RESEARCH PAPER

Epigenetics 9:8, 1172-1183; August 2014; © 2014 Landes Bioscience

ABCBT1 regulation through LRPPRC
is influenced by the methylation status
of the GC -100 box in its promoter
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One of the potential mechanisms of imatinib mesylate (IM) resistance in chronic myeloid leukemia (CML) is increased
level of P-glycoprotein (Pgp). Pgp is an efflux pump capable of activating the multidrug resistance (MDR) phenotype.
The gene encoding Pgp (ABCBT) has several binding sites in its promoter region, along with CpG islands and GC boxes,
involved in its epigenetic control. In our previous work, we performed a proteomic study to identify proteins involved
in IM cross-resistance. Among these proteins, we identified LRPPRC as a potential regulator of ABCBIT transcription, in
acute leukemia, via an invMED1 binding site in ABCBI. Interestingly, this invMED1 binding site overlaps with the GC
-100 box. In this work, we investigated the potential role of LRPPRC in the regulation of ABCBT transcriptional activity
in CML resistance. In addition, we evaluated the potential connection between this regulation and the methylation
status of the ABCBT promoter in its GC -100 box. Our results show that LRPPRC binds prominently to the ABCBT promoter
in Lucena cells, an IM-resistant cell line. Luciferase assays showed that ABCBIT transcription is positively regulated by
LRPPRC upon its knockdown. Pyrosequencing analysis showed that the ABCBT promoter is differentially methylated at
its GC -100 box in K562 cells compared with Lucena cells, and in CML patients with different response to IM. Chromatin
immunoprecipitation and Pgp expression after DNA demethylation treatment showed that LRPPRC binding is affected
by the methylation status of ABCBT GC-100 box. Taken together, our findings indicate that LRPPRC is a transcription factor

related to ABCBT expression and highlight the importance of epigenetic regulation in CML resistance.

Background

Chronic myeloid leukemia (CML) is a myeloproliferative
disease characterized by the expression of the BCR-ABL
constitutive tyrosine kinase (TK) oncoprotein. Despite the clear
progress in therapy with the use of the TK inhibitor imatinib
mesylate (IM), resistance is observed, especially among patients
in the advanced phases of the disease.”? In the past decade, many
efforts had been made to elucidate the possible mechanisms
surrounding IM resistance.”” Among these mechanisms is the
rise of multidrug resistance (MDR).5'® The MDR phenotype
is commonly implicated in chemotherapy failure, and it is
dependent on the expression of proteins that function as
extrusive pumps, such as P-glycoprotein (Pgp), encoded by
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the ABCBI gene. In previous work, we performed a set of
experiments showing that Lucena cell line (K562 /vincristine -
VCR) overexpress the ABCBI/Pgp efflux transporter and this
protein is involved in IM cross-resistance presented by Lucena
cells. K562 cells presented 1 M as the inhibitory concentration
(IC,)) to IM treatment, whereas Lucena cells had an IC of
5uM. Subsequently, we performed a comparative proteomic
study to identify proteins that are potentially involved in IM/
MDR-cross resistance in CML, and we reported that Leucine-
Rich protein 130 (LRPPRC) is potentially involved in such
resistance.”

LRPPRC is a member of the pentatricopeptide repeat protein
family and is described as a multifunctional protein involved
in homeostasis, microtubule alterations, RNA stability, DNA/
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Figure 1. ChIP assay for the in vivo quantification of LRPPRC binding to
the ABCBT promoter. RT-gPCR quantification of LRPPRC binding to the
ABCBTpromoter in K562 and Lucena cells after ChIP assay. DNA amplifica-
tion was quantified in bound and unbound fractions after normalization
with SMAD8 nonspecific amplification. Normalized fractions were used
to calculate the bound/input ratio. Results are expressed as mean * SD
for three independent experiments.

RNA binding, transcriptional activity in the mitochondria,
metabolic processes, RNA nuclear export and, more recently, in
tumorigenesis.?*** Nuclear transcription activity was described
in acute lymphoblastic leukemia (ALL) in an MDR cell model.?®
LRPPRC was found to regulate MDR genes (ABCBI and MVP-
major vault protein) through invMED] binding sites present in
their promoters. Nevertheless, that study was the only previous
report of LRPPRC as a transcription factor.

