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Abstract

Background—Environmental conditions or chemical agents can interfere with the function of 

the endoplasmic reticulum, and the resulting endoplasmic reticulum (ER) stress can be toxic to the 

cell if it is not relieved. The classical compensatory response to ER stress is the unfolded protein 

response (UPR) that reduces protein load in the ER. However, autophagy may also compensate by 

removing large insoluble protein aggregates. Agents that stress the ER can have anti-cancer 

activity, and novel applications of ER stress inducing agents are being investigated. Plant stilbenes 

are a class of stress responsive molecules that includes resveratrol, which are being investigated as 

potential therapeutics in humans for conditions such as aging or cancer.

Results—We performed a screen of 1726 small, drug like molecules to identify those that could 

activate an ER-stress responsive luciferase gene. After secondary screening, we determined that 

the plant stilbenes pterostilbene and piceatannol were the most potent inducers of ER stress from 

this group. ER stress can be particularly toxic to cells with high ER load, so we examined their 

effect on cells expressing the Wnt family of secreted glycoprotein growth factors. Molecular 

analysis determined that these ER stress-inducing stilbenes could block Wnt processing and also 

induce autophagy in acute lymphoblastic leukemia cells expressing Wnt16. Combining 
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pterostilbene (to induce ER stress) with chloroquine (to inhibit autophagy) lead to significant 

cellular toxicity in cells from aggressive acute lymphoblastic leukemia.

Conclusions—Plant stilbenes are potent inducers of ER stress. However, their toxicity is more 

pronounced in cancer cells expressing Wnt growth factors. The toxicity of stilbenes in these ALL 

cells can be potentiated by the addition of autophagy inhibitors, suggesting a possible therapeutic 

application.
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BACKGROUND

The endoplasmic reticulum (ER) is the organelle in the cell responsible for the synthesis of 

membrane-embedded and secreted proteins. The ER is also responsible for the proper 

folding and modification of these proteins. If drugs or environmental conditions interfere 

with the processing of proteins in the ER, an ER stress is elicited and the cell responds with 

the Unfolded Protein Response (UPR) [1, 2]. The UPR contains three arms: IRE1/XBP1, 

ATF6, and PERK/ATF4. Together, these three components reduce further protein entry into 

the ER, assist in folding proteins already in the ER, and remove malfolded proteins to 

decompress the enlarged ER [3]. If the ER stress persists, or the UPR is insufficient to 

decompress the ER, prolonged ER stress can result in cell death [4].

We have reported identification of a small molecule that can block the endoribonucease 

activity of IRE1 and therefore can block activation of the XBP1 arm of the UPR [5]. This 

molecule was identified through a small molecule screen using an XBP1-responsive 

luciferase reporter gene. This reporter requires XBP1 splicing to generate a frameshift in the 

XBP1-luciferase transcript so the luciferase gene is brought into frame and is translated [6]. 

In this manuscript, we describe the use of this reporter gene to identify novel drug-like 

agents that induce ER stress, from the library of pharmacologically active compounds 

(LOPAC) and the NIH clinical collection (NIHCC). We extend these studies to examine the 

cellular response to the plant stilbenes resveratrol, pterostilbene and piceatannol which all 

scored as potent ER-stressors in this screen.

Previous work from our group also identified the Wnt family of secreted glycoprotein 

growth factors as heavily processed in the ER with significant sensitivity to ER-stressing 

agents like hypoxia or tunicamycin [7]. The processing of Wnt proteins can take up to 18 

hours in cells, and serve as a molecular marker of ER function. This extended transit time 

allows for correct intramolecular bonds from the 23–27 conserved cysteine residues, 

glycosylation, and lipidation [8]. Interference with Wnt processing can result in proteolysis 

of the growth factor, and reduction in b-catenin signaling [7].

RESULTS AND DISCUSSION

We decided to screen known drug like molecules for their “off target” ability to induce ER 

stress. We had constructed a reporter cell in the HT1080 fibrosarcoma background that 
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contained a luciferase gene that was fused to the XBP1 open reading frame. In the event of 

ER stress, the ER-membrane embedded IRE-1 endoribonuclease performs a precise splicing 

event in the XBP1 mRNA that removes 26 nucleotides and shifts the open reading frame of 

the final one third of the protein to produce an active transcription factor [9]. In our XBP1-

luciferase reporter gene, the luciferase coding sequence is in frame with the carboxy end of 

