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The two primary types of non-puerperal mastitis (NPM) are granulomatous
lobular mastitis (GLM) and plasma cell mastitis (PCM). Existing research
indicates that immune inflammatory response is considered to be the core of
the pathogenesis of GLM and PCM, and both innate and adaptive immune
responses play an important role in the pathophysiology of PCM and GLM.
However, the regulatory balance between various immune cells in these diseases
is still unclear. Consequently, we present a comprehensive summary of the
immune-related variables and recent advances in GLM and PCM.
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1 Introduction

In recent years, there has been a significant increase in the prevalence of Non-Puerperal
Mastitis (NPM) (1, 2). However, there is a notable lack of comprehensive and large-scale
epidemiological investigations pertaining to NPM, as well as a shortage of clinical and basic
research in this field (3). The etiology of NPM is largely unknown, and its high recurrence
rate and treatment challenges pose significant difficulties for both clinicians and
patients (4).

NPM is characterized as a benign inflammatory disease that occurs in women during
the non-lactating period, which mainly includes two distinct conditions: granulomatous
lobular mastitis (GLM) and plasma cell mastitis (PCM) (5, 6). Although these two diseases
share certain clinical manifestations, such as breast lumps, pain, erythema, abscesses,
ulcers, and fever, there are also distinct differences between them (7). GLM typically
presents with breast lumps outside the areola. Conversely, PCM often manifests as lumps
beneath the areola, which can lead to pus-filled and ulcerated ductal fistulas (8).
Furthermore, GLM is more prevalent among women of childbearing age, while PCM
can affect women of all ages. Nevertheless, a pathological biopsy of the breast mass remains
the gold standard for distinguishing between these two diseases.
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PCM is also known as ductal dilatation and periductal mastitis,
depending on the course of the disease (9). The characteristic
histopathologic manifestations of PCM are infiltration of large
numbers of plasma cells with dilatation of the mammary ducts,
and inflammatory changes in the ductal walls and periductal tissues
(5). GLM also referred to as idiopathic granulomatous mastitis
(IGM), is characterized by inflammatory granulomas centered on
the lobules of the mammary glands with infiltration of lymphocytes,
plasma cells, and neutrophils (10, 11).

T-lymphocytes, which express the surface protein CD3, are
integral components of the immune system (12). Several studies
have utilized immunohistochemical staining with CD3 antibodies
to observe localized infiltration of CD3-positive T-lymphocytes in
GLM breast mass tissues (6, 13, 14). This finding strongly supports
the correlation between GLM and localized adaptive immune
responses in the breast. Another study confirmed the presence of
macrophage activation in both GLM and PCM biopsy specimens
(15), highlighting its significance in the intrinsic immune response.
Additionally, impaired ductal secretions excretion and
hyperprolactinemia may trigger localized immune-inflammatory
responses in the mammary gland, contributing to the development
of GLM or PCM (16-18). Therefore, the localized immune-
inflammatory responses within the lesions may play a crucial role
in the pathogenesis of GLM and PCM.

Based on the above background, we reviewed the roles of
relevant cells and molecules in the adaptive and intrinsic immune
systems in NPM, respectively, and delved into the crosstalk between
NPM and other immune factors, such as elevated prolactin, local
hypersensitivity due to milk retention, lipid metabolism disorders,
and immune-inflammation-related pathways.

2 Immune cells in normal
mammary glands

The normal mammary gland is composed of 15-20 glandular
lobes, which are separated by connective tissue and converge
through milk ducts. The end of the glandular lobe is divided into
many mammary lobules, which are connected to the acini by
lobular ducts (19). While lactating, the acini can secrete milk.
Testing the normal breast tissue surrounding breast cancer and
breast samples following preventive resection, Ruffell et al.
discovered that the normal breast tissue had an immune
microenvironment dominated by T lymphocytes (20); Recently, a
single-cell sequencing research has thoroughly examined the cells in
normal breast tissue (21). The findings indicate that perivascular
cells, endothelial cells, monocytes/macrophages, T and B
lymphocytes, and fibroblasts make up the normal mammary
ductal microenvironment. These immune cells can contribute to
chronic inflammation and immunological surveillance. They are
also capable of recognizing novel antigens and both endogenous
and exogenous ligands.

It’s intriguing because Degnim AC et al. used immunohistochemical
labeling to investigate the location of immune cells in normal breast
tissue as early as 2014 (22). They discovered that in normal breast tissue,
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dendritic cells (DCs) and cytotoxic T cells are present in the mammary
duct epithelial cells, but monocytes, macrophages, and lymphocytes are
primarily found in the mammary lobules. However, the ratio of
monocytes/macrophages to dendritic cells in breast tissue remained
unchanged in breast lobular inflammation, while the number of
adaptive immune (T and B) cells increased significantly. This suggests
that adaptive immunity may be the primary cause of breast lobular
inflammation. (Figure 1 depicts the normal breast anatomy and the
distribution of immune cells within it).

3 Roles of adaptive immune cells and
molecules in NPM

3.1 T helper cells

T helper cells (Th cells), also known as CD4+ T-cells, are crucial
parts of the adaptive immune system (25). Upon the entry of foreign
antigens into the body, antigen-presenting cells (APCs) sequester and
transform them into antigenic fragments. Subsequently, the T-cell
receptors on the Th cells membrane recognize the major
histocompatibility complex-II (MHC-II) molecules on the APCs’
surface and acquire the antigenic fragment, initiating the immune
system’s response (26). At the same time, the Th cells are activated to
produce typical cytokines (27), and unique Th cell subsets can be
identified by searching for specific priming cytokines, major
transcription factors, and distinctive cytokines (28, 29) (Figure 2).
To efficiently aid in antigen clearance, Th cell subpopulations modify
their cytokine function library following their homologous antigens.
However, polarized Th cell cytokine patterns might facilitate tissue
damage and pathology in the event of immunological rejection,
resulting in allergies or autoimmune reactions. Researches currently
show that the serum microenvironment of GLM patients contains a
variety of T cell subsets (30-32). According to more studies, certain
cytokines released by Thl, Th2, and Th17 cell subsets may be crucial
in the development of PCM and GLM (Figure 2).

3.11Thl

Th1 cells have long been thought to be the primary effector cells
in a variety of autoimmune disorders (33). The ability to produce
interferon y (IFN-y) and contribute to cellular defense against
intracellular infections distinguishes Th1 cells from other types of
cells. Innate immune cells’ production of IL-12 and natural killer
cells’” production of IFN-y allow naive CD4+T cells to overexpress
transcription factors T-bet and signal transducer and activator of
transcription 4 (STAT4), which in turn promotes the differentiation
of naive CD4+T cells into Thl cells (34, 35). IFN-vy is primarily
secreted by Thl cells after activation, along with tumor necrosis
factor-a. (TNF-0)) and cytokines like interleukin-2 (IL-2). IFN-y
secreted by Th1 cells further enhances Th1 differentiation through a
positive feedback loop (29) (Figure 2).

