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Introduction: Endometrial cancer, the most prevalent malignancy of the female
genital tract, has a concerningly poor prognosis when diagnosed in advanced
stages, with limited targeted therapy options available for advanced or recurrent
cases. Pyroptosis, a type of honapoptotic cell death mediated by caspase-1, has
shown potential antitumor effects in various tumors. NLRP3, a cytosolic sensor,
initiates the canonical pyroptotic pathway, leading to caspase-1 activation,
subsequent gasdermin D cleavage, and plasma membrane pore formation. The
ESCRT-IIl machinery, particularly CHMP4B, acts as a key inhibitor of pyroptosis
by repairing gasdermin D-induced membrane damage. The current study aimed
to evaluate the clinicopathologic relevance of key pyroptosis-associated
molecules in endometrial cancer.

Methods: Immunohistochemistry was used to assess the expression of four
pyroptosis-associated molecules (NLRP3, cleaved caspase-1 p20, cleaved
gasdermin D, and CHMP4B) in 351 patients with endometrial cancer, and their
associations with clinical, pathological, and survival outcomes were analyzed.

Results: High NLRP3 expression was significantly associated with age < 50 years
and premenopause. Increased cleaved caspase-1 p20 expression was associated
with nonendometrioid carcinoma, Federation of Gynaecology and Obstetrics
(FIGO) grade 3, and the p53 mutant pattern and was independently associated
with poor recurrence-free survival (RFS) and overall survival. Increased cleaved
gasdermin D expression was associated with a body mass index of >25 kg/m?,
FIGO grades 1-2, early FIGO stage (I-1l), and absence of lymph node metastasis.
High CHMP4B expression was associated with nonendometrioid carcinoma and
poor RFS. Cleaved gasdermin D-high/CHMP4B-low endometrial cancer was
associated with endometrioid carcinoma, FIGO grades 1-2 and favorable RFS.

Discussion: Our study identified cleaved caspase-1 p20 as an independent
predictor of adverse outcomes in endometrial cancer. CHMP4B, an inhibitor of
pyroptosis, was associated with an unfavorable RFS, whereas high cleaved
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gasdermin D/low CHMP4B expression was associated with a favorable RFS.
These findings underscore the prognostic significance of pyroptosis and the
potential interaction between cleaved gasdermin D and CHMP4B in

endometrial cancer.

KEYWORDS

pyroptosis, endometrial cancer, NLRP3, cleaved caspase-1 p20, cleaved gasdermin D,
CHMP4B, recurrence-free survival, overall survival

1 Introduction

Endometrial cancer remains the most prevalent malignancy of
the female genital tract in developed countries, with its incidence
steadily increasing (1-5). Although early-stage endometrial cancer
demonstrates a favorable overall survival (OS) exceeding 80%, its
prognosis drastically worsens in cases with advanced disease (stage
IV), where the 5-year OS plummets to less than 20% (5, 6). Despite
the recent emergence of immune checkpoint inhibitors for mismatch
repair (MMR)-deficient or microsatellite instability-high endometrial
cancer, targeted therapy options for the treatment of advanced or
recurrent cases remain limited, with conventional chemotherapy
being the primary treatment option (7).

Recently, pyroptosis, a type of nonapoptotic cell death mediated
by caspase-1, has garnered attention in cancer research. In vitro and
in vivo studies have shown that some pyroptosis-inducing agents
demonstrate antitumor effects in various cancers, including ovarian
cancer (8), hepatocellular carcinoma (9), anaplastic thyroid cancer
(10), and nonsmall cell lung cancer (11).

NLR family pyrin domain-containing 3 (NLRP3), which functions
as a cytosolic sensor of inflammasomes, plays a central role in
responding to exogenous or endogenous danger signals by initiating
the canonical pyroptotic pathway (12-14). This process involves the
conversion of pro-caspase into active caspase-1, which triggers the
generation of catalytically active p20/p10 cleavage fragments (12-17).
Following activation, caspase-1 cleaves gasdermin D after Asp275,
creating N- and C-terminal domains (12-14, 18). The N-terminal
domain forms pores on the cell membrane, promoting the release of
intracellular contents, such as interleukin-1f and -18, and resulting in
pyroptotic cell death (13, 14, 18).

The endosomal sorting complex required for transport
(ESCRT)-III machinery plays a pivotal role in various membrane
remodeling and scission processes (19, 20). Charged multivesicular
body protein 4B (CHMP4B) serves as a crucial component of the
ESCRT-IIT machinery and has been demonstrated to be involved in
the repair of plasma membrane damage caused by gasdermin D
pore-induced calcium influx (19, 21, 22). As such, it functions as a
de facto inhibitor of pyroptosis, limiting proinflammatory cytokine
secretion and preventing pyroptosis-induced cell death (19, 21).
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The current study aimed to assess the clinicopathologic
significance of four key molecules associated with pyroptosis,
which include three pivotal components within the canonical
pathway (NLRP3, cleaved caspase-1 p20, and cleaved gasdermin
D) and one inhibitory molecule (CHMP4B).

2 Materials and methods
2.1 Tumor samples

This study included 351 patients with endometrial cancer who
underwent surgical resection between 2010 and 2022 and had
available formalin-fixed, paraffin-embedded blocks. Data retrieved
from electronic medical records encompassed patient demographics,
including age, body mass index (BMI), menopausal status, parity, and
survival outcomes. This study was approved by the institutional
review board of the Gachon University Gil Medical Center
(Incheon, Republic of Korea), which waived patient consent
(Approval Number GBIRB 2022-236).

2.2 Pathologic evaluation

Information regarding the primary diagnosis and tumor size
was obtained from surgical pathology reports. Hematoxylin and
eosin (H&E)-stained slides underwent a thorough review to reassess
various pathologic features, such as diagnosis, International
Federation of Gynaecology and Obstetrics (FIGO) grade, FIGO
stage, lymphovascular invasion, lymph node metastasis, MMR
status, and p53 status.

