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Background: The exact etiology and pathogenesis of granulomatous lobular mastitis (GLM) are yet to
be illuminated. This study aimed to investigate CD68, CD163-positive M2 macrophages, CD57-positive
natural killer (NK) cells, and IgG4 in GLM lesion tissue to explore their correlation with the occurrence and
clinical features of GLM.

Methods: Surgical pathologic specimens of GLM were collected from patients admitted to Hunan
Provincial People’s Hospital between October, 2014 and October 2015. Based on the postoperative
pathological diagnosis, the tissues were divided into 3 groups: the experimental group (GLM, n=36),
control group 1 (plasma cell mastitis, PCM, n=17), and control group 2 (breast cystic hyperplasia, n=10).
Immunohistochemical staining was carried out using Elivision super testing to detect CD68, CD163, CD57,
and IgG4 expression in the pathological tissue samples. The relationship between clinical parameters,
including age, reproductive condition, nipple retraction, and tumor size, and the expressions of CDGS8,
CD163, CD57, and IgG4 was analyzed.

Results: There was no obvious difference in the levels of CD68, CD163, and CD57 expression between
the GLM group and the PCM group, although both groups had higher expression levels of expression than
the breast cystic hyperplasia group (P<0.05). In the GLM group, the expression level of CD57 at 2 weeks—
3 months was significantly higher than at <2 weeks (P<0.05). The expression level of CD57 in PCM patients
>2 years after lactation was significantly higher than in patients <2 years after lactation (P<0.05). The level
of IgG4 expression in GLM patients with nipple retraction was significantly higher than in those without
nipple retraction (P<0.05).

Conclusions: Inflammatory cells are closely linked to the occurrence of GLM and PCM. In our study,
both the GLM and PCM groups had low expression of IgG4, but the expression level of IgG4 in GLM
patients with inverted nipples was significantly higher than that in patients without inverted nipples. This
suggests that there may be two different clinical subtypes of GLM. Furthermore, our research also found
that NK cells can provide a basis for GLM clinical staging.
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Introduction

Granulomatous lobular mastitis (GLM), which takes its
name from tumor samples of idiopathic granulomatous
mastitis, is a chronic inflammatory condition that affects
the breast. GLM often occurs on one side of the breast,
although lesions sometimes present in both sides, mostly
in the areola area and the upper outer quadrant. In some
patients, multiple quadrants or even the whole breast may
be affected. GLM mainly manifests as a single hard mass
in the breast, and is usually accompanied by no pain or
slight pain. The boundary of GLM is not clear and the
surface is not smooth. The mass may adhere to the skin or
surrounding tissue. The skin surrounding the affected area
can appear red and swollen. GLM can be accompanied by
ipsilateral axillary lymph node enlargement and does not
have any obvious systemic symptoms.

The etiology and pathogenesis of GLM are not fully
understood. The following factors have been identified in
many studies as contributing to the disease: corynebacterium
infection (1); long-term oral psychoactive drugs and
short-acting contraceptives (2); hyperprolactinemia (3);
trauma (4); milk-induced hypersensitivity, or pregnancy
or milk siltation (5,6); and autoimmune correlation (7).
GLM is difficult to diagnose, and with a 50% recurrence
rate, effective treatment also poses a challenge (8).
Histopathological examination is the golden criteria of
diagnosis. Histologically, GLM is characterized by lobular
granulomas composed of macrophages, neutrophils,
lymphocytes, monocytes, and non-cheese-like necrotic
lesions. Microscopically, granulomas are characterized
by large numbers of Langhan’s giant cells, neutrophils
polymorphs, and epithelioid histocytes. In addition,
microabscesses, necrosis, sinus tracts, and duct ectasia can
also be found (9). At present, no standard guidelines exist to
guide the treatment of GLM.

At present, GLM is widely seen as an autoimmune
disease, and experiments related to the abnormal immune
inflammation index have confirmed that the degree of
immune disorder differs according to age, family status, and
breast disease-related inflammatory agglomeration area (10).
However, its association with M2 macrophages, natural
killer (NK) cells, or IgG4-positive plasmocytes has not been
ascertained.

Clinically, PCM and GLM are difficult to differentiate,
and their diagnosis and treatment are also complicated. The
diagnosis of both depends on histopathological examination.
As a common benign disease of the breast, breast cystic
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hyperplasia has a completely different pathogenesis from
inflammatory diseases. Therefore, patients with PCM and
breast cystic hyperplasia were selected as the control group
to help distinguish GLM, PCM, and common benign
diseases.

