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Eukaryotic elongation factor-2 kinase regulates the cross-talk
between autophagy and pyroptosis in doxorubicin-treated
human melanoma cells in vitro
Pian Yu1, Hai-yan Wang1, Min Tian1, Ao-xue Li1, Xi-sha Chen1, Xin-luan Wang2, Yi Zhang3 and Yan Cheng1

Eukaryotic elongation factor-2 kinase (eEF-2K), a negative regulator of protein synthesis, has been shown to play an important role
in modulating autophagy and apoptosis in tumor cells under various stresses. In this study, we investigated the regulatory role of
eEF-2K in pyroptosis (a new form of programmed necrosis) in doxorubicin-treated human melanoma cells. We found that
doxorubicin (0.5–5 μmol/L) induced pyroptosis in melanoma cell lines SK-MEL-5, SK-MEL-28, and A-375 with high expression of
DFNA5, but not in human breast cancer cell line MCF-7 with little expression of DFNA5. On the other hand, doxorubicin treatment
activated autophagy in the melanoma cells; inhibition of autophagy by transfecting the cells with siRNA targeting Beclin1 or by
pretreatment with chloroquine (20 μmol/L) significantly augmented pyroptosis, thus sensitizing the melanoma cells to doxorubicin.
We further demonstrated that doxorubicin treatment activated eEF-2K in the melanoma cells, and silencing of eEF-2K blunted
autophagic responses, but promoted doxorubicin-induced pyroptotic cell death. Taken together, the above results demonstrate
that eEF-2K dictates the cross-talk between pyroptosis and autophagy in doxorubicin-treated human melanoma cells; suppression
of eEF-2K results in inhibiting autophagy and augmenting pyroptosis, thus modulating the sensitivity of melanoma cells to
doxorubicin, suggesting that targeting eEF-2K may reinforce the antitumor efficacy of doxorubicin, offering a new insight into
tumor chemotherapy.
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INTRODUCTION
Pyroptosis, a new form of programmed necrosis, is characterized
by the continuous expansion of cells until the cell membranes
break down, resulting in the release of cell contents and the
activation of a strong inflammatory response [1–3]. Pyroptosis
was initially thought to be caspase-1-dependent monocyte
death [1]. Subsequently, it was found that caspase-11/4/5,
like caspase-1, could also cleave gasdermin D (GSDMD) to
generate an N-terminal domain that induces the formation of
pores in the cell membrane. Thus, cellular pyroptosis was
redefined as a programmed necrosis mediated by gasdermin
[1, 2, 4–8]. In 2017, there was a new breakthrough in pyroptosis,
when it was revealed that GSDME (DFNA5), another gasdermin-
family protein, can be cleaved by activated caspase-3 to
generate a DFNA5-N fragment that targets the plasma
membrane to induce pyroptosis [9, 10].
Autophagy, a cellular process mainly responsible for degrad-

ing long-lived proteins and subcellular organelles [11, 12],
occurs at a basal level in all cells and is activated in response to
diverse cellular stresses, such as starvation, hypoxia, irradiation,
and growth factor deprivation [13, 14]. Although activation of

autophagy leads to autophagic cell death, this form of
programmed cell death has also been reported to support cell
survival [15–21]. The pro-survival role of autophagy in cancer
cells is often associated with negative regulation of apoptosis
[19, 20]. Recently, some relationships between autophagy and
caspase-1-mediated pyroptosis have been reported. For
instance, autophagy protects infected macrophages and
microglia from pyroptosis [21, 22]. Prostatic epithelial cells with
higher levels of PDRX3 could promote the initiation and
development of benign prostatic hyperplasia by inhibiting
autophagy and activating pyroptosis [23]. However, the associa-
tion between autophagy and pyroptosis in cancer cells and
whether autophagy can affect DFNA5-mediated pyroptosis are
unknown.
eEF-2K, also called calmodulin-dependent protein kinase III, is

