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Silencing of CEBPB-AS1 modulates CEBPB expression and
resensitizes BRAF-inhibitor resistant melanoma cells to

vemurafenib

Linda Vidarsdottir®, Rita Valador Fernandes®, Vasilios Zachariadis?,
Ishani Das?, Elin Edsbacker?, Ingibjorg Sigvaldadottir®,
Alireza Azimi*©, Veronica H6iom?, Johan Hansson® Dan Grandér®*,
Suzanne Egyhazi Brage® and Katja Pokrovskaja Tamm?®

Introduction of targeted therapy in the treatment of
metastatic cutaneous malignant melanoma (CMM)

has improved clinical outcome during the last years.
However, only in a subset of the CMM patients, this will
lead to long-term effects. CEBPB is a transcription factor
that has been implicated in various physiological and
pathological processes, including cancer development.
We have investigated its prognostic impact on CMM and
unexpectedly found that higher CEBPB mRNA levels
correlated with a longer overall survival. Furthermore, in
a small cohort of patients with metastatic CMM treated
with BRAF-inhibitors, higher levels of CEBPB mRNA
expression in the tumor cells prior treatment correlated to
a longer progression-free survival. We have characterized
an overlapping antisense transcript, CEBPB-AS1, with the
aim to investigate the regulation of CEBPB expression

in CMM and its impact on BRAF-inhibitor sensitivity. We
demonstrated that silencing of CEBPB-AST1 resulted in
epigenetic modifications in the CEBPB promoter and

in increased CEBPB mRNA and protein levels, inhibited

Introduction

Treatment of metastatic cutaneous malignant melanoma
(CMM) with chemotherapy has been inefficient and the
prognosis is still poor. The use of the BRAF-inhibitors
(BRAF1), vemurafenib and dabrafenib, has led to a very
efficient tumor regression after treatment in majority of
patients with BRAF mutant CMM [1]. However, a major-
ity of these patients relapse due to development of resist-
ance that emerges after a median of 6-7 months of single
treatment [2] while combining the BRAFi with the MEK
inhibitor (downstream of BRAF in the MAPK signaling
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proliferation and partially resensitized BRAF-inhibitor
resistant CMM cells to this drug-induced apoptosis. Our
data suggest that targeting CEBPB-AS1 may represent a
valuable tool to sensitize CMM cells to the BRAF-inhibitor-
based therapies. Melanoma Res 30: 443-454 Copyright ©
2020 The Author(s). Published by Wolters Kluwer

Health, Inc.
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pathway) prolongs the median progression-free survival
(PFS) to 11 months [3]. Multiple molecular events lead-
ing to an acquired resistance to the BRAFi/MEKi have
been discovered, such as upregulation of receptor tyros-
ine kinases, downregulation of the tumor suppressor
phosphatase and tensin homolog (P TEN) that results in
activation of PI3K pathway, amplification of the transcrip-
tion factor (TF) melanocyte inducing transcription fac-
tor, amplifications of mutant BRAF gene and secondary
NRAS mutations [4]. It is important to understand these
molecular mechanisms and also determine novel mech-
anisms that contribute to BRAF1 resistance in CMM in
order to potentiate this therapy and overcome or prevent
development of resistance.

We have previously described an antisense RNA ema-
nating from PTEN pseudogene, PTENP1-AS, that reg-
ulates the PTEN tumor suppressor gene expression [5].
Recently, we have investigated its role in the develop-
ment of resistance in CMM, and found that TF CCAATY/
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enhancer-binding protein beta, CEBPB, is involved in the
regulation of transcription of this AS RNA (Vidarsdottir e7
al., Manuscript under submission). Interestingly, CEBPB
can be involved in potentiating drug sensitivity and in
ER stress induced cell death in melanoma [6], and this
can be connected to the ER stress induced by BRAFi
in melanoma cells [7]. CEBPB has been implicated in
various cancers; however, it may have opposing roles in
tumorigenesis and cell survival, highly dependent on cel-
lular context (reviewed in Ref. 8). CEBPB is a member
of the TF CEBP family that can act as dimers with other
CEBPs or other T'Fs, usually leading to activation of gene
transcription; however, CEBPs are also capable of tran-
scriptional repression [9,10]. CEBPB has three isoforms,
LLAP1, LAP2 and LIP, which have different functions
that are essential for cells to maintain normal growth and
development [11].

In this study, we have analyzed AmpliSEQ data from
patients with metastatic CMM and found a longer
PFS, in BRAFi-treated patients that have higher lev-
els of CEBPB expression in tumor cells analyzed prior
to treatment. This prompted us to study the regula-
tion of CEBPB in CMM. Using CMM cell lines, we
have characterized an annotated antisense transcript,
CEBPB-AS1, which negatively regulated CEBPB tran-
scription. Knocking down CEBPB-AS1 led to increased
levels of CEBPB transcript and protein, and also led to
inhibition of CMM cell proliferation and resensitization
of BRAFi resistant cells to BRAFi vemurafenib-induced
cell death. Thus, manipulating CEBPB-AS1 expression
may represent a valuable mechanism of resensitizing
BRAFi-resistant CMM cells to the mutant BRAFi-based
therapy.

