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Purpose: Our previous experiments confirmed that T helper type 9 (Th9) cells were

involved in the occurrence and development of malignant ascites caused by liver cancer.

The current study investigated the mechanism underlying microRNA (miR-145)-mediated

inhibition of Th9 cells in an malignant ascites model with liver cancer.

Materials and Methods: CD4+ T cells were induced to differentiate Th9 cells after

transfection with miR-145 mimics or negative control. A malignant ascites mouse model

was transfected with miR-145agomir or negative control. Th9 cells were detected by flow

cytometry. Enzyme-linked immunosorbent assay was applied to detect the interleukin 9 (IL-

9) cytokine and hypoxia-inducible factor 1 alpha (HIF-1α). RT-PCR was used to detect the

expression of miR-145 and phosphatidylinositol-3-kinase/Akt/mammalian target of rapamy-

cin/p70 ribosomal protein S6 kinase/HIF-1α (PI3K/Akt/mTOR/p70S6K/HIF-1α) mRNA.

Western blotting and immunofluorescence were performed to detect the expression of

PI3K/Akt/mTOR/p70S6K/HIF-1α-related proteins.

Results: In vitro experiments showed that miR-145 inhibited Th9 cell polarization, HIF-1α

expression, and PI3K/Akt/mTOR/p70S6K pathway activation. In the malignant ascites

mouse model, miR-145 also demonstrated inhibitory effects on Th9 cell differentiation

through the PI3K/Akt/mTOR/p70S6K/HIF-1α pathway.

Conclusion: miR-145 may inhibit Th9 cell differentiation through the PI3K/Akt/mTOR/

p70S6K/HIF-1α pathway. These findings suggest a novel therapeutic target for malignant

ascites from liver cancer.
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Introduction
As reported by the study of Global Burden of Disease on primary liver cancer, liver cancer

was the sixth most common cancer worldwide and the fourth most common cause of

cancer-related death in 2015.1 Most patients with liver cancer produce a large amount of

ascites in the later stage, which seriously affects their quality of life. At present, the quality

of life of patients with liver cancer ascites is improved mainly through traditional Chinese

medicine, but the effects differ visibly across individuals.2,3 Thus, it is important to seek

other effective treatments. In recent years, research on targeted drugs based onmicroRNAs

has made great progress. MicroRNAs (miRNAs) are a class of small non-coding, single-

stranded RNAs that play an important role in many cellular processes such as tumorigen-

esis and immune defense.4,5 Aberrant expression of miRNAs has been reported in several

human cancers, including liver, colon, and pancreatic cancers.6–8 MiR-145 is commonly
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downregulated in a variety of malignancies and regulates the

development and function of helper T cells.9–11 Our previous

experiments confirmed that there was a significant negative

correlation between the expression of miR-145 and the number

of T helper type 9 (Th9) cells in liver cancer malignant ascites

(MA) (Supplementary Figure 1, r=−0.405, P=0.011).12 These

data suggested that miR-145 could interact with Th9 cells to

promote their biological effects in MA, but the underlying

mechanism remains unclear.

The phosphatidylinositol-3-kinase/Akt/mammalian target

of the rapamycin (PI3K/Akt/mTOR) signaling pathway plays

an important role in regulating cell proliferation, invasion,

metastasis, cell cycle, apoptosis, and various metabolic func-

tions, as well as in cancer progression.13,14 Activation of the

PI3K/Akt/mTOR/p70 ribosomal protein S6 kinase (p70S6K)

signaling pathway in malignant pleural effusion is closely

related to the epithelial-mesenchymal transition (EMT) and

cancer stem cells (CSCs). LY294006 (PI3K inhibitor) could

significantly inhibit elevation in the EMT and CSCs.15 Dual-

luciferase reporter gene assays showed that miR-145 mimics

significantly downregulated Akt3 activity in rats.16 Elevated

expression of miR-145 in laryngeal squamous cell carcinoma

may enhance the inhibitory effect on the PI3K/Akt/mTOR

signaling pathway, and inhibit the proliferation, migration,

and invasion of cancer cells, as well as induce apoptosis.17

Hypoxia-inducible factor 1 alpha (HIF-1α) is a downstream
regulator of mTORC1/p70S6K. Overexpression of miR-145

downregulated the expression of HIF-1α by targeting p70S6K1,

thus inhibiting thegrowthandangiogenesisof coloncancer cells.18

mTOR/HIF-1α-dependentglycolytic activitywasanecessarycon-

dition for Th9 cell differentiation. HIF-1α deficiency inhibited

interleukin 9 (IL-9) mRNA synthesis, IL-9 secretion, and Th9

differentiation. Chromatin immunoprecipitation coupled with

quantitative PCR further confirmed that HIF-1 α could directly

target the IL-9 promoter region and control the production of IL-

9.19 However, whether miR-145 has an impact on the expression

of Th9 cells in MA remains unknown.

