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Background: Malignant melanoma (MM) is a malignant tumor produced by changes in
melanocytes in the skin or other organs. In the classification of skin tumor mortality, skin
melanoma ranks the highest. Ubenimex, an Aminopeptidase N (APN) inhibitor, is now widely
used for cancer as an adjunct therapy, conferring antitumor effects. Apoptosis and the induction
of autophagy have both been found to be closely associated with tumor cell death.

Methods: In this study, the A375 and A2058 cell lines were treated with ubenimex. Cell
viability was measured using the Cell Counting Kit § assay. Apoptosis and autophagic cell death
were assessed using flow cytometry and acridine orange/ethidium bromide staining. Protein
expression was assessed by Western blot analyses and immunofluorescence. Matrigel invasion
and migration assays were used to examine the metastatic ability of melanoma cells.
Results: The results revealed that ubenimex inhibited the expression of APN in melanoma cells,
which may be connected with the inhibition of metastasis. In addition, it increased melanoma
cell death by inducing apoptosis and autophagic cell death. This effect was accompanied by
increased levels of p-JNK. Moreover, treatment with ubenimex induced protective Akt activa-
tion, and combined use of an Akt inhibitor with ubenimex provided a better effect for inducing
tumor cell death.

Conclusion: As an effective anti-tumor drug in vitro, ubenimex might be an excellent adjunctive
therapy for the treatment of melanoma, with greater effects when combined with the use of an
Akt inhibitor.
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Introduction

Malignant melanoma (MM) is a malignant tumor produced by changes in melanocytes
in the skin or other organs. In the classification of skin tumor mortality, skin melanoma
ranks the highest.! Skin melanoma manifests a significant change in pigmented lesions
within months or years. In recent years, the incidence of malignant melanoma has
posed a huge threat to human health.? The disease is characterized by a high rate of
metastasis in the early stage, poor sensitivity to chemotherapy, and poor prognosis.*
Therefore, understanding the reasons for chemotherapy treatment resistance and
exploring possible adjuvant medications is the final “life-saving straw” for melanoma
patients, especially those with advanced cases.

Ubenimex, also known as bestatin, has been used as an adjunct therapy for many
tumors, enhancing the function of immunocompetent cells and conferring antitumor
effects,! and the effect is also Aminopeptidase N (APN) related. APN, also called
CD13, is involved in various cellular processes, and, in particular, it has been

submit your manuscript

Dove n’ﬁu

http:

OncoTargets and Therapy 2018:11 943-953 943
© 2018 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S157480
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:lemontree1119@126.com
mailto:13589050847@163.com

Wang et al

Dove

revealed to correlate with the invasion/metastasis of various
malignancies.* In malignant melanoma, the inhibition of
APN always induces the inhibition of metastasis.’ However,
few studies have examined the functions of ubenimex in
melanoma cells in vitro.

Cell death is divided into programmed cell death and non-
programmed death. Programmed cell death, which is often
called apoptosis, is caspase-dependent cell death, whereas
autophagic cell death is caspase independent.® In many cases,
autophagy is unequivocally the mode of tumor cell death.”
The JNK pathway plays an important role as a classical
signaling pathway in the regulation of tumor cell apoptosis
and autophagic death.® The function of JNK as a regulator in
apoptosis and autophagic cell death has been demonstrated
in many tumor cells, such as bladder tumor, osteosarcoma,
breast cancer, and hepatocellular carcinoma.® ' In melanoma,
JNK also plays a vital role in proliferation and cell death.!
The Akt pathway is often regulated in response to DNA-
damaging chemotherapeutics, and participates in regulating
tumor cell death.!® One of our previous papers also revealed
its functions in tumor cell death and radiotherapy resistance
following treatment with ubenimex.'

Referring to the drug ubenimex, our previous study
proved its efficacy in renal cell carcinoma, prostate cancer,
and glioma cells;'*'¢ although all experiments indicated that
ubenimex could work as an anti-cancer drug, the mechanisms
differ. Therefore, this study aimed to investigate whether
ubenimex could still work as an anti-tumor drug in malignant
melanoma cells and to determine the underlying potential
mechanisms.

