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Abstract. Aberrant microRNA (miRNA/miR) expression 
has been reported in various cancer types. miR‑21, which 
is considered to be a proto‑oncogene and is frequently 
overexpressed in certain cancer types, has been implicated in 
tumorigenesis. The aim of the present study was to investi-
gate the effect of miR‑21 degradation on tumor progression 
and its potential mechanisms in human salivary adenoid 
cystic carcinoma (SACC) development. Results of reverse 
transcription‑quantitative polymerase chain reaction analysis 
indicated that SACC cells with high metastatic potential 
(SACC‑LM cells) exhibited a significantly higher expression 
of miR‑21 compared with SACC cells with a lower metastatic 
potential (SACC‑83 cells). In addition, following transfection 
of SACC‑LM cells with miR‑21 inhibitor, cell viability was 
reduced, which may be a result of reduced cell proliferation 
and metastasis, and the induction of apoptosis, as determined 
by Cell Counting Kit‑8, wound healing, Matrigel invasion and 
flow cytometry assays. Furthermore, bioinformatics analysis 
indicated that programmed cell death 4 (PDCD4), phosphatase 
and tensin homolog deleted on chromosome ten (PTEN) and 
B‑cell lymphoma (Bcl)‑2 are potential target genes of miR‑21. 
Therefore, western blotting was performed to investigate the 
expression of these proteins, and the results demonstrated 
that miR‑21 expression level was negatively associated 
with PDCD4 and PTEN protein expression, and positively 
associated with Bcl‑2 protein expression, in SACC‑LM cells, 
indicating that miR‑21 may promote SACC progression via 
PDCD4, PTEN and Bcl‑2. In conclusion, the present study 

indicates that miR‑21 may be a novel target for SACC therapy 
and provide a novel basis for the clinical treatment of SACC.

Introduction

Salivary adenoid cystic carcinoma (SACC) is a malignant tumor 
that occurs in the large and small salivary glands, accounting 
for ~7.5‑10% of all salivary malignancies (1). SACC is char-
acterized by its unique biological features, including slow but 
aggressive growth, high incidence of distant metastasis and a 
high recurrence rate (2‑4). Molecular alterations or biomarkers 
associated with the development and progression of SACC, 
in addition to the therapeutic efficacy, are poorly character-
ized (5). The mortality rate associated with SACC remains 
high and lung metastasis is the major cause of death (6). As 
SACC is not sensitive to radiotherapy and chemotherapy, and 
recurrence is common following surgery, the discovery of 
appropriate therapeutic targets for the treatment of SACC is 
required.

MicroRNAs (miRNAs/miRs) belong to a class of 
non‑coding single‑stranded RNA molecules that have a length 
of ~22 nucleotides and are encoded by endogenous genes (7). 
miRNAs participate in the regulation of numerous biological 
processes by binding to the base sequence of the 3'‑untranslated 
region in target mRNA, which leads to mRNA degradation 
or translational repression  (8). miRNAs are considered to 
be important regulators of diverse cellular processes. In 
addition, they may act as oncogenes or anti‑oncogenes by 
altering various cellular pathways (9). Certain miRNAs are 
abnormally expressed in various cancer types compared with 
the corresponding normal tissues, including head and neck 
cancer, breast, lung, colon and stomach cancer, and leukemia 
and lymphoma (10‑12).

Of the various miRNAs that are reported to be 
involved in cancer development, miR‑21 has recently been 
reported to be overexpressed in SACC  (13). In addition, 
miR‑21 upregulation has been observed in various types 
of malignant tumors compared with their adjacent normal 
tissue, and accumulating evidence indicates that it may be 
involved in the regulation of the initiation and develop-
ment of cancer, which involves cell proliferation, invasion, 
migration and apoptosis (14,15). Furthermore, miR‑21 acts 
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as an important regulator in several signaling pathways, 
including RAS/MEK/extracellular signal‑regulated kinase, 
Wnt/β‑catenin and phosphatase and tensin homolog deleted on 
chromosome ten (PTEN)/phosphatidylinositol 3‑kinase/AKT, 
or by targeting programmed cell death 4 (PDCD4), PTEN 
and TIMP metallopeptidase inhibitor 3 (16,17). However, the 
role of miR‑21 in SACC and the mechanisms underlying its 
regulation of this malignant tumor remain unclear.

