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ABSTRACT
Melanoma is one of the most aggressive cancers with poor overall survival. To date, there are still few effective
methods for the treatment of melanoma. TRIM14 was previously reported to be an important oncogene in
many tumors. Nevertheless, the roles of TRIM14 in melanoma remain unknown. In this study, we found that
TRIM14 was abnormally upregulated in melanoma cell lines. Knockdown of TRIM14 suppressed melanoma cell
proliferation, migration, invasion, epithelial-mesenchymal transition, and melanin synthesis. Overexpression of
TRIM14 had opposite effects on the cellular functions of melanoma cell lines. Further study revealed that
TRIM14 knockdown increased PTEN protein levels, which in turn inactivated AKT and STAT3 pathways.
Moreover, blocking AKT or STAT3 pathway with a specific inhibitor could partially reverse the promotion of
melanoma malignancy mediated by TRIM14 overexpression. In addition, in vivo assay also supported the above
findings. These results indicated that TRIM14 might be a promising target for melanoma treatment.

INTRODUCTION

invasion, and suppresses cellular senescence [9]. In
addition, TRIM25 targets the Keap1-Nrf2 pathway to
regulate cell proliferation and survival of hepatocellular
carcinoma [10]. Furthermore, TRIM4, TRIM16,
TRIM17, TRIM28, and TRIM31 have also been shown
to play crucial roles in melanoma [11–14]. Thus, to
deeply explore the roles of the TRIM family is
meaningful for the targeted therapy of melanoma.

Melanoma is one of the most aggressive diseases with
poor overall survival [1]. According to statistics, there are
over 73,000 cases of melanoma newly diagnosed per year
with an overall upward trend in the United States [2].
Despite aggressive treatments like surgery, chemotherapy,
and radiotherapy, there is no obvious impact on improving
the overall survival of patients with melanoma [3]. In
recent years, targeted therapy and immunotherapy have
been proved to improve the prognosis of patients with
melanoma, especially metastatic melanoma [4, 5].

TRIM14, one member of the TRIM family, has been
proven to function as an important oncogene. Xu et al.
reported that TRIM14 was aberrantly upregulated in
human osteosarcoma tissues and cell lines. High TRIM14
expression generally means a poor survival of patients.
Overexpression of TRIM14 promoted tumor cells
proliferation and invasion through the AKT pathway [15].
In colon cancer, TRIM14 promoted cancer cell invasion by
targeting the SPHK1/STAT3 pathway [16]. In breast
cancer, TRIM14 enhanced tumor cell proliferation via
inhibiting apoptosis [17]. Moreover, TRIM14 also

TRIM proteins represent an ancient protein family,
including at least 77 TRIM proteins in humans. TRIM
family, as one of the largest subfamilies of ubiquitin E3
ligases, has been reported to govern tumor development
and progression [6, 7]. In colorectal cancer, TRIM23
acts as an oncogene and contributes to carcinogenesis
[8]. In glioma, TRIM21 promotes cell growth, cell

www.aging-us.com

13225

AGING

participated in regulating glioma chemoresistance and
epithelial-mesenchymal transition [18, 19]. Nevertheless,
the roles of TRIM14 in melanoma remain unknown.

serum until it was about 100% confluence. 10 µl pipette
tips were used to scratch cell monolayer in a straight
line and then cells were washed with PBS three times.
Cells were cultured in DMEM without fetal bovine
serum for 48 h and the wound width was imaged to
detect the capacity of tumor cell migration.

In the present study, we found that TRIM14 is upregulated
in melanoma cell lines compared with normal cells.
Knockdown of TRIM14 inhibits tumor cell proliferation,
clone formation, invasion, cycle arrest, and melanin content
of melanoma cells. The overexpression of TRIM14 does
the opposite function. In addition, PTEN/PI3K/AKT and
STAT3 pathways participate in regulating TRIM14induced melanoma development and progression. Finally,
tumor formation in nude mice also showed that TRIM14
could regulate melanoma tumor growth.

