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Introduction: Breast cancer is a common malignancy in females worldwide. In this study,
we investigated the role of activating transcription factor 3 (ATF3) and ADP-ribosylation
factor like-4 (ARL4) in human breast cancer, and the associated mechanisms.

Materials and Methods: We measured ATF3 and ATL4C expressions in 15 paired breast
cancer tissues using qRT-PCR, Western blotting and IHC. Cell growth, migration and
invasion were tested in ATF3 or ARL4C overexpression breast cancer cells. TCGA database
analysis was done to identify the correlation between ATF3 and ARL4C. We evaluated the
binding of ATF3 to ARL4C promoter sequences and the effect of hypermethylation and
demethylation of ATF3. A meta-analysis was done to investigate the relationship between the
expression of ATF3 and/or ARL4C and the poor prognoses.

Results: Our results showed that ATF3 and ARL4C were decreased in breast cancer speci-
mens at both mRNA and protein levels. Restoration of ATF3 or ARL4C reduced breast cancer
tumorigenesis, evidenced by decreased cell growth, migration and invasion. The expression of
ATF3 was positively correlated with ARL4C in breast cancer specimens, and ATF3 was shown
to bind to the ARL4C promoter sequences. Furthermore, the expression of ATF3 was nega-
tively regulated by hypermethylation, and demethylation of ATF3 stimulated ATF3 expres-
sion, which further promoted ARL4C transcription. Finally, a meta-analysis showed that
patients with breast cancer with lower expression levels of ATF3 and/or ARL4C had worse
prognoses.

Conclusion: Our results suggest that the ATF3/ARL4C axis may be a prospective biomar-
ker for diagnosis and determination of prognosis, and a potential target for breast cancer
treatment.
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Introduction
Breast cancer is the leading cause of cancer-related death in women worldwide.'
Breast cancer subtypes include ER+, PR+, HER2+, and triple negative breast
cancer (TNBC).>” Improvements have been made in early screening, diagnosis,
and targeted therapy, but the detailed mechanisms of development of breast cancer
are not well-characterized. Characterization of the molecular basis of breast cancer,
and identification of reliable biomarkers, are critical to improvement of early
diagnosis and treatment.

Activating transcription factor 3 (ATF3) is a member of the ATF/CREB tran-
scription factor family, and contains a leucine zipper DNA binding domain that
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binds to a consensus sequence, TGACGTCA.* Previous
studies have shown that ATF3 can be stimulated by
a variety of stress signals including anoxia,” DNA damage,
and hypoxia.® Activating transcription factor 3 is consid-
ered an adaptive-response gene that participates in various

*7 and it has been shown to act as

8-10

biological processes,
a tumor Suppressor or an oncogene in various cancers.
Yin et al indicated that ATF3 enhanced TGFf signaling
and promoted breast cancer progression.'' In contrast
Chen et al reported that ATF3 inhibited hepatocellular
carcinoma carcinogenesis.'> However, the detailed mole-
cular mechanisms of ATF3 in breast cancer tumorigenesis
have not been characterized. In this study, we quantified
the expression of ATF3 in breast cancer and investigated
the effects of DNA methylation on ATF3 expression.
Adenosine diphosphate-ribosylation factor like-4
(ARLA4C) is a member of the ARL4 family, and has been
shown to play a role in several essential biological
Previous studies have shown that ARL4C
plays a key role in cell proliferation, migration, and inva-

functions."?

sion of cancer cells, and may be a promising therapeutic
target in several cancers.'*'> However, the role of ARL4C
in breast cancer has not been characterized. In this study,
we investigated role of ARL4C in development of breast
cancer.

