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1 | INTRODUCTION

Urea Transporter B (UT-B) is a membrane channel protein that mediates the rapid
transmembrane transport of urea and participates in urine concentration. Urea
Transporter B is expressed in skin, but we found that there is little expression in
human melanoma tissue. In this study, we examined the effects of UT-B overexpres-
sion in melanoma. The results indicated that there is no UT-B mRNA expression in
B16 cells, and UT-B overexpression repressed B16 cell proliferation and induced ap-
optosis in vitro. We show that UT-B overexpression causes increased reactive oxy-
gen species production, which may be caused by mitochondria dysfunction. The
mitochondrial membrane potential (YAm) was lower in UT-B-overexpressing B16
cells. The proteins involved in complexes I, I, IV and V of the respiratory chain were
clearly downregulated in UT-B-overexpressing B16 cells, which would strongly re-
duce the activity of the electron transport chain. We found that mitochondrial re-
lease of cytochrome C into the cytoplasm also increased, indicating that apoptosis
had been activated. In addition, UT-B overexpression reduced AKT phosphorylation
and MDM2 expression and increased p53 expression; p53 activation may be involved
in the anticancer effects of UT-B overexpression. Urea Transporter B overexpression
also inhibited tumor growth in vivo. In conclusion, we demonstrated that UT-B may

be related to the occurrence of melanoma and play a role in tumor development.
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cutaneous melanoma and male mortality are on the rise.? Therefore,
there is an urgent need for improved early diagnosis and treatment

Melanoma is the most malignant skin tumor and is prone to distant
metastasis. Current therapies include surgery, radiotherapy and
chemotherapy, as well as small molecule therapeutics, such as BRAF
V600 inhibitors, PD-1 monoclonal antibodies (mAbs), CTLA-4 mAb
and MEK inhibitors.! However, many of these approaches result in
side effects associated with drug resistance or immune-related ef-
fects after months of treatment. The overall occurrence of most can-

cer types tends to be stable or in decline, while both the incidence of

strategies for this cancer type.

Urea transporter B (UT-B) is encoded by the SLC14A1 (Sloute
carrier family 14A gene) gene. The protein belongs to the solute car-
rier family. Urea transporter B is a transmembrane protein that spe-
cifically permeates urea, which mediates rapid urea transfer across
the cell membrane driven by concentration differences. Urea trans-
porter B transports urea 10-100 times faster than simple diffusion.

Urea transporter B is widely expressed in the kidney, brain, heart,
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liver and other tissues, and has certain physiological roles in these
organs. Our early experiments found that UT-B knockout mice have
a mitochondrial dysfunction in the heart.® Mitochondria play a cen-
tral and multifunctional role in malignancy progression, and control
redox balance, apoptosis and oncogenic signaling.* Targeted mito-
chondrial treatment methods can regulate the development of mel-
anoma.”® The expression of UT-B in bladder cancer was reported
to be decreased and reduced further with tumor deterioration.” We
are interested in whether there is such a phenomenon in melanoma
and if UT-B can affect cancer cells through interference with mito-
chondrial function.

The literature has reported the expression of UT-B in the skin.®
However, we found that UT-B expression was reduced or was absent
in melanoma cell lines and melanoma tissues. This relationship sug-
gests that UT-B may be related to the occurrence and development
of melanoma. However, the mechanism by which UT-B is involved in
melanoma is unclear.

TP53 is a tumor suppressor gene whose activation induces cell
cycle arrest and apoptotic cell death. SIRT1 small molecule inhib-
itors reduce the proliferation and survival of human melanoma by
activating p53‘9 Furthermore, bladder tissue of UT-B knockout
mice underwent mitochondrial dysfunction and p53-dependent
DNA damage and apoptosis.’® However, there is no information
on the UT-B regulatory mechanism in p53-dependent mitochon-
drial signaling to date.

In this study, we found that UT-B overexpression plays a role in
tumor growth regulation in melanoma cell lines and mouse trans-
plantation models, and this, combined with findings from UT-B
inhibition in bladder cancer, suggests that UT-B may have tumor
suppressor functions. We also analyzed the effect of UT-B on mi-
tochondrial signaling in melanoma cells and elucidated the possible
molecular mechanism. In summary, UT-B overexpression could be

useful in the clinical treatment of cancer.

