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Abstract
AIM: To determine the underlying mechanisms of ac-
tion and influence of Xiaotan Sanjie (XTSJ) decoction 
on gastric cancer stem-like cells (GCSCs). 

METHODS: The gastric cancer cell line MKN-45 line 
was selected and sorted by FACS using the cancer 
stem cell marker CD44; the stemness of these cells 
was checked in our previous study. In an in  vitro  study, 
the expression of Notch-1, Hes1, Vascular endothelial 

growth factor (VEGF), and Ki-67 in both CD44-positive 
gastric cancer stem-like cells (GCSCs) and CD44-
negative cells was measured by Western blot. The ef-
fect of XTSJ serum on cell viability and on the above 
markers was measured by MTT assay and Western 
blot, respectively. In an in  vivo  study, the ability to in-
duce angiogenesis and maintenance of GCSCs in CD44-
positive-MKN-45- and CD44-negative-engrafted mice 
were detected by immunohistochemical staining using 
markers for CD34 and CD44, respectively. The role of 
XTSJ decoction in regulating the expression of Notch-1, 
Hes1, VEGF and Ki-67 was measured by Western blot 
and real-time polymerase chain reaction.

RESULTS: CD44+ GCSCs showed more cell prolifera-
tion and VEGF secretion than CD44-negative cells in  vi-
tro , which were accompanied by the high expression of 
Notch-1 and Hes1 and positively associated with tumor 
growth (GCSCs vs  CD44-negative cells, 2.72 ± 0.25 vs  
1.46 ± 0.16, P  < 0.05) and microvessel density (MVD) 
(GCSCs vs  CD44-negative cells, 8.15 ± 0.42 vs  3.83 ± 
0.49, P  < 0.001) in  vivo . XTSJ decoction inhibited the 
viability of both cell types in a dose-dependent manner 
in  vitro . Specifically, a significant difference in the me-
dium- (82.87% ± 6.53%) and high-dose XTSJ groups 
(77.43% ± 7.34%) was detected at 24 h in the CD44+ 
GCSCs group compared with the saline group (95.42% 
± 5.76%) and the low-dose XTSJ group (90.74% ± 
6.57%) (P  < 0.05). However, the efficacy of XTSJ de-
coction was reduced in the CD44- groups; significant 
differences were only detected in the high-dose XTSJ 
group at 48 h (78.57% ± 6.94%) and 72 h (72.12% ± 
7.68%) when compared with the other CD44- groups 
(P  < 0.05). Notably, these differences were highly con-
sistent with the Notch-1, Hes1, VEGF and Ki-67 expres-
sion in these cells. Similarly, in  vivo , XTSJ decoction 
inhibited tumor growth in a dose-dependent manner. 
A significant difference was observed in the medium- 
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plays an essential role in tumor growth and metastasis[3]. 
Studies have shown that the vascular endothelial growth 
factor (VEGF) system is essential and specific to these 
processes[4]. In mammals, the VEGF system is comprised 
of  five secreted ligands (VEGF-A, VEGF-B, VEGF-C, 
VEGF-D and PlGF) and three primary receptors 
(VEGF-R1, VEGF-R2 and VEGF-R3). VEGF-A (com-
monly referred to as VEGF) and VEGFR-2 constitute 
the key tissue signals for increased blood vessel growth 
and/or increased vascular function in various cancers[5]. 
To date, many inhibitors that block these molecular tar-
gets have been used in clinical practice. However, more 
and more studies indicate that these agents have a limited 
effect on the overall survival of  patients[6]; surprisingly, 
these drugs may even promote the progression of  can-
cer[7]. Based on this background, some investigators ad-
vocate further exploration of  the underlying mechanisms 
that regulate tumor angiogenesis[5].

Cancer stem-like cells (CSCs), defined as “cells within 
a tumor that possess the capacity for self-renewal and 
that can cause the heterogeneous lineages of  cancer 
cells that constitute the tumor”[8], have been identified 
in various cancers[9]. Studies of  these cells provide novel 
insights regarding tumor initiation, progression, recur-
rence, drug resistance, and angiogenesis[10]. Recent studies 
indicate that CSCs are involved in tumor angiogenesis via 
complex mechanisms such as increasing VEGF secre-
tion[11], and it is believed that the existence of  CSCs in 
the tumor bulk is a strong stimulus for VEGF[12]. Gastric 
cancer stem-like cells (GCSCs) have also been identified 
in gastric cancer cell lines and primary tumors with the 
stem cell marker CD44[13,14]. Although data concerning 
the role of  GCSCs in tumor angiogenesis remain rare, 
previous studies of  ovarian cancer indicated that purified 
CD44-positive cells (also known as ovarian CSCs) pos-
sess a similar endothelial potential[15].

