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Abstract: Liver cancer is a common malignancy of the digestive system. The microenvironment of liver 
cancer is an important factor affecting tumor recurrence and metastasis. Traditional Chinese medicine 
believes that the etiology of liver cancer is complex, the types of symptoms are variable, and there are 
many treatments. Traditional Chinese medicine compounds, single drugs, etc. can affect the 
microenvironment of liver cancer by regulating signaling pathways and cell proliferation. This article 
aims to review the impact of traditional Chinese medicine on the microenvironment of liver cancer. 
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1. Introduction 

The onset of liver cancer is relatively hidden, lacks specific markers in the early stage, has rapid 
progression, easy metastasis, low radical resection rate and high recurrence rate [1]. Therefore, it is 
urgent to find a drug with high safety, small side effects and good efficacy for the treatment of liver 
cancer. Studies in recent years have shown that the onset and progression of liver cancer depends on its 
tumor micro-environment TME [2]. The biological characteristics of the microenvironment such as gene 
expression, immune type, and neovascularization of liver cancer and pericancerous tissues are closely 
related to the occurrence, development and clinical efficacy of liver cancer. Liver cancer belongs to the 
categories of "fistula", "accumulation", "rib pain" and "jaundice" in traditional Chinese medicine, and 
successive generations of scholars believe that the invasion of tumors is "evil qi", and the patient's own 
confrontation is "right qi". In the treatment of tumors and the regulation of tumor microenvironment, 
traditional Chinese medicine plays a significant role in regulating the microenvironment of liver cancer 
disorder, inhibiting the growth and metastasis of tumor "evil qi", etc., and provides ideas for the 
prevention and treatment of liver cancer in clinical Chinese medicine [3]. 

2. Modern medicine's understanding of the microenvironment of liver cancer 

Studies have found that cancer growth and metastasis occur as a result of destruction between 
cancer cells and TME. The liver cancer microenvironment mainly includes stromal cells and 
non-stromal cells. Stromal cell components include: tumor-associated immune cells, hepatic stellate 
cells, tumor-associated fibroblasts, tumor-associated endothelial cells, etc. Non-cellular components 
include: extracellular matrix, cytokines, etc. The microenvironment of liver cancer is an important 
material basis for tumor survival and development, which provides conditions for tumor occurrence, 
development, invasion and metastasis [4]. 

2.1 Immune cells  

HCC immune cells are considered key players in the microenvironment [5]. Tumor-infiltrating 
lymphocytes (TILs) and peripheral blood lymphocytes (PBLs) are the two main components of the 
immune microenvironment associated with liver cancer [6]. They mainly include cytotoxic T cells 
(CTL), regulatory T cells (Treg), natural killer (NK) cells, macrophages (TAM), etc. [7]. Among them, 
the balance of CTL and Treg is an important factor in the liver cancer microenvironment. If there is an 
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imbalance in the microenvironment such as metabolism, hypoxia, and lactic acid accumulation in the 
liver cancer microenvironment, it will lead to the dysfunction of CTL and Treg, which in turn will 
affect the recurrence and metastasis of liver cancer. Studies have found that nerve cells-epidermal 
growth factor receptors (EGFRs) in treg stimulate Treg differentiation and inhibit CTL activity in 
patient and xenograft mouse models, thereby promoting the growth of liver cancer [8]. Studies have 
found that the T-cell subsets CD4, CD8, and CD25 are considered to be the main causes of inhibition of 
T-cell immunity and therapy [9]. NK cells are cytotoxic cells with anti-tumor functions. Intrahepatic NK 
cells play a central role in the innate immune response to liver pathogens and tumors, and they can 
directly recognize and kill cancer cells, which is closely related to the poor prognosis of liver cancer 
[10-11]. Studies have shown that the expression of TREM-1, a surface receptor for pro-inflammatory 
bone marrow cells in Kuno cells (KCs), is a key factor in the development and progression of liver 
cancer. Cancer cell stimulation can directly increase the expression of TREM-1 on KCs, which in turn 
promotes the activation of KCs and the progression of liver cancer [12]. TAMs have been found to be 
induced into two different polarization phenotypes: M1 and M2 [13]. There is a balance between M1 and 
M2 KC in a healthy liver with opposite functions. In liver cancer, KCs undergo a phenotypic transition 
from M1 to M2, promote cancer growth by inhibiting the adaptive immune system, and promote the 
recruitment of CD8 T cells and prevent liver cancer development by driving the M1 polarization of 
KCs. In addition, M2 macrophages also play a dominant role in tumor-associated macrophages (TAMs), 
forming a tumor immunosuppressive microenvironment and promoting tumor growth, invasion, and 
metastasis [14]. 

