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Background: Metabolism is widely involved in the occurrence and
development of cancer. However, its role in osteosarcoma (OS) has not been
elucidated.

Methods: The open-accessed data included in this study were downloaded
from The Cancer Genome Atlas (TCGA) database (TARGET-OS project). All the
analysis was performed in R environments.

Results: Based on the single sample gene set enrichment analysis algorithm,
we quantified 21 metabolism terms in OS patients. Among these, sphingolipid
metabolism was upregulated in the metastatic OS tissue and associated with a
worse prognosis, therefore aroused our interest and selected for further
analysis. Our result showed that sphingolipid metabolism could activate the
Notch signaling and angiogenesis pathway, which might be responsible for the
metastasis ability and poor prognosis. A protein-protein interaction network
was constructed to illustrate the interaction of the differentially expressed
genes between high and low sphingolipid metabolism. Immune analysis
showed that multiple immune terms were upregulated in patients with high
sphingolipid metabolism activity. Then, a prognosis model was established
based on the identified DEGs between patients with high and low sphingolipid
metabolism, which showed great prediction efficiency. Pathway enrichment
showed the pathway of myogenesis, spermatogenesis, peroxisome, KRAS
signaling, pancreas beta cells, apical surface, MYC target, WNT beta-catenin
signaling, late estrogen response and apical junction was significantly enriched
in high risk patients. Moreover, we found that the model genes MAGEBL,
NPIPA2, PLA2G4B and MAGEA3 could effectively indicate sphingolipid
metabolism and risk group.

Conclusions: In summary, our result showed that sphingolipid metabolism is
associated with osteosarcoma metastasis and prognosis, which has the
potential to be a therapeutic target for OS.
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Introduction

Osteosarcoma (OS) is one of the most prevalent primary
bone malignancy all over the world, especially in children and
adolescents (1). Due to the characteristics of high invasiveness,
OS patients tend to have a poor prognosis (2). Surgery combined
with chemotherapy is the first-line therapy option for OS. While
advancement has been made in the OS treatment, disease distant
metastasis can dramatically impair the prognoses of patients (3).
Therefore, the identification of novel biomarkers indicating the
diagnosis and treatment of OS is important.

Tumor metabolism is vital to meet the metabolic demands
associated with tumor proliferation and expansion of cancer
cells (4). Widespread metabolic reprogramming in the tumor
microenvironment can maintain cancer cell survival under the
pressure of nutritional stress (5). Recently, researchers are
increasingly interested in the crosstalk between metabolic
changes and cancer development. Wang et al. found that
metabolic reprogramming of T lymphocyte activation
regulated by the transcription factor Myc is the main driving
force for proliferating cells to utilize glutamine (6). Wu et al.
revealed that under anoxia conditions, OMA1/OPA1 axis was
activated and could increase mitochondrial reactive oxygen
species to stabilize HIF-1c, further promoting glycolysis and
progression of colon cancer (7). Meanwhile, cell metabolism is
controlled by multi-level regulation (8). Studies have reported
that the metabolizing fuel produced by autophagy can provide
metabolic plasticity for cancers, which promotes the growth and
survival of cancer cells (9). Moreover, targeting tumor
metabolism might be a promising therapy option for cancers
(10). In OS, Lv et al. found that B-Phenethyl Isothiocyanate
could induce cell death of OS by altering iron metabolism,
disturbing the redox balance, and activating the MAPK
signaling (11). Hu et al. indicated that fructose-coated
angstrom silver could suppress OS growth and metastasis by
facilitating ROS-dependent apoptosis through the alteration of
glucose metabolism (12).

In our study, we found that the sphingolipid metabolism
level was upregulated in metastatic OS patients and associated
with a poor prognosis. Moreover, Notch signaling and
angiogenesis might be activated in patients with high
sphingolipid metabolism activity. Meanwhile, we found that
sphingolipid metabolism was associated with multiple immune
terms, indicating that sphingolipid metabolism might affect
tumor biological processes through disturbing cancer immune
status. Finally, a prognosis model based on MAGEBI, NPIPA2,
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PLA2G4B and MAGEA3 was established, which had a good
prognosis prediction efficiency. Pathway enrichment analysis
was then performed to explore the underlying biological
differences between high and low risk groups. Furthermore, we
found that MAGEBI1, NPIPA2, PLA2G4B and MAGEA3 could
indicate sphingolipid metabolism level and risk group.