Notch signaling plays a fundamental role in control-
ling the fate of  CSCs[16,17] and is believed to be a new 
target for future cancer treatments[18]. Numerous studies 
demonstrated that the receptors (Notch 1-4) and/or li-
gands (Dll-1, Dll-3, Dll-4 and Jag 1-2) of  Notch play an 
important role in different cancers. In particular, Notch-1 
has been shown to be associated with cell proliferation 
in many cancers. Recent studies indicated that Notch-1 is 
also involved in the control of  cell proliferation in CSCs, 
and targeting Notch-1 could result in the decrease of  the 
number of  CSCs[19-21] and levels of  VEGF[22]. In the gas-
trointestinal tract, Notch-1 is also involved in controlling 
the fate of  intestinal stem cells by increasing the expres-
sion of  a downstream gene, Hes1[23]. Previous studies 
indicated that the activation of  Notch-1 could promote 
disease progression[22] and that the expression of  Notch-1 
is significantly higher in cancer cells than in normal tis-
sues[23]. Taking these results into consideration, it is plau-
sible that targeting Notch-1 could have an important role 
in tumor angiogenesis.

Increasingly, previous data suggest that traditional 
Chinese medicine can be effective in cancer management 
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(1.76 ± 0.15) and high-dose XTSJ (1.33 ± 0.081) 
groups compared with the GCSCs control group (2.72 
± 0.25) and the low-dose XTSJ group (2.51 ± 0.25) (P  
< 0.05). We also detected a remarkable decrease of 
MVD in the medium- (7.10 ± 0.60) and high-dose XTSJ 
(5.99 ± 0.47) groups compared with the GCSC con-
trol group (8.15 ± 0.42) and the low-dose XTSJ group 
(8.14 ± 0.46) (P  < 0.05). Additionally, CD44 expres-
sion was decreased in these groups [medium- (4.43 ± 
0.45) and high-dose XTSJ groups (3.56 ± 0.31) vs  the 
GCSC control (5.96 ± 0.46) and low dose XTSJ groups 
(5.91 ± 0.38)] (P  < 0.05). The significant differences in 
Notch-1, Hes1, VEGF and Ki-67 expression highly mir-
rored the results of XTSJ decoction in inhibiting tumor 
growth, MVD and CD44 expression.

CONCLUSION: Notch-1 may play an important role in 
regulating the proliferation of GCSCs; XTSJ decoction 
could attenuate tumor angiogenesis, at least partially, 
by inhibiting Notch-1.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Cancer stem-like cells (CSCs) are involved in 
tumor angiogenesis and have a higher capacity for se-
creting vascular endothelial growth factor (VEGF) than 
non-CSCs. Notch-1 was important in the control of the 
proliferation of many CSCs; targeting Notch-1 could re-
sult in a reduced CSC pool size and decreased levels of 
VEGF. Our study indicated that CD44+ GCSCs showed 
superior proliferation and higher VEGF secretion than 
non-CSCs; these traits were accompanied by high ex-
pression of Notch-1. Xiaotan Sanjie decoction could 
inhibit the proliferation of GCSCs and down-regulate 
microvessel density in a dose-dependent manner, which 
could be at least partially explained by its role in ma-
nipulating Notch-1.
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INTRODUCTION
Gastric cancer is “an enigmatic disease”[1]. Although 
treatments have greatly improved over the past 20 years, 
it remains a great therapeutic challenge for oncologists, 
and the 5-year survival rate is less than 20%[2]. 

The induction of  angiogenesis, a hallmark of  cancer, 



by targeting CSCs[24,25]. Xiaotan Sanjie (XTSJ) decoc-
tion, a traditional Chinese herbal decoction composed 
of  11 herbs (Table 1), has been shown to be effective in 
gastric cancer treatment in China. Previous observations 
indicated that it is effective in advanced gastric cancer pa-
tients[26]. Animal studies demonstrated that it could sup-
press tumor growth and inhibit angiogenesis via VEGF/
KDR signaling[27,28], as well as inhibit the expression of  
CD44v6 in the gastric cancer cell line MKN-45[29]. In this 
study, we aimed to investigate the role of  XTSJ decoction 
in GCSCs and the underlying mechanism.

