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JAK/STAT signaling pathways are closely associated with multiple biological processes involved in cell proliferation, apoptosis, inflammation, differentiation, immune response, and epigenetics. Abnormal activation of the STAT pathway can contribute to disease progressions under various conditions. Moreover, tofacitinib and baricitinib as the JAK/STAT inhibitors have been recently approved by the FDA for rheumatology disease treatment. Therefore, influences on the STAT signaling pathway have potential and perspective approaches for diverse diseases. Chinese herbs in traditional Chinese medicine (TCM), which are widespread throughout China, are the gold resources of China and have been extensively used for treating multiple diseases for thousands of years. However, Chinese herbs and herb formulas are characterized by complicated components, resulting in various targets and pathways in treating diseases, which limits their approval and applications. With the development of chemistry and pharmacology, active ingredients of TCM and herbs and underlying mechanisms have been further identified and confirmed by pharmacists and chemists, which improved, to some extent, awkward limitations, approval, and applications regarding TCM and herbs. In this review, we summarized various herbs, herb formulas, natural compounds, and phytochemicals isolated from herbs that have the potential for regulating multiple biological processes via modulation of the JAK/STAT signaling pathway based on the published work. Our study will provide support for revealing TCM, their active compounds that treat diseases, and the underlying mechanism, further improving the rapid spread of TCM to the world.
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INTRODUCTION
Signal transducer and activator of transcriptions (STATs) family members play distinct roles in cell differentiation, tissue repair, and anti-tumor immunity. STAT activation is triggered by Janus kinases (JAKs), which are intracellular tyrosine kinases. Moreover, intracellular tyrosine kinases are activated by the abundance of membrane receptors binding to corresponding cytokines. In response to cytokines binding to specific JAKs, JAKs located in the cytoplasm undergo conformational changes, causing autophosphorylation or transphosphorylation. Subsequently, phospho-JAKs result in docking with different STATs, which causes dimerization of STATs, translocation into the nucleus, and initiate the transcription process (Stark et al., 2018). An overview of the JAK/STAT signaling pathway is presented in Figure 1. JAK/STAT is now recognized as one of the central mediators of widespread and varied human physiological processes. More specifically, its clinical applications have become increasingly important with the discovery of novel clinical syndromes caused by mutations in JAK and STAT genes (Luo et al., 2021a). JAK/STAT signaling regulates many cellular processes essential to maintaining cell homeostasis, whose dysregulation contributes to cancer progressions and inflammatory and autoimmune disorders and COVID-19 emergencies (Chen et al., 2021a; Solimani et al., 2021).
[image: Figure 1]FIGURE 1 | Activation of the JAK/STAT signaling pathway and involved diseases.
A wide spectrum of diseases has been alleviated by treating with JAK inhibitors. Evidence demonstrates that tofacitinib, a pan-Janus kinase (JAK) inhibitor, is the only FDA-approved drug for RA treatment that downregulated STAT3 signaling mainly by inhibiting JAK expression (Miklossy et al., 2013). Interestingly, even if tofacitinib is the only FDA-approved drug indirectly related to the STAT3 target, it is still more effective than most of these first-line drugs for RA patients, especially in patients with methotrexate-resistant active RA. Additionally, drugs targeting JAK/STAT signaling may effectively assist in the treatment of COVID-19 by restricting cytokine storm syndrome (Luo et al., 2020; Solimani et al., 2021), and three severe COVID-19 cases are reported to be observed to have sustained improvements in outcome with ruxolitinib, which targets the JAK/STAT pathway (Rojas and Sarmiento, 2021).
Chinese herbs, which have widespread distribution throughout China, are the gold resources in China. In the concepts of traditional Chinese medicine (TCM) theory, herbs and herb formulas have been extensively used for treating multiple diseases for thousands of years. Recently, TCM presented a remarkable effectiveness of high epidemic COVID-19 treatment through various approaches (Li et al., 2021a). Therefore, herbs and herb formulas are perspectives for promoting human health against diseases. Despite the wide variety of ingredients in TCM and their complex interactions with the human body, it is still quite difficult to disclose the molecular mechanisms, which severely hampers TCM modernization and internationalization. With the development of chemistry, active ingredients of TCMs and herbs have been further identified by chemists. Afterward, the pharmaceutical effect of active ingredients was subsequently confirmed by pharmacists. Meanwhile, the abundance of potential compounds had been reported to represent biological activities, suggesting that the herb kingdom may be regarded as a gold mine for drug discovery and development (Chen et al., 2022a; Chen et al., 2022b; Liu et al., 2022; Zheng et al., 2022).
Based on the important roles of JAK/STAT signaling in various diseases, in this review, we summarized various TCM formulas, herbs, natural compounds, and phytochemicals which have potential for regulating multiple biological processes via modulation of the JAK/STAT signaling pathway based on the published work. Our study will provide support for revealing TCMs, herbs, and their active compounds to treat diseases and the underlying mechanisms.
ACTIVATION OF THE JAK/STAT SIGNALING PATHWAY AND INVOLVED DISEASES
The Janus kinase family consists of four members: JAK1, JAK2, JAK3, and TYK2. All, but JAK3, are ubiquitously expressed, except for JAK3, which is confined to hematopoietic cells. In response to cytokine binding, the receptor of JAKs on the juxta membrane becomes active. Once the receptor is bound, it undergoes intracellular conformation. The STAT family of transcription factors, which includes STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, and STAT6, plays distinct roles in cell differentiation, tissue repair, and anti-tumor response. Activation of the JAK/STAT signaling pathways is involved in five processes. First, the cytokines and growth factors engage their corresponding receptors, causing their dimerization and recruitment of related JAKs. Second, the activation of JAK causes tyrosine phosphorylation of the receptors and formation of STAT docking sites. Third, the STAT proteins are phosphorylated by tyrosine. Fourth, the STAT protein dissociates from the receptor to form homodimers or heterodimers. Fifth, in the nucleus, STAT dimers bind DNA and regulate transcription. JAK activation of STAT is the best-characterized pathway, but STATs can also be activated by receptors with intrinsic RTK activity, such as EGFR and PDGFR, and by nonreceptor tyrosine kinases (NRTKs) other than JAKs, such as Src kinase and ABL (Butturini et al., 2020). STATs mediated their biological effects by transactivating a unique profile of target genes dependent on their interactions with STAT-associated regulatory factors. Abnormal activation of JAK/STAT signaling can contribute to disease progressions under various conditions, for example, JAK/STAT signaling regulates inflammation and immunity, cell apoptosis, cell proliferation and differentiation, as well as metabolism, which subsequently cause autoimmune disease, cancer, infectious diseases, and metabolism-related diseases.
TRADITIONAL CHINESE MEDICINES OR HERBS OR NATURAL COMPOUNDS IN TREATING VARIOUS DISEASES PRESENT GOOD PERFORMANCE BOTH IN CLINICAL AND PRE-CLINICAL CONDITIONS
Chinese herbs, which have widespread distribution throughout China, are the gold resources of China. Herbs and herb formulas have been extensively utilized for treating multiple diseases based on traditional Chinese medicine (TCM). It has been reported that TCM presents significant management in treating influenza (Xiong et al., 2020), cardiovascular diseases (Layne and Ferro, 2017), acute pancreatitis (Li et al., 2017), depression (Zhang and Cheng, 2019), and so on. Particularly, in recent years of the COVID-19 outbreak, TCM presents remarkable effectiveness of high epidemic 2019-new coronavirus (SARS-CoV-2) treatment through various approaches (Yang et al., 2020a; Li et al., 2021a). Herbs and herb formulas can be beneficial in promoting human health against diseases. Despite the variety of ingredients in TCM and herbs and their complex interactions with the human body, the molecular mechanisms remain elusive, severely hampering TCM modernization and internationalization. As the development of chemistry has progressed, active ingredients from TCMs and herbs have further been identified by chemists. The pharmaceutical effect of active ingredients was then confirmed by pharmacists. Meanwhile, a vast array of compounds that represent biological activity had been reported, suggesting that the herb kingdom might be considered a gold mine for discovering new drugs, considering the importance of JAK/STAT signaling to various diseases. Hence, we summarized here different TCM formulas, herbs, natural compounds, and phytochemicals with the potential to regulate multiple biological processes via modulation of JAK/STAT signaling. We aimed to identify effective therapies or potential health benefits through regulating STAT agents.
Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT1 signaling pathway
STAT1 signaling is activated by interferon (IFN), interleukin (IL-6), transforming growth factor-1 (TGF-1), tumor necrosis factor (TNF), and angiotensin II (Yu et al., 2009). STAT1 has been predicted as a prognostic biomarker in patients with solid cancer (Zhang et al., 2020), and targeting the IFN/STAT1 pathway could be a promising strategy to protect radioresistance (Liu et al., 2020a). Gemcitabine was identified as an antiviral that induces an IFN response by phosphorylating STAT1 (Li et al., 2020a). Activation of STAT1 signaling is indispensable to various diseases. STAT1, as a mediator of IFN-γ and TLR signaling, participates in endothelial cell dysfunction and cardiovascular diseases (Sikorski et al., 2011). Additionally, IFN-γ-initiated STAT1 promotes Th1 cell differentiation, which was subsets of CD4 effector T cells, and produces IFN-γ, TNF-α, and IL-1β to facilitate β cell apoptosis, finally resulting in progression of type 1 diabetes (Yue et al., 2022). Moreover, Th1 cells and the other subset of CD4 effector T cells, Th17 cells, have been reported to be associated with autoimmune diseases, such as inflammatory bowel disease (IBD), rheumatoid arthritis, and (multiple sclerosis) MS (Delgado-Ramirez et al., 2021). The transcription factor STAT1 binds to and sequences FAS, promoting Th17 cell differentiation and inhibiting Th1 cell development (Meyer Zu Horste et al., 2018). Clonal expansion of antiviral NK cells is regulated by STAT1-mediated epigenetic control of Rsad2 (Wiedemann et al., 2020a). Hence, Chinese herbs and herbal formulas, natural compounds, and phytochemicals for treating diseases and their involved molecular mechanisms regarding STAT1 signaling are summarized to support evidence for their potential health benefits, which is shown in Table 1.
TABLE 1 | Chinese herbs and herb formulas, natural compounds, and phytochemicals in the treatment of diseases through regulating STAT1.
[image: Table 1]Regarding the aspects of Chinese herbal formulas, approximately five herbal formulas regulating STAT1 cascade were collected in preclinical investigational studies, and these were Yu-Ping-Feng decoction (Zhou et al., 2021), Yiguanjian decoction (Boriero et al., 2021), Sijunzi decoction (Xiong and Qian, 2013), Yu-Ping-Feng powder (Xiong and Qian, 2013), Ganghuo Kanggan decoction (Lai et al., 2020), and Xin-Jia-Xiang-Ru-Yin (Li et al., 2018). These formulas, Yiguanjian decoction (Boriero et al., 2021), Sijunzi decoction (Xiong and Qian, 2013), Yupingfeng powder (Lai et al., 2020), Ganghuo Kanggan decoction (Lai et al., 2020), and Xin-Jia-Xiang-Ru-Yin (Li et al., 2018), were crucial for treating hepatic fibrosis, spleen deficiency, and influenza through inhibiting STAT1 signaling, whereas the other formula, Yu-Ping-Feng decoction, induces opposite effects on STAT1 activation to anti-cancer (Zhou et al., 2021). Extracts from two herbs, including a natural extract from Gardenia jasminoides J. Ellis (GJ-4) (Liu et al., 2021) and bisabolane-type sesquiterpenoids isolated from turmeric (Ti et al., 2021), were mentioned here to antagonize Alzheimer’s disease (AD) and infection through inactivating STAT1. Correspondingly, about nine natural compounds and phytochemicals isolated from herbs and plants exhibited good performance in anti-cancer (Liang et al., 2021a; Jiang et al., 2022), treating allergic rhinitis (Zhou et al., 2021), MS (Du et al., 2021a), nonalcoholic steatohepatitis (Luo et al., 2021b), anti-depression (Zheng et al., 2021) and promoting skin-moisturizing activities (Chen et al., 2021b), acute lower respiratory tract infection (Wang et al., 2020a), renal inflammatory injury (Hu et al., 2020), and ischemic cerebrovascular diseases (Boriero et al., 2021) through influencing STAT1 signaling. Natural compounds’ combined utilization has been increasingly popular in recent years for their decrease of deficiencies and complementary advantages. TS IIA and AS IV and TS IIA and Puerarin were presented here for their excellent performance in protecting against lumbar intervertebral disc degeneration (Du et al., 2021b) and idiopathic pulmonary fibrosis (IPF) (Xue et al., 2021) through restricting STAT1 cascade via combined utilization. As mentioned above, potential candidates, including baicalin (Jiang et al., 2022), dihydroartemisinin (Du et al., 2021a), kahweol (Chen et al., 2021b), and Yu-Ping-Feng decoction (Zhou et al., 2021), exerted their anti-cancer and anti-infection properties through upregulating cell apoptosis and reinforcing immune system via activating STAT1 signaling, which caused high levels of apoptotic proteins, that is, caspases and enhanced the expression of immune cells, such as T cells and B cells. Conversely, compounds effectively treated allergic rhinitis (Zhou et al., 2021) and influenza (Ti et al., 2021) through inhibiting STAT1 signaling, reducing the expression of inflammatory mediators, and regulating cell differentiation.
Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT2 signaling pathway
STAT2 is another member of the STAT family, which is frequently activated in response to type I interferon (IFN α and IFN β) and subsequent JAK1 and TYK2 in the canonical STAT2 cascade (Duncan and Hambleton, 2021). The principal transducer signals of STAT2 is its downstream of the IFN-I and IFN-III receptors by forming a heterotrimeric transcription factor complex containing STAT1 and interferon regulatory factors (IRF9), and the complex is called interferon-stimulated gene factor 3 (ISGF3), which is an interferon-stimulated response element (ISRE) in DNA (Levy et al., 1988). Therefore, deficiency of STAT2 results in impaired STAT1, heterotrimeric formation, prevents the activation of ISGF3, and causes tissue-specific immune defects in response to IFN stimulation (Au-Yeung et al., 2013). Additionally, mutations in STAT2 cause virulent susceptibility and type I interferonopathy in humans (Duncan and Hambleton, 2021). Here, literature regarding the influences of Chinese herbs and herb formulas, natural compounds, and phytochemicals on STAT2 signaling has been collected, which is shown in Table 2.
TABLE 2 | Chinese herbal formulas or active ingredients in the treatment of infected or inflammatory diseases through influencing STAT2.
[image: Table 2]As a result of the investigational preclinical studies on Chinese herbal formulas, approximately three herbal formulas regulating STAT2 cascades have been identified, including Mahuang tang and Yinqiao powder (Xue-mei, 2020), Si-Ni-San (Cai et al., 2021). In particular, Mahuang tang and Yinqiao powder (Xue-mei, 2020) antagonized acute upper respiratory tract infection by activating STAT2, resulting in improving the immune barrier function of mouse nasal mucosa, whereas, Si-Ni-San inhibited STAT2 activation for alleviating ulcerative colitis (UC) (Cai et al., 2021). Additionally, 5-hydroxymethylfurfural (5-HMF) (Zou et al., 2021) and Euphorbia angustifolia polysaccharide (Mingyu et al., 2019) has antiviral potential, including vesicular stomatitis virus (VSV) and hepatitis B virus (HBV), through promoting lymphocyte proliferation and survival (Yuan et al., 2020), whereas Atractylodis macrocephalus polysaccharides (RAMPtp), which were extracted from Atractylodis Macrocephale Rhizoma, effectively increased the proliferation and survival of intestinal epithelial cells and maintained the intestinal barrier function, as well as decreased inflammatory cytokines, and finally relieved IBD (Zong et al., 2021). Chinese herbs and herb formulas, natural compounds, and phytochemicals that regulate the STAT2 signaling pathway are shown in Table 2.
Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT3 signaling pathway
