
ONCOLOGY LETTERS  21:  364,  2021

Abstract. Drug resistance is one of the main factors limiting 
the efficacy of chemotherapy in patients with laryngeal 
cancer; thus, it is important to investigate the drug resistance 
of laryngeal cancer. In the present study, the mechanism of 
the regulation of drug resistance in laryngeal cancer cells 
by ATP-binding transporter G2 (ABCG2) that is present in 
the extracellular vesicles (EVs) released by drug-resistant 
cells was studied in vivo and in vitro. A cisplatin (CDDP)-
resistant cell line (AMC-HN-8/CDDP) was established from 
AMC-HN-8 cells by continuous exposure to increasing 
concentrations of CDDP. The EVs extracted from the culture 
medium of AMC-HN-8/CDDP and AMC-HN-8 cells were 
termed EVs1 and EVs2, respectively. Following 48-h treat-
ment of AMC-HN-8 cells with EVs1 or EVs2, the cells were 
designated as AMC-HN-8-EVs1 or AMC-HN-8-EVs2. Nude 
mice bearing AMC-HN-8-EVs1 and AMC-HN-8 cell-derived 
xenograft tumors were established to detect the effects of 
EVs on drug resistance. The resistance index of AMC-HN-8/
CDDP cells to CDDP was 5.60, which was determined by 
the MTT assay. The mRNA and protein expression levels of 
ABCG2 in AMC-HN-8/CDDP cells and EVs1 were signifi-
cantly higher compared with those in AMC-HN-8 cells and 
EVs2, respectively (P<0.01). The ABCG2 mRNA and protein 
levels, and the proliferation index of AMC-HN-8-EVs1 cells 
were significantly higher compared with those of AMC-HN-
8-EVs2 and AMC-HN-8 cells (P<0.01), whereas the apoptotic 
rate was significantly lower (P<0.01). The mean volume of 
subcutaneous tumor xenografts in the test group (inoculated 
with AMC-HN-8-EVs1 cells and intraperitoneally injected 
with 3 mg/kg CDDP) was significantly higher compared 

with that in the control group (inoculated with AMC-HN-8 
cells and intraperitoneally injected with 3  mg/kg CDDP) 
(P<0.01), whereas the apoptotic rate of tumor cells was 
significantly lower (P<0.01). The ABCG2 mRNA and the 
protein expression levels in the tumor cells of the test group 
were significantly higher compared with those in the blank 
(inoculated with AMC-HN-8 cells and was intraperitoneally 
injected with normal saline) and control groups (P<0.01). The 
high expression levels of ABCG2 in laryngeal carcinoma cells 
affected the drug resistance of the cells. The EVs released by 
drug-resistant cells upregulated the expression of ABCG2 and 
induced drug resistance in laryngeal carcinoma cells, which 
may be dependent on the ABCG2 gene carried by the EVs.

Introduction

Laryngeal carcinoma is a common malignant tumor of the 
head and neck with high incidence and mortality rates, which 
severely threatens the patients' life and health. He et al (1) have 
reported that age-standardized incidence rates of laryngeal 
carcinoma by Chinese standard population and by world stan-
dard population were 1.18 and 1.19 per 100,000 individuals, 
respectively, and age-standardized mortality rates by Chinese 
standard population and by world standard population were 
0.61 and 0.61 per 100,000 individuals, respectively, in China in 
2015. The conventional treatment options for laryngeal cancer 
include surgery (2,3), radiotherapy (4,5), chemotherapy (6,7) 
and biotherapy (8).

Chemotherapy is the main treatment approach for patients 
with advanced and postoperative recurrent laryngeal cancer (9). 
Cisplatin (CDDP) is often used as a chemotherapeutic drug for 
laryngeal cancer, and anticancer effects have been observed in 
a number of patients with laryngeal cancer undergoing chemo-
therapy with CDDP. However, drug resistance is one of the 
main factors limiting the efficacy of chemotherapy in patients 
with laryngeal cancer (10,11).

The increase in cell membrane transporter expression has 
been demonstrated to be associated with the drug resistance 
of tumors, among which the ATP binding-cassette (ABC) 
proteins are the major factors (12). ABCB1 and ABCG2 are 
members of the ABC superfamily and are implicated in drug 
resistance (13-16).
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Our previous studies have established cell  (17) and 
animal (18) esophageal cancer models with Adriamycin resis-
tance, in which the association between ABCG2 expression 
and Adriamycin resistance of esophageal squamous cell carci-
noma has been demonstrated. In vitro and in vivo experiments 
have confirmed the involvement of ABCG2 in esophageal 
cancer drug resistance  (17,18). Based on these results, the 
present study aimed to determine relationship between 
ABCG2 and drug resistance of laryngeal squamous cell carci-
noma. ABCG2 has been demonstrated to be expressed at high 
levels in various types of tumor, such as esophageal, ovarian 
and breast cancer, as well as osteosarcoma, and to participate 
in the development of drug resistance in tumor cells (18-22); 
however, a limited number of reports are currently available 
on the effects of ABCG2 in laryngeal squamous cell carci-
noma (23). In addition, the mechanism by which drug-resistant 
cells affect the drug resistance of neighboring cells has not 
been elucidated to date.

