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Abstract

Forkhead Box Q1 (FoxQ1) transcription factor is overexpressed in luminal-type and basal-type
human breast cancers when compared to normal mammary tissue. This transcription factor is best
known for its role in promotion of breast cancer stem-like cells and epithelial to mesenchymal
transition. The present study documents a novel function of FoxQ1 in breast cancer cells.
Overexpression of FoxQ1 in basal-like SUM159 cells and luminal-type MCF-7 cells resulted in
increased conversion of microtubule-associated protein light chain 3 beta-1 (LC3B-I) to LC3B-II,
which is a hallmark of autophagy. Autophagy induction by FoxQ1 overexpression was confirmed
by visualization of LC3B puncta as well as by transmission electron microscopy. Expression
profiling for genes implicated in autophagy regulation revealed upregulation of many genes,
including ATG4B, ATG16L 1, CTSS, CXCRA4, etc. but downregulation of BCL2L 1, DRAMI,
TNF, ULKZ, etc. by FoxQ1 overexpression in SUM159 cells. Western blotting confirmed
upregulation of ATG4B and CXCR4 proteins by FoxQ1 overexpression in both SUM159

and MCF-7 cells. Chromatin immunoprecipitation assay revealed recruitment of FoxQ1 at the
promoter of A7G4B. Pharmacological inhibition of ATG4B using S130 significantly increased
apoptosis induction by DOX in empty vector transfected as well as FoxQ1 overexpressing
SUM159 and MCF-7 cells but this effect was statistically significantly lowered by FoxQ1
overexpression indicating the protective role of FoxQ1 on apoptosis. , Treatment of SUM159 cells
with S130 and DOX enhanced LC3B-II level in both empty vector transfected cells and FoxQ1
overexpressing SUM159 cells but not in FoxQ1 overexpressing MCF-7 cells. In conclusion,
FoxQ1 is a novel regulator of autophagy.
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INTRODUCTION

Breast cancer, which is a complex and heterogeneous malignancy broadly grouped into
luminal-type, human epidermal growth factor 2 (Her2)-enriched, and basal-like, is a leading
cause of cancer-related deaths in American women.12 The complexity of the pathogenesis
of breast cancer is substantiated by involvement of many oncogenic drivers. For example,
estrogen receptor is a well-known driver of luminal-type breast cancer, and this subtype

is treated with antiestrogens like tamoxifen and aromatase inhibitors.34 A subset of breast
cancer patients are characterized by overexpression of Her2 and a humanized antibody
(Herceptin) was approved by the United States Food and Drug Administration for these
patients.® The basal-like (mostly triple-negative) subtype is less frequent accounting for
10-20% of all breast cancers but highly aggressive with poor clinical outcomes.®-9 Basal-
like breast cancer are characterized by lack of estrogen receptor, progesterone receptor, and
Her2.5-9 However, other oncogenic transcription factor drivers of basal-like breast cancer
have been identified, including signal transducer and activator of transcription 3, nuclear
factor-xB, B-catenin, Kriippel-like factor 5 to name a few.5-2 Several kinases have also been
implicated in promotion of basal-like breast cancers including mitogen-activated protein
kinases.10-12

The forkhead Box Q1 (FoxQ1) is another transcription factor implicated in the pathogenesis
of breast cancer. Overexpression of FoxQ1 has been reported in basal-like and luminal-

type human breast cancers when compared to normal mammary tissue.1314 In breast
cancer, the FoxQL1 is best known for its role in promotion of epithelial to mesenchymal
transition (EMT) and maintenance of breast cancer stem-like cells (0CSC).15-17 The

