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ABSTRACT
Previous work identified RMEL3 as a lncRNA with enriched expression in
melanoma. Analysis of The Cancer Genome Atlas (TCGA) data confirmed RMEL3
enriched expression in melanoma and demonstrated its association with the
presence of BRAFV600E. RMEL3 siRNA-mediated silencing markedly reduced (95%)
colony formation in different BRAFV600E melanoma cell lines. Multiple genes of the
MAPK and PI3K pathways found to be correlated with RMEL3 in TCGA samples were
experimentally confirmed. RMEL3 knockdown led to downregulation of activators or
effectors of these pathways, including FGF2, FGF3, DUSP6, ITGB3 and GNG2. RMEL3
knockdown induces gain of protein levels of tumor suppressor PTEN and the G1/S
cyclin-Cdk inhibitors p21 and p27, as well as a decrease of pAKT (T308), BRAF, pRB
(S807, S811) and cyclin B1. Consistently, knockdown resulted in an accumulation
of cells in G1 phase and subG0/G1 in an asynchronously growing population. Thus,
TCGA data and functional experiments demonstrate that RMEL3 is required for MAPK
and PI3K signaling, and its knockdown decrease BRAFV600E melanoma cell survival
and proliferation.

Among different molecular candidates, there is
growing data to support that long noncoding RNAs
(lncRNAs) play a significant role in this disease [2].
A diversity of lncRNAs was described to promote cell
proliferation, migration and metastasis in melanoma
cells [3–5]. lncRNAs commonly exhibit contextdependent activity and cell type-specific expression [6],
reinforcing their possible application for therapeutic
targeting.
Previous work from our laboratory identified
RMEL3 (ENSG00000250961) as a potential lncRNA with

INTRODUCTION
Melanoma is the most aggressive form of skin
cancer. Targeted therapies against BRAFV600 mutations,
which are present in ~50% of metastatic melanomas,
achieve impressive initial clinical responses and benefit,
but the development of acquired resistance to these agents
is almost universal [1]. The identification of additional
melanoma oncogenic mechanisms initiated by oncogenic
BRAF will facilitate the development of more long-term
effective therapeutic approaches.
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We analyzed the publicly available melanoma
TCGA data to identify significant clinical and molecular
associations of RMEL3 expression. Analysis of RNA
expression data from 472 TCGA melanomas, 16
normal tissues (from Illumina Body Map Project) and
2 melanocytes (GSE38495) [8] confirmed significantly
increased expression of RMEL3 in the tumors
(Figure 1A). Also, RMEL3 expression is significantly
greater in melanoma than a diversity of other tumors
(Figure 1B). In clinical samples representing melanoma
progression [primary tumors (n=102), subcutaneous
tumors (regional cutaneous and in-transit metastasis,
n=74), regional lymph node (n=221) and distant
metastasis (n=68)], RMEL3 expression was increased in
subcutaneous tumors compared to primary tumors (Figure
1C). RMEL3 expression was also significantly increased
in melanomas with a BRAFV600E mutation compared to
those with a wild type BRAF or triple wild type for BRAF/
RAS/NF1 [9] (Figure 1D), an association also observed in
a panel of human melanoma cell lines (Figure 1E).