XBP1 open reading frame so that after XBP1 splicing, the luciferase protein is translated 

and its activity detected [5, 6]. We also used a separate HT1080 clone that contained a 

constitutively active CMV-driven luciferase as a control for cell death or non-specific 

inhibition/activation of transcription or translation. These two cell lines were plated in 

duplicate in 96 well format and individual wells were exposed overnight to 10 µM of the 

compounds in the library. The next day, luciferase activity was measured and the relative 

induction of the XBP1 luciferase was calculated for each compound and normalized to any 

changes in the CMV-luciferase signal. We calculated the fold induction of the XBP1-

luciferase activity for each compound and chose those with greater than 1.5 fold induction 

for secondary analysis. Secondary screen was performed in cells expressing the XBP1-

luciferase, the CMV-luciferase, and also in cells expressing an ATF4UTR-luciferase reporter 

[10]. This reporter is responsive to activation of the PERK kinase and increased translation 

of the ATF4 gene.

Figure 1A identifies the 13 top inducers, and shows the normalized fold induction of the 

reporter genes from the primary screen. These compounds resulted in between 1.5 and 3.9 

fold induction of the XBP1-luciferse reporter gene. These compounds were then retested 

manually in a secondary screen with the XBP1-luciferase and the CMV luciferase reporter 

HT1080 cells and the normalized results show a qualitatively similar, but significantly 

higher fold induction. Figure 1C shows the effects of the same compounds on the ATF4UTR 

reporter gene in the second reporter HT1080 cell line. Interestingly, resveratrol and the 

closely related derivatives piceatannol and pterostilbene were all in the original list of ER-

stress inducers, and all were near the top of the most potent inducers in the secondary 

screen. These results support the idea that there is some structural element(s) in these related 

compounds that interferes with ER function.

We next decided to molecularly confirm the ability of these compounds to stress the ER 

using western blot analysis to identify changes in markers of the UPR. Figure 2A shows 

immunoblot analysis of extracts from parental HT1080 cells treated for 24 hours with 20 µM 

resveratrol, pterostilbene or piceatannol as indicated. In the cells treated with pterostilbene 

or piceatannol, we detect both splicing of XBP1 and induction of the ATF4 target gene 

CHOP. We also find modest increase in LC3 processing, indicating a mild autophagic 

response. Because pterostilbene appeared to be the most potent of the related molecules in 

these two responses, we focused on its activities. Figure 2B shows that with increasing time 

up to 20 hours, that there was increasing XBP1 splicing and CHOP induction, indicating 

continuing ER stress. We also investigated how inhibition of compensatory pathways would 

affect pterostilbene induced stress. We tested the combination of pterostilbene with either 

IRE1 inhibitor STF-083010 to block XPB1 splicing [5], or chloroquine to block autophagic 

turnover. Figure 2C shows that STF-083010 is indeed a good inhibitor of XBP1 splicing, but 

this leads to an increase in the PERK arm of the UPR and increased CHOP expression. 

Addition of chloroquine by itself had a modest increase in LC3 processing; however, LC3 
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processing was dramatically increased by chloroquine with pterostilbene and/or 

STF-083010. Finally we compared the ER stress induced by pterostilbene with that of 

classical ER stressing agents. Figure 2D shows the induction of GRP78 in response to 24 

hours of either 20 µM pterostilbene, 2.5 µg/ml tunicamycin, 10 nM of the proteasome 

inhibitor MG-132, or 1.0 mM DTT. This representative western blot shows that pterostilbene 

is less able to induce ER stress than these classical ER stressing agents. However, ER stress 

is dose and time dependent, and these doses of classical ER stressors are somewhat more 

potent than 20 µM pterostilbene.

Pterostilbene has been reported to be toxic to cancer cells [11, 12], so we measured its 

antiproliferative effect alone and in combination with chloroquine. We first measured the 

growth inhibition by chloroquine alone to establish a relatively non-toxic dose. Figure 3A 

shows that 20 µM chloroquine has only a 30% reduction in viable cells at 72 hours. We then 

tested pterostilbene alone and in combination with 20 µM chloroquine for growth inhibition 

at 72 hours. Figure 3B shows that the concentration to achieve 50% inhibition is 19.7 µM for 

pterostilbene alone, but only 0.98 µM for pterostilbene with 20 µM chloroquine. In 

combination, these curves indicate a more than additive effect of the two agents on the 

inhibition of growth of the HT1080 cells.

