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Abstract

Gastric cancer is a leading cause of cancer-related mortality worldwide, and options to treat gastric
cancer are limited. Fluorouracil (5Fu)-based chemotherapy is frequently used as a neoadjuvant or
an adjuvant agent for gastric cancer therapy. Most patients with advanced gastric cancer eventually
succumb to the disease despite the fact that some patients respond initially to chemotherapy. Thus,
identifying molecular mechanisms responsible for chemotherapy resistance will help design novel
strategies to treat gastric cancer. In this study, we discovered that residual cancer cells following
5Fu treatment have elevated expression of hedgehog target genes GL /1 and GL /2, suggestive of
hedgehog (Hh) signaling activation. Hh signaling, a pathway essential for embryonic development,
is an important regulator for putative cancer stem cells/ residual cancer cells. We found that high
GLI1/GL[2expression is associated with some features of putative cancer stem cells, such as
increased side population. We demonstrated that GL /2 knockdown sensitized gastric cancer cells
to 5Fu treatment, decreased ABCGZ expression, and reduced side population. Elevated GL/2
expression is also associated with an increase in tumor sphere size, another marker for putative
cancer stem cells. We believe that GL/2regulates putative cancer stem cells through direct
regulation of ABCG2. ABCGZ can rescue the G/i2 shRNA effects in 5Fu response, tumor sphere
formation and side population changes, suggesting that ABCGZis an important mediator for

GL /2-associated 5Fu resistance. The relevance of our studies to gastric cancer patient care is
reflected by our discovery that high GL/1/GLIZ/ABCGZ expression is associated with a high
incidence of cancer relapse in two cohorts of gastric cancer patients who underwent chemotherapy
(containing 5Fu). Taken together, we have identified a molecular mechanism by which gastric
cancer cells gain 5Fu resistance.
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1. INTRODUCTION

Gastric cancer is the third leading cause of cancer-related deaths, with nearly 1 million cases
a year and about 700,000 deaths worldwide ( McLean and EI-Omar, 2014; Razzak, 2014;
Ferlay et al., 2015; Torre et al., 2015). The incidence of gastric cancer varies significantly in
different geographic regions, with about 70% of the incidence in Eastern Asia. As a major
solid tumor, gastric cancer development involves complex genetic and environment
interactions.

Chemotherapeutic intervention is commonly used in the neoadjuvant, adjuvant, or primary
treatment options of advanced gastric cancer whereas surgical resection is the curable
therapy for early cancer (Cunningham et al., 2006). Despite the decline in gastric cancer
incidence in the last few decades, the percentage of gastric cancer with metastasis has been
on the rising between 1990 and 2011 (Bernards et al., 2013). The median survival of
advanced gastric cancer remains 15-17 months (Orditura et al., 2014; Proserpio et al., 2014).
While some patients respond initially to chemotherapy, almost all advanced gastric cancer
patients eventually develop relapsed disease. Therefore, drug resistance is a major barrier to
achieve effective gastric cancer treatment.

The first-line chemotherapy of gastric cancer includes 5Fu, cisplatin, and epirubicin
according to NCCN guidelines (Ajani et al., 2013; Yuan et al., 2014). Furthermore,
improved chemotherapeutic agents, including taxanes (docetaxel and paclitaxel), oral
fluoropyrimidines (capecitabine and S-1), oxaliplatin and irinotecan are emerging.

Fluorouracil (5Fu), an analog of uracil with a fluorine atom substituted at the carbon-5
position of the pyrimidine ring in place of hydrogen, fulfills the expectations of biochemical,
pharmacologic, and clinical activities of anticancer drugs. The 5-fluorinated pyrimidines
have been widely used in the treatment of breast, gastric, colorectal, pancreatic cancers, and
squamous cell carcinomas arising in the head and neck (Papanastasopoulos and Stebbing,
2014). The primary mechanisms of action for 5Fu include 1) incorporation of fluorouridine
triphosphate into RNA to interfere with RNA synthesis and function, 2) inhibition of
thymidylate synthase, 3) incorporation of fluorodeoxyuridine triphosphate and deoxyuridine
triphosphate into DNA, and 4) genotoxic stress to trigger programmed cell death pathways.

