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Melittin inhibited glycolysis and induced cell apoptosis in cisplatin-
resistant lung adenocarcinoma cells via TRIMS8
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Abstract: Chemotherapy is widely used for non-small cell lung cancer (NSCLC) patients at a late stage; however, NSCLC
patients often acquire resistance to chemotherapeutic drugs, thus limiting the therapy efficacy. Melittin, a major
component of bee venom, possesses anti-tumor activity in various cancer cells. Here, we examined the effects of
melittin on A549/DDP cisplatin-resistant lung adenocarcinoma cells and xenografts formed from this cell line and
investigated the possible target of melittin. Treatment with melittin resulted in the induction of cell apoptosis,
glycolysis inhibition, and reduction of phosphorylated AKT (p-AKT) in A549/DDP cells. We also identified that
tripartite motif-containing 8 (TRIM8) was a potential target of melittin. Moreover, we found that TRIM8 mRNA
expression was elevated in NSCLC specimens as compared to adjacent normal tissues (N = 25) and that patients with
high expression of TRIM8 had a poor prognosis for lung adenocarcinoma. The knockdown of TRIMS8 had a similar
effect of melittin, while overexpression of TRIM8 reversed the effects of melittin in A549/DDP cells. More
importantly, we revealed that melittin enhanced cisplatin sensitivity in A549/DDP cells and tumor growth in vivo
using a xenograft model of A549/DDP cells. In conclusion, melittin appears to be a potential chemotherapy
sensitization agent in NSCLC.

It is well known that cancer cells display increased
glucose uptake, glycolysis, and lactic acid fermentation. This
phenomenon terms the Warburg effect, which is regarded as

Introduction

Globally, lung cancer is the most comment cause of cancer-

associated deaths (Bray et al, 2018). Non-small cell lung
cancer (NSCLC) accounts for approximately 80% of lung
cancer (Tsim et al, 2010). Lung adenocarcinoma is the
main histological type of NSCLC. The platinum-based drug,
cisplatin, is widely applied in NSCLC patients at a late stage.
However, chemoresistance limits the therapy efficacy and
emerges as a serious problem for these patients (Chen ef al,
2014; Kuribayashi et al, 2016). Currently, there is no
method to effectively reverse cisplatin resistance in patients
with NSCLC. The 5-year survival rate for stage III and stage
IV NSCLC patients is about 10% and 2%, respectively
(Chen et al., 2014; Kuribayashi et al., 2016).
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a feature of tumors. The Warburg effect provides energy
and materials for cancer cell growth and invasion, hence
promotes tumorigenesis (Potter et al, 2016). Recently,
several key regulators of the Warburg effect have been
implicated in chemoresistance (Bhattacharya et al., 2016).
For instance, the PI3K/AKT pathway can active hexokinase
2, a key enzyme of the glycolytic pathway, and induce drug
resistance in laryngeal cancer cells (Min et al., 2013).
Melittin, a major active component of bee venom, is a
water-soluble peptide containing 26 amino acids. Evidence
has suggested the pro-apoptosis ability of melittin in
hepatoma (Hu et al., 2006), ovarian cancer (Jo et al., 2012),
gastric cancer (Kong et al, 2016), and colon cancer cells
(Nikodijevi¢ et al, 2019). Several cancer-related signaling
pathways, such as the mitochondria pathway (Kong et al,
2016), Janus kinase (JAK2)/signal transducers and activators
of transcription (STAT3) (Jo et al, 2012), have been linked
to the anti-tumor activity of melittin. In our previous study,
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we reported that melittin was able to inhibit cell growth,
migration and invasion, and induce apoptosis in NSCLC
cells (Zhang and Chen, 2017). However, little is known
about the effects of melittin on cisplatin-resistant lung
adenocarcinoma cell line (A549/DDP) and whether the
Warburg effect is involved in this process.

