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Abstract
Background. Radioresistance is a huge obstacle in radiotherapy of non-small cell lung cancer (NSCLC) and 
how to raise radiosensitivity is an urgent issue.

Objectives. In this study, we investigated the role and molecular mechanism of sodium new houttuyfonate 
(SNH) in regulation of radiosensitivity of NSCLC cells.

Materials and methods. The Cell Counting Kit-8 (CCK-8) was used to measure cell viabilities of NSCLC 
cell lines A549 and HCC827 after a treatment with SNH (0 mM, 0.1 mM and 0.3 mM). It examined cyto-
toxicity induced by X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) after SNH (0.3 mM) treatment, while flow 
cytometry was used for apoptosis detection use. Expression of miR-147a or signal transducer and activator 
of transcription (STAT3) in selected cell lines was assessed through real-time quantitative polymerase chain 
reaction (RT-qPCR). The CCK-8 was then applied to measure cytotoxicity in cells with miR-147a upregulation 
or STAT3 suppression under irradiation apoptosis changes were detected with flow cytometry. Thereafter, 
binding conditions between miR-147a and STAT3 were checked using luciferase reporter assays. Expressions 
of STAT3 in A549 transfected by siNC, siSTAT3, and by siSTAT3 and miR-147a mimics were checked using RT-
qPCR and the phosphorylation of STAT3 was observed using enzyme-linked immunosorbent assay (ELISA).

Results. The SNH treatment significantly suppressed cell viabilities and increased apoptosis of lung cancer 
cells. Cytotoxicity and apoptosis in A549 cells were both enhanced after SNH treatment and raised as the dos-
ages of X-ray grew. MiR-147a presented lower expression in lung cancer cells and was upregulated by SNH, 
which further contributed to higher cell apoptosis after irradiation. STAT3 directly bound miR-147a and was 
more expressed in NSCLC cells. Inhibited phosphorylation of STAT3 promoted apoptosis in A549 cells after 
X-ray exposure. Overexpressed miR-147a inactivated STAT3 signaling, adding to cell apoptosis after irradiation.

Conclusions. SNH-induced miR-147a increased radiosensitivity of A549 cells through inactivation of STAT3 
pathway.
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Objectives

According to data regarding occurrence rate and death 
rate, lung cancer is the primary cause of cancer-related 
mortality, and the five-year survival rate is only 13%.1 
In men, lung cancer is  the most commonly diagnosed 
cancer and the  main reason of  cancer-related death; 
in women, lung cancer ranks the 4th most commonly 
diagnosed cancer and the 2nd leading cause of cancer 
death.2 Non-small cell lung cancer (NSCLC) is the most 
frequent type of lung cancer, known to have diverse path-
ological features. Despite a significant progress in early 
diagnosis and clinical treatment, NSCLC is often di-
agnosed at advanced stage and has a poor prognosis. 
At present, radiotherapy is a key strategy in  treating 
lung cancer for local control and recurrence reduction.3 
Through radiotherapy, survival rate and local cancer 
control have been improved, but resistance of cancer and 
radiotoxicity to normal tissues restrict its therapeutic 
effects.4 Hence, it is urgently necessary to find new ways 
to increase sensitivity of cancer cells to radiation. Since 
antiquity, natural products were regarded as traditional 
medicines.5 Houttuynia cordata Thunb is a medicinal 
plant having tumor suppression effect, which can in-
duce apoptosis of colon cancer cells, leukemia and lung 
cancer, among others.6–8 Sodium new houttuyfonate 
(SNH) is a synthetic product of Houttuyninum, an ac-
tive constituent of Houttuynia cordata Thunb, which 
can inhibit tumor growth. However, whether SNH can 
regulate radiosensitivity of lung cancer was unknown. 
Therefore, functions of SNH in regulating sensitivity 
of  radiation in  lung cancer were detected to provide 
a new therapeutic method.