FoxQ1 expression was shown to correlate with high-grade basal-like breast cancers and

its expression was also associated with poor clinical outcomes.'® Knockdown of FoxQ1

in highly invasive breast cancer cells not only decreased EMT phenotype but also reduced
invasion capability, and these effects were reversed upon its overexpression.1> The effects of
FoxQ1 overexpression on EMT phenotype was confirmed by another investigative team.16
Consequently, overexpression of FoxQ1 in a breast cancer cell line promoted pulmonary
metastasis.1® Twist1, Zeb2, and platelet-derived growth factor receptor (PDGFR) a. and B
were identified as downstream targets of FoxQ1 in breast cancer.1” These investigators also
provided evidence showing that PDGFRa and B can be directly regulated by FoxQ1 and
indirectly regulated by FoxQ1/Twist1 axis.1’ Furthermore, PDGFRP was found to be a more
potent mediator of bCSC driven by FoxQ1 than PDGFRa..17

Several downstream targets of FoxQ1 have been identified in breast cancer. Initial studies
showed that FoxQL1 is a transcriptional repressor of E-cadherin that explains the EMT
promotion by FoxQ1.15 Recently, we performed RNA-seq analysis using empty vector
transfected and FoxQ1 overexpressing SUM159 cells to identify novel targets of FoxQ1.14
Overexpression of FoxQ1 resulted in downregulation of genes associated with cell cycle
checkpoints, M phase, and cellular response to stress/external stimuli as evidenced from
the Reactome pathway analysis.24 Overexpression of FoxQ1 resulted in mitotic arrest in
SUM159 cells but not in MCF-7 cells.14 We also showed FoxQ1-mediated regulation of
expression of interleukin (IL)-1a, IL-8, vascular endothelial growth factor, and electron
transport chain complex | subunits in breast cancer.1418 Activity as well as assembly of
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complex I were significantly enhanced by ectopic expression of FoxQ1 in breast cancer
cells.18 FoxQ1 overexpression resulted in upregulation of complex | subunits NDUFS1,
NDUFS2, NDUFV1, and NDUFV2.18 Overexpression of NDUFS1 and NDUFV1 resulted
in increased cell proliferation.1® Further examination of the RNA-seq data suggested that
FoxQ1 might induce autophagy. This study was undertaken to test whether FoxQ1 promotes
autophagy and to determine if FoxQ1 expression affects sensitivity of breast cancer cells to
doxorubicin (DOX).

2 MATERIALS AND METHODS

2.1 Reagents and cell lines

DOX was purchased from Selleckchem (Houston, TX) and S130 was from
MedChemExpress (Monmouth Junction, NJ). Stock solutions of DOX and S130 were
prepared in dimethyl sulfoxide (DMSO). Reagents for cell culture including fetal bovine
serum, culture medium, and antibiotic mixture were from Life Technologies-Thermo Fisher
Scientific (Walthom, MA). Antibodies against microtubule-associated protein 1 light chain
3 beta (LC3B) and autophagy related 4B cysteine peptidase (ATG4B) were from Cell
signaling Technology (Danvers, MA); antibodies against C-X-C motif chemokine receptor 4
(CXCR4) and WD repeat domain phosphoinositide interacting 1 (WIPI1) were from Abcam
Walthom, MA); an antibody against autophagy related 16 like 1 (ATG16L1) was from
Proteintech Group (Rosemont, IL); anti-FoxQ1 antibody for chromatin immunoprecipitation
(ChIP) assay was from Santa Cruz Biotechnology (Dallas, TX); and anti-B-Actin antibody
was from Sigma-Aldrich (St. Louis, MO). Annexin V-FITC Apoptosis Detection kit was
purchased from BD Biosciences (Franklin Lakes, NJ). SUM159 and MCF-7 cells stably
transfected with pCMV6 empty vector (hereafter abbreviated as EV) and the same vector
encoding FoxQ1 (hereafter abbreviated as FoxQ1) were cultured as described by us
previously.13 Un-transfected SUM159 and MCF-7 cells were purchased from American
Type Culture Collection and cultured as recommended by the supplier. The cells were
authenticated by us by short random repeat profiling.

2.2 Western blotting

2.3

Western blotting was performed as descried by us previously.1® The blots were stripped and
re-probed with anti-B-Actin antibody for normalization. The change in protein level was
determined by densitometric quantitation of the immunoreactive band using UN-SCAN-IT
software.

