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Puerarin has recently been demonstrated to play anti-cancer roles in a series of human cancers, including non-small cell
lung cancer (NSCLC), possibly through regulation of cancer-related microRNAs (miRNAs). The purpose of the present study
was to further investigate the detailed role and underlying mechanism of puerarin on NSCLC progression. Cell viability and
apoptosis were assessed using the Cell Counting kit-8 (CCK-8) assay and flow cytometry, respectively. Transwell assays were
performed to determine cell migration and invasion abilities. The QRT-PCR assay was employed to detect the expression of
miR-342 and cyclin D1 (CCND1) mRNA, and CCND1 protein expression was evaluated by western blotting. The targeted
interaction between miR-342 and CCND1 was verified by dual-luciferase reporter assay and RNA immunoprecipitation
(RIP) assay. We found that our data demonstrated that puerarin repressed cell viability, migration, invasion, and cell cycle
progression, and enhanced the apoptosis of NSCLC cells. miR-342 overexpression hindered the migration, invasion and
cell cycle progression, and accelerated the apoptosis of NSCLC cells. miR-342 inhibited CCND1 expression by directly
binding to the 3’-UTR of CCND1. Moreover, miR-342 overexpression-mediated anti-migration, anti-invasion, anti-cell
cycle progression, and pro-apoptotic effects were abated by co-transfection of pcDNA-CCNDI1. More importantly, puerarin
inhibited CCND1 expression by upregulating miR-342. Additionally, puerarin hampered NSCLC cell progression in vitro
and tumor growth in vivo by upregulating miR-342. In conclusion, our study suggested that puerarin hampered NSCLC
progression in vitro and in vivo at least partly through regulating miR-342/CCND1 axis, highlighting a novel mechanism of

puerarin exerting anti-cancer property in NSCLC.
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Lung cancer remains the leading cause of cancer incidence
and mortality, with an estimated 2.1 million new lung cancer
casesand 1.8 million deaths in 2018 worldwide [1]. Non-small
cell lung cancer (NSCLC), mainly including lung adenocar-
cinoma and lung squamous cell carcinoma, accounts for
approximately 85% of all lung cancer cases [2]. Although
the developments of conventional therapeutic options and
strategies have improved the prognosis, the 5-year overall
survival rate is still unsatisfactory [3, 4]. Therefore, identi-
tying novel promising therapeutic targets is required to make
a breakthrough in outcomes for NSCLC patients.

Puerarin, the major bioactive ingredient derived from the
root of the Pueraria lobata (Willd.) Ohwi, has been widely
used as a food additive and alternative medicine [5, 6]. The
beneficial functions of puerarin are through to attribute to
its vasodilatory activity [7], cardio-protective activity [8],

antidiabetic activity [9], anti-inflammatory activity [10], and
so on. Puerarin has recently been gaining increasing interest
due to its anti-cancer properties in a wide variety of human
cancers, including NSCLC [11, 12]. The purpose of the study
was to further investigate the detailed role and underlying
mechanism of puerarin in NSCLC progression in vitro.
MicroRNAs (miRNAs), a large class of single-stranded,
small non-coding RNAs with ~22 nucleotides in length,
regulate complementary mRNAs by inducing translational
repression and mRNA degradation, thereby playing crucial
roles in cellular physiopathology processes. The mature
miRNAs are present in the cytoplasm in the form of miRNA
ribonucleoprotein complexes, called the RNA-induced
silencing complexes (RISCs), where they direct the complex
to target mRNAs [13, 14]. Increasing evidence has illumi-
nated the importance of miRNAs in cancer biology, including
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NSCLC [15, 16]. miR-342 (also called miR-342-3p) has been
reported to repress NSCLC progression in vitro through
targeting RAP2B or anterior gradient 2 (AGR2) [17, 18].

