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Abstract

Pancreatic cancer remains a lethal disease with limited treatment options. At the time of diagnosis, 

approximately 80% of these patients present with unresectable tumors caused by either locally 

advanced lesions or progressive metastatic growth. Therefore, development of novel treatment 

strategies and new therapeutics are needed. Xanthohumol (XN) has emerged as a potential 

compound that inhibits various types of cancer, but the molecular mechanism underlying the 

effects of XN remain unclear. In the present study, we have assessed the efficacy of XN on 

pancreatic cancer cell lines (AsPC-1, PANC-1, L3.6pl, MiaPaCa-2, 512, and 651) against cell 

growth in real time and using colony forming assays. Treatment with XN resulted in reduction in 

cellular proliferation in a dose and time dependent manner. The growth suppression effect of XN 

in pancreatic cancer cell lines is due to increased apoptosis via the inhibition of the Notch1 

signaling pathway, as evidenced by reduction in Notch1, HES-1, and survivin both at mRNA as 

well as protein levels. Notch1 promoter reporter analysis after XN treatment indicated that XN 

down regulates Notch promoter activity. Importantly, overexpression of active Notch1 in XN-

treated pancreatic cancer cells resulted in negation of growth suppression. Taken together, these 

findings demonstrate, for the first time, that the growth suppressive effect of XN in pancreatic 

cancer cells is mainly mediated by Notch1 reduction.
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Introduction

Pancreatic cancer is the 8th leading cause of cancer death worldwide and it is the 4th leading 

cause of cancer deaths in the United States (US). The incidence and death rates for 

pancreatic cancer are rising. It is estimated that pancreatic cancer incidence and mortality 

will be approximately 46,420 and 39,590 respectively in 2014 (1). It is projected that by 

2030, pancreatic cancer will likely be the 2nd leading cause of cancer-related death in the 

USA (2). The prognosis for pancreatic cancer is extremely poor.(3-5). Combination 

cytotoxic therapies, including FOLFIRINIX and gemcitabine with nab-paclitaxel have 

showed clinically meaningful improvements over the single agent gemcitabine which was 

the prior standard of care, however the median survival benefit is an additional 4-6 months 

[5-8]. Regardless of current therapies, less than 5% of patients with pancreatic cancer 

survive for 5 years due to the aggressiveness of the disease and the lack of effective 

therapies (3-5). Therefore, development of new therapeutic compounds is needed.

. . Natural compounds and novel synthetic drugs have been shown to induce the process of 

apoptosis by altering various signaling pathways. Xanthohumol (XN), a natural flavonoid 

isolated from the cones of the hop plant (Humulus lupulus L.), has been shown to inhibit 

cancer cell proliferation in vitro in various solid organ human malignancies such as breast, 

colon, prostate, ovarian, hepatocellular, and medullary thyroid cancers (6-12). XN has also 

been shown to reduce growth by inducing apoptosis, both caspase dependent and 

independent, in cancer cells (13, 14). In vivo, oral administration of XN showed delayed 

advanced tumor progression and also reduced cell growth of poorly differentiated prostrate 

carcinoma [16]. In addition, XN exerts a broad range of biological activities such as 

antioxidant, anti-inflammatory, antimicrobial, immune modulatory activity, and may also 

have therapeutic potential for metabolic diseases including type 2 diabetes, a risk factor for 

the development of pancreatic cancer (15-21). However, the biological effects of XN in 

pancreatic cancer are not known. In the present study, we investigated the antiproliferative 

effects of XN on established human pancreatic cancer cell lines and cells derived from 

human pancreatic cancer tissues. We found that XN inhibited cellular growth in a dose and 

time dependent manner. Treatment of pancreatic cancer cell lines with XN also induced 

apoptosis, demonstrated growth suppression which was associated with reduction in Notch 

pathway proteins and mRNA, and resulted in reduction in Notch1 promoter activity. 

Importantly, overexpression of active Notch1 negated the growth suppressive effect of XN 

in pancreatic cancer cell lines. These findings suggested that growth suppression of 

pancreatic cancer cells by XN may be mediated by Notch1 reduction.

Materials and Methods

Cell lines and culture conditions

The human pancreatic cancer cell lines (AsPC-1, PANC-1, and MiaPaCa-2) and human 

normal fetal lung fibroblast, WI-38, were purchased in 2012 from American Type Culture 

Collection (ATCC, Rockville, MD, USA) and expanded and frozen several vials after 3rd 

generation. 4-10 generations cells were used for the entire experiments. L3.6pl was a kind 

gift from Dr. Jose G. Trevino, University of Florida-Gainesville and received in 2013. 

