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Abstract 

While many breast cancer subtypes overexpress members of the ERBB family of receptor 

tyrosine kinases (including the Epidermal Growth Factor Receptor/EGFR, HER2, ERBB3 and 

ERBB4), only HER2 has been effectively targeted. Evidence indicates that established 

therapeutics against EGFR targeting either the extracellular domain or the kinase domain fail due 

to unique biological activities of the receptor in breast cancer. In light of this, a stapled peptide 

mimicking the EGFR juxtamembrane domain (SAH5-EJ1) was developed and found to induce 

complete tumor regression in a model of inflammatory breast cancer (SUM149/NODSCID). 

SAH5-EJ1 was found to induce both necrosis and apoptosis through calcium and ROS-

dependent mechanisms, but the mechanism by which this was achieved was unknown. In the 

current study, we have evaluated EGFR-dependent calcium signaling as a means to promote cell 

death. We have discovered that SAH5-EJ1-induced cell death is dependent upon expression of 

both EGFR and the TRPV1 (transient receptor potential cation channel subfamily V member 1) 

calcium channel located on the plasma membrane. Mechanistically, SAH5-EJ1induces the 

activation of TRPV1, resulting in a dramatic influx of extracellular calcium. This is followed by 

a sharp rise in cellular reactive oxygen species (ROS) into the cell and induction of cell death. 

These data demonstrate a reliance of EGFR on calcium signaling in breast cancer survival, one 

which can be effectively targeted in breast cancer. 
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Introduction 

 The ERBB family of tyrosine kinase receptors is composed of four members: ERBB1 

(EGFR), ERBB2 (HER-2), ERBB3 (HER-3), and ERBB4 (HER-4). Ligand binding induces a 

structural conformation change resulting in receptor dimerization, tyrosine phosphorylation and 

recruitment of adapter proteins and receptor internalization and intracellular trafficking. Receptor 

activation will induce the canonical signal transduction pathways, including activation of 

Phosphoinositide-3-kinase, Phospholipase C gamma (PLC-γ), Ras/Mitogen Activated Protein 

Kinase (MAPK), and JAK-STAT signaling [1, 2, 3]. Together, these pathways can drive 

oncogenic events such as angiogenesis, cell proliferation, growth, migration, and survival. 

Receptor activation will also induce changes in calcium-dependent flux, through interaction with 

calcium channels and receptor nuclear translocation via the nuclear localization sequence [10].  

These events are largely driven by the juxtamembrane domain (JXM), which resides in ERBB1, 

2 and 3. We have previously shown that a peptide-based JXM-peptide, EJ1, can interact with 

ERBB1, 2 and 3, resulting in ROS (reactive oxygen species)- and calcium-dependent cell death 

[10]. Furthermore, by stabilizing the peptide with hydrocarbon staples, the peptide (renamed 

SAH5-EJ1) is a potent inhibitor of inflammatory breast cancer [11]. 

 As discussed above, by targeting the JXM domain and initiating cell via calcium and 

ROS, SAH5-EJ1 serves as a promising breast cancer therapeutic. In breast cancer, the delicate 

balance of calcium and ROS signaling is utilized by the cells to promote pro-tumorigenic 

signaling pathways for growth and survival [28]. At the same time, these cancer cells prevent the 

large surges of calcium and ROS that could cause apoptosis [28]. The most prevalent calcium 

channels involved in breast cancer include the TRP (transient receptor potential) cation channel 

family and the IP3R (inositol trisphosphate receptor) [28, 29]. 
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 Due to the diverse interconnect pathways that calcium acts as a second messenger for, 

calcium channel protein families can have both pro-tumorigenic and anti-tumorigenic effects, 

based off of the specific functions of its protein members. In breast cancer cells, the IP3R protein 

family has been shown to have either a proliferative and anti-apoptotic effect, or a pro-apoptotic 

effect, based on the specific receptors of this family [29]. Similarly, the TRP protein family has 

varying effects on breast cancer by its specific members [28]. One distinct member of this broad 

protein group is the transient receptor potential cation channel subfamily V member 1 (TRPV1). 

Inhibition or degradation of this calcium channel has showed an increase of EGFR-dependent 

cancer cell survival [13, 14, 15]. 