Therefore, we conducted this study to verify whether

miR-145 acts on Th9 cell differentiation in MA through

the PI3K/Akt/mTOR/p70S6K/HIF-1α pathway.

Materials and Methods
Animal
Male C57BL/6 mice at 4 to 6 weeks old were purchased

from the Experimental Animal Center of Guangxi Medical

University (Guangxi, China). All mice were specific

pathogen-free grade animals fed in a barrier environment

(Animal License No. SYXK Gui 2014–0002). All proce-

dures for handling the animals were approved by the

Animal Experiments Ethics Committee of Guangxi

Medical University and were in compliance with the

“Guiding Opinions on Treating Experimental Animals”

issued by the Ministry of Science and Technology of the

People’s Republic of China and the National Standard GB/

T35892-2018 “Guidelines for the Ethical Review of

Experimental Animal Welfare”.

CD4+T Cell Isolation, Transfection, and

Induction
Healthy C57BL/6 mice were sacrificed by cervical dislo-

cation. CD4+ T cells were obtained from the spleen using

the EasySep™ Mouse Naïve CD4+ T Cell Isolation Kit

(Stemcell Technologies, Cambridge, MA, USA) and cul-

tured in Roswell Park Memorial Institute (RPMI) 1640

media containing 10% fetal bovine serum (FBS). MiR-

145 mimics or negative control (NC) (Bioneer, Daejeon,

Korea) were transfected into the CD4+T cells.

Subsequently, TGF-β (R&D Systems, Minneapolis, MN,

USA) and IL-4 (R&D Systems) were used to induce CD4

+ T cells to polarize into Th9 cells.

Construction of an MA Mouse Model and

Transfection with miR-145
Ten mice were randomly divided into the miR-145agomir

group and negative control group. Each mouse was intraper-

itoneally injected with 0.5 mL liver cancer H22 cells at a

density of 1×107cells/mL. After 24 hours, mice were intrave-

nously injected with Entranster TM-in vivo (Engreen

Biosystem Ltd., Beijing, China) and mmu-miR-145-5pagomir

or negative control oligonucleotides (GenePharma, Suzhou,

China), at 3 mg/kg, once every 3 days for a total of five times

(days 2, 5, 8, 11, and 14). The injection volume was 0.3 mL.

The mmu-miR-145-5pagomir sequence was as follows: for-

ward, 5′−GUCCAGUUUUCCCAGGAAUCCCU−3′; reve

rse, 5 ′−GGAUUCCUGGGAAAACUGGACUU−3′. On day

15, the mice were sacrificed and the spleen tissue was isolated.

HE Staining of Liver Cancer Ascites

Smear
A liver cancer ascites model was constructed over two

weeks, and 1 mL liver cancer ascites was extracted under

aseptic conditions and centrifuged at 2000 r/min for 5 min.

Then 0.5 mL supernatant was removed, resuspended,

dropped on a glass slide, and evenly spread on the cells.
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The sample was fixed with 95% absolute ethanol over-

night, stained with hematoxylin for 1 min, differentiated

with hydrochloric acid and alcohol, stained with eosin for

90 s, dehydrated, fixed with hydrochloric acid, dried, and

sealed with neutral gum.

RNA Isolation and RT-PCR Analysis
MiRNA was extracted by the miRNeasy Micro Kit (Qiagen,

Hilden, Germany), RNA samples were reverse transcribed

into cDNA with the miRcute Enhanced miRNA cDNA First

Strand Synthesis Kit (Tiangen Biotech, Beijing, China), and

quantitative PCR (qPCR) was performed using the miRcute

Enhanced miRNA Fluorescence Quantification Kit (SYBR

Green; Tiangen) according to the manufacturer’s instructions.