Low group (n=105), constituted of patients with RMEL3
expression below 25th percentile and RMEL3 High group
(n=117), constituted of patients with RMEL3 expression
above the 75th percentile (Figure 3A). RNA-seq data was
used to identify differentially expressed genes between the
groups (log2 fold change <-2 or >2, adj. p-value <0.00001,
n= 260 genes; Figure 3B and 3C; Supplementary Table S1).
Microarray analysis was performed following
RMEL3 knockdown in the human melanoma cell line
A375-SM (Figure 3D) to functionally validate genes
regulated by RMEL3 (Supplementary Table S2).
RMEL3-regulated genes identified by gene knockdown
(log2 fold change <-0.5 or >0.5, p-value <0.01, n=2942;
Supplementary Table S2) were compared to the
melanoma TCGA data (log2 fold change <-0.5 or >0.5,
adj. p-value <0.05, n=3445; Supplementary Table S3)
to provide a high confidence list of RMEL3-correlated
genes (Supplementary Table S4). A total of 177 genes
positively differentially expressed in RMEL3 High
tumors in the TCGA exhibited decreased expression
following RMEL3 knockdown in the A375-SM cells. A
set of 139 genes negatively differentially expressed in
RMEL3 High group increased expression after RMEL3
knockdown. Pathway enrichment analysis of the validated
genes implicates RMEL3 in protein kinase A signaling,
molecular mechanisms of cancer, FGF signaling,
regulation of epithelial-mesenchymal transition, inhibition
of matrix metalloproteases, among others (Figure 3E,
Supplementary Table S5). These pathways compose
biological networks, as the example of cell-to-cell
signaling and interaction, which has as central constituent
the MAPK pathway (Figure 3F). Indeed, several validated
genes are constituents of the PI3K-Akt, MAPK and Ras
pathways (Figure 3G).

RMEL3 knockdown decreases clonogenic
capacity

RMEL3 influences melanoma critical proteins to
promote cell cycle progression and survival

RMEL3 knockdown in BRAFV600E melanoma cells,
such as the A375-SM cell line, which has high RMEL3
expression (Figure 2A), markedly reduced colony
formation (Figure 2B and 2C). BRAFV600E RMEL3-low
expressing cells (Figure 2A) are also affected (Figure 2B
and 2C). RMEL3 knockdown in a BRAF wild type cell
line also reduced colony count, however less dramatically.
In contrast, SKOV3 ovarian cancer cell line, which has
no RMEL3 expression, was not affected, demonstrating
that the observed effects were not due to siRNA overall
cytotoxicity or non-specific targeting (Figure 2B and 2C).

The effects of RMEL3 knockdown on protein
networks were assessed by Reverse Phase Protein Array
(RPPA) analysis. RMEL3 knockdown in A375-SM
melanoma cells altered a total of 91 proteins (p<0.05;
Supplementary Table S6). We observed a decrease of
the MAPK and PI3K-Akt components BRAF, Akt,
pAkt (T308) and increased levels of PTEN (Figure 4A).
RMEL3 knockdown reduced cell cycle regulators just
as pRB (S807, S811) and Cyclin-B1, and increased p27
(Figure 4B). Pro-apoptotic proteins were increased, as the
example of caspase-8 and p38, and anti-apoptotic proteins
reduced, such as Bcl2 (Figure 4C). Consistent with the
impact of RMEL3 knockdown in the clonogenic ability,
we showed by western blot an increase of the p21 and p27
G1/S cyclin-Cdk inhibitors, and a decrease of cyclin B1
(Figure 4D). RMEL3 knockdown caused an accumulation
of cells in the G1 cell cycle phase and an increase in
cell death rates (subG0/G1) (Figure 4E). The observed

extremely enriched and specific expression in melanoma
[7]. Analysis of melanoma cells also suggested a positive
correlation between RMEL3 expression and the presence
of the BRAFV600E mutation [7].
In the present study, we have investigated RMEL3
interaction networks to elucidate its significance in this
disease. This study supports that RMEL3 knockdown
inhibits MAPK and PI3K pathways in melanoma.

