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ABSTRACT

Recurrence is a serious problem in patients with bladder cancer. The hypothesis for
recurrence was that the proliferation of drug-resistant cells was reported, and this study focused
on drug resistance due to drug eftflux. Previous studies have identified FOXMI as the key gene
for recurrence. We found that FOXMI1 inhibition decreased drug efflux activity and increased
sensitivity to Doxorubicin. Therefore, we examined whether the expression of ABC transporter
gene related to drug efflux is regulated by FOXMI1. As a result, ABCG2, one of the genes
involved in drug efflux, has been identified as a new target for FOXM1. We also demonstrated
direct transcriptional regulation of ABCG2 by FOXMI using ChIP assay. Consequently, in the
presence of the drug, FOXM1 is proposed to directly activate ABCG?2 to increase the drug efflux
activation and drug resistance, thereby involving chemoresistance of bladder cancer cells.
Therefore, we suggest that FOXM1 and ABCG2 may be useful targets and important parameters

in the treatment of bladder cancer.



INTRODUCTION

Bladder cancer (BC) is the sixth common cancer in men worldwide (1), with more than
70% of patients diagnosed with non-muscle invasive bladder cancer (NMIBC) (2). Frequent
recurrence in NMIBC patients is a serious problem and NMIBC patients are stratified into three
risk groups (low, intermediate, high) (3). NMIBC patients considered high risk for recurrence are
usually treated with transurethral resection, bacillus Calmette—Guérin (BCG) immunotherapy
and chemotherapy [e.g. doxorubicin (DOX) and mitomycin C] (4, 5). However, NMIBC recurs
in more than 50% of patients within 2 years and 10~30% of recurrence patients progress to
muscle invasive bladder cancer (MIBC) (6). Therefore, new strategies for treatment and
diagnosis of recurrence are needed to address frequent recurrence.

The mechanism of recurrence is not yet clear, but the current hypothesis suggests that
small populations of cells reside in cancerous tissue, survive chemotherapy and form tumors
again through proliferation (7). This hypothesis is partially similar to cancer stem cell theory in
terms of drug resistance (8). Anticancer drug resistance mechanisms are reported to be caused by
an increase in the DNA repair, anti-apoptosis and efflux (9). We have previously shown that the
expression of ABCG2 increased when BC cell lines overexpressing E2F1, EZH2 or SUZ12 were
treated with mitomycin C (10). E2F1 is known to regulate the expression of FOXM1 and
ABCG2 (11, 12), respectively, but the correlation between FOXM1 and ABCG2 has not been
known until now.

Forkhead box M1 (FOXM1) is a key factor in progression of the G2/M cell cycle in
normal cells (13). Recent studies have demonstrated FOXM1 as abnormally overexpressed in
many types of cancers (14, 15) and is known to associated with proliferation, DNA repair,

apoptosis (16), metastasis, recurrence and resistance to various anticancer drugs (11, 15).



FOXMI1 expression has been reported to have unfavorable clinical response to chemotherapy for
patients with breast cancer (17). Interestingly, recent studies have reported that increased
expression of FOXMI1 provokes cancer cells to transform into cancer stem cells (18).

Drug efflux is one of the causes of drug resistance (19). In the ABC transporter family,
ABCB1, ABCC1 and ABCG2 have been reported as major genes related to drug resistance (20).
In particular, ATP-binding cassette sub-family G member 2 (ABCG2) is a major cancer stem cell
marker (21). In general, ABCG2 is expressed in certain tissues such as the placenta, mammary
gland and testis (22), but exhibits abnormal expression in various cancer, cancer stem cells and
drug-resistant cells (23). Recent studies have shown that ABCG2 can protect cancer stem cells
by efflux of anticancer drugs such as DOX, mitoxantrone and topotecan (24). Abnormal
expression of ABCG2 has also been reported to be associated with recurrence of a variety of
cancers such as colorectal, lung and prostate cancer (25, 26). Despite these findings, the
transcriptional regulation of ABCG2 has not yet been fully understood.

In this study, we focused on the mechanism of drug resistance by drug efflux pathways to
identify the mechanism of recurrence. Therefore, we investigated the correlation between
FOXMI, a recurrent factor identified in previous studies, and the ABCG2 gene associated with
drug efflux. We found that FOXM1 binds directly to the ABCG2 promoter and regulates ABCG2
transcription, thereby revealing new regulatory pathways that influence drug efflux. Based on
these findings, we propose a treatment strategy for BC recurrence by inhibiting FOXM1, which

could reduce the drug resistance.



