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Lung cancer is one of the cancers with the highest mortality rates. Non-small

cell lung cancer (NSCLC) accounts for 85% of lung cancer cases and is often

diagnosed at an advanced stage with a poor prognosis. Due to the lack of

effective molecular targets, the current clinical cure rate is low, and the

recurrence rate is high. Recent studies have found that active components of

traditional Chinese medicine and Chinese herbal formulas can inhibit the

development of NSCLC through multiple pathways and targets, effectively

reducing its metastasis and recurrence rates, improving treatment side effects,

and compensating for the deficiencies in drug resistance. Although treatments

such as surgery, radiotherapy, targeted therapy, and immunotherapy have

achieved better clinical efficacy in treating lung cancer, they still have

problems such as multiple complications and severe adverse reactions. In

recent years, numerous basic and clinical studies have confirmed the good

effects of traditional Chinese medicine in treating lung cancer. Traditional

Chinese medicine has a synergistic regulatory effect through multiple

components, targets, pathways, and channels. The numerous active

monomeric components and complex mechanisms of action determine that

there are issues such as unclear related mechanisms of action in the

prevention and treatment of lung cancer by traditional Chinese medicine.

There is an urgent need to elucidate the mechanisms of action of traditional

Chinese medicine in intervening in lung cancer from the perspective of

modern medicine, and at the levels of molecular biology, network

pharmacology, etc. This article systematically summarizes the research

progress on the regulation of the above-mentioned signaling pathways and

the expression of key protein molecules by traditional Chinese medicine

monomers or formulas, aiming to clarify the mechanisms of action of

traditional Chinese medicine in the progression of lung cancer, and to provide

ideas and a theoretical basis for the in-depth study and clinical application of

traditional Chinese medicine in intervening in lung cancer.
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1. Introduction

Lung cancer is a common malignant tumor of the

respiratory system and leads in both incidence and

mortality rates among cancers in China. According to

global cancer statistics in 2020, there were as many as

2.2 million new cases of lung cancer worldwide. The

incidence rate of lung cancer in China is approximately

58.4 per 100,000, and the mortality rate is about 46.8

per 100,000, with the incidence showing an increasing

trend year by year [1][2][3][4]. Non-small cell lung cancer

(NSCLC) is the most common histological type of lung

cancer, accounting for about 85% of all lung cancer

cases[5][6][7]. The standard treatments for lung cancer

include surgery, radiotherapy, chemotherapy, targeted

therapy, and immunotherapy[8][9][10]. However, these

treatment regimens are only effective for patients with

early-stage NSCLC (stages I-II) and are associated with

certain adverse reactions. For patients diagnosed with

advanced stages, the 5-year survival rate is less than

15% due to recurrence and metastasis. Therefore, in

addition to enhancing the early diagnosis of lung

cancer, exploring more effective therapeutic drugs

related to the molecular mechanisms involved in lung

cancer progression is of great significance for

improving the prognosis of patients with lung cancer[11]

[12][13].

In recent years, traditional Chinese medicine (TCM) has

played an important role in the treatment of tumors due

to its unique advantages. It has attracted attention for

its benefits in inhibiting tumor cell proliferation and

metastasis, improving patient symptoms, enhancing

quality of life, and reducing the toxic side effects of

radiotherapy and chemotherapy. Currently, a variety of

Chinese herbal formulas and proprietary Chinese

medicines with anti-tumor effects are widely used in

clinical practice and have shown good therapeutic

effects on tumor patients. Traditional Chinese medicine

contains a variety of components and targets, playing a

significant role in regulating cancer cell proliferation,

apoptosis, invasion, and metastasis, as well as

inhibiting tumor angiogenesis, suppressing tumor

growth, reducing chemotherapy adverse reactions, and

lowering drug resistance. With the deepening of

molecular biology research on the pathogenesis of lung

cancer, various signaling pathways inducing lung

cancer have attracted widespread attention [14][15][16][17].

The use of traditional Chinese medicine to regulate

these signaling pathways in the intervention of lung

cancer has been actively explored by many researchers.

