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Abstract: MicroRNAs (miRNAs) play critical roles in carcinogenesis and tumor progression. Recent research has 
revealed miR-101-3p as an important regulator in several cancers. Nevertheless, its function in salivary gland Ad-
enoid cystic carcinoma (ACC), a relatively rare malignance with poor long-term survival rate arisen in head and neck 
region, remain unknown. In this study, down-regulated miR-101-3p expression was detected in ACC tissues and 
ACC cell lines with high potential for metastasis. Ectopic expression of miR-101-3p significantly repressed the inva-
sion, proliferation, colony formation, and formation of nude mice xenografts and induced potent apoptosis in ACC 
cell lines. The provirus integration site for Moloney murine leukemia virus 1 (Pim-1) oncogene was subsequently 
confirmed as a direct target gene of miR-101-3p in ACC. Functional restoration assays revealed that miR-101-3p 
inhibits cell growth and invasion by directly decreasing Pim-1 expression. Protein levels of Survivin, Cyclin D1 and 
β-catenin were also down-regulated by miR-101-3p. miR-101-3p enhanced the sensitivity of cisplatin in ACC cell 
lines. Taken together, our results demonstrate that the novel miR-101-3p/Pim-1 axis provides excellent insights into 
the carcinogenesis and tumor progression of ACC and may be a promising therapeutic target for this type of cancer.
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Introduction

Salivary gland adenoid cystic carcinoma (ACC) 
is a relatively rare epithelial tumor character-
ized by neural and vessel invasion and a high 
incidence of distant metastasis [1]. Despite its 
slow growth, ACC exhibits high potential of 
recurrence. The long-term survival rate of 
patients with this cancer is fairly low, especially 
in patients with distant metastasis. In fact, 
33% of all patients with distant metastasis are 
expected to die within 2 years [2, 3]. Surgical 
resection followed by radiotherapy are suitable 
for treating the early stages of this malignan-
cies in the absence of metastasis; chemother-
apy is essential for management of advanced 
metastasis or local recurrence [4]. However, 
the overall response to single-agent is only 1% 
to 9%. Among these traditional agents currently 
available, cisplatin elicits the best results [5]. 
After exposure to a single chemotherapy agent, 
cancerous cells usually develop multidrug 

resistance, which is the leading factor influenc-
ing cancer-related deaths [6, 7]. The precise 
underlying mechanisms of the ACC initiation 
and progression remain unclear. Therefore, a 
better understanding of molecular events dur-
ing ACC progression is necessary; such knowl-
edge may contribute to the development of a 
novel therapeutic strategy to improve the prog-
nosis of ACC patients. 

MicroRNAs (miRNAs) are a new class of regula-
tory endogenous small noncoding RNAs that 
are significantly involved in controlling gene 
expression. Mature miRNAs are composed of 
approximately 22 nucleotides. By binding with 
the 3’ un-translated region (3’UTR) imperfectly 
complementarily, miRNAs exert degradation, 
cleavage or inhibition effect on gene translation 
[8]. Substantial evidence indicates that miRNAs 
critically regulate tumor initiation and progres-
sion by targeting oncogenes, tumor suppres-
sors, and genes regulating cell proliferation, 
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angiogenesis, apoptosis or migration [9-12]. 
miRNAs expression profiling can be used as a 
tool for predicting the prognosis of cancer 
patients [13-15]. Among known miRNAs, 
miRNA-101 was suggested as a tumor suppres-
sor because of its distinct down-regulation in 
numerous types of cancers including liver, 
breast, prostate cancer as well as head and 
neck cancer [16-20]. Emerging studies demon-
strate that miR-101 affects the tumorigenicity, 
survival, invasion and migration of tumor cells 
in several types of cancer [16, 17, 21]. Moreover, 
notably, recently study revealed that miRNA-
101 is a potential autophagy inhibitor by target-
ing STMN1, RAB5A and ATG4D [22] . Enforced 
miR-101-3p expression enhanced the drug sen-
sitivity of hepatocellular carcinoma cells by 
inhibiting the protective autophagy induced by 
cisplatin [23]. However, no study has yet 
focused on miR-101-3p in salivary gland ACC.

We hypothesize that miR-101-3p plays may piv-
otal role in the initiation and progression of 
human salivary gland ACC. In the present study, 
we aim to identify miR-101-3p expression in 
human salivary gland ACC specimens. In vitro 
functional assay was used to confirm the anti-
tumor effects of miR-101-3p in SACC-83 and its 
corresponding highly metastatic SACC-LM line 
by directly targeting Provirus integration site for 
Moloney murine leukemia virus 1 (Pim-1), a 
widely accepted oncogene that belongs to the 
Ser/Thr kinase family [24, 25]. Our study also 
emphasizes the role of miR-101-3p in enhanc-
ing the drug sensitivity of cisplatin. In summary, 
miR-101-3p was found to be a novel potential 
therapeutic target for salivary adenoid cystic 
carcinoma.