There are two types of macrophages. The second
type, activated macrophages, also known as M2-type
macrophages, are predominantly characterized as CD68+
(pan macrophages marker) and CD163+ (M2 specific
marker). M2-type macrophages can dampen the immune
response and limit inflammation (11). To explore the
significance of CD68+, CD163-positive M2 macrophages,
CD57-positive NK cells, IgG4-positive plasmocytes in
relation to lactation mastitis morbidity, this study used
immunohistochemical to test the expression of CD68,
CD163, CD57, and IgG4 in GLM, PCM, breast cystic
hyperplasia patients. In this pilot study, we examined
changes in inflammatory cells and cytokines to further
explore the pathogenesis of GLM, with the ultimate aim of
reducing the damage caused by breast surgery and providing
a theoretical basis for future treatment of the disease.

Methods

The trial was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and the Harmonized
Tripartite Guideline for Good Clinical Practice from the
International Conference on Harmonization. This study
was reviewed and approved by the Hamilton Integrated
Research Ethics Board (approval #2017SK2142) and the
Hoffmann-La Roche global review committee. All patients
enrolled completed the informed consent form.

Clinical materials

Experimental group

The study enrolled 36GLM patients who underwent
mammary and thyroid surgery between October, 2014 and
October, 2015 at Hunan Province People’s Hospital (the
First Affiliated Hospital of Hunan Normal University). The
diagnoses were confirmed by postoperative pathological
histology. All of the patients were female, married, and aged
between 25 and 52 (mean, 33.25+6.5) years. None of the
patients were pregnant or lactating. The average duration
of the condition was 2.4 months (range, 1 day to 1 year).

Control group 1
Control group 1 comprised 17 cases of plasma cell mastitis
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(PCM) patients who underwent mammary gland thyroid
surgery at our hospital during the same period. All of the
diagnoses were confirmed by postoperative pathology.
The patients were aged between 22 and 39 (mean, 29.18+
5.71) years old.

Control group 2
Control group 2 comprised 10 cases of breast cystic
hyperplasia, as confirmed by postoperative pathological
histology. The patients were aged between 24 and 43 (mean,
33.5£7.95) years old.

There was no significant difference in age between the
experimental group and the 2 control groups (P>0.05).

Inclusion and exclusion criteria

All specimens were confirmed after reading by 2 or more
experienced clinical pathology doctors. The clinical and
pathological data of the specimens had to be intact, and the
patients should have been followed-up on a regular basis.
Cases with malignant breast tumors were excluded from
the study, as were those with diabetes, rheumatism, and
autoimmune diseases, such as systemic lupus erythematosus
(SLE). Patients with liver or kidney disease, tuberculosis,
and other medical problems were excluded. Finally,
participants who had a history of pregnancy or lactation in
the 6 months before surgery were excluded.

Research methods

Paraffin-embedded specimens were collected from October
2014 to October 2015. The EliVision super method of
immunohistochemical staining was used. A negative control
was used throughout the experiment. PBS was used instead
of a negative resistance. The expression levels of CD68,
CD163. CD57, and IgG4 were observed semi-quantitatively
(12-14). Comparisons were made based on: (I) age (10) :
baby boomers (aged 25 to 34) and non-baby boomers: (aged
21 to 24 and 35 to 55); (II) fertility condition (10): around
lactation: paroxysm <2 years after childbirth, and after
lactation: paroxysm >2 years after childbirth; and (IIT) nipple
depression (15): moderate (the nipple retraction technique
can be used to pull reset, after the release of the nipple is
retracted), severe (nipple retracton technique cannot be used
to pull reset, and no nipple invagination), normal nipple or
mild invagination (nipple can use the technique to pull reset,
loosen the nipple no retraction, but after the compression
of the nipple still retract). Based on the common clinical
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inflammatory disease progression installment method, the
following phases were considered: the acute phase (2 weeks
or less), the subacute phase (2 weeks to 3 months), and the
chronic phase (more than 3 months). Sectionalization was
done by lesion size: <3, 3-6, and >6 cm.

Statistical analysis

Statistical analyses were carried out by SPSS 19.0 IBM
Corporation, Armonk, NY, USA) statistical package. Score
data used x+S. If the variance was neat, Fisher’s LSD test
for pairwise comparison of one-way anova was adopted.
If the variance was not homogeneous, the nonparametric
multi-group Kruskal-Wallis H test was adopted. Inspection
level was for a=0.05 (bilateral) or «’=0.0083 (one-sided).