Studies have found that traditional Chinese medicine

can regulate cell proliferation and apoptosis, modulate

matrix metalloproteinases (MMPs) to inhibit cell

migration, suppress angiogenesis, inhibit lung cancer

epithelial-mesenchymal transition (EMT), and induce

cell autophagy by modulating classic signaling

pathways such as phosphatidylinositol 3-kinase/protein

kinase B (PI3K/Akt), nuclear factor-kappa B (NF-κB),

secretory glycoprotein/β-catenin (Wnt/β-catenin), and

mitogen-activated protein kinase (MAPK), thus

exerting anti-lung cancer effects  [18][19][20]. As there is

currently a lack of related literature reviews, this article

systematically summarizes the regulatory effects of

traditional Chinese medicine on lung cancer-related

signaling pathways, aiming to provide a scientific basis

and reference for elucidating the molecular

mechanisms of lung cancer development and exploring

new diagnostic and treatment strategies for lung cancer

intervention using traditional Chinese medicine.

2. NF-κB Signaling Pathway

2.1. NF-κB Signaling Pathway and Lung Cancer

The NF-κB signaling pathway was discovered in 1986,

and its components include p50, p52, p65, RelB, and c-

Rel. The NF-κB signaling pathway is divided into three

types: the classical pathway, the non-classical pathway,

and other pathways. The classical pathway is mainly

activated by interleukin-1 (IL-1) and tumor necrosis

factor-alpha (TNF-α), and it relies on the

phosphorylation of IκB mediated by the IKK complex

(IKKα, IKKβ, IKKγ), leading to the ubiquitination and

degradation of IκB  [21][22][23]. This process allows the

p50/p65 NF-κB to enter the cell nucleus to regulate

genes, thereby controlling the expression of TNFα, LPS

(Lipopolysaccharide), BCL-2, etc., and influencing cell

apoptosis and inflammation. The non-classical

pathway is mainly activated by factors such as B cell-

activating factor (BAFF) and lipoteichoic acid (LTA), and

it relies on the activation of p52 mediated by IKKα,

which allows the p52/RelB NF-κB dimer to enter the

nucleus and regulate genes[24][25][26].

The role of the NF-κB signaling pathway in NSCLC is

bidirectional. On one hand, it can enhance immunity;

on the other hand, the activation of NF-κB by TNFα and

IL-1 can lead to inflammation[27][28][29]. Reviewing the

role of NF-κB in NSCLC-related cellular apoptosis,

angiogenesis, EMT, metastasis, and stemness reveals

mechanisms such as: NF-κB signaling pathway

activation of Bcl-2 expression, inhibiting lung cancer

cell apoptosis; regulation of MMPs expression,

degrading the extracellular matrix, promoting tumor
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metastasis and invasion; upregulation of VEGF and its

receptors, promoting tumor angiogenesis.

2.2. Traditional Chinese Medicine Treating Lung

Cancer through the NF-κB Signaling Pathway

One study used Astragalus polysaccharide (APS)

subcutaneous injection in mice with lung cancer. After

treatment, the expression of Toll-like receptor 4 (TLR4),

myeloid differentiation factor (MyD88), and NF-κB p65

protein and mRNA in mice was reduced, tumor growth

was inhibited, and immune function was enhanced [30]

[31][32].

Resveratrol is a non-flavonoid polyphenolic organic

compound found in common traditional Chinese

medicines such as Polygonum cuspidatum and Cassia

seed. After treating A549 cells with resveratrol, the

expression of NF-κB mRNA in the cells was reduced to

29.72% of the total mRNA, and the proliferation of A549

cells was inhibited in a time- and dose-dependent

manner.

Geniposide, also known as Gardenoside, has antipyretic,

analgesic, anti-inflammatory, and antithrombotic

effects  [33][34]. After treating H1975 cells with

geniposide, the expression of silent information

regulator 1 (SIRT1) protein increased, the expression of

downstream protein NF-κB decreased, and cell viability,

number of invasive cells, and cell migration rate were

inhibited in a dose-dependent manner. This suggests

that the anti-cancer effect of geniposide is related to the

regulation of the SIRT1/NF-κB signaling pathway.

Magnolol is an extract from the traditional Chinese

medicine Magnolia officinalis, with anti-inflammatory,

anti-ulcer, and anti-tumor effects. Studies have found

that magnolol can inhibit the growth and metastasis of

lung cancer cells by suppressing VEGF expression

through the NF-κB pathway, reducing angiogenesis in

large cell lung cancer [35][36][37].