Overall, SAH5-EJ1 acts as a potent cancer therapeutic, causing, among other things, 

EGFR inactivation and cancer cell apoptosis (via ROS generation). There is data to suggest the 

role of calcium channels in the mechanism of action for SAH5-EJ1-induced cell death. We 

hypothesize that the TRPV1 membrane calcium transporter allows for SAH5-EJ1 to function by 

transporting calcium ions into the cell and lead to cell death. 
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Results 

SAH5-EJ1 increases intracellular calcium and ROS levels 

We had previously shown that EJ1 induces apoptosis and necrosis via a calcium and 

ROS-dependent mechanism [10]. To begin to analyze how these calcium and ROS fluxes occur, 

we analyzed the rate of intracellular calcium and ROS release in the presence or absence of 2-

Aminoethoxydiphenyl borate (2-APB, a calcium release modulator, [17]).  2-APB can inhibit 

both the intracellular IP3 receptors and the TRP channels, both of which can be activated by the 

ERBB family [18]. First, the effects on calcium release by SAH5-EJ1 treatment was visualized 

by activation of Fura-2. MDA-MB-468 cells were incubated with 5 µM Fura-2 and treated with 

either 2.5 μM SAH5-EJ1or 2.5 μM SAH5-EJ1 + 1-minute 100 μM 2-APB pre-treatment. The 

images showed an induction of intracellular calcium (in red) when cells are treated with SAH5-

EJ1-EJ1, but an inhibition of this effect by 2-APB treatment (Fig 1a-b, calcium flux is shown in 

red). Quantification of single-cell traces is shown in Fig 1c-d.  

 To determine if this calcium flux is driving the previously seen ROS induction, an 8-hour 

ROS assay was done to measure the levels of ROS (by measuring the fluoresce of ROS 

indicator, H2DCFDA, [19]) in cells treated with either water, H2O2 (ROS positive control, [20]), 

or SAH5-EJ1, for the following cell lines: MDA-MB-468, T-47D, MDA-MB-231, BT-20. CHO-

K1, and MCF10A (Fig 1e). The results show that SAH5-EJ1-treated MDA-MB-468 cells had a 

significantly higher ROS level than cells treated with water. 
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Figure 1 EJ1-SAH5 increases intracellular calcium and ROS levels. (a-d) MDA-MB-468 

were incubated with Fura-2 (a calcium indicator) and treated with either 2.5 μM SAH5-EJ1 (a, c) 

or 2.5 μM SAH5-EJ1 and 100.0 μM 2-APB (2-Aminoehtoxydiphenyl borate; b, d). Single-cell 

traces were quantified in c and d. (a-b) Heat map shows increasing calcium in red and time is in 

seconds. (e) MDA-MB-468 cells were incubated in H2DCFDA (2’,7’-dichlorofluorescin 
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diacetate, a ROS indicator) followed by treatment with either water (vehicle control), 7.5% H2O2 

(positive control), or 5 μM SAH5-EJ1. Cells were monitored over 480 minutes and graphs were 

plotted as H2DCFDA fluorescence. A Student’s t-test was performed, and standard deviation = 

*P < 0.05. 
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EGF-dependent Phospholipase C Activity is being suppressed by SAH5-EJ1 

  After seeing the fast influx of calcium in response to SAH5-EJ1 treatment (Fig 1), we 

then wanted to see how calcium influx is impact in the long-term. To look at the long-term 

calcium influx, we did an 8-hour calcium assay using the calcium indicator Fluo4-NW [21]. The 

same six cell lines as above (in Fig 1) were treated with either water, ionomycin (calcium 

positive control, [22]), or SAH5-EJ1 (Fig 2a). The results show that SAH5-EJ1-treated MDA-

MB-468 cells had a significantly higher intracellular calcium level than cells treated with water.  

