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OTUBI1 knockdown promotes apoptosis in melanoma cells by

upregulating TRAIL expression
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Melanoma, the most serious type of skin cancer, exhibits a
high risk of metastasis. Although chemotherapeutic treatment
for metastatic melanoma improves disease outcome and patient
survival, some patients exhibit resistance or toxicity to the drug
treatment regime. OTUBT1 is a deubiquitinating enzyme over-
expressed in several cancers. In this study, we investigated the
effects of inhibiting OTUB1 expression on melanoma-cell pro-
liferation and viability and identified the underlying molecular
mechanism of action of OTUB1. We did endogenous OTUB1
knockdown in melanoma cells using short interfering RNA,
and assessed the resulting phenotypes via MTT assays, Westem
blotting, and cell-cycle analysis. We identified differentially
expressed genes between OTUB1-knockdown cells and control
cells using RNA sequencing and confirmed them via Westem
blotting and reverse transcription polymerase chain reaction.
Furthermore, we investigated the involvement of apoptotic and
cell survival signaling pathways upon OTUB1 depletion. OTUB1
depletion in melanoma cells decreased cell viability and caused
simultaneous accumulation of cells in the sub-G1 phase, indi-
cating an increase in the apoptotic-cell population. RNA sequen-
cing of OTUB1-knockdown cells revealed an increase in the
levels of the apoptosis-inducing protein TRAIL. Additionally,
OTUB1-knockdown cells exhibited increased sensitivity to
PLX4032, a BRAF inhibitor, implying that OTUB1 and BRAF
act collectively in regulating apoptosis. Taken together, our
findings show that OTUB1 induces apoptosis of melanoma
cells in vitro, likely by upregulating TRAIL, and suggest that
approaches targeting OTUB1 can be developed to provide novel
therapeutic strategies for treating melanoma. [BMB Reports
2021; 54(12): 608-613]
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INTRODUCTION

Melanoma, an aggressive cancer of the skin or mucosa, is the
fifth most-common cancer in men and the sixth in women in
the United States (1). Although the incidence of most solid tumors
has decreased or at least stabilized in the last few decades, the
incidence of skin cancer has continued to increase worldwide,
particularly affecting the light-skinned Caucasian populations
exposed to excessive UV radiation (2). Melanoma is the most
lethal skin cancer and accounts for 75% of deaths caused by
skin cancers (3). Therefore, chemotherapy, immunotherapy, and
gene therapy are being intensely investigated as cures for meta-
static malignant melanoma; however, long-term cures are rare,
primarily because of refractory brain metastases (4).

Ovarian tumor domain containing ubiquitin aldehyde-binding
protein 1 (OTUBT; also called otubain 1) belongs to the ovarian
tumor domain protease subfamily of deubiquitinating enzymes
(DUBs) (5). OTUB1 was first identified as an inhibitor of double-
strand break-induced chromatin ubiquitination (6). In addition
to its role of direct removal of ubiquitin from substrates, OTUB1
can inhibit polyubiquitination of target proteins by blocking the
E2/E3 ligase-dependent ubiquitin transfer. Juang et al. reported
that OTUBT is a lysine 48 linkage-specific deubiquitinating
enzyme and elucidated the structural mechanism by which
OTUBT1 binds E2 ligases to inhibit ubiquitin transfer (7).

Many studies have reported that OTUB1 is related to the pro-
gression and aggressiveness of lung cancer (8), colorectal cancer
(9), prostate cancer (10), breast cancer (11), gastric cancer (12),
hepatocellular carcinoma (HCC) (13), esophageal squamous cell
carcinoma (14), and glioma (15). However, the exact mechanisms
underlying OTUB1-mediated regulation of melanoma progression
have not been reported.

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand
or Apo 2 ligand (TRAIL/Apo2L) is a member of the TNF family
that usually induces apoptosis in several kinds of cancer by
engaging with its receptors DR4 and DR5 on the cell membrane
(16). Once TRAIL binds to its receptor, receptor oligomerization
recruits downstream molecules such as FADD, subsequently
leading to the formation of procaspase 8 and activating the
death-inducing signaling complex (17). Although melanoma cells
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constitutively express DR5, they display various degrees of
sensitivity to TRAIL (18). Most melanoma tissues express both
receptors, suggesting that initial TRAIL sensitivity is character-
istic for clinical melanoma.

In this study, we show that OTUB1 knockdown in human mela-
noma cells promotes cell death by upregulating TRAIL expres-
sion. Our findings provide insight into the mechanism of OTUB1-
mediated cell death in melanoma and indicate OTUB1 as a
potential therapeutic target for inhibiting melanoma progression.

