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Arrestin domain-containing 3 (ARRDC3) is a tumor suppressor whose expression is either lost or
suppressed in basal-like breast cancer (BLBC). However, the mechanism by which BLBC suppresses
ARRDC3 expression is not established. Here, we show that expression of ARRDC3 in BLBC cells is
suppressed at the transcriptional level. Suppression of ARRDC3 expression in BLBC cells involves
epigenetic silencing as inhibitors of class III histone deacetylases (HDACs) significantly restores ARRDC3
levels in BLBC cells. SIRT2, among class III HDACs, plays a major role in epigenetic silencing of ARRDC3 in
MDA-MB-231 cells. Acetylation levels of the ARRDC3 promoter in BLBC cells is significantly lower than
that of other sub-types of BC cells. Chromatin immunopreciptitation analysis established SIRT2 binding at
ARRDC3 promoter in BLBC cells. Our studies indicate that SIRT2 dependent epigenetic silencing of
ARRDC3 is one of the important events that may contribute to the aggressive nature of BLBC cells.

B
reast cancer is a heterogeneous disease with distinct morphology and behavior1–3. Microarray gene express-
ion analysis defines four distinct sub-types of breast cancer, including hormone receptor (HR) positive
luminal A and B, human epidermal growth receptor 2 (HER2/neu)-enriched and basal-like breast cancer

(BLBC)4,5. Among these breast cancer sub-types, BLBC represents up to 37% of all breast cancers and is one of the
most aggressive breast cancer sub-types with poor prognosis6–9. Approximately 80% of BLBC lacks expression of
hormone (estrogen and progesterone) receptors and human epidermal growth receptor 2 (HER-2), which has
been a conventional target of breast cancer therapy10–12. Consequently, there is no targeted therapy available for
patients with the aggressive BLBC subtype. Therefore, dissecting the basic mechanism behind BLBC’s aggressive
behavior is essential to develop novel target-specific therapy.

In an attempt to establish a better biological mechanism of BLBCs, earlier studies focused on discovering novel
therapeutic target genes13,14. The analyses using proteomic, genomic or gene expression profiling revealed poten-
tial candidate oncogenes and tumor suppressor genes associated with BLBCs15–17. Moreover, combined genome
copy number analysis and gene expression profiles showed that the loss of chromosomal regions such as 4p, 5q,
17p and 8p is associated with down-regulation of several tumor suppressor genes in BLBCs16. Another mech-
anism of the aberrant gene losses in BLBC could be interconnected with epigenetic alterations18. Recent studies
showed that epigenetic alterations occur frequently in many human malignancies18. For example, DNA hyper-
methylation by DNA methyltransferases (DNMTs) and histone deacetylation by histone deacetylases (HDACs)
within promoters of tumor suppressor genes leads to undesirable gene silencing19–21. Among the mammalian
HDACs, SIRT2, an NAD1-dependent protein deacetylase belongs to class III HDACs22. SIRT2 has been shown
to be involved in cell survival through deacetylation of a-tubulin, p53, p65, Foxo-1 and -322–27 in mammalian cells.
However, the role of SIRT2 in cancer has not been established.

One of the tumor suppressor genes whose levels are either low or lost in BLBC is a-Arrestin domain containing
3 (ARRDC3)16. A recent report showed that ARRDC3 negatively regulates integrin b4 signaling by inducing
degradation of this integrin in MDA-MB-231 cells28. Another study showed that ARRDC3 suppresses activated
b2-adrenergic receptors through the ubiquitination of this receptor by its recruitment with E3 ligase, NEDD4,
which further supports the role of ARRDC3 as a tumor suppressor29. Therefore, it is possible to reason that low
levels of ARRDC3 in BLBC could contribute to malignancy. However, the mechanisms by which BLBC cells
suppress ARRDC3 expression remain to be established. Here, we demonstrate that ARRDC3 is epigenetically

OPEN

SUBJECT AREAS:
CANCER GENETICS

METASTASES

TUMOUR SUPPRESSORS

BREAST CANCER

Received
31 May 2013

Accepted
27 December 2013

Published
24 January 2014

Correspondence and
requests for materials

should be addressed to
J.C. (Jun-Chung@

ouhsc.edu)

SCIENTIFIC REPORTS | 4 : 3846 | DOI: 10.1038/srep03846 1



silenced in BLBC cells due to its promoter deacetylation via SIRT2.
Our studies suggest that SIRT2 dependent epigenetic silencing of
ARRDC3 provides one of the molecular signatures that make
BLBC aggressive.