Unique patient derived pancreatic cancer cells (512 and 651) were obtained during 2013 
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from the Medical College of Wisconsin Surgical Oncology Biorepository in 2013. 

Pancreatic cancer cell lines were cultured in Dulbecco’s Modified Eagle Medium (DMEM; 

Invitrogen) whereas WI-38 was maintained in Modified Eagle Medium (MEM, Invitrogen) 

supplemented with 10% fetal bovine serum (FBS, Invitrogen) and 1% penicillin/

streptomycin (Invitrogen) at 37°C in a humidified atmosphere with 5% CO2. Patient derived 

pancreatic cancer cells 512 and 651 were cultured in DMEM-F12 (1:1, Invitrogen) 

supplemented with 10%FBS, recombinant TNF-α, EGF, insulin growth factor I (IGF) and 

basic fibroblast growth factor (bFGF) (Invitrogen). The culture media was replaced every 

2-3 days. The confluent cells were subcultured by splitting them at 1:5 ratios. Authenticity 

of ATCC cell lines were done by ATCC before purchase by the standard short tandem 

repeat DNA typing methodology. Pancreatic cancer cells (512 and 651) from MCW were 

not independently authenticated. L3.6pl was authenticated by STR analysis by Dr. Jose 

Trevino at University of Florida. No authentication of these cell lines were done by the 

authors. However, these cells were expanded and frozen in multiple vials within three weeks 

of receipt for this study. Experiments were carried out with in the 15-20 passages of each 

thawing of cells.

Reagents

Xanthohumol (XN) and 1-chloro-2,4-dimethylthylthiazol-2yl-2,5-dipheynltetrazolium 

bromide (MTT), dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich 

(St.Louis, MO, USA). The XN was solubilized in DMSO at stock concentrations of 50mM 

and diluted in the media when used for treatment. Antibodies against survivin, 

glyceraldehyde phosphate dehydrogenase (GAPDH), Notch1, HES-1, and caspase-3 were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA) and cleaved caspase-3 

and cleaved PARP were obtained from Cell Signaling Technology Inc. (Denvers, MA, 

USA) respectively.

Cell proliferation, viability, and colony forming ability assays

Cells were seeded in 24-well plates and were treated with different concentrations of XN for 

up to 96 hours. Cell proliferation/viability was measured by using colorimetric assay with 

MTT (22). Cell viability was also assessed by trypan blue staining. The results represent the 

average of three experiments each conducted in quadruplicates. Values were calculated to 

percent inhibition relative to vehicle control (0.1% DMSO). The effect of XN on colony 

forming ability was determined by the measurement of the colonogenic cell survival as 

previously described (22).

Non- invasive cellular proliferation assay in real time

Using IncuCyte Live-Cell Imaging systems (Essen Bioscience, Ann Arbor, MI, USA), 

cellular proliferation of pancreatic cancer cell lines was measured as previously described 

(23). Briefly, MiaPaCa-2 (1000 cells/well), AsPC-1 (2000 cells/well), and PANC-1 (2000 

cells/well) were plated onto 96-well plate and incubated in an XL-3 incubation chamber 

maintained at 37°C. After 12 hours, the cells were treated with varying concentrations of 

XN (0-50μM) for up to 4 days. The cells were photographed every two hours using a 10X 

objective for the entire duration of the incubation. Cell confluence was calculated using 

IncuCyte 2011A software and importantly the IncuCyte Analyzer provides real-time cellular 
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confluence data based on segmentation of high-definition phase-contrast images. The cell 

proliferation was expressed as an increase in percentage of confluence in 12 hours intervals.

Western blot analysis

Western blot analyses were conducted as previously described (22). Cells were lysed in 

radioimmunoprecipitation assay (RIPA, Thermo Fisher) buffer supplemented with protease 

inhibitor cocktail (Sigma) and phenylmethylsulfonylfluoride (Sigma). Equal amount of 

proteins were quantified by bicinchonic method (BCA, Thermo Fisher) and analyzed by 

SDS-PAGE (Bio-Rad Laboratories, Hercules, CA, USA). Then the proteins were transferred 

to nitrocellulose membranes (Bio-Rad) using a Trans-Blot (Bio-Rad) and analyzed by 

specific antibodies as indicated in the experiments. The detection of immune complexes was 

conducted using chemiluminescence with an HRP antibody detection kit and then images 

were taken using Molecular ImagerTM ChemiDoc XRS+ imager with image lab software 

(Bio-Rad).