MicroRNAs belong to small noncoding RNAs (21–25 
nucleotides) which can accelerate mRNA degradation 
through binding target mRNA.9 The first miRNA, LIN-4, 
was discovered in Caenorhabditis elegans,10 and more 
than 2500 kinds of mature miRNAs were authenticated.11 
MiRNAs expression changed after ionizing radiation 
in cells or tissues, suggesting that miRNAs might connect 
with radiation treatment.12,13 MiR-147a acted as a tumor 
suppressor in progression of  lung cancer by suppress-
ing its proliferation and metastasis.14,15 Its upregulation 
through irradiation resulted in  increased cell apopto-
sis of  thymus cells of mice and Chinese hamster lung 
fibroblasts V79 through binding PDPK1, which also 
obstructed PI3K/AKT signaling pathway.16 The PI3K/
AKT signaling pathway has been reported to resist ra-
diosensitization,17 implying that miR-147a might pres-
ent the ability to promote radiosensitivity. Moreover, 
SNH was shown to increase RNA expression of miR-147a 
in lung cancer cells through repressing Linc00668 and 
to inhibit metastasis of NSCLC cells.18 Therefore, we have 
inferred that miR-147a might be a promising facilitator 
to enhance effects of SNH on promoting radiosensitivity 
of NSCLC.

Signal transducer and activator of transcription (STAT3) 
has been detected as an oncogene in tumors that could 
accelerate growth of cancers cells and block apoptosis.19,20 
STAT3 was negatively regulated by miR-125a-5p and up-
regulation of STAT3 elevated proliferation and invasion 
of NSCLC cells.21 Blocking STAT3 can impede progres-
sion of lung cancer by enhancing radiosensitivity in A549 
cells.22

Background

Using ENCORI database (starbase.sysu.edu.cn), assump-
tive binding sites between miR-147a and STAT3 were 
shown, indicating that miR-147a might regulate STAT3 
in NSCLC cells. The aim of this study was to examine 
the role of SNH in the radiosensitivity of NSCLC cells and 
unveil the potential molecular mechanism related to miR-
147a and STAT3.

Materials and methods

Cell culture

A549, a  human NSCLC cancer cell line, is  a  kind 
of epithelial cell line established through explant cul-
ture of lung cancer from a male. HCC827 is also a human 
NSCLC cell line and epithelial cell line obtained from 
lung adenocarcinoma tissue of a female. Human normal 
lung epithelial cell line BEAS-2B is an epithelial cell line 
isolated from normal human bronchial epithelium. These 
3 cell lines were all purchased from American Type Cul-
ture Collection (ATCC; Manassas, USA). A549, HCC827 
and BEAS-2B cells were all incubated using RPMI-1640 
medium (Gibco, Waltham, USA) replenished with 10% 
fetal bovine serum (FBS), 100 U/mL of penicillin and 
100 μg/mL of streptomycin. Cell incubation was pro-
cessed in incubator with saturated humidity at 37°C and 
5%CO2. After incubation, A549 cells were treated with 
SNH (0 mM, 0.1 mM and 0.3 mM) for 24 h and A549 cells 
were then irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 
6 Gy, and 8 Gy) for 30 min to prepare them for following 
experiments.

Transfection

To  regulate the  expression of  miR-147a or  STAT3, 
transfection was performed in  A549 cell line. Briefly, 
A549 cells in  log phase were selected for transfection. 
A549 cells were first incubated in a six-well plate at 37°C. 
Overexpressed miR-147a (named miR-147a mimics) and 
small interfering RNA of STAT3 named siSTAT3 were 
created by GenePharma (Shanghai, China) together with 
scrambled sequences, NC mimics and siNC. Later, trans-
fection was conducted after cell confluence reached 85%. 
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The NC mimics, miR-147a mimics, siNC, and siSTAT3 
were grouped and transfected into A549 cells using Lipo-
fectamine 3000 Transfection Reagent (Invitrogen, Carls-
bad, USA). Transfection efficiency was measured 48 h after 
transfection with real-time quantitative polymerase chain 
reaction (RT-qPCR).

