
Protein Kinase G facilitates EGFR-mediated Cell Death in MDA-
MB-468 Cells

Nicole M. Jackson and Brian P. Ceresa*

Department of Pharmacology and Toxicology, University of Louisville, Louisville, KY 40202

Abstract

The Epidermal Growth Factor Receptor (EGFR) is a transmembrane receptor tyrosine kinase with 

critical implications in cell proliferation, migration, wound healing and the regulation of apoptosis. 

However, the EGFR has been shown to be hyper-expressed in a number of human malignancies. 

The MDA-MB-468 metastatic breast cell line is one example of this. This particular cell line 

hyper-expresses the EGFR and undergoes EGFR-mediated apoptosis in response to EGF ligand. 

The goal of this study was to identify the kinases that could be potential intermediates for the 

EGFR-mediated induction of apoptosis intracellularly. After identifying Cyclic GMP-dependent 

Protein Kinase G (PKG) as a plausible intermediate, we wanted to determine the temporal 

relationship of these two proteins in the induction of apoptosis. We observed a dose-dependent 

decrease in MDA-MB-468 cell viability, which was co-incident with increased PKG activity as 

measured by VASPSer239 phosphorylation. In addition, we observe a dose dependent decrease in 

cell viability, as well as an increase in apoptosis, in response to two different PKG agonists, 8-

Bromo-cGMP and 8-pCPT-cGMP. MDA-MB-468 cells with reduced PKG activity exhibited had 

attenuated EGFR-mediated apoptosis. These findings indicate that PKG does not induce cell death 

via transphosphorylation of the EGFR. Instead, PKG activity occurs following EGFR activation. 

Together, these data indicate PKG as an intermediary in EGFR-mediated cell death, likely via 

apoptotic pathway.
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INTRODUCTION

The Epidermal Growth Factor Receptor (EGFR) is a cell surface receptor that is expressed 

in almost every tissue of the body, and plays critical roles in development and tissue 

homeostasis [1, 2]. In addition to these physiological roles, many cancers, such as lung [3], 

breast [4], and colon [5] malignancies, are characterized by hyper-activated EGFR signaling, 
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either due to overexpression of the receptor or somatic activating mutations of the receptor 

[4, 6]. Perturbations in EGFR expression and/or activation are associated with poor patient 

prognosis. There are a number of FDA-approved therapies that target the EGFR and 

attenuate cancer growth. These include small molecular inhibitors such as Erlotinib and 

Gefitinib, which has been approved for treatment of lung [7] and colon [8] cancers, and 

humanized monoclonal antibodies such as Cetuximab, which has been approved for treating 

colorectal cancers [9].

Despite the progress in using EGFR inhibitors as a mode of cancer treatment, these therapies 

are not failsafe. These drugs can have off-target effects (i.e. dermatitis, colitis, and corneal 

erosions) and some cancers become refractory to the drugs over time [10–12]. EGFR 

inhibition can also trigger autophagy in cancer cells, a degradative process that actually 

helps cancer cells withstand nutrient-poor conditions [13]. Thus, despite the therapeutic 

benefits of EGFR-inhibition, there remains a need for more aggressive and/or targeted 

treatments that will arrest cancer growth and progression.

A more comprehensive understanding of how EGFR signaling is regulated will facilitate the 

design of new agents. We hypothesize that one key to new therapies might lie within the cell 

itself. Paradoxically, cells that overexpress the EGFR naturally (i.e. A431 and MDA-

MB-468 cells [14, 15]) or through bioengineering [16], undergo apoptosis in response to 

EGF treatment. By utilizing this endogenous signaling mechanism we predict that this will 

specifically target EGFR-overexpressing cells with minimal side-effects to healthy cells. 

However, to most effectively utilize these pathways, we need to fully understand the 

mechanisms that regulate their signaling.