Methods
Data source

The open-accessed expression profile and clinical
information were downloaded from the TCGA database
(https://portal.gdc.cancer.gov/, TARGET-OS project). The
expression profile was originally STAR-counts form and then
collated to TPM form using R code. Human Genome reference
file GRCh38 obtained from the Ensembl website was used for
original probe annotation. All the data were preprocessed before
the analysis, including probe annotation, data consolidation, and
batch normalization.

Single sample gene set
enrichment analysis

Clusterprofiler and GSVA package in R environment was
used to perform ssGSEA analysis, which can calculate
enrichment score based on the expression profile (13). The
reference pathway information was shown in Table S1. The
immune-related terms were obtained from a previous study (14).

Differentially expressed genes analysis

For the selected two groups, DEGs analysis was performed
using the limma package with the threshold of [logFC| > 1 and
P < 0.05 (15).

Protein-protein interaction network

PPI network was established based on the STRING database
(https://cn.string-db.org/). In detail, the “Organism” was
“Homo”. The nodes with high confidence (0.900) were
identified. Cytoscape v3.7.2 was used for network visualization.
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Cytoscape software was used for network visualization. ClueGO
plug-in in cytoscape was used to perform biological enrichment
analysis for the nodes (16).

Prognosis model construction
and evaluation

For the selected genes, univariate Cox regression analysis
was firstly performed to identify the prognosis-related genes.
Furthermore, LASSO regression analysis was used for
dimensionality reduction. Multivariate Cox regression analysis
was finally performed for prognosis model construction. All the
patients would be assigned a riskscore with the formula of “
Riskscore = Coef A * Gene A + Coef B + Gene B + ... + Coef N *
Gene B” (17). According to median riskscore, patients were
divided into high and low risk groups. Kaplan-Meier survival
curve was performed to evaluate the survival difference between
high and low risk groups. Receiver operating characteristic
(ROC) curve.

Pathway enrichment analysis

Pathway enrichment analysis between high and low risk
groups was performed using the GSEA algorithm (18). The
reference pathway file was Hallmark, c2.cp.kegg.v7.5.1.symbols
and ¢5.g0.v7.5.1.symbols gene set.

Statistical analysis

Statistical analysis was performed using the R software v4.0. In
all cases, P.values under 0.05 were considered statistically
significant. Students T-tests were used for the continuous
variables normally distributed while Mann-Whitney U tests
were used for the non-normally distributed continuous variables.

Results
Metabolism terms identification

The brief flowchart of our study was shown in Figure SI.
Based on the ssGSEA algorithm, 21 metabolism terms were
quantified, which was shown in Figure 1A. Then, we evaluated
the difference of these terms between metastatic and
non-metastatic OS. The result showed that fatty acid
metabolism and biosynthesis of unsaturated fatty acids were
downregulated, while the sphingolipid metabolism was
upregulated in the metastatic OS (Figure 1B). Further, we
performed Kaplan-Meier survival curves analysis of these
three terms. The result showed that sphingolipid metabolism
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might be associated with a poor prognosis of OS patients
(Figure 1C, HR = 2.19, P = 0.045). However, no significant
difference was observed in atty acid metabolism and
biosynthesis of unsaturated fatty acids (Figures 1D, E).
Therefore, the sphingolipid metabolism aroused our interest
and was selected for further analysis.

DEGs identification and PPl network

With the threshold of |logFC| > 1 and P < 0.05, 5969
downregulated and 11 upregulated genes were identified
between high and low sphingolipid metabolism patients
(Figure 2A). GSEA analysis showed that the pathway of Notch
signaling and angiogenesis were significantly enriched in high
risk group (Figure 2B). A PPI network was constructed to
illustrate the interaction between these DEGs (Figure 2C).
ClueGO analysis showed that these DEGs were mainly
enriched in the olfactory receptor activity, solute:sodium
symporter activity, G protein-coupled neurotransmitter
receptor activity, organic hydroxy compound transmembrane
transporter activity, mast cell activation, cornification and
cellular glucuronidation (Figure 2D).

