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Abstract

Treatment of advanced BRAFY*®_mutant melanoma using BRAF inhibitors (BRAFi) eventually leads to drug resistance and
selects for highly metastatic tumor cells. We compared the most differentially dysregulated miRNA expression profiles of
vemurafenib-resistant and highly-metastatic melanoma cell lines obtained from GEO DataSets. We discovered miR-152-5p
was a potential regulator mediating melanoma drug resistance and metastasis. Functionally, knockdown of miR-152-5p
significantly compromised the metastatic ability of BRAFi-resistant melanoma cells and overexpression of miR-152-5p
promoted the formation of slow-cycling phenotype. Furthermore, we explored the cause of how and why miR-152-5p
affected metastasis in depth. Mechanistically, miR-152-5p targeted TXNIP which affected metastasis and BRAFi altered the
methylation status of MIR152 promoter. Our study highlights the crucial role of miR-152-5p on melanoma metastasis after
BRAFi treatment and holds significant implying that discontinuous dosing strategy may improve the benefit of advanced

BRAFY*%_mutant melanoma patients.
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Introduction

Melanoma is one of the most aggressive cancers with high
degree of heterogeneity and plasticity [1]. Genetically, mela-
noma harbors the highest mutation load of any cancer, of
which BRAF, NF1, CDKN2A, NRAS and TP53 are the most
prevalent significantly mutated genes [2, 3]. Phenotypically,
melanoma cells could switch back and forth between states
of proliferation and invasion to drive disease progression
[4]. In addition, accumulating data indicate that epigenomes
alterations resulting from histone modifications and DNA
methylome trigger metastatic dissemination of melanoma
cells [5, 6]. The complex entanglement of genetic mutation,
phenotypic switching and epigenetic alteration brings about
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the extremely difficult to treatment and fast deterioration
of advanced melanoma with a median survival less than 9
months.

Hot-spot mutation of BRAFY%% is one of the most prev-
alent genetic alterations in human melanoma (35-50% of
melanomas), which hyperactivates the mitogen-activated
protein kinase (MAPK) pathway and results in uncontrolled
proliferation, inhibition of apoptosis, immune evasion and
disease progression of melanoma [7]. Hence, selective inhib-
itors of mutated BRAF (BRAFi), including vemurafenib and
dabrafenib, have been developed and have improved the
progression-free and overall survival of melanoma patients
with BRAFV%% mutations [8]. Despite achieving observ-
ably clinical responses, acquired drug resistance frequently
emerges after 2 to 18 months [9]. To a more severity of
consequence, study has found that BRAFi induced resistance
selected for highly malignant brain and lung-metastasizing
melanoma cells [10]. O’Connell et al. found that melanoma
patients treated with the BRAFi vemurafenib could give
rise to a subpopulation of highly invasive cells by activating
Wnt5A/ROR2 axis [11]. Caramel et al. confirmed that devel-
opment of BRAFi induced resistance was associated with
an EMT phenotype [12]. All of these studies highlighted

@ Springer


http://orcid.org/0000-0002-3859-505X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10495-019-01586-0&domain=pdf
https://doi.org/10.1007/s10495-019-01586-0

180

Apoptosis (2020) 25:179-191

the fact that metastatic progression may be linked to BRAFi
induced resistance.

MicroRNAs (miRNA) are a class of small, non-protein-
coding RNAs that play important roles in virtually all bio-
logical pathways in mammals and other multicellular organ-
isms [13]. On one hand, some miRNAs contribute to BRAFi
induced resistance in melanoma [14—16]. On the other hand,
specific miRNAs have been identified as promoters or sup-
pressors of metastatic progression through regulation of can-
cer phenotype or metastatic gene pathways [17-22]. Here we
explored the potential miRNAs that have both dysregulated
in BRAFi induced resistance and metastasis in advanced
melanoma. We provide strong evidence that miR-152-5p is
a critical link between BRAFi induced resistance and metas-
tasis. These findings together have important therapeutic and
diagnostic implications.