Previous documents had demonstrated that puerarin
hindered cancer progression by regulating the expression
of cancer-related miRNAs [19, 20]. However, the effect of
the interplay between puerarin and miR-342 in NSCLC
remains unknown. In this study, our results supported that
puerarin or miR-342 overexpression repressed NSCLC cell
migration, invasion, and enhanced cell apoptosis. Further-
more, our study suggested that puerarin played an anti-
cancer role in NSCLC by regulating the miR-342/cyclin D1
(CCND1) axis.

Materials and methods

Clinical samples and ethics statement. 35 pairs of NSCLC
and adjacent noncancerous tissues were obtained from
NSCLC patients at Nanjing Hospital of Chinese Medicine
affiliated to the Nanjing University of Chinese Medicine.
All tissues samples were stored in liquid nitrogen until use.
Written informed consent was signed by all patients, and the
protocol of this work was approved by the Ethics Committee
of the Nanjing University of Chinese Medicine.

Cell culture and treatment. Human normal bronchial
epithelial cell line 16HBE and two NSCLC cell lines (A549
ATCC®CCL-185 and H1299 ATCC®CRL-5803) purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA) were cultured in RPMI-1640 medium
(#C4111.0500, Genaxxon Bioscience, Ulm, Germany)
supplemented with 10% heat-inactivated fetal bovine serum
(#abx131025, Cocalico Biologicals, Reamstown, PA, USA),
1% antibiotics (#15070063, 100 U/ml penicillin and 100 pg/
ml streptomycin, Invitrogen, Carlsbad, CA, USA) in a humid
atmosphere containing 5% CO, at 37°C. For a preliminary
observation for the role of puerarin in NSCLC progression
in vitro, cells were treated with different concentrations (0, 5,
10, and 20 pM) of puerarin (ab142939, Abcam, Cambridge,
UK) for 48 h or 10 uM of puerarin for 48 h.

Cell transfection. CCNDI1 overexpression plasmid
(pcDNA-CCND1), the modified miR-342 mimic, miR-342
inhibitor (anti-miR-342), and corresponding negative
control (pcDNA-NC, miR-NC mimic or anti-miR-342) were
designed and synthesized by Ribobio (Guangzhou, Guang-
dong, China). Cells growing in 24-well plates were trans-
fected with the indicated oligonucleotide (50 nM) or/and
plasmid (10 ng/ml) using Lipofectamine RNAiMAX trans-
fection reagent (#13778030, Invitrogen) according to the
protocols of manufacturers.

Cell viability assay. Cell viability was determined using
a Cell Counting kit-8 (CCK-8, CK04, Dojindo Laboratories,
Kumamoto, Japan) in accordance with the manufacturer’s
protocols. Briefly, cells were seeded in a 96-well plate and
treated with puerarin for 48 h. After that, 10 ul of CCK-8
solution was added into each well and incubated at 37°C for

2 h. Absorbance at 450 nm was detected using a ChroMate
4300 microplate reader (Awareness Technologies Inc., Palm
City, FL, USA) following the manufacturer’s guidance.

Transwell assay of cell migration and invasion. Cell
migration and invasion abilities were evaluated using a 24
well-Transwell chamber with 8-pum pore filters (BD Biosci-
ences, San Jose, CA, USA). To be brief, for migration assay,
treated or transfected cells (5.0x10*) resuspended in serum-
free medium were plated in the upper chamber with a
non-coated membrane. For invasion assay, 5.0x10* cells
were seeded in the upper chamber with a Matrigel-coated
membrane (BD Biosciences). In both assays, RPMI-1640
medium containing 10% FBS was added in the lower
chamber. 24 h later, the cells penetrated through the pores
of inserts were fixed with 4% paraformaldehyde and stained
with 0.2% crystal violet. The number of migrated or invaded
cells was determined and images were photographed under a
light microscope (Nikon, Shinagawa, Tokyo, Japan).