In the present study we showed that ATF3 expression
was decreased in breast carcinoma. In addition, overex-
pression of ATF3 suppressed breast cancer tumorigenesis.
Furthermore, ATF3 was shown to be a transcriptional reg-
ulator of ARL4C, which was also associated with breast
cancer. We also showed that methylation of the ATF3
promoter led to ATF3 degradation and suppression of
ARLAC expression. Downregulation of ARL4C was
observed in breast carcinoma, and restoration of ARL4C
expression inhibited tumor growth, migration, and inva-
sion. Meta-analysis indicated that low expression of ATF3
or ARL4C was associated with poor prognosis.

Materials and Methods

Clinical Specimen

Fifteen paired human breast tissue samples were obtained
from patients who underwent surgical procedures at
Affiliated Hospital of Jiangnan University (Table 1). The
study was approved by the ethical committee of the
Affiliated Hospital of Jiangnan University. All study subjects
provided informed written consent prior to initiation of the
study.

Table | Patient Clinical Information

Variables: Median (range) Patients (n=15)
Age (years) 59.86(41-84)
ER(-/+) - (n=7)
+(0=8)
AR(-/+) - (n=8)
+(0=7)
PR(-/+) - (n=5)
+ (n=10)
HER2 + (n=3)
++ (n=8)
+++ (n=4)
Ki-67 <15% (n=3)
215% (n=12)
Tumor size <2cm (n=10)
>2cm (n=5)
TNM stage Stage | (n=8)
Stage Il (n=6)
Stage Ill (n=1)

Abbreviations: ER, estrogen receptor; AR, androgen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor; Ki-67, Ki-67 Antigen;
TNM, tumor node metastasis.

Cell Lines and Cell Culture

The breast cancer cell lines MCF7, CAMA1, BT474,
BT20, MDA-MB-231, and MDA-MB-435 were pur-
chased from the Cell Bank of Chinese Academy of
Science (Shanghai, China). MCF7, CAMAI1, BT474,
and BT20 cells were cultured in DMEM medium con-
taining 10% FBS, and MDA-MB-231 and MDA-MB
-435 cells were cultured in RPMI-1640 medium with
10% FBS. The cells were incubated with 500 nM 5-aza-
deoxycytidine (5'-Aza-dC, Sigma Aldrich) for different
lengths of time. All cells lines were cultured at 37 °C
with 5% CO,.

Plasmid Construction

Plasmids were constructed using the lentiviral transfer-
ring plasmid, pLVX-CMV-MCS-Green (pLVX). Human
ATF3 and ARLAC genes were amplified and inserted into
pLVX to generate recombinant pLVX-ATF3 and pLVX-
ARLAC for lentivirus production. The pGL3-ARL4C
luciferase reporter plasmid was constructed by stitching
the ARL4C promoter sequence and inserting it into pGL3
plasmid.
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Production and Transfection of Lentivirus
The sequences of ATF3 and ARL4C were amplified and
cloned into pLVX, then co-transfected into HEK293T cells
with psPAX2 and pMD2.G. The viruses were harvested
and filtered after 48 hours. Then, the breast cancer cell
lines were infected using 8 pg/mL polybrene.'®

Cell Proliferation Assay

Stable cell lines were constructed using the ATF3/ARL4C
lentivirus. The cells were plated into 96-well plates at 1x 10*
cells/well. Cell viability was measured at 0, 1, 3, and 5 days
using CCK-8 (Cell Counting Kit-8) reagent (Sigma, 96992,
USA) according to the manufacturer’s instructions. Optical
density (OD) was measured at 450 nm using a Multi Mode
plate reader (BioTek, USA).

Migration and Invasion Assay

Cell migration and invasion (using matrigel) were evalu-
ated using the transwell assay (Corning, USA). Cells
(6x10° cells/well) were seeded into the upper chamber
without FBS, and media containing FBS was added into
the lower chamber. After incubating for 24 hours, the cells
were fixed and stained with crystal violet. Each treatment
was performed in triplicate.

