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Abstract
AIM
To explore the let-7a-mediated anti-cancer effect of 
Yangzheng Sanjie decoction (YZSJD) in gastric cancer 
(GC) cells.

METHODS
YZSJD-containing serum (YCS) was prepared using 
traditional Chinese medicine serum pharmacology 
methods. After YCS treatment, cell proliferation 
and apoptosis were assessed by cell counting kit-8 
assay and flow cytometry, respectively, and miRNA 
expression profiles were determined using qPCR arrays. 
Let-7a expression was examined by in situ  hybridization 
in GC tissues and by qPCR in GC cells. c-Myc protein 
expression was detected by immunohistochemistry in 
GC tissues, and by Western blot in cell lines.

RESULTS
YZSJD significantly inhibited proliferation and induced 
apoptosis in AGS and HS-746T GC cells. After treatment 
with YCS, the miRNA expression profiles were altered 
and the reduced let-7a levels in both cell lines were 
up-regulated, accompanied by a decrease in c-Myc 
expression. Moreover, decreased let-7a expression and 
increased c-Myc expression were observed during the 
progression of gastric mucosa cancerization.

CONCLUSION
YZSJD inhibits proliferation and induces apoptosis of 
GC cells by restoring the aberrant expression of let-7a 
and c-Myc.

Key words: Gastric cancer; Let-7a; c-Myc; Proliferation; 
Apoptosis; Yangzheng Sanjie decoction
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Core tip: Let-7a reduction plays an important role 
in gastric tumourigenesis through the derepression 
of c-Myc expression. Our data demonstrate that 
Yangzheng Sanjie decoction (YZSJD) inhibits proli-
feration and induces apoptosis in gastric cancer (GC) 
cells by regulating the aberrant expression of let-7a and 
c-Myc. These findings provide new evidence that YZSJD 
has therapeutic potential in GC treatment and that 
miRNA regulation may be a novel molecular mechanism 
through which Chinese herbal medicine exhibits anti-
cancer activity.
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INTRODUCTION
Gastric cancer (GC) is one of the leading causes of 
cancer-related deaths in the world[1]. The low early 
diagnosis rate of GC and the limited treatment options 
for advanced GC are the major reasons for the high 
mortality rate in GC patients. Considering the narrow 
therapeutic window, long-term drug resistance and 
toxic side effects of chemotherapeutic agents, safer 
and more effective therapies should be developed to 
improve the prognosis of GC.

As an important source of novel agents with 
pharmaceutical potential, Chinese herbal medicines 
have become increasingly popular in cancer treat-
ment as alternative and complementary therapy 
modalities[2-6]. One Chinese medicine formula, 
Yangzheng Sanjie decoction (YZSJD), which contains 
the ingredients Astragali Radix, Scutellariae Barbatae 
Herba, Arisaematis Rhizoma Preparatum, Citri 
Sarcodactylis Fructus, Cremastrae Pseudobulbus and 
Curcumae Longae Rhizoma, has shown good clinical 
effects in the treatment of chronic atrophic gastritis 
with precancerous lesions[7]. Several components 
of YZSJD have recently been reported to exert 
antiproliferative effects in several cancer cell lines[8-10]. 
However, the potential role of YZSJD in the treatment 
of GC and the precise mechanisms that may be 
involved in the proliferation and apoptosis of GC cells 
have not yet been clearly addressed.

Increasing evidence has revealed that microRNAs 
(miRNAs) play critical roles in the initiation, progression 
and aggressiveness of human cancers and may 
be potential therapeutic targets for malignancies. 
MiRNAs are a class of small noncoding RNAs of 21-23 
nucleotides that negatively regulate gene expression 
by base-pairing with the 3′-untranslated regions of 
their target messenger RNAs[11,12]. The miRNA let-7 is 
down-regulated in many cancer types compared with 
normal tissue, indicating that the let-7 family serves 
as tumour suppressors[13,14]. Involved in the complex 
regulation of c-Myc, let-7a participates in the genesis 
and maintenance of c-Myc-dysregulated cancers[15]. 
Kim et al[16] demonstrated that let-7 inhibits c-Myc 
expression by targeting the c-Myc 3’-UTR in a HuR-
let-7 interdependent manner. Let-7b increased drug 
sensitivity in chemotherapy-resistant GC cells by 
targeting c-Myc[17]. A more recent study revealed 
that let-7a down-regulates the expression of PKM2 
by regulating the expression of c-Myc and hnRNPA1 
and therefore inhibits the proliferation, migration and 
invasion of GC cells[18].