Material and methods

Tissue specimens

Tissue samples comprising 30 histopathologi-
cally comformed salivary gland ACCs and 10 
normal parotid glands were obtained from the 
Department of Oral and Maxillofacial-Head and 
Neck Oncology, School and Hospital of 
Stomatology, Wuhan University. The present 
study was approved by the ethics committee of 
Hospital of Stomatology, Wuhan University.

Cell lines and cell culture 

The highly metastatic human salivary gland 
ACC cell line SACC-LM, and its corresponding 

parental cell line SACC-83 were obtained from 
the School and Hospital of Stomatology, Peking 
University as a gift. SACC-83 and SACC-LM 
cells were cultured in PRMI-1640 (HyClone, 
USA) with 10% fetal bovine serum (FBS) (Gibco, 
USA) at 37°C in a humidified atmosphere con-
taining 5% CO2.

Vector construction

The human pri-miR-101-3p sequence was 
amplified by nested PCR through using Primer 
STAR Premix (TaKaRa, Japan) and cloned into 
the pWPXL lentivirus expression vector (add-
gene, USA) to construct pWPXL-miR-101-3p. 
The predicted binding sites in the 3’UTR of Pim-
1, which is the potential gene of miR-101-3p, 
was amplified through nested PCR and then 
cloned into the region directly downstream of a 
CMV promoter-driven firefly luciferase cassette 
in a pcDNA3.0 vector (p-Luc). The mutant 3’UTR 
of Pim-1 with the mutated sequence, which is 
in the complementary site for the miR-101-3p 
seed region, was constructed through overlap-
extension PCR according to the p-Luc-Pim-1 
3’UTR-WT plasmid. The Open reading frame 
(ORF) of Pim-1 was amplified and then cloned 
into pWPXL vector.

Lentivirus production and transduction

After pWPLX-miR-101-3p or pWPXL-Pim-1 co-
transfection with the packaging plasmid ps-
PAX2 and the envelop plasmid pMD2G (add-
gene, USA) into HEK-293T cells by Lipo- 
Fectamine 2000 (Invitrogen, USA) for 48 h, the 
virus particles were harvested. SACC-83 cells 
and SACC-LM cells were infected with recombi-
nant lentivirus-transducing units and 6 μg/ml 
polybrene (Sigma, USA). The cells were validat-
ed by using quantitative real-time PCR (qRT-
PCR) (for miR-101-3p) or Western blotting (for 
Pim-1).

Luciferase reporter assay

SACC-83 cells and SACC-LM cells were seeded 
in 96-well plates and co-transfected with 200 
ng of pWPXL-miR-101-3p or pWPXL, 50 ng lucif-
erase reporter as well as 10 ng pRL-CMV Renilla 
luciferase reporter by using Lipofectamine 
2000 (Invitrogen. USA) for 48 h. The luciferase 
activities were examined by using a dual-lucif-
erase reporter assay kit (Promega) according to 
the manufacturer’s instruction. 
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Oligonucleotide transfection

The specific siRNA sequence of Pim-1 (Qiagen, 
USA) was transfected into SACC-83 and SACC-
LM cells at a final concentration of 5 nM by 
using LipoFectamine 2000 (Invitrogen. USA). 
All-star negative controls (Qiagen, USA) were 
used as negative controls to prove the absence 
of interference by other mRNAs. The miR-101-
3p mimics and inhibitor (anti-miR-101-3p), 
which were purchased from Genepharma, 
China, were transfected into SACC-83 cells and 
SACC-LM cells at a final concentration of 50 nM 
by using LipoFectamine 2000 (Invitrogen. USA) 
according to the manufacturer’s instructions.

RNA extraction and qRT-PCR

Total RNA, including miRNA, was extracted by 
using a Qiagen miRNeasy mini kit (Qiagen, 
Hilden, Germany) according to the manufactur-
er’s instructions. cDNA was synthesized from 
total RNA by using a PrimeScript RT reagent kit 
(TaKaRa, Japan). qRT-PCR analyses using SYBR 
Premix Ex Taq were carried out out to quantify 
relative mRNA expression. GAPHD was used as 
an internal loading control. Relative miR-101-
3p expression was determine by using TaqMan 
microRNA assays (Applied Biosystems, USA). 
U6 small nuclear RNA was used as internal 
loading control. The relative miR-101-3p expres-
sion was normalized to U6 and Pim-1 was nor-
malized to GAPDH by using the 2-ΔΔCt 
equation.

Cell proliferation assay and colony formation

Cell Counting Kit-8 (Dojindo Laboratories, 
Japan) was used for cell proliferation assays 
according to the manufacturer’s instruction. 
For the colony formation assay, SACC-83 or 
SACC-LM stably expressing miR-101-3p or the 
corresponding parental cells were seeded into 
flat-bottomed 24-well plated at a density of 
300 cells per well. The plates were cultured in 
PRMI-1640 medium (HyClone, USA) with 10% 
fetal bovine serum (FBS) (Gibco, USA) at 37°C 
in a humidified atmosphere containing 5% CO2 
for 10 d. After colonies bad become visible, 
they were fixed using methanol and stained 
with 0.1% crystal violet (Sigma, USA). The num-
bers of colonies formed were counted.

