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Abstract. Background/Aim: The functions of the specific
genes involved in the three types of breast cancer (BC) are
unclear. Materials and Methods: A total of 53,805 genes
were assessed from the RNA-sequencing database of BC
cells and classified into those involved in hormonal positive
(HR+) BC and triple-negative breast cancer (TNBC).
Overall, distant metastasis-free, and relapse-free survival
obtained from the Breast Cancer Gene-Expression Miner
database containing 13,603 human breast cancer patient
samples were assessed for gene associations using the RNA-
sequencing database. To examine cell invasion and cytokine
levels, inflammation-related genes were knocked down. The
role of inflammation in cancer metastasis was confirmed
using inflammatory inhibitors in a three-dimensional
organoid ex vivo. Results: Genes affecting inflammation and
cancer metastasis were highly expressed in TNBC, unlike
HR+ BC. The A20/TNFAIP3-CDC20-CASPI axis, which
includes inflammation-related genes found in TNBC, was
associated with poor patient prognosis, cancer metastasis,
and cytokine levels. Inflammation inhibitors prevented the
metastasis of aggressive TNBC. Conclusion: The
A20/TNFAIP3-CDC20-CASP1 axis is closely related to the
metastatic potential of TNBC, and inflammation inhibitors
might be a novel target therapy for TNBC.
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Breast cancer is the leading cause of women's cancer death
and the second most common cancer worldwide (1-6). One
subtype of breast cancer is characterized by the expression
of hormone receptors (estrogen and progesterone receptors)
and ERBB?2 (also known as HER2) over-expression and/or
amplification, and these receptors are the main targets of
effective target therapies (1, 2, 6). Another subtype, triple-
negative breast cancer (TNBC), lacks expression of all of
these receptor proteins and accounts for about 10-15% of all
breast cancers (1-3). As hormonal therapy targeting estrogen
receptors or drug treatment targeting HER?2 is fruitless in this
group, systemic treatment with chemotherapy remains the
only treatment option (1, 3, 5, 6). Also, TNBC is the most
aggressive subtype that easily metastasizes to other organs
(1-3, 5). Although TNBC usually responds well to initial
chemotherapy, it tends to recur more often than other breast
cancers (1-3). More research on TNBC is required and
studies on the relationship between genes and TNBC are still
lacking. Therefore, the characterization of metastasis-related
genes is important to improve the current lack of therapeutic
options and increase the survival rates of TNBC patients.
Inflammation is often closely related to the formation and
progression of cancer (7-10). Tumor-associated inflammatory
responses are triggered by many external factors, including
bacterial and viral intracellular infections, autoimmune
diseases, obesity, tobacco smoking, exposure to cancer-
causing chemicals, and excessive alcohol consumption (7-9).
This leads to a disproportionate inflammatory response,
which ultimately promotes cancer formation and malignant
progression (7-9). Mutations in genes that suppress
inflammation in the body lead to the abnormal activation of
inflammation in cells, which may lead to malignancy.
Ultimately, both extrinsic inflammation, which promotes
inflammatory conditions that predispose to cancer, and
intrinsic inflammation, which is caused by genetic events that
cause neoplasia, are important factors in tumor development
by suppressing the body's immune system (7-9, 11). There are
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several inflammatory factors that induce cancer such as pro-
inflammatory cytokines, tumor necrosis factor (TNF-a),
interleukins la (IL-1a), IL-1fB, IL-6, IL-8, IL-18, and
chemokines (9, 12-14). A20/TNFAIP3 is a well-known key
regulator of inflammation and immunity that has a role in
inhibiting the NF-kB signaling pathway and apoptosis (4, 10,
15). Several recent reports have suggested an oncogenic role
of A20/TNFAIP3 in various solid tumor cell lines (4, 10, 15-
18). A20/TNFAIP3 is significantly up-regulated in TNBC and
its expression level is highly correlated with low survival of
metastasis-free patients, and promotes cancer metastasis via
multi-monoubiquitylation, which activates the functions of
Snail (4). Therefore, the role of A20/TNFAIP3 in the
inflammatory response and carcinogenesis remains unclear.
Also, Caspase-1 has been reported to regulate
proinflammatory cytokine IL-1f and IL-18 (12-14).