Abundant studies have provided substantial insight into the role of T helper 17 (Th17) and regulatory T cells (Tregs) in autoimmune diseases (Dolff et al., 2019; Ding et al., 2021). Th17 cells trigger inflammation by secreting diverse cytokines, which induce other neighboring cells to become activated and, in turn, produce more proinflammatory cytokines and chemokines (Bunte and Beikler, 2019; Kamali et al., 2019; Wu and Wan, 2020). Treg cells, a subgroup of CD4+ T cells, are characterized by expressing transcription factor Foxp3 and secreting either TGF-β or IL-10 to counter the Th17-induced inflammation response. STAT3 is another transcription factor in STAT family members that facilitates differentiation of Th17 cells by activating its downstream target genes, retinoic acid receptor-related orphan nuclear receptor (RORγt), and expression of IL-17 (Macaubas et al., 2022). RORγt and IL-17 are unique transcription factors and cytokines of Th17 cells (Chen et al., 2011), which indicated that STAT3 facilitated Th17 cell differentiation and IL-17 expression. Meanwhile, STAT3 restricted Tregs by inhibiting its unique transcription factor Foxp3 (Aqel et al., 2021). Inhibiting STAT3 recalibrates CD4+ T responses by interference on both effector and regulatory cells, which provides potential clinically applicable treatment options (Aqel et al., 2021). Additionally, activating STAT3 signals promotes cell proliferation by promoting the progression of the cell cycle and inhibiting apoptosis in cancer (Ashrafizadeh et al., 2021). Blocking STAT3 signaling is considered one of the effective therapeutic options for reversing high self-immune responses via antagonizing IL-17A expression, Th17 differentiation, and T lymphocyte proliferation.
Four herbal formulas are summarized here, and they are Buyang Huanwu Decoction (BYHWD), Yanghe decoction (YHD), Maxing Shigan decoction (MXSGD), and Fufang Fanshiliu decoction (FFSLD). Moreover, their distinct effects on STAT3 signaling are shown in Table 3, BYHWD protected against transient ischemic stroke through upregulating p-STAT3. However, the others exhibited good performances for anti-COVID-19, T2DM, and anti-breast cancer by blocking STAT3 signaling. Correspondingly, about nine natural compounds and phytochemicals influence STAT3 signaling for hypertensive heart disease (Ye et al., 2020) and IBD (Zhao et al., 2016). Among all mentioned above, these natural compounds belong to flavonoids (baicalin and quercetin), polyphenols (curcumin, gallic acid, and rosmarinic acid), terpenoids (celastrol and bilobalide), phenylpropanoids (imperatorin), and 3-deoxy-2β,16-dihydroxynagilactone E. Those natural compounds accomplished treatment for myocardial ischemia/reperfusion injury (Xu et al., 2020), diabetic cardiomyopathy (Abdelsamia et al., 2019), IBD (Zhao et al., 2016), alcoholic liver disease (ALD) (Zhu et al., 2017), neuropathic pain (Yang et al., 2021), psoriasis (Zhang et al., 2021a), hypertensive heart disease (Ye et al., 2020), AD (Xiang et al., 2021), cancer cachexia (Chen et al., 2020a), and cancer (Shan et al., 2019). The underlying mechanisms for these compounds treating diseases preferred restraining STAT3 signaling activation. As for synergy utilization of compounds, frankincense and myrrh (Gao et al., 2020), curcumin, and BioPerine (Pillai et al., 2021) were combined applications for multiple myeloma and atherosclerosis through inhibiting STAT3 signaling. The extract of Sophorae Flos (SLE) (Liu et al., 2019), Rosae Multiflorae Fructus, and Lonicerae Japonicae Flos (RLE) decreased STAT3 signaling activation by antagonizing p-STAT3 and resulted in an inhibitory effect on inflammatory cytokines, which finally exerted their effects on RA and melanoma (Liu et al., 2019). Chinese herbal formulas or active ingredients in the treatment of infected or inflammatory diseases through influencing STAT3 are shown in Table 3.
TABLE 3 | Chinese herbal formulas or active ingredients in the treatment of infected or inflammatory diseases through affecting STAT3.
[image: Table 3]Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT4 signaling pathway
As one member of the STAT family involved in transducing signals in response to IL-12, STAT4 plays an integral role in the generation of inflammation during immune responses and immune-mediated diseases, such as rheumatoid arthritis, systemic lupus erythematosus, systemic sclerosis, and psoriasis (Yang et al., 2020b). Activation of the IL-12/JAK/STAT4 cascade produces an abundance of IFN-γ and promotes Th1 cell differentiation by inducing an ETS transcription factor, EMR (Ouyang et al., 1999). IL-12 facilitated interferon regulatory factor-1 (IRF1) in natural killer (NK) and T cells (Galon et al., 1999), and it also increased the expression of IRF4 and IRF8 genes, resulting in intensive innate immune responses (Lehtonen et al., 2003). Additionally, STAT4 gene polymorphisms are at a higher risk of type 2 diabetes and systemic sclerosis (Xu et al., 2016), and STAT4 was regarded as diagnostic biomarker candidates and therapeutic targets for heart failure combined with depression (Huang et al., 2022). Based on its essential role in inflammation and autoimmunity, it is a promising therapeutic target for autoimmune diseases.
As a result of the investigational preclinical studies on Chinese herbal formulas, approximately two herbal formulas regulating STAT4 cascades have been identified, namely, Liuweibuqi capsules and Hei-Gu-Teng-Zhui-Feng-Huo-Luo granule. Liuweibuqi capsules were reported to be effective in treating chronic obstructive pulmonary disease (COPD) through antagonizing STAT4, but activating STAT6 (Shen et al., 2019). The Hei-Gu-Teng-Zhui-Feng-Huo-Luo granule downregulated IL-12-stimulated STAT4 signaling and caused low levels of TNF-α, IL-1β, and IL-6 in collagen-induced arthritis (Zheng et al., 2018). Three kinds of extracts from herbs, namely, Pinellia pedatisecta Schott extract (PE) (Wang et al., 2021a), aqueous extract of Fritillariae cirrhosae (FC-AE) (Li et al., 2020b), and Euphorbia helioscopia L. aqueous extract (EAE) exhibited their excellent performance in alleviation of COPD and anti-cancer through inhibiting STAT4 signaling. Meanwhile, Euphorbia helioscopia L. aqueous extract (EAE) (Ling-ling et al., 2021) represented its therapeutical effect on COPD through activating STAT6 cascades (Ling-ling et al., 2021). Four compounds isolated from herbs, saikosaponin A, cynaropicrin, xanthatin, and baicalin, were reported here for breast cancer (Zhao et al., 2019), colorectal cancer (CRC) (Zheng et al., 2020), Non-small-cell lung cancer (NSCLC) (Zheng et al., 2020), and sepsis (Liu et al., 2020b). To be specific, saikosaponin A inhibited breast cancer growth and promoted a shift of Th1/Th2 balance toward Th1 through activating STAT4 signaling (Zhao et al., 2019), which presented anti-cancer performance. Xanthatin antagonized NSCLC through inhibiting STAT4 signaling and suppressing cell proliferation, migration, and invasion (Zhang et al., 2021b). Cynaropicrin and baicalin inhibited both STAT3 and STAT4 signaling, resulting in frequent apoptosis and Treg differentiation (Liu et al., 2020b; Zheng et al., 2020). Chinese herbal formula or active ingredients in the treatment of infected or inflammatory diseases through influencing STAT3 are shown in Table 4.
TABLE 4 | Chinese herbs and herb formulas, natural compounds, and phytochemicals in the treatment of diseases through mediating STAT4.
[image: Table 4]Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT5 signaling pathway
Two adjacent genes encoded STAT5 in mammals, namely, Stat5a and Stat5b, which drive tumor development, metastasis, survival and drug resistance to treatment (Verhoeven et al., 2020), NK cell development, maturation, survival, and cytotoxicity (Wiedemann et al., 2020b). JAK/STAT5 is frequently activated by IL-2, IL-15, EPO, GM-CSF, TPO, and other factors (Rani and Murphy, 2016; Orlova et al., 2019). Different activation procedures of JAK/STAT5 induced by different cytokines cause distinct actions. IL-2 and IL-15 at upstream of STAT5 promote the early and late stages of the adaptive NK cell response to different mouse cytomegalovirus (MCMV) infections (Wiedemann et al., 2020b). GM-CSF effectively drives the expression of inflammatory factors in macrophages through activating the STAT5 cascade, which upregulated the immune stimulatory gene levels, and in contrast to tissue remodeling factors increased caused by loss of STAT5 (Jesser et al., 2021). Moreover, lessened pathogenic Th17 cells and monocyte-derived cells (MDCs) in the meninges were observed in the STAT5 tetramer-deficient Stat5a–Stat5b N-domain double knock-in mouse strain, suggesting that the GM-CSF-STAT5 tetramer-CCL17 cascade in MDCs promotes autoimmune neuroinflammation (Monaghan et al., 2021). IL-2/STAT5 signaling contributed to monitoring the ratio of Th9/Th17-like in vitro and allergic disease. To be specific, STAT5 restricted a Th17-like program in the process of Th9 cell differentiation (Canaria et al., 2021). As shown above, STAT5 regulates the development of inflammation and tumor-related diseases (Surbek et al., 2021).