Transwell invasion assay

Costar Transwell inserts (#3422, pore size, 8 
μm) (Coring, USA) were used for in vitro invasion 

assay. SACC-83 or SACC-LM stably expressing 
miR-101-3p or its corresponding parental cells 
were seeded into the upper chamber coated 
with Matrigel (BD Bioscience) at a density of 
10000 cells per well with 100 µl FBS-free 
PRMI-1640 medium. Medium with 10% FBS 
was added into the bottom chamber of the 
insert for invasion stimulation. After incubation 
at 37% with 5% CO2 for 24 h, the cells in the 
upper chamber were carefully removed and the 
cells that invaded through the Matrigel were 
fixed using methanol and stained with 0.1% 
crystal violet. Cells that underwent invasion 
were photographed and quantified.

Flow cytometry

Cells were washed thrice by PBS and then lysed 
using 0.1% trypsin with 0.01% EDTA at pH 7.5. 
The collected cells were wash with normal 
medium and cold PBS (4°C) and then resus-
pended in 400 µl of 1 × binding buffer (BD- 
Pharmingen Biosciences, USA) per sample. The 
cells were incubated in the dark with 5 µl of 
Annexin V and 10 µl of propidium iodide (PI) 
(BD-Pharmingen Biosciences, USA) for 15 min. 
Afterward, their apoptotic rate was evaluated 
by using flow cytometry.

Nude mice xenografts formation assay

Female athymic BALB/c nude mice (18-20 g, 
5-6 weeks old) were purchased form the 
Experimental Animal Laboratory of Wuhan 
University. All animals were kept in sterile lami-
nar flow cabinets under appropriate pathogen-
free conditions with a 12 h: 12 h light: dark 
cycle. The mice used were kept and manipulat-
ed according to protocols approved by the 
Laboratory Animal Care and Use Committee of 
Wuhan University. SACC-LM cells and miR-101-
3p expressing SACC-LM cells were harvested 
from culture plates and subcutaneously inocu-
lated into the right flank of the mice at a density 
of 2 × 106 in 0.2 ml of medium (SACC-LM for 
control vector group, miR-101-3p expressing 
SACC-LM for miR-101-3p group). Tumors were 
measured by using a caliper and calculated 
according to the formula (width2 × length)/2. 
The mice were euthanized after 6 weeks for 
tumor harvest. Tumor tissues were weighed 
and then embedded in paraffin for immunohis-
tochemical staining or frozen at -80°C for west-
ern blotting analysis. 
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Reagents, antibodies and Western blot analy-
sis

Cisplatin was purchased from Selleck 
Chemicals (USA). The primary antibodies used 
in our study included rabbit anti-Pim-1 (1:1000, 
GeneTex, USA), rabbit anti-survivin (1:1000, 
Cell Signaling, USA), rabbit anti-Cyclin D1 
(1:1000, Abcam, UK) and β-catenin (1:1000, 
cell signaling). Protein-lysed of cells or xeno-
grafts were separated on 10% SDS-PAGE gel 
and then transferred to a nitrocellulose mem-
brane (Bio-Rad). The membrane was blocked 
with 5% non-fat milk and incubated overnight 
with appropriate antibodies at 4°C. Proteins 
were visualized by using enhanced chemilumi-
nescense detection kit reagents (West Pico, 
Thermo Fisher Scientific, USA).

Immunohistochemistry

Nude mice xenograft tumor tissues were 
embedded in paraffin, cut into 4 µm sections, 
and dried at 60°C for 2 h. For antigen retrieval, 
sections were boiled in 0.01 M citric acid buffer 
solution (pH=6.0) at high pressure for 1.5 min. 
The sections were incubated with 3% hydrogen 
superoxide for 20 min to quench endogenous 
peroxidase activity. After incubation with 10% 
normal goat serum for non-specific binding 
blocking, the sections were incubated with rab-
bit anti-Ki67 antibody (1:200, GeneTex, USA) at 
4°C overnight. Then the sections were incubat-
ed overnight with a secondary biotinylated 

analyzed by using two-tailed Student’s t-test or 
one-way ANOVA followed by Turkey or Bonferroni 
multiple comparison tests. Correlation between 
the miR-101-3p expression and Pim-1 were 
determined by two-tailed Pearson’s statistics. 
P<0.05 was considered statistically significant 
(*P<0.05, **P<0.01, ***P<0.001).

