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Abstract: Keratins play multiple significant biological roles in epithelium. Keratin 1 (K1)/keratin 10 (K10) heterodi-
mer is a hallmark for keratinocyte differentiation. While keratins are absent in normal melanocyte, keratins have
been found in both melanoma cell lines and human melanoma. The biological significance of the keratins in mela-
noma cells has remained unclear. In our current study we applied K1 siRNA to investigate the biological signifi-
cance of K1 in B16-F10 melanoma cells. We found that as low as a 16% decrease in the K1 level led to significant
increases in both apoptosis and necrosis of the cells. Moreover, the mild K1 decrease led to significant increases
in both dichlorofluorescein (DCF) and ethidium signals - two indicators of oxidative stress - in the cells. Collectively,
our findings have provided the first evidence indicating both a critical role of the K1 in maintaining the survival of
melanoma cells and an important role of the K1 in modulating the oxidative stress state of the cells. These findings
have exposed new functions of keratins in cancer cells, suggesting that K1 may become a novel therapeutic target
for melanoma.
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Introduction

Melanoma is the most fatal form of skin can-
cer [1]. Up to 4% of melanoma patients are
stage IV patients with a 6% 5-year survival
rate [2]. While our understanding on the pa-
thological mechanisms of melanoma has been
significantly improved during the last several
decades, a significant portion of melanoma
patients do not respond to systemic therapy
[3]. It is of both theoretical and clinical signifi-
cance to investigate novel therapeutic targets
for the disease.

Keratins play multiple significant biological
roles including intermediate filament formation
in epithelium [4]. Keratin 1 (K1)-keratin 10
(K10) heterodimer is a hallmarker for keratino-
cyte differentiation [5]. K1 mutations are also
associated with inherited skin diseases includ-
ing epidermolytic ichthyosis, palmar-plantar
keratoderma, and ichthyosis with confetti [6-
8]. Several keratins, including K5, K7, K8/K18,

K19, and K20, are of significance for immuno-
histochemical diagnosis of carcinomas [4]. It is
warranted to further elucidate novel biological
properties of keratins.

While keratins are absent in normal melano-
cytes [9], keratins have been found in both mel-
anoma cell lines and human melanomas [10-
14]: Several subtypes of keratins, including K1
and K10, have been found in both B16-F10-F1
melanoma cells and B16-F10-F10 melanoma
cells [14]; and keratins have also been found in
human melanomas [10-13]. However, the bio-
logical significance of the keratins in the mela-
noma cells has remained unknown.

In our current study, we applied K1 siRNA to
decrease the K1 in B16-F10 melanoma cell
lines to determine the roles of K1 in the survi-
val and oxidative stress state of the cells. Our
study has provided the first evidence indicating
a crucial role of K1 in maintaining the survival
and oxidative stress state of the melanoma
cells.
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was used to detect the pro-
tein signals. The intensities of
the bands were quantified by
densitometry using Image J.

—T FACS-based Annexin V/7-AAD
assay

FACS-based Annexin V/7-AAD
assay was performed to de-
termine the levels of early-

Figure 1. K1 siRNA treatment led to a mild decrease in the K1 level of B16-
F10 melanoma cells. Twenty-four hrs after the cells were transfected with K1
siRNA, Western blot assay was conducted to determine the K1 level in the

cells. ##, P < 0.01, N = 6.

Materials and methods
Materials

All chemicals were purchased from Sigma (St.
Louis, MO, USA) except where noted.

Cell cultures

B16-F10 cells were plated into 24-well or
6-well culture plates in Dulbecco’s modified
Eagle medium (HyClone, Logan, UT, United
States) supplemented with 10% fetal bovine
serum (Gibco, Carlsbad, CA, United States),
100 units/ml penicillin and 100 pg/ml strepto-
mycin at 37°C in a humidified incubator under
5% CO,,.