Therefore, the current study aimed to elucidate the role 
of miR‑21 in the pathological and physiological processes 
of SACC, and to investigate the underlying mechanisms. 
Small interfering (si)RNA was employed to reduce miR‑21 
expression in SACC cells to investigate its role in proliferation, 
apoptosis, migration and invasion.

Materials and methods

Cell culture and transfection. Human salivary adenoid 
cystic carcinoma cell lines with high metastatic potential 
(SACC‑LM) and low metastatic potential (SACC‑83) were 
provided by the Laboratory of Oral and Maxillofacial Surgery, 
Ninth People's Hospital, School of Medicine, Shanghai Jiao 
Tong University. Cells were cultured in RPMI‑1640 (Hyclone; 
GE Healthcare Life Sciences, Logan, UT, USA) culture 
medium containing 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml 
penicillin and 100 µg/ml streptomycin at 37˚C in a humidi-
fied incubator with 5% CO2. Upon 70‑80% confluence, using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) as transfection medium, miR‑21 inhibitor/siRNA 
(Shanghai GenePharma Co., Ltd., Shanghai, China) or nega-
tive control siRNA (Shanghai GenePharma Co., Ltd.) were 
transfected into SACC‑LM cells, according to the manufac-
turer's protocol. The sequences of miR‑21 siRNA and negative 
control siRNA were 5'‑UCA​ACA​UCA​GUC​UGA​UAA​GCU​
A‑3' and 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3', respec-
tively. Non‑transfected cells were used as a blank control. 
The final concentration of siRNA was 60 nM. At 5 h after 
transfection, the culture medium was replaced with fresh 
RPMI‑1640 containing 10% FBS and transfection efficiency 
was determined using fluorescent images.

RNA isolation and reverse transcription‑quantitative 
polymerase chain react ion (RT‑qPCR). miRanda 
(ht tp://34.236.212.39/microrna /home.do), miRBase 
(http://www.mirbase.org/) and TargetScan (release 7.1) were 
searched to predicted the target genes of miR‑21. At 48 h after 
transfection, total RNA and miRNA were extracted using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
cDNA was obtained using HiScript Reverse Transcriptase 
(Vazyme Biotech Co., Ltd., Nanjing, China) including 
3.575 µg RNA, 2 µl Oligo (dT) 15 or 2 µl hsa‑miR‑21‑5p loop, 
4 µl dNTP, 4 µl Hiscript Buffer, 1 µl Reverse Transcriptase and 
0.5 µl RNase inhibitor, according to the following protocol: 
25˚C for 5 min, 50˚C for 15 sec, 85˚C for 5 min and 4˚C for 
10 min. mRNA levels of miR‑21, PDCD4, PTEN and B‑cell 
lymphoma (Bcl)‑2 were detected by qPCR using a SYBR 
Premix Ex Taq II kit (Takara Bio, Inc., Otsu, Japan) on a 
7900HT Fast Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). Based on the sequence of 