Materials and methods

Tumor cell lines

Malignant melanoma cell lines A375 and A2058 were pur-
chased from the Chinese Academy of Sciences (Beijing,
People’s Republic of China) Cell Bank. Cells were main-
tained in Dulbecco’s Modified Eagle’s Medium (DMEM), a
high-glucose medium (Macgene, Beijing, People’s Republic
of China), supplemented with 1% penicillin—streptomycin
and 10% fetal bovine serum (Biological Industries, Kibbutz
Beit Haemek, Israel). The cells were incubated at 37°C in a
humidified atmosphere with 5% CO,.

CCK-8 cell proliferation assay

A375 and A2058 cells in an exponential phase of growth
were harvested and seeded into 96-well plates at a density of
6,000 cells/well in DMEM high-glucose medium supple-
mented with different concentrations of ubenimex. After the
cells underwent specific treatments for the indicated time

periods, 10 pL of Cell Counting Kit-8 (CCK-8) solution
(CCK-8 cell proliferation and cytotoxicity assay kit-8;
Dojindo, Kumamoto, Japan) was added to each well. The
plates were then incubated for an additional 2 h at 37°C, and
the absorbance was determined using a microplate reader
(EL340; Bio-Tek Instruments, MA, USA) at 450 nm.

Acridine orange/ethidium bromide

double staining

Cells were cultured in six-well plates for 24 h and then treated
with different doses of ubenimex for 48 h. After the indicated
treatment times, the acridine orange/ethidium (AO/EB)
(Leagene, Beijing, China) operating fluid was mixed with
reagents A (AO solution), B (EB solution), and C (AO/EB
Dilution Buffer) at a ratio of 1:1:8. To each sample, 2 UL of
AO/EB operating fluid was added, and the supernatant was
discarded after low-speed centrifugation at 500 g/min. The
cells were then resuspended in AO/EB dilution buffer at a
concentration of 5x10° cells/mL, and 1 uL of AO/EB oper-
ating fluid was added to 25 pL of cell suspension. Next, the
cells were observed under a fluorescence microscope (Nikon
Inc., Tokyo, Japan).

Western blot analysis

To determine APN, LC3B, JNK/P-JNK, Akt/P-Akt, P62,
and cleaved-caspase-3/pro-caspase-3 levels, proteins were
extracted from the cells by suspension in radioimmuno-
precipitation assay buffer. Samples were centrifuged at
12,000 rpm at 4°C for 30 min, and the supernatants were
recovered for analysis. The protein concentrations were
determined using the Bradford protein method and the
bicinchoninic acid protein assay kit (Sigma, St Louis, MO,
USA). Protein (40 png) was electrophoresed on a pre-cast
bis-Tris polyacrylamide gel (8%~12%) and then transferred
onto a polyvinylidene difluoride membrane. Membranes
were blotted with rabbit anti-APN (1:1,000), rabbit anti-
LC3B (1:500), rabbit anti-JNK (1:1,000), rabbit anti-p-
JNK (1:1,000), rabbit anti-Akt (1:1,000), rabbit anti-p-Akt
(1:1,000), mouse anti-P62 (1:1,000), rabbit anti-Caspase-3
(1:1,000) (all from Abcam, San Francisco, CA, USA), and
mouse anti-actin (1:1,000; Proteintech, NY, USA), followed
by horseradish peroxidase-conjugated secondary antibodies
(1:5,000; ZsBio, Beijing, China). Immunoblots were visual-
ized using enhanced chemiluminescence (LAS-4000).

Annexin V—phycoerythrin (PE)/
7-aminoactinomycin D staining

The apoptotic cells were quantified (%) using an Annexin
V-PE/7-aminoactinomycin D (7AAD) kit (BD Biosciences,
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NJ, USA) and detected by flow cytometry. The A375
and A2058 cells were harvested after 48 h of treatment
with ubenimex or combined with Akt inhibitor. Next, the
cells were resuspended in a binding buffer (10 mmol/L
4-(2-hydroxyethyl)-1-pipera-zine-ethanesulfonic acid,
140 mmol/L NaCl, and 2.5 mmol/L CaCl,, pH 7.4) and incu-
bated with Annexin V-PE/7AAD in the dark for 15 min. A total
of 10,000 cells/sample were analyzed using a FACSCal-
ibur or an EPICS XL flow cytometer (BD Biosciences).

