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Abstract- The paper provides a promising first step in elucidating the mechanisms at work in PaCa samples following exposure to 

freezing, heating, and DTA. Findings also present encouraging data regarding the inhibition of autophagy in PaCa cells with the 

application of CQ in combination with thermal regimens. Additional studies looking into the molecular interactions of CQ, as well 

as an early stage inhibitor (i.e. WM), with apoptotic proteins in PaCa following thermal ablation would be beneficial. Investigation 

into knock-out PaCa cells utilizing siRNA for autophagy proteins and apoptosis proteins may be pertinent to better ascertain the 

relevance of these pathways to PaCa response and recovery following thermal ablation. Finally, expansion of our studies into the 

ER stress response may reveal additionalinsight into whether the UPR and ER stress play a role in either apoptosis or autophagy 

response after thermal exposures. In conclusion, the data suggests that autophagy and apoptosis playa significant role in the 

response of PaCa cells in vitro following exposures to freezing, heating, and DTA. Future studies to further elucidate the specific 

interactions of apoptosis, autophagy, and ER stress in PaCa cells should be considered based on the groundwork contained 

herein. It is our hope that the conclusions drawn from our data may result in the improved response of PaCa to thermal ablation 

in a clinical setting and therefore benefit patients seeking an avenue in which PaCa may be overcome and remission is possible. 
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INTRODUCTION 

 

Pancreatic cancer (PaCa) remains one of the most lethal 

cancers in the world. It is estimated that in 2018 over 53,000 

individuals were diagnosed while over 43,000 died from PaCa 

[16]. Traditional treatment options, such as chemotherapy and 

radiation, have provided limited success in the treatment of 

PaCa and so a pressing need exists for the development of new 

strategies to improve patient outcome [16]. One alternative 

treatment option is that of thermal therapies, including 

cryotherapy and hyperthermal (heat) ablation. Cryoablation 

utilizes subzero temperatures that results in ice crystal 

formation, changes in osmolarity and other physically damaging 

events which ablate the cancer [04,07,09]. Heat ablation can be 

delivered via multiple avenues, including radiofrequency 

ablation (RFA), microwave ablation, or high-intensity focused 

ultrasound (HiFU) [152]. Although none of these thermal 

ablative therapies are yet a gold standard treatment option, there 

has been an increase in utilization as more evidence in support 

of their effectiveness are reported [14,17,19]. We previously 
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identified the minimum lethal dose (time and temperature) 

required to achieve complete destruction of several PaCa cell 

lines in vitro utilizing freezing and heat ablation [13,16]. While 

these temperatures and times are achievable in the core of the 

lesion, tissue in the periphery often don’t experience these 

temperatures and cells can survive. It is this region where 

concerns of incomplete ablation and cancer reoccurrence are a 

concern. As such,thereremains a need to improve cell death at 

moderate, sublethal temperatures experienced in the outer 

portion of an ablated lesion. One such technique is the use of 

Dual Thermal Ablation (DTA). This method utilizes both 

heating and freezing in tandem to deliver a destructive thermal 

load to the targeted area using temperatures that would not be 

considered lethal when used as a single thermal modality. We 

have previously described the impact of DTA on PaCa cells in 

support of its use for the treatment of PaCa and other cancers 

[14,15]. To extend this previous study, we aimed to understand 

the molecular mechanisms by which DTA is deemed more 

effective than either freezing or heating when applied as a 

monotherapy. By observing any significant changes in protein 

expression of key cell death and stress pathways following 

freezing, heating or DTA, a more thorough molecular 

understanding of how DTA exerts its ablation effect will be 

better understood. 

Utilizing adjuvants or manipulating the tumor environment 

to increase cancer susceptibility to thermal stress is another such 

path which has shown promise in increasing cell death 

following exposure to mild sub-ablative temperatures [15,18]. 

One strategy to improving cellular responsiveness to thermal 

ablation is to target molecular pathways which are activated 

within a cell in response to treatment. One pathway that has 

garnered recent attention is autophagy. Autophagy, a regulatory 

cellular process, normally acts to degrade unnecessary or 

damaged proteins, organelles and intracellular contents so they 

can be utilized as energy resources for the cell [10]. Several 

studies have shown that autophagy plays a role in cell death 

and, as aresult, autophagy has been classified as programmed 

cell death type two; whereas apoptosis is type one [13]. 

