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ABSTRACT
Matrine is one of the major alkaloids extracted from Sophora flavescens Ait of the traditional 
Chinese medicine, was the main chemical ingredient of compounds of Kushen injection. The 
Matrine is considered as a promising therapeutic agent for curing nonsmall cell lung cancer 
(NSCLC), used either alone or combined with chemotherapeutic agents. In the present study, we 
focused on the possible roles of Matrine exerted on the self-renewal ability of stem-like cells of the 
NSCLC group, as well as the cytotoxicity of chemotherapeutic agents, in vitro and in vivo. Here we 
reported that Matrine inhibits cancer stem-like cell (CSC) properties through upregulation of Let- 
7b and suppression of the Wnt pathway. Overexpression of Let-7b suppressed the ability of 
tumorsphere formation, decreased Wnt pathway activation through inhibiting its transcriptional 
activity in lung CSCs. Further studies revealed that Let-7b directly targeted CCND1 and decreased 
its expression, whereas Matrine increased Let-7b levels and followed by inactivation of the 
CCND1/Wnt signaling pathway and inhibition of EMT, which was characterized by loss of epithe-
lial markers and acquisition of a mesenchymal phenotype in lung CSCs. What is more, we found 
that Matrine increased Let-7b level in an endoribonuclease DICER1-dependent manner. And 
xenografts in nude mice evidenced that Matrine increased the sensitivity of lung CSCs to 5-FU 
and inhibited the accumulation of CCND1 in tumor tissues induced by 5-FU. Taken together, these 
data illustrate the role of Let-7b in regulating lung CSCs traits and DICER1/let-7/CCND1 axis in 
Matrine or in combination with 5-FU intervention of lung CSCs’ expansion, helping to fulfill the 
anti-cancer action of Matrine.            
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Introduction

Matrine is the major bioactive component among 
the kinds of Sophora flavescens Ait, which was the 
main chemical ingredient of compounds of 
Kushen injection. Its chemical formula is C15H24 

N2O [1]. Matrine has been extensively used either 
alone or combined with chemotherapeutic agents 
or radiotherapy in Chinese clinical settings for 
many years [2]. Matrine has a good medicinal 
effect as an alkaloid. Its antiviral activity has 
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broad application prospects in the treatment of 
chronic hepatitis B [3]. It has been reported that 
Matrine and its compounds inhibits the growth 
and proliferation of various cancer cells through 
inducing apoptosis and cell cycle arrest [4–6]. 
Matrine can also inhibit tumor cell migration, 
invasion, and adhesion by downregulating the 
expression of some active oncogenes [7–9]. 
However, the antitumor effect of Matrine on 
NSCLC and its molecular mechanism have not 
been fully elucidated.

Lung cancer is the most common cause of can-
cer and cancer death in China, accounting for 21% 
of all cancers and 27% of all cancer-related deaths, 
of which NSCLC represents approximately 80% 
[10].Although chemotherapy can prolong survival 
in patients with advanced diseases, clinically sig-
nificant side effects can reduce its efficacy, as there 
are often too many reports of toxicity [11]. As an 
important posttranscriptional regulator of gene 
expression, microRNAs play an important role in 
tumorigenesis. The let-7 family of microRNAs, 
traditionally considered as tumor suppressors, tar-
gets, and degrades downstream oncogenes by 
binding to Argonaute to form RNA-induced silen-
cing complexes (RISC) [12,13]. Wnt signaling 
pathway is an evolutionarily conserved signaling 
pathway that regulates cell development by con-
trolling cell fate, cell proliferation, differentiation, 
and cell apoptosis [14–16]. As a downstream target 
of Wnt, cyclin-D 1 (encoded by CCND1), a cell- 
cycle regulatory protein is another indicator of 
poor prognosis in NSCLC [17]. Epithelial 
mesenchymal transition (EMT) is a phenotypic 
transformation of epithelial cells into mesenchy-
mal cells. In the course of tumor progression, 
tumor cells become more aggressive after EMT 
and get access to the blood vessels leading to dis-
tant metastasis, which is the main cause of cancer 
death. It has been proved that the Wnt signaling 
pathway is crucial to EMT, blocking Wnt signaling 
attenuates EMT [18]. The aim of this study was to 
investigate the therapeutic effect and molecular 
mechanism of Matrine on NSCLC CSCs. We 
found that Let-7b expression in the Let-7 family 
increased most significantly after Matrine treat-
ment and the key role of Let-7b in regulating 
lung CSC traits. Then we elucidated that Matrine 
effectively inhibited the expression of CCND1/ 