Sphingolipid metabolism was positively
correlated with Notch signaling
and angiogenesis

Notch signaling and angiogenesis were reported to be
associated with the distant metastasis of OS (19, 20). We found
that sphingolipid metabolism was positively correlated with the
Notch signaling and angiogenesis (Figure 3A and Figure 3C;
Notch signaling, R = 0.358, P < 0.001; Angiogenesis, R = 0.380,
P < 0.001). Among the genes involved in angiogenesis,
sphingolipid metabolism was positively correlated with
SLCO2A1, KDR, APP, LUM, COL3Al, FSTL1, CCND2, but
negatively correlated with APOH, PF4, VEGFA, JAG2 and
MSX1 (Figure 3B). Among the genes involved in Notch
signaling, sphingolipid metabolism was positively correlated
with CCND1, DTX4, DTX1, ARRB1, NOTCHI1, NOTCH3, but
negatively correlated with RBX1, SKP1, WNT2, PSEN2, KAT2A
and CUL1 (Figure 3D). Next, we evaluated the sphingolipid
metabolism between different populations, including gender,
race and stage. However, no significant difference was observed
(Figure 3E, G). Moreover, we try to explore the pathway activity
difference of Notch signaling and angiogenesis in metastatic and
non-metastatic OS (Figure S2A). The result showed that
angiogenesis was remarkably upregulated in metastatic OS, yet
no significant difference was observed in Notch signaling between
metastatic and non-metastatic OS. For the genes involved in the
Notch signaling and angiogenesis, only ARRB1 was found
significantly upregulated in metastatic OS tissue (Figures S2B, C).
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FIGURE 1

Identification of sphingolipid metabolism in OS Notes: (A): A total of 21 metabolism terms were quantified using the ssGSEA algorithm, which

was shown in a heatmap; (B): The pathway activity of 21 metabolism terms in metastatic and non- metastatic OS, in which fatty acid

metabolism and biosynthesis of unsaturated fatty acids were downregulated, while the sphingolipid metabolism was upregulated in the
metastatic OS; (C): Kaplan-Meier survival curve of overall survival between high and low sphingolipid metabolism patients; (D): Kaplan-Meier
survival curve of overall survival between high and low fatty acid metabolism patients; (E): Kaplan-Meier survival curve of overall survival
between high and low biosynthesis of unsaturated fatty acids patients. ns, P < 0.05. *P < 0.05; ***P < 0.001.
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FIGURE 2

PPI network and pathway enrichment analysis of sphingolipid metabolism (A): With the threshold of |logFC| > 1 and P < 0.05, 5969
downregulated and 11 upregulated genes were identified between patients with high and low sphingolipid metabolism activity; (B): GSEA
analysis was performed based on the Hallmark gene set to explore the biological differences between high and low sphingolipid metabolism
patients; (C): PPl network based on the DEGs was established to reveal potential protein interactions; (D): ClueGO (a plug-in in Cytoscape

software) analysis of the nodes.

Immune analysis

Immune is closely related to metabolism (21). Therefore, we
explored the underlying interaction between immune terms and
sphingolipid metabolism. Based on the ssGSEA algorithm, 53
immune terms were quantified, which was shown in Figure 4A.
The result showed that the terms of aDC, angiogenesis,
APC_co_inhibition, B_cells, CSR_activated, eosinophils,
IFN_score, IFNG_score, IL12 score, IL13 score, IL2 score, IL4
score, inflammation-promoting, interferon, macrophages, mast
cells, neutrophils, NK_CD56dim_cells, NK_cells,
parainflammation, T_cells, Tcm_cells, Tem_cells, Tth_cells,
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Tgd_cells, Thl_cells, Treg, Type_I_IFN_Response and
Type_II_IFN_Response were remarkably higher in high
sphingolipid metabolism patients (Figures 4B, C).

