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INTRODUCTION 
 

In recent years, lung cancer had a high prevalence and an 

increasing incidence. Its mortality rate ranks first among 

various malignant tumors [1]. About 1.3 million people 

worldwide die from lung cancer each year, and nearly 

one third of new lung cancer cases in China [2]. Non-

small cell lung cancer (NSCLC) has the highest clinical 

incidence in all types lung cancer, which seriously affects 

people’s life and increases the financial burden of 

medical care [3]. Therefore, it is crucial to identify the 

molecular mechanisms and pathways of lung cancer 

occurrence and development, and find more effective 

treatment methods and targeted drugs. 

 

Autophagy is a lysosomal-dependent protein degradation 

process, which maintains the internal environment’s 

balance and homeostasis through the degradation and 

recycling of proteins and damaged organelles [4]. 

Autophagy is closely related to lung cancer. Studies have 

found that in the tumorigenic processes can lead to 

impaired autophagy, while impaired or inhibited 

autophagy can cause genomic instability, interfere with 

cell differentiation, affect the activation of cell aging 

programs, and disrupt cell metabolism [5]. In turn, 

impaired autophagy is a potential tumorigenic process [6, 

7]. Although autophagy is often impaired in the early 

stages of tumorigenesis, autophagy resumes in the late 

stages of tumor progression, and restored autophagy 

enables tumor cells to cope with endogenous stress and 

increases the need for chemotherapy or radiotherapy 

resistance [8]. 

 

Living cells release different types of extracellular 

vesicles into the extracellular environment for 

intercellular communication. According to their 
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biological phenotypes, there are mainly three types of 

extracellular vesicles: microvesicles, apoptotic bodies 

and exosomes [9]. Microvesicles are formed by budding 

of the cell membrane directly outward, apoptotic bodies 

are formed by fragments of apoptotic cell membrane 

cleavage, and exosomes originally originated from the 

endocytosis process [10]. Interestingly, exosomes have 

many and complex components, and contain many 

biological macromolecules [11]. It was reported that 

miRNAs existed in exosomes regulate the expression of 

oncogenes or tumor suppressor genes and participate in 

cell differentiation, apoptosis and cell signal transduction 

guide [12]. At the same time, exosomes can be captured 

by nearby cells or secreted into the blood by paracrine to 

flow to distant organs. The proteins and nucleic acids 

carried by exosomes also reach the nearby and distant 

cells along with the exosomes, which affects the 

physiological or pathological processes of the recipient 

cells [13]. Cancer stem cells (CSCs) are involved in 

tumor development. It has been reported that CSCs can 

re-initiate and repopulate new tumor cells to promote 

tumor development and recurrence, which is considered 

as a mechanism for the tumor metastasis [14, 15]. 

 

Studies have shown that exosomes are related to the 

autophagy process of malignant tumors [16]. On the one 

hand, exosomes can regulate autophagy. On the other 

hand, Atg (autophagy related gene) can regulate the 

release of exosomes. MiR-7-5p in exosomes was found 

to induce recipient cell autophagy, and exosomes-

mediated autophagy was significantly attenuated by 

miR-7-5p inhibitors. In addition, exosomes miR-7-5p-

induced autophagy is associated with epidermal growth 

factor receptor / PI3K / Akt / mTOR signaling pathways 

[17]. Further research shows that miR-7-5p can target 

the inhibition of NOVA2 expression, thereby inhibiting 

the growth of NSCLC [18]. In addition, it has been 

shown that miR-211 can be packaged by exosomes [19], 

and miR-211 played a key role in various cancer [20]. 

However, the role of exosomal miR-211 in NSCLC cells 

and the underlying mechanism remains unclear. 

 

Present study aimed to reveal the novel role of 

exosomal miR-211 derived from CSCs and provide new 

ideas for clinical treatment of NSCLC. 

 

RESULTS 
 

Exosomal miR-211 derived from CSCs in NSCLC 

 

Firstly, we isolated cancer stem cells (CSCs) from 

NSCLC cancer tissue, immunofluorescence assay was 

performed to identify the markers CD105 and Nestin for 

CSCs (Figure 1A). Then, we performed qRT-PCR 

analysis to determine miR-211 expression tumor cells 

(TCs) and CSCs. The expression of miR-211 was the 

highest in CSCs (Figure 1B). Furthermore, exosomes in 

TCs and CSCs were isolated. TEM data showed the 

morphology of exosomes (Figure 1C), and exosomes 

markers were detected by western blot (Figure 1D). 