Cell division cycle 20 (Cdc20) is a key anaphase-
promoting complex or cyclosome (APC/C) activator that is
also a mitosis-related oncogene/oncoprotein (2, 19-21). Most
of the Cdc20 or Cdhl substrates are regulators that play a
major role in cell division, such as Cyclin A, Cyclin B (for
mitotic cyclins), Aurora A, Aurora B, Plkl, Nek2A (for
mitotic  kinases), Securin, Sgol (for chromosome
segregation), Survivin (for mitotic checkpoint), Geminin,
Cdc6 (DNA replication), Skp2 (F box for S phase), and Ets2
and FoxM1 (for transcription) (2, 19-23). Cdc20 is not
expressed or is expressed at very low levels in G1, but when
cells enter division, Cdc20 binds to APC/C or Parkin
complex and acts as a major regulator through substrate
ubiquitination (19, 24, 25). The main period of Cdc20 action
is from Nuclear Envelope Breakdown (NEBD) to anaphase,
in which daughter chromosomes are formed. Cdc20 also
functions as a mitotic checkpoint (also known as the spindle
assembly checkpoint) by localizing and binding to
kinetochore proteins such as Mad2, Bub3, and BubR1 (19-
23). It is converted to the final mitotic checkpoint inhibitor
Bub3-BubR1-Cdc20, which blocks APC/C-dependent
ubiquitination, stabilizing cyclin B and securin and
preventing progression to anaphase (20, 21, 23). Excessively
high expression of Cdc20 promotes cell division and is
closely related to various types of human cancers such
as breast, osteosarcoma, glioblastoma, pancreatic,
hepatocellular, prostate, colorectal, lung, bladder, and liver
cancer (2, 19, 22, 23). Especially, over-expression of Cdc20
has been associated with an aggressive course of breast
cancer. Recently, our group reported that the CDC20 gene is
highly expressed in three TNBC cell lines and 10,001 breast
cancer patients tissue samples (2, 22, 23). We confirmed that
high Cdc20 expression is also associated with poor clinical
outcomes such as low overall, distant-metastasis free, and
relapse-free survival in TNBC patients and loss of the
CDC20 gene decreases tumor cell growth and migration in
human TNBC cell line, MDA-MB-231 (2).
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The three-dimensional (3D) organoid ex vivo technique is
an advanced cell culture method that overcomes the
limitations of general 2D cell culture and animal experiments
(26-30). When cancer cells are cultured for a long time in a
2D cell culture, they lose their unique properties and
characteristics, and the effects of drugs are different from
those of the tumor cells (27, 31, 32). In addition, the use of
animals such as mice, rats, rabbits, cats, and dogs, which
have many genetic differences from humans, also frequently
result in erroneous anticancer effects (26, 27, 31, 32). 3D
organoid culture decreases the failure rate of new drugs, and
allows the examination of the effect of the drug directly on
the actual human tissue and a more accurate determination
of the anti-cancer effect of new drugs (27-31).

In this study, we assessed gene expression differences
between hormonal positive breast cancer and TNBC through
gene association experiments. We found that the expression
of cell invasion and inflammation-related genes in TNBC is
characteristically different from that of genes expressed in
hormonal positive breast cancer. Especially, high
A20/TNFAIP3, CDC20, and CASPI expression in TNBC
associates with poor clinical outcomes in breast cancer
patients. We also found that inflammation-related genes,
A20/TNFAIP3, and CASPI show high correlation with
CDC20 in TNBC and positively regulate cancer cell invasion
and inflammation-related cytokines. We confirmed that
several inflammation inhibitors strongly prevented the
metastasis of aggressive TNBC in cell culture experiments.

Materials and Methods

Cancer data collection and processing. To investigate gene
expression in six different breast cancer cell lines, several cancer
datasets from the Gene Expression Omnibus, containing patients’
clinical information and gene expression data, were retrieved.
Among the various datasets, we identified which genes are
significantly over-expressed in TNBC human cell lines and TNBC
patients. Briefly, a classification rule based on summarizing the
standardized expression levels of genes was defined. First, the data
from NCBI, including data regarding major mitosis-related genes
and P-actin were selected. The variability of gene expression in
human TNBC cell lines and TNBC patients was calculated by other
independent research groups that used B-actin as the most stable
housekeeping gene for normalizing gene expression. After each
gene was normalized by B-actin, the individual gene values were
determined. Then, the calculated values were divided by the sum of
the averages of all genes. Finally, log2-transformed expression (or
concentration) values were determined. Statistical analyses were
performed by using the GraphPad Prism software (version 6.0, San
Diego, CA, USA). For analyzing gene correlation to specific
cellular processes such as cell metabolism, inflammation, or cancer
metastasis, we used the DAVID database (2). The names of the 26
genes highly expressed in hormonal positive breast cancer were
searched among the 53,805 genes of the DAVID database
(containing data for six different breast cancer cell lines) for
correlations (2). The 48 genes highly expressed in TNBC were then
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added to the DAVID database to analyze the correlation between the
genes and specific classifications. The correlation between Cdc20
and other genes from the 53,805 genes dataset, was assessed using
the Breast Cancer Gene-Expression Miner v4.5 (2). From this
experiment, the correlation between the genes in ER+, ER-, HER2+,
and TNBC subtypes was assessed. For determining the relationship
between Cdc20, TNFAIP3/A20, and CASPI with overall, distant
metastasis-free, and relapse-free survival rates, the Breast Cancer
Gene-Expression Miner v4.5 was used with human breast cancer
patient dataset (2). p-Values were calculated using unpaired, two-
tailed Student’s #-tests.