Prognosis model

Based on the DEGs identified between high and low
sphingolipid metabolism patients, we try to establish a
prognosis indicating the prognosis of OS patients. Univariate
Cox regression analysis was firstly performed to identify the
prognosis-related genes. Then, LASSO regression analysis was
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FIGURE 3

Sphingolipid metabolism was positively correlated with Notch signaling and angiogenesis Notes: (A): Sphingolipid metabolism was positively
correlated with angiogenesis; (B): The association between the genes involved in angiogenesis and sphingolipid metabolism activity; (C):
Sphingolipid metabolism was positively correlated with Notch signaling; (D): The association between the genes involved in the Notch signaling
and sphingolipid metabolism activity; (E): The sphingolipid metabolism difference in male and female patients; (F): The sphingolipid metabolism
difference in Asian, African and White patients; (G): The sphingolipid metabolism difference in Stage 1/Il and Stage llI/IV patients. ns, P < 0.05.

used for dimensionality reduction (Figures 5A, B). Multivariate
Cox regression analysis identified four genes for model
construction, including MAGEB1, NPIPA2, PLA2G4B and
MAGEA3 (Figure 5C). A prognosis model was constructed
with the formula of “Riskscore = MAGEBI * -0.309 + NPIPA2
*2.233 + PLA2G4B * 2.259 + MAGEA3 * -0.200”. A higher
percentage of dead cases was observed in high risk patients
(Figure 5D). Kaplan-Meier survival curve showed that the
patients in high risk group might have a worse prognosis
compared with that in low risk group (Figure 5E). ROC curves
showed that our model had a great prediction efficiency in 1-, 3,
and 5- years survival (Figures 5F-H, 1-year AUC = 0.722, 3-year
AUC = 0.818, 5-year AUC = 0.804). Also, we evaluated the
prediction efficacy of our model in patients disease-free survival
(Figure S3). Kaplan-Meier survival curve showed that the

Frontiers in Endocrinology

06

patients in high risk group might have a worse disease-free
survival (Figure S3A). ROC curves indicated a good prediction
efficiency in pateints 1-, 3- and 5-year disease-free survival
(Figure S3B).

Pathway enrichment analysis

We next explored the underlying biological differences
between high and low risk patients. The result showed that the
pathway of myogenesis, spermatogenesis, peroxisome, KRAS
signaling, pancreas beta cells, apical surface, MYC target,
WNT beta catenin signaling, late estrogen response and apical
junction were significantly enriched in high risk patients
(Figure 6). Kyoto Encyclopedia of Genes and Genomes
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FIGURE 4

The correlation between sphingolipid metabolism and immune terms (A): ssGSEA algorithm was performed to quantify the 53 immune terms;
(B, C): Immune terms difference between patients with high and low sphingolipid metabolism activity. ns, P < 0.05. *P < 0.05; **P < 0.01; ***P <

0.001.

(KEGG) analysis showed that the terms of type II diabetes
mellitus, cardiac muscle contraction, dilated cardiomyopathy,
hypertrophic cardiomtopathy hem, amyotrophic lateral sclerosis
als were significantly enriched in high risk group (Figure S4A).
Gene oncology (GO) analysis showed that the terms of
regulation of transmembrane transport, actin binding, muscle
system process, muscle organ development, muscle contraction
were significantly enriched in high risk group (Figure S4B).
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MAGEB1, NPIPA2, PLA2G4B and MAGEA3
could indicate sphingolipid metabolism
and risk group

Our prognosis model identified four genes, including
MAGEBI, NPIPA2, PLA2G4B and MAGEA3. We next evaluated
the prediction efficiency of these four model genes on risk group
and sphingolipid metabolism level. The result showed that these

frontiersin.org


https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al. 10.3389/fendo.2022.983606

I - B - —
° ] waaest s P o022
2 o
g 2 oAz e esFhon ——a—— oo
1.
é puszcis s = 8 oon"
T 1 7 waceas sy 0% HH oass+
=7 1 IEREE SRS / # Eves: 25, Glotat p-ves (Lag-Ran). 7247606
ot 011 ot i 078 R e O
T T T T T T T T
35 30 25 20 s 30 25 20
Log) Log Lambaa
D E F.,
10 = Low Vi
1 == High A
1 N 08
o - 08
ol 20 1 Risk group 2 g
o 3 a
7] : “le Low  Sos E o6
8
x i & =
» 104 1 . * High s H
o
| cooeees®™™® H B
0 - 02 02 Tvear
HR =435 (1.85-102¢) AuG:0722
g 5000 004 P=0001 ol crommom
° 01000 2000 3000 4000 5000 6000 00 02 04 06 08 10
= 4000 Status G Time 1-Specifcity (FPR)
g 3000 * Alive 10 10
/
3 e Dead
S 2000 - %
S . 08 08+ A
@ 1000 A 3 2 1
/
0 & os & 06 /
/
(R ] g g v
MAGEB1 | | | |" Hlll l Fos 2 04 y
4 3 3 1%
3 /
NPIPA2 | s: .t
AUC:0818 AUC: 0804
e [ELE 0N L ) wm T e
MAGEA3 II S 00 0z 04 06 08 10 00 02 04 06 08 10
1-Specificity (FPR) 1-Specificity (FPR)