Wnt through up-regulating of Let-7b. In addition, 
by combining with other chemotherapeutic agents, 
Matrine effectively abolishes CSCs properties. Our 
results support further evaluation of Matrine or 
derivatives as therapeutic agents for NSCLC.

Materials and methods

Cell culture, transient transfection, and reagents

Two human NSCLC cell lines, NCI-A549 and 
NCI-H460 were obtained from Shanghai Cell 
Bank of Chinese Academy of Sciences. A549 
were maintained in DMEM medium (Gibco, 
Carlsbad, CA, USA), while H460 were cultured 
in RPMI 1640 medium (Gibco, Carlsbad, CA, 
USA) containing 10% fetal bovine serum and anti-
biotics (100 U/mL penicillin and 100 μg/mL strep-
tomycin). EGF, bFGF and B27 were purchased 
from Invitrogen (Carlsbad, CA). Matrine (Lot 
NoMKBS8661V) were purchased from Sigma.

Antibodies against KLF4, CD133 were acquired 
from Abcam (Cambridge, UK). E-cadherin, 
N-cadherin, and Vimentin were from Cell 
Signaling Technology, Inc (Massachusetts, US). 
CCND1 and TCF4 were from Santa Cruz 
Biotechnology, Inc (Santa Cruz, CA). MiRNAs 
and vectors were transfected using Lipofectamine 
2000 reagent (Invitrogen). The Let-7b mimic, 
negative control were purchased from 
GenePharma (Suzhou, China).

MTT assay

The Log-phase growing cells were seeded into 96- 
well plates at a density of 6 × 103 cells/well in 
media. The cells were exposed to Matrine at con-
centrations, 0 (negative control), 0.6, 1.0, 1.4 mg/ 
ml for 24 h, 48 h, and 72 h at 37°C. Cells viability 
was measured using 3-(4, 5-dimethylthiazol-2-yl)- 
2, 5-diphenyl tetrazolium bromide (MTT) assays.

Colony formation assay

1 × 103 cells were seeded in six-well plates at 
a single-cell density, and the cells were treated 
with the indicated drugs, subsequently grown for 
2 weeks. Colonies containing more than 50 cells 
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were counted after staining with crystal violet 
(Solarbio).

Tumorsphere formation assay

Cells were seeded into ultra-low-attachment 
six-well plates at a density of 1 × 104 cells/ 
well in serum-free medium (SFM) (DMEM/ 
F-12) (Gibco) supplemented with 20 ng/mL 
EGF, 20 ng/mL bFGF, and B27. Different con-
centrations of Matrine (0.6, 1.0, and 1.4 mg/ 
mL) were added to SFM. After 10 days of 
culture, the size and number of the tumor-
spheres were obtained under a Nikon Eclipse 
TE2000-S microscope.

Western blot analysis

Cells were lysed in RIPA buffer supplemented with 
protease inhibitors. Equal amounts of protein were 
subject to SDS-PAGE and transferred to 
a polyvinylidene difluoride membrane (Millipore, 
Billerica, MA). After blocking with 5% nonfat 
milk, membranes were incubated with the indi-
cated antibodies and detected by enhanced chemi-
luminescence reagents.