Next, during our process to determine which calcium channel is required for the 

mechanism of SAH5-EJ1, and if it is IP3R, we wanted to determine how active phospholipase c 

(PLC) is in the presence of SAH5-EJ1. For this, we did a PLC assay [23] over 8 hours, where 

cells are treated with either water or SAH5-EJ1. For each treatment group, there were cells in 

whole serum media, cells serum starved overnight and then received 100 µg/mL of EGF 

(epidermal growth factor) with the treatment, or cells serum starved overnight and didn’t receive 

EGF with the treatment. (Fig 2b). By comparing serum-starved MDA-MB-468 cells treated with 

SAH5-EJ1+/- EGF to the cells with water + EGF, there was a significant decrease in PLC 

activity in the SAH5-EJ1+/- EGF cells. From this we concluded that SAH5-EJ1was causing a 

suppression of PLC activity. 
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Figure 2 EGF-dependent Phospholipase C Activity in being suppressed by SAH5-EJ1. (a)  

MDA-MB-468 cells were incubated in Fluo4-NW (calcium indicator) followed by treatment 

with either water (vehicle control), ionomycin (positive control), or 5 μM SAH5-EJ1. Cells were 

monitored over 480 minutes and graphs were plotted as Fluo4-NW fluorescence. A Student’s t-

test was performed, and standard deviation = *P < 0.05. (b) MDA-MB-468 cells contained 

whole media or serum free media +/- EGF, and received either vehicle (water), or 5 μM SAH5. 

Cells were monitored for PLC activity over 8 hours and graphs were plotted with PLC Activity. 

Error bars mean +/- standard deviation. A Student’s t-test was performed, and standard deviation 

= *P < 0.05. NS = no significance. 
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TRPV1 inhibition precedes ROS production 

After seeing the data of how 2-APB (an inhibitor of IP3R and TRPV1) caused a decrease 

in calcium influx and that PLC activity (which is responsible for IP3R activation) was being 

suppressed by SAH5-EJ1, we wanted to look at different calcium channel inhibitors and how 

they impact ROS levels, calcium levels, and cell viability. First, we added to our ROS 

experiment in Fig 1e with the following three treatments SAH5-EJ1+2-APB, SAH5-EJ1+BCTC 

(4-(3-Chloro-2-pyridinyl)-N-[4-(1,1-dimethylethyl)phenyl]-1-piperazinecarboxamide, a TRPV1 

inhibitor [24]) (Fig 3a), and SAH5-EJ1+NAC (Fig 3b) (N-acetyl cysteine, a ROS scavenger 

used in the previous EJ1 paper [10, 25] to show how reducing ROS levels in EJ1-treated cancer 

cells can rescue them from cell death). The results showed that MDA-MB-468 cells treated with 

SAH5-EJ1+BCTC had a significant drop in ROS levels similar to that of SAH5-EJ1+NAC. 

However, SAH5-EJ1+2-APB cells, while having a brief drop in ROS levels at the beginning of 

the assay, quickly recovered and had a rise in ROS almost to the level seen in SAH5-EJ1 cells. 

Next, we wanted to determine the effects of 2-APB or GSH (reduced glutathione [26], 

another ROS scavenger that is the downstream product of NAC [16]) on long-term cell viability 

for SAH5-EJ1-treated cells. For this, a 3-day MTT assay was done on MDA-MB-468 and 

MCF10A cells that were these cell were treated with either water, SAH5-EJ1, SAH5-EJ1+2-

APB, SAH5-EJ1+GSH, SAH5-EJ1+2-APB+GSH, and SAH5-EJ1+NAC (Fig 3c-d). The results 

showed that neither 2-APB or GSH (combined or alone) could significantly increase SAH5-EJ1-

treated MDA-MB-468 cell viability. These results have further supported that 2-APB’s inhibition 

of the IP3R wasn’t able to suppress SAH5-EJ1-mediated cancer cell death. However, the 

question became raised to us why doesn’t GSH work to rescue SAH5-EJ1-treated cells, while 

NAC has been effective for this. 
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We wanted to determine why GSH couldn’t rescue SAH5-EJ1-treated cancer cells, while 

its precursor (NAC) could, so we added a thiol (dithiothreitol, DTT, [27]) treatment together 

with GSH (since thiols are another downstream product of NAC [16]) in a 3-day MTT assay (Fig 

3e). Again, MDA-MB-468 and MCF10A cells were used, and these cell were treated with either 

SAH5-EJ1, DTT, SAH5-EJ1+DTT, GSH, SAH5-EJ1+GSH, SAH5-EJ1+DTT+GSH, SAH5-

EJ1+NAC, DTT+GSH+NAC, and SAH5-EJ1+ DTT+GSH+NAC. These results indicated that 

when using both DTT and GSH ROS scavengers, cancer cells treated with SAH5-EJ1 can be 

rescued from ROS-mediated cell death. 

