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Propofol induces apoptosis and increases gemcitabine sensitivity in pancreatic cancer cells in vitro by inhibition of nuclear factor-κB activity
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Abstract

AIM: To investigate the effect of propofol on human pancreatic cells and the molecular mechanism of propofol action. 

METHODS: We used the human pancreatic cancer cell line MIAPaCa-2 for in vitro studies measuring growth inhibition and degree of apoptotic cell death induced by propofol alone, gemcitabine alone, or propofol followed by gemcitabine. All experiments were conducted in triplicate and carried out on three or more separate occasions. Data were means of the three or more independent experiments ± SE. Statistically significant differences were determined by two-tailed unpaired Student’s t-test and defined as P < 0.05.

RESULTS: Pretreatment of cells with propofol for 24 h followed by gemcitabine resulted in 24%-75% growth inhibition compared with 6%-18% when gemcitabine was used alone. Overall growth inhibition was directly correlated with apoptotic cell death. We also showed that propofol potentiated gemcitabine-induced killing by downregulation of nuclear factor ĸB (NF-ĸB). In contrast, NF-κB was upregulated when pancreatic cancer cells were exposed to gemcitabine alone, suggesting a potential mechanism of acquired chemoresistance. 

CONCLUSION: Inactivation of the NF-κB signaling pathway by propofol might abrogate gemcitabine-induced activation of NF-κB, resulting in chemosensitization of pancreatic tumors to gemcitabine.
© 2013 Baishideng. All rights reserved.  
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Core tip: Pretreatment of cells with propofol for 24 h followed by gemcitabine resulted in significant growth inhibition compared with gemcitabine alone. Overall growth inhibition correlated directly with apoptotic cell death. Propofol potentiated gemcitabine-induced killing by downregulation of nuclear factor ĸB (NF-ĸB). In contrast, NF-κB was upregulated when pancreatic cancer cells were exposed to gemcitabine alone. These results suggested that inactivation of the NF-κB signaling pathway by propofol abrogated gemcitabine-induced activation of NF-κB resulting in the chemosensitization of pancreatic tumors to gemcitabine.
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INTRODUCTION

Pancreatic cancer has the poorest prognosis of all major cancers, with an overall 5-year survival rate of around 5%[1]. The current clinical standard of care for advanced pancreatic cancer is gemcitabine, a cytotoxic nucleoside analog. Treatment with gemcitabine results in a tumor response rate of 12% and a median survival time of 5 mo[2]. 


Drug resistance (both intrinsic and acquired) is thought to be a major reason for the limited benefit of most pancreatic cancer therapies[3]. Recent studies have indicated that targeted therapies in combination with gemcitabine can have statistically significant benefits[4]. However, the results to date remain insufficient, and new approaches to improving the effectiveness of gemcitabine are needed. One of the targets considered for combination therapy that has received wide attention is the transcription factor nuclear factor ĸB (NF-ĸB)[5]. Pan et al[6] and Kong et al[7] reported that inhibition of NF-ĸB might be useful for pancreatic cancer therapy, as it increases gemcitabine sensitivity in pancreatic cancer cells. Recent studies also indicate that combination therapy with a targeted medicine that inhibits NF-ĸB activity potentiated the antitumor effects of gemcitabine in pancreatic cancer cells[8-10]. 