RESULTS

Inhibition of FOXM1 expression reduces DOX resistance and

drug efflux

Acquisition of resistance to anticancer agents has been reported to be related to
recurrence (9). In our previous study, we suggested FOXM1 as a major gene for recurrence and
investigated whether this gene correlates with drug excretion (14).

First, we investigated the effects of FOXM1 on drug sensitivity and efflux (Fig. 1a) and
clonogenic assays (Fig. 1b) were used to measure cell viability and proliferative activity.
Overexpression or knockdown of FOXMI1 showed a significant increase and decrease in cell
viability in both the untreated and 0.5 uM DOX-treated conditions (Fig. 1a). Similar results were
also obtained in clonogenic assays (Fig. 1b). These results suggest that FOXMI1 plays an
important role in resistance to DOX in BC cells.

We then used a side population (SP) assay to measure drug efflux capacity to verify
whether FOXM1 can affect drug efflux. KU7 cells were transiently transfected with scRNA and
siFOXM1 to investigate efflux activity. The effluent efficiency of the Hoechst 33342 dye is
shown in the lower left quadrant of the FACS profile in Fig. 1c, labeled SP. The distribution of
SP cells in the control cells was 1.45%, but it was reduced to 0.52% in the drug efflux inhibitor
verapamil-treated cells. Similarly, the distribution of SP cells in siFOXMI1 treated cells was
reduced to 0.62%, half the level of the control, indicating decreased drug efflux activity due to
FOXM1 deficiency (Fig. 1c¢).

We also examined the effect of FOXMI1 levels on the rate of apoptosis induced by

DOX-treatment. There was no difference in apoptotic rate between scRNA-transfected KU7 cells



and siFOXM 1 -transfected KU7 cells when the drug was not treated. In contrast, treatment with
0.5 uM DOX resulted in an apoptosis rate of 13.4% in cells transfected with scRNA, but
increased significantly in siFOXM]1-transfected cells by 23% (Fig. 1d). This increase in apotosis

by DOX treatment was also observed in 5637 cells (Fig. 1d).

FOXMI1 regulates the expression of ABCG2 in BC cells

Drug efflux is known to be regulated by ABC transporter family (20). Previous our
studies have shown that the ABCG2 is increased by anticancer drug treatment in BC cells (10).
Therefore, we confirmed whether the decrease of drug efflux activity by inhibition of FOXMI is
due to the regulation of ABC transporter expression by FOXM1. To investigate whether FOXM1
regulates the ABC transporter family, KU7 cells were treated with scRNA or siFOXMI1 to
compare the transcription amount of the ABC transporter family according to the expression of
FOXM1 (Fig. Sla). When FOXM1 was depleted, the level of ABCG2 transcription among the
ABC transporter family was significantly reduced (Fig. S1a). Thus, we examined the mRNA and
protein levels of FOXM1 and ABCG?2 in BC cell lines and found that FOXM1 and ABCG2 were
highly expressed in KU7 cells and poorly expressed in 5637 cells (Fig. S1b and Slc). We also
examined cell viability for DOX in BC cell lines and selected KU7 cell lines with relatively high
viability and 5637 with a low survival rate in subsequent experiments (Fig. S1d).

At first, the effect of FOXM1 overexpression on mRNA and protein levels of ABCG2
was examined using KU7 and 5637 cells (Fig. 2a and 2b). We also investigated the effect of
depleted FOXM1 on ABCG?2 levels (Fig. 2¢ and 2d). The ABCG2 mRNA and protein were
significantly increased by overexpression of FOXM1 (Fig. 2a and 2b), whereas the knockdown

of FOXMI significantly decreased the ABCG2 expression compared to the control (Fig. 2c and



2d). These results indicate that ABCG2 expression in these two cell lines are regulated by

FOXMI.