2.3 Immunohistochemistry

Immunohistochemical staining was conducted using tissue
microarray (TMA) blocks, with a single 2-mm core representing
an individual patient. The blocks were subsequently sectioned into
4-um-thick slices for staining. Tissue sections were deparaffinized at
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60°C and rehydrated through sequential immersion in xylene and
graded ethanol series. Endogenous peroxidase activity was blocked
by incubation in 3% hydrogen peroxide for 10 min, followed by
heat-induced antigen retrieval. Tissue sections were incubated
overnight at 4°C with primary antibodies, including anti-NLRP3
(1:150, AG-20B-0014-C100, Adipogen, San Diego, CA, United
States), anti-cleaved caspase-1 p20 (Asp296) (1:100, PA5-99390,
Thermo Fisher, Waltham, MA, United States), anti-cleaved
gasdermin D (Asp275) (1:500, 36425, Cell Signaling, Danvers,
MA, United States), and anti-CHMP4B (1:20, polyclonal,
Invitrogen, Waltham, MA, United States). Following overnight
incubation, counterstaining with hematoxylin was conducted for
3 min. Subsequently, the sections were dehydrated through
immersion in ethanol and xylene, followed by mounting.

The intensities of NLRP3, cleaved caspase-1 p20, cleaved
gasdermin D, and CHMP4B immunostaining slides were assessed
based on the following scale: negative (0), weak positive (1+),
moderate positive (2+), and strong positive (3+). Subsequently,
binary classification into low and high expressions was performed.
For NLRP3 and cleaved gasdermin D, negative was categorized as low
expression, whereas weak to strong positive were classified as high
expression. For cleaved caspase-1 p20 and CHMP4B, negative to
moderate positive were designated as low expression, whereas strong
positive was considered high expression. Representative images of
high and low expression for each marker are illustrated in Figure 1.

2.4 Outcome measures

The primary outcomes were recurrence-free survival (RES) and
OS. RES was defined as the duration from surgical resection to the
first recurrence or last follow-up, with patients with synchronous
distant metastasis being excluded from RFS analysis. OS was

10.3389/fonc.2024.1359881

defined as the duration from surgical resection to death from any
cause or last follow-up.

2.5 Statistical analysis

Continuous variables were compared using either the
independent two-sample t-test or Mann-Whitney U test, whereas
categorical variables were assessed using the chi-square test or
Fisher exact test. Survival curves were generated using the
Kaplan-Meier method and compared using the log-rank test. A
univariate Cox regression analysis was conducted to identify
clinicopathologic characteristics associated with RFS and OS.
Additionally, multivariate Cox regression analysis was performed
to identify independent prognostic significance. All statistical tests
were performed using SPSS version 21 (IBM Corp., Armonk, NY,
United States), with a p < 0.05 indicating statistical significance.

3 Results

3.1 Baseline characteristics of patients with
endometrial cancer

Table 1 summarizes the baseline clinical and pathologic
characteristics of the included patients. Notably, the included
patients had a mean age of 54.1 + 9.8 years (range, 23-82 years),
with 115 (32.8%) and 236 (67.2%) aged <50 and >50 years, and a
mean BMI of 26.3 + 4.9 kg/m? with 154 (43.9%) and 197 (56.1%)
having a BMI of <25 kg/m? and >25 kg/m? respectively. Moreover,
205 (60.8%) and 132 (39.2%) patients had a postmenopausal and
premenopausal status, respectively, whereas 52 (14.8%) and 299
(85.2%) patients had a nulliparous and parous status, respectively.

High expression case

| Br)

NLRP3

Cleaved
Caspase-1 p20

Cleaved
Gasdermin D

CHMP4B

FIGURE 1

Low expression case
D g

Representative hematoxylin and eosin (H&E) and immunohistochemistry images depicting high and low expression of NLRP3 (A-D), cleaved
caspase-1 p20 (E-H), cleaved gasdermin D (I-L), and CHMP4B (M—P) in endometrial cancer [H&E (A, C, E, G, I, K, M, O); NLRP3 (B, D); cleaved
caspase-1 p20, (F, H); cleaved gasdermin D (J, L); CHMP4B (N, P); original magnification, all x200].
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TABLE 1 Baseline clinicopathologic characteristics of patients with
endometrial cancer.

Patient characteristics N (%)

Age
<50 | 115 (32.8)
>50 | 236 (67.2)
Body mass index (kg/m?)
<25 154 (43.9)
>25 197 (56.1)
Menopausal status
Premenopausal | 132 (39.2)
Postmenopausal | 205 (60.8)
Parity
Nulliparous 52 (14.8)
Parous | 299 (85.2)
Diagnosis
Endometrioid carcinoma | 323 (92.0)
Nonendometrioid carcinoma 28 (8.0)
FIGO grade
Grades 1-2 | 295 (84.0)
Grade 3 56 (16.0)
FIGO stage
Early stage (I-II) | 302 (86.0)
Advanced stage (III-1V) 49 (14.0)
Lymphovascular invasion
Absent | 231 (65.8)
Present | 120 (34.2)
Lymph node metastasis
Absent | 316 (90.0)
Present 35 (10.0)
Mismatch repair status
Normal | 274 (78.7)
Defective 74 (21.3)
P53 status
Wild-type pattern | 292 (84.9)
Mutant pattern 52 (15.1)

The diagnosis included endometrioid carcinoma in 323 patients
(92.0%) and nonendometrioid carcinoma in 28 patients (8.0%),
which comprised 9 serous carcinomas, 4 clear cell carcinomas, 12
mixed carcinomas, 2 undifferentiated carcinomas, and 1
carcinosarcoma. Among the included patients, 135 (38.5%), 160
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(45.6%), and 56 (16.0%) had FIGO grades 1, 2, and 3, respectively,
whereas 283 (80.6%), 19 (5.4%), 39 (11.1%), and 10 (2.8%) were in
FIGO stages 1, 2, 3, and 4, respectively. The mean tumor diameter was
3.7 £ 2.4 cm (0.1-13.0 cm). Lymphovascular invasion was present and
absent in 120 (34.2%) and 231 (65.8%) patients, respectively, whereas
lymph node metastasis was observed and absent in 35 (90.0%) and 316
(10.0%) patients, respectively. Defective MMR, indicated by the
absence of nuclear staining in the four MMR proteins (MLHI,
MSH2, MSH6, and PMS2), was detected in 74 cases (21.1%),
whereas normal MMR was observed in 274 cases (78.1%). P53
status, determined through p53 immunohistochemistry, exhibited a
mutant pattern (including a null-mutant pattern) in 52 (14.8%) and a
wild-type pattern in 292 (83.2%) patients. The median follow-up
duration was 53 months (range, 1-78 months).