The goal of this study was to determine the signaling events that occur downstream of EGFR 

activation that lead to apoptosis. By determining how of EGFR-mediated apoptosis occurs in 

cell lines that overexpress the EGFR, we predict this pathway can be used to halt cancers 

that express high levels of EGFR. These studies were conducted primarily in MDA-MB-468 

cell line, a metastatic, breast, epithelial cell line [17]. These cells express approximately 1.3 

× 106 EGFR per cell [18], and have a well documented induction of apoptosis in response to 

EGF ligand (≥ 10 ng/mL) [4]

One candidate regulator of EGFR-mediated apoptosis is Cyclic guanosine monophosphate 

(cGMP)-dependent protein kinase (PKG). PKG exists in two functionally indistinguishable 

forms: PKG I and PKG II. PKG I is localized within the cytoplasm whereas PKG II is 

generally associated with the cell membrane [19]. Additionally, there are two isoforms of the 

type I PKG homologue: PKGIβ and PKGIα. These two isoforms are closely related, except 

in the N-terminal domain of the PKGIα isoform, which has 16 fewer residues than the 

PKGIβ isoform [19]. PKG1 has been demonstrated to be sufficient to induce apoptosis in 

MDA-MB-468 cells [20]. PKG is activated by cGMP, a second messenger produced by the 

conversion of GTP by guanylyl cyclase. PKG mediates downstream signaling through 

interactions with intracellular phosphoproteins [21], including VASP [22] and 

Phosphodiesterase type 5 (PDE5) [23]. The activity of these proteins includes regulating 

smooth muscle tone, bone growth, platelet aggregation, and electrolyte and fluid 

homeostasis. [24–26].
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Given that stimulation of PKGI but not PKGII was sufficient to induce apoptosis [27], we 

developed the hypothesis that the EGFR mediates apoptosis though PKGI activity. We find 

that MDA-MB-468 cells have a reduction in cell viability and an increase in apoptosis in 

response to both EGF and PKG agonists. Further, stimulation of the EGFR leads to 

enhanced PKG activity in MDA-MB-468, A431, and HeLa cell lines, as measured by 

Vasodilator Stimulated Phosphoprotein (VASP) phosphorylation. PKG stimulation does not 

enhance EGFR phosphorylation in MDA-MB-468 cells, indicative that PKG is downstream 

of the EGFR. Further, knock down of PKG decreases the dose dependent EGFR-mediated 

cell viability and reduces apoptotic pathways. From these data, we conclude that in MDA-

MB-468 cells, the EGFR utilizes PKG to promote cell death via apoptotic pathways.

MATERIALS AND METHODS

Cell Lines

MDA-MB-468 and A431 cell lines were acquired from the American Type Culture 

Collection (ATCC). Both cell lines were maintained in growth media [Dulbecco’s Modified 

Eagle Medium (DMEM)] supplemented with 10% Fetal Bovine Serum (FBS), 1% 

penicillin, 1% streptomycin, and 2 mM glutamine. The cells were maintained at incubation 

conditions of 37 °C in 5% CO2.

HeLa cells cell lines were acquired from the American Type Culture Collection (ATCC). 

They were maintained in growth media [Dulbecco’s Modified Eagle Medium (DMEM)] 

supplemented with 5% Fetal Bovine Serum (FBS), 1% penicillin, 1% streptomycin, and 2 

mM glutamine. The cells were maintained at incubation conditions of 37 °C in 5% CO2.

Agonists

The following agonists of PKG, 8-Bromoguanosine 3′,5′-cyclic monophosphate (8-Br-

cGMP) (Sigma-Aldrich), 8-(4-Chlorophenylthio)-guanosine 3′,5′-cyclic monophosphate (8-

pCPT-cGMP) (Biolog Life Science Institute, Bremen, Germany), and 8- (4- 

Chlorophenylthio)guanosine- 3′, 5′-cyclic monophosphate, acetoxymethyl ester (8-pCPT-

cGMP-AM) (Biolog Life Science Institute, Bremen, Germany), were acquired from the 

locations indicated, and were used at concentrations specified in each assay. EGF ligand was 

acquired from ProSpec Protein Specialist (East Brunswick, NJ) and Staurosporine (STS) 

was acquired from Sigma-Aldrich.