Results

miR-101-3p expression in human salivary 
adenoid cystic carcinoma specimens

High-throughput miRNA profiling of head and 
neck cancer tissues revealed that miR-101-3p 
is down-regulated in these tissues [20]. To elu-
cidate the expression of miR-101 in human sali-
vary adenoid cystic carcinoma (ACC), qRT-PCR 
was performed in 10 samples of normal parotid 
glands and 30 samples of ACCs. Similar to the 
data obtained from several other cancer types, 
the expression of miR-101-3p in ACC tissues 
was significantly reduced compared with that in 
normal parotid glands (P<0.05, Figure 1A). 
Furthermore, different miR-101-3p expression 
levels in two ACC cell lines (SACC-83 and SACC-
LM) were detected. The SACC-LM cell line, 
which is derived from the lung metastasis of 
the SACC-83 cell line, is considered more malig-
nant because of its potential for metastasis 
[26]. miR-101-3p expression in the SACC-LM 
cell line was notably higher than this in the 
SACC-83 cell line (P<0.05, Figure 1C). These 
results demonstrate that miR-101-3p is proba-

Figure 1. miR-101-3p expression in human salivary adenoid cystic carcino-
ma (ACC) specimens. A. Real-time PCR results showed that miR-101-3p is 
significantly decreased in human ACC tissues compared with normal parot-
id glands (t-test, P<0.001). B. miR-101-3p was down-regulated in the highly 
metastatic ACC cell line SACC-LM (t-test, P<0.05). *, P<0.05. **, P<0.01. 
***, P<0.001. Error bars indicate mean ± S.D.

immunoglobulin G antibody 
solution followed with an avi-
din-biotin-peroxidase solution 
for 20 min at 37°C. Protein 
expression was visualized by 
using 3,3’-diaminobenzidine 
tetrachloride. Mayer’s haema-
toxylin was used for counter- 
staining.

Statistical analysis

All experiments were indepen-
dently replicated at least 
thrice. All Data values, which 
are expressed as means ± 
SD, were analyzed by using 
Graphpad Prism v5.0 soft-
ware package (Graph Pad 
Software Inc, USA). Differ- 
ences between groups were 
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bly a potential tumor suppressor in salivary 
ACC.

MiR-101-3p inhibits cell invasion, proliferation, 
and induces apoptosis of ACC cell lines

Decreased miR-101-3p expression in human 
salivary ACC tissues suggested that miR-101-
3p may be associated with tumorigenesis. To 
elucidate miR-101-3p functions in ACC, a series 
of in vitro functional assays were performed on 
the SACC-83 and SACC-LM cell lines. SACC-83 
and SACC-LM cell lines stably expressing miR-
101-3p were constructed. Enforced miR-101-
3p expression significantly decreased the 
Matrigel invasion of SACC-83 and SACC-LM 
cells; invasion could be partially or entirely res-
cued by anti-miR-101-3p (P<0.05, Figure 2A 
and with quantities in Figure 2B and 2C). 

Recent studies report that miR-101-3p induces 
apoptosis in hepatocellular carcinoma [17]. 
Thus, apoptosis rates between ACC cell lines 
expressing miR-101-3p and their correspond-
ing parental cells were compared. As expected, 
flow cytometry results demonstrated increased 
apoptosis rates in both cell lines expressing 
miR-101-3p (Figure 2D). Moreover, miR-101-3p 
potently inhibited colony formation numbers in 
SACC-83 and SACC-LM cells (P<0.05, Figure 
2E). To confirm the miR-101-3p effect on cell 
proliferation, an MTT cell proliferation assay 
was carried out. Ectopic miR-101-3p expres-
sion remarkably inhibited the growth of SACC-
83 and SACC-LM cells whereas silencing signifi-
cantly promoted the growth of both SACC-83 
and SACC-LM cells (P<0.05, Figure 2F). These 
results establish the possibility that miR-101-
3p probably plays a crucial role in inhibition of 
ACC progression.

MiR-101-3p attenuates ACC xenograft tumor 
growth in nude mice

To support in vitro experiments identifying the 
anti-tumor effect of miR-101-3p, the possible 

influence of miR-101-3p in tumorigenicity was 
examined in vivo. SACC-LM cells stably express-
ing miR-101-3p (n=5) or the vector (n=5) were 
subcutaneously injected into the right flank of 
nude mice. After 1 week, tumor volumes were 
measured by using a calliper. Notably, artificial-
ly overexpression of miR-101-3p significantly 
repressed the growth of tumors compared with 
the vector group (P<0.05, Figure 3A-C). Artificial 
overexpression of miR-101-3p significantly 
repressed tumor growth compared with the 
vector group (P<0.05, Figure 3A-C). After 5 
weeks, the mice were sacrificed for tumor har-
vest. The weight of the tumors formed by miR-
101-3p-expressing cells was significantly high-
er than that of the vector group (P<0.05, Figure 
3D). In addition, the protein expression of Ki67, 
a gene related to proliferation, was detected 
through immunohistochemistry. The number of 
Ki67-positive cells in the miR-101-3p-express-
ing group was significantly lower than that in 
the vector group (Figure 3E and 3D). 

To elucidate the potential mechanism of the 
anti-tumor effects of miR-101-3p, protein lysis 
of the xenograft tumor was analyzed by using 
Western blot. Here, GAPDH was used as the 
loading control. As shown in Figure 3G, protein 
levels of Pim-1, survivin, cyclin D1, and 
β-catenin in the miR-101-3p group apparently 
decreased compared with the corresponding 
levels observed in the vector group. These 
results indicate that miR-101 exhibits anti-
tumor effects by down regulating Pim-1, sur-
vivin, cyclin D1, and β-catenin in vivo.

