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Abstract

Background

NRH:Quinone Oxidoreductase 2 (NQOZ2) is one of the key
flavoproteins that forms hydroquinone by catalyzing the two—
electron reduction of quinone substrates and uses
dihydronicotinamide riboside as a reducing coenzyme. [3] Despite
the high level of NQOZ expression in breast cancer, its role in
breast cancer is not adequately understood. The aim of this study is
to investigate the biological role of NQOZ in cell survival, growth,
migration, and invasion, and which are thought to be fundamental to
tumor aggressiveness in several breast cancer cells.

Methods

Nine human breast cancer cell lines (MCF—7, ZR75—1,
T47D, BT—474, SK—-BR—-3, BT20, MDA-MB-468, MDA-MB—-231
and HS578T) and one normal breast epithelial cell line (MCF10A)
were used. To analyze the prognostic significance of NQOZ2 gene,
hazard ratios was analyzed by public database (KM plotter). To
explore the biological function of NQOZ, knockdown of NQOZ was
assessed using specific siRNA. Scrambled siRNA was used for
control. Quantitative real—time polymerase chain reaction (gRT—

PCR) and Western blot were performed to compare NQO2 mRNA
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and protein expression level among cell lines respectively. Cell
growth was evaluated by MTT assay. Transwell migration and
invasion assay was performed and the migrated cells in the bottom
chamber were analyzed crystal violet staining. Cell cycle analysis
by flow cytometry was performed based on measurement of DNA
content by stain with propidium iodide. To explore the impact of
NOQ?2 on the epithelial-mesenchymal transition (EMT), the
expressions of E—cadherin, N—cadherin, Vimentin, and Slug were
evaluated by Western blot in NQOZ knockdown cells. Since TGF—
B /Smad pathway is a well—known EMT —inducer, TGF— A /Smad
representative molecules are detected by Western blot to
investigate whether the silencing of NQOZ2 effects the signaling
pathway.
Result

Among nine different breast cancer cells, ZR75—1, SKBR3,
BT—-20 and HS578T cells exhibited significantly high mRNA and
protein expression levels of NQOZ2 as compared with normal
epithelial cells MCF10A. Therefore, the biological function of NQO2
was studied in ZR75—1, SK=BR—-3, BT—20 and HS578T cells. As
compared with scrambled siRNA, the transfection of NQOZ siRNA

for 48 h resulted in 80—90 % decrease in NQOZ2 protein levels of
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ZR75—1, SK—BR—3, BT—20 and HS578T cells displayed a
significant decrease of migration (~30 %) and invasion (~50%) cell
growth (~80 %) capacities compared with control cells. Moreover,
GO and G1 cell cycle arrest in SK—BR—3, BT—20 and HS578T and
apoptosis in ZR75—1 were caused by NQOZ knockdown. In analysis
of biomarkers of EMT, NQOZ knockdown increased E—cadherin, but
decreased the level of N—cadherin, Vimentin and Slug in ZR75—-1
and HS578T cells. Additionally, NQOZ knockdown decreased not
only the expression of TGF— 1 but also the expression levels of
Smad?2, Smad3, P—Smad2, and P—Smad3 were decreased indicating
that NQOZ knockdown suppresses TGF— g8 —driven EMT in ZR75-1
and HS578T cells.
Conclusion

These data indicated that NQOZ has a functional role in the
migration, invasion, cell survival, growth, and EMT which is
associated with aggressive behaviors of breast cancer cells. Our
results suggest the potential of NQOZ as a therapeutic target for the

breast cancer therapy.

Keyword: Breast cancer, NQO2, Cell Migration, EMT (Epithelial—

Mesenchymal Transition), TGF— 8/Smad, Cancer Aggressiveness



Table of Contents

ADSEIFACE ittt e e e e e e i
LiSt Of TableS...iiiiiiuiiiiiiiiiiieiiiccrectcce ettt vi
List Of FIGUIES .oiiiiiiiiiiiiiiciieiiicc ettt vi
ADDIreviationS ....cociiuuiiiiiiiiiiiereiiieee ettt eeeeaas viil
1. Background .....ccouueiiiiiiiiiiiiiiiiiiirciiiceett e 1

1.1 Study Background

1.2 Purpose of Research

2. Materials and Methods ....cc..cceiriiiiiiiiiiiiiiiiiiniiiiccnecceeneee, 10
3. ReSUILS it eeeees 21
4. DISCUSSION . ..ciiieitrieruuineeeeereeeeererennneeeeeeeeeeeremsnnnnssessseeeennes 40
5. CONCIUSION...uuiiiiriieiitiiiiieeeeeeeeeeeerreeaneeeeeeeeeeeererennnneeeeees 45
Author Contribution .......eeeeeeeeueuieeeerrreeeeereeireeeeeeeeeeeeeeennannes 48
| B9 o § = TP 48
Reference.....coiiiiiiiiiiiiiiccece e 50
Abstract in Korean........oeeeevveeuuieeeieiineeeieiieiiceeeeeeeeeeeeeeennnnnes 55



List of Tables
Table 1 — Sequence of the primers used in NQO1, NQO?Z and
GAPDH gene expression
Table 2 — Clinical and prognostic implication of NQOZ gene in
breast cancer patients using Kaplan—Meier Plotter

(https://kmplot.com/analysis/)

List of Figures
Figure 1 — NQOZ2 expression analysis in the subtypes of

breast cancer using RNA—seq in TCGA database.

Figure 2 — Recurrent free survival (RFS) analysis in all

breast cancer patient.

Figure 3 — Distant disease—free survival (DDFS) analysis in

Chemotherapy—received breast cancer patient (Tumor grade

I11)

Figure 4A — Comparison of NQO2 mRNA expression levels in

multiple breast cancer cell lines detected by qRT—PCR.


https://kmplot.com/analysis/

Figure 4B — Comparison of NQOZ2 protein expression levels in
multiple breast cancer cell lines detected by western blot and
statistical analysis of western blots intensity relative to S —

actin.

Figure 5A — NQOZ2 siRNA transfection in ZR75—1, SK—BR—-3,
BT—-20 and HS578T cells detected by western blot and
statistical analysis of western blots intensity relative to S —

actin.

Figure 5B — Representative cell Images after si—transfection

in ZR75—1, SK=BR—-3, BT—-20 and HS578T.

Figure 6 — Representative cell images of ZR75—1, SK—BR—3,
BT—-20 and HS578T in migration assay. Statistical analysis of

cell migration.

Figure 7 — Representative cell images of ZR75—1, SK—BR—3,
BT—-20 and HS578T in invasion assay. Statistical analysis of

cell invasion.



Figure 8 — Statistical analysis of ZR75—1, SK—BR-3, BT—-20

and HS578T proliferation and cell viability.

