as the IP3R, are hypothesized to not play a role in the SAH5
mechanism due to IP3R activation being the result of the kinase domain of EGFR, not the JXM
region.
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Results:
2-APB and Glutathione (GSH) Have No Significant Rescue Effect on SAH5-Treated Cells
In this experiment, an MTT assay has been done with 468 and 10A cell lines to test if
inhibiting the IP3R impacts the effects of SAH5 on causing cell death. 2-APB is used as the
IP3R inhibitor. Also, this assay is testing the effect of another antioxidant, GSH, to determine
whether it can reduce SAH5-induced cell death and promote cell viability (similar to the results
seen with NAC). Cells were treated with either media alone, sterile water in media, 5 µM SAH5
in media, 5 µM SAH5 and 100 µM 2-APB in media, 5 µM SAH5 and 100 µM GSH in media,
and 5 µM SAH5 plus 100 µM 2-APB plus 100 µM GSH in media [29]. In MDA-MB-468 cells,
5 µM SAH5 decreases cell viability when compared to vehicle (Figure 1). When using any of the
combinations of inhibitors/anti-oxidants with SAH5 (as outlined above), no significant rescue
effect is observed, with the cell viability only increasing by ~7% when comparing the SAH5only treated cells with the cells treated with all three substances (which have the highest cell
viability out of all the treatment conditions). SAH5 has no effect on cell viability in MCF10A
cells, with some decrease in viability seen in both treatments conditions that have 2-APB as part
of its components (Figure 2).

16

468 Day 1 MTT
1.2

%Cell Viability

1
0.8
0.6
0.4
0.2
0
Veh

5 uM

SAH5 + 100 uM SAH5 + 100 uM SAH5 + 2-APB +
2-APB
GSH
GSH

Figure 1 – 468 Day 1 MTT Testing the Effects of 2-APB and GSH on SAH5-treated cells:
468 cells had the following five treatments: 5 µM SAH5 vehicle (sterile water) in media, 5 µM
SAH5 in media, 5 µM SAH5 and 100 µM 2-APB in media, 5 µM SAH5 and 100 µM GSH in
media, and 5 µM SAH5 plus 100 µM 2-APB plus 100 µM GSH in media.
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Figure 2 – 10A Day 3 MTT Testing the Effects of 2-APB and GSH on SAH5-treated cells:
10A cells had the following five treatments: 5 µM SAH5 vehicle (sterile water) in media, 5 µM
SAH5 in media, 5 µM SAH5 and 100 µM 2-APB in media, 5 µM SAH5 and 100 µM GSH in
media, and 5 µM SAH5 plus 100 µM 2-APB plus 100 µM GSH in media.

N-acetylcysteine (NAC) Has a Rescue Effect on SAH5-Treated Cells
Next, the effect of NAC is tested to see if it could cause a decrease in SAH5-induced cell
death, similar to what has been seen in prior tests with EJ1-treated cells [17]. An MTT assay has
been done with 468 and 10A cell lines. Cells were treated with either media alone, sterile water
in media, 5 µM SAH5 in media, 0.5 NAC mM in media, 5 µM SAH5 and 0.5 mM NAC in
media. In MDA-MB-468 cells, 5 µM SAH5 significantly decreases cell viability when compared
to vehicle (Figure 3). When using 0.5 mM NAC with 5 µM SAH5, a significant rescue effect is
seen in 468 cells (~40% increase in cell viability). The MTT results for MCF10A cells show that
none of the treatment conditions have a significant effect on cell viability (Figure 4). To
demonstrate that a combination of GSH and DTT (dithiothreitol, a type of thiol) treatment is
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needed for similar cell-rescue results as with NAC treatment, an MTT assay has been done with
468 cell lines. Cells were treated with either 5 µM SAH5 in media; 200 µM DTT in media; 5 µM
SAH5 and 200 µM DTT in media; 100 µM GSH in media; 5 µM SAH5 and 100 µM GSH in
media; 200 µM DTT and 100 µM GSH in media; a combination of 5 µM SAH5, 200 µM DTT,
and 100 µM GSH in media; a combination of 200 µM DTT, 100 µM GSH, and 0.5 mM NAC in
media; a combination of 5 µM SAH5, 200 µM DTT, 100 µM GSH, and 0.5 mM NAC in media.
In MDA-MB-468 cells, 5 µM SAH5 significantly decreases cell viability when compared to
vehicle (Figure 5). When using a combination of DTT and GSH with SAH5, a significant rescue
effect is seen in 468 cells.

