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Purpose: Pyroptosis is an inflammation-based programmed cell death that holds great
potential as a novel cancer therapeutic target in patients with multiple myeloma (MM).
However, thus far, the function of pyroptosis-related genes (PRGs) in MM and their
prognostic relevance remains undetermined.

Methods: The model was established by the LASSO analysis, based on the Gene
Expression Omnibus (GEO) dabatase, and its efficacy was verified using two external
datasets. The model’s predictive ability was assessed by the Kaplan-Meier survival and
time-dependent receiver operating characteristic (ROC) curves. Finally, a nomogram was
established for clinical application. We also confirmed the validity of our model using
specimens and in vitro experiments.

Results: We established an 11-PRG signature profile, and verified its efficacy using two
validation cohorts (VCs). In both cohorts, patients were separated into two
subpopulations, according to their median risk scores (RS). Our analysis revealed that
high-risk (HR) patients experienced considerably lower overall survival (OS), compared to
the low-risk (LR) patients. Using functional enrichment and immune infiltration analyses,
we demonstrated that the immunologic status was strongly related to RS. Furthermore,
using a pyroptosis inhibitor Q-VD-OPh, we revealed that MM cell proliferation and
progression was drastically suppressed and the doxorubicin (DOX)-induced apoptosis
was reversed.

Conclusion: Based on our analysis, pyroptosis not only serves as a measure of MM
treatment efficiency and patient prognosis, but is also a possible target for anti-MM therapy.

Keywords: multiple myeloma, pyroptosis, nomogram, prognostic model, tumor microenvironment
INTRODUCTION

Multiple myeloma (MM) is a specific tumor caused by the heterogeneous clonal proliferation of plasma
cells. Its incidence is relatively high, and accounts for approximately more than 17% of hematologic
malignancies, and it is increasing year by year (1). With the continuous emergence of novel treatment
methods, the survival time of MM patients continues to extend, but it still remains an incurable disease
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(2). Advancements in molecular technology promoted the
widespread use of individualized, biological markers in the
diagnosis and therapy of MM (3). In response to the needs of
individualized treatment, the development of new biomarkers and
effective models that predict MM prognosis, along with the
detection of novel targets of MM therapy hold much
clinical significance.

Pyroptosis, or caspase 1-dependent cell death is innately
inflammatory, and is related to the stimulation of multiple
pathological factors involved in cell death (4, 5). Pyroptosis is
triggered by specific inflammasomes that depend on gasdermin
D (GSDMD) cleavage and stimulation of inactive cytokines (6,
7). It is generally considered that the relationship between
pyroptosis and tumor development is extremely complicated.
On one hand, being a programmed death process, pyroptosis
inhibits tumor development. Alternately, since pyroptosis
activates pro-inflammatory cytokines, it provides a suitable
tumor microenvironment (TME) for accelerated growth,
complete with nutrition and growth inducers (8). Emerging
studies reported on the significance of pyroptosis in tumor cell
proliferation, invasion and metastasis, which ultimately affects
patient prognosis (9, 10). In addition, its release of massive
amounts of inflammatory cytokines induced a potent immune
response, which ultimately reshapes TME (11). Till date, few
studies demonstrated a link between pyroptosis and MM (12,
13). Moreover, the significance of pyroptosis-related genes
(PRGs) in MM prognosis is undetermined.

Herein, we explored the significance of a PRG-based
signature in MM patients by examining PRG expression and
related clinical information within the Gene Expression
Omnibus (GEO) database, using bioinformatics analysis. The
predictive value of our model was further validated using
external GEO cohorts, and the expression of PRGs within our
model was validated by qt-PCR analysis. In addition, we
evaluated the associated regulatory axis in MM using in vitro
experimentation. Based on our results, PRGs hold great potential
in serving as prognostic indicators or therapeutic targets for anti-
MM therapy.
MATERIALS AND METHODS

Sources of Publicly Datasets
The transcript levels and matched clinical information of three
MM populations were collected from the GEO (http://www.ncbi.
nlm.nih.gov/geo/) database, namely, GSE136324, GSE57317, and
GSE4581 cohorts. Samples were excluded if corresponding
survival data were missing. The comprehensive summary of
patient characteristics was presented in Table S1. The relative
gene expression was normalized using the “limma” R package.
The PRGs were acquired from the REACTOME_PYROPTOSIS
and GOBP_PYROPTOSIS gene sets from the MSigDB database
(https://www.gseamsigdb.org/gsea/msigdb/), as well as prior
reviews (14). A workflow chart describing the samples utilized
at each stage of analysis is presented in Figure 1. The datasets of
this study are publicly available from the GEO database.
Frontiers in Oncology | www.frontiersin.org 2
Generation and Confirmation of a
Prognostic Model
We selected the GSE136324 cohort as the training cohort (TC).
Using univariate analysis, we identified PRGs that were strongly
correlated with patient prognosis (p < .05). The least absolute
shrinkage and selection operator (LASSO) analysis was
employed to obtain an optimal PRG weighting coefficient (15).
Subsequently, we performed a 10-fold cross verification to
penalize the maximal likelihood predictor. Furthermore, the
minimal criteria of the penalized maximal likelihood predictor
were employed to acquire the quintessential penalty parameter l
values. The GSE57317 and GSE4581 databases were next chosen
as the verification cohorts (VCs). Patients were separated into a
high- (HR) or low-risk (LR) cohort, depending on the median
TC risk score (RS) (Figure 2). To further verify the validity of the
model, the Kaplan-Meier analysis of survival was performed
between both groups. Additionally, the time-dependent receiver
operating characteristic (ROC) curve analysis was established to
reflect the sensitivity and specificity of predictions (Figure 3).

The univariate and multivariate Cox analysis for RS and
prognostic indicator were performed in TC (Figure 4).
Moreover, a nomogram was built based on Revised
International Staging System(R-ISS) and RS with the consistency
index (C index) and the curve of calibration (Figure 5).