Propofol is an intravenous anesthetic that is used to induce and maintain anesthesia, and sedate and calm patients in intensive care. Increasing evidence suggests that propofol might be neuroprotective against ischemic neuronal injury in animal models of cerebral ischemia[11-13]. Xi et al[14] and Li et al[15] found that the neuroprotective effects of propofol against neuronal apoptosis might be a consequence of regulation of Bcl-2, caspase-3 and Bax. Propofol has protective effects against digestive injury. It inhibits HMGB1 expression and TLR4/MyD88/NF-κB-mediated inflammatory responses, and hampers apoptosis, which might contribute to its protective action against ethanol-induced gastric mucosal injury[16]. Propofol also has anticancer properties. Siddiqui et al[17] found that combinations of propofol and docosahexaenoate or propofol and eicosapentaenoate significantly induced apoptosis and inhibited cell adhesion and migration in breast cancer cells. Propofol inhibits MMP-2 and -9 expression, suppressing lung cancer cell invasion and migration[18]. Propofol induces proliferation and promotes invasion of gallbladder cancer cells through activation of Nrf2[19]. Li et al[20] showed that propofol reduced the level of MMP in breast cancer cells by inhibition of NF-κB pathways, significantly restraining migration and invasion of breast cancer cells. Propofol extensively counteracts the oxidative/nitrative and multiple apoptotic effects of doxorubicin in rat hearts[21].

Most human pancreatic tumors show high levels of activated NF-κB, which mediates survival signaling and confers resistance to conventional therapeutics. Therefore, targeting NF-κB could be an effective therapeutic approach. The mechanism by which NF-κB stimulates cell survival is not fully understood; however, recent studies showed that activation of NF-κB leads to the activation of a series of survival factors, including bcl-2. This allows cancer cells to resist induction of apoptosis[7]. Many conventional cancer chemotherapeutic agents such as vinblastine, vincristine, daunomycin, doxorubicin, campothecin, cisplatin, and etoposide activate NF-κB. This activation results in resistance to apoptosis, which results in poor clinical outcomes for pancreatic cancer patients. Inactivating NF-κB activity induces apoptosis and abrogates de novo or acquired chemoresistance[22]. Based on these results, we hypothesized that propofol might block multiple intracellular signaling pathways that are known to confer a high degree of chemoresistance by pancreatic cancer cells, abrogating either de novo or acquired chemoresistance. Although the development of alternative gemcitabine schedules and chemotherapy combinations continues, we report our observations in support of our hypothesis that better pancreatic cancer cell killing is feasible by using propofol with gemcitabine. Our results were primarily due to inactivation of NF-κB signaling in vitro.

MATERIALS AND METHODS

Cell culture 

The MIA-PaCa-2 human pancreatic cancer cell line was obtained from the American Type Culture Collection and cultured in Dulbecco modified Eagle’s medium supplemented with 10% fetal calf serum, sodium pyruvate, nonessential amino acids, L-glutamine, penicillin/streptomycin antibiotics, and vitamins. Cells were maintained in a humidified incubator containing 10% carbon dioxide at 37°C. Cells underwent serum starvation for 24 h before treatment with propofol or/and gemcitabine.

Drug treatment

For single-agent treatment, MIA-PaCa-2 cells were treated with 10-100 μmol/L propofol or 0.5 mmol/L Na2CO3 (vehicle control) for 72 h; 100 μmol/L/mL propofol for 24, 48, 72 h; or 10, 25, 50, 100 μmol/L gemcitabine for 72 h. For combined treatment, MIA-PaCa-2 cells were treated with 50 or 100 μmol/L/mL propofol for 24 h, then exposed to 10-100 μmol/L gemcitabine for an additional 72 h.

Growth inhibition by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

MIA-PaCa-2 cells were seeded at 3 ×103 cells per well in 96-well microtiter culture plates. After overnight incubation, medium was replaced with fresh medium containing propofol 0–100 μmol/L diluted from a 10 mmol/L stock. After 24–72 h incubation, 20 μL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte- trazolium bromide (MTT) solution (5 mg/mL in PBS) was added to each well and incubated for 2 h. Supernatant was aspirated and the MTT formazan formed by metabolically viable cells was dissolved in 100 μL isopropanol. Plates were mixed for 30 min on a shaker and absorbance was measured at 595 nm using a plate reader (TECAN, Durham, NC, United States). MIA-PaCa-2 cells were also treated with 25 μmol/L propofol for 24 h and exposed to 0-100 μmol/L gemcitabine for an additional 72 h before MTT assay.