Interestingly, miR-211 was the highest in CSC 

exosomes compared with TC exosomes (Figure 1E). 

These data indicated exosomal miR-211 (exo-miR-211) 

mainly derived from CSCs. 

 

Exo-miR-211 derived from CSCs accelerated cancer 

progression of NSCLC cells 

 

To evaluate the role of exo-miR-211 NSCLC 

development, A549 and H1299 cells were incubated 

with exosomes isolated from CSCs transfected miR-211 

or AMO-211 or its NC. And we found that miR-211 

expression was significantly upregulated upon 

incubation with exosomes from CSCs with miR-211 

overexpression but not with CSCs with antisense 

morpholino oligonucleotide of miR-211 (AMO-211) in 

A549 and H1299 cells (Figure 2A). Functionally, we 

performed CCK8 assay to estimate cell viability. It 

showed that CSCs transfected with miR-211 increased 

cell viability, while knockdown of miR-211 deceased 

cell viability in A549 and H1299 cells (Figure 2B). 

Furthermore, wound healing assay suggested that CSCs 

transfected with miR-211 promoted cell migration in 

A549 and H1299 cells (Figure 2C), but CSCs transfected 

with AMO-211 showed an opposite effect (Figure 2D). 

Transwell assay showed that CSCs transfected with 

miR-211 induced cell invasion in A549 and H1299 cells 

(Figure 2E), but CSCs transfected with AMO-211 

showed an opposite effect (Figure 2F). In addition, 

overexpression of miR-211 inhibited apoptosis of A549 

and H1299 cells (Figure 2G), while silencing miR-211 

accelerated apoptotic ability (Figure 2H). Together, exo-

miR-211 secreted by CSCs promoted tumor progression 

in NSCLC cells. 

 

Exo-miR-211 promoted cancer progression by 

activating autophagy of NSCLC cells 

 

It has been proved that autophagy promotes 

tumorigenesis when the tumor has been formed [21], 

and we examined the effect of exo-miR-211 on 

autophagy. A549 and H1299 cells were transfected with 

GFP-mRFP LC3 plasmid with miR-211 or AMO-211, 

and confocal microscope analysis showed miR-211 

promoted autophagosomes formation, while AMO-211 

inhibited autophagosomes formation (Figure 3A). In 

addition, we tested autophagy associated gene p62 and 

LC3. Western blot analysis showed CSCs transfected 

with miR-211 inhibited p62 expression and increased 

LC3-II expression, while CSCs transfected with AMO-

211 showed the opposite effect in A549 and H1299 

cells (Figure 3B). To clarify whether exo-miR-211 
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promotes NSCLC progression through activating 

autophagy, we used autophagy inhibitor 3-MA and 

autophagy inducer Rapamycin. Functional experiments 

showed that 3-MA removed the promoted effect of 

CSCs transfected with miR-211 on migration and 

invasion in A549 and H1299 cells (Figure 3C, 3D). On 

the contrary, Rapamycin recovered the inhibited effect 

of CSCs transfected with AMO-211 on migration and 

invasion in A549 and H1299 cells (Figure 3E, 3F). 

These data indicated that exosomal miR-211 derived 

from CSCs promoted NSCLC development via 

activating autophagy. 

 

BCL-W was direct target of miR-211 

 

To further clarify the downstream of miR-211, we used 

Targetscan to predict targets gene. Data showed that the 

3’UTR of BCL-W possessed paired bases with miR-211 

(Figure 4A). What’s more, miR-211 significantly 

inhibited BCL-W expression, while AMO-211 

increased BCL-W expression in A549 and H1299 cells 

(Figure 4B). As expect, CSC exosomes obviously 

suppressed BCL-W expression in A549 and H1299 

cells (Figure 4C). To investigate whether miR-211 

targeted on BCL-W, we performed dual-luciferase 

reporter assay in HEK293 cell line. We found that the 

luciferase activity of WT 3’UTR of BCL-W was 

significantly repressed in the miR-211 group compared 

with NC group, while miR-211 had no effect on the 

luciferase activity of mutant 3’UTR of BCL-W (Figure 

4D). Similarly, AMO-211 promoted the luciferase 

activity of WT 3’UTR of BCL-W but not the mutant 

3’UTR of BCL-W (Figure 4D). As expect, CSC 

exosomes also effectively downregulated the luciferase 

activity of WT 3’UTR of BCL-W (Figure 4E). 