In a previous clinical study, we found that YZSJD 
can effectively slow, block or reverse the progression 
of GC precancerous lesions[19]. In this study, we aimed 
to explore the miRNA-mediated anticancer effect 
of YZSJD in vitro. The present study was therefore 
designed to evaluate cell proliferation and apoptosis in 
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GC cells treated with YZSJD-containing serum (YCS) 
and to screen and verify the potential miRNA targets. 
Furthermore, we detected the expression of let-7a and 
its target gene c-Myc in GC tissues, matched gastric 
precancerous tissues and normal gastric mucosa tissues 
to investigate the role of let-7a in the progression of 
gastric mucosa cancerization.

MATERIALS AND METHODS
Preparation and quality control of YZSJD
YZSJD, a Chinese herbal compound prescribed by 
Dr. Geng-Xin Chen at the Second Affiliated Hospital 
of Guangzhou University of Chinese Medicine, is 
composed of Astragali Radix 15 g, Codonopsis Radix 
15 g, Scutellariae Barbatae Herba 15 g, Arisaematis 
Rhizoma Preparatum 10 g, Citri Sarcodactylis Fructus 
10 g, Cremastrae Pseudobulbus 10 g, Curcumae 
Longae Rhizoma 10 g and Curcumae Rhizoma 15 g. 
All the medicinal materials used to prepare formulae 
were purchased from Kangmei Pharmaceutical Co., 
Ltd. (Guangzhou, China) and were identified by two 
pharmacognosy experts. The herbs (100 g) were 
soaked in distilled water (1000 mL) and boiled for 30 
min twice, and then the extracts were filtered, mixed 
and centrifuged. The upper layer was concentrated 
to 0.9 g crude extract per millilitre in a rotary eva-
porator (SENCO, China) and stored at -20 ℃ for 
future use. To establish quality control standards for 
YZSJD, the crude extract preparation and subsequent 
high-performance liquid chromatography (HPLC) 
determination were repeated ten times. The similarity 
of the HPLC fingerprints of 10 batches of YZSJD samples 
was assessed using the Computer-Aided Similarity 
Evaluation System for Chromatographic Fingerprint 
of TCM (Chinese Pharmacopoeia Commission, version 
2004A).

Preparation of YCS
Forty male SD rats (SPF grade, weighing 250 ± 20 
g) were purchased from the laboratory animal centre 
of Southern Medical University. The animals were 
acclimatized to laboratory conditions (23 ℃, 12 h/12 
h light/dark, 50% humidity, ad libitum access to food 
and water) for two weeks prior to experimentation. 
Subsequently, the rats were randomly and equally 
divided into a YZSJD group and a Control group. 
Animals in the YZSJD group were gavaged with an 
equivalent dose of YZSJD (9 g/kg), while those in the 
Control group were administered the same volume of 
normal saline once daily. On the seventh day, blood 
was drawn from the abdominal aorta 1 h after feeding, 
and the serum was isolated. Each group of sera was 
mixed, sterilized by filtration and inactivated at 56 ℃ 
before being stored at -20 ℃. These experiments 
were approved by the Institutional Animal Care and 
Use Committee of the Second Affiliated Hospital of 
Guangzhou University of Chinese Medicine, and efforts 
were made to minimize animal suffering.

