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Abstract

:

Treatment regimens for head and neck squamous cell carcinoma (HNSCC) typically include cisplatin and radiotherapy and are limited by toxicities. We have identified naturally derived withalongolide A triacetate (WGA-TA) from Physalis longifolia as a lead compound for targeting HNSCC. We hypothesized that combining WGA-TA with cisplatin may allow for lower, less toxic cisplatin doses. HNSCC cell lines were treated with WGA-TA and cisplatin. After treatment with the drugs, the cell viability was determined by MTS assay. The combination index was calculated using CompuSyn. The expression of proteins involved in the targeting of translational initiation complex, epithelial to mesenchymal transition (EMT), and apoptosis were measured by western blot. Invasion and migration were measured using the Boyden-chamber assay. Treatment of MDA-1986 and UMSCC-22B cell lines with either WGA-TA or cisplatin alone for 72 h resulted in a dose dependent decrease in cell viability. Cisplatin in combination with WGA-TA resulted in significant synergistic cell death starting from 1.25 μM cisplatin. Combination treatment with WGA-TA resulted in lower cisplatin dosing while maintaining the downregulation of translational initiation complex proteins, the induction of apoptosis, and the blockade of migration, invasion, and EMT transition. These results suggest that combining a low concentration of cisplatin with WGA-TA may provide a safer, more effective therapeutic option for HNSCC that warrants translational validation.
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1. Introduction


Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide, with most of these cancers arising in the oral cavity and oropharynx [1]. The current standard of care involves a combination of surgery, chemotherapy, and radiation. Despite advancements in adjuvant treatments, survival in advanced HNSCC has remained relatively unchanged [2]. While there has been a rise in HPV-associated cancers of the oropharynx exhibiting improved clinical outcomes, the majority of advanced HPV negative HNSCCs continue to exhibit poor outcomes [1,2,3]. Current standard of care therapies, including cisplatin and cetuximab, demonstrate limited long-term efficacy due to the development of drug resistance and systemic toxicity at higher doses [4,5,6]. The toxicities of cisplatin are well characterized and traditionally include ototoxicity and renal toxicity. The limitations of surgery, radiation, and systemic chemotherapy in advanced disease have shifted focus to the development of safer and more durable alternative therapies.



Heat shock protein 90 (Hsp90) is a molecular chaperone which aids several “client” proteins in conformational folding, allowing for the phosphorylation and activation of these proteins and their pathways, many of which are hallmarks of carcinogenesis [7,8,9]. Thus, the inhibition of the hetero chaperone complex function has broad therapeutic potential in cancers due to the ability to suppress multiple oncogenic pathways simultaneously, including cell growth and proliferation pathways commonly amplified in HNSCC. The inhibition of Hsp90 has been proposed and studied clinically in the treatment of several cancers and has shown excellent anti-tumoral response in HNSCC and other cancers [10]. However, these Hsp90 inhibitors have demonstrated dose-limiting toxicities as a monotherapy in phase II studies limited primarily due to hepatotoxicity. It has been postulated that limited dose escalation to the maximal tolerated dose (MTD) observed in clinical trials may be related to the mechanism by which inhibition of Hsp90 at the amino-terminal binding site leads to the displacement of heat shock transcription factor 1 (HSF-1). HSF-1 release induces the “heat shock response” with the upregulation of pro survival effects mediated through Hsp70, thus requiring additional Hsp90 dose inhibition to maintain cancer growth control until MTD and dose limiting toxicities (DLTs) are reached [9,11]. Known limitations to single drug therapies as outlined above suggest that combination therapies may be necessary to identify clinically beneficial treatment regimens. Indeed, multidrug therapy has the potential to inhibit multiple key regulatory/dysregulated pathways simultaneously and to combat the development of resistance [12]. Further, synergistic effects in combination treatment may allow lower relative doses of each respective drug, leading to an improved systemic toxicity profile with potential for more durable treatment effects, as resistance to multidrug regimens have been shown to occur less frequently than with monotherapies.



