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Abstract: The microenvironment in which tumor cells thrive constitutes a complex and dynamic system closely inter-
twined with tumors’ occurrence, progression, metastasis, and drug resistance. As research in Traditional Chinese
Medicine (TCM) for anticancer purposes advances, the holistic and multi-target regulatory principles of TCM have
been proven highly suitable for modulating the tumor microenvironment (TME). Targeted therapy focusing on TME
is poised to become a key area in future research on TCM’s anticancer properties. This article provides an overview
of TME characteristics and the current status of TCM’s regulation of TME, offering insights into the application of

TCM in anticancer research.
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Introduction

The tumor microenvironment (TME) represents
a bidirectional growth environment where tu-
mor cells interact with the host, encompass-
ing various cellular components (tumor cells,
immune cells, fibroblasts, lymphocytes, inflam-
matory cells, endothelial cells, etc.) and non-
cellular components (extracellular matrix, tu-
mor vascular system, cytokines, chemokines,
signaling factors, hormones, etc.) [1]. The con-
tinuous close interactions between tumor cells
and the surrounding TME components promote
tumor growth, survival, and metastasis [2].
Alterations in the TME lead to genetic muta-
tions in cells, constituting a significant cause of
tumor development. Therapeutic interventions
targeting the TME have emerged as one of the
most prominent research areas in oncology in
recent years. The unique holistic perspective
of Traditional Chinese Medicine (TCM) aligns
with the concept of TME, resulting in numerous
research achievements in improving the TME
through various single Chinese herbal medi-

cines, complex active ingredients, and modula-
tion of signaling pathways. Based on the char-
acteristics of TME and principles of TCM, this
article summarizes and analyzes the current
status of the regulation of TME by active ingre-
dients in Chinese herbal medicine and related
signaling pathways, aiming to provide insights
and references for future TCM strategies in pre-
venting and treating tumors by intervening in
the TME.

Overview of TME characteristics
Inflammatory microenvironment

“Inflammation” stands as one of the core fea-
tures of the TME, where persistent chronic
inflammatory stimuli lead to the accumulation
of numerous inflammatory cells, cytokines, che-
mokines, and other factors at the local site,
fostering an inflammatory microenvironment
conducive to the survival of tumor cells [3].
Prolonged infiltration of tissue cells into the
inflammatory microenvironment disrupts the
stability of the cell genome, potentially causing
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Figure 1. Tumor immune microenvironment. Note: TAM, tumor-associated
macrophage; TGFB, transforming growth factor-B; DC, dendritic cell; MDSC,
marrow-derived suppressor cell; NK, natural killer cell; Treg, tumor-associ-
ated neutrophils, regulatory T cell; CCL28, CC chemokine ligand 28; Th2,
T-helper type 2; TAN, tumor associated neutrophil; NKT2, natural killer T 2.

irreversible mutations, thereby shifting inflam-
mation towards an uncontrollable state and
promoting the “inflammation-cancer” transfor-
mation [4]. Long-term inflammatory stimuli can
promote tumor development, while tumors can
also induce secondary inflammatory respons-
es, forming a tumor-inflammatory microenvi-
ronment that facilitates tumor cell proliferation
and contributes to generating an immunosup-
pressive microenvironment [5].

Immune microenvironment

The tumor immune microenvironment compris-
es both anti-tumor immune effector cells and
molecules, as well as immune-suppressive
cells and molecules, with its core characteri-
stic being immune suppression. The TME is
infiltrated by a plethora of bone marrow-de-
rived suppressor cells (MDSCs), tumor-associ-
ated macrophages (TAMs), tumor-associated
neutrophils, regulatory T cells (Tregs), mast
cells (MCs), and inflammatory dendritic cells
(DCs), among others, which promote tumor
growth and development. These tumor-associ-
ated immune cells constitute the primary cel-
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lular components of the tu-
mor immune suppressive mi-
croenvironment, shielding tu-
mor cells from immune system
surveillance, recognition, and
clearance, consequently allow-
ing tumors to persist, grow pro-
gressively, invade, and metas-
tasize [6] (see Figure 1).

Acidic microenvironment

Under adequate oxygen supp-
ly conditions, normal human
cells’ extracellular pH typically
ranges between 7.2 and 7.4. In
contrast, the extracellular envi-
ronment of tumor cells often
falls between 6.5 and 6.9,
commonly exhibiting acidifica-
tion. Extensive research indi-
cates that microenvironment
acidification is crucial in trans-
forming tumors from non-inva-
sive to malignant infiltrative
states [7]. The primary causes
of tumor acidic microenviron-
ments are glycolysis and hy-
poxia, where glycolysis gener-
ates lactate and abundant H*, decreasing pH
[8]. Even in the presence of oxygen, tumors pre-
fer anaerobic glycolysis, known as the Warburg
effect. Hypoxia enhances the expression of
hypoxia-inducible factor-la (HIF-1a) and the
inadequate clearance of acidic products like
lactate due to poor tissue perfusion [9].
Additionally, the CO, generated by tumor cell
respiration, either spontaneously or facilitated
by the overexpressed carbonic anhydrase, cat-
alyzes the reaction between CO, and H,O to
form carbonic acid, which subsequently disso-
ciates into H* ions [10].

Hypoxic microenvironment

Hypoxia is a prevalent phenomenon in the
development of tumors, with oxygen tensions
around most tumor cells falling below 7.5
mmHg [11]. The mechanisms contributing to
hypoxia involve rapid proliferation and vigorous
metabolism of tumor cells, limiting the oxygen
diffusion range around tumor cells from capil-
laries. This leads to uneven oxygen and nutrient
supply to tumor tissues, thus creating a hypoxic
TME [12]. Furthermore, tumor-associated coag-
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ulation and abnormal vascular structures
cause local circulation disturbances, resulting
in an imbalance between tissue oxygen supply
and consumption [13].