Tripartite motif-containing (TRIM) proteins are
characterized by a TRIM motif consisting of a RING-finger
domain, one or two B boxes, and a coiled-coil region. More
than 80 members of TRIM proteins have been identified in
humans (Hatakeyama, 2011). Abundant evidence has been
obtained regarding the functions of TRIM proteins in the
regulation of carcinogenesis (Hatakeyama, 2011). Several
researchers have reported the functions of TRIM proteins in
the chemoresistance of various solid tumors, including lung
cancer (Liu et al., 2015; Liu et al., 2017; Ni et al., 2016; Qin
et al., 2017; Tan et al., 2018; Yu et al, 2018; Zhang et al.,
2015; Zhao et al, 2018). As reported, knockdown of
TRIM29 (Liu et al, 2015) and TRIM25 (Qin et al., 2017),
respectively, made lung squamous cancer NCI-H520 cells and
cisplatin-resistant lung adenocarcinoma cells (A549/DDP)
more sensitive to cisplatin therapy. Besides, TRIM proteins
may display controversial functions in glucose metabolism
(Chen et al., 2015; Jin et al., 2017; Pathiraja et al., 2015). For
example, increased glucose uptake and aerobic glycolysis were
observed in immortalized human mammary epithelial cells
with ectopic expression of TRIM24 (Pathiraja et al, 2015).
TRIM35 suppressed the Warburg effect (Chen et al., 2015),
while TRIM28 promotes the Warburg effect in hepatocellular
carcinoma (Jin et al., 2017).

In the current study, we explore the effects of melittin on cell
apoptosis and the Warburg effect in A549/DDP cisplatin-
resistant lung adenocarcinoma cells and to identify the potential
target of melittin. Moreover, we investigated the effects of
melittin on cisplatin sensitivity in vitro and in vivo systems.

Materials and Methods

Cell culture

A549/DDP cells obtained from JRDUN Biotech (Shanghai,
China) were grown in RPMI 1640 medium (Hyclone,
Logan, UT, USA) containing 10% fetal bovine serum
(Gibco, Grand Island, NY, USA) at 37°C under a humidified
atmosphere containing 5% CO2.

Cell proliferation assay

To explore the effects of melittin on A549/DDP cell
proliferation, A549/DDP cells were incubated with 0, 1, 2, 4,
8 or 16 pug/mL melittin (Sigma-Aldrich, St. Louis, MO,
USA), and cell proliferation inhibition was assessed by Cell
Counting Kit-8 (CCK-8) assay for 0, 24, 48, or 72 h. At the
end of incubation, CCK-8 solution (Beyotime, Shanghai,
China) was added to the palates. After 2 h of incubation,
cell proliferation was determined by measuring optical
density at 450 nm.

Human specimen collection

The study was approved by the Institute Research Ethics
Committee of Shanghai Municipal Hospital of Traditional
Chinese Medicine (Shanghai, China) and conducted in
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accordance with the Declaration of Helsinki. A total of 25
NSCLC patients were enrolled at Shanghai Municipal
Hospital after all patients provided written informed consent.
Paired NSCLC specimens and adjacent normal tissues were
collected, snap-frozen, and stored at —80°C until use.

Prognostic analysis of TRIM8 mRNA

The relevance of TRIM8 mRNA expression to overall survival
was determined by using www.kmplot.com (Gy6rffy et al,
2013). The tool is based on public NSCLC microarray data
from Gene Expression Omnibus (GEO). The patients were
divided into high and low expression groups, HR (95% ClIs),
log-rank P, and Kaplan-Meier survival plots were then
displayed on the webpage.

Knocking down and overexpression of TRIM8

Three short hairpin RNAs targeting TRIM8 were designed,
synthesized, and cloned into pLKO.1 lentiviral vector
(Addgene, Cambridge, MA, USA). The target sites were as
follows: siTRIM8-1, 5-CCAACATCGTGGAGAAGTT-3’;
siTRIM8-2, 5-CCAGCTGTACAAACTCGAG-3.

Human TRIMS8 full-length ¢cDNA was amplified and
cloned into the pLVX-puro vector (Clontech, Palo Alto, CA,
USA). The primers were as follows: forward primer, 5-
CGGAATTCATGGCGGAGAATTGGAAGAAC-3 and reverse
primer, 5-CGGGATCCTTAGCTCGTCACGTAGTGTTTGG-3..

To package the lentivirus, the constructs were co-
transfected with packaging plasmids into 293 cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). The
supernatant was harvested 48-72 h later and used to infect
A549/DDP cells.

Real-time PCR analysis

Total RNA was isolated with TRIzol Reagent (Invitrogen) and
reverse-transcribed with MMLV reverse transcriptase
(Promega, Madison, WI, USA) in accordance with the
manufacturers’ instruction. To determine the relative gene
expression, real-time PCR was conducted with an ABI 7500
instrument (Applied Biosystems, Foster City, CA, USA).
B-actin was applied as an internal control. All the primers
are listed in Tab. S1.

