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Objective: Overexpression of the sonic hedgehog (SHH) signaling pathway is an essential
characteristic of pancreatic cancer stem cells (PCSCs) and arsenic trioxide (ATO) is described
as a SHH inhibitor. This study evaluates whether ATO has the potential to inhibit viability of
PCSCs via binding to SHH-Gli proteins.

Methods: Cell counting kit-8 and flow cytometry were used for analyzing apoptosis in cells
in vitro. The animal model was an athymic nude mouse model bearing subcutaneous xenografts of
SW1990 pancreatic cancer cells. The terminal deoxynucleotidyl transferase dUTP nick end labeling
assay and immunohistochemistry were used for tumor tissue analysis. The interaction between Glil
and ATO was examined by a confocal system and an ultraviolet absorption spectrum assay.
Results: ATO induced apoptosis in pancreatic cancer cells, especially CD24*CD44* cells
in vitro. Combination treatment of ATO and low dose gemcitabine inhibited tumor growth by
60.9% (P =0.004), and decreased the expression of CD24, CD44, and aldehyde dehydrogenase
1 family, member A1 significantly in vivo. ATO changed the structure of the recombinant Glil
zinc finger peptides in a cell-free condition and the binding action of ATO to recombinant Glil
was observed in cultured pancreatic cancer cells.

Conclusion: ATO may have the potential to inhibit viability of PCSCs via binding to SHH-Gli
proteins in vitro and in vivo.
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Introduction
Increasing evidence suggests that the composition of malignant tumors is heteroge-
neous and that they contain a distinct subpopulation of cells termed cancer stem cells
(CSCs). These CSCs, like their normal stem cell counterparts, have the capacity to
self-renew and produce differentiated progeny.'* These characteristics of CSCs evoke
tumor initiation and propagation, while the much larger set of more differentiated cancer
cells possesses a limited proliferative potential. Conventional chemotherapy remains
the mainstay of pancreatic cancer management. However, even patients whose tumors
initially are arrested or regress with therapy eventually experience tumor regrowth
while still receiving the primary therapy. This may be attributed to the subpopulation
of CSCs originated by a senescent, cytotoxic therapy resistant precursor in pancreatic
cancer cells. Pancreatic cancer stem cells (PCSCs) have been isolated and are defined
by the expression of the cell surface markers CD24*, CD44*, and ESA*, and these cells
account for 0.2%—0.8% of all pancreatic cancer cells in tumors.**

The sonic hedgehog (SHH) signaling pathway, which is involved in regulating the
growth and survival of tissue stem and progenitor cells, is markedly upregulated in
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CD24*CD44"ESA* pancreatic cancer cells when compared
with CD24-CD44"ES A~ and bulk ones, indicating that aber-
rant SHH plays a critical role in PCSCs.? SHH ligands bind
to their receptors and activate a signaling cascade that culmi-
nates in the nuclear translocation of Gli transcription factors
and the regulation of target genes.’ As previously described,
inhibition of the SHH signaling pathway might be a strategy
for PCSC targeted therapy, and SHH signaling antagonists
such as GDC-0449 (vismodegib) and sulforaphane have
demonstrated efficacy.*¢

Arsenic trioxide (ATO) has been found to block the SHH
signaling pathway by inactivating Gli proteins.” Prior work
by another group has shown that ATO has significant antitumor
effects on several types of solid tumors based on Gli inhibi-
tion.” We hypothesized that ATO has the potential to inhibit
viability of PCSCs in culture and in xenografts via binding to
Gli proteins of the SHH pathway. We aim to develop a plan
that can be applied clinically. For this purpose, the effects of
ATO on the human pancreatic cancer cell line, SW1990, and
the possible mechanism were evaluated in this study.

Methods

Cell line and reagents

The pancreatic cancer cell line, SW1990, was obtained from
the American Type Culture Collection (Manassas, VA, USA).
Cells were grown in RPMI (Gibco Invitrogen, Carlsbad,
CA, USA) with 10% fetal bovine serum (Gibco Invitrogen).
Sterile, pharmaceutical grade ATO powder was obtained
from Beijing SL Pharmaceutical Co, Ltd (Beijing, People’s
Republic of China) with additives including sodium hydro-
gen carbonate, mannitol, and glycerin for promoting water
solubility. Green fluorescent protein (GFP)-Glil expressing
adenovirus was provided by Sunbio Medical Biotechnology
Co, Ltd (Shanghai, People’s Republic of China).