FOXM1 binds directly to the ABCG2 promoter to regulate

expression

We investigated whether FOXM1 binds to the ABCG2 promoter and regulates
transcription. We found three putative FOXMI1 binding sites (I, II and III) in the ABCG2
promoter (Fig. 3a). To examine whether FOXM1 regulates transcription of ABCG2, we used a
promoter vector to drive a luciferase reporter gene in transient co-transfections with an
expression vector in BC cells (Fig. 3b). The transcriptional activity of the ABCG2 promoter was
significantly increased in FOXM1-induced cells (Fig. 3b). Conversely, cells were co-transfected
with a promoter vector and siRNA to determine whether reduced FOXMI affects the
transcription of the ABCG2 promoter (Fig. 3c). Similarly, ABCG2 transcriptional activity was
significantly decreased in FOXMI1-depleted cells, indicating that FOXM1 affects the expression
of ABCG?2 (Fig. 3¢). To determine whether the effect shown above is due to direct binding of the
FOXMI1 to the ABCG2 promoter, a ChIP assay was performed (Fig. 3d). As a result, when the
locus I region was used, the PCR fragment was significantly amplified in pFOXM] -transfected
cells (Fig. 3d). When the locus II, III and non-target site (NTS) loci were used, there were no
differences between the two different transfected cells (Fig. 3d). These results show that FOXM1
can directly bind to the locus I region of the ABCG2 promoter to regulate ABCG2 transcription.

To investigate whether ABCG2 expression in DOX-treated cells is regulated by FOXMI,
cells transfected with overexpressed vector (pFOXMT1) or siRNA for FOXM1 (siFOXM1) were

treated with DOX and the expression of ABCG2 were compared. mRNA (Fig. 4a) and protein



levels (Fig. 4b and 4c) of FOXM1 and ABCG2 were significantly accelerated by DOX treatment.
These ABCG2 and FOXMI1 expressions by DOX treatment were additionally induced in
pFOXMI1 cells, then significantly reduced in siFOXMI transfected cells. As a result, expression
of FOXM1 and ABCG?2 is induced in DOX-treated conditions, indicating that FOXM1 regulates

the expression of ABCG2.

DISCUSSION

About 70% of BC patients diagnosed with BC have NMIBC and the survival rate is
better than for MIBC (27). Nonetheless, about 50% of NMIBC patients have frequent
recurrences and the treatment is difficult and costly (6). Therefore, if biomarkers are found that
can predict the recurrence of BC to prevent these problems, accurate diagnosis and effective
treatment will be possible.

Drug resistance mechanisms have been reported to be due to increased efflux activity of
anticancer agents associated with the ABC transporter family (14, 15). There have been many
studies on the drug efflux process of ABCG2, but studies on transcriptional regulation have yet
to be revealed except for factors such as SP1, c-Myc and Hif-1a (28). Therefore, we investigated
the relationship between FOXMI and the drug efflux pathway which inhibits chemotherapy and
recurrence. In this study, it was confirmed that FOXM1 directly binds to the ABCG2 promoter to
regulate the transcription of ABCG2, and drug resistance is caused by the drug efflux activity of
FOXM1-ABCG?2. These results suggest that reducing the expression of FOXMI1 in NMIBC
patients may provide effective results in chemotherapy. Furthermore, since SP analysis is used to
measure the population of cancer stem cells, it may be suggested that the abnormal expression of

FOXM1 is also linked to the increase of cancer stem cells (29).



Recent studies have reported that ABCG2 is associated with drug release and cancer
recurrence in breast cancer (30), but analysis of the gene expression profiles of the patients used
in this study showed no correlation between FOXM1 and ABCG2 expression (data not shown).
These results suggest that the expression of ABCG2, a marker of cancer stem cells, is not highly
induced in cancer tissues before anticancer therapy, but when treated with an anticancer agent,
FOXMLI is induced and leads to an increase in ABCG2. In other words, considering that cancer
stem cells survive treatment with a chemotherapeutic agent and increase in number, it is thought
that the function of cancer stem cells may be related to the drug release of FOXM1-ABCG2.

In summary, in drug-treated cells, FOXMI1 directly regulates the transcription of ABCG2
and acts on drug efflux and drug resistance. These results may give important implications for
the hypothesis of the relationship between FOXMI1 and cancer stem cells (29). In addition,
FOXMI1 could affect cancer cell proliferation and survival by treatment with anticancer drugs.
Based on these results, we propose that FOXM1 modulates drug resistance and can be used as a

predictor of BC recurrence and target gene therapy.

MATERIAL AND METHODS

Cell culture and chemotherapeutic agent

BC cell lines KU7, EJ, T24 and 5637 were purchased from the American Type Culture
Collection (ATCC). Cells from ATCC were certificated by results of short tandem repeat (STR)
DNA profiling, cytochrome C oxidase I and mycoplasma contamination assays.

T24, EJ and KU7 cells were grown in DMEM (Hyclone) supplemented with 10% FBS

(Hyclone) and 1% penicillin/streptomycin (Gibco). 5637 cells were maintained in RPMI 1640



medium (Hyclone) supplemented with 10% FBS and 1% penicillin/streptomycin. DOX (Sigma)

was dissolved in sterile water.