Western blotting analysis

The cells were lysed with ice-cold radioimmunoprecipitation
assay (RIPA) buffer containing proteinase and phosphatase
inhibitor cocktails (Sigma-Aldrich) at 4°C. Following
centrifugation at 12,000 rpm for 15 min at 4°C, the
supernatant was collected, and protein concentration was
determined by BCA assay (Walker, 2009). Equal protein
concentrations from the samples were subjected to 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto nitrocellulose
membranes (Millipore, Bredford, MA, USA). The
membranes were blocked with 5% skim milk and then
probed with primary antibodies against TRIM8 (Abcam,
Cambridge, MA, USA), p-AKT (Cell Signaling Technology,
Danvers, MA, USA), AKT (Cell Signaling Technology) or
B-actin (Abcam). Following incubation with an HRP-
conjugated secondary antibody (Beyotime), immunoreactive
signals were detected using by Enhanced chemiluminescence
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(ECL) technique (Millipore). B-actin was detected for equal
loading control.

Cell apoptosis analysis

Annexin V-FITC/propidium iodide (PI) staining kit
(Beyotime) was used to stained cells undergoing apoptosis
following the manufacturer’s protocol. In brief, A549/DDP
cells in 6-well plates were harvest by trypsinization.
Following washing, once with PBS, the cells were collected
by centrifugation and re-suspended in 195 pL Annexin V-
FITC binding buffer. Subsequently, the cells were mixed
with 5 pL Annexin V-FITC and 5 pL PI, and then
incubation at dark for 20 min at room temperature. The
apoptotic rate (Annexin V positive and PI negative cells)
was analyzed by a flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA).

2-NBDG uptake assay

A549/DDP cells were cultured with glucose-free medium for 3 h
and then incubated with 100 uM 2-NBDG (2-[N-(7-nitrobenz-
2-oxa-1,3-diazol-4-yl)amino]-2-deoxyglucose; Cayman, Ann
Arbor, MI, USA) in glucose-free medium for 45 min. After
washing with glucose-free Krebs-Ringer buffer (KRB), cells
were collected by trypsinization and the fluorescent density
was measured with a flow cytometer (BD Biosciences). The
relative fluorescent density of treated samples was normalized
to the control group, which was set as 100%.

Measurement of lactate production

Lactate production in the culture medium was measured with a
lactic acid detection kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China) following the manufacturer’s protocol.

Tumor xenograft experiments

The experimental procedures were approved by the Committee
on Animal Care and Use of Shanghai Municipal Hospital of
Traditional Chinese Medicine (Shanghai, China) and
performed in accordance with the Guidelines for Animal
Experiments of Shanghai Municipal Hospital of Traditional
Chinese Medicine. Subcutaneous xenografts were established
in BALB/c athymic nude mice (4-5 weeks old) by
subcutaneous injection of A549/DDP cells (5 x 10° cells per
mouse). After 7 days, the mice were randomly divided into
4 groups and there were 5 mice in each group: Control,
DDP, melittin (MEL) and MEL + DDP. The mice in DDP
and MEL group were intraperitoneally injected with cisplatin
(5 mg/kg, Chinese medicine reagent, Beijing, China) and
melittin (2 mg/kg) every 7 days for 3 weeks, respectively. The
mice in the MEL + DDP group were administrated with
cisplatin (5 mg/kg) and melittin (2 mg/kg) every 7 days for
3 weeks. The tumor volume was estimated every 3 days and
calculated using the following formula: volume = (width® x
length) / 2. After 3 weeks, the mice were euthanized, and the
tumor xenografts were harvested for TUNEL (Terminal
deoxynucleotidyl transferase dUTP Nick-End Labeling)
analyses (Roche, Indianapolis, IN, USA).

Statistical analysis
All data are presented as the mean + SD. Statistical analysis
was performed using Graphpad Prism Software (Graphpad
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Prism, San Diego, CA, USA). One-way analysis of variance
(ANOVA) was performed for the in vitro experiments and
xenograft experiments. A two-tailed Student’s t-test was
conducted for comparing TIMIMS8 expression in clinical
samples. Differences were considered statistically significant
at p < 0.05.