Cells, cell lines and reagents. All cell lines were obtained from
commercial venders such as ATCC (Manassas, VA, USA) (2).
Human breast cancer cell lines were cultured in Dulbecco’s
modified Eagle’s media (DMEM, Thermo Fisher Scientific,
Waltham, MA, USA) (MDA-MB-435, MCF7, HS578T and MDA-
MB-231) or RPMI (ZR-75B, ZR-75-1, SK-BR-3, T47D, and
BT549) (2). Normal breast cells, MCF-10A, were cultured in
DMEM/Ham’s F-12 nutrient mixture (GIBCO) with 5% horse
serum (GIBCO), 20 ng/ml EGF (Peprotech, East Windsor, NJ,
USA), 10 pg/ml insulin, 0.5 pg/ml hydrocortisone (Sigma, St.
Louis, MO, USA), and 100 ng/ml cholera toxin. Necrostatin-1
(RIPK1 inhibitor), Necrosulfonamide (NSA), and GW806742X
(MLKL inhibitor) were purchased from Calbiochem (San Diego,
CA, USA) or Sigma. The HA-Cdc20 plasmid was purchased from
addgene (Watertown, MA, USA).

Gene silencing by lentiviral shRNAs. CDC20 lentiviral shRNAs (2,
19) and the negative Control shRNA were purchased from Sigma-
Aldrich. A20/TNFAIP3 (sc-37655-V) or CSAP-1/Caspase-1 (sc-
29235-V) shRNAs human lentiviral particles were purchased from
Santa Cruz Biotechnology (Dallas, TX, USA). MDA-MB-231 cells
were infected or transfected with Control or CDC20 shRNAs using
Lipofectamine 2000 (Invitrogen, Waltham, MA, USA). To confirm
gene knockdown, CDC20 protein expression levels were analyzed
by western blot (2, 19).

Western blot analysis and antibodies. Protein lysate samples from
different breast cancer cell lines were lysed by RIPA lysis buffer
supplemented with protease inhibitors, including with I mM PMSF
on ice. Protein lysate samples were first separated using gel
electrophoresis and then transferred onto PVDF membranes. The
membranes were then blocked in TBS-T buffer containing 5% fat-
free milk for 1 h at room temperature. Next, the PVDF membrane
was incubated with specific primary antibodies. Mouse monoclonal
antibodies recognizing Cdc20 (sc-5296) and Caspase-1 (sc-56036)
were purchased from Santa Cruz Biotechnology. Rabbit polyclonal
antibody recognizing A20/TNFAIP3 (#4625) was obtained from
Cell Signaling Technology (Danvers, MA, USA). Anti-B-actin
mouse antibody was purchased from Sigma. The membrane was
washed three times with 1% TBST and subsequently incubated for
1 h with rabbit anti-mouse IgG-HRP secondary antibodies (Abcam,
Cambridge, UK) as described previously (7, 19, 28, 29, 33).

Migration assays. For migration assays (wound healing assays)
(33), cells were infected or transfected with shRNAs or DNA
plasmids. Cells were seeded in 6-well plates at a density of 1~3x103
cells/well, grown until confluence (around 2-3 days), and then the
cells were refed with serum-free media for 24 h. Confluent cells on

a monolayer were scraped with a P200 tip in each well (3
lines/well), and the medium was replaced with complete medium.
After 24 ~ 48 h, the cells were fixed with 3.7 % paraformaldehyde
(Sigma) and stained with 0.2% crystal violet (Sigma). Images were
obtained at 0, 1, and 2 days. Cell migration was quantified by
counting the number of cells inside the scratch (at time O as
standard) in each of the three different fields of the wound.

Invasion assays. For matrigel invasion assays (33), cells were
infected with shRNAs in 10 cm tissue culture dishes. A total of
2,000 to 3,000 cells were seeded in a 24-well invasion chamber
(Corning, 354480, Corning, NY, USA). After 18 h, the medium was
changed to serum-free medium, and cells grew until ~80%
confluence. The media were changed with media containing 20%
FBS to create a cellular environment with high nutrition in the
bottom chamber. To measure cell invasion after 24 h, the filter was
stained with 0.2% Crystal Violet and invaded cells were counted
through a microscope. Each sample was plated in triplicate (50,000
cells/insert) to increase the validity of the experiment.

Primers and real-time polymerase chain reaction (qRT-PCR) with
reverse transcription. RNA preparation, cDNA and qRT-PCR were
performed as described previously (7, 19). The following primers were
used for real-time quantitative reverse transcription PCR (qQRT-PCR).

TNF-o primer sequences: Forward 5’-CCAGCCAGCAGAAGCT
CCCTCAGCGAG-3’, Reverse 5’-GCGGATCATGCTTTCTGTGC
TCATGGTGTC-3’; IL-6 primer sequences: Forward 5’-
CCTGCGTTTAAATAACATCAGCTTTAGCTT-3", Reverse 5’-
GCACAATGTGACGTCGTTTAGCATCGAA-3’; IL-1 primer
sequences: Forward 5’-CACAGCAGCACATCAACAAG-3’,
Reverse 5’-GTGCTCATGTCCTCATCCTG-3’.