Immunofluorescence staining

Cells were grown on glass slides and treated with 
Matrine (1.0 mg/mL) for 48 h, and fixed with cold 
4% paraformaldehyde. After blocking with 5% 
BSA (Ameresco, USA), the cells were incubated 
overnight with primary antibodies against KLF4 
(1:200, CST), TCF4 (1:200, CST) at 4°C. Next, 
the cells were incubated with Rhodamine Red or 
Alexa Fluor 488 goat anti-rabbit IgG (1:500, 
Bioworld Technology, Inc). After counterstaining 
with 4-6-diamidino-2-phenylindole (DAPI) 
(Sigma), the slides were observed under 
a confocal microscope (Zeiss).

Real-time quantitative RT-PCR

Total RNA was extracted using TRIzol reagent 
(Invitrogen/Life Technologies, Grand Island, NY, 
USA). cDNA synthesis was performed using 
reverse transcription reagents (Invitrogen). 
Quantitative real-time PCR (qPCR) was 

performed using the SYBR Green PCR master 
mix (Applied Biosystems, Waltham, MA) using 
the procedure of 40 cycles of 95°C for 15 s and 
60°C for 1 min followed by thermal 
denaturation.

Cell migration assay

Migration assays were performed using a 24-well 
Transwell Chamber (Corning, Corning, NY). 
After treatment with Matrine for 48 h, 1 × 105 

cells in 200 μl serum-free medium (SFM) were 
harvested and seeded in the top chamber, and 
600 μl 10% fetal bovine serum (FBS) culture 
medium was added to the lower chamber. Cells 
that had migrated and attached to the lower 
membrane surface were fixed with 4% parafor-
maldehyde, stained with crystal violet, and 
counted.

Wound healing assay

After treatment with different concentrations of 
Matrine for 48 h, cells were then cultured to 70% 
confluency in DMEM medium with 1% FBS. The 
cell monolayers were scratched with a 200 ml pip-
ette tip. They were further incubated with fresh 
medium for 48 h.

CD133+ cells analysis

After treatment with Matrine (1.0 mg/mL) and/or 
5-FU, cells were collected and suspended at 
1 × 105cells/mL in PBS, and were stained with an 
anti-CD133 antibody (Miltenyi Biotech, Teterow, 
Germany) or isotype control antibody (Mouse 
IgG1) (Miltenyi Biotech) at 4°C in dark for 
10 min. CD133+ cells were detected by flow cyto-
metic analysis.

Measurement of apoptosis

Similar to CD133+ cells detection, cells were incu-
bated with indicated drugs for 48 h. The cells were 
harvested and resuspended in 400-μl Annexin 
V-FITC binding buffer. The cells were then 
stained with 5 μl Annexin-V and PI (BD 
Biosciences) in dark condition at room 
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temperature and subjected to analysis by flow 
cytometry (Beckton Dickson, San Jose, CA).

Tumor xenograft study

We used 4–5 weeks old male BALB/c nude mice, 
they were injected with 2 × 106 A549 cells in the 
fossa axillaris. The mice received the injection of 
Matrine (20 mg/kg) and/or 5-FU (20 mg/kg) or 
PBS intraperitoneally every other day. The animals 
were sacrificed 4 weeks after the injection of tumor 
cells, and the harvested tissues from the nude mice 
were excised and subjected to further analyses. 
Tumor length and width were measured with 
a vernier calipers, and tumor volumes were calcu-
lated with the formula V = 1/2 (length × width2). 
Tumor tissues were collected, fixed in 10% formal-
dehyde, and embedded in paraffin for immuno-
histochemical analysis performed using the 
specific affinity-purified polyclonal anti-CCND1 
antibody.

Statistical analysis

All data are presented as the mean ± SD of three 
independent experiments. Statistical significance 
was determined using Student’s two-tailed t test 
for two groups, one-way ANOVA for multiple 

groups. P values less than 0.05 were considered 
statistically significant.