 

Exo-miR-211 accelerated NSCLC development via 

BCL-W downregulation 

 

To further elucidate the functional role of the BCL-W  

in miR-211 promoting NSCLC development, A549  

and H1299 cells were transfected with BCL-W or 

 

 
 

Figure 1. CSCs secreted exosomal miR-211 in NSCLC. (A) Immunofluorescence staining for CD105 and Netin expression of CSCs 3D 

sphere. DAPI indicates nucleus. Scale bar = 20 μM. (B) qRT-PCR analyzed the expression of miR-211 in TCs and CSCs. n=6, *p<0.05. (C) TEM of 
exosomes isolated from TC and CSC. Scale bar = 500 nM. (D) Western blot for CD63, Tsg101 and Alix in exosomes. (E) The expression of miR-
211 in exosomes was tested by qRT-PCR. n=6, *p<0.05. 
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si- BCL-W and incubated with exosomes from CSCs 

transfected with miR-211 or AMO-211, respectively. 

Western blot assay showed that overexpression of 

BCL-W increased p62 expression and decreased LC3-

II expression, which reversed pro-autophagic role of 

miR-211 in A549 and H1299 cells (Figure 5A). 

Similarly, silencing of BCL-W inhibited p62 level and 

promoted LC3-II level, which remitted the function  

of AMO-211 (Figure 5B). Followed functional 

experiments showed that overexpression of BCL-W 

reduced cell viability, migration and invasion in  

A549 and H1299 cells (Figure 5C, 5E, 5G), while 

silencing of BCL-W showed the opposite function 

(Figure 5D, 5F, 5H). 

 

 
 

Figure 2. Exo-miR-211 derived from CSCs accelerate cancer progression of NSCLC cells. A549 and H1299 cells were incubated with 

exosomes isolated from CSCs transfected miR-211 or AMO-211 or its NC. (A) qRT-PCR analyzed the expression of miR-211 A549 and H1299 
cells. n=6, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. (B) CCK8 was used to test viability of A549 and H1299 cells. n=10, *p<0.05 vs CSC-miR-NC 
or CSC-AMO-NC. (C, D) Would healing assay to detect migration ability. n=4, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. (E, F) Transwell assay to 
detect invasion ability. n=4, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. (G, H) The number of apoptotic cells was calculated by flow cytometry. 
n=6, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. 
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Figure 3. Exo-miR-211 promotes cancer progression by activating autophagy of NSCLC cells. (A) confocal microscope analysis for 

A549 and H1299 cells transfected with GFP-mRFP LC3. n=10, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. Scale bar = 100 μM. (B) Western blot 
for autophagic associated proteins p62 and LC3I/II in A549 and H1299 cells. n=6, *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. A549 and H1299 
cells were treated with 3-MA (5 μM) or rapamycin (50 nM). *p<0.05 vs CSC-miR-NC or CSC-AMO-NC. (C–E) Would healing assay to detect 
migration ability. n=4, *p<0.05 vs CSC-miR-211 or CSC-AMO-211. (F, G) Transwell assay to detect invasion ability. n=4, *p<0.05 vs CSC-miR-
211 or CSC-AMO-211. 
 

 
 

Figure 4. miR-211 directly targeted on BCL-W in NSCLC cells. (A) TargetScan predicted data between miR-211 and BCL-W. (B) qRT-PCR 

analyzed the expression of BCL-W in A549 and H1299 cells transfected with miR-211 or AMO-211. n=6, *p<0.05. (C) qRT-PCR analyzed BCL-W 
expression of A549 and H1299 cells incubated with TC or CSC exosomes. n=6, *p<0.05 vs TC exo. (D) Luciferase assay for WT and mutant BCL-
W activity in HEK293 cells transfected with miR-211 or AMO-211. n=6, *p<0.05. (E) Luciferase assay for WT and mutant BCL-W activity in 
HEK293 cells incubated with TC or CSC exosomes. n=6, *p<0.05 vs TC exo. 
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CSC-derived exo-miR-211 promoted NSCLC 

progression in vivo 

 