Immunofluorescence microscopy

The cells were grown on coverslips in 12-well plates and allowed to attach by overnight
incubation. The cells were fixed with 4% paraformaldehyde for 1 hour at room temperature,
permeabilized with 0.1% Triton X-100 for 10 minutes, blocked with buffer containing 0.5%
bovine serum albumin and 0.15% glycine for 1 hour, followed by overnight incubation

with anti-LC3B antibody. The cells were treated with 2 ug/mL Alexa Fluor 488 conjugated
secondary antibody for 1 hour. Punctate pattern of LC3B was observed using an Olympus
FluoView FVV1000 confocal microscope at 60x oil objective magnification. At least 19
non-overlapping images were captured from each group for analysis of LC3B puncta.
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2.4 Transmission electron microscopy

The cells (2x10° cells per well) were plated in 6-well plates and incubated for 16 hours and
then washed and fixed with phosphate-buffered saline and 2.5% glutaraldehyde solution,
respectively. Sections were imaged with the use of JEOL 1011 transmission electron
microscope at x12,000 magnification. Autophagy vacuoles were quantitated as previously
described.20

2.5 RNA-seq analysis

The RNA-seq data presented in this study were from our previously published study.1# The
RNA-seq data was submitted to the Gene Expression Omnibus of NCBI (GSE151059).14

2.6 Human autophagy RT?2 Profiler™ polymerase chain reaction (PCR) array

Total RNA was extracted from FoxQ1 overexpressing SUM159 and MCF-7 cells and
corresponding EV cells (n=3 for each) using the RNeasy® Mini kit (Qiagen) following the
instructions provided by the manufacturer. Other details of the PCR array were essentially
the same as described previously.2! The data was analyzed using the web-based software
provided by the manufacturer. The threshold cycles were calculated and the genes with
values above 35 were considered undetected.

2.7 Analysis of The Cancer Genome Atlas (TCGA) dataset

The breast cancer TCGA data set (n=1097) was analyzed to determine the correlation
between expression of FoxQ1 with that of genes associated with autophagy using

the University of California Santa Cruz Xena Browser (https://tcga.xenahubs.net). The
correlation coefficient and statistical significance were determined by Pearson’s test.

2.8 ChIP assay

The ChIP assay was done as described by us previously314 using Pierce™ Magnetic
ChlIP kit according to the manufacturer’s protocol. Normal 1gG (as a negative

control) and FoxQ1 antibodies were used for the ChIP assay. The FoxQ1 binding

sites in the ATG4B promoter were amplified by the RT-PCR (60°C for 1 minute,

40 cycles) with the following region-specific primers: Site 1 and Site 2, forward:5’-
ACCAGCGCAGGAAGATACTG-3’ and reverse:5’-CTCCCAAAGTGCTGGGATTA-3’;
Site 3, forward:5’-CCTAGGGAGAGGAGGACTGG-3’ and reverse:5’-
GCAGCTGTCACTACCATCCA-3’. Fold enrichment was normalized to the input.

2.9 Cell proliferation assay

Cell proliferation was performed using CellTiter 96 Aqueous Non-Radioactive Cell
Proliferation Assay Kit from Promega following the supplier’s instructions.

2.10 Detection of apoptosis

Apoptotic cell death was assessed using Annexin V Apoptosis detection kit (BD
Biosciences) according to the manufacturer’s instructions. After treatment, harvested cells
were suspended in binding buffer with 4 uL Annexin V for 30 minutes at room temperature
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in the dark. Samples were diluted with binding buffer and apoptotic cells were analyzed
using CytoFLEX flow cytometer.

2.11 Statistical analysis

All data were analyzed using GraphPad Prism (v 7.02). Statistical significance of difference
was determined by one-way analysis of variance (ANOVA) with Bonferroni’s adjustment or
Student’s t-test. A Pvalue < 0.05 was considered statistically significant.