RESULTS

OTUBM1 is highly expressed in melanoma cancer-cell lines
First, we identified the expression of OTUBT1 in several cancer-
cell lines (lung cancer, gastric cancer, colon cancer, HCC, and
melanoma) via Western blotting. Of the cell lines we used,
OTUB1 was highly expressed in melanoma-cell lines (Fig. 1A).
Second, we observed the effect of OTUB1 expression on
survival in melanoma patients using The Cancer Genome Atlas
(TCGA) data to obtain Kaplan-Meier plots. Interestingly, we
discovered that melanoma patients with high OTUB1 expression
had a worse prognosis than did those with low OTUBT ex-
pression (Fig. 1B).
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Fig. 1. OTUBT is overexpressed in melanoma-cell lines. (A) We harvested
actively proliferating cells in several cancer-cell lines and did Western
blotting for OTUB1, using o-Tubulin as a loading control. (B) Kaplan-
Meier survival curves of patients showing the effect of low or
high OTUB1 expression on overall survival rates.
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OTUB1 knockdown induces apoptosis in melanoma cells
and inhibits cell-cycle progression

To verify the role of OTUB1 in melanoma cell lines and its
relationship with apoptosis and cell cycles during cancer pro-
gression, we depleted endogenous OTUB1 using short interfering
RNA (siRNA) and examined the resulting phenotypes by MTT
assay, Annexin V-PI staining, and cell-cycle analysis. Microscopic
analysis showed an increase in death of G361 and WM-266-4
cells 48 and 72 h after OTUB1 knockdown over that in the
control cells (Fig. 2A). The MTT assay results also showed a
reduction in cell viability after OTUB1 knockdown (Fig. 2B).
Using Annexin V-PI staining, we then assessed whether the
reduction in cell viability resulted from an increase in apoptosis.
We observed much more apoptosis in OTUB1-knockdown
cells than in the control cells (Fig. 2C). The fluorescence-acti-
vated cell-sorting experiment confirmed our finding of the
presence of apoptotic cells and enabled us to examine the
distribution of cells in different cell-cycle phases. OTUB1-de-
pleted WM-266-4 cells accumulated in the G1 phase; this
finding strongly supports the evidence that OTUB1 depletion
in melanoma cells triggers apoptosis (Fig. 2D).

To further support our hypothesis of apoptosis by OTUB1
knockdown, we subjected WM-266-4 cells to Z-VAD treatment
with siRNA for OTUB1. The cells were stained with Annexin
V-FITC and propidium iodide, followed by analysis using FACS
(Fig. 2E, F) and Western blotting (Fig. 2G). The results indicate
that OTUB1 knockdown-induced apoptotic cell death was cas-
pase-dependent.

