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Granulomatous lobular mastitis (GLM) presents significant challenges, including

high rates of morbidity, recurrence, and disability, ultimately impacting women’s

health and quality of life. Local autoimmune imbalance involving dysregulated

cytokines and immune cells has been recognized to play a key role in the

pathology of GLM. Traditional Chinese medicine (TCM), with its multi-

component, multi-pathway and multi-target characteristics, offers unique

advantages and broad prospects in the treatment of GLM. Here, we review the

relationship between immune dysregulation and GLM, as well as the regulatory

mechanisms of TCM-based interventions, with the aim of providing new insights

and foundational knowledge for the clinical treatment of GLM, while promoting

the further application and development of TCM-based strategies for the

treatment of GLM.
KEYWORDS
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1 Introduction

Granulomatous lobular mastitis (GLM) is a distinct form of inflammatory breast disease,

characterized by non-caseating necrosis of breast lobules and granuloma formation,

accounting for 24% of all cases of inflammatory breast disease (1). GLM typically presents

with a wide range of lesions, a prolonged course, and a high recurrence rate, severely

impacting the physical and mental health, as well as the quality of life of patients (2). Current

treatment options include hormone therapy, immunosuppressants, and localized surgical

interventions. However, these approaches are often associated with extended treatment

durations of 3 to 12 months, extensive surgeries required to achieve complete lesion removal,

and notably, recurrence rates ranging from 10% to 50% (3). Therefore, finding effective

therapies and drugs for treating GLM is an urgent clinical issue to be addressed.
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Immune imbalance plays pivotal roles in the onset and

progression of autoimmune diseases. Aberrantly activated

immune cells release large amounts of cytokines, triggering

autoimmune attacks on host tissues. This overexpression of

cytokines further exacerbates immune system hyperactivity,

creating a cycle that worsens disease severity. Studies have

demonstrated that in GLM, dysregulation of T cells, B cells, and

Natural killer (NK) cells, along with elevated release of

inflammatory cytokines, are central to the disease process. These

immune dysregulations can be alleviated by immunosuppressive

treatments, suggesting that immune imbalance is a key mechanism

underlying the pathological damage in GLM (2, 4, 5).

Traditional Chinese Medicine (TCM), known for its multi-

component, multi-pathway, and multi-target approach, has

demonstrated remarkable clinical efficacy in the treatment of

GLM (6–8). Although the exact mechanisms by which TCM

treats GLM remain unclear, its ability to restore the local immune

microenvironment at the lesion site plays a critical role (9–11). In

this review, we summarize the immune-mediated pathological

mechanisms of GLM and the role of TCM in recovering local

immune microenvironment, with the aim of advancing the

application and research of TCM in the prevention and treatment

of GLM.
2 Immune dysregulation and GLM

2.1 Macrophages

Granuloma formation is the hallmark pathological feature of

GLM, with macrophage infiltration and proliferation being directly

responsible for inducing granuloma development (12).
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Macrophages, the most widely distributed immune cells in

human tissues and the first line of defense against invaders, play a

crucial role in GLM by releasing inflammatory factors and

modulating the M1/M2 phenotype (13) (Figure 1). During the

progression of GLM, the persistent secretion and activation of pro-

inflammatory cytokines, including interleukin (IL)-1b and IL-6,

promote macrophage chemotaxis and ongoing tissue destruction

(11, 14, 15). Within macrophages, the nuclear factor-kB (NF-kB)
pathway regulates the release of various inflammatory factors,

including IL-6, IL-1b, cyclooxygenase-2 (COX-2), and inducible

nitric oxide synthase (iNOS) (16, 17). Wang et al. (14) found

significantly increased expression levels of phosphorylated p65,

iNOS, and COX-2 in lesions of patients with GLM, closely linked

to NF-kB pathway activation induced by C-C motif chemokine

ligand (CCL)5 in macrophages.

Macrophage polarization refers to the different activated states

of macrophages under specific conditions, categorized into pro-

inflammatory M1 and anti-inflammatory M2 types based on

interactions with T helper (Th) cells (18). M1 macrophages are

activated by Th1 cells to participate in Th1-type immune responses,

releasing pro-inflammatory factors that contribute to early-stage

tissue damage and inflammation (19). In contrast, M2

macrophages, activated by cytokines secreted by Th2 cells,

primarily exert anti-inflammatory effects by releasing anti-

inflammatory cytokines, growth factors, and repair factors,

promoting immune tolerance, tissue repair, and in some cases,

tumorigenic activities (20). Studies have identified M2 macrophage

infiltration in patients with GLM, suggesting that during the

chronic phase, preventing the transition from M1 to M2

macrophages or inhibiting M2 macrophage activity could

suppress tumorigenic effects, reduce the extent of surgery needed,

and minimize post-GLM tissue damage (20).
FIGURE 1

Immune disorders in GLM lesions. The red arrow indicates that experimental results have been validated.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1494155
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lou et al. 10.3389/fimmu.2024.1494155
2.2 T cells