Figure 9 — Flow cytometric analysis of the cell cycle
distribution in ZR75—1, SK—BR—3, BT—20 and HS578T.
Statistical analysis for percentage of cells in apoptosis, GO, G1,

S and G2 phases.

Figure 10 — Intracellular ROS level in HS578T breast cancer
cell.

Figure 11 — Western blot analysis of EMT markers in ZR75—
1 and HS578T. Statistical analysis of western blots intensity

relative to B —actin.

Figure 12 — Western blot analysis of TGF— 8/Smad signaling
markers in ZR75—1 and HS578T. Statistical analysis of

western blots intensity relative to A —actin.

Figure 13 — A schematic model of TGF— 8 —induced EMT

transition in NOQZ2 Knockdown HS578T cells.

7 -":I'-\._E "NI-. H 1_..i



1. Background

1.1. Study Background

Breast cancer is one of the most common diagnosed cancers
leading to a significant cause of death among in women worldwide.
According to the International Agency for Research on Cancer
(IARC) in December 2020, it has now become the first leading
cause of cancer over lung cancer among women. The estimated
incidence of new cases of breast cancer nearly doubled in the past
two decades, from an estimated 10 million patients in 2000 to 19.3
million patients in 2020. [2] Studies over the previous decades
have found that breast cancer is highly dependent on types of
receptor and its subtypes. They have been investigated to develop
targeted therapy and prognosis for breast cancer. Although
numerous studies were performed, the survival rates for patients
with breast cancer have not meaningfully improved. Consequently,
the finding of new therapeutic target related invasion and
metastasis of breast cancer is of a great value.

NRH:Quinone Oxidoreductase 2 (NQOZ2), known as quinone
reductase 2 (QR2) is one of the key flavoprotein encoded by a gene
located on chromosome 6p25.2. It forms hydroquinone by catalyzing
the two—electron reduction of quinone substrates and uses

8 -":lx_! _'a.l.'\-'_]' |



dihydronicotinamide riboside as a reducing coenzyme. [3] NQO2 is
reported to have two functions: detoxification of chemical stressors
and oxidation of NRH and NAD (P)H respectively, providing cellular
protection against toxic agents in cancer cells.[6] Furthermore,
high—level of NQOZ2 expression has been reported to be associated
with many human cancers such as breast, pancreatic. ovarian and
neurological diseases. However, the biological significance of NQO2
expression is still unclear. Therefore, understanding NQOZ and
mechanisms underlying breast cancer progression is critical for

prevention and treatment of this disease.

1.2. Purpose of Research

In present study, it investigates the biological activity of
NQO?Z related to tumor aggressiveness in breast cancer. To test
this hypothesis, biochemical and cellular assays were performed in
vitro. The result revealed that tumor activity is suppressed when
NQOZ2 is downregulated in breast cancer cells. These findings
indicate that NQOZ2 may be a good prognostic indicator for patients

with breast cancer.

9 -":rxﬁ-! _'q.;:-'l u 1-.



2. Materials and Methods

Kaplan—Meier plots and TCGA expression data

To assess the prognostic meaning of NQOZ2, Kaplan—Meier
Plotter (https://kmplot.com/ analysis/) was operated. It allows a
meta—analysis of NQOZ expression in relation to clinical and
prognostic implication of NQOZ gene in breast cancer patients.
Using the comprehensive survival analysis of Kaplan—Meier plotter,
clinical datasets and RNA —seq datasets categorized by subtypes for
3455 breast cancer patients were obtained. Table 2 and Figure 1
are derived from Kaplan—Meier Plotter (https://kmplot.com/
analysis/) and The Cancer Genome Atlas. (TCGA,

https://www.cancer.gov/tcga)

Cell culture

Human breast carcinoma cell lines (MCF—10A, MDA—MB—
468, MCF—=7, T—47D, ZR—=751, BT—474, SK—-BR—-3, BT—20,
MDA-MB-231, HS578T) were provided by ATCC (Manassas, VA,
USA) and Korean cell line bank (Seoul, South Korea). The cells
were cultured in Dulbecco’ s modified Eagle’ s medium (DMEM)

or Roswell Park Memorial Institute medium (RPMI—-1640) with 10%
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fetal bovine serum (FBS, Gibco) and 1% penicillin/streptomycin

(P/S, Gibco) at a temperature of 37 ° C under 5% CO2.

Quantitative real—time PCR (qRT—PCR)

Cells were harvested and total RNA was extracted by using
TRIzol (300—500ul) according to the manufacturer’ s instructions
(Invitrogen, CA, USA). Isolated RNA for each cell line was
converted into cDNA using ¢cDNA kit (Applied Biosystems) and
Power SYBRTM Green PCR Master Mix (Applied Biosystems)
according to the manufacturer’ s instructions. (Invitrogen, CA,
USA). Reverse transcription was performed by PrimeScript™
Reverse Transcriptase for RT—qPCR (Takara). Reactions were
performed by Real time PCR System (Light Cycler 480 I, Roche).
Relative mRNA expression was quantified by using the comparative
Ct method using 2" (=4 4Ct) and GAPDH was used as an internal
control. The results were expressed as fold change.

The primers used were as follows:
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Gene Forward 5’ -3’ Reverse 5’ —3’

NQO 1 TCTTTGAAGTTGACGGACCC TGAGTGATACTGCCTGCCTG

NQO2 GCTGGAGAGCTACAAGAGGATCA | ACAGACCTCTCTCTTGAGCTTGGT

GAPDH GTGGACTCCCATTGAGCCTA CTCCTCTTCACCCTCACTCG

Tablel: Sequence of the primers used in the gene

expression.
(Bionics, Seoul, Republic of Korea). The quantitative real—time PCR
was performed and analyzed by Real—Time PCR Detection System

(Bio—Rad). All assays were performed at least three times.

siRNA—Transfection assay

BT-20, SK—=BR—-3, MCF=7, HS578T cells were seeded
(1X1075 and 5x1075) into 6—cm plates and allowed to adhere for
24 hours. Human NQO2 short interfering RNA (siRNA; sc—41575
AUACAAAUCAGACACUGUG, Santa Cruz Biotechnology) was
transiently transfected (50nM) using oligofectaminutese
transfection reagent diluted in Opti—MEM media. After 5 hours of

incubation at 37C, 5% CO2 the medium was replaced with RPMI and
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DMEM supplemented with 10% FCS. Maximum reduction of NQOZ2

was seen at 48 hours post—transfection.