Transwell invasion assay
For invasion assay, the pretreated cells were resuspended
in serum-free DMEM, and a cell suspension containing 5
× 104 pretreated cells (total volume 200 μL) were seeded
on the upper chamber coated with Matrigel and 600 μL
DMEM medium with 10% serum was added to the lower
chamber. Cells were incubated using 24-well transwell
plates for 48 h. Then cells were in sequence fixed in 4%
paraformaldehyde and stained by crystal violet for a
certain time. Finally, the number of the invasive cells was
counted under a microscope.

MATERIALS AND METHODS
Cell culture and transfection
The human epidermal melanocytes (HEMa-LP) and
melanoma cell lines (A375, SK-MEL-24, WM451,
WM35) were purchased from the American Type Culture
Collection (Manassas, VA, USA) and incubated with
DMEM medium containing 10% fetal bovine serum in an
incubator at 37°C. When the cell confluence was over
80%, melanoma cells were seeded in 6-well plates and
cultivated for 24 h before transfection. After that,
melanoma cells were transfected with TRIM14 knockdown (siRNA-TRIM14) or overexpression (Oe-TRIM14)
plasmid and their corresponding negative controls
(siRNA-NC or Oe-TRIM14) for the indicated time, and
then they were used for the following assays.

Real-time PCR
Total RNA was extracted from treated melanoma cells by
Trizol buffer according to the manufacturer's instructions.
According to the manufacturer’s protocol of the
Quantitative Reverse Transcription Kit and SYBR Green
PCR Kit, the mRNA levels of related genes were
evaluated by RT-qPCR. The relative quantification of
each gene expression was calculated via normalization
against GAPDH using the 2-ΔΔCT method.
Western blot assay
Total proteins of pretreated melanoma cells were
extracted by Radio-Immunoprecipitation Assay buffer.
50 ng proteins of each sample were injected into a BisTris SDS/PAGE gel and transferred to PVDF
membranes. The membranes were blocked with 5% BSA
for 1 h at room temperature and then incubated with
related primary antibodies overnight. After incubating
with corresponding secondary antibodies and ECL kit,
bands were then analyzed with an imaging system.

CCK-8 assay
For cell viability assay, 2000 pretreated cells were added in
duplicate in 96-well plates and incubated for 24 h at 37°C
with 5% CO2. Then, the proliferation of melanoma cell
was detected at 24, 48, and 72 h with Cell Counting Kit-8
according to the manufacturer’s protocol respectively.
Clone formation assay
The pretreated cells were seeded into 6-well plates at a
density of 800 cells/well and then cultured for 15 days.
The culture medium was changed five times. Fifteen
days later, the cells were washed with PBS three times,
and fixed with 4% paraformaldehyde for 10 min and
stained with 0.1% crystal violet dye for 10 min. Finally,
clone formation of melanoma cells was counted and
photographed under an inverted microscope.

Melanin content of melanoma cells assay

Wound healing assay

Flow cytometry analysis

The pretreated cells were seeded into 6-well plates in
duplicate and cultured in DMEM without fetal bovine

After 48 h of incubation, melanoma cells were collected
and fixed in ice-cold 70% ethanol overnight. After
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The pretreated melanoma cells were added to six-well
culture plates and incubated for 24 h. After that, cells were
harvested and washed three times with PBS buffer (pH 7.2).
Then, the above cells were lysed in 500 μl of 1 M NaOH at
90°C for 1 h. Finally, the lysates were centrifuged at 3000 g
for 10 min and the absorbance was measured at 405 nm.
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washing with PBS, cells were incubated with 1 mg/ml
RNase A at 37°C for 30 min, and stained with
propidium iodide for 30 min in the dark. Cell cycle
distribution was analyzed by flow cytometry with
CellQuest software (Becton Dickinson).

melanoma cell lines (A375, SK-MEL-24, WM451,
WM35) was higher than that in HEMa-LP cells. Further
western blot assay presented a similar result, displaying
that TRIM14 was up-regulated in melanoma cells (Figure
1B). Furthermore, the expression of TRIM14 in
melanoma WM451 and A375 cell lines was the highest.
Thus, WM451 and A375 cell lines were used in the
subsequent knockdown experiments.