The MTT assay is sensitive to reduced proliferation as well as cell death so we therefore 

measured cell death directly. We first treated HT1080 cells with 20 µM pterostilbene, 20 µM 

chloroquine and the combination for 72 hours and examined cell lysates for markers of 

stress and quantitated toxicity by trypan blue exclusion. Figure 3C shows that the markers of 

ER stress and autophagy are similar to what was determined in figure 2 at earlier time 

points. We also measured the toxicity of the drugs using trypan blue exclusion and this 

showed an even more dramatic interaction of the two drugs. In figure 3D we find that 

pterostilbene alone was only very mildly toxic after 72 hours and chloroquine treatment 

showed essentially no toxicity. However, the combination of drugs resulted in very 

statistically significant amount of cell death (P<0.01).

If chloroquine was adding to the ER stress by reducing the protein turnover in the 

autophagolysosome, we hypothesized that cells with a significant ER load would be 

particularly sensitive to this treatment. We have previously reported that myeloma cells are 

an example of cancer cells that are sensitive to inhibition of XBP1 activation [5]. Also, 

several mechanisms of toxicity of pterostilbene have been identified [11], so we carefully 

examined the effect of the interaction of pterostilbene with chloroquine on both LC3 

processing and depletion of the adaptor protein p62/SQSTM1. Figure 4A confirms that 

interaction of the two drugs in stimulating autophagy because we find a modest decrease in 

p62 levels with pterostilbene treatment, and rescue of the protein expression with 

chloroquine. We also find a stimulation of LC3 processing with the combination of the 

pterostilbene and chloroquine, suggesting that pterostilbene has increased LC3 processing, 

and chloroquine has blocked the turnover.

We have also found that WNT proteins are highly processed secreted glycoproteins that can 

be blocked from secretion by ER stress [7, 13]. We therefore chose to investigate the effects 

of stilbenes on cells that express this one protein as a means of stressing the ER. Acute 
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lymphoblastic leukemia cells can express WNT16 due to the presence of the E2A-PBX1 

fusion protein [14, 15]. We therefore examined the effect of pterostilbene and chloroquine 

treatment on RCH-ACV acute lymphoblastic leukemia (ALL) cells. Figure 4B shows by 

immunoblot analysis that treatment of RCH-ACV cells with pterostilbene alone, or in 

combination with chloroquine resulted in significant increase in spliced XBP1, and 

increased LC3 processing. Furthermore, figure 4C shows by FACS analysis that there is an 

increase in acridine orange staining of acidic vesicles in both RCH-ACV and 697 ALL cells 

after treatment with pterostilbene, supporting the concept the pterostilbene can induce 

autophagy[16, 17], especially in WNT expressing cells (figures 2 and 4).

We next examined the specific processing and secretion of the Wnt16 protein in ER-stressed 

RCH-ACV cells. Cells were treated with stilbenes or the classical ER-stressing agents 

dithiothreitol or tunicamycin as indicated. Cell extracts and conditioned media were 

collected 24 hours later. Comparison of intracellular levels of Wnt16 in the treated cells 

shows that ER stress can inhibit intracellular Wnt16 protein levels as well as Wnt16 

secretion (Figure 4D). The effect of pterostilbene appears to be comparable to that of DTT 

and tunicamycin on intracellular Wnt16, and tunicamycin on secreted Wnt in the 

conditioned media. Therefore, pterostilbene could have a negative effect on Wnt signaling as 

well as inducing ER stress.

In order to determine the cellular effect of stilbenes on ALL cells, we treated RCH-ACV and 

697 cells with the various stilbenes alone, and in combination with chloroquine to block 

autophagic decompression of the ER. In figure 5, we report that pterostilbene appears to 

have modest toxicity to either cell line alone, while chloroquine alone was not toxic at all. 

However, combining the two drugs together resulted in significant toxicity. Combination of 

resveratrol with chloroquine also showed some increased toxicity relative to resveratrol 

alone in both cell lines.

Mechanistically, it was not clear if the expression of Wnt16 was responsible for the 

sensitivity of these cells, and knockdown of WNT16 in these cells results in acute toxicity. 

We therefore generated a pool of mouse L cells that stably expressed WNT16. L cells are 

used in the study of WNT proteins because they produce and secrete high levels of WNT 

proteins without being dependent on WNT signals for growth [18]. We transduced L cells 

with either empty vector or retrovirus expressing WNT16 and selected drug resistant cells. 