2.2 Fibroblasts 

In TME, tumor-associated fibroblasts (CAFs) have been shown to play multiple roles in tumor 
development. They can alter the microenvironment by secreting inflammatory ligands, growth factors, 
and extracellular matrix proteins, among others, to promote cancer cell proliferation, therapeutic 
resistance, and immune rejection [15]. CAFs can activate and secrete a variety of cytokines such as 
CCL2, CCL5, CCL7 and CXCL16 and matrix metalloproteinase (MMP) to promote liver cancer 
metastasis through relevant signaling pathways in hepatoma cells [16]. Transforming growth factor-β β 
(TGF-β) is highly expressed in TGF-β in cancer, which can change the phenotype of normal CAFs 
[17-18]. TGF-β signaling inhibits IL-1 receptor 1 (IL-1R1) expression, and IL-1-induced signaling 
cascade that activates JAK/STAT promotes the production of inflammatory CAFs [19]. In turn, it affects 
the further development of liver cancer. 

2.3 Tumor-associated endothelial cells 

Tumor-associated endothelial cells (TECs) are the key to tumor neovascularization and tumor 
progression, TECs are mainly derived from vascular endothelial differentiation and proliferation, and 
angiogenic factors stimulate the differentiation of vascular endothelial growth factor (VEGF) into 
endothelial cells (ECs), and obtain new cell phenotypes in specific tumor microenvironments and 
transform into endothelial cells [20]. In hepatoma cells, activation of oncogenes and mutations in tumor 
suppressor genes lead to upregulation of VEGF. VEGF activates ECs through paracrine signaling, 
stimulates cell migration and cell proliferation, thereby inducing angiogenesis and enhancing vascular 
permeability [21]. While angiogenesis is essential for the formation, development and metastasis of liver 
cancer, eEF2K (eExtension factor 2 kinase) stimulates PI3K/Akt and STAT3 signaling through 
SP1/KLF5-mediated VEGF expression, promoting tumor vascular generation and tumor progression 
[22]. TECs have the effect of promoting tumor angiogenesis and regulating cytotoxic T cells in the tumor 
microenvironment, and studies have found that TECs may promote the escape of liver cancer cells 
from immune surveillance through the glycoprotein non-metastatic melanoma protein GPNMB [23]. 
Thus, inhibition of tumor vascularization is a strategy to control tumor progression and proliferation 
and reduce recurrence [24]. 

2.4 Hepatic stellate cell microenvironment 

Hepatic stellate cells (HSCs) are resident perisinus cells in the liver, and activated HSCs can 
promote apoptosis of effector T cells and NK cells, causing damage to tumor immunity [25]. Bone 
morphogenetic protein (BMP), another member of the TGF-β superfamily, can significantly promote 
the invasion and stemness of hepatoma cells by increasing differentiation inhibitor 1 (ID1) expression 
and inducing an imbalance of the TGF-β1/BMP-7 pathway in hepatoma cells [26]. In HSCs, TGF-β 
activates Smad2/3, stimulates the synthesis of ECM proteins such as collagen types I and II and inhibits 
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their degradation. TGF-β promotes the further development of HSC-activated myofibroblasts and liver 
fibrosis through various mechanisms. Therefore, inhibition of TGF-β synthesis or overexpression 
contributes to the development of liver cancer [27]. 

2.5 Extracellular stromal cells 

The extracellular matrix (ECM) is an important component of the noncellular component of liver 
cancer, and it is a complex combination of core proteins (e.g., collagen, fibronectin) and glycoproteins 
(e.g., heparan sulfate proteoglycans, chondroitin sulfate proteoglycans) and other related molecules 
(e.g., growth factors, cell adhesion molecules, and cytokines) [28]. The complex molecular biochemical 
properties in ECM regulate apoptosis, differentiation, proliferation, etc. of cells through continuous 
tissue construction and interaction to maintain homeostasis in the microenvironment. ECM homeostasis 
disorder is considered to be a major factor in the development of liver cancer. For example, excessive 
deposition of ECM can lead to the further development of liver fibrosis to liver cancer. Among them, 
collagen and metalloproteinases play an important role in the extracellular matrix liver cancer 
microenvironment. 