468 Day 1 MTT
120.00%

%Cell Viability

100.00%

*

80.00%
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60.00%
40.00%
20.00%
0.00%
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NAC 0.5 mM

SAH5 + NAC

Figure 3 – 468 Day 1 MTT Testing the Effects of NAC on SAH5-treated cells: 468 cells had
the following four treatments: 5 µM SAH5 vehicle (sterile water) in media, 5 µM SAH5 in
media, 0.5 NAC mM in media, 5 µM SAH5 and 0.5 mM NAC in media. *P < 0.05 (Student’s ttest). Error bars mean +/- SD.

19

10A Day 3 MTT
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Figure 4 – 10A Day 3 MTT Testing the Effects of NAC on SAH5-treated cells: 10A cells had
the following four treatments: 5 µM SAH5 vehicle (sterile water) in media, 5 µM SAH5 in
media, 0.5 NAC mM in media, 5 µM SAH5 and 0.5 mM NAC in media.

20

NAC/DTT/GSH 468 Day 2
120.00%

*

%Cell Viability

100.00%

*

80.00%
60.00%
40.00%
20.00%
0.00%
SAH5 5 DTT 200 DTT + GSH 100 GSH +
uM
uM
SAH5
uM
SAH5

DTT +
GSH

DTT + NAC + NAC +
GSH + DTT + DTT +
SAH5
GSH GSH +
SAH5

Figure 5 – 468 Day 2 MTT Testing the Effects of NAC, DTT, and GSH on SAH5-treated
cells: 468 cells had the following nine treatments: 5 µM SAH5 in media; 200 µM DTT in media;
5 µM SAH5 and 200 µM DTT in media; 100 µM GSH in media; 5 µM SAH5 and 100 µM GSH
in media; 200 µM DTT and 100 µM GSH in media; a combination of 5 µM SAH5, 200 µM
DTT, and 100 µM GSH in media; a combination of 200 µM DTT, 100 µM GSH, and 0.5 mM
NAC in media; a combination of 5 µM SAH5, 200 µM DTT, 100 µM GSH, and 0.5 mM NAC in
media*P < 0.05 (Student’s t-test). Error bars mean +/- SD.