Immunofluorescence

We performed cell concentration smears and fixed the cells
with 4% paraformaldehyde for 20 min. We thoroughly rinsed
the cells with 0.01 M PBS (5 min x3) and incubated the cells
in 0.3% Triton at room temperature for 20 min, followed by
awash in 0.01 M PBS (5 min x3). Next, 30 uL/sample goat
serum blocking solution was added at room temperature for
60 min, followed by a 1:100 dilution of primary antibody
at 30 uL/sample (diluted in goat serum). The cells were
placed in a wet box at 4°C overnight and then washed in
0.01 M PBS (5 min x3). On the next day, 4’,6-diamidino-
2-phenylindole was added for 10 min, and the cells were
thoroughly rinsed with 0.01 M PBS (5 min x3), followed
by the addition of 1:100 fluorescent secondary antibody at
30 uL/sample (10% skim milk powder) at room temperature
and in the dark for 60 min. Next, the cells were washed in
0.01 M PBS (5 min x3) and mounted with an anti-fluores-
cence quencher.

Wound healing migration assays

The A375 and A2058 cells were plated in six-well culture
plates and grown to 100% confluency before scratching
with a sterile P200 pipette tip across the monolayer. The
cell debris was removed by washing with PBS, and the
cells were cultured in DMEM and 2% fetal bovine serum
(FBS) supplemented with different concentrations of
ubenimex. The area of the scratch was measured at differ-
ent times (A375 for 0 h, 12 h, 24 h; A2058 for 0 h, 18 h,
36 h), and quantification was performed by measuring the
area of cell migration at different time points compared
to the scratch area at 0 h. Each experiment was repeated
three times.

Matrigel invasion assay and matrigel
migration assay

Migration assays were performed using transwell chambers.
Control untreated cells or cells treated with ubenimex (0.5 or
1 mg/mL for 48 h) were trypsinized, and 1x10° cells were

plated in the upper wells in serum-free medium, while medium
with 10% FBS was added to the lower well as a stimulus.
After 24 h of incubation, the cells on the matrigel side of the
chambers were removed using a cotton swab. The inserts
were fixed in methanol and stained using hematoxylin and
eosin. The number of invading cells attached to the other side
of the inserts was quantified under a light microscope using
six random fields at a magnification of x200. In addition,
invasion assays were performed using transwell chambers
that were pre-coated with 40 uL of 1 mg/mL matrigel matrix
(BD Biosciences, Bedford, MA, USA). Each treatment
group had a control containing 2.5x10° cells plated in the
upper wells, with the remaining steps following the matrigel
migration assay.

Statistical analysis

The data were statistically analyzed using Student’s #-test,
the y? test, or Fisher’s exact test using SPSS version
19.0 software (IBM Corporation, Armonk, NY, USA).
A P-value <0.05 was considered significant.

Results
Ubenimex could induce cell death and

reduce the vitality of melanoma cells
CCK-8 was used to examine cell proliferation after treatment
with different doses of ubenimex for different time periods in
A375 and A2058 cells (Figure 1). The proliferation of tumor
cells decreased over time. In addition, the proliferation of
melanoma cells was significantly inhibited by the high dose
of ubenimex after 48 h of exposure. Using CCK-8, we deter-
mined the appropriate concentration and time of drug use.
Then, cell death was examined by AO/EB staining and flow
cytometry (Figures 2 and 3). The cell death rate increased
with ubenimex treatment, which showed a dose-dependent
response (Figure 3). Therefore, we concluded that ubenimex
could inhibit cell proliferation and induce cell death in both
A375 and A2058 cells.