TCM understanding of TME

Although the term “TME” is not explicitly pres-
ent in TCM, the core of TCM theoretical think-
ing lies in holism, emphasizing that the human
body’s internal environment is an organic whole
encompassing the environment surrounding
the tumor. TCM approaches treatment by dif-
ferentiating symptoms and signs for the entire
body rather than solely targeting tumor cells
[14]. TCM follows the principle of reinforcing the
body’s healthy Qi and expelling pathogenic fac-
tors. In light of the multifaceted interactions
and dynamic evolution of components within
the TME, TCM identifies “phlegm”, “stasis”,
“toxins”, and “deficiency” as core pathological
factors of tumors.

Phlegm

Some scholars, starting from the TCM concept
of “phlegm”, suggest that the accumulation of
acidic metabolic byproducts or other abnormal
cellular components in the TME is essentially a
disturbance in the body’s fluid metabolism,
leading to the formation of “phlegm” due to
internal dampness, a key factor in cancer de-
velopment [15]. There is a correlation between
the acidic constitution and the phlegm-damp-
ness constitution in TCM theory based on clini-
cal characteristics and disease susceptibility
[16]. From a modern medical perspective, indi-
viduals with a phlegm-dampness constitution
exhibit a decrease in CD4 cells compared to
normal individuals, an increase in CDS8 cells,
leading to a decreased CD4/CDS8 ratio, abnor-
mal lymphocyte apoptosis, and potentially
reduced macrophage activity [17]. Individuals
with a phlegm-dampness constitution show
abnormal levels of inflammatory factors in their
peripheral blood, with significantly elevated lev-
els of pro-inflammatory factors like TNF-a and
IL-6, which can activate various inflammatory
signaling pathways, sustaining a chronic in-
flammatory state within the body [18]. The TME
represents a state of mutual entanglement
between phlegm and stasis, fluid metabolism
disturbances, Qi and blood obstruction, conflict
between pathogenic and healthy forces, and
imbalance of Yin and Yang.
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Stasis

In TCM, “blood stasis” is considered a crucial
pathological factor in the formation of accumu-
lations. Tumors depend on neovascularization,
and the structure and function of new blood
vessels in the TME differ from normal vessels,
exhibiting changes such as twisting, dilation,
and pouch formation. Vascular twisting incre-
ases vascular resistance, slowing blood flow.
As blood, a shear-thinning fluid slows down, vis-
cosity increases, further reducing blood flow,
resulting in a lower overall blood perfusion rate
in tumors compared to normal tissues, mani-
festing as a state of “blood stasis” [19]. Blood-
activating and stasis-resolving herbal medi-
cines aim to eliminate stasis toxins, improve
the hypoxic microenvironment in tumor pa-
tients, and inhibit tumor vessel formation and
cancer thrombus formation.

Toxins

The ancient Chinese medical text “Jin Gui Yao
Lue Xin Dian” states, “Where there is firmness,
there must be lurking Yang”. In a state of “lurk-
ing Yang”, the function of Yang Qi is disrupted,
leading to a breakdown in defense mecha-
nisms, weakened propulsive force, abnormal Qi
transformation, accumulation of pathological
products, prolonged stagnation transforming
into heat toxins, creating a pathological micro-
environment conducive to tumor formation and
progression [20]. Renowned Chinese medicine
expert Professor Zhou Zhongying proposed the
“cancer toxin theory”, suggesting that cancer
toxins can directly lead to organ dysfunction,
inducing conditions resembling phlegm-damp-
ness, blood stasis, and heat toxins, similar to
inflammatory pathological factors in modern
medicine [21]. Some scholars propose that the
abundance of inflammatory cells and cytokines
in the TME shares similarities with phlegm,
stasis, dampness, and toxins in TCM’s theory
of cancer toxins, suggesting a mutual causality
and transformation among these pathological
factors, collectively contributing to the disease
[22]. The different stages of cancer toxins
accompany the formation and transformation
of the TME, driving the onset and progression
of tumors.

Deficiency

The development and changes in tumors re-
sult from a complex interplay of multiple factors
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and steps, with the primary pathological mech-
anism being “spleen and stomach weakness,
deficiency of healthy Qi”. According to TCM the-
ory, the spleen governs transformation and
transportation, serving as a primary source for
converting absorbed essence from grains and
water into Qi, blood, essence, and body fluids
to nourish the entire body. When the spleen
and stomach are weak, the generation of Qi
and blood becomes inadequate. This aligns
with the observation that tumor cells predomi-
nantly convert glucose to lactate through gly-
colysis rather than completely oxidizing it aero-
bically into CO, and H,0, resulting in insufficient
energy production [23]. Weakness in the spleen
and stomach leads to a deficiency of healthy Qi
in the body, causing dysfunction in organ func-
tions. The “Huang Di Nei Jing” states, “When
the healthy Qi is stored within, evils cannot
intrude”. A deficiency of healthy Qi corresponds
to immunosuppression in modern medicine.
The TME represents the battleground between
healthy and pathogenic forces, with dynamic
changes in the microenvironment reflecting the
fluctuations in the balance of these forces,
where the tumor’s immunosuppressive micro-
environment manifests the localized deficiency
of healthy Qi in the primary or secondary tumor
lesions [24].

Influence of TCM on TME

TCM can positively regulate the number and
function of immune killer cells. It also downreg-
ulates the number and function of immune
suppressive cells. Furthermore, TCM modu-
lates tumor growth signaling pathways, inhibits
tumor cell growth, migration, and invasion, and
enhances the anticancer immune response of
tumors. To some extent, these effects improve
TME, potentially leading to reduced tumor size,
improved patient prognosis, and enhanced
quality of life. This section analyzes the regula-
tory effect of TCM on TME from the following
perspectives: TCM monomers, single Chinese
herbs, compound herbal preparations, and
other dosage forms.