Cellular proliferation assay

Cellular proliferation was assessed by plating cells at a den-
sity of 5,000 cells per well, in triplicate, in a 96 well plate.
Fresh standard growth media containing ATO or vehicle
was added at the designated concentrations the morning
after plating, once the cells had attached. Viable cells were
quantified using cell counting kit-8 (cck-8) reagent (Dojindo
Laboratories, Kumamoto, Japan) according to the manufac-
turer’s protocol on days 1, 2, and 3. Cck-8 solution (10 pL)
was added to each well, followed by incubation for 2 hours
at 37°C. The absorbance at 450 nm was determined using a
multiplate reader (ELX-800; BioTek, Winooski, VT, USA).
Cell viability was expressed as the percentage of viable cells

relative to the control (untreated) cells. For each concentration
of ATO, mean values were calculated from the mean absor-
bance values of three wells. IC, values were calculated by
sigmoidal dose response curve fit using GraphPad Prism 5
Demo (GraphPad Software, San Diego, CA, USA).

Flow cytometry

Dissociated cells were counted, transferred to 5 mL tubes,
and washed twice with phosphate buffered saline (PBS) at
a concentration of 1 x 10° cells per 100 uL. An Alexa fluor®
Annexin V/Dead Cell Apoptosis kit (Invitrogen, Carlsbad,
CA, USA) was used to distinguish and quantitatively deter-
mine the percentage of dead, viable, apoptotic, and necrotic
cells after treatment with drugs according to the manufac-
turer’s instructions. Antibodies against human including anti-
CD24-phycoerythrin (Biolegend Inc, San Diego, CA, USA)
and anti-CD44-APC (allophycocyanin) (Biolegend Inc) were
added to the samples, and then the samples were incubated
and protected from light for 20 minutes. Samples were
washed twice with PBS and resuspended in 100 pL binding
buffer. Propidium iodide (PI) and annexin-V reagents were
added and incubated for 15 minutes, followed by the addition
of 400 uL binding buffer. Flow cytometry was performed
using a Beckman Coulter FC500-MPL flow cytometer (Beck-
man Coulter Inc, Brea, CA, USA) in conjunction with CXP
analysis software (Beckman Coulter Inc).

Xenograft experiment

Mice were purchased from the Shanghai Laboratory Animal
Center (Chinese Academy of Sciences, Shanghai, People’s
Republic of China). The experimental animal protocols were
reviewed and approved by the animal care committee of the
Shanghai Institutes for Biological Sciences of the Chinese
Academy of Sciences as well as the Fudan University
Shanghai Cancer Center.

Five-week-old female athymic nude mice were main-
tained in laminar flow rooms under constant temperature and
humidity. First, SW1990 cells (5 x 10° cells) were injected
subcutaneously into one flank of five mice. After 3 weeks,
mice were sacrificed and tumors were harvested. Two of the
medium sized tumors were dissected to 1 mm?® volumes and
transplanted into 32 mice. After another 2 weeks, mice showing
tumors were randomly assigned to control, Gem, ATO, or the
combination group, and administered the following: (1) control
group (n = 8): injection of normal saline (vehicle) at the same
volume as that used for the combination group; (2) Gem group
(n=28): injection of 15 mg/kg gemcitabine hydrochloride (Lilly,
France), intraperitoneal (ip), once weekly; (3) ATO group
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(n = 8): injection of 5 mg/kg ATO, ip once every other day;
and (4) combination group (ATO + Gem; n = 8): 5 mg/kg ATO
ip injection once every other day, plus 15 mg/kg gemcitabine
hydrochloride, ip injection once weekly. Tumor sizes were
measured every 3 days and volumes (V) were determined by
the equation: V = (L x W?) x 0.5, where L was the length and
W was the width of the tumor.'® The mice were treated for 3
weeks and sacrificed on day 22. The tumors were removed
and photographed. Tumor tissues were fixed in formalin for
hematoxylin and eosin (H&E) staining, terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL) assay, and
immunohistochemical (IHC) staining.