WNT16 expression was confirmed by western blot (data not shown). We then challenged the 

two derived cell lines with pterostilbene in the presence or absence of chloroquine and 

measured acute toxicity at 72 hours by trypan blue exclusion. We find that the Wnt 

expressing cells are slightly more sensitive to either drug alone, but are further potentiated to 

killing by the combination. To determine if this effect was maintained over the long term, we 

performed colony formation assays on similarly treated cells and found that the combination 

of pterostilbene with chloroquine was very toxic, resulting in almost two logs of cell kill, 

although enhanced kill in the cells expressing Wnt16 did not retain statistical significance. In 

addition to cell toxicity, there may be additional anti-proliferative signals from pterostilbene 

as well that would inhibit colony formation.
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Plant stilbenes are produced in times of stress and are thought to help the plant adapt to the 

insult [19]. Investigations into the effect of stilbenes on mammalian cells have been spurred 

by the realization that the stilbene resveratrol can activate SIRT proteins [20]. Potential 

applications of stilbenes in the areas of aging and cancer have been investigated [21]. 

However, to date, there is not a recognized, FDAapproved therapeutic application of 

stilbenes in humans, although toxicity studies have shown pterostilbene to be safe to humans 

up to a dose of 250 mg/day [22].

CONCLUSIONS

These studies identified stilbenes as potent agents that induce ER stress using an unbiased 

small molecule screen. However, inhibitors of many essential ER functions such as 

glycosylation or protein folding can result in ER stress. Investigations are ongoing to 

identify precise molecular pathway(s) that are specifically inhibited by stilbenes that could 

result in the accumulation of unfolded proteins. Many molecular activities have been 

attributed to pterostilbene, such as cell cycle arrest, apoptosis, autophagy, oxidative stress, or 

stem cell depletion [17, 23–31]. Pterostilbene has even been shown to have enhanced 

toxicity with autophagy inhibitors through somewhat empirical analysis [16, 32]. However, 

this work shows that it is possible that these effects could be a secondary consequence of a 

block to ER function, especially in cells with elevated ER load. As with other agents that 

induced ER stress, prolonged treatment with stilbenes has some cellular toxicity [24, 27, 33, 

34].

The unfolded protein response/integrated stress response has inherent redundancy in the 

three arms (XBP1/ATF4/ATF6). However, our data supports the concept that there are 

differences in the downstream effects, and complementary roles for the autophagic 

machinery. We are able to effectively block stilbene-induced activation of the XBP1 

transcription factor with STF-083010 (figure 2C) and this results in a compensatory increase 

in the ATF4/CHOP response. Interestingly, the combination of pterostilbene and 

STF-083010 does not result in increased toxicity in HT1080 cells in vitro; the compensation 

for lack of XBP1 is sufficient. On the other hand, the cellular induction of autophagy in 

response to pterostilbene appears to be related to clearance of proteins from the ER, and 

does not have a redundant pathway because addition of chloroquine adds significant toxicity 

to pterostilbene treatment.

This work identifies some of the pathways that are affected by stilbenes in order to exploit or 

potentiate their toxicity as anti-cancer agents. We present data supporting a role for ER-

stress as a primary generator of toxicity by pterostilbene. However, this may not be the only 

cellular process that is affected, and additional mechanisms may be engaged as well. These 

alternative pathways may also help to explain some of the differences in the effects of the 

tested stilbenes. Reports have identified effects of stilbenes on stem cells, apoptosis, 

inflammation, oxidative stress, and cell cycle. It is possible that many of these effects are 

mediated through an inherent imbalance in the function of the ER and the secretome. In fact, 

a recent report of piceatannol identifies an atypical sensitivity of myeloma cells to the agent 

[35]. Such sensitivity would be consistent with an induction of ER stress because myeloma 

cells have been shown to be sensitive to ER-stressing agents [36].
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METHODS

Small-molecule library screening

High Throughput Screen—Two libraries of known modulators/FDA approved drugs 

were screened at the Stanford High- Throughput Bioscience Center (HTBC) including the 

Library of Pharmacologically Active Compounds (LOPAC1280) and the NIH Clinical 

Collection (NIHCC446). HT1080 reporter cells were plated at 104 cells per well in 384-well 

plates. The next day, duplicate wells were tested at 10 µM for each compound in both the 

XBP1-luciferase and the CMV luciferase reporter cell lines. 24 hours later luciferase signal 

was detected and relative change in the XBP1 reporter cells was normalized to changes in 

the CMV reporter cells.

