Research Article

Breast Care

Breast Care 2021;16:319-326
DOI: 10.1159/000507474

Received: October 28, 2019
Accepted: March 24, 2020
Published online: October 29, 2020

The Identification of Gene Expression
Profiles Associated with Granulomatous

Mastitis

Qiang Zhu Lin Wang Pilin Wang

Department of Breast Surgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, PR China

Keywords
Granulomatous mastitis - RNA sequencing - Expression
profiles - Etiology

Abstract

Background: Granulomatous mastitis (GM) is a rare chronic
inflammatory disease of the breast. The current therapeutic
effects of the antibiotic therapy and surgical or immuno-
modulatory (steroid) treatment are normally poor due to the
unclear etiology. Method: This study aimed to identify the
differentially expressed mRNAs in GM tissues using RNA se-
quencing and further explored the functions of differentially
expressed mRNAs resulting in GM. Moreover, we revealed
the relationship between GM and breast cancer by shared
highly expressed genes in GM tissues and breast cancer tis-
sues. Results: A total of 12,115 mRNAs were analyzed in the
whole expression profile, and 207 mRNAs (136 upregulated
and 71 downregulated mRNAs) were differently expressed
between the GM tissues and normal tissues. The enrichment
analysis showed that the differentially expressed mRNAs
were enriched in the biological processes and played a sig-
nificant role in the immune system. Besides, the genes ex-
pressed significantly highly in breast cancer tissues are
found to be enriched with GM genes, which may explain the
similar clinical features between breast cancer and GM. We
also found that the HSD11B1 gene which was differentially
expressed in GM was used as drug target of prednisone,
which isacommon treatment for GM. Conclusion: This study
is the first to use sequencing technology to elucidate the ge-

netic mechanisms of GM. The finding of this study may have
potential value in GM diagnosis and also provides potential
drug targets for GM treatment. ©2020S. Karger AG, Basel

Introduction

Granulomatous mastitis (GM), a rare chronic inflam-
matory breast disease of unclear etiology, was first de-
scribed as a specific entity by Kessler and Wolloch in 1972
[1]. GM caused massive deformities of the breast, which
may contribute to serious anxiety and depressive disorder
of the patients [2]. Accurate diagnosis of GM remains a
challenge to discriminate between GM and carcinoma, as
it often clinically and radiographically mimics breast ma-
lignancy [3]. The great difficulties for a definitive diagno-
sis of GM hinder an effective treatment. Thus, identifica-
tion of biomarkers for GM is essential.

Furthermore, there is no effective treatment for GM.
The current treatment for GM includes conservative
management [4], in which antibiotics, anti-inflammatory
drugs, and topical or systemic corticosteroids were rec-
ommended. A primary curative therapy treatment is sur-
gical excision [5]. However, the therapeutic effect of the
empirical antibiotic therapy alone is normally poor, and
the surgical or immunomodulatory (steroid) treatment is
implemented with varying degrees of success [1, 2]. To
develop an effective treatment for GM, improving the un-
derstanding of the etiology of GM is necessary.
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Table 1. The clinical characteristics, ultrasonography, and laboratory examination results of patients with GM

Characteristics Patient 1 Patient 2 Patient 3
Drug-taking history 5 days levofloxacin 500 mg/day 5 days levofloxacin 500 mg/day -
Location Right Left Left
Clinical features
Breast lump size, cm 5x7 2x2 5.4x7.5
Swelling No Yes Yes
Breast abscess No Yes No
Symptoms
Fever No Yes No
Axillary lymphadenopathy Right Left Left
Erythema No No Yes
Arthritis No No No
Breast ultrasonography
Location Peripheral Peripheral Subareolar
Hypoechoic internal echo extent, cm 4.8%6.5 2.4x1.57 4.6x7.0
Axillary lymph node location Right Left Left
Axillary lymph node size, cm 2.3%0.7 2.2%0.97 1.3x0.8
Laboratory examination results
White blood cells (normal 4-10), n x10°/L.  8.33 7.83 8.29
Prolactin (normal 1.9-25), ng/L 5.85 30.4 10.8
Secretion culture Negative Pseudomonas aeruginosa Negative
Tuberculosis antibody Negative Negative Negative
Antituberculosis antibody Negative Negative Negative

“~” means the patient did not have the drug-taking history, “yes” that the patient had the corresponding symptom, and “no” that he

had not.