MATERIALS AND METHODS
Animals
Twenty male Sprague-Dawley rats (weighing 200-250 
g) and 56 male nude mice (weighing 20-25 g) were pur-
chased from the Shanghai Institute of  Material Medical 
(Chinese Academy of  Science, Shanghai, China) and 
maintained under standard pathogen-free conditions. 

All of  the rats and mice were handled according to the 
recommendations of  the National Institutes of  Health 
Guidelines for Care and Use of  Laboratory Animals. The 
experimental protocol was approved by the Shanghai 
Medical Experimental Animal Care Commission.

Cell sorting
The human gastric cancer cell line MKN-45 was pur-
chased from the Shanghai Cells Center, the Chinese 
Academy of  Sciences (Shanghai, China). The GCSC 
marker CD44 was used in this study. FACS sorting was 
performed as previously described[13].

Preparation of serum samples containing the tested 
drugs
All of  the herbal medicines were purchased from Shang-
hai LeiYunShang Co. Ltd., with a known production area. 
The water extract of  the decoction was manufactured as 
previously described[27,30]. After mixing the herbal com-
ponents according to the scheduled proportions as listed 
in Table 1, the herbals were suspended in distilled water 
for 30 min and then boiled out in a stainless steel pot for 
40 min. Then, the drug juice was cooled down to room 
temperature and filtered using sterile gauze; quality con-
trol was performed by high-performance liquid chroma-
tography, as shown in Figure 1. The method of  obtaining 
serum samples containing the tested drugs was described 
previously[27]. Rats were randomly divided into five 
groups as follows (n = 5 in each group): control group, 
0.9% saline group, and low-, medium- and high-dose 
XTSJ groups (crude water extracts, which correspond to 
1.46, 2.92 and 5.84 g/mL, respectively). The water extract 
of  the decoction and saline were delivered by oral gavage 
at a frequency of  4 mL per day for 2 wk. Blood samples 
were aseptically obtained from the abdominal aorta of  
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Table 1  Ingredients of Xiaotan Sanjie decoction and the 
corresponding percentage (accurate to 1 decimal place)

Chinese name Latin name Percentage

Ban-xia Pinelliae rhizoma 12.7%
Nan-xing Rhizoma arisaematis 12.7%
Fu-ling Poria cocos 12.7%
Zhi-shi Aurantii fructus immaturus   8.5%
Chen-pi Citri reticulatae viride pericarpium   7.6%
Quan-xie Scorpio   5.1%
Wu-gong Scolopendra   7.6%
Ji-nei-jin Galli gigerii endothelium corneum 12.7%
Bei-mu Fritillariae cirrhosae bulbus   7.6%
Bai-jie-zi Semen brassicae   7.6%
Gan-cao Glycyrrhiza uralensis Fisch   5.1%

R
S10
S9
S8
S7
S6
S5
S4
S3
S2
S1

212.75

159.58

106.36

53.16

-0.03
0.00                    8.70                  17.39                 26.09                  34.79                  43.48                 52.18                  60.88

Figure 1  High-performance liquid chromatography-DAD of the samples. The samples were randomly tested ten times, and the absorbance was read at 280 nm.
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the end of  the 8th week, the mice were euthanized, and 
the tumors were carefully removed and measured.

Immunohistochemical staining for CD34 and CD44
The tumor tissues were processed by standard histological 
methods, and immunohistochemical (IHC) tests were per-
formed as previously described[31]. For the measurement 
of  MVD, quantitative vessel counts were performed by 
the method described by Vermeulen et al[32]. The final val-
ue of  the IHC test was obtained by combining an estimate 
of  the percentage of  immunoreactive cells (quality score) 
with an estimate of  staining intensity[33]. The percentage 
of  immunoreactive cells was determined as follows: no 
staining = 0; 1%-10% staining = 1; 11%-50% staining = 2; 
51%-80% staining = 3 and 81%-100% staining = 4. Stain-
ing intensity was rated on the following 0-3 scale: negative 
= 0, weak = 1, moderate = 2 and strong = 3.

Western blot analysis for Notch-1, Hes1, VEGF and Ki-67
The method of  Western blot was previously described[31]. 
For the in vitro study, cell lysate proteins (40 μg) were sep-
arated by sodium dodecyl sulfate (SDS)-polyacrylamide 
gel electrophoresis and electrophoretically transferred to 
nitrocellulose membranes (Millipore, United States). For 
the in vivo study, the proteins were extracted from the tis-
sues using RIPA lysis buffer and were separated via 10% 
SDS-polyacrylamide gel and transferred onto PVDF 
membranes (Millipore, United States). The primary an-
tibodies used were rabbit anti-Notch-1 (dilution 1:500, 
Abcam, United States), anti-Hes1 (dilution 1:500, Santa, 
United States), anti-VEGF (1:1000, Abcam, United 
States), and anti-Ki-67 (1:500, Abcam, United States). 
Proteins were detected using the ECL detection reagent, 
and β-actin was used as a loading control. The results 
were analyzed using NIH Image J software.