Western blot analysis

Breast cancer cells (5 X 1075) in 6—well plate were lysed
with RIPA Lysis and Extraction Buffer containing 25mM Tris—HCI
pH 7.6, 150mM NaCl, 1% Nonidet P—40, 1% sodium deoxycholate,
0.1% sodium dodecyl sulfate (SDS) and proteinase inhibitor cocktail
(Thermo Scientific, USA). Cell lysates were centrifuged at 13,000
rpm for 15 minutes at 4° C, and then the supernatant was collected.
Protein concentration was measured by constructing a standard
curve based using the bovine serum albumin (BSA) standard
solution. The absorbance at 562 nm (A562nm) was measured
immediately to measure the concentration of these protein samples.
Equal amounts (25ug) of protein per lane were electrophoresed on
12% SDS—polyacrylamide gels, and then transferred to a
polyvinylidene difluoride (PVDF) membrane (Amersham Pharmacia
Biotech). Membranes were blocked with 5% BSA for 1 hour, then
incubated in 5% BSA with a specific primary antibody to each target
protein overnight at 4 ° C. The following primary antibodies were
used in this study: NQO1, NQO2, B —actin, (Santa Cruz

Biotechnologies, Santa Cruz, CA) E—cadherin, N—cadherin,
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Vimentin, Slug, Snail and Twist (Cell Signaling Technology, USA).
After the incubation for primary antibody, membranes were washed
in 1X TBST (10 minutes x 3 times) to remove unbound antibodies
then membranes were further incubated in 5% BSA with a species—
specific HRP—conjugated secondary antibody for 1 hour at room
temperature. After membranes were probed by secondary
antibodies, membranes were washed in 1X TBST (20 minutes x 3
times). Immunoblot analysis was visualized with horseradish
peroxidase—conjugated anti—mouse and anti—rabbit IgG (Santa
Cruz Biotechnology Inc.) for 1 hour at room temperature. The
membranes were incubated with enhanced chemiluminutesescence
(ECL) substrate solution (Amersham™ ECL™ Prime Western
Blotting detection reagent; GE Healthcare Life Sciences, Chalfont,
UK) for 1 minute at room temperature (25° C). The optical
densities of the protein bands were determined using Imagel

(National Institutes of Health).
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Migration and Invasion assay

To investigate breast cancer cell migration activity under
the effect of sSIRNA—NQO2 transfection, Transwell migration assay
was conducted in a 24 —well plate, 8.0 g m—pore transwell chambers
(Corning Incorporated, Corning, NY). For the transwell migration
activity, breast cancer cells transfected with NQOZ2 siRNA were
plated into the upper compartment of each chamber at a cell number
of 1 X 1075 cells/well in serum—{free DMEM and RPMI medium.
While the lower parts of the chambers were filled with complete
medium. Following 24 hours incubation at 37° C with 5% CO2, the
migrated cells on the bottom surface of the chambers were fixed
with 4% paraformaldehyde (PFA) for 30 minutes and stained with
0.01% crystal violet solution for another 30 minutes at room
temperature. The cells were washed with deionized water. The
cells in the upper chamber were removed with a cotton swab. The
migrated cells were taken pictures under a light microscope at X 5
magnification. The pictures were taken in 3 randomly selected
fields for each chamber. Each assay was performed in duplicate and
repeated three times. The crystal violet stain solution in each
chamber were extracted by acetic acid and quantified by optical

density (OD) reading at 570 nm.
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To investigate breast cancer cell invasion activity under the
effect of NQOZ2 knockdown, invasion assay was performed in a 24—
well plate, 8.0 g m—pore chambers (Corning Incorporated, Corning,
NY) with 20% Matrigel (BD Falcon). The cells were added to the
upper chambers at a density of 1 X 1075 cells/well in serum—free
DMEM and RPMI medium. The lower part of the chambers was
filled with complete medium. After 24 hours of incubation at 37° C
with 5% COZ, the cells on the bottom surface of the chambers were
fixed with 4% paraformaldehyde (PFA) for 30 minutes and stained
with 0.01% crystal violet solution for another 30 minutes at room
temperature. The cells with Matrigel in the upper chambers were
removed with a cotton swab. The moved cells to lower surface of
the chambers through Matrigel were taken pictures under light
microscope at X 5 magnification. Three randomly selected fields in

each membrane were taken pictures under a light microscope.

Proliferation assay (MTT assay)

To analyze the proliferation of human breast cancer cells
under the effect of transfection, cells were collected after 48hour
transfection. The cells were seeded at 2000, 4000, 6000, 8000,
10000, 12000 and 14000 cells/well into a 96—well plate in triplicate

and incubated for 24, 48, 72 and 96 hours respectively at a

16 Al "NI:.' 1_l| ol



temperature of 37 ° C under 5% CO2. After incubation, 10uL MTT
(5 mg/mL) was added to each well when the time was up and the
plate was incubated at 37 ° C for another 1 hour. MTT solution was
removed and 200uL dimethyl sulfoxide (DMSO) was added into
each well and mixed thoroughly then the optical density (OD) at
570 nm was determined the cell viability assay was repeated at

least three times.

Cell cycle analysis

ZR75-1, SK=BR-3, BT—20, HS578T cells (5 x 10"5) were
cultured in 6—well plates for post—transfection 48hours. They were
harvested and washed twice with PBS, then fixed in cold ethanol
(70%) while voltexing. The cells were stained with propidium
iodide (10 ug/mL) and RNase A (2 mg/mL) for 1 hour. The stained
cells (at least 1x1075) were analyzed by flow cytometry
(FACSCalibur flow cytometer) and the DNA content were analyzed
with FlowJo software. All cell cycle analysis was performed in

triplicate and repeated at least three times.
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Intracellular ROS measurement

The level of ROS in HS578T cells seeded on 6 —well
pates was measured by the oxidation—sensitive florescent
probes DCF—DA. It was used to monitor the production of
hydrogen peroxide. Cells in each well treated with si—RNA
(Si—Ctrl and Si—NQO2) at 50uM for 48 hours, then incubated
with 5uM of DCF—DA (Cellular Ros assay kit by Abcam) for
the detection of cellular ROS for 30min at 37C in the dark.
0.005% HZ202 was used as positive control. Fluorescence was

read with excitation at 485nm and emission at 535nm (FITC).