Cell Viability Analyses

MTT assay—3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) 

reagent was acquired from Sigma Aldrich (St. Louis, MO). MTT assays were used to assess 

cell viability as described previously [28, 29]. Briefly, cells were plated at 5,000–10,000 

cells/well in growth media in a 96 well plate. After 48 hours, cells were washed with 

phosphate buffered saline pH 7.3 (PBS) and serum starved in serum free (SF) DMEM for 3 

hours. A 15 mM 8-Br-cGMP stock was prepared in de-ionized water. This 15 mM 8-Br-

cGMP stock was diluted in serum free DMEM. Staurosporine (STS) was made as 1 mM 

stock in DMSO that was diluted in serum free DMEM and used at a final concentration of 

168 nM. After a 48-hour incubation period, 25 μl of MTT (5 mg/mL in PBS) was added to 
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each well, and cells were incubated for 2 hours at 37°C in the absence of CO2. MTT that 

had been converted to formazan was extracted by a 30-minute incubation at 37°C in 

extraction buffer (20% sodium dodecyl sulfate, 50% N-dimethylformamide, 50% ddH2O, 

80% Acetic Acid, 1M HCl) was then added to all samples of the 96-well plate in order to 

extract and solubilize the formazan crystals. The 96-well plate was then analyzed after 24 

hours with a BioTek Synergy HT plate reader and Gen5 BioTek software, at a wavelength of 

570 nm.

Alamarblue assay—Alamarblue reagent was acquired from ThermoScientific (Waltham, 

MA). Alamarblue assays were performed according to manufacturer’s directions. MDA-

MB-468 cells were plated in growth media at a density of 5,000–10,000 cells/well in a 96-

well place. After a 48-hour incubation, the cells were washed with PBS and serum starved 

overnight in 50 μl/well of DMEM. 8-pCPT-cGMP-AM was made as a 50mM stock in 

Dimethylformamide (DMF) and diluted in serum free DMEM. EGF was made according to 

manufacturer’s instructions at 1 μg/ml stock and diltured in serum free DMEM before 

addition to the cells. Staurosporine (STS) was added as described for MTT assays. After a 

48-hour incubation period, The Alamarblue reagent was then added at 10% of the total 

sample volume (10 μl) and incubated for 2 hours. Fluorescence was measured in HT plate 

reader with Gen5 BioTek software, at wavelengths of 530 nm (excitation) and 590 nm 

(emission).

Dose Response Assays (Western Blot Analyses)

MDA-MB-468 cells were plated into two 6-well dishes at a density of 600,000 cells/well. 

After 24-hours, the cells were rinsed with PBS and serum starved overnight. Cells were 

treated with the indicated concentration of 8-Br-cGMP, 8-pCPT-cGMP-AM, 8-pCPT-cGMP-

AM or EGF for 1 hour prior to the harvesting of each cell lysate.

Cell Lysate Preparation and Immunoblot Analyses

Cell lysates were acquired by washing the cells twice in PBS prior to the equilibration to 

4 °C and addition of ice cold RIPA lysis buffer for cell solubilization (150 mm NaCl, 1% 

Nonidet P-40, 0.5% deoxycholate, 0.1% SDS, 50 mm Tris (pH 8.0), 10 mm sodium 

pyrophosphate, 100 mm sodium fluoride, 2 mm phenylmethyl sulfonyl fluoride). The lysis 

buffer/cell mixture was then rotated end-over-end for 10 min at 4 °C, insoluble material was 

removed by 10 minutes at 15,000 × g in a microcentrifuge at 4 °C. The protein concentration 

was then assessed by a BCA assay (Pierce), and diluted 1:3 in 6XSDS sample buffer. 

Equivalent amounts of protein (20–60 μg) were separated by the indicated percentage SDS-

PAGE and transferred to nitrocellulose. Individual antibodies [total EGFR and GAPDH 

(Santa Cruz Biotechnology, Dallas, TX); pVASP (Ser239), total VASP, PKGI, pY1045, 

Cleaved-Caspase 3, and PARP (Cell Signaling Technology, Danvers, MA)] were used with 

the appropriate HRP-conjugated secondary antibody according to the manufacturer’s 

instructions. Immunoreactive bands were detected by ECL and visualized using a Fotodyne 

imaging system. All western blot data were analyzed and quantified using ImageJ software.