Withanolides are novel naturally derived compounds present in the Solanaceae family of plants. The well-known withanolide, withaferin A, has been used as a safe nutraceutical therapeutic option in Indian Ayurvedic medicine for centuries [13]. Through structure-activity-relationship studies, we have identified and purified a naturally derived inhibitor of the hetero chaperone complex, withalongolide A triacetate (WGA-TA), from Physalis longifolia, as a hit compound for targeting several cancers including HNSCC [14]. Withanolides, including WGA-TA, are plant derived nutraceutical compounds that are widely used in Ayurvedic medicine for a variety of diseases [13]. Withalongolide A triacetate (WGA-TA) is a safe biosynthetic withanolide which inhibits Hsp90 client proteins by disruption of the Hsp90 hetero chaperone complex through disrupting the co-chaperone cdc37 from Hsp90, leading to the induction of apoptosis and the inhibition of several regulatory pathways including PI3K/Akt/mTOR, which has been implicated in cisplatin resistance and HNSCC progression [15]. mTOR, in addition to coordinating upstream regulators, also regulates translation via 4E-BPs and S6Ks, which in turn modulates the downstream regulators like e1F4B [16]. Therefore, we hypothesized that combining the novel compound WGA-TA with cisplatin would generate synergistic combined effects against HNSCC cancer growth, invasion, and metastatic potential at lower, less toxic doses of cisplatin.



In the present study, we evaluate treatment responses including cell viability, cellular proliferation, epithelial to mesenchymal transition (EMT), apoptosis, cellular pathways classically implicated in carcinogenesis and cisplatin resistance (i.e., PI3K/Akt/mTOR pathway), and cancer stem cell properties of WGA-TA and cisplatin combination treatment as a viable safe treatment option for HNSCC.




2. Materials and Methods


2.1. Cell Viability Assay


An MTS assay was used to determine the cell viability of the treated cells. Two HNSCC cell lines, MDA-1986 (oral cavity, generous gift from Dr. Jeffrey Myers, Houston, TX, USA, CVCL_6982 Expasy) and UMSCC-22B (larynx, generous gift from Dr. Thomas Carey, Ann Arbor, MI, USA), were cultured and seeded in 96-well plates at 1500 cells/well and 2500 cells/well, respectively. At 24 h after plating, cells were treated with a drug containing media at various concentrations and combinations of cisplatin and WGA-TA. After an additional 72 h incubation period, cell viability was assessed using a CellTiter96 Aqueous MTS assay with an absorbance measured at 490 nm on a Biotek Synergy 2 plate reader (BioTek, Winooski, VT, USA). IC50 values and combination indices were calculated for cisplatin and WGA-TA in both cell lines using GraphPad Prism 9 (GraphPad Software, Inc., La Jolla, CA, USA) and CompuSyn (ComboSyn Inc., Paramus, NJ, USA), respectively.




2.2. Western Blot Analysis


The efficacy of combination treatment was further characterized through western blot analysis of the MDA-1986 cell line. Cells reaching 40–60% confluence were treated for 24 h with cisplatin (1.25 or 2.5 μM), WGA-TA (0.125, 0.25, or 0.5 μM), or with both cisplatin and WGA-TA at each of the given concentrations. After treatment, cells were collected, pelleted, resuspended in lysis buffer, and sonicated. The protein concentrations were determined and standardized using a BSA protein assay. Approximately 20 μg of proteins was loaded on to the gel and the samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Samples were then transferred to nitrocellulose membranes and were blotted with primary antibody at 4 °C overnight. The following day, the membranes were blotted with secondary antibody for 1 h at room temperature, treated with Super Signal chemiluminescent reagent West PICO or FEMTO (Thermo Fischer Scientific, Waltham, MA, USA) for 1–5 min, and were captured on Kodak X-Ray film (Eastman Kodak, Rochester, NY, USA) or by using a BioRad chemidoc imaging system. ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used to analyze the density of Western blot bands relative to the control band.




