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Abstract. Oral squamous cell carcinoma (OSCC), which is 
the most common epithelial malignant neoplasm in the head 
and neck, is characterized by local infiltration and metastasis 
of lymph nodes. The five‑year survival rate of OSCC remains 
low despite the advances in clinical methods. miR‑141‑3p has 
been shown to activate or inhibit tumorigenesis. However, the 
effects of miR‑141‑3p on invasion and migration of OSCC 
remain unclear. The present study aimed to evaluate the effects 
of miR‑141‑3p on invasion, proliferation, and migration in 
oral squamous cell carcinoma (OSCC). Reverse transcription 
quantitative PCR, western blotting and immunohistochemistry 
were used to detect microRNA(miR)‑141‑3p and pre‑B‑cell 
leukaemia homeobox‑1 (PBX1) expression in OSCC tissues 
and cell lines. The luciferase reporter assay was used to detect 
targets of miR‑141‑3p in OSCC. MTT, Transwell and wound 
healing assays were used to determine the cell proliferation 
and invasive and migratory abilities, respectively. Expression 
of constitutive phosphorylated  (p)‑Janus kinase 2 (JAK2) 
and p‑signal transducer and activator of transcription  3 
(STAT3) was detected using western blotting in tissues and 
cells. miR‑141‑3p expression was decreased in OSCC tissues 
and cells, while PBX1 protein expression was increased 
compared with non‑cancerous controls. The result from the 
dual‑luciferase reporter assay revealed that PBX1 was the 
direct target of miR‑141‑3p in OSCC tissues. Furthermore, 
miR‑141‑3p overexpression and PBX1 knockdown could 
reduce cell invasion, proliferation and migration, and inhibit 
the JAK2/STAT3 pathway; however, miR‑141‑3p downregula‑
tion had the opposite effects. In addition, silencing of PBX1 
using small interfering RNA could weaken the effects of 
miR‑141‑3p inhibitor on JAK2/STAT3 pathway and cell 
progression in CAL27 cells. In summary, the findings from 

this study indicated that miR‑141‑3p upregulation could inhibit 
OSCC cell invasion, proliferation and migration, by targeting 
PBX1 via the JAK2/STAT3 pathway.

Introduction

Oral cancer is a general term for various malignant tumors of 
the mouth. Oral squamous cell carcinoma (OSCC) is one the 
most common types of oral cancer, accounting for ~90% of 
all oral cancers found in the mouth and lips (1). In addition 
to being one of the most common types of oral tumor, is 
also the 8th  leading cause of cancer‑associated mortality 
worldwide (1,2). The current treatment of OSCC has been 
significantly improved and includes radiotherapy, chemo‑
therapy and surgical resection (3). However, some patients 
with OSCC are ineligible for radiation or chemotherapy (4) 
and their survival is not better than that of patients with OSCC. 
At present, the 5‑year survival rate is ~50% (5,6). Further 
investigation on the mechanism of OSCC tumorigenesis is 
therefore crucial.

Pre‑B‑cell leukemia homeobox protein 1 (PBX1) is a 
member of the PBX family. PBX1 can form hetero‑oligomeric 
complexes with other homeodomain transcription factors, 
such as Hox and engrailed, to prevent the development of 
OSCC (7,8). Increasing evidence showed that dysregulated 
expression of PBX1 contributes to the proliferation, survival 
and metastasis of various types of cancer, such as breast, 
lung, gastric and ovarian cancers. For example, in gastric 
carcinomas (9) and non‑small cell lung cancers (10), PBX1 
can promote the transformation between the epithelial 
and mesenchymal cells associated with chemoresistance. 
Furthermore, it has recently been found that PBX1 is 
upregulated in several OSCC cell lines (8).

Signal transducer and activator of transcription 3 (STAT3) 
is a cytoplasmic transcription factor, which expression can be 
regulated by various cytokines and growth factors, such as 
IL6, IL10 and TNF‑α (11‑14).

Previous studies have demonstrated that STAT3 is an 
important protein in tumorigenesis and progression of 
different malignancies, such as hepatocellular carcinoma 
(HCC), clear cell renal cell carcinoma and non‑small cell lung 
cancer (15‑18).

