
 

Salvia miltiorrhiza extract is a potential
preventive agent for gastric cancer induced
by bile reflux
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Conjugated BAs were highly associated with bile reflux gastritis. Human gastric
sections and juice are analyzed in control (n = 50), BRG (n = 50), and GC (n =
45) groups. A) Representative images of EGD and H&E staining, bars, 50 µm.
B) Heatmaps of normalized concentrations of the conjugated BAs in human
gastric juice. The color of each cell in the heatmap corresponds to the
normalized and log-transformed raw abundance of the BAs in each sample. C)
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Concentrations of total BAs in human gastric juice. D) Concentrations of
conjugated BAs in human gastric juice. E) pH values of human gastric juice. F)
Heatmaps of Spearman correlation coefficients of 8 elevated conjugated BAs
and pH value in human gastric juice. The color of the cells indicates the
Spearman correlation coefficients (r). G) Concentrations of TDCA in human
gastric juice. Data are shown as mean with SEM. Differences between groups
were assessed using the Kruskal-Wallis test, #p Advanced Science (2022). DOI:
10.1002/advs.202200263

Research led by the School of Chinese Medicine at Hong Kong Baptist
University (HKBU) has identified cryptotanshinone, a compound
extracted from the Chinese herbal medicine Salvia miltiorrhiza, with the
potential for the treatment and prevention of gastric cancer associated
with bile reflux. 

The researchers unveiled the mechanism of how bile reflux induces
gastritis and gastric cancer. They explained that refluxed bile acids
(BAs) lead to the proliferation of pro-inflammation bacteria that
promote gastric carcinogenesis, the formation of cancer.  

The research findings have been published in Advanced Science. 

Role of bile reflux in gastric cancer unclear 

Bile, secreted by the liver, is stored in the gallbladder and is released to
the duodenum to help digest fat. When the pylorus connecting the
stomach and the duodenum is damaged or fails to work properly, bile in
the duodenum can enter the stomach, causing gastritis. People with
stomach surgery complications, peptic ulcers or gallbladder removal
surgery have higher risks of bile reflux. However, the mechanism of how
bile reflux induces gastric carcinogenesis remains unclear. 
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Professor Jia Wei, Associate Dean (International Collaboration) of
Chinese Medicine and Cheung On Tak Endowed Professor in Chinese
Medicine at HKBU, in collaboration with researchers from Shanghai
Jiao Tong University Affiliated Sixth People's Hospital, conducted a
study on how bile reflux induces gastric carcinogenesis, and looked for
new prevention and therapeutic approaches. 

Professor Jia says, "We unveiled for the first time the underlying
mechanism by which bile reflux promoted the development of gastric
carcinogenesis. It offers important clinical insights on the development
of novel prevention and therapeutic approaches for the disease. Based on
the newly discovered mechanism, we identified cryptotanshinone as a
potential Chinese medicine-based pharmaceutic agent for the prevention
and treatment of gastric carcinogenesis due to bile reflux." 

Bile reflux alters gastric environment 

The research team analyzed the gastric juice samples of 50 patients with
bile reflux gastritis (BRG group), 50 patients with gastric cancer (GC
group) and 45 subjects in the control group using chromatography and
mass spectrometry techniques. 

It was found that the amounts of BAs, the major component of bile, in
the gastric juice samples of BRG and GC groups are significantly higher
than in the control group. Furthermore, the acidities of gastric juice
samples of the BRG group (pH value about 3.5) and the GC group (pH
value about 4) are drastically lower than in the control group (pH value
about 2). 

The phenomenon is explained by the fact that BAs are weak acids
compared with strong gastric acid, and their influx into the stomach
changed the gastric environment by upsetting the normal acid-base
balance of the gastric juice. Further investigation found that a specific
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type of BA, called taurodeoxycholic acid (TDCA), showed a strong
positive correlation with pH value of gastric juice samples of the BRG
and GC groups. 

Previous studies showed that bile reflux is closely related to chronic
gastric inflammation and gastric carcinogenesis. The researchers thus
examined the concentrations of lipopolysaccharide (LPS), a pro-
inflammation cytokine, in the gastric juice of the 145 subjects above,
and found that the BRG and GC groups have LPS concentrations
significantly higher than those of the control group. 

Change in microbiota associates with gastric carcinogenesis 

As LPS is produced and found in the outer membrane of certain kinds of
bacteria, the researchers applied gene sequencing and other techniques
and confirmed that LPS-producing bacteria are significantly more
abundant in the gastric juice of BRG and CG groups compared to the 
control group. Among these LPS-producing bacteria, a species called P.
melaninogenica had the highest relative abundance. 

From these experimental results, it is suggested that bile reflux induces
significant changes in the gastric environment, alters the gastric
microbiota, and results in the development of gastritis and gastric
carcinogenesis. 

The hypothesis was tested with a series of in vitro and in vivo
experiments in mice, which confirmed that application of TDCA and
LPS promotes gastric epithelial cell proliferation, and induces gastric
inflammation. Cellular and molecular analysis revealed that P.
melaninogenica promoted gastric inflammation in mice by activating the
IL-6/JAK1/STAT3 pathway, a chain of interactions between proteins in
a cell involved in processes such as immunity, cell division, cell death,
and tumor formation. 
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Cryptotanshinone as potential pharmaceutic agent 

After unveiling the mechanism of bile reflux-induced gastric cancer, the
researchers turned to explore a corresponding preventive and therapeutic
approach. They focused oncryptotanshinone, a bioactive compound
isolated from the roots of Salvia miltiorrhiza,which is a Chinese herbal
medicine that facilitates blood circulation with an anti-inflammatory
effect. Cryptotanshinone is also known as an inhibitor of the STAT3
signaling pathway in cells. 

The researchers tested the effects of cryptotanshinone with a bile reflux
mouse model developed through surgery. In a group of eight mice
without application of cryptotanshinone, three mice developed gastric
lesions 50 weeks after surgery. However, in another group of six mice
injected with cryptotanshinone, no obvious gastric lesions were
observed. The results suggested that cryptotanshinone has abolished the
effects of TDCA and LPS in activating the IL-6/JAK1/STAT3 pathway. 

"Based on the research findings, it can be concluded that
cryptotanshinone is a potential Chinese medicine-based pharmaceutic
agent for the prevention and treatment of gastric carcinogenesis due to
bile reflux. It provides an alternative strategy for the development of
medication which targets on the newly discovered mechanism of how
bile reflux induces gastric carcinogenesis," said Professor Jia. 

  More information: Shouli Wang et al, Bile Acid–Microbiome
Interaction Promotes Gastric Carcinogenesis, Advanced Science (2022). 
DOI: 10.1002/advs.202200263
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