Caspase-3 and -7 activities

Caspase-Glo 3/7 Assay (Promega, Madison, WI, USA) kit was used to measure the cleaved 

caspase-3 and -7 activities from the lysates of cells treated with XN. Ten to fifteen μg of 

protein samples in 25 μL total volume was mixed with equal volume (25 μL) of Caspase-Glo 

reagent and incubated at room temperature in a white 96-well plate for 30 minutes. Then the 

luminescence was measured using Infinite M200PRO Microplate reader (TECAN, San Jose, 

CA).

Real-time reverse transcriptase polymerase chain reaction (RT-PCR)

RT-PCR was conducted to quantify gene expression using mRNA from control or XN 

treated cells. Total RNA (1μg) was reverse transcribed using either iScript cDNA Synthesis 

Kit (Bio-Rad) or Reverse Transcriptase 2X Mastermix (MidSci, St. Louis, MO, USA) and 

PCR was carried out using SsoAdvanced SYBR Green Supermix (Bio-Rad) or Evagreen 

qPCR Mastermix (MidSci) in a master cycler (CFX96; Bio-Rad) as per the manufacturer’s 

instruction. Sequences for each PCR primers pairs were listed in Table 1. Data were 

analyzed as per to the comparative CT method and normalized for glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) expression in each sample.

Luciferase reporter assay

To determine the effect of XN on Notch1 promoter, pancreatic cancer cells were transfected 

with luciferase reporter gene under the control of Notch1 promoter as previously described 

(24). Notch1 promoter and promoterless control plasmids were a generous gift from Dr. 

Yugawa, National Cancer Center Research Institute, Tokyo, Japan. Briefly, plasmid 

containing Notch1 promoter or promoterless vector was cotransfected with simian virus β-

galactosidase (SV-β-gal; Promega, Madison, WI, USA) in to pancreatic cancer cells using 

Lipofectamine 2000 (Invitrogen). Next day, cells were treated with or without XN at 

indicated concentrations and incubated for another 24-48 hours. Cell lysates were prepared 

and luciferase and β-galactosidase assays (Promega) were carried out as per the 

manufacturer’s instructions.
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Statistical analysis

Analysis of variance (ANOVA) with Bonferroni post hoc testing was performed using a 

statistical analysis software package (IBM SPSS Statistics version 22, New York, NY, 

USA). A P value of < 0.05 was considered significant. Data were represented as ± standard 

error.

Results

Effects of Xanthohumol on pancreatic cancer cells proliferation

Effect of Xanthohumol (XN) on cellular proliferation/viability of established human 

pancreatic cancer cells (MIAPaCa-2, PANC-1, AsPC-1, and L3.6pl) and patient-derived 

pancreatic cancer cells (512 and 651) was evaluated by MTT assay. As shown in Fig.1A 

treatment of MIAPaCa-2, PANC-1, AsPC-1, and L3.6pl cells with XN (5-30 μM) resulted in 

a dose-dependent reduction in cell viability compared to vehicle (DMSO) controls after 2 

days of treatment. Pancreatic cancer patient derived cells 512 and 651 were also showed 

growth reduction in a dose-dependent manner. However, in contrast, WI-38 cells showed no 

significant growth reduction even at 30 μM of XN suggesting that normal cells may not be 

affected by XN (Fig. 1A). To determine whether the effect of XN was persistant, cell 

viability was measured by harvesting cells after 4 days of XN treatment and stained with 

trypan blue and counted the viable cells. The percentages of viable cells were significantly 

reduced in a dose-dependent manner in PANC-1, AsPC-1, and L3.6pl cells (Fig. 1B). This 

was further confirmed by assessing the colony forming ability of these cell lines after XN 

treatment. As shown in Fig. 1C and 1D, the colonogenic potential in XN treated cells was 

significantly decreased. Increasing concentrations of XN demonstrated a decrease in cellular 

proliferation represented by decrease in confluence in MiaPaCa-2, AsPC-1, and PANC-1 in 

a time and dose-dependent manner as measured by the cell confluence real time kinetics 

(Fig. 2).