The phosphorylation of janus kinase 2 (JAK2) protein can 
activate STAT3 protein (19). Furthermore, the JAK2/STAT3 
signaling pathway plays crucial roles in cell proliferation and 
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apoptosis of various cancers (20). Activating the JAK2/STAT3 
signaling pathway can promote the stemness of OSCC (21) 
and certain microRNAs (miRs/miRNAs) might regulate the 
expression of JAK/STAT, such as miR‑203, miR‑409 and 
miR‑365a‑3p (20,22‑24).

miRs are small non‑coding RNAs of ~22 nucleotides in 
length. They regulate mRNA translation and deterioration, 
and gene expression is modulated following mRNA tran‑
scription  (25). Some miRNAs associated with cancer can 
influence multiple biological processes, such as cell survival, 
differentiation, proliferation, apoptosis and migration (26). 
Certain miRNAs have been characterized as tumor suppres‑
sors and others as oncogenic  (27,28). Previous studies 
reported that OSCC progression is affected by numerous 
miRNAs, including miR‑141, miR‑186  (29), miR‑145 and 
miR‑429  (30,31). miR‑141‑3p is a member of the miR‑141 
family. Previous studies have demonstrated that miR‑141‑3p 
expression is related to several types of tumors, such as naso‑
pharyngeal carcinoma, esophageal squamous cell carcinoma 
and HCC (32‑36). However, the effects of miR‑141‑3p on OSCC 
have been rarely reported, and the function of miR‑141‑3p 
and the relationship between miR‑141‑3p and JAK2/STAT3 
pathway remain unclear in OSCC.

The present study aimed to investigate the possible modu‑
lation of JAK2/STAT3 pathway by miR‑141‑3p via targeting 
PBX1, and to determine the potential effects of miR‑141‑3p 
in OSCC.

Materials and methods

Clinical specimens. A total of 30 pairs of tumor and adjacent 
normal tissues were collected from clinical surgical cases of 
OSCC between March 2018 and December 2019 from Lishui 
People's Hospital (Lishui, China). Adjacent tissues were 
collected at least 1.5 cm from the tumor tissue margin. The 
clinical specimen information of the 30 patients is presented 
in Table I. The study complied with the ethics committee regu‑
lations and was approved by the Clinical Ethical Committee 
of Lishui University (approval no. 201803). Written informed 
consent was provided by all the patients or their relatives for 
the use of their tissues in experiments. Following collection, 
tissue samples were immediately frozen in liquid nitrogen and 
preserved at ‑80˚C for subsequent experiments.

Cell lines and culture. The OSCC cell lines CAL27, SCC‑9, 
SCC‑4 and normal human oral keratinocytes (NHOK; 
cat. no. PCS‑200‑014 TM) cells were purchased from The Cell 
Bank of Type Culture Collection of The Chinese Academy of 
Sciences. All OSCC cells were cultured in DMEM medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 1%  penicillin‑streptomycin and 10%  FBS (Gibco; 
Thermo Fisher Scientific, Inc.) placed at 37˚C in a humidified 
incubator containing 5% CO2.

Cell transfection. CAL27 cells were seeded in a six‑well plate 
at 1x105 cells/well for incubation. After 24 h, the miR‑141‑3p 
inhibitor, miR‑141‑3p mimic, mimic/inhibitor negative control 
(NC; 50 nM; Guangzhou RiboBio Co., Ltd.) and small interfering 
(si)‑PBX1 and si‑NC (2 µM; Guangzhou RiboBio Co., Ltd.), 
were transfected into the cells using Lipofectamine® 2000 