miR‑21, a stem‑loop primer was designed by Primer Premier 
5.0 (Premier Biosoft International, Palo Alto, CA, USA) as 
follows: 5'‑GTC​GTA​TCC​AGT​GCA​GGG​TCC​GAG​GTA​TTC​
GCA​CTG​GAT​ACG​ACT​CAA​CAT​C‑3', 5'‑TGC​GCT​AGC​
TTA​TCA​GAC​TGA‑3' (forward), 5'‑CCA​GTG​CAG​GGT​CCG​
AGG​TAT​T‑3' (reverse). U6 small nuclear RNA was used as a 
reference gene, with the primer 5'‑CGC​TTC​GGC​AGC​ACA​
TAT​AC‑3' (forward); 5'‑AAA​TAT​GGA​ACG​CTT​CAC​GA‑3' 
(reverse). The following other primer sequences were used: 
PDCD4, 5'‑AAC​CAG​TCC​‑AAA​GGG​AAG​G‑3' (forward) 
and 5'‑ACA​TCC​ACC​TCC​TCC​ACA​TC‑3' (reverse); PTEN, 
5'‑CAC​GAC​GGG​AAG​ACA​AGT​TC‑3' (forward) and 5'‑TCT​
GCA​CGC​TCT​ATA​CTG​CA‑3' (reverse); and Bcl‑2, 5'‑AGC​
CTG​AGA​GCA​ACC​CAA​T‑3' (forward) and 5'‑AGC​GAC​
GAG​AGA​AGT​CAT​CC‑3' (reverse). GAPDH was used as 
an internal reference, the sequences were 5'‑TCA​AGA​AGG​
TGG​TGA​AGC​AGG‑3' (forward); 5'‑TCA​AAG​GTG​GAG​
GAG​TGG​GT‑3' (reverse). The PCR reaction was performed 
as follows: 95˚C for 30 sec, followed by 40 cycles at 95˚C for 
5 sec and 60˚C for 30 sec. All RT‑qPCR experiments were 
performed in triplicate and repeated three times. Each gene 
expression was quantified using the 2‑ΔΔCq method (18), and 
their expression was compared between cells transfected with 
negative control and miR‑21 siRNA.

Cell proliferation and viability assay. A Cell Counting Kit 
(CCK)‑8 assay was performed to measure cell proliferation 
and viability. SACC‑LM cells were seeded at a density of 
8x103 cells/well in 96‑well plates. When the cells reached 
70‑80% confluence, they were transfected with miR‑21 
inhibitor or negative control and incubated for 24, 48, 72 or 
96 h. Subsequently, 10 µl CCK‑8 reagent (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan) was added into each 
well of the plate and cells were incubated at 37˚C for 30 min. 
Absorbance at 460 nm was measured using a microplate reader 
(BioTek Instruments, Inc., Winooski, VT, USA).

Wound healing assay. A total of 5x105 SACC‑LM cells per 
well were seeded into 6‑well plates and cultured until 80% 
confluence. At 48 h after transfection, a wound was created 
in the center of the layer of confluent cells adhering to the 
bottom of the well using a 100 µl pipette tip. Plates were 
gently washed three times with PBS to remove the cell debris, 
and serum‑free RPMI‑1640 medium was added. The scratch 
width was measured by photo recordings at 0 and 24 h after 
the wound was created using an inverted optical microscope 
at x100 magnification (Olympus Corporation, Tokyo, Japan).

Matrigel invasion assay. Cell invasion was detected by 
a Matrigel invasion assay. Diluted Matrigel (100  µl; BD 
Biosciences, Franklin Lakes, NJ, USA) was added to the upper 
chamber of each well of a 24‑well Transwell plate (Corning 
Incorporated, Corning, NY, USA). At 48 h after transfec-
tion, 1x105 SACC‑LM cells in 200 µl serum‑free RPMI‑1640 
medium were seeded in the upper chamber, while 500 µl 
RPMI‑1640 containing 10% FBS was added to the lower 
chamber. After 24 h incubation at 37˚C, residual cells in the 
upper chamber were carefully removed with a cotton swab, 
while cells that had invaded to the lower chamber were fixed 
using 4% paraformaldehyde for 20 min and stained with 0.1% 
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crystal violet for 15 min at room temperature. Cells on the 
bottom surface were quantified by counting five random fields 
per well under the light microscope at a magnification of x100 
using Image‑Pro Plus version 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA), and the mean number of cells passing 
through the chamber calculated.

Flow cytometry. At 48 h after transfection, transfected and 
non‑transfected SACC‑LM cells were harvested by trypsin-
ization and washed twice in cold PBS. Subsequently, 1.0x105 
cells were suspended in 500 µl binding buffer containing 5 µl 
annexin V‑ FITC (Nanjing KeyGen Biotech Co., Ltd.) and 5 µl 
propidium iodide (PI; all from Nanjing KeyGen Biotech Co., 
Ltd., Nanjing, China), gently mixed with a pipette and incu-
bated at room temperature for 15 min. The apoptotic rate was 
obtained from the percentage of cells that were double‑stained 
with annexin V‑FITC and PI, as detected by a flow cytometer 
(Facs Canto II; BD Biosciences) using BD FACSDiva version 
8.0.1 software.