RESULTS
RMEL3 expression is enriched in melanoma and
varies across disease progression

RMEL3 expression alters melanoma cell
expression profile
To identify molecular features that are associated with
RMEL3, two groups were separated according to RMEL3
expression levels from the total set of TCGA. RMEL3
www.impactjournals.com/oncotarget
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Figure 1: RMEL3 expression is enriched in melanoma, varies across tumor progression and is associated with
BRAFV600E. A. TCGA melanoma, Illumina Body Map Project healthy tissues (adipose, adrenal, brain, breast, colon, heart, kidney,

leukocyte, liver, lung, lymph node, ovary, prostate, skeletal muscle, testis and thyroid) and two melanocytes cell lines displaying RMEL3
expression*#. B. RMEL3 expression across different TCGA tumor types*#. C. TCGA patients classified by tumor tissue site and RMEL3
expression is displayed*#. D. TCGA patients classified according to gene somatic mutations: BRAF Wild Type (WT), BRAFV600E,
BRAFV600K, RAS, NF1, and Triple negative for BRAF/RAS/NF1*#. E. Different melanoma cell lines harboring BRAF Wild Type (WT) or
mutant BRAF (without asterisk are BRAFV600E; one asterisk are V600D) displaying RMEL3 relative expression measured with qRT-PCR
and calculated with 2−ΔΔCt method using TBP (TATA binding protein) as endogenous control. *Tukey’s box-and-whisker plot. #MannWhitney test assigned p-value between columns individual comparisons.

Figure 2: RMEL3 is required for cell clonogenic capacity. A. RMEL3 relative expression measured with qRT-PCR and calculated

with 2−ΔΔCt method using TBP (TATA binding protein) as endogenous control in different melanoma cell lines. B. Clonogenic assay with
RMEL3-silenced melanoma cell lines and with SKOV3 ovarian cancer cell line, which does not express RMEL3 C. Correspondent graph
plotting of 3 biological replicates of clonogenic assays.
www.impactjournals.com/oncotarget
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results suggest that RMEL3 might work by suppressing
mechanisms of G1/S checkpoint and apoptosis, thereby
promoting cell cycle progression.

melanoma (Figure 1A and 1B). A close correlation
between RMEL3 and BRAFV600E (Figure 1D and 1E) was
observed and suggested that RMEL3 may be involved in
cell proliferation and/or survival. Consistently RMEL3
knockdown induced a potent blockage over BRAFV600E
melanoma cell growth and survival (Figure 2A–2C).
RMEL3 validated genes are involved in protumorigenic pathways, such as protein kinase A signaling,

DISCUSSION
In this work we confirmed previous findings
of our group [7] that RMEL3 is highly restricted to

Figure 3: RMEL3 knockdown alters melanoma cell expression profile. A. TCGA patients were classified into two groups of RMEL3

expressions. RMEL3 Low group (n=105), constituted of patients with RMEL3 expression below 25th percentile and RMEL3 High group
(n=117), constituted of patients with RMEL3 expressions above the 75th percentile of the total RMEL3 expression set*. Tukey’s box-andwhisker plot. B. Volcano plot and Heatmap C. displaying differentially expressed genes (log2 fold change <-2 or >2, adj. p-value <0.00001)
between RMEL3 Low and High groups. D. A375-SM RMEL3 knockdown efficiency*. E. Canonical pathways enrichment of the validated genes
by Ingenuity Pathway Analysis software. F. Cell-to-cell signaling and interaction network. Red squares are upregulated genes and green squares
are downregulated after RMEL3 knockdown. White squares are connective molecules not differentially expressed. G. Pathways involvement
of differentially expressed genes from TCGA analysis validated by RMEL3 knockdown. Green colored genes are downregulated after RMEL3
knockdown and red colored genes are upregulated. *Mann-Whitney test assigned p-value between columns individual comparisons.
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FGF signaling and regulation of epithelial-mesenchymal
transition (Figure 3E). These results provide support
to a possible involvement of RMEL3 in the in-transit
metastasis process, evidenced by the increase of RMEL3
expression in the subcutaneous tumors (Figure 1C).
Importantly, several validated genes constitute
components and transcription targets of the Ras-MAPK and
PI3K-Akt pathways (Figure 3G), which are commonly active
in melanoma [10]. Shared molecular signatures between
RMEL3 knockdown and BRAF suppression also highlights
the association of RMEL3 with BRAF. Common alterations
are the upregulation of FOXD3 transcription factor [11];
WNT5A [12]; JUN, STAT3 [13]; fibronectin [14]; and other
molecules involved in energy metabolism [15].
We also demonstrated, at the proteins levels, that
RMEL3 knockdown decreased BRAF levels and increased
the tumor suppressor PTEN concentration (Figure 4A),
which commonly blocks BRAFV600E-induced malignancy
[16, 17]. As expected, we detected reduced levels of pAkt
(T308) and Akt (Figure 4A). This strong correlation with
PI3K genes (Figure 3E and Figure 4A) would provide
a powerful advantage to melanoma progression, since
parallel activation of the PI3K may offset the negative
feedback induced by ERK [18, 19] in BRAFV600E cells [20].
RMEL3 knockdown also altered protein levels of
cell cycle and apoptosis regulators. For instance, decreased
protein levels of phosphorylated RB and cyclin-B1,