Total RNA from cells and spleen tissue samples were isolated

with Trizol reagent (Invitrogen, Beijing, China). RNA samples

were reverse transcribed into cDNA by the Transcriptor First

Strand cDNA Synthesis Kit (Roche, Basel, Switzerland), and

qPCR was performed using FastStart Universal SYBR Green

Master (ROX) (Roche) according to the manufacturer’s

instructions. The primer sequences used for amplification are

shown in Table 1. The expression levels of miR-145 were

normalized to the U6 endogenous control, and the expression

levels of PI3K/Akt/mTOR/p70S6K/HIF-1α mRNAwere nor-

malized to the GAPDH exogenous control, which were all

measured using the 2−ΔΔCt method.

Flow Cytometry
PerCP-Cy™5.5 Rat Anti-Mouse CD4, Alexa Fluor® 647

Armenian Hamster anti-Mouse IL-9, Alexa Fluor® 647

Hamster IgG2, Isotype Control, Fixation/Permeabilization

Solution Kit, and Leukocyte Activation Cocktail were

purchased from Becton Dickinson (Franklin Lakes, NJ,

USA). Data were analyzed using FlowJo7.6 software.

Immunofluorescence
Cells were collected in 2 mL tubes. After fixing, permea-

bilization of the membrane, and blocking, cells were incu-

bated with primary antibody at 4°C overnight, followed by

incubation with secondary antibody at room temperature

for 1 h, and staining with DAPI for 10 min. Cells were

observed with a confocal microscope. This experiment

was repeated three times.

Western Blot Analysis and Enzyme-

Linked Immunoassay
Spleen tissues were lysed, and supernatants were centrifuged

and quantified with a bicinchoninic acid (BCA) Protein Assay

kit. The expression of PI3K/Akt/mTOR/p70S6K/HIF-1α-
related proteins were detected by Western blot analysis. The

antibodies used forWestern blotting are the same as those used

for immunofluorescence. These experiments were repeated

three times. IL-9 and HIF-1α expression was detected by

enzyme-linked immunoassay (ELISA) kits according to the

manufacturer’s instructions. ELISA results were compared

with the BCA results, and the concentrations of IL-9 and

HIF-1α (pg/mg) were calculated.

Statistical Analyses
Statistical analysis was performed using SPSS 22.0 soft-

ware. The comparison of continuous data between the two

groups was performed using the Student’s t-test. Results

are presented as the mean ± standard deviation. A P value

less than 0.05 is considered statistically significant.

Table 1 Primer Sequence of RT-PCR

Forward Reverse

PI3Kp85 5′−TTCCCTCGCAATAGGTTCTCC−3′ 5′−GACCAATACTTGATGTGGCTGAC−3′

Akt 5′−CATGAGGATCAGCTCGAACAGC−3′ 5′−ACGGGCACATCAAGATAACGG−3′

mTOR 5′−ACCGGCACACATTTGAAGAAG−3′ 5′−CTCGTTGAGGATCAGCAAGG−3′

p70S6K 5′−AGACACAGCGTGCTTTTACTT−3′ 5′−GTGTGCGTGACTGTTCCATCA−3′

HIF-1α 5′−ACCTTCATCGGAAACTCCAAAG−3′ 5′−ACTGTTAGGCTCAGGTGAACT−3′

IL-9 5′−AATGCCACACAGAAATCAAGAC−3′ 5′−ACACGTGATGTTCTTTAGGACT−3′

GAPDH 5′−TGTGTCCGTCGTGGATCTGA−3′ 5′−TTGCTGTTGAAGTCGCAGGAG−3′

U6 5′−AACGAGACGACGACAGAC−3′ 5′−GCAAATTCGTGAAGCGTTCCATA−3′

miR-145-5p 5′−ACGGTCCAGTTTTCCCAGGAATCCCT−3′

Abbreviations: PI3Kp85, phosphatidylinositol-3-kinase p85; Akt, protein kinase B; mTOR, mammalian target of rapamycin; p70S6K, p70 ribosomal protein S6 kinase; HIF-

1α, hypoxia-inducible factor-1α; IL-9, interleukin-9; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Results
Indicators of Model Success
After 6–7 days of modeling, the mice in each group presented

with reduced food intake, decreased activity, and dry hair that

easily shed. Compared with the NC group, the abovementioned

symptoms in the mir-145agomir group were alleviated. Two

weeks after modeling, the mouse abdomens were significantly

swollen. However, compared with the NC group, the miR-

145agomir group had less abdominal distension (Figure 1A).