Material and methods

Cell culture and cell lines

CMM cell lines A375, SK-MEL-24, SK-MEL-28 (CRL-
1619, HTB-71, HT'B-72, respectively) and the embryonic
kidney HEK293T (CRL-3216) cell line were purchased
from ATCC; ESTDAB-049 - from the FEuropean

Searchable Tumor Cell and Data Bank (Tibingen,
Germany), CMM cell line MN'T1 [12] was a gift from
P.G. Natali, University L.a Sapienza, Rome, Italy. The
resistant A375PR1 cell line was established from A375 as
we have described [13]. MNT1-DR100 is a vemurafenib
and dabrafenib resistant cell line, derived from the paren-
tal cell line MN'T'1, previously generated by repeated
exposure to increasing concentrations of dabrafenib, a

selective inhibitor of BRAFV600E [14].

Tumor patients’ samples

‘Tumor samples from 13 CMM patients (Table 1), nine
male and four female, taken before start of the treatment
with MAPK targeting therapy (BRAFi alone or in com-
bination with MEKi) were collected as fresh frozen fine
needle aspirate samples. Median age of the patients was
61 years (range 42-86 years). This study was performed
in accordance with the ethical principles in the Helsinki
Declaration with ethical approval from the regional eth-
ics committee in Stockholm, Sweden. Informed consent
was obtained from all the patients.

RNA isolation and cDNA synthesis

RNA was isolated according to manufacturer’s proto-
col using the RNA nucleospin kit IT (Macherey-Nagel),
treated with DNase (Ambion Turbo DNA-free; Life
Technologies, Carlsbad, California, USA) and cDNA was
generated using M-MLV (Life Technologies) enzyme.

Polyadenylated RNA analysis

MyOne Streptavidin dynabeads (Life Technologies) were
blocked in BSA and yeast tRNA and were preloaded with
5’-biotinylated oligonucleotides or control (biotin-362as)
oligonucleotides  (Integrated DNA  Technologies,
Coralville, Iowa, USA). DNase pretreated RNA from
HEK293T cells was added to the beads and incubated
for 2 h at RT. The supernatant containing the poly(A)-de-
pleted RNA fraction was collected and used to generate
cDNA. The cDNA was then assessed by semi-quantita-
tive reverse transcription PCR (semi-qRT-PCR).

Table 1 Patient and clinical characteristics, metastatic classification (M-stage) is according to the seventh American Joint American Joint
Committee on Cancer (AJCC) staging edition

Patient Sex Age M1 stage LDH (pKat/L) Treatment PFS (days) OS (days)
1 Male 43 M1b 3 Vemurafenib 966 1091

2 Male 72 Mia 2.6 Vemurafenib 627 833
3 Female 65 Mic 3.8 Vemurafenib 328 350

4 Female 56 Mic 7.2 Vemurafenib 224 507
5 Male 60 Mic 5.3 Vemurafenib 245 1924°
6 Male 61 Mic 8 dabrafenib+trametinib 231 346

7 Female 86 Mic 5.3 dabrafenib+trametinib 161 161

8 Male 42 Mic 8.7 Vemurafenib 95 189
9 Male 65 Mic Vemurafenib 84 219
10 Male 66 Mic 3.8 Vemurafenib 70 267
11 Male 50 Mic 4.9 Vemurafenib 35 185
12 Female 64 Mic 30.1 Vemurafenib 42 63
13 Male 52 Mic 3.5 dabrafenib+trametinib 70 395

OS, overall survival; PFS, progression-free survival.

“Still alive. LDH values >4.3 pKat/L were considered elevated according to the upper reference level at the Karolinska University Hospital Laboratory.
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Actinomycin D treatment

A375PR1 cells were treated with 8 pg/ml actinomy-
cin D (Sigma-Aldrich, saint Louis, Missouri, USA) and
RNA was harvested at different time points (0, 2, 6 and
10 h) followed by ¢cDNA synthesis and reverse transcrip-
tion quantitative PCR (RT-qPCR). Primers are listed in
Supplementary Table 1, Supplemental digital content 1,
http:fllinks. kow.com/MRJAZ33.

Semi-quantitative reverse transcription PCR
Semi-qRT-PCR was performed with KAPA2G FAST
mix (Kapa Biosystems, Wilmington, Massachusetts,
USA) according to manufacturer’s instructions under the
following cycling conditions: 95°C for 3 minutes, 20-38
cycles of 95°C for 10 seconds, 60°C for 10 seconds and
72°C, finishing at 72°C for 1 minute. Products were run
on 2% agarose gels, stained with SYBR safe DNA gel
stain (Invitrogen, Carlsbad, California, USA) and doc-
umented with Gel Doc EZ System (BioRad, Hercules,
California, USA).