The most common cytokine released by Thl cells is IFN-y.
Studies have indicated that Thl cells cannot fully polarize upon
stimulation in the absence of IFN-vy (36). IFN-7y can stabilize the Th1
phenotype and activate the T box transcription factor (T-bet), a
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In the upper part of Figure 1, the local microenvironment of a normal mammary duct is shown schematically. The epithelial cells of the normal ducts
are tightly packed, the epithelial basement membrane is continuous, and a very small number of immune cells are present locally in the tissue. In the
lower part of Figure 1, the local microenvironment of the ducts of PCM is illustrated. Milk stasis exists in the ducts of PCM, and lipids and antibodies
in the milk can activate the local immune response, resulting in damage to the epithelial cells of the ducts, enlarged cell gaps, and incomplete
epithelial basement membranes, with a large number of plasma-cell-based inflammatory cells infiltrating the tissues. IL-6 plays an important role in
PCM by promoting the differentiation of B cells into plasma cells and the release of antibodies. In addition, when IL-6 binds to IL-6R on the cell
surface, Janus kinase (JAK) is phosphorylated, and then STAT3 is phosphorylated, which promotes downstream Bcl-2 expression and inhibits plasma
cell apoptosis. On the other hand, activated JAK activates the PI3K/Akt/mTOR signal pathway, which induces an inflammatory response and is

involved in the pathogenesis of PCM (23, 24).

downstream transcription target (37). On the one hand, IFN-y can
stimulate the secretion of TNF-o and enhance the immune
inflammatory response, and on the other hand, it can also inhibit
the secretion of IL-4 and the differentiation of Th2 cells. A study
innovatively used ozone therapy to treat GLM, all patients exhibited
significant symptomatic improvement simultaneously, the CD4+
T cell subsets secreting IFN-y and TNF-o increased significantly
after ozone intervention compared with those before the treatment
(38), which suggests that the weakening of the immune response of
Th1 cells may be one of the pathogenetic mechanisms of GLM, and
that the enhancement of immune response of Thl cells and the
promotion of the secretion of IFN-y and TNF-o in patients with
GLM are able to improve the symptoms of the breast and treat
GLM effectively.

In contrast, in PCM patients, Liu L et al. found that the
expression of IFN-y and interleukin-12A (IL-12A) was significantly
increased in PCM breast tissues (39), and IFN-yand IL-12A were able
to activate the Thl cell subpopulation at the same time, indicating

Frontiers in Immunology

03

that there may be over-activation of Thl cells in PCM patients.
Meanwhile, Liu C et al. identified an herbal drug combination using
knowledge graph technology that significantly inhibited the levels of
inflammatory cytokines, such as IFN-y, TNF-a, and IL-2 secreted by
Thl cells in serum, improved clinical symptoms of PCM, and
reduced the recurrence rate of PCM patients (40). This further
suggests that the over-activation of Thl cell subsets plays an
important role in the pathogenesis of PCM.

3.12Th2

The main conditions linked to Th2 cells include allergic
responses and atopic asthma. Th2 cell differentiation is dependent
on the co-activation of downstream transcription factor GATA3
and signal transducer and activator of transcription 6 (STAT6), as
well as cytokines such as interleukin-4 (IL-4) and interleukin-33
(IL-33) (41, 42). The primary inducer of the Th2 cell phenotype is
GATA3 (43). These factors work together to stimulate the
differentiation of naive CD4+ T cells into Th2 cells, which then
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FIGURE 2

Possible mechanisms for the role of T lymphocytes in GLM and PCM. Inducible factors such as stagnant ductal secretions or external collisions can
lead to local mammary epithelial cell damage, and autoantigens in ductal secretions are taken up by APCs and processed into antigenic fragments. T
cell receptors on the surface of naive CD4+ T cells and naive CD8+ T cells recognize MHC-II molecules and MHC-I molecules on the surface of
APCs, respectively, and acquire antigenic fragments, while the activation of these two types of cells produces various immune cytokines or
molecules. Inflammatory factors produced by Th cell subsets subsequently activate cellular or humoral immunity, and CD8+ T cells act on target
cells infected with antigens through the surface FasL receptor to cause target cells to lyse. APC, antigen-presenting cell; TCR, T cell receptor; FasL,

Fas ligand.

produce interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-
13 (IL-13), triggering the type 2 inflammatory response (against
type 1 immunity). In the meanwhile, Th2 cell differentiation is also
favorably promoted by IL-4 (Figure 2).

Th2 cells produce IL-4, a cytokine that is exclusive to them. In
the presence of IL-4 in the local microenvironment, naive CD4+T
cells can differentiate into Th2 cells (44). Furthermore, Th2 cell
activation can release IL-4, which can impede Thl cell growth and
encourage Th2 cell polarization in the Th1/Th2 immunological
balance (45). Yet, not much is known about the relationship
between IL-4 levels in NPM. In a single trial, the peripheral blood
of GLM patients had a little lower level of IL-4 than the healthy
control group, but there was no statistically significant difference
between the two (46). A different study that treated PCM patients
with a traditional Chinese medicine formula found that the patients’
blood levels of IL-4 decreased (40), but the levels of IL-4 did not
differ between PCM patients and healthy females. Therefore, more
researches are needed to further examine the expression level of IL-
4 in GLM and PCM.

The IL-33 receptor (IL-33R) is a heterodimer made up of the IL-
1 receptor accessory protein (IL-1RAcP) and the tumorigenicity 2
receptor (ST2) (47, 48). IL-33 is a member of the IL-1 family. By
attaching to its receptors ST2 or IL-1RAcP, IL-33 can increase the
secretion and chemotaxis of Th2 cytokines, hence enhancing type 2
inflammatory and immunological responses (49, 50). It has been
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established that the IL-33/ST2 axis is crucial in several
inflammatory and autoimmune disorders (49). The bait receptor
of 1L-33 is sST2, which is the soluble version of ST2. when sST2
binds to IL-33, it can inhibit IL-33 signaling and inhibit the
proliferation and differentiation of Th2 cells (50). It was found
that the level of IL-33 in the GLM group was significantly higher
than that in the group of breast cancer (BC) patients and the normal
control group, but the level of sST2 in the GLM group was
significantly lower than that in the BC group (13). The higher
level of IL-33 in GLM patients contributes to the proliferation and
differentiation of Th2 cell subpopulations, leading to enhanced
immune-inflammatory responses. Additionally, the lower level of
sST2 suggests that the suppression of IL-33 in GLM patients is less
pronounced compared to BC patients. This indicates a higher
overall activity of the IL-33/ST2 signaling pathway in GLM
patients, potentially resulting in a significant proliferation of
Th2 cells.