(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Subsequently, the cells were incu‑
bated in a humidified atmosphere of 5% CO2 at 37˚C. After 
72 h, all transfected cells were collected, and subsequent 
experiments were immediately carried out. CAL27 cells were 
also co‑transfected with 50 nM miR‑141‑3p inhibitor and 2 µM 
si‑PBX1. The sequences were as follows: si‑NC sense, 5'‑AAU​
UCU​CCG​AAC​GUG​UCA​CGU‑3' and antisense, 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​AUU‑3'; si‑PBX1 sense, 5'‑AGC​UGU​
CAC​UGC​UAC​CAA​UGU‑3' and antisense, 5'‑ACA​UUG​GUA​
GCA​GUG​ACA​GCU‑3'; mimic NC sense, 5'‑UUC​UCC​GAA​
CGU​GUC​ACU​GUU‑3' and antisense, 5'‑AAC​AGU​GAC​ACG​
UUC​GGA​GAA‑3'; miR‑141‑3p mimic sense, 5'‑AAC​ACU​
GUC​UGG​UAA​AGA​UGG‑3' and antisense, 5'‑CCA​UCU​UUA​
CCA​GAC​AGU​GUU‑3' inhibitor NC sense, 5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3' and antisense, 5'‑UUG​UAC​UAC​ACA​
AAA​GUA​CUG‑3'; miR‑141‑3p inhibitor sense, 5'‑CCA​UCU​
UUA​CCA​GAC​AGU​GUU​A‑3' and antisense, 5'‑UAA​CAC​
UGU​CUG​GUA​AAG​AUG​G‑3'.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from tumor, adjacent tissues and cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. RNA was reverse 
transcribed into cDNA using the PrimeScript RT reagent kit 
(Takara Biotechnology Co., Ltd.). The thermocycling condi‑
tions were the following: Pre‑denaturation at 95˚C for 10 min; 
40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C 
for 20 sec. The reaction system contained SYBR Premix Ex 
Taq™ II 10 µl, PCR Forward Primer (10 µM) 0.8 µl, PCR 
Reverse Primer (10 µM) 0.8 µl, ROX Reference Dye 0.4 µl, 
DNA template (2.0 µl) and sterile distilled water (6.0 µl). 
U6 served as an internal control. The 2‑ΔΔCq method was 
used to calculate expression of the relative mRNA (37). The 
sequences of the primers were as follows: miR‑141‑3p forward, 
5'‑ACA​CTC​CAG​CTG​GGT​AAC​ACT​GTC​TGG​TAA‑3' and 
reverse, 5'‑CTC​AAC​TGG​TGT​CGT​GGA​GTC​GGC​AAT​TCA​
GTT​GAG​CCA​TCT​TT‑3'; U6 forward, 5'‑ATT​GGA​ACG​
ATA​CAG​AGA​AGA​TT‑3' and reverse, 5'‑GGA​ACG​CTT​CAC​
GAA​TTT​G‑3'. RT‑qPCR reactions were performed using a 
RealTime PCR System (Applied Biosystems).

Immunohistochemistry (IHC). Tissues were fixed in 
4% paraformaldehyde at 4˚C for 24 h. Then, the tissues were 
dehydrated in graded dilutions of ethanol at room tempera‑
ture (70% ethanol for 3‑4 h; 80% ethanol for 3‑4 h; 90% 
ethanol for 2‑3 h; 95% ethanol for 2‑3 h, 100% ethanol I for 
1.5‑2 h; 100% ethanol II for 1.5‑2 h). Then, the tissues were 
made transparent in xylene I and xylene II for 0.5‑1 h each 
time at room temperature. Next, a mixture of low melting 
point wax (melting point, 56‑58˚C) pre‑heated at 60˚C with 
an equivalent volume of fresh xylene was prepared in a glass 
bottle. The tissues were dipped into the mixture and incubated 
overnight at room temperature. Then, the tissues were dipped 
in low melting point wax and incubated in a 60‑˚C oven for 
0.5‑1 h three times. Following this, the tissues were embedded 
in low melting point wax at room temperature until the 
wax concreted. Finally, the waxes of containing tissue were 
trimmed and marked at room temperature. Wax‑embedded 
oral tissues were cut into 5‑µm slices. Xylene and graded 
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dilutions of ethanol (100% I; 100% II; 95% I; 95% II; 85%; 
75%) were used to remove wax and rehydrate sections, respec‑
tively. Slices were heated in an autoclave with citric acid buffer 
(pH 7.0) for antigen retrieval for 10 min, and then cooled down 
at room temperature; they were next incubated with 3% H2O2 
for 30 min at 37˚C. Slices were washed three times with PBS 
for 5 min and subsequently incubated with 10% goat serum 
(Beyotime Institute of Biotechnology) for 30 min at 37˚C, 
without subsequent washing. Sections were incubated with an 
anti‑rabbit PBX1 primary antibody (1:100; cat. no. ab104247; 
Abcam) overnight at 4˚C. Sections were then washed three 
times with PBS for 5 min. Subsequently, slices were incubated 
with an HRP‑conjugated goat anti‑rabbit IgG secondary anti‑
body (1:1,000; cat. no. ab6721; Abcam) at room temperature 

for 30 min at 37˚C and with an avidin‑biotin HRP complex 
for 30 min at 37˚C, followed by three washes with PBS for 
5 min. Slices incubated with only an HRP‑conjugated goat 
anti‑rabbit IgG secondary antibody (1:1,000; cat. no. ab6721; 
Abcam) at room temperature for 30 min at 37˚C served as a 
negative control. The slices were subsequently stained with 
3,3'‑diaminobenzidine avoid light for 15 min at room tempera‑
ture and counterstained with hematoxylin for 15 min at room 
temperature. Sections were observed using a light microscope 
(Eclipse Ni‑U; Nikon Corporation) at x20  magnification 
and ImageJ v1.8.0 software (National Institutes of Health) 
was used to evaluate the positive area of PBX1 staining. 
PBX1 expression was calculated as follows: Average Optical 
Density = Integrated Optical Density/Area (Area of target 
protein distribution).