Secondary Reporter assays

HT1080 cells expressing the XBP1-luciferase reporter were plated and 24 hours later were 

treated with the indicated compound at 10 µM. 24 hours later, cells were lysed, and reporter 

activity was measured using a Monolight 2010 luminometer (Analytical Luminescence 

Laboratory, San Diego, CA) and a luciferase reporter assay kit (Roche, Indianapolis, IN). 

The data are normalized for expression of the CMV-luciferase expressing HT1080 cells. 

Values are reported as mean +S.D. for three independent experiments.

Western Blot Analysis

In brief, treated cells were harvested in RIPA buffer (1% Triton X-100, 150mM NaCl, 

20mM Hepes (pH 7.5), 10% glycerol, 1mM EDTA, 100mM NaF, 17.5mM β-

glycerophosphate, 1mM PMSF, 4µg/ml aprotinin, 2µg/ml pepstatin A), lysates were 

sonicated and cleared by centrifugation, protein concentrations were quantitated. 25–50 µg 

were electrophoresed on a reducing Tris-Tricine gel, and electroblotted to PVDF membrane. 

Antibodies used were anti-β-catenin and anti-Wnt16 (BD Biosciences Pharmingen), anti-p-

eIF2#, anti-CHOP (Cell Signaling Technology), anti-LC3 (MBL International), anti-sXbp1 

(Biolegend), anti-β-actin (Abcam) and anti-tubulin (Santa Cruz Biotechnology). Primary 

antibodies were detected with species-specific HRP-secondary antibodies (Invitrogen) and 

visualized with ECL (Amersham).

Cell number assays

For trypan blue exclusion death assay, cells were plated in 12-well plates (2×104 cells/well) 

and treated. All cells were harvested, and resuspended in PBS. An equal volume of cell 

suspension was mixed with 0.4% Trypan Blue solution (Sigma-Aldrich, Saint Louis, MO) 

and the number of blue cells determined on a hemocytometer with the percent of total cells 

reported. Assays were performed in triplicate. For cell proliferation, the Vybrant® MTT 

proliferation kit (Life Technologies) was used. Briefly, 6,000 cells were plated in 96 well 

plates in phenol red-free media and treated with increasing concentrations of chloroquine 

and/or pterostilbene in triplicate wells for 72h as indicated. 120 µM of 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added and the formazan 

precipitate produced over 4 hours. Precipitate was solubilized in 70% DMSO, and 

absorbance was measured at 540nm.
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Acridine orange (AO) staining

Changes in intracellular acidic compartments were determined according to Klionsky with 

minor modifications [37]. Briefly, following treatment, cells were stained with 2.5 µg/ml AO 

for 15 min, resuspended in PBS, and immediately analyzed in a FACSCalibur flow 

cytometer (Becton Dickinson, San Jose, CA, USA). Green and red fluorescence were 

measured on a linear scale using the FL1 and FL3 channels, respectively.

Statistical Analysis

Pairwise comparisons were analyzed by two tailed students T test to determine statistical 

significance. Significance is indicated on figures with * P<0.05, ** 0.05<P<0.01, *** 

0.01<P<0.001
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ABBREVIATIONS

ER endoplasmic reticulum

UPR unfolded protein response

AO acridine orange

LC3 microtubule-associated protein 1 light chain 3

ERAD ER associated degradation

XBP1 X-box binding protein 1

IRE1 Inositol-requiring enzyme-1

PERK pancreatic eIF2 kinase

CHOP C/EBP homologous protein 10

ATF4 activating transcription factor 4

LOPAC library of pharmacologically active compounds

NIHCC NIH clinical collection
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Highlights

• Plant stilbenes reveratrol, piceatannol and pterostilbene were identified in a high 

throughput screen as inducers of ER stress.

• Autophagy is a component of the cellular adaptation to stilbene exposure.

• Combined treatment with stilbenes and autophagy inhibitors yields more than 

additive cell kill.
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Figure 1. 
Identification of small molecules that induce ER stress

Panel A: Results from the primary screen for normalized induction of the XBP1-luciferase 

reporter gene in cells treated for 24 hours at 10 µM of the indicated drug.

Panel B: Fold induction of the XBP1-luciferase reporter gene after 24 hours of treatment 

with 20 µM of the indicated compound in manually performed secondary screen of top hits 

from primary screen.

Panel C: Fold induction of the ATF4-luciferase reporter gene in manually performed 

secondary screen as described in B.