However, another study found that although both GLM
patients and breast cancer patients had higher serum IL-33 than
healthy women, there was no significant difference in serum IL-33
levels between the GLM group and BC group (51). Two other
studies used flow cytometry and enzyme-linked immunosorbent
assays (ELISAs) to detect IL-33 levels in blood samples from GLM
patients and normal subjects, respectively, and showed no
significant differences (52, 53). Despite variations in test groups
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and measuring techniques, conflicting findings suggest that the
question of whether GLM patients exhibit hyperactivated type 2
immune inflammatory responses remains open. Further
exploration with additional assays and larger sample sizes is
needed to clarify this issue.

3.1.3Thl7

Th17 cells have been implicated in several human autoimmune
disorders in recent years (54). When interleukin-6 (IL-6) is present
in an inflammatory environment, transforming growth factor-§
(TGF-B) can synergistically promote the differentiation of Th17
cells. Interleukin-23 (IL-23) then promotes further differentiation
into Th17 cells and keeps Th17 cells maturing steadily (55).
Concurrently, RORyt and RORa. transcription factors play a core
role in the differentiation process of Th17 cells. Signal transducer
and activator of transcription 3 (STAT3) perceives and transduces
signals from cytokines, and induces polarization of Th17 cells under
the induction of transcription factors RORyt and RORa (56). Th17
cells can secrete a variety of cytokines upon differentiation and
maturation, including interleukin-17A (IL-17A), interleukin-17F
(IL-17F), interleukin-21 (IL-21), and interleukin-22 (IL-22)
(56) (Figure 2).

IL-17 is a specific cytokine secreted by a subpopulation of Th17
cells, with IL-17A and IL-17F being the most extensively studied
isoforms. IL-17 acts as a pro-inflammatory factor, inducing
neutrophil recruitment, enhancing inflammatory response, and
leading to tissue damage (57, 58). Its over-activation has been
implicated in autoimmune diseases such as rheumatoid arthritis
and psoriasis (59-61). Cakir et al. reported no significant difference
in IL-17A levels in GLM patients when compared to healthy
controls (53). However, two other studies found that IL-17 levels
in GLM patients were significantly higher than those in healthy
controls (46, 52), suggesting the presence of an immune-
inflammatory response with over-activation of Thl7 in patients
with GLM. In contrast, the researchers found that there was no
statistically significant difference in the expression levels of IL-17A
in the breast tissue of PCM patients compared to healthy
individuals (39). Thus, patients with GLM may present with an
immune-inflammatory response characterized by Th17 cell over-
activation, while patients with PCM do not.

IL-6 is a vital driver of Th17 cell differentiation that plays a
significant role in immune inflammation. IL-6 can stimulate the
production of acute-phase proteins, including C-reactive protein
(CRP) (62). Additionally, IL-6 collaborates with TGF-f to promote
the differentiation of Th17 cells, while simultaneously inhibiting the
differentiation of Treg cells (63). IL-6 is a crucial pro-inflammatory
factor. Elevated levels of IL-6, neutrophil, and CRP were observed in
the blood of patients with GLM compared to those with benign
breast tumors. Moreover, a positive correlation was found between
IL-6 levels and the values of neutrophil, CRP, IL-17, and TNF-o
(64). Another study revealed a correlation between the severity of
GLM inflammation and elevated IL-6 levels, which were notably
higher in patients with severe GLM compared to those with mild
and moderate disease. Furthermore, increased serum IL-6 levels
were often associated with a prolonged period of remission in GLM
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(65). Therefore, we speculate that in GLM patients, an
immunological response driven by IL-6 may overactivate Th17
cells, resulting in tissue damage and acute inflammation.

Furthermore, there is a tight relationship between Th17 cells
and IL-23. TL-23 plays a crucial role in sustaining Th17 cell activity
and encouraging Th17 cell development (55, 66). Research has
demonstrated that GLM patients exhibit significantly higher serum
levels of TL-22 and IL-23 compared to control individuals without a
history of breast disease (67). However, the study has certain
limitations and cannot prove that the increase in IL-23 and IL-22
is mediated by Th17 cell activation rather than other immune cells.
In addition, it is important to acknowledge the relatively small
sample size in this study, thus warranting further validation in
larger cohorts and populations. Nevertheless, the concurrent
increase in IL-22 and IL-23 implies the potential significance of
the Th17 cell subset in the pathogenesis of GLM.

3.2 Regulatory T cells

Regulatory T cells (Treg cells) primarily differentiate from
CD4+ T lymphocytes in the thymus and play a crucial role in
maintaining immune homeostasis and self-tolerance through
immune response suppression and regulation (68). FOXP3, a
crucial transcription factor that controls Treg cell formation and
function, enables Treg cells the capacity to suppress activity. It’s also
widely recognized as a major marker for identifying Treg cells
(69, 70). Furthermore, the differentiation of Treg cells is based on
the stimulation of IL-2 and TGF-P. IL-2/STAT5 pathway and high
levels of TGF-f3 concurrently promote the expression of the FOXP3
gene and contribute to the differentiation of Treg cells (71, 72).
Activated Treg cells secrete substantial quantities of inhibitory
cytokines, including TGF-B and IL-10 (73), which effectively
suppress the immune response (Figure 2).

A study employed flow cytometry to investigate the expression of
FOXP3 in the Treg cell subpopulation in patients with GLM. The
Treg cells were labeled with FOXP3, and the analysis revealed
significantly reduced expression of FOXP3 in the GLM group
compared to the normal group during both the active and
remission phases (74). Similarly, another study reported lower
levels of Treg cells in patients during the active phase (31). Based
on the extant research pertaining to Th17 cells and GLM, it is
plausible to postulate the existence of a Th1l7/Treg immune
imbalance in patients afflicted with GLM. Specifically, this
imbalance manifests as an over activation of Thl7 cell-mediated
immune responses, and an inadequate immunosuppression exerted
by Treg cells.

Contrary to these findings, alterations in cytokine levels
presented a contrasting conclusion. TGF-f3, secreted by Treg cells,
promotes their differentiation. Additionally, IL-2 binds to the IL-2
receptor (IL-2R), expressed during Treg cell differentiation, thereby
fostering Treg cell differentiation and immunosuppressive function
(75). Li Y et al. discovered elevated levels of IL-2 in 23.7% of 333 GLM
patients (76). Another study demonstrated elevated levels of both
TGF-B and IL-2 in GLM patients compared to the control group, and
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it observed a notable decrease in TGF-[3-secreting Treg cells following
effective therapeutic interventions (38). We recognize the limitations
of the studies mentioned above. Various immune cells can secrete the
same inflammatory factors, and further in-depth study is required to
understand how distinct immune cells interact with one another in
the immunological microenvironment.