Finally, we wanted to look at different calcium channel inhibitors and how they impact 

calcium levels, so we added to the calcium experiment in Fig 2a with two more treatment 

conditions: SAH5-EJ1+BCTC and SAH5-EJ1+2-APB (Fig 3f). The results showed that MDA-

MB-468 cells treated with SAH5-EJ1+BCTC had a significant drop in calcium levels similar to 

that of SAH5-EJ1+NAC. However, SAH5-EJ1+2-APB cells, while having a brief drop in ROS 

levels at the beginning of the assay, quickly recovered and had a rise in calcium almost to the 

level seen in SAH5-EJ1 cells. From all of these results, we concluded that IP3R wasn’t the 

calcium channel of interest of SAH5-EJ1’s mechanism of action. 
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Figure 3 TRPV1 inhibition precedes ROS production. (a) MDA-MB-468 cells were 
incubated in H2DCFDA (2’,7’-dichlorofluorescin diacetate, a ROS indicator) followed by 
treatment with either water (vehicle control), 7.5% H2O2 (positive control), 5 μM SAH5-EJ1, a 
combination of 5 μM SAH5 and 100 μM 2-APB, or a combination of 5 μM SAH5 and 200 μM 
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BCTC. Cells were monitored over 480 minutes and graphs were plotted as H2DCFDA 
fluorescence. A Student’s t-test was performed, and standard deviation = *P < 0.05. (b) MDA-
MB-468 cells were incubated in H2DCFDA (2’,7’-dichlorofluorescin diacetate, a ROS indicator) 
followed by treatment with either water (vehicle control), 7.5% H2O2 (positive control), 5 μM 
SAH5-EJ1, or a combination of 5 μM SAH5 and 0.5 mM NAC. Cells were monitored over 480 
minutes and graphs were plotted as H2DCFDA fluorescence. A Student’s t-test was performed, 
and standard deviation = *P < 0.05. (c) MDA-MB-468 cells were treated with either vehicle 
(water), 5 μM SAH5, or a combination of 5 μM SAH5 and 100 μM 2-APB. Data was collected 
two days after initial treatments. Graphs were plotted with the percentage of relative viable cells. 
A Student’s t-test was performed, and standard deviation = *P < 0.05. (d) MDA-MB-468 cells 
were treated with either vehicle (water), a combination of 5 μM SAH5 and 100 μM GSH, or a 
combination of 5 μM SAH5 and 0.5 mM NAC. Data was collected two days after initial 
treatments. Graphs were plotted with the percentage of relative viable cells. A Student’s t-test 
was performed, and standard deviation = *P < 0.05. (e) MDA-MB-468 cells were treated with 
either 5 μM SAH5, 200 μM DTT, a combination of 5 μM SAH5 and 200 μM DTT, 100 μM  
GSH, a combination of 5 μM  SAH5 and 100 μM GSH, a combination of 200 μM DTT and 100 
μM  GSH, a combination of 5 μM SAH5, 200 μM DTT, and 100 μM GSH, a combination of 0.5 
mM NAC, 200 μM DTT, and 100 μM GSH, and a combination of 5 μM SAH5, 0.5 mM NAC, 
200 μM DTT, and 100 μM GSH. Data was collected two days after initial treatments. Graphs 
were plotted with the percentage of relative viable cells. A Student’s t-test was performed, and 
standard deviation = *P < 0.05. (f) MDA-MB-468 cells were incubated in Fluo4-NW (calcium 
indicator) followed by treatment with either water (vehicle control), ionomycin (positive 
control), 5 μM SAH5-EJ1, a combination of 5 μM SAH5 and 100 μM 2-APB, or a combination 
of 5 μM SAH5 and 200 μM BCTC. Cells were monitored over 480 minutes and graphs were 
plotted as Fluo4-NW fluorescence. A Student’s t-test was performed, and standard deviation = 
*P < 0.05. 
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TRPV1 Inhibition has a similar increase in cell viability as NAC treatment 

After seeing the results that indicated use of BCTC to inhibit TRPV1 could lower 

calcium and ROS levels in SAH5-EH1-treated cells, we decided to test the effects of TRPV1 

inhibition in a long-term cell viability assay. To test the effect of TRPV1 inhibition on SAH5-