Materials and methods
Primary tissue samples

Tissue samples from four patients with advanced cutaneous
melanoma were acquired through the department of pathol-
ogy with patients’ consents and the approval of the Research
Ethics Committee of the First Affiliated Hospital of China
Medical University. All tumor tissue samples were surgically
removed and stored in liquid nitrogen until use. The clinical
information of the four patients was listed in Table 1.

Cell culture

Human melanoma cell lines (A375 and SK-MEL-28) were
purchased from the Committee on Type Culture Collec-
tion of Chinese Academy of Sciences (Shanghai, China).
A375 cell line was grown in DMEM medium (Gibco) sup-
plemented with 10% heat-inactivated fetal bovine serum
(FBS, Gibco) and 1 mM sodium pyruvate (Invitrogen). SK-
MEL-28 cell line was cultured in EMEM medium (Gibco)
supplemented with 10% heat-inactivated FBS. Cells were
maintained in a 37 °C and 5% CO, culture environment.
BRAFi resistant melanoma cell lines (A375R and SK-MEL-
28R) were established from their parental cell lines by grad-
ually increasing concentration vemurafenib (Selleck) and
maintained in a final concentration of 1 uM vemurafenib.

RNA isolation and real-time quantitative PCR

Total RNA was extracted using Trizol reagent (Invitro-
gen) and treated with DNase I (Invitrogen). The miRNAs
expression was examined by All-in-One™ miRNA qRT-
PCR Detection Kit (GeneCopoeia™) according to manu-
facturer’s instructions. The mRNAs expression was reverse-
transcribed and quantified by PrimeScript™ RT reagent Kit
(Takara) and SYBR™ Green PCR Master Mix (Applied
Biosystems) following the instructions of manufacturer. U6
or GAPDH was used as an endogenous control. Expression
of miRNA and protein were normalized to U6 and GAPDH,
respectively. Primers were listed in Supplementary Table S1.

Table 1 Clinical characteristics

of patients Patient 01 Patient 02 Patient 03 Patient 04

Gender Male Male Female Male

Age 53 63 58 55

BRAF mutation V600E V600E V600E V600K

BRAF inhibitor Vemurafenib Vemurafenib Vemurafenib Vemurafenib

Acquired resistance (month) 6 9 6 10

Living status at last follow-up Alive Dead Dead Alive

Before vemurafenib
Stage Mla Mlb Mla Mla
LDH Elevated Elevated Elevated Elevated
Location of PM acquired Head Neck Trunk Trunk
Location of MM acquired Arm Lung Trunk LN

Post vemurafenib
Stage MIlb Mlb Mlb Mlb
LDH Elevated Elevated Elevated Elevated
Location of PM acquired Head Neck Trunk Trunk
Location of MM acquired LN Lung LN LN

LDH lactate dehydrogenase, PM primary melanoma, MM metastatic melanoma
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Wound healing assay

3% 107 cells were seeded into 6-well plates. When the cells
reached 100% confluency, cells were transfected with 100
nM miR-152-5p antagomir/agomir (GenePharma) or/and
1 ug pcDNA/pcDNA-TXNIP and scratch was made in the
plate using a pipette tip. Images were collected at 0 h and
24 h for A375R/SK-MEL-28R and at 0 h and 8 h for A375/
SK-MEL-28 under inverted microscope.

Cell invasion assay

Matrigel assay was performed using Transwell chambers
(8 um pore size, Millipore) that were pre-coated with 200
ng/mL Matrigel (BD Biosciences). Cells were pre-treated
with 100 nM miR-152-5p antagomir/agomir or/and 1 ug
pcDNA/pcDNA-TXNIP and then 5 x 10* cells were seeded
into the upper chamber serum-free medium and the bottom
chamber contained medium with 10% FBS. Following 24
h incubation, the invasive cells invading into the bottom
chamber were fixed cells in methanol and stained with
crystal violet.

Cell cycle analysis

To synchronize the cell cycle, cells were serum-starved for 3
days and subsequently stimulated with 10% heat-inactivated
FBS. After 24 h, cells were collected and treated with pro-
pidium staining (Cell Cycle and Apoptosis Analysis Kit,
Beyotime) according to manufacturer’s instructions.