Through transwell invasion and migration
assays, we concluded that ubenimex could

reduce invasion mobility in A375 cells

Wound healing assay and transwell assays were performed
to determine whether ubenimex could affect the migration
and invasion capacity of A375 cells (Figures 4 and 5). The
migration capacity of A375 cells was significantly sup-
pressed by ubenimex in a concentration-dependent manner
after 48 h of exposure. Moreover, the dose of ubenimex
used was also an important factor affecting A375 cells.
We then further examined the effect of ubenimex on the
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Figure | Ubenimex inhibits the cell proliferation of A375 and A2058 cells.

Notes: (A and B) CCK8 proliferation assay was performed after a 48 h culture of A375 or A2058 cells with the indicated concentrations of ubenimex. *P<<0.05 for
untreated control cells compared to all ubenimex doses. (C and D) The CCKS8 proliferation assay of A375 or A2058 cells was performed with a | mg/mL dose of ubenimex
at different times. *P<<0.05 for untreated control cells compared to all time points. (E and F) The CCK8 proliferation assay of A375 or A2058 cells was performed with
different treatments (control; ubenimex | mg/mL for 48 h; 3MA for 48 h; ubenimex | mg/mL and 3MA for 48h; JNK inhibitor for 6 h; ubenimex | mg/mL and JNK inhibitor
for 6 h, and then ubenimex | mg/mL for 42 h; Akt inhibitor 48 h; Akt inhibitor and ubenimex | mg/mL for 48 h). *P<<0.05 for statistically significant vs untreated control
cells. #P<0.05 for statistically significant combined effect of Akt inhibitor and ubenimex | mg/mL for 48 h vs ubenimex | mg/mL alone. Data are expressed as the mean + SD

of three independent experiments.

Abbreviations: CCK8, Cell Counting Kit-8; UB, ubenimex; JNK, c-Jun N-terminal kinase; 3MA, 6-Amino-3-methylpurine.

invasive activity of A375 cells using matrigel invasion assays.
Pretreatment with ubenimex markedly inhibited the invasive
capacity of the A375 cells. Taken together, these results sug-
gest that ubenimex inhibited the migration and invasion of
A375 cells.

Ubenimex could function as an APN
inhibitor in A375 and A2058 cells

Western blotting was used to test the expression of APN
after ubenimex treatment (Figure 6). Additionally, A375
and A2058 cells were treated with ubenimex (1 mg/mL) for
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Figure 2 AO/EB staining shows the cell death in both A375 and A2058 cells.
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Notes: (A) A375 and A2058 were treated with ubenimex (I mg/mL) combined with/without |NK inhibitor. The cells of the third group were treated with ubenimex
(I mg/mL) and JNK inhibitor for 6 h, and then ubenimex (I mg/mL) alone for 42 h. After 48 h, fluorescence microscopy was used to examine the death rate of each group.
The death rates of A375 (B) and A2058 (C) cells per one field of a high-power microscope as determined by acridine orange staining are shown. *P<<0.05 vs the control and

#P<0.05 vs only with ubenimex (I mg/mL). Data are expressed as the mean * SD of three independent experiments.

Abbreviations: AO/EB, acridine orange/ethidium bromide; UB, ubenimex.

48 h. The expression of APN was significantly inhibited by
the increased dose of ubenimex.

Treatment with ubenimex induced

apoptosis in melanoma cells

Flow cytometry is a well-known experimental method for
detecting cell apoptosis. As shown in Figure 3, the death
rates of A375 and A2058 cells increased after ubenimex
treatment and proved to be dose dependent. In addition,
AO/EB staining also showed increased death rate of cells
after treatment with ubenimex (Figure 2). In addition to
autophagic cell death, apoptosis increased after the treat-
ment. The CCK-8 assay provided additional proof: when
we added 3MA to inhibit autophagy, the cell death induced
by ubenimex persisted. Programmed cell death, which is
often called apoptosis, is caspase-dependent cell death.
Therefore, to further examine the increase in apoptosis,
Western blotting was used to examine the level of caspase-3
(Figure 6). Treatment with ubenimex increased the level

of cleaved-caspase-3, which is also evidence of increased

cell apoptosis.