Western blot analysis. Then, 48 h after transfection, non‑
transfected and transfected SACC‑LM cells were trypsinized, 
collected and centrifuged at 671  x  g for 5  min at room 
temperature. Total protein was extracted using protein lysis 
solution containing RIPA buffer and 1% phenyl methane 
sulfonyl fluoride (PMSF; Beyotime Institute of Biotechnology, 
Jiangsu, China). Protein concentrations were measured using a 
BCA Protein assay kit (Beyotime Institute of Biotechnology). 
Denatured protein samples (40 µg) were separated by 10% 
SDS‑PAGE and subsequently transferred to polyvinylidene 
fluoride membranes. After blocking in 5% nonfat dry milk 
for 2 h at room temperature, the corresponding membranes 
were incubated with antibodies against PDCD4 (ab80590; 
1:7,000; Abcam, Cambridge, UK), Bcl‑2 (ab32124; 1:1,000; 
Abcam), PTEN (ab32199; 1:1,000; Abcam), Snail family 
transcriptional repressor 1 (Snail1; BZ06198; 1:500; Bioworld 
Technology, Inc., St. Louis Park, MN, USA) and E‑cadherin 
(BS1098; 1:500; Bioworld Technology, Inc.) at 4˚C overnight. 
GAPDH (BZ00672; 1:7,000; Bioworld Technology, Inc.) was 
used as an internal control. Subsequently, the membranes were 
incubated with goat anti‑rabbit polyclonal IgG secondary anti-
bodies (ZB‑2010; 1:500; OriGene Technologies, Inc., Beijing, 
China) for 2 h at room temperature. Membranes were washed 

in washing buffer three times and PDCD4, PTEN, Bcl‑2, 
Snail1, E‑cadherin and GAPDH protein bands were visualized 
using a BCIP/NBT Alkaline Phosphatase Color Development 
kit (P0321; Beyotime Institute of Biotechnology). Western 
blot results were normalized to the expression of GAPDH 
and analyzed using ImageJ version 1.49 software (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Data were analyzed using SPSS statistical 
software version 16.0 (SPSS, Inc., Chicago, IL, USA). Results 
are presented as the mean ± standard deviation. Comparisons 
between two groups were performed using Student's t‑test, while 
comparisons among multiple groups were performed using 
one‑way analysis of variance followed by LSD test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑21 is overexpressed in SACC cell lines and may be 
associated with tumor metastasis. Previous reports have 
indicated that miR‑21 expression in SACC tumor tissue 
samples was significantly higher compared with normal tissue 
samples (13). In order to investigate the potential role of miR‑21 
in SACC, the present study measured miR‑21 expression in two 
SACC cell lines (SACC‑83 and SACC‑LM). RT‑qPCR results 
demonstrated that miR‑21 expression was significantly higher 
in SACC‑LM cells, which have a high metastatic potential, 
compared with SACC‑83 cells, which have a low metastatic 
potential (Fig. 1A), indicating a potential role of miR‑21 in 
SACC cells metastatic ability.

miR‑21 downregulation inhibits tumor proliferation and 
induces apoptosis. To investigate the effect of miR‑21 on cell 
growth, cells were transfected with miR‑21 siRNA or nega-
tive control siRNA. RT‑qPCR analysis revealed that miR‑21 
expression was reduced in SACC‑LM cells transfected with 
miR‑21 siRNA, compared with cells transfected with negative 
control siRNA (Fig. 1B). Flow cytometry and CCK‑8 assays 
were performed to determine the effect of miR‑21 silencing 
on cell apoptosis and proliferation in SACC‑LM cells, respec-
tively. CCK‑8 detection was performed at five time points 
(0, 24, 48, 72 and 96 h). The apoptotic rate in the miR‑21 
siRNA, negative control siRNA and blank control groups was 

