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Purpose: In this study, we used a nude mouse model of human laryngeal squamous cell

carcinoma (LSCC) to investigate inhibition of tumor growth by microRNA-145 (miR-145)

and the mechanisms underlying this inhibition.

Methods: Tumors were established in nude mice by transplantation of the LSCC AMC-HN-8

cell line. Forty-eight nude mice were randomly divided into groups of eight mice each and

treated with high (1.0 optical density [OD]) or low (0.5 OD) doses of miR-145, or relevant

control treatments. Tumor growth was observed in each group and used to calculate the

inhibition rate. Routine pathological and electron microscopic examinations were used to

determine tumor apoptosis and proliferation. Changes in levels of miR-145 and PI3K and

Akt protein levels were also analyzed.

Results: MiR-145 inhibited LSCC growth in a dose-dependent manner, as tumor growth

was significantly inhibited in mice injected intratumorally with high-dose miR-145 compared

with both the untreated and low-dose miR-145 groups (p<0.05). Pathological examination

showed increased tumor necrotic and apoptotic changes in treated mice, which was con-

firmed by electron microscopy. PI3K and Akt protein expression were significantly lower in

tumors treated with high-dose miR-145 group compared with those in the untreated and low-

dose miR-145 groups (p<0.05).

Conclusions: MiR-145 was associated with inhibited tumor growth in a nude mouse model

of LSCC. The underlying mechanism may be inhibition of the PI3K/Akt signaling pathway,

which regulates tumor growth, invasion, and metastasis and also plays an important role in

tumor angiogenesis and proliferation of tumor stem cells. MiR-145 may act as a tumor

suppressor gene and is a promising candidate for cancer treatment.

Keywords: laryngeal squamous cell carcinoma, animal model, miRNA-145, oncology,

treatment, mechanism

Introduction
Laryngeal carcinoma is the second most common malignancy of the head and neck,

typically presenting as a form of squamous cell carcinoma.1 The incidence of this

disease is increasing, but the mechanisms by which it develops are not fully

understood. Therefore, new methods for diagnosis and treatment of laryngeal

squamous cell carcinoma (LSCC) are essential.

Recently, investigation of the pathogenesis, diagnosis, and treatment of LSCC

has increased in interest in recent years. Numerous protein-coding genes have been

identified that serve as main effectors and regulatory factors underlying LSCC
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development and progression. However, the emergence of

epigenetic data has allowed for the identification of a large

number of post-transcriptional processes that are impli-

cated in disease pathogenesis. Epigenetic control networks

based on non-coding RNA recognition have become an

important area of research, with a significant focus on the

role of microRNAs (miRNAs) in carcinogenesis. MiRNAs

are widely expressed in eukaryotic organisms, and regulate

a wide range of biological processes including the expres-

sion of tumor-associated genes that contribute to develop-

ment and progression of tumor cells.2

MiR-145, a recently discovered miRNA, plays an

important role in tumor inhibition. As a cancer suppressor

gene, it inhibits proliferation, invasion, and metastasis of

tumor cells,3,4 increases sensitivity to chemotherapeutic

drugs,5 and regulates the development and progression of

tumors. Decreased miR-145 expression has been reported

in a wide range of tumors including prostate, bladder,

colon, ovarian, and esophageal cancers, suggesting

a potential role in disease pathology.6–10 In-depth studies

suggest that miR-145 could be an ideal marker for diag-

nostic and prognostic evaluations of tumors, and that it

may also represent a novel target for cancer treatment.

Phosphatidylinositol-3-kinase (PI3K) is a kinase that

catalyzes the synthesis of phosphatidylinositol lipids.

