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Abstract. Curcumin is a natural compound extracted from 
the dried rhizomes of Curcuma (curcuma root or zedoary) that 
exhibits extensive pharmacological effects and low toxicity. 
The aim of the present study was to investigate whether 
curcumin inhibits cell proliferation and promotes apoptosis 
of laryngeal cancer through Bcl-2 and phosphoinositide 
3-kinase (PI3K)/protein kinase B (Akt), and by upregulating 
microRNA-15a (miR-15a). It was demonstrated that curcumin 
inhibits cell proliferation, and promotes apoptosis and 
increased caspase-3 activity of human laryngeal cancer cells. 
Furthermore, curcumin decreased Bcl-2 and PI3K protein 
expression, and decreased the phospho (p)-Akt protein expres-
sion of human laryngeal cancer cells. Furthermore, curcumin 
activated miR-15a expression by human laryngeal cancer cells. 
Suppression of miR-15a expression reversed the anticancer 
effect of curcumin on cell proliferation of human laryngeal 
cancer cells and increased Bcl-2 and PI3K/Akt protein expres-
sion in AMC-HN-8 cells treated with 40 µM of curcumin. The 
results of the present study suggest that curcumin inhibits cell 
proliferation and promotes apoptosis of laryngeal cancer cells 
through Bcl-2 and PI3K/Akt, and by upregulating miR-15a.

Introduction

Head and neck carcinoma is a major type of cancer that causes 
mortality in humans, ranking sixth in the incidence rate of 
all types of cancer (1). Laryngeal cancer is one of the most 
common types of head and neck carcinoma, ranking second 
in the incidence rate of all respiratory tract neoplasms behind 
head and neck squamous cell carcinoma, which accounts for 
95% of all types of head and neck carcinoma (2). Concomitant 
with increased industrialization and the exacerbation of air 

pollution, the incidence of laryngeal cancer is increasing by 
~25%/year, primarily in middle aged and elderly males (3). 
In 2008, the incidence of laryngeal cancer was 5.1/100,000 esti-
mated in male patients around the world, and the mortality 
rate was ~2.2/100,000 (4). In spite of novel surgical methods, 
novel chemotherapeutic drugs and advanced radiation therapy 
in the treatment of laryngeal cancer in the last 30 years, the 
overall survival rate of patients with laryngeal cancer has not 
improved; instead, ithas exhibited a downward trend, with a 
survival rate of ~50%, and a survival rate of <40% for patients 
with advanced laryngeal cancer (3).

Early diagnosis of laryngeal cancer and improvementsin 
effective treatment are required to improve our understanding 
of the underlying molecular mechanism of the development 
of laryngeal cancer, thereforenovel or early treatment may be 
developed (5). Epidemiological investigation has confirmed 
that the etiology of laryngeal cancer includes smoking, alcohol 
consumption, air pollution and occupational factors (6). With 
the development of molecular biology techniques, it has 
beendemonstrated that the development of laryngeal cancer 
involves phosphoinositide 3-kinase (PI3K)/protein kinase B 
(Akt), apoptosis regulator Bcl-2, c-Myc proto-oncogene 
protein, epidermal growth factor receptor and other onco-
genes (7). Each microRNA (miRNA/miR) is considered to 
be able to regulate hundreds of genes and has disease-depen-
dency, tissue‑specificity and expression stability. In numerous 
diseases, the expression profile of miRNAshave certain char-
acteristic alterations, particularly in the tumor; the expression 
of miRNAs in tumor tissues and adjacent wild-type tissues 
was significantly different (8). It has been demonstrated that 
analysis of miRNA levels in different tumors can assist with 
early diagnosis and evaluation of prognosis (9). miRNAs are 
emerging as molecular markers for the diagnosis, recurrence, 
metastasis and prognosis of numeroustypes of malignant 
tumor (9).

Curcumin, a polyphenolic compound (Fig. 1) of relatively 
low molecular mass, was initially isolated from Curcuma longa 
in 1870 (10). In 1910, following the elucidation of the chemical 
structure of double feruloyl methane, research into the physio-
logical and pharmacological effects of curcumin made marked 
progress (11). Curcumin has been demonstrated to exhibit 
anti-inflammatory, antioxidant, lipid-lowering, antivirus, 
anti‑infection, anti‑tumor, anti‑liver fibrosis and anti‑athero-
sclerosis effects, in addition to other pharmacological activity; 
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furthermore, curcumin demonstrates low toxicity without 
serious adverse reactions (11,12). It has been demonstrated that 
the underlying molecular mechanism of the anti-tumor effects 
of curcumin primarily involves apoptosis of tumor cells, inhi-
bition of the signal transduction pathway of tumor cell growth, 
oxidationresistance and inhibition of tumor angiogenesis (13). 
In the present study, it was identified that curcumin inhibits 
cell proliferation and promotes apoptosis of laryngeal cancer 
through a novel mechanism involving altered regulation of 
Bcl-2- and PI3K/Akt-targeting miRNAs.