Results

The expression of CD68 and CD163-positive M2
macrophages, CD57-positive NK cells and IgG4-positive
plasma cells in the experimental group and control groups

() CD68 and CD163-positive M2 macrophages and
IgG4-positive plasma cells were detected in the
cytoplasm, CD57-positive NK cells were detected in
the cell membranes. M2 macrophages, NK cells and
IgG4-positive plasma cells were detected in the GLM
and PCM groups, and there was no obvious difference
between the two groups (Figures 1,2). There was no
positive expression in the breast cystic hyperplasia
group, and the difference was statistically significant
compared with GLM and PCM (7able 1).

(II) There were significant expressions of inflammatory
cells (CD68 and CD163-positive M2 macrophages,
CDS57-positive NK cells and IgG4-positive plasma
cells) detected in the experimental group and control
groups (P<0.05). There was no obvious difference
between expression in the GLM and PCM groups, and
both had higher expression than in the breast cystic
hyperplasia group (P<0.05) (able 2).

The relationship between expression of inflammatory cells
and clinical parameters in the experimental group and
control group 1

Test index comparison of two different courses
(I) Non-parametric Kruskal-Wallis H test was used to
compare CD68, CD163, and IgG4 expression in the
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Figure 1 Immunohistochemistry staining from the GLM group: (A) CD68 200x, (B) CD163 200x, (C) CD57 200x, and (D) IgG4 staining

200x. GLM, granulomatous lobular mastitis.

GLM group at each stage of the disease course, and
no significant statistical difference was found (P>0.05).
The expression level of CD57 in the GLM group at
2 weeks—3 months was significantly higher than that
at <2 weeks, with significant statistical difference
(P<0.05). No significant change was observed at
>3 months (P>0.05) (Table 3).

(II) At various stages of the disease courser showed no
significant statistical difference between the four
indicators of PCM (P>0.05, Table 4).

(III) NK cells in the GLM group at the acute stage
(22 weeks), and chronic phase (>3 months) was lower
than that in the PCM group, and revealed a widening
gap between the two groups (Figure 3). 1gG4
expression in the PCM group gradually increased at
chronic phase (>3 months), and the gap started to
widen (Figure 4). There was no obvious difference
between macrophages in the GLM and PCM groups
at the different stages of the disease course (Figure 5).
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Layered detection index comparison of different ages
The expressions of CD68 and CD163-positive M2
macrophages, CD57-positive NK cells and IgG4-positive
plasma cells were compared between baby boomers and
non-baby boomers both in the GLM and PCM groups by
nonparametric Kruskal-Wallis H test (Table 5) and analysis
of variance (Tuable 6). There was no significant statistical
difference [MOUI] in expression between baby boomers
and non-baby boomers (P>0.05).

Holding detection indicators in different fertility status
to compare of the disease

The expression of CD68, CD163 and IgG4 between
paroxysm <2 years after childbirth and paroxysm
>2 years after childbirth both in GLM and PCM groups
was compared using the nonparametric Kruskal-Wallis
H test and analysis of variance, There was no significant
statistical difference in expressions between the two groups
(P>0.05, Tibles 7,8).
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Figure 2 Immunohistochemistry staining from the PCM group: (A) CD68 200x, (B) CD163 200x, (C) CD57 200x, and (D) IgG4 staining
400x. PCM, plasma cell mastitis.

Table 1 Comparison between the expression rates of CD68, CD163, CD57, and IgG4 in the experimental and control groups (%)

Group
Molecular target Expression e P
GLM PCM Breast cystic hyperplasia
CD68 —/+ 4 (11.11) 1(5.88) 10 (100)** 39.022 0.000
++ 22 (61.11) 11 (64.71) 0
+++ 10 (27.78) 6 (35.29) 0
CD163 -/+ 3(8.33) 0 (0.00) 10 (100)** 48.99 0.000
++ 29 (80.56) 12 (70.58) 0
+++ 4 (11.11) 5(29.41) 0
CD57 -/+ 13 (36.11) 3(17.64) 10 (100)** 20.02 0.000
++ 22 (61.11) 12 (70.59) 0
+++ 1(2.77) 2 (11.76) 0
1gG4 - 25 (69.44) 13 (76.47) 10 (100)** 6.292 0.043
+ 11 (30.56) 4(23.53) 0

With granulomatous lobular mastitis * is P<0.05, and plasma cell mastitis *is P<0.05. GLM, granulomatous lobular mastitis; PCM, plasma
cell mastitis.
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Table 2 Comparison between the quantities of CD68, CD163, CD57, and IgG4 in the experimental and control groups
GLM PCM Breast cystic hyperplasia