BCTC Has a Significant Rescue Effect on SAH5-Treated Cells
Finally, the effects of a cell membrane calcium transporter, TRPV1, on SAH5-induced
cell death is investigated. An MTT assay has been done with 468 cells to see if inhibiting TRPV1
with BCTC (4-(3-Chloro-2-pyridinyl)-N-[4-(1,1-dimethylethyl)phenyl]-1piperazinecarboxamide) could increase cell viability in SAH5-treated cells. Also, BCTC’s cellrescue effects are compared to those of NAC’s. Cells were treated with either 20 µL DMSO in
media (BCTC vehicle control); 5 µM SAH5 in media; 0.5 mM NAC in media; 5 µM SAH5 and
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0.5 mM NAC in media; 200 µM BCTC in media; 5 µM SAH5 and 200 µM BCTC in media; a
combination of 0.5 mM NAC and 200 µM BCTC in media; and a combination of 5 µM SAH5,
0.5 mM NAC, and 200 µM BCTC in media. In MDA-MB-468 cells, 5 µM SAH5 significantly
decreases cell viability when compared to both vehicles. When using 10 µM BCTC with 5 µM
SAH5, a potential rescue effect is seen in 468 cells (Figure 6).
Additionally, a ROS assay (DCF-DA assay) has been done with 468 cells to see if
inhibiting TPRV1 with BCTC could decrease ROS levels in SAH5-treated cells. Also, BCTC’s
effect on ROS is compared to those of NAC’s. Cells were treated with either 20 µL DMSO in
media (BCTC vehicle control); 7.5% H2O2 (hydrogen peroxide, a positive control for ROS); 5
µM SAH5 in media; 0.5 mM NAC in media; 5 µM SAH5 and 0.5 mM NAC in media; 200 µM
BCTC in media; 5 µM SAH5 and 200 µM BCTC in media; a combination of 0.5 mM NAC and
200 µM BCTC in media; and a combination of 5 µM SAH5, 0.5 mM NAC, and 200 µM BCTC
in media. In MDA-MB-468 cells, 5 µM SAH5 significantly decreases cell viability when
compared to both vehicles. When using 10 µM BCTC with 5 µM SAH5, a drop in ROS levels is
seen in 468 cells (Figure 7).
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Figure 6 – 468 Day 2 MTT Testing the Effects of BCTC and NAC on SAH5-treated cells:
468 cells had the following eight treatments: 20 µL DMSO in media (BCTC vehicle control); 5
µM SAH5 in media; 0.5 mM NAC in media; 5 µM SAH5 and 0.5 mM NAC in media; 200 µM
BCTC in media; 5 µM SAH5 and 200 µM BCTC in media; a combination of 0.5 mM NAC and
200 µM BCTC in media; and a combination of 5 µM SAH5, 0.5 mM NAC, and 200 µM BCTC
in media. *P < 0.05 (Student’s t-test). Error bars mean +/- SD.
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Figure 7 – 468 ROS Assay Testing the Effects of BCTC and NAC on ROS Levels SAH5treated cells: 468 cells had the following nine treatments: 20 µL DMSO in media (BCTC
vehicle control); 7.5% H2O2; 5 µM SAH5 in media; 0.5 mM NAC in media; 5 µM SAH5 and 0.5
mM NAC in media; 200 µM BCTC in media; 5 µM SAH5 and 200 µM BCTC in media; a
combination of 0.5 mM NAC and 200 µM BCTC in media; and a combination of 5 µM SAH5,
0.5 mM NAC, and 200 µM BCTC in media.
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Discussion:
From the research done so far, there is further support for calcium membrane channels
being part of SAH5’s mechanism of action. This is seen in the results for TRPV1’s inhibition
(via BCTC), where some rescue affect has been seen so far. Also, it has been shown that the
calcium channels must be part of the pathways caused by the JXM region so to have an effect on
SAH5’s mechanism. This is seen in how inhibition of IP3R (via 2-APB) has no significant
rescue effect on SAH5-treated cells, since IP3R is part of a pathway activated by the kinase
domain of EGFR. Finally, the role of antioxidants in the mechanism of SAH5 has been further
elaborated on, with GSH being found to not be enough on its own to rescue SAH5-treated cells
from apoptosis. Rather, the combination of GSH and RSH (in this case, DTT) is needed to get a
similar level of cell-rescue as seen with SAH5-treated cells that contain NAC too.
Prior research has established that SAH5-EJ1 inactivates EGFR, and uses calcium
signaling and ROS generation to induce apoptosis in TNBC cells. When using NAC, an
antioxidant that leads to lower ROS levels, a rescue effect is seen in SAH5-treated 468 (TNBC)
cells. However, when using GSH, the end product of NAC, no significant rescue effect is seen.
In a review of different antioxidant drugs, the mechanism of NAC is found that on top of
producing GSH, NAC acts as a source of thiol (RSH), a key molecule needed in the
neutralization of oxidants and continual regeneration of GSH after it becomes oxidizes (and
forms glutathione disulfide, GSSG) [31]. This could potentially indicate that both GSH and
thiols are needed to have rescue from SAH5-induced cell death. Further MTT assays have been
done to test the effect of cell viability in the presence of SAH5 and thiols. The results shown
above indicate that a combination treatment of GSH and RSH have a similar rescue effect as
NAC on SAH5-treated TNBC cells.
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As described in the background section, “cross-talk” of calcium ions occurs between the
ER and mitochondria. When misregulated, it can lead to the generation of reactive oxygen
species (ROS), a potential mechanism by which therapeutics induce apoptosis in cancer cells.
ROS production has deadly consequences on the cell, being an important trigger for apoptosis.
ROS is the result of increased dehydrogenase activity from mitochondrial matrix calcium
stimulation, increasing levels of NADH and electron flow in the Krebs Cycle. A greater Krebs
cycle rate leads to increased oxygen production, causing electron transport chain (ETC) electron
leakage and increasing ROS as a result [25, 26]. Another mechanism to produce ROS from
calcium is by calcium stimulating nitric oxide (NO) synthase, leading to NO generation that will
inhibit complex IV in the ETC. This will interrupt the ETC and cause electron leakage, thus
making ROS [27, 28]. Cancer cells are found to have high resting ROS levels, increasing the
likelihood of ROS-mediated apoptosis.
Previous tests with SAH5 have shown that the peptide increases intracellular levels of
calcium. When an IP3R inhibitor (2-Aminoethoxybiphenyl Borate, 2-APB) is used with SAH5,
calcium levels (visualized via calcium imaging) are seen to decrease, when compared to SAH5only treated cells, and some partial rescue from SAH5-induced cell death is seen during the
initial hours after treatment (but experiments measuring viability after days of SAH5 treatment
hadn’t been done at that stage) [29]. When using 2-APB, an inhibitor for IP3R, no significant
rescue effect is seen in SAH5-treated 468 cells. This is most likely due to the EGFR kinase
domain being responsible for the pathway that causes calcium influx into the cell from the ER
(via IP3R). The JXM domain (which is targeted by SAH5) is not a factor in this pathway.
Therefore, IP3R wouldn’t be part of the mechanism of SAH5.
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Further research into membrane ion channels had been done to determine their role in
signaling cascades via EGFR and tumorigenesis. It has been seen that activation of one channel,
transient receptor potential cation channel subfamily V member 1 (TRPV1), in intestinal
epithelial cells, can lead to suppression of EGFR signaling and the cancer phenotype. These
discoveries had been found with the use of the TRPV1 inhibitor, BCTC [30]. The results of
MTTs with BCTC indicate TRPV1 is part of SAH5’s mechanism of action, since inhibition of
this transporter via BCTC leads to decreased ROS levels and cell rescue. The discoveries
obtained so far can be summarized below in the model proposing EJ1-SAH5’s mechanism of
action.