Figure 1. miR‑21 expression in SACC cell lines. (A) miR‑21 was significantly higher in SACC‑LM cells compared with SACC‑83 cells, as determined 
by RT‑qPCR. **P<0.01 vs. SACC‑LM cell line. (B) miR‑21 expression in SACC‑LM cells following transfection with miR‑21 siRNA and NC siRNA, as 
determined by RT‑qPCR. **P<0.01 vs. NC group. All data were normalized to the expression of endogenous control U6. miR, microRNA; SACC, salivary 
adenoid cystic carcinoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; siRNA, small interfering RNA; NC, negative control; U6, 
U6 small nuclear RNA; miR‑21 inhibitor, siRNA targeting miR‑21.
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14.5±0.6, 8.43±0.25 and 8.5±1.249%, respectively. In addi-
tion, miR‑21 siRNA‑transfected cells exhibited a significant 
increase in annexin V staining compared with the two other 
groups (P<0.01; Fig. 2A and B). As demonstrated in Fig. 2C, 
miR‑21 silencing triggered a decreased cell viability (P<0.05) 
compared with cells transfected with negative control siRNA, 
and viability was decreased in a time‑dependent manner.

miR‑21 promotes SACC migration and invasion. Wound 
healing migration and Matrigel invasion assays were performed 
to investigate the effects of miR‑21 on cell migration and inva-
sion, respectively. Based on the wound healing assay results, 
transfection with miR‑21 siRNA significantly reduced the migra-
tory ability of SACC‑LM cells, compared with cells transfected 
with negative control siRNA (Fig. 3A and B). In the Matrigel 
invasion assay, miR‑21 silencing in SACC‑LM cells reduced 
the number of cells crossing the membrane, compared with the 
negative control siRNA group, with means of 675 and 269 cells 
per random microscopic field, respectively (Fig. 3C and D). 
Furthermore, the protein expression of metastasis‑associated 
markers was determined by western blot analysis, and the 
results demonstrated that Snail1 protein expression was 
decreased, while E‑cadherin protein expression was increased, 
in the miR‑21 siRNA group compared with blank control and 
negative control siRNA groups (Fig. 3E and F). These results 
indicate that miR‑21 may promote cell invasion and migration 

in SACC‑LM cells, which may be associated with the high 
potential for metastasis of this cell line.

PDCD4, PTEN and Bcl‑2 are target genes of miR‑21 in 
SACC. To identify potential target genes of miR‑21, several 
databases were employed, including miRanda, miRBase and 
TargetScan. The search results indicated that PDCD4, PTEN 
and Bcl‑2 are predicted miR‑21 target genes. Therefore, 
RT‑qPCR was performed to further verify the accuracy of the 
above result. The results demonstrated that PDCD4 and PTEN 
mRNA levels were upregulated, while Bcl‑2 mRNA levels 
were downregulated, following transfection of SACC‑LM 
cells with miR‑21 siRNA, compared with cells transfected 
with negative control siRNA (Fig. 4A). Therefore, these results 
demonstrated a potential role for miR‑21 in the regulation of 
the expression of PDCD4, PTEN and Bcl‑2.

miR‑21 regulates tumor growth and metastasis by targeting 
PDCD4, PTEN and Bcl‑2 in SACC. As PDCD4, PTEN 
and Bcl‑2 are involved in migration, invasion and apoptosis 
and they are miR‑21 target genes, western blot analysis was 
performed to further determine whether miR‑21 regulates 
the protein expression of these genes in SACC‑LM cells. The 
results demonstrated that transfection of SACC‑LM cells with 
miR‑21 siRNA led to a significant increase in PDCD4 and 
PTEN protein expression, and markedly reduced Bcl‑2 protein 

Figure 2. Effect of miR‑21 siRNA on SACC‑LM proliferation and apoptosis. (A) Representative flow cytometry plots for blank control cells, and cells 
transfected with NC and miR‑21 siRNA. Cell apoptosis was measured by annexin V‑FITC/PI staining and flow cytometry (apoptotic cells refer to the cells in 
Q2 and Q4 quadrants). (B) miR‑21 siRNA transfection significantly increased SACC‑LM apoptosis compared with the control groups. **P<0.01, as indicated. 
(C) Proliferation of SACC‑LM cells at 0, 24, 48, 72 and 96 h after transfection with NC or miR‑21 siRNA was measured by a Cell Counting Kit‑8 assay. 
*P<0.05, as indicated. miR, microRNA; siRNA, small interfering RNA; SACC, salivary adenoid cystic carcinoma; NC, negative control; FITC, fluorescein 
isothiocyanate; PI, propidium iodide; MOCK, blank control; miR‑21 inhibitor, siRNA targeting miR‑21.
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expression, compared with blank control and negative control 
siRNA groups (Fig. 4B and C). These results indicate that 
miR‑21 levels were negatively associated with PDCD4 and 
PTEN expression, and positively associated with Bcl‑2 expres-
sion. Therefore, miR‑21 may reduce apoptosis, and increase 
cell proliferation and metastasis, by regulating the expression 
of PDCD4, PTEN and Bcl‑2 in SACC.