Western blot assays

The lysates of the cells were centrifuged at
12,000 g for 20 min at 4°C. The protein con-
centrations of the samples were quantified
using BCA Protein Assay Kit (Pierce Biotecho-
nology, Rockford, IL, USA). Thirty ug of total
protein was electrophoresed through a 10%
SDS-polyacrylamide gel, which was then elec-
trotransferred to 0.45 pm nitrocellulose mem-
branes (Millipore, CA, USA). The blots were in-
cubated with a monoclonal Anti-Cytokeratin 1
(@b185628, Abcam, Cambridge, UK) (1:4000
dilution) or B-tubulin (1:2000, Abcam, Cam-
bridge, UK) with 0.05% BSA overnight at 4°C,
then incubated with HRP conjugated Goat
Anti-Rabbit 1gG (H+L) (1:4000, Jackson Im-
munoResearch, PA, USA) or HRP conjugated
Goat Anti-mouse IgG (1:2000, HA1006, Hua-
Bio, Zhejiang Province, China). An ECL detec-
tion system (Thermo Scientific, Pierce, IL, USA)

stage apoptosis, late-stage
apoptosis and necrosis by
using ApoScreen Annexin V
kit (SouthernBiotech, Birmin-
gham, AL, USA) according to
the manufacturer’'s protocol.
In brief, cells were digested with 0.25% tryp-
sin-EDTA, washed by cold PBS one time and
resuspended in cold 1 x binding buffer (10 mM
HEPES, pH 7.4, 140 mM NaCl, 2.5 mM CacCl,,
0.1% BSA) at concentrations between 1 x 10°
and 1 x 107 cells/mL. Then 5 yL of labeled
Annexin V was added into 100 pL of the cell
suspension. After incubation on ice for 15 min,
200 pL 1 x binding buffer and 5 pyL 7-AAD solu-
tion were added into the cell suspensions. The
number of stained cells was assessed immedi-
ately by a flow cytometer (FACSAria Il, BD Bio-
sciences).

Determinations of ROS

For Dichlorofluorescin (DCF) assay, 2,7-Dich-
lorofluorescin diacetate (DCFH-DA, Beyotime,
China), a ROS-specific fluorescent probe, was
used to measure total intracellular ROS levels.
Cells were incubated with 20 yM DCFH-DA dis-
solved in DMEM without fetal bovine serum
(FBS) for 20 min at 37°C in a dark room. After
washing with PBS three times, the cells were
analyzed by flow cytometry (FACSAria; Becton
Dickinson, Heidelberg, Germany) to detect the
mean fluorescence intensity (MFI) with an exci-
tation wavelength of 488 nm and an emission
wavelength of 525 nm.

For dihydroethidium (DHE) assay, DHE (Beyo-
time, China) was diluted with DMEM without
FBS to the final concentration of 5 umol/L.
Cells were incubated with DHE in the incuba-
tor at 37°C for 30 minutes. After washes with
PBS, the cells were observed under a fluores-
cence microscope.
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Figure 2. K1 siRNA treatment induced both apoptosis and necrosis of B16-F10 melanoma cells. A. K1 siRNA treat-
ment induced early-stage (Annexin V*/AAD") and late-stage apoptosis (Annexin V*/AAD*) as well as necrosis (Annexin
V/AAD*) of B16-F10 cells, assessed at both 24 and 36 hrs after the K1 siRNA treatment. B. Quantifications of the
effects of K1 siRNA treatment on the apoptosis and necrosis of the cells. #, P < 0.05; ###, P < 0.001. N = 9. The

data were pooled from three independent experiments.

Transfection of the B16-F10 melanoma cells
with K1 siRNA

The cells were transfected with K1 siRNA us-
ing Lipofectamine 3000 following the manu-
facturer’s instructions (Thermo Fisher Scien-
tific, Waltham, MA, USA). The sequences of the
mouse keratin siRNA were CUCCCAUUUGGUU-
UGUAGCTT and UGACUGGUCACUCUUCAGCTT
(GenePharma, Shanghai, China).