In total, eight compounds were collected for their biological potential for treating diverse diseases. Dihydromyricetin blocked STAT5 signaling and reduced oxidative stress, mitigating mast cell activity, which effectively alleviated allergic diseases (Chang et al., 2021). Upregulation of cryptotanshinone on the expression of p-STAT5 supported protection against ischemic stroke (Zhu et al., 2021), whereas the inhibitory effect of cryptotanshinone effectively antagonized chronic myelocytic leukemia (CML) (Dong et al., 2018). Additionally, tetrahydroquinoline derivatives (Polomski et al., 2021) and taxodione (Uchihara et al., 2018) antagonized chronic myelocytic leukemia by inhibiting activation of STAT5 signaling. Moreover, silibinin (Rugamba et al., 2021), naringenin (Niu et al., 2018), xanthoplanine (Shi et al., 2020), and menthol (Suzuki et al., 2020) exhibited the biological potential of NSCLC, autoimmune inflammatory disorders, and arterial inflammation through inhibiting STAT5 signaling. Extracts of two herbs are mentioned here to antagonize diverse diseases through regulating STAT5. Ginseng powder possesses the potential for immunity upregulation through increasing activation of B-cell, Th1 cell, and NK-cell via both activating STAT5 signaling and blocking STAT3 signaling (Park et al., 2022). Trifolium repens Linn (Sarno et al., 2020) was reported to be effective in treatment of chronic myelogenous leukemia through inhibiting p-STAT5. Bu-Shen-Zhu-Yun decoction (Feng et al., 2021) and Bufei Yishen formula (Zhao et al., 2018) are crucial for treating hyperprolactinemia infertility and COPD through activating STAT5 signaling. You-Gui-Yin (Li et al., 2020c) and Guizhi-Shaoyao-Zhimu decoction (Zhang et al., 2019) were effective in the treatment of chronic kidney disease and rheumatoid arthritis through inhibiting STAT5 signaling, which shown in Table 5.
TABLE 5 | Chinese herbs and herb formulas, natural compounds, and phytochemicals in the treatment of diseases through regulating STAT5.
[image: Table 5]Chinese herbs and herb formulas, natural compounds, and phytochemicals through regulating the STAT6 signaling pathway
The STAT6, another important member of the STAT family, is activated primarily by IL-4 and IL-13 (Czimmerer et al., 2018). STAT6 has been reported to be crucial in Th2 cell differentiation (Forbes et al., 2010). Additionally, variants of STAT6 were closely associated with asthma risk (Qian et al., 2014), and deficiency of STAT6 affects immune function, glycolysis, and B cell morphology, which contributes to various diseases. Therefore, regulation of B cells by STAT6 can perhaps be a prospective therapeutic approach for human diseases (Wang et al., 2021b). As shown in Table 6, two Chinese herbal formulas regulating STAT6 cascades have been identified, namely, Srolo Bzhtang (Jing et al., 2019) and Banhahubak-tang tablet (Nam et al., 2020), which both antagonized airway inflammation (Jing et al., 2019) and allergic asthma (Nam et al., 2020) through blocked STAT6 signaling. Total glucosides of paeony blocked STAT6 signaling and promoted M2 macrophage polarization for treating lupus nephritis (Forbes et al., 2010). Sixteen compounds isolated from herbs or plants presented their biological activities for treating diseases. Three compounds, namely, ginsenoside Rb1 (Zhang et al., 2018), luteolin (Wang et al., 2020b), and physalin D (Ding et al., 2019) exhibited potential therapeutic effects on coronary artery disease, inflammation, and imbalance of macrophage polarization-related diseases. The others preferentially executed their primary role for downregulation of STAT6 signaling in the treatment of various diseases, for instance, atopic dermatitis symptoms (Sung and Kim, 2018), cancer metastasis (Yang et al., 2018), allergic airway inflammation (Chen et al., 2018; Li et al., 2020d), asthma (Ma et al., 2020), allergic asthma (Chen et al., 2017; Ma et al., 2019), diabetes-associated inflammation (Oh et al., 2020), chronic kidney disease (Li et al., 2020e), cervical cancer (Duan et al., 2021), inflammation (Liu et al., 2018), insulin resistance (Subash-Babu and Alshatwi, 2018), and AD (Choi et al., 2020).
TABLE 6 | Chinese herbs and herb formulas, natural compounds, and phytochemicals in the treatment of diseases through regulating STAT6.
[image: Table 6]SUMMARY AND PROSPECT
JAK/STAT signaling pathways are closely implicated in multiple biological processes involved in cell proliferation, apoptosis, inflammation, differentiation, immune response, and epigenetics (Chen et al., 2021c). In response to extracellular signaling proteins, such as IL-6, TNF-α, and IFNs, which are widespread in an inflammatory microenvironment, JAK/STAT pathways are then activated. Activation of JAK/STAT signaling either contributes to direct expression of the proinflammatory cytokine or induces inflammatory cell proliferation, promoting secretion of cytokines, where both assist in forming a positive feedback loop with JAK/STAT and result in more disease severity. Moreover, multitudinous cascades have been reported to represent complicated crosstalk with JAK/STAT pathways through diverse cytokine pathways. For example, activation of NF-κB leads to increase of inflammatory cytokines, such as IL-6, which result in STAT3 activation and transcription; produces various cytokines; and in turn, promotes NF-κB and STAT3 activation (Grivennikov et al., 2010). Notch-driven differentiation of astrocytes induced by STAT3 is essential in the development of the central nervous system (Kamakura et al., 2004).
Chinese herbs in traditional Chinese medicine (TCM), which have widespread distribution throughout China, are the gold resources of China and have been extensively used for treating multiple diseases for thousands of years. However, Chinese herbs and herb formulas exert their effect on treating diverse diseases through JAK/STAT pathways that have not been elaborated, which limits their approval and applications. In this review, we summarized various herbs, herb formulas, natural compounds, and phytochemicals isolated from herbs that have the potential for regulating multiple biological processes via modulation of the JAK/STAT signaling pathway based on the published work. Regarding natural compounds, for instance, celastrol alleviated hypertensive heart disease and cancer metastasis through inhibiting STAT3 (Ye et al., 2020) and STAT6 (Yang et al., 2018) signaling, respectively. Luteolin helped treat acute lower respiratory tract infection by activating STAT1 (Wang et al., 2020a) and alleviating inflammation through both inhibiting STAT3 and activating STAT6 (Wang et al., 2020b). Cryptotanshinone was regarded as the STAT3 and STAT5 regulator for ischemic stroke (Zhu et al., 2021) and chronic myelocytic leukemia (Dong et al., 2018). Baicalin regulated multiple members of the STAT family, including STAT1, STAT3, STAT4, and STAT5, for treating T2D-induced liver tumor, sepsis, and myocardial ischemia reperfusion injury (Jiang et al., 2022). In addition, dihydroartemisinin ameliorated multiple sclerosis (Du et al., 2021a) and gastric cancer (Liang et al., 2021a) through regulating STAT1 signaling. Moreover, Yu-Ping-Feng decoction (Boriero et al., 2021; Zhou et al., 2021), Sijunzi decoction (Xiong and Qian, 2013), and Yu-Ping-Feng powder (Xiong and Qian, 2013) exerted their effects on anti-NSCLC and spleen deficiency through influencing STAT1 signaling. Meanwhile, we also summarized the candidates for treating diverse diseases involved in JAK/STAT signaling, such as anti-cancer, ameliorating inflammation, allergic asthma, chronic kidney disease, rheumatoid arthritis, and fibrosis. Regarding the aspects of antineoplastics, eight compounds from natural plants or herbs were collected, namely, lanatoside C, saikosaponin A, celastrol, cynaropicrin, dihydroartemisinin, imperatorin, baicalin, and silibinin, which exhibited their potential for anti-tumor or anti-cancer effects. Moreover, inhibitory effects of STAT1, STAT3, and STAT4 activation by these compounds still come to predominate, which was the same as that regulated by two formulas and two extracts. In this respect of anti-inflammation, including airway inflammation, RA, and arterial inflammation, these TCM and their corresponding extracts or active compounds are preferred to influence STAT1 and STAT6 signaling, which are shown in Figure 2. These extracts or active compounds belong to heat-clearing (Qingre) and dewetting (Zaoshi), heat-killed (Xiehuo), and detoxifying (Jiedu) traditional Chinese medicines and are used for treating inflammation and cancer in clinical formulas by regulating JAK/STAT alone, or its crosstalk with NF-κB, and Notch signaling.
[image: Figure 2]FIGURE 2 | TCM formulas and their corresponding extracts or active compounds in the treatment of diseases through regulating the JAK/STAT signaling pathway.
Overall, our study will provide support for revealing TCM formulas and their corresponding extracts or active compounds in the treatment of diseases and the underlying mechanisms, which further improve rapid TCM spread to the world and drug discovery regarding regulating STAT signaling.
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Disease