The ABCBI promoter has a complex pattern, which allows
it to be regulated by several pathways.** Moreover, epigenetic
regulation, such as histone modification and DNA methylation,
add more complexity and has been more extensively studied over
the past several years.?%® Although ABCBI has been identified to
have two different promoters, both of them producing the same
protein,” the downstream promoter is the major promoter in
most cells. 04

The downstream promoter has CpG islands and contains
two GC boxes, GC-50 (-56/-45) and GC-100 (-110/-103), for
transcriptional regulation by DNA methylation. GC -50 box
hypomethylation has been described as a poor prognostic factor
in hematological malignancy in patients with or without bone
marrow transplantation (BMT), due to ABCBI upregulation.®’
In contrast, the GC-100 box has been poorly studied, but our
analysis of this promoter region has revealed that it overlaps the
invMEDI binding site, suggesting possible epigenetic control at
this site.

Therefore, the aim of this work was to investigate the
involvement of LRPPRC in the regulation of ABCBI transcription
in CML. We also investigated whether methylation of ABCBI’s
GC -100 box could affect its regulation. Our results support
the finding that LRPPRC is a transcription factor and provide
information regarding the importance of the GC -100 box in
ABCBI regulation in CML.
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Results

LRPPRC binds to the ABCBI promoter at the invMEDI1
binding site

As there has previously been only one report in all of the
literature demonstrating that LRPPRC acts as a transcription
factor, we first sought to investigate whether LRPPRC could
bind to the ABCBI promoter in CML. Therefore, we used
ChIP assays to examine in vivo interactions between nuclear
proteins and DNA. Chromatin fractions bound to the LRPPRC
antibody in K562 and Lucena cells were quantified by RT-qPCR
using primers to amplify the ABCBI promoter region that
contains the invMEDI site. We verified a =6.0-fold increase in
LRPPRC binding in Lucena cells compared with K562 cells after
normalization to nonspecific binding of protein A and SMADS8
(Fig. 1). As indicated by the data, LRPPRC binds to the ABCBI
promoter, possibly working as a transcription factor.

LRPPRC regulates ABCBI through the
invMEDI binding site

To verify whether the binding of LRPPRC to the ABCBI
promoter could lead to ABCBI transcriptional activation, we
performed functional analyses of LRPPRC depletion in K562
and Lucena cell lines using an siRNA approach. Forty-eight hours
after transfection, both mRNA and protein levels of LRPPRC
were depleted by more than 70% (Fig. 2A—C) in both cell lines
compared with scrambled controls. We then evaluated ABCBI/
Pgp levels in knockdown samples. As shown in Fig. 2B-D, we
observed a larger decrease in ABCBI mRNA (> 75%) and Pgp
(=25%) after LRPPRC knockdown in Lucena cells compared
with K562 cells. These results demonstrate that the transient
knockdown of LRPPRC is involved in the decrease of ABCBI/
Pgp levels. Whether its effect is direct or indirect is unclear.

expression

To strengthen our observations and to better evaluate the
contribution of the invMEDI site in ABCBI transcription
regulation, we transiently transfected the following 3 constructs
(Fig. 3A): basal promoter sequence without invMEDI site
(invMEDI_A), basal promoter sequence with invMEDI site
(invMEDI) and basal promoter sequence with mutated invMED1
site (invMED1_mut). After 48 h, we measured Luciferase activity.

Our results showed that in the presence of the invMEDI
binding site, both cell lines exhibited increased Luciferase activity
compared with the basal promoter construct. Additionally, the
mutated invMEDI construct presented similar Luciferase activity
as the basal promoter construct in both cell lines, demonstrating
the importance of invMEDI site to activate ABCBI transcription
(Fig. 3B). Moreover, Luciferase activity was higher in Lucena
cells than K562 cells, which confirms the ChIP results that
showed increased binding of LRPPRC in Lucena cells. These
data suggest the direct involvement of LRPPRC in ABCBI
transcription activity through the invMEDI site.