Resistance to 5Fu in gastric cancer is a major clinical problem. While there are a number of
mechanisms reported to be responsible for drug resistance (Domingo-Domenech et al.,
2012; Keysar et al., 2013; Zahreddine et al., 2014; Della Corte et al., 2015; Alonso et al.,
2016), activation of hedgehog (Hh), wnt and notch signaling pathways is particularly
appealing as it is consistent with the “cancer stem cell (CSC)” theory (Yang et al., 2010;
Nozawa et al., 2013; Basset-Seguin et al., 2015). Like wnt and notch signalings, Hh
signaling is an important regulator for embryonic development, tissue polarity, cell
differentiation and cancer development (Feldmann et al., 2007; Domingo-Domenech et al.,
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2012; Steg et al., 2012a, b; Zahreddine et al., 2014). Thus, specific inhibitors for these
signaling pathways may be used to sensitize cancer cells to 5Fu treatment. However, the
significance of Hh signaling (or wnt and notch signalings) for 5Fu resistance in gastric
cancer has not been well established.

To elucidate the underlying mechanism for 5Fu resistance in gastric cancer, we evaluated
target gene expression of the Hh pathway in the residual cells following 5Fu treatment. We
discovered the activation of the Hh-ABCG?2 signaling axis in 5Fu-treated cells. We further
demonstrated the significance of Hh signaling for regulation of side population. Similar
studies were also conducted using acquired 5Fu resistant cell line N87/FR. We demonstrated
the significance of GL/2for 5Fu resistance. This mechanistic study may help develop
effective strategies against 5Fu resistance in gastric cancer.

2. RESULTS

2.1. 5Fu treatment influences Hh signaling and CSC properties in gastric cancer

Based on cancer stem cell theory (Wang and Dick, 2005; Cho and Clarke, 2008), we
predicted that residual cancer cells after chemotherapy may contain high levels of drug
resistant genes. We first measured the half maximal inhibitory concentration (1C50) for 5Fu
in gastric cancer N87 cells based on the cell viability in the presence of different
concentrations of 5Fu (Fig. 1A). We then treated N87 cells with 5 pM of 5Fu (about the
IC50 dose) for 48 h, and examined expressions of GL/Z and GL/2, two important
transcriptional factors for the Hh signaling pathway. We found elevated expressions of GL/1
and GL/2in 5Fu-treated cells. In particularly, the relative level of GL/2expression in the
treated cells was over 15 times higher than that of the untreated control cells (Fig. 1B),
suggesting that cells with activated Hh signaling survive better after 5Fu treatment. The
elevated expressions of GL/1and GL/2appear to be specific to 5Fu treatment because we
did not see significant changes in many other genes including JAG2and TGFSZ2 (data not
shown here).

Because Hh signaling is critical for the maintenance of putative cancer stem cells or residual
cancer cells (Reya et al., 2001; Taipale and Beachy, 2001; Takebe et al., 2015), we first
examined several features of putative cancer stem cells (Fukamachi et al., 2011; Ishimoto et
al., 2011; Wang et al., 2011; Chen et al., 2012; Jiang et al., 2012a; Chen et al., 2013; Dong et
al., 2013; Rassouli et al., 2016) following 5Fu treatment in N87 cells. The side population is
often enriched in cancer stem cells, and ABCGZis the major gene regulating side population
(Jiang et al., 2012b). We found that 5Fu treatment for N87 cells caused an increase of side
population (2.42% for untreated cells and 8.60% for treated cells) (Fig. 1C), indicating that
residual cancer cells (or putative cancer stem cells) are enriched after 5Fu treatment. This
result is consistent with that the elevated expressions of GL/Z and GL/2following 5Fu
treatment.