2.3. Boyden Chamber Assay for Migration and Invasion


Approximately 100,000 MDA-1986 cells in serum free medium were plated on the top insert of the Boyden Chamber insert. The cells were treated with either 1.25 or 2.5 μM cisplatin alone or in combination with 0.25 or 0.50 μM TA-WGA for 24 h. Post treatment, the cells were fixed with 2% paraformaldehyde, stained with 1% crystal violet in 20% methanol, washed and imaged using an EVOS microscope (Thermo Fisher Scientific, Waltham, MA, USA). Control inserts were used for migration and Matrigel coated inserts were used for invasion.




2.4. Statistical Analysis


All cell viability data was obtained in triplicate and were presented as mean ± standard deviation. Statistical differences between different treatments were calculated using a student’s t-test. Western blot quantification was done using ImageJ software (ImageJ, NIH).





3. Results


3.1. Determination of IC50 Values for Single Drug Treatment


The first step in our experimental design was to assess the viability of HNSCC cells following treatment with either cisplatin or WGA-TA monotherapy. MDA-1986 and UMSCC-22B cells were treated with serial dilutions of each drug (20 μM to 0.0195 μM). Cell viability was used to determine IC50 values using GraphPad Prism software as described above. A dose dependent treatment response was observed for each drug in both cell lines, indicated by a progressive decrease in cell viability. For both cell lines, IC50 values for WGA-TA were in the lower nanomolar range, whereas it was in the micromolar range for cisplatin. IC50 values for WGA-TA were up to 10-fold lower than that of cisplatin for UMSCC-22B and MDA-1986 cells (Figure 1).




3.2. Synergistic Effect of Combination Treatment


After determining IC50 values for each single drug treatment, combination treatment with WGA-TA and cisplatin was assessed. By calculating combination indices (CI) in response to dual-therapy treatment using the Chou-Talalay method [17], the synergistic effect between the drugs was determined. Using this method, synergistic, additive, and antagonist effects are indicated by CI < 1.0, CI = 1.0, and CI > 1.0, respectively. A synergistic effect (CI < 1) was observed in both cell lines across a range of concentrations after 72 h treatment with cisplatin and WGA-TA (Table 1A). Combination treatment resulted in a significant decrease in cell viability when compared with single drug treatment (p < 0.01 for combination vs. either drug alone). To determine suitable concentrations of a drug for subsequent western blot analysis, combination indices for 24 h treatment of MDA-1986 with WGA-TA and cisplatin were calculated. At this shorter treatment duration, we redemonstrated that WGA-TA and cisplatin act synergistically when several different concentrations of WGA-TA are combined with 1.25 and 2.5 μM cisplatin (Table 1A,B).




3.3. Effect of WGA-TA and Combination Treatment on the mTOR Pathway and Its Substrates


Next, we examined how WGA-TA monotherapy and combination treatment modulated the mechanistic target of rapamycin (mTOR) and its protein substrates, specifically p70s6k and 4E-BP1 (Figure 2A,B). mTOR protein levels remained relatively consistent for each treatment; however, phosphorylated-mTOR (p-mTOR) levels declined when treated with either WGA-TA alone or the combination treatment. Treatment with 0.25 and 0.5 μM WGA-TA resulted in nearly full blockage of expression and combination treatment at the 2.5 μM cisplatin fully blocked expression of p-mTOR. The efficacy of combination treatment is most apparent at 0.125 μM WGA-TA, where combining cisplatin and WGA-TA resulted in a significantly greater reduction in p-mTOR levels than treatment with WGA-TA alone (p < 0.05). While p-mTOR levels decreased with treatment, 4E-BP1, p70s6k and phospho-p70s6k levels remained relatively constant. In contrast, p-4E-BP1 levels were significantly reduced. Combination treatment reduced p-4E-BP1 expression by 45–67% and 56–71% for WGA-TA plus 1.25 and 2.5 μM cisplatin, respectively. Treatment with 0.5 μM WGA-TA also significantly reduced expression levels. A clear synergistic effect in diminishing p-4E-BP1 expression can be seen for treatment with 0.125 and 0.25 μM WGA-TA alone and for their corresponding combinations with cisplatin.