DNA ladder analysis for apoptosis
Cytoplasmic DNA was extracted from MIA-PaCa-2 cells treated with 100 μmol/L propofol or 0.5 mmol/L Na2CO3 (vehicle control) for 24–72 h; or 10-100 μmol/L propofol for 72 h using 10 mmol/L Tris (pH 8.0), 1 mmol/L EDTA, and 0.2% Triton X-100. MIA-PaCa-2 cells were also treated with 25 μmol/L propofol for 24 h and exposed to 0–100 μmol/L of gemcitabine for an additional 72 h before cytoplasmic DNA extraction. Lysate was centrifuged for 15 min at 13000 × g to separate fragmented DNA (soluble) from intact chromatin (nuclear pellet). Supernatant from lysates was treated with RNase followed by SDS-Proteinase K digestion, phenol chloroform extraction, and isopropanol precipitation. DNA was separated by 1.5% agarose gels stained with ethidium bromide for DNA visualization by UV light.

Terminal transferase dUTP nick end-labeling assay for apoptosis

Apoptosis was evaluated by terminal transferase dUTP nick-end labeling (TUNEL) assay according to the manufacturer’s instructions for MIA-PaCa-2 cells treated with 100 μmol/L propofol or 0.5 mmol/L Na2CO3 (vehicle control) for 24–72 h; or 10-100 μmol/L propofol for 72 h; or 25 μmol/L propofol for 24 h followed by 0–100 μmol/L of gemcitabine for 72 h. TUNEL-positive cells were colored using diaminobenzidine as chromogen and counterstained with hematoxylin. Percentage TUNEL-positive cells was assessed in five randomly selected fields per section. All assays were performed in quadruplicate.

Quantification of apoptosis by enzyme-linked immunosorbent assay
The Cell Apoptosis enzyme-linked immunosorbent assay (ELISA) Detection Kit (Chemicon international,Temecula, CA, United States) was used to detect apoptosis in MIA-PaCa-2 cells according to the manufacturer’s protocol. MIA-PaCa-2 cells were treated with 10-100 μmol/L propofol for 72 h or with 50 μmol/L propofol for 24–72 h; or 50 μmol/L propofol for 24 h followed by 0–100 μmol/L gemcitabine for 72 h. After treatment, cytoplasmic histone DNA fragments from MIA-PaCa-2 cells were extracted and bound to immobilized anti-histone. Peroxidase-conjugated anti-DNA was used to detect immobilized histone DNA fragments. After addition of peroxidase substrate, spectrophotometric absorbance of samples was determined using an ULTRA Multifunctional Microplate Reader (TECAN) at 405 nm.

Electrophoretic mobility shift assay 
Cell extracts were prepared using a commercially available nuclear extraction kit according to the manufacturer’s protocol (Pierce, Rockford, IL, United States). Electrophoretic mobility shift assay (EMSA) was performed according to the provided protocol (Promega). Briefly, cells were washed with cold PBS and suspended in 0.15 mL lysis buffer (10 mmol/L HEPES pH 7.9, 10 mmol/L KCl, 0.1 mmol/L EDTA, 0.1 mmol/L EGTA, 1 mmol/L DTT, 1 mmol/L PMSF, 2 μg/mL leupeptin, 2 μg/mL aprotinin, and 0.5 mg/mL benzamidine). Cells were swelled on ice for 20 min and 4.8 μL 10% NP40 was added. Tubes were vigorously mixed for a few seconds and microcentrifuged. The nuclear pellet was resuspended in 30 μL ice-cold nuclear extraction buffer (20 mmol/L HEPES pH 7.9, 0.4 mol/L NaCl, 1 mmol/L EDTA, 1 mmol/L EGTA, 1 mmol/L DTT, 0.5 mmol/L PMSF, 2 μg/mL leupeptin, 2 μg/mL aprotinin, and 0.5 mg/mL benzamidine) and incubated on ice with intermittent mixing. Tubes were microcentrifuged for 5 min at 4oC, and supernatant (nuclear extract) was collected in cold Eppendorf tubes and stored at -70oC. Protein content was measured by bicinchoninic acid method. EMSA used 5 ug of nuclear proteins incubated with IRDye-700-labeled NF-κB oligonucleotide. Incubation mixture was 2 μg of poly (deoxyinosinic- deoxycytidylic acid) in binding buffer. DNA-protein complexes were separated from free oligonucleotides on 8.0% native polyacrylamide gels using buffer containing 50 mmol/L Tris, 200 mmol/L glycine (pH 8.5), and 1 mmol/L EDTA and visualized by an Odyssey Infrared Imaging System using Odyssey Software Release 1.1. Equal protein loading was ensured by immunoblotting 10 μg of nuclear protein with anti-retinoblastoma.