Results
A previous report that ARRDC3 expression inversely correlates with
integrin b4 expression by inducing degradation of phosphorylated
integrin b4 suggest its role as a tumor suppressor28. However, under-
lying molecular mechanism by which ARRDC3 expression is regu-
lated in breast cancer cells has yet to be defined. To address this issue,
we screened integrin b4 and ARRDC3 expression levels in various
sub-types of breast carcinoma cell lines by Western blot. As shown in
Figure 1a, ARRDC3 level in BLBC cell lines is significantly lower than
those of luminal or Her2 enriched subtype of breast carcinoma cells.
In contrast, the level of integrin b4 is much higher in BLBC cells
compared to other sub types (Fig. 1a). To assess the mechanisms by
which BLBC cells inhibit the expression of ARRDC3, we examined
the possibility that ARRDC3 expression is regulated at the transcrip-
tional level. We performed quantitative real-time PCR and found
that the endogenous ARRDC3 mRNA level is significantly lower
(,3 fold) in BLBC cell line (MDA-MB-231) than that in the luminal
BC cell line (MCF-7) (Fig. 1b). We next evaluated the transcriptional

activity of ARRDC3 by using a luciferase reporter assay. The tran-
scriptional activity of ARRDC3 promoter (225 to 22040) is signifi-
cantly lower (,10 fold) in BLBC cell line (MDA-MB-231) compared
with that in Luminal BC cell line (MCF-7) (Fig. 1c). These results
suggest that the difference of ARRDC3 levels between BLBC and
luminal BC cell lines is likely due to transcriptional regulation.

We then tested whether suppression of ARRDC3 transcription in
BLBC cells is related to epigenetic silencing. DNA methylation and
histone deacetylation are two major epigenetic mechanisms that lead
to gene silencing in cancer21,30. To address this possibility, MDA-MB-
231cells were treated with the histone deacetylase (HDAC) inhibitors
(nicotinamide (NIA) and trichostatin A (TSA)) or the DNA methyl-
transferase (DNMT) inhibitor (5-aza-29-deoxycytidine (5-Aza)).
Inhibition of class III HDACs (NIA), but not class I and II HDACs
(TSA) restored the expression of ARRDC3 in MDA-MB-231 cells
(BLBC cell line) (Fig. 2a). Neither of these inhibitors affected the
ARRDC3 level in MCF-7 cells (luminal BC cell line) whose basal
ARRDC3 level is already high (Fig. 2a). To investigate the involve-
ment of DNA methylation in epigenetic silencing of ARRDC3,
MDA-MB-231 cells were treated with 5-Aza in various concentra-
tions (Fig. 2b). 200 nM of 5-Aza resulted in a mild increase of
ARRDC3 expression in MDA-MB-231 cells (Fig. 2b). In contrast
to the weak restoration of ARRDC3 expression by 5-Aza alone,

Figure 1 | ARRDC3 expression is suppressed at the transcription level in BLBC cell lines. (a) Whole cell lysates were prepared from the indicated

cell lines. Equal amounts of extracts from each sample were used for Western blot analysis by using antibodies against b4 integrin and ARRDC3. b-Actin

was used as loading control. Full-length blots are presented in Supplementary Fig. (b) Total RNAs were isolated from the indicated cell lines.

Qquantitative real-time RT-PCR was performed to determine relative changes in ARRDC3 mRNA transcripts. Data were analyzed using CFX ManagerTM

Software (Bio-Rad). Samples were normalized with GAPDH as reference gene. Values represent mean 6 SD of three independent experiments performed

in duplicate in all experiments. The statistical analysis was done using Student’s t test. *, P , 0.05 (c) Luciferase reportor assay was performed in MDA-

MB-231 and MCF-7 cells transiently transfected with pGL4-empty and pGL4-P (22040/225) plasmid. The luciferase activities were normalized with b-

galactosidase activities. Columns, mean of three representative experiments performed in triplicate; bars, SD. The statistical analysis was done using

Student’s t test. *, P , 0.05; **, P , 0.01 compared with the results of the control cells (pGL4-empty).
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ARRDC3 level was synergistically restored by combination of 5-Aza
with NIA, but not with TSA (Fig. 2c). These data suggest that class III
HDAC(s) play a major role in epigenetic silencing of ARRDC3, and
DNA methylation may have a supportive role for class III HDAC
function.