Autophagy functions by monitoring nutrient status in the 

cellviamTOR, which when inhibited signals the ULK complex 

to activate Beclin-1 to sequester ATG and LC3 proteins to 

generate a phagophore. The phagophore then engulfs 

intracellular contents (i.e. ER, misfolded proteins, etc.) sealing 

these contents within the fully formed autophagosome. The 

autophagosome then fuses with a lysosome which breaks down 

the autophagosome and its contents, thereby providing energy 

and nutrients to the cell [19]. The purpose and functioning of 

autophagy garnered recent attention as the 2016 Nobel Prize in 

Physiology or Medicine was awarded to Yoshinori Ohsumi for 

his discoveries regarding autophagy’s mechanisms of action and 

their connections to health and disease [12]. The role of 

autophagy in relation to cancer has proven more difficult to 

decipher. It has been reported that autophagy contributes to 

either cell survival or death processes (the autophagy paradox) 

depending on the type of cancer [10,11]. Furthermore, cancer 

cells have been shown to suppress autophagy due to its 

anticancer impact as well as up-regulate autophagy to provide 

an additional source of nutrients [11,14]. In the case of PaCa, it 

has been reported that upregulated autophagy leads to poor 

patient prognosis [15]. Studies have hypothesized this is due to 

the ability of autophagy to serve a protective role thereby 

preventing cell death (apoptosis) [13]. It has been further 

postulated that the protective role of autophagy in PaCa acts 

through repairing cellular damage following exposure to various 

external stressors, resulting in cellular resistance to 

chemotherapy. If correct, this hypothesis may explain PaCa’s 

resilience to standard treatment options, further justifying 

exploration of therapeutic strategies focused on modulating 

autophagy activity. To address this issue, we investigated the 

impact of hyperthermal and cryoablation exposure on 

autophagic activity within PaCa cells. To hinder the ability 

ofautophagy to rescue PaCa cells, we selected the autophagy 

inhibitor chloroquine (CQ) which acts to neutralize endosomal 

pH, halting the acidification of the autophagosome by the 

lysosome in the later stages of autophagy. It has been previously 

proposed that blocking autophagy in PaCa causes an increase in 

cellular stress, therefore resulting in increased cell death through 

inhibition of the recovery pathway needed for cancer cell 

proliferation [16]. We hypothesized that if autophagy is, in fact, 

contributing to PaCa survival, inhibition of autophagy will 

result in enhanced PaCa cell susceptibility to freezing or heat 

ablation, therefore increasing observed cell death. 
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Methods 

Cell Culture: Cells were sub-cultured every four days and 

culture media replenished every two days. Cells were utilized 

between passages 10 and 35 for all experiments. Cells were 

seeded onto Costar 96 stripwell plates (Corning) at a cell 

density of approximately 3.75x104cells/cm2 in their respective 

medium 24 hours prior to experimentation. 

Autophagy Inhibition: Samples were subjected to CQ 

ranging from 25-200µM (Sigma,St. Louis, MO, USA) for 24 

hours. Following exposure, CQ was removed and cells were 

assessed using a metabolic activity assay (described below) to 

determine baselinesurvival. For combination studies, CQ was 

applied 30 minutes prior to exposures and remained in culture 

for 24 hours post-treatment and then removed at the end of this 

time period. 

Microfluidic Flow Cytometry: Levels of autophagy and cell 

death were assessed usingmicrofluidic flow cytometry at 2, 8 

and 24 hours following thermal exposures. Briefly, samples 

were trypsinized from Costar plates, collected via 

centrifugation, then incubated with propidium iodide (PI) 

(2.5µl/ml) (Molecular Probes, Eugene, OR, USA) and Cyto- ID 

(1µl/ml) (Enzo Life Sciences Inc, Farmingdale, NY, USA) for 

30 minutes at 37°C. Cells were then analyzed using a Guava 

EasyCyte Plus flow cytometer (Millipore, Billerica, MA, USA). 

Analytical gates were set using unstained, non-

fluorescenceontrols and positive control samples exposed to 

Camptothecin [0.2mM] to induce cell death and Rapamycin 

[0.5mM] to induce autophagy. Five-thousand events per 

condition were analyzed, in triplicate, and cell populations were 

recorded as histograms based on either relative green (Cyto-ID) 

or red (PI) fluorescence. Representative images were included 

to demonstrate changes in autophagy activity and PI-positive 

expression in each condition at the observed time points. 