Ascites smears and H&E staining showed considerable nuclear

staining and lymphoblastic H22 liver cancer cells (Figure 1B).

miR-145 Inhibits Th9 Cell Polarization in

vitro
CD4+ Tcells were obtained from the spleen and transfected by

MiR-145 mimics or NC. Subsequently, transforming growth

factor beta (TGF-β) and IL-4 were added to a final concentra-

tion of 2 ng/mL and 10 ng/mL, respectively. After 72 h, the RT-

PCR results showed that the expression of miR-145 increased,

while that of IL-9 decreased in the miR-145 mimics group

(Figure 2A and B). Flow cytometry and ELISA showed that

IL-9 expression was downregulated in the miR-145 mimics

group (Figure 2C–E). Taken together, these results showed that

overexpression of miR-145 inhibited Th9 cell polarization and

IL-9 expression in vitro.

miR-145 Inhibits HIF-1α Expression in

vitro
Next, we determined the mechanism by which miR-145 inhi-

bits Th9 cell generation in vitro. HIF-1α is one major tran-

scription factor required for Th9 cell differentiation and IL-9

production. HIF-1α deficiency inhibits IL-9 mRNA synthesis,

IL-9 secretion, and Th9 differentiation.19 After transfection

and induction, we incubated these cells for 72 h and then

quantified HIF-1α expression by RT-PCR and immunofluor-

escence. Downregulated HIF-1α was detected in the miR-145

mimics group (Figure 3A and B), demonstrating that miR-145

negatively regulated HIF-1α, which was necessary for Th9

cell polarization and IL-9 production.

miR-145 Inhibits Activation of the PI3K/

Akt/mTOR/p70S6K Pathway in vitro
The double luciferase assay confirmed that miR-145 targeted

Akt3, inhibited PI3K/Akt pathway activation and HIF-1α
expression, and inhibited the growth and metastasis of thyroid

cancer.20 We hypothesized that overexpression of miR-145

Figure 1 Indicators of model success. (A) Compared with the NC group, the miR-145agomir group had less abdominal distension. (B) H&E staining showed large nuclear

staining, lymphoblastic liver cancer H22 cells.

Abbreviations: NC, negative control; H&E, hematoxylin & eosin.
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could inhibit the PI3K/Akt/mTOR/p70S6K pathway activation

in vitro. To verify our hypothesis, after transfection and induc-

tion, the cells were incubated for 72 h and then PI3K/Akt/

mTOR/p70S6K mRNA expression was quantified by RT-

PCR, as shown in Figure 4A–D. Compared with the NC

group, expression of PI3K/Akt/p70S6K mRNAwas decreased

in the miR-145 mimics group. Furthermore, immunofluores-

cence was used to detect the expression of PI3K/Akt/mTOR/

p70S6K. Consistent with the RT-PCR results, the expression of

PI3K/Akt/p70S6K in cells expressing miR-145 mimics was

suppressed (Figure 4E–H). These results suggest that

overexpression of miR-145 inhibits activation of the PI3K/

Akt/mTOR/p70S6K pathway in vitro.

miR-145 Inhibits Th9 Cell Production

Through the PI3K/Akt/mTOR/p70S6K/

HIF-1α Pathway in MA
To further explore the relationship between miR-145 and

Th9 cells in MA, we established a liver cancer MA model.

Then overexpression of miR-145 in mice was created by

miR-145agomir transfection. The RT-PCR results showed

Figure 2 miR-145 negatively regulates Th9 cell polarization in vitro (n=3). CD4+ T cells were obtained and then cultured in RPMI 1640media containing 10% FBS. MiR-145 mimics or

negative control oligonucleotide were transfected into CD4+ T cells, followed by the addition of TGF-β (2 ng/mL) and IL-4 (10 ng/mL). (A, B) After 72 h, relative expressions of miR-
145 and IL-9 mRNA were measured by RT-PCR. (C, D) Th9 cells were analyzed by flow cytometry. (E) ELISA was used to detect IL-9 levels in the culture supernatant.

Notes: The data represent the mean ± standard deviation (SD) from three independent experiments. *P<0.05; ***P<0.01.

