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Abstract. – OBJECTIVE: The activation of
TGF-ββ signaling contributes to abnormal EMT
process and upstream stimulatory family1
(USF1) was recently found to activate the ex-
pression of TGF-ββ. However, the specific role of
USF1 in melanoma has never been explored.

MATERIALS AND METHODS: The expression
of USF1 was analyzed using real-time PCR and
Western blot. The changes of cell morphology
were observed under a microscope. Cell migra-
tion was determined using in vitro scratch test.
A specific siRNA was applied to knockdown of
USF1.

RESULTS: The mRNA and protein levels of
USF1 were significantly enhanced in melanoma
cell lines, 1205-Lu, DO4, WM3211, and WM278,
compared with normal human melanocytes
PIG1. Overexpression of USF1 induced demon-
strated an elongated and spindle-shaped mor-
phology in the 1205-Lu cells. Meanwhile, USF1
induced the expression of αα-SMA, Vimentin and
Fibronectin, while the epithelial marker, E-cad-
herin (E-cad), was significantly decreased. Fur-
thermore, in vitro scratch test demonstrated that
overexpression of USF1 markedly enhanced
1205-Lu cell migration capacity at 24 h and 48 h.
More importantly, knockdown of USF1 could par-
tially reverse TGF-ββ1-treatment-induced changes
of EMT markers as well as cell morphological
changes.

CONCLUSIONS: We first demonstrate that
overexpression of USF1 prompts the EMT
process through the accumulation of TGF-ββ1
production in melanoma cells.
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Introduction

Melanoma is one of the most life-threatening
malignancies, which is characterized by a poor
prognosis in its advanced stages1. It is estimated
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that melanoma accounts for 80% of skin cancer
deaths2. However, the specific mechanism under-
lying melanoma development and progression
has not been fully elucidated.
The major cause of melanoma mortality be-

longs to the fact that the tumor cells can experi-
ence widespread dissemination to distant sites3,4.
But the process of metastasis remains controver-
sial. Studies5 have suggested that epithelial-mes-
enchymal transition (EMT) is a necessary prereq-
uisite for tumor metastasis. At present, many in-
vestigations6,7 have been performed to explore
the mechanisms of EMT due to the clinical im-
portance of metastasis. Accumulating evidence
has shown that TGF-β signaling pathway plays a
key role in promoting EMT, thereby contributing
to increased tumor invasion8,9. 
The upstream stimulatory family (USF) of

transcription factors belongs to the basic helix-
loop-helix leucine zipper family10,11. A highly
conserved COOH-terminal domain is identified
on the structure of USF, which is responsible for
dimerization and DNA binding12. In the livers,
USFs have been found to widely modulate gene
expression, including L-PK, S-14, fatty acid li-
pase, and osteopontin13. In breast cancer cell
lines, the loss of USF was found to favor rapid
cell proliferation14. Moreover, in the kidney and
livers, an E-box motif (CANNTG or CACGTG)
was identified in the promoter region of the TGF-
β1 gene, which significantly contributes to the fi-
brosis of both organs13,14. However, the specific
role of USF in melanoma has not been explored.
In the present study, we explored the expression
pattern of USF in samples of melanoma patients,
to investigate the role of USF on the development
and progression of melanoma. We hypothesized
that upregulation of USF1 would contribute to
TGF-β1-induced EMT process in the transition
of melanoma.
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Materials and Methods

Cell Culture
1205-Lu melanoma cells were purchased from

Coriell Institute of Medical Research (Camden,
NJ, USA). The DO4, WM3211, and WM278
melanoma cell lines and normal human
melanocytes were obtained from American Type
Culture Collection (Manassas, VA, USA) and
cultured in Roswell Park Memorial Institute
1640 (RPMI-1640) medium. Normal human
melanocytes PIG1 were purchased from Lifeline
Cell Technology and grown in LL-0027 medium
(Lifeline Cell Technology, Walkersville, MD,
USA). All cultures were supplemented with 10 %
fetal bovine serum (FBS), streptomycin (100
mg/ml) and penicillin (100 IU/ml) at 37°C in a
humidified atmosphere containing 5% CO2.

Transient Transfection
Cells were seeded at 106 cells/well in the 6-

well plates. Meanwhile, the siRNA or a non-spe-
cific siRNA (NC) were mixed with HiperFect
transfection reagent (Qiagen, Hilden, Germany)
and incubated at room temperature for 10 min.
Then, the complex was added into the culture
medium for 48 h. 