Protein Analysis by Automated Western Blotting: Proteins 

were quantified withmicrocapillary immunoelectrophoresis 

using the Simple Western WES instrument (Protein Simple, San 

Jose, CA, USA). All reagents for running the Simple Western 

on WES were obtained from Protein Simple and prepared 

according to the manufacturer’s instructions. Briefly, 4X of pre-

equilibrated protein sample was mixed with 1X of a 5X 

Fluorescence Master Mix containing SDS, DTT and sample 

buffer. Protein samples were heated to 95°C for 5 minutes to 

denature samples and loaded into one row of a microcapillary 

plate provided by Protein Simple. Other rows of this plate were 

loaded with primary antibody, secondary antibody, buffer 

solution, and a Luminol-Peroxide solution. Plates were 

centrifuged at 1000xg for 5 minutes at RT. The aluminum foil 

cover for the separation matrix and running buffer was 

removed. Plate and microcapillaries were inserted into the WES 

instrument. Data were acquired using an attached computer and 

the area under the curve was computed for each sample for 

quantitation. Data are illustrated using color-coded curves or 

density bands utilizing the Compass software. 

Immunofluorescence: Samples were aspirated of media and 

fixed in 100% ice coldmethanol for 15 minutes at -20°C. Triple 

rinsed cells in 1X PBS and stored at 4°C until analysis. Samples 

were blocked in prepared buffer before overnight incubation 

with primary antibody at 4°C. Primary antibody was aspirated 

before secondary fluorescence antibody was added for two 

hours at RT protected from light. Samples were counterstained 

with Hoechst 33342 (Molecular Probes, Eugene, OR, USA) and 

visualized under a Zeiss Axio Observer 700 using Zen Pro 

software (Carl Zeiss, Oberkochen, Germany). A single 

representative image as well as a 3x3 composite image was 

captured at 10X magnification. 

ImageJ Analysis: Composite micrographs of fluorescence 

images were exported as singlechannel images was utilized to 

assess the number of events in each channel. Images were 

converted to an 8-bit image before being inverted and converted 

to a binary image. A single erosion and watershed was executed 

before analysis of particles was run. Number of positive events 

were correlated to overall number of positively staining nuclei. 

Pan-Caspase Inhibition: Caspase Inhibitor-I (Millipore) was 

applied to samples 30minutes prior to thermal exposures. Pan-

caspase inhibitor remained in culture during and 

24 hours after thermal exposures. A DMSO carrier control 

was run in parallel to samples to rule out interference by the 

presence of DMSO in solution. 



Paper Title:- Molecular Basis of Treatment with Heat Ablation, Cryoablation or Dual Thermal Ablation in Pancreatic Cancer Cells 

                               ISSN:-2581-6934|www.jidps.com 
4 

Statistical Analysis: Statistical significance was determined 

using single factorANOVA 

and t-test. Standard error was used to represent experimental 

variability. 

Results 

Dose Response of PaCa Cells to Chloroquine 

PaCa cells were subjected to CQ at 25-200µM to determine 

the maximum non- lethal dose of CQ. At concentrations of 25-

50µM, minimal change in PANC-1 viability or recovery 

throughout the assessment interval was observed (Figure 1A). 

Exposure to 75µM CQ resulted in a significant drop in PANC-1 

day one cell viability (p<0.01). In addition, these samples were 

observed to not recover over seven days post-treatment. 

This trend continued as CQ concentration was escalated to 

100 and 200µM with a continued decline in cell viability 

(Figure 1A). Similar CQ concentrations ranging from 25-

100µM had minimal impact on BxPC-3 viability and 

proliferation (p>0.01). However, exposure to 200µM CQ 

resulted in a significant decrease in viability (Figure 1B). Based 

on these dose response studies, we selected 50µM CQ for 

PANC-1 and 100µM CQ for BxPC-3 due to their minimal 

impact on viability when applied on its own. 

Freezing Exposures with CQ 

PaCa samples were previously analyzed for their minimum 

lethal temperature with freezing alone [136]. Freeze exposure 

was performed on PaCa cells to determine their response after 

mild cryothermal treatment. Exposure of PANC-1 samples to -

10°C, with or without CQ, resulted in no significant change in 

viability when compared to time- matched control samples 

(100%) (p>0.1) (Figure 2A). In PANC-1 samples subjected to 

-20°C, cells were found to decline to 17% on day one before 

recovering. When CQ was applied prior to freezing at -20°C, 

we observed a slight decrease in the day one viability (12%) 

with stagnant cell viability throughout the seven-day assessment 

period. However, cells neither showed recovery or decline to 

0% during the assessment period. Upon exposure to -15°C, 

PANC-1 samples were observed to decline to 89%(±2) viability 

on day one before recovering. When CQ was applied prior to -

15°C exposure, we observed a significant drop in day one 

viability to 80%(±1) (p<0.05); however, PANC-1 cells 

continued to recover over the seven-day assessment period 

(Figure 2A). In the case of BxPC-3 cells, we were already 

aware that this cell line is more susceptible to thermal 

treatments than PANC-1 cells (Baumann et al 2017). BxPC-3 

samples exposed to -10°C were not found to be significantly 

different from time-matched control samples (100%) (P>0.1) 