Tumor sphere formation is a known biological readout of cancer stem cells (Weiswald et al.,
2015). We found that the tumor spheres (secondary) formed from the 5Fu-treated N87 cells
are much bigger than that of the control cells (Fig. 1D), implying the high cancer stem cell
activity after 5Fu treatment.
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Both side population and tumor sphere size were increased following 5Fu treatment in N87
cells, indicating that elevated Hh signaling may be responsible for the maintenance of
residual cancer cells (or putative cancer stem cells) following 5Fu treatment in gastric cancer
cells.

2.2. 5-Fu resistant N87 cell keeps high level of Hh signaling and CSC properties

Elevated Hh signaling in cells after 5Fu treatment indicates the role of Hh signaling for
intrinsic drug resistance in N87 cells. In the meantime, we established an acquired 5Fu
resistant cell line, N87/FR, from the parental N87 cells through many rounds of 5Fu
treatment with increased concentrations of 5Fu. N87/FR has an IC50 of more than 15 pM,
whereas the parental cells have an 1C50 of about 5 pM (Fig. 2A). We also examined gene
expressions of GL/Zand GL/2Z, and found elevated levels of GL/Zand GL/2in N87/FR in
comparison with the parental N87 cells, indicating activated Hh signaling in 5Fu resistant
cells (Fig. 2B). Similarly, we found that N87/FR has a higher percentage of side population,
and significantly larger tumor spheres in comparison with N87 cells (Fig. 2C and D).

Thus, elevated Hh signaling appears to be associated with an increased side population and
bigger tumor spheres in both situations: after 5Fu treatment or in acquired resistant cells.
The former represents intrinsic resistance to 5Fu, whereas the latter represents acquired
resistance to 5Fu.

2.3. Knockdown of GLI2 affects the CSC properties

To evaluate the functional relevance of Hh signaling for drug resistance in N87 cells, we first
knocked down GL/2expression by expressing GL/2shRNAs (shGL/2) in the 5Fu resistant
N87/FR cells. We discovered that knocking down GL/Znot only reduced GL/2expression
by 80%, but also decreased GL /I transcript (>70%) (Fig. 3A), which is consistent with the
notion that GL/Zregulates GL/1 expression in a number of biological systems (Motoyama et
al., 1998; Ikram et al., 2004; Li et al., 2012). Down-regulation of GL/2in N87/FR cells
reduced the 1C50 from 15 uM to about 6 uM (Fig. 3B), which is similar to the 1C50 of the
parental N87 cells.

In consistent with reduced expressions of GL/Z and GL/2after GL/2shRNA expression, we
found that GL/2shRNA also reduced the side population (6.11% in N87/FR and 3.23% in
N87/FR/shGL/2) (Fig. 3C). We also found that GL/Z knockdown significantly reduced the
size of tumor spheres (Fig. 3D).

These data indicate that GL/2is a major trigger for the 5Fu resistance in gastric cancer cells,
probably through regulation of residual cancer cells/cancer stem cells.

2.4. Regulation of ABCG2 by Hh signaling in 5Fu resistance cells in gastric cancer

It is known that ABCGZ is responsible for exclusion of Hoechst 33342 dye and the
subsequent formation of side population. We examined ABCGZ2 expression following 5Fu
treatment, and found that 5Fu treatment caused an increase of ABCGZ expression in parental
N87 cells (both transcript and protein) (Fig. 4A and B). Similarly, acquired resistant N87/FR
cells have elevated ABCGZ expression (Fig. 4C and D).
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Conversely, shGL/Zsignificantly reduced ABCGZ expression, at both the RNA level and the
protein level in N87/FR cells (Fig. 4E and F), indicating that ABCGZis regulated by GL/2
in gastric cancer cells.

We believe that GL/1/2transcription factors can direct ABCGZ expression through
transcriptional regulation. First, a GLI-binding consensus site (Yang et al., 2010) appears in
the ABCGZ promoter (data not shown), suggesting that ABCGZ2 may be a transcriptional
target of GL/molecules. Furthermore, previous studies in lymphomas showed that GL/
proteins may directly regulate ABCGZ2 expression by transcriptional regulation (Singh et al.,
2011). We have obtained similar results in gastric cancer cells (unpublished data).