Xenograft tumor model in nude mice
Six-week-old male BALB/c nude mice were used in this
assay. The nude mice were assigned to the following
several groups: control; si-TRIM14; Oe-TRIM14; OeTRIM14+LY2940 and Oe-TRIM14+SH-4-54. A375
melanoma cells were transfected with si-TRIM14 or OeTRIM14 plasmid with or without pretreatment of
LY2940/SH-4-54. After that, these cells were made into a
cell suspension and subcutaneously injected into the
marked mouse. The tumor size was recorded and the
tumor volume was calculated as follows: volume = 1/2 ×
length × width2. The tumor was peeled off and weighed
on day 20 to weigh and take pictures, and it was then used
to detect related protein expression using western blot.

Knockdown of TRIM14 suppressed melanoma cell
proliferation
First, we constructed the interference plasmid of
TRIM14 and detected its interference effects. Compared
with control or negative control, levels of TRIM14
expression were lower in TRIM14-1 knockout and
TRIM14-2 knockout group. What’s more, the
expression of TRIM14 in TRIM14-1 knockout group
was lower than TRIM14-2 knockout group (Figure 2A,
2B). Therefore, TRIM14-1 interference plasmid was
selected for subsequent assays. As shown in Figure 2C–
2E, proliferation and clone formation capacity of
WM451 and A375 cell lines were significantly
decreased in the TRIM14 knockdown group compared
with control or negative control. These results
demonstrated that TRIM14 knockdown inhibited
melanoma cell proliferation and clone formation.

Statistical analysis
All the experimental data are expressed as the means ±
SD. SPSS 22.0 software (IBM Corp.) was used for data
analyses. Statistic comparison was performed using the
one-way ANOVA analysis. When a P was <0.05, it was
regarded as statistically significant.

Knockdown of TRIM14 inhibited melanoma cell
migration and invasion

RESULTS
To investigate the roles of TRIM14 in melanoma cells
migration and invasion, wound healing and transwell
assays were performed. Following TRIM14 silencing,
the scratch area did not reduce and number of invasive
cells decreased in comparison to control or negative
control (Figure 3A–3C). In addition, Matrix
Metalloproteinase-2 (MMP-2) and MMP-9 were key

TRIM14 expression was upregulated in melanoma
cells
To explore the expression of TRIM14 in melanoma cells,
RT-qPCR and Western blot assays were performed. As
shown in Figure 1A, mRNA expression of TRIM14 in

Figure 1. TRIM14 was upregulated in melanoma cell lines. The human epidermal melanocytes (HEMa-LP) and melanoma cell lines
(A375, SK-MEL-24, WM451, WM35) were used to detect the mRNA level of TRIM14 using RT-qPCR (A) and the protein expression of TRIM14
using western blot (B). *, **, ***p < 0.05, 0.01, 0.001 vs HEMa-LP.
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proteins of cell invasion, and knockdown of TRIM14 also
reduced levels of MMP-2 and MMP-9 proteins (Figure

3D, 3E). These results revealed that TRIM14 knockdown
suppressed melanoma cells’ migration and invasion.

Figure 2. Knockdown of TRIM14 inhibited melanoma cell proliferation. Both WM451 and A375 cells were transfected with siRNA-NC
and siRNA-TRIM14-1/2, then the protein expression of TRIM14 in each group was measured using western blot (A–B). After transfection, the
cell proliferation was determined using CCK-8 assay (C–D) and clone formation assay (E). *, **, ***p < 0.05, 0.01, 0.001 vs siRNA-NC.
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Inhibition of TRIM14 induced melanoma cell cycle
arrest

TRIM14 promoted cell cycle arrest in G1 phase.
Knockdown of TRIM14 also decreased the expression
of cyclin-dependent kinase 2 (CDK2) and cyclin D1
proteins while increased the expression of Cyclindependent kinase inhibitor p21 in both WM451 and
A375 cells (Figure 4C, 4D). Thus, the above results
suggested that TRIM14 knockdown could regulate cell
cycle distribution by promoting cell cycle arrest in G1
phase.