Results

Melittin induced cell apoptosis and inhibited the Warburg
effect in A549/DDP cells

First, we confirmed that A549/DDP cells were resistant to
cisplatin comparing to A549 cells (Fig. S1). Then, A549/DDP
cells were incubated with 0-16 pg/mL melittin (MEL) and
cell proliferation inhibition was assessed by CCK-8 assay for
24, 48, or 72 h. As shown in Fig. 1A, the inhibitory rate of
proliferation was dose- and time-dependently increased by
melittin exposure. The inhibitory rate of proliferation was not
significant at a concentration of 1 pg/mL at 24 h post-
treatment, while 16 pg/mL caused more than 50% inhibition
at 72 h post-treatment. Therefore, 2, 4, and 8 pg/mL were
chosen for the following experiments.

We used flow cytometry to determine the effect of
melittin on A549/DDP cell apoptosis (Fig. 1B). Apoptosis
rate of the A549/DDP cells was significantly increased at
48 h following melittin treatment (0 pug/mL, 1.40 + 0.26%;
2 pg/mL, 7.07 £ 0.29%; 4 pg/mL, 8.47 + 0.72%; 8 ug/mlL,
11.40 + 0.95%) in comparison with the control.

The Warburg effect, a key feature of tumors, has been
implicated in chemoresistance (Bhattacharya et al., 2016);
thus, we detected the effects of melittin on glucose uptake
and lactate production. A549/DDP cells showed a dose-
dependent decrease in 2-NBDG uptake (Fig. 1C) and lactate
production (Fig. 1D) following melittin treatment.

AKT pathway plays an important role in regulating cell
apoptosis and glycolysis (Cairns et al, 2011). As expected,
the Western blotting analysis indicated that the level of
phosphorylated AKT (p-AKT) was also reduced with
melittin treatment (Fig. 1E). These results suggest that
melittin induced cell apoptosis and inhibited AKT signaling
and Warburg effect in A549/DDP cells.

TRIMS was a potential target of melittin

To identify TRIM proteins possibly involving in the effects of
melittin, mRNA levels of several TRIM proteins were assessed
in A549 cells, and A549/DDP cells treated with melittin or not.
As shown in Fig. 2, significant differences were observed in
9 TRIM proteins between A549 cells and A549/DDP cells,
while only 3 TRIM proteins, TRIMS8, TRIM31, and TRIMA40,
showed significant differences between melittin-treated and
-untreated A549/DDP cells. The most significant change was
observed in TRIMS8, which may be a selective target of
melittin, and further study was focused on TRIMS.

TRIMS overexpression reversed the effects of melittin

Western blotting results showed that TRIMS8 protein was
reduced with the treatment of melittin in A549/DDP cells in
a dose-dependent manner (Fig. 3A). To determine whether
TRIMS is involved in the effect of melittin, A549/DDP cells
were transduced with a virus overexpressing TRIM8 and
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FIGURE 1. Melittin suppressed cell proliferation, induced cell apoptosis, and inhibited the Warburg effect in A549/DDP cisplatin-resistant

lung adenocarcinoma cells.
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then treated with 4 pug/mL melittin. As shown in Fig. 3B,
TRIMS expression was significantly increased in A549/DDP
cells by lentivirus transduction. Consequently, TRIMS
overexpression reduced the induction of cell apoptosis
(Fig. 3C) and the inhibition of 2-NBDG uptake (Fig. 3D),
lactate production (Fig. 3E), and p-AKT level (Fig. 3F)
caused by melittin exposure.

TRIMS8 knockdown induced apoptosis and inhibited glycolysis
in A549/DDP cells

TRIM8 mRNA expression was found elevated in NSCLC
specimens as compared to adjacent normal tissues (N = 25,

FIGURE 2. TRIM8 was a

TRIMS6 TRIM&1 TRIM73 TRIM74  potential target of melittin.

Fig. 4A). The prognostic value of TRIM8 mRNA expression
was then examined by using www.kmplot.com. Survival
curves were plotted for all patients (N 1,926) and
adenocarcinoma (N = 720) with probe 22131 s_at. High
expression of TRIM8 mRNA was correlated with poor
overall survival for all patients and adenocarcinoma (Fig. 4B).