Members of this protein family have been shown to con-

trol a variety of cellular functions including immune acti-

vation, inflammation, cell membrane transport, autophagy,

and glucose transport. The PI3K signaling pathway is an

important cellular signal transduction pathway. Akt, also

known as protein kinase B, functions downstream of PI3K,

serving as an intermediate regulatory link in the PI3K/Akt

signal transduction pathway to control the activity of

numerous cellular targets. The PI3K/Akt signaling path-

way has been implicated in virtually all phases of carci-

nogenesis, including tumor occurrence, development,

treatment, and outcomes. Activation of this pathway has

been shown to inhibit apoptosis while promoting cell pro-

liferation, angiogenesis, tumor invasion, and metastasis,

highlighting its importance in the development and pro-

gression of malignant tumors.11–14

Recent studies of miR-145 in LSCC were limited to

laryngeal carcinoma tissues and cell lines and indicated

that miR-145 inhibited the growth of most tumors.15–18

However, no relevant studies of miR-145 in a nude mouse

model of laryngeal cancer have been performed, and the

specific mechanisms of action of miR-145 have not been

characterized. Studies have shown that multiple factors can

regulate the PI3K/Akt signaling pathway to promote devel-

opment and progression of laryngeal cancer,19–21, but no

studies have evaluated the correlation between the PI3K/

Akt signaling pathway and miR-145. We used a nude

mouse transplantation model to investigate the role of

miR-145 in LSCC. Forty-eight nude mice were randomly

divided into six groups: unmanipulated control, glucose

solution control, transfection reagent control, non-specific

gene sequence control, miR-145 high-dose (1.0 optical

density [OD]) treatment, and miR-145 low-dose (0.5 OD)

treatment. Tumor growth was observed in each group, and

the rate of inhibition was calculated. Routine pathology and

electron microscopic examinations were used to evaluate

tumor apoptosis and proliferation. Changes in miR-145

levels and in PI3K and Akt protein levels were analyzed

by quantitative reverse-transcription polymerase chain reac-

tion (qRT-PCR) and ELISA, respectively. These analyses

allowed us to investigate the effects of miR-145 on tumor

inhibition and to evaluate possible mechanisms of miR-145

activity in the development of human LSCC.

Methods
Materials
BALB/cA nu/nu male nude mice weighing 14–16 g (quality

certification number 2007000553984; animal license num-

ber SYXK; Shanghai SLAC Laboratory Animal Center,

Shanghai, China; 2009-0123), human LSCC AMC-HN-8

cells (Catalog number:BNCC338377, BeNa Culture

Collection, Shanghai, China), transfection reagents

(Engreen Biosystem, Beijing, China), miR-145 and non-

specific gene sequences (Genepharma, Shanghai, China),

ELISA kit (SunBio Technology, Beijing, China), RNA

extraction kit (Qiagen, Duesseldorf, Germany), GoScript

Reverse Transcription System (Promega, Madison, WI

USA), GoTaq qPCR master mix (Promega), primary anti-

bodies (Santa Cruz Biotechnology, Dallas, TX, USA), sec-

ondary antibody (Zhongshan Golden Bridge, Guangzhou,

China), micro-spectrophotometer (ND-2000, USA), qPCR

machine (Applied Biosystems, Waltham, MA, USA), and

Power Wave XS full wavelength enzyme meter (Gene, San

Francisco, USA) were used in this study. All animal-related

protocols were approved by the Animal Ethical Care and

Use Committee of the First Affiliated Hospital of Zhejiang

University (Protocol Approval No. AEWC-2015-10), the

rules and regulations for the administration of laboratory

animals of Zhejiang University, Hangzhou, Zhejiang,

China.
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Cell culture
Human AMC-HN-8 cells were cultured in RPMI-1640

culture medium with 10% fetal bovine serum containing

100 U/mL penicillin/streptomycin at 37ºC in a 5% CO2

incubator. Cells were passaged using 0.25% pancreatic

enzyme digestion. Cells in the logarithmic phase that

exhibited superior growth were selected for experiments.