(Figure 2B). However, combination of CQ with -10°C resulted 

in a significant decline to 59%(±3) (p<0.01) and stagnant 

recovery over the assessment interval. BxPC-3 samples 

subjected to freezing to -20°C, with or without CQ were found 

to result in <2% viability on day one with no recovery over the 

seven-day assessment period. Exposure to 

-15°C resulted in a decrease in day one viability to 33%(±3) 

before recovering. When CQ was applied to BxPC-3 samples 

prior to -15°C exposure, we observed an unexpectedresult. Not 

only did the day one value decrease further (4%), but cell 

viability continued its decline until it reached 0% viability by 

day five with no recovery apparent (Figure 2B). 

Heat Exposures with Chloroquine 

Heat exposure was performed on PaCa cells to determine 

their response after mild hyperthermic treatment. Heating PaCa 

cells to 45°C with or without CQ pretreatment yielded no 

significant change in cell viability compared to time-matched 

control samples (100%) (p>0.1) (Figure 3). PaCa cells 

subjected to 50°C with or without CQ resulted in a slight 

reduction in cell viability one-day post-treatment, which 

continued to decline over the seven-day assessment interval 

(Figure 3). Exposure to 50°C yielded 67%(±1) and 16%(±2) 

viability in PANC-1 and BxPC-3 cells, respectively, one-day 

post-treatment. 

The combination of CQ/50°C on PaCa samples yielded a 

further decline in day one viability to 36%(±1) in PANC-1 and 

5%(±1) in BxPC-3 (Figure 3) (p<0.01). The combination of 

CQ/50°C also resulted in an accelerated decline in post-

treatment viability, yielding complete cell death in vitro by day 

three post-treatment for both PaCa cell types; whereas exposure 
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to 50°C alone took five days to achieve complete cell death in 

PANC-1 samples. PaCa samples exposed to 48°C resulted in an 

initial decrease in viability to 87%(±1) and 79%(±2) in PANC-1 

and BxPC-3 cells, respectively; yet both cell lines recovered 

over the seven-day assessment interval. In contrast, when CQ 

was applied prior to heating to 48°C, there was a significant 

reduction in day one viability (PANC-1=75%(±1); BxPC-

3=52%(±1)) followed by a continued decline over the 

assessment period (Figure 3). 

Correlation of levels of autophagy activity compared to cell 

death 

Following observation that there is increased cell death 

following application of CQ in conjunction with thermal 

ablation, we assessed the estimated levels of autophagy activity 

following thermal ablation, with and without the presence of 

CQ. Flow cytometry was performed at 2, 8, and 24 hours post-

exposures using Cyto-ID and propidium iodide (PI) to assess 

the relative levels of autophagy activity and cell death, 

respectively. 

Experimental conditions were compared to the relative 

fluorescence being reported from control conditions (Figure 4). 

In comparison of the CQ/-20°C condition (4J) to -20°C alone, 

we found that there was a significant difference in cell death 

(PI-positive) expression at all time points (p<0.05), though there 

was less significant difference in Cyto-ID positive expression, 

with the main exception being at 24 hours (p<0.05) (Table 1). 

Overall, we identified that in comparison to thermal conditions 

without CQ, the aforementioned conditions withCQconsistently 

showed significant differences in the way of increased PI-

positive expression at all time points, with the only exception 

being in -15°C (Table 1). 

 

 

 

 

Figure 1. Analysis of pancreatic cancer cell survival 

following exposure to various chloroquine concentrations. 

PANC-1 (A) and BxPC-3 (B) cells were subjected to increasing 

concentrations of chloroquine 0-200µM in culture for 24 hours. 

Metabolic activity was assessed over a three-day post-exposure 

interval to determine the highest concentration of CQ which 

resulted in minimal cell death for use in hyperthermal 

combination studies. *p<0.01 compared to 37°C control. 
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Figure 2. Analysis of pancreatic cancer cell viability 

following freezing exposure with and without chloroquine. 

