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Abstract

Objective: The mechanisms underlying the progression from endometriosis to Endometriosis-Associated Ovarian
Cancer (EAOC) are poorly understood. Our study aimed to explore the role of NLRP3 inflammasome activation during
the progression of endometriosis to EAOC.

Method: The clinical tissue samples of endometriosis and EAOC endometrium were collected with normal
endometrium served as controls. Immuno-histochemical staining was performed to determine the expression patterns
of NLRP3, caspase-1 and IL-13, as well as BRCC3, an upstream regulator of NLRP3. The association of NLRP3
level with the clinical parameters in EAOC patients was analyzed. Furthermore, the functional role of BRCC3 in
endometriosis malignant transformation into EAOC was explored using MTT, colony formation, flow cytometric, and
transwell assays.

Results: Our study showed that activation of NLRP3 inflammasome occurred in EAOC and endometriosis
samples compared to the normal endometrium. NLRP3 expression was also positively correlated with FIGO stage,
and negatively associated with tumor differentiation. Moreover, BRCC3 was significantly increased in EAOC and
endometriosis, positively correlated with to NLRP3 in EAOC tissues. Functionally, our study demonstrated that BRCC3
over-expression significantly promoted cell proliferation, inhibited apoptosis, and enhanced migration and invasion of
endometriosis cells. Conversely, knockdown of BRCC3 suppressed such effects in endometriosis cells. Mechanically,
BRCC3 activated NLRP3 expression, and NLRP3 knockdown reversed the effects of BRCC3 on endometriosis cells.

Conclusion: In conclusion, BRCC3 could regulate NLRP3 expression, thereby inducing malignant transformation

of endometriosis to EAOC.
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Introduction

Endometriosis is an inflammatory gynecological disease affecting
about 10% of reproductive-aged women and associated with
chronic pelvic pain or infertility [1]. It has been well-established that
endometriosis patients have an increased risk for developing the certain
type of ovarian cancers, named as Endometriosis-Associated Ovarian
Cancer (EAOC) [2]. A variety of cancer-related somatic mutations
have been reported in endometrioma, leading to silencing of tumor
suppressor genes (i.e., TP53 and PTEN) and activation of oncogenes
(i.e., KRAS and PIK3CA) [3, 4]. However, it remains unknown about
the molecular pathogenesis of EAOC.

The nucleotide-binding domain, leucine-rich-containing family,
pyrin domain-containing-3 (NLRP3) is important in inflammatory
response associated with tissue damage or malfunction [5-7]. It has been
suggested that NLRP3 inflammasome is involved in the pathogenic
mechanism of endometriosis [8, 9]. A recent study has found that
NLRP3/Caspase-1/interleukin-13 ~ (IL-1f)-mediated  pyroptotic
pathway is a critical event for the pathogenesis of endometriosis [10].

The upstream regulators responsible for NLRP3 inflammasome
activation has been extensively studies. BRCC3 is an E3 ubiquitin
ligase, and its expression is associated with increased cell proliferation
[11]. Several studies have reported that BRCC3 could post-
transcriptionally regulate NLRP3 activation [12, 13]. However, it
remained unknown whether BRCC3-NLRP3 axis is involved in
the endometriosis and EAOC. Herein, we explored the expression

pattern and clinical significance of NLRP3 and its upstream regulator
BRCC3. Furthermore, the functional role of BRCC3-NLRP3 axis in the
progression of endometriosis to EAOC was investigated.

Materials and Methods
Clinical samples

Participants were enrolled from the Maternal and Child Health
Hospital of Changning District, Shanghai. The study design was
approved by the ethics committee of the local hospital. A total of 45
samples were obtained from patients with normal endometrium
(n=15), endometriosis (n=15), and EAOCs (n=15). Endometriomas
and EAOC was diagnosed and confirmed by histological examination
of laparoscopic biopsy.
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Immunohistochemistry (IHC) analysis

Immunohistochemistry (IHC) for caspase-1, NLRP3, IL-1f,
and BRCC3 (Cell Signaling Technology, MA, USA) was performed.
Specifically, caspase-1 (1:200), NLRP3 (1:200), IL-1f (1:200), and
BRCC3 (1:200) were incubated overnight at 4 °C, followed by secondary
antibodies. Tissue sections were stained with diaminobenzidine and
images were taken under a microscope.

Cell culture

Endometriosis cell line CRL-7566 was cultured in RPMI-1640
medium with 10% FBS. Cells were cultured at 37 °C with 5% CO,.

MTT assay

The cell proliferation was detected by MTT assay. To be brief, cells
(3000 cells/well) were seeded in 96-well plates, and added with 10 pl
MTT (Sigma, USA). After 5 h incubation, the medium was replaced
with DMSO (100 pl). After being incubated for 20 min in the dark, the
absorbance at 570 nm was measured using a micro plate reader.