Flow cytometry. Cell apoptosis and cell cycle were deter-
mined by flow cytometry using the Annexin V-FITC/PI
Apoptosis detection kit (#V13242, Invitrogen) and FxCycle™
Violet Ready Flow™ reagent kit (#F10347, Invitrogen), respec-
tively, following the instructions of manufacturers. Data
analyses were performed using an FC500 flow cytometer
(Beckman Coulter, Krefeld, Germany) with CXP Cytometer
2.2 software.

Quantitative real-time PCR (qRT-PCR). Total RNA was
extracted from treated or transfected cells using the RNeasy
plus mini kit (#74134, Qiagen, Hilden, Germany) following
the manufacturer’s protocols. The quality and quantity of
RNA extracts were measured by a spectrophotometer (VITC
Easy Shade, VITA Zahnfabrik, Bad Sackingen, Germany).
cDNA was synthesized from RNA extracts using reverse
transcriptase (#18090010, Invitrogen), and then subjected
to qRT-PCR for CCND1 mRNA quantification using SYBR
Green I Master mix (#04707516001, Roche Applied Science,
Mannheim, Germany) with GAPDH as an internal control.
The level of miR-342 was determined using the TagMan
reverse transcription kit (#4366597, Applied Biosystems,
Foster City, CA, USA) and TagMan MicroRNA assay kit
(#4427975, Applied Biosystems) on the 7900HT Real-time
PCR system (#4329003, Applied Biosystems), and normal-
ized to U6. Relative gene expression was quantified using the
2744 method.

Western blotting. Total protein was prepared using
ice-cold RIPA lysis bufter (50 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 1% Triton X-100, 0.1% SDS, 0.5% sodium deoxycholate)
supplemented with 1x protease inhibitor cocktail (#87786,
Sigma-Aldrich, St. Louis, MO, USA). Proteins (50 pg) were
resolved on a 10% SDS denatured polyacrylamide gel, trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane
(Hybond P, Amersham Bioscience, Piscataway, NJ, USA),
and then exposed to the appropriate antibodies: anti-Bcl-2
(#4223, 1:1000; Cell Signaling Technology, Danvers, MA,
USA), anti-Bax (#5023, 1:1000; Cell Signaling Technology),
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anti-CCND1 (#2978, 1:1000; Cell Signaling Technology),
anti-MMP9 (#13667, 1:1000; Cell Signaling Technology),
anti-MMP2 (#40994, 1:1000; Cell Signaling Technology), and
anti-B-actin (#4970, 1:1000; Cell Signaling Technology). The
membranes were incubated with a horseradish peroxidase-
conjugated IgG secondary antibody (#79408, 1:2000; Cell
Signaling Technology). Protein bands were detected using
enhanced chemiluminescence (Amersham Bioscience) and
the band intensities were quantified using the LabWorksTM
Image Acquisition and Analysis Software (UVP Bioimaging
System, UVP Inc., Upland, CA, USA).

Bioinformatics. Analysis of the molecular targets of
miR-342 was carried out using microT-CDS software at
http://diana.imis.athena-innovation.gr/DianaTools/index.
php?r=microT_CDS$/index.

Dual-luciferase reporter assay. CCND1 3’-untranslated
region (3’-UTR) wild-type luciferase reporter plasmids
containing the complementary sequence for miR-342
(CCND1-WT1 and CCNDI1-WT2) and site-directed
mutant of target sequence (CCND1-MUT1 and CCNDI-
MUT?2) were obtained from Ribobio. 293T cells growing in
24-well plates were cotransfected with the indicated lucif-
erase reporter (10 ng/ml) and 50 nM of miR-NC mimic or
miR-342 mimic. After 48 h post-transfection, the luciferase
activity was measured using the LightSwitch Luciferase
Assay reagent (SwitchGear Genomics, Carlsbad, CA, USA)
following the instructions of manufacturers.
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RNA immunoprecipitation (RIP) assay. RIP assay was
carried out using a Magna RIP RNA Immunoprecipitation
kit (Millipore, Billerica, MA, USA) following the manufac-
turers instruction. In brief, cells were transfected with
miR-NC mimic or miR-342 mimic for 48 h. Then, cell lysates
were prepared with ice-cold RIPA buffer and then incubated
with anti-Argonaute2 (anti-Ago2, ab32381, Abcam) or IgG
(ab150077, Abcam) antibody for 4 h at 4°C before adding
protein A/G agarose for 4 h. Beads were harvested by centrif-
ugation and washed three times with ice-cold PBS. Lastly,
total RNA was extracted from the beads using the RNeasy
plus mini kit and the enrichment of CCND1 mRNA was
determined by qRT-PCR.