Real-time quantitative polymerase chain reaction assay 
for Notch-1, Hes1, VEGF and Ki-67
The quantitative polymerase chain reaction (qPCR) 
method was previously described[31]. Fifty to one hundred 
milligrams of  tissue was used to extract total RNA ac-
cording to the protocol described for the BioEasy SYBR 
Green I Real-Time PCR Kit (Bo Ri Technology Co, Ltd, 
China). The primer sequences for specific gene amplifica-
tion are shown in Table 2. Fold changes in gene expres-
sion were calculated using the 2-ΔΔCt method. The optical 
density (A) of  the target genes were compared with that 
of  GAPDH.

Statistical analysis
The data were processed using SPSS 18.0 and are pre-
sented as mean ± SE. Comparisons between different 
groups were evaluated by one-way ANOVA, followed by 
the Bonferroni test or Student’s t-test; ranked data were 
calculated by nonparametric tests. P < 0.05 was consid-
ered statistically significant.

the rats 2 h after the last administration, and the serum 
was acquired by centrifugation of  the blood at 2000 rpm 
for 20 min. Following two filtrations through a 0.22-μm 
cellulose acetate membrane, the serum was bottled, heat-
ed in 56 ℃ water for 30 min and stored at -70 ℃.

Cell viability and proliferation assay
Cell viability assay was conducted using a MTT kit (Beyo-
time, China). FACS-sorted CD44+ and CD44- cells were 
incubated in 96-well plates (5 × 104 cells/well). The 
following day, the cells were treated with 20 μL of  the 
aforementioned groups of  serum samples for 24, 48 or 
72 h, with 6 replicates of  each treatment. Twenty micro-
liters of  MTT reagent was added to each well (5 mg/mL) 
after incubation, and the cells were then incubated for an-
other 3 h at 37 ℃. Cell viability was determined using the 
following formula: cell viability = (A of  the experimental 
sample/A of  the control group) × 100%.

Xenografts and drug administration
Xenografts were created as previously described (Labo-
ratory Animal Center, Second Military Medical Univer-
sity)[31]. The mice were randomized into the following 
groups: control CD44+ group, control CD44- group, and 
low-, medium- and high-dose XTSJ decoction groups 
(crude water extracts corresponding to 1.46, 2.92 and 5.84 
g/mL, respectively), which included both CD44+ and 
CD44- cells (n = 6 in each group). For engraftment, both 
the CD44+ and CD44- cells were injected subcutaneously 
into the axilla of  the mice using a handmade glass micro-
pipette (1 × 105 cells per site). For drug administration, 
mice in the control groups received 0.4 mL of  0.9% so-
dium chloride via oral gavage; the XTSJ decoction groups 
synchronously received the same dose of  the water ex-
tracts. Treatment was started 3 d after injection with a 
frequency of  once every 3 d for 8 consecutive weeks. At 
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Table 2  Base sequences of the primers used for real-time 
quantitative polymerase chain reaction

Primer name Sequence

Notch1
   Forward CACTGTGGGCGGGTCC
   Reverse GTTGTATTGGTTCGGCACCAT
Hes1
   Forward AGCCAACTGAAAACACCTGATT
   Reverse GGAGTTTATGATTAGCAGTGG
VEGF-A
   Forward ATGACGAGGGCCTGGAGTGTG
   Reverse CCTATGTGCTGGCCTTGGTGAG
Ki-67
   Forward CTTTGGGTGCGACTTGACG
   Reverse GTCGACCCCGCTCCTTTT
GAPDH
   Forward GGCATCCTGGGCTACACT
   Reverse CCACCACCCTGTTGCTGT

Yan B et al . A Chinese decoction attenuates tumor angiogenesis

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.