Numerous studies have recognized the remarkably disordered T

cell subsets in GLM lesion (Figures 1, 2). For example,

immunohistochemical staining has consistently identified an

inflammatory microenvironment predominantly composed of T

cells in individuals with GLM (21, 22). Moreover, multiple subtypes

of Th cells are abundantly expressed in the serum and lesion sites of

patients with GLM (11, 23–25). Zheng et al. (21) provided a

comprehensive review of the role of CD4+T cell subsets in GLM

pathogenesis. Among these subpopulations, the Th1/Th2 imbalance

has been strongly implicated in GLM development (21). In general,

Th1 and Th2 maintain a dynamic equilibrium, but pathological

conditions can cause a shift, with one subgroup dominating. In

GLM, studies have shown an increase in IL-4 and IL-6 mediated by

Th2 cells, alongside a decrease in IL-2 and interferon-g (IFN-g)
mediated by Th1 cells, indicating a Th2-dominant inflammatory

response (11, 21, 25). Furthermore, the recently identified

pathogenic Th2 (Tpath2) cells have been shown to express high

levels of ST2, a component of the IL-33 receptor, and IL-5 when

activated by IL-33 (26, 27). The elevated IL-5 level can exacerbate

the eosinophilic inflammation observed in GLM (28). However, the

role of Tpath2 cells in GLM remains largely unexplored and

warrants further investigation.
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Regulatory T (Treg) cells are a CD4+ T cell subset with

immunosuppressive functions, playing crucial roles in maintaining

immune tolerance (29). The transcription factor forkhead box

protein P3 (Foxp3) is specifically expressed in Treg cells. In

contrast, effector T (Teff) cells, which proliferate and differentiate

from naive CD4+T cells, have effects opposite to those of Treg cells,

and maintaining a balance between Treg and Teff cells is essential for

preventing autoimmune diseases (29). Legorreta-Haquet et al. (30)

found that both Treg and Teff cells express high levels of prolactin

(PRL) in patients with autoimmune disease. PRL binds to its receptor

PRLR, reducing the inhibitory effect of Treg cells on Teff cells,

consequently promoting Teff cell proliferation, increasing IFN-g
secretion, and exacerbating autoimmunity. Ucaryilmaz et al. (31)

demonstrated that Teff cells are significantly elevated in the

peripheral blood of patients with GLM compared to healthy

controls, whereas Foxp3 expression in Treg cells and nTreg

(CD3+CD4+CD45RA−Foxp3low) expression are lower in patients

with GLM compared to healthy individuals. Furthermore, the

proportion of aTreg (CD3+CD4+CD45RA−Foxp3high) and nTreg

cells is higher during the active phase compared to the remission

phase, suggesting that Teff/Treg immune imbalance and Foxp3

involvement contribute to the progression of GLM, with Treg cell

subset differentiation varying across different pathological stages. On

the other hand, under the influence of transforming growth factor b
FIGURE 2

Immune disorders in serum from patients with GLM. The red arrow indicates that experimental results have been validated.
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(TGF-b) and IL-6, Th0 cells differentiate into Th17 cells, which are

involved in inflammatory responses and autoimmune diseases.

Studies have indicated that the Th17/Treg balance is also crucial in

maintaining immune homeostasis, as these cells are usually in

dynamic equilibrium, mutually inhibiting each other (21). Koksal

et al. (23) found significantly elevated levels of the Th17 characteristic

cytokine IL-17 in the peripheral blood of patients with GLM,

indicating Th17 involvement in GLM disease progression. Th17/

Treg immune imbalance may be another important mechanism

underlying GLM pathogenesis.

However, Saydam et al. (24) found that IL-17 levels in

peripheral blood of premenopausal GLM patients without a

history of breast disease did not differ significantly from those in

healthy controls, whereas the levels of Th22 and Th23 characteristic

cytokines IL-22 and IL-23 were significantly higher than in healthy

individuals. Notably, evidence suggests that IL-23 is crucial for

Th17 cell growth and can directly stimulate Th17 cells to produce

IL-17 (32). Additionally, hyperprolactinemia has been shown to

mediate changes in immune cells such as Th1, Th2, and Th17 (33).

Ewerman et al. (34) found that the levels of Th2 and Th17-related

factors CCL22 and CXC motif chemokine ligand (CXCL) 1 were

significantly elevated in patients with mild to moderate

hyperprolactinemia (465-3600 mU/I) compared to healthy controls.

In addition, cytotoxic T lymphocytes (CTLs) and natural killer

T cells (NKTs) have been deeply implicated in granuloma

formation. NKT cells inhibit yeast glycan A-induced granuloma

formation by inhibiting IFN-g production and promoting IL-10

production, which in turn inhibits yeast glycan A-induced

granuloma formation, whereas CTL cells accumulate during the

effector phase of granuloma formation (35). Emsen et al. (36)

showed that the absolute CTL cell counts, absolute NKT cell

counts and percentages in the peripheral blood of patients with

GLM were significantly higher than those of patients in remission.

In brief, the distribution of T cell subtypes varies in serum and focal

tissues of patients with GLM and in different histories and

pathological stages. However, the precise mechanisms by which T

cell subtypes influence GLM progression remain unclear and

require further investigation.
2.3 B cells

B cells play critical roles in the initiation, progression, and

persistence of autoimmune diseases (Figures 1, 2). Studies have

demonstrated that B cells contribute to the development and

advancement of GLM through the regulation of cytokine and

antibody release, as well as the differentiation of regulatory B cells

(Bregs). Li et al. (22) found that peripheral CD20+B cells in GLM

lesions significantly outnumber CD3+T cells. The PRL-induced B-cell

NF-kB signaling pathway in mammary epithelial cells can upregulate

the pro-inflammatory cytokines in mammary epithelial cells. Research

indicates elevated levels of IL-6 and tumor necrosis factor-a (TNF-a)
in lesion tissues of patients with GLM (11). Activated B cells can

regulate the function and migration of dendritic cells, macrophages,

and T cells by secreting pro-inflammatory cytokines such as IL-6 and
Frontiers in Immunology 04
TNF-a, thereby providing feedback stimulatory signals that further

activate B cells (37, 38).

