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Abstract

:

Cancer incidence and mortality rate are growing worldwide. The effectiveness of cancer therapy depends on the degree of cancer development. Anticancer prevention, screening tests, detection of precancerous conditions or cancers at an early stage of development help to prevent the development of cancer, and in the event of cancer development, they provide the best chance for a full recovery. However, in most cases of advanced cancer, there is no method that can fully cure this disease. Recently, natural products have gained more attention in cancer therapy. Panax ginseng (PG), one of the most popular natural products, is reported to have a wide range of pharmacological activities in cancer. Therefore, the anti-cancer effects and mechanisms of PG and its metabolites (compound K, Ginsenoside Rh1, Rh2, Rh3 and F1) in five major cancers (lung cancer, breast cancer, colon cancer, prostate cancer and stomach cancer) are reviewed in this study. It is confirmed that PG and its metabolites regulated apoptosis, epithelial mesenchymal transition (EMT), angiogenesis, cell cycle arrest and multidrug resistance (MDR) in vitro and in vivo cancer models. In particular, ginsenoside Rh2 showed anticancer effects in all five major cancers. This review could improve the understanding of anticancer mechanisms of PG and its metabolites against major five cancers. Further clinical studies are needed for development anti-cancer drugs using PG and its metabolites.
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1. Introduction


Cancer is one of the leading causes of death in all countries around the world, and the incidence of cancer is increasing due to complex causes such as aging, growth of the population, changes in risk factors such as lifestyle changes and socioeconomic development [1]. Cancer mortality in developed countries is decreasing, while in developing countries, it tends to increase [2]. Advanced countries have a high prevalence of all cancers, but intermediate to underdeveloped countries show a high prevalence in lung, colorectal, breast and prostate cancer. This tendency is caused by increased early diagnosis and advances in treatment technology (only the mortality rate) in developed countries.



According to statistics of Global Cancer Statistics (GLOBOCAN), there were 18.1 million new cases, and 9.6 million death cases of cancer in 2018 alone. Among various cancers, lung cancer (11.6% of the total cases), female breast cancer (11.6%), colorectal cancer (10.2%), prostate cancer (7.1%) and stomach cancer (5.7%) are among the top five with a high incidence. Symptoms of advanced cancer vary widely depending on age, gender and cancer area [3], however, the following ten symptoms are known to be most common: pain, easy fatigue, weakness, anorexia, lack of energy, dry mouth, constipation, early satiety, dyspnea and greater than 10% weight loss [4]. Cancer patients have a combination of these symptoms and, on average, experience eight or more symptoms during the onset period [5] and specific symptoms are associated with reduced survival [3]. In addition, cancer causes poor quality of life and extreme pain to patients. Studies suggest cancer screening could improve survival and reduce mortality of cancer [6,7].



Recently, studies showed that infection and inflammation have considerable relationship to cancer [8,9]. In 2008, infection accounted about 16% (2 million) for 12.7 million new cancer cases that occurred worldwide [10]. Inflammation, in response to tissue injury such as by various infectious agents, activates leukocytes (neutrophils, monocytes and eosinophils) and various cytokines that may lead to chronic inflammation. Prolonged inflammatory mediators are closely related to neoplasia by inducing proneoplastic mutations, adaptive responses and resistance to apoptosis [11,12]. In the tumor microenvironment, inflammation stimulates carcinogenesis as well as environmental changes such as angiogenesis. Infectious agents such as Epstein-Barr virus, hepatitis B and C viruses, Kaposi sarcoma herpes virus, human immunodeficiency virus (HIV) type 1, human papillomaviruses, human T-cell lymphotropic virus type 1 and Helicobacter pylori are closely associated with the induction of cancer disease [8]. The above-mentioned factors lead to the development of neoplasms in tissues and organs sensitive to them. In addition, there is growing evidence that the inflammatory process itself can promote carcinogenesis by the interplay between autophagy and inflammasome activation in cancer [13]. Ghrelin is a hormone produced mainly in gastric mucosa that stimulates the release of pituitary growth hormone and increases appetite [14]. It is reported that ghrelin has anti-inflammatory and antioxidant activities by affecting theproliferation of cells [14,15] as well protective and therapeutic effects in different parts of the body, including the heart [16], kidneys [17], oral cavity [18,19], stomach [15], duodenum [20], pancreas [21] and colon [22,23]. In addition, ghrelin administration suppresses inflammation-associated colorectal carcinogenesis in mice [24]. According to Shin et al., similar effects have been reported in the case of PG. PG attenuated the activation of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) with suppression of nuclear factor-kappa B (NF-κB) and signal transducer and activation of transcription 3 (STAT3), exhibiting protective and anti-cancer effects in mouse models of colitis and carcinogenesis [25]. These data are evidence for the anti-cancer activity of Panax ginseng, as well as the possible mechanism of this effect.



To overcome this dreadful disease, research on cancer is actively ongoing, however, the mechanisms of cancer are still not fully understood. One of the mechanisms currently uncovered is cancer cells’ avoidance of apoptosis, which is programmed cell death [26]. Apoptosis can be broadly divided into extrinsic and intrinsic pathways (Figure 1) [27].



The extrinsic pathway is induced by the activation of cell membrane tumor necrosis factor (TNF) receptors (e.g., CD95 (APO-1/Fas)), TNF-related apoptosis-inducing ligand (TRAIL) receptors by the CD95 ligand ((CD95-L), TRAIL). They trigger Fas-associated death domain (FADD) and Caspase-8, which cause apoptosis. On the other hand, the intrinsic pathway forms cytochrome c/Apoptotic protease activating factor-1(Apaf-1)/Caspase-9-containing apoptosome complex through the release of apoptogenic factors (e.g., cytochrome c, apoptosis inducing factor (AIF), or Smac/DIABLO) in the mitochondrial intermembrane space. This activates Caspase-9 and causes apoptosis. These two pathways can be interconnected by the Bcl-2 family, etc. In addition, cancer cells proliferate by advancing the cell cycle. The cell cycle is regulated by cyclin-dependent kinases (cdks) and their cyclin partners and, in particular, interruption of the Rb–E2F pathway is known to be associated with various tumors [28]. Targeting these mechanisms, various treatments are currently being developed. Surgery, chemotherapy, γ-irradiation, suicide gene therapy and immunotherapy, which have recently been used in clinical practice, have anti-cancer effects [29]. As mentioned above, cancer treatments have been developed, however, there is still the possibility of relapse or undesirable side effects such as acute and delayed nausea, mouth ulcerations, mild cognitive impairments and increased risk of developing other types of cancers [30]. Therefore, natural products for complementary uses are in the limelight and their possibility for cancer treatment is gaining more attention.



Panax ginseng (PG), one of the most generally used herbal medicines in Asia, is reported to have a wide range of pharmacological activities [31,32]. Ginsenosides, also known as steroid-like saponins, are unique to ginseng species [33]. Ginsenosides have been widely proven to be effective in neurodegenerative diseases and cardiovascular diseases [34,35], and in the case of cancer, effect of treatment and prevention against breast, lung and colon cancer have been reported [36,37,38]. In particular, a clinical trial showed that ginsenoside improved quality of life after chemotherapy in epithelial uterine cancer [39]. Among many ginsenosides in PG, ginsenoside Rb1, Rb2, Rc, Rd, Re, Rf and Rg1 account for most of the ginsenosides [40]. Ginsenosides can be divided into protopanaxadiol (PPD) groups (ginsenosides Ra3, Rb1, Rc, Rd, Rg3 and Rh2) and protopanaxatriol (PPT) groups (ginsenosides Rg1, Re, Rh1 and R1) [41]. Although ginsenosides show various pharmacological effects, intact ginsenosides have extremely low oral bioavailability from the large intestine [42,43]. Without decomposition by gastric juices or liver enzymes, ginsenosides pass into the large intestine directly from the stomach and small intestine. By human fecal microflora, ginsenosides are metabolized and mostly converted to compound K. After oral administration, in the PPD group, ginsenoside Rb1, Rb2, Rb3, Rc and Rd are transformed into compound K by most bacteria, such as Bacteroides sp., Bifidobacterium sp., Eubacterium sp. and Fusobacterium sp. [44,45]. Ginsenoside Rg1 and Re belonging to the PPT group are metabolized into ginsenoside F1 and Rh1 by Bacteroides sp., Bifidobacterium sp., Eubacterium sp. and Fusobacterium sp. Ginsenoside Rg3 is converted into Rh2 by intestinal bacteria such as Bacteroides sp., Bifidobacterium sp. and Eubacterium sp. (Figure 2).