The role of CSC-derived exo-miR-211 in NSCLC 

progression were further evaluated in vivo. CSCs stably 

transfected with miR-211 or AMO-211 or NC were 

constructed, and the nude mice were injected A549 or 

H1299 cells incubated with a mixture of CSCs (n = 6 

for each group). Tumors grew faster and bigger in the 

mice with CSCs-miR-211, while CSCs-AMO-211 

inhibited the growth rate and volume of tumors (Figure 

6A). The tumors were isolated at 30 days after injection, 

CSCs-miR-211 significantly increased tumors weight, 

and CSCs-AMO-211 decreased tumors weight (Figure 

6B). In addition, miR-211 decreased the mRNA 

expression of BCL-W in tumor tissues, while AMO-211 

showed the opposite effect (Figure 6C). Moreover, 

miR-211 inhibited p62 expression and increased LC3-II 

expression, while AMO-211 showed the opposite effect 

in A549 and H1299 cells (Figure 6C). 

DISCUSSION 
 

NSCLC is a highly lethal malignant tumor in the world 

today [1]. Despite the increasing knowledge of 

biomedical knowledge, the clinical prognosis of patients 

with advanced NSCLC is still unsatisfactory, and its 

five-year survival rate is less than 15% [22]. In fact, the 

survival rate of cancer patients has declined 

dramatically from early to late stages. Thus, it is urgent 

to look for targeted molecules for the prevention, 

diagnosis and treatment of NSCLC. 

 

 

Exosomes originate from multivesicular bodies of nano-

scale lipid membrane vesicles. At present, non-coding 

RNAs (ncRNAs) are commonly found in the exosomes 

of NSCLC patients. Especially, exosomal microRNAs 

are reported to be involved in the formation and 

evolution of tumors and play a significant role in the 

diagnosis and prognosis of NSCLC patients [23]. At 

 

 
 

Figure 5. miR-211 promotes cancer development by inhibiting BCL-W. A549 and H1299 cells were transfected with BCL-W or si- 

BCL-W and incubated with exosomes from CSCs transfected with miR-211 or AMO-211, respectively. (A, B) Western blot for autophagic 
associated proteins p62 and LC3I/II in A549 and H1299 cells. n=6, *p<0.05. (C, D) CCK8 was used to test viability of A549 and H1299 
cells. n=10, *p<0.05 vs CSC-miR-211+NC or CSC-AMO-211+si-NC. (E, F) Would healing assay to detect migration ability. n=4, *p<0.05 vs 
CSC-miR-211+NC or CSC-AMO-211+si-NC. (G, H) Transwell assay to detect invasion ability. n=4, *p<0.05 vs CSC-miR-211+NC or CSC-
AMO-211+si-NC. 
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present, with the help of NGS and gene chips, it has 

been found that tumor-derived exosomal miRNAs have 

great value in the diagnosis of NSCLC. Rabinowits et 

al. [24] used exosomes as genetic material for the first 

time, and analyzed the differences between exosomal 

miRNAs in normal human serum and miRNAs in 

NSCLC patients’ serum. Although no significant 

differences were found in this study, it laid the 

foundation for future research to identify tumor 

molecular levels. Cazzoli et al. [25] found that the 

levels of miR-378, miR-502-5p, miR-629, miR-200b-5p 

and miR-100 were significantly higher in the peripheral 

blood of patients with lung adenocarcinoma than in 

patients with pulmonary granulomas and healthy patients. 

 

CSCs have the biological characteristics of self-

renewal, multi-directional differentiation, and infinite 

proliferation, and at the same time, they show resistance 

to chemotherapeutics, strong tumorigenicity, and strong 

invasion and metastasis [26]. Therefore, the proposal of 

the concept of tumor stem cells and the in-depth study 

of its related molecular mechanisms provided a more 

reasonable explanation for the occurrence, recurrence, 

invasion and metastasis of tumors, and brought new 

ideas for tumor treatment. In addition, CSCs are 

considered as an important source of exosomes [27]. It 

has been reported that CSC-exosomes maintains tumor 

heterogeneity and promotes tumor progression [28]. 

Likewise, we found that CSCs could secreted exsomes 

that contained miR-211. Furthermore, we identified the 

function of CSC derived exo-miR-211. Results showed 

CSC derived exo-miR-211 promoted viability, 

migration and invasion, and inhibited apoptosis in 

NSCLC cells. 