RT-qPCR

The  RT-qPCR was used to  detect RNA expressions 
in selected cell lines. Strictly following manufacturer’s in-
structions, total RNA was extracted using TRIzol reagent 
(Invitrogen). Thereafter, High-Capacity cDNA Reverse 
Transcription Kit with RNase Inhibitor (Applied Biosys-
tems™, Foster City, USA) was performed to produce cDNA 
through reverse transcription of total RNA. Next, PCR was 
carried out using iQ™ SYBR® Green (Bio-Rad, Hercules, 
USA) for amplification. Sequences of primers were listed: 
miR-147a, forward, 5’- CGCGGTGTGTGGAAATGC-3’ 
and reverse, 5’- AGTGCAGGGTCCGAGGTATT-3’18; 
STAT3, forward, 5’- AACTCTCACGGACGAGGAGCT-3’ 
and reverse, 5’- AGTAGTGAACTGGACGCCGG-3’23; 
GAPDH, forward, 5’- CACCCACTCCTCCACCTTTG-3’ 
and reverse, 5’- CCACCACCCTGTTGCTGTAG-3’18; and 
U6, forward, 5’- AGAGAAGATTAGCATGGCCCCTG-3’ 
and reverse, 5’- ATCCAGTGCAGGGTCCGAGG-3’.18 
The first step was predenaturation at 95°C for 10 min, 
followed by 35 cycles with denaturation at 95°C for 30 s, 
annealing at 60°C for 30 s and extension at 72°C for 30 s. 
Relative expressions of miR-147a and STAT3 were calcu-
lated using 2−ΔΔCt methods, with U6 and GAPDH as inter-
nal references. Results were collected from 3 independent 
experiments.

Cell Counting Kit-8

Cell Counting Kit-8 (CCK-8) assay was used to measure 
cell viability after SNH treatment and irradiation. A549, 
HCC827 and BEAS-2B cells were seeded into 96-well plate 
at a density of 1 × 103 cells per well. Detections of A549 cells 
were grouped into NC mimics, miR-147a mimics, siNC, 
siSTAT3, and siSTAT3 with miR-147a mimics. For cell pro-
liferation measurement, different concentrations of SNH 
(0 mM, 0.1 mM and 0.3 mM) were used to treat cells and 
10 μL of CCK-8 (Beyotime, Shanghai, China) was mixed 
with medium at 24 h, 48 h and 72 h. Cells then were kept 
incubating for another 1 h and optical density (OD) values 
were checked with Model 680 Microplate Reader (Bio-Rad) 
at a wavelength of 450 nm. Cell toxicity detection aimed 
at A549 cells. In toxicity detection, cell survival rate by ir-
radiation was the indicator and the 0 Gy group was the neg-
ative control. Comparing to the control group, we could 
detect changes in cell viability after irradiation. A549 
cells were divided into 9 groups: normal group, 0.3 mM 
SNH group, NC mimics group, miR-147a mimics group, 
siNC group, siSTAT3 group, siNC+0.3 mM SNH group, 

siSTAT3+0.3 mM SNH group, and siSTAT3+miR-147a 
mimics+0.3 mM SNH group. Then, cells in those groups 
were irradiated with different doses of X-ray (0 Gy, 1 Gy, 
2 Gy, 4 Gy, 6 Gy, and 8 Gy) using Faxitron RX-650 (Fax-
itron, Tucson, USA) for 72 h. Thereafter, 10 μL CCK-8 
was added and cultured for 1 h at 37°C. Model 680 Micro-
plate Reader was used for measuring OD values of cells 
at 450 nm wavelength.  Experiments were repeated 3 times 
for getting proper results.

Flow cytometry

Apoptosis rate was detected using f low cytometry. 
A549, HCC827 and BEAS-2B were first treated under 
different concentrations of SNH (0 mM, 0.1 mM and 
0.3  mM). Later, A549 cells treated with 0  mM and 
0.3 mM SNH were selected for apoptosis evaluation af-
ter exposure to X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 
8 Gy) irradiation for 30 min. A549 cells transfected with 
NC mimics, miR-147a mimics, siNC, siSTAT3 without 
or with 0.3 mM SNH treatment, siNC+0.3 mM SNH, 
siSTAT3+0.3  mM SNH, and siSTAT+miR-147a mim-
ics+0.3 mM SNH were selected. Then, cells were rinsed 
and resuspended. Thereafter, Annexin V-FITC Apoptosis 
Detection Kit (Beyotime) was applied for staining. After 
cells were dyed with 5 μL (20 mg/mL) Annexin V and 
10 μL (50 mg/mL) PI, Attune Flow Cytometer (Invitro-
gen) was processed for checking apoptosis rate. Experi-
ment was run in triplicate.