Although IL-10 is not specific to Treg cells, it acts as an anti-
inflammatory cytokine that not only suppresses the release of
various pro-inflammatory cytokines but also inhibits the
activation and function of immune cells such as Thl and Thl7,
thus performing a similar function as Treg cells in suppressing
excessive immune responses. In a prospective study, lower
concentrations of IL-10 were detected in the blood of patients
with GLM than in controls using flow cytometry (53). In contrast,
another study employing ELISA found higher levels of IL-10 in
patients with GLM than in controls (46). The possible reasons for
this discrepancy could be differences in testing methods and
populations, and the study did not explicitly specify whether the
GLM patients were in the active or remission stages of the disease.
Additionally, the varied course of the disease in each patient could
lead to differences in study outcomes.

3.3 Cytotoxic T lymphocytes

Cytotoxic T lymphocytes (CTLs), also known as CD8+ T cells
due to their expression of CD8 receptors on the cell surface, are
activated when major histocompatibility complex-1 (MHC-I)
molecules present endogenous antigens to the TCRs on their
surface (77). Upon activation, CTLs release perforin and
granzymes, leading to lysis and apoptosis of target cells.
Additionally, CTLs can secrete cytokines such as TNF-o. and
IFN-y (78), inducing apoptosis and inflammation (Figure 2).

In a study involving immunohistochemical staining of lesion
tissues from GLM patients, the diffuse presence of CD8
lymphocytes in GLM lesion tissues suggested the likely
involvement of CTLs in the development of GLM (14). The study
revealed a significant increase in CTLs among patients in the active
phase of GLM compared to both healthy volunteers and patients in
the remission phase of GLM (31). Therefore, the increased presence
of CTLs leads to a state of immune activation in the body, which
may be a critical factor contributing to the active phase of GLM.
Another study reached a similar conclusion (30). Cabioglu et al.
employed ozone therapy for GLM treatment and observed a
significant increase in TNF-o-secreting CTLs and a notable
decrease in IL-10-secreting CTLs in the peripheral blood of GLM
patients after ozone (38). These findings suggest that different
cytokine secretion patterns occur in CTLs during GLM treatment;
however, further extensive research is required to validate and
elucidate the specific patterns of these changes.

Additionally, CTLs can trigger programmed apoptosis in target
cells by interacting through Fas ligand (FasL) on their surface with
Fas proteins on the surface of the target cells (79). This interaction
activates the caspase-8 cascade reaction, which in turn causes
apoptosis to specifically occur in target cells that contain antigens
(80). Zuo XM et al. discovered an upregulation of activated
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Gasdermin D (GSDMD) and Cysteinyl aspartate-specific
proteinase-1 (caspase-1) expression in the lesional tissues of GLM
patients, accompanied by evident cellular pyroptosis observed using
transmission electron microscopy (81). These findings suggest a
close association between GLM and caspase-1-mediated pyroptosis
and inflammatory response. Nonetheless, caspase-8 in mammals is
a member of the apoptotic caspase family and is primarily engaged
in apoptosis and autophagy (82). A study has shown that
Staphylococcus aureus, a cause of acute mastitis, can induce
apoptosis in primary bovine mammary epithelial cells and
activate caspase-8 signaling through Fas and Fas related death
domains (83). However, the relationship between NPM and Fas/
FasL mediated caspase-8 activation, cell apoptosis, and autophagy is
not yet covered in any publications, and this is a worthwhile area for
future investigation.

3.4 B cells

B cells arise from hematopoietic stem cells in the bone marrow
and express the surface molecule CD20 (84). The histological
analysis of PCM revealed a significant infiltration of plasma cells
(9, 85), which are derived from B cells. This suggests that B cell-
mediated immune-inflammatory responses play a dominant role in
PCM. Therefore, a study classified non-lactating mastitis patients
into GLM and PCM according to the results of the antibody
staining of CD3 and CD20 in their breast lesion tissues (6).
However, B cells, expressing a signaling receptor composed of the
BCR complex consisting of CD79a and CD79b (86), also participate
in the development of GLM. This was supported by the detection of
CD79a lymphocytes in GLM tissues (14, 87), also indicating the
involvement of B cells in the pathogenesis of GLM.

Upon binding to specific antigens, some activated B cells
differentiate into plasma cells. The infiltration of a large number
of plasma cells is a characteristic feature of PCM (85). The
differentiation and function of plasma cells are influenced by
various cytokines, with IL-6 being particularly important (88, 89).
The IL-6 receptor comprises two subunits: the binding subunit (IL-
6 receptor) and the signaling subunit (gp130). When IL-6 binds to
the IL-6R on the cell surface, it phosphorylates the Janus kinase
(JAK), which in turn phosphorylates the tyrosine residues of gp130,
providing a binding site for STAT3 (90, 91). The phosphorylated
STAT3 enters the nucleus for transcriptional activation, thereby
influencing the functional phenotype of the cell. B-cell lymphoma 2
(Bcl-2), a downstream target gene of STAT3, plays a role in the
regulation of apoptosis (92) (Figure 1). Overexpression of Bcl-2 has
been shown to inhibit apoptosis of plasma cells (93), and Bcl-2
inhibitors have demonstrated efficacy in the treatment of certain
tumor diseases characterized by over proliferation of plasma cells,
such as multiple myeloma (94) (Figure 1).

Previous studies have demonstrated a strong correlation
between PCM and the activation of the IL-6/JAK/STAT3
signaling pathway, as well as the upregulation of Bcl-2
expression (95) (Figure 1). Specifically, breast tissues from PCM
patients exhibited significantly higher levels of IL-6 and Bcl-2
compared to patients with acute mastitis or the control group.
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Moreover, there was a notable positive correlation between IL-6
and p-STATS3 staining (95). Notably, PCM patients with inverted
nipples displayed significantly elevated IL-6 expression in
comparison to other PCM patients (95) (Figure 1). A study used
IL-6 injection into the mammary glands of mice that had received
normal mammary tissue homogenate. Consequently, the mouse
mammary gland exhibited characteristics resembling human
PCM. Notably, the mammary glands of the PCM mice revealed
a substantial increase in IL-6/JAK2/STAT3 signaling activity in
CD138+ plasma cells and a high expression of Bcl-2 (96). This
observation indicates the successful activation of the IL-6/JAK2/
STAT3 pathway and the establishment of the PCM mouse model.
In response to the elevated IL-6 levels observed in PCM, treatment
with Sinomenine hydrochloride at a dose of 100 mg/kg
significantly attenuated plasma cell infiltration in the mammary
glands of PCM mice (97). Additionally, it downregulated the
expression of factors associated with the IL-6/JAK2/STAT3
pathway and Bcl-2, thus demonstrating its potential for treating
PCM in mice. These findings provide valuable insights for future
research on PCM, particularly regarding the exploration of IL-6/
JAK2/STAT3 pathway inhibitors and Bcl-2 inhibitors as potential
therapeutic options.