Bregs play vital roles in maintaining immune tolerance,

restoring immune homeostasis, and suppressing autoimmune-

mediated inflammatory responses (39). IL-10+Breg cell can

suppress pro-inflammatory responses from Th1, Th17, CD8+ T

cells, NK cells, and dendritic cells, while also reducing the secretion

of inflammatory factors. Additionally, they can convert naïve

CD4+T cells into Treg cells (40). Tang et al. (41) demonstrated

low expression of IL-10 in the serum of patients with GLM.

Ucaryilmaz et al. (31) observed that patients with active GLM

had a lower proportion of Breg cells in their peripheral blood

compared to both patients in remission-phase GLM and healthy

individuals. Therefore, increasing Breg cell expression and IL-10

release may be effective strategies for treating GLM and alleviating

ongoing immune-mediated inflammatory damage.

After receiving antigen stimulation, mature B cells differentiate

into plasma cells with the assistance of antigen-presenting cells and

Th cells, thereby participating in humoral immunity. Research has

found elevated levels of immunoglobulin (Ig) A, IgG, and IgM in

the pus tissue and serum of patients with GLM (41, 42). Moreover,

various Th cell subtypes are widely expressed in the serum and

lesions of patients with GLM (11, 23–25). IgG4, secreted by plasma

cells, is a Th2 cell-dependent immunoglobulin. Ogura et al. (43)

found that patients with GLM can be categorized into IgG4-related

and non-IgG4-related types. Patients with IgG4-related GLM

exhibit diffuse IgG4+ plasma cells and elevated serum IgG4 levels,

independent of pregnancy or childbirth factors, while non-IgG4-

related GLM may be associated with these factors. Kong et al. (20)

reported that IgG4 expression in patients with GLM varies based on

the presence of nipple retraction: patients with nipple retraction

show significantly higher expression of IgG4 in breast tissue

compared to those without nipple retraction, suggesting that the

increase in IgG4 may be related to duct obstruction, damage to

ductal endothelial cells, and nipple inversion.
2.4 NK cells

NK cells are vital components of innate immunity. They

participate in immune regulation through cell cytotoxicity and

cytokine secretion functions (44, 45). Previous studies have

shown that NK cells are involved in the disease progression of

GLM (Figures 1, 2). Research has shown that the absolute count and

proportion of CD16+CD56+NK cells in the peripheral blood of

patients with active GLM are significantly increased (36). On one

hand, CD57 is mainly expressed by the mature subset of NK cells.

The peak infiltration of CD57+NK cells in the breast tissue of

patients with GLM at the chronic phase (2 weeks to 3 months) may

indicate that CD57+NK cell levels serve as an important clinical

boundary for GLM (20). In addition, compared to CD57-NK cells,

CD57+NK cells produce higher levels of IFN-g that may further

activate M1-type macrophages (44). On the other hand, NK cells

express PRLR, which has been identified to mediate and promote

the differentiation of CD56+ NK cells from the other CD34+ lineage
frontiersin.org
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(46, 47). Research has demonstrated that PRL induces the

upregulation of IL-2/IL-2Ra and IL-15/IL-15Ra expression in an

autocrine manner, activating the cytotoxicity of NK cells. Therefore,

regulating the function of NK cells or the cytokines that stimulate

and inhibit their secretion could be crucial for the clinical alleviation

or cure of GLM.
2.5 Complement system

The complement (C) system is an important component of the

innate immune system, playing a central role in the fight against

pathogens and inflammation. Evidence suggests that the

complement system is involved in the pathogenesis of GLM. Su

et al. (48) found elevated levels of C3 and C4, intrinsic components

of complement, in the serum and diseased tissues of patients with

GLM, with their levels decreasing after treatment. C3 and C5 belong

to the complement system and mediate a various autoimmune

diseases (49, 50). During inflammatory stimulation, C3 and C5 are

cleaved by proteolytic processes into the chemokines C3a and C5a,

which then bind to their respective receptors, C3aR and C5aR1.

This interaction promotes histamine release from mast cells and

basophils, and stimulates the recruitment of polymorphonuclear

leukocytes to the site of inflammation, contributing to the

regulation of the inflammatory response (51). Li et al. (49)

reported that C3a and C5a were highly expressed in exosomes

from the tissues of GLM patients, along with elevated levels of C3/

C3a-C3aR and C5/C5a-C5aR1. This suggests that the complement

system is activated in GLM, and that inflammation-stimulated

production of C3a and C5a is enriched in exosomes, participating

in GLM pathogenesis by binding to their receptors and acting as

paracrine factors (Figures 1, 2).
2.6 Autoantibodies

The immune response involving autoantibodies targeting self-

cells or components is a primary cause of pathological damage in

autoimmune diseases and serves as a key indicator for disease

diagnosis and prognosis. Ozel et al. (52) conducted autoantibody

tests for rheumatoid factor (RF), anti-nuclear antibodies (ANA),

and anti-double-stranded DNA (anti-dsDNA) antibodies on eight

patients diagnosed with GLM who underwent surgical treatment.