Materials and methods

Cell culture. Laryngeal squamous cell carcinoma cell line 
AMC-HN-8 was purchased from Shanghai Institute Chinese 
Academy of Sciences (Shanghai, China) and cultured with 
Dulbecco's modified Eagle's medium (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and 10% fetal 
bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 
supplemented with 100 µM penicillin and 100 µM strepto-
mycin at 37˚C in a humidified atmosphere containing 5% CO2.

MTT assay. AMC-HN-8 cells [(1.0-2.0)x104 cells/well] were 
cultured in 96-well plates with 0, 20 and 40 µM of curcumin 
at 37˚C in a humidified atmosphere containing 5% CO2 for 
0-3 days. A 50-µl volume of 5 mg/ml MTT dye (Sigma-Aldrich; 
Merck Millipore, Darmstadt, Germany) was added to each well 
and incubated for 4 h. Subsequently, 150 µl of dimethylsulf-
oxide (Invitrogen; Thermo Fisher Scientific, Inc.) was added to 
each well prior to agitation for 20 min. The optical density of 
samples was determined at 490 nm using a Versamax micro-
plate reader (Molecular Devices, LLC, Sunnyvale, CA, USA).

Flow cytometric detection of apoptosis. AMC-HN-8 cells 
[(1.0-2.0)x106 cells/well] were cultured in 6-well plates with 0, 
10, 20 and 40 µM curcumin at 37˚C in a humidified atmosphere 
containing 5% CO2 for 1 day. AMC-HN-8 cells were washed 
twice with ice-cold PBS prior to being harvested. AMC-HN-8 
cells (1x106 cells) were resuspended with 1X binding buffer 
and stained with 5 µl Annexin V‑fluorescein isothiocyanate 
for 30 min in darkness at 4˚C. A 10‑µl volume of propidium 
iodide was added to each well and apoptosis was analyzed 
using flow cytometry (BD C6 flow cytometer; BD Biosciences, 
Franklin Lakes, NJ, USA).

Western blot analysis of cell lysates. AMC-HN-8 cells 
[(1.0-2.0)x106 cells/well] were cultured in 6-well plates with 
0, 10, 20 and 40 µM curcumin at 37˚C in a humidified atmo-
sphere containing 5% CO2 for 1 day. AMC-HN-8 cells were 
lysed in 1 ml radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, China) and 
harvested. Following centrifugation at 12,000 x g for 10 min 
at 4˚C, the supernatant was collected and proteins were quanti-
fied using a bicinchoninic acid assay (Beyotime Institute of 
Biotechnology) according to the manufacturer's protocol. Total 
protein (~50 µg/lane) was separated by 10% SDS-PAGE and 
transferred onto a 0.22 µm pore size nitrocellulose membrane 
(Sigma-Aldrich; Merck Millipore). The nitrocellulose 
membrane was incubated with anti-Bcl-2 (cat. no. sc-509; dilu-
tion, 1:1,000), anti-PI3K (cat. no. sc-293172; dilution, 1:200), 