The existing mechanistic theories of GM include both
infectious and autoimmunity-mediated inflammatory
mechanisms. Regarding the infectious etiology, an asso-
ciation between corynebacterium infection and GM was
first proposed by a clinical pathological review of 34 pa-
tients in New Zealand in 2003 [6]. Subsequently, more
and more researchers indicated that corynebacterium in-
fection has a close relationship with the pathogenesis of
GM [7-9]. However, the pathogenic mechanism due to
corynebacterium is still not clear.

The autoimmune mechanism is supported by the re-
sponse of GM to steroid treatment [10, 11]. The autoim-
mune reaction process is considered to be triggered by the
extravasated protein secretions from mammary ducts sec-
ondary to local trauma, oral contraceptives, hyperprolac-
tinemia and breast-feeding. However, the autoimmune
etiology hypothesis still remains controversial [12]. In
2000, Erhan et al. [13] reported a predominance of T cells
in 14 of their 18 cases using the primary antibody and con-
cluded that a reactive T-cell-mediated inflammation with
the formation of centrilobular granulomas is the patho-
physiological mechanism of GM, further supporting the
autoimmune etiology hypothesis. However, Asoglu et al.
[14] found the serological tests for antinuclear and rheu-
matoid factor autoimmune antibodies to be negative,
which are evidence of an autoimmune phenomenon.
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Since many possible causes of GM were revealed, it is
reasonable to surmise that potential alterations and ex-
pression changes in genes may initiate GM. Bercot et al.
[15] reported the first case of GM due to Corynebacterium
kroppenstedtii linked to strongly impaired Nod2 function
which revealed the potential changes in the NOD2 gene
in GM. Destek et al. [16] analyzed the gene polymor-
phisms associated with GM and found that mutations in
MTHEFR-C 677 T, PAI-1, and ACE genes reported in
breast cancer were also found in GM in 1 case. However,
no reports have been published so far regarding the RNA
expression profiles associated with GM.

We thus present 3 cases with demonstrated histologi-
cal features of GM, and this study is the first to identify
differentially expressed RNAs in the biopsy samples of
granulomatous tissue with that of normal tissue. The en-
richment analysis of breast cancer genes in GM was also
examined to identify the difference and relationship be-
tween GM and breast cancer. This study will facilitate a
precise treatment for this disease entity.

Case Report

In the study, 3 patients diagnosed with chronic GM by histo-
pathology were enrolled in the period of 2016-2017. This study
was approved by the Institutional Ethics Board of Beijing Tiantan
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Fig. 1. a Volcano plot of differentially expressed mRNAs between GM and control groups. Expression levels are
represented in red and blue, where red shows higher expression and blue shows lower expression. b Hierarchical
cluster heat map of expression levels of mRNAs between GM and control groups.

Hospital, and written informed consent was obtained from all of
the recruited patients. The participants in this study had never re-
ceived an antimicrobial treatment. The detailed clinical character-
istics of the patients are given in Table 1. The average age of our
patients was 31 years. All of them had a unilateral breast lump.
Ultrasonography was performed in all patients, and the predomi-
nant findings were the presence of a hypoechoic pattern as given
in Table 1; the ultrasonography of the 3 patients is given in the
online supplementary material (for all online suppl. material, see
www.karger.com/doi/10.1159/000507474). The tuberculosis anti-
body and antituberculosis antibody were negative in all patients.
The patients were given levofloxacin 200 mg/day/injection for 1
week before they underwent surgery. In all patients, no recurrence
has occurred so far.

Methods

Three samples from both the GM and normal tissue were col-
lected for RNA sequencing. Extracted RNA was assayed for integ-
rity quality control using the RNA Nano 6000 Assay Kit of the
Agilent Bioanalyzer 2100 system (Agilent Technologies, CA,
USA). RNA samples were used for deep RNA sequencing when
RNA integrity numbers were equal to or greater than 7.0. Sequenc-
ing libraries were prepared by the NEBNext® Ultra™ RNA Library
Prep Kit for Illumina® (NEB, USA), following the manufacturer’s
recommendations. The qualities of the libraries were assessed on
the Agilent Bioanalyzer 2100 system. Libraries were quantified by
qPCR using the KAPA Library Quantification Kit for Illumina se-
quencing platforms (KAPA Biosystems). Quality control of library
pools to establish equimolarity of individual libraries was per-
formed by Illumina MiSeq (SR 1 x 50 bp). Libraries were sequenced
using an Illumina HiSeq2500 (PE 2 x 300 bp).