Western blot

Cell lines were lysed using RIPA protein extraction reagent
(Beyotime) supplemented with a protease inhibitor cock-
tail and PMSF (Roche). After quantification (BCA protein
assay, Beyotime), protein extract was electrophoresed on a
10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred onto 0.22 um nitrocellulose membrane
(Sigma). The membranes were subsequently blocked with
5% skim milk for 30 min and incubated overnight at 4 C
with primary antibodies against JARIDI1B (3273, CST),
SOX10 (ab155279, Abcam), Vimentin (5741, CST), E-cad-
herin (3195, CST), Fibronectin (ab2413, Abcam), TXNIP
(ab188865, Abcam) and GAPDH (2118, CST). Then mem-
branes were washed and incubated with secondary antibody
goat anti-rabbit [gG H&L (HRP) (ab6721). After washing,
membranes were stained by ECL chromogenic substrate and
visualized Bio-Rad ChemiDoc XRS. All the WB gel bands
were listed in Supplementary Material. The western blot

bands were quantified by Quantity One software (Bio-Rad
ChemiDoc XRS). GAPDH was used as a control.

Immunohistochemistry staining

4 um-thick sections were deparaffinized, rehydrated in
graded alcohols and antigens were retrieved in citrate buffer.
After inhibition of endogenous peroxidase activity with
3% H,0, for 30 min, Ultra-Vision Protein Block (BD) was
applied to block non-specific background staining. The tis-
sue sections were incubated with an anti-TXNIP antibody
(ab188865, Abcam) overnight at 4 °C. After washing thrice
with PBS, the sections were incubated with horseradish
peroxidase-conjugated (HRP) goat anti-rabbit IgG for 30
min, followed by reaction with diaminobenzidine (DAB) and
counterstaining with Mayer’s hematoxylin.

Luciferase reporter assay

A375 cells were transfected with 100 nM miR-152-5p ago-
mir and 40 ng of pMIR-Reporter vector (Promega) contain-
ing the wild-type and mutated 3'-UTR of TXNIP. Lucif-
erase activity was detected by Dual-Luciferase Reporter
Assay System (Promega) after 48 h of transfection. Renilla
luciferase activity was normalized against Firefly luciferase
activity.

Methylation-specific PCR (MSP)

Genomic DNA was extracted from A375, A375R, SK-
MEL-28 and SK-MEL-28R cell lines using the DNeasy
Blood and Tissue Kit (Qiagen). Bisulfite conversion of DNA
was performed using the EpiTect Bisulfite Kit (Qiagen).
MSP was performed using the EpiTect MSP Kit (Qiagen)
with the following cycling conditions: 95 °C for 10 min; 35
cycles of 94 °C for 15 s, 52 °C for 30 s, and 72 °C for 30 s;
final extension at 72 °C for 10 min. EpiTect PCR Control
DNA Set (Qiagen) was used as control. MSP primers are
listed in Supplementary Table S1. The MSP products were
electrophoresed in 1.5% agarose gel and photographed by
BIO-RAD ChemiDoc XRS.

Statistical analysis

Statistical analysis was carried out with R version 3.6.0
or GraphPad Prism software 7.0. All results are shown as
mean + SD of three independent experiments. The signifi-
cance of differences between two groups was performed
with Student’s t-test. In case of multiple groups compari-
sons, one-way ANOVA followed by Dunnett’s test was
applied. P <0.05 was considered statistically significant.
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«Fig. 1 miRNA profiles of BRAFi induced resistance and metastasis
in BRAF mutated melanoma cells. a Heatmap of the most differen-
tially expressed miRNAs in vemurafenib resistant A375 (A375R)
cells compared to parental A375 cells (GSE107576), P value <0.05
and Log(Fold Change)>0.5. b Heatmap of the most differen-
tially expressed miRNAs in highly metastatic MA-1, MC-1, MA-2
and MC-2 cells compared to parental A375 cells (GSE77090), P
value <0.05 and Log(Fold Change)>0.5. ¢ 7 miRNAs were signifi-
cantly differentially expressed both in GSE107576 and GSE77090.
d Presentation of the 7 differentially expressed miRNAs. e Rela-
tive expression of the 7 miRNAs in primary tumor sites before and
after BRAFi treatment by qRT-PCR. f Expression of the 7 miRNAs
in metastatic tumor sites before and after BRAFi treatment by qRT-
PCR. g qRT-PCR assays for miR-152-5p expression in vemurafenib
resistant A375/SK-MEL-28 (A375R/SK-MEL-28R) cells and their
parental cell lines. Error bars represent the SD, ***P <0.001