Functional Enrichment Analysis
The GSEAv4.0.2 software (http://software.broadinstitute.org/gsea/
login.jsp) and c2.cp.kegg.v7.0.symbols gene sets were employed to
elucidate the physiological pathways associated with the HR and LR
patient cohorts. NOM P-value <0.05 was deemed significant.
Additionally, we explored differences in immune cell infiltration
landscapes between the two patient populations, using the
signature-identified via the CIBERSORT algorithm (Figure 6).

Quantitative Real-Time PCR
Bone marrow specimens were accumulated from MM (n=20)
and non- hematological malignancy patients (n=20) at the Sun
Yat-sen University Cancer Center. Total RNA was extracted with
TRIzol (Thermo Fisher Scientific, USA) and corresponding
cDNA was synthesized using PrimeScript™ RT Master Mix
(Takara Bio, USA), followed by qRT-PCR employing TB
Green® Premix Ex Taq (Takara Bio, USA). Intergroup analysis
was done with the Student’s t-test (two-tailed). The employed
primer sequences are presented in Table S2.

Cell Culture
The MM cell lines U266 and RPMI 8226 were acquired from the
American Type Culture Collection (ATCC, Manassas, VA,
USA), and maintained in a 37°C humid chamber with 5%
CO2. RPMI-1640 medium was used with 10% foetal bovine
serum and 100 IU/mL of penicillin and streptomycin each
(RPMI 1640, FBS and Pen-Strep were from Gibco).

Cell Viability and Apoptotic Assay
Cell viability was examined via Cell Counting Kit-8 assay (CCK-
8) (Dojindo, Japan), following kit directions. Doxorubin (DOX,
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S1208) and Q-VD-Oph (S7311) were acquired from Selleck
Chemicals (Houston, TX, USA). U266 and RPMI 8226 cells
were grown in 96-well plates with 10000 cells per well in an
incubator with 5% CO2 at 37°C for 24 h. Cells were next exposed
to the compound at specified concentrations for 48 h, before
introduction of CCK-8 kit reagent, followed by a 2 h incubation.
Optical density was recorded at 450 nm with a microplate reader.
All experiments were done two or more times. In terms of cell
apoptosis, compound-treated (specified concentrations for 48 h)
Frontiers in Oncology | www.frontiersin.org 3
U266 and RPMI 8226 cells were lysed and twice rinsed in chilled
PBS. Subsequently, the cells underwent FITC-Annexin V/PI
staining (KeyGEN, China), following kit directions. The
staining was done for 15 min in the dark before detection and
quantification of apoptosis using flow cytometry.

Western Blotting
Cells were treated as specified for 48 h, then collected and
centrifuged at 1000 rpm for 5 min to obtain pellets, which
FIGURE 1 | Flow chart of the evaluation and selection of IRGPI.
February 2022 | Volume 12 | Article 845074
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were then lysed in RIPA buffer, enhanced with protease and
phosphatase inhibitors (PHYGENE, SantaCruz Inc, Dallas, TX,
USA), for 1-2 h. The lysates underwent further vortex mixing,
followed by sonication in an ice-water bath for 5 min on high for
30 s and 1 min intervals. The resulting solution was spun down at
12,000 rpm for 15 min, and, following total protein
quantification, 50 µg protein was boiled with sample buffer at
95 ° for 5 min, and electrophoresed in a 10% sodium dodecyl
sulphate-polyacrylamide gel (SDS-PAGE) before transfer to
polyvinylidene fluoride (PVDF) membrane. As primary
antibodies, we employed anti-b-actin (1:1000; CST, Boston,
MA, USA), GSDME (1:1000; Abcam, Britain), and as
secondary antibody we employed anti-rabbit IgG H&L (HRP)
antibody (Abcam, ab205718).

Statistical Analysis
Inter-group analyses were done using Student’s t test or one-way
ANOVA. Categorial data was analyzed using the Chisq or Fisher
exact test, SPSS software version 25 (IBM Corporation, Armonk,
NY, USA). A two-sided P-value <0.05 was deemed significant.
All data analyses employed the R software (version 3.6.3 for
Windows, http://www.R-project.org). All experiments were done
thrice, and the resulting data displayed as means ± SD.
Frontiers in Oncology | www.frontiersin.org 4
RESULTS

Patient Selection and Demographics
Overall, 986 MM patients with relevant RNA profile and
corresponding clinical information from the GEO database
were included in our analysis (Table S1). To identify PRGs
related to MM prognosis, we specified the GSE136324 cohort
(n=866) as the TC, and the GSE57317 (n=55) and GSE4452
(n=65) populations as the VCs. Figure 1 summarizes our
research design.

Establishment of a Prognostic
PRGs Signature
We identified 57 PRGs with matching transcript profiles from all
three patient populations. Using univariate analysis, we further
identified 19 PRGs that relate to MM overall survival (OS) from
the GSE136324 cohort (P<0.05) (Figure 2A). Next, we employed
LASSO analysis to generate a PRG signature that accurately
predicts MM prognosis. According to our penalized maximal
likelihood predictor of 100000 bootstrap replicates, a profile of 11
PRGs (namely, AIM2, CASP1, ELANE, GSDMB, GSDMC, IL1B,
NLRP1, GZMB, IL1A, CHMP7, and CYCS) was generated,
carrying a minimal criteria optimal l value (Figures 2B, C).
A B C

D E

FIGURE 2 | Construction and validation of the prognostic model. (A) Forest plots showing the results of the univariate Cox analysis between gene expression and
OS. (B) 100000 bootstrap replicates by lasso regression analysis for variable selection. (C) LASSO coefficients of IRGs. (D) Genetic alterations of the 11 IRGs in
CCLE. (E) The protein-protein interactions between the model related proteins and the other proteins.
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Figure 2E illustrates the tumor mutation profile of the 11 PRGs.
The model equation is provided below:

RS = 0.07 X AIM2 levels + 0.12 X CASP1 levels - 0.06 XELANE
levels + 0.06 X GSDMB levels - 0.07 XGSDMC levels - 0.05 X IL1B
levels + 0.31 X NLRP1 levels - 0.02 X GZMB levels - 0.16
XIL1A levels + 0.25 X CHMP7 levels + 0.16 X CYCS levels.