The cell death induced by ubenimex
included not only apoptosis, but also
autophagic cell death

The cell death induced by ubenimex is a combination of
effects. In addition to apoptosis, autophagic cell death also
occurs in melanoma cells. As mentioned above, 3MA was
used to distinguish apoptosis from autophagic cell death.
After the combined use of 3MA and ubenimex, the death
rate was significantly decreased (Figure 1). We can easily
conclude that ubenimex induced autophagic cell death in
melanoma cells. Additionally, we used Western blotting and
immunofluorescence to detect the expression of LC3B, an
iconic protein in autophagy (Figures 6 and 7). As the dose of
ubenimex increased, the expression of LC3B and autophagy-
related P62 also increased.
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Figure 3 Ubenimex induces cell death in both A375 and A2058 cells.

Notes: (A) A375 and A2058 cells were treated with ubenimex (0.5 mg/mL and | mg/mL) and combined use of ubenimex (I mg/mL) and Akt inhibitor for 48 h, and the death
rate was then detected using flow cytometry. Cells that are in late apoptosis or already dead are both Annexin V-PE and 7-AAD positive (Q2), (B and C) Autophagic cell
death and apopotosis-related cell death (both A375 and A2058), showed by Q2 were measured together by flow cytometry. *P<<0.05 vs control and *P<<0.05 vs only with
ubenimex (| mg/mL). Data are presented as the mean + SD of three independent experiments.

Abbreviation: UB, ubenimex.

The induced cell death may be regulated

by the variation of p-JNK expression

We used Western blotting to examine the level of p-JNK
(Figure 8). After treatment with ubenimex (1 mg/mL) for
different lengths of time (0, 3 h, 6 h, 12 h, 24 h, 48 h), we
examined the variation in p-JNK1 and p-JNK2. Despite
slight differences, the expressions of these two proteins both
increased after treatment with ubenimex at early time points
and then decreased to a level lower than at 0 h. To further
illustrate this point, we chose the 6-h time point for Western
blot verification (Figure 9). We obtained the same result:
the expression of p-JNK1 and p-JNK2 increased following
treatment with ubenimex for 6 h. Moreover, CCK-8 was used
to examine the role of the JNK pathway in melanoma cell

death (Figure 1). We chose to use a JNK inhibitor (SP600125,
Selleck, Houston, TX, USA) in combination with ubenimex
for 6 h, and then used ubenimex alone for 42 h. The results
showed decreased cell death in A375 and A2058 cells.

Treatment with ubenimex could

induce the Akt pathway, which shows

a protective effect for melanoma cells
After treatment with different doses of ubenimex for
48 h, p-Akt was significantly increased in a dose-dependent
manner (Figure 6). Then, we detected the expression at dif-
ferent time points (0, 3 h, 6 h, 12 h, 24 h, 48 h) after treat-
ment with ubenimex (1 mg/mL) (Figure 8). p-Akt was also
significantly increased. Then, we added an Akt inhibitor
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Figure 4 Ubenimex reduces the cell migration and invasion capacity of A375 cells.

Notes: Transwell migration and invasion assays were performed to determine the migration and invasion of the A375 cells. (A and B) The images above were obtained
after culture for the indicated times (48 hour) in control medium or different doses of ubenimex. (C and D) Quantification was performed by counting the number of cells
that passed through the small well using a high-power microscope. *P<<0.05 vs the untreated control cells. Data are expressed as the mean + SD of three independent
experiments.

Abbreviation: UB, ubenimex.

A375 A2058
Control  UB 0.5 mg/mL UB 1 mg/mL Control  UB 0.5 mg/mL UB 1 mg/mL

0Oh
0h

12h
18 h

Sl B

24h
36h

A375 A2058

100 1 100
() (]
e e
© 80 © 80
s | ST ]
8= s
23 28
£ TB‘ 40 [= '.(-B‘ 40 A
2 2
- 20 - 20
0- 04
Control UB 0.5 mg/mL UB 1 mg/mL Control UB 0.5 mg/mL UB 1 mg/mL

Figure 5 Ubenimex reduces the A375 and A2058 migration ability.