a negative regulator of protein synthesis [24]. eEF-2 is the only
known substrate of eEF-2K, which promotes ribosomal translo-
cation from the A to the P site, thus improving the movement of
the mRNA along the ribosome during translation in eukaryotic
tissues [25]. eEF-2 is inactivated when it is phosphorylated on
Thr56 by eEF-2K, thus inhibiting protein synthesis [26]. Many
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studies have observed high eEF-2K expression in various tumor
cells [27], and inhibiting the activity of this kinase could reduce
the viability of tumor cells [28, 29]. Furthermore, eEF-2K-
mediates autophagy in tumor cells in response to various
metabolic and therapeutic pressures, such as innutrition [28, 30],
growth factor inhibition and chemical irritation [31–33]. This
kinase has also been demonstrated to play an important role in
modulating autophagy and apoptosis in tumor cells under
various stresses; however, the regulatory role of eEF-2K in
pyroptosis is unclear.
In the present study, we demonstrated for the first time the

relationship between autophagy and DFNA5-mediated pyr-
optosis, and we found that suppression of eEF-2 kinase
enhanced the cytotoxicity of doxorubicin (a broad-spectrum
antitumor chemotherapeutic drug) in melanoma cells by
facilitating the transition from autophagy to pyroptosis.
Therefore, targeting eEF-2K may enhance the antitumor
efficacy of doxorubicin, thus offering a new insight into tumor
chemotherapy.

MATERIALS AND METHODS
Cell lines and culture
The SK-MEL-5, SK-MEL-28, and A-375 human melanoma cell lines
and the MCF-7 human breast cancer cell line were grown in
Dulbecco’s modified Eagle’s medium (DMEM)/High glucose
supplemented with 10% fetal bovine serum (FBS), which was
purchased from Gibco. The cells were maintained at 37 °C in a
humidified atmosphere with 5% CO2.

Reagents and antibodies
Doxorubicin was purchased from Selleck. Chloroquine (CQ) was
purchased from Sigma-Aldrich. Z-VAD-FMK was purchased from
Santa Cruz Biotechnology. The rabbit monoclonal antibody
recognizing the N-terminal domain of DFNA5 was purchased
from Abcam. The rabbit monoclonal antibodies against LC3, Beclin
1, phospho-eEF2 (T56), caspase-3 and cleaved caspase-3 were
purchased from Cell Signaling Technologies. Anti-β-actin was
purchased from Proteintech.

shRNA and siRNA Transfection
SK-MEL-5, SK-MEL-28, and A375 cells were seeded in 6-well
plates. When the cell density reached 50%–60% confluence,
1 mL of the lentiviral supernatant containing the lentiviral
construct for sh-eEF-2K (which was purchased from Genechem)
or the control vector was added to the cells. After 2 days of
infection, culture medium containing 0.5 µg/mL puromycin was
added to the cells. After 2 additional days, Western blotting was
used to validate the eEF-2K-knockdown effect in these cells. The
cells were cultured using standard procedures in a humidified
incubator at 37 °C with 5% CO2 in DMEM media supplemented
with 10% (v/v) FBS (Gibco). The siRNA targeting Beclin 1 was
purchased from Ribobio. Non-targeting siRNA was used as a
control. Transfection of siRNA was performed according to the
manufacturer’s protocol. Exponentially growing cells were
plated in 6-well tissue culture plates at 1 × 105 cells per well,
grown for 24 h, and then transfected with siRNA using
Lipofectamine 2000 (Invitrogen) and OPTI-MEM reduced serum
medium.

GFP-LC3 punctate assay
SK-MEL-5, SK-MEL-28, and A-375 cells were transfected with a
mixture of GFP-LC3 plasmid and Lipofectamine 2000 (Invitro-
gen) in no-serum medium for 6 h. On the following day, these
cells were treated with a series of doxorubicin concentrations
for 24 h. To determine the autophagic response, GFP-LC3
puncta were visualized under an inverted fluorescence
microscope.

Western blot analysis
After treatment, cells were washed with PBS and lysed with RIPA
buffer (Beyotime, Haimen, China) supplemented with a protease
inhibitor cocktail and a phosphatase inhibitor cocktail (Selleck).
The protein concentrations were quantified with a BCA protein
assay kit (Beyotime, Haimen, China). The proteins were
separated by 12% SDS-PAGE and then transferred to a PVDF
membrane. The PVDF membrane was incubated with primary
antibody in 5% skim milk with Tween 20 for 1 h at room
temperature. The membranes were then incubated with anti-
rabbit or anti-mouse secondary antibody at room temperature
for 1 h. Detection was accomplished via chemiluminescence
using an ECL reagent.