Statistical analysis
All experiments were conducted in triplicate and carried out on three or more separate occasions. Data were means of the three or more independent experiments ± SE. Statistically significant differences were determined by two-tailed unpaired Student’s t-test and defined as P < 0.05.

RESULTS

Effect of propofol on cell proliferation 

MIA-PaCa-2 cells were treated with 0–100 μmol/L propofol over 72 h, and cell viability was determined by MTT assay. Treatment with 10, 25, 50, or 100 μmol/mL of propofol for 72 h resulted in 95%, 87%, 64%, and 51% of cell growth relative to control, respectively (Figure 1A). Similar results were found with exposure to 100 μmol/mL propofol for 24, 48 and 72 h (Figure 1B). Treatment of MIA-PaCa-2 cells with propofol resulted in dose- and time-dependent inhibition of cell proliferation, demonstrating that propofol applied as a single agent was an effective inhibitor of pancreatic cancer cell growth.

Effect of propofol on apoptosis
MIA-PaCa-2 cells were treated with 10–100 μmol/L propofol for 72 h, or 100 μmol/L propofol for 24–72 h. Apoptosis was determined by TUNEL, DNA ladder and ELISA assays. Treatment with 10, 25, 50, or 100 μmol/mL propofol for 72 h resulted in 1.6%, 4.1%, 9.7%, or 13.8% apoptosis relative to controls (Figure 2A). Similar results were found with 100 μmol/mL propofol for 24, 48 or 72 h (data not shown). Treatment of MIA-PaCa-2 cells with propofol resulted in dose- and time-dependent promotion of apoptosis, demonstrating that propofol used as a single agent was an effective promoter of pancreatic cancer cell death. DNA ladder (Figure 2B) and ELISA (Figure 2C) assays gave the same results as TUNEL assays.

Propofol potentiates growth inhibition by gemcitabine in MIA-PaCa-2 cells 

MIAPaCa-2 cells are resistant to gemcitabine treatment. We found that gemcitabine treatment did not result in obvious MIAPaCa-2 growth inhibition (Figure 3). We assessed the effect on cell viability of pretreatment and cotreatment of propofol and gemcitabine by MTT assay. Cells were pretreated with propofol (50 μmol/mL) alone or in combination with a single dose of gemcitabine (10, 25, 50, 100 μmol/L), and viable cells were evaluated by MTT assay 72 h after treatment. Doses were chosen based upon a preliminary dose escalation study (data not shown). Treatment of MIA-PaCa-2 cells with a single dose of gemcitabine (10, 25, 50, 100 μmol/L) for 72 h resulted in only 6% to 18% loss of viability. However, pretreatment with propofol for 24 h followed by treatment with gemcitabine resulted in 24% to 75% loss of viable MIA-PaCa-2 cells (Figure 3). These results suggested that the combination of propofol with low therapeutic doses of gemcitabine elicited significantly greater inhibition of cancer cell growth compared with either agent alone. This suggested that lower toxic side effects are likely to occur in normal cells. Inhibition of cell growth and viability as assessed by MTT assay might be due to the induction of apoptosis by propofol and gemcitabine. We therefore investigated whether gemcitabine in combination with propofol induce more apoptosis than either agent alone.