Tumor microenvironment serves an important role in tumor 
development, drug resistance and cancer therapy  (24,25). 
Tumor cells create a favorable microenvironment for tumor 
development by transferring the information (DNA, RNA 
and protein) between cells, which promotes tumor develop-
ment  (26,27). Therefore, investigating the mechanism of 
acquired drug resistance caused by changes in the tumor 
microenvironment provides a new direction for studying drug 
resistance in laryngeal squamous cell carcinoma.

Extracellular vesicles (EVs) are supermicrocystic struc-
tures that are produced and released by both tumor and normal 
cells (28). EVs are bioactive substances that are secreted by 
cells and include microvesicles (MVs) and exosomes (29,30). 
During the formation of EVs, proteins, mRNAs and non-
coding RNAs are functionally selected from the source cells; 
these signaling molecules are released into the target cells 
during interaction between EVs and target cells, serving a 
functional role by changing the genotype and phenotype of the 
target cells (31,32).

A limited number of studies have reported that EVs 
released by certain types of tumor cells, such as prostate and 
lung cancer cells, can promote cell proliferation, tumor angio-
genesis, metastasis and immune escape by acting on tumor 
cells, endothelial cells, tumor-related fibroblasts and immune 
cells in their microenvironment, thus promoting the occur-
rence and development of tumors (33,34). Takahashi et al (35) 
have confirmed that the exosomes secreted by hepatocellular 
carcinoma cells regulate the biological activity of target cells 
through their intrinsic microRNAs and suggested that long 
non-coding (lnc)RNAs are also present in EVs. For example, 
lncRNA very low-density lipoprotein receptor in EVs has been 
demonstrated to regulate acquired drug resistance of hepato-
cellular carcinoma cells by acting on ABCG2.

The present study aimed to study the regulatory effects of 
EVs released by drug-resistant laryngeal cancer cells on cell 
drug resistance, providing a new method for investigating the 
drug resistance mechanism in laryngeal cancer.

Materials and methods

Cell lines. Human laryngeal cancer cells AMC-HN-8 were 
purchased from Beijing Bnbio Co., Ltd. The AMC-HN-8 cells 

were cultured in DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.) and 100 U/l of penicillin and strepto-
mycin (North China Pharmaceutical Co., Ltd.) in a humidified 
atmosphere containing 5% CO2/95% air at 37˚C. A CDDP 
resistant cell line was established from AMC-HN-8 cells by 
continuously exposing the cells to increasing concentrations of 
CDDP (0.01-2 µg/ml) for 8 months. At the end of the exposure, 
one of the surviving clones was isolated and designated as 
AMC-HN-8/CDDP, and was further maintained in medium 
containing 2 µg/ml CDDP.

MTT assay and inhibitory rate calculation. The monolayer of 
cultured AMC-HN-8, AMC-HN-8/CDDP, AMC-HN-8-EVs1 
and AMC-HN-8-EVs2 cells was digested by 0.25% trypsin, 
and DMEM with 10% FBS was added to the mixture to 
produce a single-cell suspension. The cell density was adjusted 
to 1x104 cells/ml, and the cells were inoculated into a 96-well 
plate and cultured at 37˚C with 5% CO2 in order to achieve 
adherence. After 24 h, once the cells firmly adhered to the plate, 
various concentrations of CDDP (0, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 
10, 20 and 50 µg/ml) were added. The total reaction volume 
was 200 µl/well. The cells in the negative control group were 
incubated with the medium. In the wells of the blank control 
group, only the medium was present. The reactions for each 
CDDP concentration, the negative and blank control groups 
were repeated in three wells. Following 24-h culture at 37˚C 
with 5% CO2, 20 µl MTT solution (5 mg/ml; Sigma-Aldrich; 
Merck KGaA) was added to each well and incubated for another 
4 h. Subsequently, the solution was replaced with 180 µl/well 
DMSO, and the plates were agitated for 10 min. The blank 
control value was set as 0, and the optical density of each well 
was read at 490 nm using a microplate spectrophotometer. The 
inhibitory rate (IR) was calculated by the following formula in 
order to calculate the 50% inhibitory concentration (IC50) of 
the cells: IR (%) = (1 - Test group A490/Control group A490) x 
100%. The resistance index was determined as the IC50 of the 
resistant cells/the IC50 of the parental cells.