Pim1 is a direct target of miR-101-3p

miRNAs are known to suppress several mRNA 
targets, thereby inducing complete changes in 
cell phenotypes [27]. To elucidate how miR-
101-3p exerts its anti-tumor role in ACC, poten-
tial targets for miR-101-3p were searched by 
using TargetScan (www.targetScan.org) and 
miRanda (http://www.microrna.org). Pim1, the 
gene implicated in cancer cell proliferation, 

Figure 2. miR-101-3p inhibits cell invasion, proliferation, and induces apoptosis of human salivary gland adenoid 
cystic carcinoma (ACC) cell lines. A. Ectopic miR-101-3p expression significantly inhibited the invasion of ACC cells, 
whereas miR-101-3p silencing (anti-miR-101-3p) enhanced the invasion of ACC cells. Scale bar=50 μm. B. Quanti-
fication of invaded SACC-83 cells (t-test, *, P<0.05. **, P<0.01. ***, P<0.001). C. Quantification of invaded SACC-
LM cells (t-test, *, P<0.05. **, P<0.01. ***, P<0.001). D. Ectopic miR-101-3p expression induced apoptosis in 
SACC-83 and SACC-LM cells; PI indicates propidium iodide. E. Ectopic miR-101-3p expression significantly reduced 
the colony formation of SACC-83 and SACC-LM cells, with quantification on the right (t-test, P<0.001). F. Ectopic miR-
101-3p expression significantly repressed the proliferation of SACC-83 and SACC-LM cells, whereas miR-101-3p 
silencing (anti-miR-101-3p) enhanced the proliferation of SACC-83 and SACC-LM cells (**, P<0.01. ***, P<0.001). 
Cell Counting Kit-8 was used for proliferation rate examination. Error bars indicate mean ± S.D.
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migration and invasion, was predicted as the 
potential target gene for miR-101-3p. To identi-

fy the correlation between miR-101-3p and 
Pim-1, we continuously detected that Pim-1 

Figure 3. miR-101-3p attenuates ACC xenograft tumor growth in nude mice. A, B. Representative photographs of 
the tumors and nude mice. Scale bar=1 cm. C. SACC-LM cells expressing miR-101-3p (n=5) or vector (control, n=5) 
were subcutaneously injected into the right flanks of the nude mice. Tumor volume was measured twice a week 
for 5 weeks by using a caliper. Each data point represents the mean value of 5 tumors. The tumor volume of the 
miR-101-3p-expressing group was significantly higher than that of the vector group (*, P<0.05. **, P<0.01). D. The 
tumor weight of the miR-101-3p-expressing group was significantly higher than that of the vector group (t-test, **, 
P<0.01). E. Representative immunohistochemical staining results of Ki67. Scale bar=50 μm. F. Quantification of the 
rate of Ki67-positive cells (t-test, ***, P<0.001). G, H. Western blot analysis revealed that protein levels of Pim-1, 
survivin, cyclin D1, and β-catenin are significantly reduced in tumors formed by miR-101-3p-expressing SACC-LM 
cells. Quantification was carried out using Image J through pixel analysis of bands by normalization to GAPDH as a 
loading control. Error bars indicate mean ± S.D.
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expression was significantly higher in ACC tis-
sues than in normal parotid gland tissues 

(P<0.05, Figure 4A). The correlation between 
Pim-1 expression and miR-101-3p expression 

Figure 4. Pim1 is a direct target of miR-101-3p. A. Real-time PCR analysis showed that Pim-1 expression is sig-
nificantly elevated in ACC tissues (t-test, ***, P<0.001). GAPDH was used as the internal loading control. B. Cor-
relation between miR-101-3p expression and Pim-1 expression (P<0.038, r2=0.1132). C. Predicted miR-101-3p 
target sequences in 3’UTR of Pim-1 and its mutant (MUT) containing 4 mutated nucleotides. The wild type (WT) or 
mutant (MUT) reporter plasmid was co-transfected with miR-101-3p mimics or the negative control (NC) into SACC-
LM or SACC-83 cells. Renilla luciferase vector was used as the internal control (t-test, **, P<0.01. ***, P<0.001, 
ns=no significance). D, E. Protein levels of Pim-1, survivin, cyclin D1, and β-catenin in SACC-83 and SACC-LM cells 
transfected with miR-101-3p mimics or miR-101-3p inhibitor (anti-miR-101-3p) were determined by using Western 
blot analysis. Quantification was carried out by using Image J through pixel analysis of bands with normalization to 
GAPDH as a loading control. Error bars indicate mean ± S.D.
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was then confirmed through Spearman rank 
correlation coefficient and linear tendency 
tests. Pim-1 expression exhibited more signifi-
cant negative correlations with miR-101-3p 
expression in human salivary gland ACC speci-
mens (P<0.05, r2=0.1132, Figure 4B) than in 
normal parotid gland specimens. 

To determine whether or not Pim-1 is a directly 
targeted gene of miR-101, Luc-Pim1-UTR-wild-

type and its corresponding 3’-UTR mutant were 
constructed. Luciferase reporter assay demon-
strated that miR-101-3p suppresses the tran-
scriptional activity of the Luc-Pim-1-UTR-wide-
type reporter more extensively than that of the 
3’-UTR mutant (P<0.05, Figure 4C).  