as well as increased levels of the major effectors of G1
cell cycle arrest p21 and p27 were detected (Figure 4B
and 4D). These results are consistent with the drastic
reduction of clonogenic ability (Figure 2B–2C), G1 arrest
and an increase in cell death rates (subG0/G1) (Figure 4E)
caused by RMEL3 knockdown. Consistent with cyclin-B1
decrease, FOXM1 transcription factor that peaks in
G2/M and activates cyclin-B1 expression [21] is also
intensely downregulated (Figure 4B). On the other hand,
the increase of cyclin-E1 after knockdown appears to be
contradictory, however when targeted to the cytoplasm,
cyclin-E1 promotes G1 arrest and senescence [22], which
could be also reinforced by increased PAI-1 protein
concentration (Figure 4B), a mediator of Ras senescence
[23].
Interestingly, several changes tend to shift the
balance towards apoptosis, including decrease of antiapoptotic Bcl2 [24] mRNA expression (Supplementary
Table S2) and protein levels (Figure 4C); an intense
downregulation of transglutaminase protein that can
inhibit bax-induced apoptosis [25]; increased proapoptotic p38 [26] and caspase-8 [27] protein levels; and
decrease of YAP (pS127), which is phosphorylated by Akt
to reduce p73-mediated induction of Bax expression [28].
Altogether, these protein changes may reflect inactivation
of the critical MAPK and PI3K signaling pathways after
RMEL3 knockdown.

Figure 4: RMEL3 knockdown modulates important melanoma protein levels. A, B, C. Protein relative concentration
alteration assessed by RPPA in A375-SM RMEL3-silenced cells involved in the MAPK/ PI3K-Akt pathways, cell cycle and apoptosis.
D. Western blot confirmation of important cell cycle regulatory proteins of A375-SM RMEL3-silenced cells. E. Cell cycle analysis of
A375-SM RMEL3-silenced cells using propidium iodide as DNA stain.
www.impactjournals.com/oncotarget
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In conclusion, this work provides strong evidence
that RMEL3, initially implicated by its specificity to
melanoma, can affect malignancy through MAPK and
PI3K stimulation. Further characterization is ongoing to
determine the mechanisms of RMEL3 functions and its
potential value as a therapeutic target.

Capacity cDNA Reverse Transcription kit (Applied
Biosystems, CA).

Expression analysis by qRT-PCR
Equal amounts of each cDNAs were used to verify
RMEL3 expression by qRT-PCR with specific primers
(5′>3′ sense ATGTGCTCCAAGAAAACCAGAG and
antisense CTTTGTCACAGGAATACCCAAC) and
SYBR Green PCR Power Mix 2x as detector agent
(Applied Biosystems, CA) in a Mastercycler ep realplex
real-time PCR system (Eppendorf). Cycle threshold (Ct)
was converted to relative expression according to the 2−
ΔΔCT
method, using TBP (TATA-box binding protein) as
endogenous control.