The FASTQ files were analyzed using the STAR package [17]
with the HG19 human reference genome. RSEM software [18] was
used to count mapped sequencing reads on each gene transcript,
and the differently expressed genes were identified by edgeR. edg-
eR is designed to identify changes between two or more groups by
the trimmed mean of M-values normalization method and is based
on the hypothesis that most genes are not expressed differently
[19]. The p value was calculated for each gene and adjusted as g
value by the Benjamini and Hochberg approach for controlling the
false discovery rate. Genes with g values <0.05 were considered as
differently expressed genes.

Genes Expressed in Granulomatous
Mastitis

Gene Function Analysis

The protein-protein interaction networks of differentially ex-
pressed genes were assessed using the STRING database (http://
string-db.org/) [20]. Gene ontology (GO) enrichment analyses of
differentially expressed genes were completed with g:profiler web
server (https://biit.cs.ut.ee/gprofiler/gost) [21]. GO terms such as
biological processes (BP), cellular components (CC), and molecu-
lar functions (MF) with a corrected p value of <0.05 were consid-
ered significantly enriched in the differentially expressed genes.

Enrichment Analysis of Breast Cancer Genes

Breast cancer genes were collected from the Oncomine data-
base (http://www.oncomine.org). Initially, we used the following
filters: (a) analysis type: cancer versus normal analysis; (b) cancer
type: breast cancer; (c) data set type: TCGA data sets, and (d) sam-
ple type: clinical specimen. In total, 593 samples and 20,423 mea-
sured genes were involved. Then overexpressed genes associated
with 8 breast cancer types were displayed separately. These breast
cancer types are intraductal cribriform, invasive breast carcinoma,
invasive ductal and lobular, invasive ductal breast, invasive lobular
breast, male breast carcinoma, mixed lobular and ductal, and mu-
cinous breast carcinoma. For each breast cancer type, the top 1%
overexpressed genes associated with breast cancer were selected.

Results

Gene Expression Profiles of Differentially Expressed

Genes

The whole expression profiles were detected on a to-
tal of 12,115 mRNAs. Among them, 207 mRNAs were
differently expressed between the GM tissues and con-
trol tissues, with 136 upregulated and 71 downregu-
lated mRNAs. Volcano plots were used to determine
the statistical significance of differently expressed
mRNAs between the GM and control group in Figure 1.
DNAJC27-AS1 (6.86067-fold change) was the highest
upregulated mRNA, and TRAV12-1(-6.0142698-fold
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Fig. 2. Top 20 gene ontology (GO) terms ranked by n-fold enrichment and enrichment score are shown by GO
analysis of the differentially expressed genes. Molecular function (MF), cellular component (CC), and biological
process (BP) are represented by green, red, and blue, respectively.

change) was the lowest downregulated mRNA. Besides,
the expression levels of differently expressed mRNAs
were used to generate a heat map in unsupervised hierar-
chical clustering analysis in Figure 1. It can be seen that
the expression levels clearly self-segregated into GM and
control groups.

Interestingly, among the genes expressed significantly
differently between GM tissues and the controls, HS-
D11B1 with low expression was the drug target of pred-
nisone. The prednisone treatment is demonstrated to be
effective [22, 23]. Sakurai et al. [22] stated that all 7 of the
cases who received prednisone (an initial dose of 60 mg/
day) achieved a cure without surgery. Besides, medical
treatment with prednisone was also reported to reduce
the lesion size and extent and the rate of recurrence [24].
Thus, other genes identified by this study may implicate
potential drug targets for GM.

Functional Analysis of Differentially Expressed Genes

By using the p value cutoff of 0.05, GO annotation
found that 67 BP terms, 15 CC terms, and 9 MF terms
were significant. Figure 2 displays the top 20 generally
changed GO terms ranked by p value. Among the top 20
GO terms, 6 BP terms were related to the immune system.
That means the differentially expressed mRNAs play a
significant role in the immune system.