Reverse transcription quantitative PCR and primer walk
RT-qPCR was performed with the KAPA SYBR FAST
qPCR Master Mix (Kapa Biosystems) on a CFX96
Touch™ Real-Time PCR (Bio-Rad) under following
cycling conditions: 95 °C for 3 min, 40 cycles of 95 °C for
3sec and 60 °C for 30 sec, finishing at 65 °C for 5sec. Each
PCR was performed in technical duplicate. To determine
the 5’ end of the CEBPB-AST transcript, the primer walk
method was used as we described before.[5]

Cell fractionation and detection of CEBPB and
CEBPB-AS1 transcripts

Total RNA extraction and isolation of nuclear and cyto-
plasmic RNA fractions from A375PR1 cells was performed
according to manufacturer’s instructions using the PARIS
kit (Life Technologies). Extracted RNA fractions, as well
as total RNA, were DNase treated prior to cDNA synthe-
sis. CEBPB and CEBPB-AS1 were amplified using a semi-
qRT-PCR with corresponding primers (Supplementary
Table 1, Supplemental digital content 1, Azp://links.lww.
com/MR/A233) and products were run on an agarose gel.

Transfections with Dicer-substrate RNAs

Cells were transfected with Dicer-substrate RNAs
(DsiRNAs) (10-20 nM) using Lipofectamine™ 2000 (Life
"Technologies) according to manufacturer’s instructions
and harvested 48 hours after transfection. Customized
DsiRNAs (see Supplementary Table 2, Supplemental
digital content 1, hzp://links.lww.com/MR/A233) were pur-
chased from Integrated DNA Technologies. The RNA
expression data from RT-qPCR were normalized to
beta-actin and then to siRNA-control-transfected cells.

Protein analysis
Cells were lysed in a modified RIPA lysis buffer (50 mM
Tris-HCI, pH 7.4, 1% NP40, 150 mM NaCl, 1 mM EDTA,

and 1% glycerol), supplemented with dithiothreitol
(DTT), Complete Protease Inhibitor Cocktail (Sigma-
Aldrich) and PhosSTOP (Sigma-Aldrich). Protein concen-
tration was determined using Bradford assay (Bio-Rad).
75pg of proteins were loaded on a NuPAGE 4-12% Bis-'Tris
Gel and transferred onto PVDF Membranes (Invitrogen).
Membranes were blocked in 5% milk and immunoblotted
overnight at 4 °C with primary antibodies followed by 1h
incubation with HRP-conjugated secondary antibodies.
The proteins were detected using Western Lightning—
ECL (PerkinElmer). Anti-CEBPB antibodies were from
Santa Cruz Biotechnology, Cat# SC-7962), anti-B-actin
- from Sigma-Aldrich, Cat# A5441). Band intensity was
quantified using Adobe Photoshop Elements Editors. The
background was subtracted from each of the values, which
were then normalized to the values of loading control.

Chromatin immunoprecipitation

A375 PRI cells were transfected with siRNNAs, and 48h later
crosslinked for 10 min in 0.75% formaldehyde, quenched in
0.125M Glycine for 5min and then lysed in cell lysis buffer
(5 mM PIPES, 85 mM KCL and 0.5% NP40) followed by a
nuclei lysis buffer (50nM TRIS-HCI (pH 8), 10 mM EDTA
and 1% SDS). Lysates were sonicated using a Bioruptor
Sonicator (Diagenode) and incubated overnight at 4°C with
either CEBPB (Santa Cruz Biotechnology, Cat#sc-150),
H3K27me3 (Upstate/Millipore, Cat#17-622), CTCF (Cell
Signaling, Danvers, Massachusetts, USA Cat#2899) or
EZH2 (Upstate/Millipore, Cat#07-689) antibodies (4pg/
sample). IgG Rabbit (PB644, Merck) was used as a nega-
tive control. Salmon Sperm DNA/Protein A Agarose beads
(Millipore) were used to pulldown the antibody. DNA was
eluted (1% SDS; 100 mM NaHCOs), followed by reversion
of the crosslink RNaseA (Thermo Fisher Scientific) and
proteinase K (Finnzymes Diagnostics) treatment. DNA was
purified using the QIAquick PCR purification kit (Qiagen)
and gPCR was performed with corresponding primers under
following cycling conditions: 95 °C for 3 min, followed by 40
cycles of 95 °C for 3sec. and 60 °C for 30sec, finishing at 65
°C for 5sec. The values were adjusted to the IgG control
(subtraction) and calculated as a ratio to the input (normali-
zation); the data were presented as fold change to siControl.