To identify the putative regulatory function of 
miR-101-3p on Pim-1, protein lysis of vector 
cells or cells stably expressing miR-101-3p 

Figure 5. MiR-101-3p represses ACC cell proliferation and invasion by directly targeting Pim-1. A. Whereas Pim-
1-specific siRNA significantly repressed the proliferation rate of SACC-83 and SACC-LM cells, ectopic miR-101-3p 
expression was unable to suppress cell proliferation in Pim-1-depleted SACC-83 and SACC-LM cells. miR-101-3p 
silencing (anti-miR-101-3p) accelerated cell proliferation but did not promote growth in Pim-1-depleted SACC-83 
and SACC-LM (one-way ANOVA, *, P<0.05. **, P<0.01). B. Pim-1 up-regulation (ORF without 3’UTR) significantly pro-
moted cell proliferation and rescued the cell growth inhibition induced by miR-101-3p in SACC-83 and SACC-LM cells 
(one-way ANOVA, *, P<0.05. **, P<0.01). C. Enforced expression of Pim-1 promoted cell invasion and abrogated the 
invasion inhibition induced by miR-101-3p in SACC-83 and SACC-LM cells (one-way ANOVA, *, P<0.05, **, P<0.01, 
***, P<0.001). D. Representative photographs of invaded cells. Error bars indicate mean ± S.D. Scale bar=50 μm.
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Figure 6. miR-101-3p enhances drug sensitivity of ACC cells. A. After exposure to 10 μM cisplatin for 24 h, the rela-
tive expression of miR-101-3p in SACC-83 (left) and SACC-LM (right) was significantly reduced (t-test, ***, P<0.001). 
B. After exposure to 10 μM cisplatin for 24 h, the relative protein expression of Pim-1 in SACC-83 (left) and SACC-LM 
(right) was significantly increased. Quantification was carried out using Image J through pixel analysis of band by 
normalization to GAPDH as a loading control. C. miR-101-3p increased cisplatin-induced apoptosis in SACC-83 and 
SACC-LM cells. PI indicates propidium iodide. D. miR-101-3p enhanced cisplatin-induced growth inhibition in SACC-
83 and SACC-LM cells (***, P<0.001).
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were analyzed. The transfection efficiency of 
miR-101-3p was tested by qRT-PCR (Figure S1).
miR-101-3p mimics observably down-regulated 
Pim-1 expression in the SACC-83 and SACC-LM 
cell lines. Moreover, the decrease in Pim-1 
could be substantially rescued by anti-miR-101-
3p. Interestingly, similar to out in vivo data, the 
expressions of survivin, cyclin D1, and β-catenin 
were also down-regulated (Figure 4D). These 
results suggest that Pim-1 is a direct target 
gene of miR-101-3p.

MiR-101-3p represses ACC cells proliferation 
and invasion by directly targeting Pim-1

To evaluate whether or not Pim-1 is a direct 
functional target of miR-101-3p in ACC cells, 
functional restoration assays were performed 
in SACC-83 and SACC-LM cell lines. By using a 
specific siRNA, Pim-1 was knocked down in 
both SACC-83 and SACC-LM cells. Obvious 
repression of proliferation that phenocopied 
the repressive effects of miR-101-3p was 
observed in Pim-1-depleted cells. miR-101-3p 
silencing by anti-miR-101-3p could not rescue 
the proliferation repression caused by Pim-1 
siRNA (P<0.05, Figure 5A). Moreover, artificial 
over-expression of Pim-1 by using the Pim-1 
plasmid ORF significantly promoted SACC-83 
and SACC-LM proliferation. This effect could 
not be repressed through enforced miR-101-3p 
expression (P<0.05, Figure 5B). To investigate 
whether or not miR-101-3p inhibits invasion of 
ACC cells by directly targeting Pim-1, Matrigel 
transwell assays were carried out. Interestingly, 
Pim-1-expressing cells observably exhibited 
significantly enhanced invasion abilities that 
could be repressed by miR-101-3p (P<0.05, 
Figure 5C and 5D). These results reveal that 
miR-101-3p inhibits proliferation and invasion 
of ACC cells by directly down-regulating Pim-1.

MiR-101-3p enhances drug sensitivity of ACC 
cells

Cisplatin can elicit better results than other 
types of traditional chemotherapy agents when 
used to treat ACC; nevertheless, the curative 
effect of cisplatin remains vague. To elucidate 
whether miR-101-3p can influence the drug 
sensitivity of ACC cells to cisplatin, miRNA lev-
els of miR-101-3p and protein levels of Pim-1 in 
SACC-83 and SACC-LM cells were detected. 
The cells were treated with 10 μM cisplatin for 
24 h. As expected, miR-101-3p expression was 

significantly down-regulated in cells treated 
with cisplatin (P<0.05, Figure 6A). Pim-1 
expression also remarkably increased in cells 
treated with cisplatin (P<0.05, Figure 6B). 
SACC-83 and SACC-LM cell lines stably express-
ing miR-101-3p and their corresponding paren-
tal cell lines were subsequently treated with 
cisplatin for 24 h, and apoptosis rates were 
analyzed through flow cytometry. An apparent 
increase in apoptosis was observed in cells sta-
bly expressing miR-101-3p compared with their 
parental cells (Figure 6C). Proliferation repres-
sion induced by cisplatin in miR-101-3p 
expressing cells was also significantly enhanced 
(P<0.05, Figure 6D and 6E). These results indi-
cate that miR-101-3p enhances the drug sensi-
tivity of cisplatin in ACC cells.