Colony formation assay

Cells were seeded into 12-well plates, and cultured for 14 days.
Survival cells were washed with PBS, stained with 2% crystal violet, and
observed under a microscopy. All tests were performed in triplicate.

Transwell assays

Transwell chambers (Corning) were used for migration and invasion
assays, precoated without or with matrigel (Sigma), respectively. The
cells were cultured in the upper layer of the Transwell chambers for 48
hin an incubator at 37 °C. The migrated or invaded cells were fixed and
stained with 0.1% crystal violet. Five fields were randomly selected and
the numbers of stained cells were counted under a microscope.

RT-qPCR

Total RNAs were extracted by using TRIzol reagent (Thermo
Fisher Scientific, USA), and reversely transcribed into cDNA
utilizing PrimeScript RT reagent Kit (Takara, China). PCR program
was conducted with an initial denaturation for 2 min at 95°C,
followed by 28 cycles of 30 sec at 95°C and 60 sec at 60°C. B-actin
was used as a control. The primer sequences were as follows:
BRCC3 forward, 5- GAGTCTGACGCTTTCCTCGTT -3’ and
reverse, 5'- TGTATCATCGTTCAACTCCCCT -3; and GAPDH
forward, 5- GTGACGTTGACATCCGTAAAGA -3 and reverse,
5'- GCCGGACTCATCGTACTCC -3'. Relative gene expression was
calculated by using the 2-AACq method.

Flow cytometry

Cell apoptosis was detected with FITC-Annexin V and PI double
labeling using an Annexin V-FITC/PI Apoptosis Detection Kit (Cell
Signaling Technology, USA). Briefly, cells were suspended in a binding
buffer and labeled with Annexin V-FITC and PI according to the
manufacturer's instructions. After incubation for 15 min in the dark,
the percentage of apoptotic cells was measured by flow cytometry. All
tests were performed in triplicate.

Western blot analysis

Total protein samples were subject to 12% SDS-PAGE, and then
transferred to a polyvinylidene difluoride membrane (Millipore,
USA). After being blocked with 5% non-fat milk, the membranes
were incubated overnight at 4°C with the primary antibodies against
BRCC3, NLRP3, MMP2, MMP?9, caspase-1, and IL-1p (Cell Signaling

Technology), followed by incubation with the secondary antibodies. The
protein signals were detected utilizing the enhanced chemiluminescent
reagent (Millipore, Billerica, MA, USA).

Statistical analysis

All values were expressed as the mean + Standard Deviation (SD).
Data were analyzed using SPSS software (SPSS, Inc., Chicago, IL, USA).
One-way analysis of variance or Student's t-test was used to determine
the statistical significance of differences between groups. Values of
P<0.05 were considered statistically significant.

Results
Demographic and disease characteristics

We collected 45 samples including normal endometrium (n=15),
endometriosis (n = 15),and EAOCs (n = 15). The disease characteristics
of this cohort were summarized in Table 1. The patients with EAOC
were older than those with endometriosis (mean age of 54.3 versus 36.7
years old). Most patients with EAOC had an early stage (13 patients,
86.7%) and had tumors of clear cell and endometrioid histology (33.3%
and 66.7%, respectively). Patients with EAOC and endometriosis have
comparable times of pregnancies (mean time of 1.27 versus 1.4).

Immuno-histochemical analysis for NLRP3 expression in
patients with EAOC and endometriosis

To evaluate the significance of NLRP3 inflammasome in malignant
transformation from endometriosis, we immune-stained them with
anti-caspase-1, anti-NLRP3, and anti-IL-1p antibodies. We found
increased protein levels of NLRP3 (Figure 1A), caspase-1 (Figure
1C) and IL-1P (Figure 1E) in EAOC and endometriosis samples in
comparison to normal endometrium. In addition, the protein levels
of NLRP3 (Figure 1A), caspase-1 (Figure 1C) and IL-1f (Figure 1E)
were elevated in EAOC when compared to those in the endometriosis
samples. Quantification of NLRP3 (Figure 1B), caspase-1 (Figure 1D)
and IL-1P (Figure 1F) levels in all samples showed a higher NLRP3
level in both EAOC and endometriosis samples when compared to
normal endometrium samples. Consistently, quantified protein levels
of NLRP3 (Figure 1B), caspase-1 (Figure 1D) and IL-1p (Figure 1F) was
also higher than those in the endometriosis samples.

NLRP3 correlates with the clinicopathologic features in
EAOC patients

We further examined the association of NLRP3 expression level
with the clinical parameters in patients with EAOC, such as FIGO
stage, differentiation, and biochemical index. NLRP3 expression level
exhibited a significant positive correlation with FIGO stage (Figure
2A), and a negative association with tumor differentiation (Figure 2B).
NLRP3 expression was not found significantly associated with tumor
length and biochemical parameters.