2 | MATERIALS AND METHODS

2.1 | Human melanoma

In this study, 4 melanoma patients were recruited from the Third
Affiliated Hospital of Jilin University. The patients were aged be-
tween 58 and 78. Patients No. 1, No. 2 and No. 4 now survive, and
No. 3 has died. The melanomas of these patients were all detected in
primary organs and had no metastases. The melanomas of Patients
No. 1 and No. 3 had crossed the dermis reticular layer and infringed
upon the subcutaneous fat layer. According to Clark’s analysis, the
melanomas of Patients No. 1 and No. 3 were level 5. Melanomas of
Patients No. 2 and No. 4 had infiltrated upon the dermis reticular
layer. According to Clark’s analysis, the melanomas of Patients No.
2 and No. 4 were level 4. Tumor tissue was obtained from opera-
tion specimens and preserved at -80°C until use. This research was
approved by the Human Research Ethics Committee of The Third
Affiliated Hospital, College of Medicine, Jilin University. All 4 pa-
tients provided informed written informed consent.
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2.2 | Cell culture

B16 melanoma cells were purchased from the Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). B16 cells were
cultured in RPMI 1640, supplemented with 10% FBS (Clark, Logan,
Utah, USA), and 1% penicillin G and streptomycin sulfate (Sigma,
St. Louis, MO, USA). Cells were grown in a 37°C incubator supplied
with 5% CO,,. In this study, cells were seeded into culture plates and
transient transfections were performed the following day once cell
confluency had reached 70%. After 48 hours of transfection, RNA and
protein were extracted and used in subsequent experiments.

2.3 | Transient transfection

B16 cells were transfected with control plasmid (pcDNAS3.1) or overex-
pression plasmid (pcDNA3.1-UT-B). Both pcDNA3.1 and pcDNA3.1-
UT-B were purchased from Shanghai GenePharma (Shanghai, China).
Prior to transfection, cells were cultured in 96-well plates, 24-well plates
or 6-well plates until they had reached 70% confluency. The thermo
transfection agent Interferin (Thermo Fisher Scientific, Waltham, MA,
USA) was used according to the manufacturer’s protocol. After trans-

fection for 48 hours, cells were collected for subsequent analysis.

2.4 | RT-PCR analysis

Total RNA lysate was extracted from tissue samples or cell lines using Trizol
(Invitrogen, Carlsbad, CA, USA) based on standard protocols, and cDNA
synthesis was performed using a Super RT Kit (Bioleke, Beijing,China)
following the manufacturer’s protocol with the following primers:

UT-B forward: 5-AATGTTCATGGCGCTCACCT-3', and reverse:
5'-ACAAGCTGGCAATCCAACCT-3'

GAPDH primers used for the human tissues:

Forward: 5-TGGTATCGTGGAAGGACTCATGAC-3'

Reverse: 5-TGCCAGTGAGCTTCCCGTTCAGC-3'

GAPDH primers used for the B16 cells:

Forward: 5-AGAAGGCTGGGGCTCATTTG-3'

Reverse: 5'-~AGGGGCCATCCACAGTCTTC -3’

2.5 | MTT assay

B16 cells were inoculated in 96-well plates at a concentration of
4 x 108 cells/well for transfection experiments. PU14 is a novel inhibi-
tor of human and mouse UT-B, which is effective in inhibiting UT-B
activity.!! The UT-B inhibitor PU14 group (U+ PU14) was added with
2,4 and 6 umol/L PU14 at the same time as transfection. After 24, 48
and 72 hours of transfection, 10 uL MTT was added and plates were
incubated for 4 hours. Absorbance was measured at 570 nm using a
microplate reader (FLUOstar Omega, Offenburg, Germany).

2.6 | Clonogenic capacity

Harvested cells were suspended in culture liquid and seeded in 6-well

plates at a concentration of 300 cells/well. ZVAD (caspase inhibitor)
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was purchased from Selleckhchem. ZVAD is a caspase inhibitor that
inhibits apoptosis.'? In the experiment, 20 pm ZVAD was added to
the cell culture medium, and the plasmid was transfected half an
hour later. Apoptosis was detected by flow cytometry or Hoechst
after 48 hours. After 10 days, the culture medium was discarded and
cells were fixed with 4% paraformaldehyde for 30 minutes. Finally,

cells were Giemsa-stained and photographed.

2.7 | Assessment of cell apoptosis

Six-well plates were seeded with B16 cells at a concentration of 4 x 10°
cells/well. Transfection experiments were performed the following
day. Cells were collected after 48 hours and washed twice with PBS.
B16 cells were resuspended in 1x buffer, then 5 pL Annexin V-FITC
and 5 pL PI (50 pg/mL) (FITC Annexin V Apoptosis Detection Kit, BD
Biosciences, San Jose, CA, USA) were added and plates were incu-
bated in the dark at room temperature for 15 minutes. Then, 400 pL
of 1x buffer was added to each sample. The stained cells were then
rinsed twice with serum-free RPMI 1640, and fresh serum-free RPMI
1640 was added. Finally, flow cytometry (BD FACSCalibur, San Jose,
CA, USA) was performed to detect apoptosis.

2.8 | Hoechst 33258 staining

Forty-eight hours after B16 cells were transfected in 24-well
plates, the cells were fixed with 4% paraformaldehyde for 5 min-
utes. B16 cells were then stained with 1 mg/mL Hoechst (Beyotime
Biotechnology, Nantong, China) for 10 minutes at room temperature
in the dark. Finally, the cells were washed twice with PBS and im-
mediately imaged by fluorescence microscopy.