From these data, we conclude that GL/2 can directly regulate ABCGZ expression in gastric
cancer cells, leading to an increase in side population.

2.5. Overexpression of ABCG2 rescues the CSC properties

We predict that if ABCGZis the major mediator for GL/2-associated 5Fu resistance, ectopic
expression of ABCGZ2in shGL/2-expressing N87/FR cells should increase drug resistance.
As shown in Fig. 5, overexpression of ABCGZ (Fig. 5A) increased the 1C50 of 5Fu by 4
folds (Fig. 5B), which is associated with an increase in side population (Fig. 5C) and sphere
formation (Fig. 5D).

The effect of ectopic ABCGZ2 expression on the IC50 of 5Fu was very similar to that from
elevated GL /2 expression, suggesting that ABCGZ2 appears to be the major mediator for
regulating drug sensitivity in gastric cancer. In consistent with our hypothesis, ectopic
expression of ABCGZhad no significant effects on expression of GL/1, GL/2and PTCHI in
N87 cells (unpublished data), further confirming that Hh signaling is upstream of ABCG2 in
our experiment system.

2.6 Relevance of the GLI2-ABCG2 signaling axis in human gastric cancer

The relevance of our data in N87 and N87/FR cells to gastric cancer patients was reflected
by analysis of cancer relapse in two cohorts of patients with gastric cancer (http://
www.chioportal.org). We correlated the high or low expressions of GL/1/GLIZ/ABCGZ2in
the tumor with cancer relapse in patients with chemotherapy (all patients had 5Fu
treatment), which is the standard care for gastric cancer patients. We found that the patients
with high GL/1/GLIZ/ABCGZ levels in the tumor had 40.5% tumor recurrence. In contrast,
those patients with low GL/1/GLIZ/ABCGZ expressions had only 32.9% with relapse (Table
1). The odd ratio for cancer relapse in high GL/1/GLI2/ABCGZ expression group is 1.7308.
In another cohort, we found that those patients with high GL/1/GLI2/ABCGZhad 30.8%
with cancer relapse, while the patients with low expression of GL/1/GLIZ/ABCGZ2had
17.8% with relapsed cancer. The odd ratio of cancer relapse with high GL/1/GLI2/ABCG2
group in the second cohort is 1.2319. These data indicate that high expressions of GL/1/
GLIZ/ABCGZincrease the risk of cancer relapse in gastric cancer patients with
chemotherapy.

Taken all the data together, our study reveals a new mechanism responsible for 5Fu
resistance in gastric cancer. We found the activation of the GL/2-ABCGZ signaling axis in
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residual cancer cells following 5Fu treatment and in 5Fu resistant cell line N87/FR. Down-
regulation of GL/2sensitized cancer cells to 5Fu treatment. We believe that GL/2 mediates
cancer cell resistance to 5Fu through direct regulation of ABCGZ, resulting in changes in
side population and tumor sphere formation. The relevance of our data to gastric cancer
patients is confirmed further by the increasing risk of cancer relapse in patients with high
GLI1/GLIZ/ABCGZ expressions in the primary tumor.