Restoration of ARRDC3 level by nicotinamide (NIA) in MDA-
MB-231 cells suggests that class III HDACs are likely contributors of
ARRDC3 suppression in BLBC cells. Class III HDACs includes seven

sirtuin family members in mammalian cells (SIRT1 through
SIRT722). To narrow down the candidates of class III HDACs that
regulate ARRDC3 expression, we treated MDA-MB-231 cells with
cambinol, which selectively inhibits both SIRT1 and SIRT231.
Treatment with cambinol restores the levels of ARRDC3 in MDA-
MB-231 cells (Fig. 3a), indicating that either SIRT1 or SIRT2 or both
could be involved in epigenetic suppression of ARRDC3. Then, we
stably knockdown expression of SIRT1 or SIRT2 by shRNA, and

Figure 2 | ARRDC3 expression is suppressed epigenetically in BLBC cells. (a) MDA-MB-231(top panel) and MCF-7 cells (bottom panel) were

treated with DMSO or EtOH (control) and HDAC inhibitors (NIA or TSA) for 24 hr at indicated concentrations. (b) MDA-MB-231(upper panel) and

MCF-7cells (lower panel) were treated with DMSO (control) and DNMT inhibitor (5-Aza-dC) for 48 hr at indicated concentrations. (c) MDA-MB-

231cells were pre-treated with DMSO or DNMT inhibitor, 5-Aza-dC (200 nM and 500 nM) for 24 hr, followed by HDAC inhibitors (5 mM NIA and

1 mM TSA) treatment for 24 hr. The lysates from cells mentioned above were prepared and used for Western blotting analysis with anti-ARRDC3 and

b-actin (loading control) antibodies. All western blot results presented were carried out at least 3 times.
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found that knockdown of SIRT2, but not SIRT1, restores ARRDC3
levels in MDA-MB-231 cells (Fig. 3b). The knockdown of SIRT2 by
shRNA also significantly reduced the integrin b4 expression levels by
40% (Fig. 3b). The results led to the conclusion that SIRT2 is one of

the determinants that regulates the expression of ARRDC3 in MDA-
MB-231 cells. We then tested the role of SIRT2 in pro-invasive
migration of BLBC cells. As shown in Fig. 3c, inhibition of SIRT2
activity by cambinol or reduction of SIRT2 by shRNA or ARRDC3

Figure 3 | SIRT2 plays a major role in epigenetic silencing of ARRDC3 expression in BLBC cells. (a) MDA-MB-231 cells were treated with DMSO

(control) and SIRT1/2 inhibitor, cambinol for 24 hr at the indicated concentrations. Equal amounts of extracts from each sample were used for Western

blot analysis using antibodies against SIRT1, SIRT2, ARRDC3 and b-actin (loading control). (b) Whole cell lysates were prepared from MDA-MB-231

cells expressing GFP or SIRT1 (left panel) and SIRT2 (right panel) shRNA. The expression level of SIRT1, SIRT2 b4 integrin and ARRDC3 was detected by

Western blot analysis. b-actin levels were used as loading control. All results are representative of three independent experiments. The number given

underneath gel image represents fold change compared with control cells. Densitometric analysis was performed to measure the relative intensity

of the bands from Western blotting analysis and presented in arbitrary units (right). Statistical analysis was done using Student’s t test. **, P , 0.01

comparing to the control (GFP shRNA cells). (c) The ability of cells to migrate toward 100 nM LPA was measured using a transwell cell motility assay.

Migration was quantified by counting the cells that migrated to the lower surface of the membrane per square milliliter using bright-field optics. Columns,

mean of three representative experiments performed in triplicate; bars, SD. The statistical analysis was done using Student’s t test. *, P , 0.05; **, P , 0.01

compared with the results of the control cells.
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overexpression significantly blocks cell motility towards LPA in
MDA-MB-231 cells, suggesting that SIRT2 could be an important
therapeutic target of BLBC.