RNA immunoprecipitation

Cells were cultured for 48 hours, scraped and harvested in
PBS, and lysed in lysis buffer (150 mM NaCl, 50 mM "Tris
pHS8.0, 1% NP40 with PhosphoSTOP, Sigma-Aldrich) for
15min on ice while vortexed every 5min. Samples were
sonicated 3x15 sec using Bioruptor Sonicator (Diagenode)
and centrifuged at 1500 rpm for 5 min. Supernatant was
collected and protein concentration measured using col-
orimetric Bradford assay (BioRad). A volume correspond-
ing to 1 mg protein was rotated with anti-C'T'CF antibody
(Cell Signaling, Cat# 2899) and Salmon sperm DNA/pro-
tein A Agarose beads (Millipore) overnight. Beads were
washed in RIPA buffer (50 mM Tris-HCL pH 7.4, 1%
NP40, 0.5% C, H, O, 150 mM SDS, 2 nM EDTA), and

24" 404
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1 ml of TRIZOL was added to the beads and RNA was
isolated using Nucleospin kit 1.

Colony formation assay

One thousand cells per well plated onto six-well plates
were transfected with either control siRNA or siRNA
against CEBPB-AS1 for 48 h and then retransfected for
another 48 h. Colonies were grown for 4-5 days, with
media change every 2 days. Cells were fixed using 4%
buffered formaldehyde, stained with 0.05% crystal violet,
and plates were scanned using Epson scanner V370. To
estimate number of colonies, crystal violet staining was
dissolved in 100% methanol, diluted to 1:10 in PBS and
absorbance was measured at 540 nM using Tecan Spark
10M plate reader instrument.

Annexin V-PI detection by flow cytometry

A375 and A375PR1 cells transfected and treated with vemu-
rafenib, were collected in 100 pL. fluorescence-activated cell
sorting (FACS) incubation buffer (10 mM HEPES/NaOH,
pH 7.4,140 mM NaCl, 5 mM CaClz), containing 1% Annexin
V FLOUS (Roche Molecular Biochemicals, Penzberg,
Germany) and 500 pg/pl propidium iodide (PI; Sigma-
Aldrich). Annexin V and PI stained cells were assessed in an
ACEA Biosciences NovoCyte Flow Cytometer. A minimum
of 10 000 cells were gated for each sample.

RNA expression data

We downloaded read count data from 473 primary and
metastatic CMM samples from the Cancer Genome Atlas
(TCGA) project, and homogenously processed and anno-
tated using Gencode version 25 through recount2 [15],
normalized by trimmed mean of M-values [16] and trans-
formed to log2 counts per million mapped reads using
limma-voom before further analysis [17]. Spearman’s rank
correlation was used to correlate the expression values
between CEBPB and CEBPB-AS1. Cox proportional haz-
ards was used to calculate correlation to overall survival
(OS), and visualized by Kaplan—Meier plots with patients
stratified by low, medium or high gene expression.

CEBPB mRNA expression data was extracted from
previously obtained targeted sequencing of RNA from
CMM fine needle aspiration samples using lon AmpliSeq
as described [13,18].

Statistical analysis

Data were presented as mean + SEM, unless stated other-
wise. Statistical analysis was performed using a Student’s
z-test and values of *P < 0.05 or **P < 0.01 or ***P <
0.005 were considered statistically significant.

Results

Correlation between CEBPB mRNA levels and survival
of cutaneous malignant melanoma patients

In order to determine whether CEBPB is involved in the
survival or the treatment outcome of CMM patients, we

have analyzed the mRNA expression data in two data sets:
TCGA database and our own AmpliSeq data obtained
from a cohort of CMM patients treated with BRAFi1
[13,18]. Analysis of the TCGA database revealed a pos-
itive correlation between higher CEBPB mRNA expres-
sion and longer OS (Fig. 1a). Analysis of our AmpliSeq
data showed a correlation between higher CEBPB
mRNA levels in pretreated tumor cells and a longer
PFS for CMM patients treated with BRAF1’s (Fig. 1b).
The analysis of these two data sets, thus, suggested that
CEBPB may play a role in the CMM patients’ OS and
the response to the mutant BRAF-targeting therapy.

Characterization of CEBPB-AS1 transcript

The possible involvement of CEBPB in sensitivity to
therapy prompted us to investigate how CEBPB expres-
sion may be regulated in CMM cells. Antisense transcripts
originate from a majority of coding genes’ loci and have
been shown to regulate gene transcription of their sense
counterparts [5]. Therefore, we searched the University
of California, Santa Cruz (UCSC) genome browser for an
antisense transcript to the CEBPB transcript and identi-
fied CEBPB-AS1 that partially overlaps in a head-to-head
orientation with the CEBPB transcript (Fig. 2a). Aiming
at characterizing this transcript, we used cell fractionation,
poly(A) depletion and RNA-stability experiments, which
revealed that CEBPB-AST was expressed in both nuclear
and cytoplasmic fractions similarly to CEBPB mRNA
(Fig. 2b). In addition, CEBPB-AS! is a polyadenylated
transcript (Fig. 2¢) and has a half-life of more than 10 h
(as compared to CEBPB that had a higher turnover rate,
Fig. 2d). Next, we used a pair of CMM cell lines, A375
and its BRAF1 resistant sub-line, A375 PR1 [13]. Using
primer walk with different sets of primers (Fig. 2e), in
these two CMM cell lines we confirmed the length of
the 5’UTR of CEBPB to be the same as annotated in the
UCSC genome browser (Fig. 2f). A CEBPB binding site
can be found in a region upstream of the transcriptional
start site of CEBPB-ASI (Fig. 2a). Indeed, silencing of
CEBPB led to decreased expression of CEBPB-ASI in
the A375 and the A375PR1 cell lines (Fig. 2g and h)
suggesting that CEBPB may regulate the expression of
this antisense transcript. Thus, we have confirmed and
further characterized a stable polyadenylated antisense
RNA partially overlapping with the CEBPB transcript,
that is present in both the nucleus and the cytoplasm
and can be positively regulated by CEBPB in CMM cell