Propofol sensitizes MIA-PaCa-2 cells to apoptosis induced by gemcitabine

By TUNEL analysis, treatment of MIA-PaCa-2 cells with propofol (25 μmol/mL) for 72 h resulted in only 4.6% apoptosis (Figure 2 A), and treatment with 10, 25, 50, 100 μmol/L gemcitabine) for 72 h resulted in 1.2% to 4.6% apoptosis (Figure 4 A). Only low levels of apoptosis were detected with single-agent treatment. Figure 4B has representative TUNEL data of MIA-PaCa-2 cells pretreated with propofol (50 μmol/mL) for 24 h followed by coincubation with gemcitabine (25 μmol/L) for 72 h. Apoptosis measured by ELISA and DNA ladder assays gave the same results (data not shown). Figure 4C has representive DNA ladder assay data of MIA-PaCa-2 cells pretreated with propofol (50 μmol/mL) for 24 h followed by coincubation with gemcitabine (25 μmol/L) for 72.

MIA-PaCa-2 cells pretreated with propofol (25 μmol/mL) for 24 h followed by coincubation with gemcitabine (10, 25, 50, 100 μmol/L) for 72 h, showed significant cell apoptosis by DNA ladder, TUNEL assay and ELISA assay. These results were consistent with the growth inhibition MTT assays, and suggested that loss of viable cells by propofol and gemcitabine was partly due to the induction of apoptosis.

Propofol inhibits nuclear factor-KB DNA-binding activity

Consistent with earlier reports, constitutively active NF-κB DNA-binding activity was found in nuclear extracts from MIA-PaCa-2 cells. Band specificity was confirmed by supershift. Based on reports indicating the potential of propofol to abrogate constitutive and inducible NF-κB in halothane-induced rat liver[23], we analyzed whether propofol abrogated basal constitutive activation of NF-κB in MIA-PaCa-2 cells. To evaluate the effect of propofol in MIA-PaCa-2 cells, semiconfluent cells were treated with 0, 10, 25, 50 or 100 μmol/mL propofol for 72 h. As shown in Figure 5A, incubation with 50 μmol/mL propofol for 72 h resulted in a significant decrease in NF-κB DNA-binding activity in the MIA-PaCa-2 cells, and incubation with 100 μmol/mL propofol for 72 h resulted in complete disappearance of the activity. MIA-PaCa-2 cells treated with 100 μmol/L propofol for 24–72 h resulted in gradually reduced NF-κB DNA-binding activity (Figure 5B). These results clearly suggested that propofol was effective at downregulating NF-κB DNA-binding activity. We found no alterations in the nuclear protein content of retinoblastoma, which was used as protein loading control.

Propofol abrogates nuclear factor-κB activation induced by gemcitabine 

Next, we analyzed whether gemcitabine induced NF-κB DNA-binding activity and whether inactivation of NF-κB by propofol abrogated the chemoresistant phenotype of MIA-PaCa-2 cells, resulting in more pronounced gemcitabine-induced apoptosis. First, we analyzed dose and time responses to gemcitabine by induction of NF-κB in MIA-PaCa-2 cells. Nuclear extracts were prepared from MIA-PaCa-2 cells treated with 10, 25, 50, or 100 μmol/L gemcitabine for up to 72 h and analyzed for NF-κB DNA-binding activity by EMSA. Our results showed dose escalation of gemcitabine, with significant upregulation of constitutive NF-κB DNA-binding activity after gemcitabine treatment (Figure 6A). Pretreatment of cells with 100 μmol/mL propofol for 24 h abrogated gemcitabine-induced activation of NF-κB DNA-binding activity (Figure 6B). These results showed that propofol downregulates NF-κB DNA-binding activity in unstimulated conditions and inhibited gemcitabine- induced NF-κB activity. This might be the molecular mechanism of gemcitabine-induced cell death in propofol-pretreated cells. 