EJ1-treated cancer cells, a 3-day MTT assay was done on MDA-MB-468 and MCF10A cells that 

were treated with either DMSO, SAH5-EJ1, NAC, SAH5-EJ1+NAC, BCTC, SAH5-EJ1+BCTC, 

NAC+BCTC, and SAH5-EJ1+ NAC+BCTC (Fig 4). The results showed an increase in SAH5-

EJ1-treated cancer cells that had inhibited TRPV1, supporting that TPRV1 was required for 

SAH5-EJ1’s mechanism of action. 
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Figure 4 TRPV1 Inhibition has a similar increase in cell viability as NAC treatment. MTT 

viability assay: MDA-MB-468 cells were treated with either 20 μL DMSO in media (BCTC 

vehicle control), 5 μM SAH5, 0.5 mM NAC, a combination of 5 μM SAH5 and 0.5 mM NAC, 

200 μM BCTC (TRPV1 inhibitor), a combination of 5 μM SAH5 and 200 μM BCTC, a 

combination of 0.5 mM NAC and 200 μM BCTC, and a combination of 5 μM SAH5, 0.5 mM 

NAC, and 200 μM BCTC. Data was collected two days after initial treatments. Graphs were 

plotted with the percentage of relative viable cells. A Student’s t-test was performed, and 

standard deviation = *P < 0.05. 
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EGFR and TRPV1 transfection allow for SAH5-EJ1 susceptibility into CHO cells 

Next, we wanted to see if the expression of EGFR and TRPV1 were sufficient to cause a 

cell line that lacks these proteins and can’t be affected by SAH5-EJ1, to become susceptible to 

SAH5-EJ1-mediated cell death. To determine if SAH5-EJ1susceptibility could be induced in 

cells (previously unresponsive to the drug) by expression of EGFR and/or TRPV1, we 

transfected [30] CHO-K1 cells with EGFR and/or TRPV1. Then the parental and transfected 

CHO-K1 cells (CHO-EGFR, CHO-TRPV1, CHO-EGFR-TRPV1) were assessed for viability via 

3-day MTT assay (Fig 5), where cells were treated with either water, SAH5-EJ1, or SAH5-

EJ1+BCTC. These four cell lines were also assessed with calcium and ROS assays, where they 

were treated with either water, ionomycin, SAH5-EJ1, or SAH5-EJ1+BCTC. The results showed 

that the presence of both EGFR and TRPV1 could cause CHO-K1 (previously unaffected by 

SAH5-EJ1treatment) to have reduced cell viability upon SAH5-EJ1-treatment. 
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Figure 5 EGFR and TRPV1 transfection allows for SAH5-EJ1 susceptibility into CHO 

cells. Parental CHO-K1 cells, CHO-K1 EGFR-transfected cells, CHO-K1 TRPV1-transfected 

cells, and CHO-K1 EGFR-TRPV1-transfected cells were treated with water (vehicle control), 5 

μM SAH5-EJ1, or a combination of 5 μM SAH5 and 200 μM BCTC. Graphs were plotted with 

the percentage of relative viable cells. A Student’s t-test was performed, and standard deviation = 

*P < 0.05. 
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TRPV1 knockdown prevents SAH5-EJ1-mediated cell death in 468 cells 

Finally, we wanted to look at if TRPV1 was necessary for SAH5-EJ1 to properly perform 

by removing the calcium channel. To determine if a knockdown of TRPV1 (rather than just an 

inhibition) could reduce cell viability in SAH5-EJ1-treated cancer cells, we used siRNA to 

knockdown [31] TRPV1 expression in MDA-MB-468 cells. Then the parental and knockdown 

MDA-MB-468 cells were assessed for cell viability via a 3-day MTT assay, where cells were 

treated with either water, SAH5-EJ1, or SAH5-EJ1+BCTC (Fig 6). The results showed the loss 

of TRPV1 was necessary to cause MDA-MB-468 (previously effected by SAH5-EJ1treatment) 

to have no significant drop in cell viability upon SAH5-EJ1-treatment. 
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Figure 6 TRPV1 knockdown prevents SAH5-mediated cell death in 468 cells. Parental 

MDA-MB-468 cells and MDA-MB-468 TRPV1-knockdown cells were treated with water 

(vehicle control), 5 μM SAH5-EJ1, or a combination of 5 μM SAH5 and 200 μM BCTC. Graphs 

were plotted with the percentage of relative viable cells. A Student’s t-test was performed, and 

standard deviation = *P < 0.05. 
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Discussion 