Cell culture
The human GC cell lines AGS and HS-746T were 
purchased from the American Type Culture Collection 
(Manassas, VA, United States), the cell lines MKN-45 
and SGC-7901 were obtained from the Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, 
China), and the human immortalized gastric mucosa 
cell line GES-1 was provided by the Beijing Institute for 
Cancer Research. The cells were cultured in RPMI-1640 
medium (HyClone, United States) supplemented with 
10% foetal bovine serum (HyClone, United States) 
and maintained in a humidified incubator with 5% CO2 
at 37 ℃.

Cell groups and cell treatments
AGS and HS-746T cells were suspended and seeded 
in 96-well plates at a density of 6000 cells/well or in 
6-well plates at a density of 20000 cells/well. The cells 
were divided into a YZSJD group and a Control group. 
After 12 h of culture, the cells in the YZSJD group 
were treated with 10% YCS, while those in the Control 
group were treated with 10% normal rat serum.

Cell proliferation assay
The effects of YZSJD on AGS and HS-746T cell 
proliferation were estimated using the Cell Counting 
Kit-8 (CCK-8) assay (Jingxin, China). After 24, 48 
or 72 h of incubation with YCS or normal rat serum, 
10 µL of CCK-8 solution was added to each well of a 
96-well plate, followed by a 2-h incubation in the dark. 
Cell proliferation was evaluated by the absorbance 
of each well at 450 nm, which was measured with 
a VICTOR X5 Multilabel Plate Reader (PerkinElmer, 
United States). 

Cell apoptosis assay
The effects of YZSJD on apoptosis were determined 
by flow cytometry using an Annexin V-FITC Apoptosis 
Detection Kit (BD Pharmingen, United States). After 48 
h of incubation with YCS or normal rat serum, cells in 
6-well plates were harvested and resuspended in 1 × 
binding buffer at a concentration of 1 × 106 cells/mL. 
Then, 5 µL of Annexin V-FITC and 10 µL of propidium 
iodide were added to 100 µL of the cell suspension. 
The cells were incubated for 15 min in the dark before 
400 µL of 1 × binding buffer was added. The samples 
were analysed by flow cytometry within 1 h.

MiRNA PCR array
Total RNA was extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA, United States) following the manu-
facturer’s instructions. Contaminating DNA in the RNA 
preparations was removed with DNase I, and the RNA 
was purified using an RNeasy MinElute Cleanup Kit 
(Qiagen, Germany). The RNA quantity and purity were 
assessed using a NanoDrop ND-1000 spectrophotometer 
(NanoDrop Technologies, Wilmington, DE, United 
States), and RNA integrity was examined by denaturing 
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for reverse transcription and quantitative PCR was 
purchased from Ribobio Biotechnology (Guangzhou, 
China). The reverse transcription conditions consisted 
of an initial incubation at 42 ℃ for 15 min followed 
by 85 ℃ for 5 s in a T100 PCR instrument (Bio-Rad, 
United States). The qPCR amplification was performed 
as follows: 95 ℃ for 30 s, followed by 40 cycles of 
95 ℃ for 5 s and 60 ℃ for 30 s on a 7500 Real-Time 
PCR System (Applied Biosystems, United States). U6 
was used as an endogenous control, and the ΔΔCt 
method was used for let-7a quantification.

Western blot 
Cells were lysed in RIPA buffer (Beyotime, China) to 
extract total cellular proteins. Equal amounts of protein 
for each sample were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and 
transferred onto polyvinylidene difluoride membranes 
(Millipore, United States). After being blocked with 
WB blocking solution (Beyotime, China) for 1 h, the 
membranes were incubated with a rabbit c-Myc 
monoclonal antibody (Cell Signaling Technology, United 
States) or a mouse β-actin monoclonal antibody (Boster, 
China) at 4 ℃ overnight. The next day, the membranes 
were incubated with either a goat anti-rabbit IgG or a 
goat anti-mouse IgG horseradish peroxidase-conjugated 
secondary antibody (Boster, China) at 37 ℃ for 1 h. 
Immunoreactivity was visualized using an enhanced 
chemiluminescence reagent (Beyotime, China).