RNA Extraction and Real-time PCR
The total RNA from cultured cells was isolat-

ed with TriZol (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The
total RNA was reverse transcribed into comple-
mentary DNA (cDNA) with TaqMan RNA Re-
verse Transcription Kit (Applied Biosystems,
Carlsbad, CA, USA). A quantitative real-time
PCR assay was performed using SYBR Green
Supermix (Bio-Rad, Hercules, CA, USA) in a
BIO-RAD iCycleriQ real-time PCR detection
system as previously described15. The primers
used were listed as follows: 

Protein Extraction and 
Western Blot Analysis
Proteins samples were extracted in radioim-

munoprecipitation assay (RIPA) buffer (1% Tri-
tonX-100, 15 mmol/L NaCl, 5 mmol/L EDTA,
and 10 mmol/L Tris-HCl (pH 7.0) (Solarbio,
China) supplemented with a protease and phos-
phatase inhibitor cocktail (Sigma-Aldrich, St.
Louis, MO, USA) and, then, separated by 10%
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), followed by elec-
trophoretic transfer to a PVDF membrane. After

soaking with 8% milk in phosphate buffered
saline and Tween (PBST; pH 7.5) for 2 h at room
temperature, the membranes were incubated with
the following primary antibodies: anti-Smad2,
anti-E-cadherin (E-cad), α-SMA, Fibronectin
(FN), Vimentin (Vi), and anti-GAPDH (Cell Sig-
naling, Danvers, MA, USA). Immunodetection
was performed by enhanced chemiluminescence
detection system (Millipore, Billerica, MA,
USA) according to the manufacturer’s instruc-
tions. The house-keeping gene GAPDH was used
as the internal control.

Migration Assay
Cell migration was identified using in vitro

scratch assays. Firstly, cells were cultured at 105

cells/well in 12-well plates for 24 h. Then, a
pipette tip was applied to create an artificial gap
in the confluent cell monolayer. After transfec-
tion with ad-USF1 or ad-NC for 48 h, the cells
were washed with pre-warmed PBS for three
times to remove the debris. The initial images of
the scratch (0 h) and final images of the scratch
(48 h) were taken with Olympus 1X51 inverted
microscope (Olympus, Tokyo, Japan). The dis-
tance of migration and area covered by migrating
cells were analyzed quantitatively from the ac-
quired images by using Olympus cellS-ens® digi-
tal imaging software and ImageJ software, re-
spectively.

Statistical Analysis
Data were presented as mean ± SD from 3 in-

dependent experiments or 5 mice. Statistical
analysis was carried out with Student’s t-test. p <
0.05 was considered as statistically significant.

Results

Upregulation of USF1 in Melanoma Cells
First, we explored the expression of USF1 in

melanoma cells. Real-time PCR analysis demon-
strated that the mRNA and protein levels of USF1
were significantly enhanced in melanoma cell
lines, 1205-Lu, DO4, WM3211, and WM278,
compared with normal human melanocytes PIG1
(Figure 1A and 1B).

USF1 Enhances Epithelial-Mesenchymal
Transition (EMT) in 1205-Lu Cells
Then, we explored the possible effect of USF1

on the process of EMT in 1205-Lu cells, which
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USF1 markedly enhanced 1205-Lu cell migra-
tion capacity at 24 h and 48 h, respectively (Fig-
ure 2C). 

USF1 Stimulates the Expression of 
TGF-β1 in 1205-Lu Cells
The previous study has shown that USF1

transcriptional activates the expression of USF1
in the livers and kidney. Then, ad-USF1 was
transfected into 1205-Lu cells for 48 h. Western
blot analysis showed that overexpression of
USF1 significantly enhanced the expression
TGF-β1 (Figure 3A). Meanwhile, the down-
stream effectors, including Smad2 andα-SMA,
were also upregulated (Figure 3A). In contrast,
the silence of USF1 with a specific siRNA sig-
nificantly suppressed the expression of TGF-β1
as well as the downstream effectors, Smad2
andα-SMA (Figure 3B). These data suggested
that USF1 could stimulate the expression of
TGF-β1 and the downstream signaling in 1205-
Lu cells.