Abbreviations: RPMI, Roswell Park Memorial Institute; FBS, fetal bovine serum; NC, negative control; TGF-β, transforming growth factor-β; IL, interleukin; RT-PCR,
reverse transcription-polymerase chain reaction; ELISA, enzyme linked immunosorbent assay.

Dovepress Huang et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
3793

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


that the expression of miR-145 in the spleen of mice in the

miR-145agomir group was significantly higher than that in

the control group (1.49±0.35 vs. 25.35 ± 4.49)

(Figure 5A). After 2 weeks, mice were sacrificed, and

spleen tissues were isolated. The miR-145agomir group

showed reduced IL-9 expression (Figure 5B–E), demon-

strating that overexpression of miR-145 inhibits Th9 cell

production, similar to the in vitro results. In addition, the

expression of miR-145 in the spleen of mice with liver

cancer ascites showed a negative correlation with the

proportion of Th9 cells (r=−0.951, P=0.000) (Figure 5F).

Subsequently, in order to verify whether inhibition of Th9

cell production by overexpressed miR-145 was related to

HIF-1 α in the MA model, we detected HIF-1α expression

in the spleen. As shown in Figure 6A–D, the expression of

HIF-1α was significantly reduced in the miR-145agomir

group. HIF-1α-dependent glycolytic activity was not only

a necessary condition for Th9 cell differentiation, but also

directly targeted the IL-9 promoter region and controlled

the production of IL-9 by CD4+ T cells. The decrease in

HIF-1α expression was closely related to the decreased

Th9 cell production. These results suggested that over-

expression of miR-145 might decrease the expression of

Th9 cells and IL-9 by inhibiting the expression of HIF-1α

in MA. HIF-1α is a downstream regulator of PI3K/Akt/

mTORC1/p70S6K. To further confirm whether miR-145

can regulate HIF-1α expression through the PI3K/Akt/

mTOR/p70S6K pathway in MA, we used RT-PCR and

Western blotting to detect PI3K/Akt/mTOR/p70S6K-

related expression. The results showed that the levels of

PI3K/Akt/mTOR/p70S6K mRNA were not significantly

different. However, the expression of p-PI3K, p-Akt,

Figure 3 miR-145 inhibits HIF-1α expression in vitro (n=3). CD4+ T cells were obtained and transfected with miR-145 mimics or negative control oligonucleotide, followed

by incubation for 3 days in the presence of TGF-β (2 ng/mL) and IL-4 (10 ng/mL). (A) HIF-1α mRNA was measured by RT-PCR. (B) Immunofluorescence was used to detect

the expression of HIF-1α (Bar = 10 um).

Notes: The data represent the mean ± standard deviation (SD) from three independent experiments. *P<0.05.

Abbreviations: HIF-1α, hypoxia-inducible factor-1α; DAPI, 4ʹ,6-diamidino-2-phenylindole; NC, negative control; TGF-β, transforming growth factor-β; IL, interleukin; RT-
PCR, reverse transcription-polymerase chain reaction.
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p-mTOR, and p-p70S6K protein was lower than that of the

NC group (Figure 7A–L). These results suggest that miR-

145 could regulate HIF-1α expression through the PI3K/

Akt/mTOR/pP70S6k pathway. In conclusion, miR-145

could inhibit the activation of the PI3K/Akt/mTOR/

p70S6K pathway and reduce the expression of HIF-1α,

which led to the suppression of Th9 cell differentiation and

IL-9 production in MA.

Discussion
Th9 cells are new CD4+ Tcells that have been discovered and

confirmed in recent years.21,22 Th9 cells can stimulate inflam-

matory responses and participate in pathophysiological pro-

cesses of various immune diseases.23,24 As themain effector of

Th9 cells, IL-9 is both a growth factor on T cell and a direct

effector on B cells. It can play an important role in the regula-

tion of immunoglobulin synthesis. Our previous experiments

Figure 4 miR-145 inhibits PI3K/Akt/mTOR/p70S6K pathway activation in vitro (n=3). CD4+T cells were obtained and transfected with miR-145 mimics or negative control

oligonucleotide. TGF-β (2 ng/mL) and IL-4 (10 ng/mL) were added. Expressions of PI3K mRNA (A), Akt mRNA (B), mTOR mRNA (C), and p70S6K mRNA (D) were

measured by RT-PCR. Immunofluorescence for PI3K (E), Akt (F), mTOR (G), and p70S6K (H) (Bar = 10 um).