3.2 Expression of four pyroptosis-related
markers and clinicopathologic correlation

Immunohistochemistry revealed high and low NLRP3
expression in 235 (67.0%) and 115 (32.8%) patients, high and low
cleaved caspase-1 p20 expression in 11 (3.1%) and 333 (94.9%)
patients, high and low cleaved gasdermin D expression in 49
(14.0%) and 300 (85.5%) patients, and high and low CHMP4B
expression in 9 (2.6%) and 340 (96.9%) patients, respectively.

The correlation between clinicopathologic characteristics and
the expression of the four pyroptosis-related markers is presented in
Table 2. Notably, our findings showed that high NLRP3 expression
was associated with age < 50 years (p = 0.022) and premenopausal
status (p = 0.012); high cleaved caspase-1 p20 expression was
associated with nonendometrioid carcinoma (p = 0.008), FIGO
grade 3 disease (p = 0.020), and a p53 mutant pattern (p = 0.003);
high cleaved gasdermin D expression was associated with BMI > 25
kg/m?* (p = 0.049), FIGO grades 1-2 (p = 0.014), early FIGO stage
(I-1I) (p = 0.030), and absence of lymph node metastasis (p =
0.042); and high CHMP4B expression was associated with
nonendometrioid carcinoma (p = 0.028).

The correlation between the expression of the four pyroptosis-
related markers is presented in Table 3. Accordingly, our results
showed that high NLRP3 expression was associated with
high cleaved caspase-1 p20 expression (p = 0.019) and that high
cleaved caspase-1 p20 expression was associated with high
CHMP4B expression (p = 0.030).

To evaluate the consequences of cleaved gasdermin D-mediated
pyroptosis without CHMP4B-mediated membrane repair, we
analyzed the clinicopathologic characteristics of cleaved
gasdermin D-low/CHMP4B-high and cleaved gasdermin D-high/
CHMP4B-low endometrial cancer (Supplementary Table 1).
Notably, cleaved gasdermin D-high/CHMP4B-low endometrial
cancer was associated with endometrioid carcinoma (p = 0.010)
and FIGO grade 1-2 (p = 0.023), whereas cleaved gasdermin D-
high/CHMP4B-low endometrial cancer was significantly associated
with endometrioid carcinoma (p = 0.010) and FIGO grades 1-2
(p = 0.023).
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TABLE 2 Correlation between pyroptosis-related markers and clinicopathologic characteristics.

Cleaved .
caspase-1 p20 Cleaved gasdermin D CHMP4B
Patient p p
characteristics p p p
Low @ High Low High High
value value value
Age 0.022 0.513 0.962 0.481
50 28 86 108 2 99 16 110 4
- (24.3) (36.6) (32.4) (18.2) (33.0) (32.7) (32.4) (44.4)
50 87 149 225 9 201 33 230 5
(75.7) (63.4) (67.6) (81.8) (67.0) (67.3) (67.6) (55.6)
Body mass index (kg/m?) 0.313 0.221 0.049 0.737
5 55 99 143 7 137 15 150 3
= (47.8) (42.1) (42.9) (63.6) (45.7) (30.6) (44.1) (33.3)
s 60 136 190 4 163 34 190 6
(52.2) (57.9) (57.1) (36.4) (54.3) (69.4) (55.9) (66.7)
Menopausal status 0.012 0.214 0.078 0.999
. | 32 99 125 2 108 24 128 3
TemEnopausat g 4 (43.6) (392) | (182) (375 (511 (9.1) | (37.5)
Postmenonausal 77 128 194 9 180 23 199 5
P (70.6) (56.4) (60.8) (81.8) (62.5) (48.9) (60.9) (62.5)
Parity 0.323 0.380 0.762 0.999
14 38 51 44 8 51 1
Nulli 0(0
Parous - 159) (16.2) (15.3) © (147)  (163) (150) | (L1
101 197 282 11 256 41 289 8
Parous
(87.8) (83.7) (84.7) (100) (85.3) (83.7) (85.0) (88.9)
Diagnosis 0.356 0.008 0.151 0.028
Endometrioid carcinoma 108 214 309 7 273 48 315 6
(93.9) (91.1) (92.8) (63.6) (91.0) (98.0) (92.6) (66.7)
Nonendometrioid 4 3
1 21 (8. 24 (72 27 (9. 1 25 (74
carcinoma 76D (89) 72) (36.4) 700 20 574 (33.3)
FIGO grade 0.901 0.020 0.014 0.162
Grades 1.2 97 197 282 6 246 47 287 6
ades (84.3) (83.8) (847) | (545) (820)  (95.9) (844)  (66.7)
18 38 51 5 54 53 3
Grade 3 2 (4.1
rade (15.7) (162) (153) | (45.5) (18.0) @1 (156)  (33.3)
FIGO stage 0.718 0.056 0.030 0.368
Baly stage (I-II) 100 201 288 7 253 47 293 7
1y stag (87.0) (85.5) 865) | (63.6) (843)  (95.9) 862) | (77.8)
15 34 45 4 47 47 2
Advanced stage (I1I-1V 2 (4.1
vanced stage ( ) (13.0) (14.5) (13.5) (36.4) 15.7) “ (13.8) (22.2)
Lymphovascular invasion 0.273 0.999 0.783 0.724
71 159 218 7 196 33 222 7
Absent
(61.7) (67.7) (65.5) (63.6) (65.3) (67.3) (65.3) (77.8)
44 76 115 4 104 16 118 2
Present
(38.3) (32.3) (34.5) (36.4) (3407) (32.7) (34.7) (22.2)
Lymph node metastasis 0.184 0.310 0.042 0.999
100 215 300 9 266 48 306 8
Absent
(87.0) (91.5) (90.1) (81.8) (88.7) (98.0) (90.0) (88.9)