anti-phosphorylated (p)-Akt (cat. no. sc-7985-R; dilution, 
1:300), anti-Akt (cat. no. sc-8312; dilution, 1:300; all from Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) and anti-β-actin 
(cat. no. sc-70319; dilution, 1:500; Sangon Biotech Co., Ltd., 
Shanghai, China) antibodies overnight at 4˚C subsequent to 
blocking in Tris-buffered saline containing 0.1% Tween-20 
(TBST) with 5% dried skimmed milk at room temperature 
for 1 h. The nitrocellulose was incubated with anti-mouse or 
anti-rabbit secondary antibodies (cat. nos. sc-2005 and sc-2357, 
respectively; dilution, 1:1,000; Santa Cruz Biotechnology, Inc.) 
at 37˚C for 1 h, detected using enhanced chemiluminescence 
reagent (Thermo Fisher Scientific, Inc., USA) subsequent to 
washing with TBST, and analyzed using Quantity One soft-
ware 3.0 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The whole procedure was repeated three times.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). AMC-HN-8 cells [(1.0-2.0)x106 cells/well] were 
cultured in 6-well plates with 0, 10, 20 and 40 µM curcumin at 
37˚C in a humidified atmosphere containing 5% CO2 for 1 day. 
Total RNA was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) and reverse‑transcribed into 
cDNA using a TaqMan MicroRNA Reverse Transcription 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. qPCR was performed 
on 1.0 µl cDNA using a TaqMan MicroRNA assay (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol (including thermocycler settings), 
with the following primers: miR-15a forward, 5'-GCT AGC 
AGC ACA TAA TGG TTT GTG-3' and reverse, 5'-GTG CAG 
GGT CCG AGG TAT TC-3'; U6 small nuclear ribonucleoprotein 
forward, 5'-GTG CAG GGT CCG AGG TAT TC-3' and reverse, 
5'-AAC GCT TCA CGA ATT TGC GT-3'. The 2-ΔΔCq method was 
used for quantification (14).

Anti‑miRNA‑15a and cell transfection. Anti-miRNA-15a 
(sequence, 5'-TCA TGG CAG CCT GGT CTA CAT GG-3') and 
negative control (NC; sequence, 5'-CCC CCC CCC CCC CC-3') 
oligonucleotides were synthesized by Shanghai GenePharma 
Co., Ltd. (Shanghai, China) and were transfected into 
AMC-HN-8 cells at 100 nM using Lipofectamine™ 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol.

Statistical analysis. Results are presented as the mean ± stan-
dard deviation for three replicates. The comparison between 
groups was performed using one-way ANOVA, followed by 
Bonferroni's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Figure 1. Chemical structure of curcumin.
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Results

Curcumin inhibits cell proliferation of human laryngeal 
cancer cells. The potential anticancer effect of curcumin on 
cell viability of human laryngeal cancer cells was investigated. 
Cellular proliferation of AMC-HN-8 cells was decreased 
by treatment with curcumin in a dose- and time-dependent 
manner (Fig. 2). A dosage of between 0 and 40 µM curcumin 
and a time of <3 days were used for all assays.

Curcumin increases apoptosis of human laryngeal cancer 
cells. To determine that the possible anticancer effect of 
curcumin was via apoptosis of human laryngeal cancer cells, 
apoptosis of AMC-HN-8 cells was determined using flow 
cytometry. When AMC-HN-8 cells were treated with 20 or 
40 µM of curcumin for 2 days, apoptosis was significantly 
increased compared with the untreated control cells (Fig. 3).

Curcumin increases capase‑3 activity of human laryngeal 
cancer cells. To investigate the effect of curcumin on capase-3 
activity of human laryngeal cancer cells, capase-3 activity 
was measured following treatment with curcumin. Curcumin 
at 20 and 40 µM significantly increased capase-3 activity 
of AMC-HN-8 cells compared with the untreated control 
cells (Fig. 4).

Curcumin decreases Bcl‑2 protein expression in human laryn‑
geal cancer cells. The effect of curcumin on Bcl-2 protein 
expression in human laryngeal cancer cells was determined 
using western blot analysis. Curcumin at 20 and 40 µM signifi-
cantly decreased the expression of Bcl-2 protein inAMC-HN-8 
cells compared with the untreated control cells (Fig. 5).

Curcumin decreases PI3K and Akt protein expression in 
human laryngeal cancer cells. Treatment of AMC-HN-8 cells 
with 20 or 40 µM curcumin significantly decreased PI3K and 
p-Akt protein expression, and the p-Akt/Akt ratio was signifi-
cantly decreased, compared with the untreated control cells, 
which revealed that curcumin induced apoptosis of laryngeal 
cancer via PI3K/Akt signaling pathway (Fig. 6).

Curcumin increases miR‑15a expression in human laryngeal 
cancer cells. To determine the effect of curcumin on miR-15a 
expression of human laryngeal cancer cell, RT-qPCR was 
employed to analyze miR-15a expression in AMC-HN-8 
cells. miR‑15a expression was significantly increased by 20 
or 40 µM curcumin compared with the untreated control 
cells (Fig. 7).