2.9 | Measurement of mitochondrial
membrane potential

B16 cells were harvested 48 hours after transfection and then re-
suspended in 1 mL of JC-1 (5pug/mL, Beyotime Biotechnology)
and incubated for 30 minutes. Then, cells were washed twice with
serum-free medium and resuspended in serum-free medium. Finally,
flow cytometry (FACSCalibur) was used to detect mitochondrial

membrane potential.

2.10 | Measurement of intracellular reactive oxygen
species levels

Harvested cells were suspended in 100 pL RPMI 1640 without
FBS and were then incubated with DCFH-DA fluorescent probe
for 20 minutes. Intracellular reactive oxygen species (ROS) was de-
tected by flow cytometry (FACSCalibur). DCFH-DA itself has no
fluorescence and can pass through the cell membrane freely. After
DCFH-DA enters the cell, it is hydrolyzed by intracellular color es-
terase to generate DCFH. Intracellular ROS can oxidize fluorescent
DCFH to produce fluorescent DCF. The level of ROS in the cell can
be analyzed by measuring the fluorescence of DCF.

Forty-eight hours after B16 cells were transfected in 24-
well plates, the medium was removed and the diluted DCFH-DA
(10 umol/L) was added. The cells were then incubated with DCFH-DA
fluorescent probe for 20 minutes. The images were viewed and re-
corded with a fluorescence microscope (Olympus, Japan).

2.11 | Immunofluorescence analysis

Urea transporter B expression was observed by immunostaining
and imaging. After transfection with pcDNA3.1 or pcDNA3.1-UT-B
for 48 hours, cells were seeded on coverslips placed in a 24-well
plate and fixed with 4% paraformaldehyde after 24 hours. After
30 minutes, cells were washed with 1x PBS and blocked with BSA
(Sigma) for 2 hours at room temperature. Cells were incubated with
primary antibodies against UT-B (1:400; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) for 20 hours, and then incubated with Alexa
Fluor-conjugated secondary antibodies (1:1000; Invitrogen/Thermo
Fisher Scientific) and DAPI (Solarbio, Beijing, China) for 5 minutes
in the dark at room temperature. The images were viewed and re-

corded with a fluorescence microscope (Olympus, Japan).

2.12 | Immunofluorescent staining

Sections were washed with PBS for 5 minutes and then fixed in
4% paraformaldehyde for 10 min at room temperature. All washes
(3 x 10 minutes) between stages were performed in PBS. After the
sections had been permeabilized with .2% Triton X-100 (Sigma) in
PBS for 5 minutes, potential non-specific binding sites were blocked
with antibody dilution buffer (2% goat serum [Sigma] and 1% IgG-
free BSA [Sigma] in PBS) for 20 minutes at room temperature.
Sections were then incubated with UT-B antibodies (1:400, Santa
Cruz Biotechnology) overnight at 4°C. After washing, the sections
were then incubated with secondary antibodies for 1 hour at room
temperature. Following the final washing step, the glass cover-
slips were mounted upside down on clean microscope slides with
Fluorescence Mounting Medium (DAKO).

2.13 | Western blot analysis

B16 cells were harvested and washed with cold PBS. Cells and tumor
tissue were lysed in RIPA Buffer (Boston BioProducts, Ashland,
MA, USA) containing protease inhibitors (Sigma). The supernatant
was obtained by centrifugation at 15 000 g for 20 minutes at 4°C.
Protein concentration was determined using the BCA Protein Assay
Kit (Thermo Fisher Scientific). We loaded the loading buffer and
boiled the mixture for 10 minutes. Total protein extract (300 ug) was
used for immunoblot analysis. The same amount of protein sample
(30 pg) was separated by 12% SDS-PAGE gel and transferred to
PVDF membrane (Millipore, Billerica, MA, USA). Membranes were
blocked in blocking solution (non-fat milk in 1x TBST) for 1 hour at
room temperature and incubated with the primary antibody at an
appropriate concentration overnight at 4°C. The membrane was
washed 3 times with TBST and Western Lightning-ECL from Pierce



LIU ET AL.