From this research, there is clear support for calcium membrane channels being part of 

SAH5-EJ1’s mechanism of action. This is seen in the results for TRPV1’s inhibition (via BCTC) 

and knockdown (via siRNA), where a significant rescue affect has been seen. 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-EJ1’s mechanism. This is seen in how inhibition of IP3R (via 2-APB) 

has no significant rescue effect on SAH5-EJ1-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-EJ1 has been further elaborated on, with GSH being found to not be enough on its own to 

rescue SAH5-EJ1-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-EJ1-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-EJ1-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). This could potentially indicate that both GSH and thiols are 

needed to have rescue from SAH5-EJ1-induced cell death. Further MTT assays have been done 

to test the effect of cell viability in the presence of SAH5-EJ1 and thiols. The results shown 
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above indicate that a combination treatment of GSH and RSH have a similar rescue effect as 

NAC on SAH5-EJ1-treated TNBC cells. 

Previous tests with SAH5-EJ1 have shown that the peptide increases intracellular levels 

of calcium. When an IP3R inhibitor (2-Aminoethoxybiphenyl Borate, 2-APB) is used with 

SAH5-EJ1, calcium levels (visualized via calcium imaging) are seen to decrease, when 

compared to SAH5-EJ1-only treated cells, and some partial rescue from SAH5-EJ1-induced cell 

death is seen during the initial hours after treatment (but experiments measuring viability after 

days of SAH5-EJ1 treatment hadn’t been done at that stage). When using 2-APB, an inhibitor for 

IP3R, no significant rescue effect is seen in SAH5-EJ1-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-EJ1) is not a factor in 

this pathway. Therefore, IP3R wouldn’t be part of the mechanism of SAH5-EJ1.  

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 [4, 5]. However, partial and poor responses have been seen in 

the use of these treatments for TNBC cells. 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 
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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 [6, 7, 8, 9, 10, 

11]. 

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 [10]. 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[12]. 
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Materials and Methods 

Antibodies: AB-13 antibody (used in IP); EGFR XP (used to probe EGFR; Block with 

1.5% dry milk in 25 mL of PBS-Tween for one hour at room temperature; Primary with 1:2000 

antibody and 1.5% dry milk in 20 mL of PBS-Tween for one hour at room temperature or 

overnight at 4 °C; wash 3x for 5 min with PBS-Tween; Secondary with 1:10,000 anti-rabbit 

antibody in 20 mL of PBS-Tween for one hour at room temperature; wash 3x for 10 min with 

PBS-Tween); p99 (used to probe phosphorylated proteins, like p-EGFR and p-TRPV1; Block 

with 3% BSA in 25 mL of TBS-Tween for one hour at room temperature; Primary with 1:1000 

antibody and 3% BSA in 20 mL of TBS-Tween for one hour at room temperature or overnight at 

4 °C; wash 3x for 5 min with TBS-Tween; Secondary with 1:10,000 anti-mouse antibody in 20 

mL of TBS-Tween for one hour at room temperature; wash 3x for 10 min with TBS-Tween); 

TRPV1 (used to probe TRPV1; Block with 5% dry milk in 25 mL of TBS-Tween for 30 minutes 

at room temperature; Primary with 1:1000 antibody and 0.5% BSA in 20 mL of TBS-Tween 

overnight at 4 °C; wash 3x for 5 min with TBS-Tween; Secondary with 1:10,000 anti-rabbit 

antibody and 1% dry milk in 20 mL of PBS-Tween for two hours at room temperature; wash 3x 

for 10 min with TBS-Tween); IgG (used as control in IPs) 

 

Cell Lines: MDA-MB-468, T-47D, MDA-MB-231, BT-20. CHO-K1, and MCF10A cell 

lines were obtained from ATCC. 

 

Solutes: 2-APB, GSH, EGF (epidermal growth factor), hydrocortisone, cholera toxin, 

insulin, PBS, TBS, Tween, Dry Milk, Bovine Serum Albumin (BSA), G418, Protein G agarose 

beads, and BCTC have been attained from Sigma-Aldrich. 
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Solvents: Ethanol, MTT solution, DMSO, and hydrogen peroxide (H2O2) have been 

attained from Sigma-Aldrich. Cell media (RPMI 1640, DMEM/F12, Ham’s F-12, and MEM), 

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). 