MATERIALS AND METHODS
TCGA data analysis
Skin Cutaneous Melanoma Clinical information
and Exome (Level 2) data were directly downloaded
from TCGA online platform (https://tcga-data.nci.
nih.gov/tcga/) as December 2015. Analysis of TCGA
RNA sequencing data was performed using the RSEM
software [29]. We added RMEL3 exons positions
(GRCh37): Exon1 (Chr5:56,690,887-56,691,005), Exon2
(Chr5:56,789,902-56,790,052), Exon3 (Chr5:56,792,60756,792,744) and Exon4 (Chr5:56,828,763-56,829,251) to
the input gene description database to be able to estimate
the expression level of this gene. Raw RNA sequencing
data from the TCGA skin cutaneous melanoma (SKCM)
project were downloaded from the Cancer Genomics
Hub (CGHub) [30]. MD Anderson MBatch batch
effects portal (http://bioinformatics.mdanderson.org/main/
TCGABatchEffects:Overview) was used to verify TCGA
Batch effects and no RNAseq significant batch effects
were found.
To compare expression levels, we used the
transcripts per million (TPM) [31] results of RSEM.
Melanocytes sequencing read data (GSE38495) were
obtained from [8].
For differential expression analysis between
RMEL3 High and Low expression groups it was used
EdgeR package [32]. In all differential analysis, p-values
were adjusted for False Discovery Rate (FDR) <0.05 as
multiple hypothesis test correction method. Gene ontology
was assessed with DAVID [33] and pathway enrichment
with KEGG [34].

siRNA transfection
Cells seeded in 6-well plates a day before were
transfected with different concentrations of siRNA using
two transfection reagents, Dharmafect 1 (Dharmacon) or
Xtremegene (Roche Applied Science). The parameters of
transfection were set for each cell line and checked by Real
Time PCR. Before leading to the subsequent experiments,
the optimal condition was defined when the level of gene
knockdown was higher than 90%. After appropriate
treatments and incubations, cells were harvested for
qPCR, western blotting, RPPA or used for clonogenicity
analysis. The siRNA Stealth Universal Negative Control
(Invitrogen) was used as a control, for RMEL3 a Stealth
siRNA system (Invitrogen) was used. RMEL3 siRNA
sequence: CCACUGCAGGGUUUCAGUCACAUGA.

Gene expression profiling – microarray
Total RNA extracted as described above was
subjected to whole-genome gene expression profiling using
Sentrix HumanHT12 v4 beadchip arrays (Illumina). RNA
amplification (TotalPrep RNA Amplification Kit, Life
Technologies), array hybridization and data acquisition were
performed at the University of Texas Health Science Center
at Houston Microarray Core laboratory. The background
was subtracted and arrays were quantile normalized.
Differential expression analyses were performed among
controls (cell lines transfected with siRNA Negative
Control) and siRNA targeting RMEL3 gene using the
GenomeStudio software (Illumina, Inc.). This data was
uploaded to NCBI GEO platform as GSE72675.

Melanoma cell lines, RNA extraction and cDNA
synthesis
Human melanoma cell lines were grown in RPMI
media supplemented with 5% of fetal bovine serum
(Life Technologies) and incubated at 37°C and 5% of
CO2. For RMEL3 expression analysis, melanoma cells
were seeded in 10 cm plates overnight, followed by
cell lysis and RNA purification using the mirVana™
miRNA Isolation Kit (Ambion AM1560) according to
manufacturer’s instructions. Isolated RNA was treated
with Dnase I (DNA-free kit, Ambion), quantified
by spectrophotometer (NanoDrop® ND-1000 UV/
Vis Spectrophotometer) and the amount of 1μg of the
purified RNA was converted into cDNA using the Highwww.impactjournals.com/oncotarget

Reverse phase protein array
Cells were seeded in six well plates overnight and
transfected in triplicates with control siRNA and RMEL3
siRNA. Protein lysates extracted from melanoma cells
after 72 hours of transfection were quantified, normalized,
denatured and submitted for RPPA analysis. Normalization
36716