ECL Western Blotting Substrate (Thermo Fisher Scientific) for de-
tection. The following primary antibodies were used in this study:
anti-BCL2 (Cell Signaling Technology CST, Danvers, MA, USA;
product number 60178-1), anti-BAX (Cell Signaling Technology
CST, Danvers, MA, USA; product number 50599-2), anti-MDM?2
(Proteintech Group, Wuhan, China; product number 19058-1), anti-
p53 (Proteintech Group, Wuhan, China; product number 10442-1), -
actin (Proteintech Group, Wuhan, China; product number 66009-1),
anti-p21 (Proteintech Group, Wuhan, China; product number 10355-
1), anti-phospho-AKT (Arigo, Taiwan; product number ARG51559)
and anti-UT-B (Santa Cruz Biotechnology). The primary antibodies
used in this study were: anti-NDUFV1, anti-CYC1, anti-COX7C,
anti-SOD2, anti-HSP60, anti-ATP5F1 and anti-COXIV (Proteintech
Group, Wuhan, China; product numbers: 11238-1, 10242-1, 11411-
2, 24127-1, 15282-1, 15999-1 and 11242-1). p-actin used as an en-
dogenous control and COXIV as mitochondrial control. The density
of the bands was analyzed using image analysis software (IMAGE J).

2.14 | Isolation of the mitochondria

Mitochondrial proteins were extracted using a cell mitochondrial
separation kit (Beyotime Biotechnology). B16 cells were transfected
with pcDNA3.1 and pcDNA3.1-UT-B, and 5 x 10’ cells were col-
lected after 48 hours. Next, 1 mL of a mixture of separation reagent
and PMSF (1 mmol/L) was added to 50 million cells, which were
gently mixed and left in an ice bath for 10-15 minutes. The cell sus-
pension was transferred to a suitable sized glass homogenizer and
homogenized. Then, 2 uL of the cell homogenate was taken, and
30-50 pL trypan blue staining solution was added. After mixing, the
proportion of trypan blue-stained cells was observed under a micro-
scope. When the staining ratio reached 50%, the cells were homog-
enized at 600 g for 10 minutes at 4°C. The supernatant was then
carefully transferred to another centrifuge tube and centrifuged at
11 000 g for 10 minutes at 4°C to precipitate cellular mitochondria.
The supernatant was then collected and centrifuged at 12 000 g for
10 minutes at 4°C to separate the mitochondrial cytoplasmic protein.
Next, 150 pL of PMSF was added to the mitochondria. After incuba-
tion on ice for 30 minutes, the lysate was centrifuged at 12 000 g for

10 minutes at 4°C to obtain mitochondrial protein.

2.15 | Oxygen consumption rate extracellular
acidification rate

The oxygen consumption rate (OCR) and extracellular acidification
rate (ECAR) assay kits were MitoXpress Xtra and pH-Xtra assay kits,
purchased from Luxcel Biosciences (Cork, Ireland ). We examined
the oxygen consumption and glycolysis of transfected B16 cells ac-
cording to the instructions.

2.16 | Animal experiments

Salmonella typhimurium A1-R (S. typhimurium A1-R) attenuated by
leu and arg auxotrophy has been shown to target multiple types of
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cancer in mouse models.’® We used the Gene Pulser Transfection
Apparatus (Bio-Rad, 1652100, California, USA) to transfer plasmids
into competent attenuated S. typhimurium. The instructions indi-
cated that the electrophoretic conditions for attenuated S. typhimu-
rium were the same as for E. coli, so we performed the test according
to section 6.1 (E. coli) in the instructions. After many tests, we con-
cluded that the optimal condition for the electrotransfer of attenu-
ated Salmonella is 2.5 KV and 25 pF. We introduced plasmid into
attenuated S. typhimurium (PQ) by electrical transfection method to
generate PQ-UT-B bacteria (PQ-U) for subsequent experiments. At
the same time, the control group was transfected with the empty
plasmid pcDNA3.1.

This animal study was approved by the Animal Ethics Review
Committee of Basic Medical Sciences, Jilin University in accor-
dance with the regulations of the Institutional Committee for the
Care and Use of Laboratory Animals of the Experimental Animal
Center of Jilin University. Mice were housed under a 12/12 hour
light/dark cycle in an air-conditioned room at 22 + 2°C with free
access to food and water. Eleven-week-old C57 male mice were
purchased from the Beijing Academy of Medical Sciences Animal
Research Center. A total of 18 mice, each weighing 18-22 g, was
used. Each mouse was injected with 100 pL cell suspension con-
taining 3 x 10 B16 cells. The route of injection of B16 cells into
mice is subcutaneous injection. When the tumor size was 3-5 mm,
the mice were divided into 3 groups. Mice were injected through
the tail vein with 5 x 10° cfu of PQ, PQ-pcDNAS3.1 or PQ-UT-B.
We measured tumor size and mouse weight every other day.
Tumor size was measured by calipers, and tumor volume was
calculated using the following formula: V = (length)? x (width)/2.
After tumor injection for 14 days, mice were killed by intraperi-
toneal administration of an anesthetic drug cocktail (240 mg/kg)
followed by cervical dislocation. Tumor tissue was removed for
subsequent testing. Each tumor tissue was divided into 2 parts: 1
part was frozen at -80°C degrees for protein and RNA extraction,
and the other part was fixed in 4% paraformaldehyde for immuno-
fluorescent staining.