TCM monomers

Flavonoids: Flavonoids are polyphenolic com-
pounds that can be extracted from TCM and
have been extensively studied for their anti-
tumor activities. The expression of Wntl16 in
tumor-associated fibroblasts (TAFs) is a key fac-
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tor in promoting malignant tumor drug resis-
tance [25]. Hu et al. [26] reported that querce-
tin can inhibit the expression of Wntl1l6 in
activated fibroblasts, thereby reducing the TME
stromal barrier and reversing drug resistance.
Li et al. [27] discovered that quercetin can
reduce programmed death-ligand 1 (PD-L1) in
tumor cells by inhibiting the phosphorylation of
Janus kinase-2 (JAK2) and signal transducer
and activator of transcription 3 (STAT3) and
reshaping the extracellular matrix (ECM) by
downregulating alpha-smooth muscle actin
(x-SMA) fibroblasts in tumors. In their study, Li
et al. [28] observed that quercetin can enhance
anti-tumor immunity by modulating the tumor
immune microenvironment, increasing M1 ma-
crophages, CD8+/CD4+ T lymphocytes, pro-
moting CD8+ T cells to secrete IL-2 and inter-
feron-gamma (IFN-y), thereby inhibiting mela-
noma growth.

Luteolin inhibits the growth, migration, and
invasion of glioblastoma and colon cancer cells
by suppressing the immune microenvironment
and the IL6/STAT3 signaling pathway [29, 30].
It also inhibits cervical cancer HelLa cell prolif-
eration by inhibiting the protein kinase B (Akt)/
mammalian target of Rapamycin (mTOR) and
mitogen-activated protein kinase (MAPK) path-
ways, inducing apoptosis [31]. Additionally,
luteolin induces apoptosis and cell cycle arrest
by altering the expression of Bax, Caspase 3,
and Caspase 9 in A549 lung cancer cells while
reducing Bcl-2 expression, leading to apoptosis
and cell cycle arrest [32]. Luteolin inhibits the
MAPK/AKT/Phosphoinositide 3-kinase (PI3K)
pathway and JAK2/STAT3 signaling pathways in
multiple tumor cell lines, exerting anti-inflam-
matory and anticancer effects [33, 34].

Curcumin has been shown to regulate various
signaling pathways, including JAK/STAT [35],
PI3K/Akt/mTOR [36], Wnt/B-catenin [37], vas-
cular endothelial growth factor (VEGF)/vascu-
lar endothelial growth factor receptor (VEGFR)
[38], and genes such as cyclin D1, TP53, BAX,
BCL-2, human telomerase reverse transcrip-
tase (hTERT), and matrix metalloproteinases
(MMPs) [39-41], thereby affecting tumor cell
proliferation, migration, invasion, cell cycle, and
apoptosis. Curcumin can also enhance the anti-
cancer immune response, reshape the tumor
immune suppressive microenvironment, im-
pact lymphocyte infiltration, and improve the
immune status of the TME [42].
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Silybin induces GO/G1 cell cycle arrest and
apoptosis by mediating the JAK2/STATS and
PI3K/AKT pathways, inhibits tumor angiogene-
sis, and suppresses Non-small cell lung cancer
(NSCLC) cell proliferation, migration, and inva-
sion; it also inhibits the formation of the STATS/
PD-L1 complex, suppressing tumor immune
escape mechanisms [43]. Silybin increases
ROS levels, induces cell death, and downre-
gulates extracellular signal-regulated kinase
(ERK) and Akt in ovarian cancer cells, inhibiting
tumor growth [44].

Rutin inhibits the mMRNA and protein expression
of Notch-1 and Hes-1 in colon cancer cells, sup-
pressing cell proliferation mediated by the
Notch signaling pathway [45]. Rutin regulates
key proteins in the PI3K/Akt and nuclear factor
KB (NF-kB) signaling pathways, inhibiting oxi-
dative damage and cell apoptosis in liver cells
[46]. Rutin stimulates autophagy and apoptosis
in glioblastoma cells through the Akt/Creb/
miR-20b-5p/Atg7 signaling pathway, inhibiting
glioblastoma cell proliferation [47].

Genistein [48], chrysin [49], epigallocatechin-
3-gallate (EGCG) [50], nobiletin [51, 52], and
myricetin [53], among other flavonoids, exhibit
multi-target characteristics by modulating vari-
ous signaling pathways, exerting anti-tumor
effects on proliferation, invasion, migration,
and promoting apoptosis. For detailed infor-
mation on their action pathways and mecha-
nisms, see Table 1.

Terpenoids: Terpenoids are the most widely
found monomers in medicinal plants. Paclitaxel
is a highly efficient, low-toxicity, broad-spec-
trum natural anticancer drug that induces
G2/M phase arrest and apoptosis in tumor
cells by targeting microtubules, exhibiting anti-
tumor activity [54].

Parthenolid can inhibit the NF-kB pathway,
reduce the expression of TNF-q, IL-1, IL-6, inter-
cellular adhesion molecular (ICAM), cyclooxy-
genase-2 (COX-2), and block the inflammatory
response positively [55]. It can also inhibit the
JAK/STAT pathway, leading to the downregula-
tion of several anti-apoptotic molecules in the
Bcl-2 family downstream [56].

Triptolide inhibits gastric cancer MGC803 cell
proliferation, invasion, and migration by inhibit-
ing the AKT/glycogen synthase kinase-3[3 (GSK-
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3B) signaling pathway [57]. It also regulates
p53 expression and acetylation by inhibiting
Sirtuin type 1 (SIRT1), thereby controlling the
SIRT1/p53 signaling pathway to suppress
HepG2 liver cancer cell proliferation and migra-
tion [58].

Artesunate inhibits tumor progression by block-
ing receptor tyrosine kinase-like orphan recep-
tor 1 (ROR-1)-induced STAT3 activation [59],
regulating VEGF and MMP-2/-9 to inhibit angio-
genesis [60], modulating cell cycle protein
kinases to reshape the TME, improving tumor
immunotherapy [61], inhibiting lymphoma cell
proliferation by suppressing AKT and ERK [62].