Breast
cancer

CRC

NSCLC

Sepsis

Cervical

cancer

Tumors

COPD

COPD

RA

Signal
pathway

1L-12/
STAT4

LIFR/
STAT3
(STAT3-
STAT4)

JAK2/
STAT4

RhoA-
ROCK
STAT34,5

SOCS1/
JAK2/
STATL4,5

STATI,
STAT4

1L-12/
STAT4; IL-
4/STAT6

STAT4/
STAT6

1L-12/
STAT4

Dose/
concentration

100 mg/kg

25,5, and 7.5 pM

25 and 5 mg/kg

1.5 and 4.5 pmol/L
1and 3 pmol/L.

100, 200, and
300 mg/kg

125, 25, 50, and
100 pg/mL

37.62 pg/ml
2.5 mg/ml (0.2 ml)

125,25, and
Sglkg

3,9,and
27 capsules/d

625, 12.5, 25, 50,
100, and 200 nM

Animal/
cell/patient

Breast cancer in
rats

Human CRC
cell lines
(HCT116,
RKO, and
DLD-1)

HCT116 cells-
bearing nude
mice

A549 cells
H1299 cells

CLP-induced
sepsis model
mice

TADCs

A549 cells

Xenograft
‘model mice

Cigarette and
LPS-induced
COPD rats

COPD patients

LPS-induced
U937 cells

CIA mice

Related molecular target

Downregulation

1L-4, IL-10, and Th2

LIFR, p-STAT3, and
STAT3/STAT4

LIFR and p-STAT3

BARDI, p-JAK2, and
p-STAT4,

Thi, Th7, T-box,
ROCK1, p-STAT4,
p-STAT3, IFN-y, IL-17,
RORyt, and RhoA.

SOCS1

Bdl-2

GGT, IL-1p, IL-12, IL-
17A, TNF-a, MMP-2/
TIMP-2, and STAT4

STAT4, MMP-9, IFN-y,
nd IL-6

TNF-q, IL-1B, and IL-6

TNF-q, IL-1B, IL-6, IL-
12, and STAT4

Upregulation

IEN-y, IL-12, Thi,
and p-STAT4

CI-PARPI, Bax, and
Bcl-2

CI-PARP1, Bax, and
Bel-2

Treg, Foxp3, IL-10,
and p-STATS

PJAK/JAK2,
p-STATI/STATI,
p-STAT4/STAT,
p-STATS/STATS,
CD80, CD86, IL-12,
and p70

Caspase-3, Bax, IL-
12, IEN y, STATI,
and STAT4

MMP-9/TIMP-1,
IL-4, and STAT6

STATG6, TIMP-1,
and IL-4

Eftect

Inhibiting breast
cancer growth;
shifting Th1/
Th2 balance
toward Thl

Inducing
apoptosis;
inducing loss of
migration
potential
Inhibiting the
Growth of CRC

Suppressing cell
proliferation,
migation, and
invasion

Ameliorating
sepsis-asso
pancreati
regulating Thl,
Th17, and Treg
responses

Restoring the
function of
cervical TIDCs to
elicit antitumor
CTL responses

Mediating
apoptosis;
modulating
immune
responses

Improving the
parameters of
pulmonary
function;
alleviating the
pathological
structure of lung
tissue

Reducing
inflammatory
responses;
improving
pulmonary
function of
people suffering
from stable
COPD

Inhibiting
inflammatory
response

Reference

Zhao et al.
(2019)

Zheng et al.
(2020)

Zhang et al.
(2021b)

Liu et al.
(2020b)

Wang et al.
(2021a)

Li et al.
(2020b)

Ling-ling
etal. (2021)