Table 1: Demographic and disease characteristics.

EAOC Endometriosis P
Age (mean, SD) 54.3 36.7 <0.05
Pregnancy (n) 1.27 1.4 >0.05
Abortion (n) 0.33 0.6 >0.05
Length of tumor or cyst (cm) 10.43 7.33 <0.05
CEA (ng/ml) 1.68 1.87 >0.05
AFP (ng/ml) 3.56 3.21 >0.05
Ca125 (U/mL) 79.85 63.73 <0.05
Ca199 (U/mL) 48.42 24.53 <0.05
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Figure 1: IHC analysis for NLRP3 expression in patients with EAOC and endometriosis

Forty-five tissue samples with normal endometrium (n=15), endometriosis (n = 15), and EAOCs were harvested and subject to IHC analysis of NLRP3 (A and B),

caspase-1 (C and D) and IL-1B (E and F). ** P<0.01.
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Figure 2: NLRP3 correlates with the clinicopathologic features in EAOC patients
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Association of NLRP3 expression level with the clinical parameters in patients with EAOC. Data revealed that NLRP3 was positively correlated with FIGO stage (A), and

negatively associated with tumor differentiation (B). ** P<0.01.

Immuno-histochemical analysis for BRCC3 expression in
patients with EAOC and endometriosis

BRCC3 has been reported to be an upstream regulator of NLRP3
[13], we therefore evaluated the clinical significance of BRCC3 and its
association with NLRP3 in these tissue samples. We found that BRCC3
protein level was significantly increased in EAOC and endometriosis
samples compared to that of normal endometrium (Figure 3A and B).
In addition, mRNA expression of BRCC3 was also elevated in EAOC
and endometriosis samples. Particularly, the protein and mRNA levels
of BRCC3 in EAOC samples were dramatically higher than those in the
endometriosis samples (Figure 3C). Furthermore, correlation analysis
showed that BRCC3 was positively related to NLRP3 in EAOC tissues
(Figure 3D).

BRCC3 promotes malignant transformation of endometriosis

To explore the functional role of BRCC3 in endometriosis
malignant transformation, the endometriosis cell line CRL-7566 was
transfected with BRCC3 overexpression plasmids or specific siRNA,

respectively (Figure 4A). By conducting cell proliferation assay, we
found that overexpression of BRCC3 in CRL-7566 cells notably
increased cell proliferation (Figure 4B), while knockdown of BRCC3
significantly decreased cell proliferation (Figure 4B). In addition,
BRCC3 overexpression significantly inhibited apoptosis whereas
inhibition of BRCC3 promoted apoptosis in CRL-7566 cells (Figure 4C
and E). Transwell assays revealed that BRCC3 dramatically enhanced
the migration and invasion, while knockdown of BRCC3 suppressed
such effects in endometriosis cells (Figure 4D, F and G). Furthermore,
western blotanalysis showed that overexpression of BRCC3 significantly
increased the expression levels of NLRP3, MMP2/9, caspase-1, and IL-
1B, whereas depletion of BRCC3 suppressed their protein expression
(Figure 5). Collectively, these data showed that BRCC3 could induce
malignant changes of endometriosis cells.

BRCC3 modulates cell proliferation, apoptosis, migration,
and invasion of endometriosis cells through NLRP3

Considering the regulative role of BRCC3 on NLRP3 expression,
we speculated that BRCC3 regulates endometriosis malignant
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Figure 3: IHC analysis for BRCC3 expression in patients with EAOC and endometriosis

Forty-five tissue samples with normal endometrium (n=15), endometriosis (n = 15), and EAOCs were harvested and subject to IHC analysis of BRCC3 (A and B).
Determination of mMRNA expression of BRCC3 in EAOC and endometriosis samples (C). Correlation analysis between BRCC3 and NLRP3 in EAOC tissues (D). ** P<0.01.
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Figure 4: BRCC3 promotes malignant transformation of endometriosis

(A) Western blot analysis of BRCC3 protein level in endometriosis cells transfected with BRCC3 overexpression plasmids or specific siRNA. (B) MTT analysis of cell
proliferation of endometriosis cells transfected with BRCC3 overexpression plasmids or specific siRNA. (C and E) Flow cytometry analysis of apoptosis of endometriosis
cells overexpressing or downregulating BRCC3. Transwell assays were used to measure the migration (D and F) and invasion (D and G) of endometriosis cells. * P<0.05.
** P<0.01. *** P<0.001.
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Figure 5: Effects of BRCC3 on NLRP3 expression in endometriosis cells