lines.

Silencing of CEBPB-AS1 upregulates CEBPB
expression and CEBPB binding to DNA

In order to investigate if CEBPB-ASI can regulate
CEBPB expression, we knocked down CEBPB-ASI in
a panel of CMM cell lines. Albeit with a different effi-
ciency, the knockdown led to a significantly increased
mRNA expression of CEBPB in CMM cell lines

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Correlation between CEBPB mRNA levels and survival of CMM patients. (a) Kaplan—Meier plot showing overall survival of 473 patients with
CMM (TCGA), stratified by CEBPB gene expression (low, medium, high as black, light and dark gray, respectively). Cox proportional hazard
regression of overall survival vs. CEBPB expression coefficient —0.177, P= 0.026. (b) CEBPB mRNA analysis from the AmpliSEQ data from
tumors from CMM patients (n = 13) prior receiving targeted BRAFi-based therapy (Table 1; raw data published elsewhere). Patients were divided
according to their PFS using 6 months as a cutoff, *p = 0.036. BRAFi, BRAF-inhibitor; CMM, cutaneous malignant melanoma; PFS, progres-

sion-free survival; TCGA, the Cancer Genome Atlas.

(Fig. 3a—f). A similar result was obtained using different
siRNA targeting CEBPB-AS1 in A375 and A375 PR1 cell
lines (Supplementary Figure 1, Supplemental digital
content 1, zttp://links.fow.com/MR/AZ33). The effect of
CEBPB-AST knockdown on CEBPB protein expression
was also verified by Western blotting (Fig. 3g). CEBPB
can bind in its own regulatory region (Fig. 2a), and it was
previously published that CEBPB can regulate its own
transcription [19]. Notably, knockdown of CEBPB-AS1
increased the binding of CEBPB to its own and to the
CEBPB-AST regulatory regions [Fig. 3h and 1; location
of primers for chromatin immunoprecipitation (ChIP) in
Supplementary Figure 2A, Supplemental digital content
1, hep:/llinks.lww.com/MR[A233]. Thus, CEBPB-AS1 can
negatively regulate CEBPB mRNA and consequently
protein expression, and the CEBPB activity in binding to
the promoter regions.

CEBPB-AS1 mediates epigenetic modifications in the
CEBPB regulatory region

In order to understand the mechanism of CEBPB-ASI-
mediated effects on CEBPB transcription, we asked
whether the former can modulate the epigenetic status
of the regulatory region upstream of the CEBPB gene.
Antisense RNAs have been shown to be capable of recruit-
ing or evicting chromatin-modifying proteins to/from
DNA regions [20]. One such protein is CCC'T'C-binding

factor (C'TCF) involved in both activation and repres-
sion of transcription, in regulating 3D structure of chro-
matin, and also to be able to bind to IncRNA [21]. RNA
immunoprecipitation revealed that CEBPB-ASI can
bind to CTCF (Fig. 4a). The ChIP-data from the UCSC
genome browser showed two different binding sites for
CTCF in the CEBPB regulatory region (Supplementary
Figure 2B, Supplemental digital content 1, Azp://links.
low.com/MR/A233). ChIP assay showed that knockdown
of CEBPB-AS1 led to a decreased C'T'CF binding to this
region (Fig. 4b) suggesting that CTCF may bind to this
region through CEBPB-AS1. Due to CTCF involvement
in the regulation of chromatic structure, we assessed the
trimethylation of histone H3 at lysine 27 (H3K27me3)
by ChIP and found it to be significantly enriched in
this region upon CEBPB-AS! knockdown (Fig. 4c).
Also, EZH2, that catalyzes the methylation of histone
H3 at lysine 27, showed enrichment at the same region
upon CEBPB-ASI knockdown (1.6-, 1.9- and 4.3-fold
enrichment in three independent experiment; Fig. 4d).
Furthermore, using a methyl-cytosine-specific McrBe
enzyme that specifically cuts methylated DNA, we found
that CEBPB-AS1 knockdown in either A375 or A375PR1
cells resulted in an increased DNA methylation at the
same CEBPB regulatory region (Supplementary Figure 3,
Supplemental digital content 1, Z#p://links.lww.com/MR/
A233). These data together indicated a silencing of the