RESULTS
GCSCs show high expression of Notch-1, Hes1 and 
VEGF
In our previous study, CD44+ GCSCs showed increased 
cell proliferation, spheroid colony formation, and tu-
morigenicity compared with CD44- cells[31]. Ki-67 is a 
useful marker for indicating cell proliferation in normal 
or cancer stem cells[23,34], and VEGF is closely related to 
tumor angiogenesis[4,35]. In this study, the Western blot at 
48 h after FACS sorting indicated that GCSCs exhibited 
superior cell proliferation and VEGF secretion compared 
with CD44- cells, and this result was accompanied by 
high expression of  Notch-1 and Hes1 (Figure 2). Because 
Notch-1 plays an important role in cell proliferation in 
CSCs, we speculate that the enhanced cell proliferation 
of  GCSCs was related to the expression of  Notch-1.

XTSJ decoction inhibits cell viability in a 
dose-dependent manner in vitro, most likely by 
down-regulating Notch-1
As shown in Figure 3A and B, cell viability analysis 
found no significant difference between the saline group 
(95.42% ± 5.76%) and the low-dose group (90.74% ± 
6.57%) after incubation (P > 0.05). However, we detected 
a significant difference in the medium- (82.87% ± 6.53%) 
and high-dose groups (77.43% ± 7.34%) at 24 h in the 
CD44+ groups (P < 0.05), indicating that the XTSJ de-
coction could inhibit cell viability in a dose-dependent 
manner in GCSCs. Interestingly, the efficacy of  XTSJ 
decoction was reduced in the CD44- groups; we only de-
tected significant differences in the high-dose group at 48 
h (78.57% ± 6.94%) and 72 h (72.12% ± 7.68%) when 
compared with the other CD44- groups (P < 0.05). Us-
ing Western blot, we further confirmed the expression of  
Notch-1, Hes1, VEGF, and Ki-67 at 48 h after different 
incubations (Figure 3C and D). The Western blot results 
indicated that the efficacy of  XTSJ decoction in the in-
hibition of  cell proliferation and VEGF secretion was 

accompanied by a down-regulation of  Notch-1 and Hes1 
(Figure 3E and F) (P < 0.05). These results indicated 
that XTSJ decoction plays an important role in inhibiting 
cell proliferation and VEGF secretion in GCSCs, while 
Notch-1 is involved in the regulation of  these processes. 
However, these conclusions may not be exclusive because 
some pro-inflammatory cytokines contained in the serum 
could also affect cell proliferation.

GCSCs are superior in microvessel formation, and 
XTSJ decoction inhibits tumor angiogenesis in a dose-
dependent manner
As shown in Figure 4A, tumor weight was significantly 
different between the control CD44+ group (2.72 ± 0.25) 
and the control CD44- group (1.46 ± 0.16) at the end 
of  the experiment (P < 0.05). Notably, XTSJ decoction 
inhibited tumor growth in a dose-dependent manner in 
the CD44+ groups; significant differences were observed 
in the medium- (1.76 ± 0.15) and high-dose XTSJ (1.33 
± 0.081) groups compared with the GCSC control and 
low-dose XTSJ groups (2.51 ± 0.25) (P < 0.05). We also 
detected a remarkable decrease in MVD in the medium- 
(7.10 ± 0.60) and high-dose XTSJ (5.99 ± 0.47) groups 
compared with the GCSC control (8.15 ± 0.42) and low-
dose XTSJ groups (8.14 ± 0.46) (P < 0.05). Additionally, 
CD44 expression in these groups was decreased [medium- 
(4.43 ± 0.45) and high-dose XTSJ groups (3.56 ± 0.31) 
vs the GCSC control (5.96 ± 0.46) and low dose XTSJ 
groups (5.91 ± 0.38)] (P < 0.05). These data indicate 
that XTSJ decoction could inhibit tumor angiogenesis 
in a dose-dependent manner. Moreover, we detected no 
significant differences among the control CD44- group 
and the low- and medium-dose XTSJ decoction CD44- 
groups (P > 0.05), although there was a significant dif-
ference between the control CD44- group and the high-
dose XTSJ decoction group (P < 0.05) (Figure 4B and 
C). These results indicated that targeting GCSCs plays an 
important role in inhibiting tumor angiogenesis.

In our study, although the control CD44+ group and 
the CD44+ XTSJ decoction groups were grafted with 
CD44+ cells, the IHC results indicated that not all of  the 
cells were CD44+ at the end of  the experiment, indicating 
that CD44+ cells were likely to give rise to CD44- cells. 
The variation of  CD44 expression in the XTSJ decoction 
group was consistent with the results of  the MVD (Figure 
5A and B), which indicated that these cells are positively 
associated with tumor angiogenesis.