The endometriosis cells were transfected with BRCC3 overexpression plasmids or specific SiRNA. Western blot was performed to determine the expression levels of
NLRP3, MMP2, MMP9, caspase-1, and IL-1p.
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Figure 6: BRCC3 modulates cell proliferation, apoptosis, migration, and invasion of endometriosis cells through NLRP3

(A) The endometriosis cells were transfected with NLRP3 siRNA, and western blot was performed to determine the expression of NLRP3. The endometriosis cells were
transfected with BRCC3 overexpression plasmids or NLRP3 siRNA alone or in combination. (B) MTT analysis of cell proliferation of endometriosis cells in different groups.
(C and E) Flow cytometry analysis of apoptosis of endometriosis cells in each group. Transwell assays were conducted to measure the migration (D and F) and invasion
(D and G) of endometriosis cells in each group. * P<0.05. ** P<0.01. *** P<0.001.
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transformation via NLRP3. To validate such hypothesis, we firstly
knocked down of NLRP3 by siRNA (Figure 6A). Consequently,
depletion of NLRP3 significantly decreased cell proliferation, and
reversed BRCC3-induced overexpression of CRL-7566 cells (Figure
6B). Moreover, overexpression of BRCC3 could inhibit apoptosis
(Figure 6C and E), and enhance migration (Figure 6D and F) and
invasion (Figure 6D and G) of CRL-7566 cells; these effects were
abrogated by NLRP3 knockdown (Figure 6C-G). These results suggest
that BRCC3 promotes the malignant phenotype of endometriosis cells
through NLRP3.

Discussion

Although endometriosis is usually considered benign, its biological
behaviors exhibit some common features with ovarian malignancies,
such as cell proliferation, apoptosis, migration, and invasion [14]. It has
been widely acknowledged that endometriosis may increase the risk
of epithelial ovarian cancer. However, it remains unknown about the
pathological mechanism of endometriosis malignant transformation to
EAOC [15]. This study evaluated the expression and functional role
of NLRP3 inflammasome in endometriosis. Our findings showed that
activation of NLRP3 inflammasome and its upstream BRCC3 occurred
and induced malignant transformation of endometriosis cells.

Endometriosis and ovarian cancer share abnormal immunological
and apoptotic features in the peripheral blood and peritoneal fluids [14,
16]. Several genes are found to be associated with tumor development
in endometriotic tissues from patients with endometriosis [14, 17-19].
Inflammatory responses play critical roles for tumorigenesis and are
also capable of disturbing the tumor responses to therapy. It has been
found that inflammasome-related genes (e.g., NLRP3, IL-1, TLRI,
TNF) are differentially expressed in endometriosis and EAOC, and
correlated with poor progression-free survival, suggesting a vital role
of inflammasome in EAOC carcinogenesis [20]. NLRP3 is a complex
protein involved in the inflammatory responses. Our study found that
caspase-1, NLRP3, and IL-1p were significantly activated in EAOC and
endometriosis compared to normal endometrium. NLRP3 expression
was also correlated with clinical parameters in patients with EAOC,
such as FIGO stage and differentiation.

Increasing evidence hasrevealed that BRCC3, an upstream regulator
of NLRP3, promotes inflammasome activation by deubiquitinating
NLRP3 [13, 21-23]. Our data suggested that BRCC3 levels were
upregulated in EAOC and endometriosis, positively correlated with
NLRP3. Deregulation of BRCC3 is associated with tumor progression
[24, 25]. To unravel the functional role of BRCC3 in endometriosis
cells, we performed in vitro assays with manipulating BRCC3 in the
endometriosis cell line. Data showed that BRCC3 overexpression
induced cell overgrowth, inhibited apoptosis, and enhanced migration
and invasion of endometriosis cells. Conversely, knockdown of BRCC3
suppressed such effects in endometriosis cells. Furthermore, we found
that BRCC3 activated NLRP3 expression, and NLRP3 knockdown
could abrogate the effects of BRCC3 on endometriosis cells, suggesting
that RCC3-NLRP3 axis is critical for inflammasome activation and
malignant transformation in endometriosis.

Conclusions

In conclusion, the present study demonstrates that BRCC3 could
regulate NLPR3 expression, and promote cell proliferation, migration,
and invasion, and inhibit apoptosis rate. The RCC3-NLRP3 axis might
be a key target to prevent the malignant conversion of endometriosis
to EAOC.

Abbreviation

Endometriosis-Associated Ovarian Cancer, EAOC; Nucleotide-
binding domain, leucine-rich-containing family, pyrin domain-
containing-3, NLRP3; caspase-1 recruitment domain, ASC; interleukin-
1B, IL-1pB; Immunohistochemistry, IHC; BRCA1/BRCA2 Containing
Complex Subunit 3, BRCC3
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