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/MR/A233
http://links.lww.com/MR/A233
http://links.lww.com/MR/A233
http://links.lww.com/MR/A233
http://links.lww.com/MR/A233
http://links.lww.com/MR/A233

448 Melanoma Research 2020, Vol 30 No 5

Fig. 2

(@) Scale 1 kbl | hg19
chr20; | 48,806,000 48,806,500 48,807,000 48,807,500 48,808,004 48,808,500 48,809,004
Basic Gene Annotation Set from GENCODE Version 24lift37 (Ensembl 83)
CEBPB-AS1 - - [Fememem
CEBPB 33332353333 55330>
H3K4Me3 Mark (Often Found Near Promoters) on 7 cell lines from ENCODE

Layered H3K4Me3

Transcription Factor ChlP-seq Uniform Peaks from ENCODE/Analysis
GM12878 CEBPB
H1-hESC CEBPB
K562 CEBPB
K562 CEBPB s
HelLa-S3 CEBPB -
HepG2 CEBPB h ]
HepG2 CEBPB s -
HepG2+forsk CEBPB ]
A549 CEBPB
IMR90 CEBPB

HILH L

(b)

-
[N

O
&
s & &

&)
Mw R & > ®

C/EBP@B

N
o

4 CEBPB-AS

o @

CEBPB

n

Fold change (Std to Beta-actin)

e © o o o
-

o

Time (h)

FORO F1R0O F2R0 F3R0
B F2 F1 Fo Ao N -
& & &

cesrs O ——— P ORI O P O RS
R A S SR -

— It Bl cesrsAs MW T F - T T ¥ - ¥ - F - T - RT

—
=
=

@

A375 A375 PR1

-
n
-
n

KRR g EHRH FEKR

1.00 1.00 | 1.00 1.00

-
o
-
[=]

o
®
=)
=)
©
o
®
o
~y
N

0.42

o
'S

Fold change (Std to Beta-actin)
< o o ¢ :
> o
Fold change (Std to Beta-actin)
o
[+>]

o
o
o
P

=3
=)
o
=1

& 2 & 2
a)\c’rdﬁ 4\0?0@"3? ,

& il & <

CEBPB-AS CEBPB CEBPB-AS CEBPB

Characterization of CEBPB-AST transcript. (a) A schematic depiction of ChlP-seq data from the UCSC genome browser showing enrichment of
CEBPB in the CEBPB and CEBPB-AS1 regulatory regions. H3K4me3 shows two peaks within the CEBPB locus. Gray boxes — peak clusters of
transcription factor occupancy. Darkness of the box is proportional to the signal strength. (b) RNA was extracted from the cytoplasmic and nuclear
fraction of A375PR1 and semi-qRT-PCR was performed to detect CEBPB-AS1 and CEBPB transcripts. 7SK — a known nuclear transcript. (c)
CEBPB-AS1 expression was determined by semi-gRT-PCR in the control (362as) and poly(A)-depleted fractions of HEK293T cells. U48 and beta-
actin were used as a positive control for non-polyadenylated and polyadenylated transcript, respectively. (d) RNA stability of CEBPB and CEBPB-AS1
was measured in A375R1 cells at indicated time points using gRT-PCR after blocking transcription with Actinomycin D; a representative of two
independent experiments, each performed in triplicate, is shown. (e) Location of the primer sets used in the primer walk (f) to determine the 5’ end of
CEBPB-AS transcript in A375 and A375PR1 cell lines. See Supplementary Table 1, Supplemental digital content 1, http.//links.lww.com/MR/A233 for
primers. The results allowed designing siRNA against CEBPB-AST that would specifically target this transcript. (g and h) Expression of CEBPB-AS1
and CEBPB measured by gRT-PCR after siRNA knockdown of CEBPB in A375 (g) and A375 PR1 (h) cells. Data from three independent experiments
(n = 3) represent mean = SEM. semi-qRT-PCR, semi-quantitative reverse transcription PCR; UCSC, University of California, Santa Cruz.
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Silencing of CEBPB-AS1 upregulates CEBPB expression. (a—f) Six CMM cell lines were transfected with siRNA targeting CEBPB-AS1 for 48 h
and evaluated for CEBPB-AS1 and CEBPB RNA expression by qRT-PCR. Data from three independent experiments (n = 3) represent mean +
SEM. (g) Western blot analysis of CEBPB protein expression after siRNA-mediated knockdown of either CEBPB-AS1 or CEBPB in the A375
and A375PR1 cell lines. The protein levels of CEBPB were quantified, normalized to beta-actin and shown as fold change to the siControl. (h and
i) ChIP using antibodies against CEBPB and gPCR of the CEBPB regulatory regions in CEBPB-AS1 (h; independent experiments n = 4) and
CEBPB (j; independent experiments n = 3) promoters in A375PR1 cells transfected with either siControl or siCEBPB-AS1. Primers are depicted
in Supplementary Figure 2A, Supplemental digital content 1, http://links.lww.com/MR/A233. The plots represent fold change to siControl,
adjusted to the IgG control and normalized to the input. Data represent mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.005. ChIP, chromatin immu-