3 RESULTS

3.1 FoxQ1 is a novel regulator of autophagy

Figure 1A confirms overexpression of FoxQ1 protein in stably transfected SUM159 and
MCF-7 cells when compared to corresponding EV cells. Conversion of LC3B-I to LC3B-II
is a hallmark of autophagy.22 Western blotting data for LC3B protein is shown in Figure
1A. The level of LC3B-II protein was markedly higher in FoxQ1 overexpressing SUM159
cells (3.3-fold higher) and MCF-7 cells (4.0-fold higher) in comparison with corresponding
EV cells (Figure 1A). Figure 1B shows LC3B puncta, which is another method to monitor
autophagy,23 in EV and FoxQ1 overexpressing cells. FoxQ1 overexpression resulted in a
statistically significant increase in number of LC3B puncta in both SUM159 and MCF-7
cells (Figure 1B). Autophagy induction was confirmed by transmission electron microscopy
which showed higher number of double membrane structures in FoxQ1 overexpressing cells
than in EV cells, but the difference did not reach statistical significance in SUM159 cells
due to large data scatter (Figure 1C). These results indicated that FoxQ1 overexpression
increased basal autophagy without any stress or treatment in two human breast cancer cell
lines belonging to different subtype.

3.2 Profiling for autophagy related genes

Expression profiling using EV and FoxQ1 overexpressing SUM159 cells showed changes

in expression of genes associated with autophagy (Table 1). The genes upregulated by
FoxQ1 overexpression included A7G10, ATG16L1, ATG4B, CTSS, CXCR4, HSPAS,
IGF1, MAPILC3B, and several other genes listed in Table 1. The RNA-seq data

from our previously published study4 also showed statistically significant up-regulation

of ATG16L1, ATG4B, MAP1LC3B, PTEN, etc. by FoxQ1l overexpression (Table 1).
Expression of several autophagy-related genes was suppressed by FoxQ1 overexpression,
including BCL2L1, DRAMI, MAPKS, TGMZ2, RPS6KB1, ULKZ, and so forth (Table 1).
Down-regulation of only RPS6KBI1 was evident in the RNA-seq data (Table 1). These gene
expression changes explain autophagy induction by FoxQ1 overexpression in SUM159 cells.
We also conducted autophagy RT profiler PCR using EV and FoxQ1 overexpressing MCF-7
cells. We identified 13 genes that were upregulated and 9 genes were downregulated by
FoxQ1 overexpression in MCF-7 cells. Among them, 10 genes were common in both cell
lines (Table 2).

3.3 FoxQ1 overexpression resulted in upregulation of ATG4B and CXCR4 proteins

Figure 2A shows western blotting for ATG4B, CXCR4, ATG16L1, and WIPI1 proteins.
Expression of ATG4B protein was increased by 5.4-fold and 2.2-fold in FoxQ1
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overexpressing SUM159 and MCF-7 cells, respectively, when compared to corresponding
EV cells (Figure 2A). Similarly, FoxQ1 overexpression resulted in a marked increase in
level of CXCRA4 protein in both cell lines compared to corresponding EV cells (Figure
2A). On the other hand, opposite effects were seen for ATG16L1 and WIPI1. Expression
of ATG16L1 and WIPI1 was increased by FoxQ1 overexpression in SUM159 cells, but
levels of these proteins were lowered in FoxQ1 overexpressing MCF-7 cells (Figure 2A).
Further study is required to explain this subtype-dependent differential effect of FoxQ1 on
ATG16L1 and WIPI1 expression. Analysis of the breast cancer TCGA showed a positive
and significant correlation between expression of Fox@Z1 with that of CXCR4 (Figure 2B).
On the other hand, no correlation was observed between A7G4B and FoxQ@1 at the mMRNA
level. It might be one reason that transcriptional level is not reflected at the protein level.