Construction of laryngeal cancer model

in nude mice
Forty-eight BALB/c nude mice were obtained from

Shanghai SLAC Laboratory Animal Center. A solution

containing miR-145 and transfection reagent was prepared

according to the kit manufacturer’s instructions, and the

transfection efficiency was 87.7%. Each nude mouse was

subcutaneously inoculated in the axillary region with

0.2 mL/injection (containing 8.7×106 cells) of AMC-HN

-8 cell suspension. The miR-145 primers were as follows:

5ʹ-GTCCAGTTTTCCCAGGAAT-3ʹ (forward) and 5ʹ-
TGGTGTCGTGGAGTCG-3ʹ (reverse). Transfection effi-

ciency was determined by qRT-PCR. Tumors were

allowed to grow to more than 100 mm3, and the mice

were randomly divided into six groups (n=8 each): 1)

unmanipulated control, 2) glucose solution control, 3)

transfection reagent control, 4) non-specific gene sequence

control, 5) miR-145 high-dose (1.0 OD) treatment , and 6)

miR-145 low-dose (0.5 OD) treatment. The mice were

maintained on sterilized food and water while quarantined

in a pathogen-free environment with a 12 hrs light and 12

hrs dark photoperiod in an animal care facility.

Calculation of transplanted tumor volume

and inhibition rate
Tumors were allowed to grow to over 100 mm3. The first

group received no treatment, and tumors in the remaining

five groups were injected with 50 μL of the corresponding

solutions twice per week for 3 weeks. Mice were weighed

twice weekly, and tumor growth was monitored. The max-

imum tumor diameter (a) and transverse diameter (b) of

the tumors were measured, and tumor volume was calcu-

lated as follows: tumor volume (mm3) = (ab2)/2.

The day after the final treatment, the mice were sacri-

ficed by CO2 inhalation, and solid tumors were dissected.

The tumor weight difference and tumor inhibition rate (%)

of each group were calculated. Tumor inhibition rate =

(mean weight of tumors in the control groups − mean

weight of tumors in the experimental group)/mean weight

of tumors in the control group ×100%.

Hematoxylin and eosin (H&E) staining

examination of tumor necrotic and

apoptotic changes
Tumor tissues were fixed in 4% paraformaldehyde, paraf-

fin embedded, and sectioned. The sections were then

deparaffinized, stained with H&E, and sealed.

Morphological and structural changes of the tumor tissues

were observed under a microscope.

Electron microscopic examination of

cellular apoptosis
Tumor tissue was fixed using glutaraldehyde, flushed with

buffer solution, fixed using osmic acid, gradient dehy-

drated using acetone, embedded using embedding agent,

and prepared for imaging. Changes in organelle structure

were observed using a JEM-1101 transmission electron

microscope.

qRT-PCR detection of miR-145 gene

expression
RNA was extracted from tumor tissue using an RNA

extraction kit, and RNA concentration and purity were

determined using an ND-2000 nucleic acid meter. cDNA

was synthesized from RNA by reverse transcription using

the GoScript Reverse Transcription System (Promega) kit.

PCR reaction solution was prepared using SYBR Green

premix, template, upstream and downstream primers, and

ddH2O, and then placed on a StepOnePlus Fluorescence

Quantitative PCR system (ABI) for PCR amplification.

Reaction conditions were as follows: 95ºC for 2 mins,

95ºC for 1 min, 60ºC for 1 min, and 72ºC for 1 min for

a total of 40 cycles, followed by 72ºC for 7 mins. The

relative expression of genes was calculated using the

2−ΔΔCt relative quantitative analysis method. GAPDH

mRNA level was used as an internal reference.

Analysis of PI3K and Akt protein

expression by ELISA
Tumor tissue (100 mg) was washed and placed in a tissue

grinder with 1 mL of phosphate-buffered saline to prepare

homogenates. Samples were stored at −20°C overnight. Two

freeze-thaw cycles were performed to disrupt cell mem-

branes and the homogenates were then centrifuged at 5,000
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g for 5 mins at 4ºC. A bicinchoninic acid protein concentra-

tion assay kit was used to determine protein concentrations.