Dual luciferase report assay

In order to confirm whether STAT3 and miR-147a have 
binding site, dual luciferase reporter assay was utilized. 
Putative binding sites between miR-147a and STAT3 
were provided by Starbase (http://starbase.sysu.edu.cn).  
Then, psiCHECK™-2 vector (Promega, Madison, USA) 
was used for inserting wild-type and mutant-type 
of STAT3, called STAT3-wt and STAT3-mut, respec-
tively. Later, NC mimics and miR-147a mimics, together 
with STAT3-wt and STAT3-mut were co-transfected 
into A549 cells using Lipofectamine 3000. Cells were 
gathered 24 h after transfection and luciferase activity 
was determined using Quantus™ Fluorometer (Promega, 
Madison, USA).

ELISA

Enzyme-linked immunosorbent assay (ELISA) was used 
to detect protein expressions of phosphorylated STAT3 
and total STAT3. STAT3 (pY705) + total STAT3 ELISA kit 
(ab126459; Abcam, Cambridge, UK) was chosen for STAT3 
phosphorylation detection. After phosphor-Stat3 (Tyr705) 
was coated on 96-well plate, protein collected from A549 
cells were pipetted and then bound to the wells. After 
the wells were rinsed, Detection Antibody STAT3 (Tyr705) 
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was used to measure phosphorylated STAT3 while Detec-
tion Antibody STAT3 was to analyze total STAT3 pro-
tein. Thereafter, horseradish peroxidase (HRP)-conjugated 
anti-rabbit IgG was added and incubated at 37°C for 1 h, 
and then wells were washed. TMB One-Step Substrate 
Reagent was added at 37°C for 30 min. Stop Solution was 
added (Thermofisher, Waltham, USA) and OD values were 
checked at 450 nm wavelength using Model 680 Microplate 
Reader. The experiment was repeated 3 times.

Statistical analyses

Each experiment was run in triplicate and all data was 
displayed as mean ± standard deviation (SD). GraphPad 
Prism v. 7 (GraphPad Software, La Jolla, USA) was used 
to analyze data from experiments. Data comparisons 
in different groups were measured with Student’s t-test 
(for 2 groups) and one-way analysis of variance (ANOVA; 
for 3 groups and more). Post hoc analysis was performed 
adopting Bonferroni’s correction. The overall alpha level 
is 0.05. A value of p < 0.01 was considered statistically sig-
nificant for three-group comparisons, while p < 0.05 was 
considered significant for comparisons between 2 groups.

Results

Sodium new houttuyfonate upregulated 
radiosensitivity of NSCLC and miR-147a 
expression through promoting apoptosis

After different concentrations of SNH (0.1 mM and 
0.3 mM) were added, cell viability of A549 cell line was 
significantly decreased compared to the control group, 
which was not treated with SNH (SNH 0 mM compared 
to SNH 0.1 mM, p = 0.006; SNH 0 mM compared to SNH 
0.3 mM, p = 0.002; Fig. 1A) and cellular viability was 
notably increased, with a growth of the SNH concentra-
tion (SNH 0.1 mM compared to SNH 0.3 mM, p = 0.008; 
Fig.  1A). On  the  contrary, increasing concentrations 
of SNH lead to higher apoptosis rates of A549 cell line 
(SNH 0 mM compared to SNH 0.1 mM, p = 0.007; SNH 
0 mM compared to SNH 0.3 mM, p = 0.001; SNH 0.1 mM 
compared to SNH 0.3 mM, p = 0.009; Fig. 1B). Later, dif-
ferent doses of X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) 
were used to measure functions of SNH in NSCLC cells, 
indicating that growing doses of irradiation significantly 
inhibited viability of A549 cells treated with 0.3 mM 

Fig. 1. Sodium new houttuyfonate upregulated radiosensitivity of NSCLC through promoting apoptosis and enhanced miR-147a expression