PANC-1 (A) and BxPC-3 (B) cells were subjected to freezing 

temperatures with or without the addition of CQ. Metabolic 

activity was assessed over a seven-day post-treatment period to 

determine initial cell survival and recovery following freezing. 

*p<0.01 compared to 37°C controls. #p<0.01 compared 

between identical conditions with and without CQ. 

 

 

Figure 3. Analysis of pancreatic cancer cell viability 

following heat exposurewith and without chloroquine. 

PANC-1 (A) and BxPC-3 (B) cells were subjected to 

hyperthermal temperatures with or without CQ. Metabolic 

activity was assessed over a seven-day post-treatment interval to 

determine initial cell survival and recovery following 

hyperthermal treatment. *p<0.01 compared to 37°C control. 

#p<0.01 compared between identical thermal conditions with 

and withoutCQ. 

 

Table 1. Percent gated population of positive staining 

Cyto-ID and PI thermal conditions. Gated populations of 

each condition were quantitated for the percentage of the 

population that was found to significantly indicate positive 

staining of Cyto-ID (autophagy) or PI (cell death). Observations 

were made at each timepoint to determine if autophagy levels or 

cell death were increasing or decreasing over the first 24 hours 

following exposures. 

Discussion 

PaCa is one of the most lethal cancers in the United States 

today. As of 2018, it became the third deadliest cancer, behind 

only colon and lung cancer. Within the next decade, it is 

predicted to become the second leading cause of cancer related 

deaths. One of the reasons for this increase is due to the lack of 

diagnostic and treatment options that are offered for this 

disease. While traditional chemotherapy and radiation are often 

utilized, they often are used as a palliative measure, rather than 

a curative one. Recently, the development of FOLFIRINOX, a 

combination of five chemotherapeutic adjuvantshas offered 

improved survival for pancreatic cancer patients. However, this 

improvement comes at the cost of the patient, who may suffer 

from severe side effects from this treatment regime. Thermal 

therapies (i.e. cryoablation and heat ablation) have been a focus 

of our group for the treatment of various diseases, such as 
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prostate, breast, and liver cancers [13-14,17,19]. We previously 

reported that thermal therapies are viable alternative treatment 

options for pancreatic cancer [14,13,15-15]. While we know 

that cryoablation, heat ablation, and dual thermal ablation 

(DTA) are all capable of completely destroying pancreatic 

cancer in vitro, it had not been elucidated why or how these 

thermal treatments worked. We previously presented results that 

suggest that DTA is capable of completely ablating pancreatic 

cancer cells using less extreme temperatures than either freezing 

or heating alone [15]. In this study, we aimed to determine the 

molecular pathways that are being activated as a result of each 

of these exposures so that we can better understand why each 

modality works or does not work. 

Thermal ablation coupled with CQ, an autophagy inhibitor, 

presented several intriguing results. In the case of freezing, 

exposure to -10°C by either of our PaCa cell lines did not result 

in a significant increase in cell death compared to 37°C control 

samples (p>0.1). Similarly, exposure to -20°C resulted in 

significant declines in day one cell viability in each of our PaCa 

cell lines (p<0.01); however, the addition of CQ to samples 

prior to this exposure did not change the observed outcome on 

day seven (Figure 2). PANC-1 cells exhibited a slight decrease 

in cell viability on day one in -15°C samples, with or without 

CQ (89%(±2) vs 80%(±1), respectively) (Figure 2A). In BxPC- 

3 cells, combination of CQ and -15°C was significantly more 

impactful, resulting in a decline of day one viability by 29% in 

samples with CQ versus samples without(Figure2B). This 

suggests that the application of CQ in combination with 

freezing may result in improved patient response, but it may be 

dependent on other factors that cannot be accounted for in our 

in vitro model. In regards to heating, both PaCa cell lines 

demonstrated similar outcomes. Exposure to 45°C, with or 

without CQ, resulted in no significant changes in cell death 

compared to 37°C control (p>0.1). PaCa samples subjected to a 

heat exposure of 50°C reached 0% viability within the 

assessment period, regardless of whether CQ was present or not. 