Shen et al.
(2019)

Zheng et al.
(2018)

Abbreviations; colorectal cancer (CRC), leukemia inhil

ory factor receptor (LIFR), poly (ADP-ribose), polymerase 1 (PARP1), non-small-cell lung cancer (NSCLC), homosapiens BRCAI associated

RING, domain 1(BARDI), Ras homolog gene family, member A (RHoA), Rho-associated kinase (ROCK), cecal ligation and puncture (CLP), retinoic acid receptor-related orphan receptor yt (RORYt),
forkhead/winged helix transcription factor (Foxp3), tumor-associated dendritic cells (TADCs), cytotoxic T lymphocytes (CTL), Pinellia pedatisecta Schott extract (PE), aqueous extract of Fritillariae
cirthosae (FC-AE), Euphorbia helioscopia L. aqueous extract (EAE), chronic obstructive pulmonary disease (COPD), matrix metalloprotein (MMP), tissue inhibitor of metalloproteinase (TIMP),

rheumatoid arthritis (RA), and collagen-induced arthrit

(CIA).
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Teurine

Diosmetin

Luteolin

Polyphenol myricetin
TS 1A and AS IV

TS 1A and Puerarin

G4

Bisabolane-type

scoquiterpenoids isolted
from turmeric

Ya-Ping- Feng decoction

Viguanjian decoction

ijunzdecoction and
Yupingieng powcer
Gengio Kanggsa
decoction

Xin-Jia-Xiang-Ru-Yin

T2D-induced liver
fumor

‘Non-alcoholic
steatohepatitis

Skin water loss

Inflvenza

Nscic

Spleen deficiency

Seasonal influenza

Signal
pathway

HKDCUJAKZ!
STATU

JAKSTATY/
NExB

IL35/STATI

STATU/SOCS3

STATUKDR/
MMP P53/
BCL2LL/
casear7

STATUCXCLIO

BIKIAKY
STATI

STATL

MIR-155/SOCS1/
STATL

lncRNA-Cox2/
‘miR-150-5p/
STATL

STATL
mIR2Y]AKY

STATL

TLSAKS]
STATS/STATI

JAKIISTATL

RIG-USTATL2

STATI

STAT1

sTATL
RR

IEN-Y/STATL

concentration

50mgL

20 and 50 mglkg.

01,1, and 10 M

3% wiv

10,30 .

30 mgkg

20

gy
ey

10 and 40 mglkg

125 M

10 and 50 .
50 mg/kg
10,20, s0d 40 pg/ml

20, 50, and 100 M

(7,20, 60 yg/m) AS TV
+ (55,160,480 pgml)
TSIA

54M TallA
+10 M Pue

(5 mg/kg) Tan LA +
(14 mg/kg) Pue

10,25, and 50 mg/kg

25, 50, and 100 g/l

17 mg

1 mg/ml

2 pgiml

356 mkg
2g10g
116462 g

144gkg

Glu-cultured HepG2/
‘HuH 7eells

'BALB/c mude mouse:
with lver tumor
induced by T2D
200 M H;O-induced
T98G cells

AR mice

MKN-28 and SGC-
7901 cells

$GC7901 tumor
‘model in nude mice

Palmitic acd
stimulated

HepG2 cells
High-fut diet induced
mice

LPS-induced
BV eells

LPS-induced
depressive mice

HaCaT cells and
'HEK293T cells

RSV-induced HEp-2
and 4349 cells

RSV infected mice

Uric acideinduiced
TCMK-1 cells

Hyposia leaded
‘microgla B2 cels

LPS-induced NP cells

NIH3TS cel line

‘BLM-induced IPF

MCAO/R Mode rats

AIPR/8/34-induced
MDCK, AS49 cells

Onthotopc hung
tamor-bearing mice

Macrophage

WB-F344 celline Co-
ltured with RAW
2647 cel line

2AKF
CCt induced rat

The spleen deficency
model rat

TAV-infected mice

FMLinduced IAV
mice

Related molecular target

METTL3 azd HKDCI

HKDCL

NF-B, pJAK2, p-STATI, IL-
6,118, TNF-a, HGF CXCLL,
and MMP-1

PSTATI, IL-4, IL-5, IL-13

-STATI, STATL, p-KDR,
KDR, and MMPY

Ki-67, BCLZLI, p-KDR, and
PSTATL

LXRa, LXRf, CHREBP, IL-6,

SREBP-Lc, p-psS, p-STATL,
and CXCLID

L6, TNF-a, CD86, INOS,
P-BTK. pJAK2, and p-STATL
1L-6, TNF-a, p-BTK/BTK, and
PJAK2JAKZ p- STATI/
STATI

socst

1L-6, IL-1p, TNF-a, aad
STATI lincRNA-Coxz

D68, INOS, COXz, STATI,
and p-STATL

miR223, p-STATI, and
A2

JAKS, STATS, STATI, and
PSTATI

1L-6, JAKZ, STAT3,
STATL CollAL, and
MMP9 Col3Al

NMDARI, iNOS, COX-2,
MMP9, JAKZ, and STATI

RIG-L, STATI, p-STATI,
STAT2, p-STAT2, IL6, IL-10,
TNE-o, snd IL8

TGP and L4

STATL, IRFS, IRFs, IRFS,
CK19, S0CS3, OV6, SOXS,
and EpCAM.

‘a-SMA, Col (1), TG-b, CK19,
ALT, and AST

1110, mRNA, IL-6R, TL4,
STATL, STAT4, JAKL

RIG-L NF-&B, STATL, MAVS,
IRE-/IRE7, and 115

LAV, IFN-y, IRE-1 STATL, and
s0Cst

Upregulation

PJAKIJAK2, p-STATI/  Suppressing the migration activity
STATL, and Caspase:3 and nvasion of HepG2 cells

BCATI and SLC7AS Incressng viabilities and delaying

Trep and L35 Normalsing the inflmmatory
sesponsesrducing AR
symptomalogysand
histopaologie igns of AR

(CTLA4, PD-1,50CS3,and  Redacing spinal cord injurys

PSTATI reducing infammatory cell
initraton

BCL2L1, p27, p5%; leaved-  Inkibiting cel prlieration, DNA

caspased, caspase-3, and  yhess, cycle progression, and

caspuse el invasion; inducing cell
apoptoss

CASP3 and P53 Suppressng th tumorigenels and
invasion of gustric cancer
Moduating lipogeness and
infammatory response

BDNF and p-TekB Inhibiing inflammatory resporise
Protecting depresson

AP.1, NEKB, CREB,

STATS, STATL, p-STATI,
HAS?, occludin, and HA

MXI, OASI, ISGIS, ISGs,  Inhibiting respiratory syncytial
p-STATI, miR-155 virus replcation
‘Treating RSV infection
miR150-5p Inhibiting renal infammatory
injury of uric acid

Inhibiting microglis-induced
‘eurotoxicly

Inhibting spoptosis and
infiammation

Inhibiting fbroblas activation and
‘migration

Alleviating inflammation and
pulmonary fbrosis

SYP and PSD95 Suppressing neuroinfammatory
responses; ameliorating the
‘memory dysfunctios; and.
‘eurologicl deficts
Reducing infammation ent-
inflvenza virus

L2ad 12 Prolonging the survival of
ortholopic lung tumor-bearing
mice; nhibiing LLC cel growth

112, 110, NOS, Regulating macrophage

PSTATL and 119 polarizaton o infoence the fumor
‘micocnvironment
Inhibiing macrophage
M1 polariaton and stiematiog
heptic fbrose

16

IEN-y, IL18, SOCS1, and  Immuno-enhancement
GATA3

IFNy, TNFa,a0d [L2  Preventing excessve inflammation.