IHC and TUNEL assays

Briefly, 5 um sections of formalin fixed paraffin embedded tis-
sues were deparaffinized with xylene and rehydrated through
a graded alcohol series. Heat-induced epitope retrieval was
performed by immersing the tissue sections in 10 mM citrate
buffer (pH 6.0) with 0.05% Tween at 98°C for 20 minutes.
Slides were pretreated with 3% hydrogen peroxide at room
temperature, 10 mM sodium citrate at 65°C, and equilibra-
tion buffer. Slides were exposed to terminal transferase and
digoxigenin-labeled dUTP in reaction buffer for 2 hours at
37°C, stopped with wash buffer, and blocked with 10% normal
goat serum. Slides were exposed to horseradish peroxidase-
conjugated anti-digoxigenin secondary antibodies (Roche
Applied Science, Mannheim, Germany) and 3,3’-diaminoben-
zidine chromagen (Dako, Glostrup, Denmark). The TUNEL
assay was performed using the Apotag kit (Roche Applied
Science), and the anti-human CD24 antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-human CD44
antibody (Cell Signaling Technology, Danvers, MA, USA),
or anti-human aldehyde dehydrogenase 1 family, member
Al (ALDHI A1) antibody (Santa Cruz Biotechnology) were
used for tissue IHC staining according to the guidelines of
the providers.!® The results were analyzed by a pathologist in
a blinded fashion with Image-Pro Plus 6.0 software (Media
Cybernetics, Inc, Maryland, USA)."

Peptide recombination and ultraviolet

absorbance spectrometry assay

Primers were designed as follows based on the published amino
acid sequence of the Glil zinc finger domain:'>"* forward
primer, CCGGAATTCTGCCGTTGGGATGGCTGCAG,
and reverse primer, CCCAAGCTTAATGCACTGTCTTGA
CATGTTTTCGC, with an EcoRI site and a HindIII site at
the 5" end of each primer (underlined). The gene fragment
coding the zinc finger domain of Glil was amplified from a

HeLa cell cDNA library and linked into the expression plas-
mid pMAL-C2X New England Biolabs (NEB) to construct
the expression plasmid pMAL-C2X-Glil-zinc-finger-motif.
After confirmation by restriction enzyme digests and DNA
sequencing, the expression plasmid was transformed into the
BL21 E. coli strain. A high expression strain was selected and
induced, and the expressed recombinant protein was purified
using MBP (maltose-binding proteins) affinity.'*!> More
information is shown in Figure S1.

Peptides were solubilized at a concentration of 25 uM
in phosphate buffer (pH 7.0), and various molar equiva-
lents of ATO were added. The solutions were placed in a
0.1 mm path length quartz cuvette. Spectra were averaged
over eight scans from 240-340 nm on a ultraviolet-visible
spectrophotometer (UV2800; UNICO, Shanghai, People’s
Republic of China).

Confocal fluorescence microscopy

To detect the interaction between ATO and Gli, SW1990 cells
were transfected with GFP-Glil expressing adenovirus (AD-
GFP-Glil, provided by Sunbio Medical Biotechnology Co,
Ltd) according to the manufacturer’s protocol. Localization
was determined by the detection of green fluorescence released
from GFP tagged proteins. Twenty-four hours after adenovirus
transfection, cells grown on cover glasses were treated with
ATO at 2.5 uM for 12 hours. Adenovirus containing GFP
(AD-GFP) was used as the negative control. Cells expressing
GFP-fused constructs were labeled with 2.5 UM ReAsH-EDT,
(Invitrogen, molecular probes, Inc.) for 30 minutes at 37°C in
serum-free Opti-MEM (Invitrogen). After thoroughly washing
with 250 uM BAL (Invitrogen, molecular probes, Inc.) buffer,
cells were live-imaged using an Olympus FluoView FV300
confocal laser scanning biological microscope system and
software (Olympus, Tokyo, Japan).