Xenograft assay. BALB/c nude mice (age, 5-7 weeks; weight, 
19-23 g) were obtained from Beijing Vital River Laboratory 
Animal Technology Co., Ltd., China. A total of 18 mice 
(9 male and 9 female) were equally divided into three groups 
(n=6; 3 male and 3 female per group) according to their body 
weight. The mice were housed in a controlled environment 
with a temperature of 25±1˚C, relative humidity of 40-60%, 
a light/dark cycle of 12/12 h and free access to a standard 
diet and water. The mice were subcutaneously injected with 
200 µl cancer cell suspension containing 6x106 AMC-HN-8 
or AMC-HN-8-EVs1 cells at the right forelimb. At 5 days, 
the tumor formation rate was 100%. The treatment groups 
were as follows: i) The blank control group was inoculated 
with AMC-HN-8 cells and was intraperitoneally injected with 
normal saline (NS); ii) the control group was inoculated with 
AMC-HN-8 cells and intraperitoneally injected with 3 mg/kg 
CDDP; and iii) the test group was inoculated with AMC-HN-
8-EVs1 cells and intraperitoneally injected with 3 mg/kg CDDP. 
CDDP was injected once every 7 days, and the total duration 
of the treatment was 2 weeks. The volume of the tumors was 
calculated as follows: V = a x b2/2, where a and b represent the 
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long and short diameter of the tumor, respectively. Mice were 
sacrificed by cervical dislocation at the end of the treatment 
period; death was confirmed by the sound of cervical spine 
fracture and the absence of breathing. All animal experiments 
were performed in compliance with the regulations and guide-
lines of The Fourth Hospital of Hebei Medical University 
institutional animal care and according to the AAALAC 
and IACUC guidelines. The Ethics Committee of the Fourth 
Hospital of Hebei Medical University (Shijiazhuang, China) 
approved this study (approval no. 2018MEC106).

Subcutaneous tumor single cell suspension. After dissection 
of the subcutaneous tumors, single cell suspension was imme-
diately prepared using the mesh rubbing method, and the cell 
density was adjusted to 1x107 cells/ml. The main steps of mesh 
rubbing method were as follows: Tumor tissue was placed on a 
150-mesh sieve and washed with PBS for three times. A dish 
was placed under the sieve, and ophthalmic scissors were used 
to cut the tissues. Ophthalmic tweezers were used to lightly 
rub the tissue. Samples were then rinsed with PBS and passed 
through a 300-mesh nylon sieve, and the cell suspension was 
collected.

Reverse transcription-quantitative (RT-q)PCR. The RNA 
Isolater (Vazyme Biotech Co., Ltd.) was used to extract 
the total RNA from AMC-HN-8, AMC-HN-8/CDDP, 
AMC-HN-8-EVs1, AMC-HN-8-EVs2 cells and EVs. For 
mouse subcutaneous tumor analysis, 50  mg of tumor 
tissue was sampled, washed with precooled PBS twice 
and mixed with 1 ml RNA Isolater solution; the total RNA 
was extracted according to routine one-step assay (36). The 
cDNA was synthesized using the HiScript II First Strand 
cDNA Synthesis kit (Vazyme Biotech Co., Ltd) according 
to the manufacturer's protocol. Human GAPDH was used 
as an internal reference. SYBR® Green I (Vazyme Biotech 
Co., Ltd.) was used as fluorescent dye. qPCR was using the 
SYBR Green Master Mix kit (Vazyme Biotech Co., Ltd.) 
according to the manufacturer's protocol. The thermocycling 
conditions were as follows: 95˚C for 5 min (pre-denaturation), 
followed by 40 cycles at 95˚C for 10 sec and 60˚C for 30 sec, 
and dissociation at 95˚C for 15 sec, 60˚C for 1 min and 95˚C 
for 15 sec. The experiments for each sample were repeated 
thrice. The primers used were as follows: ABCG2 forward, 
5'-GGTCAGAGTGTGGTTTCTGTAGCA-3' and reverse, 
5'-GTGAGAGATCGATGCCCTGCTTTA-3'; and GAPDH 
forward, 5'-ACCACAGTCCATGCCATCAC-3' and reverse, 
5'-TCCACCACCCTGTTGCTGTA-3'. The relative expres-
sion levels of ABCG2 mRNA were calculated using the 2-∆∆Cq 

method (37).