Ursolic acid (UA) can regulate the activity of key
cell signaling pathways involving AKT, mTOR,
STAT, NF-kB, and tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) [63]. In na-
ture, UA has very low solubility and is typically
prepared as nanocrystals, solid dispersions,
and loaded into nanoparticles. Zhang et al. [64]
found that UA liposomes can effectively correct
tumor-mediated immune suppression by inhib-
iting STAT5 phosphorylation and IL-10 secre-
tion, effectively regulating CD4+CD25+Foxp3+
T cells from 4T1 tumor-bearing mice. This sug-
gests that UA liposomes alone can effectively
correct the immune suppressive microen-
vironment mediated by tumors, halting tumor
growth.

Kaempferol’'s anti-tumor mechanism primarily
involves arresting cancer cells in the S phase
and inducing apoptosis [65]. Zhang et al. [66]
observed that kaempferol inhibits lung adeno-
carcinoma cell proliferation by suppressing cell
division and cycle-related protein 5 (CDCAB)
expression, promoting cell apoptosis.

Gastrodin, through the reprogramming of long
noncoding RNAs to regulate autophagy and
activate the cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA)/G protein-cou-
pled receptor kinase type 2 (GRK2) pathway,
inhibits cell proliferation and induces apoptosis
in brain glioma cells [67]. Gastrodin can directly
bind and inhibit AKT, downregulate hexokinase
2 (HK2) at the transcriptional level, suppress
HK2-mediated glucose metabolism, promote
apoptosis in oral squamous cell carcinoma
(OSCC) cells, and may serve as an effective
candidate drug for OSCC treatment [68]. The
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Table 1. Modulatory effects of flavonoids on tumor TME

TCM .
Source Mode of Action References
monomer
Quercetin - Bupleurum Decreases Wnt16 in TAFs; Inhibits JAK2 and STAT3 phosphoryla- [26-28]
Mulberry leaves tion, PD-L1 downregulation, a-SMA+ fibroblasts downregulation;
Hawthorn Increases M1 macrophages, CD8+/CD4+, IL-2, and IFN-y
Pagoda tree fruit
Luteolin Abelia Inhibits immune microenvironment, IL6/STAT3, Akt/mTOR, MEK- [29-34]
Honeysuckle ERK, MAPK/AKT/PI3K, JAK2/STAT3 signaling pathways
Baikal skullcap
Dandelion
Curcumin  Turmeric Modulates JAK/STAT, PI3K/Akt/mTOR, Wnt/B-catenin, VEGF/ [35-42]
Mustard VEGFR signaling pathways; Modulates cyclin D1, TP53, BAX,
Curcuma BCL-2, hTERT, and MMPs gene expression; Enhances immune
Turmeric response
Silybin Milk thistle Mediates JAK2/STAT5 and PI3K/AKT pathways, induces GO/G1 [43, 44]
cell cycle arrest, apoptosis, inhibits tumor angiogenesis, increase
ROS, decrease ERK, AKT
Rutin Tangerine peel Pagoda tree fruit Downregulates Notch-1, Hes-1, Notch pathway inhibition; Regu- [45-47]
Astragalus lates PI3K/AKT, NF-kB pathways; Regulates AKT/Creb/miR-20b-
Kudzu root 5p/Atg7 pathway
Genistein  Kudzu root Inhibits the G2/M cell cycle phase, promotes apoptosis, sup- [48]
Soybean presses proliferation and migration
Pagoda tree flower
Chrysin Poplar buds Inhibits the PIBK/AKT/mTOR/NF-kB pathway, induces cell apop- [49]
Passion flower tosis, enhances autophagy, reduces the production of inflamma-
tory mediators, and improves TME
EGCG Tea leaves Activates anti-tumor immune responses in the tumor microenvi- [50]
Green tea ronment, targeting multiple upregulated metabolic reprogram-
ming pathways
Nobiletin Tangerine peel Inhibits the AKT/ERK/Nrf2 pathway, reverses paclitaxel resis- [51, 52]
Orange peel tance; upregulates SLFN5, regulates the PTEN/Akt pathway,
inhibits renal cancer cell proliferation, and promotes apoptosis
Myricetin ~ Bayberry bark, leaves, and roots Regulates the JAK-STAT-IRF1 signaling pathway, inhibiting im- [53]

mune evasion

Note: TCM, traditional Chinese medicine; TAFs, tumor-associated fibroblasts; JAK, Janus kinase; STAT, signal transducer and activator of transcrip-
tion; PD-L1, programmed death-ligand 1; a-SMA, alpha-smooth muscle actin; IFN-y, interferon-gamma; Akt, protein kinase B; mTOR, mammalian
target of Rapamycin; MEK, mitogen-activated extracellular signal-regulated kinase; ERK, extracellular signal-regulated kinase; MAPK, mitogen-
activated protein kinase; PI3K, phosphoinositide 3-kinase; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor
receptor; BAX, Bcl-2 associated X protein; BCL-2, B-cell ymphoma 2; hTERT, human telomerase reverse transcriptase; MMP, matrix metallopro-
teinase; ROS, reactive oxygen species; Hes-1, hairy and enhancer of split 1; NF-kB, nuclear factor kB; Creb, cyclic-AMP response element binding
protein; Atg7, autophagy-related protein 7; TME, tumor microenvironment; Nrf2, Nuclear factor erythroid 2-related factor 2; SLFN5, schlafen

family member 5; PTEN, phosphatase and tensin homolog; IRF1, interferon regulatory factor 1.

intervention pathways and mechanisms of ter-
penoids in the TME are detailed in Table 2.

Alkaloids compounds: Berberine is an isoqui-
noline alkaloid compound extracted from the
TCM Coptis chinensis, with anti-inflammatory,
anti-tumor, and anti-fibrotic effects. Studies
[69] have shown that berberine significantly
upregulates the expression of Bax and cyclin
D1 mRNA in gemcitabine-resistant pancreatic
ductal adenocarcinoma cells while downregu-
lating the expression of Bcl-2, survivin, PI3K,
AKT, and p-Akt proteins, indicating that berber-
ine exerts its anti-pancreatic cancer effects by
inhibiting the PISK/AKT signaling pathway.
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Sinomenine, extracted from the Chinese herb
Sinomenium acutum, is a compound that in-
duces apoptosis, reverses drug resistance,
and exhibits anti-angiogenic properties in vari-
ous cancers. Research has shown that sinome-
nine induces cell apoptosis by activating the
AMP-dependent protein kinase (AMPK)-mTOR
pathway [70] and inhibits the growth of rh-
eumatoid arthritis fibroblast-like synoviocytes
(RA-FLS) cells by inhibiting AMPK phosphoryla-
tion, without affecting normal macrophages in
autoimmune disease models.