RNA Extraction and Quantitative RT-PCR
Total RNA was extracted using Trizol reagent (Invitrogen,
USA) Reverse
Transcription  System (Vazyme, Nanjing, China).
Quantitative RT-PCR was performed using Power SYBR
Green Master Mix (ThermoFisher). Gene expression was

and reverse transcribed using the

normalized to GAPDH. The primer sequences used in this
study were as follows:ARL4C (Forward: 5'-ATGGGCAA
CATCTCCTCTAACAT-3', Reverse: 5-TCCACCGAGTC
CACCACGTAGAT-3"), ATF3 (Forward: 5- CTTCAACA
CCCAGGCCAGGTCTC-3', Reverse: 5'-ATTTCTTTCTC
GTCGCCTCTTTT-3"), GAPDH (Forward: 5-AGAAGG
CTGGGGCTCATTTG-3"; Reverse: 5'-AGGGGCCATCC
ACAGTCTTC-3).

Western Blot

Cells were harvested and extracted using RIPA lysis buffer
(Thermo Fisher, USA). Thirty micrograms of protein from
each sample was separated by 10% SDS-PAGE, then
transferred to PVDF membranes (Millipore, USA). The
membranes were blocked and incubated with primary anti-
bodies (1:1000) against ARL4C (Invitrogen, PA5-56011,

USA), ATF3 (Santa Cruz, sc-518032, USA), GAPDH
(MultiSciences, MAB5465, China), and p-actin (Cell
Signaling Technology 3700, USA). After washing with
TBS-T, the membranes were treated with the secondary
antibody (1:5000) at room temperature for 1 h. Blots were
developed and visualized by enhanced chemiluminescence
detection using a Tannon Western blotting detection sys-
tem (Shanghai, China).

Dual-Luciferase Reporter Assay

For dual-luciferase assay, HEK293T cells (1x10° cells/well)
were transfected with pLVX, pLVX-ATF3, pGL3-control, or
pGL3-ARL4C-promoter. Cell lysates were collected after
48 h. Luciferase activity was analyzed using the dual-
luciferase reporter assay kit according to the manufacturer’s
instructions (Promega).

Immunohistochemical Analysis

After blocking endogenous peroxide and protein activity,
4-um sections of clinical tissues were incubated at 4 °C
with primary antibodies against ATF3 (1:200, Santa Cruz,
sc-518032, USA) or ARL4C (1:500, Invitrogen, PAS-
56011, USA). After washing with PBS, the sections were
incubated with secondary antibody (1:2000) and stained
using 3,3-diaminobenzidine as described previously.'’

Chromatin Immunoprecipitation

Chromatin immunoprecipitation (ChIP) assays were per-
formed using a ChIP KIT according to the manufacturer’s
instructions (Cell signaling, 9002, USA). Cultured MDA-
MB-231 and MDA-MB-435 cells were treated with 1%
formaldehyde. Cell lysates were then sonicated and immu-
noprecipitated using an anti-ATF3 antibody (Santa Cruz, sc-
518032, USA), or normal rabbit IgG (MultiSciences,
GARO0072, China) as a control. The primer sequences used
for ChIP analysis were as follows: forward primer (5'-GGGC
TGGTGTTGCCATTTCT-3'), reverse primer (5'-TTGGGG
CAGGGTCGGACCTA-3"). Amplified DNA was normal-
ized to the input total DNA.

Analysis of Methylation

Total DNA was isolated using a DNA Tissue Kit (Generay
Biotech, GK0221, China), then bisulfite modified using the
EpiTect Bisulfite kit (QiaGen, Cat.no-59104, China).
A 2000-bp sequence was selected from the promoter
region of the ATF3 gene (Table S1). For methylation-
specific polymerase chain reaction (MSP), PCR primers
specific for unmethylated (U) or methylated (M) DNA
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were as follows: M-forward: 5'-ATTATGTTGGTTAGGT
TAGTTTCGA-3'; M-reverse: 5-TTAACTAAATACGAT
AATTCACGCC-3". U-forward: 5'-ATTATGTTGGTTAG
GTTAGTTTTGA-3'; M-reverse: 5-TTAACTAAATACA
ATAATTCACACC-3".