Protein expression analysis by flow cytometry (FCM). The 
AMC-HN-8, AMC-HN-8/CDDP, AMC-HN-8-EVs1 and 
AMC-HN-8-EVs2 cells were collected and washed with cold 
phosphate-buffered saline (PBS) twice. A volume of 0.1 ml 
single cell suspension (containing 1x106 cells) was incubated 
with 10 µl FITC-labeled ABCG2 antibody (undiluted; cat. 
no. 332014; Biolegend, Inc.) in the dark for 30 min at room 
temperature. In addition, 0.1 ml subcutaneous tumor single 
cell suspension was prepared as aforementioned and incubated 
with 10 µl FITC-labeled ABCG2 antibody (undiluted) in the 

dark for 30 min at room temperature. The cells were washed 
with PBS, and the protein expression levels were determined 
using an FC-500 type flow cytometer (Beckman Coulter, 
Inc.). Immunofluorescence data was measured using the 
EXPO 32 ADC v1.2 software (Beckman Coulter, Inc.). The 
protein expression level was expressed as the mean fluores-
cence intensity.

EV extraction from AMC-HN-8 and AMC-HN-8/CDDP 
cell culture medium. The AMC-HN-8 and AMC-HN-8/
CDDP cells were cultured for 48 h until they reached the 
logarithmic phase. The EVs were collected from the medium 
of the AMC-HN-8/CDDP and AMC-HN-8 cells via gradient 
centrifugation and were termed EVs1 and EVs2, respectively. 
The EVs were collected by the following steps: i) Supernatant 
was obtained by gradient centrifugation (600 x g, 10 min; 
1,500 x g, 30 min; 10,000 x g, 1 h) at 4˚C; ii) this supernatant 
was centrifuged at 110,000 x g for 16 h at 4˚C; iii) the super-
natant was discarded, and the deposit of EVs was obtained by 
dissolving it in PBS at 4˚C; and iv) the EVs were quantified by 
Nanodrop (Thermo Fisher Scientific, Inc.).

AMC-HN-8 cell incubation with EVs. The AMC-HN-8 
cells were collected by trypsin digestion. The density of the 
cell suspension was adjusted to 1x105 cells/ml, and 3 ml cell 
suspension was seeded into 6-well culture plates in triplicate. 
The cell groups were treated with 50 µl EVs1, EVs2 or normal 
saline; following 48-h treatment of AMC-HN-8 cells with 
EVs1 and EVs2 at 37˚C with 5% CO2, the cells were termed 
AMC-HN-8-EVs1 and AMC-HN-8-EVs2 cells, respectively, 
and the saline-treated group was used as the control. The 
concentration of all EV solutions was 50 µg/ml. Following 
treatment, the density of the single-cell suspension was 
adjusted to 1x106 cells/ml.

Cell cycle assay. A total of 1 ml single-cell suspension was 
collected from each group following treatment with EVs. The 
cells were washed with ice-cold PBS and fixed with 70% 
alcohol at 4˚C for 24 h. Following washing twice with ice-cold 
PBS, the cells were suspended in 100 µl PBS, and 1 ml prop-
idium iodide (BD Biosciences) was added to the suspension for 
staining at 4˚C for 30 min prior to cell cycle detection with an 
FC-500 type flow cytometer (Beckman Coulter, Inc.). The data 
were analyzed using the Multicycle AV software version 275 
(Phoenix Flow Systems, Inc.). The proliferation index (PI) was 
calculated using the following formula: PI = (S + G2/M)/(G0/1 
+ S + G2/M) x 100%.

Apoptosis assay. A total of 1 ml single-cell suspension from 
each AMC-HN-8 cell group following treatment with EVs or 
0.1 ml subcutaneous tumor single-cell suspension was collected 
and resuspended in 100 µl PBS. The cells were washed with 
ice-cold PBS and suspended in 100 µl 1X binding buffer 
(BD Biosciences). Subsequently, 10 µl of Annexin V-FITC 
(BD Biosciences) was added, and the mixture was placed on 
ice for 15 min in the dark prior to the addition of 380 µl 1X 
binding buffer and 10 µl propidium iodide. The cells were 
incubated on ice for 15 min in the dark, washed once with 
cold PBS, resuspended in 1 ml PBS and analyzed using a 
FC-500 type flow cytometer (Beckman Coulter, Inc.). Early 
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and late apoptotic cells were assessed. The apoptotic rate was 
measured using the EXPO 32 ADC v1.2 software (Beckman 
Coulter, Inc.).

Statistical analysis. Statistical analysis was performed using 
SPSS 21 software (IBM Corp.). Data are presented as the 
mean ± standard deviation. Multi-group comparisons were 
performed by one-way ANOVA followed by Tukey's post hoc 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Establishment of drug-resistant laryngeal cancer cells and 
the drug-resistant phenotype of AMC-HN-8/CDDP cells. 
Following 24-h treatment with CDDP, the IC50 of CDDP in 
AMC-HN-8 cells was detected by MTT method. The IC50 of 
CDDP in AMC-HN-8 cells was 6.47±0.16 µg/ml (data not 
shown). Based on the IC50 value, the CDDP concentrations 
ranging between 0.01 and 2 µg/ml were used to treat the 
AMC-HN-8 cells in order to establish the drug-resistant cell 
line AMC-HN-8/CDDP.