3D organoid assay. For 3D organoid assays, human breast cancer
cell lines were cultured on NanoCulture plates (Scivax, Kawasaki,
Japan). After seeding for 1 day, cells were infected with shRNAs or
treated with inflammation inhibitors and then cells were observed
at 7 days. Cell sphere or actin fiber numbers were observed by
microscopy (34). To measure DNA, cells were lysed in Spheroid
Lysis Buffer (Scivax, Kawasaki, Japan), and IL-1b cytokine mRNA
level was measured by qRT-PCR (SuperScript IV VILO Master
Mix, Waltham, MA, USA) and the 3D organoid assay was described
previously (28, 29).

Statistical analysis. Each assay was performed in triplicate and
independently repeated at least three times. The results are presented
as meantstandard error of mean (SEM). Statistical analyses were
performed using GraphPad Prism software (version 4.02; GraphPad
Software, San Diego, CA, USA). One-way analysis of variance
(ANOVA) followed by T-test was used to compare the results. A
difference was considered significant if p<0.05. Statistical significance
was defined as p<0.05(*), p<0.01(**), and p<0.001(***).

Results

Inflammation and metastasis-related genes in TNBC are
characteristically different than genes expressed in hormonal
positive breast cancer (HR+BC). We first hypothesized that
the subtypes of breast cancer could be distinguished by
differences in gene expression. To test this idea, 53,805
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genes were assessed and their expression levels in three
different hormonal positive breast cancer cell lines, ZR-75B,
MCF7, and T47D, and three TNBC cell lines, MDA-MB-
435, MDA-MB-231, and HS578T through the National
Center for Biotechnology Information (NCBI) database
(Figure 1). Gene expression first underwent normalization
with f-actin levels and then subjected to log-2
transformation; values greater than 1 were considered to
indicate high expression while values lower than 1 indicate
low expression. Genes whose expression could not be
calculated or quantified are shown in black. According to the
heat map shown in Figure 1, 3,728 genes were expressed in
HR+ BC and 1,470 genes in TNBC (Figure 2A). Of these,
1,150 genes were co-expressed in both types of breast
cancer. The DAVID database program was used to find and
group the functions of each gene (Figure 2A) and the 26
genes found to be highly expressed in all three hormonal
positive breast cancer cell lines correlated to cell
metabolism, neuronal, and cell proliferation (Figure 1 and
Figure 2B). Meanwhile, 48 genes that were highly expressed
in TNBC were correlated with cell metastasis and invasion,
and inflammation (Figure 1 and Figure 2C). As a result of
this analysis, many genes that were related to cell
metabolism, nerve-related, and cell proliferation appeared to
be expressed in HR+BC, whereas cancer metastasis- and
inflammation-related genes were overexpressed in TNBC.
Collectively, these data indicate that TNBC has gene
expression profile that is different from that of HR+ BC.

Inflammation-related genes are positively related with Cdc20
in TNBC. In a previous study (2), CDC20 was found to be
highly expressed specifically in TNBC through database
analysis, similar to Figure 1. Breast cancer patients with high
CDC20 expression showed poor overall, distant metastasis-
free, and relapse-free survival (2, 22). Furthermore, Cdc20
was highly expressed in five different TNBC cell lines and
knockdown of CDC20 completely blocked cancer cell
growth and invasion in TNBC (2). We found inflammation-
related genes such as A20/TNFAIP3, CASPI, and IL-1§3,
which were highly expressed in only TNBC (Figure 1). To
confirm the correlation between these inflammation-related
genes and CDC20, we used the Breast Cancer Gene-
Expression Miner v4.5 (2) with 4,713 human breast cancer
patient samples (Figure 3). The correlation between the
genes involved in estrogen receptor positive (ER+), estrogen
receptor negative (ER-), HER2 positive (HER2+), and
TNBC was investigated. A20/TNFAIP3 did not show any
correlation to CDC20 in ER+ and HER2+ while there was a
strong positive correlation in ER- and TNBC (Figure 3A).
Interestingly, the same results were found for the other
inflammation related genes, which were highly expressed in
TNBC such as CASPI and IL-18 (Figure 3B and C).
Furthermore, genes highly expressed in TNBC but not
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related to inflammation did not show a correlation to CDC20
(data not shown). Collectively, these data indicate that
inflammation-related genes show a positive correlation to
CDC20 only in TNBC.

High CDC20, A20/TNFAIP3, or CASPI expression is
associated with poor survival in breast cancer patients.
Several studies previously reported that breast cancer
patients with high CDC20 expression have poor prognosis
(2,22, 23). To examine whether the identified inflammation-
related genes highly expressed in TNBC are related to breast
cancer patient prognoses, we used the Breast Cancer Gene-
Expression Miner v4.5 containing 4,713 human breast cancer
patient samples (Figure 4). High A20/TNFAIP3 expression in
breast cancer patients was related to a worse overall survival
compared to a low expression (Figure 4A). This was not the
case for distant metastasis-free and relapse-free survival
(Figure 4A). CASPI and IL-1f3 showed similar results with
A20/TNFAIP3 for breast cancer patient survival (Figure 4B
and C). This result suggests that high expression of
inflammation-related genes, such as CDC20, correlates to a
worse breast cancer patient survival.

