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Abstract: Objective: To study the expression of pyroptosis signaling pathway related proteins in breast cancer tis-
sues and paracancer tissues, analyze their relationship with breast cancer clinicopathologic features, and explore
their relationship to prognosis. Methods: Immunohistochemistry ElivisionTM plus was used to detect the expression
of caspase-1, IL-13 and Gasdermin-D (GSDMD) in 108 cases of breast cancer and 23 cases of benign lesions adja-
cent to breast cancer. Results: Using 108 cases of breast cancer and 23 cases of para-cancerous benign tissues,
the pyroptosis signaling pathway effector proteins caspase-1, IL-1p3, and GSDMD were positively correlated with
each other. The higher the expression level, the lower the histophologic grade of breast cancer, the smaller the tu-
mor size, the lower the clinical stage, the lower the possibility of ymph node metastasis, the lower the risk of death,
and the better the prognosis. Conclusions: Pyroptosis signaling pathway effectors caspase-1, IL-13 and GSDMD

expression may play an important role in the invasion, metastasis, and prognosis of breast cancer.
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Introduction

Breast cancer is a common cancer, with the
highest incidence among women, and its mor-
bidity and mortality are expected to increase
significantly in the next 5-10 years [1, 2].
Therefore, it is still important to explore new
treatments for breast cancer. Pyroptosis is a
newly described type of cell death that has
been discovered and confirmed, which is differ-
ent from apoptosis and necrosis [3]. It is a new
hotspot in cell death research. There are few
studies on the expression characteristics and
significance of pyroptosis in solid tumors. In
this study, the key proteins of caspase-1, IL-15,
and GSDMD in the pyroptosis signaling path-
way in breast cancer tissues with a large sam-
ple size were targeted and quantitatively ana-
lyzed to explore the significance of pyroptosis in
the occurrence and development of breast
cancer.

Materials and methods
General information

From January 2014 to December 2014, 108
breast cancer archived specimens (paraffin-
embedded) and 23 adjacent tissue specimens
were collected from the Department of Pa-
thology, the first affiliated hospital of Bengbu
Medical College. All the breast cancer patients
were from females, who had not received che-
motherapy or radiotherapy before surgery, and
their ages ranged from 32 to 76 years, with a
median age of 50 years. The pathologic classifi-
cation and clinical staging of all breast cancer
patients refer to the 2003 World Health Or-
ganization diagnostic criteria for Pathology and
Genetics of Breast and Female Genital Tumors.
All cases were followed until the patient died or
until January 2020, with a minimum of 60
months and a maximum of 72 months. The clin-
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Table 1. Correlation of caspasel, IL-13, and GSDMD expressions with clinicopathologic characteristics
of patients with breast cancer

Caspasel IL-1B GSDMD
Low . High. p Low . High. p Low . High.
expression expression expression expression expression expression
Age (year)
<50 19 33 0.503 19 33 0.631 20 32 0.228
>50 24 32 18 38 28 28
Pathologic grade
| 1 13 0.001 1 13 0.014 4 10 0.039
Il 21 39 19 41 23 37
1l 21 13 17 17 21 13
Mass size
<2cm 5 28 0.001 4 29 0.001 8 25 0.005
>2cm 38 37 33 42 40 35
Lymphatic metastasis
No 9 40 0.000 9 40 0.002 15 34 0.008
Yes 34 25 28 31 33 26
TNM stage
| 5 22 0.002 6 21 0.023 8 19 0.022
Il 35 43 28 50 37 41
LI} 3 0 3 0 3 0
icopathologic data of breast cancer patients and 3 points were scored according to the non-
are shown in Table 1. yellow, light (light yellow particles), medium
(brown yellow particles), and heavy (dark brown)
Reagent staining. Colored cells accounted for 0% of

counted positive cells; 5% to 25% were counted
as 1 point; 26% to 50% were counted as 2
points; 51% to 75% were counted as 3 points; >
75% 4 points. Five 400-fold fields of view were
randomly taken from each section, and the
staining intensity score and the percentage of
positive cells were scored for each field. The
product of the staining intensity and the per-
centage of positive cells was < 6 points for low
expression and > 6 points for high expression.

Rabbit anti-human caspase-1 polyclonal anti-
body, rabbit anti-human IL-1p3 polyclonal anti-
body and rabbit anti-human GSDMD polyclonal
antibody were purchased from Proteintech,
USA; ElivisionTM plus kit and DAB color devel-
opment kit were purchased from Fuzhou Maixin
Biotechnology.