Statistical analysis

All experiments were repeated at least three times using a
different cell preparation. Statistical analyses were performed using
Microsoft Office Excel 2019, ImageJ (National Institutes of Health)
and GraphPad Prism 9.1.0 (GraphPad Software, La Jolla, CA, USA).
Data are presented as the mean *= SEM. Data were considered

statistically significant when * p<0.05, ** p<0.001, *** p<0.0001.
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Antibodies

1. Santa Cruz Biotechnology NQO2 Antibody (A—5) sc—271665
2. Santa Cruz Biotechnology m—IgG A BP—HRP sc—516132

3. Dharmacon ON—TARGETplus Human NQO2 (4835) siRNA —
SMARTpool L—006334—00—-0005

4. Dharmacon ON—TARGE T Tplus Non—targeting Pool D—001810—
10—-05

5. Santa Cruz Biotechnology NQO1 Antibody (A180) sc—32793
6. Santa Cruz Biotechnology m—IgG «# BP—HRP sc—516102

7. Santa Cruz Biotechnology NQO2 siRNA (m) sc—41576

8. Santa Cruz Biotechnology Control siRNA—A sc—37007

9. Cell Signaling Technology Vimentin (D21H3) XP® Rabbit mAb
5741

10. Cell Signaling Technology N—Cadherin (D4R1H) XP® Rabbit
mAb 13116

11. Cell Signaling Technology Slug (C19G7) Rabbit mAb 9585
12. Cell Signaling Technology E—Cadherin (24E10) Rabbit mAb
3195

13. Cell Signaling Technology Anti—rabbit IgG, HRP—linked
Antibody 7074

14. Santa Cruz Biotechnology TGF— 81 Antibody (3C11) sc—

130348
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15. Cell Signaling Technology Smad2 (D43B4) XP® Rabbit mAb
5339

16. Cell Signaling Technology Smad3 (C67H9) Rabbit mAb 9523
17. Cell Signaling Technology Smad2/3 (D7G7) XP® Rabbit mAb
8685

18. Cell Signaling Technology Phospho—Smad3 (Ser423/425)
(C25A9) Rabbit mAb 9520

19. Cell Signaling Technology Phospho—Smad?2 (Ser465/467)
(138D4) Rabbit mAb 3108

20. Cell Signaling Technology Smad4 (D3M6U) Rabbit mAb 38454
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3. Results

95.0% CI for Exp(B)

HR Lower Upper P-value
Total (N=3455) 117 1.04 131 0.008
Subtypes
Luminal A (N=1678) 1.15 0.96 1.38 0.130
Luminal B (N=989) 135 11 1.65 0.004
HER2 (N=207) 1.44 0.95 2.54 0.086
Basal (N=581) 1.34 1.04 174 0.025

Table 2. Clinical and prognostic implication of NQO2 gene in
breast cancer patients using Kaplan—Meier Plotter.

(https://kmplot.com) B, coefficient of regression; HR, hazard ratio; CI,

confidence interval; HER2, human epidermal receptor 2.
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Figure 1. NQOZ expression analysis in the subtypes of
breast cancer using RNA—seq in TCGA database. Statistical
analysis was done using Ordinary one—way ANOVA (x%x

p=<0.0001)
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Figure 2. Recurrent free survival (RFS) analysis in all
breast cancer patient with low or high NQO2 expression based on

Kaplan—Meier plotter. Recurrent free survival was compared between higher

and lower expression of NQOZ2 through the Kaplan—Meier Plotter database, and a
difference of P<0.05 was deemed as statistically significant. #**, p< 0.001. TCGA,
The Cancer Genome Atlas. n = 1064. HR, hazard ratio.
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Figure 3. Distant disease—free survival (DDFS) analysis in
Chemotherapy—received breast cancer patient (Tumor grade III)

with low or high NQOZ expression based on BreastMark. This figure

was generated using BreastMark. Kaplan—Meier plot of breast cancer patient
survival based on NQOZ2 expression. Plots represent the DDFS. n = 334, p = 0.027

(* p<0.05, ** p<0.01)
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Clinical significance of high expression of NOQZ in breast
cancer cells.

To have an overview of NQOZ expression in breast cancer
cells, it was analyzed using the Kaplan—Meier plotter database. It
provides information about the gene expression data over three
thousand breast cancer tumor samples to identify the correlation of
NQOZ expression to the survival of breast patients ranked by
different clinical subtypes. The results of the present study showed
that patients with breast cancer Luminal B and Basal type that had
NQOZ expression level had a poor outcome compared to other
breast cancer subtypes. (p—value 0.004 and 0.025, respectively)
(Table 2) In Figure 1, the mRNA—-seq data from TCGA were
analyzed to verify these findings. It indicated that the differential
expression of NQO2 between the adjacent normal tissues and tumor.
The data illustrated that NQOZ expression is higher in Luminal B
and Basal relatively to other subtypes of breast cancer. Recurrent
free survival and disease—free survival curve was shown in Figure
2 and 3 respectively. They show that NQOZ gene expression is
correlated with survival of patient with breast cancer. They
demonstrated that the patients with poor survival rate tend to have

higher NQO2 gene expression. (Figure 2 and 3)
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Figure 4. Comparison of NQOZ2 mRNA and protein expression

levels in multiple breast cancer cell lines. (A) NQO2 mRNA levels were

measured by qRT—PCR analysis. GAPDH was used as a housekeeping gene. (*
p=<0.05, ** p<0.001, *** p<0.0001) (B) NQO2 protein levels were measured by
Western blot. Relative protein levels are compared to B —actin using Image J
analysis National Institute of Health (NIH) software. Bars, SD. Statistical analysis
was done using ANOVA and Dunn's Multiple Comparison (* p<0.05, ** p<0.01) vs
MCF—10A. The error bar represents three independent experiments, and each

experiment was repeated three times.
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NQOZ is expressed in breast cancers.

NQO2 mRNA and protein expression levels were examined
in ten different breast cancer cell lines. Those cell lines include
MCF10A, two Luminal A types (MCF—7 and T—47D), two Luminal
B types (ZR75—1 and BT—474), HER2+ type (SK—BR-3), and
four TNBC types (MDA—-MB-468, BT—20, MDA—-MB—-231, and
HS578T). The result showed that NQO2 mRNA and protein are up—

regulated in breast cancers. (Figure 4)
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Figure 5. Silencing of NQOZ2 by siRNA transfection in breast

cancer cells. (A) ZR75-1, SK—-BR—3, BT—20 and HS578T cells were
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expression was detected by Western blot analysis. The error bars represent three
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NQO?2 is silenced by short interfering RNA transfection.
Among ten breast cancer cell lines, four cell lines were
selected, ZR75—1, SK—BR—-3, BT—20 and HS578T that most highly
expressed NQOZ compared to MCF10A cell. To determine the
function of NQOZ, NQOZ2 siRNA was transfected in these four cell
lines. The efficiency of NQOZ siRNA transfection was established
by Western blot analysis. (Figure 5A) NQO2—-knockdown cells at
48 hours transfection exhibited a decrease NQOZ expression at the
protein level by more than 60% respectively compared with

scramble (control) siRNA.
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NQOZ siRNA decreased the migratory and invasion ability in
breast cancer cells.

To demonstrate the role of NQOZ2Z in breast cancer cell
activity, the migration of four cell lines in Transwell migration assay
was performed at 24 h time—point. The result revealed that the
migrated cells were decreased when NQOZ2 knocked down by siRNA
transfection. In the presence of NQOZ siRNA, the number of
migrated BT —20 cells decreased by 37.23%*0.55 and HS578T
cells decreased by 35.98% +1.71 respectively. (Figure 6) To
determine whether knockdown of NQOZ is associated with
decreased cell migration, cell invasion was also assessed using
transwell inserts. The result showed that cell invasion was
suppressed in NQO2 siRNA transfected cells. (Figure 7) Therefore,
these results implied that NQOZ plays a role in breast cancer cell

migration and invasion.