A20/TNFAIP3 positively regulates the Cdc20-Caspase 1 axis
in MDA-MB-231. Inflammation-related genes were also
highly expressed at the protein level in in five TNBC cell
lines including HS578T, BT-20, BT-549, MDA-MB-231, and
MDA-MB-468. As a negative control, protein levels in a
normal breast cell, MCF10A, and four other breast cancers,
T47D, MCF-7, BT-474, and ZR-75B were explored through
western blot analysis (data not shown). A20/TNFAIP3 and
caspase-1 proteins were highly expressed in all five TNBC
cell lines. This agrees with our previously reported study
regarding Cdc20 protein expression in TNBC cell lines (2).
Based on our results, we hypothesized that A20/TNFAIP3,
as a deubiquitylase (4, 10, 15, 16, 18), might regulate the
levels of Cdc20. To determine the signaling pathway,
expression of A20/TNFAIP3, caspase-1, and Cdc20 proteins
following transfection with CDC20, A20/TNFAIP3, or
CASP1 shRNA vectors individually in MDA-MB-231 was
examined. Loss of A20/TNFAIP3 decreased Cdc20 and
caspase-1 protein levels, whereas CDC20 knockdown only
decreased caspase-1 protein levels (data not shown).
However, the deletion of CASP! did not affect the protein
levels of Cdc20 or A20/TNFAIP3 (data not shown),
suggesting that the A20/TNFAIP3-Cdc20-Caspase-1 axis
plays a role in TNBC.

A20/TNFAIP3-Cdc20-caspase-1 axis promotes the metastasis
of aggressive breast cancer cells. Previous studies suggested
that Cdc20 promoted the migration and invasion of TNBC
cells (2). To determine the correlation between the
A20/TNFAIP3-Cdc20-caspase-1 axis and TNBC cell
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migration and invasion, the effect of the knockdown of each
A20/TNFAIP3, CDC20, or CASP1 was examined using
wound healing and Boyden chamber assays (Figure 5A and
C). A20/TNFAIP3 knockdown significantly decreased the
migration rate of MDA-MB-231 cells compared to cells
transfected with control shRNA (Figure 5B). Similar results
were obtained following deletion of CDC20 and CASPI
(Figure 5B). Interestingly, the effect of transfection with
A20/TNFAIP3 shRNA in TNBC cells was rescued by CDC20
restitution but that of CASPI shRNA was not (Figure 5B),
suggesting that Cdc20 is regulated by A20/TNFAIP3, and
caspase-1 is downstream of Cdc20. Noticeably, CDC20
restitution did not rescue completely the effects of
A20/TNFAIP3 knockdown in TNBC cells as there might be
other A20/TNFAIP3 targeted molecules that influence cancer
cell migration in comparison to the control shRNA (Figure
5B), demonstrating that Cdc20 is a downstream protein that
is regulated by A20/TNFAIP3. These data are in agreement
with those obtained by western blot (data not shown).
Furthermore, we studied the invasion of TNBC through the
Boyden chamber assay and gathered data similar to those
obtained by migration assay (Figure 5D). These results
suggest that A20/TNFAIP3-Cdc20-Caspase-1 axis regulates
TNBC cell motility and metastasis.

Inflammatory cytokines are controlled though the A20/
TNFAIP3-Cdc20-caspase-1 axis in TNBC. Inflammation-
related cytokines have been reported to affect cancer cell
migration and invasion (7-11). Therefore, the correlation
between the A20/TNFAIP3-Cdc20-caspase-1 axis and
inflammation-related cytokines genes, TNF-a, IL-153, and IL-6
was assessed by qRT-PCR in MDA-MB-231. In Figure 6A,
TNF-a gene levels were significantly decreased in CDC20
knockdown MDA-MB-231 cells. These data could also be
found in another CDC20 shRNA. The same results were
obtained for other inflammation-related cytokines, /L-1f and
IL-6 (Figure 6A). To examine whether these data are cell line
specific, BT-549 cells were used and similar results were
obtained (Figure 6A). Since Cdc20 is up-regulated by
A20/TNFAIP3 and controls Caspase-1, cytokine levels were
examined in A20/TNFAIP3 or CASP1 knockdown cells (Figure
6B). TNF-a, IL-1B3, and IL-6 levels decreased following
transfection with A20/TNFAIP3 or CASP1 shRNA compared
to the control group. Also, the levels of the inflammatory
cytokines TNF-o and IL-1f, which decreased following loss of
CDC20, were rescued by CDC20 restitution but not following
deletion of CASPI (Figure 6C). This result suggests that
CDC20 has no effect on the induction of cellular inflammation
in the Caspase-1/CASPI gene deletion because Caspase-
1/CASPI is a direct downstream of CDC20. Furthermore, the
levels of inflammation-related cytokines were rescued
following A20/TNFAIP3 knockdown with CDC20 restitution
(Figure 6C), suggesting that, as previously mentioned,

A20/TNFAIP3 is a regulator of Cdc20. Together, these results
show that the A20/TNFAIP3-Cdc20-caspase-1 axis is vital for
the secretion of inflammation-related cytokines.