Discussion

ACC is a relatively rare malignance commonly 
appearing in the head and neck region, espe-
cially in salivary glands [1]. Because of variable 
patient histories, differences in neural and ves-
sel invasion characteristics, and the high inci-
dence of distant metastasis, the long-term sur-
vival rate of ACC has remained relatively 
unchanged [2, 3]. To date, no definite systemic 
therapeutic strategy for ACC exists. Therefore, 
clarification of the molecular mechanism of 
ACC is urgently needed. Dysregulation of miR-
NAs in several cancers, including ACC, was 
recently reported [14, 28]. Accumulating evi-
dence confirms that miRNAs are involved in the 
tumorigenesis and tumor progression of sever-
al cancer types by manipulating cell prolifera-
tion, apoptosis, migration, or angiogenesis [9]. 
miRNAs have been regarded as promising prog-
nostic markers, and miRNA expression profiling 
can be used to predict cancer patients’ out-
comes [13-15, 28]. However, studies on miR-
NAs in ACC are rare.

miR-101-3p is significantly down-regulated in 
various cancer types, including liver, breast, 
prostate, and head and neck cancers [16, 17, 
20], and represses the proliferation, migration, 
and invasion of cancer cells. Thus, it is widely 
believed to be a tumor suppressor. These find-
ings have motivated us to perform the present 
study to determine the expression and function 
of miR-101-3p in ACC. 

miR-101-3p expression was evaluated for the 
first time in 30 cases of human salivary gland 
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ACC specimens and 10 normal parotid gland 
specimens. As expected, miR-101-3p expres-
sion significantly decreased in ACC tissues 
compared with that in normal parotid glands. 
Moreover, various miR-101-3p expression lev-
els were also defined in the highly metastatic 
cell line SACC-LM and its corresponding paren-
tal cell line SACC-83. SACC-LM, which revealed 
lower miR-101-3p expression level, is consid-
ered more malignant of the two cell lines. Our 
data reveal that miR-101-3p is a potential 
tumor suppressor of ACC. In vitro functional 
assays further confirmed the tumor suppress-
ing role of miR-101-3p. Through construction of 
miR-101-3p-expressing cell lines, miR-101-3p 
was found to exhibit potent ability to suppress 
cell proliferation, invasion, and colony forma-
tion. Moreover, enforced expression of miR-
101-3p induced apparent apoptosis in both 
SACC-83 and SACC-LM cell lines. These data 
are either completely or at least partially con-
sistent with previous studies on liver, breast, 
and prostate cancers as well as in head and 
neck squamous cell carcinoma [29]. Xenograft 
tumor assay further confirmed the anti-tumor 
effects of miR-101-3p.

Over 5,300 human genes have been recog-
nized as potential miRNA targets [30, 31]. To 
understand the potential mechanism of the 
anti-tumor effect of miR-101-3p, TargetScan 
(http://www.targetScan.org) and miRanda 
(http://www.microrna.org) were used, and 
Pim-1 was selected as a potential target. As a 
member of the active serine/threonine kinase 
family, Pim-1 functions as a proto-oncogene by 
promoting tumor development in animal mod-
els [32]. Several Pim-1 target genes have been 
associated with cell cycle regulation, apoptosis, 
and invasion and the signaling pathway, all of 
which are linked to cancer cell survival [33]. 
Elevated Pim-1 expression is often found in 
human cancers, including hematological malig-
nancies and solid tumors [34-38]. Interestingly, 
a recent study reported that Pim-1 is overex-
pressed in human salivary gland ACC and that 
a small molecular inhibitor of Pim-1 could atten-
uate the proliferation, cell cycle, and invasion of 
ACC cells [39]. In the present study, mRNA lev-
els of Pim-1 were significantly elevated in 
human ACC tissues. These results are consis-
tent with data from other studies. Data from 
the present study reveal that Pim-1 is a poten-
tial oncogene in human ACCs. 

Some miRNAs have been reported to exhibit 
anti-tumor functions by targeting Pim-1. In lung 
cancer and breast cancer, ectopic miRNA-
486-5p expression suppresses the prolifera-
tion, cell cycle, and migration of cancer cells 
[40-42]. Another research focused on miR-33a, 
a tumor suppressor targeting Pim-1 that sub-
stantially decelerates cell proliferation [43]. 
These studies have encouraged our group to 
clarify the association between miR-101-3p 
and Pim-1. miR-101-3p expression in human 
ACC tissues was hence detected, and correla-
tions between miR-101-3p expression and of 
Pim-1 expression were identified. 