noprecipitation; CMM, cutaneous malignant melanoma.
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using antibodies against CTCF. The CEBPB-AS1 transcript was detected using semi-qRT-PCR. (b—d) The A375PR1 cells were transfected with
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regulatory region of CEBPB were used for gPCR; independent experiments n = 3. Data represent mean + SEM. ***p < 0.005. For EZH2, due to
variations between the experiments, statistical significance was not reached, and results from individual experiments are shown. Each value was
first adjusted to the IgG control by subtraction, calculated as a ratio to the input (normalization), and the data are presented as fold change to
siControl. ChIP, chromatin immunoprecipitation; RIP, RNA immunoprecipitation; semi-qRT-PCR, semi-quantitative reverse transcription PCR.
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chromatin upon CEBPB-ASI knockdown. Interestingly,
CEBPB is known to bind to methylated DNA regions and
not repressing but activating gene transcription [9,10].
Thus, knockdown of CEBPB-ASI resulted in a state of
the chromatin normally associated with gene repression,
in this case, however, leading to an increased binding of
CEBPB to DNA. In conclusion, our data suggested that
CEBPB-AS1 may tether C'TCF to the CEBPB regulatory
region resulting in the opening of the chromatin, which,
due to specific features of CEBPB, leads to a decreased
affinity of this TF to its own promoter sequence and con-
sequently, to a decrease in CEBPB expression.

Silencing of CEBPB-AS1 decreases cutaneous
malignant melanoma cell proliferation and sensitizes
cutaneous malignant melanoma cells to BRAF-inhibitor
vemurafenib

As our experiments demonstrated, CEBPB levels were
increased by knocking down CEBPB-AS1. To assess the
biological effect of this increase, we used a colony forma-
tion assay to follow cell proliferation for a longer period of
time. A knockdown of CEBPB-AS1 using two concentra-
tions of siRNA in A375 and A375PR1 CMM cells led to a
decrease in colony formation in A375 cells, and even more
significant — in the resistant A375PR1 cell line (Fig. 5a, b,
d and e). Similar result was obtained in MN'T'1 cell line
(Fig. 5c and f). Since our data from a cohort of patients
treated with BRAF-targeting therapy pointed at a signifi-
cantly longer PFS for patients with higher CEBPB expres-
sion in their pretreatment CMM cells (Fig. 1b), we asked
whether increasing CEBPB expression through manipu-
lating CEBPB-AS1 in CMM cell lines would affect their
response to the drug. For this, we used FACS analysis
of AnnexinV/PI stained cells of two melanoma cell lines
and their vemurafenib-resistant derivatives to monitor
the apoptotic response after drug treatment. siRNA-me-
diated knockdown of CEBPB-AS1 in the parental A375
and the vemurafenib-resistant A375PR1 treated with
two different concentrations of vemurafenib resulted
in a significantly increased cell death as compared to
the siControl transfected cells (Fig. 5g) with somewhat
more pronounced effect in the resistant sub-line (Fig. 5g,
right graph). Similarly, in both the parental MN'T'1 and
the dabrafenib/vemurafenib-resistant MNT1-DR100,
knockdown of CEBPB-AS1 potentiated the proapoptotic
effect of vemurafenib (Fig. 5h). This data indicates that
a knockdown of CEBPB-AST can affect CMM cell prolif-
eration and sensitize resistant CMM cells to the BRAFi1
vemurafenib-induced apoptosis.

Discussion

The involvement of CEBPB in cancer development is
controversial and most probably depends on many fac-
tors, which are still poorly understood [8]. Our data anal-
ysis using the TCGA database and our own AmpliSeq
data from CMM tumors suggested that higher CEBPB

levels may represent a novel prognostic marker, in par-
ticular, in patients treated with BRAF -targeting therapy.
"This is the first report, to our knowledge, that pointed at
the connection between CEBPB and sensitivity of CMM
tumors to the mutant BRAF-targeting therapy. We also
attempted to correlate CEBPB mRNA expression levels
to the treatment outcome using available published stud-
ies on patients’ cohorts treated with MAPK pathway-tar-
geting drugs [22,23]. In one study, CEBPB expression
levels did not differ between complete responders and
non-responders (as based on the authors’ data analysis)
[23], while in another study, although based on three
tumor samples, high CEBPB levels were found only
in the sample from a patient with a longest PFS ([22],
GSES50535, data not shown). Thus bioinformatics analy-
sis of RNAseq data from more patients’ cohorts published
in the future will help to validate and better understand
this relationship.