TRAIL expression is upregulated in OTUB1-knockdown cells
Next, we used the PathScan Stress and Apoptosis Signaling
Antibody Array to find out the relationship between OTUB1
knockdown-activated cell signaling pathways and apoptosis. It
is well known that pp38 is activated in the TRAIL pathway and
that apoptosis markers, such as cleaved PARP or cleaved cas-
pase 3, increase during apoptosis (19, 20). The results of the
apoptosis assay revealed that phosphorylation of apoptotic pro-
teins, such as Bad, p38 mitogen-activated protein kinase (MAPK),
caspase 3, and Chk2, was increased more in OTUB1-knock-
down cells than in the control cells (Fig. 3A). We also assessed
the survival-related cell signaling using the RTK array and
found that the basal phosphorylation levels of signaling pro-
teins, such as c-MET, ROR2, and EphA10, were more reduced
in OTUB1-knockdown cells than in the control cells (Fig. 3B).
Furthermore, RNA sequencing showed significantly more TRAIL
mRNA in OTUB1-knockdown cells than in the control cells
(Fig. 3C) in accordance with the increase in apoptosis previous-
ly observed. Taken together, we conclude that OTUB1 knock-
down reduces cell survival-related signaling and simultaneous-
ly activates apoptosis-related signaling pathways, thereby triggering
apoptosis, potentially by upregulating the apoptosis-inducing pro-
tein TRAIL.
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Fig. 2. Knockdown of OTUB1 by siRNA inhibits cell proliferation and induces apoptosis. (A) We examined cell death after OTUB1 knockdown
using a light microscope. (B) We quantified cell viability after OTUB1 knockdown using the MTT assay. (C) Cells were stained with Annexin
V-FITC/Pl and analyzed using flow cytometry. (D) Distribution of cells across the different cell-cycle phases. (E) Cells were pretreated with Z-VAD,
followed by treatment with siRNA for OTUB1, and then examined using a light microscope. (F) Cells were stained with Annexin V-FITC/PI
and analyzed using flow cytometry. (G) We did Western blotting antibodies against OTUB1, cleaved caspase 3, and cleaved PARP.
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Fig. 3. TRAIL is upregulated in OTUB1-knockdown cells. (A) G361 or
WM-266-4 melanoma-cell lines were transfected with OTUB1 siRNA
for 24 h. PathScan Stress and Apoptosis Signaling Antibody Array.
(B) The RTK array. (C) RNA sequencing of WM-266-4 cells treated
(or not) with OTUB1 siRNA. A heat map representing differential gene
expression between control and OTUB1-knockdown cells is shown.
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Upregulation of TRAIL in OTUB1-knockdown cells increases
apoptosis
We further confirmed the RNA-sequencing results by evaluating
the expression of TRAIL using reverse transcription polymerase
chain reaction (RT-PCR) in G361, WM-266-4, SK-MEL-28, and
SK-MEL-5 cell lines. Three cell lines exhibited higher expression
of TRAIL in OTUB1-knockdown cells than in control cells (Fig.
4A). A previous study reported that increasing the expression
of TRAIL receptors affected the sensitivity of TRAIL-induced
apoptosis (21). However, it is unclear whether OTUB1 knock-
down also alters the expression of DR4 or DR5. There was no
change in the mRNA levels of DR4 or DR5 in OTUB1-knock-
down cells according to our PCR analysis on melanoma cells
with OTUB1 knockdown (Fig. 4A). Moreover, according to our
Western blotting, the OTUB1-depleted G361 and WM-266-4
cells showed the presence of apoptosis effectors, such as
cleaved caspase 3 and cleaved poly (ADP-ribose) polymerase
(PARP) (Fig. 4B). To further investigate the presence of TRAIL,
which possibly increases apoptosis in the absence of OTUBT,
we exogenously added TRAIL to OTUB1-knockdown cells. As
expected, TRAIL induced apoptosis in OTUB1-knockdown cells
more than in control G361 and WM-266-4 cell lines (Fig. 4C).
It is known that PLX4032, or vemurafenib, an FDA-approved
drug for the treatment of melanoma, inhibits mutant BRAF
(BRAFY*°). Here, we suggested that PLX4032 treatment could
increase apoptosis in cells lacking OTUB1. Therefore, we treated
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Fig. 4. OTUB1 knockdown upregulates the expression of TRAIL in melanoma-cell lines. (A) The OTUB1-knockdown melanoma-cell lines
were harvested and analyzed using RT-PCR. (B) G361 and WM-266-4 cells were transfected with three different siRNAs (#1, #2, #3)
targeting OTUB1. We did Western blotting. (C) G361 and WM-266-4 cells were transfected with OTUB1 siRNA and treated with TRAIL
(0.5 or 0.2 pg/ml). We did Western blotting. (D) G361 and WM-266-4 cells were transfected with OTUB1 siRNA and then treated with
PLX4032 (50 uM) for 24 h. We examined cell death using a light microscope. (E) We did Western blotting using antibodies against
OTUBT1 and used cleaved PARP; GAPDH as a loading control. (F) A proposed model for OTUB1 knockdown-induced cell death through

TRAIL expression.

OTUB1-depleted G361 and WM-266-4 with PLX4032 for 24 h
and measured the cell proliferation. According to microscopic
analysis, PLX4032-induced cell death was increased in OTUB1-
knockdown cells more than in cells treated with control siRNA
(Fig. 4D), and the synergism between PLX4032 treatment and
OTUBT1 depletion on the control of apoptosis was also obser-
ved by an increase in cleaved PARP levels in OTUB1-knock-
down cells treated with PLX4032 (Fig. 4E). Collectively, our
results indicate that the strategies targeting the regulation of
OTUBT1 expression in melanoma may be valuable in achieving
successful therapeutic intervention.