 

Autophagy is the process of transporting 

macromolecules, damaged organelles and metabolites to 

the lysosome to degrade and generate energy materials 

for cell survival. Autophagy is conducive to the survival 

of lung cancer cells, promotes the occurrence and 

 

 
 

Figure 6. Exo-miR-211 derived from CSC promoted tumorigenesis and autophagy of NSCLC cells in vivo. CSCs stably transfected 

with miR-211 or AMO-211 or NC were constructed, and the nude mice were injected A549 or H1299 cells incubated with a mixture of CSCs (n 
= 6 for each group). (A) Growth of tumor xenografts in nude mice. n=6, *p<0.05. (B) Representative tumors excised from xenografts in nude 
mice and tumor weight. n=6, *p<0.05. (C) The protein expression of BCL-W and autophagy related protein p62 and LC3I/II were analyzed by 
western bolt in isolated tumors. n=6, *p<0.05. 
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development of NSCLC [29]. In present study, LC3 and 

p62 expression were detected to assess autophagy level. 

Interestingly, CSC derived exo-miR-211 induced 

autophagy in NSCLC cells. What’s more, autophagy 

inhibitor 3-MA removed the promoted effect of CSCs 

transfected with miR-211 on migration and invasion in 

A549 and H1299 cells. On the contrary, autophagy 

inducer Rapamycin recovered the inhibited effect of 

CSCs transfected with AMO-211 on migration and 

invasion in A549 and H1299 cells. These data indicated 

that exosomal miR-211 derived from CSCs promoted 

NSCLC development via activating autophagy. 

 

BCL-W is a member of the Bcl-2 family, which plays a 

key role in the occurrence and development of many 

malignant tumors [30]. The cross talk between Bcl-2 

family and Beclin 1 promotes autophagy [31]. As well, 

inhibition of BCL-W suppressed autophagy [32]. In 

present study, we surprisingly found that BCL-W was a 

direct target of miR-211. Furthermore, over expression 

of BCL-W reversed the effect of exo-miR-211 on 

promoting NSCLC progression and inducing 

autophagy. Meanwhile, in vivo tumor formation 

experiments proved that CSCs derived exo-miR-211 

could significantly promoted the progression of 

NSCLC, which was conducive to clinical targeted 

therapy. 

 

CONCLUSIONS 
 

Our study suggested CSCs derived exo-miR-211 

promoted NSCLC progression by activating autophagy 

via targeting BCL-W. 

 

MATERIALS AND METHODS 
 

Clinical samples 

 

Fresh cancer tissue samples and para-carcinoma tissue 

samples were taken from 15 NSCLC patients 

undergoing surgical procedures at Qingdao Haici 

medical group. All of the patients or their guardians 

provided written consent, and the Ethics Committee of 

Hiser Medical Center of Qingdao. 

 

CSCs and exosome isolation and identification 

 

CSCs and TCs were isolated from cancer and para-

carcinoma tissues of NSCLC patients as previously 

described [33]. Briefly, each NSCLC tissue specimen 

was minced into 1 mm3 cube chunks and enzymatically 

dissociated to single cells. Cells were isolated and 

identified with CD105 and Nestin. Exosomes in culture 

medium, and several centrifugations were performed to 

purify exosomes. Transmission electron microscopy 

(TEM) was used to identify exosomes structures. CSCs-

derived exosomes were analyzed using exosome marker 

protein CD63, Tsg101 and ALIX via Western blot. 

 

Cell culture and treatment 

 

The A549 and H1299 lines were purchased from the 

Science Cell Laboratory. Cells were cultured in RPMI 

1640 supplemented with 10 % fetal bovine serum and 

100 μL/mL penicillin and streptomycin. 2 μg plasmid or 

500 nM si-RNA/miR-211/antisense morpholino 

oligonucleotide of miR-211 (AMO-211) or its NC was 

transfected into cells with Lipo 2000, respectively. Cells 

were treated with 3-MA (5 μM) or rapamycin (50 nM) 

for 1 h prior to co-culture assay. As for co-culture assay, 

we used transwell membranes in 12-well plates. CSCs 

or TCs were plated into the upper chamber, and A549 

and H1299 was cultured in lower chamber. 

 

RNA isolation and qRT-PCR 

 

RNA isolation, reverse transcription and quantitative 

expression were carried according to manufacturer’s 

instructions after 36 h of transfection. All the kits were 

purchased from Vazyme, and gene expression was 

calculated using 2-ΔΔCt method. The relative expression 

level of miR-211 was calculated through normalization 

to U6 internal controls, and mRNAs were normalized 

with Actin. 