A. Cell viabilities of A549 cells with different concentrations of SNH (0 mM, 0.1 mM and 0.3 mM) were measured with CCK-8. ** presents the significant 
difference (p < 0.01) from the 0 mM SNH group, while ## signifies notable difference (p < 0.01) between 0.1 mM and 0.3 mM SNH treatment groups. 
B. Apoptosis rate of A549 cells was evaluated through flow cytometry. ** presents the significant difference (p < 0.01) from the 0 mM SNH group, while 
## signifies notable difference (p < 0.01) between 0.1 mM and 0.3 mM SNH treatment groups. C. OD values of normal A549 cells and SNH-treated A549 cells 
irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) were detected with CCK-8. ** presents the significant difference (p < 0.05) from the 0 mM 
SNH group. D. Apoptosis rates of A549 cells irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) were checked using flow cytometry. ** presents 
the significant difference (p < 0.05) from the 0 mM SNH group. E. MiR-147a RNA expressions were measured with RT-qPCR in A549 with SNH treatment 
(0 mM, 0.1 mM and 0.3 mM). ** presents the significant difference (p < 0.01) from the 0 mM SNH group, while ## signifies notable difference (p < 0.01) 
between 0.1 mM and 0.3 mM SNH treatment groups. Each experiment was repeated 3 times.
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SNH in comparison with A459 without SNH treatment. 
The comparisons between the NC and 0.3 mM groups 
are as  follows: for 2 Gy p = 0.032; for 4 Gy p = 0.048; 
for 6 Gy p = 0.027; for 8 Gy p = 0.012 (Fig. 1C). More-
over, the apoptosis rate of SNH-treated A549 was higher 
than normal A549 after irradiation. The comparisons 
between the NC and 0.3 mM groups are as follows: for 
2 Gy p = 0.044; for 4 Gy p = 0.038; for 6 Gy p = 0.035; 
for 8 Gy p = 0.042 (Fig. 1D). Then, miR-147a expression 
was evaluated after different SNH treatments, revealing 
that miR-147a expression was significantly raised by SNH 
treatment in A549 cell line, and as the SNH concentration 
increased, miR-147a was upregulated more significantly 
(SNH 0 mM compared to SNH 0.1 mM, p = 0.008 < 0.01; 
SNH 0 mM compared to SNH 0.3 mM, p = 0.004 < 0.01; 
SNH 0.1 mM compared to SNH 0.3 mM, p = 0.009 < 0.0; 
Fig. 1E).

Overexpressed miR-147a  
promoted apoptosis and enhanced 
radiosensitivity in NSCLC

According to RT-qPCR results, miR-147a was dramati-
cally decreased in lung cancer cells compared to BEAS-2B 
cell line (A459 compared to BEAS-2B, p = 0.002; HCC827 
compared to  BEAS-2B, p  =  0.009; Fig.  2A) and A459 
cell line had the  lowest expression of miR-147a (A459 
compared to  HCC827, p  =  0.006; Fig.  2A). To  better 
understand the  role of  miR-147a in  A549 cells, mim-
ics of miR-147a were transfected into A549 cells, which 

upregulated expression of  miR-147a compared with 
the control group (p = 0.022; Fig. 2B). Thereafter, A549 
cells were exposed to irradiation and then analyzed for cell 
survival and apoptosis. Results showed that cell survival 
rates in miR-147a mimics group were remarkably lower 
than in NC mimics group (for 1 Gy p = 0.023; for 2 Gy 
p = 0.029; for 4 Gy p = 0.021; for 6 Gy p = 0.017; for 8 Gy 
p = 0.039; p < 0.05; Fig. 2C) while apoptosis was higher 
in miR-147a mimics group (for 1 Gy p = 0.042; for 2 Gy 
p = 0.032; for 4 Gy p = 0.021; for 6 Gy p = 0.015; for 8 Gy 
p = 0.039; p < 0.05; Fig. 2D).

STAT3 directly targeted miR-147a  
and negatively regulated radiosensitivity 
of NSCLC

The RNA expression levels of STAT3 were then detected 
in A549, HCC827 and BEAS-2B cell lines, indicating that 
STAT3 was highly expressed in lung cancer cell lines, es-
pecially in A549 cell line (A459 compared to BEAS-2B, 
p = 0.002; HCC827 compared to BEAS-2B, p = 0.007; A459 
compared to HCC827, p = 0.009; Fig. 3A). Moreover, ac-
cording to Starbase, putative binding sites between STAT3 
and miR-147a were provided (Fig. 3B) and binding condi-
tion between miR-147a and STAT3 was verified using lu-
ciferase report assays, showing that the co-transfected cell 
group of miR-147a mimics and STAT3-wt had the lowest 
luciferase activity compared to other groups (p = 0.008; 
Fig. 3C). As STAT3 was high expressed in A549 cell line, 
suppression of STAT3 resulted in a significantly lower level 