Results

The miRNA profiles of BRAFi induced resistance
and metastasis in BRAF mutated melanoma cells

In an attempt to explore potential miRNAs that link BRAFi
induced resistance and metastasis, we obtained 2 datasets
from GEO DataSets, GSE107576 (miRNA profiles of paren-
tal and VMF-resistant melanoma cell lines, Table S2) and
GSE77090 (microRNAs involved in malignant melanoma
progression, Table S3) (Fig. 1a, b). Next, we selected out 7
common miRNAs (Fig. 1c¢), which were notably dysregu-
lated both in BRAFi-resistant and highly metastatic cell lines
with LogFC > 0.5 and P value <0.05. In Fig. 1d, we identi-
fied 5 miRNAs were positively correlated, while 2 miRNAs
were negatively correlated in BRAFi resistant and metastatic
cell lines.

To confirm whether BRAFi treatment modulated these
miRNAs to impact on metastasis, we used qRT-PCR to
detect the relative expression of these miRNAs from four
paired advanced melanoma patients before- and post-
BRAFi treatment. As shown in Fig. le and f, miR-204-5p
was upregulated in primary tumor sites while downregu-
lated in metastatic tumor sites upon BRAFi treatment. The
expression of miR-199b-5p was downregulated in primary
tumor sites while upregulated in metastatic tumor sites
upon BRAFi treatment. The expression of miR-455-5p and
miR-152-5p were all upregulated upon BRAFi treatment in
primary tumor sites and metastatic tumor sites. After refer-
ences searching, the expression of miR-204-5p was consist-
ent with previous reports, which was increased upon BRAFi
treatment and served as tumor suppressor in melanoma [14,
23]. miR-455-5p promoted melanoma metastasis through
inhibition of the tumor suppressor gene CPEB1[24]. miR-
199b-5p/VEGF axis was responsible for acquisition of a
pro-angiogenic status in BRAFi resistant melanoma cells
and associated with invasive and aggressive phenotype in
cutaneous melanoma [16, 25]. Therefore, we focused on

miR-152-5p that hasn’t been fully studied. Then we estab-
lished BRAFi resistant cell lines and confirmed miR-152-5p
was significantly increased in BRAFi resistant cell lines

(Fig. 1g).

miR-152-5p modulates metastasis of BRAFi resistant
melanoma cells and promotes the formation
of slow-cycling phenotype

To determine the effect of miR-152-5p on metastasis of
BRAFi resistant cells, BRAFi resistant cells were treated
with miR-152-5p antagomir (antagomir-152) (Fig. 2a).
The introduction of antagomir-152 into the BRAFi resist-
ant cells led to a significantly increase of cell proliferation
(Fig. 2b), inhibition of migration (Fig. 2c) and reduction
of invading cells (Fig. 2d) compared with negative control
group. Conversely, exogenous expression of miR-152-5p
(agomir-152) (Fig. 2e) in BRAFi sensitive cells increased
the proportion of G2/M cells (Fig. 2f) and promoted the
expression of JARID1B, while decreased the expression of
SOX10 (Fig. 2g, h). Moreover, miR-152-5p promoted the
epithelial-mesenchymal transition (EMT) of BRAFi sensi-
tive cells (Fig. 2h). In all, miR-152-5p promoted the forma-
tion of slow-cycling phenotype with highly invasive property
in BRAFi-mutant melanoma cells.