Searching for a novel molecular mechanism, we found
and for the first time characterized an antisense RNA,
CEBPB-AS1, that is involved in fine-tuning the regu-
lation of CEBPB transcriptional levels. Moreover, by
silencing CEBPB-AS1 in the BRAFi-sensitive and the
corresponding resistant sub-lines, we could indirectly
affect CEBPB expression and increase the sensitivity
to BRAFi-induced antitumor effects in CMM cell lines.
In this study, we could not assess the impact of a direct
manipulation of CEBPB levels on colony formation or
on the apoptotic response to BRAFis due to a variabil-
ity of cellular response to the knockdown of CEBPB in
different cell lines (data not shown). This could be due
to differential expression and distinct role of CEBPB iso-
forms or of CEBPB levels for cancer cell proliferation or
survival [8]. Also a knock-down of CEBPB will result in
downregulation of CEBPB-AST thus leading to opposing
stimuli (see below). On the other hand, knockdown of
CEBPB-AS1 reproducibly both stabilized CEBPB levels
and decreased proliferation of melanoma cell lines, and
sensitized cells to BRAF1’s mediated loss of viability.
Thus, manipulation of the levels of this stable antisense
RNA rather than of CEBPB itself may represent a valid
strategy to sensitize CMM to the BRAFi-based therapy.
Although there are still only few preclinical reports on
targeting IncRNAs [24], this may represent a viable strat-
egy in anti-cancer therapy. Since antisense RNAs are
very common: about 2/3 of protein-coding genes in the
mammalian genome have an antisense counterpart [25],
investigating their mechanism of action, specifically on
their sense counterparts that they overlap with, and their
role in cancer and therapy resistance may show very use-
ful in looking for biomarkers and designing novel thera-
peutic approaches.

Mechanistically, our data suggest that CEBPB drives
transcription of CEBPB-AS, while latter in turn nega-
tively regulates the transcription and activity of CEBPB.
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Silencing of CEBPB-AS1 affects CMM cell line proliferation and sensitizes CMM cells to BRAF-inhibitor vemurafenib. (a—f) A375, A375PR1 or
MNT1 cell lines were transfected with siRNA against CEBPB-AS1 (siCEBPB-AS1) and colony formation assay was performed; (a—c) representa-
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ments n = 3. (g) A375 or A375PR1 cell lines were transfected as in (a and b), treated with either 1 or 10 uM of vemurafenib and induction of cell
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percent of all Annexin V positive cells, including Pl-positive; technical replicates n = 3. ***p < 0.005, *p < 0.05. (h) MNT1 or MNT1-DR100 cell
lines were transfected as in (g), treated with the indicated concentrations of vemutafenib and cell death was analyzed as in (g); data from two
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activated cell sorting.
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Taken into account that CEBPB can regulate its own
transcription [19], this may provide a negative feedback
loop that are known to be involved in shutting down sig-
naling or fine-tuning gene transcription. This data allows
us to speculate that a knock-down of antisense RNA
would directly disrupt the negative feedback loop that
regulates CEBP expression leading to somewhat stabi-
lized CEBPB levels. Antisense RNA may regulate sense
gene transcription in different ways, one of which can be
a direct interference with the process of transcription.
In this study, we have investigated another mechanism,
namely epigenetic changes afflicted through the silencing
of CEBPB-ASI. Based on our data, we hypothesize that
CEBPB-AS1 through the binding to a highly conserved
zinc finger protein C'T'CF and its recruitment to the pro-
moter of CEBPB can promote a discharge of CEBPB
from this region and a decrease in CEBPRB transcription.
In line with our data, CT'CF depletion has been shown
to upregulate CEBPB [26] implicating its involvement in
the regulation of CEBPB transcription. At the same time,
we and others have shown that IncRNAs are capable of
facilitating recruitment or eviction of epigenetic modify-
ing proteins at specific gene loci [5,21,27], and, thus, our
new data add CEBPB-AST to this list of IncRNAs.

CTCF was shown to be one of the factors capable
of opening up compact chromatin and resulting in a
decrease in the H3K27me3 mark [28]. Indeed, silencing
of CEBPB-ASI and a decrease in C'TCF binding that
we observed resulted in a state of chromatin that is usu-
ally associated with gene repression, namely increased
H3K27me3, recruitment of EZH2 as well as DNA meth-
ylation at the CEBPB regulatory region. Notably, CEBPB
is one of the few TFs with an enhanced binding affin-
ity towards methylated CRE and CEBPB DNA motifs
resulting in activation of gene transcription [9,10,29,30].
Methylation of CpG islands enhances the binding of
CEBPB while binding of other T'Fs was inhibited [9,10].
"T'hus, our results are in concordance with previously pub-
lished studies and show that CEBPB binding to its own
promoter region is associated with a ‘condensed’ epige-
netic state.

In conclusion, we found CEBPB involvement in the
sensitivity of CMM tumors to the BRAFi-based therapy
and present a novel mode of regulation of CEBPB lev-
els and activity by its antisense transcript, CEBPB-AS1.
This data implies that manipulating CEBPB-AST may
represent a new approach of sensitizing CMM tumors for
BRAFi-based therapy.
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