Discussion

SACC is a common malignant tumor of the head and neck 
that has a distinct potential for invasion and distant migra-
tion. At present, few studies have investigated the molecular 
markers that are associated with SACC treatment and 

prognosis  (19,20). In recent years, an association between 
various miRNAs and tumor development has been estab-
lished and substantial progress has been made concerning the 
biological function of miRNAs and their clinical relevance 
in cancer  (21‑24) Previous studies employed miRNA 
microarrays and RT‑qPCR to determine miRNA expres-
sion profiles in SACC cell lines with different metastatic 
potentials (13,25). These reports demonstrated that miR‑4487, 
miR‑4430, miR‑486‑3p, miR‑5191, miR‑21 and miR‑18a may 
be involved in the progression of SACC. Notably, miR‑21 is 
a key factor in multiple malignancy‑associated processes; it 
triggers the inflammatory response leading to tumor growth 
and metastasis, and promotes the interaction between 
tumor cells and the microenvironment, therefore promoting 

Figure 3. Effects of miR‑21 on SACC‑LM migration and invasion. (A) SACC‑LM cell migration was measured by a wound healing assay following transfec-
tion with NC or miR‑21 siRNA. Magnification, x100. (B) Quantification of SACC‑LM cell migration at 24 h after the wound was created in NC and miR‑21 
siRNA‑transfected cells. ***P<0.001 vs. NC group. (C) Cell invasion was measured by a Matrigel invasion assay. Magnification, x100. (D) Quantification of NC 
and miR‑21 siRNA‑transfected SACC‑LM cells crossing the Matrigel‑coated membrane following incubation for 24 h. ***P<0.001 vs. NC group. (E) Western 
blotting was performed to investigate Snail1 and E‑cadherin protein expression in blank control, and NC and miR‑21 siRNA‑transfected SACC‑LM cells. 
Representative bands are presented. (F) Snail1 protein expression was significantly decreased, while E‑cadherin protein expression was increased, following 
transfection of SACC‑LM cells with miR‑21 siRNA, compared with the control groups. Protein expression was normalized to GAPDH expression. ***P<0.001, 
as indicated. miR, microRNA; SACC, salivary adenoid cystic carcinoma; NC, negative control; siRNA, small interfering RNA; Snail1, snail family transcrip-
tional repressor 1; miR‑21 inhibitor, siRNA targeting miR‑21; MOCK, blank control.
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tumor occurrence and development  (26‑28). However, 
the underlying molecular mechanism of miR‑21 action 
requires further investigation.

In the present study, miR‑21 expression was significantly 
upregulated in the SACC‑LM cell line (high metastatic poten-
tial) compared with the SACC‑83 cell line (low metastatic 
potential), which indicated that the SACC‑LM cell line is 
more suitable for the investigation of miR‑21. Downregulation 
of miR‑21 expression using siRNA led to significantly reduced 
cell migration and invasion, and increased apoptosis, while 
cell viability was inhibited to a certain extent, compared 
with negative control siRNA‑transfected cells. Overall, these 
results indicated that miR‑21 may have various roles in tumor 
development and may be considered an important oncomiR 
in SACC.