(Continued)
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TABLE 2 Continued

Cleaee) Cleaved gasdermin D CHMP4B
. caspase-1 p20
Patient
characteristics . . .
Low High P Low High P High P
value value value
15 2 34 34 1
Present (o 20(85) BOD (152 ary GO 100) (LD
Mismatch repair status 0.895 0.468 0.578 0.690
Normal 90 183 257 10 232 40 264 8
oM 783) | (78.9) 779  (90.9) 781)  (8L6) (783) | (88.9)
) 25 49 73 65 9 73 1
Defective 17y 1y @1 1OV @QL9)  (184) QL) (L
P53 status 0.466 0.003 0.056 0.631
Wild " 99 192 280 5 244 46 283 7
lld-type pattern | o0 g (83.8) (859) | (45.5) (833) (939) (850) | (77.8)
15 37 46 6 49 50 2
Mutant pattern (132) (16.2) (14.1) (54.5) (16.7) 36D (15.0) (22.2)

3.3 Univariate survival analysis for
pyroptosis-related markers

After evaluating the correlation between pyroptosis-related
marker expression and survival (RFS and OS), we found that high

TABLE 3 Correlation between pyroptosis-related markers.

NLRP3 expression was not associated with RFS (HR, 1.176; 95% CI,
0.514-2.691; log-rank p = 0.070) and OS (HR, 1.091; 95% CI, 0.383-
3.108; log-rank p = 0.871) (Table 4, Figures 2A, B). However, high
cleaved caspase-1 p20 expression was associated with worse RES
(HR, 11.359; 95% CI, 4.253-30.334; log-rank p < 0.001) and OS

Cleaved caspase-1 p20  Cleaved gasdermin D CHMP4B
P Low  High P Low  High P High P
value value value value
NLRP3 NA 0.019 0.673 0.281
112 97 17 113
Low NA NA 337) 0 (0) (323) (354) (333) 1(11.1)
220 203 31 226
Hi A A 113 X
igh N N (66.3) (100) (67.7) (64.6) 667 | S8
Cleaved caspase- 0.019 NA 0.652 0.030
1p20
112 220 287 45 326
o (100) (95.2) A NA (97.0) (95.7) 973 778
High 0 (0) 11 (4.8) NA NA 9 (3.0) 2(43) 927 | 2(222)
Cleaved 0.673 0.652 NA 0.620
gasdermin D
97 203 287 290
Low #5.0) (5639) (564) 9 (81.8) NA NA (5.5) 9 (100)
17 31 45 49
Hi 2(182 A A
igh (14.9) 132) (13.6) (182) N N 14.5) 00
CHMP4B 0.281 0.030 0.620 NA
113 226 326 290
Low ©5.1) %6) ©79) 9 (81.8) o0y | ¥ (100) NA NA
High 1(0.9) 8 (3.4) 721 | 2(182) 9 (3.0) 0 (0) NA NA
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TABLE 4 Univariate survival analysis on the association between clinicopathologic factors and recurrence or death in patients with

endometrial cancer.

Recurrence-free survival

Patient characteristics

Overall survival

95% ClI p value 95% ClI p value
Age > 50 3.925 1.182-13.038 0.026 1.529 0.498-4.693 0.458
Body mass index (kg/m?) > 25 1.136 0.526-2.457 0.745 0.683 0.260-1.792 0.438
Postmenopause 3.487 1.197-10.160 0.022 1.93 0.622-5.985 0.255
Parous 2.363 0.560-9.979 0.242 2.946 0.390-22.255 0.295
Nonendometrioid carcinoma 7.964 3.568-17.776 <0.001 7.25 2.669-19.693 <0.001
Grade 3 5.472 2.571-11.646 <0.001 3.678 1.399-9.669 0.008
Advanced stage (ITI-1V) 5.069 2.318-11.084 <0.001 8.356 3.212-21.740 <0.001
Lymphovascular invasion 3.280 1.522-7.071 0.002 2411 0.930-6.253 0.070
Lymph node metastasis 2.837 1.143-7.042 0.025 4.718 1.728-12.882 0.002
Defective MMR 0.856 0.324-2.261 0.754 0.537 0.123-2.352 0.410
Mutant pattern p53 4.628 2.136-10.024 <0.001 3.814 1.401-10.379 0.009
High NLRP3 1.176 0.514-2.691 0.701 1.091 0.383-3.108 0.871
High cleaved caspase-1 p20 11.359 4.253-30.334 <0.001 14.791 4.685-46.698 <0.001
High cleaved gasdermin D 0.442 0.105-1.865 0.266 0.359 0.048-2.708 0.320
High CHMP4B 4.220 0.999-17.827 0.050 3.260 0.432-24.623 0.252

(HR, 1.091; 95% CI, 0.383-3.108; log-rank p < 0.001) (Table 4,
Figures 2C, D). Moreover, high cleaved gasdermin D expression was
not associated with RES (HR, 0.442; 95% CI, 0.105-1.865; log-rank
p = 0.252) and OS (HR, 0.359; 95% CI, 0.048-2.708; log-rank p =
0.299) (Table 4, Figures 2E, F). High CHMP4B expression was
associated with worse RFS (HR, 4.220; 95% CI, 0.999-17.827; log-
rank p = 0.033) but not with OS (HR, 3.260; 95% CI, 0.432-24.623;
log-rank p = 0.225) (Table 4, Figures 2G, H).

To evaluate the impact of cleaved gasdermin D-mediated
pyroptosis unhindered by CHMP4B, we compared survival
outcomes between cleaved gasdermin D-low/CHMP4B-high and
cleaved gasdermin D-high/CHMP4B-low endometrial cancers.
Accordingly, we found that cleaved gasdermin D-high/CHMP4B-
low cancer was significantly associated with favorable RES (log-rank
p = 0.021) and tended to have a favorable OS (log-rank p = 0.128)
(Figures 2L, J).