Results

Matrine suppression of symmetric division and 
self-renewal of NSCLC stem cells

Cancer stem cells tended to divide symmetrically to 
obtain strong self-renewal abilities. Matrine inhib-
ited Symmetric cell division in stem cells of NSCLC, 
as presented in immunofluorescence assay (Figure 1 
(a)), which consequently inhibited the stem cells’ 
renewal (Figure 1(b)). In the meantime, Matrine 
significantly decreased signatures markers of stem 
cell (Figure 1(c)). Since the Wnt pathway is strongly 
activated in the lung CSCs, and we therefore ana-
lyzed whether Matrine has a certain inhibitory 
effect on it. Figure 1(c) indicated that Matrine 
blocks the activity of the Wnt pathway.

Matrine suppresses Wnt pathway and increases 
the expression of Let-7b in lung CSCs

Wnt pathway is the key canonical pathway in the 
maintenance of CSCs abilities. In our study, we 
found that both CCND1 and TCF4 were upregulated 
in A549 tumor spheres (Figure 2(a)), indicating that 
the Wnt pathway was activated in lung CSCs. We 
can also observe a similar phenomenon in CCND1 
and TCF4 mRNA expression (Figure 2(b)).

Figure 1. Matrine suppresses lung CSCs properties.
(a) The types of division is defined in Matrine-treated and not treated cells and is represented by white arrows. CSCs marker KLF4 
and TCF4 were stained to illustrate symmetric division and asymmetric division of lung CSCs.(b) A549 and H460 sphere-forming cells 
were treated with various concentrations of Matrine in 0.6 mg/ml, 1.0 mg/ml, 1.4 mg/ml for 10 days (scale bar: 100 μm).(c) The 
protein levels of lung CSCs markers and key components of the Wnt signaling pathway were determined by Western blotting.
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The expression of microRNA changes under 
various stimuli or drugs, such as hypoxia and 
chemotherapy, will probably in turn affect the 
growth of tumor cells. Therefore, we investigated 
whether the expression of CCND1 was regulated 
by some miRNAs under the effect of Matrine, 
because several miRNAs were thought to be the 
key regulatory factors in the CCND1/Wnt path-
way. MiRNAs of the Let-7 family affected the 
activity of several pathways. It is considered to be 
an important tumor suppressor which can be evi-
denced at http://starbase.sysu.edu.cn/index.php 
(FigureS3) [19]. We can find that most of Let-7 
miRNA levels decreased in lung adenocarcinoma 
(LUAD) and lung squamous carcinoma (LUSC) 
except for let-7d in LUSC (FigureS3H). Then we 
observed the changes of miRNAs expression of 
let7 family in lung CSCs after Matrine therapy 
using qRT-PCR, and the results showed that the 
expression of Let-7b increased most significantly 
among all Let-7 miRNA family after Matrine treat-
ment. Consequently, we focused on Let-7b in the 
following studies (Figure 2(c)).

Matrine regulates CSCs renewal of NSCLC in 
a CCND1/WNT signaling dependent way
Since CCND1 is an important fate determiner of 
CSCs and Matrine inhibited lung CSCs’ expansion, 
we then examined the expression of CSCs markers 
of KLF4 and CD133, and found that Matrine, Let- 
7b, and CCND1 siRNA are all suppressive for 
CSCs characteristics. Next we studied the role of 
a possible cascade of Matrine/Let-7b/CCND1 sig-
naling in the formation of CSCs in NSCLC. The 
spheroid formation result was basically consistent 
with what showed in Western Blot (Figure 3(a,b)). 
Then we used CD133 antibody for flow cytometry 
analysis, it was found that CD133 cells were 
enriched by CCND1/Wnt signal activator, which 
could be partially blocked by either Matrine or 
Let-7b (Figure 3(d,e)). Furthermore, we treated 
A549 and H460 cells with CCND1 upregulation 
inducer Tetracycline (TET) and Matrine, respec-
tively, following the combination of which and we 
found that enforcing CCND1 could abolish the 
Matrine inhibitory effect (Figure 3(c)). This result 
evidenced that Let-7b induced downregulation of 