Dictamnine, extracted from the dried root bark
of the Rutaceae plant Dictamnus dasycarpus,
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Table 2. Modulatory effects of terpenoids on tumor TME

TCM .
Source Mode of Action References
monomer
Paclitaxel ~ Yew Schisandra Block G2/M cell cycle, activate p53, | Cyclin, [54]
|BCL-XL, promote apoptosis
Parthenolid Chrysanthemum Inhibit NF-kB pathway, anti-inflammatory; Inhibit [55, 56]
JAK/STAT pathway, promote apoptosis
Triptolide Thunder god vine Inhibit AKT/GSK-3B, SIRT1/p53 pathways, in- [57, 58]
hibit proliferation, invasion, migration, promote
apoptosis
Artesunate Artemisia annua Sweet wormwood Inhibit STAT3, regulate VEGF and MMP-2/-9, [59-62]
suppress cell cycle proteins, inhibit AKT/ERK,
inhibit proliferation
Ursolic acid Hawthorn Cornelian cherry Hedyotis diffusa Willd Regulate key cell signaling pathways involving [63, 64]
Prunella vulgaris AKT, mTOR, STAT, NF-kB, TRAIL
Kaempferol Melia azedarach L. Meliae Cortex Block S phase, promote apoptosis; | CDCA5, [65, 66]
promote apoptosis, inhibit proliferation
Gastrodin  Gastrodia elata Regulate autophagy, activate cAMP/PKA/GRK2 [67, 68]

pathway; Inhibit Akt, |HK2, inhibit glycolysis,
promote apoptosis

Note: TME, tumor microenvironment; TCM, traditional Chinese medicine; BCL-XL, B-cell lymphoma x long; NF-kB, nuclear factor kB; JAK, Janus
kinase; STAT, signal transducer and activator of transcription; AKT, protein kinase B; GSK-3p, glycogen synthase kinase-3p; SIRT1, Sirtuin type 1;
VEGF, vascular endothelial growth factor; MMP, matrix metalloproteinase; ERK, extracellular signal-regulated kinase; mTOR, mammalian target
of Rapamycin; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A;

GRK2, G protein coupled receptor kinase type 2; HK2, hexokinase 2.

inhibits cancer cell growth in vitro and in vivo
by downregulating the PI3K/AKT/mTOR and
MAPK signaling pathways through the inhibition
of c-Met receptor tyrosine kinase phosphoryla-
tion and activation, suppressing cancer cell
proliferation [71].

Other TCM monomers: Resveratrol, derived
from the traditional Chinese herb Polygo-
num cuspidatum, is a polyphenolic compound
known to modulate the tumor immune micro-
environment and cell communication [72] to
enhance the therapeutic effects against tu-
mors. It regulates various signaling pathways
by stimulating or inhibiting certain cell media-
tors, such as chemokines, cytokines, miRNAs,
and death signals, and modulating signaling
pathways like NF-kB, Wnt, PI3K/AKT/mTOR,
among others [73].

Punicalagin (PUN) is a polyphenolic compound
extracted from pomegranate. Huang et al. [74]
reported that PUN reduces TNF-a oxidative
stress, regulates the immune microenviron-
ment by promoting polarization of M2 macro-
phages, and alleviates oxidative stress by ac-
tivating the Nuclear factor erythroid 2-related
factor 2 (Nrf2)/hemoxygenas-1 (HO-1) path-
way.
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Oridonin, the main active compound extracted
from the Chinese herb Isodon rubescens, regu-
lates apoptosis through various pathways and
exhibits anti-tumor effects. Oridonin can inhi-
bit pyroptosis by suppressing caspase-1 and
nucleotide-binding oligomerization domain-like
receptor pyrin domain-containing 3 (NLRP3),
activate pyroptosis by activating caspase-3 and
caspase-8, and regulate pyroptosis by inhibit-
ing noncoding RNA (ncRNA) and the NLRP3
pathway [75].

Ginsenosides, important chemical components
of ginseng, improve the TME by inhibiting can-
cer cell stemness tumor angiogenesis, promot-
ing anti-tumor immunity, enhancing the efficacy
of chemotherapy drugs against cancer, inhibit-
ing cell growth, proliferation, migration, and
promoting apoptosis. They also regulate sig-
naling pathways like PI3K/AKT, CCAAT/enhanc-
er-binding proteins B (C/EBPB)/NF-kB, Wnt/3-
catenin, Notch-Hes1, to prevent and treat
tumors [76].

Lycium barbarum polysaccharides (LBPs) sig-
nificantly reshape the TME by modulating the
functions of TAMs [77] and protecting the ex-
tracellular matrix, thereby inhibiting tumor cell
metastasis and slowing down tumor progres-
sion [78].

Am J Transl Res 2025;17(6):4071-4086
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Single Chinese herbs

Astragalus, with its sweet taste and slightly
warm nature, is a crucial herb in TCM for tonify-
ing Qi. It can regulate tumor immunity, as
astragalus polysaccharides have been shown
to inhibit tumor-associated macrophages’ M2
polarization, increase cytotoxic T lymphocyte
infiltration, promote dendritic cell maturation,
enhance natural killer (NK) cell function, and
activate immune cells such as Treg cells, mac-
rophages, NK cells, and DC to activate the
immunosuppressive TME [79]. Additionally, it
can downregulate the expression of PD-L1 on
the surface of tumor cells such as colorectal
cancer, breast cancer, melanoma, and cervical
cancer, enhancing T cell anti-tumor immune
responses [80]. Astragalus affects tumor cell
proliferation, invasion, migration, and apopto-
sis. Studies have shown that astragalus poly-
saccharides can intervene in the transition of
human gastric cancer MKN45 and MGC-803
cells from the G1 phase to the S phase, inhibit-
ing gastric cancer cell proliferation [81].