PI3K and Akt concentrations were determined using an

ELISA kit. The concentration (pg/mL) of PI3K and Akt

protein in the samples was calculated according to the stan-

dard curve prepared per the kit manufacturer’s instructions.

Statistical methods
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was

used for analysis. Data are shown as the means ± standard

deviations. Independent samples of two groups were com-

pared using paired Student’s t-test, and the mean values of

multiple groups were compared using single-factor var-

iance analysis. P<0.05 was considered statistically

significant.

Results
Histological observations and calculation

of the inhibition rate of solid tumors
The solid tumors in the treatment groups were smaller than

those in the control groups, and this reduction in size was

more conspicuous in the high-dose miR-145 treatment

group. However, there were no clear differences among

the control groups. The tumors in the treatment groups

were small with spherical, smooth, pink, and soft features,

while those in the control groups were comparatively large

with nodular surfaces and less central necrosis (Figure 1).

The mean tumor volume, weight, and inhibition rate for

each group are shown in Table 1.

Pathological changes in tumors

Tumors were generated in nude mice by subcutaneous injec-

tion of LSCC strain AMC-HN-8 cells. The tumor cells in the

treatment groups showed cell apoptosis, cell shrinkage, cyto-

plasmic condensation, and formation of apoptotic bodies, as

shown using an optical microscope. These features were

more pronounced in the high-dose miR-145 (1OD) treat-

ment group. Apoptotic cells were occasionally observed in

control groups (Figure 2). Electron microscopic examination

of changes in the treatment groups revealed “edge-set” and

shrinkage phenomena in nuclear chromatin, accompanied by

necrosis and nuclear vacuoles. These nuclear changes were

more pronounced in the high-dose miR-145 (1OD）treat-

ment groups. Some cells in the control groups had nuclear

Unmanipulated control

Glucose solution control

Transfection reagent control

Nonspecific gene sequences control

MiR-145 high dose treatment
1mm

MiR-145 low dose treatment

Figure 1 Growth of solid tumors. Tumors in the treatment groups were smaller than those in the control groups, with the reduction in tumor size more obvious in the

high-dose miR-145 treatment group.

Table 1 The mean tumor volume, weight and inhibition rate for each group

Groups Mice
number

Tumor volume
(mm3)

Tumor weight
(g)

P-value Inhibition rate
(%)

Start End

Unmanipulated control 8 8 750.5±284.78 0.755±0.269 / /

Glucose solution control 8 8 698.2±224.64 0.806±0.304 / −4.0

Transfection reagent control 8 8 570.5±195.06 0.776±0.201 / −1.4

Non-specific gene sequences control 8 8 717.9±237.37 0.798±0.237 / −3.0

MiR-145 high- dose (1.0OD)

treatment

8 8 312.2±140.51** 0.308±0.134 <0.01 56.9**

MiR-145 low- dose (0.5OD)

treatment

8 8 464.2±213.73* 0.491±0.281 <0.05 36.8*

Notes: *P<0.05; **P<0.01, Compared with the unmanipulated control group.
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cytoplasmic condensation or a slight “edge-set” phenom-

enon, but there were no significant differences between the

control groups (Figure 3).

MiR-145 expression in tumors
MiR-145 treatment significantly increased miR-145 expres-

sion in human LSCC AMC-HN-8 tumors transplanted into

nude mice in both treatment groups relative to the controls

(p<0.05). Furthermore, there was a statistically significant

difference between the high- and low-dose miR-145 treat-

ment groups (p<0.05). In contrast, there were no significant

differences among the control groups (Figure 4).

PI3K and Akt protein expression in

tumors
PI3K and Akt protein expression were significantly reduced in

both treatment groups relative to the controls (p<0.05). In

addition, PI3K and Akt expression were significantly lower

Figure 2 Pathological changes observed in the treatment and control groups (100×). Moderately differentiated squamous cell carcinoma was accompanied by necrosis.