DISCUSSION


Despite rapid advances in diagnostic and operative techniques, pancreatic cancer remains one of the most difficult human malignancies to treat. This is partly due to the advanced stage of the disease and de novo chemoresistant behavior to cytotoxic chemotherapeutic agents and/or radiotherapy. In recent years, this problem has been addressed by a combinatorial approach. Several randomized studies have shown a significant increase in patient response rate when different classes of chemotherapeutic agents are used in combination. However, a major problem is high treatment-associated toxicity with no added benefit in significant overall survival[24-26]. The FOLFIRINOX regimen (bolus and infusional 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin) is a new option for patients with metastatic pancreatic cancer and has good performance. Compared with gemcitabine, FOLFIRINOX was associated with a survival advantage, but had increased toxicity[27]. These limitations could be overcome by rational chemotherapeutic combinations in which toxic agents are used in lower doses, and treatment efficacy is increased by use of a nontoxic agent with a different mechanism of action. 
Propofol is a fairly new induction agent introduced in the 1980s. Animal studies have demonstrated the neuroprotective ability of propofol. Recent studies of propofol effects during global cerebral ischemia-reperfusion injury in rats (4-vessel occlusion) concluded that propofol inhibited neuronal death induced by brain ischemia[10,14,28]. Propofol is also a glutamate antagonist at the NMDA-receptor level and a calcium-channel antagonist[29], has GABAergic activity and antioxidant properties[29], and reduces excitotoxicity[30]. Increasing evidence suggests that propofol has anticancer properties[17-20].
In this study, we used propofol in combination with a commonly used chemotherapeutic agent, gemcitabine, and tested its efficacy against the pancreatic cancer cell line MIA-PaCa-2. This preclinical study documented that sensitization of cancer cells was achieved by propofol during gemcitabine-induced killing, as shown by more pronounced cell death compared with single-agent treatment. We found that propofol pretreatment significantly enhanced tumor cell killing compared with either agent alone. This observation is important because 75% growth inhibition could be achieved using the same doses of gemcitabine that produced only 18% growth inhibition when gemcitabine was used alone. Consistent with the previously observed apoptotic effect of propofol, we showed that propofol alone not only significantly promoted pancreatic cancer MIA-PaCa-2 cells from cell death and apoptosis, but also promoted gemcitabine-induced apoptosis as determined by MTT, ELISA, TUNEL staining and DNA ladder assays. In addition, we found for the first time that propofol inhibited the NF-κB activity in the MIA-PaCa-2 cells as demonstrated by EMSA assay. Together, these observations suggested that propofol strongly sensitized pancreatic cancer cells to gemcitabine-induced apoptosis.

Our results also showed that gemcitabine alone activated NF-kB, resulting in reduced apoptosis. This supported the model that NF-kB activation inhibits apoptosis. In addition, our in vitro results showed that propofol alone or propofol pretreatment followed by gemcitabine treatment abrogated NF-κB activation and increased the apoptotic index, suggesting that inhibition of NF-κB is mechanistically associated with sensitization of pancreatic cancer cells to apoptosis. 