Cellular viability assay
Briefly, cells were seeded at 5 × 103 cells per well in 96-well plates
and treated with a series of doxorubicin concentrations for 24 h.
At the end of the treatment, 10 μL of CCK8 reagent (Biotool) was
added to each well, and the cells were incubated for 1 h. At the
end of this incubation, the absorbance at 450 nm wavelength was
measured. The effect of doxorubicin on cell viability was
determined via a trypan blue exclusion assay. Cells were stained
with 0.4% trypan blue (Wellbiology), and viable cells were counted
using a hemocytometer. All experiments were performed
independently three times with triplicate samples in each
experiment.

Detection of LDH release
The levels of lactate dehydrogenase (LDH) in the culture
supernatants were measured using the LDH Cytotoxicity Assay
Kit from Beyotime according to the manufacturer’s instructions.
After treatment with a series of doxorubicin concentrations for
24 h, supernatant was transferred to 96-well plates with 120 μL
in each well. Next, 60 μL of LDH reagent was added to each well,
and the cells were incubated for 0.5 h. At the end of this
incubation, the absorbance at 490 nm wavelength was
measured.

Statistical analysis
The difference between the samples treated with doxorubicin
alone and samples treated with doxorubicin in combination
with CQ or silencing of eEF-2K were analyzed by t-tests.
Differences between groups were considered statistically signifi-
cant at P < 0.05.

RESULTS
Doxorubicin induces DFNA5-mediated pyroptosis in melanoma
cells
It was reported that cells with high DFNA5 expression under-
went pyroptosis upon treatment with chemotherapeutics such
as doxorubicin [9, 10]. First, we examined the DFNA5 expression
levels in SK-MEL-5, SK-MEL-28, A-375 human melanoma cells
and MCF-7 human breast cancer cells. We observed that DFNA5
was highly expressed in the melanoma cells but was expressed
less in MCF-7 cells (Fig. 1a). Thus, we chose SK-MEL-5, SK-MEL-28
and A-375 cells for the subsequent experiments, and we
found that doxorubicin-treated cells exhibited characteristic
pyroptosis-associated morphology, including cell membrane
ballooning; however, we failed to find any pyroptotic morphol-
ogy in MCF-7 cells (Fig. 1b). To further confirm the stimulatory
effect of doxorubicin on pyroptosis, we examined the expression
levels of N-DFNA5 in SK-MEL-5, SK-MEL-28 and A-375 cells. N-
DFNA5 expression was increased in doxorubicin-treated mela-
noma cells (Fig. 1c). DFNA5 is specifically cleaved by caspase-3;
therefore, we measured the protein levels of caspase-3 and its
activated form, cleaved caspase-3. There was an increase in the
cleaved caspase-3 level in doxorubicin-treated melanoma cells
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(Fig. 1c). To confirm the relationship between DFNA5 and
caspase-3, we treated cells with the Z-VAD-FMK caspase
inhibitor and measured the levels of N-DFNA5 and cleaved
caspase-3. As shown in Fig. 1d, Z-VAD-FMK attenuated the
doxorubicin-dependent increase in the N-DFNA5 level in A-375
cells, indicating that DFNA5 activation was related to caspase-3.
Furthermore, we measured the release of LDH, another
important indicator of pyroptosis, and we found that the LDH
level was increased in doxorubicin-treated cells (Fig. 1e). These
results demonstrate that doxorubicin can induce pyroptosis in
melanoma cells with high DFNA5 expression, such as SK-MEL-5,
SK-MEL-28, and A-375 cells, but cannot induce pyroptosis in cells
with low DFNA5 expression, like MCF-7 cells.

Suppression of autophagy enhances pyroptosis in doxorubicin-
treated melanoma cells
We next examined the induction effect of doxorubicin on
autophagy, and we found that the level of LC3 II, an indicator of
autophagy, was increased in doxorubicin-treated melanoma cells
(Fig. 2a). To further confirm the stimulatory effect of doxorubicin
on autophagy, SK-MEL-5, SK-MEL-28, and A-375 cells were