Jackson and Ceresa Page 4

Exp Cell Res. Author manuscript; available in PMC 2017 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



siRNA knockdown of PKG

siRNA targeting PKG were acquired from Dharmacon (SMARTpool 5 nmol) and 

reconstituted into 20 μM aliquots. Our scramble siRNA control (siCON) was acquired from 

IDTDNA (Coralville, IA). MDA-MB-468 cells were seeded at 1 million cells/60 mm dish 

and transfected with final concentrations of 200 nM PKG siRNA or siCON (200 nM) with 

INTERFERin (Polyplus Transfection) according to manufacturer’s instructions. On the 

following day (24 hours post-transfection), cells were split and plated into two, 96-well 

dishes. Forty-eight hours post-transfection, one of the 96-well dishes was serum starved for 

2 hours, and each treatment group (siCON and PKG siRNA transfected cells) was treated 

with either DMEM, EGF, or STS. The plate was incubated for an additional 24 or 48-hours. 

Cell viability was assessed via Alamarblue analysis, as described previously.

Statistical Analyses

A student-t test was used to determine statistical significance within each experiment. A p 
value of less than 0.1 is designated significant, and is indicated by a single asterisk (*). A p 
value of less than 0.05 is designated significant, and is indicated by two asterisks (**). A p 
value of less than 0.01 is designated very significant, and is indicated by three asterisks 

(***). A p value of less than 0.001 is designated extremely significant, and is indicated by 

four asterisks (****).

RESULTS

It is well documented that cell lines that hyperexpress the EGFR, such as MDA-MB-468 

cells [4, 30, 31], undergo EGFR-mediated apoptosis. This is demonstrated with the dose-

dependent decrease in MDA-MB-468 cell viability (Fig 1A). How a mitogenic growth factor 

receptor mediates cell death has studied for a number of years, with no clear resolution of 

the molecular mechanism. Determining the effectors that are necessary for EGFR-mediated 

apoptosis is a critical first step understanding the underlying molecular mechanism.

Based on previous studies linking Protein kinase G (PKG) activity to apoptosis in MDA-

MB-468 cells, we examined whether PKG was downstream of EGFR activity (Fig 1B). 

Following treatment with EGF, there was a dose-dependent increase in EGFR 

phosphorylation [measured as a function of phosphorylation of tyrosine 1045 (pY1045)] 

(Fig 1C). Active PKG phosphorylates VASP specifically at Serine239 [32]. Serine 

phosphorylation of VASP is accompanied by a slowed electrophoretic mobility of the 

protein on SDS-PAGE resulting in two bands on both phosphorylated VASP (pVASP) and 

total VASP immunoblots [33–35]. Therefore, the differences observed in total VASP levels 

are a reflection of phosphorylation-dependent changes in protein electrophoretic mobility.

Using an phosphoVASP immunoblot to monitor activation of PKG, we found that, co-

incident with receptor phosphorylation, there was a dose-dependent increase in PKG activity 

(Fig 1B). Comparison of the EC50 of EGF-mediated EGFR and VASP phosphorylation (4.7 

nM and 0.49 nM, respectively) indicates that the processes are tightly coupled; only low 

levels of EGFR activity are needed to stimulate PKG.
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EGFR:PKG communication is not unique to MDA-MB-468 cells [36]. A431 cells are a 

metastatic epidermoid cell line that also undergoes EGF-dependent apoptosis [31], and 

hyperexpresses EGFRs at levels (1.5 × 106 EGFR/cell [37]) comparable to MDA-MB-468 

cells [18]. When treated with EGF, A431 cells had a similar dose-dependent induction of 

EGFR and VASP activity (Fig 2A). EGF induced EGFR phosphorylation in A431 cells with 

a similar efficacy and potency as seen in MDA-MB-468 cells (Fig 2B). A431 and MDA-

MB-468 cells had comparable levels of pVASP activity (~2–3-fold over basal), and 

comparable EC50’s to stimulate pVASP (0.56 nM and 0.66 nM, respectively). Further, in 

HeLa cells that expresses much lower levels of EGFR (~50,000 EGFRs/cells [38], despite a 

smaller dynamic range of EGFR phosphorylation (Fig 2D), the EC50 was comparable (0.66 

nM). Thus, in multiple EGFR-expressing cell lines, there was an EGF-dependent PKG 

activation.