We then performed subgroup analysis among patients with
endometrial cancer who had advanced disease stages (FIGO III-
IV). Notably, among those with advanced stage, high NLRP3 was
associated with adverse RFS (log-rank p = 0.009) but not OS (log-
rank p = 0.357) (Supplementary Figures 1A, B), high cleaved
caspase-1 p20 expression was associated with worse RFS (log-
rank p < 0.001) and OS (log-rank p < 0.001) (Supplementary
Figures 1C, D), high cleaved gasdermin D expression was not
associated with RFS (log-rank p = 0.464) and OS (log-rank p =
0.580) (Supplementary Figures 1E, F), and high CHMP4B was not
associated with RFS (log-rank p = 0.164) and OS (log-rank p =
0.057) (Supplementary Figures 1G, H).
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3.4 Univariate survival analysis for other
clinicopathologic factors

Other clinicopathologic factors found to be associated with RFS
included age > 50 years (HR, 3.925; 95% CI, 1.182-13.038),
postmenopausal status (HR, 3.487; 95% CI, 1.197-10.160),
nonendometrioid carcinoma (HR, 7.964; 95% CI, 3.568-17.776),
FIGO grade 3 (HR, 5.472; 95% CI, 2.571-11.646), advanced stage
(FIGO stages III-IV) (HR, 5.069; 95% CI, 2.318-11.084),
lymphovascular invasion (HR, 3.280; 95% CI, 1.522-7.071),
lymph node metastasis (HR, 2.837; 95% CI, 1.143-7.042), and
p53 mutant pattern (HR, 4.628; 95% CI, 2.136-10.024) (Table 4).
Other clinicopathologic factors found to be associated with OS
included nonendometrioid carcinoma (HR, 7.250; 95% CI, 2.669—
19.693), FIGO grade 3 (HR, 3.678; 95% CI, 1.399-9.669), advanced
stage (FIGO stages III-IV) (HR, 8.356; 95% CI, 3.212-21.740),
lymph node metastasis (HR, 4.718; 95% CI, 1.728-12.882), and p53
mutant pattern (HR, 3.814; 95% CI, 1.401-10.379) (Table 4).

3.5 Multivariate survival analysis for a
pyroptosis-related marker

Given that high cleaved caspase-1 p20 expression was
significantly associated with RFS and OS on univariate Cox
regression, it was incorporated into the multivariate Cox
regression model. Other clinicopathologic characteristics
significantly associated with RFS and OS on univariate analysis
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gasdermin D, and CHMP4B expression. (A, B). NLRP3 expression was not associated with RFS (p = 0.700) and OS (p = 0.871). (C, D). High cleaved
caspase-1 p20 was associated with adverse RFS (p < 0.001) and OS (p < 0.001). (E, F). Cleaved gasdermin D was not associated with RFS (p = 0.252)
and OS (p = 0.299). (G, H). High CHMP4B expression was associated with adverse RFS (p = 0.033) but not OS (p = 0.225). (I, J). High cleaved
gasdermin D/low CHMP4B was associated with favorable RFS (p = 0.021) but not OS (p = 0.128) when compared to low cleaved gasdermin D/

high CHMP4B.

were adjusted during multivariate analysis. Notably, high cleaved
caspase-1 p20 expression (HR, 7.017; 95% CI, 2.054-23.975) and
lymphovascular invasion (HR, 3.067; 95% CI, 1.161-8.103) were
identified as independent prognostic factors for adverse RFS
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(Table 5), whereas high cleaved caspase-1 p20 expression (HR,
5.289; 95% CI, 1.270-22.033) and advanced stage (FIGO stages III-
IV) (HR, 6.525;95% CI, 1.586-26.838) were identified as
independent prognostic factors for adverse OS (Table 5).
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TABLE 5 Multivariate survival analysis on the association between clinicopathologic factors and recurrence or death in patients with

endometrial cancer.

Recurrence-free survival

Patient characteristics

Overall survival

95% CI p value 95% CI
Age > 50 1.598 0.170-15.042 0.682 NA NA NA
Postmenopause 1.279 0.172-9.486 0.810 NA NA NA
Nonendometrioid carcinoma 2.723 0.805-9.211 0.107 3.253 0.511-20.712 0.212
Grade 3 1.322 0.419-4.174 0.634 0.613 0.101-3.724 0.595
Advanced stage (III-1V) 2.127 0.625-7.233 0.227 6.525 1.586-26.838 0.009
Lymphovascular invasion 3.067 1.161-8.103 0.024 NA NA NA
Lymph node metastasis 0.570 0.153-2.122 0.402 0.779 0.200-3.039 0.719
Mutant pattern p53 1.583 0.602-4.165 0.352 1.278 0.362-4.516 0.704
High cleaved Caspase-1 p20 7.017 2.054-23.975 0.002 5.289 1.270-22.033 0.022

4 Discussion

The current study successfully identified a novel prognostic
biomarker within the key molecules of the pyroptosis pathway.
Accordingly, our findings showed that cleaved caspase-1 p20, an
effector protein within the inflammasome of the canonical
pyroptosis pathway (14), was independently associated with
adverse RFS and OS when highly expressed in endometrial
cancer. Moreover, high cleaved caspase-1 p20 expression
significantly correlated with nonendometrioid carcinoma, high
FIGO grade, and the presence of a p53 mutant pattern. Although
the prognostic impact of caspase-1 (CASP1) has not been
previously evaluated in endometrial cancer, diverse associations
have been reported between this molecule and prognosis in other
cancer types. For instance, high CASP1 mRNA expression has been
associated with favorable outcomes in colorectal and stomach
cancers, yet it correlates with adverse OS in acute myeloid
leukemia (23-25). Given that caspase-1 is initially expressed as
inactive pro-caspase-1 and requires subsequent activation to engage
in downstream pathways leading to gasdermin D-mediated
pyroptosis (13, 14, 26, 27), prior studies relying solely on mRNA
expression may have failed to accurately reflect the active caspase-1
levels. Therefore, the significance of our study lies in evaluating the
protein expression of cleaved caspase-1 p20 and its association with
prognosis, providing a more comprehensive understanding of the
intricate mechanisms involved in pyroptosis. This approach aims to
overcome the constraints of mRNA-based analyses in order to
provide valuable insights into the biology of pyroptosis and its
implications for endometrial cancer prognosis.