Animal studies. All animal tests were done in accor-
dance with the National Standard of the Care and Use of
Laboratory Animals, and our study was approved by the
Ethics Committee of the Nanjing University of Chinese
Medicine. Six-week-old BALC/c nude mice (n=24) were
purchased from Hubei Research Center of Laboratory
Animal (Wuhan, China) and were randomly divided into 4
groups (n=6 each group): control, puerarin (100 mg/kg/day),
puerarin (100 mg/kg/day) + anti-miR-NC and puerarin
(100 mg/kg/day) + anti-miR-342. A549 cells (1x107) were
subcutaneously injected into the nude mice. When the tumor
grew to a mean volume of 100 mm?®, simultaneous admin-
istration with puerarin (100 mg/kg/day) by oral gavage and
intratumoral injection of anti-miR-342 or anti-miR-NC were
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Figure 1. Puerarin repressed NSCLC cell viability. (A) The chemical structure of puerarin. Human normal bronchial epithelial cell line 16HBE (B),
A549 (C), and H1299 (D) cells were treated with different concentrations (0, 5, 10, and 20 uM) of puerarin, followed by the detection of cell viability by

CCK-8 assay. *p<0.05, **p<0.01 or **p<0.001
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Figure 2. The effect of puerarin on NSCLC cell migration, invasion, and apoptosis. A549 and 1299 cells were treated with 10 uM of puerarin, followed
by the measurement of cell migration (A and B) and invasion (C and D) abilities by transwell assay, cell apoptosis by flow cytometry (E and F), the
expression levels of Bax and Bcl-2 by western blotting (G and H), cell cycle progression by flow cytometry (I and J). *p<0.05, **p<0.01 or ***p<0.001

carried out. One week later, tumor volume was measured
every other week. At the end of the experiments, all mice
were euthanized and tumors were excised.

Statistical analysis. All data were presented as mean +
standard deviation (SD) at least three independent experi-
ments. Student’s t-test and one-way ANOVA were used for
the statistical analysis of all experiments. Differences were
considered statistically significant at p<0.05.

Results

Puerarin repressed NSCLC cell viability. For a prelimi-
nary observation for the role of puerarin in NSCLC, NSCLC
cells were treated with different concentrations (0, 5, 10, and
20 uM) of puerarin (chemical structure, Figure 1A) for 48 h.

As shown by the CCK-8 assay, the viability of 16HBE cells
was not affected by puerarin treatment (Figure 1B). Whereas,
puerarin treatment triggered significant repression of cell
viability in a dose-dependent manner in both A549 and
H1299 cells (Figures 1C, 1D). These data together indicated
the anti-cancer activity of puerarin in NSCLC cells.
Puerarin repressed the migration, invasion, and cell
cycle progression and promoted the apoptosis of NSCLC
cells. Then, we further investigated the effect of puerarin on
NSCLC cell progression. A549 and H1299 cells were treated
with 10 uM of puerarin for 48 h, followed by the determi-
nation of cell migration, invasion, apoptosis, and cell cycle
progression. Transwell assays revealed that compared with
negative control, puerarin treatment resulted in the inhibition
of cell migration (Figures 2A, 2B) and invasion (Figures 2C,
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2D) abilities in both A549 and H1299 cells. Conversely, cell
apoptosis was significantly promoted by puerarin induc-
tion (Figures 2E, 2F). Moreover, in contrast to the negative
control, puerarin treatment triggered an obvious increase of
Bax expression and a distinct decrease of Bcl-2 expression
in the two cells (Figures 2G, 2H). Additionally, puerarin
treatment significantly reduced the number of S-phase cells,
indicating that puerarin repressed cell cycle progression in
the two cells (Figures 2I, 2]). All these results suggested that
puerarin repressed NSCLC cell migration, invasion, and cell
cycle progression, and promoted cell apoptosis.
Overexpression of miR-342 hindered the migration,
invasion, and cell cycle progression, and enhanced the
apoptosis of NSCLC cells. Previous researches had reported
miR-342 functioned as a tumor suppressor in NSCLC
progression [17, 18]. As a result, miR-342 expression was
downregulated in NSCLC tissues and cells compared with