Hedyotis diffusa Willd (HDW), also known as
Bai Hua She She Cao, contains active anti-
tumor components, mainly including flavonoids
(such as quercetin), terpenoids (such as UA),
anthraquinones, and polysaccharides [82].
Studies have reported that HDW can arrest the
cell cycle of rat glioma C6 cells in the S phase,
inhibit C6 glioma cell growth, and induce apop-
tosis [83]. Furthermore, HDW has been shown
to suppress the migration of lung cancer H1975
cells by downregulating MMP-2 and MMP-9 and
upregulating tissue inhibitors of the MMP-2
(TIMP-2) [84].

Prunellae Spica is known for its effects on
clearing heat, improving vision, and dispersing
nodules. Modern pharmacological studies have
revealed that extracts of Prunellae Spica pos-
sess various pharmacological effects, includ-
ing antiviral, immunosuppressive, antioxidant,
and anti-tumor activities [85]. Its mechanisms
involve inducing cell apoptosis, inhibiting cell
invasion and migration, suppressing cell prolif-
eration, inducing autophagy, anti-tumor angjo-
genesis, reversing tumor multidrug resistance,
and regulating immune function through miRNA
and various signaling pathways such as Wnt/3-
catenin, AMPK/mTOR/UNC-51-like kinase 1
(ULK1), PI3/Akt, receptor activator of Nuclear

4078

factor-kappa B Ligand (RANKL)/receptor acti-
vator of nuclear factor-kappa B (RANK)/osteo-
protegerin (OPG) [86].

Salvia miltiorrhiza is recognized for its ability to
invigorate blood circulation, resolve blood sta-
sis, clear the heart, relieve restlessness, cool
blood, and dissipate swellings. Its active com-
ponent, tanshinone, has been shown to inhibit
tumor cell growth and proliferation, suppress
tumor cell invasion and migration, inhibit tu-
mor angiogenesis, induce tumor cell autopha-
gy, and exert anticancer effects by regulating
immune-related cells (such as macrophages,
NK cells, CD4 cytotoxic cells, and dendritic
cells) through NF-kB, MAPK, JAK, and STAT4
signaling pathways [87]. Tanshinone can also
regulate the cell cycle to induce cancer cell
apoptosis and inhibit cancer cell invasion and
migration by suppressing the MMP-2 and
MMP-9 signaling pathways [88].

Compound Chinese medicine preparations

Decoctions: The modified Buzhong Yiqi decoc-
tion, in animal experiments, significantly pro-
longs the survival of mice with immune-com-
petent pre-gastric cancer cell xenografts, in-
creases CD4+ T cell infiltration in tumors, and
enhances the CD4+/CD8+ T cell ratio in periph-
eral blood while reducing the proportion of
CD8+PD-1+ T cells and PD-1+ Treg cells. In vitro
experiments have shown that this formulation
promotes the proliferation, activation, and cyto-
toxicity of T lymphocytes and suppresses gas-
tric cancer PD-L1 expression via the PISK/AKT
pathway [89]. The modified Jianpi Yangzheng
decoction inhibits the phosphoinositide 3-
kinase y (PI3K) and NF-kB signaling pathways,
reduces the transformation of M2 macro-
phages to M1 in the TME, and induces TAM
reprogramming to inhibit cancer growth and
metastasis [90]. Danggui Buxue decoction
blocks the protective effect of M2 macropha-
ges on gemcitabine by inhibiting excessive
deoxycytidine secretion and reducing cytidine
deaminase overexpression [91]. The lJianpi
Yangzheng Xiaozheng decoction suppresses
tumor PD-L1 expression through the IL-6/JAK2/
STAT3 pathway, reduces PD-L1 levels in tumor-
derived exosomes, inhibits MDSC proliferation,
and reshapes the immunosuppressive TME
[92]. In vitro experiments have shown that this
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decoction can inhibit aerobic glycolysis in gas-
tric cancer cells [93].

Pills: The Xihuang pill has been shown to inhib-
its the migration and invasion abilities of U251
glioma cells, while downregulating the expres-
sion of VE-cadherin, MMP14, and laminin y2
proteins. It regulates the activation of the HIF-
1a/VEGFA/VEGFR2 signaling pathway, inhibits
the mimicry of glioma cell angiogenesis, and
exerts anti-angiogenic effects [94]. The Biegjia
Jian pill is a classical formula for reducing the
incidence of hepatocellular carcinoma (HCC).
It inhibits the expression of vascular endotheli-
al growth factor A (VEGF-A) and hepatocyte
growth factor (HGF) in cancer-associated fibro-
blasts (CAFs) by downregulating platelet-de-
rived growth factor receptor 3 (PDGFRp) signal-
ing, thereby inhibiting the progression of HCC
[95]. The Shuyu pill has demonstrated the abil-
ity to regulate M1/M2 polarization of tumor-
associated macrophages, thereby alleviating
the immune-suppressive state within the co-
lorectal cancer TME and inhibiting the growth
of colon cancer xenografts [96].

Injections: The Shenqi Fuzheng injection ma-
inly consists of Codonopsis and Astragalus
extracts, known for their tonifying and invigorat-
ing properties. Clinical studies have shown that
the Shenqi Fuzheng injection tonifies Qi, invigo-
rates the spleen, increases the patient’s vital
energy, and enhances cellular immune func-
tion. In treating postoperative chemotherapy
patients with rectal cancer, it has been found to
improve immune function by increasing CD4+
and CD8+/CD8+ T cell levels and related cyto-
kines, thereby prolonging progression-free sur-
vival [97]. The injection can also elevate IL-2,
IFN-y, and CD40 levels in tumor tissue and
reduce transforming growth factor-1 (TGF-B1)
levels while increasing the activation of CD4+ T
cells in tumor tissue, promoting glycolysis in
CD4+ T cells, improving the tumor immune
microenvironment [98].