3.4. Effect of WGA-TA and Combination Treatment on Translation Initiation


As levels of the important translation regulation protein p-4E-BP1 diminished with treatment, we next studied the effect of WGA-TA and combination treatment on translation (Figure 3A,B).



To investigate the effect that treatment has on translation initiation, a western blot analysis was carried out on critical eukaryotic translation initiation complex proteins. Our results indicate that neither WGA-TA alone nor WGA-TA in combination with cisplatin modulate levels of eIF4G, eIF4B, eIF4A, eIF4A1, eIF4E, or p-eIF4E at the concentrations used in this study. Nonetheless, p-eIF4G and p-eIF4B expression levels were significantly attenuated in combination treatments compared to untreated or single agent treatment (p < 0.01). While treatment with cisplatin or WGA-TA alone had no effect on p-eIF4G levels, combination treatment resulted in a 42–44% decrease in p-eIF4G (p < 0.01), thereby decreasing translation. In addition, treatment with 0.125–0.5 μM WGA-TA decreased p-eIF4B expression by 23–90% in a dose-dependent manner (p < 0.01 for 0.5 μM WGA-TA vs. untreated), whereas combination with 1.25 and 2.5 μM cisplatin resulted in a 54–92% and a 70–96% reduction in expression, respectively. Even at low concentrations of cisplatin, a clear combination effect can be seen. The synergistic effect of combination is most notable for treatment with 0.25 μM WGA-TA. An amount of 0.25 μM WGA-TA alone attenuated expression of p-eIF4B by 35%, whereas combination with 1.25 and 2.5 μM cisplatin reduced expression by 83% and 93% (p < 0.01 vs. drug alone at the same concentration), respectively. Treatment with cisplatin alone did not inhibit the expression of p-eIF4B.




3.5. Effect of WGA-TA and Combination Treatment on the EMT, Apoptosis, Migration and Invasion


Finally, we investigated the degree to which WGA-TA and combination treatment induces cell death (Figure 4A,B) and alters expression levels for proteins involved in the epithelial-mesenchymal transition (EMT) (Figure 5), and migration and invasion (Figure 6). First, the mechanism of cell death was assessed using a RealTime-Glo apoptosis necrosis assay (Promega, WI, USA). The combination treatment of MDA1986 cells with cisplatin and WGA-TA for 24 h resulted in an increase in luminescence (phosphatidylserine Annexin V binding) and fluorescence (membrane integrity), suggesting the induction of apoptosis and secondary necrosis (Figure 4A). The induction of apoptosis was further studied by assessing PARP cleavage (Figure 4B). Both treatment with WGA-TA and combination treatment increased PARP cleavage by more than 10-fold (p < 0.01). Furthermore, combination treatment with 1.25 and 2.5 μM cisplatin and 0.25 μM WGA-TA resulted in approximately 2.5-fold more PARP cleavage than treatment with 0.25 μM WGA-TA alone (p < 0.01).



Next, EMT transition was assessed by immunoblot analysis of EMT marker proteins. E-cadherin expression was nearly absent in the control, cisplatin, and 0.125–0.25 μM WGA-TA treatment groups (Figure 5). However, levels drastically increased with combination treatment, especially at 2.5 μM cisplatin (1.7–5.8-fold with combination treatment compared to single treatment, p < 0.01). In addition to e-cadherin, we also observed the down regulation of mesenchymal markers twist1, slug, vimentin and N-cadherin. These findings suggest the significant inhibition of EMT in response to combination treatment compared to each drug alone.



Finally, the migration and invasion of MDA1986 cells after treatment with WGA-TA, cisplatin alone or in combination was assessed by Boyden chamber assay. The results shown in Figure 6A–C indicated a dose-dependent decrease in migration and invasion after treatment with either cisplatin or WGA-TA alone, whereas the combination treatment resulted in greater prevention of migration and invasion of cells even at 1.25 μM and 0.25 μM WGA-TA.