2.17 | Statistical analysis

All the presented data were confirmed in a minimum of 3 inde-
pendent experiments and expressed as the mean + SD. Statistical
analyses were performed using SPSS version 17.0. One-way ANOVA
followed by the Newman-Keuls test was used to compare the differ-
ences between pcDNA3.1 and pcDNA3.1-UT-B. P < .05 was consid-

ered to indicate a statistically significant difference.

3 | RESULTS

3.1 | Urea transporter B expression in human
melanoma tissue

To investigate the differences in UT-B expression in skin tumors, we
obtained cancer tissue from 4 melanoma patients. Melanoma tissue
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(A)
DAPI MERGE

FIGURE 1 Urea transporter B (UT-B) expression in human
melanoma. Three of four tissue samples did not express UT-B.

A, The numbers represent 4 different melanoma tissues from 4
different melanoma patients. B, Immunofluorescence experiments
were performed on normal human skin and tumors using anti-UT-B
antibodies and cell nucleus marker DAPI. Blue: DAPI staining; red:
UT-B protein staining. Scale bar = 10 pm

() M PCDNA3.1 UT-B (B)

was lysed, and extracts were subjected to RT-PCR. Three samples
did not express UT-B (Figure 1A), and immunostaining of normal
human skin and patients’ melanoma tissue showed that UT-B was
expressed in the normal skin, while UT-B expression was weak in
tumors (Figure 1B). The expression of UT-B has been reported in the
skin,® inferring that UT-B levels may be related to the development
of melanoma. Thus, the next step was to study whether UT-B has an

effect on melanoma.

3.2 | Urea transporter B overexpression
repressed cell proliferation, clonogenic capacity and
migration of B16 cells

We selected UT-B non-expressing B16 cells and transfected them
with pcDNA3.1 and pcDNAS3.1-UT-B to study the effect of UT-B
on melanoma that does not express UT-B. To assess the validity
of our model system, we first investigated mRNA and protein lev-
els upon pcDNAS3.1-UT-B transfection. B16 cells transfected with
pcDNAS3.1-UT-B were lysed at 48 h after transfection, and extracts
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FIGURE 2 Urea transporter B (UT-B)
overexpression represses cell proliferation
and clonogenic capacity of B16 cells. (A)
mRNA levels and (B) protein levels of
UT-Bat 48 hours post-transfection and
densitometric quantification of proteins
normalized to p-actin. C, B16 cells seeded
onto chamber slides were transfected
with pcDNA3.1-UT-B for 48 hours

and immunofluorescent staining was
performed using anti-UT-B antibodies
and cell nucleus marker DAPI. Blue: DAPI
staining; red: UT-B protein staining. Scale
bar = 10 pm. D, MTT cell viability in B16
cells. B16 cell proliferation after 24 and
48 h transfection as measured by MTT
assay. E, Colonies generated after 10 days
of incubation in methylcellulose-based
medium. F, Graphs with quantitative

data for the colony formation assay,
respectively. G, The MTT assay detects
the effect of the UT-B inhibitor PU14 on
overexpression of UT-B cells. *P < .05,
**P < .01 vs pcDNAS.1 group or U+PU14

72h group
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were subjected to RT-PCR and western blot analysis. As shown in
Figure 2A,B, the mRNA and protein levels of UT-B in B16 cells were
significantly increased after transfection compared with B16 cells
transfected with the control vector (pcDNA3.1). Immunostaining
of B16 cells transfected with pcDNA3.1-UT-Bover for 48 hours
showed an increase in UT-B in the cytoplasm and cell membrane
(Figure 2C). Cell viability was detected by MTT assay. After UT-B
was overexpressed in B16 cells, cell proliferation was decreased by
31.5% and 67.6% at 24 and 48 hours, respectively (Figure 2D). In ad-
dition, we performed colony formation assays to determine whether
overexpression of UT-B impaired the clonogenic capability of B16
cells (Figure 2E,F). The number of colonies generated from indi-
vidual cells was drastically reduced in UT-B-transfected B16 cells.
To further confirm the inhibitory effect of UT-B on B16 cells, UT-B
inhibitor PU14" was added while transfecting UT-B-PC-DNA3.1.

- 3
Cancer Science ulia

Overexpression of UT-B with the addition of UT-B inhibitors can
attenuate UT-B-induced apoptosis to some extent (Figure 2G).
Overexpression of UT-B may cause irreversible damage to the cells,
so the addition of the inhibitor did not completely rescue cell sur-
vival, which may also be related to the fact that the inhibitor does
not completely inhibit UT-B function. These data, together with the
results from Figure 2, suggested that UT-B plays an inhibitory role in

cell proliferation and clonogenic capacity of B16 cells.