3.4 ChIP assay revealed recruitment of FoxQ1 at the promoter of ATG4B

Figure 3A depicts putative FoxQ1 occupancy sites (GTTTA)?4 at the promoter of ATG4B.
The FoxQ1 was recruited at both sites 1+2 and site 3 of the A7G4B promoter in both
SUM159 and MCF-7 cells (Figure 3B,C). These results indicated that FoxQL1 is a direct
regulator of ATG4B expression in breast cancer cells.

3.5 Effect of ATG4B inhibition on sensitivity to DOX

Next, we determined the effect of autophagy inhibition using ATG4B inhibitor on sensitivity
of SUM159 and MCF-7 cells to DOX. S130, at concentrations ranging from 5 to 10 uM,
has been utilized to bind to ATG4B and impede its activity, leading to the suppression

of autophagy.2® Initially, we evaluated the effect of S130 on cell proliferation. At 5 uM
dose, S130 did not impact cell proliferation but effectively inhibited autophagy in both
MCF-7 and SUM159 cells (data not shown). However, doses higher than 5 UM displayed
cytotoxic effects in both cell lines (data not shown). We next carried out a dose response
experiment with DOX to identify the optimal dose capable of inducing apoptosis in each
cell line. The effective dose of DOX in SUM159 and MCF-7 cells was 2 uM and 4

UM, respectively (data not shown). Accordingly, we proceeded to evaluate the effect of
FoxQ1 overexpression on Dox-mediated apoptosis in SUM159 and MCF-7 cells in the
absence or presence of S130. Figure 4A shows effect of ATG4B inhibition on DOX-induced
apoptosis. As expected, DOX-mediated apoptosis induction was evident in both EV and
FoxQ1 overexpressing SUM159 and MCF-7 cells. The S130 treatment caused a modest
increase in DOX-induced apoptosis in both EV and FoxQ1 overexpressing SUM159 and
MCEF-7 cell lines. Interestingly, DOX-induced increase in LC3B-I1 was further enhanced by
S130 treatment in both EV cells and FoxQ1 overexpressing SUM159 cells, even though
S130 alone did not exhibit complete autophagy inhibition (Figure 4B). This effect was not
observed in FoxQ1 overexpressing MCF-7 cells (Figure 4B).

4 DISCUSSION

The present study reveals that FoxQ1 induces autophagy accompanied by upregulation of
CXCR4 and ATG4B in human luminal and basal subtype breast cancer cells. Some Fox
family members have been shown to either negatively or positively regulate autophagy
under different stress and experimental conditions.26-30 For example, coordinate activation
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of autophagy and the proteasome pathway were reported for FoxO transcription factor.2
Autophagy induction was observed following silencing of FoxK1 and FoxM1.2930 To the
best of our knowledge, involvement of FoxQ1 in regulation of basal autophagy has not been
reported previously.

Autophagy is a multistep process including phagophore formation, elongation, maturation
of autophagosome, fusion with the lysosome, and degradation that is regulated by

many proteins.31 We have found common genes changed by FoxQ1 overexpression

in both SUM159 and MCF-7 cells. These include ATG10, ATG4B, GABARAP,
GABARAPLZ, IGF1, LAMPI1, MAPILC3B, TGMZ, TNF, and ULKZ. Role of the
proteins encoded by these genes are include initiation of phagophore formation

(ULK?2), elongation and maturation of autophagosomes (A7G10, ATG4B, GABARARF,
GABARAPL2, and MAP1LC3B), and degradation in the autolysosome (LAMPI).31
Autophagy is generally regulated by diverse external stimuli and signal transduction
pathways including mTOR pathway which is downstream of insulin signaling.3! IGF1
induction by FoxQ1 overexpression could modulate autophagy through mTOR pathway.3!
It has been documented that autophagy and inflammatory/immune responses are closely
interconnected.32 Therefore, inflammatory cytokines (7GM2and TNF) could mediate this
interaction. FoxQ1 overexpression in SUM159 cells resulted in a significant increase in
expression of many autophagy-related genes that included ATG family members A7G4B,
ATGI16L1, and ATG10. We confirmed upregulation of ATG4B by FoxQ1 overexpression
by western blotting. The ATG4B protein levels vary across breast cancer subtypes but has
no prognostic significance.33 On the other hand, higher LC3B and GABARAP protein
expression were associated with poor prognosis and with clinicopathological characteristics
of aggressive disease for all subtypes of breast cancer.33 Interestingly, FoxQ1 overexpression
also causes an increase in GABARAP. These results suggest that breast tumors with FoxQ1
overexpression may have a poor prognosis. Another study indicated a novel association