30 A L1



ZR75-1 SK-BR-3

1.5 - 1.5
N -o- Si-Ctrl - Si-Ctrl
) . =
& & Si-NQO2 & & Si-NQO2
O 1.0 O 1.01
‘_E <
g H *k
& 054 / G 0.5
= * =
3 .”A/‘. S /
0.0 T T T T 1 0.0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
Time(days) Time(days)
BT-20 HS578T
- 1.5
Y57 [ sicu -e- Si-Ctrl
o) . g -# Si-NQO2
& -# Si-NQO2 & i-NQ
O 1.07 © 1.0
k= = *
S 2
o o
| / ° %57
= * =
8 8
— a—a—"
0.0 T T T T 1 0.0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
Time(days) Time(days)

Figure 8. Deficiency of NQOZ2 decreased proliferation of
breast cancer cells. (A) MTT assay was performed to detect cell viability of

ZR75—1, SK—BR—3, BT—20 and HS578T cells for 24, 48, 72, 96 hours upon
siRNA transfection of NQO2 siRNA. Statistical analysis was done using Student t—
test. (* p<0.05, ** p<0.01, *** p<0.001 vs scrambled siRNA groups) The error
bars represent three independent experiments and each experiment was repeated

three times.

1 )
31 -":l'h._s'r'll



Si-Ctrl Si-NQO2

R-C-1 ZR-N-1
B B —]
& 2
- ¥ =&
P FE | P2 | pe 3. = ps | b
e &
o 5 . & {“\
N & - =l a4
. ) ) T T T
By w0 o
Fea wrom 2 A ™ oy
EL K-C-1 i K-N-1
&
& s
z
g&| s e | Ha s -
< Co
@ Ex
> &
7] %
’ 5 s » B} P %
wcrom - -
gT-c1
2 T-N-1
£ &
[= T
o °8
£
EE ]
At -
By o s
PEA wioy  F T L I
PE-A i
2 578T-C-2 578T-N-3
-] &
[y #] &
© : B
B 3| = pa | e Sal| e ex | e
wv
T &] FE
[ A
T T T T T T
* ) o E) 1w h
PE-A £e1.000) PE-A #1.000)
ZR75-1 SK-BR-3
807 80
= = = si-ctl
IS IS )
& = =1 Si-NQO2
= 60+ = 60 O
2 S
8 3
S 40+ = 40
=3 o
= g
— 20 — 20
@ [}
© (¢}
0= o
Apoptosis GO_G1 s G2_M Apoptosis GO_G1 s G2_M
BT-20 HS578T
804 80
g g
60 = 60
S S
k] k=
S 40 S 40
o Q
=} (=]
1= a8
— 20 — 20
) 73
8 3
o- o
Apoptosis GO_G1 s G2 M Apoptosis  GO_G1 s G2_M
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NQOZ siRNA decreased the proliferation and cell cycle
progression in breast cancer cells.

Having seen the expression of NQOZ in breast cancer cells,
MTT assay was performed to further investigate the cell
proliferation and motility after cells were transfected with NQO2
siRNA. As shown in Figure 8, the result displayed that siRNA
transfection of cells inhibited the proliferation activity by
49.16%*t1.19 in ZR75—1 cells and 35.32% *0.23 in HS578T cells
at 48 h time—point. (Figure 8) These results indicated that there is
a biological role of NQOZ2 in proliferation and motility in breast
cancer cells. Moreover, the transfection of NQOZ2 siRNA
significantly decrease the number of cells in S, G2/M phase in four
cell lines and increase the number of cells in GO/G1 phase in SK—
BR—-3, BT—20 and HS578T cells. GO and G1 cell cycle arrest in
SK—BR-3 (siCtrl vs siNQO2: 68.4£0.2 vs 74.3+0.1), BT-20
(siCtrl vs siNQO2: 58.7+0.4 vs 72.71+0.3) and HS578T. (siCtrl vs
siNQO2: 46.6%=1.6 vs 51.5%20.9) Interestingly, NQO2 knockdown
with siRNA transfection triggered apoptosis (siCtrl vs siNQO2:
1.8£0.06 vs 26.3%70.5) in ZR75—1 cells. (Figure 9) This result
reported that there was induction of G1 phase cell cycle arrest and

apoptosis in NQO2 siRNA transfection cells.
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Intracellular ROS level was reduced in HS578T cells with

post— NQO2Z siRNA.

Since NQOZ2 expression is highly related to intracellular ROS
and NQOZ is well—known ROS generator, intracellular ROS level
was determined in human breast cancer HS578T. ROS level was
monitored using DCF—DA, the oxidation—sensitive florescent
probes. As a result, ROS level in HS578T cells transfected with Si—
NQOZ were lower than those in cells transfected with Si—control.
(Figure 10 B). There findings indicate that the expression of NQO2
effects ROS level and they raise the possibility that the NQOZ2Z gene

may increase ROS levels.
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NQOZ siRNA suppressed EMT progression in breast cancer
cells.

To investigate whether NQOZ2 effects breast cancer cell
aggressiveness through regulating EMT. Expression of
representative molecules, E—cadherin, N—cadherin, Vimentin and
Slug, are assessed by Western blot analysis after NQOZ2 knockdown.
The result demonstrated that E—cadherin was increased in NQOZ
siRNA transfected cells and N—cadherin, Vimentin and Slug were
inhibited in NQOZ2—silenced cells. These findings suggested that
EMT progression is suppressed in cells transfected with NQO2

siRNA. (Figure 11)
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NQOZ2 siRNA inhibited TGF— 8/Smad signaling pathway in
breast cancer cell.

To further explore the effect of NQOZ in EMT, TGF— 8 —
/Smad signaling in breast cancer was observed in vitro. Expression
levels of TGF— 81, Smad2/3, Smad4, Phospho—Smad2 and
Phospho—Smad3 were detected by Western blot analysis in NQO2—
siRNA ZR75—1 and HS578T cells. The result indicated that
silencing of NQOZ2 induced down—regulation of these TGF— A/Smad
signaling representative molecules. This correlation was confirmed
by both cell lines, in which the expression of TGF— 81, Smad?2/3,
Smad4, Phospho—SmadZ and Phospho—Smad3 were decreased.
(Figure 12) The result suggested that inhibition of NQO2 leads to

suppression of EMT —mediated TGF— 8 /Smad signaling.