The compound Kushen injection, composed of
Sophora flavescens and Poria extracts, pos-
sesses anti-inflammatory, antioxidant, and im-
mune-enhancing effects. Animal experiments
have shown that the compound Kushen injec-
tion can improve acute radiation-induced oral
mucositis in rats by inhibiting M1 polarization
of macrophages, suppressing the expression of
pro-inflammatory cytokines IL-6 and TNF-«, and
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promoting M2 polarization of macrophages,
increasing the expression of anti-inflammatory
cytokines TGF-B and IL-10 [99]. The Kangai
injection, containing Ginseng, Astragalus, and
Sophora alkaloid extracts, has been shown in
various studies to induce tumor cell apoptosis,
inhibit tumor cell proliferation, invasion, and
migration, increase sensitivity to chemotherapy
drugs, reduce chemotherapy-related adverse
events, and enhance immune function. Re-
search has demonstrated that the Kangai in-
jection lowers tumor necrosis factor receptor 2
(TNFR2), tumor necrosis factor receptor-associ-
ated factor 2 (TRAF2), PI3K, AKT, and inhibitor
of nuclear factor kappa-B (IkBax) mRNA levels
in gastric cancer cells, inhibits PI3K, AKT, and
IkBat phosphorylation, and suppresses cell pro-
liferation [100].

Other formulations: The Shenling Baizhu for-
mula can reduce the expression of peripheral
blood CD4+CD25+Tregs and monocyte Foxp3
MRNA in stage IV gastric cancer patients,
decrease the concentrations of the inhibitory
cytokines IL-10 and TGF-B1, correct the immu-
nosuppressive microenvironment, and improve
the inhibitory status of tumor-specific T lympho-
cytes in gastric cancer patients [101]. The mod-
ified Huoluo Xiaoling formulation intervenes in
colorectal cancer through multiple targets and
signaling pathways. In cell experiments, the
modified Huoluo Xiaoling formulation regulates
the Wnt/B-catenin signaling pathway, inhibit-
ing the proliferation, invasion, and migration of
colorectal cancer cells [102]. The Zilongjin tab-
let, used as a TCM for treating lung cancer,
exerts immune modulation effects on lung can-
cer, both positively and negatively regulating
inflammatory responses to suppress the ex-
cessive proliferation of immune cells or inflam-
matory factors, thereby inhibiting excessive
inflammatory responses and promoting posi-
tive immune response, avoiding immunosup-
pression [103]. The Fei Liu Ping ointment, a
paste formulation of the Yifei Qinghua gra-
nule, has been shown to downregulate HIF-1a
expression, thereby inhibiting the expression of
proteins involved in tissue glycolysis such as
glucose transporter type 4 (GLUT4), HK, glu-
cose-regulated protein 78Kd (GrP78), carbonic
anhydrase (CA)-IX and intracellular pH regula-
tion, reducing lactate production, improving the
tumor’s acidic environment [104]. Furthermore,
it has been observed that the combination of
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Table 3. Regulatory effects of compound Chinese medicine preparations on the tumor TME

TCM - .
Composition Mode of Action References
compound
Modified Buzhong Astragalus, Angelica, Atractylodes, CD4+/CD8+1, CD8+PD-1/PD-1+ Treg], inhibition of tumor PD-L1 [89]
Yiqgi decoction Licorice, etc. expression via the PI3K/AKT pathway
Modified Jianpi Astragalus, Codonopsis, Inhibition of PI3Ky and NF-kB signaling pathways, reduction of M2 [90]
Yangzheng decoction Polygonatum, Turmeric macrophage transformation to M1 in the TME, induction of TAMs
reprogramming
Danggui Buxue Astragalus, Angelica Deoxyguanosine |, cytidine deaminase|, blocking the protective [91]
decoction effect of M2 macrophages on gemcitabine
Jianpi Yangzheng Codonopsis, Astragalus, Atractylodes, Downregulation of IL-6/JAK2/STAT3 pathway, inhibition of PD-L1 [92, 93]
Xiaozheng decoction Paeonia, Curcuma, Hedyotis diffusa,  expression, PD-L1|, inhibition of MDSCs proliferation; inhibition of
etc. aerobic glycolysis
Xihuang pill Cow bezoar, Musk, Frankincense, VE-cadherin, MMP14, laminin y2|, regulation of HIF-1a/VEGFA/ [94]
Myrrh VEGFR2 signaling pathway, anti-angiogenesis
Biejia Jian pill Soft-shelled turtle shell, Donkey-hide Downregulation of CAFs-mediated PDGFR signaling to exert [95]
gelatin, Beeswax, Earthworm, etc. anticancer effects
Shu Yu pill Dioscorea, Licorice, Angelica, Regulation of M1/M2 polarization of tumor-associated macro- [96]
Cinnamomum, etc. phages, improvement of immune-suppressive state in TME
Shenqi Fuzheng Codonopsis, Astragalus, etc. CD4+, CD8+/CD8+ T cell levelst, enhancement of immune [97, 98]
injection function; IL-2, IFN-y, CD401, TGF-B1|, improvement of immune
microenvironment
Compound Kuchan Sophora flavescens, Poria, etc. Regulation of M1/M2 polarization of tumor-associated macro- [99]
injection phages, improvement of radiation-induced mucositis
Kangai injection Ginseng, Astragalus, etc. TNFR2, TRAF2, PI3K, AKT, IkBa mRNA/, inhibition of PI3K, AKT, [100]
IkBat phosphorylation, inhibition of cell proliferation
Shenling Baizhu Ginseng, Atractylodes, Poria, CD4+CD25+Tregs, Foxp3 mRNA, IL-10, TGF-B1], improvement of [101]
formula Amomum, Platycodon, etc. immune suppression
Huoluo Xiaoling Angelica, Salvia, Frankincense, Multi-target, multi-pathway anti-tumor effects; regulation of Wnt/p- [102]
formulation Myrrh, etc. catenin signaling pathway, inhibition of proliferation, invasion, and
migration of colorectal cancer
Zilongjin tablet Astragalus, Angelica, Solanum lyra- Immune modulation, improvement of immune suppression [103]
tum thunb, Salvia, etc.
Fei Liu Ping ointment Astragalus, American ginseng, Combination with cyclophosphamide, HIF-1a, GLUT4, HK, GRP78, [104]

Adenophora stricta, Ophiopogon, etc.