4. Discussion


There is a pressing need for more effective, durable, and less toxic treatment options for HNSCC, as survival rates for patients with advanced or recurrent cancers remain dismal [3]. Additionally, treatment with standard of care chemotherapeutic agents such as cisplatin is often rendered ineffective by the development of drug resistance, leading to persistent or recurrent disease in patients over time. The molecular chaperone function of the Hsp90 hetero chaperone complex interacting with many client proteins (especially kinases that accumulate preferentially in tumor cells) makes its inhibition a promising anti-cancer therapy [18]. Given the benefits of multimodal therapies in HNSCC, it is unlikely that single drug treatment with an Hsp90/hetero chaperone complex inhibitor will replace current treatment strategies combining chemotherapy with radiation; however, it may serve as a unique and important addition to current regimens to enhance efficacy and lower cisplatin toxicity through its synergistic effects with cisplatin at lower (less toxic) doses. Targeting multiple dysregulated oncogenic pathways simultaneously through combination therapies utilizing an Hsp90/hetero chaperone complex inhibitor like WGA-TA, may also be effective in overcoming cisplatin resistance and provide a more durable treatment response, as we have demonstrated that WGA-TA targets key resistance pathways in HNSCC, namely MAPK and PI3K/Akt/mTOR. Thus, the combination treatment presented here that involves WGA-TA and cisplatin represents an attractive strategy for providing effective, less toxic treatment in aggressive HNSCCs.



In this study, we describe a treatment strategy using WGA-TA alone and in combination with cisplatin. WGA-TA is a novel biosynthetic withanolide that blocks the Hsp90 hetero chaperone complex function by disrupting the binding of the co-chaperone, cdc37, to Hsp90. We demonstrated that this novel hetero chaperone complex inhibitor can create a synergistic treatment response when combined with standard of care cisplatin in aggressive HNSCC cell lines such as the MDA-1986. Combination indices using WGA-TA with cisplatin showed a synergistic response at many concentrations after both 72 h and 24 h treatment (all CIs < 0.9, several <0.4 for MDA-1986) including a markedly synergistic response in UMSCC-22B cells with several CIs < 0.1 (Table 1). The 24 h synergistic responses confirmed that shorter treatment conditions were appropriate for protein analysis by western blot analysis. This combination of WGA-TA and cisplatin was used to study HNSCC cell response in the aggressive oral cavity MDA-1986 cell line.



The mammalian target of rapamycin (mTOR) is a protein kinase that plays a crucial role in cell growth and homeostasis, which is often dysregulated in cancer cells, and upregulated in cisplatin resistant and aggressive HNSCCs. A western blot analysis indicated that treatment with WGA-TA alone and in combination with cisplatin therapy significantly reduced the expression of p-mTOR and p-4E-BP1 (one of its important downstream substrates). In its unphosphorylated state, 4E-BP1 binds eIF4E, a translation initiation factor. When eIF4E is bound by 4E-BP1, it is unable to promote translation, thus decreasing translation levels. However, when 4E-BP1 is phosphorylated, it releases eIF4E and translation levels increase. We observed that treatment with 0.125–0.5 μM WGA-TA significantly reduced p-mTOR levels, with 0.25 and 0.5 μM WGA-TA almost completely knocking down expression. Moreover, combination treatment at all three concentrations of WGA-TA with 2.5 μM cisplatin fully blocked the expression of p-mTOR. The additive effect of combination treatment can be most clearly seen at 0.125 μM WGA-TA, where combining cisplatin and WGA-TA resulted in a much greater reduction in p-mTOR levels than treatment with WGA-TA alone.