normal controls (Supplementary Figure S1A and Figure 3A).
We further explored the effect of miR-342 on NSCLC cell
progression by transfection of miR-342 mimic. Transient
introduction of miR-342 mimic, but not a scrambled control
sequence, significantly elevated miR-342 expression in both
A549 and HI1299 cells (Figure 3B). Subsequent experi-
ment results revealed that miR-342 overexpression led to a
suppression of cell migration (Figures 3C, 3D) and invasion
(Figures 3E, 3F) abilities, enhancement of cell apoptosis
(Figures 3G, 3H), and a change of Bax and Bcl-2 levels
(Figures 31, 3]), as well as inhibition of cell cycle progression
(Figures 3K, 3L). Together, these data hinted that miR-342
overexpression suppressed NSCLC cell migration, invasion,
and cell cycle progression, and enhanced cell apoptosis.
CCND1 was a direct target of miR-342. miRNAs exert
biological functions by a modulation of their target genes.
In order to further explore the molecular mechanism by
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Figure 3. The effect of miR-342 overexpression on NSCLC cell migration, invasion, and apoptosis. (A) The expression of miR-342 by qRT-PCR in
16HBE, A549, and H1299 cells. A549 and H1299 cells were transfected with miR-NC mimic or miR-342 mimic, followed by the detection of miR-342
expression by qQRT-PCR (B), cell migration (C and D), and invasion (E and F) abilities by transwell assay, cell apoptosis by flow cytometry (G and H),
the expression levels of Bax and Bcl-2 by western blotting (I and ), cell cycle progression by flow cytometry (K and L). *p<0.01 or ***p<0.001
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Figure 4. CCND1 was a direct target of miR-342. A) Nucleotide resolution of the predicted miR-342 binding sites in the 3’-UTR of CCND1 mRNA
and the mutation of seeded sequence. B, C) The relative luciferase activity in 293T cells transfected with CCND1 3’-UTR wild-type luciferase reporter
(CCND1-WT1 or CCND1-WT?2) or site-directed mutation of seeded sequence (CCND1-MUT1 or CCND1-MUT?2), together with miR-342 mimic or
miR-NC mimic. D, E) The enrichment of CCND1 mRNA by qRT-PCR in RISC of A549 and H1299 cells transfected with miR-342 mimic or miR-NC
mimic using anti-Ago2 or IgG antibody. F, G) CCND1 expression by western blotting in A549 and H1299 cells transfected with miR-342 mimic, anti-
miR-342 and, corresponding negative control. *p<0.05, **p<0.01 or ***p<0.001

miR-342 regulated NSCLC cell progression, we carried
out a detailed analysis of the molecular targets of miR-342.
Using microT-CDS software, the predicted data showed two
putative miR-342 binding sites in the 3’-UTR of CCND1
mRNA (Figure 4A). When we performed dual-luciferase
reporter assays, cotransfection of the luciferase reporter
and miR-342 mimic into 293T cells produced a lower
luciferase activity than in cells cotransfected with miR-NC
mimic (Figures 4B, 4C). Whereas, site-directed mutation
of the seeded sequence in either site, completely abolished
the effect of miR-342 on luciferase activity under the same
conditions (Figures 4B, 4C). After that, RIP assays revealed
that the enrichment of CCND1 mRNA was highly abundant
by miR-342 overexpression in both A549 and H1299 cells,
suggesting the endogenous interaction between miR-342 and
CCND1 (Figures 4D, 4E). Next, we determined whether, if
so, how miR-342 modulated CCND1 expression in NSCLC
cells. In contrast to their counterparts, CCNDI1 expression
was markedly reduced following miR-342 overexpression,
while it was strikingly elevated by transfection of anti-miR-
342 (Figures 4F, 4G). Additionally, qRT-PCR data revealed
that CCDN1 mRNA expression was prominently upregu-