Tissue specimens 
Tissue from 11 patients with pathologically diag-
nosed GC who underwent radical resection without 
radiotherapy and chemotherapy at the First Affiliated 
Hospital of Guangzhou University of Chinese Medicine 
(Guangzhou, Guangdong province, China) from May 
2014 to November 2014 was collected. The diagnosis 
and histopathologic type of GC were determined 
according to the rules of the Japanese Gastric 
Cancer Association[20]. The clinical and pathological 
characteristics of the patients are shown in Table 
1. All study participants provided written informed 
consent and donated a piece of GC tissue, matched 
tissue adjacent to the carcinoma and distal normal 
gastric tissue. The samples were fixed in 4% para-
formaldehyde immediately after surgery and then 
embedded in paraffin. Histopathology was confirmed 
independently by two experienced pathologists 
unaware of the patients’ clinical history. The present 
study was approved by the ethics committee of the 
First Affiliated Hospital of Guangzhou University of 
Chinese Medicine.

In situ hybridization
In situ hybridization was performed to detect let-
7a in paraffin-embedded tissue sections using the 
Enhanced Sensitive ISH Detection Kit (Boster, China) 

agarose gel electrophoresis.
The expression of mature miRNAs was detected 

using ExiLENT SYBR Green master mix (Exiqon, 
Denmark) and the microRNA Ready-to-Use PCR, 
Human panel Ⅰ + Ⅱ (V4.M) (Exiqon, Denmark), accor-
ding to the manufacturer’s instructions. Briefly, the 
template RNA was reverse transcribed using a Universal 
cDNA Synthesis Kit (Exiqon, Denmark), and the reverse 
transcription products were then amplified and detected 
on a 7900 Real-Time PCR System (Applied Biosystems, 
United States) using the following thermocycler 
conditions: denaturation at 95 ℃ for 10 min, followed 
by 40 cycles of 95 ℃ for 10 s and 60 ℃ for 1 min. 

Data analysis was performed with the GenEx qPCR 
analysis software (www.exiqon.com/mirna-pcranalysis). 
U6 snRNA was used as an endogenous control. The 
fold change for each miRNA was calculated as 2-ΔΔCt. 
We filtered out raw data for which the cycle threshold 
values were greater than 30 from the 372 total human 
miRNAs, and the differentially expressed miRNAs with a 
fold-change ≥ 1.5 in at least one cell line were included 
in the further analyses.

qRT-PCR
Total RNA was isolated from AGS and HS-746T cells 
with Trizol reagent (Invitrogen, CA, United States). The 
RNA concentration and purity were assessed using a 
NanoDrop 2000C spectrophotometer (Thermo Fisher 
Scientific, United States). Mature let-7a was reverse 
transcribed to cDNA using a PrimeScript RT reagent 
kit (TaKaRa, Japan), and the specific cDNA was 
amplified using a SYBR Premix Ex Taq II kit (TaKaRa, 
Japan) according to the manufacturer’s instructions. 
The Bulge-Loop hsa-let-7a-5p qRT-PCR Primer Set 

Table 1  Clinical and pathological characteristics of gastric 
cancer patients

Characteristic n  (%)

Age (yr)
   < 60 6 (54.5)
   ≥ 60 5 (45.5)
Sex
   Male 8 (72.7)
   Female 3 (27.3)
Lymph node metastasis
   Negative 6 (54.5)
   Positive 5 (45.5)
Histopathology
   Adenocarcinoma 11 (100)
   Others 0 (0)
Grade
   Well/moderately differentiated 5 (45.5)
   Poorly differentiated 6 (54.5)
Stage
   Early 2 (18.2)
   Advanced 9 (81.8)
Surgical therapy
   Negative 0 (0)
   Positive 11 (100)
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and DIG-labelled hsa-let-7a miRCURY LNA Detection 
probe (Exiqon, Denmark). After pretreatment and 
enzymatic digestion, slides were incubated with let-
7a hybridization solution overnight at 4 ℃. After a 30 
min blocking step, the slides were treated with an anti-
digoxigenin antibody for 1 h. Then, SABC-POD solution 
was added to the slides for 20 min at 37 ℃. Next, the 
slides were treated with biotin peroxidase for 20 min 
and diaminobenzidine (DAB) chromogenic reagent 
(Boster, China) for 20 min. Counterstaining was 
performed with haematoxylin. Images were taken on 
an Olympus BX53 microscope equipped with a digital 
camera.