Inflammation inhibitors, necroptotic inhibitors, block TNBC
metastasis. Recently several studies have shown that
necroptosis is an inflammatory response that facilitates not
only tumor progression but also cancer metastasis (7-9, 11,
35). Therefore, TNBC cell lines were treated with three
necroptosis inhibitors, necrostatin-1 (RIPK1 inhibitor),
Necrosulfonamide, and GW806742X (MLKL inhibitor) (7),
and the tumorigenicity and metastatic potential of the TNBC
cells grown as 3D organoid cultures were examined. The 3D
organoid ex vivo system is an advanced culture method to
study pharmacological effects. It is used very often because
of its similarity to actual cancer cells compared to 2D cell
culture. Furthermore, as the 3D organoid ex vivo directly uses
human tissue, it has a higher accuracy in drug administration
compared to animal experiments that have genetic
dissimilarities with humans (26-32). TNBCs in 3D organoid
cultures grow as spheroids a characteristic of cancer cells
compared to the monolayer seen in the 2D tissue cell culture
system and then the growth rate of cancer cells is quantified
by counting the number of spheroids (Figure 7). The deletion
of CDC20 decreased spheroid numbers and this effect was
also shown for other inflammation-related genes down-
regulated using shRNAs such as A20/TNFAIP3 and CASPI
(Figure 7A). On the other hand, the TNBC cell line exposed
to the necroptosis inhibitor necrostatin-1 formed significantly
fewer cancer spheroids than the cell group in which each of
the inflammation-related genes were suppressed. Similar
results were attained following treatments with
necrosulfonamide and GW806742X. To determine the cancer
migration and invasion rate, the stress actin fibers on the
surface of cancer spheroids was counted (34). The numbers
of actin fiber on the tumor organoids were decreased by the
loss of CDC20 and this pattern was also observed following
deletion of the inflammation-related genes, A20/TNFAIP3 or
CASP1 (Figure 7B). Similar to cancer spheroids, the
necrostatin-1 decreased significantly more the number of
actin fibers than the A20/TNFAIP3, CDC20, and CASPI
knockdowns (Figure 7B). The other necroptosis inhibitors
Necrosulfonamide and GW806742X showed results similar
to the necrostatin-1. The number of actin fiber formations was
proportional to the size and number of spheroids. Finally, the
levels of the inflammation-related cytokine /L-/ in TNBC
cell 3D organoid cultures were examined. Transfection with
A20/TNFAIP3, CDC20, or CASPI shRNA decreased IL-1f3
levels, and the three necroptosis inhibitors lowered the levels
of the inflammatory cytokine compared to control (Figure
7C). These data suggest that the A20/TNFAIP3-Cdc20-
caspase-1 axis plays an important role in cancer spheroid
formation, actin fibers, and the levels of inflammation-related
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Figure 1. Inflammation and metastasis-related genes in triple negative breast cancer (TNBC) are characteristically different than genes expressed
in hormonal positive breast cancer (HR+ BC). Heat map comparisons of differential gene expression from 53,805 genes using the Excel program.
Genes that displayed greater than 1.5-fold difference (p>0.005) in expression were identified and the gene expression in all six breast cancer cell
lines (three TNBC; MDA-MB-231, MDA-MB-435, HS578T, and three other breast cancer; ZR-75B, MCF-7, T47D) were compared.

cytokines. Furthermore, the necroptosis inhibitors were more
efficient at decreasing the TNBC cancer cell migration,
invasion, and inflammatory cytokines (Figure 7D).

Discussion

Our study is the first to report that the A20/TNFAIP3-Cdc20-
caspase-1 axis is highly expressed in TNBC. To examine this,
a 53,805 gene database was analyzed and found the high
expressions  of such

inflammation-related  genes as

A20/TNFAIP3, CDC20, CASPI, and IL-1f3 in TNBC (Figure
1). Furthermore, these inflammatory genes associated with
worse patient survival through the analysis of 4,713 patient
datasets (Figure 4). We hypothesized that different groups of
genes would play a critical role in different subtypes of breast
cancer. In this study, we first showed that genes highly
expressed in hormonal positive breast cancer correlated with
cell metabolism, the nervous system, and cell proliferation,
while the expression of genes related to cell invasion and
inflammation was significantly higher in TNBC (Figure 2).
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Figure 2. Hormonal positive (HP) breast cancer subtype-related genes show differential expression compared to triple negative breast cancer
(TNBC). (A) Schematic of the overall experimental methodology and classification. (B) Characterization of genes highly expressed in HR+ BC
through the DAVID database. A total of 26 genes were highly expressed in all three HR+ BC cell lines, which correlated to cell metabolism, neuronal,
and cell proliferation. (C) Characterization of genes highly expressed in TNBC through the DAVID database. A total of 48 genes highly expressed
in TNBC were correlated with cell metastasis, invasion, and inflammation. Data related to Figure 1.