Experimental method

All breast cancer tissue specimens and control The results of immunohistochemical staining
tissue specimens were fixed with 4% neutral were determined by two pathologists through
formalin solution, embedded in paraffin, and independent double-blind method.

serially sectioned at a thickness of 4 um, and
then dewaxed in a xylene solution and a gradi-
ent ethanol solution to water washing. Im-
munohistochemical staining methods were
performed according to Elivision TM plus kit
instructions. A known positive film was used as
a control, and a PBS solution was used instead
of a primary antibody as a negative control.

Statistical analysis

SPSS 25.0 statistical software package was
used for statistical analysis. The survival analy-
sis of caspase-1, IL-1B and GSDMD protein-
expressing and low-expressing groups was ana-
lyzed by Kaplan-Meier method, and compari-
son between groups was performed by log-rank

Result test. Multivariate analysis was analyzed by Cox

multivariate regression model. In breast cancer
Based on the combination of the staining inten- tumor tissues, the correlations between the
sity and the percentage of positive cells, 0, 1, 2, expressions of caspase-1, IL-1B3, and GSDMD
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the lower likelihood of lymph
node metastasis (P < 0.05);
the expression intensity of
caspasel protein was inde-
pendent of the age of breast
cancer patients (P > 0.05,
Table 1).

Expression of IL-13 protein in
breast cancer and its relation-
ship with clinicopathologic
factors

The high expression rate of
IL-1B protein in the control
group was 86.96% (20/23),
the low expression rate was
13.04% (3/23), and the high
expression rate in the breast
cancer group was 65.74%
(71/108, Figure 1C). The low
expression rate was 34.26%
(37/108, Figure 1D), and the
difference between the two
groups was significant (P <
0.05). The expression of cas-

Figure 1. Expression of caspasel, IL-1B, and GSDMD protein in breast
cancers (Elivision, original magnification: x100). A: Caspasel is highly ex-
pressed in breast cancer tissues; B: Low expression of caspasel in breast
cancer; C: IL-1B is highly expressed in breast cancer tissues; D: Low expres-
sion of IL-1 in breast cancer; E: GSDMD is highly expressed in breast cancer
tissues; F: Low expression of GSDMD in breast cancer.

pasel protein was not related
to the age of breast cancer
patients (P > 0.05). The higher
the IL-1B protein expression

proteins and adjacent tissues and various clini-
copathologic factors were analyzed by x? and
Spearman rank correlation tests. P < 0.05 was
considered significant.

Results

Expression of caspasel protein in breast can-
cer and its relationship with clinicopathologic
factors

The high expression rate of caspasel protein in
the breast cancer group was 60.19% (65/108,
Figure 1A); the low expression rate was 39.81%
(43/108, Figure 1B), and the high expression
rate of caspasel protein in the adjacent cancer
control group was 82.61% (19/23). The low
expression rate was 17.39% (4/23), and the dif-
ference between the two groups was significant
(P < 0.05). The higher the intensity of caspasel
expression in breast cancer tissues, the lower
the tumor tissue pathologic grade, the smaller
the tumor size, the lower the clinical stage and
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intensity, the lower the patho-

logic grade of breast cancer
tumor tissues, the smaller the tumor size, the
lower the clinical stage, and the lower likelihood
of lymph node metastasis (P < 0.05, Table 1).

Expression of GSDMD protein in breast cancer
and its relationship with clinicopathologic fac-
tors

The high expression rate of GSDMD protein in
the breast cancer group and control group was
55.56% (60/108, Figure 1E) and 78.26%
(18/23), and the low expression rate was
44.44% (48/108, Figure 1F) and 21.74%
respectively. (5/23); the difference between
the two groups was significant (P < 0.05). The
lower the pathologic grade of breast cancer tis-
sue, the smaller the tumor size, and the lower
the clinical stage, the higher the intensity of
GSDMD protein expression, and the difference
was significant (P < 0.05). The expression inten-
sity of GSDMD protein was related to lymph
node metastasis (P < 0.05); but the expression
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Table 2. Relationship of caspasel, IL-13, and GSDMD expressions in breast cancer

caspasel IL-1B GSDMD
Low High Low High Low High
expression expression expression expression expression expression
118 GSDMD caspasel
Low expression 33 9 Low expression 31 25 Low expression 38 10
High expression 15 74 High expression 11 64 High expression 18 65
r 0.598* r 0.431* r 0.560*
P 0.000 P 0.000 P 0.000
*positive correlation.
Table 3. Multivariate survival analysis of 108 patients with clinical stage, pathologic grade,

breast cancer

mass size, and lymph node metasta-

sis were independent prognostic fac-

tors that affect the survival of breast
cancer patients (Table 3).