Having established that EGFR could activate PKG, we wanted to determine if direct 

activation of PKG was sufficient to induce cell death. MDA-MB-468 cells were treated with 

three commercially available agonists of PKG – 8-Bromoguanosine 3′,5′-cyclic 

monophosphate (8-Br-cGMP), 8-(4-Chlorophenylthio)-guanosine 3′,5′-cyclic 

monophosphate (8-pCPT-cGMP), and 8- (4- Chlorophenylthio) guanosine- 3′,5′-cyclic 

monophosphate, acetoxymethyl ester (8-pCPT-cGMP-AM). 8-Br-cGMP is a brominated 

derivative cGMP analog and is cell permeant [39]. 8-pCPT-cGMP and 8-pCPT-cGMP-AM 

are both PKG agonists that only differ by the presence of an acetoxymethyl ester; the 

addition of the acetoxymethyl ester makes 8-pCPT-cGMP-AM more cell permeant, and 

resistant to metabolic turnover [40]. MDA-MB-468 cells were treated with varying 

concentrations of these compounds and found to activate PKG (measured by VASP 

phosphorylation) (Fig 3A and 3B), treatment with 8-pCPT-cGMP did not produce detectable 

levels of pVASP, likely due to limited cell permeability, and was not used in cell viability 

experiments. Importantly, none of the PKG activators were able to induce detectable levels 

of EGFR phosphorylation (Fig 3A and 3B).

Next, the effect of the PKG agonists on cell viability was examined. Both 8-Br-cGMP and 8-

pCPT-cGMP-AM caused a modest, dose-dependent decrease in cell viability (Fig 3C and 

3D).

To determine if the observed decreases in cell viability were a consequence of apoptosis, we 

examined caspase-3 and poly ADP-ribose polymerase (PARP) cleavage via immunoblot 

analysis. Caspase-3 is a critical executioner of apoptosis [41]; when active, executioner 

caspases cleave and activate various substrates, such as poly ADP-ribose polymerase 

(PARP), which ultimately cause the morphological changes associated with apoptotic cells 

[42, 43]. MDA-MB-468 cells were treated with 8-Br-cGMP, 8-pCPT-cGMP-AM (8-p-AM) 

and 16 nM EGF for 24 hours. Despite the robust induction of EGFR phosphorylation with 

relatively short durations of EGF treatments (Figs 1A, 2A, and 2D), the induction of EGFR-

mediated apoptosis requires a longer duration of ligand/agonist exposure. Based on 

experimental data, a 24-hour time point was used when examining apoptotic pathways (Fig 

4A). Staurosporine (STS) is an alkaloid that robustly induces apoptosis after 3 hours; longer 

treatments caused catastrophic damage to the cell. STS was used as a positive control for the 

presence of cleaved PARP and caspase 3 by immunoblot (Figure 4). Cells were incubated in 
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serum free media (SF) and vehicle alone as a negative control for apoptosis, and with 

staurosporine (STS) as a positive control. The PKG activators and EGF induced PARP and 

caspase-3 cleavage (Fig 4A). Consistent with the cell viability assays, EGF treatment was 

more efficacious in inducing apoptosis than PKG activation (Fig 4B and 4C). It should be 

noted that at 24 hours, MDA-MB-468 cells exposed to EGF and STS appear to exhibit a 

slight decrease in total EGFR levels (Figure 4A). These decreases are likely due to ligand-

mediated receptor down-regulation (in EGF-treated cells) or from increased proteolysis in 

the apoptotic cell (EGF and STS-treated cells).

Finally, to determine if PKG is a signaling intermediate in EGFR-mediated apoptosis, we 

examined EGFR-mediated signaling with attenuated PKG expression (Fig 5). Cells were 

transfected with control (siCON) or PKG specific siRNA, treated with EGF for 24 or 48 

hours, and assayed for cell viability (Fig 5A and 5B). PKG knockdown was verified by 

immunoblot (Fig 5C) and was quantified using Image J software to be 55%, consistent with 

previous reports [44]. In the absence of PKG, EGF treatment was not as effective at 

decreasing cell viability. This was statistically significant after 48 hours of EGF treatment 

and at high EGF doses (i.e. 16 nM), however, this trend is observed at all three EGF 

concentrations. When PKG knock down cells were treated with EGF, there was a trend of 

reduced activity in apoptotic markers (PARP and Caspase-3 cleavage) (Fig 6B–D), but this 

was not statistically significant.