transfected with a GFP-LC3 plasmid, followed by doxorubicin
treatment. As shown in Fig. 2b, there was an increase in the
number of GFP-LC3 puncta in the doxorubicin-treated cells. We
next investigated the functional relationship between autophagy
and pyroptosis in doxorubicin-treated melanoma cells. As shown
in Fig. 2c, inhibition of autophagy via transfection with siRNA
targeting Beclin1 further increased the N-DFNA5 level compared
with doxorubicin alone treatment. To further demonstrate the
effect of autophagy on pyroptosis, autophagy was inhibited by
using CQ, a chemical inhibitor of autophagy, and we found that
combination treatment with CQ further upregulated the levels of
N-DFNA5 and cleaved caspase-3 compared with their levels
following treatment with doxorubicin alone (Fig. 2d). Furthermore,
we found that Z-VAD-FMK could inhibit the increased N-DFNA5
level induced by combination treatment with CQ and doxorubicin
(Fig. 2e). The relationship between autophagy and pyroptosis was
further assessed by measuring LDH release and trypan blue
staining. The percentages of LDH release and trypan blue staining
induced by doxorubicin were also markedly increased in cells
cotreated with doxorubicin and CQ (Fig. 2f, g). Furthermore,
inhibition of autophagy further promoted the doxorubicin-

Fig. 1 Doxorubicin induces pyroptosis in melanoma cells. a Differential expression levels in DFNA5 in SK-MEL-5, SK-MEL-28, A-375, and MCF-7
cells. The DFNA5 levels in SK-MEL-5, SK-MEL-28, A-375, and MCF-7 cells were measured by Western blot. β-actin was used as the loading
control. b SK-MEL-5, SK-MEL-28, A-375, or MCF-7 cells were treated with a series of doxorubicin (Dox) concentrations for 24 h. Pyroptotic
morphologies were observed at ×400 magnification under an inverted fluorescence microscope. Arrowheads indicate pyroptotic cells. c SK-
MEL-5, SK-MEL-28, and A-375 cells were treated with a series of doxorubicin (Dox) concentrations for 24 h. The levels of DFNA5, N-DFNA5,
caspase-3, and cleaved caspase-3 were measured by Western blot. β-actin was used as the loading control. d A-375 cells were pretreated with
10 μmol/L Z-VAD-FMK for 1 h, followed by doxorubicin treatment for 24 h. After treatment, the cleaved caspase-3 and N-DFNA5 levels were
measured by Western blot. β-actin was used as the loading control. e At the end of treatment, the LDH levels were measured. Each bar
represents the mean ± SD of triplicate measurements from one of three identical experiments. *P < 0.05, **P < 0.01 vs. the control group
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Fig. 2 Suppression of autophagy enhances the cytotoxic effect of doxorubicin by promoting pyroptosis in melanoma cells. a The LC3 level
was measured by Western blot after treatment with a series of doxorubicin (Dox) concentrations for 24 h. β-actin was used as the loading
control. b Melanoma cells were transfected with a GFP-LC3-expressing plasmid, followed by treatment with 1 and 2.5 μmol/L doxorubicin for
24 h. GFP-LC3 puncta were observed at ×200 magnification under an inverted fluorescence microscope. c A-375 cells were treated with
1 μmol/L doxorubicin for 24 h with or without Beclin 1 silencing. After treatment, the Beclin 1, DFNA5 and N-DFNA5 levels were measured by
Western blot. β-actin was used as the loading control. d SK-MEL-5, SK-MEL-28, or A-375 cells were pretreated with 20 μmol/L CQ for 1 h,
followed by doxorubicin treatment for 24 h. After treatment, the cleaved caspase-3, DFNA5, and N-DFNA5 levels were measured by western
blot. β-actin was used as the loading control. e A-375 cells were pretreated with 20 μmol/L CQ or 10 μmol/L Z-VAD-FMK for 1 h, followed by
doxorubicin treatment for 24 h. After treatment, the caspase-3, DFNA5, and N-DFNA5 levels were measured by Western blot. β-actin was used
as the loading control. f–h SK-MEL-5, SK-MEL-28, or A-375 cells were pretreated with 20 μmol/L CQ for 1 h, followed by doxorubicin treatment
for 24 h. f The lactate dehydrogenase (LDH) levels in the culture supernatants were measured using the LDH Cytotoxicity Assay Kit. The results
are reported as the mean ± SD of triplicate measurements; *P < 0.05, **P < 0.01, t-test, doxorubicin vs. doxorubicin+ CQ. g The effects of
doxorubicin on cell viability were determined using a trypan blue exclusion assay. The results are reported as the mean ± SD of triplicate
measurements; **P < 0.01, t-test, doxorubicin vs. doxorubicin+ CQ. h Cell viability was measured with CCK-8 reagent. The results are reported
as the mean ± SD of triplicate measurements; **P < 0.01, t-test, doxorubicin vs. doxorubicin+ CQ
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induced reduction in cell viability (Fig. 2h). These results suggest
that inhibition of autophagy augmented pyroptosis, thus sensitiz-
ing melanoma cells to doxorubicin.