Based on the result that ARRDC3 level in MDA-MB-231 cells is
synergistically restored by HDAC III and DNMT inhibitors (Fig. 2c),
we compared the levels of methylation and acetylation of ARRDC3
promoters in MDA-MB-231 (BLBC) and MCF-7 (luminal BC) cells
(Fig. 4a). We first measured the methylation status within CpG
islands of the ARRDC3 promoter by using methylation-specific
PCR. We were not able to detect methylation in the ARRDC3 pro-
moter region examined in both of these cell lines (Fig. 4a). This result
suggests that epigenetic silencing of ARRDC3 is not directly related
to hypermethylation of its promoter. We then assessed acetylation
status of the ARRDC3 promoter by using chromatin immunopreci-
pitation (ChIP) assays (Fig. 4b). The acetylation level of histone H4
(Lys16) was examined as this residue has been reported to be a major
target of histone deacetylation by SIRT232. We found that the level of
acetylated lysine 16 of histone H4 is significantly lower in MDA-MB-
231 cells compared to that of MCF7 cells (Fig. 4b). Next, we inves-
tigated the role of SIRT2 in deacetylation of the ARRDC3 promoter.
We first compared the SIRT2 protein levels between BLBC and
luminal BC cells, and found that SIRT2 levels are significantly higher
in BLBC cells (MDA-MB-231 and MDA-MB-468) than that of lumi-
nal BC cells (MCF-7 and HCC-1419) (Fig. 4c). We further demon-
strated that SIRT2 binding to the ARRDC3 promoter is also higher in
BLBC cells than that in the luminal BC cell lines (Fig. 4d). Cambinol
inhibition of SIRT2 decreased the interaction of SIRT2 with
ARRDC3 promoter and increased the acethylation at Lys16 of his-
tone H4 in ARRDC3 promoter (Fig. 4e). Taken together, these data
suggest that histone H4 deacetylation of ARRDC3 promoter in BLBC
cells is mediated by SIRT2 whose expression is upregulated in BLBC
cells.

Discussion
In the current study, we report a novel regulatory mechanism that
leads to suppression of the tumor suppressor, ARRDC3 in BLBC
cells. Our data demonstrate that ARRDC3 expression is epigeneti-
cally silenced in BLBC cells in comparison to that of other sub types
of breast carcinoma cells. We further show that epigenetic silencing
of ARRDC3 is mainly mediated by SIRT2. Our results support the
hypothesis that epigenetic deregulation of tumor suppressor genes
contributes to the aggressive nature of BLBC.

ARRDC3 is part of a cluster in chromosome 5, which is deleted in
17% of BLBC. Therefore, we expected no expression of ARRDC3 at
least from some of BLBC cell lines. However, we were able to detect
ARRDC3 expression (albeit in low levels) in all five of BLBC cell lines
that we analyzed, suggesting that SIRT2 driven epigenetic silencing
could represent a major mechanism to explain down-regulation of
ARRDC3 over chromosomal deletion in BLBC. SIRT2 binding at
ARRDC3 promoter in BLBC cells is likely due to high SIRT2 levels
although BLBC specific post-translational modification of SIRT2 or
the presence of ancillary protein to mediate SIRT2 binding to
ARRDC3 promoter could present another possibility. It remains to
be determined how BLBC cells up-regulates SIRT2 expression.

Based on synergistic effects of DNMT inhibitor and class III
HDAC inhibitor on restoration of ARRDC3 level, we anticipated
the collaboration between DNA methylation and histone deacetyla-
tion in epigenetic silencing at the ARRDC3 promoter by serving
DNMT complex as a mediator of SIRT2 binding to ARRDC3 pro-
moter. However, we were not able to detect hypermethylation in
CpG island of ARRDC3 promoter, suggesting that inhibition of
DNA methylation is likely to affect SIRT2 activity or expression
independent of its binding to ARRDC3 promoter.