The TC patients were assigned to high-risk (HR, n=433) or low-
risk (LR, n=433) populations, according to the median threshold.
LR patients experienced remarkably prolonged OS time, relative to
HR patients (P<0.05) (Figure 3A). Next, we tested the model
reliability with time-dependent ROC curves. The TC AUCs for
the 1-, 3-, 5-, 7-, and 10-year OS were 0.626, 0.621, 0.654, 0.674, and
0.637, respectively (Figure 3B). The VC RS was computed based on
the aforementioned formula, and the median TC RS was used as the
threshold. The curves were next applied to the internal VC, and the
subsequent AUCs were 0.778 and 0.715, 0.709 and 0.628, as well as
Frontiers in Oncology | www.frontiersin.org 5
0.645 and 0.769 for the 1-, 3- and 5-year OS in the GSE57317 and
GSE4581 populations, respectively. The PRG signature exhibited an
elevated OS predictive accuracy in both VCs. Moreover, the HR
patient OS was remarkably worse than the LR patient OS, as
evidenced by the Kaplan-Meier analysis. Given these data, our
model demonstrated persistent superior performance.

RS Profile and Prognosis-Based Analysis
of Clinicopathological Features
Based on our uni- and multivariate analyses examining RS and
other prognostic factors, the RS serves as a stand-alone OS
prognostic marker in the GSE136324 population (Figure 4A). We
further assessed the associations between RS profile and
clinicopathological features. We observed marked differences
between beta2-Microglobulin (b2-MG) and lactate dehydrogenase
(LDH) levels, as well as the International Staging System (ISS) and
A

B

C

FIGURE 3 | The model predicts survival of MM patients in LR and HR. (A) KM survival analyses, (B) time-dependent ROC curves analyses in all cohorts, (C) Risk
score distribution and survival status.
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Revised ISS (R-ISS) (Figure 4B). Figures 4C–E illustrates the
correlations between clinicopathological characteristics and both
datasets as heatmaps, whereby each dataset exhibits a slightly
altered, yet consistent, gene expression.

Construction of the Estimation Nomogram
We generated a nomogram to collectively display data from the
R-ISS stage and PRG profile of the TC (Figure 5A). Calibration
curve and consistency index (C-index) assessed the predictability
of our model. The merged score AUC was higher than the R-ISS
stage, indicating the significance of the nomogram in enhancing
OS estimation (Figures 5B–E).
Frontiers in Oncology | www.frontiersin.org 6
Gene Set Enrichment Analyses (GSEA) and
Correlation of RS With Immune Status
GSEA was utilized to explore the physiological roles and related
pathways associated with RS. Based on our analysis, a majority of
PRGs participated in cell proliferation, metabolism, and immune
response pathways (Figures 6A, C, E). We next employed
CIBERSORT (16) to estimate the differences between 22
distinct forms of tumor-infiltrating immune cells between the
LR and HR patients. Relative to HR patients, we demonstrated a
marked reduction in tumor infiltration, particularly that of
monocytes and B cells in the LR group in the TC
(P<0.001, Figure 6)
A C

D E

B

FIGURE 4 | The model is significantly correlated with clinicopathological factors in MM patients and validates survival prediction. (A) Univariate (top) and Multivariate
(bottom) COX analysis in training cohort. (B) The the relationship between clinical features and risk groups in training cohort. (C–E). The heatmap displays results for
the clinical. *p < .05; **p < .01, ***p < .001 and ****p < 0.0001.
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Verifying the Expressions of 11 PRGs
in Specimens
Validation of the expression of 11-PRGs in normal tissues and
tumor tissues in GSE118985 and our cohort are shown in
Figures 7A, B. Based on our results, AIM2, CASP1, GSDMB,
NLRP1, CHMP7, and CYCS were upregulated, whereas, ELANE,
GSDMC, IL1B, GZMB, and IL1A were downregulated in MM
specimens versus controls (Figure 7B).

Q-VD-OPH Weakens Doxorubin (DOX)
Sensitivity in MM Cells
First, we assessed MM cells (U266 and RPMI 8226) viability after
exposure toDOXandQ-VD-OPHalone or in combination.MMcells
Frontiers in Oncology | www.frontiersin.org 7
were incubated with varying doses of DOX (0 mM, 0.02 mM, 0.04 mM,
0.08 mM, 0.16mM and 0.32mM) and Q-VD-OPH (40mM) in
combination or alone for 48h, and cell viability was examined with
CCK8. Based onour results, the combined treatment greatly enhanced
cell viability, relative to DOX alone in both cell lines (Figure 7E).

Q-VD-OPH Inhibits DOX-Induced
MM Cell Apoptosis
Using Annexin V -FITC/PI-staining and flow cytometry, we
analyzed U266 and RPMI 8226 cell apoptosis after treatments
with DOX (0.08mM) and Q-VD-OPH (40mM) alone or in
combination for 48h. We demonstrated that DOX significantly
induced cell apoptosis while Q-VD-OPH significantly decreased
A B

C D

F G

E

FIGURE 5 | A nomogram was built based on R-ISS and risk score (A), with calibration plot of the nomogram (B) and time-dependent receiver operating
characteristic (ROC) curves of nomograms were compared based on 1-, 3-, 5-, 7-, and 10-year OS of the cohort (C–G).
February 2022 | Volume 12 | Article 845074
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DOX-induced cell apoptosis in both cell lines (Figures 7C, D).
These results demonstrate that DOX stimulated apoptosis by
activating pyroptosis in U266 and RPMI 8226 cells.