3. DISCUSSION

As a major contributor for cancer-related mortality, most patients are diagnosed with
advanced disease that the five-year survival rate is very low (<5%) (Ferlay et al., 2015).
Chemotherapy with cisplatin and 5-FU has been the first-line treatment option for advanced
gastric cancer, but most patients develop cancer relapse after initial treatment. Although the
regulatory mechanisms for chemotherapy resistance in gastric cancer have been reported in
the last ten years (Yu and Xie, 2016), little data have been linked with the mechanisms to
cancer relapse. Our results indicate that the GL/2-ABCGZ signaling axis is an important
mechanism regulating side population and 5Fu resistance in gastric cancer cells. Our data
show that knocking down GL /2 will sensitize cancer cells to 5Fu treatment. More
importantly, we have shown that high GL/1/GLI2/ABCGZ expressions are associated with
an increasing risk of developing cancer relapse in gastric cancer patients who underwent 5Fu
based chemotherapy (Table 1). In addition, we have investigated the expression of ABCGZ2
in patients who underwent chemotherapy (with cisplatin and 5Fu), and found that high
ABCGZ2expression is associated with poor survival of the patients (data not shown). Since
inhibitors for GL/1 and ABCGZ are already available, we predict that these novel reagents,
together with chemotherapy, will improve the overall survival of gastric cancer patients.

As a critical regulator for embryonic development and cancer cell stemness maintenance in a
number of cancer types (Reya et al., 2001; Taipale and Beachy, 2001; Yang et al., 2010; Liu
et al., 2014; Takebe et al., 2015), Hh signaling has been associated with drug resistance in
previous studies (Liu et al., 2014; Della Corte et al., 2015; Xu et al., 2015) although the
underlying molecular mechanisms are not known. Our studies link GL/2to ABCGZ21o side
population, and thus further promote our understanding of GL/2-mediated drug resistance.
We found that the ligands, Shh and Ihh, were not significantly altered by 5Fu in N87 cells
(data not shown), suggesting that up-regulation of GL/1/2was not caused by canonical Hh
signaling. This implies that the SMO antagonists, such as vismodegib (Rimkus et al., 2016),
will not be effective in sensitizing gastric cancer cells to chemotherapy. Targeting ABCGZ,
on the other hand, will be a more feasible strategy to improve the sensitivity of gastric
cancer cells to 5Fu. Although ABCGZfunctions to transport several types of small
molecules, such as dyes and some chemotherapeutical drugs, 5Fu transport is not affected by
ABCG2 (Sarkadi et al., 2004; Yoon et al., 2016), confirming that high ABCGZ2 expression
may represent cancer stem cell population (side population).
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4. MATERIALS AND METHODS
4.1. Cell lines

The human gastric cancer cell line NCI-N87 (subsequently referred to as N87) was
purchased from the American Type Culture Collection (ATCC, USA) and cultured in
RPMI-1640 supplemented with 10% heat-inactivated fetal calf serum with 100 U/mL
penicillin and 100 pg/mL streptomycin at 37°C in a humidified atmosphere of 5% CO,. N87
cells were then maintained in 20 uM 5-Fluorouracil (5Fu, Sigma, USA) for approximately
three months to obtain the stable resistant cell line named N87/FR.

4.2. Cell viability

Cells (4000/well) were seeded into 96-well plates the day before, culture medium was
replaced by fresh medium with or without various concentrations of 5Fu (5, 10, 25, 50, 100
UM) for incubation 48 h, then stained using alamar Blue (Thermo scientific, USA) as an
indicator of cell viability according to the manufacturer’s instructions. Six wells were
counted for each drug concentration and at least three independent experiments were done.
The 1C50 value was defined as the concentration that resulted in a 50% reduction in cell
growth compared with growth of the control.

4.3. RNA extraction, RT-PCR and quantitative PCR (qPCR)

Total RNA isolation from cells was extracted using Trizol reagent (Invitrogen, USA) and
reverse transcribed into cDNA using the First-Strand Synthesis Kit (Roche, USA) according
to the manufacturer’s instructions. qPCR analyses were conducted according to 40 cycles of
PCR amplification (95°C for 10 s, 55°C for 15 s and 72°C for 20 s) in an ABI7500 detection
system (Applied Biosystems, USA) using Master mix (Roche) with the following probes
ordered from Applied Biosystems: GL/1 (Hs01110766), GL/2(Hs00257977), ABCG2
(Hs01053790) and GAPDH (Hs03929097).