Notes: The data represent the mean ± standard deviation (SD) from three independent experiments. *P<0.05; ***P<0.01.

Abbreviations: PI3K, phosphatidylinositol-3-kinase; Akt, protein kinase B; mTOR, mammalian target of rapamycin; p70S6K, p70 ribosomal protein S6 kinase; DAPI, 4ʹ,6-
diamidino-2-phenylindole; NC, negative control; TGF-β, transforming growth factor-β; IL, interleukin; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure 5 miR-145 inhibits Th9 cell production in a mouse model of MA (n=5). Construction of a mouse mode of MA in liver cancer, and intravenous injection of mmu-miR-

145-5pagomir or negative control oligonucleotide. After 2 weeks, mice were sacrificed, and spleen tissue was isolated. (A, B) relative expressions of miR-145 and IL-9

mRNA were measured by RT-PCR. (C, D) Th9 cells were analyzed by flow cytometry. (E) ELISA was used to detect IL-9 levels. (F) The relationship between miR-145 and

Th9 cells. *P<0.05; ***P<0.01.

Abbreviations: MA, malignant ascites; NC, negative control; IL, interleukin; CD4, T helper cells; RT-PCR, reverse transcription-polymerase chain reaction; ELISA, enzyme

linked immunosorbent assay.
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confirmed that Th9 cells promoted the proliferation andmigra-

tion of liver cancer cells through the signal transducer and

activator of the transcription 3 (STAT3) signaling pathway.25

Anti-IL-9 treatment could prolong the median survival time of

MA mouse models.26 These results suggested that Th9 cells

were involved in the occurrence and development of MA in

liver cancer by precipitating the tumor immune effects through

IL-9. In the current study, we confirmed that: (I) miR-145

inhibited Th9 cell polarization and IL-9 expression in vitro;

(II) miR-145 inhibited HIF-1α expression in vitro; (III) miR-

145 inhibited PI3K/Akt/mTOR/p70S6K pathway activation in

vitro; and (IV)miR-145 inhibited Th9 cell production and IL-9

expression through the PI3K/Akt/mTOR/p70S6K/HIF-1α
pathway in MA. These findings suggest a novel therapeutic

target to mediate Th9 cell differentiation.

MiRNAs are endogenous small non-coding RNAs with

approximately 22 nucleotides in length in the eukaryotic

cells. All miRNAs are completely or incompletely com-

plementary paired with the three prime untranslated

regions of the target miRNAs. They can degrade the target

miRNA or inhibit the translation initiation of the target

miRNA, as well as negatively regulate the gene expression

at the post-transcriptional level.27 In addition, various

miRNAs are involved in the processes of Th cell prolif-

eration, differentiation, and immune response. For exam-

ple, miR-20b inhibited the differentiation of CD4+ cells

into Th17 cells in autoimmune encephalomyelitis by

regulating the expression of retinoic acid-related orphan

receptor gamma t and STAT3.28 Overexpression of miR-

145 was shown to inhibit Th17 cell proliferation by inhi-

biting expression of the nuclear factor of activated T cells

1 in an experimental autoimmune myasthenia gravis.29 In

our study, we showed that miR-145 treatment suppressed

Th9 cell differentiation and IL-9 expression and negatively

regulated HIF-1α expression. HIF-1α is a key transcription

factor that regulates glycolytic enzyme expression and

plays a central role in the production of pro-inflammatory

cytokines.30 The development and maintenance of Th17

cells are achieved through glycolysis, which depends on

the mTOR/HIF-1α pathway.31 HIF-1α deficiency could

increase regulatory T cell production and block glycolysis,

as well as inhibit Th17 cell differentiation.32 HIF-1α is

also one of the major transcription factors required for Th9

cell polarization and IL-9 production. It was shown to

directly target the IL-9 promoter region and control the

production of IL-9.19 These results demonstrated that miR-

145 could reduce the production of Th9 cells and IL-9 by

inhibiting the expression of HIF-1α.
The PI3K/Akt/mTOR signaling pathway is important for

the regulation of cell proliferation, invasion, metastasis, cell

cycle, apoptosis, and various metabolic functions, and plays

an important role in cancer progression. HIF-1α is a down-

stream regulator of mTORC1/p70S6K. Glycolytic activation

through the mTOR/HIF-1α is required for the differentiation

Figure 6 miR-145 suppresses HIF-1α expression in an MA model (n=5). Construction of a mouse model of MA in liver cancer, and intravenous injection of mmu-miR-145-