Statistical analyses

All data are presented as mean * SEM. Data
were assessed by one-way ANOVA, followed by
Student-Newman-Keuls post hoc test, except
where noted. P values less than 0.05 were con-
sidered statistically significant.

Results

We determined the effects of K1 siRNA on the
K1 level of B16-F10 melanoma cells. There was
significant expression of K1 in the cells (Figure
1). K1 siRNA led to a significant, approximately
16% decrease in the K1 level (Figure 1). We fur-
ther determined the effects of the K1 siRNA on
B16-F10 cell survival, showing that K1 siRNA
treatment led to increased early-stage (Annexin
V*/AAD") and late-stage apoptosis (Annexin V*/
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AAD*) as well as necrosis (Annexin V/AAD*) of
the cells (Figure 2A and 2B). These observa-
tions have indicated a crucial role of K1 in the
survival of the melanoma cells.

K1 siRNA induced increases in the fluores-
cence intensity of dichlorofluorescein (DCF)-an
indicator of ROS (Figure 3A and 3B). K1 siRNA
also induced increases in the fluorescence
intensity of ethidium of the cells (Figure 4)-an
indicator of intracellular superoxide levels of
the cells. These observations have indicated
that a mild increase in K1 led to increased oxi-
dative stress in the cells.

Discussion

The major findings of our current study include:
First, a mild decrease in the K1 level of the
B16-F10 melanoma cells led to both apoptosis
and necrosis of the cell; and second; a mild K1
decrease of the B16-F10 melanoma cells led to
a significant increase in the oxidative stress of
the cell. Collectively, our study has indicated
that K1 is critical for the survival of the mela-
noma cells.

Keratins are absent in normal melanocytes. In
contrast, several subtypes of keratins, includ-
ing K1 and K10, have been found in melanoma
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Figure 3. K1 siRNA treatment led to increased DCF levels of B16-F10 melanoma cells. A. The cells treated with
K1 siRNA under serum-free condition were stained with DCFH-DA. The fluorescent signals of DCF of the cells were
determined by flow cytometry. B. Quantifications of the fluorescent signals of DCF of the cells. ###, P < 0.001, N =
19. The data were pooled from five independent experiments.

NC

K1 siRNA

Figure 4. K1 siRNA treatment induced increased
fluorescent signal of ethidium in B16-F10 mela-
noma cells. K1 siRNA treatment induced a marked
increase in the fluorescent signal of ethidium in B16-
F10 cells. N = 9. The figure was a representative fig-
ure from three independent experiments.

cells [14]; and several subtypes of keratins
have also been found in human melanomas
[10-13]. However, the biological significance of
the keratins in the melanoma cells has re-
mained unknown. Our study has shown that a
very mild K1 decrease is sufficient to induce
significant increases in both apoptosis and
necrosis of the melanoma cells. This finding
has indicated significant promise of K1 as a
therapeutic target for melanoma.

Oxidative stress is a key factor in cell death [15,
16]. There has been no information regarding
the relationship between K1 and oxidative
stress. Our study has provided first evidence
indicating that K1 plays an important role in
maintaining the oxidative stress state of B16-
F10 melanoma cells: A mild decrease in K1
level is sufficient to induce increased oxidative
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stress in B16-F10 melanoma cells. This finding
has also suggested a novel biological property
of K1. It is warranted to further investigate the
mechanisms by which K1 affects the oxidative
stress of the cells. Due to the important roles
of oxidative stress in cell death under numer-
ous situations [15, 16], the mildly decreased
K1 may lead to the cell death by increasing oxi-
dative stress.

Our study has indicated the melanoma cells
are highly vulnerable to the decrease in K1,
suggesting that K1 may be a novel valuable
target for treating melanoma cells. RNAi ap-
proach has become a promising technology for
treating multiple diseases [17]. It is expected
that RNAi approach is capable of producing at
least a mild decrease in the K1 levels of mela-
noma cells, which may produce therapeutic
effects on melanomas.
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