To further validate the biological function of TRIM14
in melanoma cell cycle, flow cytometry was used to
detect cell cycle. As shown in Figure 4A, 4B,
knockdown of TRIM14 significantly increased cell
population in G0/G1 phase, and decreased the cell
population in S phase, indicating that knockdown of

Figure 3. TRIM14 knockdown suppressed melanoma cell migration and invasion. After transfection in both WM451 and A375 cells,
wound-healing assay and Transwell assay were applied to determine cell migration and invasion abilities, respectively (A–C). The protein
expression of MMP2 and MMP9 in different groups of WM451 and A375 cells were measured using western blot (D–E). Magnification ×100.
***p < 0.001 vs siRNA-NC.
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TRIM14 knockdown inhibited melanin synthesis of
melanoma cells

phosphorylation of PI3K, AKT, and STAT3 protein
expression was decreased following TRIM14
knockdown. These results demonstrated that TRIM14
could regulate PI3K/AKT and STAT3 pathways in
melanoma cells.

To our delight, TRIM14 also had a role in regulating
melanin synthesis in melanoma cells. As shown in
Figure 5A, 5B, compared with control or negative
control, knockdown of TRIM14 suppressed melanin
synthesis of WM451 and A375 cells. This result
indicated that the melanin synthesis of melanoma cells
was also regulated by TRIM14.

Overexpression of TRIM14 promoted melanoma cell
proliferation through AKT and STAT3 pathways
Considering knockdown or overexpression of TRIM14
might play different roles in melanoma cells, we then
constructed the TRIM14 overexpression plasmid. As
shown in Figure 1, the expression of TRIM14 in A375
cells was the lowest among melanoma cell lines, and
thus the A375 cell line was chosen for overexpression
experiments. We could observe that the TRIM14
overexpression plasmid was constructed successfully
(Figure 7A). After that, melanoma cells were pretreated
with LY294002, an AKT pathway inhibitor, or SH-454, a STAT3 pathway inhibitor, and then transfected
with TRIM14 overexpression plasmid. As shown in
Figure 7B, 7C, overexpression of TRIM14 significantly
promoted growth and clone formation capacity of

Knockdown of TRIM14 inhibited PI3K/AKT and
STAT3 pathways activation
Previous studies reported that TRIM14 colocalizes
PTEN in the cytoplasm and induces PTEN
ubiquitination to suppress activation of PI3K/AKT and
STAT3 pathways [15, 16, 20]. In A375 cells, we
silenced TRIM14 and detected related protein
expression. As shown in Figure 6, inhibition of TRIM14
increased levels of PTEN protein. We noticed that
TRIM14 had no evident impact on total PI3K, AKT,
and
STAT3
protein
expression.
However,

Figure 4. Knockdown of TRIM14 induced melanoma cell cycle arrest. After transfection, both WM451 and A375 cells were collected
for cell cycle distribution analysis using flow cytometry assay (A–B). The expression of cell cycle-related proteins (p21, cyclin D1, CDK2) were
detected using western blot (C–D). ***p < 0.001 vs siRNA-NC.
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melanoma cells, while blocking AKT or STAT3
pathway partially reversed the promotion of melanoma
cell proliferation mediated by TRIM14. These results

revealed that overexpression of TRIM14 could activate
AKT and STAT3 pathways to regulate melanoma A375
cell proliferation.

Figure 5. TRIM14 knockdown downregulated melanin synthesis of melanoma cell. After transfection, the melanin synthesis
abilities of different groups in both WM451 and A375 cells were measured (A–B). ***p < 0.001 vs siRNA-NC.