lated in NSCLC tissues compared with normal tissues
(Supplementary Figure S1B). All these data strongly pointed
to the role of CCND1 as a molecular target of miR-342 in
NSCLC cells.

miR-342 overexpression-mediated anti-migration, anti-
invasion, anti-cell cycle progression, and pro-apoptosis
effects were abated by co-transfection of pcDNA-CCND]1.
To provide further mechanistic insight into the link between
miR-342 and CCND1 on NSCLC cell progression, A549 and
H1299 cells were co-transfected with miR-342 mimic and
pcDNA-CCNDI. In comparison to the negative control, the
co-transfection of pcDNA-CCNDI significantly abrogated
the inhibitory effect of miR-342 overexpression on cell
migration and invasion abilities (Figures 5A-5D). Moreover,
miR-342 mimic-mediated apoptosis promotion and cell cycle
arrest were drastically reversed by co-transfection of pcDNA-
CCNDI1 (Figures 5E-5]). These results together suggested
that CCNDI1 mediated the regulatory effect of miR-342 on
NSCLC cell progression in vitro.

Puerarin inhibited NSCLC cell progression in vitro
by upregulating miR-342. Next, we further investigated
whether the function of puerarin on NSCLC was associated
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Figure 5. miR-342 exerted its regulatory effect on NSCLC cell progression by CCND1. A549 and H1299 cells were transfected with miR-NC mimic,
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invasion (C and D) abilities, cell apoptosis by flow cytometry (E and F), the expression levels of Bax and Bcl-2 by western blotting (G and H), cell cycle
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with the miR-342/CCND1 axis. Herein, NSCLC cells were
treated with different concentrations (0, 5, 10, and 20 uM) of
puerarin for 48 h, followed by the determination of miR-342
and CCNDI1 expression. As demonstrated by qRT-PCR,
puerarin treatment resulted in increased miR-342 expres-
sion in a dose-dependent manner in both A549 and H1299
cells, eliciting a positive correlation between puerarin treat-
ment and miR-342 expression (Figures 6A, 6B). Moreover,
CCND1 expression was markedly reduced by puerarin
treatment in both A549 and H1299 cells (Figures 6C, 6D).
However, this effect was highly abolished by the transfec-
tion of anti-miR-342 (Figures 6C, 6D). These data together
implied that puerarin hampered the expression of CCNDI
by upregulating miR-342 in NSCLC cells. Subsequent experi-
ment assays demonstrated that puerarin-mediated migration
and invasion repression (Figures 6E-6H), apoptosis enhance-
ment (Figures 6I-6L), as well as cell cycle arrest (Figures 6M,
6N) were prominently abolished by the introduction of
anti-miR-342. Together, these data strongly suggested that
puerarin repressed NSCLC cell migration, invasion, and cell
cycle progression and promoted the apoptosis by miR-342
in vitro.

Puerarin inhibited tumor growth in vivo via upregu-
lating miR-342. Lastly, we determined the impact of puerarin
in NSCLC progression in vivo using the xenograft mice model.
These data revealed that compared to the negative control,
puerarin treatment significantly repressed tumor growth,
and this effect was strongly abrogated by the anti-miR-342
introduction (Figures 7A, 7B). Moreover, puerarin triggered
a striking upregulation of miR-342 expression and a clear
downregulation of CCND1 level in tumor tissues, and these
effects were prominently reversed by anti-miR-342 adminis-
tration (Figures 7C, 7D). These data together indicated that
puerarin hindered tumor growth through miR-342 in vivo.