Statistics

The quantitative results were represented as the mean + stan-
dard error of at least three independent experiments.
Significant differences were determined with 2-tailed Stu-
dent’s ¢ tests performed using Office Excel 2003 or GraphPad
Prism 5 Demo (GraphPad Software, San Diego, CA, USA).
P-values < 0.05 were considered statistically significant.

Results
ATO induced apoptosis in CD24*CD44*
SW1990 cells in vitro

The cell proliferation assay with cck-8 demonstrated that
ATO inhibited the viability of the SW1990 cell line in a time
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dependent manner. After 24 hour treatment, only when the
ATO concentration was above 10 UM, the proliferation of
SW1990 cells was able to be inhibited. However, extend-
ing the treatment time to 48 hours decreased the effective
concentration to 5 UM, and after a 72 hour treatment, the
viability of the cells decreased at a drug concentration of
approximately 2.5 uM (Figure 1A).

Different staining patterns observed in the flow cyto-
metry assay enabled us to identify different cell populations:
live cells (both annexin V and PI negative), early apoptotic
cells (annexin V positive and PI negative), late apoptotic or
necrotic cells (both annexin V and PI positive), and dead cells
(annexin V negative and PI positive). When compared with
the vehicle group, significant differences were observed in
the apoptosis of either the whole group or the CD24*CD44*
subgroup of cells after 2.5 uM or 5 uM ATO treatment.
Furthermore, when compared with the whole group, the
apoptosis of CD24*CD44" cells increased approximately 2.9
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Figure | Arsenic trioxide induced apoptosis in CD24*CD44* SW1990 cells.

or 3.4 fold (Figure 1B and Table 1), indicating that ATO may
act more effectively on the CD24*CD44* cells.

ATO plus gemcitabine synergistically inhibited tum-
origenesis of pancreatic cancer cells. Based on our in vitro
results and the current theories regarding CSC, we pro-
posed that the inhibition of CSC viability by ATO could
improve effects of conventional chemotherapies to retard
tumor growth significantly. To investigate this idea, four
management arms were delivered to mouse models estab-
lished by transplantation of SW1990 xenograft tumors. In
contrast to the studies performed by other investigators,'¢'8
the dosage of gemcitabine applied in this study (15 mg/
kg weekly) was much lower. Meanwhile, the dosage of ATO
(5 mg/kg every other day) was similar to other studies.!**
When compared with the control, the combination treat-
ment with ATO and gemcitabine, as well as the treatment
with ATO or gemcitabine alone, inhibited tumor growth
by 60.9% (P = 0.004), 22.8% (P = 0.205), and 23.6%
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Notes: (A) Time dependent effects of arsenic trioxide (ATO) on pancreatic cancer cell viability. (B) ATO induced apoptosis in cells expressing CD24*CD44*. The blue
points indicate the CD24*CD44" cells in the whole population. Cells were treated with 2.5 or 5 um ATO for 72 hours.

Abbreviation: Pl, propidium iodide.
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Table | Apoptosis in SW1990 cells treated with arsenic trioxide
(percentage, mean + standard deviation)

SW1990 cells ATO concentrations

0pm 2.5 um 5pum
Total 1.4+£03 3.7£0.8*% 4.6+ 1.7%
CD24'CD44* 07+0.2 10.7 £ 2.4% 15.5+2.8*

Notes: Data are from flow cytometry analysis of apoptotic cells. SW1990 cells
were treated with vehicle, or 2.5, or 5 im arsenic trioxide for 72 hours. Percentage
values indicate the proportion of apoptotic cells. * Denotes P < 0.01 versus 0 pm.
Abbreviation: ATO, arsenic trioxide.

(P=0.189), respectively (Figure 2A and B). As we designed
for this experiment, neither low dose gemcitabine nor ATO
could inhibit the growth of tumors, but their combination
could.