Silence of USF1 Partially Abolishes TGF-
ββ1-Induced EMT Process in 1205-Lu cells
To further determine whether USF1 prompts

the EMT process in 1205-Lu cells through
stimulating TGF-β1 expression, we treated
1205-Lu cells with si-USF1, TGF-β1 alone or
both. As shown previously, the silence of
USF1 significantly suppressed the TGF-β1 sig-
naling pathway. In comparison, treatment with
TGF-β1 markedly activated the TGF-β1 sig-
naling pathway (Figure 4A). Interestingly,
knockdown of USF1 could partially reverse
TGF-β1-treatment-induced changes of EMT
markers (Figure 4A). Moreover, we also deter-
mined the morphological changes of 1205-Lu
cells. As shown in Figure 4B, TGF-β1-induced
cell morphological changes could be partially
reversed by knockdown of USF1. These data
indicated that USF1 prompted 1205-Lu cell
malignancies mainly by stimulating the expres-
sion of TGF-β1.

Discussion

Skin cancer is one of the most common hu-
man cancers. Although it can be early detected
and treated, the incidence is still increasing16.
TGF-β signaling plays a key role in tissue
homeostasis and cancer progression17. It was
reported that activation of TGF-β signaling
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Figure 1. The level of USF1 was increased in melanoma
cells compared with normal human melanocytes. A, Real
time PCR analysis of USF1 in melanoma cells. B, West-
ern blot analysis of USF1 expression in melanoma cells
compared with normal human melanocytes. n = three in-
dependent experiments, *p < 0.05, **p < 0.01, vs. PIG1.

plays a key role in cancer cell migration. As
shown in Figure 2A, the 1205-Lu cells demon-
strated an elongated and spindle-shaped mor-
phology after transfection with ad-USF1 for 48
h. Meanwhile, Western blot analysis showed that
overexpression of USF1 induced the expression
of mesenchymal markers, including α-SMA, Vi-
mentin and Fibronectin, while the epithelial
marker, E-cadherin (E-cad), was significantly de-
creased (Figure 2B). Furthermore, in vitro
scratch test demonstrated that overexpression of
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contributes to abnormal EMT process8. Recent-
ly, it was reported that a ubiquitously expressed
transcription factor, USF1, was found to bind
an E-box motif (CANNTG or CACGTG) in the
promoter region of the TGF-β gene18,19. Howev-
er, the specific role of USF1 in melanoma has
never been explored.
In the present work, we first demonstrated that

USF1 was significantly upregulated in melanoma
cells compared with normal human melanocytes.
Further study reveals that in human melanoma
cells, overexpression of USF1 enhanced the ex-
pression of TGF-β1, which was associated with
cell migration, loss of E-cad and activation of
Smad2 and α-SMA. Correlated with these obser-
vations, transfection with ad-USF1 induced the
morphological changes of human melanoma
cells. TGF-β1 is considered to be the primary
driver of EMT process and tumor progression.
Interestingly, current studies have demonstrated
that the TGF-β1 production could be markedly
induced by USF120,21. Here, our data was in line

with previous researches and first determined
that USF1 could activate TGF-β1 production and
the downstream signaling.
The TGF-β-SMAD pathway enhances

melanoma progression by controlling different
stages in the process of cancer cell metastasis, in-
cluding epithelial-to-mesenchymal transition
(EMT)22,23. Abnormal EMT transformation en-
hances tumor cells migration from the primary
site into circulation24,25. Several key regulators
are implicated in the process of EMT, including
Smad2, Snail, Slug, ZEB2 and FOXC226-28. The
previous study has shown that overactivation of
TGF-β-SMAD2 signaling suppresses the expres-
sion of E-cadherin via controlling DNA methyla-
tion25,27. Furthermore, enhanced TGF-β expres-
sion was reported to induce vessel invasion,
metastasis, advanced tumor stages and shorter
survival times in patient with melanoma6,29. In
contrast, the suppression of TGF-β signaling was
effective for the suppression of cell migration in
the mouse model30-32. Here, we showed that up-

Figure 2. USF1 enhances EMT in 1205-Lu cells. A, The 1205-Lu cells demonstrated an elongated and spindle-shaped mor-
phology after transfection with ad-USF1 for 48 h. B, The changes of EMT markers after transfection with ad-USF1 were ana-
lyzed using western blot analysis. A, In vitro scratch test demonstrated that overexpression of USF1 markedly enhanced 1205-
Lu cell migration capacity at 24 h and 48 h, respectively. n = three independent experiments, *p < 0.05, **p < 0.01, vs. PIG1.
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regulation of USF1 enhanced melanoma cell mi-
gration through increasing EMT process mainly
by stimulating TGF-β1 expression.

Conclusions

In summary, we first demonstrate that USF1 is
of major importance in mediating the stimulation
of TGF-β1 in melanoma cells. Overexpression of
USF1 prompts the EMT process through the ac-
cumulation of TGF-β1 production.
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