Tumors from mice in the miR-145 treatment groups showed areas of apoptotic cells with characteristic cell shrinkage, cytoplasmic condensation, and apoptotic bodies.

These effects were more pronounced in the high-dose miR-145 treatment group. (A) Unmanipulated control group, (B) glucose solution control group, (C) transfection

reagent control group, (D) non-specific gene sequence control group, (E) miR-145 high-dose (1.0 OD) group, and (F) miR-145 low-dose (0.5 OD) group.
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in the high-dose miR-145 treatment groups vs the low-dose

miR-145 treatment group (p<0.05). No significant differences

were observed among the control groups. PI3K and Akt pro-

tein expression levels were positively correlated within the

samples (Figure 5).

Discussion
MiRNAs are important post-transcriptional regulator mole-

cules that exhibit both oncogenic and cancer suppressor func-

tions including regulation of proliferation, differentiation, and

apoptosis. Disruption in the normal expression of these mole-

cules can lead to tumorigenesis.MiR-145 has been extensively

studied in the context of tumor inhibition, which is an increas-

ingly important step in the processes of tumor diagnosis,

prognostic assessment, and targeted therapies.22 MiR-145

may be an effective cancer suppressor due to its ability to

regulate growth, apoptosis, invasion, and metastasis of tumor

cells. Significant decreases in miR-145 expression have been

described in a variety of tumors including ovarian, cervical,

breast, and colorectal cancers.23–26 In addition, overexpression

of miR-145 has been shown to inhibit proliferation and metas-

tasis of tumor cells, thus exhibiting significant tumor suppres-

sor actions. MiR-145 has also been shown to improve the

sensitivity of chemotherapeutic drugs, making miR-145

a promising candidate for use in early detection and prognosis

of the disease.

In this study, we used a novel LSCC nude mouse

transplantation model to evaluate the effect of miR-145

Figure 3 Electronmicroscopic examination of changes observed in the treatment and control groups (15,000×). Chromatin exhibited the edge-set phenomenon, and necrosis was

observed. These effects were more prominent in the high-dose miR-145 treatment group. (A) Unmanipulated control group, (B) glucose solution control group, (C) transfection

reagent control group, (D) non-specific gene sequence control group, (E) miR-145 high-dose (1.0 OD) group, and (F) miR-145 low-dose (0.5 OD) group.
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on tumor development and prognosis. Injection of miR-

145 into tumors caused significantly slower tumor growth

compared with the control groups. None of the mice died

during testing, indicating that miR-145 therapy was not

toxic. Furthermore, cells in the experimental group

demonstrated typical morphological features of apoptosis,

suggesting that miR-145 effectively induced apoptosis and

inhibited proliferation of LSCC. The inhibition rate in the

high-dose miR-145 treatment group was 56.9% relative to

the control group. Furthermore, the inhibition rate was

significantly different between the high- and low-dose

miR-145 groups. However, inhibition in the low-dose

treatment group was significantly higher than that in the

control group (p<0.05), indicating a strong dose-dependent

effect on tumor inhibition. In contrast, no significant dif-

ferences in the inhibition rate were observed among the

control groups. Pathological changes in the tumors in the

treatment groups were characterized by areas of apoptotic

cells with cell shrinkage, cytoplasmic condensation, and

apoptotic bodies. These effects were markedly greater in

the high-dose miR-145 treatment group, although apopto-

tic cells were also observed to a lesser extent in the other

groups. Electron microscopy was used to confirm the gross

pathological results.

Our results showed that miR-145 levels were negatively

correlated with the expression of PI3K and Akt. Expression

of PI3K and Akt proteins was suppressed by miR-145 in
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a dose-dependent manner, with the high-dose miR-145

treatment group resulting in lower PI3K and Akt expression

compared with both the low-dose treatment group and the

controls. Higher miR-145 content positively correlated with

lower expression of PI3K and Akt, increased inhibition of

the PI3K/Akt signaling pathway, and reduced proliferation

of the LSCC cell line AMC-HN-8, in addition to a stronger

apoptotic effect on cell lines. These results indicated that in

an animal model of LSCC in nude mice, miR-145 may

promote tumor cell apoptosis and inhibit tumor cell prolif-

eration through its effects on the PI3K/Akt signaling

pathway.