Statistical Analysis

All results are presented as means + standard deviations.
Two-tailed Student’s #-test or one-way ANOVA was used to
determine statistical significance (Prizm, GraphPad Software
Inc.). P < 0.05 was considered statistically significant. All
experiments were performed at least in triplicate.

Results
ATF3 Was Downregulated in Human

Breast Cancer Samples

We evaluated ATF3 mRNA levels in 15 breast carcinoma
tissues and adjacent normal tissues using qRT-PCR. The
results showed significantly lower ATF3 expression in 14 of
the 15 human breast carcinoma samples compared to that in
paired normal tissues (Figure 1A). We then randomly selected
5 tissues from each group for Western blot analysis. As shown

A

in Figure 1B, protein expression of ATF3 in breast carcinoma
tissues was significantly lower than that in paired normal
tissues. Consistent with these observations, there were less
ATF3-positive cells in the breast carcinoma lesions than in
the normal breast tissues, as determined using immunohisto-
chemistry staining (IHC) (Figure 1C). We then analyzed 1218
clinical samples (https:/tcga.xenahubs.net/download/TCGA.
BRCA.sampleMap/HiSeqV2.gz; full metadata). Consistent
with the results obtained from our clinical specimens, ATF3

levels were decreased in breast tumors (Figure 1D). In addi-
tion, KM plotter was used to analyze prognostic results
(n=1764) (http://kmplot.com/analysis/index.php?p=service).
Patients with low ATF3 (Affy ID 1554420) levels had
a poorer survival rate (Figure 1E). These results indicated

that ATF3 was down-regulated in breast cancer, and may be
a predictor of breast cancer prognosis.

ATF3 Regulated Growth, Migration,

Invasion, and Apoptosis of Breast Cancer
Cells

Several studies have shown that ATF3 promotes breast
cancer tumorigenesis, but some studies have produced
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Figure | Expression of ATF3 in human breast cancer. (A) ATF3 expression levels were evaluated using qRT-PCR in 15 paired breast carcinoma and adjacent normal tissues.
(B) The expression of ATF3 protein in breast carcinoma tissues and paired adjacent normal controls. (C) Hematoxylin and eosin (H&E) staining of normal (left panel) and
breast cancer (right panel) tissue sections showed histologic features (original magnification, *100, upper pannel), immunohistochemical staining (IHC) of ATF3 (original
magnification, X100, middle panel1x200, lower panel). (D) Analysis of TCGA data for 1218 breast cancer samples. (E) Kaplan-Meier plots were constructed for 1764 breast
cancer patients stratified by the expression of ATF3 (low=884, high=880). **P < 0.01, **P < 0.001 for t-test.

Abbreviations: GAPHD, glyceraldehydes-3-phosphate dehydrogenase; HE, hematoxylin and eosin; HR, hazard ratio; TCGA, The Cancer Genome Atlas.
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contradictory findings.'®'® To evaluate the role of ATF3 in
breast cancer tumorigenesis, we overexpressed ATF3 in
two breast cancer cells (Figure 2A). As shown in the
results, restoration of ATF3 suppressed cell growth,
induced G1/S cell cycle arrest (Figures 2B-D and S1A).

In addition, we performed transwell and matrigel inva-
sion assays on two cell lines stably transfected with ATF3.
As seen in Figures 2E, SIB and C, overexpression of
ATF3 suppressed cancer migration and invasion. Cell
apoptosis has been shown to contribute to cell cycle
suppression and reduced cell growth. We evaluated cell
apoptosis following transfection with ATF3 using fluores-
cence-activated cell sorting. Transfection with ATF3 pro-
mote apoptosis in two breast cancer cell lines (Figures 2F
and S1D). These results indicated that ATF3 regulated
tumor metastasis by suppressing cell growth, inhibiting
migration and invasion of cancer cells and promoting
apoptosis.