Discussion

Puerarin, a natural isoflavonoid from Pueraria lobata,
has recently attracted increasing attention for its anti-
cancer activity and induction of apoptosis in a wide variety
of human cancers. For example, puerarin facilitated the
apoptosis of bladder cancer cells by repressing of SIRT1/p53
pathway [21]. Puerarin repressed colorectal cancer progres-
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Figure 6. Puerarin inhibited CCND1 expression by upregulating miR-342. A549 (A) and H1299 (B) cells were treated with different concentrations
(0, 5, 10, and 20 uM) of puerarin, followed by the determination of miR-342 expression by qRT-PCR. A549 and H1299 cells were transfected with or
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sion through the inhibition of cell growth and enhancement
of cell apoptosis [22]. Moreover, puerarin was reported to
weaken the expression of multidrug resistance 1 (MDR1)
partially by nuclear factor kappa-B signaling pathway in
adriamycin-resistant MCF-7 cells, possibly thereby reversing
breast cancer drug resistance [23]. A previous document
also demonstrated that puerarin triggered a distinct inhibi-
tion of M2 phenotype polarization, cell invasion, migra-
tion, as well as a reduction of angiogenesis factors expres-
sion in NSCLC macrophage [24]. In the present study, our
data demonstrated that puerarin inhibited NSCLC cell
viability and elevated cell apoptosis, in accordance with
previous research [11]. Moreover, we validated that puerarin
suppressed NSCLC cell migration, invasion, and cell cycle
progression, consistent with the findings by Zeng et al.
[25]. They also manifested that puerarin attenuated NSCLC
pulmonary metastasis through suppressing the enzymatic

activity of cyclooxygenase-2 in A549 cells. Notably, in the
present research, our results showed that puerarin did not
affect the viability of 16HBE cells, which possibly attributed
to a lower concentration of puerarin treatment or certain
addiction of NSCLC cells to puerarin. Emerging reports have
demonstrated that the invasion of tumor cells is elevated
through upregulating MMP9 and MMP2 expression [26, 27].
Our data also suggested that puerarin treatment resulted in
decreased MMP9 and MMP2 levels in both A549 and H1299
cells, and this effect was abolished by the anti-miR-342 intro-
duction (Supplementary Figures S2A, S2B), which partly
provided evidence that invasion decrease was accompanied
with the modulation of MMP9 and MMP2 expression in
NSCLC cells. In the present work, when we determined the
apoptosis of A549 and H1299 cells treated with puerarin for
24 h, our data revealed that puerarin led to a feeble enhance-
ment in cell apoptosis (Supplementary Figure 2C), and thus
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Figure 7. Puerarin inhibited tumor growth in vivo via upregulating miR-342. A549 cells (1x107) were subcutaneously injected into the nude mice.
When the tumor grew to a mean volume of 100 mm?, simultaneous administration with puerarin (100 mg/kg/day) by oral gavage and intratumoral
injection of anti-miR-342 or anti-miR-NC were carried out. At the end of the experiments, all mice were killed and tumors were excised. A) One week
later, tumor volume was measured every other week. B) Representative images of the tumor were obtained and tumor weight was calculated. C, D)
miR-342 and CCND1 levels were assessed by qRT-PCR and western blotting in the xenograft tissues. *p<0.05, **p<0.01 or ***p<0.001

apoptosis promotion could feebly affect invasion reduction,
but not significant.