Furthermore, plasma cells can produce immunoglobulins (IgG,
IgM, etc.) and regulate the immune response (98). Histopathological
analysis revealed that the expression of IgG and IgM in local GLM
breast tissue was within the normal range, as only a small number of
plasma cells were present (14, 52). IgG4 is an immunoglobulin
isoform secreted by plasma cells. However, 1gG4 expression levels
were found to be significantly higher in patients with GLM nipple
inversion than in patients without nipple inversion (15), suggesting
that ductal occlusion, damage to the ductal endothelium, and release
of localized autoantigens can lead to localized immune responses and
elevated IgG4 in GLM mammary glands. Currently, IgG4-related
sclerosing mastitis is recognized as a distinct disease from GLM and
PCM, characterized by massive infiltration of IgG4+ plasma cells in
breast tissue (99, 100). There is a massive infiltration of plasma cells in
PCM as well. Nevertheless, there are certain imperfections in the
research in this area, including the lack of studies on the expression
levels of distinct immunoglobulins in PCM breast tissues and the
variations in immunoglobulin expression in different NPM types.
These research areas deserve further in-depth investigation from
researchers in the future.

4 Roles of intrinsic immune cells and
molecules in NPM

4.1 Macrophages

Macrophages’ role in mediating the local immune response is
crucial to the pathophysiology of GLM. Macrophages support tissue
fibrosis and the adaptive immune response in addition to helping to
create the dense packing structure of granulomas (101). The
characteristic pathological manifestation of GLM is the formation
of inflammatory granulomas centered around the mammary
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lobules (1). The most recent single-cell sequencing data highlights
the role of macrophages in granulomatous diseases by revealing that
Th17.1 cells that produce purines, fibroblasts with inflammatory
and tissue remodeling phenotypes, and macrophages undergoing
metabolic reprogramming are important players in the formation of
skin granulomas (102).

The formation of inflammatory granulomas consists of a series
of procedures, the central process of which is the activation and
aggregation of macrophages, along with the recruitment of other
immune cells, and the production of a variety of structural changes
including epithelioid transformation, fusion into multinucleated
giant cells, and phagocytosis of oxidized lipids to form foam cells
(103). The most common cytological feature of GLM is the presence
of epithelioid histiocytes (11, 104), which are very likely to be
transformed from macrophages. Moreover, multinucleated giant
cells and foam cells are common cells detected histopathologically
in GLM (16). Most importantly, macrophage infiltration and
activation of M2-type macrophages were reported in both PCM
and GLM breast tissues in the current study (15).

Under a variety of conditions, including pathogen invasion,
tissue injury, and metabolic problems, mature macrophages
undergo phenotypic and morphological differentiation, a process
known as macrophage polarization. The two primary types of
macrophages are classic/inflammatory activated macrophages
(M1 macrophages) and replacement/wound healing activated
macrophages (M2 macrophages) (105). M1 macrophages have a
pro-inflammatory phenotype and strong phagocytic and cytotoxic
abilities, capable of secreting pro-inflammatory cytokines such as
IL-6, IL-12, IL-1B and TNF-o. and chemokines such as CCL2 and
CCLS5, and recruit other immune cells to reach the infected site to
maintain their activation. It was found that the values of TNF-o in
the peripheral blood of patients with GLM were lower than those of
healthy controls (53), while Zhou Y et al. found that serum levels of
TNF-o were higher in patients with GLM than in patients with
benign breast tumors (64). The diametrically opposed results of the
two studies may be attributed to differences in the control
populations, namely healthy individuals versus patients with
benign breast tumors, on the one hand, and on the other hand, to
the possibility that the level of TNF-o. may be influenced by other
immune cells, such as Thl cells. Interestingly, a different study
concentrated on the chemokines released by macrophages and
discovered that the Nuclear Factor-xB (NF-xB) inflammatory
pathway can be activated by M1 macrophages through
overexpression of the chemokine CCL-5, which may be a key
mechanism in the pathophysiology of GLM (106). M2
macrophages mainly play a role in inflammation resolution and
tissue repair pathways and can produce cytokines such as IL-10 and
TGF-B, which can participate in Treg cell-dominated immune
responses and suppress inflammatory responses (107). However,
the presence of M2 macrophages in GLM and the changes in their
associated factors are not known, which requires further studies by
scholars in the future.

Furthermore, Nod2 (CARD15) is a protein exclusive to
macrophages, and recent studies have linked NOD2 gene
alterations to Crohn’s disease (108). Defects in the NOD2 gene
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can trigger the Thl response, which is mediated by Toll-like
receptor 2 (TLR2) and the NF-xB signaling pathway (109).
According to a study, a GLM patient with a Corynebacterium
Klebsiella infection experienced neutrophil dysfunction due to a
mutation in the NOD2 gene (110). However, the present study fell
short in demonstrating a correlation between the NOD2 gene and
macrophages, or elucidating whether its mutations contribute to the
progression of GLM via specific immune-mediated pathways,
thereby necessitating further investigative endeavors.

4.2 Neutrophils

One of the body’s most significant phagocytic cells is the
neutrophil (111). Its role in innate and adaptive immunity is
primarily mediated by three pathways: degranulation,
phagocytosis, and neutrophil extracellular trap (NET) (112).
Furthermore, it has the ability to release pro-inflammatory
cytokines and chemokines (111). Neutrophils react to endogenous
ligands in aseptic inflammation, especially damage-associated
molecular patterns (DAMPs) (113). Dead cells are released into
the surrounding tissues through DAMPs, which sets off a series of
pro-inflammatory signals that encourage the activation and
recruitment of neutrophils and other immune cells to the site of
tissue damage, ultimately resulting in inflammation (114).

Neutrophil counts are commonly used in clinical practice to
assess the inflammatory state and immune function of the body.
Neutrophil counts, neutrophil percentages, and neutrophil-to-
lymphocyte ratios in the peripheral blood of patients with GLM
have been reported to be significantly elevated compared with the
normal range (31, 52, 64). Another study has shown that the
preoperative neutrophil to lymphocyte ratio (NLR) in GLM
patients is significantly correlated with the probability of
postoperative recurrence. The higher the NLR, the greater the
probability of GLM recurrence (115).

Neutrophils release NET, a DNA structure that is adorned with
nuclear, granular, and cytoplasmic proteins that have the ability to
both inhibit and eliminate pathogens (116). During chronic
inflammation, uncontrolled released NETs can lead to
cytotoxicity and worsen tissue damage (117). Currently, a number
of autoimmune disorders have reported their link with NETs (118).
Although neutrophils have been shown to be an effective measure of
NPM severity, it is still unknown if NET plays a role in the
pathophysiology of PCM or GLM. This seems like a great

promising avenue for exploration.