The AMC-HN-8/CDDP cell line was successfully estab-
lished from the parental CDDP-sensitive cell line AMC-HN-8 
by continuous exposure to increasing concentrations of CDDP 
for 8 months. One of the surviving clones was isolated and 

termed AMC-HN-8/CDDP. The IC50 value of CDDP in the 
AMC-HN-8/CDDP cells was 36.22±1.62 µg/ml. The resis-
tance index of AMC-HN-8/CDDP cells to CDDP was 5.60 
(data not shown).

The ABCG2 gene and the protein expression levels in 
AMC-HN-8 and AMC-HN-8/CDDP cells were detected by 
RT-qPCR and FCM. The results revealed that the ABCG2 
mRNA and protein expression levels in AMC-HN-8/CDDP 
cells were significantly higher compared with those in 
AMC-HN-8 cells (P<0.01; Fig. 1). The expression trends of 
the protein and mRNA levels in these cells were consistent.

Drug-resistant phenotype of AMC-HN-8 cells is modulated 
by EVs in vitro. The ABCG2 mRNA expression in EVs was 
detected by RT-qPCR, and the results revealed that the ABCG2 
mRNA expression levels in EVs1 derived from drug-resistant 
AMC-HN-8/CDDP cells were significantly higher compared 
with those in EVs2 derived from the parental CDDP-sensitive 
AMC-HN-8 cells (P<0.01; Fig. 2A).

Following 48-h treatment with EVs and 24-h exposure to 
CDDP, the IC50 value of AMC-HN-8 cells was detected by the 
MTT method. As presented in Fig. 2B, the IC50 value in the 
AMC-HN-8-EVs1 group was significantly higher compared 
with those in the AMC-HN-8-EVs2 and AMC-HN-8 groups 
(P<0.01; Fig. 2B). No significant differences were observed 
between the IC50 values in the AMC-HN-8-EVs2 and the 

Figure 1. ABCG2 gene and protein expression levels in AMC-HN-8 and AMC-HN-8/CDDP cells. (A) ABCG2 mRNA expression levels in AMC-HN-8 and 
AMC-HN-8/CDDP cells were detected by reverse transcription-quantitative PCR. The ABCG2 mRNA expression levels in AMC-HN-8/CDDP cells were 
significantly higher compared with those in AMC-HN-8 cells. (B and C) ABCG2 protein expression levels in AMC-HN-8 and AMC-HN-8/CDDP cells were 
detected by flow cytometry. ABCG2 protein expression levels in AMC-HN-8/CDDP cells were significantly higher compared with those in AMC-HN-8 cells. 
*P<0.01 vs. AMC-HN-8. ABCG2, ATP-binding transporter G2; CDDP, cisplatin.
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AMC-HN-8 control groups (P>0.05; Fig. 2B). The resistance 
index of AMC-HN-8-EVs1 cells to CDDP was 4.32 (data not 
shown).

Following 48-h treatment with EVs, the ABCG2 gene and 
protein expression levels in AMC-HN-8 cells were detected 
by RT-qPCR and FCM, respectively. The ABCG2 mRNA and 
protein expression levels in the AMC-HN-8-EVs1 group were 
significantly higher compared with those in the AMC-HN-
8-EVs2 and AMC-HN-8 control groups (P<0.01; Fig. 2C-E). 
The ABCG2 mRNA and protein expression levels in EVs2 
group exhibited no significant differences compared with 

those in the control group (P>0.05; Fig. 2C-E). Therefore, the 
ABCG2 expression levels were increased following treatment 
with EVs1 derived from drug-resistant AMC-HN-8/CDDP 
cells.

EVs modulate the cell cycle and apoptotic rate of AMC-HN-8 
cells. The changes in the cell cycle distribution in AMC-HN-8 
cells treated with EVs were determined by flow cytometry. In 
the G0/1 and G2/M phases of the cell cycle, the percentages of 
cells in the EVs1 group were lower compared with those in the 
EVs2 and control groups (P<0.01); the EVs2 group exhibited 