Capacity of XTSJ decoction to inhibit tumor 
angiogenesis is related to the down-regulation of 
Notch-1 and Hes1
As shown in Figure 6A, we detected significant differ-
ences in the expression of  Notch-1, Hes1, VEGF, and 
Ki-67 between the control CD44+ and CD44- groups by 
Western blot. These results indicated that the expression 
of  Notch-1 and Hes1 is positively associated with cell 
proliferation and tumor angiogenesis. XTSJ decoction in-
hibited cell proliferation and VEGF secretion in a dose-
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CD44    +                -

Notch-1

Hes1

VEGF

Ki-67

β-actin

48 h after sorting

Figure 2  Results of Western blot 48 h after FACS sorting, indicating sig-
nificant differences in Notch-1, Hes1, VEGF and Ki-67 expression between 
CD44+ and CD44- cells.
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dependent manner with the down-regulation of  Notch-1 
and Hes1 (Figure 6B). These results suggest that Notch-1 
and Hes1 could be regarded as a potential mechanism for 
the efficacy of  XTSJ decoction. These results were con-
firmed by qPCR (Figure 6C).

DISCUSSION
In this study, CD44 positive GCSCs were shown to have 
higher cell proliferation (in vitro and in vivo) and superior 
induction of  angiogenesis (in vivo) than their counterparts. 
We also detected remarkably high expression of  Notch-1 
and its target gene Hes1 in these cells. CD44 is a tran-
scriptional target of  Notch-1[36], apparently downstream 
of  Hes1/Hey1[37]. These results, together with previous 
studies of  CSCs and tumor angiogenesis[11,38-40], may indi-
cate that GCSCs could play an important role in angio-
genesis, which is at least partially attributable to Notch-
1-regulated cell proliferation. In addition, XTSJ decoction 
was shown to be effective in inhibiting cell viability (in 
vitro), tumor growth and angiogenesis (in vivo) in a dose-
dependent manner in GCSCs; these processes were also 

accompanied by the down-regulation of  Notch-1 and 
Hes1. Thus, manipulating Notch-1-regulated prolifera-
tion of  GCSCs could be regarded as a potential gastric 
cancer treatment in the future.

VEGF has an established role in tumor angiogenesis. 
Recent studies of  CSCs revealed that these cells could 
secrete markedly elevated levels of  VEGF compared 
with non-CSCs[11,38-40], and targeting these cells may con-
tribute to the inhibition of  angiogenesis in the tumor 
mass. Notch-1 is one of  the most important receptors 
of  Notch signaling. However, previous studies indicated 
that it is a poor prognostic factor for various cancers[41-43], 
including gastric cancer[44]. Notably, the high expression 
of  Notch-1 is related to enhanced cell proliferation in 
many cancers[45], and its down-regulation contributes to 
cell growth inhibition[46,47]. Interestingly, the inhibition of  
Notch-1 results in the reduction of  CSCs[19-21] and a de-
crease in VEGF[22]. The gastric cancer cell line MKN-45 
was previously shown to have a high concentration of  
GCSCs[13], which further increased the possibility that 
these cells would act as a major source of  VEGF in the 
tumor. Interestingly, compared to other gastric cell lines, 
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CD44- Control group 1.46 g/mL group

2.92 g/mL group 5.84 g/mL group

CD44- group

Figure 4  Xiaotan Sanjie decoction inhibits tumor weight and angiogenesis in a dose-dependent manner. A: Tumor weight after eight consecutive weeks of 
treatment (n = 6 in each group). Control CD44+ group had larger tumors than control CD44- group (Student’s t-test). Treatment with Xiaotan Sanjie (XTSJ) decoction 
inhibited tumor growth in a dose-dependent manner in gastric cancer stem-like cell transplanted mice (one-way ANOVA, followed by the Bonferroni test); B: Com-
parison of the microvessel density (MVD) in different groups. The control CD44+ mice showed higher MVD than the control CD44- mice (n = 6, P < 0.05), and XTSJ 
decoction reduced the MVD in a dose-dependent manner. Statistically significant differences in MVD could be detected in the medium- and high-dose CD44+ groups 
(Nonparametric tests); C: Immunohistochemical (IHC) results of the MVD. The MVD was defined as a discrete CD34-positive endothelial cell aggregate, with or with-
out definable lumina. (original magnification × 400, positive areas are indicated by black arrows). aP < 0.05 vs CD44+ group; cP < 0.05 vs CD44- group.
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CD44+ group CD44- groupA