Fig. 2. Overexpressed miR-147a 
promoted apoptosis and enhanced 
radiosensitivity in NSCLC

A. RNA expressions of miR-147a 
were measured in A549, HCC827 
and BEAS-2B using RT-qPCR. 
** siginificantly different (p < 0.01) 
from the normal cell line BEAS-2B; 
## notably distinctive (p < 0.01) 
between the cancer cell lines.  
B. Overexpressed miR-147a expressions 
were detected in A549 cell lines 
through RT-qPCR. ** statistically 
different (p < 0.05) in comparison with 
the control group and NC mimic group.  
C. OD values of X-ray-irradiated 
(0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) 
A549 cells with miR-147 overexpression 
were detected using CCK-8. 
** statistically different (p < 0.05) 
in comparison with the control group 
and NC mimic group.  
D. Apoptosis rates of A549 cells after 
irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, 
and 8 Gy) and miR-147a upregulation 
were checked with flow cytometry. 
** statistically different (p < 0.05) 
in comparison with the control group 
and NC mimic group. Each experiment 
was repeated 3 times.
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of STAT3 (p = 0.029; Fig. 3D). Later, toxicity was detected 
under upregulated doses of  X-ray, revealing that sup-
pressed STAT3 significantly reduced OD values of A549 
compared to control group (for 1 Gy p = 0.023; for 2 Gy 
p = 0.021; for 4 Gy p = 0.014; for 6 Gy p = 0.009; for 8 Gy 
p = 0.025; Fig. 3E). Meanwhile, apoptosis was significantly 
increased after STAT3 suppression (for 1 Gy p = 0.043; 
for 2 Gy p = 0.031; for 4 Gy p = 0.028; for 6 Gy p = 0.017; 
for 8 Gy p = 0.036; Fig. 3F). Then, protein concentrations 
of phosphorylated STAT3 and total STAT3 were detected, 
indicating that p-STAT3 was significantly decreased af-
ter knockdown of STAT3 (p = 0.009; Fig. 3G). Moreover, 
increasing doses of irradiation also resulted in decreases 
of p-STAT3 (for 1 Gy p = 0.009; for 2 Gy p = 0.006; for 4 Gy 
p = 0.004; for 6 Gy p = 0.003; for 8 Gy p = 0.002; Fig. 3H).

MiR-147a enhanced SNH-induced 
radiosensitivity in NSCLC through 
suppressing STAT3

As miR-147a and STAT3 were measured individually, 
correlation between STAT3 and miR-147a was investi-
gated further. After SNH treatment, A549 cells were 
transfected with siNC, siSTAT3 and siSTAT3 together 
with miR-147a mimics. The RT-qPCR results revealed 
that STAT3 expression was notably decreased in siSTAT3 
group and overexpression of miR-147a added to the down-
regulation of  STAT3 at  RNA level further (siSTAT3 
compared to siNC, p = 0.009; siSTAT3+miR-147a mim-
ics compared to siSTAT3, p = 0.007; Fig. 4A). Then, cell 
viability of A549 cells treated with SNH was decreased 

Fig. 3. STAT3 directly targeted miR-147a and negatively regulated radiosensitivity of NSCLC through suppressing apoptosis