miR-152-5p targets metastasis suppressor TXNIP

As miRNAs function through inhibition of downstream tar-
get genes, we further predicated potential target genes of
miR-152-5p from miRTarBase and selected those genes with
relevance in cancer based on their associated Gene Ontology
terms using DAVID bioinformatics tools. After GO filtering,
five target genes were subjected for experimental validation
(Fig. 3a). We then examined the expression of these five
potential target genes in BRAFi sensitive and resistant cells.
As shown in Fig. 3b and ¢, TXNIP was the most signifi-
cantly downregulated gene in BRAFi resistant cells. Trans-
fection of BRAFi sensitive cells with agomir-152 resulted
in a significant downregulation of TXNIP, which suggested
that miR-152-5p targeted TXNIP (Fig. 3d). Furthermore,
luciferase activity of the pMIR-Reporter vector containing
the wild-type 3’-UTR of TXNIP was vigorously reduced
after agomir-152 co-transfection in A375 cells (Fig. 3e, f). In
conclusion, these results indicated that TXNIP was a major
target of miR-152-5p in BRAF-mutant melanoma.

TXNIP regulates migration and invasion of BRAFi
resistant melanoma cells

To further verify the functional role of TXNIP on BRAFi

induced resistance and metastasis in advanced melanoma,
we examined the expression of TXNIP from clinical
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«Fig.2 miR-152-5p modulates metastasis of BRAFi resistant mela-
noma cells and promotes the formation of slow-cycling phenotype.
a Knockdown of miR-152-5p by antagomir-152. b miR-152-5p
antagomir significantly decreased the proliferation of BRAFi resistant
melanoma cells. ¢, d Wound-healing assay and Transwell assay after
the transfection with antagomir-152 or miR-NC in BRAFi resistant
melanoma cells, scale bar =20 um. e Overexpression of miR-152-5p
by agomir-152. f Cell cycle analysis of BRAFi sensitive melanoma
cells after the transfection with agomir-152 or miR-NC. g agomir-152
affects the expression of JARIDIB and MITF. h agomir-152 pro-
motes the EMT-like transition of BRAFi sensitive melanoma cells.
Error bars represent the SD, **P <0.01, ***P <0.001.

specimens. TXNIP was significantly downregulated post-
BRAFi treatment both in primary and metastatic tumor sites
(Fig. 4a) and the metastatic tumors that newly formed post-
BRAFi treatment showed a dramatic decrease of TXNIP
compared with the metastatic tumors that formed before-
BRAFi treatment (Fig. 4b). We next over-expressed TXNIP
in BRAFi resistant cell lines (Fig. 4c). The results revealed
that TXNIP expression was negatively correlated with cell
migration and invasion in BRAFi resistant melanoma cells
(Fig. 4d). In the rescue assays, TXNIP overexpression par-
tially reversed the effects of miR-152-5p on cell migration
and invasion (Fig. 4e, f). Together, these results above sug-
gested that miR-152-5p promoted cell migration and inva-
sion through suppressing TXNIP.

miR-152-5p expression is regulated by BRAFi
induced demethylation of its promoter

To find the cause of miR-152-5p overexpression in BRAFi
resistant melanoma cells, we retrieved the putative promoter
region sequences of miR-152-5p. Bioinformatics analysis
of CpG island prediction by MethPrimer indicated that the
600-100 bp upstream of MIR152 gene was enriched with
CpG islands (Fig. 5a). We assessed the methylation status
of the miR-152-5p promoter by methylation-specific PCR
(MSP) in BRAFi-resistant and BRAFi-sensitive melanoma
cells. We observed complete methylation of the miR-152-5p
promoter in BRAFi-sensitive melanoma cells and demeth-
ylation of the miR-152-5p promoter in BRAFi-resistant
melanoma cells, which suggested the loss of methyla-
tion upon BRAFi treatment (Fig. 5b). To further validate
the role of CpG methylation in miR-152-5p expression,
BRAFi-sensitive melanoma cells were treated with 5'-Aza-
2'-deoxycytidine (DAC) for 2 days. Treatment with DAC
notably increased miR-152-5p expression (Fig. 5c), while
reduced TXNIP expression in both mRNA and protein level
(Fig. 5d, f). This further consolidated the negative regulation
of miR-152-5p on TXNIP. Interestingly, we observed a grad-
ual downregulation of miR-152-5p and simultaneous resto-
ration of TXNIP when vemurafenib was removed from the
maintaining medium of BRAFi-resistant A375 cells, which
indicated the spontaneous re-methylation of miR-152-5p