Western blotting. Tissues and cells were lysed using RIPA 
buffer (Thermo Fisher Scientific, Inc.) supplemented with 
protease and phosphatase inhibitors (Thermo Fisher Scientific, 
Inc.) on ice for 20 min. Samples were centrifuged at 1,500 x g 
at 4˚C for 5 min, and a BCA protein assay kit (Thermo Fisher 
Scientific, Inc.) was used to determine the protein concentra‑
tion after collecting the supernatants. A total of 20 µg of total 
proteins were separated by 8‑12% SDS‑PAGE and transferred 
onto a PVDF membrane. Membranes were blocked with 
5% skimmed milk at room temperature for 1 h and were 
incubated with primary antibodies anti‑rabbit JAK2 (Abcam; 
cat.  no.  ab245303; 1:1,000), anti‑rabbit p‑JAK2 (Abcam; 
cat.  no.  ab195055; 1:1,000), anti‑rabbit STAT3 (Abcam; 
cat. no.  ab226942; 1:1,000), anti‑rabbit p‑STAT3 (Abcam; 
1:1,000), anti‑rabbit PBX1 (Abcam; cat. no. ab104247; 1:1,000), 
and anti‑mouse GAPDH (Abcam; cat. no. ab181602; 1:1,000) at 
4˚C overnight. Membranes were washed three times with TBST 
(0.2% Tween) and were incubated with secondary antibodies: 
HRP‑conjugated goat anti‑rabbit IgG (Abcam; cat. no. ab6721; 
1:5,000) and HRP‑conjugated goat anti‑mouse IgG (Abcam; 
cat. no. ab205719; 1:5,000) for 2 h at 37˚C. Membranes were 
washed three times with TBST and enhanced chemilumines‑
cence reagent (Thermo Fisher Scientific, Inc.) was used to 
detect the signal on the membrane. The data were analyzed via 
densitometry using ImageJ v1.8.0 software (National Institutes 
of Health) and normalized to expression of the internal control 
GAPDH.

MTT assay. CAL27 cells were seeded at the density of 2x103 per 
well in 96‑well plates. MTT solution (20 µl; Sigma‑Aldrich; 
Merck KGaA) was added at the concentration of 5 g/l. After 4 h, 
the supernatant from each well was discarded and 150 µl/well 
DMSO was added. The samples reacted for 10 min in the dark 
at room temperature. A microplate reader (Beckman Coulter, 
Inc.) was used to detect the optical density at 490 nm and the 
cell proliferation curve was plotted.

Luciferase assay. TargetScanHuman v7.2 (www.targetscan.
org) online prediction software was used to predict the 
binding sites of miR‑141‑3p and PBX1. We first constructed 
two plasmids wild type (Wt) and mutant type (Mut), and 
then we constructed two vectors, Wt‑PBX1 and Mut‑PBX1. 
Subsequently, miR‑141‑3p mimic, miR‑141‑3p inhibitor and 
mimic/inhibitor‑NC were transfected into CAL27 cells using 

Table I. Clinicopathological characteristics of patients with 
oral squamous cell carcinoma.

Variable	 Number (%)

Age, years	
  <60	 11 (36.7)
  ≥60	 19 (63.3)
Sex	
  Male	 14 (46.7)
  Female	 16 (53.3)
BMI	
  <22.5	 12 (40.0)
  ≥22.5	 18 (60.0)
Differentiation	
  Poorly differentiated	 3 (10.0)
  Moderate differentiation	 6 (20.0)
  Well differentiated	 21 (70.0)
Clinical stage	
  I‑II	 16 (53.3)
  III‑IV	 14 (46.7)
Tumor size, cm	
  <2.9	 13 (43.3)
  ≥2.9	 17 (56.7)
T stage	
  T1‑2	 16 (53.3)
  T3‑4	 14 (46.7)
Infiltration depth	
  Primary tissue layer	 7 (23.3)
  Adjacent tissue layer	 19 (63.3)
  Surrounding tissue layer	 4 (13.3)
Smoking status	
  No	 22 (73.3)
  Yes	 8 (26.7)
Underlying disease	
  No	 17 (56.7)
  Yes	 13 (43.3)

BMI, body mass index.

https://www.spandidos-publications.com/10.3892/etm.2021.11020
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Lipofectamine® 2000. After 48 h, the cells were collected 
and lysed and used for luminescence detection. The lucif‑
erase activity was detected using a dual‑luciferase reporter 
system (Promega Corporation) which includes the use of two 
reporters, firefly and Renilla luciferases. The activity of the 
co‑transfected control reporter (Renilla luciferase) provided 
an internal control to normalize the results.