ATF3 Modulated ARL4C Transcription

We investigated potential downstream targets of ATF3 using
the TCGA database. As shown in Figure 3A, ATF3 and
ARLAC were positively correlated in 1218 clinical samples.
In addition, ATF3 and ARL4C were also positively corre-
lated in human breast cancer cell lines (Figure 3B). We
hypothesized that ARL4C expression was regulated by
ATF3. As shown in Figures 2A, 3C-E, MDA-MB-231 and
MDA-MB-435 cells transfected with lentivirus expressing
ATF3 showed significantly increased ARL4C mRNA and
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protein levels. We then performed ChIP assay to further
characterize the mechanisms by which ATF3 affected
ARLAC expression. The results showed that overexpression
of ATF3 enhanced the binding of ATF3 to the ARL4C
promoter in two breast cancer cell lines (Figure 3F).
Furthermore, we constructed a dual-luciferase report system
by inserting the promoter sequence of ARL4 (Table S2) into
the pGL3 plasmid (pGL3-control or pGL3-ARLAC promo-
ter). Overexpression ofATF3 increased the luciferase activity
of the ARL4 promoter (Figure 3G). In summary, these data
suggested that ATF3 bound to the ARL4C promoter to
induce ARLAC transcription.

Methylation of the ATF3 Promoter
Affected ATF3 and ARL4C Expression

We evaluated methylation levels of the ATF3 promoter to
further characterize the mechanisms of reduced ATF3
expression in breast carcinoma. As shown in Figure 4A,
ATF3 promoter methylation levels were higher in tumor
samples than those in adjacent control tissues, and methyla-
tion of the ATF3 promoter negatively correlated with ATF3
protein levels. We also evaluated methylation of the ATF3
promoter in different breast cancer cell lines, including
luminal subtype (MCF7, CAMAIL, and BT474), TNBC
subtype (BT20, MDAMB231, and MDAMB435) cells.
The ATF3 promoter was methylated to a greater extent in
the TNBC subtype cell lines than in the luminal subtype cell
lines (Figure 4B), and protein levels of ATF3 were higher in
the luminal cell lines than those in the TNBC cell lines
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Figure 2 ATF3 suppressed tumorigenesis of breast carcinoma cell lines. (A) The expression of ATF3 proteins after transfection with lentivirus empty vector (pLVX) or
lentivirus-ATF3 (ATF3), as detected using Western blot. (B and C) Cell growth was measured using CCK8 assay in MDA-MB-23| and MDA-MB-435 cells. (D)
Representative experiments of cell cycle analysis performed in two cell lines. (E) Cell migration and invasion was analyzed in two cell lines using the transwell assay

(n=3). (F) Apoptosis was measured using FACS (n = 3). ***P < 0.001 for t-test.

Abbreviations: GAPHD, glyceraldehydes-3-phosphate dehydrogenase; FACS, fluorescence activated cell sorting; FLIA, FLI-A-FITC; FL2A, FL2-A-PI.
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Figure 3 ATF3 modulated transcription of ATRL4C. (A) The expression of ATF3 was positively correlated with ATRL4C in the TCGA database. (B) The expression of
ATF3 and ARL4C were reduced in TNBC cell lines than the luminal cells. (C) Overexpression of ATF3 promoted ARL4C protein expression. (D and E) ATF3 stimulated
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transfected with pLVX-ATF3 or empty vector (pLVX) with pGL3-Control or pGL3-ARL4C reporter. **P < 0.01, ***P < 0.001 for t-test, n = 3.

Abbreviations: GAPHD, glyceraldehydes-3-phosphate dehydrogenase; TNBC, triple negative breast cancer; pLVX, pLVX puro; IgG, immunoglobin G; TCGA, The Cancer

Genome Atlas.

(Figure 3B). These results suggested that the low expression
of ATF3 in breast cancer may result from high levels of
ATF3 promoter methylation.