ATO inhibited viability of PCSCs in vivo

Using the TUNEL assay, apoptosis induced by the treat-
ments could be observed in tumor tissues. According to the
results, the apoptosis induced by the ATO and gemcitabine
combined treatment increased by approximately 3.4, 3.6,
or 5.5 fold when compared to ATO, gemcitabine alone, or
the control, respectively (Figure 3A, B and Table 2). As
shown by the IHC assay, although low dose gemcitabine
treatment could increase CD24, CD44, and ALDH1A1
staining intensities, for the ATO and gemcitabine combi-
nation group, the staining intensities of CD24, CD44, and
ALDHI1AT1 were stable when compared to the control, and
decreased significantly when compared to the Gem group
(Figure 3A, B and Table 3), indicating that ATO may act
as a drug to suppress expression of the markers and inhibit
viability of PCSCs.
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Figure 2 Arsenic trioxide inhibited tumorigenesis of SW1990 cells in vivo.

ATO was bound to Gli at the zinc

finger domain

Using the recombinant peptide consisting of the amino acid
sequence of the five zinc finger motifs of the Glil protein,
the ultraviolet absorbance spectrometry assay showed that
ATO was capable of changing the optical absorbance of the
peptide. ATO alone was not able to generate absorbance in
water, while the peptides generated an absorbance peak at
approximately 260 nm. When various molar equivalents of
ATO were added to the peptide solutions as indicated in
Figure 4A, the optical absorbance of the peptides decreased
at wavelengths ranging from 240 to 340 nm, suggesting that
ATO changed the structure of the peptides and that changes
in the binding action of ATO may occur.

Furthermore, employing the ReAsH-EDT, reagent, the
colocalization of Glil and ATO within cultured SW1990 cells
was examined by confocal fluorescence microscopy. The
results demonstrated that ReAsH-EDT, did not bind to AD-
GFP proteins but did bind to AD-GFP-Glil, releasing a red
emission that became yellow when merged with the green
color of GFP (Figure 4B). Within the cells treated by ATO for
12 hours, the interaction between AD-GFP-Glil and ReAsH-
EDT, was weakened (Figure 4B), indicating that the binding
of ReAsH-EDT, to Glil might be replaced by ATO.

Discussion

ATO has been used in Chinese folk remedies for more than
2,000 years and has been approved by the US Food and Drug
Administration as a second line therapy for acute promyelocytic
leukemia patients who have had no response to, or who have
relapsed on, all transretinoic acid therapy.*'?? Previous reports
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Notes: (A) Tumor growth chart showing the effects of each management arm. Points represent the mean values of tumor volumes in each group. The bars represent

standard deviation. (B) Pictures of tumors.
Abbreviations: ATO, arsenic trioxide; Gem, gemcitabine hydrochloride.
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Figure 3 Alterations in apoptosis signaling in xenograft tumor samples and illustration of the potential mechanism.

Notes: Tumors were collected after a 3-week treatment and the prepared tissue slides were analyzed by immunohistochemistry (IHC) using anti-CD24, anti-CD44, and
anti-aldehyde dehydrogenase | family, member Al (ALDHIALI) antibodies, accompanied by hematoxylin and eosin and terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assays. (A) Representative figures of hematoxylin and eosin, The black bars are scale bars, arrows indicate positive cells. TUNEL, and IHC assays using
treated tumor samples. Scale bars are 20 um. (B) Apoptosis and relative expression of CD24, CD44, and ALDHIAI in tumors. Apoptosis in tumor tissues were detected
by TUNEL assay. Relative expression of CD24, CD44, and ALDHIAI was detected by IHC, and analyzed with Image-Pro Plus software (Media Cybernetics, Inc, Maryland,
USA). In the three lower panels, MOD, mean optical density, the columns are mean values of MOD of each group, the bars represent standard deviation. *denotes P < 0.05

and **denotes P < 0.01.