Papandreou et al. Page 12

Exp Cell Res. Author manuscript; available in PMC 2016 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Molecular characterizations of the effects of stilbenes on markers of ER stress and 

autophagy in HT1080 cells.

Panel A: Immunoblot analysis of XBP1 splicing (top), induction of the ATF4 target gene 

CHOP (middle), and processing of LC3 (bottom) by 20 hours of 20 µM resveratrol, 

piceatannol and pterostilbene as indicated. Tubulin is used as loading control.

Panel B: Immunoblot analysis of sXBP1, CHOP, and LC3 as performed in A by either 4 or 

20 hours of treatment with 20 µM pterostilbene, 20 µM chloroquine, or both.

Panel C: Immunoblot analysis of sXBP1, CHOP and LC3 in cells treated with 20 µM 

pterostilbene, 10 µM STF-083010, or 20 µM chloroquine alone or in combination.

Panel D: Immunoblot analysis of ER stress comparing 24 hour treatment with either 20 µM 

pterostilbene, 2.5 µg/ml tunicamycin, 10 nM MG-132, or 1.0 mM DTT. Lysates were probed 

for GRP78/Bip to indicate the total ER stress of the treatments.
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Figure 3. 
Treatment with pterostilbene is toxic in the presence of autophagy inhibitors.

Panel A: Growth inhibition of chloroquine alone on HT1080 cells as measured by the MTT 

assay after 72 hours of treatment. Data reported is average of two experiments performed in 

triplicate.

Panel B: Growth inhibition of pterostilbene alone and in combination with 20 µM 

chloroquine on HT1080 cells measured by MTT assay after 72 hours. Data reported is 

average of two experiments performed in triplicate.

Panel C: Western blot analysis of molecular changes in sXBP1, CHOP and LC3 in HT1080 

cells treated for 72 hours with 20uM pterostilbene, chloroquine or both.

Panel D: Toxicity of the treatments described in panel C. Percent dead cells reported as 

measured by trypan blue exclusion assay.

Papandreou et al. Page 14

Exp Cell Res. Author manuscript; available in PMC 2016 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Molecular characterization of the effect of pterostilbene on autophagy in HT1080 and 

WNT16 expressing acute lymphoblastic leukemia (ALL) cells.

Panel A: Western blot analysis of autophagy markers in HT1080 cells exposed to 24 hours 

of pterostilbene, chloroquine, or the combination. Note decreased levels of adapter protein 

p62, and an enhanced induction of LC3 processing in the cells exposed to both drugs.

Panel B: Western blot analysis of XBP1 splicing and LC3 processing in RCH-ACV cells 

treated for 4 or 20 hours with 20 µM pterostilbene, chloroquine or the combination.

Panel C: Quantification of acidic vesicles in ALL cells after treatment for 20 hours with 20 

µM of either resveratrol, piceatannol or pterostilbene as measured by acridine orange 

staining and fluorescent activated cell sorting (FACS).

Panel D: Molecular characterization of WNT16 processing in RCH-ACV cells treated with 

20 µM stilbenes or classical ER-stressing agents DTT (1 mM) or tunicamycin (2.5 µg/ml). 

Top panels are western blot of cellular lysates and bottom panel is Immunoblot of equal 

volumes conditioned media from dishes after 24 hours treatments as indicated.
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Figure 5. 
Potentiation of stilbene toxicity by addition of the autophagy inhibitor chloroquine

Panel A: Quantitation of cell death in 697 cells after 72 hours treatment with either 20 µM 

stilbenes or chloroquine alone, or in combination. Dead cells were measured by loss of 

trypan blue exclusion. Statistical significance for duplicate experiments performed in 

triplicate (* = p< 0.05, ** .05<p<0.01)

Panel B: Similar analysis as in A for the RCH-ACV cells.
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Figure 6. 
Expression of WNT16 in mouse L cells can sensitize them to treatment with stilbenes and 

autophagy inhibitors

Panel A: Quantification of cell death in empty vector and WNT16 expressing L cells after 72 

hours treatment with 20 µM stilbene, chloroquine or the combination as indicated. Death 

determined by loss of trypan blue exclusion in duplicate experiments performed in triplicate 

(* = p< 0.05, ** .05<p<0.01).
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Panel B: Quantitation of colony formation in empty vector and WNT16 expressing L cells 

treated with 20 µM stilbenes, chloroquine or the combination and allowed to grow for 10 

days. Colonies were fixed, stained with crystal violet, and counted if they were over 50 cells.
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