Proteomic alterations during mRNA translation by cancer cells plays an important role in cancer development, therapy resistance, and metastasis [19]. In prostate cancer, esophageal cancer, lymphoma and acute myeloid leukemia, the over expression of e1FE is known to promote therapy resistance and cancer progression [20,21,22,23]. The aberrant expression of e1F4G expression has also been linked to aggressive behavior in both breast and lung cancers [24,25]. During the critical rate-limiting step of translation initiation, cap-dependent protein eIF4E recruits eIF4G, which serves as a scaffold to which eIF4E and eIF4A/eIF4A1 bind during the eukaryotic translation initiation factor 4F (eIF4F) complex formation [26]. Oncogenic signaling pathways are known to augment the initiation of translation through altered expression and phosphorylation of translation initiation complex factors [27]. Therefore, in addition to evaluating upstream mTOR and 4E-BP1, we also evaluated the targeting of downstream translation machinery elements after combination treatment. Downstream of mTOR and 4E-BP1, the combination treatment of WGA-TA and cisplatin significantly attenuated the expression levels of several key eukaryotic translation initiation complex proteins, namely p-eIF4G and p-eIF4B. While treatment with cisplatin and WGA-TA had no effect on p-eIF4G levels, combination treatment resulted in a 42–44% decrease in p-eIF4G, thereby decreasing translation. The other translation initiation complex protein that was diminished by treatment was p-eIF4B. eIF4B acts alongside eIF4F to promote translation initiation. Like eIF4G, phosphorylation of eIF4B results in an increase in translation [28]. The phosphorylation of eIF4B was reduced 23–90% by treatment with 0.125–0.5 μM WGA-TA alone and by 54–92% and 70–96% for combination treatment with 1.25 and 2.5 μM cisplatin, respectively. A synergistic effect was observed for combination treatment, especially at 0.25 μM WGA-TA, where expression of p-eIF4B was significantly attenuated by 83–93% when combined with 1.25 or 2.5 μM cisplatin compared to 35% attenuation with WGA-TA alone. The down regulation of p-e1F4B is known to be involved in the regulation of several pro survival and proliferation mRNAs. This suggests that combination treatment of WGA-TA and cisplatin may be effective in controlling growth and inducing apoptosis through the synergistic inhibition of the mTOR pathway and its downstream substrates.



Next, we investigated protein markers of epithelial to mesenchymal transition (EMT), a process indicative of a greater propensity of cancer cells toward invasion and metastases. A primary feature of the EMT is the decreased expression of epithelial marker E-cadherin with the subsequent increased expression of the mesenchymal marker Vimentin. E-cadherin influences calcium-dependent cell-to-cell adhesion and inhibits the growth/metastasis of epithelial cancers, while Vimentin is a mesenchymal intermediate filament that helps coordinate various signaling pathways and has been shown to be elevated in metastatic tumors [29]. EMT quiescence was seen to a much greater degree with combination treatment relative to WGA-TA or cisplatin alone. This was especially true for combination treatment with 2.5 μM cisplatin, where combination with as low as 0.125 μM WGA-TA partially restored E-cadherin expression, and combination with 0.25 and 0.5 μM WGA-TA significantly increased E-cadherin levels. These results suggest that a WGA-TA and cisplatin combination treatment may be effective in blocking the invasion and metastatic potential in aggressive HNSCCs.



Finally, we studied the effect that WGA-TA treatment in combination with cisplatin had on apoptosis and cancer cell migration and invasion. To accomplish this, we screened for PARP and cleaved PARP levels on western blot. PARP is a protein involved in the repair of DNA breaks in response to environmental stress, and thus PARP cleavage indicates apoptosis through facilitation of irreversible cellular disassembly [30]. While higher concentrations of WGA-TA alone increased PARP cleavage significantly compared to controls or cisplatin alone, we observed an even more dramatic effect with a combination treatment at much lower doses of each drug, resulting in approximately 2.5-fold more PARP cleavage than treatment with WGA-TA monotherapy, suggesting that combination treatment (at safer doses) can effectively induce HNSCC cell death via apoptosis. The assessment of migration and invasion by Boyden chamber assay confirmed that combination treatment was highly effective in preventing the migration and invasion of HNSCC cells.