A. STAT3 RNA expressions in A549, HCC827 and BEAS-2B cell lines were assessed with RT-qPCR. * siginificantly different (p < 0.01) from the normal cell 
line BEAS-2B; ## notably distinctive (p < 0.01) between the cancer cell lines. B. Binding sites between STAT3 and miR-147a were provided by StarBase 
(http://starbase.sysu.edu.cn). C. Binding conditions between miR-147a and STAT3 were validated using luciferase report assay. ** luciferase activity results 
significantly different (p < 0.01) with other groups. D. Suppressed STAT3 expression in A549 cell line was measured with RT-qPCR. ** statistically different 
(p < 0.05) in comparison with the control group and siSTAT3 group. E. OD values of A549 cells were examined with CCK-8 after irradiation (0 Gy, 1 Gy, 2 Gy, 
4 Gy, 6 Gy, and 8 Gy). ** statistically different (p < 0.05) in comparison with the control group and siSTAT3 group. F. Flow cytometry was performed to check 
apoptosis rates of A549 cells with irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) and transfected using suppressed STAT3. ** statistically different (p < 0.05) 
in comparison with the control group and siSTAT3 group; G. The phosphorylated STAT3 conditions were examined using ELISA. ** statistically different 
(p < 0.05) in comparison with the control group and siSTAT3 group; H. After cells were treated with different irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy), 
STAT3 phosphorylation was examined with ELISA. ** notably different (p < 0.01) from 0 Gy group. Each experiment was repeated 3 times.
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after STAT3 inhibition compared with that in the control 
si-NC group, and miR-147a upregulation intensified cell 
survival decrease under irradiation in different doses. For 
siSTAT3 compared to siNC, the results were as follows: 
for 1 Gy p = 0.008; for 2 Gy p = 0.006; for 4 Gy p = 0.003; 
for 6 Gy p = 0.009; for 8 Gy p = 0.003. For the combined 
group compared to the siSTAT3 group, the results were 
as follows: for 1 Gy p = 0.008; for 2 Gy p = 0.005; for 4 Gy 
p = 0.006; for 6 Gy p = 0.007; for 8 Gy p = 0.006 (Fig. 4B). 
Meanwhile, apoptosis rate of cells after SNH treatment 
was significantly lower after STAT3 downregulation (for 
1 Gy p = 0.007; for 2 Gy p = 0.005; for 4 Gy p = 0.004; for 
6 Gy p = 0.007; for 8 Gy p = 0.008). MiR-147a overexpres-
sion added to the drop in apoptosis rates in comparison 
with siSTAT3 group. For the combined group compared 
to siSTAT3 group, the results were as follows: for 0 Gy 
p = 0.005; for 1 Gy p = 0.007; for 2 Gy p = 0.004; for 4 Gy 
p = 0.008; for 6 Gy p = 0.007; for 8 Gy p = 0.009; Fig. 4C). 
The changes in phosphorylation levels of STAT3 were 
examined using ELISA assay and results showed that p-
STAT3 proteins were inhibited by STAT3 suppression and 

further reduced by miR-147a upregulation (p = 0.007 for 
the siSTAT3 group compared to siNC group; p = 0.005 for 
the combined group compared to siSTAT3 group; Fig. 4D).

Discussion

Houttuyninum can suppress tumor growth through 
downregulating HER2/neu phosphorylation, which indi-
cates that Houttuyninum can provide therapeutic value 
in tumor treatment.24 Considering chemical instability 
of Houttuyninum, SNH was compounded for increasing 
stability, which inhibited metastasis in not only A549 and 
NCI-H1299 cell lines but also in lungs of mice.18 In this 
study, SNH significantly decreased cell viabilities in cancer 
cell lines but seldom downregulated the viability of normal 
BEAS-2B cell line, indicating that SNH could be a use-
ful medicine for blocking cell progression of cancer cells. 
Moreover, SNH also increased apoptosis of cancer cell 
lines. Lower cell viability and higher apoptosis of A549 
cells resulted from SNH treatment. Based on those results, 

Fig. 4. MiR-147a enhanced SNH induced radiosensitivity in NSCLC through suppressing STAT3