Doxorubin (DOX), a common chemotherapeutic agent,
induces pyroptosis via caspase-3-induced slicing of GSDME
(GSDME-N) (17). Q-VD-OPH, a pan-caspase suppressor,
forms covalent bonds with and permanently sequesters
caspase-3 (18).So we detected the GSDME- N and GSDME- F
protein expressions in two cell lines incubated with DOX and Q-
VD-OPH alone or in combination western blot analysis
(Figure 7F) to confirm that DOX-induced pyroptosis is
drastically reduced by Q-VD-OPH in MM cells. Collectively,
Frontiers in Oncology | www.frontiersin.org 8
these evidences suggest that DOX- induced apoptosis, which play
an essential function in cancer treatment, is related to pyroptosis.
DISCUSSION

Pyroptosis, a novel form of programmed cell death, serves
essential roles in both tumor formation and therapeutic
pathways. Pyroptosis occurs in cells infected by pathogens,
where a large number of inflammatory factors are released,
resulting in strong a immunological response, and induction of
the body’s inflammatory response (19). Healthy cells, stimulated
A B

C D

E F

FIGURE 6 | KEGG pathway analysis and correlations of the signature with immune cell infiltration. Top 20 significantly enriched KEGG pathways in the LR group of
the training cohort. (A, C, E). Analysis of immune cell infiltration. The blue and red violin represented the IRGPI LR and HR group, respectively. The white points
inside the violin implicated median values (B, D, F).
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by pyroptosis-related inflammatory factors, often turn tumorous.
Alternately, inducing tumor cell pyroptosis may achieve anti-
tumor effects (20). Pyroptosis plays distinct roles in numerous
cancers, and multiple prognostic PRG signatures have been
constructed for use in different kinds of cancers (20–24).
However, the potential value of PRG in MM have not
been elucidated.
Frontiers in Oncology | www.frontiersin.org 9
Herein, we assessed the expression profile of 57 PRGs from prior
literatures. We compared the PRG signature and its possible
physiological activities against the clinical and transcriptome data
of MM samples in the GEO sets, using both Cox and LASSO
analyses. Based on our analysis, we identified an 11 PRG gene
signature, namely, AIM2, CASP1, ELANE, GSDMB, GSDMC, IL1B,
NLRP1, GZMB, IL1A, CHMP7, and CYCS, that is related to MM
A

B

C

D

E F

FIGURE 7 | (A) The expression difference of PRGs in normal tissues and tumor tissues in GSE118985. (B) qRT-PCR analysis of 11 genes expression in tissues. The flow
cytometry results showed DOX induces cell apoptosis via the activation of pyroptosis in U266 cells (C) and RPMI 8226 cells (D), treated as indicated.
(E) The CCK-8 experiment was used to detect the cell viability treated by DOX or Q-VD-OPh as indicated. The maker was determined by Western blot analysis
(F) showed the protein expression of the GSDME-F and GSDME-N with b-actin as loading control. The cells were treated by DOX or Q-VD-OPh or in combination
at 48 hours treated as indicated. Data were presented as the mean ± SD. Experiments were performed at least three times. *p <. 05; **p < .01, ***p < .001, ns, P > 0.05.
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patient prognosis. The absent in melanoma 2 (AIM2) protein
resides in the cytoplasm and acts as a sensor for double-stranded
DNA. Upon detection, it interacts with the apoptosis-related speck-
like protein that contains CARD (ASC) and procaspase-1, and
forms a multi-protein AIM2 inflammasome, which is reported to
have both anti- and pro-tumorigenesis activities (25, 26). Also
known as a member of the inflammasome complex, the pyrin
domain-harboring the protein 3 (NLRP3) inflammasome
contributes to inflammation, and regulates cancer pathogenesis by
modulating immune response, cell death, and proliferation (27, 28).
Based on our analysis, these appear to be cancer-inducing genes,
which provide some insights into further investigations.
GasderminD (GSDMD), in the inflammasome, activates CASP1,
a member of the cysteinyl aspartate protease (caspase, or CASP)
gene family to induce pyrexia (29). This gene family is reported to
be intricately linked to cancer immune infiltration, and may be used
as a target for immunotherapy (30). Released by neutrophils,
neutrophil elastase (ELANE) attenuates growth of primary tumors
and, in turn, produces CD8 + T cell-regulated distant effects that
target remote metastases. Studies revealed that ELANE kills cancer
cells using diverse genes, but has the least toxicity to non-
cancer cells. As such, it holds great potential in a wide range of
anti-cancer therapies (31).

GSDMB and GSDMC belong to the Gasdermin (GSDM)
protein family. They possess dual roles in cancer, depending on
their association with tumor cells and TME, and may or may not
involve cell death activities (i.e. be tumor-promoting or anti-tumor)
(32, 33). IL1A and IL1B are key cytokines that regulate
inflammation and influences TME, thus promoting the origin
and progression of various cancers. They are strongly associated
with tumor cell proliferation and treatment of various tumors (34–
36). Granzyme B (GzmB) is typically cleaved following Aspartic
acid and triggers the activation cascade of caspases responsible for
apoptosis. It is an enzyme necessary for the lysis of target cells in a
cell-mediated immune response. Emerging studies suggest its strong
relation with tumor progression and regression, and immune
microenvironment (37–39). Charged multivesicular body protein
7 (CHMP7) forms a complex with ESCRT III in the ESCRT system,
and initiates the degradation of cell surface receptors (40, 41). In
addition, CHMP7 is highly expressed in certain hematological
malignancies, which is consistent with our research (42).
Cytochrome c somatic (CYCS) is associated with mitochondrial
dysfunction and autophagy defects, and it also has potential
mechanism in tumor cell proliferation and apoptosis (43, 44).