Figure 2. Drug-resistant phenotype of AMC-HN-8 cells is modulated by EVs in vitro. (A) ABCG2 mRNA expression levels in EVs were detected by RT-qPCR. 
ABCG2 mRNA expression levels in EVs1 were significantly higher compared with those in EVs2. *P<0.01 vs. EVs2. (B) IC50 value of CDDP in AMC-HN-8 
cells following treatment with EVs. The IC50 value of CDDP on AMC-HN-8 cells was significantly higher following treatment with EVs1 compared with that 
in cells treated with EVs2. *P<0.01 vs. AMC-HN-8-EVs1. (C-E) The mRNA and protein expression levels of ABCG2 in AMC-HN-8 cells following treatment 
with EVs. (C) ABCG2 mRNA expression levels in cells were detected by RT-qPCR. ABCG2 mRNA expression levels in the AMC-HN-8-EVs1 group were 
significantly higher compared with those in AMC-HN-8-EVs2 and AMC-HN-8 control groups. *P<0.01 vs. AMC-HN-8-EVs1. (D) ABCG2 protein expres-
sion levels in the AMC-HN-8-EVs1 group were significantly higher compared with those in the AMC-HN-8-EVs2 and AMC-HN-8 control groups. *P<0.01 
vs. AMC-HN-8-EVs1. (E) Representative flow cytometry plots of ABCG2 protein expression in AMC-HN-8 cells. ABCG2, ATP-binding transporter G2; 
CDDP, cisplatin; EVs, extracellular vehicles; EVs1, EVs derived from AMC-HN-8/CDDP cells; EVs2, EVs derived from AMC-HN-8 cells; RT-qPCR, reverse 
transcription-quantitative PCR.
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Figure 3. Cell cycle and apoptotic rate analysis of AMC-HN-8 cells following treatment with EVs. (A) The number of cell in the S phase and the cell PI were sig-
nificantly higher in the AMC-HN-8-EVs1 group compared with those in the AMC-HN-8-EVs2 and control groups, whereas the numbers of cells in the G0/1 and 
G2/M phases were lower. (B) Representative flow cytometry plots of the cell cycle distribution of AMC-HN-8 cells following treatment with EVs. (C) Cells in the 
AMC-HN-8-EVs1 group exhibited a lower apoptotic rate compared with that in the AMC-HN-8-EVs2 and AMC-HN-8 groups. *P<0.01 vs. AMC-HN-8-EVs1. 
(D) Representative flow cytometry plots of AMC-HN-8 cells following 48-h treatment with EVs. ABCG2, ATP-binding transporter G2; CDDP, cisplatin; EVs, 
extracellular vehicles; EVs1, EVs derived from AMC-HN-8/CDDP cells; EVs2, EVs derived from AMC-HN-8 cells; PI, proliferation index.
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Figure 4. Drug-resistant phenotype of AMC-HN-8 cells is modulated by EVs in vivo. (A) Establishment of drug-resistant subcutaneous tumors in nude 
mice. (B) CDDP inhibits AMC-HN-8 and AMC-HN-8-EVs2 cell-derived tumor growth (n=6). Compared with that in the control group, the mean volume of 
subcutaneously implanted tumors in the test group was significantly higher. **P<0.01 vs. blank control group. (C and D) The apoptotic rates of tumor cells in 
nude mice. (C) The apoptotic rate of the test group was significantly lower compared with that in the control group and higher compared with that in the blank 
control group **P<0.01 vs. test group. (D) Representative flow cytometry plots of the apoptotic rates of subcutaneous tumor cells in nude mice following CDDP 
treatment. (E and F) ABCG2 protein expression in subcutaneously implanted tumor cells. (E) Representative flow cytometry plots of ABCG2 protein expres-
sion levels in subcutaneously implanted tumor cells following CDDP treatment. (F) The ABCG2 protein expression levels in the test group were significantly 
higher compared with those in the blank control and control groups. **P<0.01 vs. test group. (G) ABCG2 mRNA expression levels in subcutaneously implanted 
tumor cells following CDDP treatment determined by reverse transcription-quantitative PCR. The ABCG2 mRNA expression levels in the test group were 
significantly higher compared with those in the blank control and control groups. *P<0.05 vs. test group. Blank control group, mice inoculated with AMC-HN-8 
cells and intraperitoneally injected with normal saline; control group, mice inoculated with AMC-HN-8 cells and intraperitoneally injected with 3 mg/kg 
CDDP; test group, mice inoculated with AMC-HN-8-EVs1 cells and intraperitoneally injected with 3 mg/kg CDDP; ABCG2, ATP-binding transporter G2; 
CDDP, cisplatin; EVs, extracellular vehicles; EVs1, EVs derived from AMC-HN-8/CDDP cells; EVs2, EVs derived from AMC-HN-8 cells.
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no differences compared with the control group (P>0.05). In 
the S phase, the percentage of cells in the EVs1 group was 
higher compared with that in the EVs2 and control groups 
(P<0.01), and the EVs2 group exhibited no significant differ-
ences compared with the control group (P>0.05). The cell PI 
in the EVs1 group was higher compared with those in the EVs2 
and control groups (P<0.01), whereas the EVs2 group exhib-
ited no differences compared with the control group (P>0.05) 
(Fig. 3A and B).