3 9 "':l“_i _'-.;_':._ 1=



4. Discussion

NQOZ is highly expressed in multiple types of breast cancer
cells. In the present study, it focused to the utility of NQOZ2 in
aggressiveness of breast cancer cells. It was found that NQOZ2 is
associated with migration, invasion, proliferation, and cell cycle
progression. Previous studies have shown that resveratrol (NQO2
inhibitor) was found to decrease proliferation of both hormone—
dependent and hormone—refractory cells. [10] According to the
previous study, it was demonstrated that the NQOZ2 knockdown cells
by shRNA leaded to slower proliferation and increased G1 phase in
CWRZ22Rv1 prostate cancer cells. [18] However, there was no
further study on its anti—migratory and invasive capacities in post—
transfection breast cancer cells. In this work, it was established that
the downregulation of NQOZ expression weakened the migratory
and invasive abilities of breast cancer cells. (Figure 6 and 7) The
absent of NQOZ influenced reducing cell proliferation and caused
cell cycle arrest. (Figure 8 and 9)

To further confirm this observation, the biological
importance of NQOZ in metastasis was investigated by observing
EMT development. It therefore comes as no surprise that the

silencing of NQOZ caused suppression the EMT process. As shown
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in Figure 10, E—cadherin, one of epithelia phenotypical markers and
supposed to be down—regulated during EMT, was increased in
ZR75—1 and HS578T cells transfected with NQOZ2 silencing. In
contrast, N—cadherin, Vimentin, which are mesenchymal
phenotypical markers and usually upregulated during EMT, were
decreased in NQOZ down—regulated cells. There findings suggested
that silencing of NQOZ might inhibit cell migration and invasion
through suppressing EMT and resulted in a MET (reversed to
epithelial morphology) in breast cancer cells.

Since TGF— f#/Smad signaling is a prominent EMT —inducer,
it was examined whether the silencing of NQOZ effects on TGF—
B —induced EMT through the TGF— 8/Smad pathway. Previous
studies have shown that TGF— 8 —induced migration in breast
cancer cell was inhibited when PI3K/AKT pathway was inhibited.
[22] The PI3K inhibitor LY290042 was used combined with TGF—
A1 and it reduced cell migration and restored the epithelial
phenotype of breast cancer cells. [22] The present study is
dedicated to the Smad—dependent signaling pathway in the EMT
process. Previous researches showed that Smad2/3, and Smad4
play a significant role in the process of breast cancer EMT, which
are second messengers of TGF— 8 1/2 tyrosine kinase pathways.

The overexpression of Smads encourage EMT in breast cancer
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cells. In Figure 11, the result indicated that when NQOZ2 is down—
regulated, TGF— A /Smad—dependent signaling pathway is
suppressed. Additionally, silencing of NQO?Z decreased the
expression levels of Phospho—Smad2 and Phospho—Smad3, which
are important in TGF— 8/Smad pathway. The results revealed that
inhibition of NQOZ2 represses TGF— 8/Smad —induced EMT.

Another interesting finding in these data in vitro is that the
result was not seen consistent across breast cancer cell lines.
Notably, cell growth was mostly decreased in SK—BR—3 cells. Cell
migration and invasion was more inhibited in BT—20 and HS578T
cells compared to other cell lines. Cell toxicity induced highest in
ZR75—1. It will be a remarkable area of future research to
determine what causes different result depending on type of cell
lines. Nevertheless, these results nicely fit the hypothesis that the
functionality of NQOZ influences aggressiveness of breast cancer
cells.

As well known, multiple metabolic pathways are changed
simultaneously in progression of tumor rather than a single
metabolite. Speaking of multiple metabolic pathways in this study,
ROS (reactive oxygen species) production could be associated with
metastatic genes in malignant breast cancer cell lines. [15] Since

ROS generation is strongly involved in NQOZ2 expression and EMT
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progression, its inhibition could repress the TGF— 8/Smad and
ROS—induced EMT. Therefore, it will be very interesting in the
future to further investigate the role of ROS in TGF— A —induced

EMT via the TGF— 8 1/2 tyrosine kinase pathways.
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Figure 13. A schematic model of TGF g —induced EMT
transition in NOQZ Knockdown HS578T cells. Silencing of NQO2
downregulates TGF—b/Smad representative molecules such as
TGF—-bl, Smad2/3, Smad4, P—smad2 and P—smad3 eventually
suppressed EMT progression. It is a good indicator of breast cancer

suppressor through repressing the signaling pathway.
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5. Conclusion

Taken together, elucidating the role of NQOZ2 in breast
cancer cells is critical for the understanding of their participation in
migration, invasion, proliferation, cell cycle and tumor metastasis.
Importantly, these findings illustrates that the understating and
targeting of TGF— 8 /Smad mediated changes during EMT is
essential for treating of metastatic capable cells and could
eventually discover potential novel cancer treatment in future

therapeutics for breast cancer patients. (Figure 9)
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Abstract (Korean)
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—Quinone oxidoreductase?2 (NQO2)+= Z¢hH oz
4 @4 ol NADHY NADPHE HZQIAZ AMXE U
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B A42R=  The Cancer Genome Atlas Program

(www.cancer.gov/nci) o4 A&l 59 A 223} 89 $x19)

X BEFIE (Lunmial A, Lumial B, HER2, Basal) &%k%21°] RNA—

seq HIoJEE #asto] NQO29| wHelS vl #4513,

—NQO2 e w& it A9 % 4
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(www.glados.ucd.ie/BreastMark) & &-&3sto] FoF THII ©]

I e =

i

e 33499 FYY DA o

=
(Distant Disease Free Survival) & #24 3t}

55 . .H _ 1_'.]'| [


http://www.cancer.gov/nci
http://www.glados.ucd.ie/BreastMark

—qRT-PCR I Western blot 4% % FY¢ A|EF oA NQO2 &
d g
B AFNAM = 10714 i AEFE ]85t NQO2 Hd &
gt tt.  gRT-PCR ¥ Western blot #4& ©]&3}o]

NQO2 mRNA #} protein & =S &<Ql&tgl o,

—siRNAE o] 83t NQO2 +-A Yrh-
ofg] frikek AEFIA NQO29 LA st § (B4 F¢
o AMEF MCF—10AS$} Blaste]) iAoz N
=2 AZFE AR T NQO29 AETH 715S &7 98
A A" AEZFA SIRNAE FAFYste] NQO2 Hth Al
X5 FASATE 50uM®E 48213 Fok NQO2E EHAO® &=

-

D)
o
]
1o
e
ﬂ
9

SiRNAES fHrebAEe] g alFUct. Western blot AW -S

o] &-3to] NQO27} YUt E (%) AE= golsladrt

—Transwell migration, Transwell invasion ¥4 02 FWUAEX o]F

/5]34_ Z] O}S] ﬂo]
siRNA  #AF] sl NQO2 o] AAl" A EofA
Transwell migration ¥} Transwell invasion assays Z3lA]
e O] o] s HEAAES 24, 48417 HA SR FRls)
gtk o)E3d  AMEE  paraformaldehyde® 1% F
crystalviolet®.®  @Aste] Hu|d  ShoA FEEAT
Graphpad prism9% ©| €3t ZAEZ 1% (siRNA—control) ¥