FIGURE 5

Prognosis model construction Notes: (A, B): LASSO regression analysis was used for dimensionality reduction; (C): Multivariate Cox
regression analysis identified four genes for model construction, including MAGEB1, NPIPA2, PLA2G4B and MAGEAS3; (D): The overview of
the prognosis model; (E) Kaplan-Meier survival curve of overall survival between high and low risk patients; (F-H): ROC curves of 1-, 3-,
5-years overall survival.

Pathway Gene ranks NES pval padj
HALLMARK_MYOGENESIS s 169 1.1e-04 5.7e-03
HALLMARK_SPERMATOGENESIS - 130 7.0e-02 3.7e-01
HALLMARK_PEROXISOME " "+ oo oo 1.30 7.4e-02 3.7e-01
HALLMARK_KRAS_SIGNALING_DN M= 123 1.0e-01 3.9e-01
HALLMARK_PANCREAS_ BETA CELLS "' " ° w128 1.4e-01 4.56-01
HALLMARK_APICAL_SURFACE ' " ' ' * sow 104 4.1e-01 1.0e+00
HALLMARK_MYC_TARGETS_V2 e 0.99 4.9e-01 1.0e+00
HALLMARK_WNT_BETA_CATENIN_SIGNALING ' 0.90 6.4e-01 1.0e+00
HALLMARK_ESTROGEN_RESPONSE_LATE """ " 0.92 6.7e-01 1.0e+00
HALLMARK_APICAL_JUNCTION /"' o 0.89 7.3e-01 1.0e400
HALLMARK_EPITHELIAL_MESENCHYMAL TRANSITION "' " i o oo -1.13 1.4e-01 4.5e-01
HALLMARK_APOPTOSIS e e e <118 1.0e-01 3.9e-01
HALLMARK_DNA_REPAIR e -1.20 8.9e-02 3.9e-01
HALLMARK_MYC_TARGETS_V1 - -1.21 6.6e-02 3.7e-01
HALLMARK_INTERFERON_ALPHA_RESPONSE -1.40 2.8e-02 2.0e-01
HALLMARK_IL6_JAK_STAT3_SIGNALING o -1.64 3.0e-03 2.5¢-02
HALLMARK_INFLAMMATORY_RESPONSE ' ' -1.80 9.0e-04 9.0e-03
HALLMARK_TNFA_SIGNALING_VIA_NFKB e e e iy =156 8.4e-04 9.0e-03
HALLMARK_INTERFERON_GAMMA_RESPONSE e ey | <178 8.3e-04 9.0e-03
HALLMARK_ALLOGRAFT_REJECTION | ''"/ it o o e | 1,74 8.2e-04 9.0e-03

o 10600 20000

FIGURE 6
Pathway enrichment analysis of our model based on Hallmark gene set.

Frontiers in Endocrinology 08 frontiersin.org


https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al.

four genes had an extremely great prediction efficiency in patients
risk group (Figure 7A, MAGEB1, AUC = 0.916, NPIPA2, AUC =
0.520, PLA2G4B, AUC = 0.603, MAGEA3, AUC = 0.912). After
logistic regression, the AUC value of these four genes could be
increased to 1.0 (Figure 7B). As for the sphingolipid metabolism
level, the AUC value of MAGEBI1, NPIPA2, PLA2G4B and
MAGEA3 were 0.503, 0.567, 0.673 and 0.636, respectively
(Figure 7C). After logistic regression, the AUC value of these four
genes could be increased to 0.711 (Figure 7D).