Our findings revealed that high cleaved caspase-1 p20 expression
was associated with high NLRP3 expression, indicative of the canonical
pyroptotic pathway where caspase-1 is activated, leading to the
production of cleaved caspase-1 p20 by NLRP3 (13, 14). Furthermore,
our investigation revealed that high expression of NLRP3, the initiator of
the canonical pyroptotic pathway responsible for activating caspase-1,
was linked to adverse RES, specifically in advanced endometrial cancer,
although not across all stages of endometrial cancer. In support of these
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findings, Liu et al. (28) demonstrated that NLRP3 overexpression
enhanced in vitro proliferation, migration, and invasion of endometrial
cancer cells and increased active caspase-1 (cleaved caspase-1 pl0),
whereas in vivo knockdown of NLRP3 inhibited the growth of
implanted endometrial cancer. These findings provide mechanistic
insights into the adverse prognostic impact of high NLRP3 expression.
Additionally, our results indicated that high NLRP3 expression was
associated with age < 50 years and premenopausal status. This
association aligns with the findings of a previous study that showed
upregulation of NLRP3 by estradiol (E2) in an estrogen receptor 3-
dependent manner (28) given that serum estradiol levels decrease
dramatically in postmenopausal women (29).

The current study also found that cleaved gasdermin D, a
product of active caspase-1 (13, 14), was associated with lower
FIGO grade (1-2), early FIGO stage (I-II), and the absence of
lymph node metastasis. Although none of our patients with high
cleaved gasdermin D expression experienced recurrence or death
within the 96-month follow-up period, statistical significance was
not achieved. Conversely, high CHMP4B expression was linked to
nonendometrioid carcinoma and adverse RFS. CHMP4B, which
reverses gasdermin D-mediated pyroptosis in endometrial cancer
by remodeling cell membranes, was also associated with adverse OS
in the TCGA-UCEC dataset when mRNA expression was high (30).

To investigate the potential interaction between cleaved
gasdermin D and CHMP4B, we conducted a comparative analysis
between cleaved gasdermin D-high/CHMP4B-low endometrial
cancer and cleaved gasdermin D-low/CHMP4B-high endometrial
cancer. Notably, our results revealed that cleaved gasdermin D-
high/CHMP4B-low endometrial cancer was significantly associated
with endometrioid carcinoma, FIGO grades 1-2, and favorable REFS.
These findings not only underscore the favorable prognostic impact
of cleaved gasdermin D-mediated pyroptotic cancer cell death but
also support the interplay between cleaved gasdermin D and the
membrane repair mechanism facilitated by CHMP4B.

In light of our findings, where gasdermin D-high/CHMP4B-
low, indicative of active pyroptosis (19-22), was associated with
favorable RFS, one might anticipate a similar favorable prognostic
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impact for cleaved caspase-1 p20. This key pyroptosis molecule
plays a crucial role in cleaving gasdermin D to form membrane
pores, ultimately leading to cell death (13, 14, 18). However,
contrary to expectations, high cleaved caspase-1 p20 expression
was independently associated with adverse RFS. To provide a
plausible explanation for the unexpected observation, we
conducted an in-depth review of the literature, focusing on the
structural attributes of caspase-1 p20.

Full-length pro-caspase-1 (p46) comprises distinct segments,
including the caspase-recruitment domain (CARD), CARD domain
linker (CDL), p20 segment, interdomain linker (IDL), and p10
domain, arranged from the N-terminal to the C-terminal (31).
Autoproteolytic cleavage within linker residues generates two
caspase-1 segments, namely p20 and p10 (17, 32). Dimeric forms
of caspase-1 p20 and pl0 segments, such as heterotetramer
(p20,p10,) or homodimer of p20pl0 heterodimers ((p20pl0),),
are considered active conformers due to their catalytic activity, with
the p20 segment containing the catalytic cysteine 285 residue (15-
17, 33, 34). According to the traditional theory, high cleaved
caspase-1 p20 expression would promote gasdermin D-induced
pyroptosis (15, 17, 33, 34). However, recent challenges to this theory
have prompted the proposal of an alternative view, suggesting that
p20p10 formation leads to an unstable status, terminating protease
activity (35). Instead, a transient p33pl0 heterodimer and full-
length p46 have been considered major and minor active
conformers, respectively (35). According to this updated theory,
high cleaved caspase-1 p20 expression could indicate an inactive
status of gasdermin D-induced pyroptosis. This theoretical
perspective offers valuable insights into reconciling the divergent
prognostic implications of high cleaved caspase-1 p20, which
indicates a worse prognosis, with the more favorable outlook
associated with high cleaved gasdermin D and low CHMP4B
expressions in endometrial cancer.

In conclusion, the current study unveiled the prognostic impact of
pyroptosis-related markers in endometrial cancer. Notably, high
expression of cleaved caspase-1 p20 was identified as an independent
prognostic factor for adverse RFS and OS. Additionally, our findings
showed that CHMP4B, recognized as an inhibitor of pyroptosis (19-22),
was associated with adverse RFS, whereas the presence of high cleaved
gasdermin D/low CHMP4B expression was linked to favorable RES.
These findings suggest that pyroptosis had a favorable prognostic impact
on endometrial cancer, highlighting the potential interaction between
cleaved gasdermin D and CHMP4B in pyroptotic cancer cell death.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the Gachon University Gil Medical Center. The
studies were conducted in accordance with the local legislation and

Frontiers in Oncology

10

10.3389/fonc.2024.1359881

institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin because written informed consent was waived
due to posing no more than minimal risk to patients due to
retrospective study design using formalin-fixed paraffin-embedded
tissue acquired during surgical treatment.

Author contributions

S-CH: Writing - original draft, Software, Resources, Methodology,
Formal analysis, Data curation. YP: Writing — original draft, Resources,
Methodology, Investigation, Formal analysis, Data curation. JK:
Writing - review & editing, Visualization, Validation, Supervision,
Project administration, Investigation, Funding acquisition,
Conceptualization, Writing - original draft, Software, Resources,
Methodology, Formal analysis, Data curation.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Gachon University research fund of 2022
(GCU-2022-202209640001) and Gachon University research fund
of 2023 (GCU-2023-202309020001).