The results indicated that all autoantibodies were positive in 3

patients, RF was positive in 6 patients, and 2 patients were positive

for both ANA and anti-dsDNA antibodies. Shojaeian et al. (53)

tested 318 patients diagnosed with refractory or recurrent GLM,

revealing that 11.6% of the entire patient cohort tested positive for

ANA. Following treatment with methotrexate, a drug indicated for

rheumatoid arthritis, combined with low-dose corticosteroids,

94.3% of patients achieved complete remission. However, Koksal

(54) reported that the positivity rates of RF, ANA, anti-dsDNA

antibodies, perinuclear anti-neutrophil cytoplasmic antibodies

(pANCA), and anti-cyclic citrullinated peptide antibodies (anti-
Frontiers in Immunology 05
CCP) in patients with active GLM showed no statistically significant

difference compared to healthy females. Therefore, further clinical

data are needed for validation.

In summary, as an autoimmune disease, the pathogenesis of

GLM is associated with T cells, B cells, macrophages, NK cells, the

complement system, autoantibodies, and cytokines to varying

degrees. These factors interact and collectively exacerbate GLM

damage. On one hand, cellular immunity, represented by T cells,

promotes changes in the immune microenvironment in GLM by

recognizing, binding to, and presenting antigens, assisting humoral

immunity, and releasing cytokines, thereby triggering an immune

storm. On the other hand, humoral immunity, represented by B

cells, releases inflammatory factors and antibodies in GLM and

regulates immune cell activity, further promoting inflammation and

damage. Notably, the state of immune dysregulation in patients

with GLM varies across different pathological stages, disease

histories, peripheral blood, and lesion tissues. Evidence suggests

that the level of autoreactive antibodies increases following B cell

senescence, contributing to the onset and progression of

autoimmune diseases (55, 56). In multiple autoimmune diseases,

the number of autoreactive and age-related B cells is significantly

higher in patients and autoimmune-prone mice compared to

healthy controls (57).

Additionally, cytokines such as IL-8, IL-17A, and CCL2 also

contribute to the onset and progression of GLM. Specifically, TNF-

a plays a critical role in recruiting immune cells involved in

granuloma formation through its chemotactic effects (58). In the

early stages of GLM, large amounts of TNF-a released bind to

receptor P55, thereby promoting inflammation and immune cell

recruitment (59). Wang et al. (14) used cytokine chip technology to

analyze changes in inflammatory cytokines in patients with GLM

and found elevated CCL2, CCL3, CCL5, and soluble TNF receptor

(sTNFR) expression levels in lesion tissues. Moreover, evidence

indicates that both serum IL-6 and C-reactive protein (CRP), along

with phosphorylated STAT3 (pSTAT3) in lesion sites, are elevated

in patients with GLM. This may result from IL-6 functioning as a

CRP-inducing factor, promoting its synthesis and release which

under immune stimulation, which leads to the overactivation of the

Janus kinase/signal transducer and activator of transcription 3

(JAK/STAT3) pathway (15, 60). Additionally, PRL induces a

dose-dependent amplification of mRNA expression for pro-

inflammatory cytokines such as IL-1b, IL-6, IL-8, granulocyte-
macrophage colony-stimulating factor (GM-CSF), and TNF-a in

mammary epithelial cells, subsequently triggering inflammation

and granuloma formation in breast tissues (61) (Figures 1, 2).

This suggests that cytokines synthesized and secreted by immune

cells are extensively involved in the pathogenesis and progression of

GLM. However, the role of these cytokines in mediating the

development, activation, and targeted migration of immune cells

in this process remains unclear. Therefore, further investigation

into the pathogenic mechanisms of GLM is necessary to establish

more accurate diagnostic modalities and more effective therapeutic

strategies to address the challenges posed by varying pathological

stages and individual differences.
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3 Treatment of GLM with TCM
through immune regulation

Based on clinical symptom manifestations, GLM is classified in

TCM as belonging to the category of “mammary carbuncle”. Based

on the etiology, pathogenesis, and clinical characteristics, GLM is

classified in TCM into three different stages: the lump phase, abscess

stage, and late stage of ulceration. The goals of treatment include

soothing the liver, clearing heat, reducing swelling, relieving pain,

detoxification, clearing heat, promoting suppuration drainage,

resolving carbuncle, and supporting the body’s resistance while

expelling toxins. The therapeutic mechanisms of TCM in treating

GLM have been well reviewed by Lian et al (8, 62). Research has

demonstrated that TCM treatments can significantly improve

breast shape in patients with GLM, promote wound healing,

shorten the disease course, alleviate pain, reduce recurrence rates,

and enhance the overall quality of life without significant toxic side

effects, indicating high safety and efficacy (8, 62).

Recently, research on the immunomodulatory mechanisms of

TCM-based interventions has gained significant attention. Studies

have shown that systemic treatment with Chinese herbal medicine

modulates immune pathways in the treatment of GLM (Table 1).

Chaihu Qinggan Decoction, derived from “surgical authentic”

formulas, is recognized for its effects in soothing the liver,

relieving depression, clearing heat, detoxifying, and reducing

swelling. It is commonly applied in the clinical management of

the acute progression phase of GLM (63). Combining Chaihu

Qinggan Decoction with prednisone significantly increases the

expression of CD3+, CD4+, and complement CD3 in peripheral

blood while reducing CD8+, IgG, IgA, and IgM expression levels,

thus improving therapeutic efficacy and regulating immune

function (63). Xie et al. (63) explored the mechanisms by which

Chaihu Qinggan Decoction treats GLM using network

pharmacology. Their findings indicated that active ingredients

such as quercetin, kaempferol, and baicalein may target IL-6,

TNF, IL-1b, CXCL8, CCL2, and IL-4, and modulate IL-17, Toll-

like receptor, and TNF-related pathways. These activities could

impact M1/M2 macrophage polarization, thereby regulating

downstream inflammatory factors and influencing GLM

progression. Other TCM formulas such as Shugan Xiaoyong

Decoction and Tuoli Tounong Decoction also mitigate

autoimmune inflammatory damage through immunomodulation,

providing therapeutic benefits for patients with GLM (64, 65).