To investigate the role of ATF3 promoter methylation
in regulation of ARL4C expression, we incubated breast
cancer cells with 5-aza-deoxycytidine (5'-Aza-dC), then
performed dual-luciferase assay. As shown in Figure 4C,
5'-Aza-dC treatment enhanced the luciferase activity in the
ATF3 overexpression group compared to that in the con-
trol group. Incubation with 500 nM5'-Aza-dC increased
protein levels of ATF3 and ARL4C in a time-dependent
manner (Figure 4D and E), which suggested that demethy-
lation of ATF3 promoted ATF3 expression, and subse-
quently induced ARLAC transcription.

ARLA4C [s a Potential Prognostic

Biomarker of Breast Cancer

Breast carcinoma cells were analyzed for ARL4C using
gRT-PCR, Western blot, and IHC. The results showed that
ARLAC levels were lower in most of the human breast
carcinoma samples compared to those in the paired control
tissues (Figure 5A—C). Data from TCGA was analyzed to
evaluate the expression of ARL4C in breast cancer
(https://tcga.xenahubs.net/download/ TCGA.BRCA.
sampleMap/HiSeqV2.gz; Full metadata). As shown in

Figure 5D, ARL4C expression was significantly lower in
breast cancer tissues than that in adjacent control tissues.
Kaplan-Meier plot analysis (n=3951) (http://kmplot.com/
analysis/index.php?p=service) showed that ARL4C (Affy
ID 213759) expression positively correlated with better

outcomes (Figure 5E).

Restoration of ARL4C Expression

Suppressed Breast Carcinogenesis
To define the role of ARLAC in breast carcinogenesis, MDA-
MB-231 and MDA-MB-435 cells were transfected with
a lentivirus to form two stable cell lines that overexpressed
ARLA4C. Western blot analysis was used to confirm that
ARL4C was overexpressed (Figure 6A). As shown in
Figure 6B and C, overexpression of ARLA4C significantly
suppressed breast cancer cell growth. Moreover, flow cytome-
try analysis showed that ARLAC overexpression induced G1/S
arrest and reduced the number of cells in G2 (Figure 6D, S2A).
We performed transwell assays on two cell lines stably
transfected with ARLAC to evaluate the effects of ARL4C
on cell migration and invasion. Overexpression of ARL4C
reduced cell migration and invasion ability (Figures 6E, S2B
and S2C). Furthermore, we evaluated the effects of ARL4C
overexpression on breast cancer cell apoptosis. As shown in
Figures 6F and S2D, ARLA4C overexpression induced
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controls. The red font represents the relative methylation value of all CpG sites in each sample. (B) Methylation of the ATF3 promoter in human breast cancer cell lines. (C)
Dual-luciferase assay in HEK293T cells treated with or without 5'-Aza-dC. (D and E) Western blotting analysis of the expression of ATF3 and ARL4C in two human breast

cancer cell lines treated with 5'-Aza-dC. *P < 0.05, **P < 0.0 for t-test, n = 3.

Abbreviations: TNBC, triple negative breast cancer; GAPHD, glyceraldehydes-3-phosphate dehydrogenase; pLVX, pLVX puro; DMSO, dimethyl sulfoxide; CpG, cytosine-

phosphoric acid-guanine.

apoptosis in two breast cancer cell lines. These results sug-
gested that ARL4C may suppress breast carcinogenesis.

Discussion

Activated transcription factor 3 is not expressed in most
normal cell types.”*>> However, ATF3 is an “adaptive
response gene,” and can be expressed in response to cell
stress.>>?*  Activated transcription factor 3 has been
shown to act as an oncogene and as a tumor suppressor
in several types of tumor, including in breast cancer.”'
We found that ATF3 expression was markedly lower in
breast cancer tissues compared to that in adjacent control
tissues, and ATF3 overexpression reduced cell growth
and invasion, which highlights its function as a tumor
suppressor gene.