Artemisinin (ART) is a derivative of artemisinin,

playing an important role in inducing apoptosis and

inhibiting tumor metastasis. ART can inhibit the

expression of tumor necrosis factor receptor-associated

factor (TRAF) in the downstream NF-κB pathway of

lung cancer xenografts in mice, suppressing lung

cancer cell proliferation and xenograft growth.

3. MAPK Signaling Pathway

3.1. MAPK Signaling Pathway and Lung Cancer

The MAPK pathway plays a crucial role in cellular

proliferation, differentiation, apoptosis, stress response,

angiogenesis, and tumor metastasis. There are four

cascades within the MAPK pathway: extracellular

signal-regulated kinase (ERK), JNK, p38 MAPK, and

ERK5. The signal transduction of these cascades relies

on the activation of three to five layers of protein

kinases, including MAP4K, MAP3K, MAPKK, MAPK,

and MAPKAPK.

The impact of the MAPK pathway on lung cancer is

primarily manifested in lung development, cellular

apoptosis, tumor metastasis, and angiogenesis  [38][39]

[40]. NSCLC has a strong correlation with p38 MAPK and

STAT3, with high expression of p38 MAPK and STAT3 in

NSCLC patients. Among the four cascades of MAPK, the

ERK pathway is closely related to lung cancer.

Concurrently, mutations or inactivation of the Mek

gene encoding ERK can lead to incomplete lung

development, tracheal cartilage malformation, and

neonatal death. ERK can also promote the degradation

of the extracellular matrix of lung cancer cells, and the

invasiveness of lung cancer increases after ERK

activation  [41][42][43]. Additionally, the p38 MAPK

pathway in MAPK is also related to lung cancer. p38

MAPK can promote tumor angiogenesis by activating

HIF-1 and affecting the transcription of VEGF, thereby

facilitating lung cancer metastasis. Studies have also

found that p38 MAPK undergoes phosphorylation after

being treated with reactive oxygen species (ROS),

inducing apoptosis in lung cancer cells.

3.2. Traditional Chinese Medicine Treating Lung

Cancer through the MAPK Signaling Pathway

Leonurine, derived from motherwort, can enhance the

vitality of phagocytes, interfere with cellular

metabolism, and inhibit tumor growth. Salidroside can

inhibit tumor proliferation by suppressing the MAPK

signaling pathway, reducing the expression of

phosphorylated extracellular signal-regulated kinase

1/2 (p-ERK1/2), c-Myc, and cyclin D1 [44][45].

The active saponin Paris saponin II, found in the

traditional Chinese medicine Paris polyphylla, has anti-

inflammatory, antiviral, and blood pressure-lowering

effects. Camptothecin is a plant-derived anticancer

drug. The combined treatment of Paris saponin II and

camptothecin on H446 cells can promote the

phosphorylation of p38 MAPK and ERK, downregulate
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the expression of Bcl-2 and Bcl-XL proteins, and

significantly increase the early apoptosis rate of lung

cancer cells, a process that may be mediated by

apoptosis induced by the affected mitochondrial

signaling pathway.

Paeonol, derived from the traditional Chinese medicine

Paeonia suffruticosa, can inhibit the expression of p-

ERK in A549 cells and shows concentration-dependent

inhibition of the secretion of matrix metalloproteinase

family proteins MMP-2 and MMP-9  [46][47][48]. It

enhances the adhesion capacity of the extracellular

matrix to tumor cells and inhibits the migration and

invasion abilities of lung cancer cells.

4. Monomeric Traditional Chinese

Medicine Reversing Multidrug

Resistance in NSCLC and Its

Mechanisms

Non-small cell lung cancer (NSCLC), characterized by

high mortality and recurrence rates, has undergone

various treatment strategies, including personalized

chemotherapy and radiotherapy. Despite initially

favorable clinical responses, almost all patients with a

treatment response eventually develop varying degrees

of chemotherapy resistance within a year, thereby

affecting treatment outcomes. Thus, inherent or

acquired tumor cell resistance is a major obstacle to

effective chemotherapy in NSCLC. Recent studies have

found that active monomeric components in certain

traditional Chinese herbs have a significant inhibitory

effect on resistance, and some can even reverse

multidrug resistance  [49][50]. Traditional Chinese

medicine, particularly active monomeric components,

has always been favored by researchers for its multi-

target, low toxicity, and cost-effectiveness. This article

will summarize the research findings on the reversal of

multidrug resistance in NSCLC treatment by active

monomeric components of traditional Chinese

medicine and discuss the research prospects for

reversing multidrug resistance in lung cancer.