5pagomir or negative control oligonucleotide. After 2 weeks, mice were sacrificed, and spleen tissue was isolated. (A) HIF-1α mRNA was measured by RT-PCR. (B) ELISA
was used to detect the expression of HIF-1α. (C, D) Western blotting for HIF-1α. *P<0.05; ***P<0.01.
Abbreviations: HIF-1α, hypoxia-inducible factor-1α; MA, malignant ascites; NC, negative control; RT-PCR, reverse transcription-polymerase chain reaction; ELISA, enzyme

linked immunosorbent assay.
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of Th9 cells. Sirtuin 1 relies on the mTOR/HIF1α signal

transduction pathway and glycolytic pathway to directly

target the IL-9 gene locus and inhibit the differentiation of

Th9 cells.19 These findings indicated that activation of the

PI3K/Akt/mTOR/p70S6K/HIF-1α pathway played a positive

role in the generation of Th9 cells. Interestingly, overexpres-

sion of miR-145 could directly target p70S6K1, inhibit the

expression of HIF-1α and vascular endothelial growth factor,

inhibit the survival and migration of pancreatic cancer cells,

enhance the chemical sensitivity of cancer cells to gemcita-

bine, and play an anti-cancer role. In addition, the double

luciferase assay confirmed that Akt3 was a predicted target of

miR-145 through a potential binding site within the 3′-

UTR.20 In our study, we showed that miR-145 inhibited the

activation of the PI3K/Akt/mTOR/p70S6K/HIF-1α pathway

and inhibited the expression of HIF-1α, leading to impaired

Th9 cell differentiation.

In both bacteria and eukaryotes, the cellular concentrations

of proteins are correlated with the abundances of their corre-

sponding mRNAs, but not strongly. They often show a

squared Pearson correlation coefficient of ≈0.40, which indi-

cates that ≈40% of the variation in protein concentration can

be explained by ascertaining the mRNA abundances. To

explain the remaining ≈60% of the variation, some

Figure 7 miR-145 inhibits PI3K/Akt/mTOR/p70S6K pathway activation in a mouse model of MA (n=5). Construction of a mouse model of MA in liver cancer, and intravenous

injection of mmu-miR-145-5pagomir or negative control oligonucleotide. After 2 weeks, mice were sacrificed, and spleen tissue was isolated. PI3K mRNA (A), Akt mRNA (D),

mTOR mRNA (G), and p70S6K mRNA (J) were measured by RT-PCR. Western blotting for p-PI3K (B, C), p-Akt (E, F), p-mTOR (H, I), and p-p70S6K (K, L). *P<0.05.
***P<0.01.

Abbreviations: PI3K, phosphatidylinositol-3-kinase; p-PI3K, phosphorylation-phosphatidylinositol-3-kinase; Akt, protein kinase B; p-Akt, phosphorylation-protein kinase B;

mTOR, mammalian target of rapamycin; p-mTOR, phosphorylation-mammalian target of rapamycin; p70S6K, p70 ribosomal protein S6 kinase; p-p70S6K, phosphorylation-

p70 ribosomal protein S6 kinase; MA, malignant ascites; NC, negative control; RT-PCR, reverse transcription-polymerase chain reaction.
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combination of post-transcriptional regulation and measure-

ment noise needs to be invoked.33 In our study, the in vitro

experiment showed that miR-145 inhibited PI3K/Akt/mTOR/

p70S6K at the bothmRNA and protein levels. However, the in

vivo experiment showed there were no significant inhibitory

effects at the mRNA level. This may be related to miR-145

concentration. Duringmodeling, themiR-145 concentration in

the miR-145 agomir group and the negative control group was

maintained at about 1:25. However, in vitro, the miR-145

concentration of the miR-145 mimics group and the negative

control group was maintained at about 1: 4000 or higher.

Conclusion
We here established that miR-145 could suppress the differ-

entiation of Th9 cells and IL-9 in vitro and in vivo, likely

from inhibiting the activation of the PI3K/Akt/mTOR/

p70S6K pathway and reducing the expression of HIF-1α.
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