H] I 77155 (siRNA-NQO2) ztell sA4 A3 13 skt

56 SEE0E



—MTT assay & FAE BE47|E 53 FUIAEY
7] &9l
NQO2 Zao] oAE M Lo AxE F23, &

I AxF

o

o

-

17

&l A proliferation assayE st tt. MTT  solution

_

Ol

R

o
48

oo

(Amresco, Solon. Ohio, USA) % A 7Fste] 37 CollA 24
7F b2 Al AT DMSO(Sigma) 99-S H71st & gepaog g

A kA S AS 96well—plateo] Yotk 71 3 570nmoll
A EFFEE =43 NQO2 w3 G5 wE AEALS}
MEF7]E dolH 7] Yl A% EA1 (Fluorescence—

activated cell sorting) < AFE3IR T vlE AXEE 272

PBS®E 23] MH & &4 AH8E A X545 1x1076/mLo =
&

skl T}, PI (propidium iodide) &Y

=
tlo
o

YA T HAL B ol g3l BAFYUE BAY B

Graphpad prism9& AFg3}$ T},

NQO2 &3 A s dotry] flaf EMT &%
S Western blot TS &3 glsklth. siRNA-NQO2
T AEAA EMT wpAR €8x E—caderin, N—caderin,
Vimentin, Slug @& S 213}% 7 Graphpad prism9< AF&3}

of BAH f949S SPshsinh

— 59 2 TGF—b1/Smad A3 #43 <l
EMT &l Tad 9g5 s Zlez 48 TGF-
bl/Smad A3 AL T34 SIRNA—NQO2 A|3Z o A]

ATt
TGF—bl/Smad A&z d<d &4 H3E Western blot 7|HO=ZE
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A8 TGF-bl/Smad AsdY #HH T F2 7|52 3

=
ﬁe{_’;
o

+ TGF-bl, Smad2/3, Smad4, p—Smad2. p—Smad32] &
£ NQO2 Yus fF WA xA &1t TA4 &

Graphpad prism9E AFg&3}% T}

o
rlo

3. 97 3% A7
— A2 E NQO28 TEL F et A=Al U2 ¢ F ARS8l
NQO2 o] whgel whsh 2 omlE 37] el suhdlely o]
KM—plotter ¢} TCGAE 7INko.2 1ok Aol NQO2 23S &
ekt g zAoM Bl= oF Aol NQO2<9| o] =k
I 1o Luminal B8} Basal EFY <ol NQO29] #Hado] =

o

Atk olE FEl SAFoR FsHAl NQO22] W 55 A58kl
ok
- AESF oA NQO29 & = A

T Aol A NQO2Z2 HAEE dotrr] 93] 9 71 fdehAlast
174 ARGk oA NQO22] mRNAS} protein 28 AE2 oF
obrttl, qRT—PCR ¥ Western blot 722 NQO2 9] w3ls <
olR kS Wl o] fHAEAIA NQO29] o] Bl Hirh
MCF10A ¢} ZJdM|wE ESES wl ZR—-751 (Lumial), SK—BR—
3(HER2), BT—-20(TNBC), HS578T(TNBC) Al3ZeflAl NQO22]

ol w93 FANOE frold Hol T Falstlr.

l

—siRNAE o] 439 NQO2 S3AX Ytte NEF FA
NQO29] AEEEH 7|es dolhr] $3) siRNAE 9 Wl 74 A2
(ZR—751, SK—BR-3, BT—20, HS578T) °l &2 F2ldle] NQO2
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—NQO2 ¢d JAd FIAAE 233 AXE

o] 7150l oA AEE AL NQO2E EPIC 2 3= siRNA
= 50uM, 48A1RF AFsiS Wl vl 7HA] FEUAE ZFA 60%

ool SlAES Tl Sk

~NQO2 d AR FUHAEY o|FHH B A2

NQO2 F-xF & ol mhe FdebAlze] 44 2 oMdst #gS
5] 28l ME ol HE s ERIsith Transwell
migration ¥} Transwell invasion assay & &34 A% o] 57} H&

g ERIgh Ax}, NQO29| Tdls AAISE AlZoM A3 o]FAde] Z

~

oA ZF 37.23%+0.55 2 35.

NQO2e| Bl oAlE B3 AE olBA T Fe s Felskich

N
Y
)
B

NQO2 38z Wdo] Fa5e nA= dFs F47] 9aA
MTT assayE o] &3} 24, 48, 72413t FoF #Z&dh. 1
A3, NQO2 o R&o] AAH AXLM AxE FA5o] Ha
itttz @ vlwekels W ZR-571 A9 HS578T Al
Tl 49.16%+1.19 ¢ 35.32%+0.23 o 93 HAS B
Atk sk Wuk obd AZFT]C] NQO29 dEFs Leotr7]
A FAIE EARE AT S £89 G2/M 23S Al
¥ BFoA dixe] vlE] #fo@ AaE UEhda SK-
BR—-3, BT—20, HS—578T AZA & GO/GL EF o] o

nlalA Frbskolth dizwd vlwskele W, GO/Gl EEelA
SK—BR-3 Al %% siCtrl vs siNQO2: 68.4+0.2 vs 74.3%0.1,
BT—-20 A¥+ siCtrl vs siNQO2: 58.7£0.4 vs 72.7%+0.3,
HS578T M ¥+ siCtrl vs siNQO2: 46.6+1.6 vs 51.5£0.9 9

5 9 -':l-\._c _kl_'::_ 1_._Ii



o5 BT FuEAE ZR-751 AEHE o
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QL EMT Az Ag 7|ds sfgstast st ol& ke,
ZR—751% HS578T Alxe] siRNAE o]&3te] NQO2°| &
S AAAZ T A AxY vAR ¥ A E—-cadherin 3}
T AxEZe] mAR &#F N-cadherin, Vimentin &,
783 EMTS 9 AAIAZ & Slugd v Wss 2
25} th. Western blot ¥4 o2 &Qlst Ay} NQO2<9 d

-~

S 99AAIZ] Al¥Eo|A N-cadherin, Vimentin, Slug ¥&o] 7

23513 0 E—cadherin® W& F AMXE EFolA F7ekdth
ojgst A= NQO2e| 2siA dAxe] EMT7E s
NQO2¢] w&o] ¥ ob& w= FHIAESY A9 AxFA

Aol 7]ofsks Ao w gl

—NQO2 #d A8 FE¢MES TGF-bl/Smad AZHAY 74
TGF /smad A2 EMTS] &3] 23t o3k 3
Aow defx Qlrk olef wt NQO22] do] TGF B/smad Al54
ol A& Y AFstaA} stk ZR-75—1 3 HS578T A
o] TGF B/smad Al #HAoshk= vlA=e 23S Western
blot 7o & &l TGF 81, Smad2/3, Smad4, P—Smad2, P—
Smad39] WS NQOZ Ytk Alxelr glsils u, #as 2E
apA A AL TS RIS tix ) v welsls W ZR—75—
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1 AlEoM+= TGF-bl, P—Smad2, P—Smad32] Z&e] 23 xjo]
2 B3 HS578T AFolx= TGF A1, Smad2/3, P—Smad2, P—
Smad32] W&ol FAIACE ot xfo]E Rl o] st du=
HEFO 2 NQO29| WS 5 1hAlE2] TGF B/smad A& gl 7]
oghs TgskoiTt.