In TCM, external treatments offer unique advantages and

potential applications for managing GLM (Table 1). Gao et al.

(66) demonstrated that wound irrigation with Tounong Decoction,

combined with vacuum sealing drainage, significantly shortened

healing times, reduced dressing change frequency, relieved breast

abscesses and pain, and promoted granulation tissue growth.

Mechanistically, this treatment approach was associated with

reductions in serum IgG4+, CD4+, CD8+, and C1q levels.

Similarly, Tang et al. (41) reported that Xiaoyong Rukang

Decoction, combined with the topical application of Jinhuang

ointment, significantly elevated Treg cells, the Treg/Th17 ratio,

IL-10, TGF-b1, IgG, and IgA levels. Furthermore, this treatment

approach exhibited better safety, a lower recurrence rate, and
Frontiers in Immunology 06
superior overall efficacy compared to conventional therapies.

Acupuncture has also been validated to be an effective

immunomodulatory strategy in GLM. Hu et al. (67) found that

regulating Qi and Ying, combined with fire needling cupping,

enhanced CD3+, CD4+, and CD8+T cells, while decreasing

CD56+CD16+NK cells, IgM, C3, and C4 levels. These changes

alleviated mammary tissue degeneration and necrosis, improving

both clinical symptoms and immune function in patients

with GLM.

In addition to its immunoregulatory role, TCM can also

alleviate inflammatory damage caused by pyroptosis in the

treatment of GLM (Figure 3). Pyroptosis, a type of inflammatory

cell death that occurs when inflammatory stimuli lead to the

formation of pores in the cell membrane, primarily mediated by

proteins from the Gasdermin (GSDM) family. Intracellular pattern

recognition receptors activate the NOD-like receptor protein 3

(NLRP3) inflammasome, which subsequently activates caspase-1.

Caspase-1 cleaves GSDMD, leading to pore formation and lysis of

the cell membrane, thereby inducing pyroptosis. Furthermore,

activated caspase-1 promotes the maturation and release of pro-

inflammatory cytokines such as pro-IL-1b and pro-IL-18,

exacerbating inflammation (85, 86). Studies have demonstrated

that pyroptosis plays a significant role in the pathogenesis of

various autoimmune diseases (87–89). Researchers have identified

elevated expression levels of pyroptosis-related proteins, including

cleaved IL-18, IL-18, cleaved IL-1b, IL-1b, cleaved caspase-1,

caspase-1, GSDMD, GSDMD-N, and NLRP3, in GLM tissues.

Additionally, transmission electron microscopy has revealed

distinct characteristics of pyroptosis at lesion sites, highlighting its

involvement in the progression of GLM (10, 79, 90). Oral

administration of TCM treatments such as Zicao Yanghe

Decoction has been shown to downregulate the expression levels

of cleaved IL-18, IL-18, cleaved IL-1b, IL-1b, cleaved caspase-1,

caspase-1, GSDMD, GSDMD-N, and NLRP3, thereby inhibiting

pyroptosis-mediated inflammation and mitigating GLM-induced

inflammatory damage (10, 79). Other formulations, including Tuoli

Tounong Powder and Chaihu Qinggan Decoction, have also been

found effective in reducing inflammatory damage by targeting the

pyroptosis pathway (65, 69). These findings suggest that targeting

pyroptosis-mediated inflammation could be a promising

therapeutic strategy for managing GLM.

Evidence suggests a close relationship between pyroptosis and

immune cells. On one hand, pyroptosis plays a crucial role in

modulating the expression of immune cells and shaping the

immune microenvironment. For instance, Dong et al. (91), in a

study of patients with septic shock, found that pyroptosis leads to

the depletion of immature/transitional (IM) B cells, activated

memory (AM) B cells, and resting memory (RM) B cells in

peripheral blood. The administration of the caspase-1 inhibitor

VX-765 effectively mitigated the depletion of these B cell subsets.

Similarly, Zhang et al. (92) demonstrated that GSDME expression

enhances the phagocytic capacity of tumor-associated macrophages

(TAMs) and promotes the infiltration of NK and CD8+T cells into

tumors, thereby strengthening adaptive anti-tumor immunity.

Furthermore, granzyme (Gzm) B from cytotoxic cells can directly

cleave GSDME to induce caspase-independent pyroptosis in target
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TABLE 1 TCM treats GLM through immunoregulation.

Immunomodulation
Or Other regulation

Ref

ownregulation of WBC, CRP, IL-2 expression, upregulation
IL-4 expression.

(64)

ownregulation of Ki-67 antigen expression. (68)

ownregulation of IL-6 and IL-1b, C3, C4, CRP, IgA, IgG,
M expression, upregulation of IFN-g expression.

(11, 42, 48)

pregulation of CD3+ and CD4+, expression, downregulation
CD8+, IgG, IgA, IgM, IL-1, IL-6, TNF-a and PRL
pression; Downregulation of NLRP3, Caspase-1, and IL-
expression.

(9, 69, 70)

ownregulation of BAX, IL-6, JAK2, STAT3, Caspase-9
pression.
ownregulation of TNF-a, BAX, IL-1b, NF-kB expression.

(71, 72)

ownregulation of IL-18 and IL-1b, Caspase-1 and GSDMD-
expression.

(65)

ownregulation of IL-6, TNF, IL-1b, IL-2, IL-4, and
P expression.