Model 1: The proposed model of EJ1-SAH5’s mechanism of action based off of the results
discussed in this thesis. SAH5 inhibits EGFR and works with Calcium/Calmodulin to activate
many downstream partners to drive cell death in TNBC cells.
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Future Directions:
The remaining experiments will be testing the hypothesis that TRPV1 is crucial for
SAH5-mediated cell death. First, the results of this thesis suggest that the PLC pathway of EGFR
is not part of SAH5’s mechanism of action, since inhibition of IP3R doesn’t effect cell viability
of SAH5-treated cells. However, prior research indicates this pathway is needed for TRPV1
activation [30]. Therefore, an assay measuring PLC levels in the cell will be done to see if SAH5
is affecting this so to cause increased TRPV1 activation. On top of this, a Co-IP (CoImmunoprecipitated) will be done to determine the proteins interacting with EGFR, including if
TRPV1 associates with EGFR. Finally, a transfection of EGFR and TRPV1 into a breast cancer
cell line lacking both proteins, CHO (Chinese hamster ovary) cells, to see if the introduction of
these proteins (on their own or together) will allow for decreased cell viability upon SAH5
treatment.
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Material and Methods:
Solutes: 2-APB, GSH, EGF (epidermal growth factor), hydrocortisone, cholera toxin,
insulin, and BCTC have been attained from Sigma-Aldrich. MDA-MB-468 and MCF10A cell
lines were obtained from ATCC.
Solvents: MTT solution, DMSO, and hydrogen peroxide (H2O2) have been attained from
Sigma-Aldrich. Cell media (RPMI 1640 and DMEM/F12), penicillin/streptavidin (P/S), fetal
bovine serum (FBS), donor horse serum (DHS), trypsin, and PBS have been obtained from the
University of Arizona EMSR (Experimental Mouse Shared Resource). ROS detection agent for
DCF-DA assay kit, 2,7 dicholorofluorescein-diacetate (DCF-DA) have been attained from
Invitrogen.
Cell Culturing (all done in a sterile tissue culture hood): MDA-MB-468 cell media
consists of 10% FBS and 1% P/S in one 500 mL bottle of RPMI 1640 media. 468 cells are kept
in 10 mL of their corresponding media on a 60 mm x 15 mm plate in a sterile 37 °C incubator.
MCF10A cell media consists of 5% DHS, 1% P/S, hydrocortisone, cholera toxin, and insulin in
one 500 mL bottle of DMEM/F12. The media is then steriflipped. EGF is added fresh to 50 mL
aliquots of the 10A media. 10A cells are kept in 10 mL of their corresponding media on a 60 mm
x 15 mm plate in a sterile 37 °C incubator.
MTT Assay: MCA-MB-468 and MCF 10A cells are plated at 2000 cells/well for each
well in a 96-well plate (a separate plate per cell line), with 100 µL per well (a volume that will
always be used when adding liquids to each wells). All the well columns are filled except the last
column on the right, which will remain empty until addition of the DMSO near the end of the
assay (this column serves as the DMSO blank). This plate is left to incubate overnight at 37°C.
The following day, plated media is pipetted away via Pasteur pipette and replace with treatment
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media (see Results section for various treatment medias used). The treatment is allowed to act on
the cells for 1-3 days (1 day for 468 cells, 1-3 days for 10A cells). The treatment media is
removed and replaced with 1:10 MTT:Cell Media. The plates are then incubated for 3 hours at
37°C. The media is then removed and replaced with DMSO. The purple crystals formed are
resolubilized by gentle tapping of the plates for several minutes. The plates are then read at 540
nm with a absorbance spectrometer.
DCF-DA Assay: MCA-MB-468 cells are plated at 2000 cells/well for each well in a 96well plate, with 100 µL per well (a volume that will always be used when adding liquids to each
wells). All the well columns are filled except the last column on the right, which will remain
empty until addition of the DCF-DA near the end of the assay (this column serves as the DCFDA blank). This plate is left to incubate overnight at 37°C. The following day, plated media is
pipetted away via Pasteur pipette and replace with treatment media (see Results section for
various treatment medias used). The treatment is allowed to act on the cells for 30 minutes. Cells
are then then incubated with 100 µM DCF-DA (DCF-DA is dissolved in DMSO and diluted to
100 µM in sterile PBS) for 45 minutes at 37°C and then allowed to recover for 20 minutes at
room temperature in sterile PBS. The fluorescence is read at excitation 485 nm/emission 538 nm.
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