These experiments were performed using a model in

which a human LSCC cell line was subcutaneously xeno-

grafted into nude mice. Using this model, inoculation was

convenient and highly reproducible, with an excellent

survival rate after transplant inoculation. The transplanted

tumor was able to be maintained through continuous pas-

sages, and the tumor cells retained the histological and

ultrastructural features of LSCC. The experimental period

was relatively short, and the tumor growth trends were

able to be observed in real time. Similar models have been

used as a preliminary screening model to evaluate drug

efficacy. Orthotopic xenograft animal models can simulate

the tumor microenvironment in a manner similar to that of

the primary tumor location. Furthermore, these xenografts

can develop metastases capable of spreading from the

inoculation site. This outcome is important as it helps to

prevent false positives arising from site-specificity of

transplantation.27–30 However, implementation of this

type of model requires great technical rigor. After consult-

ing the relevant literature, we identified orthotopic trans-

plantation models used for liver, lung, cervical, bladder,

and ovarian cancers, but no such model had been devel-

oped for laryngeal carcinoma. For future experiments, we

will employ a laryngeal carcinoma orthotopic transplanta-

tion model to clarify the effects of the microenvironment

on the growth of LSCC.

Our findings that miR-145 plays a role in tumor growth

are consistent with those of many previous studies.

Numerous studies have described potential therapeutic uses

for miR-145 including inhibition of proliferation and metas-

tasis of tumor cells. MiR-145 has also been shown to reduce

and counteract chemotherapeutic resistance of some drugs,

making it an ideal candidate for cancer therapy.

Liu et al,15 reported that LSCC is a very common neo-

plasm of the head and neck. The expression of miR-145 was

lower in LSCC tissues than in their paired normal samples.

They showed that miR-145 was downregulated in LSCC cell

lines (Hep2 and TU212) compared with a normal bronchial

epithelial cell line (16HBE). Knockdown of miR-145 pro-

moted proliferation, invasion, and EMT progression of

LSCC cells. Moreover, miR-145 silencing suppressed

E-cadherin expression and enhanced N-cadherin and vimen-

tin expression in Hep2 cells.

Gao et al,16 indicated that miR-145-5p plays a critical

role in inhibiting the progression of LSCC by suppressing

FSCN1. Both miR-145-5p and FSCN1 are important

potential prognostic markers and therapeutic targets for

the treatment of LSCC.

Zhao et al,17 analyzed miR-145 and MYO5A expres-

sion in 132 patients with LSCC, and evaluated associa-

tions between this expression and clinicopathological

features. They observed a regulatory relationship between

miR-145b and MYO5A by dual luciferase reporter assay.

The role of the miR-145/MYO5A pathway in prolifera-

tion, metastasis, and apoptosis was examined in vitro. The

predictive potential of MYO5A for neck lymph node

metastasis and for prognosis was determined during

patient follow-up. Their results showed downregulation

of miR-145 in LSCC, which was negatively correlated

with MYO5A suppression of LSCC progression and

metastasis. MiR-145 directly regulated MYO5A expres-

sion in vitro and suppressed LSCC proliferation and inva-

sion while promoting apoptosis by inhibiting MYO5A.

Zhu et al,18 showed that miR-145was significantly down-

regulated in LSCC tissues and cells. MiR-145 overexpres-

sion and curcumin treatment both markedly suppressed cell

proliferation, migration, and invasion, and induced cell cycle

arrest and apoptosis in LSCC cells. Moreover, curcumin

treatment reversed anti-miR-145-mediated increases in cell

viability, migration, and invasion, and reversed inhibition of

apoptosis in LSCC cells. Curcumin treatment increased miR-

145-induced inhibition of the PI3K/Akt/mTOR pathway, and

reversed anti-miR-145-mediated activation of the PI3K/Akt/

mTOR pathway in LSCC cells.