miR-342 has been identified as a tumor-suppressive
miRNA involved in the tumorigenesis and progression of
multiple human cancers, such as gallbladder cancer [28],
gastric cancer [29], and pancreatic cancer [30]. Addition-
ally, a high level of miR-342 hampered cell proliferation,
migration, and invasion of colorectal cancer cells possibly
through the regulation of the expression of forkhead box M1
and Q1 [31]. Upregulated miR-342 was described to rescue
metabolic disorder by directly targeting monocarboxylate
transporter 1 in triple-negative breast cancer [32]. Besides,
miR-342 was also reported to negatively modulate the
transcriptional activity of MYC, an archetypical oncogene,
via directly targeting E2F transcription factor 1 in human

lung cancer [33]. In the present study, our results indicated
that miR-342 overexpression hindered NSCLC cell migra-
tion, invasion, and cell cycle progression, and enhanced
cell apoptosis, suggesting its tumor-suppressive property in
NSCLC, consistent with earlier works [17, 18].

It is widely accepted that miRNAs function as important
regulators in cellular physiopathology processes through
posttranscriptional repression of target mRNAs. Therefore,
microT-CDS software was used to search for the molecular
targets of miR-342, and the predicted data showed two
putative miR-342 binding sites in the 3’-UTR of CCNDI
mRNA. CCNDI1 has been postulated to play a potential
oncogenic role in human cancers, including bladder cancer
[34], estrogen receptor positive breast cancer [35], and
prostate cancer [36]. Moreover, accumulating evidence has
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suggested that CCND1 has oncogenic potential in the devel-
opment and progression of NSCLC [37-39]. In the present
study, we firstly confirmed that CCND1 was a direct target
of miR-342. Moreover, miR-342 overexpression-mediated
anti-migration, anti-invasion, anti-cell cycle progression,
and pro-apoptosis effects were abated by cotransfection
of pcDNA-CCNDI. These data together established that
miR-342 hampered NSCLC progression in vitro through
targeting CCND1. Previous researches had found that some
other miRNAs, such as let-7a and miR-3940-5p, could repress
NSCLC progression via targeting CCND1 [40, 41].

Puerarin has been illuminated to play an anti-cancer
activity via various mechanisms, including its regulatory
function on the expression of some miRNAs, such as miR-16
and miR-133a-3p [19, 42]. Considering the suppressive
effect of puerarin and miR-342 on NSCLC cell progression,
we continued our study from the hypothesis that puerarin
suppressed NSCLC progression by regulating miR-342
expression. To confirm this, A549 and H1299 cells were
treated with puerarin, and our data firstly manifested that
puerarin treatment led to increased miR-342 expression in a
dose-dependent manner in NSCLC cells. More interestingly,
we firstly demonstrated that puerarin inhibited CCNDI1
expression by upregulating miR-342 in NSCLC cells.
Furthermore, our data substantiated that puerarin repressed
NSCLC cell migration, invasion, and cell cycle progression
and promoted apoptosis in vitro by miR-342. Additionally, we
were first to highlight that puerarin hampered tumor growth
in vivo by upregulating miR-342. Therefore, more researches
about the regulatory relationship between puerarin and the
miR-342/CCND1 axis will be performed in further work.

In conclusion, our study suggested that puerarin rescued
NSCLC progression in vitro and in vivo at least partly through
targeting the miR-342/CCND1 axis. The clinical significance
of puerarin and its potential value as a therapeutic agent
should be further investigated.

Supplementary information is available in the online version
of the paper.
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Puerarin alleviates the progression of non-small cell lung cancer by regulating
the miR-342/CCND1 axis
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Supplementary Figure S1. miR-342 was downregulated and CCND1 was upregulated in NSCLC tissues. (A and B) miR-342 and CCND1 mRNA levels
were assessed by qRT-PCR in 35 pairs of NSCLC tissues and matched noncancerous tissues. *p<0.05 or **p<0.001.
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Supplementary Figure S2. The effect of puerarin on the expression of MMP9 and MMP2 and cell apoptosis. (A and B) A549 and H1299 cells were
transfected with anti-miR-NC or anti-miR-342 before puerarin for 48 h, followed by the detection of MMP9 and MMP2 levels. (C) A549 and H1299
cells were treated with puerarin for 24 h, and then cell apoptosis was determined. NS = no significant