(73, 74)

ownregulation of IL-6, IL-17A and TNF-a expression. (75)

(Continued)
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Classification Methods Composition/Source

Internal
treatment method

Shugan Xiaoyong Decoction Benincasae Semen, Taraxaci Herba, Poria, Coicis Semen,
Rhodiolae Crenulatae Radix et Rhizoma, Forsythiae Fructus,
Hordei Fructus Germinatus, Smilacis Chinae Rhizoma,
Actinidia arguta (Sieb. & Zucc) Planch., Paeoniae Radix Rubra,
Arnebiae Radix, Prunellae Spica, Bupleuri Radix (prepared
with vinegar), Curcumae Radix, Fritillariae Thunbergii Bulbus,
Angelicae Dahuricae Radix, Cimicifugae Rhizoma, Glycyrrhizae
Radix et Rhizoma

D
of

Soothing the liver and requlating Qi, removing blood stasis and
dredging Decoction

Bupleuri Radix, Lonicerae Japonicae Flos, Forsythiae Fructus,
Platycodonis Radix, Aurantii Fructus, Trichosanthis Radix,
Bombyx Batryticatus, Trichosanthis Fructus, Fritillariae
Thunbergii Bulbus, Polygoni Cuspidati Rhizoma et Radix,
Angelicae Sinensis Radix, Chuanxiong Rhizoma, Paeoniae
Radix Rubra, Paeoniae Radix Alba, Prunellae
Spica, Glycyrrhizae Radix et Rhizoma

D

Yiqi Heying Decoction Astragali Radix, Codonopsis Radix, Bupleuri Radix, Angelicae
Sinensis Radix, Salviae Miltiorrhizae Radix et Rhizoma,
Paeoniae Radix Rubra, Taraxaci Herba, Forsythiae Fructus,
Scutellariae Radix, Polygoni Cuspidati Rhizoma et Radix,
Gleditsiae Spina, Glycyrrhizae Radix et Rhizoma

D
Ig

Chaihu Qinggan decoction Bupleuri Radix, Angelicae Sinensis Radix, Chuanxiong
Rhizoma, Rehmanniae Radix, Paeoniae Radix Rubra,
Scutellariae Radix, Trichosanthis Radix, Saposhnikoviae Radix,
Arctii Fructus, Gardeniae Fructus, Forsythiae Fructus,
Glycyrrhizae Radix et Rhizoma

U
of
ex
1b

Xihuang Capsule Bovis Calculus, Olibanum, Myrrha, Notoginseng Radix et
Rhizoma, Panacis Quinquefolii Radix, Cremastrae
Pseudobulbus Pleiones Pseudobulbus, Cordyceps, Margaritifera
Concha, Moschus

D
ex
D

Tuoli Tounong Decoction Ginseng Radix et Rhizoma, Atractylodis Macrocephalae
Rhizoma, Vaccariae Semen, Angelicae Dahuricae Radix,
Cimicifugae Rhizoma, Glycyrrhizae Radix et Rhizoma,
Angelicae Sinensis Radix, Astragali Radix, Gleditsiae Spina,
Citri Reticulatae Pericarpium Viride

D
N

Tounong Powder Astragali Radix, Angelicae Sinensis Radix, Chuanxiong
Rhizoma, Manis, Gleditsiae Spina

D
C

Yanghe Decoction Rehmanniae Radix, Cinnamomi Cortex, Ephedrae Herba, Cervi
Cornu Colla, Sinapis Semen, Zingiberis Rhizoma Preparata,
Glycyrrhizae Radix et Rhizoma

D

R
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TABLE 1 Continued

Immunomodulation
Or Other regulation

Ref

egulation of NLRP3 inflammasome and IL-1b, IL-
ession.

(76)

egulation of CRP, IL-4 expression, white blood cell
and neutrophil levels.

(77)

lation of IgA, IgG, and IgM expression, downregulation
, CRP, and TNF-a express.

(78)

egulation of GSDMD, caspase-1, NLRP3, IL-18, cleared
-1, and cleared IL-1b and GSDMD-N expression.

(79, 80)

egulation of IL-1b, IL-6, and CCL5, inhibition of NF-kB
-1, phosphorylation of JNK and p38; generation of
O, iNOS, and COX-2.

(14)

egulation of IL-1b, IL-18, caspase-1, GSDMD, and
expression.

(10)

egulation of CD4+expression and CD4+/CD8+ratio,
lation of CD8+expression.

(81)

egulation of IgG4+, CD4+, CD8+, and C1q expression. (66)

egulation of IL-6, TNF-a expression. (82)

(67)

(Continued)
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Classification Methods Composition/Source

Huatan Quyu Decoction Bupleuri Radix, Pinelliae Rhizoma, Citri Reticulatae
Pericarpium, Aurantii Fructus, Chuanxiong Rhizoma,
Atractylodis Macrocephalae Rhizoma, Gleditsiae
Spina, Forsythiae Fructus, Scutellariae Radix, Smilacis
Glabrae Rhizoma, Salviae Miltiorrhizae Radix et Rhizoma,
Paeoniae Radix Rubra, Glycyrrhizae Radix et Rhizoma

Downr
18 exp

Yiyi Baijiang Decoction Paridis Rhizoma, Hedyotidis Herba, Codonopsis Radix,
Atractylodis Macrocephalae Rhizoma, Thlaspi arvense Linn,
Lonicerae Japonicae Flos, Taxilli Herba, Coicis Semen, Poria,
Lobeliae Chinensis Herba, Dipsaci Radix, Moutan Cortex,
Violae Herba, Salviae Miltiorrhizae Radix et Rhizoma, Asari
Radix et Rhizoma