DISCUSSION

The purpose of this study was to identify effectors downstream of EGFR activation that are 

actively mediating apoptosis in MDA-MB-468 cells. Using a combination of immunoblot 

assays, pharmacological activators, and RNAi, we tested the hypothesis that the EGFR is 

signaling via PKG to induce apoptosis. The ligand-dependent activation of the EGFR 

corresponded with phosphorylation of the PKG substrate VASP (Fig 1B). It is notable that 

both EGFR and PKG agonists induce apoptosis with much slower kinetics than more 

aggressive agents, such as staurosporine. The directionality of this signaling was confirmed 

by the observation that direct activation of PKG with the agonists 8-Br-cGMP and 8-p-AM 

(Fig 3A and 3B) failed to stimulate the EGFR. Finally, when PKG was knocked down, there 

was a statistically significant reduction in EGFR-mediated cell viability and a decrease in 

caspase-3 cleavage.

PKG is not normally associated with a downstream effector of the EGFR. However, it is not 

unprecedented; EGF stimulation in an ovarian cancer cell line, OV2008, leads to an EGFR-

dependent VASP phosphorylation as well [36]. In addition to MDA-MB-468 cells, EGF 

treatment of A431 and HeLa cells, leads to a dose-dependent induction of phosphoVASP 

(Fig 2). It should be noted that in cell lines which express physiological levels of EGFR, 

exposure to higher levels of ligand often elicit total receptor degradation [29] (Fig 2D). 

EGFR:PKG communication can occur independent of receptor expression. However, the 

cytotoxicity associated with EGFR-mediated PKG activity may be a function of the kinase’s 

subcellular distribution, the duration of receptor:effector communication, or the presence of 

downstream substrates.
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While A431 cells undergo EGFR-mediated apoptosis [31, 45], EGF is not as potent in its 

induction of apoptosis as what has been observed in MDA-MB-468 cells. For instance, it has 

been reported that A431 cells are capable of surviving EGF treatment for several days, and 

can become resistant to the induction of apoptosis in the presence of EGF [46]. Further, the 

initial reports of PKG-mediated apoptosis were in MDA-MB-468 cells [20, 27]. We 

therefore elected to pursue subsequent experiments in a cell line with the greatest dynamic 

range.

PKG activity is often associated with cytoprotective biology (i.e. heart cells [47], neurons, 

and glia cells [48, 49]) rather than a mediator of apoptosis. However, there is other evidence 

linking PKG to other proapoptotic effects in breast [27], ovarian [36], and colon cancer. 

Activation of PKGI in colon cancer cells induces apoptosis in a c-Jun NH2 NH2-terminal 

kinase 1 (JNK1) pathway dependent manner [50]. Many of the roles of cGMP and PKG 

signaling are well understood; however, a lack of clarity remains in terms of the role of PKG 

in cancer. This research aims to provide more information about PKG and it’s association 

with EGFR, and other receptor tyrosine kinases with implications in human malignancies.

By most accounts, apoptosis is an aberrant EGFR-mediated signaling event for a receptor 

that typical promotes cell growth. It is a challenge to decipher the molecular events that 

specifically promote apoptosis in the context of receptor- and cell stress-mediated pro-

growth signaling. As a result, the molecular details of EGFR-mediated apoptosis remain 

controversial. The signal transducers and activators of transcription (STAT) pathway is one 

of the most intensively studied mechanism entailed in EGFR-mediated apoptosis in cancer 

[51]. Studies have shown that in cell lines that hyper-express EGFR, the EGFR activates 

STAT1, which recognizes responsive elements of and upregulates p21 [52, 53]. When active, 

p21 is a cyclin-dependent kinase inhibitor that suppresses reduces cell proliferation and 

induces apoptosis [54]. More recent studies have shown that in cell lines with elevated 

EGFR expression, EGF stimulation suppresses activity within the phosphoinositide 3-

kinase/protein kinase B/mammalian target of rapamycin (PI3K/AKT/mTOR) pathway, 

suggesting that inhibition of the PI3K/AKT/mTOR pathway might be required for EGFR-

mediated apoptosis to occur [55].