Items z P

xS M xS M x£S M
Age 33.25+6.50 32.0 29.18+5.71 27.0 33.50+7.95 32.00 4.354 0.226
CD68 4.31+1.82 5.00 4.82+1.47 5.0 1.90+1.10*" 2.00 22.504 <0.001
CD163 4.25+1.30 4.00 4.71+1.36 5.0 0.60+0.97* 0.00 25.993 <0.001
CD57 28.32+20.22 24.7 40.95+20.60 41.2 5.10+2.14*" 5.20 23.437 <0.001
lgG4 6.80+6.51 5.88 8.12+8.05 6.80 3.60+2.07 4.00 22.85 <0.001

With granulomatous lobular mastitis * is P<0.05, and plasma cell mastitis *is P<0.05. GLM, granulomatous lobular mastitis; PCM, plasma

cell mastitis.

Table 3 Comparison between the expressions of CD68, CD163, CD57, and IgG#4 at three different stages of GLM

2 weeks or less

2 weeks-3 months

More than 3 months

ltems z P
xS M 1+S M 7S M

CD68 4.07+2.056 5.00 4.73+1.44 4.00 3.86+£2.12 5.0 0.465 0.792

CD163 4.29+1.49 4.00 4.33+1.23 4.00 4.00+1.156 4.0 0.934 0.627

CD57 17.51+£14.73 19.6 40.00+21.8* 36.2 24.91+13.35 17.0 7.122 0.028

1gG4 4.15+5.82 2.80 9.27+6.04 9.40 6.81+7.55 5.0 5.504 0.064

Compared with 2 weeks or less * P<0.05, compared with 2-3 months * P<0.05. GLM, granulomatous lobular mastitis; PCM, plasma cell

mastitis.

Table 4 Comparison between the expressions of CD68, CD163, CD57, and IgG#4 at three different stages of PCM

ltems 2 weeks or less 2 weeks-3 months More than 3 months F P

CD68 4.50+1.87 5.00+2.00 5.00+1.07 0.203 0.819
CD163 5.17+1.47 5.33+1.53 4.13+£1.13 1.480 0.261
CD57 40.43+23.95 36.20+16.94 43.13+21.52 0.112 0.895
1gG4 4.93+5.07 2.60+3.29 12.59+9.07 3.010 0.082

PCM, plasma cell mastitis.

PCM patient childbirth

The level of CD57 expression was significantly higher
in the group who experienced GLM onset >2 years after
childbirth than in the group with onset <2 years after
childbirth (P<0.05, Table 8).

Comparison between patients with or without nipple
retraction

The expressions of CD68, CD163, and CD57 were
compared between patients with and patients without
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nipple retraction in the GLM and PCM groups using
nonparametric Kruskal-Wallis H rank and inspection and
analysis of variance. No significant statistical difference was
found in CD68, CD163, and CD57 expression between
patients with and without nipple retraction (P>0.05,
Tubles 9,10).

The expression level of IgG4 in the GLM group was
significantly higher in patients without nipple retraction,
and there were statistically significant differences (P<0.05,
Tuble 9).
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Figure 3 Comparison of the expression levels of CD57 in the

GLM and PCM groups. GLM, granulomatous lobular mastitis;
PCM, plasma cell mastitis.
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Figure 4 Comparison of the expression levels of IgG4 in the GLM
and PCM groups. GLM, granulomatous lobular mastitis; PCM,

plasma cell mastitis.
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Figure 5 Comparison of the expression levels of CD68 and
CD163 in the GLM and PCM groups. GLM, granulomatous

lobular mastitis; PCM, plasma cell mastitis.

Comparison of different lesion ranges

The expression of CD68, CD163, CD57, and IgG4 both
in GLM group between different lesion size (<3, 3-6, and
>6 cm) was consistent. No significant statistical difference
was observed (P> 0.05 Tables 11,12).
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Discussion

GLM, PCM, subareolar abscess (Zuska disease), and
lymphocytic sclerosing lobular mastitis, are collectively
called non-lactational mastitis. GLM was previously
considered to be a rare benign inflammatory disease of
the breast, which occurs in the non-lactational period, and
its incidence has increased considerably in recent years.
European and American countries have reported that
non-lactational mastitis accounts for 3% of benign breast
disease (15). Our team found that non-lactational mastitis
accounted for about 10.5% of the total surgeries for benign
breast diseases at the hospital during the same period (16),
among which procedures for GLM and PCM were the
most common.