By searching several databases, PDCD4, PTEN and Bcl‑2 
were considered to be potential targets of miR‑21. PDCD4 is 
a novel tumor suppressor gene that was recently discovered 
and has been reported to be involved in the regulation of 
tumor development and metastasis (29). PDCD4 is frequently 
downregulated in various tumor tissues and cells, which is 
associated with increased cell proliferation, migration and 
invasion, and decreased apoptosis (30,31). Previous studies 
have demonstrated that PDCD4 expression was negatively 

associated with miR‑21 levels in gastric cancer (32,33). Bcl‑2, 
as an anti‑apoptotic gene, is able to repress various apoptotic 
death events. A previous report demonstrated that miR‑21 
inhibited apoptosis through regulation of Bcl‑2 in a breast 
cancer mouse model (34), while Shi et al (35) reported that 
miR‑21 overexpression upregulated Bcl‑2 expression in human 
glioblastoma U‑87MG cells. The results of the present study 
demonstrated that transfection of SACC‑LM cells with miR‑21 
siRNA resulted in a higher apoptotic rate, which may be due 
to the downregulation of Bcl‑2 and upregulation of PDCD4 at 
mRNA and protein levels. Therefore, a negative association 
was observed between miR‑21 and PDCD4 protein levels in 
SACC‑LM cells, while a positive association was observed 
between miR‑21 and Bcl‑2 expression. These results indicate 
that miR‑21 may suppress cell apoptosis by regulating the 
expression of PDCD4 and Bcl‑2.

PTEN, which is an established tumor suppressor gene, 
has important roles in various tumor processes, including cell 
growth, apoptosis, adhesion, migration and infiltration (36,37). 
Genetic inactivation of PTEN is frequently observed in glio-
blastoma, endometrial cancer and prostate cancer, and reduced 
PTEN expression has been reported in various other cancer 
types, including lung and breast cancer (37‑39). Liu et al (40) 
reported that the expression of PTEN was reduced in >80% of 

Figure 4. Effects of miR‑21 on PDCD4, PTEN and Bcl‑2 mRNA and protein expression. (A) Reverse transcription‑quantitative polymerase chain reaction 
results demonstrated that PDCD4 and PTEN mRNA were significantly increased, while Bcl‑2 mRNA was decreased, when endogenous miR‑21 was silenced 
using miR‑21‑targeting siRNA. *P<0.05 and **P<0.01 vs. NC siRNA group. (B) Protein levels of PDCD4, PTEN and Bcl‑2 were detected by western blotting. 
Representative bands are presented. (C) PDCD4 and PTEN protein expression was significantly increased, while Bcl‑2 protein expression was decreased, 
when endogenous miR‑21 was silenced using miR‑21 siRNA in SACC‑LM cells. Protein expression was normalized to GAPDH protein expression. **P<0.01, 
as indicated. miR, microRNA; PDCD4, programmed cell death 4; PTEN, phosphatase and tensin homolog deleted on chromosome ten; Bcl‑2, B‑cell 
lymphoma‑2; siRNA, small interfering RNA; SACC, salivary adenoid cystic carcinoma; NC, negative control; miR‑21 inhibitor, siRNA targeting miR‑21; 
MOCK, blank control.
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solid SACC cases, and PTEN was also reported to be closely 
associated with the prognosis and lymph node metastasis of 
salivary gland cancer (41). In the current study, miR‑21 down-
regulation led to increased PTEN expression, and PTEN protein 
expression was negatively associated with cell migration and 
invasion in SACC‑LM cells. Epithelial‑mesenchymal transi-
tion (EMT) is a basic process of embryonic development that 
involves the separation and migration of epithelial cells from 
epithelial tissue to other locations, and is the foundation for 
normal development, wound healing and malignant epithelial 
tumors (42). Among various EMT regulatory factors, Snail1 is 
considered to be a key factor in tumor metastasis associated 
with EMT by directly repressing the expression of the epithe-
lial cell marker, E‑cadherin (43). In the present study, western 
blot analysis confirmed that downregulation of miR‑21 resulted 
in decreased protein expression of Snail1, which may therefore 
lead to reduced cell migration and invasion, in SACC‑LM 
cells. Furthermore, E‑cadherin protein levels were significantly 
increased following miR‑21 silencing, compared with the 
control groups. These data indicate that miR‑21 may control 
PTEN and Snail1 protein expression to further regulate the 
metastasis and invasion of SACC cells.

In conclusion, the results of the current study indicated that 
miR‑21 may be considered as a potential prognostic biomarker 
for SACC and may have potential as a therapeutic agent for the 
treatment of SACC.
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