Interestingly, Pim-1 expression was significantly 
negatively correlated with miR-101-3p expres-
sion. Luciferase reporter assays further con-
firmed that Pim-1 is a direct target of miR-101-
3p. The present study reveals for the first time 
that Pim-1 is a direct target gene of miR-101-
3p. Whereas miR-101-3p could significantly 
reduce protein levels of survivin, cyclin D1, and 
β-catenin in both ACC cell lines, miR-101-3p 
silencing elevated the expressions of these pro-
teins. These results indicate that miR-101-3p is 
a novel tumor suppressor that functions by tar-
geting Pim-1 in ACC.

During tumorigenesis, a single miRNA can 
affect biological behaviors by regulating numer-
ous target genes. miR-101-3p reportedly inhib-
its breast cancer by targeting STMN1, RAB5A, 
and ATG4D through elimination of protective 
autophagy [22]. Moreover, EZH2, MCL-1, and 
FOS, which play essential roles in controlling 
cell proliferation, invasion, and maintaining 
stem cell-like phenotype, have also been con-
firmed as target genes of miR-101-3p [44]. 
Despite confirming that Pim-1 is a direct target 
gene of miR-101-3p, the anti-tumor effect of 
miR-101-3p could not be considered to be com-
pletely exhibited through Pim-1 down-regula-
tion alone. Hence, functional restoration assays 
was performed, and miR-101-3p was found to 
regulate proliferation and invasion in ACC cells 
by targeting Pim-1.

Drug resistance is a leading factor influencing 
cancer-related deaths [6, 7]. Traditional chemo-
therapeutic agents do not elicit promising 
results (only 1%-9%) in ACC [5]. In this regard, 
exploring new therapeutic targets or improve 
target sensitivity to traditional agents are nec-
essary. Recent findings reveal that miRNAs play 
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a role in drug resistance. By using miRNA 
expression profiles, Dai et al. identified several 
miRNAs, including miR-101-3p, that were sig-
nificantly up-regulated in head and neck squa-
mous cell carcinoma cell lines treated with 
docetaxel to establish drug resistance [45]. 
These data suggest that miR-101-3p promotes 
drug resistance in cancerous cells. By contrast, 
in breast and liver cancers, miR-101-3p enhanc-
es chemotherapeutic sensitivity by eliminating 
protective drug-induced autophagy through tar-
geting of ATG4D, RAB5A, and STNM1 [22, 46]. 
In the present study, miR-101-3p expression in 
ACC cells significantly decreased after expo-
sure to cisplatin for 24 h, and Pim-1 protein lev-
els increased. Such results indicate that miR-
101-3p and Pim-1 are probably involved in ACC 
drug resistance. miR-101-3p-expressing cells 
and parental cells were treated with cisplatin 
for 24 h, and apparent increases in apoptosis 
rate were observed. Cisplatin exhibited signifi-
cantly increased proliferation repression of 
miR-101-3p-expressing cells. These data are 
consistent with previous results of liver and 
breast cancer studies. However, the underlying 
mechanisms of the chemotherapeutic sensitiv-
ity induced by miR-101-3p require further study 
in future research. 

Based on the present study’s results, miR-101-
3p was determined to be frequently down-regu-
lated in ACC. Moreover, miR-101-3p represses 
cell proliferation, invasion, and colony forma-
tion, induces apoptosis in ACC cell lines by 
directly targeting Pim-1, and enhances cisplatin 
sensitivity in ACC cells. In summary, miR-101-
3p is a promising potential therapeutic target 
for human ACC.  
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Supplementary materials

MiRNAs, siRNAs and primers 

Chemically synthesized miRNAs and siRNAs without modifications were purchased from Genepharma, 
China, and had the following sequences:

Primers: miR-101-3p sense strand: 5’-UACAGUACUGUGAUAACUGAA-3’ X; antisense strand: 5’-CAGUUA- 
UCACAGUACUGUAUU-3’; U6 sense strand: 5’-GCUUCGGCAGCACAUAUACUAAAAU-3’; antisense strand: 
5’-CGCUUCACGAAUUUGCGUGUCAU-3’; anti-miR-101-3p: 5’-UUCAGUUAUCACAGUACUGUA-3’; Pim-1 sen- 
se strand: 5’-CGAGCATGACGAAGAGATCAT-3’; antisense strand: 5’-TCGAAGGTTGGCCTATCTGA-3’. siRNA: 
Pim-1 siRNA sense strand: 5’-GGAACAACAUUUACAACUCdTdT-3’; antisense strand: 5’-GAGUUGUAAAU- 
GUUGUUCCdTdT-3’.

Figure S1. miR-101-3p and Pim-1 transfection efficiency in 
human salivary adenoid cystic carcinoma (ACC) cell lines. A. 
miR-101-3p transfection efficiency in the highly metastatic 
ACC cell line SACC-LM (t-test, ***, P<0.001). B. Western blot 
analysis revealed that protein levels of Pim-1 is significantly 
reduced after Pim-1 siRNA transfection in ACC cell lines. 