322 Breast Care 2021;16:319-326

DOI: 10.1159/000507474

Another purpose of gene analysis is to identify the
gene-gene interaction network related with GM. Here, we
used the genes expressed significantly differently in GM
tissues compared to those in the normal tissues to con-
struct the network. These genes (207 genes) were input
into the STRING database. A network containing 151
nodes was constructed. From this network, we identified
the hub genes by considering the number of connections
to other genes. Figure 3 shows the network of differen-
tially expressed mRNAs. The network comprised 151
network nodes, in which 40 mRNAs related to the im-
mune system were colored. The immune system-related
mRNAs can be classified into 2 groups presented in box
A and box B in Figure 3. The FCGR1A was the hub gene
in network A, which was linked to 9 other genes such as
TRIM29, GBP1, GBP5, LILRB4, HCK, C1QB, SLC7A?7,
IGSF6, and CD79A. The hub gene FCGRI1A was associ-
ated with protein binding (GO: 0005515) and IgG bind-
ing (GO: 0019864). Similarly, the TCN1 was the hub gene
in network B, and there were 9 other genes (MMP9, TN-
FAIP6, CHIT1, LYZ, SLPI, CHI3L1, CTSC, PIGR, and
MMP12) in network B. The TCN1 was correlated with
cobalamin binding (GO: 0031419). Thus, these two net-
works may represent the pathways associated with im-
mune mechanisms of GM. These findings may explain
the effective steroid treatment of GM, which enrich the
understanding of the immune mechanisms of GM. Be-
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Fig. 3. A network consisting of differentially expressed mRNAs. The colored mRNAs reflect the expressed
mRNAs related to the immune system. Boxes A and B show two groups of immune system-related mRNAs.

sides, the hub genes FCGR1A and TCN1 were the drug
targets of methylaminolevulinate and hydroxycobala-
min, respectively [25, 26]. Methylaminolevulinate is an
FDA-approved anticancer drug, and hydroxycobalamin
is mainly used therapeutically to treat vitamin B, defi-
ciency.

Genes Related to Breast Cancer

Breast cancer-related genes were collected from the
Oncomine database (http://www.oncomine.org). Total-
ly, 207 genes were selected as the overexpressed genes in
the cancer tissues. Out of them, 19 breast cancer-related
genes were retrieved. The genes expressed significantly
highly in breast cancer tissues were significantly enriched
in GM (p = 0.03746, one-sided binomial test). Figure 4
shows the function enrichment analysis of 19 GM genes
significantly high in breast cancer tissues, and the results
show that they are enriched in 16 GO terms including 10

Genes Expressed in Granulomatous
Mastitis

CCterms, 4 BP terms and 1 MF term. The top 3 GO terms
were extracellular exosome (GO: 0070062), extracellular
vesicle (GO: 1903561), and extracellular organelle (GO:
0043230). There are 14 (73.6%) GM genes expressed sig-
nificantly highly both in breast cancer and GM tissues.
The expression level of the top 5 genes ranked by p value
among 19 breast cancer genes are displayed in Figure 5.
The expression levels of all chosen genes in Figure 5 were
significantly different compared to the control group.

Discussion and Conclusion

From the results, GM is a disease caused by dysfunc-
tions of the immune system. That is consistent with the
favored hypothesis that GM is an autoimmune disease
supported by effective steroid treatment of GM [10, 12].
This study also explained the reason for symptom simi-
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Fig. 4. Gene ontology (GO) terms ranked by n-fold enrichment and enrichment score are shown by GO analysis
of the GM genes expressed significantly highly in breast cancer tissues. Molecular function (MF), cellular com-
ponent (CC), and biological process (BP) are represented by green, red, and blue, respectively.

larity between breast cancer and GM. In this study, we
identified that genes expressed significantly highly in
breast cancer tissues are enriched with GM genes. Among
them, 73.6% of the genes were highly expressed in GM
tissues. Destek et al. [16] analyzed genetic polymorphisms
in breast cancer and GM and found that mutations in
MTHFR-C 677 T, PAI-1, and ACE genes were found in
both breast cancer and GM. There are many researches
demonstrating similar clinical and radiological findings
between GM and breast cancer [27], but there are quite a
few studies about the similarity in gene expression be-
tween GM and breast cancer. Thus, this result may fill
gaps in our understanding of the genetic similarity be-
tween breast cancer and GM.

In this study, we identified two possible networks as-
sociated with the immune mechanisms of GM. There are
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7 (43%) drug targets in these two networks. The HSD11B1
gene was used as drug target of prednisone, which is a
common treatment for GM [27, 28]. The finding of this
study provides potential drug targets for GM treatment.
Further study is necessary to discover possible drugs by
using the networks given in this study.

In summary, findings of this study are valuable for
treatment design and diagnosis of GM. Meanwhile, this
study illustrated the possible genetic relationship between
GM and breast cancer to support the symptom similarity
between them.
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