Figure 6. Knockdown of TRIM14 inactivated AKT and STAT3 pathways. A375 cells were transfected with siRNA-NC and siRNATRIM14, respectively. The protein expression of PTEN, p-PI3K/PI3K, p-AKT/AKT, p-STAT3/STAT3 was detected using western blot. **,
0.01, 0.001 vs siRNA-NC.
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TRIM14 overexpression enhanced melanoma cell
migration and invasion via AKT and STAT3 pathways

pathway participated in regulating melanin synthesis of
melanoma A375 cells mediated by TRIM14. As shown in
Figure 9, compared with control or negative control,
TRIM14 overexpression increased levels of melanin
synthesis of melanoma cells. However, when AKT or
STAT3 pathway was blocked, levels of melanin synthesis
of melanoma cells mediated by TRIM14 overexpression
were decreased. These results demonstrated that TRIM14
overexpression promoted the synthesis of melanoma cells
via AKT and STAT3 pathways.

Then, wound healing and transwell assays were
performed to explore impacts of overexpression of
TRIM14 on the migration and invasion of melanoma
cells. Our further wound healing assay showed that
TRIM14 overexpression promoted the migration of
melanoma cells, while inhibition of AKT or STAT3
pathway with specific inhibitors partially abolished the
migration of melanoma cells induced by TRIM14
overexpression. Overexpression of TRIM14 also
increased the number of invasive melanoma cells while
blocking AKT or STAT3 pathway did the opposite
effects (Figure 8A–8C). Furthermore, levels of MMP2
and MMP9 proteins presented similar results (Figure
8D). These results suggested that AKT and STAT3
participated in modulating melanoma cell migration and
invasion that TRIM14 mediated.

TRIM14 overexpression promoted the epithelialmesenchymal transition of melanoma cells by
regulating AKT and STAT3 pathways
During
tumor
cell
development,
epithelialmesenchymal transition played an important role [21].
To know the biological function of TRIM14 in the
epithelial-mesenchymal transition of A375 cells,
melanoma cells were pretreated with AKT or STAT3
specific inhibitors and then transfected with TRIM14
overexpression plasmid. Vimentin, N-cadherin, and Ecadherin were the indicators of epithelial-mesenchymal
transition. As shown in Figure 10, overexpression of
TRIM14 upregulated levels of epithelial-mesenchymal
transition inducers vimentin and N-cadherin and downregulated epithelial-mesenchymal transition inhibitor

Overexpression of TRIM14 increased melanin
synthesis of melanoma cells through AKT and
STAT3 pathways
After confirming AKT and STAT3 pathways were
associated with TRIM14-induced melanoma malignancy,
we then further explored whether AKT or STAT3

Figure 7. Overexpression of TRIM14 promoted melanoma cell proliferation via AKT and STAT3 pathways. A375 cells were
transfected with Oe-NC and Oe-TRIM14, and the protein expression of TRIM14 after transfection was determined using western blot (A).
A375 cells were transfected with Oe-TRIM14 with or without the treatment of LY294002 (an AKT pathway inhibitor) or SH-4-54 (a STAT3
pathway inhibitor). After transfection, cell proliferation ability was determined using CCK-8 assay (B) and clone formation assay (C). **p < 0.01
vs Oe-NC; ###p < 0.001 vs Oe-TRIM14.
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E-cadherin expression. Moreover, blocking AKT or
STAT3 pathway could partially reverse the epithelialmesenchymal transition induced by TRIM14. These

results showed that overexpression of TRIM14 induced
epithelial-mesenchymal transition of melanoma cells
via AKT and STAT3 pathways.