The tumor suppressing function of ARRDC3 is likely mediated by
linking target substrates such as b-adrenergic receptor and integrin
b429 to E3 ligase so that target substrates become ubiquintinated and

degraded by the proteasome. The role of integrin b4 in BLBC has
been well established33, suggesting that ARRDC3 inhibition of integ-
rin b4 signaling represents one tumor suppressing mechanism miss-
ing in BLBC due to epigenetic silencing of ARRDC3. However, it is
likely that ARRDC3 has multiple targets other than b-adrenergic

Figure 4 | Deactylation of ARRDC3 promoter occurs in a SIRT2
dependent manner in BLBC cells. (a) Methylation-specific PCR (MSP)

was performed on bisulphate converted DNA of MDA-MB-231 and

MCF-7 cells. Specific primers were used for the detection of methylated

(M) and unmethylated (U) ARRDC3 promoter sequences. (b) Chip assays

were performed with AcH4K16 antibody. Samples were analyzed by PCR

with specific primer for ARRDC3 promoter region. (c) Whole cell lysates

were prepared from BLBC cells (MDA-MB-231 and MDA-MB-468) and

luminal BC cells (HCC-1494 and MCF-7). The expression level of SIRT2

was detected by Western blot analysis. (d) Chip assays were performed

with SIRT2 antibody. Samples were analyzed by PCR with specific primer

for ARRDC3 promoter region. (e) MDA-MB-231 cells were treated with

Cambinol (Cam) or DMSO (D) for 24 hr and Chip assay was performed

using SIRT2 or AcH4K16 anibody. Samples were analyzed by PCR with

specific primer for ARRDC3 promoter region. Input chromatin was

included as a positive control; immunoprecipitations with IgG antibody

were the negative control. (L; 2-log DNA ladder). All results presented were

carried out at least 3 times.
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receptor and integrin b4 as ARRDC3 contains b-arrestin like domain
which could interacts with signaling molecules including small G
proteins ARF6 and RhoA34,35, class-6 G-protein couple receptors36,
and non-receptor kinases such as c-Src37 and PDE4D38. Therefore, it
is ideal to find therapeutic compounds that upregulate the expression
of ARRDC3 to maximize its tumor suppressor function in BLBC. In
this regard, targeting SIRT2 activity to inhibit BLBC merits consid-
eration as there is no targeted therapy against BLBC yet. Our data
that inhibition of SIRT2 activity or expression effectively blocks
BLBC cell motility further supports this hypothesis. Considering that
a number of pharmacologic agents that specifically inhibit SIRT2
activity were already developed31,39,40, assessing anti-cancer effects
of these compounds in vitro as well as in vivo using BLBC model
will be an urgent issue.

In conclusion, our studies discovered the novel mechanism of
ARRDC3 suppression in BLBC. We identified SIRT2 as a major
regulator of epigenetic silencing of ARRDC3 expression in BLBC
cells. Our data provide the basis of future studies to understand the
molecular signatures of BLBC and to develop BLBC specific
therapeutics.

Methods
Cell lines and reagents. HCC-1806 and HCC-1937 breast carcimoma, HCC-1419
and ZR-75-30 breast ductal carcinoma and AU565 breast adenocarcinoma cells were
purchased from ATCC (Manassas, VA) and cultured in RPMI-1640 supplemented
with 10% FBS and 1% penicillin/streptomycin. MCF-7, MDA-MB-231 and MDA-
MB-468 breast adenocarcinoma cells were maintained in DMEM with 1 g/L glucose,
L-glutamine and sodium pyruvate formulation, supplemented with 10% FBS and 1%
penicillin/streptomycin. MDA-MB-231 cells were obtained from the Lombardi
Breast Cancer Depository at Georgetown University (Washington, DC). MCF-7 and
MDA-MB-486 cells were purchased from ATCC. All cell lines were cultured in
humidified incubators at 37uC in 5% CO2. To generate stable SIRT1 or 2 knockdown
cell lines, MDA-MB-231 cells were infected with lentiviruses expressing shRNAs
(Sigma, St.Louis, MO) targeted against SIRT-1 (target sequence: 59- CCGGGCAA
AGCCTTTCTGAATCTATCTCGAGATAGATTCAGAAAGGCTTTGCTTTTT-39)
or SIRT-2 (target sequence: 59-CCGGTATGACAACCTAGAGAAGTACCT
CGAGGTACTTCTCTAGGTTGTCATATTTTTG-39) or GFP (as control). The
infected cells were then selected by puromycin (20 mg/ml). Transfection was carried
out using Lipofectamin LTX-Plus (Life Technology, Grand Island, NY). For
pharmacologic inhibition of epigenetic silencing components, nicotinamide (NIA),
trichostatin A (TSA), 5-aza-29-deoxycytidine (5-Aza) and Cambinol were purchased
from Sigma (St.Louis, MO). The following antibodies were obtained commercially for
Western blotting analysis. Integrin b4 (clone H-101), SIRT1 (clone B-7), SIRT2
(clone H-95) and actin (clone C-11) antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). ARRDC3 antibody was obtained from Abcam
(Cambridge, MA). For Chip assay, SIRT2 and Lys16-acetylated H4 antibodes were
purchased from (EMD Millipore, Billerica, MA).