4.3 Natural killer cells

Through the release of cytotoxics or recognition of chemicals on
the surface of target cells, natural killer cells (NK cells) offer quick
non-specific killing against a variety of diseases (119). It can also
participate in other related pathways and create cytokines like IFN-y
to control adaptive immune responses (120). NK cells can activate
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dendritic cells and trigger more potent immunological responses of
CTLs due to their interaction with other immune cells.
Additionally, they have the ability to produce IFN-y, which
facilitates antigen presentation, processing, and antigen-specific T
cell polarization in the direction of Thl (121).

Emsen et al. reported that both the count and percentage of NK
cells were elevated in GLM patients compared to healthy controls
(30). Kong et al. identified that NK cells may be important cells in
distinguishing between GLM and PCM, as they found that the
number of NK cells in GLM patients increased with disease
progression from 2 weeks to 3 months, then reaching a peak
thereafter, whereas this change was not observed in patients with
PCM (15). However, not much is known about the interaction
between natural killer cells and other immune cells; hence, future
researchers ought to focus more on these topics.

4.4 Complement

The complement system is an important part of the intrinsic
immune system (122). Its activation facilitates the cleavage of
complement C3 into C3a and C3b (123). This process not only
enables the formation of pathogen-complement complexes,
enhancing phagocytosis by macrophages (124), but also leads to
the assembly of other complement proteins, resulting in the
formation of the C5 convertase enzyme. The C5 convertase
enzyme, in turn, converts C5 into C5a and C5b (125).
Subsequently, C3a and C5a bind to their receptors C3aR and
C5aR1, respectively, triggering a series of biological responses
such as vasodilatation, inflammatory response, tissue damage, and
also chemotaxis, which promotes the aggregation of various
inflammatory cells, such as macrophages, neutrophils, etc. (126).
While C5b binds to the surface of target cells, it sequentially binds to
C6, C7, C8 and C9 molecules to form membrane attack complex
(MAC), which mediates the target cell lysis effect. It was found that
C5a was detected to be significantly elevated in GLM lesion tissues
compared to the normal range, and the value of complement C3
also belonged to the high side of the normal range (52), suggesting
that there may be a mechanism of complement activation in the
pathogenesis of GLM (Figure 3). This has since been confirmed by
Li XQ et al. with a more detailed study, who found elevated levels of
C3/C3a-C3aR and C5/C5a-C5aR1 in PCM and GM tissue samples
(128) (Figure 3).The binding of C3a and C5a to their corresponding
receptors promotes leukocyte-endothelial cell interactions and
adhesion to inflammatory cells (Figure 3).

Notably, intercellular adhesion molecule 1 (ICAM-1) is highly
induced in various immune cells and can regulate leukocyte rolling
and adhesion interactions with vascular walls, promoting the
clearance of apoptotic cells (129). Selectin adhesion molecules (E-
selectin, P-selectin) can mediate the rolling of white blood cells on
activated endothelium, which is a prerequisite for the accumulation
of white blood cells at the site of inflammation (130). It has been
observed that the expression and immunoreactivity of ICAM-1 are
significantly upregulated in ductal endothelial cells and epithelial
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Pathological mechanisms common to GLM and PCM. There is activation of the complement system in GLM and PCM. On the one hand,
complement activation can lead to the formation of membrane attack complex (MAC), which is located on the epithelial membrane cells and leads
to the damage of mammary ductal epithelial cells (127); on the other hand, there are elevated levels of C3/C3a-C3aR and C5/C5a-C5aR1 in their
tissue samples, and the intercellular adhesion factors (ICAM-1, E-selectin, and P-selectin) are elevated, which can promote inflammatory cell

adhesion and aggregation (128).

cells in PCM patients (131). This elevated expression prompts the
accumulation of inflammatory cells, including macrophages, at the
ductal epithelium and subsequently leads to the generation of
excessive immune responses (131) (Figure 3). In a recent study
conducted by Zhang HJ et al,, it was observed that P-selectin, E-
selectin, and ICAM-1 exhibited high expression levels in various
immune cells, including macrophages, in both PCM and GLM
(127). Additionally, the study identified the presence of mammary
ductal epithelial damage in both PCM and GLM, accompanied by a
significant increase in MAC located in the cell membrane of
mammary ductal epithelial cells (127) (Figure 3). Although the
study did not investigate the mechanism of complement in MAC
formation or the role of complement in the pathogenesis of GLM,
these findings suggest that the aggregation of diverse immune-
inflammatory cells, including macrophages and neutrophils, which
leads to MAC-mediated injury of breast ductal epithelial cells, may
serve as a critical mechanism in the development of GLM and PCM.

5 Crosstalk between NPM and other
immune factors

5.1 Prolactin

The observation that women of childbearing age had a higher
incidence of GLM lends credence to the theory that specific hormones,
such as prolactin (PRL) in women, trigger the development of GLM
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(Figure 4). It has been established that hyperprolactinemia is the cause
of GLM (132, 133). In addition to being a hormone, PRL is a cytokine
that regulates immunological responses. Hyperprolactinemia can
powerfully activate both innate and adaptive immune responses, and
it is linked to the pathophysiology of several autoimmune disorders
(134). Reports state that PRL is directly correlated with T and B cell
counts and can regulate Th cells and CTLs maturation via IL-2
receptors (135, 136). In addition, it can control both type 1 and type
2 immune responses as well as associated cytokines like IL-2, IL-6, and
INF-y (134, 137, 138). In patients with hyperprolactinemia, several
autoimmune antibodies have even been found (139). Unfortunately,
present research has not explored the precise mechanism by which
hyperprolactin contributes to the start of GLM, instead focusing only
on the fact that hyperprolactin is the cause of GLM. Further researches
in this field ought to be undertaken by academics in the future.

5.2 Local hypersensitivity caused by
milk retention

A large proportion of PCM and GLM patients have inverted
nipple deformity (140, 141) (Figure 4). When accompanied by
hyperprolactinemia during non-lactation, inverted nipples are
bound to cause milk to accumulate in the mammary ducts.
Studies have demonstrated that the alveolar distension caused by
milk retention raises cytokine production and activates STATS3,
which sets off a cascade of lysosomal-mediated cell death (142, 143).
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Crosstalk between other immune factors and NPM (GLM and PCM). PRL, prolactin; HDL, high-density lipoprotein; TLR, Toll-like receptor; MAPK,
mitogen-activated protein kinase; NF-«xB, nuclear factor-«xB; PI3K/AKT/mTOR, phosphatidylinositol 3- kinase/protein kinase B/mammalian target of

rapamycin; NLRP3, NOD-like receptor protein 3

Moreover, breast epithelial cell death and the rise in intracellular
Ca2+ are caused by milk retention (144). Insufficient emptying of
the breast can cause dilatation of the breast alveoli, which raises
pressure in the mammary ducts and causes the epithelial cells inside
the ducts to become loosely connected (145). When the milk
reaches the lobular stroma, it comes into contact with a multitude
of immune cells, primarily macrophages, as well as a profusion of
immunoglobulins and cytokines that can cause localized primary
aseptic inflammation (146).