4.1. Triptolide

Triptolide (TPL) is a diterpenoid compound isolated and

purified from the traditional Chinese herb

Tripterygium wilfordii. An increasing number of

clinical studies have found that TPL possesses strong

antitumor activity and has good potential in reversing

resistance. As an adjuvant antitumor drug, TPL can

enhance the therapeutic effect of low-dose anticancer

drugs such as camptothecin and increase the sensitivity

of resistant cells to chemotherapeutic drugs. Some

studies have found that the combination of TPL and

gefitinib can synergistically inhibit the migration and

invasion of A549 cells, and the combined treatment is

significantly more effective than the individual

treatments of TPL and gefitinib. At the same time, TPL

can also enhance the sensitivity of resistant A549 cells

to gefitinib by upregulating the expression of E-

cadherin and downregulating the levels of MMP9,

SNAIL, and vimentin [51][52][53]. Administering TPL can

promote apoptosis and cell cycle regulation in

paclitaxel-resistant lung adenocarcinoma cells

(A549/Taxol). TPL exerts its effects in the reversal of

paclitaxel resistance by inhibiting the NF-κB signaling

pathway and the transcription and expression of

resistance genes regulated by it, including FLICE-like

inhibitory protein, X-linked inhibitor of apoptosis, Bcl-

2, Bcl-xL, and cyclooxygenase-2, with dose and time

dependency. Recent studies have found that the Kelch-

like ECH-associated protein 1/nuclear factor erythroid

2-related factor 2 (Keap1/Nrf2) pathway is closely

related to cancer progression and chemoresistance,

making antagonizing Nrf2 a viable strategy in cancer

treatment. Concurrently, studies have found that TPL

can significantly inhibit the expression and

transcriptional activity of Nrf2 in various NSCLC cells.

4.2. Curcumin

Curcumin (Cur) is a class of compounds widely found in

the roots and stems of traditional Chinese medicinal

herbs such as turmeric, goji berry, and sweet flag. Cur

has a broad pharmacological profile, and modern

research indicates that it possesses lipid-lowering,

antitumor, anti-inflammatory, and antioxidant effects,

and can even inhibit the development of cancer at all

stages. As a chemosensitizer in tumor treatment

processes, Cur also serves as a chemoradiotherapy

protective agent for normal tissues and organs  [54][55].

Cisplatin (DDP) is one of the most commonly used

chemotherapeutic drugs for treating malignancies,

including lung cancer, but its effectiveness is often

diminished by the acquired resistance of tumor cells.

Current research suggests that the abnormal activation

of the Nrf2 pathway and autophagy induced by DDP is

an important cause of resistance in A549/DDP cells.

Cur's effective activation of Keap1 transcription

weakens this process and counters resistance, which is

crucial for the interaction between oxidative stress-

induced Nrf2 activation and the autophagy/apoptosis

switch. Experiments with transient transfection and

flow cytometry revealed that the abnormality of
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Hypoxia-inducible factor 1 (HIF-1) leads to DDP

resistance in A549/DDP lung cancer cells. Combined

treatment with Cur and DDP significantly inhibits the

proliferation of A549/DDP cells by promoting the

degradation of HIF-1 and activating caspase-3,

reversing DDP resistance, and inducing apoptosis. DDP

primarily prevents cancer cell DNA replication by

producing intrastrand and interstrand DNA crosslinks,

thereby killing cancer cells. At the same time, Cur

enhances the proliferation inhibition and apoptosis of

A549/DDP cells induced by DDP by inhibiting the

Fanconi anemia/BRCA DNA repair pathway, suggesting

that Cur can act as a chemosensitizer for the

crosslinking anticancer drug DDP, reversing the

resistance of DDP-resistant lung cancer cells to DDP.