promoter without BRAFi (Fig. 5f). Taken together, these
results suggested that BRAFi could induce demethylation
of miR-152-5p promoter, which led to upregulation of miR-
152-5p in BRAFi-mutant melanoma cells.

Discussion

In this study, we presented evidence that long term BRAFi
treatment induced demethylation of miR-152-5p promoter.
This epigenetic change led to enhanced expression of miR-
152-5p in BRAFi-resistant cells. Functional experiments
demonstrated that miR-152-5p was a critical regulator of
metastasis in BRAFi-resistant cells and promoted phenotype
switching, which resulted in the formation of a slow-growing
and much more invasive cell subtype. In depth mechanism
exploration revealed that miR-152-5p regulated metastasis
of BRAFi-resistant cells by targeting TXNIP. Our results
suggested that miR-152-5p closely linked BRAFi-resistance
and metastasis in BRAFi-mutant melanoma cells.

Through bioinformatics analysis of miRNA expression
profiles in BRAFi-resistant and highly-metastatic mela-
noma cells and validation of clinical paired specimens from
advanced melanoma patients, we identified miR-152-5p as
a critical mediator of BRAFi and metastasis. miR-152-5p
is a member of miR-148/152 family that shares the same
seed sequence of approximately 6—7 nucleotides [26]. miR-
152-5p is a tumor suppressor that suppresses the progression
of several types of cancer cells [27, 28]. MSP results have
indicated that miR-152 expression was significantly corre-
lated with its promoter methylation [29-31], suggesting that
MIR152 gene could be modulated by epigenetic alterations.
In consistent with previous report that BRAFi could induce
the demethylation of EGFR in melanomas[12], we identified
BRAFi was capable of inducing demethylation of MIR152
gene promoter. To our knowledge, BRAFi induced meth-
ylation alteration of miR-152-5p promoter has not previ-
ously been reported. Interestingly, miR-152-5p has also been
identified to regulate DNA methylation by targeting DNA
methyltransferase 1 (DNMT1) [30, 32, 33]. However, forced
expression of miR-152-5p didn’t exhibit a negative correla-
tion between miR-152-5p and DNMT1 in A375 cells (Fig.
S1A). We tried to decipher which direct factor was responsi-
ble for demethylation of miR-152-5p promoter. As the most
notable regulator of DNA methylation, the expression of
DNMT1 didn’t significantly changed after BRAFi treatment
(Fig. S1B). A major challenge in the clinical management
of BRAFY®? melanoma was the restoration of glycolysis
metabolism upon development of BRAFi induced resistance
[34]. This metabolism switching may remarkably influence
the cofactors mediating the activity of DNA demethylases,
which may be the cause of BRAFi induced demethylation
[35].
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Unlike most cancer types that comprise a distinct popu-
lation of cancer stem cells with property to self-renew and
resistance to therapy, melanoma cells have the ability to
switch phenotypes between proliferative and invasive that
implies that most cells would have the potential to adopt a
stem cell-like identity [36]. Invading and disseminating can-
cer cells can undergo EMT, which is associated with a gain
of stem cell-like behavior, which implies phenotype switch-
ing involving transient EMT-MET (mesenchymal-epithelial
transition) processes [37]. The phenotype switching model
indicates that melanoma cells undergo transcriptional signa-
ture switching in vivo regulated by local microenvironmen-
tal conditions [38]. Although melanoma is a heterogeneous
tumor of neuroectodermal origin, BRAFi-resistant cells dis-
played a distinct EMT-like phenotype with spindle-shaped
morphology as well as upregulation of EMT markers [12].
The flexible and transient nature of EMT pathways deter-
mines reversible switches between proliferative and invasive
phenotypes [39]. BRAFi-resistant cells expressed higher lev-
els of genes coding for cancer stem cell markers (JARID1B
and Fibronectin) [10].