In recent years, GLM has been reported more
frequently in the Asia-Pacific region, and there have also
been higher rates of GLM recorded among Asian and
Hispanic women (17). Therefore, greater attention should
be given to the disease in these regions.

It has been reported (18) that the misdiagnosis rate
with GLM is as high as 40%, and the disease needs to
be distinguished from inflammatory breast cancer, breast
cyst and infection, Paget’s disease, and lactational mastitis.
GLM clinically manifests as aperiodic primary breast pain,
nipple discharge, pull invagination, non-lactating breasts,
centripetal developing scleroderma, abscess, skin redness
on the side of the breast, swelling, axillary lymph node
enlargement, and sometimes an "orange peel" appearance.
However, GLM is clinically difficult to differentiate from
inflammatory breast cancer and non-lactational specific
breast inflammatory diseases such as breast tuberculosis.
Its clinical stage can be divided into the mass, abscess, and
ulceration stages, but there is no obvious boundary between
the three. Clinical staging is of great importance to the
surgery, affecting the scope of the surgery, surgical methods,
postoperative plastic effect, and postoperative psychological
recovery of patients. Some domestic scholars do not believe
that the clinical stages are the same disease at different
stages of development, but rather they believe that, similar
to the different molecular classification in breast cancer,
granulomatous mastitis has different types, based on the
expression of inflammatory factors, and so treatment plans
and prognosis are not consistent.

In 1972, when the disease was originally reported by
Kesler, it was reported as being self-limiting (8), while
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Table 5 Comparison between the expressions of CD68 and CD163 (GLM group only) and IgG4 (GLM and PCM groups) in baby boomers and
non-baby boomers

Baby boomers Non baby boomers
ltems 4 P
7S M xS M
GLM CD68 4.29+1.63 4.00 4.33+2.23 5.00 -0.840 0.401
GLM CD163 4.21+1.38 4.00 4.33+1.16 4.00 -0.054 0.957
GLM IgG4 6.83+6.24 6.40 6.73+7.31 4.30 —-0.085 0.932
PCM IgG4 8.23+9.29 7.15 8.03+7.36 6.30 0.145 0.885

Statistically significant difference (P<0.05). GLM, granulomatous lobular mastitis; PCM, plasma cell mastitis.

Table 6 Comparison between the expressions of CD68 and CD163 (PCM group only) and CD57 (GLM and PCM groups) in baby boomers and
non-baby boomers

ltems Baby boomers Non-baby boomers F P

GLM CD57 30.59+21.30 23.78+17.85 0.951 0.348
PCM CD68 4.38+1.3020 5.22+1.56 -1.205 0.247
PCM CD163 4.75+1.28 4.67+1.50 0.122 0.904
PCM CD57 39.83+22.09 41.96+20.47 -0.206 0.839

Statistically significant difference (P<0.05). PCM, plasma cell mastitis; GLM, granulomatous lobular mastitis.

Table 7 Comparison of CD68, CD163, and IgG4 expressions between groups based on time of onset after childbirth in the GLM group

Onset <2 years after childbirth Onset >2 years after childbirth
ltems z P
x1£S M x1=S M
GLM CD68 4.29+1.14 4.00 4.32+2.17 5.0 -0.840 0.401
GLM CD163 4.43+0.94 4.00 4.14+1.49 4.0 -0.054 0.957
GLM IgG4 7.83+5.69 7.60 6.15+7.027 4.3 -0.085 0.932

Statistically significant difference (P<0.05). GLM, granulomatous lobular mastitis.

Table 8 Comparison of the expressions of CD57 (GLM and PCM groups) and CD68, CD163, and IgG4 (PCM group only) between groups
based on time of onset after childbirth in the GLM group

ltems Onset <2 years after childbirth Onset >2 years after childbirth F P

GLM CD57 36.53+22.33 23.10+17.29 2.027 0.051
PCM CD68 4.89+1.05 4.75+1.91 0.189 0.853
PCM CD163 4.22+1.30 5.25+1.28 -1.637 0.123
PCM CD57 29.96+14.61 53.33+19.88 -2.784 0.014
PCM IgG4 6.14+4.24 10.35+10.82 -1.080 0.297

Statistically significant difference (P<0.05). GLM, granulomatous lobular mastitis; PCM, plasma cell mastitis.
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Table 9 Comparison between the expressions of CD68 and CD163 (GLM group only) and IgG4 (GLM and PCM groups) in patients with and
without nipple retraction

No nipple retraction Nipple retraction
ltems — — 4 P
X£S M XS M
GLM CD68 4.03+1.78 4.00 5.43+1.62 6.0 -1.757 0.079
GLM CD163 4.14+1.27 4.0 4.71+1.38 4.0 -0.668 0.504
GLM IgG4 5.52+5.70 5.00 12.09+7.41 12.8 -2.179 0.029
PCM IgG4 6.70+2.79 7.50 8.43+8.84 6.55 -0.379 0.705

Statistically significant difference (P<0.05). GLM, granulomatous lobular mastitis; PCM, plasma cell mastitis.