1.46 g/mL group 2.92 g/mL group

5.84 g/mL group

Figure 5  Xiaotan Sanjie decoction inhibits CD44 expression in a dose-dependent manner. A: Immunohistochemical (IHC) staining for CD44. CD44 was highly 
expressed in the cancer cell membrane (original magnification × 400, positive areas are indicated by black arrows); B: The comparison of CD44 in different groups. 
CD44 was highly expressed in the control CD44+ group compared with the rest of the groups and was rarely detected in the control CD44- group. The results also 
showed that not all of the cells in the CD44+ group were CD44 positive. Xiaotan Sanjie decoction inhibited the expression of CD44 in a dose-dependent manner. Sta-
tistically significant differences in the expression of CD44 were also detected in the medium- and high-dose groups in CD44+ cells (nonparametric tests).
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such as MKN-74, MKN-28, and KATO-III, MKN-45 
was previously shown to have superior CD44, VEGF and 
p21 expression[48,49]. XTSJ decoction was shown to be 
effective in restraining tumor angiogenesis, which was ac-
companied by a down-regulation of  Notch-1. Although 
related data are still scarce, these results may be regarded 
as evidence of  a possible approach to anti-angiogenesis 
therapy in the future.

Increasing numbers of  studies have indicated that 

natural derivatives could target CSCs via Notch-1[24,25,50,51]. 
Interestingly, traditional Chinese medicine has also 
been shown to be effective for targeting Notch-1 in 
CSCs[24,25,51]; however, most of  these studies were of  
herbal extracts or single agents, and data for herbal rem-
edies are still rare. The efficacy of  XTSJ decoction in gas-
tric cancer treatment has been established by our group. 
Previous studies indicated that it could inhibit prolifera-
tion and induce apoptosis of  MKN-45 cells by manipu-
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Figure 6  Western blot and real-time quantitative polymerase chain reaction analysis of Notch-1, Hes1, VEGF and Ki-67 expression in vivo. A, B: Western 
blot revealed that Notch-1 and Hes1 were highly expressed in the control CD44+ group compared with the control CD44- group. Xiaotan Sanjie decoction inhibited the 
expression of Notch-1 and Hes1 in a dose-dependent manner, and significant differences could be detected in the medium- and high-dose groups (P < 0.05); C: The 
variation in Notch-1, Hes1, VEGF and Ki-67 expression in the experimental groups was confirmed by quantitative polymerase chain reaction (one-way ANOVA, fol-
lowed by the Bonferroni test). aP < 0.05 vs CD44+ group.
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lating genes such as p53 and p21[27,52]. The latter is also 
down-stream of  Notch. In addition, an active ingredient 
analysis of  the herbals that comprise this decoction could 
further elucidate the reasons for its efficacy. For example, 
Chen et al[53] demonstrated that the water-soluble poly-
saccharide isolated from Nan-xing (Rhizoma arisaematis) 
caused tumor growth inhibition in human breast cancer 
MCF-7 cells. Chen et al[54] indicated that the extracts iso-
lated from Fu-ling (Poria cocos) possessed anti-proliferative 
effects on human leukemic U937 and HL-60 cells. Zhang 
et al[55] demonstrated that the extract of  Fu-ling could 
also induce cell cycle arrest and apoptosis in MCF-7 
cells by the premature expression of  cell cyclin D1 and 
cyclin E, as well as Bcl-2. Gapter et al[56] also observed its 
role in inducing the apoptosis of  prostate cancer cells by 
manipulating p21 and Bcl-2. Kang et al[57] indicated that 
the extract from Chen-pi (Citri reticulatae viride pericarpium) 
induced apoptosis in human Snu-C4 colon cancer cells 
by Bcl-2. Kwon et al[58] reported that the water exact from 
Quan-xie (Scorpio) induced apoptosis in human hepatoma 
HepG2 cells. Zhao et al[59] showed that the polysaccha-
ride-protein complex from Wu-gong (Scolopendra) inhib-
ited tumor growth. Chung et al[60] and Kitadai[61] showed 
that the extracts of  Gan-cao (Glycyrrhiza uralensis Fisch) in-
hibited cell proliferation in MCF-7 human breast cancer 
cells. Notably, some of  the mechanisms described above 
for XTSJ decoction or its ingredients could participate 
in complex crosstalk with Notch-1. For example, studies 
have demonstrated that there is crosstalk between Notch 
and p53 in cancer growth control[62]. Ling et al[63] observed 
that Notch-1 signaling could promote the generation of  
mammary tumor-initiating cells by a cyclin D1-dependent 
approach. Ye et al[64] indicated that Notch-1 signaling was 
also involved in Bcl-2 regulated cell growth and apoptosis 
in cancer. Wang et al[65] and Gao et al[66] also demonstrated 
that silencing Notch-1 induced apoptosis and increased 
chemosensitivity in cancer cells related to Bcl-2 and Bax. 
Based on these results, we speculate that these signaling 
pathways contribute to the effect of  XTSJ decoction 
in GCSCs. It is also plausible that the effects of  XTSJ 
decoction on Notch-1 would affect other signaling path-
ways. However, additional studies are needed to verify 
this surmise.