Recent studies have reported the metabolization of ginsenosides in oral administration and the antitumor effects of ginsenoside metabolites. However, there has been no research to summarize the effects of PG on each individual cancer. In this study, the anticancer effect of PG, its mechanism and its metabolites (compound K, Ginsenoside Rh1, Rh2, Rh3 and F1) are reviewed.




2. Methods


In order to review the anticancer effects of ginseng and its metabolites, related articles were searched for in Pubmed and Google Scholar. Five major cancers including lung cancer, breast cancer, colon cancer, prostate cancer, stomach cancer, and “Panax ginseng extract” or PG metabolites, such as “compound K”, “ginsenoside Rh1”, “ginsenoside Rh2”, “ginsenoside Rh3”, “ginsenoside F1” were used as keywords. Studies on fermented red ginseng extract were included, but studies on the synergistic effects of PG with other drugs were excluded. Eighty-one papers were excluded according to the criteria, resulting in 41 remaining. Then, data was classified into sub-categories followed by types of ginsenosides to each cancer.




3. Results


3.1. Anti-Cancer Effect of PG and Its Metabolites on Lung Cancer


Lung cancer accounts for the leading incidence rate (11.6%) and mortality rate (18.4%) [1]. Even with early diagnosis and treatment, the prognosis is very poor as the mortality rate within 5 years is 19% (non-small cell lung cancer and small cell lung cancer combined). The five-year survival rate is higher for non-small cell lung cancer (23%) than small cell lung cancer (6%) [46]. Twelve studies have been reported on the effects of Panax ginseng and its metabolites against lung cancer (Table 1).



PG extracted through different solvents showed anti-tumor effects on lung cancer. Yu et al. fractioned PG water extract (PGWE) into four types: hexane (HX), dichloromethane (MC), ethyl acetate (EA), butanol (BuOH)-soluble [47]. Among them, the EA fraction of PGWE revealed apoptotic cell death in four types of human lung carcinoma cells, A549, H1264, H1299 and Calu-6. It was used at the concentration of 400 μg/mL for 48 h. Yoo et al. also reported that saponin-enzyme-treated PG water extract at 100 μg/mL for 25, 50 and 72 h exerted inhibition of cancer cell growth and autophagy on A549 cells [48]. It down-regulated mTOR, 4EBP1 and up-regulated LC3, Beclin-1, ATG-5 and p-Akt. Hwang also used enzyme-modified PG extract which was fractioned via water, methanol and butanol and applied to A549 [49]. It was treated at 25 and 50 μg/mL for a day. Finally, it caused induction of apoptosis through increases in Bax and Caspase-3 and decreases in Bcl-2, PARP, p-ERK, Vabeolin-1, FAK1 and FN. Additionally, Lee et al. reported that Butanol-extracted mountain ginseng revealed induction of apoptosis and inhibition of cell proliferation by increasing Caspase-3,8 [50]. Furthermore, Jiang et al. conducted a clinical trial that investigated the effects of fermented red ginseng extract on non-small cell lung cancer patients treated with chemotherapy [51]. When administered with 3000 mg for 60 days, the experimental group showed improvement in FSI score, CM symptom score, psychological and physical conditions and quality of life (QOL). Additionally, the treatment inhibited chemotherapy toxicity.



Compound K (CK) is also expected to be a potential treatment for lung cancer. Li et al. reported that CK treatment (20 µM for 18, 24, and 72 h) on H1299, H460 and A549 induced sensitization of cisplatin by increasing levels of p21 and p53 [52]. When CK was encapsulated in phosphatidylcholine and phosphoethanolamine polyethylene mixed micelles, it exerted significant induction of apoptosis and inhibition of tumor growth [53]. It increased Caspase-9, 3 and PARP at a concentration of 12.15 μg/mL for a day in A549. There was another study by Yang et al. that treated mixed-micelles with CK at 20 μM for 24 h in the same cell line [54]. They observed induction of apoptosis and inhibition of metastasis by increasing Bax, Bcl-2, MMP-2, Caspase-3 and p-glycoprotein. The following two studies suggested that CK mixed micelles improve antitumor efficacy by enhancing permeability, solubility and retention.



G-Rh2 treatment also produced anti-tumor effects in lung cancer. Li et al. revealed that G-Rh2 treatment at 60 and 100 μM for a day inhibited cell migration and induced macrophage differentiation dose-dependently [55]. Moreover, they found the same result through in vivo experiments, where C57BL/6 mice injected murine Lewis lung carcinoma cells subcutaneously. G-Rh2 showed the reduction of tumor size by decreasing VEGF-C and CD 206. Ge et al. reported that G-Rh2 inhibited cell proliferation and induced ER stress dependent apoptosis in the same cell line, H1229 [56]. It started to show significant effect at 30 μM for 24 h by increasing the level of ATF4, CHOP and Caspase-4. They also observed reduction of tumor volume in vivo experiments in nude mice. Additionally, pseudo-G-Rh2 had a much greater anti-lung cancer effect, especially by apoptosis. Wang et al. identified suppression of cell proliferation and induction of mitochondria-associated apoptosis when it is treated at the concentrations of 24, 48 and 96 μM for 24 h in A549. It also induced ROS production and led to apoptosis via the Ras/Raf/ERK/p53 pathway. It up-regulated mitochondrial cytochrome c, Caspase-9, Bax, PARP, p-Raf, Ras and p53 and down-regulated Bcl-2. These findings provide strong evidence that G-Rh2 may also function as a potent anticancer drug in lung cancer treatment.




3.2. Anti-Cancer Effect of PG and Its Metabolites on Breast Cancer


Female breast cancer is one of the types of cancer with the highest incidence in the world. Around 2.1 million female breast cancer cases were newly diagnosed and approximately 627,000 deaths were reported, ranked as the first leading cause of cancer death in the females in 2018 [1]. Extracts of PG and its metabolites were reported in 11 studies for their anti-cancer effect in breast cancer (Table 2). Antitumor effects of PG and its metabolites were studied without comparison with other anticancer agents. There were no significant side reactions or toxicity of PG and its metabolites reported.