5. Conclusions


Inhibitors of the Hsp90 hetero chaperone complex, such as WGA-TA, are a promising treatment option for HNSCC. Hsp90’s clients include a diverse group of proteins that play a role in the development and proliferation pathways of numerous cancers. In this study, we demonstrated that the Hsp90 inhibitor, WGA-TA synergistically promotes apoptosis and inhibits HNSCC cell growth, migration, and invasion in combination with cisplatin in vitro. Specifically, these combination therapies effectively target a variety of pathways that are upregulated with cisplatin resistance, such as MAPK and the PI3K/Akt/mTOR pathway and its substrates. Specifically, combination treatment significantly upregulates translation initiation complex proteins, and proteins involved in the EMT, apoptosis, invasion, and migration. Future research should focus on utilizing these combination therapies using an in vivo model. Overall, this compelling in vitro data suggests that the combination treatment of cisplatin with natural Hsp90 hetero chaperone complex inhibitors like WGA-TA may lower cisplatin doses to reduce potential toxicity. Together, these effects could result in an improved, safer therapy with more durable efficacy for individuals with advanced HNSCC; however, further in vivo translational validation is warranted to better evaluate the clinical potential of such a combination.
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Figure 1. MDA-1986 and UMSCC-22B cells were treated with varying concentrations of either cisplatin alone or WGA-TA alone and the cell viability after 72 h was measured via MTS assay. The IC50 values (μM) shown below were calculated using GraphPad Prism. 
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Figure 2. (A,B). Western blot showing treatment effect on the mTOR pathway and downstream substrates. MDA1986 cells were treated with varying concentrations of WGA-TA alone or in combination with 1.25 (A) or 2.5 (B) μM cisplatin as well as cisplatin alone for 24 h. Solvent treated cells were used as control. Cells were collected, lysed, and immunoblotted for mTOR pathway proteins. 
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Figure 3. (A,B). Western blot showing the treatment effect on translation initiation. MDA-1986 cells were treated with either 1.25 (A) or 2.5 (B) µM cisplatin either alone or in combination with either 0.125 or 0.25 or 0.50 µM TA-WGA for 24 h. Solvent treated samples served as control. Post-treatment cells were collected, and equal amounts of proteins (20 µg) were loaded on SDS-PAGE gel and transferred onto a nitro cellulose membrane. The membranes were incubated with primary antibodies of translation complex proteins. The membranes were then treated with appropriate secondary antibodies and the blots were then developed using ECL. 
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Figure 4. A (Top). MDA1986 cells were treated either alone or in combination for 24 h. The induction of apoptosis and necrosis was detected using a RealTime-Glo annexin V apoptosis necrosis assay. The increase in luminescence induction of apoptosis and changes in fluorescence indicates the induction of secondary necrosis. B (Bottom). Western blot showing treatment effect on protein markers for the induction of apoptosis. MDA-1986 cells were treated with either cisplatin or WGA-TA alone or in combination for 24 h. Post-treatment cells were immunoblotted for PARP. Actin was used as a loading control. 
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Figure 5. Immunoblot analysis of MDA-1986 cells treated with either 1.25 or 2.5 μM cisplatin alone or in combination with 0.25 or 0.50 μM WGA-TA for 24 h. 
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Figure 6. (A,B) The Boyden chamber assay utilized approximately 100,000 MDA-1986 cells treated with either 1.25 or 2.5 μM cisplatin alone or in combination with 0.25 or 0.50 μM WGA-TA for 24 h. Control inserts were used for migration (A Left) and Matrigel coated inserts were used for invasion (B Right). Post-treatment, the cells were fixed with 2% paraformaldehyde, stained with 1% crystal violet in 20% methanol, washed and imaged using a light microscope. Quantification for the migration and invasion are given below (C). 
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Table 1. (A) 1 MDA-1986 and UMSCC-22B (in bold) cells were treated with cisplatin and WGA-TA, and the cell viability was determined by MTS assay after 72 h. The combination index (CI) values were calculated using CompuSyn. CI < 1.0 is synergistic, CI = 1 is additive, and CI > 1.0 is antagonist. (B) 1 MDA-1986 and UMSCC-22B (in bold) cells were treated with cisplatin and WGA-TA and the cell viability was determined by MTS assay after 24 h. The combination index (CI) values were calculated using CompuSyn. CI < 1.0 is synergistic, CI = 1.0 is additive, and CI > 1.0 is antagonist.
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