To explore the biological function of TRIMS8, TRIMS8
expression was suppressed in A549/DDP adenocarcinoma
cells by RNAi. As shown in Fig. 4C, TRIM8 siRNAs
obviously reduced TRIMS8 expression, and siTRIM8-1 and
siTRIM8-2 were then used in the following experiments.
A549/DDP cells showed a notable increase in apoptosis
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FIGURE 3. TRIMS overexpression reversed the effects of melittin.

(Fig. 4D) and a significant decrease in 2-NBDG uptake
(Fig. 4E), lactate production (Fig. 4F), and p-AKT level
(Fig. 4C) when TRIMS8 expression was down-regulated.
These data demonstrated the functions of TRIM8 in
apoptosis and glycolysis of A549/DDP cells.

Effect of melittin on cisplatin sensitivity in vitro and in vivo
systems

To investigate the function of melittin on cisplatin resistance in
vitro, A549/DDP cells were incubated with melittin (MEL, 4 pg/
mL), cisplatin (DDP, 50 uM), or MEL plus DDP, and then cell
proliferation was assessed. Following incubation with melittin
in combination with cisplatin, cell proliferation was
significantly inhibited in the co-treatment group as compared
to that in the DDP-treated group (Fig. 5A). These data
indicate that A549/DDP cells presented enhanced cisplatin
sensitivity in the presence of melittin.

To investigate the function of melittin in vivo, a mouse
xenograft model was constructed by using A549/DDP cells.
Tumor growth was significantly decreased by melittin,
cisplatin, or melittin plus cisplatin at 12-21 days following
treatment, when compared with the control group (p < 0.05,
Fig. 5B). At 21 days after treatment, tumor size (Fig. 5C)
and tumor weight (Fig. 5D) were decreased in the melittin
group, cisplatin group, or melittin plus cisplatin group as
compared with the control group (p < 0.01). Co-treatment
with melittin plus cisplatin exhibited the best inhibitory
effects. Cell apoptosis rate was increased by treatment, and
co-treatment also displayed the highest apoptotic rate
(Fig. 5E). These results indicate that melittin enhanced
cisplatin sensitivity of tumors derived from A549/DDP cells.

Discussion

We previously reported that melittin inhibited cell growth and
induce apoptosis in NSCLC cells (Zhang and Chen, 2017), and

MEL

the present study revealed the similar effects of melittin in
cisplatin-resistant lung adenocarcinoma cell line (A549/DDP)
(Fig. 1A, 1B). Enhanced Warburg effect is considered as a
feature of tumors (Potter et al, 2016). The PI3K/AKT
pathway, a key regulator of the Warburg effect (Vander
Heiden et al, 2009) has been linked to the anti-tumor
activity of melittin (Jeong et al, 2014). Here, melittin
inhibited glucose uptake, lactate production, and AKT
phosphorylation in A549/DDP cells (Figs. 1C, 1E),
demonstrating the inhibitory effect of melittin on the
Warburg effect. Although melittin is toxic to normal cells
(Gajski and Garaj-Vrhovac, 2013), Zhu et al. have reported
that lung cancer cells are more susceptible to melittin than
normal cells (Zhu ef al., 1991). Whether melittin inhibited
glycolysis of normal cells is to be determined. The
development of suitable targeted delivery carriers that could
specifically and efficiently deliver melittin to cisplatin-
resistant tumor cells may significantly improve the
therapeutic effects of melittin in the future.

In addition, we identified that TRIMS8 may be a selective
target of melittin (Fig. 2). TRIMS8 encodes a member of TRIM
proteins, which are widely involved in carcinogenesis
(Hatakeyama, 2011) and chemoresistance (Liu et al., 2015;
Liu et al., 2017; Ni et al., 2016; Qin et al., 2017; Tan et al,
2018; Yu et al., 2018; Zhang et al., 2015; Zhao et al., 2018).
Recent studies have linked TRIM8 to cancer cell growth and
chemosensitivity. TRIM8 expression was decreased in
glioma and TRIMS8 expression recovery significantly reduced
the clonogenic potential of glioblastoma cells (Micale et al.,
2015). Restored expression of TRIMS8 in renal cell
carcinoma (RCC) cells (Caratozzolo et al, 2014) or
colorectal cancer cells (Ni et al., 2016) sensitized the cells to
chemotherapeutic drugs. In the present study, we found that
TRIM8 mRNA expression was elevated in NSCLC
specimens (Fig. 4A). Kaplan-Meier Plotter online survival
analysis revealed that patients with high expression of
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FIGURE 4. TRIM8 knockdown induced cell apoptosis and inhibited glycolysis in A549/DDP cells.