Interestingly, when CQ was utilized in combination with 50°C 

the rate of cell death was found to increase significantly 

(p<0.01). Specifically, PANC-1 samples were found to 

approach 0% viability by day three and were observed as 

completely ablated by day five; whereas in 50°C alone, sample 

viability did not approach 0% viability until day five, taking 

seven days to achieve 100% cell death. Similarly, in BxPC-3 

samples that reached 0% viability by day five, the addition of 

CQ resulted in a reduced time to cell death (day three) (Figure 

3). Although both populations achieved complete cell death, the 

accelerated rate may have a significant impact in an in vivo 

setting. Despite ultimately reaching 0% viability, the 50°C 

sample required a seven-day period to achieve this, which 

provides for an increased window for potential cellular recovery 

and disease recurrence in vivo as a result of factors not present 

in an in vitro model. However, as the addition of CQ appears to 

accelerate the rate at which samples exposed to 50°C 

deteriorate, this may have implications in reducing the risk of 

PaCa recurrence in vivo. These data suggest that autophagy may 

play a critical role in the recovery of cells after hyperthermic 

treatment and the inhibition of autophagy results in increased 

cell deathpost-treatment. 

In samples that were analyzed for autophagy activity via 

flow cytometry, we observed a correlation in increased PI-

positive expression (cell death) and a reduction in Cyto-ID 

(autophagy) positive fluorescence intensity in most conditions, 

with the exception being -15°C versus CQ/-15°C. In samples 

heated to 50°C, we observed an increase in PI-positive 

fluorescence and a decline in autophagy-positive expression 

compared to control samples (Figure 4E). This impact was 

further compounded by the addition of CQ. In CQ/50°C 

samples, there was both a significant reduction in autophagy-

positive fluorescence as well as a substantial increase in PI-

positive expression, compared to both 37°C controls and 50°C 

alone (p<0.01) (Table 1). In samples exposed to 48°C, we 

observed a significant increase in PI-positive expression as well 

as a reduction in Cyto-ID expression at 24 hours when CQ was 

present in culture (Figure 4C and D). As for samples frozen to 

both -15°C and -20°C, we observed significant differences in 

Cyto-ID and PI expression between samples with CQ versus 

those without prominently at 24 hours (Table 1). This 

suggests that the presence of CQ in samples prior to and during 

thermal ablation may lead to increased cell death and reduced 

recovery potential in PaCa cells. In addition to the data shown, 

we also evaluated the combination of CQ with DTA, 
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specifically using 48/-15°C and 48/-20°C. Although we 

observed a significantly increased incidence of cell death 

corresponding with a loss of Cyto-ID expression, we 

determined that these samples did not retain the required 

cellular integrity to perform further analysis. This observation is 

made abundant by our metabolic activity assay which showed 

that in comparison to day one viability of 48/-15°C (44%(±2)) 

or 48/-20°C (7%(±0.4)), the addition of CQ to these conditions 

resulted in day one viability of 6%(±0.5) and 0%, respectively 

(Figure 5). Furthermore, CQ incombination with these DTA 

conditions resulted in complete ablation with no observed 

recovery by day three. 

The data contained herein provides a promising first step in 

elucidating the mechanisms at work in PaCa samples following 

exposure to freezing, heating, and DTA. Our findings also 

present encouraging data regarding the inhibition of autophagy 

in PaCa cells with the application of CQ in combination with 

thermal regimens. Additional studies looking into the molecular 

interactions of CQ, as well as an early stage inhibitor (i.e. WM), 

with apoptotic proteins in PaCa following thermal ablation 

would be beneficial [17-17]. Investigation into knock-out PaCa 

cells utilizing siRNA for autophagy proteins and apoptosis 

proteins may be pertinent to better ascertain the relevance of 

these pathways to PaCa response and recovery following 

thermal ablation. Finally, expansion of our studies into the ER 

stress response may reveal additionalinsight into whether the 

UPR and ER stress play a role in either apoptosis or autophagy 

response after thermal exposures [17-18]. Previous studies have 

observed interaction of these three pathways in other model 

systems and therefore justify the continuation of our studies 

[17-18]. In conclusion, the data suggests that autophagy and 

apoptosis playasignificant role in the response of PaCa cells in 

vitro following exposures to freezing, heating, and DTA. Future 

studies to further elucidate the specific interactions of apoptosis, 

autophagy, and ER stress in PaCa cells should be considered 

based on the groundwork contained herein. It is our hope that 

the conclusions drawn from our data may result in the improved 

response of PaCa to thermal ablation in a clinical setting and 

therefore benefit patients seeking an avenue in which PaCa may 

be overcome and remission is possible. 
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