Plasmids, small interfering RNA and transfection

pcDNAG6-V5-His was purchased from Invitrogen. pPFOXM1 was provided by Dr. Ju-Seog
Lee (MD Anderson Cancer Center). To generate the pFOXMI1-V5 tag, the coding sequence
(CDS) region was amplified by PCR from pFOXM1 DNA. pGL3 basic plasmid was purchased
from Promega. To generate the pGL3 basic-ABCG2 promoter, its region from —2105 to +22 was
cloned by PCR from human genomic DNA using the indicated primer sets (Table S1). Scrambled
RNA (scRNA) was purchased from Shanghai GenePharma (Shanghai GenePharma). siFOXM1
was synthesized from ST Pharm Oligo center (ST Pharm). Transfection was carried out

according to the manufacturer’s protocol (Jetprime).

qRT-PCR

cDNA synthesis and qPCR analysis used a PrimeScript RT reagent kit and SYBR Premix
Ex Taq II Tli RNaseH Plus (TaKaRa) according to the manufacturer’s protocol. mRNA of
FOXMI1, ABCG2 and B-actin was detected using the indicated primer sets (Table S2). The
experiment was performed using the CFX™ Optics Module (Bio-Rad), and the data analyzed

using CFX Manager™ (Bio-Rad).

Western blotting



Western blotting was performed as described previously (10). The following antibodies

were used: anti-FOXM1 (Bethyl), anti-ABCG2 (Abcam) and anti-B-actin (Cell Signaling).

Luciferase assay

A luciferase assay was performed as described previously (10). The plasmid DNA used
was pGL3-basic, pGL3-basic-ABCG2 promoter, pcDNA6, pFOXMI1 and pRL Renilla luciferase

control reporter vector (Promega).

Chromatin immunoprecipitation (ChIP) assay

A ChIP assay was performed as described previously (31). The following antibodies were
used: anti-V5, anti-FOXM1 and normal rabbit immunoglobulin G (IgG) antibody (Cats.
A190-120A, A301-532A and A120-101P, Bethyl Lab). The indicated qChIP primer sets were

used to amplify the precipitated DNA fragments (Table S2).

Flow cytometry apoptosis assay

Cells were incubated with Muse™ Annexin V & Dead Cell Reagent (Millipore) for 20
min at RT in the dark. Apoptotic and necrotic cell analysis was performed using a Muse™

Annexin V & Dead Cell Kit (Millipore) and Muse™ Cell Analyzer (Millipore).

Cell viability assay

A methyl thiazolyl tetrazolium (Sigma) assay was performed as described previously (10).

Cell reproductive ability was detected by clonogenic assay. siRNA transfected cells were seeded



at 5 x 10? cells/well in a six-well plate and incubated for 24 h. The cells cultured were treated
with 0.5 uM DOX for 24 h. After 10 days, formed colonies were stained with crystal violet

(Sigma) and counted using a Carl Zeiss Axiovert 40 CFL microscope (Carl Zeiss).

Side population assay

Cells were treated with 5 pg/ml of Hoechst 33342 (1 mg/ml, Sigma) and incubated for 45
min at 37 °C. After staining, cells were incubated again for 45 min for the efflux period.
Verapamil (100 pg/ml; Sigma) was treated as a negative control for side population. Cells were
resuspended in cold PBS with 2 pg/ml propidium iodide (Sigma) to exclude non-viable cells. A
BD FACSAria™ II (BD Biosciences) equipped with 360 nm UV and 488 nm argon lasers was
used to read the fluorescence of Hoechst 33342 and PI, respectively. 424/44 BP and 675 LP
filters, in combination with a 640 nm long pass dichroic mirror, were used for detection of

Hoechst blue and red, respectively.

Statistical analysis

Data were analyzed by Student’s t-test for multiple comparisons as indicated. Results are
shown as the mean = SEM from at least three independent experiments. Differences were
considered significant at the values of P < 0.05 (*), P <0.01 (**) and P <0.001 (***). Statistical

analyses were done using GraphPad Prism 5.0 software.
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Figure legends

Fig. 1. Decreased FOXMI1 reduces drug efflux and cell viability in BC cells.