of ATG4B expression with HER2 positive breast cancers and indicated that this subtype
may be suitable for ATG4B inhibition strategies.34 Pharmacological inhibition of ATG4B
using S130 significantly augmented sensitivity to DOX of breast cancer cells in our

study. This enhancement was attenuated by FoxQ1 overexpression revealing its protective
activity against apoptosis. On the other hand, S130 treatment increased level of LC3B-II
induced by DOX in both EV cells and FoxQ1 overexpressing SUM159 cells but not in
FoxQ1 overexpressing MCF-7 cells. Altered autophagy genes by DOX treatment might
antagonize the genes changed by FoxQ1 overexpression in MCF-7 cells. Therefore, further
exploration is required to understand this cell line-dependent effects. Because S130 at 5 pM
concentration was not a 100% effective autophagy inhibitor, we determined the effect of a
well-known autophagy inhibitor chloroquine on sensitivity of SUM159 and MCF-7 cells to
DOX. Chemical inhibition of autophagy by chloroquine did not have a meaningful impact
on apoptosis induction and/or cell proliferation inhibition by DOX in SUM159 or MCF-7
cells (data not shown).

We found a robust increase in expression of CXCR4 protein upon FoxQ1 overexpression in
both SUM159 and MCF-7 cell lines (Figure 2A). Analysis of 13 studies involving a total

of 3865 breast cancer patients reported a significant association between CXCR4 expression
and lymph node status.3> On the other hand, no association was found between CXCR4
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expression and some clinical parameters, including estrogen receptor status, progesterone
receptor status, and Her2 status.3®> The CXCR4 is a G protein-coupled receptor that is
expressed on the cell surface of cancer cells.38 CXCR4 has been reported to play an
important role in cell survival, proliferation, migration, as well as metastasis of several
cancers including breast cancer.38 Knockdown of FoxQ1 in MDA-MB-231 cells was shown
to reduce its invasion capacity.1> Overexpression of FoxQ1 was shown to increase migration
of breast cancer cell in vitroand lung metastasis in vivo.1® Thus, it is possible that CXCR4
functions downstream of FoxQ1 to explain its effect on cell migration and metastasis.

There is limited documentation regarding the involvement of CXCR4 in autophagy in breast
cancer. Since CXCRA4 regulates the PI3K/AKT pathway,3¢ it is possible that the induction of
CXCR4 through FoxQ1 overexpression might have implications in autophagy.

In conclusion, the present study shows that FoxQ1 is a novel regulator of autophagy
by upregulating expression of several autophagy-related proteins including ATG4B and
CXCR4. Chemical inhibition of ATG4B has modest effect on DOX-induced apoptosis

This study was supported by the National Cancer Institute at the National Institutes of Health grant R01 CA219180
(to SVS). This study used the UPMC Hillman Cancer Center resources supported by the National Cancer Institute
at the National Institutes of Health grant P30 CA047904.
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Figure 1.
FoxQ1 overexpression induces autophagy in breast cancer cells. (A) Immunoblotting for