Downr
count,

Shugan Xiaozhong Powder Bupleuri Radix, Trichosanthis Fructus, Salviae Miltiorrhizae
Radix et Rhizoma, Poria, Curcumae Radix, Bombyx
Batryticatus, Hordei Fructus Germinatus, Scutellariae Radix,
Cyperi Rhizoma, Myrrha, Gardeniae Fructus, Citri Reticulatae
Pericarpium Viride, Citri Reticulatae Pericarpium, Ostreae
Concha, Sinapis Semen, Glycyrrhizae Radix et Rhizoma

Upregu
of IL-6

Zicao Yanghe Decoction Arnebiae Radix, Rehmanniae Radix, Cervi Cornu Colla,
Zingiberis Rhizoma Preparata, Fritillariae Thunbergii
Bulbus, Gleditsiae Spina, Sinapis Semen, Liquidambaris
Fructus, Prunellae Spica, Glycyrrhizae Radix et Rhizoma,
Ephedrae Herba, Cinnamomi Cortex

Downr
caspas

Mahonia bealei Berberidaceae Downr
and AP
ROS, N

External
treatment
methods

Zicao Yanghe Decoction ditto Downr
NLRP3

Mahuang Tincture Strychni Semen, Coptidis Rhizoma, Momordicae Semen,
Gardeniae Fructus

Downr
upregu

Closed Negative Pressure Drainage Combined with Tori Sputum Astragali Radix, Angelicae Sinensis Radix, Chuanxiong
Rhizoma, Manis, Gleditsiae Spina

Downr

Shengji Yuhong Ointment Codonopsis Radix, Chuanxiong Rhizoma, Paeoniae Radix Alba,
Astragali Radix, Atractylodis Macrocephalae Rhizoma, Poria,
Angelicae Sinensis Radix, Lonicerae Japonicae Flos, Angelicae
Dahuricae Radix, Platycodonis Radix, Gleditsiae Spina,
Glycyrrhizae Radix et Rhizoma

Downr

Regulating Qi and Ying therapy combined with fire
needling cupping

Chuanxiong Rhizoma, Angelicae Sinensis Radix, Rehmanniae
Radix, Paeoniae Radix Rubra, Angelicae Dahuricae Radix,
r

e
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TABLE 1 Continued

Composition/Source Immunomodulation
Or Other regulation

Ref

shnikoviae Radix, Pinelliae Rhizoma, Fritillariae
bergii Bulbus, Salviae Miltiorrhizae Radix et Rhizoma,
cerae Japonicae Flos, Taraxaci Herba, Persicae
en, Carthami Flos, Glycyrrhizae Radix et
oma, Scolopendra

Upregulate the expression of CD3+T cells, CD4+T cells, and
CD8+T cells, and downregulate the expression of
CD56+CD16+NK cells, IgM, C3, and C4.

en, Rugen, Douxue, Xiongxiang, Danzhong, Yingchuang Downregulation of IL-2, IL-4, and CRP expression. (83)

ified Yanghe Decoction: Rehmanniae Radix, Cinnamomi
ex, Cervi Cornu Colla, Sinapis Semen, Zingiberis Rhizoma
arata, Chuanxiong Rhizoma, Bupleuri Radix, Curcumae
x; Digestive powder: Zingiberis Rhizoma Recens, Carthami
Cinnamomi Cortex, Sinapis Semen, Ephedrae Herba,
aematis Rhizoma, Pinelliae Rhizoma, Aconiti Lateralis
x Praeparata

Downregulation of CRP, IL-2, IL-4 expression. (84)

ang ointment: Trichosanthis Radix, Curcumae Longae
oma, Angelicae Dahuricae Radix, tractylodis Rhizoma,
Radix et Rhizoma, Phellodendri Chinensis Cortex,
bum Rubrum; Xiaoyong Rukang Decoction: Bupleuri
x, Astragali Radix, Salviae Miltiorrhizae Radix et
oma, Forsythiae Fructus, Cyperi Rhizoma, Myrrha,
nculus ternatus Thunb, Poria, Scutellariae Radix,
acis Glabrae Rhizoma, Gardeniae Fructus, Cremastrae
dobulbus Pleiones Pseudobulbus, Taraxaci Herba,
cerae Japonicae Flos, Trichosanthis Fructus, Glycyrrhizae
x et Rhizoma

Upregulation of Treg/Th17 ratio, Treg cells, IL-10, TGF-b1
expression, and downregulation of IgG, IgA levels.

(41)
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Classification Methods

Sapo
Thun
Loni
Sem
Rhiz

Sancai points therapy plus lactiferous ducts perfusion Qim

Combined
internal and
external
treatment
methods

Digestive powder combined with modified Yanghe Decoction mod
Cort
Prep
Radi
Flos,
Aris
Radi

Xiaoyong Rukang Decoction combined with topical application of
Jinhuang ointment

Jinhu
Rhiz
Rhei
Plum
Radi
Rhiz
Ranu
Smil
Pseu
Loni
Radi
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cells, thereby modulating the activation of immune cell populations.

On the other hand, cytokines released during pyroptosis, such as IL-

18, significantly enhance the cytotoxic functions of T cells and NK

cells, while also stimulating IFN-g secretion from T cells, which

encourages M1 polarization of TAMs (93). Additionally, IL-18 can

promote the secretion of GM-CSF and other cytokines, thereby

facilitating the differentiation of monocytes into M1 macrophages.