CA-IX], lactate], inhibition of T cell differentiation into Treg cells,
immune suppression, promotion of immune escape

Note: TME, tumor microenvironment; TCM, traditional Chinese medicine; Treg, tumor-associated neutrophils, regulatory T cell; PI3K, phosphoinositide 3-kinase; AKT, pro-
tein kinase B; PI3Ky, phosphoinositide 3-kinase y; NF-kB, nuclear factor kB; TME, tumor microenvironment; TAMs, tumor-associated macrophages; JAK2, Janus kinase-2;
STAT3, signal transducer and activator of transcription 3; MDSCs, marrow-derived suppressor cells; VE-cadherin, vascular endothelial-cadherin; MMP14, matrix metal-
loproteinase 14; HIF-1a, hypoxia-inducible factor-1a; VEGFA, vascular endothelial growth factor A; VEGFR2, vascular endothelial growth factor receptor 2; CAFs, cancer-
associated fibroblasts; PDGFRB, platelet-derived growth factor receptor B; IFN-y, interferon-gamma; TGF-B1, transforming growth factor-B1; TNFR2, tumor necrosis factor
receptor 2; TRAF2, tumor necrosis factor receptor-associated factor 2; IkBa, inhibitor of nuclear factor kappa-B; Foxp3, forkhead box P3; GLUT4, glucose transporter type
4; HK, hexokinase; GRP78, glucose regulated protein 78Kd; CA-IX, carbonic anhydrase-IX.

Fei Liu Ping ointment and cyclophosphamide
chemotherapy can suppress IL-2 expression
and inhibit T cell differentiation into Treg cells,
ultimately inhibiting immunity and promoting
immune escape. For detailed information on
the pathways and mechanisms through which
compound Chinese medicine preparations in-
tervene in the TME, see Table 3.

Conclusion and prospects

As research on the TME deepens and expands,
it is increasingly evident that the occurrence
and development of tumors are closely related
to the TME. The physical and chemical charac-
teristics of the TME, with its heterogeneity and
pathogenicity, are not only pathological fea-
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tures but also correspond to the etiology and
pathogenesis of TCM. The low oxygen acidity
characteristic of the TME corresponds to the
phlegm-dampness pattern in Chinese medi-
cine, emphasizing the importance of eliminat-
ing phlegm-dampness in treatment. Immune
suppression in the TME corresponds to the
struggle between the nourishing Qi and defen-
sive Qi in TCM against cancer pathogens, high-
lighting the need to tonify the body’s vital ener-
gy and expel pathogenic factors while focusing
on nourishing the body’s defense mechanisms.
Increasingly, studies at the molecular and cel-
lular levels have validated the effectiveness
of TCM in combating cancer. With its complex
composition, multiple targets, pathways, and
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minimal adverse effects, TCM may not precise-
ly target and destroy tumors. Still, its combina-
tion with modern multidisciplinary diagnostic
and therapeutic models plays an irreplaceable
role in reducing toxicity and enhancing efficacy.
Through the compilation and summarization of
existing literature, this study has suggested
that active components of single Chinese herbs
and compound Chinese medicine preparations
can inhibit the formation and development of
the TME through various pathways, thereby
preventing and treating tumors. These path-
ways include (1) blocking the cell cycle, inhibit-
ing tumor cell growth, invasion, and migration,
inducing apoptosis and autophagy; (2) inhibit-
ing tumor angiogenesis, promoting vascular
normalization; (3) regulating the polarization of
M1/M2 tumor-associated macrophages, im-
proving the immune-suppressive state in the
TME; (4) regulating tumor-infiltrating lympho-
cytes, enhancing immune responses, improv-
ing immune suppression, and reshaping the
immune microenvironment; (5) regulating ae-
robic glycolysis energy metabolism, improving
the acidic microenvironment; (6) inhibiting the
secretion of inflammatory cytokines, improving
the inflammatory microenvironment, and more.
Given the current need for comprehensive can-
cer treatment, targeting the TME for treatment
will undoubtedly become a heated topic in
future research on TCM’s anti-tumor effects.

The regulation of TME in TCM has been proven
to play a crucial role in the formation, occur-
rence, development, and treatment of various
tumors, offering novel strategies and thera-
peutic approaches for cancer management. In
recent years, studies on the regulatory effect of
TCM, compound medicine, traditional Chinese
patent medicines, and simple injections of TME
have primarily focused on modulating immune
cell function within the TME. However, based
on the current literature review, most studies
investigating the impact of TCM on the TME
remain preclinical or experimental, with limited
large-scale, multicenter, registered clinical tri-
als and low rates of translational success. This
limitation may be attributed to the inherent
complexity, networked interactions, and dyna-
mic nature of the TME. Anti-tumor TCM the-
rapies possess unique advantages, such as
high safety profiles, minimal adverse reactions,
strong patient compliance, and the principle of
“supporting the body without retaining evil,
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eliminating evil without harming the body”. Its
concept of “nourishing the body and strength-
ening the foundation, supporting the body and
eliminating evil” aims to prevent and treat
tumors by regulating the host's immune sys-
tem. This aligns closely with the core idea of
modern tumor immunology and warrants fur-
ther in-depth investigation. More clinical and
experimental studies are expected to continu-
ously explore the pharmacological mecha-
nisms, active ingredients, dosage, administra-
tion time, and toxicological pathology of TME.
Continued exploration of these aspects will
help unlock the full potential of TCM in regulat-
ing TME for the treatment of tumors. This will
provide a basis and possibility for developing
new drugs characterized by high safety, strong
specificity, stability, and efficacy.
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