Figure 8. TRIM14 overexpression enhanced melanoma cell migration and invasion through AKT and STAT3 pathways. After
indicated treatment, the migration and invasion abilities of A375 cells were determined using wound-healing assay and Transwell assay,
respectively (A–C). The protein expression of MMP2 and MMP9 was determined using western blot (D). Magnification ×100. ***p < 0.001 vs
Oe-NC; ##, ###p < 0.01, 0.001 vs Oe-TRIM14.
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TRIM14 regulated melanoma tumor
through AKT and STAT3 pathways in vivo

growth

of melanoma induced by TRIM14 overexpression.
Proliferating cell nuclear antigen (PCNA), and Ki67 are
standard markers of proliferation which are commonly
applied to evaluate the growth fraction of cell
population [22]. Then, knockdown of TRIM14
exhibited inhibitory effects on the expression of PCAN,
Ki67, vimentin and N-cadherin, while overexpression of
TRIM14 did the opposite effects, which were partially
abolished by inhibition of AKT or STAT3 pathway
(Figure 11D, 11E). These results revealed the important
roles of TRIM14 in regulating melanoma tumor growth
in vivo.

Finally, A375 melanoma cells were transfected with siTRIM14 or Oe-TRIM14 plasmid with or without
pretreatment of LY2940/SH-4-54. After that, the above
cells were injected into nude mice to explore the roles
of TRIM14 in vivo. As shown in Figure 11A–11C,
knockdown of TRIM14 reduced the size and weight of
tumor, while overexpression of TRIM14 promoted
melanoma tumor growth. What’s more, inhibition of
AKT or STAT3 pathway partially abolished the growth

Figure 9. Overexpression of TRIM14 upregulated melanin synthesis of melanoma cell via AKT and STAT3 pathways. After
indicated treatment, the melanin synthesis abilities of different groups in A375 cells were measured.
Oe-TRIM14.

***p

< 0.001 vs Oe-NC; ###p < 0.001 vs

Figure 10. TRIM14 overexpression induced melanoma cell epithelial-mesenchymal transition through PI3K/AKT and STAT3
pathways. After indicated treatment, the protein expression of vimentin, N-cadherin, and E-cadherin was measured using western blot.
*, **, ***p

< 0.05, 0.01, 0.001 vs Oe-NC; ##, ###p < 0.01, 0.001 vs Oe-TRIM14.
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DISCUSSION

this type of patients has dropped to about 23% [23]. To
date, there are still no effective methods for the
treatment of melanoma. In recent decades, targeted
therapy and immunotherapy have gradually been
considered as promising approaches to melanoma
therapy [24]. In this study, we reported the biological
roles of the oncogene TRIM14 in melanoma. TRIM14

Melanoma is one of the lethal tumors in humans, and
patients with malignant melanoma generally have a
poor overall survival [1]. One of the most common
complications of patients with malignant melanoma is
metastasis to the brain, and the 5-year survival rate of

Figure 11. TRIM14 regulated melanoma tumorigenesis in vivo. A375 melanoma cells were transfected with si-TRIM14 or Oe-TRIM14
plasmid with or without pretreatment of LY2940/SH-4-54. After that, the above cells were injected into nude mice. The tumor was peeled off
and weighed on day 20 to weigh and take pictures (A–B). The tumor growth curve for the animal experiment of each group was recorded and
calculated (C). The tumor tissues were collected and applied to measure the protein expression of PCNA, Ki67, vimentin, and N-cadherin
using western blot (D–E). *, ***p < 0.05, 0.001 vs control; ###p < 0.001 vs Oe-TRIM14.
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was upregulated in melanoma cell lines to promote
melanoma cell proliferation, clone formation, migration,
invasion, and epithelial-mesenchymal transition through
PI3K/AKT and STAT3 pathways.

AKT pathway [30]. In breast cancer, TRIM47 knockdown
suppressed tumorigenesis and progression through
inhibition of ATK pathway [31]. Moreover, it’s reported
that TRIM31 regulated gallbladder cancer cell
proliferation and invasion by suppressing ATK pathway.
These results demonstrate that the TRIM family may
function their roles via a similar manner.