Reducing the virus replication;
ameliorating the pulmonary
‘pathological damage

Jiaag et o,
(022)

Geoetal
(2021

Zhou etal
(2021

Duetal
(021)

Liang etal.
(0218

Luo et ol
(oatb)

Zheng et al.
(2021)

Chen etal.
(a021b)

Wang etal.
(20200

Huetdl
(2020)

Boriero et al.
(o21)

Duetal
(2021b)

Xueetal.
(021)

Lvetal
(2021)

Tietal (2021)

Zhou etal.
(2021)

Boriero et al.
(a021)

Xiong and
Qian, (2013)
Laietal.
(2020)
Lietal (2018)

Abbrevitions type 2 diabetes (T2D), hexokinase domain contaning 1 (HKDC1), idiopathic pulmozary bross (IPF), nturalexrac rom Gardeaa jusminoides . Eli (GI-4), N-methyl-D-aspartc acd recepor (NVIDAR), Aldheimer's disease (AD),
vascular dementa (VD) infuenza A virus IVA),human infhuena viras ATEM1/1/47 (HINY), multiple sclerosis (), myein oljgodendrocyte iycoprotein (MOG), cxperimentalautolmmane encephalomyelitis(EAE), brein-deived nearotrophic factor
(BDNE), ipopolysaceharde (LPS),respiatory syncytial visus (RSV), asragaloide TV (AS TV), anshinone (TS TA),nuces plposuscells (NP, cl), alegi hinitis (AR}, non-small-cll ungcancer (NSCLC),Lewis lung cancer Luciferase cels (LLC-Luc),
Sl el a1 A%
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Candidate

5-HMF

RAMPtp

Euphorbia
angustifolia
polysaccharide

Mahuang tang

Yingiao
powder

Si-Ni-San

$SO and GSLS

Disease

VSV

1BD

HBV

Acute upper
respiratory
tract
infection

uc

NDV

Signal
pathway

STATI-2

ITSN1-
ot/
STAT2

JAK/

STAT1-2

JAK1/
STATI-2

TBK1/
IRF3/
STAT1-2

STAT1-2

Dose/
concentration

10, 25, 50, and
100 pg/ml

6 and 12 mg/kg

5,25,and 50 pg/ml

50, 100, and
200 mg/L

200, 400, and
800 mg/kg

351 glkg

7254 glkg

3,6,and 12 mg/ml

0,078, 0.156, and
0312 g/ml

3,6,and 12 g

Animal/cell

VSV induced
HEK293T and
RAW264.7 cells

VSV-induced
mice

DSS-induced
IPEC-J2 cells

HBV-
transfected
HepG2 cells

HBV-induced
duck

MNMBD mice

LPS, DMXAA,
and Poly (&
induced

RAW264.7 cells

DSS-induced
chronic
experimental
colitis mouse
model

NDV-induced

One-day-old
yellow broilers

Related molecular targets

Downregulation

a-SMA, collagen I, and
collagen 11T

p-STAT2, IL-6, TNF-
a, and IL-1p

HBsAg and HBeAg

HBsAg and HBeAg

1SG15, IFIT1,
p-STATL, Uspls,
p-STAT2, and p-IRF3

IL-6, IL-12b, IFN-g,
IL-17a, Oasll, Mx2,
Uspl8, TBKI, and
p-TBK1

STATI, STAT?, PI3K,
and IL-6

Upregulation

IEN-c and IL-4

IFITL, IFIT2,
1SG15, Ccls, IFN-
B, p-STATI,
p-STAT2, Ddx58,
and RIG-T

JAK1, STATI,
STAT2, ISGE3,
OAS, and PKR

JAKI, p-STATI,
P-STAT2, IgA,
IEN-, IENLRI,
IRE9, and Mxl

IFN-c and IL-4

Effect

Promoting
Iymphocyte
proliferative
responses

Promoting IFN-
B production;
leading to
augmentation of
the immune
response to VSV
infection

Promoting
proliferation
and survival of
intestinal
epithelial cells

Anti- hepatitis B
virus

Anti- hepatitis B
virus; improving
liver injury

Improving the
immune barrier
function of
mouse nasal
mucosa

Suppressing
type I IEN
responses

Improving of
chronic

experimental
colitis model

Promoting
Iymphocyte
proliferative
responses

Reference

Yuan et al.
(2020)

Zou et al.
(2021)

Zong et al.
(2021)

Mingyu et al
(2019)

Xue-mei
(2020)

Caiet al.
(2021)

Yuan et al.
(2020)

Abbreviations; atractylodis macrocephalae polysaccharides (RAMPtp), inflammatory bowel diseases (IBDs), dextran sulfate sodium salt (DSS), hepatitis B virus (HBV), mouse nasal

mucosal bas

dysfunction (MNMBD), influenza A virus (IVA), Si

i-San (SNS), ulcerative colitis (UC), dextran sulfate sodium salt (DSS), lipopolysaccharide (LPS), Vadimezan

(DMXAA), ginseng stem-leaf saponins (GSLS), sunflower seed oil (SSD), Newcastle disease virus (NDV), extracted from the stem and leaf of Panax ginseng C.A., Meyer (E515-D), 5-

epdraxyanetivitisforsl (€500} snd vakoiar-viomad

virus (VSV).
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Candidate

Dinydromyricetin

Tetrabydroquinaline
derivatives

Taxodione

ilibinin

Naringenin

Kanthoplanine

Trifolium repens
Bu-Shen-Zhu-Yun
decoction

Bufe Yishen formula

You-Gui-Yin

Guizhi-Shaoyso-
Zhimu decoction

Disease

Allergic diseases

Tschemic stroke.

Arterial inflammation

Chronic myelogenous
‘Hyperprolactinemia
infertility

corp

Chronic kidney disease:

‘Rhcumatoid arthris

i
pathway
STATS
STATS
STAT3 and
STATS
STATS

STATS

EGFRIAK2/
STATS

LR
STATS

CHL-STATS.

STATS

STATS

STATS
JAK2/STATS

STATS;
STATS

HIFla/
STATS

STATS

concentration

10 and 100 v

15 gl

01,1,10,30, and
50 ymol/L

01,1,5,50d 10 pM

10 and 100 M.

50 and 100 yM

20, 40, and 80 M

50 and 100 uM

01,033, and 1 mM.

100 g/l
100 and 200 mg/kg

05 and 1 mg/ml

10mM

22,44, and
83 ghkg

10,20, and 40 g/kg

04,08,a0d
16 mg/ml

08, 16,and
32 myml
500, 1600, and
3200 mg/kg.

Animal/cell

DNP-Igk-induced
KUBL2 cells

MCAO model ras

K562 cells and
KS62/ADR

KUBL2 and MVA-11
cells

K562 cells

AS49, H460, and.
H252 cells

HUVECs

anti-CDYCD28-
induced lymph node
cels

Lymph node cels from
MOGinduced FAE
mice

LPS (100 ng/ml) and
IFN-y (20 ng/m)-
induced mouse
peritoneal macrophages
Lactatiog MECs

NK-92ML, K562 cells

5-week-old female
CS7BLIS mice

X562 cells

‘Prolactin induced GT1-
7 cells

Cigarette smoke- and
induced COPD rats
Adenine- indisced CKD
rats

TNF-a induced MH7A
s

LS stimulated
RAW264.7 cells

ClAnats

Related molecular target

Downregulation

ROS, TNF-q, IL-6, p38, MAPK,
and p-STATS

Myc, p-STATS, p-STATS,
MRP, STATS, nd P-gp

p-STATS and STATS

MRC complex T, MRC complex
V, p210°A2, ¢ My, p-STATS,
STATS, and Akt

DK, cyclin D1, cycln E,
MMP9, MMP2, SOX2, OCT4,
NANOG, PD-L1, p-EGFR,

PJAKZ, p-STATS, and p-Akt

P-EGER, p-STATS, and p-Akt

TNF-a, L4, L6, IL-174, TEN-y,
and p-STATS

L2, 14, IL-6, 174, TNy,
and p-STATS

ROS, p-STATS, CekL-STATS,
TNF-q, 116, IL-12, MDA,
a0d SOD

P-casein, STATS, p-STATS,
‘TOR, CNN3, Lalba, and <a-
lactalburmin, Glut!