Song et al. showed the inhibition of MDA-MB-231 cancer cell lines growth by 12.5, 25, 50 and 100 µM of ginsenoside Rh2- MIX (G-Rh2-MIX) for 24 h. G-Rh2-MIX, comprised of 20(S)-Rh2, 20(R)-Rh2, Rk2 and Rh3 as a 10-g unit was a new combination of enzymatic conversions using Viscoenzyme L and acid-heat treatment [58]. Viscozyme L treatment transformed the major ginsenosides Rb1, Rb2, Rc and Rd into ginsenoside F2, followed by acid treatment transforming ginsenoside F2 into G-Rh2-MIX. Interestingly, only 20(R)-Rh2 did not showed anticancer activity on MDA-MB -231 and other cancer cell lines in the components of Rh2-MIX. Kwak et al. reported that 2.5 µM of PPD exerted anti-tumor effects by induction of apoptosis for 24 days in triple negative breast cancer MDA-MB- 231 cells [59]. PPD treatment stimulated Caspase-dependent apoptosis in breast cancer cells via up-regulation of c-Caspase-8, -3, c-PARP and down-regulation of full-length BH3 Interacting domain death agonist (BID) and poly adenosine diphosphate-ribose polymerase (PARP). Extracts from PG contain several components such as ginsenosides, polysaccharides and peptides. Ginsenosides are categorized into protopanaxadiol (PPD), protopanaxatriol (PPT) and oleanane saponins [60]. Red ginseng extract (RGE) and its component ginsenoside Rg3 (G-Rg3), which is markedly increased through the steaming process, has been reported to have anti-tumor activity. Oh et al. reported that RGE treatment reduced the cell viability of breast cancer cell line MCF-7 at doses of 0.5, 1, 2 and 5 mg/mL for 48 h [61]. In addition, fermented RGE, treated with microbial strain (Lactobacillus rhamnousus KCTC 5003), contained remarkably higher levels of Rg3 and more effectively reduced cancer cell viability compared with nonfermented RGE (nf-RGE). Additionally, RGE and G-Rg3 showed suppression of manifestation and regulation of self-renewal activation of stem-like breast cancer cells MCF-7 and MDA-MB-231. RGE treatment (1 mg/mL for 5 days) and G-Rg3 treatment at a dose of 25 µM for 5 days reduced the expression of hypoxia inducible factor-1 α (HIF-1 α), phosphorylated Akt (p-Akt), SRY-box transcription factor 2 (Sox-2) and B cell-specific Moloney murine leukemia virus integration site 1 (Bmi-1) resulting in reduction of the populations of CD44 high/ CD24 low in MDA-MB-231 cells [62]. Compound K (CK) is an intestinal bacterial metabolite of the ginsenosides Rb1, Rb2, and Rc from Bacteroides JY-6 that showed anticancer activity. Kwak et al. revealed that CK treatment induced programmed necrosis in MCF-7 via regulation of the glycogen synthase kinase 3 β (GSK3β) signaling pathway, resulting in a decrease in p-GSK3β, β-catenin and cyclin D1 at doses of 10, 30, 50 and 70 μM for 24 h [63]. In addition, the study showed the increased expression of PARP-1, which is cleaved by Caspase during apoptosis, suggesting that CK did not induce apoptosis and autophagy. However, Zhang et al. reported that CK at a dose of 50 µM for 24, 48, 72 and 96 h combined with cisplatin inhibited the epithelial mesenchymal transition (EMT) and induced the apoptosis in MCF-7 breast cancer cell by up-regulation of C-cadherin and down-regulation of N-cadherin, vimentin, fibronectin (FN) and p-Akt [64]. G-Rh2 (ginsenoside Rh2) was proven to have the anticancer activity against MCF-7 cells through epigenetically regulated immune pathway in terms of genome-wide deoxyribonucleic acid (DNA) methylation changes [65]. Treatment of 20 and 50 µM G-Rh2 for 24 h up-regulated the clathrin interactor 1 (CLINT), ST3 Beta-Galactoside Alpha-2,3-Sialyltransferase 4 (ST3GAL4), Chromosome 1 open reading frame 198 (C1orf198) expression through hyper-methylation and down-regulated the expression of Caspase-1, Insulin Like 5 (INSL5), Olfactory Receptor family 52 Subfamily A member 1 (OR52A1). Additionally, 50 µM of G-Rh2 treatment induced both early and late apoptosis with complete inhibition of cell growth, while 20 µM treatment slightly suppressed the cell proliferation. According to Hou et al., 20 µg/mL of G-Rh2 treatment for 24 h ameliorated the doxorubicin-induced senescence bystander effect between normal epithelial MCF-10A cells and breast carcinoma MDA-MB-231 cells [66]. Reciprocal effects of senescent breast tumor and normal cells under stimulation with a clinical dose of doxorubicin through senescence-associated secretory phenotype (SASP) were efficiently attenuated by G-Rh2 through down-regulation of phosphor mitogen-activated protein kinase kinase 1 (p-MEK1), phosphor-p38 mitogen-activated protein kinase (p-p38MAPK), phosphor signal transducer and activator of transcription 3 (p-Stat3), phosphor-nuclear factor kappa-light-chain-enhancer of activated B cells p 65(p-NF-κB p65), interleukin-6 (IL-6), interleukin-8 (IL-8) and the mRNA level of monocyte chemoattractant protein 1 (MCP-1), C-X-C motif Chemokine Ligand 1 (CXCL1). Zhang et al. showed that G-Rh2 treatment at doses of 0.625, 1.25, 2.5, 5, 10, 20, 40 and 80 μmol/L for 24, 48 and 72 h effectively inhibited cell proliferation of MCF-7 and MCF-7/ADM cell lines [67]. Significant activation of Caspase-3 was detected in the adriamycin-resistant human mammary carcinoma (MCF-7/ADM) cell line after G-Rh2 treatment with 40 μmol/L, but not in MCF-7 cell lines. Additionally, G-Rh2 treatment at doses of 5, 10, 20 and 40 μmol/L for 72 h notably decreased ADM IC 50 of MCF-7/ADM cell lines which suggests reversal of multidrug resistance. Ren et al. also reported the synergistic effect of G-Rh2 combined with biochanin A on MDA-MB-231 and MCF-7 human breast cancer cells [68]. G-Rh2 treatment mixed with biochanin A at doses of 30, 35, 40, 45, 50, 55, 60 and 70 µM for 72 h improved the inhibition of cell migration, proliferation, and invasion by up-regulation of p-p58, p-p28 and p-ASK1 and down-regulation of TRAF2. Xu Wen et al. reported that G-Rh2 treatment at doses of 10, 20, 40, 60, 80 and 100 μM for 24 h exerted anti-tumor effects on breast cancer by upregulation of miRNA-29a, -222 and downregulation of miRNA-34a [69]. When G-Rh2 treatment was applied to MCF-7, MCF-7 with 100 nM of Docetaxel (MCF-7/Doc, docetaxel-resistant MCF-7 cells) and MCF-7 with 500 nM of Adriamycin (MCF-7/Adr, adriamycin-resistant MCF-7 cells), it caused a strong anti-chemoresistance effect in BCA cells through regulation of three specified drug-resistant microRNAs (miRNAs).




3.3. Anti-Cancer Effect of PG and Its Metabolites on Colon Cancer


Colon cancer is the third most common malignancy and fourth most common cause of cancer mortality worldwide [1]. Colon cancer is also the second most common cause of cancer-related deaths in the United States and other developed countries, despite important advances in detection, surgery and chemotherapy [70]. Several studies have reported anti-colon cancer effects of PG (Table 3).