Transwell assay. Transwell chambers were used for the 
Transwell assay (Corning). Matrigel (cat. no.  E1270; 
Sigma‑Aldrich; Merck  KGaA) and serum‑free DMEM 
medium were used to solidify the upper chamber. Matrigel 
was thawed at 4˚C overnight. Matrigel was then diluted with 
serum‑free DMEM medium to a Matrigel concentration of 
300 µl/ml mixture at 4˚C. Upper chambers were pre‑coated 
with the mixture, then pre‑warmed at 37˚C. After 1 h, 200 µl 
cell suspension (2x104) containing 1% FBS was added to the 
upper chamber, whereas 500 µl DMEM medium containing 
10% FBS was added to the lower chamber. After 24 h, the 
non‑invading cells were removed from the upper chamber 
and cells were fixed with 4% formaldehyde for 10 min at 
4˚C and stained with 0.05% crystal violet for 30  min at 
room temperature. Five fields were randomly chosen and 
observed under an inverted light microscope (Eclipse Ts2; 
Nikon Corporation) at x20 magnification and the number of 
invasive cells was calculated.

Wound healing assay. Cells were seeded onto 6‑well plates 
at the density of 5x105 cells per well. Once the cell density 
reached ~80%, a 200‑µl pipette tip was used to create a 
vertical wound on the cell layer, and detached cells were 
washed away with PBS. Images were captured at 0 h and 
at 48  h under a light microscope (Eclipse Ni‑U; Nikon 
Corporation) at x40 magnification and the cell migration 
distances was calculated.

Statistical analysis. Data were presented as the means  ± 
standard deviation of three independent experiments. Data were 
analyzed using SPSS 22.0 software (SPSS, Inc.). Paired t‑test 
was used to compare tumor group and adjacent normal tissue 
group and others significant difference between two groups 
was compared with unpaired t‑test. Multiple comparison was 
performed using one‑way ANOVA followed by Bonferroni's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of miR‑141‑3p and PBX1 in OSCC tissues and 
cell lines. RT‑qPCR, western blotting and IHC were used to 
analyze the expression of miR‑141‑3p and the protein expres‑
sion of PBX1. The results demonstrated that miR‑141‑3p 
expression in OSCC tissues (Fig. 1A) and cell lines (Fig. 1C) 
was significantly decreased compared with non‑cancerous 
tissues and NHOK cell line, respectively. In addition, PBX1 
protein expression was significantly increased in OSCC tissues 
(Fig. 1B) and cell lines (Fig. 1D) compared with non‑cancerous 
tissues and NHOK cell line. The expression of PBX1 was 
significantly higher in CAL27 and SCC‑4 cells compared 
with the other cell lines (Fig. 1D), and miR‑141‑3p expression 

levels were the lowest in CAL27 cells compared with the other 
cell lines (Fig. 1C). Thus, CAL27 cell line was selected for 
PBX1 knockdown in subsequent experiments to confirm the 
effects of PBX1 in OSCC. Immunohistochemical staining 
with anti‑PBX1 primary antibody showed that cancer tissues 
were stained brown in cytoplasm, corresponding to a positive 
staining. Control tissues were stained blue, corresponding to 
a negative staining (Fig. 1E). From the above results, it can 
be seen that miR‑141‑3p was downregulated, while PBX1 was 
upregulated in OSCC tissues and cell lines.

PBX1 is a potential target of miR‑141‑3p in OSCC. 
TargetScanHuman v7.2 online software was used to analyze 
the binding sites of miR‑141‑3p and PBX1. The results 
demonstrated that the sequence of the 3'‑untranslated region 
(UTR) of the PBX1 gene was complementary to the sequence 
of miR‑141‑3p (Fig. 2A). Furthermore, the co‑existence of 
PBX1‑Wt and miR‑141‑3p mimic in the cells significantly 
inhibited luciferase activity, while the co‑existence of 
PBX1‑Mut and miR‑141‑3p mimic or co‑existence of PBX1‑Wt 
and miR‑141‑3p mimic NC had no inhibition effect (Fig. 2B).