TRIM14, an E3 ubiquitin ligase, belongs to the TRIM
family [25]. Previous studies have reported that TRIM14
acted as an oncogene in many cancers and participated in
regulating tumor malignancy. Our results showed that
TRIM14 was upregulated in melanoma cell lines.
Knockdown of TRIM14 suppressed melanoma cell
proliferation, migration, invasion, and melanin synthesis
of melanoma cells, while TRIM14 overexpression did the
opposite. Furthermore, overexpressed TRIM14 also
promoted tumor cells epithelial-mesenchymal transition.
In gastric cancer, TRIM14 was aberrantly upregulated in
cancer tissues and cell lines. Overexpression of TRIM14
promoted gastric cancer cell invasion and epithelialmesenchymal transition [26]. In glioma, TRIM14 was
overexpressed in tumor tissues and cell lines, and
TRIM14 levels were negatively correlated with the
survival time of glioma patients. TRIM14 promoted
epithelial-mesenchymal transition in glioma cells [18].
Furthermore, up-regulation of TRIM14 was found in
breast cancer cell lines to promote breast cancer cell
proliferation [17]. This research supported our results that
TRIM14 played oncogenic roles in melanoma. However,
in non-small cell lung cancer, TRIM14 was downregulated and functioned as a tumor suppressor to block
tumor cells proliferation [27]. Tumor heterogeneity may
account for this phenomenon [28].

STAT3 pathway was found to be hyperactivated in
many cancers, and aberrant activation generally means a
poor clinical prognosis [32]. In our study, we reported
that STAT3 pathway activation was involved in
melanoma malignancy mediated by TRIM14. The
STAT3 pathway has been shown to participate in the
promotion of colorectal cancer cell invasion induced by
TRIM14 [16]. Previously, Hu et al. found that TRIM14
promoted breast cancer cell proliferation and inhibited
cell apoptosis by targeting the SPHK1/STAT3 pathway
[17]. Furthermore, TRIM14 promoted papillary thyroid
carcinoma cell proliferation via the interaction with
SOCS1, a negative regulator of the STAT3 activation
[33]. The largest difference between the previous
finding and ours was that our results revealed TRIM14
might mediate PTEN degradation to activate STAT3
pathway in melanoma. Nevertheless, the exact
mechanism of how TRIM14 induces PTEN degradation
needs further exploration.
In summary, our study found that TRIM14 was
abnormally overexpressed in melanoma cell lines.
Knockdown of TRIM14 suppressed melanoma cell
proliferation, invasion, and epithelial-mesenchymal
transition through PI3K/AKT and STAT3 pathways.
Inhibition of PI3K/AKT or STAT3 pathway partially
abolished the promotion of melanoma malignancy
induced by TRIM14 overexpression. In vivo assay also
supported the above findings. Our study may provide
some suggestions for the treatment of melanoma.

Previous studies reported that TRIM14 could colocalize
PTEN in the cytoplasm and induce PTEN degradation in
an ubiquitination-dependent manner, which in turn
activate PI3K/AKT and STAT3 pathways [15, 16, 20].
Our results showed that knockdown of TRIM14 increased
levels of PTEN protein. To our delight, AKT and STAT3
pathways were also inhibited following TRIM14
knockdown. These results indicated that AKT and STAT3
pathways might participate in TRIM14 mediated
melanoma malignancy. To further verify this hypothesis,
we constructed the TRIM14 overexpression plasmid. Our
results presented that pretreated melanoma cells with
AKT or STAT3 pathway-specific inhibitor could partially
reverse TRIM14 induced tumor cell proliferation, clone
formation capacity, invasion, epithelial-mesenchymal
transition as well as melanin synthesis capacity.
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AKT pathway is a key mediator in cancer, and once
activated, AKT promotes cellular proliferation, invasion,
and angiogenesis, etc by regulating the function of many
downstream related proteins [29]. Apart from TRIM14, the
AKT pathway was also activated by other TRIM family
members. For instance, TRIM27 enhanced esophageal
squamous cell carcinoma growth via activation of the
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