Role of GC -100 box methylation in ABCBI transcription
through LRPPRC

Because we showed that there was a direct relationship
between LRPPRC expression and ABCBI regulation, we next
wanted to determine the potential role of the GC -100 box
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Figure 2. Expression of ABCB1/Pgp levels after LRPPRC depletion in CML cell lines. (A)Analysis of LRPPRC mRNA levels after transient LRPPRC knockdown
in K562 and Lucena cells. (B)Analysis of ABCBT mRNA levels after siLRPPRC. Total RNA was isolated and used in RT-qPCR analysis to determine changes in
LRPPRC and ABCBT mRNA levels after normalization to B-actin expression. All data are presented as fold inductions relative to control group expression
(scrambled). (C) Representative western blot analysis of LRPPRC and Pgp expression. Protein extract (50 ug) from both cell lines were separated on a 12%
SDS-PAGE gel and probed with anti- LRPPRC and anti-MDR1 antibodies. a-tubulin was used as a loading control. (D) Representative histograms of Pgp
expression after 50 nM siLRPPRC (1): K562 ctrl and siLRPPRC (2): Lucena ctrl and siLRPPRC cells. PE-isotype antibody was used as a control. The results are
expressed as the mean + SD for three independent experiments. Ctrl: control; Sc: scrambled; Si: siRNA; K5: K562; LU: Lucena.

methylation in this regulation. Both cell lines were treated for
24 h with 0.5 uM or 1 wM 5-Aza-dC, a demethylating agent,
and cell viability was evaluated. As shown in Figure 4, K562 and
Lucena cell viability decreased by =20% after 1 M treatment,
which led us to use a 0.5 wM dose in subsequent experiments.
To correlate DNA methylation and ABCBI regulation in the
GC -100 box, we evaluated ABCBI/Pgp levels and performed
ChIP assays in 5-Aza-dC-treated cells. Our results showed
that ABCBI mRNA levels increased 100% in K562 cells after
5-Aza-dC treatment (Fig. 5A). This increase was accompanied
by a 3.0-fold increase in Pgp levels (Fig. 5B). ChIP assays with
5-Aza-dC-treated cells revealed a 2.0-fold increase in LRPPRC
binding in K562 cells (Fig. 5C). In order to investigate if ABCB1/
Pgp upregulation observed in K562 cells after demethylation
treatment could interfere in the cells response to IM treatment,
we pre-treated K562 cells with 5 uM 5-Aza-dC for 3 wk, as
previously resported,” and then performed apoptosis assay with
1 wM IM. This IM dose was previously reported by our group as
the IC, | for K562 cells, corroborating with literature dara.” We
verified reduced apoptosis induction in K562 cells treated with
IM after the 5-Aza-dC treatment (Fig. 6A), compared with K562
cells treated with IM alone. As we observed that demethylating
treatment caused a significant downregulation in apoptosis
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levels, we investigated if this protective effect could be due to
upregulation of Pgp levels. Indeed, as shown in Figure 6B, K562
cells treated with 5 WM 5-Aza-dC showed upregulated Pgp levels,
similar to the expression level observed in Lucena cells. Together,
these results suggest that the ABCBI promoter is differentially
methylated between the two cell lines, as no difference in
LRPPRC binding was observed in Lucena cells.

Once our results indicated a difference in the methylation
status of the ABCBI promoter between K562 and Lucena cells,
we performed pyrosequencing analysis to evaluate GC -100 box
methylation. As expected, pyrosequencing showed that the GC
-100 box in the ABCBI promoter was more methylated in K562
cells (15%) compared with Lucena cells (4%) (Fig. 7). In order
to deepen our investigation regarding the relevance of GC -100
box methylation in CML, we also analyzed a total of 20 CML
patients with different responses to IM (9 IM-responsive and 11
IM-resistant). Pyrosequencing showed that =45% of IM-resistant
patients (5 patients) showed a methylation percentage of 3-5%
at the GC -100 box and completely lost this methylation status
after treatment (Fig. 8), maintaining the same fold-change as the
one observed in K562 and Lucena cell lines. No difference was
found in responsive patients (data not shown). Taken together,
these results demonstrate that methylation in ABCBIGC -100
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Figure 3. Regulation of ABCBT promoter transcription activity via the-
invMED1 binding site.(A) Scheme of invMED1 constructs. (B) Luciferase
activity reporterassay in K562 and Lucena cells. All luciferase assay results
are expressed as relative light units (RLU). The results are expressed as
the mean =+ SD for three independent experiments.
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Figure 4. 5-Aza-dC treatment alters cell viability. Viable K562 and
Lucena cells were assessed by Trypan blue staining after 24 h culture
in the absence (ctrl) or presence of 0.5uM and 1 M 5-Aza-dC. Results
are expressed as mean + SD for three independent experiments. Ctrl:
control.
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box is involved in its transcriptional regulation through LRPPRC
binding and could be an important approach to improve
prediction of IM response in CML.