Signals were semi-quantitatively evaluated based on 
the cytoplasmic staining intensity and the percentage 
of positive cells. Staining intensity was divided into four 
levels: 0 (negative), 1 (weak), 2 (moderate) and 3 
(strong); the percentage of positive cells was graded 
as 0 (none), 1 (< 10%), 2 (10%-50%), 3 (50%-80%) 
and 4 (> 80%). A total in situ hybridization (ISH) score 
was calculated by multiplying the scores of intensity 
and percentage. According to the scores, signals were 
assessed as follows: - (≤ 1), + (2 to 4), ++ (4 to 8) 
and +++ (≥ 9).

Immunohistochemistry
Immunohistochemistry (IHC) was performed on paraffin 
sections using a ready-to-use rabbit anti-human c-Myc 
monoclonal antibody (MXB, China). The sections were 
first deparaffinized in xylene and rehydrated through 
a graded alcohol series. Endogenous peroxidase was 
blocked with 3% H2O2 for 10 min, and antigen retrieval 
was carried out with sodium citrate buffer at 0.1 MPa 
and 121 ℃ for 5 min. After a blocking step using 5% 
BSA, slides were separately incubated with 50 µL of 
primary antibody at 4 ℃ overnight. Then, they were 
visualized by incubation with a biotin-conjugated 
secondary antibody followed by streptavidin and 
DAB (Boster, China). Counterstaining was performed 
with haematoxylin. The c-Myc score of each sample 

was based on the nuclear staining. The data were 
evaluated as described above.

Statistical analysis
All reactions were performed in triplicate. Measurement 
data are expressed as the mean ± SD, and statistical 
analyses were performed using one-way analysis of 
variance. Ordinal data were analysed by Radit analysis. 
P < 0.05 was considered statistically significant.

RESULTS
YZSJD HPLC fingerprints
To establish quality control standards for YZSJD, HPLC 
was used to analyse 10 batches of YZSJD samples. 
As illustrated in Figure 1, the YZSJD HPLC fingerprints 
consisted of 22 characteristic peaks. The similarity 
scores of the fingerprinting profiles of the 10 batches 
of samples were above 0.95, which indicated the 
consistency and stability of the extracts and the 
preparation procedure.

YZSJD inhibits GC cell proliferation
To investigate the biological effect of YZSJD on GC 
progression in vitro, AGS and HS-746T GC cells were 
treated with YCS. We evaluated cell proliferation 
using the CCK-8 assay. As shown in Figure 2, YCS 
significantly decreased the viability of AGS and HS-
746T cells in a time-dependent manner. 

YZSJD induces apoptosis of GC cells
Next, we assessed cell apoptosis using flow cytometry. 
The early apoptosis rates of the two cell lines were 
significantly increased after treatment with YCS (P 
< 0.01). After 48 h treatment with YCS, the early 
apoptosis rates reached 9.97% ± 2.35% (AGS) and 
10.9% ± 0.85% (HS-746T), while in the Control 
groups, the proportions of Annexin V+/PI- cells were 
only 1.67% ± 0.23% (AGS) and 1.8% ± 0.27% (HS-
746T) (Figure 3). 
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Figure 1  Yangzheng Sanjie decoction high-performance liquid chromatography fingerprints. High-performance liquid chromatography (HPLC) analysis was 
performed to determine the chromatographic fingerprints of Yangzheng Sanjie decoction. Analysed with a Computer-Aided Similarity Evaluation System, the similarity 
scores of the HPLC fingerprints of 10 batches of samples were above 0.95.
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YZSJD regulates the miRNA expression profile in GC 
cells
To explore the molecular mechanism involved in 