PG root water extract showed anti-tumor effects on colon cancer. Kim et al. reported that PG root water-extracted treatment at doses of 1 and 2 mg/mL for 24 and 72 h induced the repression of hypoxia-induced EMT on colon cancer HT29 and HCT116 cells by down-regulation of NF-κB, ERK1/2, Snail, Slug, Twist, αVβ6 integrin and E-cadherin [71]. Li et al. revealed that when PG root water-extracted treatment was applied to HT-29 colon cancer cells with 50, 100 and 200 µg/mL for 24, 48 and 72 h, it caused the inhibition of cell proliferation, induction of cell cycle arrest and cell apoptosis cells through downregulation of CDK2, CDK4, CDK6, TOP1, MYC, MDM2 and CCND1 and upregulation of BAX, CDNK2B, Caspase-8, -3 and TP53 [72]. These two results suggest that efficacy varies with concentration in HT29, where low concentrations of PG water extract suppress EMT and high concentrations regulate the cell cycle. Additionally, Kee et al. reported that PG root ethanol extract showed inhibition of the EMT process and induction of apoptosis and cell cycle arrest on CT26 by downregulation E-cadherin, N-cadherin, vimentin, Snail, MMP-2 and MMP-9 [73]. Both HT29, a tissue of colorectal adenocarcinoma in Homo sapiens and CT26, a tissue of colorectal carcinoma in Mus musculus, showed an effect on inhibition of EMT. These three results suggest that PG extract is involved hypoxia-induced EMT and cell cycle arrest, which can be effective on colon cancer. Yao et al. reported that CK treatment at doses of 40, 50, 60 and 70 µM for 48 h on HCT116 induced cell cycle arrest in the G1 phase and apoptosis. It decreased levels of p21, p53, Bax CDK6, cyclin E, Bcl2. They additionally found that CK showed anti-inflammatory effects on HT29 [74]. Additionally, compound K exerted significant anti-inflammatory effects even at low concentrations (40, 60 and 80 µM) and for a short time (6 and 12 h), only in HT 29, by reducing IL-8. There are two main linked pathways in apoptosis, which are the extrinsic, or death receptor, pathway and the intrinsic, or mitochondrial, pathway [75]. The following two studies suggested that CK-induced apoptosis worked on both pathways. Proteolytic cleavage of PARP and release of cytochrome c was observed by Tischlerova et al. upon CK treatment at a dose of 40 μM for 24, 48 and 72 h in HCT116. It increased Caspase-3, -9, Bcl-2 and p-p38 MAPK and reduced p-ERK 1/2, p-Akt, NF-κB p50, NF-κB p65 and p-BAD [76]. In the same cell line, TRAIL-induced apoptosis was detected upon CK treatment (25, 50 μM; 48 h) by Chen et al. [77]. It facilitated c-Caspase-8, -9, -3, Bax, tBid, cytochrome c, DR5 and CHOP and inhibited Mcl-1, Bcl-2, XIAP and cFLIP. These findings demonstrate that CK has anti-colon cancer effects, especially by induction of cell apoptosis through both pathways. G-Rh2 treatment also induced anti-tumor effects on colon cancer. Yang et al. revealed that G-Rh2 treatment with 5, 15, 25 and 50 μM over 3, 6 and 12 h inhibited cancer cell proliferation. Suppression of p-EKR2, p-Histone H3, p- ERK1/2, and p-p90RSK were observed in HCT116 [78]. Zhu et al. showed arrest in the G1 phase, promotion of apoptosis and induction of ROS depletion and autophagy in the same cell line. Treatment with 12.5 μM over 24 h increased the level of Bax/Bcl2 and Caspase-3 [79]. Interestingly, 20 (S)-G-Rh2 especially has much more anti-colon cancer effect. Han et al. identified suppression of CRC invasion and tumor metastasis when treated 20 (S)-G-Rh2 (1, 3, 5, 7 and 10 μM; 0.5, 1 and 3 h) in the same cell line, HCT116. Decrease of pY-STAT3, p-JAK2, MMP-1, MMP-2 and MMP-9 were observed [80]. Additionally, in SW620, colon cells derived from metastatic site of lymph node, tumor metastasis was observed with following treatment of 20(S)- G-Rh2. Liu et al. observed that G-Rh2 treatment at doses of 5, 10 and 20 μM for 24 h decreased the migration and EMT processes, proliferation and promoted apoptosis. This effect was especially shown in HCT8, ileocecal colorectal adenocarcinoma, by up-regulating cleaved-Caspase 3, p-IκB, MRP1, MDR1, LRP and GST and down-regulating cyclin D1, CDK2, p-Rb, Bcl-2 [81]. Additionally, Ma et al. reported that LoVo, derived from a metastatic site of the left supraclavicular region showed inhibition of cell proliferation and promotion of apoptosis when treated with 250 µg/mL G-Rh2 over 24 h. It elevated Smad4, Bax, and Caspase-3 and decreased P-gp, Bcl-2 [82]. Furthermore, G-Rh2 showed an identical effect on LoVo/L-OHP cells and oxaliplatin (L-OHP)-resistant colon cancer cells. These findings provide strong evidence that G-Rh2 may also function as a potent anticancer drug for drug resistance in colon cancer treatment.




3.4. Anti-Cancer Effect of PG and Its Metabolites on Prostate Cancer


Prostate cancer is the third most diagnosed cancer (7.1%) [1]. The metastasis of cancer can be easily achieved on bones and lymph nodes in prostate cancer. Four studies have shown that ginsenoside Rh2 has an anti-cancer effect against prostate cancer (Table 4).



Gao et al. described that G-Rh2 inhibited the prostate cancer cells by inhibition of proliferation [83]. PC3 and DU145 cells were exposed to 0.01, 0.1 and 1 mg/mL of G-Rh2 and cell proliferation was inhibited in a dose dependent manner. G-Rh2 dose-dependently decreased the cyclin dependent kinase ionhibitor 1A (CDKN1A) protein but not mRNA in prostate cancer cells. This suggests that G-Rh2 can control CDKN1A protein translation which is mediated with microRNA. Additionally, the researchers found that microRNA-4295 was the only microRNA regulated by G-Rh2 among CDKN1A targeting miRNA. G-Rh2 may inhibit the proliferation of prostate cancer cells by suppressing microRNA-4295 that facilitates CDKN1A. Tong et al. also reported that G-Rh2 induced apoptosis in prostate cancer cells [84]. DU145, PC3 prostate cell lines and human prostate stromal WPMY-1 cells were incubated with 0.05, 0.075 and 0.1 mM of G-Rh2 for 24 h. The results showed that G-Rh2 reduced the cell viability of DU145 and PC3 in a concentration-dependent manner. However, the cell viability of WPMY-1 was less affected by G-Rh2 treatment. The G-Rh2 inhibited the prostate cancer cells by up-regulation of peroxisome proliferator-activated receptor delta (PPAR-δ) and that can lead ROS and superoxide induction and phospho-signal transducer and activator of transcription 3 (p-STAT3) down-regulation. Huang et al. reported that ginsenoside Rh2 (G-Rh2) inhibited the angiogenesis by targeting and suppressing cyclin and CBS domain divalent metal cation transport mediator 1 (CNNM1) [85]. Prostate cancer cells such as LNCaP, PC3 and DU145 were transplanted in nude mice and Rh2 was treated at 0, 100, 500, 1000, 5000 and 10,000 mg/kg for 32 days. The tumor mass volume was measured at 8, 12, 16, 20, 24, 28 and 32 days. The researchers observed that G-Rh2 significantly inhibited the growth of prostate cancer cell lines in mice compared to no treatment by inhibition of CD31, VEGR, PDGF and CNNM1 in prostate cells. Zhan et al. also studied the efficacy of G-Rh2 against prostate cancer growth in vivo and in vitro [86]. G-Rh2 was injected in veins of nude mice at a concentration of 1 mg/kg for twice per week for 4 weeks, but the control group was injected same volume of saline injection. After 4 weeks, mice were examined for tumor growth and the treatment with G-Rh2 resulted the inhibition of cell growth significantly. In vitro, G-Rh2 inhibited the proliferation and invasion of prostate cancer cell line, PC3. The researchers detected the activation of TGF-β receptor which regulated the p27 and matrix metalloproteinases (MMPs).




3.5. Anti-Cancer Effect of PG and Its Metabolites on Gastric Cancer


Gastric cancer is one of the leading causes of death (8.2%) in 2018 [1]. 1.03 million people newly developed gastric cancer, and 780,000 people died by gastric cancer. There are two studies showing that PG and its metabolites are effective in gastric cancer (Table 5).