 

Kits: Fluo-4 NW Calcium Assay Kit, ROS detection agent H2DCFDA, EnzChek Direct 

Phospholipase C Assay Kit, Lipofectamine 3000 Reagent, Lipofectamine RNAiMAX Reagent, 

have been attained from ThermoFisher. 

 

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. T-

47D cell media consists of 10% FBS, 1% P/S, and insulin in one 500 mL bottle of RPMI. BT-20 

and MDA-MB-231 cell media consist of 10% FBS and 1% P/S in one 500 mL bottle of MEM. 

CHO-K1 cell media consist of 10% FBS and 1% P/S, in one 500 mL bottle of Ham’s F-12. 

Transfected CHO-K1 cells lines have an additional 1μg/mL of G418 added. 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. 

All cells are kept in 10 mL of their corresponding media on a 60 mm x 15 mm plate in a sterile 

37 °C incubator. 
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 CHO-K1 Transfection with EGFR and/or TRPV1: the transfection of CHO-K1 cells 

occurs by using the Lipofectamine 3000 Reagent kit, and its corresponding protocol, from 

ThermoFisher. CHO-K1 cells are plated on a 6-well. After one day post-plating, reduced FBS 

(5% FBS) and no P/S CHO-K1 media is used. 125 μL of this media is combined with 7.5 μL of 

Lipofectamine 3000 Reagent in one Eppendorf tube. In another tube, 125 μL of the media is 

combined with 1 μg of the DNA plasmid (EGFR, TRPV1, or both) and 10 μL of P3000 Reagent. 

Each tube is mixed with gentle inversion and combined together, allowing for this mixture to 

incubate for 10-15 minutes at room temperature. During this time, the CHO-K1 cells on the 6-

well plate are washed 1x with PBS, before adding the reduced FBS media to the well’s cells. The 

DNA-lipid complex mixture is then added to the cells. The cells are allowed to incubate with the 

complex mixture for one day, after which the transfection media is removed and normal CHO-

K1 media replaces it. After another day, the media is again replaced with normal CHO-K1 media 

that has the addition of 1 μg/mL of the G418 selection marker. Each day for the next three days, 

the media is replaced with fresh G418 CHO-K1 media. After these three days, the cells are 

analyzed for expression of EGFR and/or TRPV1 by Western Blot. 

 

MDA-MB-468 TRPV1 Knockdown: the knockdown of CHO cells occurs by using the 

Lipofectamine RNAiMAX Reagent kit, and its corresponding protocol, from ThermoFisher. 

MDA-MB-468 cells are plated on a 6-well. After one day post-plating, reduced FBS (5% FBS) 

and no P/S MDA-MB-468 media is used. 150 μL of this media is combined with 9 μL 

Lipofectamine 3000 Reagent in one Eppendorf tube. In another tube, 150 μL of the media is 

combined with 3 μL of the 10 μM siRNA for TRPV1 (siRNA had been developed by using the 
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invivogen siRNA website and ordered from IDT). Each tube is mixed with gentle inversion and 

combined together, allowing for this mixture to incubate for 5 minutes at room temperature. 

During this time, the MDA-MB-468 cells on the 6-well plate are washed 1x with PBS, before 

adding the reduced FBS media to the well’s cells. The DNA-lipid complex mixture is then added 

to the cells. The cells are allowed to incubate with the complex mixture for one day, after which 

the transfection media is removed, and normal MDA-MB-468 media replaces it. Each date post-

knockdown, a new lysate of the cells is taken to determine the length of duration of the TRPV1 

knockdown. The analysis of the TRPV1 expression is done by Western Blot. 

 

Cell Lysis: long-term storage (at 4 °C) cell lysis buffer by combining 40.0 mL of 0.25 M 

HEPES, 15.0 mL of 5.0 M NaCl, 5.0 mL of Triton X-100, 2.0 mL of 0.5 M EDTA, 4.0 mL of 

0.25 M EGTA, and 437 mL of milliQH2O. Prior to use, the following components are added to 

the cold cell lysis buffer to make a working solution: 80 μL/mL of cOmplete protease inhibitor, 

10 μL/mL of 2 mM Sodium OrthoVanadate, 1 μL/mL of 50 μM Ammonium Molybdate, and 10 