eEF-2K activation is involved in doxorubicin-induced autophagy in
melanoma cells
eEF-2K is an important regulator of autophagy under various
metabolic and environmental pressures [32, 34, 35]. Therefore, we
explored whether this kinase is involved in the activation of
autophagy induced by doxorubicin. Doxorubicin-dependent eEF-
2K activation was indicated by increased eEF-2 phosphorylation
(the only known eEF-2K substrate) in SK-MEL-5, SK-MEL-28, and A-
375 cells (Fig. 3a). To clarify the regulatory effect of eEF-2K in the
activation of autophagy by doxorubicin, we silenced eEF-2K and
measured autophagic activity. Stable eEF-2K knockdown by
lentiviral transduction of short hairpin RNA vectors significantly
decreased the LC3-II level in doxorubicin-treated cells (Fig. 3b).
These results indicated that the induction of autophagy by
doxorubicin is mediated by eEF-2K.

eEF-2K suppression enhances doxorubicin-induced pyroptosis in
melanoma cells
We found that eEF-2K is involved in the activation of autophagy
and that autophagy prevents pyroptosis in doxorubicin-treated
melanoma cells. Thus, we next investigated the role of eEF-2K in
the regulation of pyroptosis by comparing the degree of
pyroptosis in the doxorubicin-treated melanoma cells with or
without eEF-2K silencing. Knockdown of eEF-2K increased
pyroptosis in the doxorubicin-treated cells, as indicated by
increases in the N-DFNA5 and cleaved caspase-3 levels (Fig. 4a).
To further validate the function of eEF-2K in regulating pyroptosis,
we measured the LDH release and found that the LDH level was
also increased in cells following combined eEF-2K knockdown and
doxorubicin treatment (Fig. 4b). The promotive role of eEF-2K
knockdown in pyroptosis was further demonstrated by trypan
blue staining experiments. Silencing of eEF-2K further increased
the percentage of trypan blue-stained cells following doxorubicin
treatment (Fig. 4c). We also found that the doxorubicin
cytotoxicity was increased when eEF-2K was silenced (Fig. 4d).
Taken together, the above results demonstrate that eEF-2K is an
intermediary between autophagy and doxorubicin-induced pyr-
optosis and that eEF-2K inhibition enhanced cellular sensitivity to
doxorubicin by promoting pyroptosis.

DISCUSSION
Autophagy is commonly known to support cell survival; however,
the exact roles played by autophagy in response to tumor
chemotherapy, what signaling pathways are involved in the

regulation of autophagy, and how to expand the application of
autophagy are being extensively studied. It has been demon-
strated that inhibition of autophagy can enhance the efficacy of
antitumor treatments in many different types of cancers by
enhancing apoptosis. Furthermore, autophagy has been reported
to be linked to caspase-1-mediated pyroptosis. To date, there are
no reports on the regulatory relationship between DFNA5-
mediated pyroptosis and autophagy. Doxorubicin is a broad-
spectrum antitumor drug that inhibits nucleic acid synthesis to
produce a wide range of biochemical effects and strong
cytotoxicity. It has been demonstrated that doxorubicin can
activate autophagy in cancer cells, including breast cancer cells,
hepatocellular carcinoma cells, colon cancer cells, among others
[36–38]. Furthermore, it has been previously suggested that the
strongly dilated cardiomyopathy induced by doxorubicin is
caused by overactivation of autophagy [39–41]. In 2017, it was
reported that doxorubicin could induce the DFNA5 cleavage
specifically performed by activated caspase-3, ultimately causing
pyroptosis. Caspase-3 is a long-recognized hallmark of apoptosis,
and it is the DFNA5 expression level that determines the cell death
pattern in caspase-3-activated cells. Cells with a high level of
DFNA5 undergo pyroptosis upon stimulation by certain agents,
including chemotherapeutic drugs; however, cells lacking suffi-
cient DFNA5 undergo apoptosis. Consistent with previous reports,
we found that doxorubicin could activate autophagy and
pyroptosis in melanoma cells with high DFNA5 expression levels.
Importantly, we investigated the relationship between autophagy
and pyroptosis, and we found that autophagy antagonized
pyroptosis. Our results suggest that inhibition of autophagy not
only sensitizes the melanoma cells to doxorubicin treatment by
promoting pyroptosis, it may also alleviate the cardiac toxicity
induced by this chemotherapeutic drug.
eEF-2K is a unique calcium-dependent enzyme that regulates