Fasl, IFN-y, p-STAT3

-STATS, p-AKT, and p-p38

IL1B, TNF-, IL6, 117,
RORy: and p-STAT3

P-EPOR/EPOR, pJAK2IAK2,
and p-STATS/STATS

Bdl-2,JAK2, STAT3, STATS IL-6,
1L, MMP1, MMP2, MMP3

TNF-a and IL1B

TNE-e, L1, 116, and 1174

Upregulation

Foxp3, p-STATS, and
2

ROS and Bim

P21 and p27

1110, TGRf1, and
A1

Crtoplasmic lpid
droplets

GZMB, p-Ak, Ak,
STATS, and p-STATS

PJAK2, p-STATS,
PRLR, kisspeptin. CSNS,
GATAL

1110, Foxp3, and
P-STATS

ACTH, CORT, EPO, T3,
‘T4, EPO/SEPOR, LH,
FSH, DHT, B2, and
HIFla

Caspased, Bax, Caspase.
9,50Cs1

Reducing the cxidative stress;
‘mitigating the mast cel activity
Attenuating the infict region in
the MCAO model; improving
ischemic stroke
Suppressing both onco-
proliferative and drugresistant
pativays in CML cells
Inducing apoptosis i both
leukenic cel lines

Inducing apoptotic cell death in
Ks62 cells

Inhibiting NSCLC cell migration
and invasion; inducing GO/

G1 phase cel cyce arrest and.
apoptoss; inhibiting tumor
sphere formation

Inhibiting tumor angiogenesis
and iavasion
Inhibitiag T cll prolieration and
secxtion of cptokines

Attenuating macrophage
polarization toward

M1 phenotype to reduce
inflammatory response
Suppressing milk production of
lactating MECs

Inducing B-cell actvaton, Thl-
type T-cel activation, and NK-
cel activation

Reducing survival of K562 cells

Inducing the devbiquitination of
PRLR; alleviating the clinic
‘manifestations of
byperprolactinemia infertility
Improving the lung funcions;
attenutig influnmatory
conditions

Improving CKD and its
associated low reproductive.
function

Suppressing inflammatory
responses; inhibiting invasion
and migraton of synovial
Sbroblasts; and inducing
apoptosis in synovil fibroblasts

Reference

Chang et al.
(o21)

Zhuetal.
(a021)

Dong et ol
(oig)

Polomsld
etal. (2021)

Uchihara
etal. (2018)

Rugarba
etal (021)

Nia etal
(018)

Shietal
(2020)

Suzuld et al.
(2020)

Parketal.
(2022)

Sarmo etal
(2020)
Feng et al.
(2021)

Zhao et al.
(2018)

Lietal
(20200)

Zhang et ol
(2019)

Zhang et ol
@09

Abbrevitions;dinitrophenyl (DNP), middlecerbral atey occlusion (MCAO), forkhead box protein P3 (FOXPS),chronic myelocytcleskernia (CML),P-gycoprotein (P-gp), mitochondrial respiratorychain (MRC), Non- smallcell Fung cncer (NSCLC),
myelin oligodeadocye glycoprotein (MOG), maloadiadchyde (MDA),superoside dismtas (SOD), whey acdicprotin (WAP), mammary pithelialcls (MECS), clponin 3 (GNNS), strol regulatory clment-binding tanscription facior 1 (SREBFL),
a-casein (Cont), f-casein (Con2),x-casein (Con3),alphaactalburin (LALBA), s lgand (FasL), granzyme B (Germ),prolacti (PRL), etradiol (E2), growth kormone (GH) cytokine inducible SH2-<containing potei (CISH),prolacia receptor (PRLR),
cyln-dependent inase (CDK), exythropoietia (EPO), enyhropoitin receptor (EPOR),adreno-<ortio-tropic-horanone (ACTH), corticosterone (CORT), the soluble form of the erythropieti receptor (SEPOR),type I, and collagen-induced

arthritis (CIA).
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Candidate  Disease Signal pathway  Dose/ Animal/cell  Related molecular target [Effect Reterence

concentration
Downregulation Upregulation
Crocin NF-<B, STAT6 ©1%03%) Dfinduced A p-STATG/STATS, p-IxBa, L4, IL-5, Ameliorating stopic Sung and Kim,
100 g model mice 1L-13, Igh, and TARC dermatitis symptom o)
Celastrol STATS 312625 and IL13 induced MRCL, Argl, Fizz1, Mgl2, CD11c, Inhibiting the M2-like Yang et ol
125aM RAW2647 and p-STATG polarization of macrophages  (2018)
10 mghg 4TI tumor cells- Inhibiting lung metastasis of
bearing mice breast cancer
Tetrabydro Allergc sirway  TLARAJAKUST 120 mlkg OVA-induced mice MDA, IL-13, IL-4, IL-5, Thi7, GsH Relicving airvay Chen etal.
curcumin infammation Notchl/Notch2. GATA3, T2, Tel7, IL-4Ra, pJAKI/ inflammation o)
JAK, p STAG/STATS, Jaggod1,
Jagged2, NICDI/Notch1, and
NICD2/Notch?
Ginsenoside Rb1  Coronary artery  1L-4 and IL-13/ 20um LES-stimulated MMP-9 110,14, 113, and  Promoting M2 macrophage  Zhang et al.
disease STATS peritoneal PSTATEISTATS polarization o)
‘macrophages
50 mghg ApOE™ mice MMP-9 smes Increasing plaque stability
Berberine Asthma STAT 1M IL4and TNEa- 116, CCLI1, and STATS Relieving airway Ma et al. (2020)
stimulsted BEAS-28. inflammation
cells
CODBL. Allergic asthma JAK/STATG S mg/ml T4 stimulated  pJAKS, p-STATG, eotaxin-1, peAkt Preventing and treaing Chen et al.
4549 cells ALOXIS allergc diseases Qo7
Asaronicacd  Disbetes- IL4RA/TYK2ISTATE; 11020 pM 4 stimulated  p-Tyk2, p-STAT6, p-AK,, pmTOR,  VEGE, PDGF, IL-10, and  Inhibiting disbetic Oh etal. 2020)
associated GLUTWAktMtor/ AL eels P-AMPKa, T14Rg, arginase-1, PPARY ‘macrophage dysfunction
infammation  AMPK GLUTI, COX-2, CTGE, a-SMA, SR- due to M2 activation
A, SR-B1, and ABCGL
Bixin Chronic kidney ~ STAT6 oM L A-induced M, P62, p-STATG Improving partsl EMT of L et al. (2020€)
discase: HK2 cells tubular cells and repal
100 mykg. UUO model mice intertitl fbrosis
Cpanidin-3-0-p-  Allergic asthma  1L-4Ra-STATS 400 mglkg OVA-induced BALB/  IL4, L5, IL-13, IL-4Ra, p-JAK1, and Allviaing allergic airway  Ma et al. (2019)
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