YZSJD-induced anticancer activity, we employed 
qPCR arrays to determine the changes in the miRNA 
expression profile in AGS and HS-746T GC cells treated 
with YCS. As shown in Figure 4A and B, the expression 
levels of a large number of miRNAs were altered. 
Using a recommended cut-off of 30 Ct, we identified 
54 differentially expressed miRNAs in AGS cells and 60 
in HS-746S cells. In both cell lines, 37 miRNAs showed 
the same expression alteration trend, 35 of which were 
up-regulated and 2 of which were down-regulated 
(Figure 4C and Table 2). Notably, almost all of the 
members of the let-7 family were altered: hsa-let-7a-
5p, hsa-let-7d-3p, hsa-let-7f-5p and hsa-miR-98-5p 
were consistently up-regulated in both cell lines (Table 
2), hsa-let-7g-5p was up-regulated only in AGS cells, 
and hsa-let-7b-5p, hsa-let-7c-5p, hsa-let-7d-5p, hsa-
let-7e-5p and hsa-let-7i-5p were up-regulated only in 
HS-746T cells (data not shown).

YZSJD regulates the expression of let-7a/c-Myc in GC 
cells
We performed qRT-PCR to detect let-7a expression 
in GC cell lines with different genetic backgrounds. 
Significant down-regulation of let-7a expression was 
found in AGS, HS-746T, MKN-45 and SGC-7901 cells 
(P < 0.01) (Figure 5A). Next, the let-7a expression in 
AGS and HS-746T cells treated with YCS was further 
verified. As shown in Figure 5B, the levels of let-7a 
were significantly up-regulated (P < 0.01). We then 
conducted Western blot analysis to determine the c-Myc 
expression. The c-Myc protein expression was lower in 
the YZSJD groups than in the Control groups (Figure 
5C and D). These results indicate that YZSJD increased 
the expression of let-7a and decreased c-Myc protein 
expression in AGS and HS-746T cells.

Abnormal expression of let-7a/c-Myc in the progression 
of gastric mucosa cancerization
We examined let-7a expression using ISH and detected 
c-Myc expression by IHC in GC tissues, matched para-
carcinoma tissues and distal normal gastric mucosal 
tissues. A significant reduction of let-7a expression was 
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Figure 2  Yangzheng Sanjie decoction inhibits gastric cancer cell proliferation in a time-dependent manner. The viability of AGS (A) and HS-746T cells (B) 
after treatment with YCS was measured using a CCK-8 assay. aP < 0.05 vs the control group; bP < 0.01 vs the control group. YCS: YZSJD-containing serum; YZSJD: 
Yangzheng Sanjie decoction; CCK-8: Cell Counting Kit-8.

Table 2  Differentially expressed microRNAs in gastric cancer 
cells treated with Yangzheng Sanjie decoction

miRNA ID Fold change (YZSJD/control)

AGS HS-746T
hsa-let-7a-5p  1.54  1.80
hsa-let-7d-3p  1.66  1.53
hsa-let-7f-5p  1.68  2.70
hsa-miR-7-5p  1.56  2.03
hsa-miR-15a-5p  1.66  2.04
hsa-miR-15b-5p  1.62  3.26
hsa-miR-21-3p  1.86  1.75
hsa-miR-22-3p  1.58  1.78
hsa-miR-22-5p  1.74  1.60
hsa-miR-25-3p  1.74  1.76
hsa-miR-26b-5p  1.64  1.80
hsa-miR-27a-3p  2.07  1.59
hsa-miR-27b-3p  1.55  1.66
hsa-miR-30a-5p  1.71  4.65
hsa-miR-30b-5p  1.55  1.73
hsa-miR-30d-5p  1.67  1.98
hsa-miR-30e-3p  1.52  1.77
hsa-miR-32-5p  1.60  1.83
hsa-miR-92b-3p  1.58  1.95
hsa-miR-98-5p  1.51  1.55
hsa-miR-99a-5p  1.73  1.56
hsa-miR-105-5p  1.57  2.59
hsa-miR-125a-5p  1.67  1.72
hsa-miR-139-5p  2.35  1.91
hsa-miR-181b-5p  1.78  2.68
hsa-miR-186-5p  1.65  1.71
hsa-miR-192-5p -2.27 -4.17
hsa-miR-193b-3p  3.33  1.53
hsa-miR-212-3p  1.81  1.67
hsa-miR-215-5p -2.94 -4.76
hsa-miR-361-5p  1.83  1.84
hsa-miR-374a-5p  1.83  2.06
hsa-miR-450a-5p  1.59  1.65
hsa-miR-452-5p  1.61  2.58
hsa-miR-454-3p  1.59  2.44
hsa-miR-484  1.65  2.18
hsa-miR-514a-3p  1.60  3.34