protein synthesis. Many studies have reported high eEF-2K
expression levels in a variety of tumor cell types and that inhibiting
eEF-2K activity can reduce the viability of tumor cells. Furthermore,
as a central component of the autophagy pathways, eEF-2K is
activated and mediates autophagy in tumor cells in response to
various metabolic and therapeutic pressures. It has been reported
that doxorubicin could induce rapid AMPK activation [42, 43].
Phosphorylation at the ser398 position of eEF-2K by AMPK can
control the activity of eEF-2K [12, 44–46]. These reports suggest
that there may be a relationship between eEF-2K activation and
doxorubicin and that AMPK is involved in doxorubicin-induced
eEF-2K activation. We found that doxorubicin could activate eEF-2K
and that knockdown of this kinase inhibited the activity of
doxorubicin-induced autophagy. Furthermore, we examined the
effects of eEF-2K on pyroptotic cell death and provided new
evidence that eEF-2K knockdown enhanced pyroptosis in

Fig. 3 eEF-2K is involved in doxorubicin-induced activation of autophagy. a SK-MEL-5, SK-MEL-28, or A-375 cells were treated with a series of
doxorubicin (Dox) concentrations for 24 h, and the levels phospho-eEF2 (T56) were then measured by Western blot. β-actin was used as the
loading control. b SK-MEL-5, SK-MEL-28, or A-375 cells were treated with 1 μmol/L doxorubicin with or without eEF-2K silencing. The LC3 and
phospho-eEF2 (T56) levels were measured by Western blot. β-actin was used as the loading control
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doxorubicin-treated melanoma cells. Therefore, inhibiting autop-
hagy and augmenting pyroptosis by inhibiting eEF-2K could
enhance the sensitivity of melanoma cells to doxorubicin. On the
basis of the results of this study, we believe that eEF-2K could act
as an important mediator between autophagy and pyroptosis in
cells experiencing chemotherapy, such as doxorubicin, and that it
is involved in a previously unidentified and important pathway that
regulates the cross-talk between autophagy and pyroptosis to
modulate the cellular sensitivity to doxorubicin (Fig. 5). However,
the mechanism of how eEF-2K regulates pyroptosis remains
unknown. We found the DFNA5 level was increased after eEF-2K

knockdown, suggesting that eEF-2K, as a negative regulator of
protein synthesis, might affect pyroptosis by inhibiting
DFNA5 synthesis. Of course, the precise molecular mechanism by
which eEF-2K controls DFNA5 must be investigated.
Based on the results of this study, we confirm that eEF-2K

could be important for regulating the switch between autop-
hagy and pyroptosis in doxorubicin-treated melanoma cells. Our
findings reveal a previously unidentified and important pathway
that regulates the cross-talk between autophagy and DFNA5-
mediated pyroptosis and modulates cellular sensitivity to
doxorubicin.

Fig. 4 eEF-2K is a mediator between autophagy and doxorubicin-induced pyroptosis. SK-MEL-5, SK-MEL-28, or A-375 cells were treated with 1
μmol/L doxorubicin (Dox) for 24 h with and without eEF-2K silencing. a The phospho-eEF2 (T56), cleaved caspase-3, DFNA5, and N-DFNA5
levels were measured by Western blot. β-actin was used as the loading control. b The lactate dehydrogenase (LDH) levels in the culture
supernatants were measured using the LDH Cytotoxicity Assay Kit. The results are reported as the mean ± SD of triplicate measurements; **P
< 0.01, t-test, doxorubicin vs. doxorubicin+ sheEF-2K. c The effects of doxorubicin on cell viability were determined using a trypan blue
exclusion assay. The results are reported as the mean ± SD of triplicate measurements from one of three identical experiments; **P < 0.01,
doxorubicin vs. doxorubicin+ sheEF-2K. d Cell viability was measured with CCK-8 reagent. The results are reported as the mean ± SD of
triplicate measurements; **P < 0.01, t-test, doxorubicin vs. doxorubicin+ sheEF-2K
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