Methylation of DNA regulates a number of cellular pro-
cesses, including cell growth and migration.”> A number of
tumor suppressor genes are hypermethylated, and may be
promising clinical target.**?’ We investigated whether
downregulation of ATF3 was associated with methylation
of the ATF promoter. The ATF promoter was methylated to
a greater degree in tumor samples than in control samples,
and hypermethylation was negatively correlated with ATF3
protein levels. We also showed that ARL4C expression was
reduced in breast carcinoma tissue, and levels of ARL4C
correlated with ATF3 levels. Furthermore, we showed that
ATF3 could bind to the ARL4C promoter in MDA-MB-231
and MDA-MB-435 cells. In addition, ATF3 increased the
activity of the ARL4C promoter, and methylation of ATF3
reduced ARL4C promoter activity. We also showed that
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Figure 5 Expression of ARL4C in human breast cancer. (A) Expression levels of ARL4C were evaluated using qRT-PCR in breast carcinoma and adjacent normal tissues
(n=15). (B) The protein level of ARL4C in breast carcinoma tissues and adjacent normal controls. (C) Hematoxylin and eosin staining, and IHC results for ARL4C. (D)
Analysis of ARL4C expression in 1218 breast cancer samples. (E) Kaplan-Meier plots were constructed for 3951 breast cancer patients stratified by the expression of ATF3
(low = 1998, high = 1953). *P < 0.05, **P < 0.0, **P < 0.001, n = 3.

Abbreviations: GAPHD, glyceraldehydes-3-phosphate dehydrogenase; HE, hematoxylin and eosin; HR, hazard ratio; IHC, immunohistochemical.
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Figure 6 Restoration of ARL4C reduced cell proliferation, migration, and invasion, and promotes apoptosis in breast carcinoma cell lines. (A) Protein levels of ARL4C in
two cell lines transfected with lentivirus empty vector (pLVX) or lentivirus-ARL4C (ARL4C). (B) and (C) Cell growth of MDA-MB-231 and MDA-MB-435 cells. (D)
Representative cell cycle analysis performed in two cell lines stably transfected with ARL4C or empty vector (pLVX). (E) Cell migration and invasion in two cell lines were
analyzed using transwell assay (n = 3). (F) Apoptosis was measured using FACS (n = 3). ***P < 0.001 for t-test, n = 3.

Abbreviations: GAPHD, glyceraldehydes-3-phosphate dehydrogenase; pLVX, pLVX puro; FACS, Fluorescence activated Cell Sorting; FLIA, FLI-A-FITC; FL2A, FL2-A-PI.

treatment of MDA-MB-231 and MDA-MB-435 cells with  ATF3 could induce degradation of ATF3, resulting in
5'-Aza-dC restored the expression of ATF3 and ARL4C in  decreased transcriptional activity. In particular, ATF3 could
a time-dependent manner. These data suggested that ATF3  regulates several genes, including TGF-betal,”® BCL-X*’
may regulate transcription of ARL4C, and methylation of and ARLA4C to suppress tumor growth in breast cancer.
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Functional studies showed that restoration of ARL4C
significantly reduced cell proliferation and promoted cell
apoptosis. Moreover, ARL4C overexpression inhibited
breast cancer cell metastasis, which indicated that ARL4AC
may play an anti-oncogenic role in breast carcinogenesis.
However, the mechanisms by which ARL4C exerts anti-
oncogenic effects has not been characterized.

In conclusion, our study showed that ATF3 and ARL4C
may regulate biological processes in breast cancer, such as
modulation of cell growth, cell cycle, apoptosis, and metas-
tasis. We also showed that ATF3 was a transcriptional reg-
ulator of ARL4C expression. Furthermore, hypermethylation
of ATF3 resulted in degradation of ATF3, which led to
decreased ARLAC expression. These findings suggested
that the ATF3/ARLA4C axis may be a prognostic biomarker
of breast carcinoma, and may also be a target for treatment of
human breast cancer.
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