Xanthohumol induces apoptosis in pancreatic cancer cells

To determine if the increased antiproliferative effect of XN maybe be due to apoptosis, we 

analyzed apoptotic markers by Western analysis in four pancreatic cancer cell lines after 

treatment with XN. As shown in Fig. 3A, XN treatment induces the cleavage of caspase-3 as 

well as the full length poly (ADP) ribose polymerase (PARP) in AsPC-1, PANC-1 and 

L3.6pl in a dose-dependent manner. These results were confirmed by luminescence assay 

that measures caspase-3 and -7 activities. As shown in Fig. 3B, there was an increase in 

caspase activity, as evidenced by an increase in luminescence with increased concentrations 

of XN treatment. Furthermore, XN treatment also reduced the levels of survivin in all tested 

cell lines. These findings suggest that XN blocks proliferation and/or survival mechanism in 

pancreatic cancer cells.

Effects of xanthohumol on Notch1 signaling in pancreatic cancer cells

XN has been shown to reduce the levels of Notch1 at both transcriptional and translational 

process in ovarian cancer (25). However, until now there has been no direct association 

between Notch reduction and growth in XN treated pancreatic cancer cells. Therefore, we 
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analyzed the mechanisms by which XN inhibits pancreatic cancer cell growth and the role of 

Notch1 in growth suppression. We analyzed the Notch1 pathway mRNAs such as Notch1, 

Hes-1 and Hey-1 in MiaPaCa-2 and PANC-1 cells after XN treatment using real time 

quantitative-PCR (qPCR). The expression levels of Notch1 pathway genes were altered with 

treatment in a dose-dependent manner (Figure 4A). In contrast, we have observed a robust 

increase in Hey-1 mRNA levels with XN treatment. To verify that the reduction in mRNA 

expressions also lead to reduction in protein expression, we measured the Notch1 and Hes-1 

protein levels after XN treatment by Western analysis. As shown in Fig. 4B, the level of 

Notch1 is markedly decreased with increasing concentrations of XN treated AsPC-1, 

PANC-1, L3.6pl, and MiaPaCa-2 cells. However, HES-1 was reduced in three cell lines 

whereas it was increased in MiaPaCa-2 cells. The reason for the increase in HES-1 protein 

after XN treatment is not clear, but the HES-1 regulation by the Notch1 signaling pathway 

may be cell-line specific. Furthermore, HES-1 protein contains both DNA-binding and 

protein-protein interaction domains that are important for its function as a transcriptional 

regulator of various genes including negative regulation of its own transcription (26-29). 

Therefore, we speculate that the reduction in mRNA level may be due to the negative 

regulation of its transcription by increase in HES-1 protein. Collectively, results from the 

qPCR and western analysis experiments on XN treated cells, indicated that XN Inhibits 

Notch signaling pathway as evidenced by the reduction in Notch1 with concomitant 

reduction in HES-1, an important downstream target of Notch pathway.

Xanthohumol suppresses Notch1 promoter activity in pancreatic cancer cells

XN treatment leds to a significant reduction in Notch1 mRNA in pancreatic cancer cells 

suggesting that it may directly or indirectly regulate the Notch1 promoter activity. To assess 

the effect on notch1 promoter activity, a plasmid containing luciferase gene under the 

control of Notch1 promoter or promoterless plasmid were transfected in to pancreatic cancer 

cells and then treated with XN at indicated concentrations. There is very minimal luciferase 

activity in the lysate derived from cells with promoterless plasmid compared to Notch1 

promoter containing plasmid (Fig 4C). However, increased concentrations of XN caused 

decrease in luciferase activity in plasmid containing Notch1 promoter suggesting that XN 

affects the Notch1 promoter activity (Fig. 4C) which leads to the decrease in the levels of 

Notch1 mRNA and protein levels.

Forced over expression of active Notch1 reverse the growth suppression effect of 
xanthohumol in pancreatic cancer cells

Multiple studies have demonstrated the anti-proliferative effects of XN on variety of cancer 

types, but the mechanism of action remains unclear. The observed impairment of cell 

proliferation and the associated reduction of Notch1 mRNA and protein level suggest that 

Notch pathway inhibition may be important in XN treatment. To examine whether Notch1 

pathway inhibition directly mediates growth suppression by XN, active Notch1 (NICD1) 

was over expressed in MiaPaCa-2, AsPC-1, and PANC-1 cells, treated with XN for 2 days, 

and then cell viability was measured. Notch1 overexpressed XN treated MiaPaCa-2 and 

AsPC-1 cells showed less growth suppression as compared to cells transfected with empty 

vector (Fig. 5). These results indicated that inhibition of Notch1 is important for the growth 

suppression effect of XN.
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Discussion