4.4. Lentiviral infection

GL /2knockdown plasmid of pLKO.1/shGL/2was stored at our lab, and ABCG2
overexpression plasmid pSIN4/ABCGZ2was purchased from Addgene (#25983, USA). For
viral package, plasmids PRRE, RSV/REV, CMVG and pLKO.1/shGL/2or pSIN4/ABCG2
were cotransfected into HEK293T cells using Lipofectamine 3000 (Invitrogen). After 48 h,
lentiviral supernatant was filtered through a 0.45-um filter, supplemented with 10 ug/mL
polybrene, and used to infect N87/FR or N87/FR shGL /2 cells. Twenty-four hours after
infection, cells were selected with 1 pg/mL puromycin (Sigma) for two weeks.

4.5. Flow cytometry analyses

Single cells were trypsined using Accutase (Gibco, USA), re-suspended in PBS containing
10% FBS, incubated with PE-conjugated ABCG2 (1:100 dilution, Biolegend, USA) for 30
min at 4°C and analyzed on a FACS Canto Il (Beckton Dickinson, USA) using Flowjo
software after washes.
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4.6. Side population assay

For side population, single cells were re-suspended at a concentration of 1 x 108/mL in
RPMI-1640 with 2% FBS and 10 mM HEPES, stained with 5 ug/mL Hoechst 33342
(Invitrogen) and incubated at 37°C for 90 min with shaking. After washing with ice-cold
HBSS containing 2% FBS and 10 mM HEPES, cells were dispersed in ice-cold HBSS
containing 2 pg/mL propidium iodide (PI, Invitrogen). Negative control was conducted by
adding ABC transporter inhibitor fumitremorgin C (FTC, 10 pM, Calbiochem, USA) before
addition of Hoechst 33342.

4.7. Sphere formation

Cells were dissociated using Accutase, re-suspended in sphere formation medium which was
made of Neural Basal medium with 1x B-27, 20 ng/mL of EGF, 10 ng/mL of bFGF and 5
pg/mL of heparin, and seeded on ultralow attachment 24-well plates in a concentration of
2000 cells each well (Corning, USA). Sphere formation medium was changed every other
day and the cells in suspension culture were observed and counted under microscope. The
sphere forming efficiency was calculated by counting the number of spheres formed from
2000 cells.

4.8. Statistics

Experimental data were expressed as the mean + SD. Unpaired #test was used to determine
the differences between two groups. All statistical analyses were performed using the SPSS
15.0 software. A two-tailed value of Pless than 0.05 was considered to be statistically
significant. Odd ratio was calculated according to a previously described formula (Persoskie
and Ferrer, 2017).
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Fig. 1. Intrinsic response of gastric cancer cells to 5Fu
A: The IC50 dose of 5Fu was calculated from measurement of the inhibition of cell viability

by different concentrations of 5Fu (48 h). The X-axis indicates 5Fu concentration (uUM), and
the Y-axis indicates the reduction of cell viability. B: gPCR analysis of GL/Zand GL/Zin
N87 cells with or without 5Fu (5 uM) treatment. C: Side population detected by flow
cytometry after staining with Hoechst 33342. The average value from three independent
experiments on side population was shown on the right. D: The average diameter of tumor
spheres was measured from over 50 tumor spheres, and the typical morphology was shown
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on the left. Significant difference was indicated by * (P< 0.05), ** (P< 0.005), or *** (P<
0.0005).
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Fig. 2. Analysis of acquired 5Fu resistant cells

Nl87 N87/FR

A: The IC50 of 5Fu in parental and acquired resistant N87/FR cells was measured following
5Fu treatment at different concentrations. B: GL/Z and GL/2expressions were measured by
gPCR. C: Side population was detected after flow cytometry, and the average value was
shown on the right (from three independent experiments). D: Tumor sphere morphology was
shown on the left, and the diameter were calculated from over 50 tumor spheres formed
from the corresponding cells. Significant difference was indicated by * (P< 0.05), ** (P<

0.005), or *** (P< 0.0005).
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Fig. 3. The effect of GL12 knockdown on 5Fu response in N87/FR cells
A: The detection of GL/1and GL/2expressions after shGL/2knockdown by gPCR. B: The

effect of shGL/2on the IC50 of 5Fu was measured using the same method shown in Fig.1B.
C: Change of side population by shGL /2 after 5Fu treatment, and the average change was
shown on the right. D: Change of tumor sphere size by shGL /2. The average value was
shown on the right (from three independent experiments). Significant difference was
indicated by * (P< 0.05), ** (P< 0.005), or *** (P < 0.0005).