Our results demonstrated that BRAFi induced pheno-
type switching was dependent on miR-152-5p that pro-
moted EMT-like transition, which led to a SOX10"" and
JARID1B"e" cell phenotypes with highly metastatic ability
in advanced melanoma. The transcription factor SOX10 is
a key regulator of pigment cell formation during embryonic
development and is expressed throughout all stages of mel-
anocyte differentiation [40]. Melanoma of the ‘proliferative’
type expresses high levels of the melanocyte-lineage-specific
transcription factor SOX10 [1]. SOX10"°Y melanoma cells
displaying slow-cycling phenotype are notoriously resistant
to vemurafenib in BRAFY®-mutant melanoma [41]. Deple-
tion of SOX10 sensitized mutant BRAF melanoma cells to
BRAFi [42]. JARID1B (KDM5B/PLU-1/RBP2-H1) belongs
to a highly-conserved family of jumonji/ARID1 H3K4 dem-
ethylases, which are involved in tissue development, cancer,
and stem cell biology[43]. JARID1B"e" cells exhibit stem
cell properties that cycle slowly, self-renew and can give rise
to JARID1B"¢" progeny [44]. Treatment with vemurafenib
led to enrichment of JARID1B"&" subpopulation [43, 45].
Moreover, investigators identified that JARID1B"&" subpop-
ulation was of strong invasive properties [46]. Also of note

was the slow-cycling phenotype heterogeneously comprising
both oncogene-induced senescence (OIS) cells (SOX10!°%)
and cells with stem cell properties (JARID1BMeh) [41,
44, 47]. In a study of human hematological malignancies,
researchers found that senescence-associated reprogram-
ming could promote cancer stemness and tumor aggres-
siveness[48, 49]. Despite the discovery of pigment cells can
overcome OIS by triggering the emergence of tumor-initiat-
ing mononucleated stem-like cells from senescent cells, the
senescent-stem switching still need more studies[50].

TXNIP (thioredoxin-interacting protein) is a ubiquitous
protein inhibitor of thioredoxin, an oxidoreductase that part-
ners with thioredoxin reductase and thioredoxin peroxidase
to reduce oxidized proteins and scavenge free radicals [51].
In particular, TXNIP was a proved metastasis suppressor in
melanoma [52-54]. In the present study, TXNIP was pre-
dicted and then identified as a target of miR-152-5p. Moreo-
ver, we found overexpression of TXNIP partly suppressed
miR-152-5p exerted metastasis-promoting role. Decline of
TXNIP enriched GLUT1 at the plasma membrane leading to
induction of glycolysis and concomitant acceleration of cell
migration [55]. Upregulation of TXNIP shifted cell metabo-
lism away from aerobic glycolysis, which was required for
the therapeutic response of BRAFY®°E melanoma cells to
vemurafenib [56]. We hypothesized that during the pro-
cess of acquiring BRAFi induced resistance, TXNIP was
degraded by increasing miR-152-5p expression. Conse-
quently, glycolysis took the dominant metabolic way and
then the BRAFi induced resistance established.

In summary, our study shed light on the molecular link
of BRAFi induced resistance and metastasis. miR-152-5p
promoter was hypomethylated during the acquisition of
BRAFi induced resistance in BRAFY*E melanoma cells.
miR-152-5p wield its metastasis-promoting effects by
directly targeting TXNIP. The spontaneous inactivation of
miR-152-5p/TXNIP axis with BRAFi withdraw implying
that discontinuous dosing strategy may not only forestall
BRAFi induced resistance, but also inhibit the formation of
highly invasive phenotype in advanced BRAFY*®-mutant
melanoma.
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