3. Traditional medicine's understanding of the liver cancer microenvironment 

For liver cancer in the "Yellow Emperor's Internal Canon", it is mostly believed that it is a balance 
imbalance of the qi, blood, jin and fluid microenvironment in the body, and the formation of tangible 
things such as weakness, blood stasis, and phlegm. For the occurrence of liver cancer, successive 
generations of scholars have discussed, such as "Anger and depression, accumulation day and night, 
temper obstruction, liver qi accumulation, then into a hidden nucleus", indicating that emotional 
depression is not comfortable, accumulation over time, will make the liver lose in drainage and lead to 
liver cancer. Just as the "Outline of Jin Kuang" "See the disease of the liver, know the liver and pass on 
the spleen", the qi of the liver wood is too much or not enough, which will affect the imbalance of the 
microenvironment between the liver and spleen, resulting in the same disease of the liver and spleen [29]. 
Traditional Chinese medicine believes that "positive qi exists inside, evil cannot be done", "where evil 
is made, its qi must be empty", and the development of liver cancer is due to "deficiency of healthy qi", 
"excessive evil qi", and "good cannot defeat evil", resulting in pathological states such as qi deficiency, 
blood stasis, phlegm coagulation, etc. The environment of qi stagnation, blood stasis, phlegm 
coagulation and other environments formed by the "evil qi" of liver cancer is consistent with the TME 
of modern medicine. For example, the microenvironment states such as VEGF, cancer cell proliferation, 
hypoxia, and hypercoagulability in the microenvironment of liver cancer are similar to those of 
traditional Chinese medicine, such as qi stagnation, blood stasis, and sputum turbidity. Based on these 
understandings, the liver cancer microenvironment can also be dialectical in traditional Chinese 
medicine, such as KCs pro-inflammatory bone marrow cell surface receptors TREM-1, EGFR, VEGF, 
M2 macrophages, TGF-β and other "evil qi" that promote the occurrence and development of liver 
cancer, and the "evil qi" that promotes the occurrence and development of liver cancer is similar to the 
"phlegm", "blood stasis" and "qi stagnation" mentioned by traditional Chinese medicine. And IL-2 
(interleukin-2) and IgG (immunoglobulin G), NK cells, etc. inhibit tumor development and resist the 
invasion and development of diseases are considered "healthy qi". Therefore, modern research on liver 
cancer in Western medicine is combined with dialectical treatment in traditional Chinese medicine for 
systematic treatment. 

4. Research on the regulation of liver cancer microenvironment by traditional Chinese medicine 

4.1 Attack the drug 

For example, in "Jin Kui Phlegm Drinking Cough Disease", "the patient's pulse is dormant, his 
people want self-interest, profit is fast, although it is profitable, the heart continues to be full, this is to 
stay and drink and want to go, and Gansui Banxia soup is the master", expounding that water-seeking 
expectorant, and medium dehumidification Fang Gansui Banxia soup has the dual role of inhibiting 
cancerous ascites, inhibiting the STAT3/AKT/ERK signaling pathway in MDSCs, and playing a dual 
role in inhibiting the development of liver cancer and regulating immunity [30]. It has also been shown 
that gansui root extract has a significant inhibitory effect on the growth of BEL-7402 cells in human 
epithelioid liver cancer [31]. Euphorbia factor L2 inhibits TGF-β-induced hepatocyte growth and 
migration of hepatocellular carcinoma via AKT/STAT3 [32]. Rhubarb extract can also inhibit the activity 
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of hepatoma cells by activating the p38MAPK signaling pathway [33]. The active ingredient of Morning 
Glory has also been shown to be able to intervene in various signaling pathways such as toll-like 
receptors to achieve inhibitory effects on the growth of liver cancer [34]. Therefore, all the fierce or 
slowing down medicine can achieve "covering the poisonous medicine, can gush up and down, and can 
seize the general trend of disease."  