DISCUSSION

In this study, we showed that OTUB1 knockdown in melanoma
cells induces apoptotic cell death by upregulating TRAIL (Fig.
4F). To our knowledge, this is the first study showing that strate-
gically targeting the expression of OTUB1 in melanoma may
possess therapeutic potential. Several studies have reported that
OTUB1 affects overall cancer progression by regulating the
stability of target oncogenes because of its role as a DUB (8,
11, 22). It is highly expressed in many cancers and is known to
inhibit the degradation of molecules that affect cell prolifera-
tion, such as Ras (8), FOXM1 (23), c-Maf (24, 25), and c-IAP1
(26, 27). However, we could not identify the exact molecular
target of OTUB1 and therefore could not elucidate the mecha-
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nism of OTUB1 in regulating melanoma-cell apoptosis. However,
as a direct evidence of the occurrence of apoptosis, we showed
that expression of TRAIL increases at the transcription level.
OTUBT1 has been proposed to promote the progression of mye-
loma (24), colorectal (9), prostate cancer (10), ovarian cancer
(28), gastric cancer (12), HCC (12), and glioma (15) by facilitating
tumor invasiveness. Furthermore, OTUBT acts as a potential
distant metastasis marker and prognostic factor in colorectal
cancer (9). In addition to melanoma, OTUBT1 is highly expressed
in HCC (13); however, the inhibition of OTUB1 expression
reduced the progression of HCC. Taken together, OTUB1 is
highly expressed in various cancers and is a potential target to
prevent cancer progression and metastasis.

According to a recent study, inducible deletion of OTUB1 in
adult mice greatly decreased tumor growth; this effect was
associated with infiltration of various immune cells, including
CD8" T cells, NK cells, CD4" T cells, and cDC1 cells (29).
When the expression of OTUB1 is inhibited, the activation of
immune cells to kill cancer cells is interpreted as a good point.
Although we have not confirmed it, this may play a large role
in reducing the tumor size of melanomas. Interestingly, our
results also show that OTUB1 downregulation significantly
induced apoptosis in melanoma cells. However, from a
clinical point of view, further investigation via in vitro and in
vivo studies is required to establish OTUB1 as a potential
target for melanoma treatment.
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Our data show that all melanoma-cell lines used in this study
(G361, WM-266-4, SK-MEL-28, and SK-MEL-5) had higher ex-
pression of OTUB1 than did any other cancer-cell lines (Fig.
1A). As seen from TCGA data, the high expression of OTUB1
in melanoma correlated with poor patient survival (Fig. 1B),
pointing towards the potential use of OTUB1 in melanoma as
a therapeutic target.

The data of PathScan Stress and Apoptosis Signaling Antibody
Array between G361 and WM-266-4 cells were similar, because
the array is sensitive; however, the results of Western blotting
for both cells were markedly different (Fig. 3A). In G361 cells,
OTUBT1 knockdown showed little TRAIL expression, whereas
a much larger increase in TRAIL expression was observed when
OTUB1 was knocked down in WM-266-4 cells (Fig. 4A). There-
fore, we believe that the difference in apoptosis can be attributed
to the difference in TRAIL expression that leads to apoptosis
upon OTUBT knockdown.

Most melanomas require activation of the MAPK pathway,
which is most often triggered by an oncogenic mutant of BRAF
(BRAFY*™ (30, 31). Consistently, mutant BRAF inhibitors such
as PLX4032 (vemurafenib) are used to treat many melanoma
patients (31). The overall response rate of patients with BRAF%-
positive melanomas to vemurafenib is approximately 50%, with
responsive patients displaying substantial tumor regression and
prolonged survival (32).

In this study, OTUB1 and BRAF exercised a synergism on
the regulation of apoptosis. Furthermore, OTUB1 overexpression
reversed the apoptosis induced by the inhibition of BRAF, point-
ing towards a potential mechanism of cancer recurrence and
suggesting that the expression of OTUB1 is essential for mela-
noma-cell survival. Therefore, this study ultimately sheds light
on the potential mechanism behind how OTUB1 expression
promotes cancer survival and proposes that inhibition of OTUB1
expression can supplement existing treatment approaches for
melanoma.

MATERIALS AND METHODS

Futher details on the analysis methods are described in Supple-
mentary Materials and Methods.

Cell culture and reagents

Human melanoma cell lines (G361, WM-266-4, SK-MEL-2, SK-
MEL-5, SK-MEL-28) were purchased from Korean Cell Line
Bank (Seoul, South Korea). G361, SK-MEL-2 and SK-MEL-5
were cultured in RPMI and WM-266-4 and SK-MEL-28 were
cultured in minimum essential medium (MEM) (Welgene Inc.,
South Korea). The cell lines were maintained at 37°C and 5%
CO; in media supplemented with 10% fetal bovine serum
(Welgene Inc, South Korea) and 1% of antibiotics (Gibco/Invitro-
gen, Carlsbad, CA). The PathScan Stress and Apoptosis Signaling
Antibody Array Kit (#12856) was purchased from Cell Signaling
Technology (Danvers, MA, USA). Human Phospho-Receptor
Tyrosine Kinase (RTK) Array Kit (#ARY001B) were purchased
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from R&D Systems (Minneapolis, MN, USA).
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