Discussion

Although our understanding of cancer biology has drastically
increased in the past decades, and has sometimes been transferred
into therapy in some particular cancer types, the MDR phenotype
is still an emergent problem.*** MDR is multifactorial, but the
number of different proteins and other molecules involved in the
rise of the phenotype was underestimated. Indeed, several pathways
play direct and indirect roles in ABC transport regulation, and
there is redundancy, but it may also be that some particular
members play specific functions, suggesting that MDR rise is
not as nonspecific as it was once believed. It is still unclear how
typical MDR (ABC transporters) and atypical MDR (non ABC
transporters) are regulated and how they fit into the new molecular
target therapy.i¢-4

Our previous work demonstrated that LRPPRC was potentially
involved in IM and MDR cross-resistance. LRPPRC is a 130
kDa protein that was first described in hepatocarcinoma cells.”
This protein has been associated with several cellular processes.
Among these processes, it has a well-defined function in metabolic
pathways due to its mitochondria association; nevertheless, recent
studies have focused on the role of LRPPRC in tumorigenesis. This
particular interest developed as it became known that accelerated
energy consumption and enhanced function of mitochondria in
tumor cells compared with normal cells is a prerequisite for tumor
development.

Tian and colleagues have found that LRPPRC is abundantly
expressed in various tumor types, such as lung, stomach, colon,
esophageal
squamous cell carcinoma and lymphoma, compared with its

mammary and endometrial adenocarcinomas,
expression in surrounding non-neoplastic cells (for a review see
ref. 31). It has also been shown that LRPPRC is overexpressed in
gastric cancer.’”® In hepatocarcinoma cells, LRPPRC was proven
to contribute to apoptosis resistance (for a review see ref. 32).
Additionally, LRPPRC was found highly expressed in the side
population of lung adenocarcinoma cell lines, a fraction of cells
in which cancer stem cells are enriched.”® This finding is of great
interest since it became accepted that cancer stem cells play an
important role in tumor resistance.””** LRPPRC was reported to
be a transcriptional regulator of ABCBI and MVP genes in ALL.
This regulation was mediated through its inMEDI binding site
located in the -105/-100 promoter region (for a review see ref.
33). The GC -100 box (-108/-103) is located in the same region,
which could potentially allow ABCBI to be regulated through
DNA methylation. Because we previously found that ABCBI
and LRPPRC were overexpressed in CML IM-resistant patients,
we sought to investigate whether ABCBI could be regulated
by LRPPRC in CML resistance, and whether this regulation
was influenced by GC -100 box methylation. Together, our
data supported the hypothesis that the ABCBI promoter was
differentially methylated between K562 and Lucena cells.
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Figure 5. Effect of 5-Aza-dC treatment on ABCB1/Pgp levels and LRPPRC binding to the invMED1 site. (A) ABCBT mRNA levels were evaluated after 24 h
of 0.5 wM 5-Aza-dC treatment. Total RNA was isolated and used in RT-qPCR to determine changes in ABCBT mRNA levels after normalization to B-actin
expression. (B) Representative histograms of Pgp expression after 0.5 wM 5-Aza-dC treatment (1): K562 ctrl and 5-Aza-dC-treated K562 cells (2): Lucena
ctrl and Lucena cells treated with 5-Aza-dC. PE-isotype antibody was used as a control. (C) RT-qPCR quantification of LRPPRC binding to the ABCB1 pro-
moter in 5-Aza-dC-treated K562 and Lucena cells. DNA amplification was quantified in bound and unbound fractions after normalization with SMAD8
nonspecific amplification. Normalized fractions were used to calculate the bound/input ratio. The results are expressed as the mean + SD for three