Western blot analysis. Cells were lysed in cold RIPA-EDTA buffer [50 mM Tris, pH
7.4; 150 mM NaCl; 1% NP-40; 0.5% sodium deoxycholate; 0.1% SDS; and 5 mM
EDTA] containing 1 mM phenylmethylsulfonyl fluoride, 1 mM Na3VO4, and
protease inhibitor (Thermo Scientific, Rockford, IL). The protein concentrations
were determined using the BCA protein assay kit (Thermo Scientific). The samples
were separated on 4% to 20% gradient SDS PAGE and transferred to polyvinylidene
fluoride membranes (Bio-Rad, Hercules, CA). The blots were incubated with primary
antibodies in TBS-T or TBS-T with 5% w/v nonfat dry milk, and then with
appropriate secondary antibodies conjugated to IgG-horseradish peroxidase.
Proteins were detected using the pierce ECL Western blotting substrate (Thermo
Scientific).

RNA preparation and quantitative real-time PCR analysis. Total RNA was isolated
from freshly harvested cells with Trizol reagent (Life Technology) and RNeasy kit
(Qiagen, Valencia, CA) according to the manufacturer’s protocol. 1 mg of total RNA
was DNase I-treated (Qiagen) and reverse transcribed using iScript Advanced cDNA
Synthesis Kit (Bio-Rad) following the manufacturer’s protocol. For a quantitative
real-time PCR assay, DNA transcripts were probed using SsoAdvanced SYBR Green
Supermix (Bio-Rad) with PrimerPCR Assay for ARRDC3 (Bio-Rad). Thermocycling
was performed with a BioRad CFX96 Real-Time Detection System under the
following conditions: activation (95uC/2 m), 40 cycles of denaturation (95uC/5 s),
annealing/extension (60uC/30 s), and melt curve (65–95uC/5 s, 0.5uC increment).
Reactions were performed in duplicate. The CFX ManagerTM Software (Bio-Rad) was
used to analyze the qRT-PCR data. Results were compared to a standard curve
generated by serial dilutions of input DNA. The relative expression of ARRDC3 was
normalized with GAPDH (reference gene) level.

Pharmacologic inhibition assay. For the HDAC inhibition, MDA-MB-231 cells and
MCF-7 cells were seeded on 6-well plates. After reaching 70–80% of confluence, cells

were treated with either nicotinamide (NIA) or trichostatin A (TSA), respectively at
indicated doses overnight. For the DNMTs inhibition, cells were treated with various
concentration of 5-Aza -29-deoxycytidine (5-Aza-dC) for 2 days. For the
combination of the two inhibitors, cells were pre-treated with 5-Aza-dC for 1day,
followed by 5 mM NIA or 1 mM TSA treatment for 1day. For the SIRT1/2 inhibition,
MDA-MB-231 cells were treated with cambinol at indicated doses overnight. After
treatments, equal amounts of protein samples were analyzed by western blotting
analysis.