Additionally, immune cell functionality is closely linked to

pyroptosis. Research shows that GzmA, stored in the lytic

granules of CTLs and NK cells, regulates pyroptosis in GSDMB-

positive cells. Specifically, GzmA cleaves GSDMB at Lys244, leading

to the release of its pore-forming protein perforin, which induces

pyroptotic cell death in targeted cells. Activated CTLs can further

amplify GzmA-mediated pyroptotic cell death by enhancing

GSDMB expression through the release of IFN-g (94). Further

investigations revealed that cells expressing GSDMB3 undergo

pyroptosis via membrane pore formation following NK cell

attack, whereas cells expressing GSDMB4 partially resist NK cell-

induced lysis, exhibiting a mixed phenotype characterized by both

pyroptosis and apoptosis (95).

Based on the aforementioned findings, we hypothesize that

pyroptosis may play a critical role in the pathogenesis of GLM by

modulating the immune system, thereby influencing its progression

and prognosis. Studies have demonstrated a significant

upregulation in the expression of apoptosis-related proteins, such

as Caspase-9 and Bcl-2-associated X protein (BAX), in GLM,

potentially exacerbating the inflammatory response. TCM,

specifically the Xihuang capsule, has shown efficacy in inhibiting

excessive apoptosis in breast tissue, thereby alleviating
Frontiers in Immunology 10
inflammation and reducing tissue damage (71). Additionally,

pyroptosis is a form of regulated cell death (RCD) that does not

act independently but interacts with other RCD processes,

including ferroptosis, autophagy, and apoptosis, to varying

degrees (96). Consequently, it is essential to investigate whether

these alternative forms of RCD contribute to the progression of

GLM or mediate inflammation and immune dysregulation through

immune pathways. Meanwhile, TCM, characterized by its multi-

component, multi-pathway, and multi-target action, plays a role in

immunomodulation and the regulation of pyroptosis in treating

GLM. Various Chinese medicine compounds, such as Shengji

Yuhong Ointment and Tounong Powder, have demonstrated

precise therapeutic effects in modulating immune cell responses

and cytokine-mediated injuries associated with GLM. However, it

remains to be elucidated whether these compounds exert their

therapeutic effects on GLM through the pyroptosis pathway and

whether the herbal ingredients involved in regulating pyroptosis

also possess immunomodulatory effects. Further research is

necessary to clarify these mechanisms and establish more effective

treatment strategies.
4 Conclusion

In summary, GLM is classified as an autoimmune disease involving

a variety of immune cells and cytokines. Current research indicates that

TCM formulations, such as Chaihu Qinggan Decoction and Yiqi

Heying Decoction, along with therapies like fire needle and cupping,

can effectively suppress immune-mediated inflammatory damage
FIGURE 3

The mechanism of action of TCM-based interventions in treating GLM. Red arrows indicate inhibition, green arrows indicate promotion, and blue
arrows indicate either inhibitory or promoting effects at different stages of GLM.
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through immunomodulatory mechanisms, leading to therapeutic

benefits. Furthermore, we found that TCM treatment for GLM not

only regulates the immune system but also modulates pyroptosis to

mitigate inflammatory damage. Herbal constituents and formulations,

including Mahonia bealei and Chaihu Qinggan Decoction, facilitate

pyroptosis while exerting immunomodulatory effects to counteract

inflammation during GLM progression. Further studies have revealed

that pyroptosis not only participates in the pathological damage

associated with GLM but also interacts with various immune cells

and inflammatory factors, including T cells, B cells, and IL-18. The

interplay among these components influences both tissue injury and

prognosis in GLM. The complex regulatory network of RCD provides a

new avenue for understanding the pathogenesis of GLM: investigating

the crosstalk between pyroptosis and other forms of RCD could reveal

additional insights into their roles in the disease process; at the same

time, in-depth exploration of the interaction mechanism between the

regulatory network of RCD and that of the immune system, is expected

to provide more precise therapeutic approaches for the treatment of

GLM. Finally, further exploration of the therapeutic role of TCM in

GLM in order to identify its multi-component, multi-pathway, and

multi-target action characteristics, and to provide guidance for the

compounding of TCM-based formulations and the selection of

meridians and acupoints for acupuncture will be conducive to a

more comprehensive investigation of the pathogenesis of GLM and

to the development of more effective therapeutic approaches.

We also recognize that, in the face of the complex pathogenic

mechanisms of GLM, there are differences in cytokine- and

immune cell-mediated pathogenic mechanisms in different

pathological stages, different medical histories, and different

detection sites (peripheral blood and focal tissues). Studies based

on the complement system and autoantibodies in the pathogenic

mechanisms of GLM are slightly insufficient and controversial.

Meanwhile, compared with the complex pathological injury

mechanism of GLM, the number of mechanistic studies on the

use of TCM-based interventions for managing GLM is relatively

small, and most of the studies are based on clinical experiments, and

there is a relative lack of comprehensive animal and cellular

experiments. With the deepening of the research, more RCD- and

immune system-related targets and pathways have been identified,

although only a small portion has been validated in GLM, and even

fewer studies have involved TCM-based treatment strategies.

Therefore, in order to better understand the exact mechanism of

action of TCM-based interventions, it is necessary for researchers to
Frontiers in Immunology 11
employ modern biotechnological tools to more comprehensively

analyze the pathogenic mechanism of GLM and provide a more

precise basis for individualized treatment, which is also the future

direction of development to promote the modernization of TCM-

based interventions and give full play to its own advantages.
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