In fac, it is known that MDR partially arises from promoter
hypomethylation. This relationship has already been investigated
in several types of cancer, including breast cancer, gastric,
prostate, acute myeloid leukemia, and ALL, among others.”>-*!
However, one outstanding question is whether the decreased
LRPPRC binding to ABCBI invMEDI site in K562 cells was
due to a lower availability of LRPPRC or because the ABCBI
promoter is methylated in K562 cells, or a combination of both.

Toaddress thisquestion, we treated both celllines with a specific
DNA demethylating agent and evaluated ABCBI/Pgp levels
and analyzed in vivo binding of LRPPRC to ABCBI invMEDI1
site. As expected, we observed an increase in ABCBI/Pgp levels
only in K562 cells, which supports the previously reported data.
Furthermore, LRPPRC binding to the ABCBI promoter in
K562 cells increased compared with untreated cells, suggesting
that the invMEDIL site is more methylated in non-resistant cells,
which was confirmed by pyrosequencing. Moreover, it has been
demonstrated that a 3-wk treatment of 5-Aza-dC at 5 wM dose
induced upregulation of ABCBI mRNA levels in K562 cells,
comparable to the MDR cell line in this study (see reference 43).
Using the same approach, we demonstrated that overexpression of
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Pgp in K562 cells was induced resistance to 1 wM IM treatment.
Pyrosequencing analyses of CML patients showed a difference
of methylation status among IM resistant patients at the time of
diagnoses compared with in resistance/relapse samples. Although
we understand this is a low methylation status, the fold-change
detected in IM-resistant patients was similar to the fold-change
found in K562 and Lucena cells. It is clear that other methylation
sites in ABCBI promoter are contributing to ABCBI gene
expression control, as we observe significant differences in global
DNA demethylation after 5-aza-dC treatment. A large cohort of
patients would be necessary in order to demonstrate the potential
importance of GC -100 box analysis as a support approach in
IM-resistance prediction.

Although it is well recognized that epigenetic changes result
in an increase on MDR phenotype, this is the first report on
the contribution of ABCBI GC -100 box in its regulation.
Nevertheless, our results do not exclude the importance of
LRPPRC nuclear localization/availability. Further studies are
needed to uncover which signaling pathways are involved in
LRPPRC activation/nuclear translocation. Moreover, studies
to date have been addressing LRPPRC as a potential prognostic
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Figure 6. 5-Aza-dC treatment alters response to IM treatment in K562
cells. (A) Apoptosis level was assessed in K562 cells under the following
conditions: 1 wM IM, 5uM 5-Aza-dC (3 wk treatment), co-treatment, and
at the absence (ctrl) of both drugs. (B) Representative histograms of Pgp
expression after 5 WM 5-Aza-dC treatment after 3 wk: K562 ctrl, 5-Aza-dC
—treated K562 cells and Lucena cells (used for positive control of Pgp
expression). PE-isotype antibody was used as a control. The results are
expressed as the mean + SD for three independent experiments. Ctrl:
control.

marker in different types of cancer due to its overexpression, but
its importance in tumor biology/development/progression remains
clearly unexplored.

Taken together, our data indicate that LRPPRC is a transcription
factor involved in ABCBI regulation with considerable implications
in MDR/IM resistance. This regulation is dependent on the
methylation status of ABCBI promoter GC -100 box, suggesting
the importance of this epigenetic signature in CML resistance.