Our model demonstrates enhanced OS in LR versus HR
patients in the TC and VCs. We predicted OS using the
nomogram and employed the time-related ROC curves to test
the model. The overall results revealed that this model possesses
higher prognostic value than other staging systems. We further
analyzed the physiological activities related to the risk score. Our
KEGG analyses revealed that the differentially regulated PRGs
primarily participated in immune responses and inflammatory
cell chemotaxis. Hence, we speculated that pyroptosis modulates
the composition of TME.

Pyroptosis is initiated via activation of multiple networks.
Among the classical inflamassome networks is the activation of
Caspase-1, which nicks cytoplasmic gasdermin D (GSDMD) such
Frontiers in Oncology | www.frontiersin.org 10
that the N-terminal forms a transmembranal pore to induce
apoptosis. Another network involves the atypical inflammasome
pathway, which is induced by lipopolysaccharide (LPS) directly
binding to Caspase-4/5. A third mechanism involves the caspase-
3-based apoptotic network, which cleaves gasdermin E (GSDME-
N) to generate a transmembranal pore to initiate apoptosis (45,
46).. Some chemotherapeutic drugs work by activating pyroptosis
to inhibit tumor progression (9).

Doxorubicin (DOX) is widely used as the main pharmaceutical
intervention for MM, which is not only usually prescribed in
combination with other adjuvant drugs (47–49),but also found to
be a inducer of pyroptosis via caspase-3-induced slicing of GSDME
(GSDME-N),which could trigger pyroptosis (17, 50). In recent
years, studies on DOX-induced pyroptosis revealed a heavy
involvement of caspase-3-mediated GSDME activation, which
suggests that GSDME may be a potential target for drug research
(17, 50, 51). However, there are still few studies on the mechanism
of DOX-induced pyroptosis of myeloma cells. Q-VD-OPh, a wide-
ranging caspase inhibitor, further confirmed the involvement of
caspase-dependent apoptosis and permanently sequesters
numerous caspases (caspase-1, caspase-3, and caspase-7 to
caspase-12), and it showed no cell toxicity even at remarkably
high concentrations (18, 52). In order to verify the pyroptotic
function in MM treatment, we employed DOX to induce
pyroptosis in two MM cell lines. Upon Q-VD-OPh addition, the
DOX-induced cell death was reduced, as evidenced by flow
cytometry, thus indicating that DOX-induced cell death may be
related to pyroptosis. Furthermore, the protein levels of cleaved
GSDME in MM cells treated by DOX verified the fact that DOX
triggers pyroptosis. In addition, after treatment with Q-VD-OPh,
the levels of GSDME-N induced by DOX decreased, suggesting that
Q-VD-OPh inhibits DOX-induced pyroptosis to some extent. The
findings suggest that gene targets related to pyroptosis may provide
novel insights for future anti-MM therapy.
CONCLUSIONS

In conclusion, we established a novel PRG-based signature for MM
patient prognosis. Our analysis revealed that pyroptosis, to some
extent, influences the physiological activities of tumors via
immunologic modulation. We verified our results using both
external datasets and clinical samples. In future investigations, the
potential mechanism of scorch death in MM needs to be explored.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: http://www.ncbi.nlm.nih.gov/geo/.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Sun Yat-sen University Cancer
February 2022 | Volume 12 | Article 845074

http://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. A Pyroptosis-Related Signature
Center. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

Study concept and design, HW and RS. Data collecting, SL, SB, and
BF.Statistical analysis,HW,RS,andSL.Figureandtablespreparation,
HW,RS,SL, SB,andBF.Writing-originaldraft,HW,RS,andSL.Data
and tables inspection and validation, SB and BF. Project
administration, YL and RL. Work supervision and writing-review
and editing, YL and RL. Funding acquisition, YL. Critical revision of
the manuscript for important intellectual content, all authors.
Frontiers in Oncology | www.frontiersin.org 11
FUNDING

This work was supported by the following funds, National Natural
Science Foundation of China under grant (Number 30471976 and
81272620) and Science and Technology Projects of Guangdong
Province under grant (Number 2016A020215086).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.845074/
full#supplementary-material
REFERENCES
1. Kumar SK, Callander NS, Hillengass J, Liedtke M, Baljevic M, Campagnaro E,

et al. NCCN Guidelines Insights: Multiple Myeloma, Version 1.2020. J Natl
Compr Canc Netw (2019) 17(10):1154–65. doi: 10.6004/jnccn.2019.0049

2. Kumar SK, Dispenzieri A, Lacy MQ, Gertz MA, Buadi FK, Pandey S, et al.
Continued Improvement in Survival in Multiple Myeloma: Changes in Early
Mortality and Outcomes in Older Patients. Leukemia (2014) 28(5):1122–8.
doi: 10.1038/leu.2013.313

3. Pawlyn C, Davies FE. Toward Personalized Treatment in Multiple Myeloma
Based on Molecular Characteristics. Blood (2019) 133(7):660–75.
doi: 10.1182/blood-2018-09-825331

4. Bergsbaken T, Fink SL, Cookson BT. Pyroptosis: Host Cell Death and
Inflammation. Nat Rev Microbiol (2009) 7(2):99–109. doi: 10.1038/nrmicro2070

5. Kovacs SB, Miao EA. Gasdermins: Effectors of Pyroptosis. Trends Cell Biol
(2017) 27(9):673–84. doi: 10.1016/j.tcb.2017.05.005

6. Rathinam VA, Fitzgerald KA. Inflammasome Complexes: Emerging
Mechanisms and Effector Functions. Cell (2016) 165(4):792–800.
doi: 10.1016/j.cell.2016.03.046

7. Schneider KS, Gross CJ, Dreier RF, Saller BS, Mishra R, Gorka O, et al. The
Inflammasome Drives GSDMD-Independent Secondary Pyroptosis and IL-1
Release in the Absence of Caspase-1 Protease Activity. Cell Rep (2017) 21
(13):3846–59. doi: 10.1016/j.celrep.2017.12.018