4.2 Qi and spleen medicine 

"See the disease of the liver, know the liver to the spleen, and first realize the spleen", it can be seen 
that the method of strengthening the spleen should be implemented into the treatment of liver cancer. 
For example, Yiqi solid surface jade screen dispersion weakens the activation of the TSLP-STAT3 
signaling pathway by inhibiting the immunocorrelation factor TSLP [35]. Peiyuan Anti-Cancer 
Decoction inhibits the proliferation of H22 cell liver cancer and induces apoptosis in vitro by regulating 
CAFs in the tumor microenvironment [36]. Spleen Detoxification Decoction can effectively regulate the 
serum levels of MMP-2, MMP-9, VEGF and IL-2 in patients, improve their quality of life and the 
occurrence of adverse reactions [37]. Thus inhibiting the formation of liver microvessels and exerting 
anti-liver cancer effects. The traditional Chinese medicine licorice and its main components 
glycyrrhizic acid and 18β-glycyrrhetinic acid (18b-GA) activate FXR (bile acid receptor) by Sirt1 for 
liver protection, and can also reduce the adverse reactions of anticancer drugs used to treat liver cancer 
[38]. The traditional Chinese medicine compound Songyou Drink (SYY astragalus, danshen, goji berry, 
turtle nail, hawthorn) can inhibit tumor growth through Treg immunomodulation [39]. And it can inhibit 
the development of liver cancer by affecting the activation of hepatic stellate cells. Remodeling the 
microenvironment of liver cancer to achieve the purpose of treating liver cancer. 

4.3 Blood circulation and stasis removal drugs 

For example, in the treatment of liver cancer in situ in mice treated by rhubarb stinging pills, it was 
found that after treatment, the secretion of Th1 cells and IFN-γ in peripheral blood and spleen increased, 
which in turn activated CD8 T cells, inhibited the production of Treg cells, and enhanced the 
mechanism of anti-tumor immunity, thereby inhibiting the growth of liver cancer [40]. The traditional 
Chinese medicine frankincense and myrrh are targeted for the treatment of tumor blood vessels, and 
exert anti-liver cancer effects through the EGFR-activated PI3K/Akt and MAPK signaling pathways [41]. 
Peach kernels can also improve intrahepatic microcirculation and inhibit the development of liver 
fibrosis to liver cancer. Resveratrol treatment inhibits CAF-CM-induced expression of MMP-2 and 
MMP-9, thereby inhibiting tumor development [42]. Traditional Chinese medicine wormwood extract 
can reduce the content of collagen and TIMP-1, and reduce the excessive deposition of collagen 
substances in the liver. It also had a positive effect on the activation of extracellular matrix and hepatic 
stellate cells in rats with liver fibrosis. In the treatment of blood circulation and stasis, dissipation and 
swelling, the tumor microenvironment can be changed by "driving away evil spirits". For example, 
through drug treatment to change the activation of liver stellate cells, inhibit immune cells Treg, 
MDSCs, etc., inhibit the production of tumor neovascularization and the change of cell signaling 
pathway to improve the liver cancer microenvironment, so as to achieve the role of treating tumors. 

5. Conclusions 

The occurrence of liver cancer is the result of a combination of a variety of complex factors, its 
pathogenesis is complex, positive and false, false and real, virtual and real are mixed, so in the 
treatment, we should pay attention to attacking evil cannot hurt the right, make up for the deficiency 
cannot leave the evil Chinese medicine clinical application should be used flexibly, or attack and 
supplement, or eliminate and use together, in order to achieve the method of dialectical treatment to 
change the state of TME, reshape TME, and prevent the recurrence and metastasis of liver cancer. 

Traditional Chinese medicine has shown great advantages in the treatment of liver cancer, and the 
use of traditional Chinese medicine compounds, single drugs, active ingredients, etc. on the liver cancer 
microenvironment multi-target and synergistic intervention effect has been recognized, including the 
upregulation of immunostimulating factors and the downregulation of immunosuppressive factors, 
inhibition of tumor neovascularization, regulation of signaling pathways, etc,so that the liver cancer 
microenvironment changes, reduce side reactions, so as to achieve the purpose of treating liver cancer, 
and provide certain ideas and insights for the clinical treatment of liver cancer by traditional Chinese 
medicine. However, the pathogenesis of liver cancer is more complex, and its research lacks systematic, 
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multi-target, multi-sample clinical research, which has certain limitations and feasibility. Moreover, the 
chemical composition of TCMs is complex, and it is difficult to explain which drugs and which 
components have an impact on the microenvironment of liver cancer when playing a role in clinical 
practice, so there is more room for innovation in the future research on the regulation of the 
microenvironment of TCMs in the treatment of liver cancer, and provide more ideas for clinical 
treatment of liver cancer. 
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