Acknowledgments

We express our gratitude to Jin Young Yoon for technical
support and advice.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1359881/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1359881/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1359881/full#supplementary-material
https://doi.org/10.3389/fonc.2024.1359881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ha et al.

References

1. Brooks RA, Fleming GF, Lastra RR, Lee NK, Moroney JW, Son CH, et al. Current
recommendations and recent progress in endometrial cancer. CA Cancer J Clin. (2019)
69:258-79. doi: 10.3322/caac.21561

2. Crosbie EJ, Kitson SJ, McAlpine JN, Mukhopadhyay A, Powell ME, Singh N.
Endometrial cancer. Lancet. (2022) 399:1412-28. doi: 10.1016/S0140-6736(22)00323-3

3. Islami F, Ward EM, Sung H, Cronin KA, Tangka FKL, Sherman RL, et al. Annual
report to the nation on the status of cancer, part 1: National cancer statistics. ] Natl
Cancer Inst. (2021) 113:1648-69. doi: 10.1093/jnci/djab131

4. Lortet-Tieulent ], Ferlay J, Bray F, Jemal A. International patterns and trends in
endometrial cancer incidence, 1978-2013. J Natl Cancer Inst. (2018) 110:354-61.
doi: 10.1093/jnci/djx214

5. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer |
Clin. (2023) 73:17-48. doi: 10.3322/caac.21763

6. Lu KH, Broaddus RR. Endometrial cancer. N Engl ] Med. (2020) 383:2053-64.
doi: 10.1056/NEJMral514010

7. El-Ghazzi N, Durando X, Giro A, Herrmann T. Targeted treatment of advanced
endometrial cancer: focus on pembrolizumab. Onco Targets Ther. (2023) 16:359-69.
doi: 10.2147/OTT.S368050

8. Huo J, Shen Y, Zhang Y, Shen L. BI 2536 induces gasdermin E-dependent
pyroptosis in ovarian cancer. Front Oncol. (2022) 12:963928. doi: 10.3389/
fonc.2022.963928

9. Shangguan F, Zhou H, Ma N, Wu S, Huang H, Jin G, et al. A novel mechanism of
cannabidiol in suppressing hepatocellular carcinoma by inducing gsdme dependent
pyroptosis. Front Cell Dev Biol. (2021) 9:697832. doi: 10.3389/fcell.2021.697832

10. HuY, Wen Q, Cai Y, Liu Y, Ma W, Li Q, et al. Alantolactone induces concurrent
apoptosis and gsdme-dependent pyroptosis of anaplastic thyroid cancer through ros
mitochondria-dependent caspase pathway. Phytomedicine. (2023) 108:154528.
doi: 10.1016/j.phymed.2022.154528

11. Yuan R, Zhao W, Wang QQ, He J, Han S, Gao H, et al. Cucurbitacin B inhibits
non-small cell lung cancer in vivo and in vitro by triggering Tlr4/Nlrp3/Gsdmd-
dependent pyroptosis. Pharmacol Res. (2021) 170:105748. doi: 10.1016/
j.phrs.2021.105748

12. Martinon F, Burns K, Tschopp J. The inflammasome: A molecular platform
triggering activation of inflammatory caspases and processing of proil-beta. Mol Cell.
(2002) 10:417-26. doi: 10.1016/s1097-2765(02)00599-3

13. Rathinam VA, Fitzgerald KA. Inflammasome complexes: emerging mechanisms
and effector functions. Cell. (2016) 165:792-800. doi: 10.1016/j.cell.2016.03.046

14. Peng T, Zhang C, Chen WJ, Zhao XF, Wu WB, Yang WJ, et al. Pyroptosis: the
dawn of a New Era in endometrial cancer treatment. Front Oncol. (2023) 13:1277639.
doi: 10.3389/fonc.2023.1277639

15. Ramage P, Cheneval D, Chvei M, Graff P, Hemmig R, Heng R, et al. Expression,
refolding, and autocatalytic proteolytic processing of the interleukin-1f3-converting
enzyme precursor. ] Biol Chem. (1995) 270:9378-83. doi: 10.1074/jbc.270.16.9378

16. Datta D, McClendon CL, Jacobson MP, Wells JA. Substrate and inhibitor-

induced dimerization and cooperativity in caspase-1 but not caspase-3. J Biol Chem.
(2013) 288:9971-81. doi: 10.1074/jbc.M112.426460

17. Thornberry NA, Bull HG, Calaycay JR, Chapman KT, Howard AD, Kostura MJ,
et al. A novel heterodimeric cysteine protease is required for interleukin-1 beta
processing in monocytes. Nature. (1992) 356:768-74. doi: 10.1038/356768a0

Frontiers in Oncology

11

10.3389/fonc.2024.1359881

18. Liu X, Zhang Z, Ruan J, Pan Y, Magupalli VG, Wu H, et al. Inflammasome-
activated gasdermin D causes pyroptosis by forming membrane pores. Nature. (2016)
535:153-8. doi: 10.1038/nature18629

19. Peel S, Macheboeuf P, Martinelli N, Weissenhorn W. Divergent pathways lead to
Escrt-lii-Catalyzed membrane fission. Trends Biochem Sci. (2011) 36:199-210.
doi: 10.1016/j.tibs.2010.09.004

20. Jimenez AJ, Maiuri P, Lafaurie-Janvore J, Divoux S, Piel M, Perez F. Escrt
machinery is required for plasma membrane repair. Science. (2014) 343:1247136.
doi: 10.1126/science.1247136

21. Riihl S, Shkarina K, Demarco B, Heilig R, Santos JC, Broz P. Escrt-dependent
membrane repair negatively regulates pyroptosis downstream of Gsdmd activation.
Science. (2018) 362:956-60. doi: 10.1126/science.aar7607

22. Scheffer LL, Sreetama SC, Sharma N, Medikayala S, Brown KJ, Defour A, et al.
Mechanism of Ca**-triggered Escrt assembly and regulation of cell membrane repair.
Nat Commun. (2014) 5:5646. doi: 10.1038/ncomms6646