Human pancreatic cancer remains a major challenge for treatment because of the 

development of inevitable chemoresistance. Various studies have suggested the involvement 

of multiple signaling pathways in the development, progression and metastasis of pancreatic 

cancer (30-37). One such pathway, Notch1 signaling, a highly conserved pathway 

throughout the animal kingdom, plays an important role in cellular differentiation, 

proliferation, and survival. Increased expression of Notch receptors and their ligands has 

been detected in human pancreatic cancer tissues and cell lines (38-40). Importantly, it has 

been reported that Notch mediates tumor initiating effect and required for early stages of 

pancreatic neoplasia that leads to pancreatic tumorigenesis (40). Inhibition of Notch1 or the 

Notch signaling pathway by Notch1 siRNA in pancreatic cancer cells enhanced 

chemosensitivity to gemcitabine (41). Furthermore, natural products either alone or in 

combination with chemotherapeutic drugs have shown to reduce pancreatic cancer through 

targeting signaling molecules (30, 42-47). Unfortunately, clinical trials utilizing Notch 

pathway inhibitors in patients with solid tumors resulted in significant side effects. 

However, several clinical trials are underway based on the inhibition of the Notch pathway 

via antibody therapy or by gamma secretase inhibitors (48, 49). In addition to it’s role in 

pancreatic cancer pathogenesis, Notch1 may be an important factor in the development of 

chemotherapeutic resistance. One cause of resistance to drug treatment in pancreatic cancer 

is an increase in nuclear transcription factor kB (NF-kB) promoter activity by Notch1 (50).

Xanthohumol (XN), a flavonoid compound isolated from hop plant, humulus lupulus, has 

significant antitumor activities against breast, prostate, ovarian, thyroid, colon, and 

hepatocellular cancer cells (6-8, 12, 14, 25, 51-54). Therefore, in recent years, XN has 

received much attention for its biological effects. Pharmacological aspects of XN and its 

effects are described (55). XN has been shown to inhibit cancer cell proliferation by 

association with reduction in several major targets such as NF-kB activation, drug efflux 

transporters expression, angiogenesis, AKT/NF-kB, and Notch1 (11, 12, 25, 56-60). 

However, the underlying molecular mechanism by which XN inhibits growth is still not 

clear. It has also been shown to induce caspase dependent as well as caspase independent 

apoptosis, and inhibit cell invasion (8, 9, 13, 14). We have previously shown that XN 

treatment in medullary thyroid cancer cells resulted in suppression of transcription factor 

achaete scute complex-like1 (ASCL1) with concomitant induction of phosphorylation of 

ERK1/2 and reduction in growth (6). There is a single report on XN reduces Notch1 at both 

mRNA and protein level in ovarian cancer cells in vitro (25). However, the findings in their 

report, in our opinion, lack functional analysis to confirm the role of Notch1 in XN treated 

cells. Though similar growth suppression effect is observed in variety of cancers, the 

associated effects are correlative. In the present study, we have shown that XN inhibits 

growth of human pancreatic cancer cell lines in vitro with a concomitant induction of 

apoptosis in a dose-dependent manner. We observed a significant reduction in Notch1 

signaling pathway members such as Notch1, HES-1, basic helix-loop-helix transcription 

factor, and survivin both at mRNA and protein levels when treated with XN. Importantly, 

down regulation of Notch1 signaling pathway appears to be the mechanism of growth 

suppression because over expression of Notch1 negated the growth suppression effect of 
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XN. Therefore, we believe that our research findings are significant for demonstrating that 

inhibition of Notch signaling pathway is most likely the predominant mechanism of action 

of XN for the following reasons: 1) overexpression of Notch1 rescued XN-induced cell 

growth suppression, and 2) inhibition of Notch1 reduced Notch1 promoter activity and its 

downstream targets. Furthermore, our results indicated that XN treatment reduced Notch 

expression that may lead to a reduction in NF-kB activity and therefore, providing a new 

strategies for pancreatic cancer. Based on our findings and other reports, we propose a 

mechanism by which XN induces apoptosis in pancreatic cancer cells demonstrating 

possible cross talk between Notch, PI3K-Akt pathway, and the NF-kB pathway reported in 

other cancer types (Fig. 6).