8. Kolb R, Liu GH, Janowski AM, Sutterwala FS, Zhang W. Inflammasomes in
Cancer: A Double-Edged Sword. Protein Cell (2014) 5(1):12–20. doi: 10.1007/
s13238-013-0001-4

9. Fang Y, Tian S, Pan Y, Li W, Wang Q, Tang Y, et al. Pyroptosis: A New
Frontier in Cancer. BioMed Pharmacother (2020) 121:109595. doi: 10.1016/
j.biopha.2019.109595

10. Karki R, Kanneganti TD. Diverging Inflammasome Signals in Tumorigenesis
and Potential Targeting. Nat Rev Cancer (2019) 19(4):197–214. doi: 10.1038/
s41568-019-0123-y

11. Frank D, Vince JE. Pyroptosis Versus Necroptosis: Similarities, Differences,
and Crosstalk. Cell Death Differ (2019) 26(1):99–114. doi: 10.1038/s41418-
018-0212-6

12. Gaikwad SM, Phyo Z, Arteaga AQ, Gorjifard S, Calabrese DR, Connors D,
et al. A Small Molecule Stabilizer of the MYC G4-Quadruplex Induces
Endoplasmic Reticulum Stress, Senescence and Pyroptosis in Multiple
Myeloma. Cancers (Basel) (2020) 12(10):2952. doi: 10.3390/cancers12102952

13. Xia T, Liu M, Zhao Q, Ouyang J, Xu P, Chen B. PRMT5 Regulates Cell
Pyroptosis by Silencing CASP1 in Multiple Myeloma. Cell Death Dis (2021) 12
(10):851. doi: 10.1038/s41419-021-04125-5

14. Man SM, Kanneganti TD. Regulation of Inflammasome Activation. Immunol
Rev (2015) 265(1):6–21. doi: 10.1111/imr.12296

15. Friedman J, Hastie T, Tibshirani R. Regularization Paths for Generalized
Linear Models via Coordinate Descent. J Stat Softw (2010) 33(1):1–22.
doi: 10.18637/jss.v033.i01

16. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12(5):453–7. doi: 10.1038/nmeth.3337
17. Mai FY, He P, Ye JZ, Xu LH, Ouyang DY, Li CG, et al. Caspase-3-Mediated
GSDME Activation Contributes to Cisplatin- and Doxorubicin-Induced
Secondary Necrosis in Mouse Macrophages. Cell Prolif (2019) 52(5):e12663.
doi: 10.1111/cpr.12663

18. Caserta TM, Smith AN, Gultice AD, Reedy MA, Brown TL. Q-VD-OPh, a
Broad Spectrum Caspase Inhibitor With Potent Antiapoptotic Properties.
Apoptosis (2003) 8(4):345–52. doi: 10.1023/A:1024116916932

19. Bedoui S, Herold MJ, Strasser A. Emerging Connectivity of Programmed Cell
Death Pathways and its Physiological Implications. Nat Rev Mol Cell Biol
(2020) 21(11):678–95. doi: 10.1038/s41580-020-0270-8

20. Xia X, Wang X, Cheng Z, QinW, Lei L, Jiang J, et al. The Role of Pyroptosis in
Cancer: Pro-Cancer or Pro-"Host"? Cell Death Dis (2019) 10(9):650.
doi: 10.1038/s41419-019-1883-8

21. Chen LC, Wang LJ, Tsang NM, Ojcius DM, Chen CC, Ouyang CN, et al.
Tumour Inflammasome-Derived IL-1beta Recruits Neutrophils and Improves
Local Recurrence-Free Survival in EBV-Induced Nasopharyngeal Carcinoma.
EMBO Mol Med (2012) 4(12):1276–93. doi: 10.1002/emmm.201201569

22. Li XY, Zhang LY, Li XY, Yang XT, Su LX. A Pyroptosis-Related Gene
Signature for Predicting Survival in Glioblastoma. Front Oncol (2021)
11:697198. doi: 10.3389/fonc.2021.697198

23. Lin W, Chen Y, Wu B, Chen Y, Li Z. Identification of the Pyroptosisrelated
Prognostic Gene Signature and the Associated Regulation Axis in Lung
Adenocarcinoma. Cell Death Discov (2021) 7(1):161. doi: 10.1038/s41420-
021-00557-2

24. Ye Y, Dai Q, Qi H. A Novel Defined Pyroptosis-Related Gene Signature for
Predicting the Prognosis of Ovarian Cancer. Cell Death Discov (2021) 7(1):71.
doi: 10.1038/s41420-021-00451-x

25. Wang B, Bhattacharya M, Roy S, Tian Y, Yin Q. Immunobiology and
Structural Biology of AIM2 Inflammasome. Mol Aspects Med (2020)
76:100869. doi: 10.1016/j.mam.2020.100869

26. Wang B, Yin Q. AIM2 Inflammasome Activation and Regulation: A Structural
Perspective. J Struct Biol (2017) 200(3):279–82. doi: 10.1016/j.jsb.2017.08.001

27. Coll RC, Robertson AA, Chae JJ, Higgins SC, Munoz-Planillo R, Inserra MC,
et al. A Small-Molecule Inhibitor of the NLRP3 Inflammasome for the
Treatment of Inflammatory Diseases. Nat Med (2015) 21(3):248–55.
doi: 10.1038/nm.3806

28. Karki R, Man SM, Kanneganti TD. Inflammasomes and Cancer. Cancer
Immunol Res (2017) 5(2):94–9. doi: 10.1158/2326-6066.CIR-16-0269

29. Tsuchiya K, Nakajima S, Hosojima S, Thi Nguyen D, Hattori T, Manh Le T,
et al. Caspase-1 Initiates Apoptosis in the Absence of Gasdermin D. Nat
Commun (2019) 10(1):2091. doi: 10.1038/s41467-019-09753-2