Interestingly, while it was previously reported that TNBC
related genes are related to cell invasion and migration, this is
the first report of the correlation between TNBC and
inflammation. In previous studies, we reported that high
CDC20 gene expression was correlated with worse patient
survival, and knockdown of CDC20 suppressed tumor cell
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growth and cancer metastasis of TNBC (2). Cdc20 also
showed strong protein expression in five different TNBC cell
lines, suggesting that Cdc20 has a very important function in
tumor progression and invasion of TNBC (2). Therefore, the
correlation between the inflammation-related genes found in
this study and the CDC20 gene was assessed (Figure 3). This
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Figure 3. Inflammation-related genes are positively related with Cdc20 in triple negative breast cancer (TNBC). (A, B, C) Correlation plots of the
score of the expression of the A20/TNFAIP3, CSAPI and IL-1§ with CDC20 genes in the TCGA and METABRIC cohorts. The expression of
A20/TNFAIP3 and CSAP1 are positively correlated with Cdc20 especially in TNBC. Population and the event database of 4, 713 samples of patients
with breast cancer patients. The p-value was calculated by Spearman’s rank correlation coefficient.

study demonstrated that CDC20 expression was correlated
with the inflammation-related genes A20/TNFAIP3 and
CASPI. High expression of A20/TNFAIP3 and CASPI genes
was associated with a poor prognosis of breast cancer patients
as the survival rates significantly decreased (Figure 4).
Another important finding is the new role of A20/TNFAIP3 in
TNBC. A20/TNFAIP3 has been discussed in many previous

studies as an anti-inflammation-related gene (4, 10, 15-18).
However, A20/TNFAIP3 acts as an anti-tumor agent in B-cell
lymphoma, colorectal carcinoma, and hepatocellular
carcinoma, but also as an oncogene in breast cancer, gastric
cancer, and melanoma (4, 10, 15, 16, 18). The present data
show that high expression of the A20/TNFAIP3 gene was
associated with a worse overall, distant metastasis-free, and
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Figure 4. High CDC20, A20/TNFAIP3, and CASP1 expression is associated with poor clinical outcomes. (A, B and C) Correlation between CDC20,
A20/TNFAIP3, and CASPI expressions and clinical outcomes of breast cancer patients through the PrognoScan database
(http://dna00.bio .kyutech.ac jp/PrognoScan/index.html). A Kaplan—Meier plot analysis of overall survival (top), distant metastasis-free survival
(middle), and relapse-free survival (bottom). The median values of the acquired data were used. p-Values were calculated using unpaired, two-tailed
Student’s t-tests. Red bar indicates high gene expression and blue bar indicates low gene expression. (GSE3143; n=158, GSE11121; n=200,
GSE1456-GPL96; n=159, and GSE9893; n=155).

relapse-free survival (Figure 4), and A20/TNFAIP3 protein  reduced the expression of the inflammation-related genes
expression was high in five different TNBC cell lines (2). TNF-a, IL-1$, and IL-6 in TNBC (Figure 6C and Figure 7C).
Furthermore, deletion of the A20/TNFAIP3 gene markedly  This suggests that A20/TNFAIP3, at least in TNBC, is likely
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Figure 5. The A20/TNFAIP3-Cdc20-Caspase-1 axis promotes the metastasis of aggressive breast cancer cells. (A) Schematic of the overall
experimental method for wound healing assay. (B) For the wound healing assay, MBA-MD-231 cells were transfected with the indicated constructs.
Cell migration was assessed by the recovery of the scratch. The results are expressed as fold change relative to the corresponding blank control.
Data are the means of three measurements and the bars represented SD of the mean. *p<0.05, **p<0.01, ***p<0.001 by one-way ANOVA, as
compared control. n.s.; no significance. (C) Schematic of the overall experimental method for Boyden chamber assay. (D) To apply the Boyden
chamber invasion assay, MBA-MD-231 cells were transfected with the indicated constructs and cultured in serum free Boyden chamber for 24 h.
Quantification of cell numbers results represent the means (+S.E.) of three independent experiments performed in triplicate. **p<0.01, ***p<0.001

by one-way ANOVA; n.s.: no significance.

a modulator of pro-inflammatory response. Therefore, more
mechanistic studies are needed to elucidate the function of
A20/TNFAIP3. A20/TNFAIP3 is a ubiquitin editing enzyme
with both E3 ubiquitin ligase function and deubiquitinating
enzyme (DUB) activity (4, 10, 15, 17, 18). A20/TNFAIP3
protein consists of a specific domain related to the ovarian
tumor (OTU) at the amino-terminal and seven repetitive zinc
finger (ZnF) domains at the carboxy-terminal (4, 10, 16, 18).
In particular, the OTU domain is known to function as a
deubiquitination (DUB) enzyme that removes the

polyubiquitin chain linked to activated lysine-63 (K63) of the
receptor-interacting protein kinase (RIPK), which is an
essential mediator of the proximal TNFR1 complex (4, 10,
17). In this study, the protein levels of Cdc20 were decreased
upon knockdown of the A20/TNFAIP3 gene, suggesting that
A20/TNFAIP3 functions as a deubiquitination (DUB) enzyme
that stabilizes the substrate protein.