Suppression of miR‑15a expression partially reverses the 
anticancer effect of curcumin on cell proliferation of human 
laryngeal cancer cells. The effect of miR-15a expression on the 
anticancer effect of curcumin on cell proliferation of human 
laryngeal cancer cell was investigated. Anti-miRNA-15a 
significantly decreased miR‑15a expression in AMC‑HN‑8 
cells treated with 40 µM curcumin, compared with 40 µM 
curcumin + NC treatment (Fig. 8A). In addition, suppression 
of miRNA‑15a expression led to a significant reversal of the 
anticancer effect of 40 µM of curcumin on the cell inhibition 
rate of AMC-HN-8 cells (Fig. 8B).

Suppression of miR‑15a expression reverses the anticancer 
effect of curcumin on Bcl‑2, PI3K and p‑Akt protein expres‑
sion in human laryngeal cancer cells. To validate the effect 
of suppression of miR-15a expression on the anticancer effect 
of curcumin on Bcl-2, PI3K and p-Akt protein expression 
of human laryngeal cancer cells, western blot analysis was 
used to analyze Bcl-2, PI3K and p-Akt protein expression in 
AMC-HN-8 cells. Compared with treatment with 40 µM of 
curcumin + NC, Bcl-2 and PI3K protein expression, and the 
p-Akt/Akt ratio were significantly increased by suppression of 
miR-15a expression in AMC-HN-8 cells treated with 40 µM 
of curcumin (Fig. 9).

Discussion

Laryngeal caner is one of the most common types of malignant 
tumor in the head and neck (2). Concomitant with an increase 
in air pollution in recent years, the incidence of laryngeal 
cancer is increasing annually (4). Although it is possible to 

Figure 4. Curcumin promotes caspase-3 activity of human laryngeal cancer 
cells. **P<0.05 vs. untreated control cells.

Figure 3. Curcumin promotes apoptosis of human laryngeal cancer cells. 
**P<0.05 vs. untreated control cells.

Figure 2. Curcumin inhibits the proliferation of human laryngeal cancer 
cells. **P<0.05 vs. untreated control cells.
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treat the cancer using surgery, chemotherapy, radiotherapy and 
other treatments, a number of patients still succumbed due to 
local recurrence or metastasis after the radical operation, radio-
therapy and chemotherapy (15). Laryngeal cancer remains 
a serious threat to the life and safety of patients; therefore, 

there is an urgent requirement to identify more effective tumor 
prevention and treatment (16). In the present study, it was iden-
tified that curcumin inhibits cell proliferation and promotes 
apoptosis of human laryngeal cancer cells. Tuorkey (17) 
reported that curcumin is a potent cancer preventive agent (17), 
and Sordillo and Helson (18) identified that curcumin exhibits 
asymmetrical effects on cancer and wild-type stem cells. These 
findings implicated curcumin as a clinically important drug for 
the treatment of human laryngeal cancer cells.

Apoptosis of tumor cells is a complex process involving the 
regulation of numerous genes, including members of the Bcl-2 
family, which are among the most important members as they 
are able to inhibit the apoptosis of cells (19). Bcl-2 and Bcl-extra 
large are able to inhibit apoptosis of cells, whereas Bcl-2-like 
protein (Bax) and Bcl-2 homologous antagonist/killer promote 
apoptosis, and alterations in expression of these genes affects 
the apoptosis of wild-type cells and the apoptosis of tumor 
cells (20). For example, expression of Bcl-2 may lead to 
survival of cells with damaged DNA and accumulation of 

Figure 7. Curcumin increases miR-15a expression in human laryngeal cancer 
cells. **P<0.05 vs. untreated control cells. miR-15a, microRNA-15a.

Figure 5. Curcumin decreases Bcl‑2 protein expression in human laryngeal cancer cells. (A) Western blot analysis and (B) quantification of the effect of 
curcumin on Bcl-2 protein expression in human laryngeal cancer cells. β-actin served as a loading control. **P<0.05 vs. untreated control cells.

Figure 6. Curcumin decreases PI3K and p‑Akt protein expression in human laryngeal cancer cells. (A) Western blot analysis and (B) quantification of the 
effect of curcumin on PI3K expression in human laryngeal cancer cells. β-actin served as a loading control. (C) Western blot analysis of p-Akt and Akt, and 
(D) quantification of p‑Akt, protein expression in human laryngeal cancer cells. β-actin served as a loading control. **P<0.05 vs. untreated control cells. PI3K, 
phosphoinositide 3-kinase; p-Akt, phosphorylated-protein kinase B.
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mutations, to promote tumor development (21). In the present 
study, curcumin was demonstrated to be able to suppress 
Bcl-2 protein expression in AMC-HN-8 cells. Furthermore, 
suppression of miR-15a expression led to an increase in Bcl-2 
protein expression in AMC-HN-8 cells treated with 40 µM of 
curcumin. Zhu et al (13) demonstrated that curcumin triggers 
apoptosis of SW872 human adipocytes through upregulation 
of caspase activation and the Bax/Bcl-2 ratio.