5.3 Disordered lipid metabolism

Numerous lipids, such as glycerophospholipids and lipoproteins,
exhibit pro- and anti-inflammatory and immunomodulatory
characteristics (147). Of them, high-density lipoprotein (HDL)
possesses a variety of immunomodulatory and anti-inflammatory
characteristics because of its capacity to transport bioactive lipids and
antioxidants (148). By controlling the outflow of cellular cholesterol,
it controls the activation of immune cells (149). As a result, lipid
metabolism and immunological inflammation are closely related.

A retrospective study comprising 284 NPM patients revealed
that the lipoprotein and blood glucose levels in the NPM group
were significantly higher than those in the normal group, while
HDL levels were significantly lower than those in the normal group
(5) (Figure 4). This is the first study to suggest that lipid
metabolism-related indicators could be crucial to the
development and treatment of NPM. A recent study of
untargeted lipidomics in breast tissue samples from patients with
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NPM showed that lipid metabolism is indeed disturbed in patients
with NPM, with triglyceride metabolites being the predominant
differential metabolite and arachidonic acid metabolism being the
main pathway contributing to the differences in lipid profiles (150)
(Figure 4). Abnormal triglyceride metabolism triggers oxidative
stress, excessive lipid accumulation, immune cell activation and
inflammation. Similarly, arachidonic acid can synthesize lipid
metabolites such as prostaglandins and leukotrienes, which trigger
strong inflammatory responses, through the cyclooxygenase
pathway, the lipoxygenase pathway, and the cytochrome P450
pathway (151). Based on the above research foundation, future
studies should further focus on the specific molecular mechanisms
of lipid metabolism occurring in NPM and its crosstalk with the
immune system.

5.4 Related signal pathways

Toll-like receptors (TLRs), as a typical pattern recognition
receptor (PRR), can recognize the molecular patterns of
pathogens and activate immune cells to clear them (152). TLR
signaling can directly or indirectly regulate a wide range of immune
cells dominated by T cells (153). TLR2/4 on dendritic cells (DCs)
activate CD4+ T cells by recognizing their respective ligands,
facilitating the antigen presentation process, and upregulating co-
stimulatory molecules on the surface of DCs (153). In addition,
TLR3 and TLR9 also show a strong ability to induce CD8+ T cell
activation in vivo (154). Notably, CD4+ T cells express TLR2 upon
antigenic stimulation, and TLR2 signaling directly promotes the
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proliferation of Th1 cells, which in turn promotes the secretion of
inflammatory factors (155). Interestingly, it was shown that TLR8-
dependent signaling also attenuates the immunosuppressive
function of Treg cells (156). Given the regulatory roles between
TLRs and a wide range of immune cells, their importance in the
immune system cannot be overstated. Future studies should aim to
deeply explore the differences in TLR expression, immune cells, and
cytokines between NPM patients and healthy individuals. Through
comparative analysis, we can hope to find more precise treatments
for NPM and bring breakthroughs in the immunology of NPM.

TLRs can directly regulate immune cells and also induce
excessive immune responses by activating relevant inflammatory
pathways. There are 10 human TLRs (TLR1-10), and different
TLRs recognize different extracellular ligands. All TLRs activate
mitogen-activated protein kinase (MAPK) and NF-«B signaling
pathways and enhance the secretion of chemokines and
inflammatory factors, thereby inducing excessive immune
inflammatory responses (157) (Figure 4). Activation of the NF-
kB inflammatory pathway has been shown to exist in GLM
(Figure 4), but unfortunately, this study did not delve into the
specific relationship between TLR and NF-xB in GLM (106). This
area certainly deserves further exploration in future studies. It is
even more unfortunate that no current studies are addressing the
existence of the activation state of TLR and MAPK signaling
pathway in NPM. Future studies should delve into the potential
role of TLR and MAPK signaling pathways in the pathogenesis of
NPM to provide new perspectives for the development of new
therapeutic strategies.

Additionally, pathogens activate multiple inflammation-related
signaling pathways downstream through TLR4, including the
phosphatidylinositol 3-kinase/protein kinase B/mammalian target
of rapamycin (PI3K/AKT/mTOR) signaling pathway (158)
(Figure 4). At the site of inflammation, PI3K, which is abundantly
expressed in white blood cells, facilitates the recruitment and
activation of innate immune cells, and it is crucial for the growth,
differentiation, and operation of T and B lymphocytes (159). The
mTOR signaling pathway is essential for thymic T cell growth and
differentiation, as well as for controlling the migration of Tth cells
and Treg cells (160, 161). Consequently, there is an unambiguous
interaction between different immune cells and the PI3K/Akt/
mTOR pathway. As mentioned previously, there is an over-
activated IL-6/JAK2/STAT3 signaling pathway in PCM (96). JAK
kinase is an activator of the PI3K/AKT signaling pathway, and
phosphorylated JAK activates PI3K, which in turn activates its
downstream cascade (Figure 1). Previous research has
demonstrated that as compared to normal tissue, PCM tissue had
higher levels of p-AKT and p-mTOR. This suggests that the PI3K/
Akt/mTOR signaling pathway, which is active, may be involved in
PCM and that exosomes may mediate this process (23).
Nevertheless, whether PI3K pathway inhibitors are therapeutic for
PCM is not yet apparent in this investigation. Thus, researchers
should do more to understand the precise regulatory mechanism of
the PI3K/AKT/mTOR pathway in NPM.
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Furthermore, damage-associated molecular patterns (DAMPs)
are also involved in the inflammatory process; they drive innate
immune responses, activate inflammasomes, initiate immunological
responses, and encourage tissue regeneration and damage repair
(162). It has been established that the NOD-like receptor protein 3
(NLRP3) inflammasome is linked to a number of inflammatory
immunological disorders (163). In a recent study, NLRP3 inhibitor
was used to treat PCM in mice, and it was shown that the NLRP3
inhibitor may treat PCM in mice by boosting the quantity and
activity of bone marrow-derived suppressor cells (MDSCs) (164)
(Figure 4). Fortunately, this study demonstrates the activation of
NLRP3 inflammasomes in PCM mice, providing a new perspective
for subsequent research. Of course, more thorough investigations
are required to fully understand the particular regulatory processes
in action.

6 Conclusion and outlook

In conclusion, our research shows that the pathophysiology of
GLM and PCM is related to multiple immune variables, including
immune cells, connecting cytokines, prolactin, hypersensitivity
reactions driven by milk stasis, lipid metabolic disorders, and
immune inflammation associated pathways. Both innate
immunity and adaptive immunity play different roles in the
development of GLM and PCM, and during the process, local
damage to mammary ductal epithelial cells happens, which
intensifies immunological inflammatory responses in breast tissue.