TRIMS had a poor prognosis for all NSCLC patients and lung
adenocarcinoma patients (Fig. 4B). These data were
inconsistent with the findings in glioma (Micale et al,
2015), RCC (Caratozzolo et al., 2014), and colorectal cancer
cells (Ni et al, 2016), which may ascribe to the different
cancer types. The knockdown of TRIMS8 had a similar effect
of melittin (Fig. 4), while overexpression of TRIMS8 reversed
the effects of melittin (Fig. 3). These data further
demonstrate that TRIM8 mediates the effects of melittin in
A549/DDP cells.

Resistance to cisplatin-based chemotherapy promotes
tumor progression and relapse of NSCLC, thus limiting the
therapeutic efficacy (Chen et al., 2014; Kuribayashi et al,
2016). In order to increase the 5-year survival rate, it is
necessary to improve the cisplatin sensitivity of patients. A
previous study has suggested that cisplatin-resistant ovarian
cancer cells were slightly more sensitive to melittin than

those cisplatin sensitive cells (Alonezi et al., 2016), while the
combined effects of melittin and cisplatin in cancer cells
were not clear. Currently, we observed that co-treatment
with melittin and cisplatin significantly inhibited the
proliferation of A549/DDP cells, and the growth of tumors
derived from A549/DDP cells (Fig. 5) as compared to
treatment with cisplatin. These data suggest that melittin
may enhance the cisplatin sensitivity of NSCLC cells in vitro
and in vivo. Enhanced Warburg effect is implicated in
chemoresistance (Bhattacharya et al., 2016). By metabolomic
profiling, Alonezi et al. (2016) found that cisplatin-resistant
ovarian cancer cells have increased levels of ATP both
before and after melittin compared with those cisplatin
sensitive cells, suggesting that melittin may target glycolysis
to function as an anticancer agent (Alonezi et al., 2016).
Here, our data showed that melittin inhibited glycolysis in
A549/DDP cells (Figs. 1C, 1D). Further experiments are
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FIGURE 5. Effect of melittin on cisplatin sensitivity in vitro and in vivo.

required to clarify whether the Warburg effect mediated the
effects of melittin on chemoresistance. Nevertheless, our data
provided the first evidence that melittin may be used to
improve the cisplatin-based chemotherapy sensitivity of NSCLC.
In summary, we found that melittin induced apoptosis
and reduced glycolysis in cisplatin-resistant lung
adenocarcinoma cells via regulating TRIMS. Interestingly,
we showed that melittin sensitizes lung adenocarcinoma
cells to chemotherapeutic drugs in vitro and in vivo.
Therefore, melittin might be helpful for treating lung
adenocarcinoma and reversing cisplatin resistance.
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TABLE S1

Primers for real-time PCR

Gene Forward primer (5’-3’) Reverse primer (5’-3)
TRIMS CGCCTACCGCCTCTACCACT TCATTCCTTCGGATCTCCAC
TRIM19 TGCCAGTGTACGCCTTCTCC GCCAACCTTGCCTCCTTCC
TRIM31 CAGGCGGCAGAACTACAT ACTTTCCCAGCAGACGAG
TRIMA40 CATCTCCAGGGCAGTAACAC GTTCAGTAAGTCACCAGCATT
TRIM52 GAGCCACAAACAGCACAG TGAAGTATTCCCACCAGAGT
TRIM56 GACTTCCTGACAGCCTACCACG CGTTACTGAGGGACACGACCAG
TRIM61 AAACTGGAGGAATACAATG GGCGGAGGTTGAAGTGAG
TRIM73 GAGGACCGGCTTCAGTGTC CCCTTGCAGTAGGAGTGGC
TRIM74 GCTCATCTGTGGCCTCTGC CCTTCTTCTGCTCCTGCTTC
f-actin ACTTAGTTGCGTTACACCCTT GTCACCTTCACCGTTCCA
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FIGURE S1. A549/DDP cells were resistant to cisplatin comparing to A549 cells. A549 and A549/DDP cells were treated with 10 and 20 pM
cisplatin or vehicle for 24 h. Annexin V-PI staining was performed to assess early apoptosis. ns, nonsignificant, **P < 0.01, ***P < 0.001
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