To determine the relationship between miR‑141‑3p and 
PBX1, the expression of miR‑141‑3p mRNA and PBX1 protein 
was detected using RT‑qPCR and western blotting, respec‑
tively, following CAL27 cell transfection miR‑141‑3p mimic 
or inhibitor. The results demonstrated that transfections with 
miR‑mimic and inhibitor were successful in CAL27 cells. The 
level of miR‑141‑3p was upregulated by miR‑141‑3p mimic 
and downregulated by miR‑141‑3p inhibitor, compared with 
corresponding NC (Fig.  2C). Furthermore, PBX1 protein 
expression was significantly decreased following transfection 
with miR‑141‑3p mimics, whereas miR‑141‑3p inhibitor had 
the opposite effect (Fig. 2D). These findings indicated that 
miR‑141‑3p could negatively regulate PBX1 protein expres‑
sion in CAL27 cells, suggesting that PBX1 may be a target of 
miR‑141‑3p in OSCC cells.

miR‑141‑3p inhibits CAL27 cell invasion, proliferation and 
migration. To determine the effects of miR‑141‑3p on CAL27 
cells, miR‑141‑3p mimic or inhibitor and corresponding NC were 
transfected into cells. miR‑141‑3p mimic significantly inhib‑
ited the proliferation of CAL27 cells, as determined by MTT 
assay; however, miR‑141‑3p inhibitor had the opposite effect 
(Fig. 3A). In addition, miR‑141‑3p mimic significantly inhibited 
the invasion and migration of CAL27 cells, while miR‑141‑3p 
inhibitor exhibited the opposite effects, according to results 
from Transwell and wound healing assays (Fig. 3B and C).

miRNA‑141‑3p inhibitor activates the JAK2/STAT3 pathway. 
A previous study demonstrated that activation of the 
JAK2‑STAT3 signaling pathway enhanced proliferation, 
invasion and metastasis of HCC cells (38). The present study 
demonstrated that the phosphorylation of JAK2 and STAT3 
proteins was affected by miR‑141‑3p mimic and inhibitor. 
Expression of p‑JAK2 and p‑STAT3 was decreased in CAL27 
cells transfected with miRNA‑141‑3p mimic compared with 
NC whereas miR‑141‑3p inhibitor had the opposite effect 
(Fig.  4). These findings suggested that the JAK2/STAT3 
signaling pathway may be activated following inhibition of 
miR‑141‑3p expression in CAL27 cells.
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Figure 1. Detection of miR‑141‑3p and PBX1 expression in OSCC tissues and cell lines. (A) RNA expression level of miR‑141‑3p and (B) protein expression 
level of PBX1 in OSCC tissues were detected by RT‑qPCR and by western blotting, respectively. (C) RNA expression level of miR‑141‑5p and (D) protein 
expression level of PBX1 in OSCC cell lines were detected by RT‑qPCR and by western blotting, respectively. (E) Expression level of PBX1 in OSCC tissues 
was detected by IHC assays. Scale bar=50 µm. *P<0.05 vs. control or NHOK. RT‑qPCR, reverse transcription‑quantitative PCR; IHC, immunohistochemistry; 
OSCC, oral squamous cell carcinoma; miRNA/miR, microRNA; PXB1, pre‑B‑cell leukaemia homeobox‑1.

Figure 2. PBX1 is a direct target of miR‑141‑3p in CAL27 cells. (A) Predicted duplex formation of PBX1‑wt‑3'‑UTR and miR‑141‑3p. (B) Luciferase gene 
reporter assay results in cells co‑transfected with PBX1‑wt and miR‑141‑3p mimic or mimic NC, or co‑transfected with PBX1‑mt and miR‑141‑3p mimic or 
mimic NC. (C) Expression levels of miR‑141‑3p in cells transfected with miR‑141‑3p mimic, mimic NC, miR‑141‑3p inhibitor or inhibitor NC was analyzed 
by RT‑qPCR. (D) PBX1 expression in cells transfected with miR‑141‑3p mimic, mimic NC, miR‑141‑3p inhibitor or inhibitor NC was analyzed by western 
blotting. *P<0.05 vs. mimic NC. #P<0.05 vs. inhibitor NC. wt, wild type; mt, mutant; miRNA/miR, microRNA; NC, negative control; UTR, untranslated 
region; PXB1, pre‑B‑cell leukaemia homeobox‑1.