The EVs1 group exhibited a lower apoptotic rate compared 
with that in the control and EVs2 groups (P<0.01). No signifi-
cant differences were observed in the apoptotic rates between 
the EVs2 and control groups (P>0.05) (Fig. 3C and D).

Drug-resistant phenotype of AMC-HN-8 cells is modulated 
by EVs in vivo. The nude mouse xenografts models of human 
laryngeal carcinoma were successfully established. The tumors 
started to grow from day 5 post-inoculation of AMC-HN-8 
and AMC-HN-8-EVs1 cells, and the tumor volume gradually 
increased with a tumor formation rate of 100% (Fig. 4A). The 
drug administration began after the tumors grew >0.5 cm.

Compared with that in the control group, the mean volume 
of the subcutaneously implanted tumors in the test group was 
significantly higher (P<0.01; Fig. 4B). In the control group, the 
volume inhibitory rate of CDDP on the growth of the subcu-
taneously implanted tumor was 50.06%. In the test group, 
the volume inhibitory rate of CDDP on the growth of the 
subcutaneously implanted tumor was 11.41% (data not shown). 
Compared with those in the control group, the subcutaneously 
implanted tumor cells in the test group were resistant to CDDP.

The apoptotic rate of the cells isolated from the tumors 
in the test group was significantly lower compared with that 
in the cells from the control group, but significantly higher 
compared with that in the cells from the blank control group 
(P<0.01; Fig. 4C and D).

The ABCG2 mRNA and protein expression levels in the 
test group were significantly higher compared with those in 
the blank control and control groups (P<0.01; Fig. 4E-G).

Discussion

Chemotherapy is one of the main methods for the treatment 
of malignant tumors, especially for patients with late and 
postoperative recurrence  (9). The main disadvantages of 
chemotherapy include the side effects of chemotherapy drugs 
and drug resistance (38,39); drug resistance severely affects 
the efficacy of chemotherapy.

To date, the following major mechanisms of tumor drug 
resistance have been described: i) Drug efflux pump medi-
ated by membrane transporters, where the level of antitumor 
drugs in multidrug-resistant cells is reduced through the drug 
pump function of transmembrane transporter (40); ii) enzyme-
mediated resistance, where the activation of cell oxidation and 
the glutathione-related detoxification enzyme system result 
in direct inactivation of drugs or acceleration of drug excre-
tion, e.g. by protein kinase C and glutathione transferase (41); 
and iii) apoptotic gene-mediated resistance, where p53 gene 
mutation reduces the expression levels of apoptotic genes and 
proteins, and increases the expression levels of antiapoptotic 
factors, such as Bcl-2, allowing multidrug-resistant cells to resist 

and escape the apoptosis induced by antitumor drugs (42). In 
particular, the mechanism of membrane transporter-mediated 
drug efflux pump has been thoroughly studied.

The ABC transporter family is associated with tumor 
drug resistance (43-45) and serves a role of drug efflux pump 
mediated by membrane transporters; ABC transporters 
reduce the effective drug concentration in cells and induce 
drug resistance (46,47). For example, Hofman et al (46) have 
demonstrated that ABCG2 served as a drug (mitoxantrone) 
efflux transporter to induce drug resistance in A431 cells 
in vitro. Zhang et al  (48) have demonstrated that ABCG2 
mediates drug (mitoxantrone) resistance of colon cancer 
S1-M1-80 cells. Bar-Zeev et al (49) have reported that the drug 
(mitoxantrone) resistance of gastric cancer EPG85-257RNOV 
cells is mediated by ABCG2 and reversed by inhibiting the 
ABCG2-dependent efflux pumps. Ge et al (50) have demon-
strated that high expression levels of ABCG2 mediate the drug 
(doxorubicin) resistance of lung cancer H460/MX20 cells 
and colorectal cancer S1-MI-80 cells. Baxter et al (51) have 
reported that ABCG2 is commonly and significantly upregu-
lated in breast cancer following treatment with neoadjuvant 
endocrine therapy in three separate cohorts comprising a total 
of 200 patients, and ABCG2 upregulation is significantly asso-
ciated with tumor chemoresistance.

In our previous study, ABCG2 was demonstrated to be 
abnormally highly expressed in esophageal cancer tissues 
and to be involved in the development of drug resistance in 
esophageal cancer (18). Laryngeal cancer is a common cancer 
of the head and neck, and determining the mechanism of drug 
resistance is of great significance to improve the therapeutic 
effects and the survival rate of patient with laryngeal cancer. 
To achieve this, in the present study, a CDDP-resistant laryn-
geal cancer cell line AMC-HN-8/CDDP was established by 
culture with increasing CDDP concentrations. The ABCG2 
gene and protein expression levels in the AMC-HN-8/CDDP 
cells were significantly increased compared with those in the 
parental cells, suggesting that ABCG2 may be involved in the 
development of drug resistance in laryngeal cancer. However, 
the absence of clinical data (e.g., expression levels in tissues 
and association with patient prognosis) is a limitation of the 
present study: In our future studies, clinical data will be used 
to verify the results.