Specifically, alterations in immune cells and associated
cytokines/molecules were observed in both GLM and PCM
patients, when compared to healthy individuals, patients with
benign breast tumors, or NPM patients after treatment (Table 1).
By summarizing the available literature, we found the following: in
terms of macroscopic immune cells, there may be a decrease in Th
cells and Treg cells and an increase in CTLs, macrophages,
neutrophils, and NK cells in GLM, whereas there is an increase in
B cells and macrophages in PCM; in terms of microscopic
cytokines, there may be a suppression of Thl cells and an
increase in Th17 cells in GLM, while there may be overactivation
of Thl cells in PCM; furthermore, activation of the complement
system was present in both GLM and PCM, as evidenced by
increased expression levels of C3/C3a-C3aR, C5/C5a-C5aR1, and
membrane attack complex (MAC).

In addition, other immune-related factors (prolactin,
hypersensitivity reactions due to milk stasis, lipid metabolism
disorders, and immune-inflammation-related pathways) also play
an important role in the pathogenesis of GLM and PCM. By
summarizing the existing literature, we found that NPM is closely
related to lipid metabolism, with triglyceride metabolites as the
most prominent differential metabolites and arachidonic acid
metabolism as the main pathway leading to lipid differences. In
addition, activation of IL-6/JAK2/STAT3, PI3K/Akt/mTOR
signaling pathways and NLRP3 inflammasomes may exist in PCM.
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TABLE 1 Changes in immune-related cells and molecules in GLM and PCM in different studies.

Types of immune cells

Function Changes
in GLM

patients

Changes
in PCM
patients

Source

Associated Cyto-
kines/Molecules

Changes
in GLM
patients

Changes in
PCM
patients

Source

T helper cells Th1 cells Activating macrophages and 1 - (30, 31) IFN-y 1 (38) 1 (39, 40)
(Th cells) cytotoxic T-cells, mediating
cellular immunity TNE-o. 4 T (40)
IL-2 - _ 1
IL-12A - - 1 (39)
Th2 cells Promoting B cell differentiation 1L-4 No (46) 1 (40)
and mediating statistical
humoral immunity difference
IL-33 1 (13, 51) - -
No (52, 53) - -
statistical
difference
Th17 cells Fighting bacterial and 1L-17 T (46, 52) No (39)
fungal infections statistical
difference
IL-6 1 (64, 65) - -
IL-23 1 (67) - -
Cytotoxic T lymphocytes (CTLs) Killing target cells that 1 - (30, 31) TNF-o 1 (38) - -
phagocytose pathogens
IL-10 1 - -
Regulatory T cells (Treg cells) Suppressing excessive 1 - (31, 74) TGF-B 1 (38, 165) - -
immune responses
IL-2 1 (165) - -
IL-10 ! (53) - -
) (46) - _
B cells Directly participating in - 1 (6) IL-6/STAT3 - - 1 (95)
humoral immunity
Macrophages Engulfing and digesting 1 1 (15) TNF-ou 1 (53) - -
pathogens and secreting
chemokines to recruit other 1 (64) - -
i 11
immune cells CCL-2, CCL-3, CCL-5 | 1 (106) - -
(Continued)
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Nonetheless, studies on GLM and PCM have great research
limitations. Firstly, the current studies have overlooked the
examination of surface and nuclear markers of different

Source

subgroups of T cells, and only observed changes in their

(128)
(128)
(127)

corresponding specific cytokines, which is relatively one-sided.
Secondly, the majority of recent studies have found that GLM
and PCM frequently exhibit changes in cytokines in the circulation
of blood. However, GLM and PCM typically result from the local
immunological inflammatory response of the breast, and cytokine

Changes in

PCM
patients

changes in the serum may only be seen during the acute phase of the
immune response. In addition, the small sample size of the study
population and the low precision of the assay greatly limit the
accuracy, confidence, and reproducibility of the results.

Source

(128)
(128)
(52)

(128)
(127)

We must recognize that there are many research gaps in the
fields of GLM and PCM. First, there is a lack of mature animal
models for GLM and no recognized cellular models for either GLM
or PCM, and these difficulties have limited many basic studies.

Changes
in GLM
patients

Secondly, existing studies have revealed differential immune cells
and cytokines in NPM (Table 1). Existing studies have shown that
targeted inhibition of IL-6 can treat PCM in mice (97), while

'
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%% targeted inhibition against TNF-o alleviates the cystic neutrophil

9 % . = granulomatous mastitis (a type of GLM) (166, 167). However,

&= & & research in this area is far from adequate and more preclinical

§ 5 5 ‘8“ o studies targeting inhibition of elevated immune cells or cytokines in

£ < | s g & 5 g NPM are needed in the future. Finally, among other immune-

related factors, the specific mechanisms of local hypersensitivity due

= to prolactin and milk retention in NPM remain unclear; the specific

E = molecular mechanisms of triglyceride metabolism and arachidonic

o ) acid metabolism pathways associated with the pathogenesis of NPM

= = ' and their crosstalk with the immune system remain to be

elucidated; and there is a close crosstalk of the TLR with immune

42 cells, whereas the TLR mediates multiple inflammatory pathways

= such as MAPK, NF-kB and PI3K/AKT in the pathogenesis of NPM
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In comparison to other autoimmune disorders like rheumatoid

arthritis and psoriasis, research on GLM and PCM is still in its

*2 nascent stages and lacks in-depth basic research. On the one hand,

'% we need to strengthen the research on animal and cellular models of

S B - : GLM and PCM. By establishing models that are closer to the

. gb 3 disease, we can more accurately simulate the pathogenesis of the

2T, g g disease and provide reliable tools for drug development and efficacy

2 % go ki *E 2 assessment. On the other hand, with the development of current

§ ‘é -g E ?:) _én 2 ;m detection technologies, future studies can combine single-cell

= g %‘i E £z Efp sequencing technology to characterize the gene expression profiles

-% g g j;“if é“ El of immune cell subpopulations present in NPM at the single-cell

< T% § % T% § S _‘; g level, to search for subpopulations of immune cells that differ from

| 2 5w &£F & 38

those in the normal population, and to more accurately understand

the roles of immune cells in the development of the disease and the
crosstalk between immune cells. Or by combining the latest
transcriptomics, proteomics, metabolomics, and other
technologies, to explore the immunopathogenesis of GLM and
PCM in a more comprehensive and in-depth manner. With the
pathogenesis as the target, we will develop novel biomarkers and
therapeutic drugs to provide new ideas and methods for the
diagnosis and treatment of GLM and PCM, and bring new hope
to GLM and PCM patients.

Types of immune cells

Natural Killer cells (NK cells)

Neutrophils
Complement system

Compared to healthy individuals/patients with benign breast tumors/NPM patients after treatment, “1” means immune cells or related cytokines/molecules increasing, while “|” means immune cells or related cytokines/molecules decreasing, and “-” means that there is a

lack of research evidence in this area.

TABLE 1 Continued
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