Further research indicates that Cur alters the

expression of miRNAs in tumor cells, particularly by

significantly downregulating the expression of miR-

186* in A549/DDP, thereby exerting its anticancer effect

on multidrug-resistant A549/DDP. Carboplatin, an

analog of DDP with a similar mechanism of action but

lower toxicity, is widely used in the treatment of various

cancers. However, the one-year survival rate for

patients with advanced NSCLC using carboplatin is only

40%–50%, and the activation of survival signaling

pathways and induction of multidrug resistance by

chemotherapy are the main reasons for this outcome.

Studies show that the synergistic antitumor activity of

Cur combined with carboplatin is mediated by multiple

mechanisms, involving the inhibition of the Akt/IKKa

pathway and the enhancement of ERK1/2 activity,

thereby suppressing NF-κB. Therefore, Cur has the

potential to become a chemosensitizer for carboplatin

and to treat NSCLC.

4.3. Ginsenoside Rg3

Ginsenoside Rg3 (Rg3) is a steroidal saponin isolated

from ginseng. Modern research has found that Rg3 can

enhance the efficacy of chemotherapy. Gemcitabine

(GEM) is a chemotherapeutic drug used to treat

advanced NSCLC, but its effectiveness is poor; many

patients experience adverse reactions to treatment,

showing chemotherapy resistance, and the disease

further progresses. Rg3 can eliminate ROS-mediated

Akt activation and the activation of the extracellular

signal-regulated kinase (ERK) pathway induced by

GEM, and inhibit the nuclear accumulation of nuclear

factor NF-κB and HIF-1α. Studies have shown that Rg3

can inhibit the growth of A549/DDP cells, reduce the

expression of PD-L1 induced by chemotherapy

resistance, restore the cytotoxicity of T cells to cancer

cells, thereby reducing its resistance to DDP, and thus,

Rg3 is expected to become a new drug targeting PD-L1

in chemoresistant NSCLC. Research has found that Rg3

increases the sensitivity of A549/DDP cells to DDP by

downregulating proteins mediated by multidrug

resistance, including P-glycoprotein (P-gp), multidrug

resistance protein-1 (MPR1), and lung resistance protein

1, reversing the multidrug resistance of lung cancer

patients. The Nrf2 signaling pathway mainly regulates

oxidative stress responses, and in many types of cancer,

high constitutive expression of Nrf2 leads to tumor cell

proliferation and resistance. Some studies have found

that ginsenoside Rd (Rd) inhibits the proliferation of

A549 cells and induces G0/G1 phase arrest; Nrf2 plays an

important role in the acquired resistance of NSCLC, and

Rd may improve this resistance by downregulating the

Nrf2 pathway[56][57]. Ginsenoside Rg5 (Rg5) belongs to

the original panaxadiol ginsenosides, and recent

research has found that Rg5 overcomes P-gp-mediated

resistance by inhibiting the P-gp transporter and the

chemotherapy resistance-related AKT/Nrf2 pathway,

and Rg5 does not affect the expression of the P-gp

transporter. Actinomycin D (ActD) is an anticancer drug

that blocks DNA-dependent transcription and inhibits

topoisomerase, causing DNA double-strand breaks,

avoiding ActD resistance in lung cancer cells, and

improving therapeutic effects.

4.4. Leonurine

Leonurine is a natural compound extracted from the

herb Leonurus japonicus, and leonurine injection has

been widely used in the treatment of various malignant

tumors, including lung cancer, liver cancer,

gastrointestinal malignancies, bladder cancer, and

more. Recent studies have shown that leonurine can

reverse the resistance of tumor cells and is promising as

a novel anti-multidrug resistance therapeutic drug for

the treatment of malignant tumors. Molecular targeted

therapy is a promising strategy for treating patients

with NSCLC. Molecular targeted drugs such as erlotinib

have shown good clinical efficacy in advanced NSCLC,

but patients inevitably develop resistance after 8 to 12

months of effective treatment, leading to tumor

recurrence or metastasis and treatment failure. Recent

research has found that leonurine can reverse the

resistance of human NSCLC cells to erlotinib in vitro by

reducing the expression of P-gp, inhibiting the P-gp-

dependent extrusion, and increasing the intracellular

concentration of anticancer drugs. Consistent with its

role in activating apoptosis, leonurine inhibits the

proliferation of A549/DDP cells in a time- and dose-

dependent manner by reducing the mitochondrial

membrane potential of tumor cells, increasing the
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concentration of intracellular reactive oxygen species,

and other pathways. Additionally, leonurine enhances

the sensitivity of A549/DDP cells to DDP, reversing the

resistance of A549/DDP cells.