FoxQ1 and LC3B-1/LC3B-I1 expression using lysates from EV or FoxQ1 overexpressing
SUM159 and MCF-7 cells. The numbers on top of the bands represent change in FoxQ1
and LC3B-I11 protein level compared with corresponding EV cells. (B) Representative
immunofluorescence microscopy images and quantitation of LC3B puncta (indicated by
the arrow) in EV or FoxQ1 overexpressing SUM159 and MCF-7 cells (60x objective
magnification). Results shown are mean = SD (n=19-30). *Statistical significance (/<0.05)
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was determined by Student’s #test. (C) Representative transmission electron micrographs
(12,000 magnification; scale bar = 1 um) and quantification of the number of autophagic
vesicles in EV or FoxQ1 overexpressing SUM159 and MCF-7 cells. Results are shown as
mean £ SD (n=6). *Significantly different (£<0.05) compared with corresponding EV cells
by Student’s #test. Consistent results were seen in independent replicate experiments.
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FoxQ1 overexpression upregulates ATG4B and CXCR4 protein expression in breast cancer
cells. (A) Immunoblotting for ATG4B, CXCR4, ATG16L1 and WIPI1 protein expression
using lysates from EV or FoxQ1 overexpressing SUM159 and MCF-7 cells. Numbers above
bands indicate relative protein expression changes compared with EV cells. Consistent
results were seen in independent replicate experiments. (B) Correlation between FoxQ1
expression with that of ATG4B, CXCR4, ATG16L1, and WIPI1 in breast cancer TCGA
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dataset (n=1097). Pearson test was used to determine the correlation coefficient and
statistical significance. ns, non-significant.
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Figure 3.
FoxQL1 is recruited to the promoter of A7G4B. (A) Schematic diagram of putative FoxQ1

binding sites at the A7G4B promoter. Bar graphs show recruitment of FoxQ1 at the
ATG4B promoter in SUM159 (B) or MCF-7 (C) cells. Fold enrichment was calculated after
normalization to input. Results shown are the mean + SD (n=3). *Statistical significance
(P<0.05) was determined by Student’s #test. Consistent results were seen in independent
replicate experiments.
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Figure 4.

Chemical inhibition of ATG4B increases DOX-induced apoptosis in human breast cancer
cells. (A) Quantitation of apoptotic fraction in EV or FoxQ1 overexpressing SUM159 and
MCEF-7 cells treated with DMSO or 2~4 uM DOX in the absence or presence of 5 pM S130
for 24 hours (mean = S.D., n=3). *Significantly different between the indicated group or

# between EV and FoxQ1 overexpressing cells at the same dose of each drug by one-way
ANOVA followed by Bonferroni’s multiple comparison test. (B) Immunoblotting for LC3B-
Il expression using lysates from EV or FoxQ1 overexpressing SUM159 and MCF-7 cells
treated with DMSO or 2 pM DOX in the absence or presence of 5 uM S130 for 24 hours.
Numbers above the bands represent fold change in LC3B-I1 expression level relative to
DMSO-treated EV control. Similar results were observed in replicate experiments.
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Table 1.

A list of autophagy related gene significantly (P < 0.05) altered by FoxQ1 overexpression in SUM159 cells.

Autophagy PCR array RNA-seq

Genename Fold change Fold change
ATG10 18 1.2 (ns)
ATGI6L1 14 1309
ATG4B 16 1309
CASP3 17 1.1(ns)
CLN3 13 -
CTSD 1.6 0.4 (%
cTSs 21 03()
CXCR4 161 -
FADD 13 0.9 (ns)
GABARAP 17 03(%
GABARAPL2 1.7 1.0 (ns)
HDACI 17 0.9 (ns)
HSPA8 3 08(%
IGF1 39.4 3.3 (ns)
LAMP1 1.4 06 (%
MAPILC3B 18 1109
NPCI1 13 0.9 (%
PIK3R4 1.2 0.9 (Y
PTEN 1.3 149
SNCA 23 09 (Y
SQSTM1 1.9 0709
TGFB1 19 1.1 (ns)
WiPI1 16 1.2 (ns)
BCL2L1 05 1209
DRAMI 0.6 1209
MAPKSE 0.6 0.9 (ns)
NFKB1 0.8 1.1(ns)
PRKAA1 08 1309
RPS6KB1 07 0.7(
TGM2 06 1409
TNF 0.3 0.2 (ns)
ULK2 05 31(%