miRNAs with a fold change ≥ 1.5 in both cell lines are listed. YZSJD: 
Yangzheng Sanjie decoction; miRNAs: MicroRNAs.
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observed in GC tissues, while let-7a was predominantly 
expressed in distal normal gastric mucosa tissues. 
Conversely, the IHC-based assessment of c-Myc 
expression demonstrated a decreasing trend from GC 
tissues and adjacent para-cancerous tissues to distal 
normal gastric tissues (Figure 6). There were significant 
differences in the expression of let-7a and c-Myc among 
the three different grades of gastric mucosa tissues (P 
< 0.05) (Table 3).

DISCUSSION
Our results show that let-7a expression was significantly 
lower in GC tissues than in the matched precancerous 
tissues and normal gastric mucosa epithelium, while 
c-Myc expression exhibited an opposite trend. YZSJD 

significantly inhibited proliferation and induced apoptosis 
in AGS and HS-746T cells, and YCS treatment resulted 
in up-regulation of let-7a and down-regulation of c-Myc 
in both cell types.

Currently, chemotherapy, endoscopic and surgical 
treatment are the major treatment modalities for GC. 
Since chemotherapeutics have the insurmountable 
problems of multi-drug resistance and negative side 
effects, and endoscopic and surgical treatments rely 
to a large extent on early detection of GC, the quality 
of life and 5-year overall survival rate for GC patients 
remain low. However, due to clear curative effects and 
low toxicity, traditional Chinese medicine has been 
recognized to have health and well-being benefits in 
cancer treatment[21,22]. 

YZSJD, a Chinese herbal compound prescribed 
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Figure 3  Effects of Yangzheng Sanjie decoction on apoptosis of gastric cancer cells. A: After 48 h treatment with 10% YCS (left) or 10% normal rat serum (right), 
the apoptotic cells were determined by flow cytometry. Early apoptotic cells are shown in the lower right-hand quadrant. Representative dot plots of cell apoptosis are 
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by Dr. Geng-Xin Chen, has been used to treat gastric 
precancerous lesions at the Second Affiliated Hospital 
of Guangzhou University of Chinese Medicine for more 
than a decade. In our previous clinical study, we found 
that YZSJD has a definite therapeutic effect on the 
precancerous lesions of patients with chronic atrophic 
gastritis by targeting EGF and EGFR[7,19]. In this study, 
we explored the anti-cancer effects of YZSJD in two GC 
cell lines and investigated the underlying mechanism. 
YZSJD significantly inhibited proliferation and induced 
apoptosis in AGS and HS-746T cells. 

To explore the molecular mechanism involved 
in YZSJD-induced anticancer activity, we employed 
qPCR arrays to determine the changes that occurred 

in the miRNA expression profile in AGS and HS-746T 
GC cells upon YCS treatment. The expression levels 
of a large number of miRNAs were altered. Notably, 
almost all of the members of the let-7 family were 
up-regulated by YZSJD. Of these, hsa-let-7a-5p, hsa-
let-7d-3p, hsa-let-7f-5p and hsa-miR-98-5p were 
consistently up-regulated in both cell lines. Because of 
its high abundance, we focused on let-7a in this study. 
Subsequent verification experiments confirmed the 
influence of YZSJD on let-7a expression. To monitor 
the downstream effectors induced by the differential 
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expression of let-7a, we analysed the expression of 
c-Myc, a classical target gene of the let-7 family, and 
found obvious down-regulation of the protein. 