Materials and Methods

Culture conditions

Lucena [K562 multidrug-resistant cell line induced by
vincristine (VCR)] cells overexpressing ABCBI were kindly
provided by Dr. Vivian Rumjanek (Departamento de
Bioquimica Médica, Universidade Federal do Rio de Janeiro,
Brazil).® The human myelogenous leukemia cell line (K562)
and its vincristine-resistant derivative, the Lucena cell line, were

www.landesbioscience.com

grown in RPMI 1640 medium (Sigma-Aldrich, cat. n. R5886)
supplemented with 10% FBS (GIBCO, cat n. 10437-028), 50
units/mL penicillin G / 50 pg/L streptomycin (Invitrogen, cat n.
15140-122) and 2 mM l-glutamine (Invitrogen, cat n. 25030—
081) at 37 °C in a humidified atmosphere containing 5% CO,.
Lucena medium was supplemented with 60 nM VCR (Sigma,
cat n. V8879).

Patients samples

All bone marrow samples were obtained from CML patients
in all disease phases (chronic, accelerated and blastic phases) at
the time of diagnose and follow up: IM-responsive patients (3 to
6 mo follow up) and IM-resistant or relapse after initial response
(3 to 24 mo follow up). Patients were admitted or registered
at the Instituto Nacional de Cancer (Rio de Janeiro, Brazil),
according to the guidelines of the local Ethics Committee and
the Helsinki declaration. We selected 9 IM-responsive patients
(mean age = 41.5, range = 28—68, male:female ratio = 2:7) and 11
IM-resistant patients (mean age = 49, range = 17-59, male:female
ratio = 7:4). Diagnoses and follow-ups were based on hematologic,
cytogenetic and molecular assays. IM-responsive patients
exhibited a major molecular response and complete hematologic
and cytogenetic response, whereas IM-resistant patients lacked
hematologic, cytogenetic and molecular responses. The inclusion
criterion was to investigate CML patients that received IM as
a first-line therapy. The exclusion criterion was CML patients
with BCR-ABL mutations. Marrow aspirates were collected in
heparinized tubes and processed on the day they were collected.
Bone marrow mononuclear cells were isolated from 2—5 mL of
aspirate in a Ficoll-Hypaque density gradient (Ficoll 1.077 g/
mL; GE, Sweden) according to manufacturer’s protocol. Cells
were washed 3 times in PBS and subsequently used for RNA
extraction.

5-Aza-2’-deoxycytidine (5-Aza-dC) treatment

Treatment with the demethylation agent 5-Aza-2-
deoxycytidine (5-Aza-dC) (Sigma-Aldrich, cat n. A3656) at 0.5
uM and 1 pM doses was performed in 12-well culture plates
for a period of 24 h with a cell density of 8.0 x 10 cells/mL
in both cell lines. Also, a 3 wk treatment at 5 WM dose was
performed in 12-well culture plates with a cell density of 8.0 x
10 cells/mL in both cell lines. K562 and Lucena cells exposed
to 5-Aza-dC were further used for cell viability assays, real-
time quantitative PCR, Pgp expression assays and chromatin
immunoprecipitation assays. All experiments were performed
in triplicate.

Real-time Quantitative PCR (RT-qPCR)

Analysis of ABCBI, LRPPRC, and B-ACTIN mRNA levels
was performed by RT-qPCR. Two micrograms of Trizol extracted
RNA from cell lines using Trizol (Invitrogen, cat n. 15596-026)
were treated with DNase Amplification Grade I (Invitrogen,
cat n. 18068-015) and reverse-transcribed with Superscript 111
Reverse Transcriptase® (Invitrogen, cat n. 18080044). Diluted
cDNAs (1:100) were mixed with SYBR Green PCR Master
Mix® (Applied Biosystems, cat n. 4309155) and the following
primers: ABCBI: (F) 5'-CCCATCATTG CAATAGCAGG-3'
and (R) 5-GTTCAAACTT CTGCTCCTGA-3'; LRPPRC:
(F) 5- GAGAGATGCC GGAATTGAGC-3', and (R)
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5-  CTCGGACTTC TCCACCTTCT-3"; B-ACTIN:
(F) 5-ACCTGAGAAC TCCACTACCC T-3' and (R)
5-GGTCCCACCC ATGTTCCAG-3". RT-qPCR  was

performed in a Rotor Gene 6000 thermocycler (Cobertt) with
50 cycles of 20 s at 95 °C, 30 s at 60 °C and 30 s at 72 °C. For
each sample, the expression of target genes was normalized to
B-actin mRNA levels. Changes in the mRNA levels of genes were
evaluated.®