Abbreviations: ALDHIAI, aldehyde dehydrogenase | family, member Al; ATO, arsenic trioxide; Gem, gemcitabine hydrochloride; H&E, hematoxylin and eosin; MOD, mean

optical density; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

regarding ATO treatment of solid tumors have provided the
evidence for several possible mechanisms, including nuclear
factor-kB, the mitochondrial pathway, Bcl-2, c-Jun N-terminal
kinase, Sox2, and the Notch pathway.?*?* The effect of ATO in
acute promyelocytic leukemia is to induce the degradation of
Table 2 Apoptosis in tumors of each group analyzed by terminal

deoxynucleotidyl transferase dUTP nick end labeling assay
(percentage, mean * standard deviation)

Groups
Control Gem ATO ATO + Gem
Apoptosis  8.6+4.1  129+35%  [38+45% 469+ 5.6%

Notes: Tumor tissues were from mice in each group and apoptosis analysis was
performed manually. * Denotes P < 0.05 and ** denotes P < 0.01 versus the control.
Abbreviations: ATO, arsenic trioxide; Gem, gemcitabine hydrochloride ; dUTP,
2’-deoxyuridine-5’-triphosphate.

the promyelocytic leukemia-retinoic acid receptor o. (PML-
RAR) fusion protein via binding to the cysteine residue in the
zinc finger domain of the PML-RAR.?' Similar to the PML-
RAR protein, Gli proteins also have zinc finger domains, and
there is evidence to suggest that ATO is capable of inhibiting
the SHH pathway through a similar binding action as with
PML-RAR. Furthermore, ATO was proposed to block SHH
signaling through preventing ciliary accumulation of Gli.*’
Data from our study indicated that ATO may replace the zinc
ions in the zinc fingers of the Gli proteins, leading to protein
inactivity similar to that observed for PML-RAR. In other
words, the replacement of the zinc ions chelated in the zinc
finger motifs of Gli proteins by arsenic may be the key factor
that allows ATO to act as a SHH inhibitor.
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Table 3 Mean optical density analysis on the immunohisto-
chemistry slides (x1072, mean * standard deviation)

Markers  Groups

Control Gem ATO ATO + Gem
CD24 1.07+£0.33 1.79+£054% 1.11£028 1.04+£037
CD44 1.05+0.36 2.08+048% 073+£022 0.56=+0.25
ALDHIAI  0.06+0.05 0.37x0.11" 0.06+0.04 0.07+0.04

Notes: Immunohistochemistry slides were prepared with the tumors from mice
in each treatment group and the mean optical density of label color (brown) in
immunohistochemistry were analyzed with Image-Pro Plus software (Media
Cybernetics, Inc, Maryland, USA). * Denotes P < 0.05 and ** denotes P < 0.01
versus the control. No significant difference was observed among other groups for
the same marker.

Abbreviations: ALDHIAI, aldehyde dehydrogenase | family, member Al; ATO,
arsenic trioxide; Gem, gemcitabine hydrochloride.

Pancreatic cancer is a highly lethal disease. The 5-year
survival rate for pancreatic cancer is 4% compared with 86%
for a US patient diagnosed with breast cancer and 97% for a
US patient diagnosed with prostate cancer.? Preclinical and
clinical evidence exists for the important role SHH signaling
has in pancreatic tumorigenesis with aberrant expression of
SHH ligands occurring in 70% of cases.?® It was described
that SHH secreted signaling proteins are overexpressed in
CSC pools.? For this reason, the SHH pathway could be an
interesting target for trials of PCSC eradication strategies.
ATO demonstrated potent antiproliferative and proapoptotic
effects in cultured pancreatic cancer cell lines, however, the
effects of ATO for treating pancreatic cancer patients are still
unclear despite the promising in vitro data.?’
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Figure 4 Arsenic trioxide binds to Glil.

Gemcitabine is a deoxycytidine analog and is widely
used as the first line treatment for unresectable pancreatic
cancer. However, the median overall survival of gemcitabine
treated patients with advanced pancreatic cancer is still
only 5-6 months.?® To improve the prognosis of patients,
low dose gemcitabine therapy combined with radiotherapy
or other chemotherapeutic agents has been used, but with
few exceptions, no improvements in the overall survival
rates of patients with advanced pancreatic cancer have been
reported.?** In this study, we used ATO as a SHH inhibitor
together with low dose gemcitabine for in vivo management
SW1990 xenografts. The results showed that although ATO or
low dose gemcitabine alone could not inhibit tumor growth,
the combination of ATO and gemcitabine did. Also, ATO
treatment stabilized the expression of CSC markers includ-
ing CD24, CD44, and ALDHI1A1 either when used alone
or when used together with gemcitabine, while gemcitabine
alone provoked, indicating that ATO may have the potential
to inhibit the viability of PCSCs in vivo.