3.3 | Urea transporter B overexpression induced
B16 cell apoptosis

To investigate the mechanism of UT-B overexpression in B16 cells,
we detected apoptosis in cells transfected with pcDNA3.1-UT-B
for 48 hours by flow cytometry, demonstrating that apoptotic cell
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numbers were increased (Figure 3A,B). Meanwhile, western blotting
showed that the expression of apoptotic proteins cleaved caspase-3
and BAX was increased, and the expression of BCL-2 was decreased
(Figure 3C,D). Hoechst staining showed that after transfection with
pcDNAS3.1-UT-B, the number of cells undergoing apoptosis was in-
creased (Figure 3E,F). In Figure 3E, the red arrow points to the apop-
totic cell. The caspase inhibitor ZVAD was added half an hour before
overexpression of UT-B in B16 cells. Flow cytometry and Hoechst
results showed that ZVAD attenuated UT-B-induced B16 cell death
and did not completely rescue cell death (Figure 3G-J), suggesting
that overexpression of UT-B may induce cell death through the
apoptotic pathway, and may also induce cell death through other
pathways.

3.4 | Urea transporter B overexpression increased
intracellular reactive oxygen species and reduced
mitochondrial membrane potential in B16 cells

Reactive oxygen species accumulation of cells induces cytotox-
icity, so we next investigated whether intracellular ROS changes
following UT-B overexpression. Using flow cytometry to detect
DCFH-DA fluorescent probe, we demonstrated that ROS was sig-
nificantly increased following transfection with pcDNA3.1-UT-B
compared with the control group (Figure 4A,B). ROS fluorescence
assay also showed an increase in ROS production after overex-
pression of UT-B in B16 cells (Figure 4E). We examined mito-

chondrial membrane potential using JC-1, a mitochondria-specific
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fluorescent probe that exhibits potential-dependent accumulation
in mitochondria with a concomitant shift in the peak of emission
spectrum from green (=529 nm) to red (=590 nm). At the same
time, mitochondrial membrane potential was found to be reduced
(Figure 4C,D). A preliminary explanation is that mitochondrial
function was decreased after transfection with pcDNA3.1-UT-B.

3.5 | Urea transporter B overexpression attenuated
mitochondrial function and affected the metabolism

Mitochondrial dysfunction plays an important role in carcinogenesis
and the effects of downstream pro-apoptotic proteins.** To further
study the changes in mitochondrial function after transfection with
pcDNAS3.1-UT-B, we analyzed oxygen-free radical scavenging en-
zymes representing complexes I, I, IV and V of the mitochondrial
respiratory chain, NDUFV1, CYC1, COX7C and ATP5F1, respec-
tively, and superoxide dismutase 2 (SOD2), by western blotting. The
results showed that NDUFV1, CYC1, COX7C and ATP5F1 expres-
sion was downregulated after transfection with pcDNA3.1-UT-B
(Figure 5A,B). The expression of HSP60 and SOD2 was also down-
regulated (Figure 5C,E). These results indicate that after transfec-
tion with pcDNAS3.1-UT-B, B16 cells lack mitochondrial complex
subunits and have disordered electron transfer, which may account
for the increase in ROS and the reduced mitochondrial membrane
potential. In addition, it has been shown that some of the stress sig-
nals mediated and regulated by BCL-2 family proteins result in mi-

tochondria releasing cytochrome c.'® This is, indeed, the first step

PCDNA3.1 UT-B

FIGURE 4 Generation of intracellular
reactive oxygen species (ROS) and
mitochondrial membrane potential
(/A\W¥m). (A, B) ROS was increased and (C,
D) mitochondrial membrane potential was
decreased in B16 cells after transfection
for 48 h. Indicated mitochondrial oxidative
phosphorylation dysfunction and ATP
insufficiency in the transfected B16 cells.
E, The amount of ROS produced in the
cells was observed under a microscope.
*P < .05 vs pcDNA3.1 group

PCDNA3.1

UT-B
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in the intrinsic pathway of apoptosis.* Figure 3 shows that after
transfection with pcDNA3.1-UT-B, the expression of BCL-2 protein
was decreased and the expression of BAX protein was increased.
In addition, the results showed that the expression of CYC1 cyto-
plasmic protein was increased (Figure 5D,F), indicating that the
mitochondrial membrane potential may be reduced. These results
suggest that the release of CYC1 from the mitochondria to the cy-
toplasm after transfection with pcDNA3.1-UT-B initiates the mi-
tochondrial apoptotic pathway to induce cell death. To determine

mitochondrial function, we examined the mitochondrial OCR and
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found that it was significantly decreased in B16 cells transfected
with pcDNAS3.1-UT-B (Figure 5G), further confirming mitochondrial
dysfunction. In B16 cells, after overexpression of UT-B, the expres-
sion of the glucose transporter GLUT1 was decreased and glucose
uptake was reduced (Figure 51,J,K). Decreased OCR indicates a de-
crease in oxygen consumption and a decrease in aerobic respiration
(Figure 5G). ECAR decreased (Figure 5H), indicating that lactic acid
production was reduced and glycolysis was weakened. The expres-
sion of the mRNA of the fat synthesis key FASN and SREBP1 is re-