The cell viability was measured by MTT (a) and clonogenic assays (b). Cells were transfected
with siRNA (scRNA and siFOXM1) or overexpression vector (pcDNA and pFOXM1) for 24 h
and then exposed to 0.5 uM DOX for indicated time (c). Drug efflux activity was measured
using a SP assay. KU7 cells were transfected with siRNA for 24 h. Cells were stained with
Hoechst 33342 dye (1 mg/ml) in the presence or absence of the drug efflux inhibitor verapamil
(100 pg/ml) and analyzed by FACS. (d) Effect of FOXMI on apoptosis in BC cells. Cells were
transfected with scRNA or siFOXM1 and then exposed to 0.5 uM DOX for 24 h. The apoptosis

rate was measured using a Muse Annexin V Kkit.

Fig. 2. FOXMI1 regulates ABCG2 expression in BC cells.
pcDNA and pFOXMI1 were transfected into KU7 (a) and 5637 cells (b). scRNA and siFOXM1
were transfected into KU7 (c) and 5637 cells (d). After 24 h, mRNA and protein levels were

analyzed using qRT-PCR (left panel) and Western blotting (right panel).

Fig. 3. FOXM1 binds directly to the ABCG2 promoter to regulate transcription.

(a) Schematic diagram of ABCG2 promoter vector (ABCG2P). The ABCG2 promoter
(—2106/+22) was inserted into the pGL3 basic vector and the three putative FOXMI1 binding
sites (—1946/—1934, —1070/—1059 and —279/-268) are represented. The black bars on the
promoter region indicate the positions of the primers (I: —2098/—1903, II: —1144/-1027, III:
—326/—198 and non-target site (NTS): —1489/—1388) for qChIP amplification. (b) BC cells were

transformed with pGL3-basic, ABCG2P or ABCG2P + pFOXMI, respectively. (c) BC cells were



transformed with pGL3-basic, ABCG2P or ABCG2P + siFOXMI, respectively. transcriptional
activity was measured by luciferase assay. (d) ChIP assay in the ABCG2 promoter. 5637 cells
were transfected with pcDNA or pFOXM1 + V5 tag vector, Immunoprecipitation was performed
using the rabbit IgG (control), FOXMI1 and V5 antibody. The chromatin fragments were
amplified using primers for the three putative FOXM1 binding sites (loci I, II, IIT) and NTS

primers shown in (a).

Fig. 4. FOXMI1 reduction was shown to decrease ABCG2 expression under DOX exposure.

Two bladder cancer cells were transfected with siRNA (scRNA and siFOXM1) or overexpression
vector (pcDNA and pFOXM1). After 24 h, transfected cells were exposed to 0.5 uM DOX for 24
h. mRNA (a) and protein (b, c) levels of FOXM1 and ABCG2 were analyzed by qPCR and

western blotting methods.



REFERENCES

1. Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent, J. and Jemal, A. (2015)
Global cancer statistics, 2012. CA Cancer J Clin 65, 87-108.

2. Youssef, R. F. and Lotan, Y. (2011) Predictors of outcome of non-muscle-invasive and
muscle-invasive bladder cancer. ScientificWorldJournal 11, 369-381.

3. Sylvester, R. J., van der Meijden, A. P., Oosterlinck, W., Witjes, J. A., Bouffioux, C.,
Denis, L., Newling, D. W. and Kurth, K. (2006) Predicting recurrence and progression in
individual patients with stage Ta T1 bladder cancer using EORTC risk tables: a combined
analysis of 2596 patients from seven EORTC trials. Eur Urol 49, 466-465; discussion
475-467.

4, Hall, M. C., Chang, S. S., Dalbagni, G., Pruthi, R. S., Seigne, J. D., Skinner, E. C., Wolf, J.
S., Jr. and Schellhammer, P. F. (2007) Guideline for the management of nonmuscle
invasive bladder cancer (stages Ta, T1, and Tis): 2007 update. J Urol 178, 2314-2330.

5. Woldu, S. L., Bagrodia, A. and Lotan, Y. (2017) Guideline of guidelines:
non-muscle-invasive bladder cancer. BJU Int 119, 371-380.

6. van Rhijn, B. W., Burger, M., Lotan, Y., Solsona, E., Stief, C. G, Sylvester, R. J., Witjes,
J. A. and Zlotta, A. R. (2009) Recurrence and progression of disease in
non-muscle-invasive bladder cancer: from epidemiology to treatment strategy. Eur Urol
56, 430-442.