Different chemical structures generate different ultravio-
let absorbance spectra, and we used an ultraviolet absorbance
spectrometry assay for detecting the structural change of
peptides.’! To discover whether the effects of ATO were
related to SHH-Gli proteins, we applied the recombinant
peptides of Glil zinc finger motifs to perform an ultra-
violet absorbance spectrometry assay. The results suggested
that the Glil zinc finger peptides could generate ultraviolet

(ve}

Control

Gli1

Gli1 and ATO

Notes: (A) Near-ultraviolet absorbance spectrometry assay of the Glil zinc finger peptides titrated with arsenic trioxide (ATO). The absorbance decreased with various
molar equivalents of ATO added, indicating a binding action of ATO to the peptide of the Glil zinc finger domain. (B) Colocalization of GFP-labeled Glil with ReAsH could

be weakened by ATO treatment in cultured SW1990 cells. Scale bars are 10 pum.

Abbreviations: equ, molar equivalents versus the concentration of recombinant Glil zinc finger peptides in the solution examined; GFP, green fluorescent protein.
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absorbance in water at wavelengths ranging from 240 to
340 nm, but ATO did not. However, when ATO was added
to the peptide solution, the ultraviolet absorbance decreased,
which means that ATO changed the original structure of the
peptides via binding to them. To verify whether the bind-
ing action of ATO could occur in cells, we commissioned
a biological company (Sunbio Medical Biotechnology Co
Ltd, Shanghai, People’s Republic of China) to construct
a GFP-Glil expressing adenovirus and transfect cultured
SW1990 cells. The cells were then treated with ReAsh
which is an arsenic dye. Under the confocal fluorescence
microscope, not only was ReAsh discovered to bind the
recombinant protein to weaken ReAsh’s action, but also
ATO, which suggested that Gli proteins may be the target
of ATO treatment.

In summary, the results provide the evidence that ATO
has the potential to inhibit viability of PCSCs via binding
to SHH-GIi proteins in vitro and in vivo, although only one
pancreatic cell line was investigated in this study. Our data
also suggested further investigation into the use of ATO as
a SHH inhibitor in combination with low dose gemcitabine
for pancreatic cancer cases is needed.
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Supplementary figure

A B
Zf1
237 CRWDGCSQEFDSQEQLVHHINSEHIHGERKE- 267 Zfs M1
Zf2 2000 bp
268 FVCHWGGCSRELRPFKAQYMLVVHMRRHTG 297
1000 bp
750 bp
Z13 500 bp
298 EKPHKCTFEGCRKSYSRLENLKTHLRSHTGEK 329 J50b
p
Zi4 100 bp

330 PYMCEHEGCSKAFSNASDRAKHQNRTHSNEK 360

Zf5
361 PYVCKLPGCTKRYTDPSSLRKHVKTVHG 388

M3 1 2

1 2 3 M2 4 5 6

97.2KD

66.4 KD

Figure SI Glil zinc finger peptide synthesis.

Notes: (A) The amino acid sequence of the five zinc finger motifs of the Glil protein. The symbol indicates a gap. (B) Restriction enzyme analysis of the recombinant
plasmid pMAL-C2X-Glil-Zf by EcoRI and Hindlll. Lane M1, DL-2000 DNA marker; lane I, products of the recombinant pMAL-C2X-Glil -Zf plasmid digested with EcoRI and
Hindlll. (C) Polymerase chain reaction analysis of the cloned strains. Lane M2, DL-2000 DNA marker, lanes 1-6, products of the six clones. (D) SDS-PAGE: Lane M3, TaKaRa
protein marker (broad); lane I, uninduced cell pellet; lane 2, induced cell pellet containing the Glil zinc finger motifs as indicated by the arrow.

Abbreviations: Zfs, zinc finger motifs; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis; Bp, base pair; KD, kilo-Dalton.
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