4.5. Other Active Monomers of Traditional

Chinese Medicine

The human lung adenocarcinoma PC14 cells, which lack

EGFR mutations, are less sensitive to gefitinib than PC9

cells with EGFR mutations. Tetrandrine can increase

the sensitivity of PC14 cells to gefitinib by inhibiting

lysosomal function. Tetrandrine, in combination with

DDP, can induce autophagy, reduce the viability of both

DDP-resistant and DDP-sensitive A549 cells, and

reverse the resistance of A549 cells to DDP. Therefore,

tetrandrine is an effective autophagy agonist and may

be a promising drug for the treatment of NSCLC. Recent

studies in in vivo experiments with a mouse xenograft

model found that the combined treatment of tangeretin

and doxorubicin can significantly reduce tumor volume

by 84.15%. Data show that tangeretin can enhance the

cytotoxicity of A549/doxorubicin cells induced by

doxorubicin by inhibiting the expression of MRP1,

suggesting that it can serve as an effective adjuvant for

doxorubicin chemotherapy in lung cancer. Emodin

significantly enhances the growth-inhibitory effect of

DDP in A549/DDP cells, and its combined use with DDP

can effectively promote apoptosis in lung cancer cells

and inhibit cell migration and invasion, which may be

related to the inhibition of the NF-κB pathway  [58][59].

Parthenolide (PN) is an active component of feverfew,

which has long been used to treat inflammation,

migraines, menstrual disorders, fever, and rheumatoid

arthritis. PN can reverse doxorubicin resistance by

inhibiting NF-κB activation and upregulating HSP70,

thereby suppressing the expression of P-gp. The

endogenous expression of Nrf2 and its target genes

GCLC, GCLM, HO-1, NQO1, MRP1 in A549/DDP cells is

much higher than in A549 cells, and silencing Nrf2 can

partially restore the sensitivity of A549/DDP cells to

DDP. Research has found that compared to treatment

with DDP alone, the combined use of tanshinone and

DDP can sensitize A549/DDP cells to DDP, leading to

their death and apoptosis. Specifically, tanshinone

reduces the expression of Nrf2, thereby leading to a

decrease in the expression of its target genes, reversing

the chemotherapy resistance of lung cancer cells to

DDP. In summary, traditional Chinese medicine has

great potential in reversing lung cancer resistance, but

most of the related research is currently only at the in

vitro level, and there is still a long way to go before

clinical application.

5. Conclusion

Lung cancer poses a considerable threat to global

human health and life safety, with over 50% of patients

being diagnosed at an advanced stage, which directly

results in a scarce chance of cure through surgical

resection. Currently, chemotherapy and radiotherapy

are the main treatment methods for lung cancer, but

due to their significant toxic side effects and the easy

development of resistance, patients find it difficult to

adhere to treatment, leading to low cure rates and high

recurrence rates. In recent years, traditional Chinese

medicine has attracted researchers' attention due to its

strong pharmacological activity, minimal toxic side

effects, and the advantage of multi-targeted combined

treatment for tumors. The active components of

traditional Chinese medicine that are currently studied

against NSCLC mainly include alkaloids, saponins,

terpenes, polysaccharides, etc., all of which have shown

inhibitory effects on NSCLC proliferation. When

combined with radiotherapy and chemotherapy, they

can effectively reduce the recurrence and metastasis

rates, reverse multidrug resistance, and improve

treatment efficiency. Since ancient times, traditional

Chinese medicine has emphasized that humans are an

organic whole with strong self-healing capabilities,

advocating for enhancing the body's own immune

system to combat cancer cells. This is consistent with

the current research focus on immunotherapy. Chinese

herbal formulas start from improving immune

function, reducing adverse reactions to chemotherapy,

and improving the quality of life, thereby

comprehensively enhancing the treatment effects for

lung cancer.
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