J Genet Genomics. Author manuscript; available in PMC 2018 August 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Yuetal.
e 51 B N87
q’ *k
5 250K
< 4
Z ~ 200K 4
€5
g 3
8 < < 150K ABCG?2 positive
(¥} 3
mZ 2 = 6.93%
< Qo 100K
=
'2 ——
8 M S0k - :
< :
= |
0 T 0 e T T T
N87 +5Fu 0 102 10° 10* 10°
PE-A: ABCG2
hap . N87
:|>, 3.5 250K |
<zt ) 3.01 200K
X o
£ E 2.5+
150K 1 it
§5 0] § ‘ ABCG2 positive
k-] = 0
EE 1.54 100K 7.04%
£ 101
-~ 50K A
©
< 054
4
0.0 r 0 L |2 T |3 T |4 T |5
0 10 10 10 10
N87 N87/FR W —
E N87/FR F N87/FR/shCtrl
5 Ly i 250K
>
2 1.04 —1—
< 200K
F T 08
E S 150K ABCG2 positive
OS5 06 8 .
8 © iadic] 7.45%
§ S 044
2 50K |
®  0.2-
[}
/4 N 0 |||'||2 ..3 g l'|5
shCtrl shGli2 0 e ascer 1°

250K
200K -

150K

FSC-A

100K

50K -

250K
200K

150K o

FSC-A

100K o

50K

Page 16

250K -

200K

50K +

+ 5Fu .
20+
9
5 15
o
ABCG?2 positive g
15.5% g2 "
:‘ I
o
[$] 54
m
<
TN T T T T T |5 c T
2 3 4
01 e asce2’ 1 N87 +5Fu
N87/FR *kk
32+
T 28
3 24
o
y g 207
ABCG2 positive s
g 164
0,
27.9% :‘. 43
3 s
Q 4
<
T T T LA | 0 T
0 102 10° 10 10° N87 N87/FR
PE-A: ABCG2
N87/FR/shGLI2 N87/FR
9 *k
i
= 7
©
O 64
i o
ABCG2 positive 2 5
‘@
4.76% 8 4
N 34
O
g+
<
T Ty T i | 0: T
0 10 10° 10t 10 shCtrl shGLI2

PE-A: ABCG2

Fig. 4. The effect of shGLI2 and 5Fu on ABCG2 expression
A: qPCR analysis of ABCGZ after 5Fu treatment in N87 cells. B: Flow cytometry analysis

of surface ABCG2 protein expression. The average positivity from there independent

experiments was shown on the right. C and D: Comparison of 5Fu resistant N87/FR cells
with the parental N87 cells on ABCG2 expression (transcript level shown on the left; and

cell surface expression shown on the right). E and F: The effect of GL/2knockdown on

ABCGZ2transcript (left) and on cell surface expression (right). Significant difference was

indicated by * (P< 0.05), ** ( P< 0.005), or *** (P< 0.0005).
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Fig. 5. Rescuing effects of ectopic expression of ABCG2 on shGLI2
A: ABCGZwas ectopically expressed in acquired resistant N87/FR cells with shGL /2. B:

IC50 detection after ABCGZ2 overexpression in N87/FR/shGL /2 cells. C: Comparison of the
side population in ABCGZ ectopic expressed cells and the parental N87/FR/shGL /2 cells. D:
Tumor sphere formation after ABCGZ2 overexpression. Significant difference was indicated
by * (P<0.05), ** (P< 0.005), or *** (P < 0.0005).
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