7. Chen, Y., Zhu, G, Wu, K., Gao, Y., Zeng, J., Shi, Q., Guo, P., Wang, X., Chang, L. S., Li,
L. and He, D. (2016) FGF2-mediated reciprocal tumor cell-endothelial cell interplay
contributes to the growth of chemoresistant cells: a potential mechanism for superficial

bladder cancer recurrence. Tumour Biol 37, 4313-4321.



10.

I1.

12.

13.

14.

15.

Chang, J. C. (2016) Cancer stem cells: Role in tumor growth, recurrence, metastasis, and
treatment resistance. Medicine (Baltimore) 95, S20-25.

Salehan, M. R. and Morse, H. R. (2013) DNA damage repair and tolerance: a role in
chemotherapeutic drug resistance. Br J Biomed Sci 70, 31-40.

Ryu, J., Yoon, N. A., Seong, H., Jeong, J. Y., Kang, S., Park, N., Choi, J., Lee, D. H., Roh,
G. S., Kim, H. J., Cho, G. J., Choi, W. S., Park, J. Y., Park, J. W. and Kang, S. S. (2015)
Resveratrol Induces Glioma Cell Apoptosis through Activation of Tristetraprolin.
Molecules and Cells 38, 991-997.

Millour, J., de Olano, N., Horimoto, Y., Monteiro, L. J., Langer, J. K., Aligue, R., Hajji, N.
and Lam, E. W. (2011) ATM and p53 regulate FOXM1 expression via E2F in breast
cancer epirubicin treatment and resistance. Mol Cancer Ther 10, 1046-1058.

Rosenfeldt, M. T., Bell, L. A., Long, J. S., O'Prey, J., Nixon, C., Roberts, F., Dufes, C.
and Ryan, K. M. (2014) E2F1 drives chemotherapeutic drug resistance via ABCG2.
Oncogene 33,4164-4172.

Costa, R. H. (2005) FoxM1 dances with mitosis. Nat Cell Biol 7, 108-110.

Kim, S. K., Roh, Y. G, Park, K., Kang, T. H., Kim, W. J., Lee, J. S., Leem, S. H. and Chu,
I. S. (2014) Expression signature defined by FOXM1-CCNBI1 activation predicts disease
recurrence in non-muscle-invasive bladder cancer. Clin Cancer Res 20, 3233-3243.

Park, Y. Y., Jung, S. Y., Jennings, N. B., Rodriguez-Aguayo, C., Peng, G, Lee, S. R., Kim,
S. B., Kim, K., Leem, S. H., Lin, S. Y., Lopez-Berestein, G., Sood, A. K. and Lee, J. S.
(2012) FOXM1 mediates Dox resistance in breast cancer by enhancing DNA repair.

Carcinogenesis 33, 1843-1853.



16.

17.

18.

19.

20.

21.

22.

23.

24.

Nestal de Moraes, G., Bella, L., Zona, S., Burton, M. J. and Lam, E. W. (2016) Insights
into a Critical Role of the FOX03a-FOXM1 Axis in DNA Damage Response and
Genotoxic Drug Resistance. Curr Drug Targets 17, 164-177.

Khongkow, P., Gomes, A. R., Gong, C., Man, E. P. S, Tsang, J. W. H., Zhao, F., Monteiro,
L. J., Coombes, R. C., Medema, R. H., Khoo, U. S. and Lam, E. W. F. (2016) Paclitaxel
targets FOXMI1 to regulate KIF20A in mitotic catastrophe and breast cancer paclitaxel
resistance. Oncogene 35, 990-1002.

Gemenetzidis, E., Elena-Costea, D., Parkinson, E. K., Waseem, A., Wan, H. and Teh, M.
T. (2010) Induction of human epithelial stem/progenitor expansion by FOXM1. Cancer
Res 70, 9515-9526.

Zahreddine, H. and Borden, K. L. (2013) Mechanisms and insights into drug resistance in
cancer. Front Pharmacol 4, 28.

Fletcher, J. 1., Haber, M., Henderson, M. J. and Norris, M. D. (2010) ABC transporters in
cancer: more than just drug efflux pumps. Nat Rev Cancer 10, 147-156.

Ding, X. W., Wu, J. H. and Jiang, C. P. (2010) ABCG2: a potential marker of stem cells
and novel target in stem cell and cancer therapy. Life Sci 86, 631-637.

Mo, W. and Zhang, J. T. (2012) Human ABCG2: structure, function, and its role in
multidrug resistance. Int J Biochem Mol Biol 3, 1-27.