A. RNA expression of STAT3 was examined in control siNC group, siSTAT3 group and the combined group of siSTAT3 and miR-147a mimics. ** significantly 
different (p < 0.05) from the control group; ## significantly different (p < 0.05) from the siSTAT3 group. B. OD values of A549 cells transfected with siNC, 
siSTAT3 and siSTAT3 and miR-147 mimics were evaluated with CCK-8 methods after cells were treated with SNH (0.3 mM). ** significantly different (p < 0.05) 
from the control group; ## significantly different (p < 0.05) from the siSTAT3 group. C. Apoptosis rates of cells in the three groups after different doses 
of irradiation were detected with flow cytometry. ** significantly different from the control group; ## significantly different (p < 0.05) from the siSTAT3 
group. D. The phosphorylation of STAT3 was examined using ELISA. ** significantly different from the control group; ## significantly different (p < 0.05) from 
the siSTAT3 group. Each experiment was repeated 3 times.
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SNH was proven to be a useful medicine to suppress cell 
viability and promote apoptosis of  A459 cells. As  for 
miR-147a, it was reported that miR-147a could suppress 
cell proliferation and promote apoptosis in A549 cell line 
by negatively regulating pRB and HOXD-AS1.15 After ir-
radiation, miR-147a was significantly upregulated in irra-
diation-induced thymus injury,25 implying that miR-147a 
is a potential regulator of radiotherapy. We have measured 
that SNH treatment in A549 cells significantly increased 
expression of miR-147a, which was remarkably low in can-
cer cells, especially in A549 cells. Furthermore, overexpres-
sion of miR-147a downregulated cell viability but upregu-
lated apoptosis of A549 cells after irradiation. According 
to these results, SNH was shown to facilitate apoptosis 
of A549 cells and enhanced radiosensitivity of A549 cells 
by increasing miR-147a RNA level.

STAT3 was proven as  the  target gene of  miR-147a 
through luciferase report assay after putative binding 
sites were provided by Starbase. STAT3 was discovered 
as a component of activated acute phase response factor 
complex of interleukin 6 (IL-6) over 20 years ago and its 
activation was to form dimer by combination of mutual 
SH2 domain-phosphotyrosine, which was determined 
as the key activation mechanism of STAT3 transcriptional 
function stimulation.26–28 It is constituted by 770 amino 
acids, containing 6  functional domains.29 STAT3 was 
proven to play an important role in occurrences of tu-
mors, and it promoted cisplatin resistance after activation 
by periostin in NSCLC.30,31 Activation of STAT3 acceler-
ated proliferation and repressed apoptosis through accu-
mulation of the large granular lymphocyte in leukemia.32 
Suppression of STAT3 significantly declined the viability 
of MDA-MB-231 breast cancer cells.33 Moreover, STAT3 
inhibited radiosensitivity in VEGFR2 low expressed Calu-1 
cell line and in A549 cell line, which contains high level 
of VEGFR2.22 STAT3 has 1 phosphorylation site called 
Tyr705, which has been detected to  activate STAT3 
in  melanoma.34 Phosphorylated Y705 STAT3  has also 
been shown to be highly expressed in NSCLC cells and 
its suppression reduced NSCLC cell growth.35 Therefore, 
STAT3 was checked in A549 and HCC827 cell lines and 
normal BEAS-2B cell line showing that STAT3 was highly 
expressed in cancer cell lines, especially A549 cell line. 
Suppressed STAT3 was produced to  inhibit RNA level 
of STAT3 and apoptosis rate of A549 cells was downreg-
ulated with irradiation. Results of apoptosis with STAT3 
determined that STAT3 could ihibit radiosensitivity 
in lung cancer through inhibiting apoptosis. As miR-147a 
and STAT3 were measured, correlation of those 2 genes 
after SNH treatment in lung cancer cells was detected, 
indicating that STAT3 RNA expression and phosphory-
lated STAT3 protein expression were notably suppressed 
by STAT3 inhibition, and upregulation of miR-147a further 
inhibited STAT3 and cell viability. Nevertheless, apoptosis 
rate was upregulated by siSTAT3 and became higher with 
miR-147a mimics. Based on these detections, STAT3 was 

the direct target gene of miR-147a and played the opposite 
role that downregulated radiosensitivity of A549 cells and 
attenuated therapeutic effect of SNH. In previous studies, 
BIBR1532, a selective telomerase inhibitor, increased ra-
diosensitivity in NSCLC cells and mice models.36 MiR-30a 
and miR-30b were overexpressed by low-dose radiation 
resulting in low cell viability and EMT in NSCLC cells 
and even in vivo orthotopic xenograft mouse models.37

Limitations

The limitation of this study lies in the lack of animal 
models, which might help to display the role of SNH and 
mir-147a/STAT3 in vivo.

Conclusions

In our study, we have shown that miR-147a, increased 
by SNH, could enhance cell radiosensitivity by inactivat-
ing the STAT3 signaling pathway in A549 cells. There-
fore, it is possible that miR-147a might also have the ability 
to promote radiosensitivity in animal models and at clini-
cal stage.
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