In conclusion, our findings are consistent with the hypothesis that chemosensitivity of pancreatic cancer cells is enhanced by pretreatment with propofol and this effect is mediated by inactivation of NF-κB DNA-binding activity leading to apoptosis. Although in clinical practice, the use of propanolol in combination with gemcitabine might not result in this enhancement, our findings provide a new insights into propofol in cancer treatment. Our results suggest that propofol can be an anesthesia agent that reduces pain and might be important in inhibiting the growth of pancreatic cancer cells in pancreatic cancer therapy.
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Figure 1 Evaluation by MTT assay of pancreatic cancer MIA-PaCa-2 cell viability after propofol pretreatment. A: Cells were either untreated or treated with 10–100 μmol/mL propofol for 72 h; B: Cells treated with 100 μmol/mL propofol for 24, 48 or 72 h. aP < 0.05 vs control group. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte- trazolium bromide.
Figure 2 Evaluation of apoptosis of pancreatic cancer MIA-PaCa-2 cells after propofol treatment using terminal transferase dUTP nick-end labeling, DNA ladder and enzyme-linked immunosorbent assays. A: Propofol-induced apoptotic cell death by terminal transferase dUTP nick-end labeling (TUNEL) after 72 h of 10-100 μmol/L propofol; B: DNA ladder indicative of apoptosis in pancreatic cancer cells treated with 10–100 μmol /mL propofol for 72 h. C, Propofol-induced apoptosis measured by enzyme-linked immunosorbent assay after 72 h 10–100 μmol/L propofol. aP < 0.05 vs control group.

Figure 3 Cell viability by MTT assay of pancreatic cancer MIA-PaCa-2 cells after propofol pretreatment. MIA-PaCa-2 cells pretreated with propofol (50 μmol/mL) for 24 h followed by coincubation with gemcitabine (10, 25, 50, 100 μmol/L) for 72 h were analyzed for viable cells by MTT. Viable cells were evaluated relative to gemcitabine-treated controls and interpreted as % viable cells. Data are averages of four to five independent experiments. aP < 0.05 vs control group. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte- trazolium bromide.
Figure 4 Evaluation of apoptosis by terminal transferase dUTP nick-end labeling and DNA ladder assays in pancreatic cancer MIA-PaCa-2 cells after propofol pretreatment. A: Sensitization of pancreatic tumor MIA-PaCa-2 cells to propofol-and/or gemcitabine-induced apoptosis measured by terminal transferase dUTP nick-end labeling (TUNEL) assay after 24 h of pretreatment with propofol (50 μmol/mL), gemcitabine (0–100 μmol/L), or propofol and gemcitabine combined for 72 h. Increased apoptosis was evident in the combination treatment group relative to individual treatment groups. aP < 0.05 vs propofol and gemcitabine combined group; B: Representive TUNEL image of MIA-PaCa-2 cells pretreated with propofol (50 μmol/mL) for 24 h followed by coincubation with gemcitabine (50 μmol/L) for 72 h; C: Representive DNA ladder image of MIA-PaCa-2 cells pretreated with propofol (50 μmol/mL) for 24 h followed by coincubation with gemcitabine (50 μmol/L) for 72 h. 

Figure 5 Propofol inhibits constitutively active nuclear factor ĸB in MIA-PaCa-2 cells. A: MIA-PaCa-2 cells were treated with 0, 10, 25, 50 or 100 μmol/mL propofol for 72 h and nuclear extracts were probed for nuclear factor ĸB (NF-κB) binding to a DNA consensus sequence. Results of NF-κB DNA-binding activity by electrophoretic mobility shift assay (EMSA); B: MIA-PaCa-2 cells were treated with 100 μmol/mL propofol for 24, 48, or 72 h and nuclear extracts were probed for NF-κB binding to a DNA consensus sequence. Results of NF-κB DNA-binding activity by EMSA. Retinoblastoma protein in the nuclear extract was used as a loading control.

Figure 6 Propofol abrogates gemcitabine-induced nuclear factor ĸB in MIA-PaCa-2 cells. A: MIA-PaCa-2 cells were exposed to 10–100 μmol/L gemcitabine for 72 h. Nuclear extracts were analyzed by electrophoretic mobility shift assay (EMSA); B: Propofol abrogated gemcitabine induced nuclear factor ĸB (NF-κB) in MIA-PaCa-2 cells exposed to 100 μmol/L/mL propofol for 24 h followed by incubation with 100 μmol/L gemcitabine. Nuclear extracts were harvested at 72 h and analyzed by EMSA. Propofol pretreatment downregulated gemcitabine-induced NF-κB with 100 μmol/L gemcitabine. 