Table 10 Comparison between the expressions of CD68 and CD163 (PCM group only) and CD57 (GLM and PCM groups) in patients with and
without nipple retraction

ltems No nipple retraction Nipple retraction F P

GLM CD57 26.32+21.12 36.63+14.24 -1.220 0.231
PCM CD68 4.00+2.00 5.00+1.36 -1.076 0.299
PCM CD163 5.00+1.00 4.64+1.45 0.402 0.693
PCM CD57 41.13+24.88 40.91+20.66 0.016 0.987

Statistically significant difference (P<0.05). PCM, plasma cell mastitis; GLM, granulomatous lobular mastitis.

Table 11 Comparison between the expressions of CD163 and IgG4 in GLM patients with different lesion ranges

<3cm 3-6cm >6 cm
ltems A P
xS M 7S M %S M
GLMCD163 4.67+0.58 5.0 3.73+1.42 4.0 4.45+1.26 4.0 2.322 0.313
GLM IgG4 5.13+1.60 5.0 8.10+7.08 6.0 6.38+6.71 6.4 0.721 0.697

Statistically significant difference (P<0.05). GLM, granulomatous lobular mastitis.

Table 12 Comparison between the expressions of CD163 and IgG4 (PCM group only) and CD68 and CD57 (GLM and PCM groups) in
patients with different lesion ranges

ltems <3cm 3-6cm >6 cm F P

GLM CD68 4.67+1.53 4.55+1.81 4.14+1.91 0.239 0.788
GLM CD57 22.26+19.41 29.69+20.56 28.46+20.92 0.153 0.859
PCM CD68 5.20+1.304 3.80+1.30 5.29+1.49 1.927 0.182
PCM CD163 4.40+1.14 5.20+1.48 4.57+1.51 0.458 0.641
PCM CD57 49.68+19.57 34.36+18.13 39.43+23.55 0.697 0.515
PCM IgG4 13.84+12.25 7.32+5.80 4.614+2.89 2.255 0.142

Statistically significant difference (P<0.05). PCM, plasma cell mastitis; GLM, granulomatous lobular mastitis.
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Cohen (19) proposed that the disease might be a focal
lesion of autoimmune disease. A number of domestic
studies have confirmed that non-lactational mastitis patients
exhibit different degrees of immune dysfunction. Chen
et al. reported that the percentage of CD3 and CD4/
CD8 cells in each subgroup of T cells were increased, as
were the levels of IgG, IGLM, and IgA, and C4, while
complement C3 was decreased (20). Xia et 4l. believed that
about 50% of the patients showed abnormalities in various
subsets of T lymphocytes, which were mainly decreased.
Immunoglobulin was increased to varying degrees, and
complement disorder was more prominent in the decrease
of C4 level (9). The two runs in opposite directions, which
may be caused by inconsistency of specimens, inconsistency
of composition ratio between GLM, PCM, and Zuska
disease, or inconsistency of disease course. However,
both cellular immunity and humoral immunity are
acknowledged to be involved in the disease process. Some
studies believe that early application of immunosuppressive
agents, methotrexate, and other treatments is effective
(21-23). It has been suggested that the disease may be
related to autoimmunity. Pathological examination is
the gold standard for diagnosis. Currently, there is no
unified standard for treatment, but most scholars support
a comprehensive surgery-based treatment strategy (24).
Further comprehensive treatment options include
traditional Chinese medicine therapy, glucocorticoid
therapy, immunosuppressive therapy, endocrine therapy,
and anti-tuberculosis therapy.

Macrophages

There are two types of macrophages (25). Classically
activated macrophages, also called M1 macrophages,
activate immune cells to kill microbes and tumor cells, and
a large number of toxic intermediates, presenting antigen to
T cells. M1 macrophages protect the body from infection
and have a tumor-killing effect. The second type, activated
macrophages, also known as M2-type macrophages,
produce a large number of cytokines with an anti-
inflammatory response, mainly to reduce inflammation and
promote tissue repair function (26). Maintaining a balance
between pro-inflammatory response and anti-inflammatory
response can maintain the homeostasis within the internal
environment of the body.