4, 1
27N dlolElE 7SR NQO29] el A O LY o5 QIx}g]
= FRIBIGIANL, o5 Beshr] 913 NQO29] =38 714 A= dA7A
el A] B oA Al oMdsel
NQO2 o] #A} &5 F8alth old] fehdlEels NQO2<]

S g1tk U7s (luminal type) ¥} 7143 (basal type) AT i

o7 vlwaldS v ZR—751, SK-BR—3, BT—20, HS578T AlZoA <]
gk 2polE ®lar o= W3 (luminal type) 27F4, 714 & (basal type) 27F4]

NQO2Z o] firell whE A& 714 Wsks dotnlr] 913
9] 471 AlEZeA siRNAS AMESle] NQO29| s 74t Alxs 343t
%tk Western blot 7" 0% #RIel3& wf AHE-H B A3 (ZR-751, SK—
BR-3, BT—20, HS578T) ¢4l 60% ©’3<] AAlES gRlskaich hHlaEe] o]
S HEL GAE ogsiel o] 9lom oFy Hie] ARl dAEe] A
5ol IAF5ALE a7loltk 7 AFeAE NQO2 e wE ZR-751, SK-
BR-3, BT—20, HS578T SHAE o]% 1 A& oA 7FsAel st 475 %

dol AAHAE ] Ak oEH o Fek Al o)yt FEE A A
SHTE 243F o] o] Fgl HEE crystalviolet2 2 A5t S5+
T NQO2 Huke- Alazellx] ol sds} Haidol sk AdE eRlsilth

Hhol ElQIHE HluaHts W ASAdUH(Triple negative breast



cancer) oA iAo ® {23 xlo]E gRlakqlnh

ols} Frelato] NQO27F el 54 olAlsh Avhel A7) 7
3 A5 I8iA NQO2 5o]% siRNAE 50uM=E 48417 A8 $ NQOZ %
dol Al 8 AElM MTT assayE 3T Aifel] oahd oF
2 F&o] A} FdsA NQO2 Ytk Alzef|x] Azt oEa oz A &
3} s8o] FAsksdth ZR-751, SK—BR—3, BT—20, HS578T A& FFoflA

el Hla A7 AEAHOR o AolE AT o)F HHsto]

ol

NQO2¢] ol W& FHPAE MEF7] 23 WHEE FAEZ EAHS S5l
PHERelth SK-BR—3, BT-20, HS578T AlXellA S8 GO/GL #E ©]
sFst= Alz7F AR Gl #8 AELS S7FsE o webA
WA NQO2 Yrkio wWE HAMxE F2A9A 'ads AEF7)
Gl arrest$} A#A 9lom Gl arrest % &¥E AdF o=z & A
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EMT== Al o] &3 &t ofue} el oMdstz qbdo] 7b4] #hoidh
ta oA ok NQO2 2 ol whe} EMT marker&2] W3S Western
blot A o® &lste] EMT g9 Wzls #3iglth. siRNA-NQO2
ZR=751 T} HS578T MEE FAstaL A9 MxEe wARZ 4#zl E-
cadherin ¥ Sl Mxe] vtAR 48X N-cadherin, Vimentin %

3 8]3 EMTE F8 #AeIxtz &ded Slugd was A5k}
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EMT marker 52 2&S Western blot #4107 3lst Ay NQO2
o] "hglo] AAH A Eo A N—cadherin, Vimentin, Slug ¥r&do] 743}
R o™, E-cadherin® ¥&-S 7133tk N—cadherin, Vimentin, Slug
WE ol 7 ALE ZR-7513 HS578T AlZolA H|Z&slgloy E-
cadherin ¥&2o F7l= tiZxT HS578T AE] H3|A siNQO2-—
HS578T AlZelA oS fejst zto]lE Btk HS578T AlxeolA
NQO27F st AaA AZEPA FA o 7|ojst= RAow Fold

ot W4 E (uminal) EFYQI ZR-751 AlZEeA Bu AEsd 4t

2 Hol AXE E]] W NQO29 wde] uwe} EMTS z & e
H3tE gelsts A7t Fasi.
Aol E ARSI o] EMT #H4S Fal oAl
&l Gotrokth. AE ®okS o NQO29 od #F
EMT #4elA Fo3rs elsiitt. 1elstel EMT 374 FollA 34
el 98rs gt dex TGF—A—Smad A3 W3S aleiich [1]
TGF— 1 wizoe] TGF-B1/2 oAl F=gAllol Agstd 842 <lits)
4l Smad complex® EJSIAA o]ojx EMTE EsA1ZIct [1] olzfst A
A AFE 7NEe® ZR-75—1 I} HS578T A ¥elA TGF 8/smad A& e
of #sh= nAES &S Western blot 7102 FRlIsitk TGFA1,
Smad2/3, Smad4, P—Smad2, P—Smad32] 3L NQO2 Yuke- Al|ZjA &
JApRE W, S wpAolA Lo FhisiGity. thxad) vlwsisls o
]_
0|2 Wl HS578T Al¥olx= TGF A1, Smad2/3, P—Smad2, P—Smad3
o] Wo] FAACRE Fo3 2ol gRlsiqltk NQO2 Yk TGF A1 #
Smad ZA3E At AH 0w EMT oAE Evleh= 218 onsit)
NQO2 W&o w PI3K, JNK, NF— B, ERK ¢} £ v AsddAd=

marker 59| W35 &8kl EMT gl 7HE 98 Sl e 4=

rir

Wi

7ZR—75—1 AM|ZA*= TGF- A1, P—Smad2, P—Smad3¢] W&le] 5238t
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in vitro A& FAT. Y HEoA NQO2 ¥ &l
918l qRT-PCR ¥} Western blot& 83tttk NQO2 o] -5
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A Hos oF 2 oA NQO2¢2 o] =9k3 71 o4 Luminal B}
Basal type fFHold FAIH 2 F23HA NQO2ZE <13 L o
£ oASait NQO2 Yok ek MzolA A9 o]F, &, w3,
F71 7% vladt Y Azl ®uk 74t Western blotS %
EMT ¢} TGF—b/SMAD 2135 #dd FdA&55

o, NQO2 Yth AXA TGF—b/SMAD A% A& §3 EMT 7
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