EVs are bioactive substances secreted by cells; during the 
process of EV formation, the proteins, mRNAs and non-coding 
RNAs from the source cells are functionally selected and 
released into the target cells following interaction between EVs 
and target cells, and they serve a functional role by altering the 
phenotype and genotype of the target cells (31). The EVs in the 
tumor microenvironment regulate the biological characteris-
tics of target cells, thus affecting their biological behavior (52). 
Previous studies have reported that the EVs in the tumor 
microenvironment regulate drug resistance of various types 
of tumor cells, such as breast cancer, glioma and lung cancer 
cells (53,54). Wang et al (55) have demonstrated that the chemo-
therapeutic drug vincristine stimulates drug-resistant KBv200 
cells to release EVs containing ABCB1, which in turn lead to a 
significant increase of ABCB1 intercellular transfer to develop 
a drug-resistant phenotype. Bouvy et al (56) have reported 
that EVs from HL60/AR interact with HL60 cells and, at least 
partially, transfer their chemoresistance. Soekmadji et al (57) 
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have reviewed that the role of EVs in mediating drug (mito-
xantrone) resistance in prostate cancer cell PC3, particularly 
the role of EVs mediating drug resistance in advanced prostate 
cancer. Ma et al (58) have demonstrated that short transient 
receptor potential channel 5-containing circulating EVs may 
transfer the Adriamycin chemoresistance property to chemo-
sensitive MCF-7/WT recipient cells. In our previous study, 
EVs with high expression levels of ABCG2 were demonstrated 
to regulate the drug resistance of esophageal cancer (59). In 
the present study, whether EVs released by drug-resistant 
cells may affect the drug resistance of their surrounding cells 
was studied in order to provide novel ideas for the study of 
drug resistance in laryngeal cancer. In  vitro experiment 
results demonstrated that the ABCG2 expression levels in the 
EVs released by AMC-HN-8/CDDP cells were significantly 
increased compared with those in the EVs from AMC-HN-8 
cells, suggesting that EVs may modulate the drug resistance of 
cells via ABCG2 present in EVs. Following treatment of the 
parental cells with EVs released by AMC-HN-8/CDDP cells, 
the parental cells exhibited drug resistance, decreased apop-
totic rate and reduced cell proliferation compared with those 
cells in the control group or cells treated with EVs released by 
AMC-HN-8 cells, suggesting that exposure to EVs may affect 
cell drug resistance. To further verify the role of EVs with 
high levels of ABCG2 in the regulation of drug resistance, a 
subcutaneous tumor model of laryngeal cancer drug-resistant 
cells was established in the present study. The subcutaneously 
transplanted tumor was established by injecting laryngeal 
cancer cells treated with EVs with high levels of ABCG2. 
The results of the xenograft experiment demonstrated that the 
subcutaneously transplanted tumors of the test group (inocu-
lated with AMC-HN-8-EVs1 cells) were resistant to CDDP, 
and ABCG2 was highly expressed in the cells isolated from 
the tumors. These results suggested that EVs may upregulate 
the expression levels of ABCG2 in the target cells, leading to 
drug resistance of the target cells.

The exact mechanism of action of ABCG2 in drug resistant 
cells regulating the drug resistance of the surrounding cells 
has not been elucidated to date. In the present study, the regu-
latory effects of EVs on the drug resistance of laryngeal cancer 
cells were explored. The absence of other laryngeal cancer 
cell lines and ABCG2-knockdown experiments were potential 
limitations of the present study; in future studies, additional 
laryngeal cancer cell lines and knockdown ABCG2 expression 
experiment should be used to verify the results.

In conclusion, the results of the present study demonstrated 
ABCG2 was involved in the drug resistance of laryngeal squa-
mous cell carcinoma, and high expression levels of ABCG2 in 
EVs released by drug-resistant laryngeal cancer cells modu-
lated the drug resistance of target cells. EVs with high levels 
of ABCG2 upregulated the expression of ABCG2 in the target 
cells, inducing drug resistance. The results of the present 
study suggested that drug-resistant laryngeal cancer cells 
may induce drug resistance by EVs released into the tumor 
microenvironment, providing an experimental basis to further 
study the drug resistance mechanism of laryngeal cancer. The 
molecular mechanisms underlying drug resistance modulated 
by EVs are complex, necessitating further study in the future. 
The function of ABCG2 in reducing the intracellular effective 
drug concentration will be analyzed in future experiments.
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