The PI3K/Akt signaling pathway is an important signaling 
pathway for growth factors in vivo, which are able to activate 
the anti-apoptosis mechanism, and promote the metabolism 
of glucose and protein synthesis, to promote the growth and 
proliferation of cells (7). This abnormal signal transduction 
pathway is able to lead to abnormal increases in cell growth, 

proliferation, metabolism and anti-apoptosis effect, which 
are involved in the development of the majority of types of 
tumor (22). Therefore, the PI3K/Akt signaling pathway is 
considered the primary pathway for the survival of cancer 
cells, called ‘the pathway of anti-apoptosis’ (23). The results 
of western blot analysis in the present study revealed that 
curcumin significantly inhibited PI3K protein expression and 
p-Akt protein expression in AMC-HN-8 cells treated with 
40 µM of curcumin. Suppression of miR-15a expression was 
able to reverse the effects of curcumin in AMC-HN-8 cells. 
Seo et al (24) reported that curcumin significantly promoted 
NVP-BEZ235 (a PI3K/Akt and mammalian target of 
rapamycin inhibitor)-induced apoptosis through Bcl-2 expres-
sion in human renal carcinoma Caki cells. Zhao et al (25) 

Figure 8. Suppression of miR-15a expression partially reverses the anticancer effect of curcumin on the proliferation of human laryngeal cancer cells. 
Suppression of miR-15a expression (A) reverses the effect of curcumin on miR-15a expression and (B) partially reverses theeffect of curcumin on cell 
proliferation of human laryngeal cancer cells. **P<0.05 vs. untreated control cells; ##P<0.05 vs. cells treated with 40 µM curcumin. miR-15a, microRNA-15a; 
NC, negative control.

Figure 9. Suppression of miR-15a expression reverses the anticancer effect of curcumin on Bcl-2, PI3K and p-Akt protein expression of human laryngeal cancer 
cells. (A) Western blot analysis of the effect of curcumin on Bcl-2, PI3K, p-Akt and Akt protein expression in human laryngeal cancer cells. β-Actin was used 
a loading control. Quantification of (B) Bcl‑2, (C) PI3K and (D) p‑Akt protein expression in human laryngeal cancer cells. **P<0.05 vs. untreated control cells; 
##P<0.05 vs. cells treated with 40 µM curcumin. miR-15a, microRNA-15a; PI3K, phosphoinositide 3-kinase; (p-) Akt, (phosphorylated-) protein kinase B; NC, 
negative control.
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indicated that curcumin induces apoptosis via inhibition of the 
PI3K/Akt signaling pathway in pancreatic cancer cells.

miRNAs serve a negative role primarily through the inhibi-
tion of its target genes; a previous study has demonstrated that 
miR-15a induces the apoptosis of laryngeal carcinoma cells by 
activating Bcl-2 (26). It has been confirmed that miRNA‑15a 
is able to inhibit the proliferation of laryngeal cancer cells by 
directly inhibiting PI3K/Akt expression (27). In the present study, 
it was identified that curcumin significantly increased miR‑15a 
expression in AMC-HN-8 cells. Suppression of miRNA-15a 
expression significantly reversed the anticancer effect of 
curcumin on cell viability of AMC-HN-8 cells. Yang et al (28) 
reported that curcumin upregulated miR-15a and reduced the 
expression of Bcl-2 in MCF-7 breast cancer cells. Gao et al (29) 
suggested that curcumin decreases the expression of Wilms' 
tumor protein through miR-15a and miR-16-1 in leukemic cells. 
Therefore, it is hypothesized that miR-15a is able to reverse the 
anticancer effect of curcumin on cell viability and apoptosis of 
human laryngeal cancer AMC-HN-8 cells.

In conclusion, the present study demonstrates that curcumin 
inhibits cell proliferation and promotes apoptosis of laryn-
geal cancer through Bcl-2 and PI3K/Akt, and upregulating 
miR-15a. The results of the present study also demonstrated 
a functional link between miR-15a and the anticancer effect 
of curcumin on human laryngeal cancer cells. Further studies 
are required to determine the anticancer effects of curcumin 
on human laryngeal cancer in vivo to evaluate the potentially 
improved clinical significance for human laryngeal cancer in 
the future.
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