Western blot analysis

Cell lysates from K562 and Lucena cells (that underwent
scrambled RNA and siLRPPRC RNA treatments) were run
on 7% sodium dodecyl sulfate-polyacrylamide gels (SDS-
PAGE), transferred to nitrocellulose membranes (Bioead) and
incubated with LRPPRC, MDR1(Santa Cruz Technologies) and
a-tubulin (Sigma) antibodies. Antibody binding was detected
using enhanced chemiluminescence ECL Plus Western Blotting
detection Reagents (GE).

Pgp expression assay

To determine Pgp expression, we analyzed both cell lines with
anti-Pgp-PE (phycoerythrin) antibody (Beckman Coulter, cat n.
IM2370U) according to the manufacturer’s instructions. Briefly,
after treatment, 5.0 x 10° cells were harvested, washed twice with
cold PBS, resuspended in 1 mL PBS/BSA (0.2% Azide, 1% BSA)
and incubated for 15 min. After incubation, cells were harvested,
and anti-Pgp-PE (5 pL) was added, and the sample was incubated
for 30 min in the dark. After incubation, 2 mL of PBS/BSA was
added to each sample. Cells were harvested and resuspended in
PBS/1% Formol. For each condition, 20.000 events were acquired
using a FACSCalibur Flow Cytometer (Becton Dickinson) and
analyzed using CellQuest v.3.1 Software (Becton Dickinson).
The results are expressed as the mean relative fluorescence
intensity (MRFI), which was calculated by subtracting the mean
fluorescence intensity (MFI) for each specific antibody from
the MFI of the respective isotype control.All experiments were
performed in triplicate.

Chromatin immunoprecipitation (ChIP) assays

Chromatin immunoprecipitation from K562 and Lucena
cells was assessed using a SimpleChIP™ Enzymatic Chromatin
IP kit (Cell Signaling Technology®, cat n. #9003) according
to the manufacturer’s instructions. Immunoprecipitation
was performed with an anti-LRPPRC antibody (Santa Cruz
Biotech, cat n. sc-66844). DNA extractions from bound
fractions were performed following the Abcam (www.abcam.
com) protocol. The immunoprecipitated DNA was amplified
for sequences containing the invMEDI binding site by using
the following ABCBI promoter sequence primers: ABCBIp (F)
5'- GCTGATGCGC GTTTCTCTAC T -3' and ABCBIp (R)
5'- CCGGGC CGGGAGCAGTCATC -3'. Quantification was
evaluated by RT-qPCR analysis.

RNAI knockdown (siRNA) and transfection

RNAi knockdown (siRNA) and transfections were performed
with  Trifectin (Integrated DNA  Technologies)
following the manufacturer’s protocol. LRPPRC siRNA
duplex was purchased from Qiagen — cat n. S103243940
(F) 5-GCCUGCCGAU UGAACCAAAT T-3° (R)
5'-UUUGGUUCAA UCGGCAGGCA A-3". Universal negative
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control siRNA duplex (scrambled) (Santa Cruz Biotech, cat n.
sc-37007) was used at the same concentration as the experimental
siRNA. K562 and Lucena cells (5.5 x 10% cells per well) were
split in 24-well plates at 60% confluence in RPMI medium 1 d
prior to transfection. A FITC-labeled transfection control duplex
was used to monitor the transfection efficiency according to the
manufacturer’s recommendations. Only experiments in which
transfection efficiencies were = 80% were evaluated. mRNA
levels were measured 48 h after transfection. Duplexes were
evaluated at 50 nM. All transfections were minimally performed
in duplicate, and the data were averaged. LRPPRC depletion was
evaluated by RT-qPCR as described above.