Enzymatically fortified PG extract and G-Rh2 showed anti-gastric cancer effects. Hwang et al. compared the effects of a ginseng butanolic extract (GBX) and enzymatically fortified ginseng extract (FGX) on gastric cancer cell line KATO3 [87]. The treatment of GBX (31.25, 62.5 and 125 μg/mL) for 24 h did not affect KATO3 cells but FGX inhibited cell proliferation in the same condition depending on its concentration. Additionally, the study shows the population of apoptotic KATO3 cells was increased after FGX treatment. FGX up-regulated the expression of Bcl-2-associated X protein (Bax) and nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha (IκBα) proteolysis and blocked the phosphorylation of mammalian target of rapamycin (mTOR) and protein kinase B (PKB). Qian et al. reported that G-Rh2 inhibited proliferation and induced apoptosis of human gastric cancer SGC-7901 cells [88]. In several experiments under different conditions with G-Rh2 (5, 10 and 20 μg/mL; 24 and 48 h), it exerted the anti-tumor effects in G-Rh2 by inhibition of gastric cancer side population cells (SP cells) proliferation and induction of cell cycle arrest and cell apoptosis. In the cell cycle of SP cells, the percentage of G0/G1 cells was increased and S/G2/M cells were decreased. The results show that G-Rh2 arrested the G0/G1 phase cells. The experiments also showed that G-Rh2 induced the activity of pro-apoptotic protein Bax and inhibited anti-apoptotic protein B-cell lymphoma 2 (Bcl-2) depend on its dose and duration.





4. Discussion


Cancer is one of the serious causes of death around the world, with lung cancer, female breast cancer, prostate cancer, colorectal cancer, and stomach cancer accounting for the top five incidences [1,89]. Panax ginseng (PG), one of the most popular herbal medicines has been reported to have notable pharmacological anti-cancer activities with its various ginsenosides. In 2000, there was a review study about the cancer prevention potential of PG in animal experiments and in epidemiological studies. PG could be cancer-preventive however, there was insufficient evidence [90]. Furthermore, there was no systematic review of the anti-cancer treatment effects of PG extract and its metabolites against top five cancers. In this study, PG extracts and metabolites of ginsenosides in PG with antitumor effect against the top five cancers were reviewed for the first time. Although it is necessary, since it is the metabolites that act in the body, there has been no review classifying effects of each metabolite. PG is usually absorbed by oral administration, however, oral bioavailability of ginsenosides is generally low due to their low membrane permeability [42]. For G-Rh1, the absorption rate in rats is less than 1% and most ginsenosides except compound K are absorbed at rates less than 5% [91]. This study can help discover effective drugs and provide the basis for future attempts to increase bioavailability.



4.1. Overview of Anti-Cancer Studies of Panax ginseng and Its Metabolites on Major 5 Cancers


In the last 5 years, 41 studies reported that Panax ginseng and its metabolites showed anticancer effects on five major cancers, most of which were in vitro studies, and a few were in vivo or clinical trials. There were no reports of them causing cancer. Rather, there was no evidence of toxicity and tumorigenicity according to the experiments that PG was injected up to 5000 mg/kg in Fischer 344 rats and B6C3F1 mice [92]. These studies support that PG is not genotoxic. However, there is a case report about the drug interactions of PG and Imatinib, inducing hepatotoxicity in chronic myelogenous leukemia patients [93]. There is also a study showing that PG could induce drug reaction with eosinophilia and systemic symptoms syndrome (DRESS) because of drug interaction with [94]. Therefore, because of the possibility of side effects and drug interaction problems, PG should be carefully taken according to the prescription of experts.



There were 11 studies about lung cancer, which includes eight in vitro studies, two in vitro and in vivo studies and one clinical trial. Five of them reviewed the effect of PG extract and three used CK. The others were about G-Rh2. Among them, Red ginseng water extract revealed its effect at very high concentrations, 400 µg/mL [47]. As for PG, each researcher used various solvent; water, hexane, dichloromethane, ethyl acetate, butanol and methanol and the same A549 cells. They confirmed the efficacy of induction of cell apoptosis, autophagy and inhibition of cell proliferation. In the case of CK, the anticancer effect was confirmed through the same A549 cells, and there were two studies using CK encapsulated in micelles. Research about G-Rh2 revealed inhibition of cell proliferation and induction of apoptosis via many different pathways in A439 and H1299 cells. Based on the above studies, PG and its metabolites have mainly shown the ability to cause apoptosis in lung cancer.



In the case of breast cancer, 13 in vitro studies were selected of which one tested a mixture of ginsenoside Rh2 and Rh3, one a mixture of protopanaxadiol, two an extract of red ginseng, two CKs, and five ginsenoside Rh2. In the case of red ginseng extract, the effect showed on high dose and duration of 1, 2 and 5 mg/mL; 48 h or 1 mg/mL; 5 days. Two studies used compound K and the MCF-7 cell line but showed contrary results. Dose and duration of studies were 50 uM; 48 h, but programmed necrosis differed by apoptosis. Further studies are needed to clarify whether CK induces apoptosis and autophagy on MCF-7. In the case of ginsenoside Rh2, the anticancer effect was testified in MCF-7 and MDA-MB-231 cell lines by inducing apoptosis and reversing multi-drug resistance. Studies which used docetaxel-resistant MCF-7 and adriamycin-resistant MCF-7 confirmed the reducing effect of drug resistance.



As for colon cancer, this study identified 11 in vitro studies, which three tested PG root water/ethanol extracts, three tested CKs, and four G-Rh2. One study showed the effect at high concentration of 250 µg/mL, requiring further study [82]. In the case of PG root water extract, the same HT29 cells were used, and the effects were inhibition of the cell cycle, EMT and proliferation, and induction of apoptosis. In the case of CK, the anticancer effect was confirmed through the same HCT 116 cells. In the case of G-Rh2, LoVo cells inhibited cell proliferation, EMT and induced apoptosis and MRD changes. HCT-116 cells showed similar effects by inhibiting metastasis, G1 stage arrest, and inducing apoptosis.



There were four studies about PG and its metabolites against prostate cancer. Only the G-Rh2 metabolite was tested on prostate cancer, and it was effective in inhibition of angiogenesis, proliferation, invasion and induction of apoptosis. However, most of the research was conducted at a high concentration of over 60 μg/mL.



There were two articles about PG and its metabolites against gastric cancer. Enzymatically fortified ginseng extract had efficacies of inhibition of proliferation and induction of apoptosis, the G-Rh2 also had the same efficacies and furthermore it induced cell cycle arrest. Unfortunately, research of PG’s efficacy in gastric cancer has fewer findings compared to other cancers. Of the two articles reviewed, one used a high concentration in the cell experiments, making it difficult for its efficacy to be determined.




4.2. Anti-Cancer Mechanisms of Panax ginseng and Its Metabolites


The anticancer effect of PG has been shown to focus on the major anticancer mechanisms of general natural products reported in previous studies [95], not only that, but also encompassing all of these mechanisms. The effects of PG and its metabolites can be largely seen in three aspects. First, the most reported anti-cancer effects of these drugs appear to be through ‘tumor growth inhibition’. For the five major cancers, there was a common effect, inhibiting cell proliferation and inducing apoptosis when treated with PG extract (PGE), ginsenoside G-Rh2 (G-Rh2), and compound K (CK). They mainly caused intrinsic apoptosis through the regulation of Bcl-2, Bax and activation of Caspase-9. In a few experiments, they exerted apoptosis induction through STAT3, NF-kB, MAPK, and Akt signaling pathways. Moreover, especially for colon cancer, PGE, G-Rh1 and CK induced cell cycle arrest in the G1 phase and so did G-Rh2 for gastric cancer. Next, they exhibited anticancer effects by inhibiting tumor progression. For colon cancer, PGE, G-Rh1 and CK repressed EMT, and so did CK for breast cancer. Additionally, G-Rh2 inhibited angiogenesis in prostate cancer. Tumor epithelial cells acquire stem features in the process of accumulating invasive behavior, which causes clinical difficulties [96]. In other words, EMT occupies a very important position in treatment resistance and cancer recurrence. Since the EMT inhibitory effect of PG is achieved by more than one target, it is expected to be able to respond more complexly and effectively to the heterogeneous properties of cancer. Finally, they showed anticancer effect through MDR (multi-drug resistance) reversal. G-Rh2 involved in reduction of MDR in breast cancer and colon cancer, and CK also showed sensitization of cisplatin. This result strongly supports existing studies that natural products can be effective in diminishing MDR by reducing the drug outflow by binding to the active sites of the membrane transporter [97]. It suggests that ginsenoside metabolites can be used not only as anti-cancer drugs, but as effective MDR modulators. The mechanisms and key factors were elucidated in Figure 3.