Discussion

OS is still a serious public health problem that results in an
approximately 2.4% death rate in child cancers all over the world

10.3389/fendo.2022.983606

(22). Lung is the most common site of OS metastasis and lung
metastases often result in a poor prognosis (1).

Recently, tumor metabolism has gradually attracted
attention in cancer research (23). Cells must increase their
intake of nutrients from the environment to meet their
biosynthetic needs related to proliferation. However, compared
with normal cells, the proliferation of tumor cells is often
accompanied by extensive metabolic reprogramming (24).
Metabolite signaling is involved in the regulation of malignant
transformation, cell proliferation, epithelial-mesenchymal
transformation, differentiation block and cancer dryness, as
well as inflammatory response and immune surveillance in the
tumor microenvironment (24).

To the best of our knowledge, this is the first study that
comprehensively explored the metabolism in OS based on

A Risk B Risk
1.0 4 1.0
0.8 1 0.8 -
r r
o o
= 061 = 061
2 2
2 s
G 0.4 - G 0.4 -
c c
[0 (0]
%) %)
~— MAGEB1 (AUC = 0.916)
0.2 1 — NPIPA2 (AUC = 0.520) 0.2 model
— PLA2G4B (AUC = 0.603) AUC: 1.000
— MAGEA3 (AUC = 0.912) Cl: 1.000-1.000
00 T T T T T 00 T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0
1-Specificity (FPR) 1-Specificity (FPR)
c D
Sphingolipid metabolism Sphingolipid metabolism
1.0 1.0
|
Vil
0.8 1 l—‘f 0.8 -
3 A a
o o
= 064 = 064
Fary g
= =
G 0.4 - G 0.4 -
c c
[ [0)
%) %)
~— MAGEB1 (AUC = 0.503)
0.2 — NPIPA2 (AUC = 0.567) 0.2 1 model
—— PLA2G4B (AUC =0.673) AUC: 0.711
— MAGEAS3 (AUC = 0.636) Cl: 0.601-0.821
00 T T T T OO T T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0

1-Specificity (FPR)

FIGURE 7

1-Specificity (FPR)

MAGEB1, NPIPA2, PLA2G4B and MAGEA3 could indicate sphingolipid metabolism and risk group Notes: (A) ROC curve of MAGEB1, NPIPA2,
PLA2G4B and MAGEAS3 on risk group prediction; (B) The logistic regression model of these four genes on risk group prediction (17.8664 +
-155.4921*MAGEB1 + 894.5988*NPIPA2 + 1238.153*PLA2G4B + -87.4001*MAGEA3); (C) ROC curve of MAGEB1, NPIPA2, PLA2G4B and MAGEA3
on sphingolipid metabolism group prediction; (D) The logistic regression model of these four genes on sphingolipid metabolism group prediction
(1.2038 + 0.2264*MAGEB1 + 0.4005*NPIPA2 + -3.024*PLA2G4B + -0.2842*MAGEA3).

Frontiers in Endocrinology

09

frontiersin.org


https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al.

bioinformatic analysis. In our study, we firstly quantified 21
metabolism terms based on the ssGSEA algorithm. Among
these, sphingolipid metabolism was upregulated in the
metastatic OS tissue and associated with a worse prognosis,
therefore aroused our interest and selected for further analysis.
Our result showed that sphingolipid metabolism could activate
the Notch signaling and angiogenesis pathway, which might be
responsible for the metastasis ability and poor prognosis.
Immune analysis showed that multiple immune terms were
upregulated in patients with high sphingolipid metabolism
level. Then, a prognosis model was established based on the
identified DEGs between patients with high and low
sphingolipid metabolism, which showed great prediction
efficiency. Pathway enrichment showed that the pathway of
myogenesis, spermatogenesis, peroxisome, KRAS signaling,
pancreas beta cells, apical surface, MYC target, WNT beta
catenin signaling, late estrogen response and apical junction
were significantly enriched in high risk patients. Moreover, we
found that the model genes MAGEB1, NPIPA2, PLA2G4B and
MAGEA3 could effectively indicate sphingolipid metabolism
and risk group. In the clinical setting, it can help to predict the
metabolic status and grouping of patients by detecting the
expression of these four genes in cancer tissue, which would
contribute to the prognosis prediction and treatment choice.