Oncotarget

and quality control were applied to RPPA data before further
analyses (detailed description of the RPPA method and data
normalization are available at http://www.mdanderson.org/
education-and-research/resources-for-professionals/scientificresources/core-facilities-and-services/functional-proteomicsrppa-core/index.html).
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Western blots
The same protein lysates used for RPPA were also
used for Western Blot analysis. Briefly, 30μg of protein
was fractionated by 10% SDS-PAGE and transferred to a
nitrocellulose membrane. The membranes were incubated
with blocking solution (5% Milk in TBS-T) for 1 hour at room
temperature, and then blotted with relevant antibody (anti-p21;
anti-p27 and anti-CCNB1 from Cell Signaling) diluted on a
BSA 1% solution overnight at 4°C in the concentration of
1:1000. HRP-conjugated secondary antibody was detected by
using the Enhanced Chemiluminescence Kit (GE Healthcare).

REFERENCES
1. Chen G and Davies MA. Targeted therapy resistance
mechanisms and therapeutic implications in melanoma.
Hematology/oncology clinics of North America. 2014;
28:523-536.
2. Aftab MN, Dinger ME and Perera RJ. The role of
microRNAs and long non-coding RNAs in the pathology,
diagnosis, and management of melanoma. Archives of
biochemistry and biophysics. 2014; 563:60-70.

Clonogenic assay
Cells transfected with control siRNA and RMEL3
siRNA were transferred into 6 well plates (330 cells/well)
and cultured for 14 days at 37°C, 5% of CO2 atmosphere.
Subsequently, the cells were fixed with 4% paraformaldehyde
and stained with crystal violet 0.2% for colony visualization.

3. Mazar J, Zhao W, Khalil AM, Lee B, Shelley J, Govindarajan
SS, Yamamoto F, Ratnam M, Aftab MN, Collins S,
Finck BN, Han X, Mattick JS, Dinger ME and Perera RJ.
The functional characterization of long noncoding RNA
SPRY4-IT1 in human melanoma cells. Oncotarget. 2014;
5:8959-8969. doi: 10.18632/oncotarget.1863.

Cell cycle

4. Tang L, Zhang W, Su B and Yu B. Long noncoding
RNA HOTAIR is associated with motility, invasion, and
metastatic potential of metastatic melanoma. BioMed
research international. 2013; 2013:251098.

For cell cycle analysis, percentage of cells in each
phase of the cycle was detected by propidium iodide
staining. Cells kept for 72 hours after transfection with
siRNAs in 24 wells plates were trypsinized, washed twice
in PBS and fixed in ethanol overnight. Two hours before
submitting the cells for analysis, the cells were washed in
PBS twice following by incubation with propidium iodide
solution (EMD Chemical) for 20 minutes at 37°C. Then,
cells were analyzed on FACS Canto II flow cytometer (BD
Biosciences) using BD FACSDiva software.

5. Khaitan D, Dinger ME, Mazar J, Crawford J, Smith MA,
Mattick JS and Perera RJ. The melanoma-upregulated long
noncoding RNA SPRY4-IT1 modulates apoptosis and
invasion. Cancer research. 2011; 71:3852-3862.
6. Maass PG, Luft FC and Bahring S. Long non-coding RNA
in health and disease. Journal of molecular medicine. 2014;
92:337-346.
7. Sousa JF, Torrieri R, Silva RR, Pereira CG, Valente V,
Torrieri E, Peronni KC, Martins W, Muto N, Francisco G,
Brohem CA, Carlotti CG, Jr., Maria-Engler SS, Chammas
R and Espreafico EM. Novel primate-specific genes,
RMEL 1, 2 and 3, with highly restricted expression in
melanoma, assessed by new data mining tool. PloS one.
2010; 5:e13510.