23. Peng L, Zhu N, Wang D, Zhou Y, Liu Y. Comprehensive analysis of prognostic
value and immune infiltration of Nlrc4 and Caspl in colorectal cancer. Int ] Gen Med.
(2022) 15:5425-40. doi: 10.2147/I]JGM.S353380

24. Wang Z,Ni F, YuF, Cui Z, Zhu X, Chen J. Prognostic significance of mrna expression
of Casps in gastric cancer. Oncol Lett. (2019) 18:4535-54. doi: 10.3892/01.2019.10816

25. Liu J, Zhao M, Feng X, Zeng Y, Lin D. Expression and prognosis analyses of
Caspl in acute myeloid leukemia. Aging (Albany NY). (2021) 13:14088-108.
doi: 10.18632/aging.203028

26. Mcllwain DR, Berger T, Mak TW. Caspase functions in cell death and disease.
Cold Spring Harb Perspect Biol. (2013) 5:a008656. doi: 10.1101/cshperspect.a008656

27. Julien O, Wells JA. Caspases and their substrates. Cell Death Differ. (2017)
24:1380-9. doi: 10.1038/cdd.2017.44

28. Liu SG WX, Hua T, Xin XY, Feng DL, Chi SQ, Wang XX, et al. Nlrp3
inflammasome activation by estrogen promotes the progression of human
endometrial cancer. Onco Targets Ther. (2019) 27:6927-36. doi: 10.2147/OTT.S218240

29. Nelson LM. The truth about 17-beta estradiol: menopause beyond “old wives’ tales”.
Front Endocrinol (Lausanne). (2023) 14:1229804. doi: 10.3389/fendo.2023.1229804

30. Yang Y, Chen HL, Wu SF, Bao W. Chmp4b and Vsp4a reverse Gsdmd-mediated
pyroptosis by cell membrane remodeling in endometrial carcinoma. Biochim Biophys
Acta Gen Subj. (2024) 1868:130497. doi: 10.1016/j.bbagen.2023.130497

31. Makoni NJ, Nichols MR. The intricate biophysical puzzle of caspase-1 activation.
Arch Biochem Biophys. (2021) 699:108753. doi: 10.1016/j.abb.2021.108753

32. Elliott JM, Rouge L, Wiesmann C, Scheer JM. Crystal structure of procaspase-1
zymogen domain reveals insight into inflammatory caspase autoactivation. ] Biol Chem.
(2009) 284:6546-53. doi: 10.1074/jbc.M806121200

33. Miller DK, Ayala JM, Egger LA, Raju SM, Yamin TT, Ding GJ, et al. Purification
and characterization of active human interleukin-1B-converting enzyme from THP.1
monocytic cells. ] Biol Chem. (1993) 268:18062-9. doi: 10.1016/50021-9258(17)46811-6

34. Walker NPC, Talanian RV, Brady KD, Dang LC, Bump NJ, Ferenza CR, et al.
Crystal structure of the cysteine protease interleukin-1B3-converting enzyme: A (P20/
P10)2 homodimer. Cell. (1994) 78:343-52. doi: 10.1016/0092-8674(94)90303-4

35. Boucher D, Monteleone M, Coll RC, Chen KW, Ross CM, Teo JL, et al. Caspase-
1 self—cleavage is an intrinsic mechanism to terminate inflammasome activity. J Exp
Med. (2018) 215:827-40. doi: 10.1084/jem.20172222

frontiersin.org


https://doi.org/10.3322/caac.21561
https://doi.org/10.1016/S0140-6736(22)00323-3
https://doi.org/10.1093/jnci/djab131
https://doi.org/10.1093/jnci/djx214
https://doi.org/10.3322/caac.21763
https://doi.org/10.1056/NEJMra1514010
https://doi.org/10.2147/OTT.S368050
https://doi.org/10.3389/fonc.2022.963928
https://doi.org/10.3389/fonc.2022.963928
https://doi.org/10.3389/fcell.2021.697832
https://doi.org/10.1016/j.phymed.2022.154528
https://doi.org/10.1016/j.phrs.2021.105748
https://doi.org/10.1016/j.phrs.2021.105748
https://doi.org/10.1016/s1097-2765(02)00599-3
https://doi.org/10.1016/j.cell.2016.03.046
https://doi.org/10.3389/fonc.2023.1277639
https://doi.org/10.1074/jbc.270.16.9378
https://doi.org/10.1074/jbc.M112.426460
https://doi.org/10.1038/356768a0
https://doi.org/10.1038/nature18629
https://doi.org/10.1016/j.tibs.2010.09.004
https://doi.org/10.1126/science.1247136
https://doi.org/10.1126/science.aar7607
https://doi.org/10.1038/ncomms6646
https://doi.org/10.2147/IJGM.S353380
https://doi.org/10.3892/ol.2019.10816
https://doi.org/10.18632/aging.203028
https://doi.org/10.1101/cshperspect.a008656
https://doi.org/10.1038/cdd.2017.44
https://doi.org/10.2147/OTT.S218240
https://doi.org/10.3389/fendo.2023.1229804
https://doi.org/10.1016/j.bbagen.2023.130497
https://doi.org/10.1016/j.abb.2021.108753
https://doi.org/10.1074/jbc.M806121200
https://doi.org/10.1016/S0021-9258(17)46811-6
https://doi.org/10.1016/0092-8674(94)90303-4
https://doi.org/10.1084/jem.20172222
https://doi.org/10.3389/fonc.2024.1359881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prognostic significance of pyroptosis-associated molecules in endometrial cancer: a comprehensive immunohistochemical analysis
	1 Introduction
	2 Materials and methods
	2.1 Tumor samples
	2.2 Pathologic evaluation
	2.3 Immunohistochemistry
	2.4 Outcome measures
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of patients with endometrial cancer
	3.2 Expression of four pyroptosis-related markers and clinicopathologic correlation
	3.3 Univariate survival analysis for pyroptosis-related markers
	3.4 Univariate survival analysis for other clinicopathologic factors
	3.5 Multivariate survival analysis for a pyroptosis-related marker

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