4.3. Anti-Cancer Effects of Ginsenoside Rh2


Among the metabolites of PG, G-Rh2 showed anticancer effects in the five major cancers. In particular, G-Rh2 in colorectal cancer showed multifunctional effects such as tumor growth inhibition through cell proliferation, apoptosis, and G1 phase arrest, metastasis suppression through EMT inhibition, and MDR reduction. In this way, G-Rh2 is considered a very potential component. Therefore, it is worth further study to address the limited utilization of G-Rh2 due to its low oral absorption and low bioavailability [98]. To increase bioavailability and improve pharmacological properties, chemical structure modification should be considered. This study indicated that PGE in lung cancer and G-Rh2 in colon cancer caused autophagy. Autophagy is closely related to apoptosis and can cause cell death, however, it promotes survival at low concentration and dies only at high concentrations [92]. Moreover, induction of autophagy process inhibits growth in some cancer cells, however, some cancer cells have been reported to have increased resistance to chemotherapy through induction of autophagy genes [99]. Thus, further studies are needed to utilize this part clinically.




4.4. Anti-Cancer Effects of Compound K


There were contradictory results that CK caused both apoptosis and necrosis in breast cancer. Unlike apoptosis, necrosis occurs when cells cannot tolerate metabolic or therapeutic stress [100]. In both experiments, CK was treated in the same cell line MCF-7 for the same dose and duration, 50 µM for 24 and 48 h. Thus, further experiment is necessary to determine whether CK is toxic enough to cause therapeutic stress, or necrosis occurred due to problems in experimental process that caused the cell to undergo stress other than a control factor, CK.




4.5. Limitations


There are limitations of the experiments reviewed in this study, which should be conducted again to verify the effects. First, although their putative metabolic pathways are suggested, studies that indicated bioavailability of ginsenoside metabolites are hardly known. Compound K, metabolized ginsenoside Rb, is absorbed in the liver and excreted as bile whereas ginsenoside F1 is absorbed into the mesenteric lymphatics [101,102]. Second, most of the anti-cancer effects of ginsenosides metabolites were conducted in vitro and there were few in vivo and only one clinical trial. These results are insufficient to powerfully demonstrate the efficacy of metabolites of ginsenosides. For more active application, further in vivo study and clinical trials are needed. Furthermore, considering the fact that actual anti-cancer treatment generally involves a combination of treatments, combination treatment studies should be conducted. Moreover, there were a few experiments in which drugs were administered at high concentrations. In the case of PGE, particularly, it was tested on colon cancer, and breast cancer at more than 100 μg/mL and as much as 5 mg/mL. G-Rh2 also examined the effects of apoptosis and MDR with high dose administration at 250 μg/mL in LOVO cells. High concentration drug treatment could have toxicity to normal cells as well as cancer cells, thus further experiments should determine whether these effects can be achieved without side-effects. There were only two toxicity tests for normal cell lines when treating ginsenosides. Additional toxicity tests on normal cells are needed to ensure the safety of the drugs by grasping whether they areharmful to the body. This study reviews the effects of the metabolites of ginsenosides; CK, G-Rh1, G-Rh2, G-Rh3 and F1 contained in PG, however, studies on G-Rh1, G-Rh3, and F1 did not exist. Both CK and G-Rh2 are ginsenoside metabolites in the PPD group, thus further experimental studies on ginsenosides metabolites in the PPT group are needed.





5. Conclusions


In this study, the possible anticancer effects of Panax ginseng and its metabolites against the five major cancers were reviewed. Panax ginseng and its metabolites mainly showed anticancer effects against the five major cancers through a wide range of mechanisms, the regulation of apoptosis, EMT (epithelial mesenchymal transition), angiogenesis, cell cycle arrest, and MDR (multidrug resistance). In particular, G-Rh2 showed anticancer effects in all five major carcinomas. These results might help to develop novel anti-cancer drugs that are specific to each cancer. However, most of these results are from in vitro and in vivo experiments. Further clinical trials are needed with PG and its metabolites.
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Figure 1. Schematic diagram of intrinsic and extrinsic apoptosis pathways. TNF, tumor necrosis factor; TRAIL, TNF-related apoptosis-inducing ligand; FADD, Fas-associated death domain; BCL-2, B-cell lymphoma 2; BAX, Bcl-2-associated X protein; BAK, Bcl-2 homologous antagonist killer. 
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Figure 2. Schematic diagram of the pathway of PG and its metabolites. Ginsenosides are deglycosylated to compound K, ginsenoside F1, Rh1 and Rh2 by intestinal bacteria such as Bacteroides, Bifidobacterium, Eubacterium and Fusobacterium. Glc, β-D-glucopyranosyl; Arap, α-L-arabinopyranosyl; Xyl, β-D-xylopyranosyl; Araf, α-L-arabinofuranosyl. 
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Figure 3. Schematic diagram of anti-cancer mechanisms of Panax ginseng and its metabolites. Panax ginseng and its metabolites mainly showed anticancer effects against the five major cancers through a wide range of mechanisms: The regulation of cell proliferation, apoptosis, angiogenesis, EMT (epithelial mesenchymal transition), cell cycle arrest in G1 phase, and MDR (multi-drug resistance). The figure above shows which substances follow each mechanism. Additionally, in relation to each mechanism, if there was a common factor confirmed to be regulated by each substance, it was indicated under and above the gray box. Bcl-2, B-cell lymphoma 2; CDK, cyclin-dependent kinases; CK, compound K; CNNM, cyclin and CBS domain divalent metal cation transport mediator; EMT, epithelial mesenchymal transition; ERK, extracellular-signal-regulated kinase; G-Rh, ginsenoside Rh; IL, interleukin; MAPK, mitogen-activated protein kinase; MCP, monocyte chemoattractant protein; MDR, multidrug resistance; MMP, matrix metalloproteinase; NF-κB, nuclear factor kappa B; p-ASK1, phosphorylated apoptosis signal-regulating kinase; PGE, panax ginseng extract; TRAF2, tumor necrosis factor receptor associated factor. 
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Table 1. Panax ginseng and its metabolites against lung cancer.
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	Compound/Extract
	Cell Line/Animal Model
	Dose; Duration
	Efficacy
	Mechanism
	Reference





	In vitro
	
	
	
	
	



	Korean Red Ginseng Extract
	A549, H1264, H1299, Calu-6
	400 μg/mL; 48 h
	Induction of cancer cell apoptosis
	↑ AIF
	[47]



	Modified Red Ginseng Extract
	A549
	100 μg/mL; 25, 50, 72 h
	Inhibition of cancer cell growth

Induction of autophagy
	↑ LC3, Beclin-1, ATG5, p-Akt

↓ mTOR, 4EBP1
	[48]



	Modified Red Ginseng Extract
	A549
	25, 50 μg/mL; 24 h
	Induction of cancer cell apoptosis
	↑ Bax, Caspase-3

↓ Bcl-2, PARP, p-ERK, Caveolin-1, FAK1, FN
	[49]



	Butanol-extracted Mountain Ginseng
	A549, NCI-H358, NCI-H596
	0.08, 0.4, 2, 10 mg/mL; 48 h
	Induction of cancer cell apoptosis

Inhibition of cancer cell proliferation
	↑ Caspase-3, Caspase-8
	[50]



	CK
	H1299, H460, A549
	20 µM; 18, 24, 72 h
	Sensitization of cisplatin
	↑ p53, p21
	[52]