Sphingolipid metabolism has been found wide involved in
cancer occurrence and development of cancer (25). Ceramides is
one of the principal components of sphingolipid. Elsherbini et al.
indicated that the ceramides are important for the exosome
formation, which might be an underlying target of cancer therapy
(26). Moreover, as an intercellular signaling molecule that plays a
role in embryogenesis, sphingosine-1-phosphate (S1P) is also
involved in the formation of new blood vessels during embryonic
development, which would also be utilized by cancer cells.
Researchers have found that S1P is the key regulator of
angiogenesis in multiple cancers based on mice models (27, 28).
Metastasis requires cells to undergo structural and signaling
changes. As an important component of the plasma membrane,
gangliosides strongly regulate cell adhesion/movement, leading to
tumor metastasis (29). Cortini et al. found that SIP might be a
valuable therapeutic target for OS patients by exploring the
metabolic adaptations to the acidic microenvironment of OS cells
(30). Our result showed that the patients with a higher sphingolipid
metabolism level tend to experience distant metastasis, which might
be an underlying metabolism target of OS therapy options.

Notch signaling is involved in many aspects of cancer biology
(31). In OS, Qin et al. found that Notch signaling could regulate
OS proliferation and migration through Erk phosphorylation
based on in vivo and in vitro experiments (32). Also, Dai et al.
indicated that the inhibition of the Notch signaling pathway
attenuates the progression of OS cell motility, metastasis, and
epithelial-mesenchymal transition (33). Angiogenesis is important
for tumor cancer cell survival and metastasis (34). Jian et al. found
that TSP-1 could promote OS angiogenesis and metastasis
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through CD36/vasculostatin signaling axis (20). Li et al. found
that exosomal IncRNA OIP5-AS1 could regulate OS tumor
angiogenesis and autophagy through miR-153 and ATG5 (35).
Our result showed that the Notch signaling and angiogenesis
pathways were positively correlated with sphingolipid
metabolism. The immune microenvironment is tightly
associated with cell metabolism. Our result showed that
sphingolipid metabolism was associated with multiple immune
terms, including neutrophils, Treg, macrophages, et al., indicating
that sphingolipid metabolism might affect tumor biological
processes through disturbing cancer immune status. For
example, Charan et al. found that tumor secreted ANGPTL2
could facilitate the recruitment of neutrophils to the lung, further
promoting lung pre-metastatic niche formation of OS (36).

Some limitations should be noticed. Firstly, the population
enrolled in this study was mainly the white population.
Meanwhile, the race of a considerable part of the population is
unknown, which might lead to underlying race bias. Secondly,
the sample counts with complete expression profiles and clinical
information are small (less than 100), which might reduce the
credibility of the article to some extent.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Author contributions

XH and LL were responsible for the conception, design. XH
and XZ were responsible for the development of methodology
and analysis. XH and JZ performed the bioinformatics analysis.
XH, XZ, JZ and LL wrote and revised the draft. LL final approval
of the submitted version. All authors read and approved the
final manuscript.

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

frontiersin.org


https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al.

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/
fendo.2022.983606/full#supplementary-material

SUPPLEMENTARY FIGURE 1
The flowchart of the whole study.

References

1. Ritter ], Bielack SS. Osteosarcoma. Ann Oncol Off ] Eur Soc Med Oncol (2010)
21 Suppl 7:vii320-5. doi: 10.1093/annonc/mdq276

2. Chen C, Xie L, Ren T, Huang Y, Xu J, Guo W. Immunotherapy for
osteosarcoma: Fundamental mechanism, rationale, and recent breakthroughs.
Cancer Lett (2021) 500:1-10. doi: 10.1016/j.canlet.2020.12.024

3. Yang C, Tian Y, Zhao F, Chen Z, Su P, Li Y, et al. Bone microenvironment
and osteosarcoma metastasis. Int J Mol Sci (2020) 21(19):6985. doi: 10.3390/
ijms21196985

4. DeBerardinis RJ, Chandel NS. Fundamentals of cancer metabolism. Sci Adv
(2016) 2:1600200. doi: 10.1126/sciadv.1600200

5. Pavlova NN, Thompson CB. The emerging hallmarks of cancer metabolism.
Cell Metab (2016) 23:27-47. doi: 10.1016/j.cmet.2015.12.006