30. Hong W, Gu Y, Guan R, Xie D, Zhou H, Yu M. Pan-Cancer Analysis of the
CASP Gene Family in Relation to Survival, Tumor-Infiltrating Immune Cells
and Therapeutic Targets. Genomics (2020) 112(6):4304–15. doi: 10.1016/
j.ygeno.2020.07.026

31. Cui C, Chakraborty K, Tang XA, Zhou G, Schoenfelt KQ, Becker KM, et al.
Neutrophil Elastase Selectively Kills Cancer Cells and Attenuates Tumorigenesis.
Cell (2021) 184(12):3163–77.e21. doi: 10.1016/j.cell.2021.04.016

32. De Schutter E, Roelandt R, Riquet FB, Van Camp G, Wullaert A,
Vandenabeele P. Punching Holes in Cellular Membranes: Biology and
February 2022 | Volume 12 | Article 845074

https://www.frontiersin.org/articles/10.3389/fonc.2022.845074/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.845074/full#supplementary-material
https://doi.org/10.6004/jnccn.2019.0049
https://doi.org/10.1038/leu.2013.313
https://doi.org/10.1182/blood-2018-09-825331
https://doi.org/10.1038/nrmicro2070
https://doi.org/10.1016/j.tcb.2017.05.005
https://doi.org/10.1016/j.cell.2016.03.046
https://doi.org/10.1016/j.celrep.2017.12.018
https://doi.org/10.1007/s13238-013-0001-4
https://doi.org/10.1007/s13238-013-0001-4
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.1038/s41418-018-0212-6
https://doi.org/10.1038/s41418-018-0212-6
https://doi.org/10.3390/cancers12102952
https://doi.org/10.1038/s41419-021-04125-5
https://doi.org/10.1111/imr.12296
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1111/cpr.12663
https://doi.org/10.1023/A:1024116916932
https://doi.org/10.1038/s41580-020-0270-8
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1002/emmm.201201569
https://doi.org/10.3389/fonc.2021.697198
https://doi.org/10.1038/s41420-021-00557-2
https://doi.org/10.1038/s41420-021-00557-2
https://doi.org/10.1038/s41420-021-00451-x
https://doi.org/10.1016/j.mam.2020.100869
https://doi.org/10.1016/j.jsb.2017.08.001
https://doi.org/10.1038/nm.3806
https://doi.org/10.1158/2326-6066.CIR-16-0269
https://doi.org/10.1038/s41467-019-09753-2
https://doi.org/10.1016/j.ygeno.2020.07.026
https://doi.org/10.1016/j.ygeno.2020.07.026
https://doi.org/10.1016/j.cell.2021.04.016
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. A Pyroptosis-Related Signature
Evolution of Gasdermins. Trends Cell Biol (2021) 31(6):500–13. doi: 10.1016/
j.tcb.2021.03.004

33. Sarrio D, Martinez-Val J, Molina-Crespo A, Sanchez L, Moreno-Bueno G. The
Multifaceted Roles of Gasdermins in Cancer Biology and Oncologic
Therapies. Biochim Biophys Acta Rev Cancer (2021) 1876(2):188635.
doi: 10.1016/j.bbcan.2021.188635

34. Gelfo V, Romaniello D, Mazzeschi M, Sgarzi M, Grilli G, Morselli A, et al.
Roles of IL-1 in Cancer: From Tumor Progression to Resistance to Targeted
Therapies. Int J Mol Sci (2020) 21(17):6009. doi: 10.3390/ijms21176009

35. Ishimoto T, Miyake K, Nandi T, Yashiro M, Onishi N, Huang KK, et al.
Activation of Transforming Growth Factor Beta 1 Signaling in Gastric Cancer-
Associated Fibroblasts Increases Their Motility, via Expression of Rhomboid 5
Homolog 2, and Ability to Induce Invasiveness of Gastric Cancer Cells.
Gastroenterology (2017) 153(1):191–204.e16. doi: 10.1053/j.gastro.2017.03.046

36. Tulotta C, Lefley DV, Freeman K, Gregory WM, Hanby AM, Heath PR, et al.
Endogenous Production of IL1B by Breast Cancer Cells Drives Metastasis and
Colonization of the Bone Microenvironment. Clin Cancer Res (2019) 25
(9):2769–82. doi: 10.1158/1078-0432.CCR-18-2202

37. Gruosso T, Gigoux M, Manem VSK, Bertos N, Zuo D, Perlitch I, et al. Spatially
Distinct Tumor Immune Microenvironments Stratify Triple-Negative Breast
Cancers. J Clin Invest (2019) 129(4):1785–800. doi: 10.1172/JCI96313

38. Medema JP, de Jong J, Peltenburg LT, Verdegaal EM, Gorter A, Bres SA, et al.
Blockade of the Granzyme B/perforin Pathway Through Overexpression of
the Serine Protease Inhibitor PI-9/SPI-6 Constitutes a Mechanism for
Immune Escape by Tumors. Proc Natl Acad Sci USA (2001) 98(20):11515–
20. doi: 10.1073/pnas.201398198

39. Rousalova I, Krepela E. Granzyme B-Induced Apoptosis in Cancer Cells and
its Regulation (Review). Int J Oncol (2010) 37(6):1361–78.