	CK, CK-M
	A549
	12.15 µg/mL; 24 h
	Induction of apoptosis

Inhibition of tumor growth
	↑ Caspase-9, Caspase-3, PARP
	[53]



	CK, CK-M
	A549, PC-9
	20 µg/mL; 24 h
	Induction of apoptosis

Inhibition of tumor cell invasion, metastasis, and efflux
	↑ Bax, Bcl-2, MMP-2, Caspase-3, p-glycoprotein
	[54]



	G-Rh2
	A549, H1299
	60, 100 μM; 24 h
	Induction of macrophage differentiation

Prevention of cancer cell migration
	↓ VEFG-C, MMP2, MMP9
	[55]



	G-Rh2
	H1229
	10, 20, 30, 40, 50 μM/L; 24 h
	Inhibition of cancer proliferation

Induction of ROS meditated ER stress dependent apoptosis
	↑ ATF4, CHOP, Caspase-4
	[56]



	pseudo-G-Rh2
	A549
	24, 48, 96 μM; 24 h
	Inhibition of cell proliferation

Induction of mitochondria-associated apoptosis

Induction of ROS production
	↑ mitochondrial cytochrome c, Caspase-9, Bax, PARP, p-Raf, Ras, p53

↓ Bcl-2
	[57]



	In vivo
	
	
	
	
	



	G-Rh2
	C57BL/6 mice

(n = 14)
	40 mg/kg/day;

21 days
	Induction of macrophage differentiation

Prevention of cancer cell migration

Reduction of tumor size
	↓ VEGF-C, CD206
	[55]



	G-Rh2
	BALB/c nu/nu nude mice

(n = 10)
	20 mg/kg/day,

40 days
	Reduction of tumor volume
	↑ ATF4, CHOP, Caspase-4
	[56]



	Clinical trial
	
	
	
	
	



	Fermented Red Ginseng Extract
	Non-small cell lung cancer patients
	3000 mg; 60 days
	Improvement of FSI score, CM symptom score, psychological and physical

conditions, QOL

Inhibition of chemotherapy

toxicity
	
	[51]







AIF, apoptosis-inducing factor; LC3, light chain 3; ATG5, autophagy related 5; p-Akt, phospho-protein kinase B; mTOR, mammalian target of rapamycin; 4EBP1, 4E-binding protein 1; Bax, BCL2-associated X protein; Bcl-2, B-cell lymphoma 2; PARP, poly ADP ribose polymerase; p-ERK, phospho-extracellular-signal-regulated kinase; FAK1, focal adhesion kinase 1; FN, fibronectin; KG-135, formulation of ginsenoside Rk1, Rg3, Rg5; FOXO3, forkhead box O3; FasL, fas ligand; CK, compound K; CK-M, compound K-loaded mixed micelles; p53, tumor protein 53; p21, tumor protein 21; MMP-2, matrix metalloproteinase-2; G-Rh2, ginsenoside-Rh2; VEFG-C, vascular endothelial growth factor C; MMP9, matrix metalloproteinase-9; ATF4, activating transcription factor 4; CHOP, CCAAT/enhancer-binding protein homologous protein; pseudo-G-Rh2, pseudo-ginsenoside-Rh2.
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Table 2. Panax ginseng and its metabolites against breast cancer.






Table 2. Panax ginseng and its metabolites against breast cancer.













	Compound/Extract
	Cell Line/Animal Model
	Dose; Duration
	Efficacy
	Mechanism
	Reference





	In vitro
	
	
	
	
	



	G-Rh2-MIX
	MDA-MB-231
	12.5, 25, 50, 100 µM; 24 h
	Inhibition of growth of cancer cells
	
	[58]



	Protopanaxadiol
	MDA-MB-231
	2.5 µM; 24 h
	Induction of apoptosis
	↑ c-Caspase-8, -3, c-PARP

↓ BID
	[59]



	Fermented-red ginseng water extract
	MCF-7
	0.5, 1, 2, 5 mg/mL; 48 h
	Inhibition of proliferation and viability
	
	[61]



	Red ginseng extract,

G-Rg3
	MCF-7, MDA-MB-231,
	1 mg/mL; 5 days

25 µM; 5 days
	Suppression of manifestation

Inhibition of self-renewal
	↓ HIF-1 α, p-Akt, Sox-2, Bmi-1,
	[62]



	CK
	MCF-7
	10, 30, 50, 70 µM; 24, 48 h
	Induction of programmed necrosis
	↑ GSK3β

↓ β–catenin, cyclin D1
	[63]



	CK
	MCF-7
	50 µM; 24, 48, 72, 96 h
	Inhibition of proliferation and EMT

Induction of apoptosis
	↑ C-cadherin

↓ N-cadherin, vimentin, FN, p-Akt
	[64]



	G-Rh2
	MCF-7
	20, 50 µM; 24 h
	Induction of apoptosis
	↑ CLINT, ST3GAL4, C1orf198

↓ Caspase-1, INSL5, OR52A1
	[65]



	G-Rh2
	MDA-MB-231
	20 µg/mL; 48 h
	Amelioration of doxorubicin-induced SASP
	↓ p-MEK1, p-p38MAPK, p-Stat3, p-NF-κB p65, IL-6, -8, MCP-1, CXCL1
	[66]



	G-Rh2
	MCF-7

MCF-7/ADM
	(1) 0.625, 1.25, 5, 10, 20, 40, 80 μmol/L; 24, 48, 72 h

(2) 5, 10, 20, 40 μmol/L; 72 h
	(1) Induction of apoptosis

(2) Reversal of MDR
	(1) ↑ c-Caspase-3
	[67]



	G-Rh2
	MCF-7

MDA-MB-231
	30, 35, 40, 45, 50, 55, 60, 70 µM; 72 h
	Inhibition of proliferation, invasion
	↑ p-p53, p-p38, p-ASK1

↓ TRAF2
	[68]



	G-Rh2
	MCF-7,

MCF-7/Doc MCF-7/Adr
	10, 20, 40, 60, 80, 100 μM; 24 h
	Reduction of drug resistance
	↑ miR-29a, -222, Bax

↓ miR-34a
	[69]







G-Rh2-MIX, ginsenoside Rh2 mix comprised of 20(S)-Rh2, 20(R)-Rh2 and Rh3 as a 10-g unit; PPD, protopanaxadiol; c-Caspase-8, cleavage-Caspase-8; c-PARP, cleaved poly adenosine diphosphate-ribose; BID, BH3 interacting domain death agonist; RGE, red ginseng extract; G-Rg3, ginsenoside Rg3; HIF-1 α, hypoxia inducible factor-1 α; p-Akt, phosphorylated Akt; Sox-2, SRY-box transcription factor 2; Bmi-1, B cell-specific Moloney murine leukemia virus integration site 1; CK, compound K; p-GSK3β, phospho-glycogen synthase kinase 3 β; EMT, epithelial mesenchymal transition; FN, fibronectin; G-Rh2, ginsenoside Rh2; CLINT, clathrin interactor 1; ST3GAL4, ST3 beta-galactoside Alpha-2,3-Sialyltransferase 4; C1orf198, chromosome 1 open reading frame 198; INSL5, insulin like 5; OR52A1, olfactory receptor family 52 subfamily A member 1; SASP, senescence associated secretory phenotype; p-MEK1, phosphor mitogen activated protein kinase kinase 1; p-p38MAPK, phosphor-p38 mitogen-activated protein kinase; p-Stat3, phosphorylated signal transducer and activator of transcription 3; p-NF-κB p65, phosphorylated nuclear factor kappa-light-chain-enhancer of activated B cells p 65; IL-6, interleukin-6; IL-8, interleukin-8; MCF-7/ADM, Adriamycin-resistant human mammary carcinoma; MDR, multidrug resistance; p-p53, phosphorylated p53; p-p38, phosphorylated p38; p-ASK1, phosphorylated apoptosis signal-regulating kinase; TRAF2, tumor necrosis factor receptor associated factor; MCF-7/Doc, docetaxel-resistant MCF-7 cells; MCF-7/Adr, Adriamycin-resistant MCF-7 cells; miR, microRNA.
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Table 3. Panax ginseng and its metabolites against colon cancer.
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	Compound/Extract
	Cell Line/Animal Model
	Dose; Duration
	Efficacy
	Mechanism
	Reference