https://www.spandidos-publications.com/10.3892/etm.2021.11020
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si‑PBX1 weakens the effects of miRNA‑141‑3p inhibitor on 
JAK2/STAT3 pathway and cell behavior in CAL27 cells. 
si‑PBX1, miR‑141‑3p inhibitor and the combination of 
PBX1‑siRNA + miR‑141‑3p inhibitor were transfected into 
CAL27 cells. The results from western blotting confirmed the 
successful downregulation of PBX1 in the si‑PBX1 group in 
comparison with the si‑NC group, and also a decreased expres‑
sion of p‑JAK2 and p‑STAT3. The combined transfection of 
miR‑141‑3p inhibitor and si‑PBX1 increased the expression 

of p‑JAK2, p‑STAT3 and PBX1, whereas si‑PBX1 transfec‑
tion attenuated the increase in constitutive levels of p‑JAK2, 
p‑STAT3 and PBX1 expression induced by miR‑141‑3p 
inhibitor (Fig. 5A).

The results from MTT, Transwell and wound healing 
assays suggested that miR‑141‑3p inhibitor could significantly 
enhance the cell proliferation, migration and invasion of 
CAL27 cells. Furthermore, PBX1 downregulation inhibited 
the invasion, proliferation and migration of CAL27 cells. In 

Figure 4. miR‑141‑3p inhibits the activation of the JAK2/STAT3 signaling pathway. Expression of STAT3 and p‑STAT3 and of JAK2 and p‑JAK2 in CAL27 
cells was determined by western blotting. *P<0.05 vs. mimic NC. #P<0.05 vs. inhibitor NC. miR, microRNA; NC, negative control; JAK2, janus kinase 2; 
STAT3, signal transducer and activator of transcription 3 signaling pathway.

Figure 3. miR‑141‑3p mimic and inhibitor inhibit or enhance CAL27 cell invasion, proliferation and migration. Cells were transfected with miR‑141‑3p mimic, 
mimic NC, miR‑141‑3p inhibitor, or inhibitor NC. (A) Cell proliferation assay. (B) Cell invasion assay. Scale bar=50 µm. (C) Wound healing assay. Scale 
bar=50 µm. *P<0.05 vs. mimic NC. #P<0.05 vs. inhibitor NC. miR, microRNA; NC, negative control; OD, optical density.
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addition, in the combination group, si‑PBX1 notably weakened 
the promoting effects of miR‑141‑3p inhibitor on cell invasion, 
proliferation and migration (Fig. 5B‑D). Taken together, these 
results suggested that si‑PBX1 could weaken the effects of 
miRNA‑141‑3p inhibitor on the JAK2/STAT3 pathway and 
CAL27 cell behavior.

Discussion

OSCC is considered as a common malignant tumor and 
its incidence rate is continuously rising in developing 

countries (31). In OSCC, invasion occurs before metastasis, 
which is an important reason why OSCC leads to mortality (39). 
Determining novel targeted treatments for OSCC is therefore 
crucial, and this can be achieved by exploring the molecular 
properties of OSCC. The dysregulation of miRs contributes 
to the development and metastasis of many types of tumor, 
such as lung, breast, gastric, ovarian and liver cancers (40). 
Increasing evidence indicates that certain miRs can regulate the 
metastasis and invasion of OSCC cells, such as microRNA‑22, 
microRNA‑205‑5p and miRNA‑491‑5p (41‑43). miR‑141‑3p is 
a member of the miR‑200 family and exists in two clusters 

Figure 5. Effect of si‑PBX1 and miRNA‑141‑3p inhibitor on JAK2/STAT3 signaling pathway and CAL27 cell invasion, proliferation and migration. (A) Western 
blotting was used to determine the expression of PBX1, JAK2, STAT3, p‑JAK2 and p‑STAT3. Quantitative data are shown for PBX1, p‑JAK2/JAK2 and 
p‑STAT3/STAT3 in CAL27 cells transfected with si‑PBX1 or miR‑141‑3p inhibitor. (B) Cell proliferation assay was used to detected CAL27 cells transfected 
with si‑PBX1, siRNA NC, inhibitor + si‑PBX1 or inhibitor. (C) Invasion assay results of CAL27 cells transfected with si‑PBX1, siRNA NC, inhibitor + si‑PBX1 
or inhibitor. Scale bar=50 µm. (D) Wound healing assay results of CAL27 cells transfected with si‑PBX1, siRNA NC, inhibitor + si‑PBX1 or inhibitor. Scale 
bar=50 µm. *P<0.05 vs. si‑NC. #P<0.05 vs. miRNA‑141‑3p inhibitor + si‑PBX1. miR, microRNA; NC, negative control; si, small interfering; JAK2, janus 
kinase 2; STAT3, signal transducer and activator of transcription 3 signaling pathway; PXB1, pre‑B‑cell leukaemia homeobox‑1; OD, optical density.
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on chromosomes 1 and 12, named miRs‑200b/a/429 and 
miRs‑200c/141. The five miRs form the miR‑200 family (44). 
miR‑141 has the same sequence as miR‑200a, with only one 
nucleotide difference between miR‑141 and miR‑200a (45). 
Previous studies have reported that miR‑141 is involved in 
ovarian tumorigenesis, colon cancer, small cell lung cancer 
and renal cell carcinoma (46‑48).