ARRDC3 promoter cloning and luciferase assay. Genomic DNA was extracted
using Wizard genomic DNA purification kit (Promega, Madison, WI) according to
the manufacturer’s instruction. Potential promoter sequence of ARRDC3 was
predicted and made by using the UCSC genomic sequence tool. The possible region is
located approximately within 2000 bp towards the transcription start site (TSS) and
the translation start site (ATG). ARRDC3 promoter region was PCR-amplified from
the genomic DNA by using Phusion High Fidelity PCR kit (New England BioLabs).
The amplified fragment (22040 to 225) was inserted into XhoI and Bgl II sites in the
luciferase reporter vector, pGL4-basic (Promega). The created plasmid was
sequenced to confirm the accuracy of the inserts. Cells were transfected with
ARRDC3-luciferase reporter plasmid. The luciferase reporter activities were assayed
by the Dual-Luciferase Reporter Assay System (Promega) according to the
manufacturer’s instruction and measured by using luminometer. Data were
calculated by normalizing using b-galactosidase activies assay (Promega). After
normalization of b-galactosidase activity, the data were expressed as fold activation
relative to the empty pGL4 basic control vector.

Cell motility assay. The migration assay was conducted using a transwell cell culture
chamber of 8 mm pore size (BD Falcon, Franklin Lakes, NJ) according to the standard
procedure. The lower chambers (8 mm pore size) of transwells were coated with
collagen overnight at 4uC. After washing with phosphate-buffered saline the next day,
cells treated with or without cambinol and SIRT2 knockdown cell lines by shRNA
(1 3 105 cells/well) were added to the upper chamber filled with serum free DMEM/
bovine serum albumin. The lower chamber was placed in the serum free DMEM/BSA
containing a lysophosphatidic acid (LPA) as a chemo-attractant. The chamber was
incubated for 2 h at 37uC with 10% CO2. The migrated cells that were attached to the
bottom side of the membrane were stained using crystal violet and counted. Assays
were performed in triplicate and repeated at least three times.

DNA methylation assay of ARRDC3 promoter. DNA was extracted from cultured
cells (MDA-MB-231 and MCF-7) and treated with sodium bisulfite using the EpiTect
Plus LyseAll Bisulfite kit (QIAGEN) according to the manufacturer’s instruction.
After bisulfate modification, the DNA was amplified by Methylation specific PCR
(MSP). The CpG islands in ARRDC3 promoter were analyzed by online tool (http://
www.cpgislands.com) with default settings (ObsCpG/ExpCpG: 0.6; minimum
average percentage of CpG: 50%; minimum length of reported CpG island: 200 bp).
The primer for methylation-specific PCR (MSP) was designed by ABI Methyl primer
Express v 1.0 and used to amplify with the EpiTect MSP Kit (QIAGEN) according to
the manufacture’s protocol. The PCR products were visualized by ethidium bromide
staining on a 2% agarose gel.

Chromatin immunoprecipitation assay. Chromatin immunoprecipitation (ChIP)
experiments were performed by using a Magna ChIP Assay kit (EMD Millipore). We
followed the manufacturer’s protocol with slight modifications. Briefly, the cells were
crosslinked with 37% formaldehyde at 37uC for 10 min and then sonicated on ice to
shear lengths of 200–1000 bp DNA fragmentsat by using a Branson sonifier
(Danbury, CT). The samples containing the soluble chromatin were incubated with
magnetic protein A/G beads and immunoprecipitated with antibodies against
modified histone (Lys16-acetylated H4) and SIRT2 overnight at 4uC. After washing,
the crosslinking between DNA and chromatin was reversed and eluted by incubation
with proteinase K for 2 hr at 62uC, followed by incubation at 95uC for 10 min. The
antibody-chromatin-DNA complexes were eluted from magnetic beads. DNA was
purified by spin columns and subjected to PCR with the appropriated primer pairs.
The primers are as follows: for ARRDC3, 59-ATCCCAGTGTGATGTGACGA -39

(forward) and 59-TTTGCAACAGAATCGGAAAA -39 (reverse); and for GAPDH,
59-TACTAGCGGTTTTACGGGCG-39 (forward) and 59-TCGAACAGGAGGAG
CAGAGAGCGA -39 (reverse). Amplified PCR products were resolved on a 2%
agarose gel containing ethidium bromide and quantitated using Image J. For total
DNA samples (input), an aliquot of lysate used in the immunoprecipitation was
processed along with the rest of the samples. Calculation of the amount of
immunoprecipitated DNA in each ChIP was based on the relative signal to the
corresponding total DNA signal.
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