Apoptosis assay

To determine the percentage of apoptotic cells, we analyzed
phosphatidyl serine externalization and membrane integrity by
double staining with Annexin V PE and 7-AAD (PE Annexin V
Apoptosis Detection Kit I, BD PharMingen, USA) according to
manufacturer’s instructions. Briefly, after treatment, 1.0 x 10° cells
were harvested, washed twice with cold PBS and resuspended in
100 pL of 1 x binding buffer. Annexin V PE (5 pL) and 7-AAD
(5 pL) were added, and samples were incubated for 15 min in the
dark. After incubation, 400 pL of 1X binding buffer was added
to each sample. Cells positive for Annexin V PE and 7-AAD
were considered apoptotic. For every condition, 20.000 events
were acquired using a FACSCalibur Flow Cytometer (Becton
Dickinson, USA) and analyzed using CellQuest v.3.1 Software
(Becton Dickinson, USA). All experiments were performed in
triplicate.

Reporter vector design

The ABCBI firefly luciferase reporter constructs were
synthesized through PCR amplification and cloned into the
firefly PGL3-Basic vector (Promega, cat n. E1751) upstream of
the luciferase reporter gene. The constructs named invMEDI_
A (-100pb/+73 pb), invMEDI (-133pb/+73 pb) and invMEDI_
mut (-133pb/+73 bp) were inserted into the Kpnl and Bglll
restriction sites of pGL3-basic.

Transient transfection and luciferase reporter assay

K562 and Lucena cells (1X10° cells/mL) were plated into
12-well plates and transfected with 1.0 pg of empty pGL3
reporter vectors, constructions containing ABCBI promoter
inserts or pGL3-basic vector. To normalize transfection
efficiency, we co-transfected 0.01 g of Renilla luciferase pPRL-TK
(Promega, cat n. E2241) plasmid into each well. Transfection
was performed using Lipofectamine 2000 (Invitrogen, cat n.
11668027) according to the manufacturer’s protocol. Firefly
and Renilla luciferase activities were measured in cell lysates
48 h after transfection using the Dual-Glo Luciferase Assay
System (Promega, cat n.E1910) on a Veritas TM Microplate
Luminometer (Turner Biosystems) following the manufacturer’s
protocol. All experiments were performed in triplicate. Ratios
of Renilla luciferase readings to firefly luciferase readings were
taken for each experiment, and triplicates were averaged. The
average values of the tested constructs were normalized to the
activity of the empty pGL3-basic vector, which was arbitrarily
set at a value of 1.

Pyrosequencing analysis
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Genomic DNA was obtained from RNeasy kit (Qiagen,
cat n. 74104) extraction, according to the manufacturer’s
recommendations. A total of 500 ng of genomic DNA were treated
with sodium bisulfite using the EZ DNA Methylation-Gold Kit
(Zymo Research, cat n. D5005). The DNA was eluted to reach
a final concentration of 25 ng/pL. To quantify the percentage of
methylated cytosine in individual CpG sites, bisulfite-converted
DNA was sequenced using a pyrosequencing system (PyroMark
Q96, Qiagen).** This method treats each individual CpG site
as a C/T polymorphism and generates quantitative data for
the relative proportion of the methylated vs. the unmethylated
allele. The assay for the analysis of ABCBI regulatory region in
downstream promoter was designed using the software PyroMark
Assay Design version 2.0.1.15 (Qiagen). PCR reaction was
performed with 25 ng of bisulfite-treated DNA, primers forward:
5" GAGAGGTGTA AAGGAAGTTA GAATATTTT and
reverse: 5" biotin-ATTCCTACCC CACCAATCAA CCTCA),
and Platinum Taq DNA Polymerase (Invitrogen, cat n. 10966026),
according to the manufacturer’s protocol. After initial denaturation
at 95 °C for 15 min, amplification was performed for 50 cycles at
95 °C for 30 s, 50 °C for 30 s, 72 °C for 30 s, followed by a final
elongation at 72 °C for 10 min. Pyrosequencing was performed
with the sequencing primer 5" GAGGAATTAG TATTTAGTTA
A in accordance with the manufacturer’s protocol (Qiagen). The
target CpGs were evaluated by converting the resulting pyrograms
into numerical values for peak heights.

Statistical Analysis

Cell viability and mRNA levels between K562 and Lucena
cells from different assays were compared by a paired # test. These

statistical analyses were performed using GraphPad Prism® v.5

software (GraphPad).
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