B SE  Wald P RR 95% CI
caspasel -1.996 0.913 4.779 0.029 0.136 0.089-0.679
IL-1B -0.844 0.315 7179 0.007 0.430 0.221-0.806
GSDMD -0.439 0.197 4.966 0.026 0.645 0.373-0.915

intensity of GSDMD protein was not related to
the age of breast cancer patients (P > 0.05).

Correlation between caspasel, IL-13, and
GSDMD protein expression intensity in breast
cancer tissues

Spearman correlation analysis showed a posi-
tive correlation between the expression of cas-
pasel protein and IL-1[3 protein (r = 0.598, P =
0.000 < 0.05); a positive correlation between
the expression of caspasel protein and GSDMD
protein (r = 0.560, P =0.000 < 0.05); there was
a positive correlation between the expression
of IL-1 protein and GSDMD protein (r = 0.431,
P =0.000 < 0.05, Table 2).

Cox multifactorial analysis

Pathologic classification of breast cancer tis-
sues (divided into groups |, I, and ll1), age (divid-
ed into groups > 50 and < 50 years), tumor size
(divided into groups < 2.0 cm and = 2.0 cm),
lymph node metastasis (divided into metasta-
sis group and non-metastasis group), clinical
stage (divided into group |, group Il and group
Ill), caspasel expression group (divided into
high expression group and low expression
group), IL-1B expression group (Divided into
high expression group and low expression
group), GSDMD expression group (high expres-
sion group and low expression group) and other
parameters were introduced into the Cox multi-
factor model for analysis. The results showed
whether the expression of caspasel, IL-1p3 and
GSDMD protein was low or not. Expression,
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Subsistence analysis

The overall 5-year survival rate for this group of
cases was 72.2% (78/108). Kaplan-Meier sur-
vival analysis showed that the overall survival
time of patients with high expression of cas-
pasel protein was significantly higher than that
of patients in the low expression group; the dif-
ference was statistically significant (P < 0.05,
Figure 2A). The overall survival time of patients
with high expression of IL-13 protein compared
to patients with low expression, showed a sig-
nificant difference (P < 0.05, Figure 2B). The
overall survival time of patients with high
expression of GSDMD protein was higher than
in patients with low expression, and the differ-
ence was significant (P < 0.05, Figure 2C).

Discussion

Breast cancer has now become the leading
cause of cancer death among women world-
wide. In China, the annual incidence of breast
cancer continues to increase by about 2% [4].
In recent years, there have been many kinds of
treatment methods that can effectively treat
breast cancer patients, but we are still trying to
find new and more effective treatment meth-
ods to further improve the disease-free survival
rate and improve the quality of life of patients.
Therefore, the study of biomarkers that play an
important role in the occurrence and develop-
ment of breast cancer is the main focus of
breast cancer research.

In recent years, the research into cell pyropto-
sis has become frequent. In 2015, Feng’s team
discovered GSDMD [5], whose research results
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Figure 2. Survival curves of breast cancer patients with caspasel (A), IL-13 (B) and GSDMD (C) protein high expres-

sion group and low expression group.

were published in Nature, which revealed the
molecular mechanism of cell pyroptosis for the
first time, which was a breakthrough in the
study of cell pyroptosis. This research work first
proved that Gasdermin protein was the “killer”
protein of cell pyroptosis. It opened up a whole
new field of research on cell death and innate
immunity.

Differentiation between pyroptosis and apop-
tosis

Both pyroptosis and apoptosis are programmed
cell death modes, which are important ways for
the body to maintain immune homeostasis.
Programmed cell death can remove unwanted
cells. Apoptosis and pyroptosis are different in
their pathogenesis, biologic effects, and cell
morphology. Apoptosis is mediated by caspase
3/8/9 and occurs as non-inflammatory necro-
sis. When apoptosis occurs, cytoplasm and
nucleus are shriveled, DNA is broken, and cell
membrane remains intact. Pyroptosis is an
inflammatory cell necrosis mediated by cas-
pasel/4/5/11, in which the cell membrane of
pyroptosis forms pores, cells swell, burst,
release contents, and cause an inflammatory
response [6]. Recent studies have found that
cell pyroptosis is involved in the pathogenesis
of kidney disease, atherosclerosis, nervous
system diseases, infectious diseases, and
infectious diseases [7-12].