In conclusion, our study indicated that CD44-positive 
GCSCs exhibited higher tumor angiogenesis compared 
with non-CSCs and that Notch-1-regulated cell prolifera-
tion plays an important role in these processes. XTSJ de-
coction inhibits tumor angiogenesis in a dose-dependent 
manner; the underlying mechanisms may lie in the ma-
nipulation of  Notch-1-regulated proliferation of  GCSCs.
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COMMENTS
Background
Emerging evidence indicates that cancer stem-like cells (CSCs) are likely to 
be involved in tumor angiogenesis and to have a superior capacity to secrete 
vascular endothelial growth factor (VEGF) than non-CSCs. Notch-1 plays a 
fundamental role in the control of the proliferation of many CSCs, and targeting 
Notch-1 could result in a reduced CSC pool size and decreased levels of VEGF. 
An increasing number of studies have indicated that Traditional Chinese medi-
cine (TCM) could regulate CSCs; however, the relationship of gastric cancer 
stem-like cells (GCSCs) and angiogenesis as well as the role of TCM in these 
processes are rarely addressed.
Research frontiers
CSCs have been identified in various cancers in recent years. Studies of these 
cells have provided novel insights into tumor angiogenesis and have uncovered 
that these cells are involved in tumor angiogenesis via complex mechanisms 
such as increasing VEGF secretion. GCSCs have also been identified in gastric 
cancer cell lines and primary tumors with the stem cell marker CD44; however, 
data concerning the role of GCSCs in tumor angiogenesis remain rare.
Innovations and breakthroughs
An increasing number of studies have indicated that natural derivatives could 
target CSCs via Notch-1, which would result in a reduced CSC pool size and 
decreased levels of VEGF. Interestingly, traditional Chinese medicine has also 
been shown to be effective in regulating CSCs by targeting Notch-1, but the 
majority of these studies are of herbal extracts or single agents, and data for 
herbal decoctions are still rare. In the present study, the authors observed that 
GCSCs could play an important role in tumor angiogenesis by over-expressing 
Notch-1. Furthermore, the authors found that the Xiaotan Sanjie decoction 
could inhibit tumor angiogenesis at least partially by manipulating the Notch-
1-regulated proliferation of GCSCs.
Applications
The present study provided additional evidence for the role of CSCs in tumor 
angiogenesis. In addition, it further indicated that some TCM decoctions could 
inhibit tumor angiogenesis by manipulating the Notch-1-regulated proliferation 
of CSCs. All of these results could contribute to the elucidation of the underlying 
mechanisms of tumor angiogenesis and provide potential therapeutic targets 
for TCM in cancer in the future.
Terminology
“Cancer stem cells” refers to a subpopulation of cancer cells that possess the 
capacity for self-renewal and that can cause the heterogeneous lineages of 
cancer cells that constitute a tumor. Notch signaling is an evolutionarily con-
served signaling pathway that consists of four vertebrate Notch receptors (Notch 
1-4) and five ligands (Dll-1, Dll-3, Dll-4 and Jag 1-2), and its typical target genes 
include Hes, Myc, and p21. XTSJ decoction is a traditional Chinese herbal de-
coction composed of 11 herbs.
Peer review
Tumor angiogenesis plays an essential role in tumor growth and metastasis; 
however, the majority of currently available anti-angiogenesis-based therapies 
failed to extensively prolong the overall survival of patients. Therefore, it is per-
haps better that the outcome of such treatments should be established by first 
understanding the underlying mechanisms of tumor angiogenesis. The current 
study provides additional insights into the role of CSCs in tumor angiogenesis, 
specifically, in gastric cancer, which could contribute to the understanding of the 
complex mechanisms of tumor angiogenesis. In addition, it further indicates that 
some TCMs could attenuate tumor angiogenesis by inhibiting the Notch-1 regu-
lated proliferation of CSCs, which could not only contribute to the elucidation of 
the potential therapeutic mechanisms of TCMs but also shed light on possible 
targets for the treatment of CSCs.
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