 

Protein isolation and western blot 

 

Total protein was collected from cells with RIPA lysis 

Mix after 48 h of transfection. Western blotting assay 

was performed as previously described. Briefly, 60 μg 

protein extractions were loaded via SDS-PAGE and 

transferred onto nitrocellulose membranes (absin, 

China), then incubated with primary antibodies for 2 h 

at temperature, then plated at 4 °C overnight, the 

membranes were incubated in 5% non-fat milk blocking 

buffer for horizontal mode 3 h. After incubation with 

secondary antibodies, the membranes were scanned 

using an Odyssey, and data were analyzed with 

Odyssey software (LI-COR, USA). Primary antibodies 

list: CD63 (Abcam, ab217345), Tsg101 

(Abcam,ab125011), Alix (Abcam, ab117600), LC3I/II 

(Sigma-Aldrich, L7543) and p62 (Sigma-Aldrich, 

103M4785V), GAPDH (Proteintech, 60004-1-Ig). 

 

Immunofluorescence staining 

 

Cells were plated in a 24-well cell culture plate. After 

transfection, cells were washed by PBS and fixed with 

4% paraformaldehyde. Cells were permeabilized with 

0.2% Triton-X-100 solution in PBS. Next, we blocked 

cell using goat serum. Then, the cells were incubated 

antibody at 4 °C overnight followed with second 
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antibodies incubation for 1h. After three washes with 

PBS, we incubated cells by DAPI. 

 

Luciferase assay 

 

psiCHECK-2 luciferase reporter plasmid was inserted 

with the wildtype BCL-W 3’UTR or mutant 3’UTR 

sequences, then were transfected with reporter vectors 

into HEK293 cells. The cells were collected after 48 h 

post-transfection and lysed to detected the luciferase 

activity (Promega). 

 

CCK8 assay 

 

Cells were seeded in 96-well cell plates, and added 

CCK-8 solution (Vazyme, China) at 48 h. 2 hours later, 

measure the OD value at 450 nm. 

 

Wound healing assay 

 

5×105 cells were planted in a 6-well plate, and when the 

cells grew to fuse, two vertical parallel lines were drawn 

with 10 μL suction head against the ruler. The floating 

cells were washed with PBS and cultured in serum-free 

medium for 24 hours. Images were taken at 0 and 24 

hours of cell culture, respectively. 

 

Transwell assay 

 

Cells in logarithmic growth phase were adjusted to 2 × 

105 cells/well of medium (without serum) and plated 

into the upper chamber insert pre-coated with 1μg/μl 

Matrigel. Lower chamber was added with 500 μL of 

medium (with 10% FBS), and then incubate the 

chamber at 37°C for 48 h. Then the invading cells were 

visualized by the crystal violet and inverted microscope. 

 

Cell apoptosis assay 

 

Cell apoptosis was calculated by Annexin V apoptosis 

kit (Beyotime, China), and the operating procedure was 

according to the kit instructions. Briefly, 5×105 

cells/mL were centrifuged and resuspended in Binding 

Buffer containing Annexin V-FITC and PI. Cell 

apoptosis level was detected within 1 h in Binding 

Buffer. 

 

In vivo tumor growth assay 

 

Nude mice were purchased from Guangdong provincial 

experimental animal center for medicine. CSCs stably 

transfected with miR-211 or AMO-211 or NC were 

constructed, and the nude mice were injected A549 or 

H1299 cells incubated with a mixture of CSCs (n = 6 

for each group). Tumor size was measured every 7 

days. After 28 days of injection, mice were 

intraperitoneally injected with 3% pentobarbital sodium 

and were killed by excessive anesthesia with a dose of 

90 mL/kg, and the tumors were removed for follow-up 

study. This study was reviewed and approved by animal 

experimental ethics committee of Hiser Medical Center 

of Qingdao. 

 

Statistical analysis 

 

Significant differences were calculated using two-tailed 

t-test through Graphpad 7.0 and SPSS 22.0. For two 

group comparisons, Student t-test was used. For 

multiple group comparisons, one-way ANOVA was 

used with Bonferroni post-test for comparisons between 

selected two groups as well as Dunnett post-test for 

comparisons among all other treatment groups to the 

corresponding control. A value p < 0.05 was considered 

statistically significant. 
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