ACKNOWLEDGMENTS
We are thankful to Silmara Reis Banzi and Benedita
Oliveira Souza for technical assistance. This work was
partially supported by TCGA Research Network through
the Skin Cutaneous Melanoma freely available data.

CONFLICTS OF INTEREST

8. Ramskold D, Luo S, Wang YC, Li R, Deng Q, Faridani
OR, Daniels GA, Khrebtukova I, Loring JF, Laurent
LC, Schroth GP and Sandberg R. Full-length mRNASeq from single-cell levels of RNA and individual
circulating tumor cells. Nature biotechnology. 2012;
30:777-782.

The authors state no conflict of interest.

GRANT SUPPORT

9. Cancer Genome Atlas Research Network. Genomic
Classification of Cutaneous Melanoma. Cell. 2015;
161:1681-1696.

This work was supported by grants to EME from
Fundação de Amparo à Pesquisa do Estado de São
Paulo (FAPESP- 2014/18189-5) and Conselho Nacional
www.impactjournals.com/oncotarget

36717

Oncotarget

10. Hill VK, Gartner JJ, Samuels Y and Goldstein AM. The
genetics of melanoma: recent advances. Annual review of
genomics and human genetics. 2013; 14:257-279.

22. Yoshida A, Yoneda-Kato N and Kato JY. CSN5
specifically interacts with CDK2 and controls senescence
in a cytoplasmic cyclin E-mediated manner. Sci Rep. 2013;
3:1054.

11. Abel EV, Basile KJ, Kugel CH, 3rd, Witkiewicz AK,
Le K, Amaravadi RK, Karakousis GC, Xu X, Xu W,
Schuchter LM, Lee JB, Ertel A, Fortina P and Aplin AE.
Melanoma adapts to RAF/MEK inhibitors through FOXD3mediated upregulation of ERBB3. J Clin Invest. 2013;
123:2155-2168.

23. Eren M, Boe AE, Murphy SB, Place AT, Nagpal V,
Morales-Nebreda L, Urich D, Quaggin SE, Budinger
GR, Mutlu GM, Miyata T and Vaughan DE. PAI-1regulated extracellular proteolysis governs senescence and
survival in Klotho mice. Proc Natl Acad Sci U S A. 2014;
111:7090-7095.

12. Anastas JN, Kulikauskas RM, Tamir T, Rizos H, Long GV,
von Euw EM, Yang PT, Chen HW, Haydu L, Toroni RA,
Lucero OM, Chien AJ and Moon RT. WNT5A enhances
resistance of melanoma cells to targeted BRAF inhibitors.
The Journal of clinical investigation. 2014; 124:2877-2890.

24. Kluck RM, Bossy-Wetzel E, Green DR and Newmeyer DD.
The release of cytochrome c from mitochondria: a primary
site for Bcl-2 regulation of apoptosis. Science. 1997;
275:1132-1136.

13. Jiang X, Zhou J, Giobbie-Hurder A, Wargo J and Hodi
FS. The activation of MAPK in melanoma cells resistant
to BRAF inhibition promotes PD-L1 expression that is
reversible by MEK and PI3K inhibition. Clinical cancer
research. 2013; 19:598-609.

25. Cho SY, Lee JH, Bae HD, Jeong EM, Jang GY, Kim CW,
Shin DM, Jeon JH and Kim IG. Transglutaminase 2 inhibits
apoptosis induced by calcium- overload through downregulation of Bax. Experimental & molecular medicine.
2010; 42:639-650.

14. Fedorenko IV, Abel EV, Koomen JM, Fang B, Wood ER,
Chen YA, Fisher KJ, Iyengar S, Dahlman KB, Wargo JA,
Flaherty KT, Sosman JA, Sondak VK, Messina JL, Gibney
GT and Smalley KS. Fibronectin induction abrogates the
BRAF inhibitor response of BRAF V600E/PTEN-null
melanoma cells. Oncogene. 2016; 35:1225-1235.