In this study, we used three different necroptosis inhibitors
as inflammation inhibitors such as Necrostatin-1, a RIPK1
inhibitor, Necrosulfonamide, and GW806742X, an MLKL
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Figure 6. Inflammatory cytokines are controlled by the A20/TNFAIP3-Cdc20-Caspase-1 axis in TNBC. A, B, MDA-MB-231 or BT-549 cells were
transfected with the indicated constructs. Total RNAs were isolated from transfected cells and subjected to quantitative real-time PCR (qRT-PCR)
measurement. The cell numbers are shown as the mean (£S.E.) of three independent experiments performed in triplicate. **p<0.01, ***p<0.001
by one-way ANOVA. n.s.: not significant. (C) MDA-MB-231 cells were transfected with the indicated constructs. Total RNAs were isolated from
transfected cells and subjected to real-time PCR. The cell numbers are shown as the means (£S.E.) of three independent experiments performed in
triplicate. **p<0.01, ***p<0.001 by one-way ANOVA; n.s.: not significant.

inhibitor (Figure 7). Necroptosis is an inflammatory cell death ~ spheroid formation and actin fibers in a 3D organoid tissue
process that is controlled mainly by Receptor-Interacting  culture system, indicating that the inflammation inhibitors
Protein Kinase 1 (RIPK1), RIPK3, and Mixed Lineage Kinase = prevent TNBC cell growth and metastasis. Those necroptosis
Domain-Like (MLKL). It has been reported that the main  inhibitors also decreased the secretion of IL-1f3 protein,
regulators of necroptosis are highly expressed in cancers (7,  suggesting that necroptosis controls cancer progression and
8,35) and that the close relationship between necroptosis and  inflammation-related cytokines.

inflammation (7-9, 11). Therefore, the inflammation inhibitors In the future, we plan to study which genes among the
were used to determine whether TNBC cancer metastasis was ~ A20/TNFAIP3-Cdc20-caspase-1 axis is targeted by the
inhibited based on a recent study on. Several studies reported  necroptosis-associated inflammatory inhibitors. Also, the
that necroptosis may promote tumorigenesis and cancer  correlation between the A20/TNFAIP3-Cdc20-caspase-1 axis
metastasis due to the induction of an inflammatory response  and the RIPK1-RIPK3-MLKL complex, necrosome, will be
rather than a strong adaptive immune response that inhibits  also examined in the future. Although the A20/TNFAIP3
tumor progression (7-9, 11, 35). The resulting necroptosis may  deubiquitinating enzyme (DUB) is important for the
also generate an immunosuppressive tumor microenvironment — regulation of Cdc20, the mechanism of regulation of the
(7, 35). Therefore, necroptosis inhibitors were considered as  necrosome is also interesting. Finally, the expression of
potent anticancer candidates in TNBC. Interestingly, these =~ RIPK1, RIPK3, and MLKL at the gene and protein levels in
inflammation inhibitors significantly decreased TNBC  TNBC and their mechanisms also requires further study.
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Figure 7. Inflammation inhibitors, necroptotic inhibitors, block the metastasis of TNBC. (A, B, and C) For 3D organoid ex vivo assays, MBA-MD-
231 cells were cultured on NanoCulture plates. After seeding for 1 day, cells were transfected with shRNAs or treated with three inflammation
inhibitors, necrostatin-1 (Nec-1, 50 uM), necrosulfonamide (NSA, 10 uM), or GW806742X (GW80, 20 uM) for 24 h and observed after 7 days.
Cell sphere (A) or actin fiber (B) numbers were observed by microscopy. Cells were lysed in Spheroid Lysis Buffer, and IL-15 cytokine was measured
by gRT-PCR (C). The cell numbers are shown as the means (£S.E.) of three independent experiments performed in triplicate. *p<0.05, **p<0.01,
*##¥p<0.001 by one-way ANOVA. n.s.: no significance. (D) The working model.

Conclusion

In conclusion, our results demonstrate that the A20/TNFAIP3-
Cdc20-caspase-1 axis is associated with a poorer prognosis of
patients with breast cancer and plays a significant role in
TNBC cell invasion and inflammatory cytokine secretion.
Furthermore, several necroptosis inhibitors decrease the
TNBC cell proliferation, metastasis, and inflammation-related
cytokine levels. Therefore, inflammation inhibitors may
represent new therapeutics for TNBC patients.
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