Many other studies also support the potential use of

miR-145 as an effective treatment for various cancers. Li

et al,31 reported that miR-145 expression was significantly

reduced in rectal cancer tissues. Treatment of rectal cancer

cells with miR-145 effectively inhibited proliferation and

metastasis, thereby providing a theoretical basis for treat-

ment of rectal cancer by targeting the tumor suppressor

miR-145.

MiR-145 substitution therapy for treatment of colorectal

cancer was mediated by polyethylene imide, resulting in
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enhanced apoptosis and reduced proliferation.32 MiR-145

treatment appears to reduce cancer cell resistance to apoptosis,

resulting in enhanced sensitivity to chemotherapeutic drugs

such as gefitinib in patients with non-small-cell lung cancer.33

Pancreatic cancer is a major cause of cancer deaths

worldwide. Despite recent progress in both research and

treatment, difficulty in early detection and lack of effective

treatments results in poor prognosis. Gemcitabine is a first-

line drug for treating pancreatic cancer, although resis-

tance is a serious problem. Expression of p70S6K1 has

been shown to play an important role in this resistance.5

MiR-145 directly inhibits the expression of p70S6K1 in

pancreatic cancer, making it an effective therapeutic agent

for the treatment of pancreatic cancer.

In ovarian cancer, miR-145 was imported into SKOV3/

PTX ovarian cancer cells, resulting in decreased intracel-

lular cyclin-dependent kinase 6 and Sp1 levels.34 Levels of

ATP binding cassette subfamily B1 and retinoblastoma 1

were also reduced. These changes may induce aggregation

of antitumor drugs in cells, in addition to G1 cell cycle

blockade, consequently improving the sensitivity of tumor

cells to taxols both in vitro and in vivo. Reactivation of

miR-145 expression by demethylation mediated by the

DNA methylase inhibitor 5-azos-2-deoxycytidine may

also increase the susceptibility of tumor cells to taxols.

Tumor development is a complex process involving

multiple factors and stages, typically arising from the

accumulation of multiple gene mutations. As a result, the

etiology and biological mechanisms underlying the prolif-

eration of tumor cells are complex and include inactivation

of cancer suppressor genes, overexpression of oncogenes,

uncontrolled cell cycling, and tolerance to apoptosis. MiR-

145 inhibits tumor growth by inhibiting the expression of

oncogenes, blocking the cell cycle, and promoting apop-

tosis of tumor cells. An important mechanism of the rapid

proliferation of tumor cells is the activation of proto-

oncogenes. MiR-145 inhibits the expression of multiple

oncogenes and proteins. Previous studies have investigated

the mechanisms underlying miR-145 activity in vitro,

including studies of non-small-cell lung,33 thyroid,35

liver,36,37 and pancreatic cancers.34 However, no studies

have evaluated the effects of miR-145 in LSCC or the

relationship between the PI3k/Akt signaling and miR-145

activity in LSCC pathology.

MiR-145 exhibits tumor-inhibiting properties, but the

mechanisms by which it is involved in proliferation,

metastasis, and invasion of tumor cells have not been

characterized. Patients with bladder cancer express low

levels of miR-145, which inhibits tumor cell proliferation

by targeting FSCN1.7 In prostate cancer, miR-145 inhibits

proliferation, invasion, and metastasis of tumor cells via

FSCN1-.38

Overexpression of miR-145 in MCF-7 breast cancer

cells significantly decreased proliferation compared with

MCF10A normal mammary epithelial cells.39 RTKN

expression is also decreased in MCF-7 cells, indicating

that miR-145 inhibits proliferation of breast cancer cells

by targeting RTKN.