Notes: Wound healing migration assays were performed to determine the motility of the A375 and A2058 cells. Images of representative wells are shown after the indicated
times of culture in control medium or medium with 0.5 or | mg/mL ubenimex. Quantification was performed by measuring the area migrated at different time points
compared to the scratch area at 0 h. Values represent the mean * SD of three independent experiments. *P<<0.05 vs control untreated cells.

Abbreviation: UB, ubenimex.
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Figure 6 Ubenimex promotes the protein of autophagy and apopotosis in melanoma cells.

Notes: Western blotting of APN, p-Akt, Akt, LC3B, cleaved-caspase-3, pro-caspase-3, and P62 expression in A375 and A2058 cells after treatment for 48 h with ubenimex
(0.1, 0.5, or I mg/mL). Actin is shown as a loading control. Quantification was performed by densitometric analysis and normalized to actin levels.

Abbreviation: APN, Aminopeptidase N.
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Figure 7 Ubenimex promotes the expression of LC3B and P62 in both A375 and A2058 cells.

Notes: Immunofluorescence studies were performed to assess LC3B and P62 expression levels. Inmunofluorescence showed the expression of LC3B and P62 in A375 and
A2058 cells after treatment for 48 h with ubenimex (I mg/mL). Quantification was performed by evaluating the expression rate (%) under a high-power microscope. *P<<0.05
vs the untreated control cells. Data are expressed as the mean + SD of three independent experiments.

Abbreviation: UB, ubenimex.
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Figure 8 Ubenimex influences the expression of p-JNK and p-Akt in melanoma cells.
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Notes: Western blotting of JNK, p-JNK, Akt, and p-Akt expression in A375 and A2058 cells after treatment for different times with ubenimex (I mg/mL).

(PF-04691502, Selleck) to the ubenimex treatment.
When combined with the Akt inhibitor, the effect of
CCK-8 on cell proliferation was significantly inhibited,
and cell death increased.

Discussion

Ubenimex continued to function as an APN inhibitor in A375
and A2058 cells. The inhibition of APN seems to be related
to tumor metastasis, and reports have shown its function in
many cancers, such as lung, pancreas, and colon cancers.!”*
In malignant melanoma cells, cell-surface APN expression
could correlate to an invasive phenotype, and, through the
inhibition of APN and ICAM, cell metastasis has been
shown to significantly weaken.’ In particular, a previous
study demonstrated that ubenimex, as an APN inhibitor,
could inhibit tumor angiogenesis and may influence tumor
growth and metastasis in B16-BL6 melanoma cells in vivo.?
However, there are few reports on the function of ubenimex
in melanoma cells in vivo. Therefore, through Western blot
analysis, when we added ubenimex, APN expression in
A375 and A2058 cells was suppressed. These results are
very consistent with previous findings in prostate cancer
cells.'’ Furthermore, matrigel invasion and migration assays
were used to determine the migratory and invasion capacity
of A375 cells. The capacity of A375 cells decreased with

A375
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Figure 9 Ubenimex up-regulated the expression of JNK in melanoma cells.
Note: Western blotting of JNK and p-JNK expression in A375 and A2058 cells after
treatment for 6 h with ubenimex (0.1, 0.5, or | mg/mL).

the use of ubenimex. Thus, we concluded that, in malignant
melanoma cells, ubenimex could inhibit the ability to metas-
tasize through the inhibition of APN.