Figure 2. Matrine inhibits Wnt pathway and increases Let-7b expression in lung CSCs.
(a, b) A549 CSCs cells were treated with Matrine at a concentration of 1.0 mg/ml for 48 h. (a) Then the expression of CCND1 and 
TCF4 in A549 cell lines and CSCs was detected by immunoblotting.(b) CCND1 and TCF4 mRNA level detection was also performed by 
qRT-PCR.(c) The effects of Matrine on Let-7 family expression in lung CSCs were determined by quantitative real-time PCR.
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CCND1 was necessary for Matrine suppression of 
the self-renewal capacity of NSCLC stem cells.

The upregulation of Let-7 expression is critical to 
the regulation of CCND1/Wnt
Next, we studied whether inhibition of Let-7 expres-
sion could rescue Matrine-induced downregulation 
of CCND1 protein and other major parts of the Wnt 
pathway. We treated A549 cells with Matrine, Let-7b 
mimic, or Matrine in the presence of Let-7b inhibitor 
for 48 hours. We found that both (Sulforaphane) 
SFNand Let-7b mimic the repressed expression of 
CCND1 and (Transcription Factor 4)TCF4. 
Importantly, the inhibitory effect of Matrine on 
CCND1 and TCF4 was obviously compromised in 
the presence of miR-inhibitor (Figure 4(a)). The 
authenticity of the Matrine/Let-7b/CCND1 pathway 
in the mRNA level was further validated by perform-
ing qRT-PCR (Figure 4(b)).

Matrine increased Let-7b level in DICER1 
dependent manner

As we studied before, the endoribonuclease 
DICER1 is a key regulator of Let-7 through 
sequence-specific silencing, thus promoting the 

maturation of it. We evaluated whether Matrine 
increased Let-7b level in DICER1 dependent man-
ner. And the Luciferase reporter assay proved that 
the activity of DICER promoter in A549 cells 
increased significantly after being treated with 
Matrine (Figure 4(c)). Next, we perform qRT- 
PCR to examine if the expression of Let-7b could 
change in presence or absence with Dicer 1 siRNA 
after Matrine treatment. As expected, DICER 
siRNA could rescue part of the effect of Matrine 
on Let-7b (Figure 4(d)). The immunoblotting and 
tumorspheres also revealed the same rules (Figure 
4(e,f)).

Matrine increases chemotherapeutic 
drug-induced toxicity in A549 cells

As shown in Figure 5, Matrine and 5-FU decreased 
the cell survival rate of A549 cells by 45% and 40%, 
respectively, while the combination of Matrine and 
5-FU reduced the cell survival rate more effectively 
than the single application. Furthermore, we found 
that the knockdown of CCND1 enhanced the inhi-
bitory effect of 5-FU, which was consistent with 
the upregulation of Let-7brestores the cell sensi-
tivity to 5-FU (Figure 5(a)).

Figure 3. Matrine/Let-7b/CCND1 suppresses CSCs in NSCLC.
(a, b) A549 and H460 sphere-forming cells were treated with 5-FU and Matrine alone, or with Let-7b mimic or CCND1siRNA 
combination.(a) Representative pictures of Spheroids after 10 days of treatment accordingly.(b) CSCs biomarkers CD133 and KLF4 
expressions were evaluated with immunoblotting.(c) A549 and H460 cells were treated with CCND1 upregulation inducer 
Tetracycline (TET) and Matrine alone or in combination.(d, e) Flow cytometric analysis of CD133-positive cells in A549 spheres- 
forming cells. Columns, mean (n = 3); bars, SD; *, p < 0.05
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Figure 4. Matrine increased Let-7b level in DICER1-dependent manner.
(a–c) A549 and H460 cells were treated with Matrine, Let-7b mimic, or Matrine in the presence of Let-7b inhibitor for 48 h.(a) CCND1 
and TCF4 protein levels were determined by immunoblotting.(b) mRNA expression of CCND1 and TCF4 was detected with 
quantitative real-time PCR.(c) The activity of DICER promoter in A549 cells after being treated with Matrine was determined with 
Luciferase reporter assay.(d–f) A549 and H460 sphere-forming cells were treated with Matrine in the presence or absence with Dicer 
1 siRNA.(d) qPT-PCR was performed to examine the expression of Let-7b. (e) CCND1 and TCF4 protein level was detected by Western 
blotting.(f) Representative pictures of spheroids after being treated accordingly.