duced (Figure 5L). In conclusion, overexpression of UT-B in B16 cells
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acidification rate decreased after
transfection with pcDNA3.1-UT-B. |, J,
GLUT1 protein levels were determined by
western blot analysis. K, The amount of
glucose uptake in the cells is reduced. L,
RT-PCR experiments showed decreased
expression of fat synthase FASN and
SREBP1. *P < .05, **P < .01 vs pcDNA3.1
group
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affects cell metabolism. The above metabolic processes are carried
out in mitochondria, and the effect of expressing UT-B on metabo-
lism must be achieved by affecting the enzyme or protein function
in the mitochondria. Conversely, these metabolic changes can also
affect the function of mitochondria.

3.6 | Urea transporter B overexpression induced
apoptosis through the p53 pathway

Studies show that many anti-cancer drugs can induce apoptosis in
cancer cells through a variety of pathways, partly through the activa-
tion of p53.17Y? We examined whether apoptosis of B16 cells trans-
fected with pcDNA3.1-UT-B is associated with p53. Activated AKT
enhances MDM2-mediated ubiquitination and p53 degradation.?°
We detected increased p53 expression in B16 cells transfected with
pcDNA3.1-UT-B (Figure 6). Furthermore, we found that upstream P-
AKT and MDM2 expression was decreased, and downstream p21
expression was increased (Figure 6). Therefore, transfection with
pcDNA3.1-UT-B may result in p53 activation to promote apoptosis.

3.7 | Urea transporter B overexpression inhibited
B16 tumor growth in vivo

To further study the effect of UT-B on B16 cells, we conducted an
in vivo experiment. B16 xenograft mouse models were then used
to determine the function of UT-B in vivo. We found that UT-B was
expressed in mouse skin but not in the PQ group tumors (Figure 7A).
Urea transporter B overexpression inhibited tumor growth in vivo
(Figure 7B,C). PQ-U group tumor volume and weight were signifi-
cantly reduced (Figure 7D,E). Urea transporter B expression was
detected in PQ-U tumors (Figure 7F,G). Consistent with in vitro
experiments, p-AKT, MDM2 and BCL-2 protein expression was de-
creased, and p53, p21 and BAX expression was increased in PQ-U
tumors (Figure 7H). Furthermore, UT-B overexpression may induce
B16 cell death by activating p53 and mitochondrial apoptosis. In ani-
mal experiments, the expression level of UT-B in mouse B16 tumors
was significantly lower than that in mouse skin, which is consistent
with the results of human tissue in Figure 1, indicating that UT-B
expression changes during melanoma development, and UT-B may
be involved in the development of melanoma. Both in vitro and in
vivo experiments have shown that overexpression of UT-B in tumors
inhibits tumor cell growth, so UT-B may play an important role in

tumor development.

4 | DISCUSSION

To date, limited studies have shown that UT-B expression in blad-
der urothelial carcinoma cells is reduced or absent and that its ex-
pression is closely related to tumor grade and pathology. Low UT-B
expression may be associated with the incidence, progression and
aggressiveness of bladder urothelial carcinoma.” Urea transporter B
is expressed in normal skin,® but we found that it was absent in B16

melanoma cells. Therefore, we hypothesized that UT-B expression
may be associated with melanoma progression.

To study the role of the UT-B in the development and progression
of melanoma, we overexpressed UT-B in Bl6 cells. After transfection
with pcDNA3.1-UT-B, the proliferation, migration and clonogenic
capacity of B16 cells were decreased and apoptosis was increased.

Urea transporter B is a membrane channel protein that is in-
volved in the transmembrane transport of urea following the urea
gradient. Urea is the final product of protein metabolism. Changing
the expression of UT-B on the membrane will affect the instanta-
neous concentration of urea inside and outside the cell, thereby
affecting cell energy metabolism. In B16 cells, after transfection of
the UT-B-PC-DANS3.1 plasmid, the expression level of UT-B in B16
cells was increased. Urea in the cell may flow out of the cell through
UT-B, promoting urea circulation. It has been reported in the litera-
ture that inhibition of the urea cycle allows more aspartic acid to be
used in pyrimidine synthesis and promotes tumor cell proliferation.?!
Aspartic acid produced by glucose metabolism in tumor cells is used
in the urea cycle, and citric acid produced by glucose metabolism is
related to lipid metabolism. Arginine is produced by 2 urea cycles,
and arginine changes in melanoma affect glucose metabolism and
lipid metabolism.?? Therefore, we suspect that overexpression of
UT-B in B16 cells changes the instantaneous concentration of urea,
affecting the relevant urea cycle, which, in turn, affects glucose
metabolism and lipid metabolism. Metabolic reprogramming is the
energy basis of cancer cell proliferation and metastasis. We are the
first to report that when UT-B-expressing skin cells are transformed
into melanoma cells, UT-B expression is decreased or completely ab-
sent; this change may be one of the requirements of tumor cell me-
tabolism reprogramming and unrestricted proliferation. Therefore,
in this study, re-expression of UT-B in melanoma B16 cells affected
the proliferation of tumor cells, possibly through urea-related
metabolism.