26. Cai B, Chang SH, Becker EB, Bonni A and Xia Z. p38
MAP kinase mediates apoptosis through phosphorylation
of BimEL at Ser-65. The Journal of biological chemistry.
2006; 281:25215-25222.
27. Juo P, Kuo CJ, Yuan J and Blenis J. Essential requirement
for caspase-8/FLICE in the initiation of the Fas-induced
apoptotic cascade. Current biology. 1998; 8:1001-1008.

15. Parmenter TJ, Kleinschmidt M, Kinross KM, Bond ST,
Li J, Kaadige MR, Rao A, Sheppard KE, Hugo W, Pupo
GM, Pearson RB, McGee SL, Long GV, Scolyer RA, Rizos
H, Lo RS, et al. Response of BRAF-mutant melanoma to
BRAF inhibition is mediated by a network of transcriptional
regulators of glycolysis. Cancer discovery. 2014; 4:423-433.

28. Basu S, Totty NF, Irwin MS, Sudol M and Downward J.
Akt phosphorylates the Yes-associated protein, YAP, to
induce interaction with 14-3-3 and attenuation of p73mediated apoptosis. Molecular cell. 2003; 11:11-23.
29. Li B and Dewey CN. RSEM: accurate transcript
quantification from RNA-Seq data with or without a
reference genome. BMC bioinformatics. 2011; 12:323.

16. Lin J, Hocker TL, Singh M and Tsao H. Genetics
of melanoma predisposition. Br J Dermatol. 2008;
159:286-291.

30. Wilks C, Cline MS, Weiler E, Diehkans M, Craft B,
Martin C, Murphy D, Pierce H, Black J, Nelson D,
Litzinger B, Hatton T, Maltbie L, Ainsworth M, Allen P,
Rosewood L, et al. The Cancer Genomics Hub (CGHub):
overcoming cancer through the power of torrential data.
Database. 2014; 2014.

17. Dankort D, Curley DP, Cartlidge RA, Nelson B, Karnezis
AN, Damsky WE, Jr., You MJ, DePinho RA, McMahon
M and Bosenberg M. Braf(V600E) cooperates with Pten
loss to induce metastatic melanoma. Nature genetics. 2009;
41:544-552.
18. Sturm OE, Orton R, Grindlay J, Birtwistle M, Vyshemirsky
V, Gilbert D, Calder M, Pitt A, Kholodenko B and Kolch
W. The mammalian MAPK/ERK pathway exhibits
properties of a negative feedback amplifier. Science
signaling. 2010; 3:ra90.

31. Wagner GP, Kin K and Lynch VJ. Measurement of
mRNA abundance using RNA-seq data: RPKM measure is
inconsistent among samples. Theory in biosciences. 2012;
131:281-285.

19. Birtwistle MR and Kolch W. Biology using engineering
tools: the negative feedback amplifier. Cell cycle. 2011;
10:2069-2076.

32. Robinson MD, McCarthy DJ and Smyth GK. edgeR: a
Bioconductor package for differential expression analysis
of digital gene expression data. Bioinformatics. 2010;
26:139-140.

20. Shull AY, Latham-Schwark A, Ramasamy P, Leskoske K,
Oroian D, Birtwistle MR and Buckhaults PJ. Novel somatic
mutations to PI3K pathway genes in metastatic melanoma.
PloS one. 2012; 7:e43369.

33. Huang da W, Sherman BT and Lempicki RA. Systematic
and integrative analysis of large gene lists using DAVID
bioinformatics resources. Nature protocols. 2009;
4:44-57.

21. Down CF, Millour J, Lam EW and Watson RJ. Binding of
FoxM1 to G2/M gene promoters is dependent upon B-Myb.
Biochimica et biophysica acta. 2012; 1819:855-862.

34. Kanehisa M. The KEGG database. Novartis Foundation
symposium. 2002; 247:91-101; discussion 101-103, 119128, 244-152.

www.impactjournals.com/oncotarget

36718

Oncotarget