This report provides data indicating that in MDA-MB-468 cells, PKG contributes to EGFR-

mediated cell death, likely through apoptotic signaling pathways. Although the contribution 

of PKG to EGFR-mediated apoptosis appears modest, this is likely a consequence of partial 

PKG knock down (~55% knock down). It remains unclear how a mitogenic growth factor 

receptor and a cytoprotective effector collaborate to induce apoptosis. One possible 

explanation is that hyperstimulation of cell viability pathways leads to cell catastrophe over 

time. Several pieces of evidence support this model. First, cell lines that have low levels of 

EGFR and more rapid receptor turnover do not induce apoptosis [56]. Second, low levels of 

EGF ligand do not induce MDA-MDA-468 cell apoptosis [4]. Third, the slowed kinetics of 

cell death following EGFR or PKG activation argue that the induction of apoptosis does not 

occur as a direct activation of an enzymatic pathway. Nevertheless, the EGFR:PKG 

communication shows promise as a new pathway for selectively mediating cytotoxicity in 

cells that overexpress the EGFR.
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Figure 1. Increases in EGF ligand concentration elicit a dose dependent increase in 
pVASPSer239 phosphorylation in MDA-MB-468 cells
A. MDA-MB-468 cells were seeded into 96-well dishes prior to being serum starved 

overnight. The cells were treated for 48 hours prior to AlamarBlue, cell viability analyses. 

Data are reported as the mean ± SEM (n=3). B. Serum-starved MDA-MB-468 cells were 

treated with varying concentrations of EGF (0, 0.16, 0.5, 1.6, 5 and 16 nM) for 30 minutes. 

Cell lysates were prepared, and equivalent amounts of protein (20 μg) were resolved by 12% 

SDS-PAGE and transferred to nitrocellulose. Membranes were probed for EGFR 

phosphorylated at tyrosine 1045 (pY1045), total EGFR (EGFR), VASP phosphorylated at 

serine 239 (pVASP), total VASP (VASP), and GAPDH as a loading control. Quantification 

of EGFR phosphorylation (pY1045) (C.) and VASP phosphorylation (pVASP) (D.) 
immunoblots using ImageJ software. Data are plotted as the mean ± Standard Error of the 

Mean (SEM) (n=3).
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Figure 2. Increases in EGF ligand concentration elicit a dose dependent increase in 
pVASPSer239 phosphorylation in A431 and HeLa cell lines
A. A dose response was conducted in A431 cells using 0, 0.16, 0.5, 1.6, 5 and 16 nM 

concentrations of EGF ligand. Cells were serum starved for 2 hours, and then exposed to the 

various ligand concentrations for 60 minutes. Forty μg of protein per sample were then 

resolved on a 10% SDS-PAGE. Western blot data of pY1045 (B.) and pVASPSer239 (C.) 
from three independent dose response experiments in A431 cells were quantified to blots of 

total protein (EGFR and VASP, respectively) using ImageJ software. Error bars are 

expressed as ± SEM. D. A dose response was conducted in HeLa cells using 0, 0.16, 1.6 and 

16 nM concentrations of EGF ligand. Cells were serum starved for 2 hours, and then 

exposed to the various ligand concentrations for 60 minutes. HeLa cell lysates (60 μg) were 

then resolved on a 10% SDS-PAGE. Western blot data of pY1045 (E.) and pVASPSer239 

(F.) from three independent dose response experiments in HeLa cells were quantified to 

blots of total protein (EGFR and VASP, respectively) using ImageJ software. Error bars are 

expressed as ± SEM (n=3).
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Figure 3. PKG agonists do not elicit EGFR phosphorylation, but do induce dose dependent 
decreases in MDA-MB-468 cell viability
A. The PKG agonist, 8-Br- cGMP, was used at 0.1, 0.3, 1, 1.3, 2 and 3 mM concentrations. 

This treatment was accompanied with a positive control for EGFR phosphorylation, 16 nM 

EGF. The cells were exposed to the various conditions for 1 hour prior to the harvesting of 

each cell lysate. Forty μg of protein per sample were then resolved on a 12% SDS-PAGE. B. 
The PKG agonist, 8-pCPT-cGMP-AM (8-p-AM), was employed at 1, 10, and 100 μM 

concentrations. The other PKG agonist in use, 8-pCPT-cGMP, was employed at 100, 250, 

and 500 μM concentrations. Cells treated with serum free DMEM (SF) served as a negative 

control for both pVASP and EGFR phosphorylation. Cells treated with 16 nM EGF served 

as a positive control for EGFR and pVASP-SER239 phosphorylation. C. Results from an 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) cell viability assay. 