μL/mL of 10 mM Sodium Floride. Based off the size of the sample’s plate, enough cell lysis 

working solution is added (150 μL for a well in a 6-well plate, 600 μL for a 10 cm plate, 750 μL 

for a 15 cm plate). The solution is allowed to sit on the plate for 2-10 minutes. Then the cells are 

scrubbed with a cell scraper (cleaned with 80-90% ethanol between each sample) and placed in a 

cold Eppendorf tube. The cells are sonicated for 15 sec 3x and then spun at 4 °C 13,200 RPM for 

10 minutes. The supernatant is transferred to a fresh tube for storage at -80 °C, with 10 μL of the 

sample being aliquoted for the determination of protein concentration. 
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Immunoprecipitation: long-term storage (at 4 °C) TNEN buffer is made by combining 25 

mL of 1M Tris, 20 mL of 5M NaCl, 1 mL of 0.5 M EDTA, 2.5 mL of NP40, and 451.5 mL of 

milliQH2O. Prior to use, the following components are added to the cold TNEN buffer to make a 

working solution: 40 μL/mL of cOmplete protease inhibitor, 10 μL/mL of 2 mM Sodium 

OrthoVanadate, 1 μL/mL of 50 μM Ammonium Molybdate, and 10 μL/mL of 10 mM Sodium 

Floride. Combine 200-1000 μg of lysate, 5 μg of antibody/1 mg of protein, and bring up to 850 

μL with cold TNEN working solution. Invert to mix and incubate on ice (covered) for one hour. 

Then, add 40 μL of recombinant protein G agarose beads (%0% slurry in PBS) per IP sample. 

Tumble IPs for 3 hours at 4 °C. Remove the supernatant by vacuum. Wash the IPs 4x with 500 

uL of cold TNEN working solution (between, each wash, gentle mix the IPs by inversion, then 

use centrifugation at 4 °C and 10,000 RPM for 15 seconds) and remove the supernatant by 

vacuum (with an 18-gauge needle), without touching the beads. Make sure to wipe the needle 

down between samples. For the last wash, use a 25-gauge needle to remove the supernatant, 

including any around the beads by pressing the needle down into the beads. Then add 50 μL of 

2x SDS-PAGE buffer to the IPs and boil for 10 minutes, followed by a quick spin to re-pellet. 

Proceed with these samples to the Western Blot protocol. 

 

Western Blot and Membrane Transfer: straight lysates (which are boiled for 5 minutes in 

a 1:1 mixture of lysate: 2x SDS-PAGE buffer) or IPs are loaded on a 7-10% acrylamide gel. The 

gel is allowed to run samples till they reach the bottom. The samples are then transferred to a 15 

cm x 13 cm PVDF membrane for use in probing (see Antibody section). 
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MTT Assay: 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 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. 

 

 H2DCFDA (ROS) Assay: Cells are plated at 2000 cells/well for each well in a 96-well 

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 H2DCFDA near the end of the assay (this column serves as the 

H2DCFDA blank). This plate is left to incubate overnight at 37°C. The following day, plated 

media is pipetted away via Pasteur pipette and replaced with incubation media,100 µM 

H2DCFDA (H2DCFDA is dissolved in DMSO and diluted to 100 µM in sterile PBS), for 45 

minutes at 37°C. The incubation media is then replaced with the treatment media (see Results 

section for different treatments used) and is read at multiple time points (again, see Results). The 

fluorescence is read at excitation 485 nm/emission 538 nm. 
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 Fluo-4 NW Calcium Assay: Cells are plated at 2000 cells/well for each well in a 96-well 

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 2x dye loading solution near the end of the assay (this column serves 

as the 2x dye loading solution blank). Follow the kit’s direction for preparation of reagents. Add 

the 2x dye loading solution add the treatment media (see Results section for different treatments 

used) and is read at multiple time points (again, see Results). The fluorescence is read at 

excitation 494 nm/emission 516 nm. 

 

 EnzChek Direct Phospholipase C Assay: Cells are plated at 2000 cells/well for each well 

in a 96-well 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 substrate working solution near the end of the assay (this 

column serves as the substrate working solution blank). Follow the kit’s direction for preparation 

of reagents. Add the substrate working solution and the treatment media (see Results section for 

different treatments used) and is read at multiple time points (again, see Results). The 

fluorescence is read at excitation 490 nm/emission 520 nm. 
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