In vivo, XN has been shown to reduce the growth of poorly differentiated prostate tumors 

without adverse side effects (12) suggesting that XN may be a novel agent for the 

management of solid organ tumor such as prostate cancer. Recently, XN metabolism and 

pharmacokinetics parameters were tested (Clinical trial# NCT01367431)[27] and single-

dose pharmacokinetic study conducted in healthy humans following oral consumption of 

XN making XN an viable addition to anti-tumor therapies for pancreatic cancer. We believe 

that the concentrations of XN we used to suppress the growth in pancreatic cancer cells 

could be achieved in humans with fewer side effects. However phase 1 dose-escalation 

studies are needed to find out the maximum tolerable dose and side effects in human. In 

summary, results from human and animal pharmacodynamics studies, as well as 

antiproliferative studies on various cancers including the present study on pancreatic cancer, 

suggested for the use of XN in future clinical studies not only aimed at improving pancreatic 

cancer treatment but also have implications beyond pancreatic cancer that are expressing 

Notch.
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Figure 1. 
Effect of XN on pancreatic cancer cellular proliferation. A. Human pancreatic cancer cell 

lines and human normal lung fibroblast cells (WI-38) were treated with XN at indicated 

doses for 24 hours and cytotoxicity was measured using MTT assay (n=3; p=0.05 at 20 μM 

concentrations for all cancer cell lines except WI-38; not significant compared to control). 

B. Viable cells were counted after 48hr of XN treatment using trypan blue staining. (n=3; 

p<0.05 for all cancer cell lines). C. Cells were treated with XN up to 20μM for 4 days and 

cell viability was measured by colony formation assay. D. Bar graph shows the number of 

colonies formed after XN treatment (n=3; *p>0.05 in all treatment; NS, not significant).
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Figure 2. 
Effects of XN on pancreatic cancer cell proliferation in real-time. Cells were treated with 

indicated concentrations of XN and cell proliferation was monitored in real time with the 

continuous presence of XN. The cells were photographed and the cell confluence was 

calculated using IncuCyte 2011A software. The changes in cell confluence are used as a 

surrogate marker of cell proliferation. Statistically significant (* p<0.05) growth 

suppressions were observed at or above 10 μM XN compared to control.
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Figure 3. 
Mechanism of action of XN in pancreatic cancer cell lines. A. Levels of cleaved PARP, and 

cleaved caspase-3 (markers of apoptosis) were analyzed from lysates after 48hrs of XN 

treatment by Western. A level of anti-apoptotic protein survivin was also determined. 

GAPDH was used as loading control. B. Caspase-3 and -7 activities were measured by 

caspase-Glo3/7 assay. (n=3; * p<0.05 compared to control in all cell lines tested, NS, not 

significant).
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Figure 4. 
XN inhibits Notch1 signaling pathway. A. mRNA levels of Notch1 signaling pathway 

members were measured by quantitative real-time polymerase chain reaction normalized to 

GAPDH for each cell lines and presented in bar graph, after XN treatment. The data were 

presented relative to control treatment (n=3; p=0.05 in all cell lines compared to control 

treatment). B. Protein levels of NICD and HES-1, a downstream target of Notch1 signaling, 

were analyzed by western blot after XN-treatment. Equal loading was confirmed by 

GAPDH. C. Promoter reporter analyses after XN treatment. Promoterless (PRless) plasmid 

was used as experimental control. Luciferase activity was normalized to β-galactosidase 

activity (n=3; * p<0.05 in both cell lines tested).
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Figure 5. 
Effect of Notch1 overexpression in XN treatment. Cells were transfected with 

Notch1plasmid and treated with or without XN for 2 days. Percent of growth was measured 

by MTT assay (n=3; * p=0.05 compared to vector with XN10 in all three cell lines tested).
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Figure 6. 
Proposed mechanism of XN in pancreatic cancer. Schematic representation of XN induced 

apoptosis through Notch1 signaling pathway.
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Table 1

Sequence of primers used for real-time PCR

Primer Sequence (5'to3')

Notch1 forward primer TCCACCAGTTTGAATGGTCA

Notch1 reverse primer AGCTCATCATCTGGGACAGG

HES1 forward primer TGAAGAAAGATAGCTCGCGG

HES1 reverse primer GGTACTTCCCCAGCACACTT

HEY1 forward primer TGGATCACCTGAAAATGCTG

HEY1 reverse primer CGAAATCCCAAACTCCGATA

GAPDH forward primer GAGTCAACGGATTTGGTCGT

GAPDH reverse primer TTGATTTTGGAGGGATCTCG

Survivin forward primer GACCACCGCATCTCTACATTC

Survivin reverse primer AAGTCT GGCTCGTTCTCAGTG
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