Cells were serum starved overnight, and then subjected to each experimental condition for 

48 hours total prior to MTT analyses. A vehicle control of 6.7% deionized water in DMEM 

was used to accompany the 3 mM 8-Br-cGMP treatment. Data are expressed as means of 

percent viability (all to the serum free control) ± SEM (n=3). D. Results from an 

AlamarBlue cell viability assay. Cells were serum starved overnight, and then subjected to 

each experimental condition for 48 hours total prior to AlamarBlue analyses. Cells treated 

with the PKG agonist, 8-p-AM, were quantified to their respective vehicle control (cells 

treated with 0.2% DMF). All other data were quantified to the serum free control. All data 

are plotted as the average of percent viability ± SEM (n=4).
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Figure 4. PKG agonists induce apoptosis in the MDA-MB-468 cell line
A. MDA-MB-468 cells were serum starved overnight. With the exception of Staurosproine 

(STS), the cells were then subjected to each experimental condition for 24 hours. MDA-

MB-468 cells were treated with STS for 3 hours prior to being harvested. This was done in 

order to induce a robust response without inducing catastrophic damage to the cell. The 

induction of apoptosis was determined by using PARP and Cleaved Caspase-3 antibodies. 

With the exception of STS, 40 μg of protein per sample were then resolved on a 15% SDS-

PAGE. Fifteen μg of protein from the STS sample were resolved on the 15% SDS-PAGE. 

This was done in order to to ensure that our positive control was within the dynamic range. 

Quantification of western blot data from cleaved PARP (B.) and Caspase-3 (C.) from three 

independent experiments. Band intensities were determined using Image J software and 

plotted relative to total PARP (% cleaved PARP) or GAPDH (ratio of cleaved Caspase-3/

GAPDH), respectively. Data are plotted as the average ± SEM (n=3)
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Figure 5. Reduction in PKG activity yields a significant increase in MDA-MB-468 cell viability 
upon exposure to EGF ligand
MDA-MB-468 cells were subjected to either 200 nM control siRNA (siCON) or 200 nM of 

siRNA targeting PKG for a total of 96 hours. The day after initial siRNA transfection, 

MDA-MB-468 cells were seeded into 96-well dishes and were then subjected to various 

concentrations of EGF ligand for either 24 hours (A) or 48 hours (B). Data are plotted as the 

average of percent viability ± SEM (n=3) C. Representative western blot image of 200 nM 

siCON and 200 nM PKG siRNA exposed MDA-MB-468 cells at 96 hours. Cell lysates were 

loaded in volumes of decreasing protein concentration (20, 10, and 5 μg) and then resolved 

on a 12% SDS-PAGE. Blots were then quantified using ImageJ software in order to 

determine the percentage of PKG knockdown (55%).
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Figure 6. Reduction in PKG activity yields less apoptosis in MDA-MB-468 cells
A. Representative western blot image of 200 nM siCON and 200 nM PKG siRNA exposed 

MDA-MB-468 cells at 96 hours. Cell lysates were loaded in volumes of decreasing protein 

concentration (20, 10, and 5 μg) and then resolved on a 12% SDS-PAGE. Blots were then 

quantified using ImageJ software in order to determine the percentage of PKG knockdown 

(55%). B. Representative western blot image of western blot analyses of PKG knockdown 

and siCON MDA-MB-468 cells. Cells were treated with 200 nM siCON or 200 nM PKG 

siRNA for 96 hours. The cells were also exposed to either serum free media (SF), EGF, or 

Staurosporine (STS) for 48 hours. Cell lysates were then harvested and resolved on a 15% 

SDS PAGE. Immunoblot images for PARP and Cleaved Caspase-3 were used as indicators 

of apoptosis. Quantification of western blot data from cleaved PARP (C.) and Caspase-3 

(D.) from three independent experiments. Band intensities were determined using Image J 

software and plotted relative to total PARP (% cleaved PARP) or GAPDH (ratio of cleaved 

Caspase-3/GAPDH), respectively. Data are plotted as the average ± SEM (n=3).
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