*

Abbreviations: Statistically significant compared to EV cells by Student’s #test; ns, non-significant; A7G10, autophagy related 10; ATG16L1,
autophagy related 16 like 1, A7G4B, autophagy related 4B cysteine peptidase; CASP3, caspase 3 apoptosis related cysteine peptidase; CLNS,
ceroid-lipofuscinosis neuronal 3; CTSD, cathepsin D; CTSS, cathepsin S; CXCR4, chemokine (C-X-C motif) receptor 4; FADD, Fas (TNFRSF6)-
associated via death domain; GABARAP, GABA(A) receptor-associated protein; GABARAPLZ, GABA(A) receptor-associated protein-like 2;
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HDACI, histone deacetylase 1; HSPAS, heat shock 70kDa protein 8; /GF1, insulin-like growth factor 1; LAMPI, lysosomal-associated membrane
protein 1; MAPIL C3B, microtubule-associated protein 1 light chain 3 beta; NPC1, Niemann-Pick disease type C1; P/K3R4, phosphoinositide-3-
kinase regulatory subunit 4; PTEN, phosphatase and tensin homolog; SNCA, synuclein alpha; SQSTMJ, sequestosome 1; 7TGFBI, transforming
growth factor beta 1; W/P/1, WD repeat domain phosphoinositide interacting 1; BCLZ2L 1, BCL2-like 1; DRAMI1, DNA-damage regulated
autophagy modulator 1; MAPKSE, mitogen-activated protein kinase 8; NFKBI, nuclear factor of kappa light polypeptide gene enhancer in B-cells
1; PRKAA1, protein kinase AMP-activated alpha 1 catalytic subunit; RPS6KBI, ribosomal protein S6 kinase 70kDa polypeptide 1; TGM2,
transglutaminase 2; 7//F, tumor necrosis factor; ULKZ, unc-51-like kinase 2.

Mol Carcinog. Author manuscript; available in PMC 2024 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kim et al. Page 19

Table 2.

A list of autophagy related gene significantly (£ < 0.05) altered by FoxQ1 overexpression in MCF-7 cells.

Autophagy PCR array

Genename Fold change
ATG10 13”
ATG4B 13%

BAD 157
BCL2 36~
FAS 15%
GABARAP 197
GABARAPLZ 14%
HGS 13"
IGF1 537
LAMPI 22%
MAPKS 16~

MAPILC3B 177

TINFSF10 157

ATG16L1 08~
CXCR4 03%*
DAPK1 027
TGM?2 08~
TMEM74 06~
TNF 047
ULK1 07"
ULK2 08~
wipI1 08~

*

Abbreviations: Statistically significant compared to EV cells by Student’s #test; A7TG10, autophagy related 10; A7G4B, autophagy related
4B cysteine peptidase; BAD, BCL-2 associated agonist of cell death; BCLZ, B-cell CLL/lymphoma 2; FAS, Fas (TNF receptor superfamily,
member 6); GABARAP, GABA(A) receptor-associated protein; GABARAPLZ, GABA(A) receptor-associated protein-like 2; HGS, hapatocyte
growth factor-regulated tyrosine kinase substrate; /GF1, insulin-like growth factor 1; LAMPI, lysosomal-associated membrane protein 1; MAPKS,
mitogen-activated protein kinase 8; MAPILC3B, microtubule-associated protein 1 light chain 3 beta; 7A/FSF10, tumor necrosis factor super family,
member 10; ATG16L 1, autophagy related 16 like 1; CXCR4, chemokine (C-X-C motif) receptor 4; DAPK1, death-associated protein kinase 1;
TGM_Z, transglutaminase 2; TMEM74, Transmembrane protein 74; TN, tumor necrosis factor; ULKZ, unc-51-like kinase 1; ULKZ, unc-51-like
kinase 2; WIP/1, WD repeated domain phosphoinositide interacting 1.
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