Let-7 was the first human miRNA discovered 
and is known as a classical anti-oncomiR[23]. Pairing 
between let-7 and its target genes, such as Myc, 
RAS or HMGA2, has been shown to be pivotal in 

tumourigenesis[15,24,25]. Although some conflicting 
data have emerged indicating that let-7 may have 
diverse functions in different forms of cancer[26], there 
is evidence showing the significance of let-7 loss in 
GC oncogenesis and metastasis[27-30]. In this study, we 
further investigated the association between let-7 and 
the risk of GC in matched tissue samples. Consistent 

D

A B

C

E F

Figure 6  Expression levels of let-7a and c-Myc in gastric cancer tissues. A-C: Expression of let-7a miRNA (ISH, × 400): high in distal normal gastric tissues (A), 
moderate in matched para-carcinoma tissues (B) and low in GC tissues (C). D-F: Expression of c-Myc protein (IHC, × 400): low in distal normal tissues (D), moderate 
in adjacent tissues (E) and high in GC tissues (F). GC: Gastric cancer; ISH: In situ hybridization; IHC: Immunohistochemistry.

Table 3  Let-7a and c-Myc expression in gastric cancer tissue samples

Tissue Let-7a c-Myc

(-) (+) (++) (+++) P value (-) (+) (++) (+++) P value
Ca 3 7 1 0 < 0.05 0 2 4 5 < 0.05
Pc 0 8 3 0 1 6 3 1
N 0 1 6 4 4 6 1 0

Staining intensity was described as negative (-), weak (+), moderate (++) and strong (+++) staining. Ca: Gastric cancer tissues; Pc: Matched para-carcinoma 
tissues; N: Matched distal normal gastric tissues.
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with previous studies, our results indicate that let-
7a expression diminished progressively during the 
progression of gastric mucosa cancerization.

The c-Myc oncogene is highly amplified in many 
cancer types and contributes to tumourigenesis[31,32]. 
Functioning as an important transcription factor, 
c-Myc protein also plays a crucial role in gastric 
carcinogenesis[33]. Chen et al[34] found that targeting 
c-Myc strongly inhibited cell growth and induced 
apoptosis in SGC7901 GC cells. Our data showed 
that c-Myc expression was increased markedly in 
GC tissues compared with matched precancerous 
tissues and normal gastric mucosae. Our data suggest 
that the reduction of let-7a may play an important 
role in GC occurrence and development through the 
derepression of c-Myc protein expression.

Several studies have revealed that let-7 inhibits 
the proliferation, migration, invasion and tumour 
metastasis of GC cells both in vitro and in vivo[28-30,35]. 
Let-7 miRNAs target the c-Myc 3’-UTR and negatively 
regulate its protein expression[15,16]. More recently, 
it was reported that let-7a inhibits the proliferation, 
migration and invasion of GC cells by suppressing the 
c-Myc/hnRNPA1/PKM2 pathway[18]. Given that reduced 
let-7a is involved in GC oncogenesis and that its 
expression increased in both AGS and HS-746T cells 
treated with YCS, we speculate that YZSJD suppressed 
proliferation and induced apoptosis in GC cells possibly 
by regulating the let-7a-c-Myc pathway.

In conclusion, the reduction of let-7a expression 
may play an important role in gastric tumourigenesis 
through c-Myc derepression. YZSJD inhibits proliferation 
and induces apoptosis by enhancing let-7a expression 
in GC cells. These findings provide new evidence that 
YZSJD has therapeutic potential in the treatment of GC 
and that miRNA expression regulation may be a novel 
molecular mechanism through which Chinese herbal 
medicine exhibits anti-cancer activity.
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