After transfection with pcDNA3.1-UT-B, the mitochondrial mem-
brane potential of B16 cells was also decreased, revealing mitochon-
drial dysfunction in these cells. The expression of NDUFV1, CYC1,
COX7C and ATP5F1, which represent mitochondrial complexes I, IlI,
IV and V, respectively, is decreased, and OCR was decreased, fur-

ther indicating that mitochondrial function was impaired. In cardiac
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FIGURE 6 Changesin P-AKT/p53 protein levels after
transfection with pcDNA3.1-UT-B. A, AKT, P-AKT, p53, MDM2
and p21 protein levels were determined by western blot analysis.
B, Densitometric analysis of protein bands. *P < .05 vs pcDNA3.1
group
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analysis. *P < .05 vs pcDNAS3.1 group

myocytes, the absence of UT-B could cause mitochondrial dysfunc-
tion.® Taking these results together, we suggest that moderate UT-B
expression is an important condition for cells to maintain mitochon-
drial function.

Various ROS are harmful byproducts of mitochondrial respira-
tion. The formation of mitochondrial ROS is an important component
of cell metabolism and plays an important role in cell physiology.?
Increased ROS is responsible for the accumulation of ROS-related
lesions in DNA, proteins and lipids, which may lead to progressive
cell dysfunction, resulting in apoptosis. In our experiment, in B16
cells transfected with pcDNA3.1-UT-B, intracellular ROS was clearly
increased; the toxic effect of ROS accumulation may be a cause of
death of B16 cells after transfection with pcDNA3.1-UT-B. However,
some results suggest that ROS is an important factor in reducing
A\pm.24 After UT-B is overexpressed in B16 cells, mitochondrial dys-
function occurs and ROS production increases; one promotes the
other to form a vicious cycle.

Activation of p53 induces cell cycle arrest and apoptosis in cells,
rendering some cells resistant to radiotherapy and chemother-
apy.25"26 After transfection with pcDNA3.1-UT-B, the expression
of p53 increased, which may have induced apoptosis of B16 cells.

P21 | m—
BAX | —
BOL-2 [ ——|
B-actin -—-——'|

MDM2 binds to p53, preventing it from participating in transcrip-
tion and inducing its degradation.27'28 Some groups have begun to
develop small molecules that can specifically regulate p53 activity.
Small molecule inhibitors such as the analogs of MI-219 and Nutlin-3
inhibit the interaction of MDM2 and p53, releasing wild-type p53
and inducing apoptosis in cancer cells.?” Our results show that after
transfection with pcDNA3.1-UT-B, MDM2 expression was reduced
and downstream p21 expression was increased, confirming the
activation of p53. In addition, activation of AKT promotes nuclear
entry of MDM2, decreases cellular levels of p53, and decreases p53
transcriptional activity, promoting cell survival and cell cycle pro-
gression.’® We detected a decrease in p-AKT expression, further
confirming p53 activation after transfection with pcDNA3.1-UT-B.
It has been reported that p53 translocates to the mitochondria
and binds to BCL-2 or BCL-XL, thereby allowing BAX to dissociate

31,32

and oligomerize and translocate to the mitochondrial outer

membrane. It then causes mitochondrial outer membrane perme-
abilization, releasing cytochrome C and inducing apoptosis.®>* In
this study, after transfection of B16 cells with pcDNA3.1-UT-B, cy-
tochrome C was released from mitochondria; downregulated BCL-2

and upregulated BAX levels were related to melanoma cell apoptosis,
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presenting further evidence that the p53 pathway is activated when
UT-B is overexpressed in B16 cells.

p53 is an important guardian of the genome; its expression is
induced by chemical or radiation exposure and other stress condi-
tions.®> Chowdhury et al reported that mitochondrial functional de-
fects induced TP53 gene expression when HCT colon cancer cells
were treated with respiratory inhibitors.3¢ In this experiment, mi-
tochondrial damage induced by overexpression of UT-B may be a
result of p53 activation. However, the mechanism by which UT-B
overexpression in a UT-B-absent melanoma cell line induces mito-
chondrial dysfunction and apoptosis requires further study.

This is the first known report to date to describe the role of UT-B
protein in skin. We have confirmed the role of UT-B in the development
of skin melanoma, and how changes in UT-B function may seriously
affect the long-term health of skin. These studies not only contribute
to our understanding of skin lesion development but may also improve
knowledge of other cancer types. Further research is needed to elu-
cidate the physiological role and mechanism of UT-B in human skin.
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