However, the effects of miR‑141‑3p on OSCC remain 
unclear. Thus, the effects of miR‑141‑3p on OSCC were 
analyzed in the present study. The results from the present 
study demonstrated that miR‑141‑3p was downregulated 
in OSCC tissues and cells compared with non‑cancerous 
controls, indicating its potential role in OSCC tumorigenesis. 
Furthermore, consistent with a previous study, PBX1 
expression was increased in OSCC cells and tissues (8).

miRs are short endogenous single chain RNA molecules 
that can bind to 3'UTR to regulate the post‑transcriptional 
expression of miR of target genes (49). In addition, target genes 
can be activated or inhibited by miRs binding to their promoters 
after transcription (50,51). The result from luciferase reported 
assay demonstrated that miR‑141‑3p mimic significantly 
suppressed the activity of PBX1‑Wt, whereas the activity of 
PBX1‑Mut was not modified by miR‑141‑3p mimic. PBX1 
was predicted to be a direct target of miR‑141‑3p. miR‑141‑3p 
has been reported to inhibit the occurrence and development 
of numerous types of tumors. For example, miR‑141‑3p was 
shown to inhibit the migration and invasion of HCC cells (52). 
The present results demonstrated that miR‑141‑3p overexpres‑
sion could inhibit the invasion, proliferation and migration of 
OSCC cells.

The present study demonstrated that miR‑141‑3p expression 
was decreased in OSCC cells, thereby promoting cell inva‑
sion, proliferation and migration. It was previously reported 
that the JAK2/STAT3 signaling pathway is related to tumor 
metastasis  (53,54). In OSCC, the JAK2/STAT3 signaling 
pathway has also been found to mediate the process of cancer 
metastasis (55). Therefore, we hypothesized that miR‑141‑3p 
could inhibit the invasion, proliferation and migration of 
OSCC cells via the JAK2/STAT3 signaling pathway. The 
results demonstrated that miR‑141‑3p inhibitor could activate 
the JAK2/STAT3 signaling pathway in OSCC cells, indicating 
that miR‑141‑3p and the JAK2/STAT3 signaling pathway 
may have a role in OSCC tumorigenesis. Furthermore, 
PBX1 expression has been found to be abnormally high in a 
variety of human tissues, and PXB1 gene was shown to play 
a key role in tumor proliferation (56). The results from the 
present study demonstrated that PBX1 downregulation could 
attenuate OSCC cell invasion, proliferation and migration. It 
has been previously reported that PBX1 downregulation can 
inhibit the expression of STAT3 and p‑STAT3 in esophageal 
squamous cancer (42). The present study thus speculated that 
miR‑141‑3p could be related to PBX1, and the interaction 
between PBX1 and miR‑141‑3p was subsequently investigated. 
The results demonstrated that miR‑141‑3p exerted its function 
in OSCC cells by targeting PBX1, when PBX1 knockdown 
attenuated the invasion, proliferation and migration caused 
by miR‑141‑3p knockdown. Taken together, the findings from 
our study revealed that miR‑141‑3p may inhibit the invasion, 
proliferation and migration of OSCC cells through the 
JAK2/STAT3 signaling pathway by targeting PBX1.

In summary, the present study demonstrated that PBX1 
may be considered as a direct target of miR‑141‑3p, and that 
miR‑141‑3p may interact with JAK2 and its downstream 
signaling kinases, such as STAT3, by inhibiting the catalytic 
activities of kinases, thus inhibiting the invasion, proliferation 
and migration of OSCC cells. This study provided a novel 
target that may be useful for monitoring the progression of 
OSCC.
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