Cell pyroptosis can be divided into a classical
pyroptosis pathway and non-classical pyropto-
sis pathway, and the classical pyroptosis path-
way is the most studied at present [13, 14]. The
classical pyroptosis pathway is activated after
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pattern recognition receptors (PRRs) recognize
pathogens or inflammatory factors when en-
dogenous or exogenous danger signals such as
bacteria and viruses stimulate the body, and
apoptosis-associated speck-like protein CARD
domain (ASC) and other adaptor proteins inter-
act with each other to recruit pro-caspasel
precursor to form Inflammasomes. Inflam-
matory bodies activate caspasel, and activat-
ed caspasel cleaves IL-13 and IL-18 precursors
into mature IL-1 and IL-18. At the same time,
activated caspasel cleaves GSDMD, causing
the N-terminal domain and C terminal domains
to be separated. The N-terminal domain of
GSDMD gradually moves from the cytoplasm to
the cell membrane and aggregates to form
holes in the cell membrane. As a result, the
integrity of the cell membrane is destroyed and
the cells die. IL-1B and IL-18 are secreted from
the cell membrane pore to the outside of the
cell, and recruit more inflammatory cells out-
side the cell, thereby expanding the inflamma-
tory response, and eventually causing the ce-
lls to undergo osmotic disintegration [15-20].
The non-classical pyroptosis pathway is a
complex composed of human caspase4/5 or
mouse caspasell directly binding to bacterial
Lipopolysac -- charide (LPS) as intracellular
receptors to activate GSDMD and induce pyrop-
tosis [21-23]. Caspase4/5/11 in the non-clas-
sical pyroptosis pathway can also indirectly
regulate the secretion of mature IL-1 binding
and IL-18 through the NLRP3-ASC-caspase-1
pathway [24], suggesting that the classical
pyroptosis pathway can interact with the non-
classical pyroptosis pathway jointly to promote
the secretion of IL-1 binding and IL-18. However,

Int J Clin Exp Pathol 2020;13(6):1408-1414
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this mechanism is still unclear, but it may be
related to the potassium ion outflow after the
formation of cell membrane pores, which then
leads to the activation of NLRP3 [25].

Caspasel, IL-1, and GSDMD are effector pro-
teins in the classical pyroptosis pathway. Wu et
al.,, in a study using immunohistochemical
ElivisionTM plus method to detect 108 cases of
breast cancer tissue cell protein caspasel, IL-1
beta and GSDMD protein, found that as the
pathologic stage of breast tumor tissue is high-
er, the greater the mass, the higher the TNM
staging, caspasel, the lower the IL-13 and
GSDMD protein expression intensity, and the
expression was not altered in the lymph node
metastases for caspasel, IL-13 and GSDMD
protein expression intensity. Kaplan-Meier sur-
vival analysis showed that total survival time of
patients in the group with high expression of
caspasel, IL-1B3, and GSDMD protein was sig-
nificantly higher than that in the group with low
expression. Spearman correlation analysis in
this study found that the expressions of cas-
pasel, IL-1B3, and GSDMD protein in breast can-
cer tissues were positively correlated with each
other, which was in line with the development
law of the caustic death pathway. These results
suggest that pyroptosis has a significant effect
on the progression, invasion, and metastasis of
breast cancer, and is beneficial to the progno-
sis of breast cancer patients. In recent years,
the role of pyroptosis in tumorigenesis and
development has attracted increasing atten-
tion. As a form of programmed death, pyropto-
sis means that the growth of tumor cells is
inhibited, so inducing pyroptosis of tumor cells
in breast cancer patients is a way of anti-tumor
immunity. However, when excessive pyroptosis
occurs, it can also cause a strong pathologic
inflammatory response. Studies have shown
that when caspasel is highly expressed, there
is more aggregation of inflammatory cells in the
tumor interstitial microenvironment (Figure
1A).

Conclusion

In summary, the expression and amount of
cytotoxic effector proteins caspasel and IL-13
may affect the development and prognosis of
breast cancer patients, which may provide a
new molecular target for the targeted treat-
ment of breast cancer. In this study, the pyrop-
tosis pathway effector proteins caspasel, IL-1
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and GSDMD were preliminarily correlated.
Further experimental studies are needed to fur-
ther explore the pathogenesis of pyroptosis.
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