An, Y. and Ongkeko, W. M. (2009) ABCG2: the key to chemoresistance in cancer stem
cells? Expert Opin Drug Metab Toxicol 5, 1529-1542.

Robey, R. W., To, K. K., Polgar, O., Dohse, M., Fetsch, P., Dean, M. and Bates, S. E.

(2009) ABCQG2: a perspective. Adv Drug Deliv Rev 61, 3-13.



25.

26.

27.

28.

29.

30.

31.

Guzel, E., Karatas, O. F., Duz, M. B., Solak, M., Ittmann, M. and Ozen, M. (2014)
Differential expression of stem cell markers and ABCG2 in recurrent prostate cancer.
Prostate 74, 1498-1505.

Hu, J., Li, J., Yue, X., Wang, J., Liu, J., Sun, L. and Kong, D. (2017) Expression of the
cancer stem cell markers ABCG2 and OCT-4 in right-sided colon cancer predicts
recurrence and poor outcomes. Oncotarget.

Costa, C., Pereira, S., Lima, L., Peixoto, A., Fernandes, E., Neves, D., Neves, M.,
Gaiteiro, C., Tavares, A., Gil da Costa, R. M., Cruz, R., Amaro, T., Oliveira, P. A.,
Ferreira, J. A. and Santos, L. L. (2015) Abnormal Protein Glycosylation and Activated
PI3K/Akt/mTOR Pathway: Role in Bladder Cancer Prognosis and Targeted Therapeutics.
PLoS One 10, e0141253.

Natarajan, K., Xie, Y., Baer, M. R. and Ross, D. D. (2012) Role of breast cancer
resistance protein (BCRP/ABCG?2) in cancer drug resistance. Biochem Pharmacol 83,
1084-1103.

Teh, M. T. (2012) FOXM1 coming of age: time for translation into clinical benefits?
Front Oncol 2, 146.

Damiani, D., Tiribelli, M., Geromin, A., Michelutti, A., Cavallin, M., Sperotto, A. and
Fanin, R. (2015) ABCG2 overexpression in patients with acute myeloid leukemia: Impact
on stem cell transplantation outcome. Am J Hematol 90, 784-789.

Kim, D. H., Roh, Y. G, Lee, H. H., Lee, S. Y., Kim, S. 1., Lee, B. J. and Leem, S. H.
(2013) The E2F1 oncogene transcriptionally regulates NELL?2 in cancer cells. DNA Cell

Biol 32, 517-523.



Cell viability

Cell viability

KU7

8
26
E
< 4
> 1 pcDNA
g 2 3 pFOXM1

@ pcDNA + DOX
@ pFOXM1 + DOX

=3 scRNA

= siFOXM1

[ scRNA + DOX
E siFOXM1 + DOX

Hour
NT DOX ~ KU7
g ek
< .| 3300 I_I
& | 8
9 5 200
o
o
S 100 faleled
o 9] [ |
2 e}
S s A
b4
Z P b
Z & ?o* 60%0* 9’\?0 ok
) )
_ 5637
gzoo * *kk
2 P |
&g 2 150
o o
K S 100
kS
5 50
— Qo
S E o
3 2
L Vo N coF
%) ¢ é\?o 9100* 5\?*00*




Fig. 1

Hoechst Blue

Viability

Viability

_—

scRNA
(1.45+0.11 %

o] 280k 7]

siFOXM1
(0.62%0.07 %)

280K

Verapamil
(0.515+0.095 %)

Xoda

1 1 -
466% 75.56 = 1794%
0 Early Apop. o Live Earty Apop.
3 4 i 2 3 4

Annexin V

200K 7] ) : 200K 7| +f 200K 7]
150K =] 150K =] 150K =]
100K 7] 100K 7] 100K 7]
S0k 7] 50K =] 50K =]
o o o
T T T T T T T T T T T T T T T
o sk ook ek ook zEK 0 sek ok tmak 20K 250K o sk MoK 1m0k 200K 20K
Hoechst Red
*
? *
S 20
0
T 15
o
o
s 10
c
o 05
=
8
i 0.0
P g e
&0 <O Q
5\? \‘e"a
A SCRNA siFOXM1
4 Dead Late Apop /Dead 4 Dead Late Apop /Dead
3IN% 351% 363% 841 %
3 34 —~
1 S - KU7 *
24 24 5 2
S 20
o
241% 80.6¢ 738% = 15
Early Apop. | ¢ Live Early Apop o
IS
3 4, 1 2 3 4 2 10
Dead Late Apop /Dead Dead | ate Apop./Dead S
324% 662% 436% 15.36 % < 5
3 34 —
g 8
2 2] o e 0
) A W aah
4 1
ss1%| 732088 7.07% ¢ 9\?0 ¢ 0* ‘5\? 00*
o Early Apop. | o Live *5'7 Early Apop.
3 3 0 1 2 3 4
Annexin V
A SCRNA SiFOXM1
4 Dead Late Apop /Dead Dead ate Apop /Dead
217% 392% S44% —
3 X
3 < 5637 *
= %]
2] 5 3
o © 20
" = s L
90. 344% 427 % b~
g 3 2 0 1 2 3 4 s 10
Dead Fate Apop.Dead Late Apop /Dead 2
3.18% 9.10% 536 % <
3 34 ks 5
) o
2 4 2 = 0