Ubenimex could cause apoptosis and autophagic cell
death in A375 and A2058 cells. Cell death is divided
into programmed cell death and non-programmed death.
Programmed cell death, which is often called apoptosis, is
caspase dependent, whereas autophagic cell death is caspase
independent.® Both can cause tumor cell death. Although
autophagy-associated cell death is different from apoptosis,
there is sometimes a link between autophagy and apoptosis.?!
In addition, the link is affected by cellular processes and
determines whether the cells die or survive. In our previous
study, ubenimex always served as an anti-tumor drug and
induced cell death in prostate and renal cell carcinoma.!*!*
Here, in malignant melanoma cells, we used 3MA to deter-
mine the presence of induced autophagic cell death. In addi-
tion, we found that ubenimex also induced caspase-related
apoptosis, thus showing its anti-tumor capabilities. In our
study, the apoptosis of malignant melanoma cells was
assessed by Annexin V-PE/7AAD staining and Western
blotting. Flow cytometry analysis showed that A375 and
A2058 cell death increased with ubenimex treatment.
Western blotting also demonstrated that caspase-3 was
increased in this context. Thus, we detected a mixed pheno-
type of apoptosis and autophagic cell death in response to
ubenimex treatment in malignant melanoma cells. Therefore,
we concluded that ubenimex induced mixed programmed
cell death in malignant melanoma cells.

Among mammals, there are three INK genes: INK 1, INK2,
and JNK3.22 JNK1 and JNK?2 are commonly expressed, while
JNK3 is mainly manifested in the brain, heart, and testis.?
JNK, also known as stress-activated protein kinase, is closely
related to apoptosis and autophagy.?* Moreover, the JNK
signaling pathway is often stimulated by increased pressures
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from the external environment, including UV irradiation,
oxidative stress, and drug treatment, which can induce
apoptosis and autophagic cell death.? Activation of the
INK pathway appears to lead to tumor cell death, including
induced apoptosis and autophagy-related cell death.?® Here,
we used Western blotting to analyze the JNK expression
regulated by ubenimex. We found that JNK expression
went up shortly before the drug was added, but, as time pro-
gressed, JNK expression decreased. We performed Western
blotting at 6 h after treatment with ubenimex, and p-JNK
expression was up-regulated. To determine the mechanism
of cell death induced by the JNK pathway, we used a JNK
inhibitor. In reference to the Western blot results, the JNK
inhibitor was used to inhibit the increase in JNK in the
first 6 h. The inhibition of INK decreased tumor cell death
and weakened the inhibition of proliferation. Thus, we can
conclude that the JNK pathway is involved in response to
treatment with ubenimex.

The JNK pathway can induce not only caspase-related
apoptosis, but also P62-related autophagy.”’” P62 protein
(sequestosome 1) is a selective substrate that plays a key
role in forming cytoplasmic inclusion bodies.”’ In particular,
the stress tumor cells face induces the activation of JNK
and the expression of P62, and then autophagic cell death
occurs.?® In our experiment, the alteration of LC3B expres-
sion was the same as that of P62. Therefore, activation of
JNK may induce P62-related autophagic cell death in A375
and A2058 cells.

Phosphoinositide 3-kinase (PI3K)/Akt is mainly involved
in cell death, and is considered to deliver survival signals to
protect cells from cell death.” Thus, many researchers have
demonstrated that the inhibition of Akt could be a good method
for cancer treatment.*® In melanoma, inhibition of the Akt path-
way also suggested an anti-tumor effect, and the activation of
Akt seemed to have a protective effect.’!*> Additionally, previ-
ous studies have revealed that stress activates the Akt signal
transduction pathway in tumor cells, resulting in a protective
effect.!® Through our experiments, the stress of ubenimex treat-
ment also led to the activation of the Akt signaling pathway
in melanoma cells. Over time, the activation effect became
increasingly obvious. After we used an Akt inhibitor, we
found a very significant induction of death and the inhibition
of proliferation in melanoma cells. Therefore, the application
of ubenimex could lead to the activation of the protective Akt
pathway, which can be reversed by its specific inhibitors.

Conclusion
The results of this study demonstrated that ubenimex could
inhibit cell proliferation, migration, and invasion, and induce

autophagic cell death and apoptosis in A375 and A2058
cells, and these efforts might be associated with the down-
regulation of APN and up-regulation of the JNK pathway. In
addition, when treated with ubenimex, the melanoma cells
up-regulated protective Akt activation, and the combined use
of an Akt inhibitor with ubenimex provided a good effect
for inducing tumor cell death. Therefore, this study suggests
that ubenimex might be an excellent adjunctive therapy in
the treatment of melanoma, with improved results when
combined with an Akt inhibitor.
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