DNA fragmentation is an important feature of apopto-

sis, and occurs as a result of DFF40-mediated degradation

of chromosomal DNA. Under normal circumstances,

DFF40 and DFF45 form an inactive complex within the

cell. When apoptosis occurs, a series of enzymes trigger

a signaling cascade that includes activation of caspase-3,

resulting in the release of DFF40 from DFF45 and subse-

quent DNA fragmentation. Activation of DFF40 is

mediated by direct inhibition of DFF45 expression by

miR-145, resulting in DNA fragmentation and apoptosis

in colon cancer.40

Given the complex regulatory role attributed to

miRNAs, it is not surprising that these molecules regulate

events involved in the onset and development of cancers.

MiR-145 expression is significantly decreased in HCC cell

lines and is negatively correlated with the expression of

insulin receptor substrate 1 (IRS1), a key factor in the

tumorigenic insulin-like growth factor pathway. Western

blotting and luciferase reporter assays have confirmed that

IRS1 is a direct target of miR-145.36 Increased miR-145

expression inhibits tumor cell proliferation by lowering

IRS1 levels, thereby inhibiting the downstream Akt/

FOXO1 signaling pathway. Lower miR-145 expression in

HCC cells has been suggested as a potential mechanism of

carcinogenesis.36

Numerous studies have shown significantly lower

expression of miR-145 in tumor tissues compared with

normal controls. However, a small number of tumor

types, including esophageal adenocarcinoma (EAC) and

glioma, exhibit increased expression of miR-145, resulting

in enhanced cell proliferation, invasion, and metastasis. In

one study, no significant difference was observed in cell

proliferation or 5-fluorouracil resistance between miR-145

treatment and control treatment in EAC cells. Similarly,

miR-145 was also shown to enhance the resistance of SK-

GT-4 cells to cisplatin. There were obvious differences in

cell invasion, adhesion, and apoptotic effects among

OE33, FLO-1, and SK-GT-4 cell lines, and invasion was
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significantly greater in the miR-145 treatment group than

in the control group. MiR-145 overexpression in esopha-

geal squamous cell carcinoma prevents proliferation and

invasion, whereas overexpression of miR-145 in EAC

cells enhances invasion and prevents apoptosis.41 MiR-

145 expression was increased, and srGAP1 decreased, in

IM3 invasive glioblastoma cells, whereas downstream

G-proteins remained active and thus promoted an invasive

phenotype.42

Previous studies have reported a wide range of tumor-

related factors as targets of miR-145 including PI3K/AKT,33

ROCK1,43 caspases,44 c-MYC,45 RTKN,39 RREB1,46 ER-

alpha,47 DFF45,40 MUC1,48 JAM-A,49 fascin,49 ELK1,50

OCT4,51 SOX2,51 KLF4,51 YES,52 STAT1,52 IRS-1,53

FLI1,54 TNFSF10,10 and N-cadherin.55,56 This suggests

a broad regulatory role for miR-145, with significant impli-

cations for normal cellular function and carcinogenesis.

Conclusions
Great progress has been made in elucidating the role of miR-

145 in the development and progression of tumors, which

has provided a new avenue for cancer research. MiR-145

plays an important role in proliferation, apoptosis, invasion,

and metastasis of tumor cells, as well as tumor angiogenesis

and development of tumor stem cells.57 The data presented

in this study, in combination with previous reports, demon-

strated that miR-145 inhibited the growth of LSCC AMC-

HN-8 cells via the PI3K/Akt signaling pathway. These data

suggested that miR-145 represents a potentially effective

target for the treatment of LSCC.

Abbreviation list
BCA, bicinchoninic acid; EAC, esophageal adenocarci-

noma; LSCC, laryngeal squamous cell carcinoma;

miRNA, microRNA; OD, optical density; PBS, phosphate-

buffered saline; PI3K, phosphatidylinositol-3-kinase; qRT-

PCR, quantitative real-time polymerase chain reaction.
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