Fig. 2
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Resistance of bladder cancer to doxorubicin through upregulation of

ABCG2 transcription by FOXM1

Yun-Gil Roh!, Mi-Hye Mun'!, Mi-So Jeong!, Won-Tae Kim!, Se-Ra Lee?, Jin-Woong Chung',

Seung I1 Kim**, Tae Nam Kim?®, Jong Kil Nam® and Sun-Hee Leem!'*

Supplementary Table S1 Primers for plasmid construction.
Supplementary Table S2 qPCR primer set.
Fig. S1. FOXMI1 regulates the transcription level of the ABC transporter gene family.

(a) scRNA or siRNA-transfected KU7 cell ABC transporter gene mRNA was measured using
qRT-PCR. (b) mRNA expression of FOXM1 and ABCG2 was checked using qRT-PCR in
bladder cancer cells. (c) Protein expression was examined by Western blotting in bladder cancer

cells. (d) Cell viability was measured by MTT assay.



Supplemental Table S1

Table S1. Primers for plasmid construction

Primer name Primer sequence Primer length ~ Product size

5’ ATGC GGATCC (BamHI)
pFOXM1-V5tag F 33 mer
GCCATGAAAACTAGCCCCCGTCG ¥

2249 bp
5" ATGC CTCGAG (Xhol)
pFOXM1-V5 tag R 33 mer
CGC TGT AGC TCA GGAATAAACTG ¥
5 AGTC GGTACC (Kpnl)
ABCG2 promoter F 33 mer
TCT TAT CCC ATATGT TTG TTATG 3’
2202 bp

5’ AGTC AAGCTT (HindIII)
ABCQG?2 promoter R 30 mer
CTT CGA CAT TACTGGAAGAC ¥




Supplemental Table S2

Table S2. qPCR primer set

Primer Product

Primer name Primer sequence 18%sils size
qPCR ACTIN F 5’CCC TGG AGA AGA GCTACGAG 3’ 20 mer
qPCR ACTINR 5" AGG TAG TTT CGT GGA TGC CA 3’ 20 mer 19200
qPCRLI9F 5’ GCG GAA GGG TACAGC CAAT 3 19 mer
qPCRLI9R 5" GCA GCC GGC GCAAA Y 14 mer robp
qPCR FOXM1 F 5’ TGC AGC TAG GGA TGT GAATCTTC 3’ 23 mer
gPCR FOXM1 R 5" GGA GCC CAGTCCATC AGAACT 3’ 21 mer 17
qPCR ABCG2 F 5"GCGACCTGC CAATTT CAAATG 3’ 21 mer
qPCR ABCG2 R 5"GAC CCT GTTAAT CCGTTCGTTT 3 22 mer 7
qChIP ABCG2 I F S’TTTTCC CCC TTT CAT GGT AA 3’ 20 mer
qChIP ABCG2 IR 5"CAGACT CTC ACC AAG GAACAAA3Z 22 mer o3
qChIP ABCG2 II F 5" CAA CTC AAT CAT AGG CAGAGAGAA Y 24 mer
qChIPABCG2IIR 5" GAT GAG CTTAACAACTTGTGAAACA3’ 25 mer 7
qChIPABCG2IIIF 5’ ATC CAT CCT TTT CCT GCT TTATCA G 3° 25 mer
qChIPABCG2 IIIR 5" GCA CAA CTT GGAATG CATAAAC3’ 22 mer 12800
qChIP ABCG2 NTS F 5’AAAATTTTG TCT CCCTAGTGCTGAC3 25 mer

101 bp

qChIP ABCG2 NTS R 5" CAG GAA GAA GCT GCT AGAAGAAAT G 3 25 mer
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