CD68 is a macrophage surface marker molecule, and
CD163 is a M2-specific macrophage surface marker
molecule. One of the important features of chronic
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inflammatory response is mononuclear/macrophage
activation, and a large amount of macrophage infiltration
can be seen in the pathological samples from GLM patients.
In the early stage, GLM can be treated with cortisol, and
so some patients manage to avoid surgical treatment.
However, its immune function is suppressed during chronic
stress (27). The results of this experiment showed M2-type
macrophage infiltration in both granulomatous mastitis and
plasmacyte mastitis, suggesting that GLM and PCM may
have the same immune activation pathway, and share the
same tumorigenesis mechanism. The expression level of
macrophages in GLM chronic stress was not significantly
different compared with that in acute stress, which suggests
that low-dose glucocorticoid therapy in the GLM acute
phase may prove effective. In the chronic stage, blocking
the M1-type macrophage transformation pathway to M2-
type macrophages or inhibiting the function of M2-type
macrophages may inhibit their tumorigenesis activity,
directly affecting the scope of surgery and decreasing
the post-GLM damage rate. In clinical application, some
GLM patients receive three anti-TB drug treatments in
patients with effective, some patients early glucocorticoid
treatment effective, but this does not apply to all patients,
the long-term curative effect is uncertain, and there is no
medical evidence to support this treatment. We speculate
that its effect may be related to the enhanced ability of
macrophages clear, phagocytosis, and secrete.

NK cells

NK cells are important members of the body’s first line of
“ubiquitin-specific” defense against high-risk pathogenic
factors (28). They participate in anti-tumor and anti-viral
activity, as well as immune regulation, but an imbalance in
their activity (hyper or hypoactive) plays a part in diseases
such as hypersensitivity and autoimmune diseases. Studies
have shown that mature CD57 + NK cells may lead to
innovative strategies to prevent human immunosenescence
and/or various chronic diseases (29). NK cells secrete
stimulant cytokines and inhibitory cytokines to participate
in the regulation of early natural immune response and
acquired immune response, which is the bridge between
natural immunity and acquired immunity (30,31). Liang
et al. (32) proposed that different expression patterns of
tumor-associated antigens (TAAS) were associated with
positive tumor differentiation, small tumor size, and a
higher rate of CD57-positive NK cell infiltration. As GLM
is a tumorigenic disease, by evaluating the expression
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disorder level of some of the above inflammatory factors,
we speculated that the expression level of CD57-positive
NK cells in GLM patients might be related to the disease
process. The results of this experiment showed that the
expression level of CD57 in the GLM group increased as
the disease progressed, reaching a peak between 2 weeks
and 3 months, while no such change was observed in the
PCM group, suggesting that CD57-positive NK cells may
be important immune molecules in distinguishing GLM
from GLM. In addition, the NK cell threshold may be an
important clinical cutoff point for GLM. Regulating the
function of NK cells or stimulating cytokines and inhibiting
cytokines secreted by NK cells may be essential for the
clinical remission or cure of the disease. The expression
level of NK cells increased in the group with onset >2 years
after delivery, suggesting that the occurrence of PCM may
be correlated with pregnancy or lactation. Postpartum
maternal immune rebound (the dominant Th2 cell-
mediated immune type in pregnancy is transformed to
Th1 cell-mediated immune dominance after childbirth) is
considered to be responsible for the aggravation of many
autoimmune diseases (33). The incidence of non-lactational
mastitis may be related to autoimmunity, so it is necessary to
continue to pay attention to the changes of immune indexes
in non-lactating mastitis patients 2 years after delivery.

IgG4

IgG4 is a Th2 cell-dependent globulin, the Fc segment
of which can bind to mast cells and participate in the
body’s allergic reaction process (34). Various inflammatory
diseases, such as autoimmune pancreatitis, retroperitoneal
fibrosis, sclerosing cholangitis, and a variety of inflammatory
pseudotumors, are believed to be caused by IgG4-associated
autoimmune disorders (35-38). There have been reports of
IgG4-related inflammatory pseudotumors in the breast (39),
in which numerous plasma cells showed positive IgG4 in
immunohistochemical staining, and patients’ serum IgG4
concentration increased. IgG4 may be a useful indicator
of inflammatory pseudotumors of the mammary gland,
which may benefit from hormone therapy. GLM and
the clinicopathological features of breast inflammatory
pseudotumors are similar, which may be associated with
IgG4. Ogura, Cheuk er al. (13,40) think granulomatous
mastitis can be divided into IgG4-related and non-IgG4-
related granulomatous lobular mastitis: the former is
associated with pregnancy, while the latter is associated with
autoimmune diseases, for which steroid hormone treatment
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can be effective. This helps some patients to avoid
postoperative mammary gland damage, which is beneficial
to their psychological recovery.

