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Figure 1 Scientific pipelines for target discovery originating from
acupuncture
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Scientific pipelines for target discovery originating from
acupuncture: Taking acupuncture for asthma as an example
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Acupuncture has been an important therapy in traditional Chinese medicine (TCM) for more than 2000 years. However, based on the
characteristics and advantages of acupuncture, how to promote further innovations and breakthroughs for the subject itself, as well as
for Medicine and Life Sciences, is of great importance. Combined with our years of working in acupuncture, the life sciences, and our
long-term practice in the prevention and treatment of asthma with acupuncture, scientific pipelines of target discovery originating from
acupuncture have been systematically established, including experience inheritance, clinical efficacy, effect regulation, biological pro-
cess, material basis, and target discovery.

The acupuncture points GV14, BL12, and BL13 were selected based on the theory of traditional Chinese medicine in treating asth-
ma, and the acupuncture therapy, named “three acupuncture points and five-needle method”, is inherited from the national famous
traditional Chinese medicine doctor, professor Jing-Ming Shao. With this method, acupuncture has achieved sound regulatory effects
on mucosal and cellular immunity in patients with allergic asthma. The total efficacy of acupuncture for patients with allergic asthma
at the end of one course of treatment was 85%. However, the concentration of cortisol in the plasma of asthmatic patients did not
change significantly after the acupuncture. To identify the exact active biological processes, response genes and proteins of acupunc-
ture in treating asthma, four tag libraries of serial analysis of gene expression (SAGE) were established from the lung tissues of control
rats (CK), asthmatic rats (AS), asthmatic rats treated by acupuncture (ASAC), and control rats treated by acupuncture (CKAC). The
results revealed that hundreds of differentially expressed genes and several critical biological processes were found using informatics
tools, including antigen processing and presentation, toll-like receptor, regulation of actin cytoskeleton. Moreover, 21 specific genes of
the acupuncture in treating asthma were detected using Venn diagrams, including metallothionein-2 (MT-2).

Our study further found that MT-2 protein expression was more than 50% lower in asthmatic lung tissue of ovalbumin
(OVA)-induced asthmatic rats compared to control animals. However, acupuncture could significantly increase the MT-2 expression in
lung tissue in a rat model of asthma. Consistently, injection of recombinant MT-2 into OV A-induced asthmatic rats through an exter-
nal jugular vein rapidly reduced pulmonary resistance, to a greater extent than that achieved with the ,-agonist terbutaline. Mechanis-
tic studies revealed that MT-2 bound to transgelin-2 (TG-2, an actin-binding protein) on the membranes of airway smooth muscle cells
(ASMCs), an interaction that was specifically required for MT-2 induced ASMC relaxation. Therefore, TG-2 has been considered to
be a new target of acupuncture in treating asthma based on the clinical efficacy of acupuncture. We subsequently performed molecular
docking analyses for more than 6000 compounds from an in-house database based on the nuclear magnetic resonance structure for the
binding site of the TG-2 calponin-homology domain. Optimization of hit compounds led to the identification of the TG-2 agonist
TSG12, which inhibited acetylcholine-induced contraction of rat ASMCs and reduced asthmatic pulmonary resistance in mice. TSG12
induced MYPT1 dephosphorylation and was shown to inactivate the RhoA-ROCK-MYPT1-MLC pathway, thereby causing ASMC
relaxation. TSG12 inhalation (100 ng/kg) inhibited pulmonary resistance by more than 80% in asthmatic mice that had been chal-
lenged with house dust mite, and was more effective than the B-agonist isoproterenol. TSG12 (1-100 ng/kg) similarly inhibited pul-
monary resistance in OVA-challenged asthmatic mice, to a greater extent than that achieved with the [,-agonist terbutaline. Im-
portantly, TSG12 also reduced acetylcholine-induced contraction of human ASMC in a dose-dependent manner, without signs of tox-
icity or desensitization. These results suggest that TG-2 agonists may represent a promising novel therapeutic approach for treating
asthma, with potential clinical advantages over existing therapies.

The above-mentioned target discovery originating from acupuncture is a vivid practice and concrete example of “Inheriting the es-
sence, keeping integrity and innovation”. The research of target discovery originating from acupuncture can not only clarify the scien-
tific mechanism of acupuncture on the basis of inheritance, and actively promote the development of medicine and the life sciences,
but also push forward for target discovery and drug development, and therefore extend new horizons for the innovation and develop-
ment of acupuncture.
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