	In vitro
	
	
	
	
	



	Panax Ginseng root water extract
	HCT116, HT29
	1, 2 mg/mL; 24, 72 h
	Repression of hypoxia-induced EMT
	↓ NF-κB, ERK1/2, Snail, Slug, Twist, αVβ6 integrin, E-cadherin
	[71]



	Panax Ginseng root water extract
	HT29
	50, 100, 200 µg/mL; 24, 48, 72 h
	Inhibition of cell proliferation, Induction of cell cycle arrest and cell apoptosis
	↑ BAX, CDNK2B, Caspase-8, -3, TP53, Bax, p21WAF1, p27Kip1, c-Myc, p15INK4b, p53

↓ CDK2, CDK4, CDK6, TOP1, MYC, MDM2, CCND1, Cdk2, CDK4
	[72]



	Panax Ginseng root ethanol extract
	CT26
	0.5, 1 mg/mL; 24 h
	Inhibition of EMT process

Induction of apoptosis and cell

cycle arrest
	↓ E-cadherin, N-cadherin, Vimentin, Snail, MMP-2, MMP-9
	[73]



	CK
	HCT116, HT29
	(1) 40, 50, 60, 70 µM; 48 h

(2) 40, 60, 80 µM; 6, 12 h
	(1) Arrest in the G1 phase,

Induction of cell apoptosis,

(2) Inhibition of inflammation
	(1) ↑ p21, p53, Bax

↓ CDK6, cyclin E, Bcl2

(2) ↓ IL-8
	[74]



	CK
	HCT116
	40 μM; 24, 48, 72 h
	Proteolytic cleavage of PARP

Release of cytochrome c

Induction of Caspase-dependent apoptosis
	↑ Caspase-3, -9, Bcl-2, p-p38 MAPK

↓ p-ERK 1/2, p-Akt, NF-κB p50, NF-κB p65, p-BAD
	[76]



	CK
	HCT116, HT29
	25, 50 μM; 48 h
	Induction of TRAIL-induced apoptosis
	↑ c-Caspase-8, -9, -3, Bax, tBid, cytochrome c, DR5, CHOP

↓ Mcl-1, Bcl-2, XIAP, cFLIP
	[77]



	G-Rh2
	LoVo, LoVo/L-OHP
	250 µg/mL; 24 h
	Inhibition of cell proliferation.

Promotion of apoptosis and changes in drug resistance genes
	↑ Smad4, Bax, Caspase-3.

↓ p-gp, Bcl-2
	[82]



	G-Rh2
	HCT8, LoVo
	5, 10, 20 μM; 24 h
	Inhibition of migration and EMT process, proliferation.

promotion of apoptosis
	↑ c-Caspase-3, p-IκB, MRP1, MDR1, LRP, GST

↓ cyclin D1, CDK2, p-Rb, Bcl-2
	[81]



	G-Rh2
	HCT116
	5, 15, 25, 50 μM; 3,6,12 h
	Inhibition of cancer cell proliferation
	↑ p-EKR2, p-Histone H3, p- ERK1/2, p-p90RSK
	[78]



	20(S)-

G- Rh2
	HCT116, SW620
	1, 3, 5, 7, 10 μM; 0.5, 1, 3 h
	Suppression of cancer invasion and tumor metastasis
	↓ pY-STAT3, p-JAK2, MMP-1, MMP-2, MMP-9
	[80]



	G- Rh2
	HCT116
	12.5 μM; 24 h
	Arrest in the G1 phase

Promotion of apoptosis

Induction of ROS depletion and autophagy
	↑ Bax/Bcl2, Caspase-3
	[79]







EMT, epithelial mesenchymal transition; NF-κB, nuclear factor kappa B; ERK, extracellular-signal-regulated kinase; BAX, BCL2 Associated X; TP53, Tumour protein p53; CDK, Cyclin-dependent kinases; TOP1, DNA topoisomerases 1; MDM2, Mouse double minute 2 homolog; CCND1, Cyclin D1; MMP, Matrix metallopeptidases; CK, compound K; IL-8, Interleukin-8; MAPK, mitogen-activated protein kinase; p-BAD, phosphor-Bcl-2-antagonist of cell death protein; tBid, truncated Bid; DR5, Death receptor 5; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; XIAP, X-linked inhibitor of apoptosis protein; TRAIL, TNF-related apoptosis-inducing ligand; cFLIP, cellular FLICE-like inhibitory protein; G-Rh2, Ginsenoside Rh2; MRP1, Multidrug resistance-associated protein 1; MDR1, multidrug resistance mutation 1; STAT3, Signal transducer and activator of transcription 3; p-JAK2, phospho-Janus kinase 2; ROS, reactive oxygen species.
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Table 4. Panax ginseng and its metabolites against prostate cancer.
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	Compound/Extract
	Cell Line/Animal Model
	Dose; Duration
	Efficacy
	Mechanism
	Reference





	In vitro
	
	
	
	
	



	G-Rh2
	PC3, DU145
	0.01, 0.1, 1 mg/mL; 24, 48, 96 h
	Inhibition of proliferation
	↓ CDKN1A
	[83]



	G-Rh2
	PC3, DU145
	0.05, 0.075, 0.1 mM; 24 h
	Induction of apoptosis
	↑ PPAR- δ

↓ p-STAT3
	[84]



	In vivo
	
	
	
	
	



	G-Rh2
	LNCaP, PC3, DU145/nude mice
	0, 100, 500, 1000, 5000, 10,000 mg/kg; 32 days
	Inhibition of angiogenesis
	↓ CNNM1
	[85]



	G-Rh2
	(1) nude mice

(2) PC3
	(1) 1 mg/kg; 4 weeks

(2) 0.1 mg/mL; 2, 4, 7 days
	Inhibition of proliferation and invasion
	↑ TGFβ receptor, p-SMAD2, CyclinD1, CyclinB1, MMP2, MMP9

↓ p27
	[86]







G-Rh2, ginsenoside Rh2; CDKN1A, cyclin dependent kinase inhibitor 1A; PPAR- δ, peroxisome proliferator-activated receptor delta; p-STAT3, phospho-signal transducer and activator of transcription 3; CNNM1, cyclin and CBS domain divalent metal cation transport mediator 1; TGFβ, transforming growth factor beta; p-SMAD2, phospho-mothers against decapentaplegic homolog 2; MMP2, matrix metalloproteinase 2; MMP9, matrix metalloproteinase 9.
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Table 5. Panax ginseng and its metabolites against gastric cancer.
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	Compound/Extract
	Cell Line/Animal Model
	Dose; Duration
	Efficacy
	Mechanism
	Reference





	In vitro
	
	
	
	
	



	Enzymatically fortified ginseng extract (FGX)
	KATO3
	31.25, 62.5, 125 μg/mL; 24 h
	Inhibition of proliferation

Induction of apoptosis
	↑ Bax, IκBα

↓ p-mTOR, p-PKB
	[87]



	G-Rh2
	SGC-7901
	5, 10, 20 μg/mL; 24, 48 h
	Inhibition of proliferation

Induction of cell cycle arrest and apoptosis
	↑ Bax

↓ Bcl-2
	[88]







Bax, Bcl-2-associated X protein; IκBα, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha; mTOR, mammalian target of rapamycin; PKB, protein kinase B; G-Rh2, ginsenoside Rh2; Bcl-2, B-cell lymphoma 2.
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