IgG4-related sclerosing mastitis (IgG4-SM) is a special
type of mammary gland inflammation. Some scholars have
raised the question whether some cases of granulomatous
lobular mastitis can be classified as IgG4-SM. According
to one study (40), 9 cases of lymphocytic mastitis had no
IgG4-positive plasma cell infiltration and 6 of 7 cases
granulomatous lobular mastitis had no IgG4-positive plasma
cell infiltration. However, the relatively small number of
cases in the study makes it difficult to conclude whether
granulomatous mastitis bears a correlation with IgG4-
related sclerosing mastitis. The results of this experiment
showed that generally there was a low expression of IgG4
in GLM and PCM, and its expression level was consistent.
However, the expression of IgG4 differs depending on
whether GLM is combined with nipple depression. The
expression of IgG4 in GLM with nipple depression is
significantly increased, which suggests that the two groups
may in fact be different clinical subtypes of GLM, and have
a different pathogenesis. The expression level in patients
with inverted nipples was significantly higher than in those
with non-inverted nipples, which indicates that the increase
of IgG4 may be related to the blockage of the milk duct,
damage to the skin cells in the milk duct, and the immune
response induced by the exposure of autoantigens. To some
extent, this is consistent with the idea that GLM can be
divided into IgG4-correlated and non-IgG4-correlated.
However, there was no significant correlation between
the expression of IgG4 in patients and fertility status and
time since the end of the last lactation period. Based on
the above, GLM can be separated into IgG4-correlated
and non-IgG4-correlated. The former is related to nipple
depression, while the latter is not. In addition, the low
expression level of I[gG4 in GLM or PCM did not meet the
diagnostic criteria for IgG4-related diseases and were not
part of the categorization of this disease. Therefore, the
expression level of IgG4 did not provide theoretical support
for the use of immunosuppressive therapy.

Conclusions

In conclusion, both GLM and PCM are immune-related
diseases, and various immune cells and cell components are
involved in their occurrence and development. However,
there are differences between the two diseases. M2-type
macrophages play a major role in the course of GLM
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and PCM, and are closely related to tumor formation.
CD57-positive NK cells may offer an important basis for
differentiation between GLM and PCM, and may also
serve as an important dividing point for the progression
of GLM, which is of great significance for guiding
appropriate treatment. Inverted nipples are an essential
basis for differentiating between IgG4-related and non-
IgG4-related GLM; and the mechanism in the pathogenesis
and immune mechanism of these two disease may differ,
and the treatment methods required may also differ. At
present, GLM and PCM are mainly treated through a
comprehensive surgical approach. The results of this study
can prove that a small number of clinical GLM patients can
benefit from immunosuppressive therapy and avoid surgery.
The pathogenesis of non-lactational mastitis, such as GLM,
needs to be confirmed based on further basic and clinical
application research.

Of course, this experiment still had many limitations.
First, during the study period (one year), the number of
PCM outpatients and inpatients was low, and none of
the patients with cystic breast cystic hyperplasia required
biopsy or surgery, which resulted in difficulty in obtaining
sampling specimens. The sample sizes of the two control
groups were relatively small, which may have created bias
in the results. Future studies will include larger sample
sizes. Second, no further experiments were conducted to
detect the expression of these indicators (CD68, CD163,
CD57, and IgG4) in human serum, and its etiology and
pathogenesis are still not clear. Third, it is better to identify
NK cells or macrophages with immunofluorescence
staining than immunohistochemistry. In this study, no
immunofluorescence staining was performed on the
samples, which may have led to biased results. Other more
sensitive methods will be used to detect macrophages and
NK cells in future studies. Fourth, no animal experiments
were conducted, and no feasible suggestions for its
treatment were proposed. Last, because mammary gland
tuberculosis case is rare, the control group offered no
specific mammary inflammatory disease comparison. The
control group would have better served its purpose made up
of patients with a specific inflammatory disease of the breast
(tuberculosis of the breast).
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