Figure 5. Matrine increases chemotherapeutic drug-induced toxicity of 5-FU in A549 cells.
(a) Cell survival rate of A549 was detected after treatment with Matrine and 5-FU alone, or along with Let-7b mimic, CCND1 siRNA, 
and their combination.(b) A549 cells were plated at low density in 6-well plates, and then cells were treated with Matrine, 5-FU, Let- 
7b mimic, CCND1 siRNA, or their combination. Columns, mean (n = 3); bars, SD; *, p < 0.05. (c) The ability of combined therapy of 
Matrine and 5-FU to induce apoptosis was detected by flow cytometry with propidium iodide and Annexin V APC double staining. 
Columns, mean (n = 3); bars, SD; *, p < 0.05
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Similarly, the combination of Matrine and 5-FU 
significantly reduced colony formation compared 
with a single reagent (Figure 5(b)).The ability of 
combined therapy to induce apoptosis was 
detected by flow cytometry. The results showed 
that Matrine combined with 5-FU significantly 
increased cell apoptosis compared with monother-
apy, and CCND1 siRNA can enhance the suppres-
sive effect of 5-FU as well (Figure 5(c)).

Matrine repressed tumor proliferation in vivo

In order to whether Matrinecould enhances the 
sensitivity of NSCLC cells to chemotherapy or 
not, we carried out experiment in the nude mice 
xenograft model. A549 cells were implanted into 
the flanks of mice by subcutaneous injection. 
Vehicle, Matrine (20 mg/kg), 5-FU (20 mg/kg) or 
two drugs were intraperitoneally administrated 
every other day for 4 weeks. The results demon-
strated that both Matrine and 5-FU significantly 
suppressed tumor growth reflected by a decrease 

of tumor volume and weight, while the combina-
tion of Matrine and 5-FU further enhanced the 
antitumor effect compared with single therapy 
(Figure 6(a–c)).

In order to investigate the effect of Matrine on 
the expression of CCND1 in vivo, anti-CCND1 
antibody was used to immunohistochemical ana-
lysis of tumor sections. Matrine could effectively 
inhibit CCND1 expression which was accumulated 
by 5-FU (Figure 6(d)), further supporting the the-
ory that Matrine functioned through CCND1 
deregulation.

Matrine inhibits the cell proliferation and colony 
formation ability of NSCLCs

The growth ratios of lung cancer cell lines of A549 
and H460 cells in different groups were universally 
inhibited, as determined by MTT assay 
(FigureS1B), when cells were treated with 
Matrine at 0.6 mg/ml, 1.0 mg/ml,1.4 mg/ml for 
24 h, 48 h, and 72 h, respectively. Notably, Matrine 

Figure 6. Matrine repressed tumor proliferation in vivo.
(a) Cells were subcutaneous injected in nude mice, which intraperitoneally administrated by vehicle, Matrine (20 mg/kg), 5-FU 
(20 mg/kg), or two drugs.(b) Tumor volume (mm3) was measured at every 5 treatment days.(c) Tumor weights were determined 
after the treatment was completed on day 30. Both Matrine and 5-FU significantly suppressed tumor volume and weight, while the 
combination therapy further enhanced the antitumor effect compared with a single therapy. Columns, mean (n = 3); bars, SD; *, 
p < 0.05(d) In the immunohistochemical analysis of tumor sections, Matrine could effectively inhibit CCND1 expression which was 
accumulated by 5-FU.
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inhibited cell growth was in a dose-dependent 
manner (FigureS1C and S1D).