40. Gu M, LaJoie D, Chen OS, von Appen A, Ladinsky MS, Redd MJ, et al. LEM2
Recruits CHMP7 for ESCRT-Mediated Nuclear Envelope Closure in Fission
Yeast and Human Cells. Proc Natl Acad Sci USA (2017) 114(11):E2166–75.
doi: 10.1073/pnas.1613916114

41. Olmos Y, Perdrix-Rosell A, Carlton JG. Membrane Binding by CHMP7
Coordinates ESCRT-III-Dependent Nuclear Envelope Reformation. Curr
Biol (2016) 26(19):2635–41. doi: 10.1016/j.cub.2016.07.039

42. Guo Y, Shi J, Zhao Z, Wang M. Multidimensional Analysis of the Role of
Charged Multivesicular Body Protein 7 in Pan-Cancer. Int J Gen Med (2021)
14:7907–23. doi: 10.2147/IJGM.S337876

43. Baechler BL, Bloemberg D, Quadrilatero J. Mitophagy Regulates
Mitochondrial Network Signaling, Oxidative Stress, and Apoptosis During
Myoblast Differentiation. Autophagy (2019) 15(9):1606–19. doi: 10.1080/
15548627.2019.1591672

44. Li H, HamA,Ma TC, Kuo SH, Kanter E, KimD, et al. Mitochondrial Dysfunction
and Mitophagy Defect Triggered by Heterozygous GBA Mutations. Autophagy
(2019) 15(1):113–30. doi: 10.1080/15548627.2018.1509818
Frontiers in Oncology | www.frontiersin.org 12
45. Wang Y, Gao W, Shi X, Ding J, Liu W, He H, et al. Chemotherapy Drugs
Induce Pyroptosis Through Caspase-3 Cleavage of a Gasdermin. Nature
(2017) 547(7661):99–103. doi: 10.1038/nature22393

46. Yu J, Li S, Qi J, Chen Z, Wu Y, Guo J, et al. Cleavage of GSDME by Caspase-3
Determines Lobaplatin-Induced Pyroptosis in Colon Cancer Cells. Cell Death
Dis (2019) 10(3):193. doi: 10.1038/s41419-019-1441-4

47. Berenson JR, Yellin O, Kazamel T, Hilger JD, Chen CS, Cartmell A, et al. A
Phase 2 Study of Pegylated Liposomal Doxorubicin, Bortezomib,
Dexamethasone and Lenalidomide for Patients With Relapsed/Refractory
Multiple Myeloma. Leukemia (2012) 26(7):1675–80. doi: 10.1038/leu.2012.51

48. Knop S, Gerecke C, Liebisch P, Topp MS, Platzbecker U, Sezer O, et al.
Lenalidomide, Adriamycin, and Dexamethasone (RAD) in Patients With
Relapsed and Refractory Multiple Myeloma: A Report From the German
Myeloma Study Group DSMM (Deutsche Studiengruppe Multiples Myelom).
Blood (2009) 113(18):4137–43. doi: 10.1182/blood-2008-10-184135

49. Palumbo A, Gay F, Bringhen S, Falcone A, Pescosta N, Callea V, et al.
Bortezomib, Doxorubicin and Dexamethasone in Advanced Multiple
Myeloma. Ann Oncol (2008) 19(6):1160–5. doi: 10.1093/annonc/mdn018

50. Shen X, Wang H, Weng C, Jiang H, Chen J. Caspase 3/GSDME-Dependent
Pyroptosis Contributes to Chemotherapy Drug-Induced Nephrotoxicity. Cell
Death Dis (2021) 12(2):186. doi: 10.1038/s41419-021-03458-5

51. Zhang Z, Zhang H, Li D, Zhou X, Qin Q, Zhang Q. Caspase-3-Mediated
GSDME Induced Pyroptosis in Breast Cancer Cells Through the ROS/JNK
Signalling Pathway. J Cell Mol Med (2021) 25(17):8159–68. doi: 10.1111/
jcmm.16574

52. Keoni CL, Brown TL. Inhibition of Apoptosis and Efficacy of Pan Caspase
Inhibitor, Q-VD-OPh, in Models of Human Disease. J Cell Death (2015) 8:1–
7. doi: 10.4137/JCD.S23844

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.

Copyright © 2022 Wang, Shao, Lu, Bai, Fu, Lai and Lu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2022 | Volume 12 | Article 845074

https://doi.org/10.1016/j.tcb.2021.03.004
https://doi.org/10.1016/j.tcb.2021.03.004
https://doi.org/10.1016/j.bbcan.2021.188635
https://doi.org/10.3390/ijms21176009
https://doi.org/10.1053/j.gastro.2017.03.046
https://doi.org/10.1158/1078-0432.CCR-18-2202
https://doi.org/10.1172/JCI96313
https://doi.org/10.1073/pnas.201398198
https://doi.org/10.1073/pnas.1613916114
https://doi.org/10.1016/j.cub.2016.07.039
https://doi.org/10.2147/IJGM.S337876
https://doi.org/10.1080/15548627.2019.1591672
https://doi.org/10.1080/15548627.2019.1591672
https://doi.org/10.1080/15548627.2018.1509818
https://doi.org/10.1038/nature22393
https://doi.org/10.1038/s41419-019-1441-4
https://doi.org/10.1038/leu.2012.51
https://doi.org/10.1182/blood-2008-10-184135
https://doi.org/10.1093/annonc/mdn018
https://doi.org/10.1038/s41419-021-03458-5
https://doi.org/10.1111/jcmm.16574
https://doi.org/10.1111/jcmm.16574
https://doi.org/10.4137/JCD.S23844
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Integrative Analysis of a Pyroptosis-Related Signature of Clinical and Biological Value in Multiple Myeloma
	Introduction
	Materials and Methods
	Sources of Publicly Datasets
	Generation and Confirmation of a Prognostic Model
	Functional Enrichment Analysis
	Quantitative Real-Time PCR
	Cell Culture
	Cell Viability and Apoptotic Assay
	Western Blotting
	Statistical Analysis

	Results
	Patient Selection and Demographics
	Establishment of a Prognostic PRGs Signature
	RS Profile and Prognosis-Based Analysis of Clinicopathological Features
	Construction of the Estimation Nomogram
	Gene Set Enrichment Analyses (GSEA) and Correlation of RS With Immune Status
	Verifying the Expressions of 11 PRGs in Specimens
	Q-VD-OPH Weakens Doxorubin (DOX) Sensitivity in MM Cells
	Q-VD-OPH Inhibits DOX-Induced MM Cell Apoptosis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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 /LeaveColorUnchanged
  /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