Matrine regulates EMT of NSCLC through CCND1/ 
WNT pathway

Evidences have demonstrated the key role of 
CCND1/Wnt signaling in EMT (Figure S2). In 
order to investigate the effect of Matrine on 
CCND1/Wnt mediated EMT, we measured the 
effect of Matrine on the migration ability of 
NSCLC cells and the expression of EMT markers. 
Based on the Transwell cell migration and wound 
healing test, we found that Matrine could reduce 
the movement ability of NSCLC cells (FigureS2A, 
S2B, and S2C) Matrine alleviated EMT by increas-
ing the expression of E-cadherin and decreasing 
the level of N-cadherin and Vimentin protein 
(FigureS2D). Let-7b overexpression and CCND1 
gene knockout of NSCLC cells also reduced 
EMT. In summary, these results suggest that Let- 
7b-mediated inhibition of CCND1/Wnt signaling 
by Matrine reduces EMT in NSCLC cells.

Discussion

Established evidence suggests that CSCs play 
a crucial role in the progression, metastasis, and 
recurrence of human cancers [20]. The mechan-
isms include unlimited proliferation, tumor self- 
renewal, heterogeneous progeny, and chemother-
apeutic resistance [20–22]. Accordingly, targeting 
CSCs may provide an effective anti-cancer strategy 
to overcome drug resistance and reduce recur-
rence. In recent years, the potential of natural 
products of medicinal plants of traditional 
Chinese medicine has been recognized, several 
natural products and their derivatives belong to 
the standard series of chemotherapeutic drugs for 
cancer [23,24]. Matrine is a highly polar basic 
compound and used in the treatment of hepatitis 
and hepatic fibrosis and various cancer, including 
hepatocellular carcinoma, gastric cancer, esopha-
geal cancer, myeloid leukemia, melanoma, breast, 
and lung cancers [25–30]. Clinical studies have 
shown that the combination of standard therapy 
with Matrine can greatly improve the quality of 
life and immune function of cancer patients [31]. 
Up until now, the mechanism underlying the 

anticancer effects of Matrine has rarely been inves-
tigated in human NSCLC CSCs.

In the view that p53 and cyclinD 1 interact at 
multiple levels, while let-7 inhibits the expression 
of cyclinD 1 [32], and Wnt signaling plays crucial 
roles in CSC renewal and in the EMT of NSCLC 
cells [33,34], we hypothesized that let-7 may reg-
ulate the self-renewal of NSCLC CSCs by interact-
ing with CCND1/Wnt in the existence of Matrine.

In this study, we found that the expression of 
Let-7b among the let-7 families increased most 
significantly after being treated with appropriate 
concentration of Matrine, then elucidated the key 
role of Let-7b in regulating lung CSC traits and the 
key role of the Let-7b/CCND1 axis in Matrine 
interfering of lung CSCs. The results showed that 
5-FU treatment could promote the accumulation 
of CCND1, which could be effectively inhibited by 
co-treatment with Matrine and the abnormal 
expression of Let-7b. Matrine/Let-7b inhibits 
CSC properties and enhances cytotoxicity induced 
by chemotherapeutic drugs. Importantly, Matrine 
sensitizes NSCLC cells to the in vivo effects of 
5-Fu, which is related to the inhibition of 
CCND1 accumulation in 5-Fu-induced tumor 
tissues.

In light of the results of this study, we found 
that the expression of Let-7b was up-regulated in 
lung CSCs, which in turn targeted Wnt/CCND1 
pathway. Accordingly, Matrine inhibited CSC 
properties and enhanced the therapeutic efficacy 
of 5-FU in NSCLC. These new findings provide 
new insights into the molecular mechanisms of 
lung CSCs regulation of Matrine and/or combined 
with 5-FU.
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