6. Wang R, Dillon CP, Shi LZ, Milasta S, Carter R, Finkelstein D, et al. The
transcription factor myc controls metabolic reprogramming upon T lymphocyte
activation. Immunity (2011) 35:871-82. doi: 10.1016/j.immuni.2011.09.021

7. Wu Z, Zuo M, Zeng L, Cui K, Liu B, Yan C, et al. OMAI1 reprograms
metabolism under hypoxia to promote colorectal cancer development. EMBO Rep
(2021) 22:¢50827. doi: 10.15252/embr.202050827

8. Carthew RW. Gene regulation and cellular metabolism: An essential
partnership. Trends Genet TIG (2021) 37:389-400. doi: 10.1016/j.tig.2020.09.018

9. Kimmelman AC, White E. Autophagy and tumor metabolism. Cell Metab
(2017) 25:1037-43. doi: 10.1016/j.cmet.2017.04.004

10. Farhadi P, Yarani R, Dokaneheifard S, Mansouri K. The emerging role of
targeting cancer metabolism for cancer therapy. Tumour Biol ] Int Soc
Oncodevelopmental Biol Med (2020) 42:1010428320965284. doi: 10.1177/
1010428320965284

11. Lv H, Zhen C, Liu J, Shang P. B-phenethyl isothiocyanate induces cell death
in human osteosarcoma through altering iron metabolism, disturbing the redox
balance, and activating the MAPK signaling pathway. Oxid Med Cell Longevity
(2020) 2020:5021983. doi: 10.1155/2020/5021983

12. Hu XK, Rao SS, Tan YJ, Yin H, Luo MJ, Wang ZX, et al. Fructose-coated
angstrom silver inhibits osteosarcoma growth and metastasis via promoting ROS-
dependent apoptosis through the alteration of glucose metabolism by inhibiting
PDK. Theranostics (2020) 10:7710-29. doi: 10.7150/thno.45858

13. Hianzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for
microarray and RNA-seq data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-2105-14-7

14. Ren X, Chen X, Zhang X, Jiang S, Zhang T, Li G, et al. Immune

microenvironment and response in prostate cancer using Large population
cohorts. Front Immunol (2021) 12:686809. doi: 10.3389/fimmu.2021.686809

15. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma powers
differential expression analyses for RNA-sequencing and microarray studies.
Nucleic Acids Res (2015) 43:e47. doi: 10.1093/nar/gkv007

16. Bindea G, Mlecnik B, Hackl H, Charoentong P, Tosolini M, Kirilovsky A,
et al. ClueGO: A cytoscape plug-in to decipher functionally grouped gene ontology
and pathway annotation networks. Bioinf (Oxford England) (2009) 25:1091-3.
doi: 10.1093/bioinformatics/btp101

17. Wang C, Gu X, Zhang X, Zhou M, Chen Y. Development and validation of
an E2F-related gene signature to predict prognosis of patients with lung squamous
cell carcinoma. Front Oncol (2021) 11:756096. doi: 10.3389/fonc.2021.756096

Frontiers in Endocrinology

10.3389/fendo.2022.983606

SUPPLEMENTARY FIGURE 2

Notch signaling and angiogenesis in metastatic and non-metastatic OS
(A): The pathway activity difference of Notch signaling and angiogenesis in
metastatic and non-metastatic OS; (B): Angiogenesis-related genes in
metastatic and non-metastatic OS; (C): Notch signaling-related genes in
metastatic and non-metastatic OS.

SUPPLEMENTARY FIGURE 3

Disease-free survival difference of our model (A): Kaplan-Meier survival
curve of disease-free survival; (B): ROC curves of 1-, 3- and 5-years
disease-free survival.

SUPPLEMENTARY FIGURE 4
GO and KEGG analysis of our model (A): KEGG analysis of our model; (B):
GO analysis of our model.

18. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette
MA, et al. Gene set enrichment analysis: A knowledge-based approach for
interpreting genome-wide expression profiles. Proc Natl Acad Sci USA (2005)
102:15545-50. doi: 10.1073/pnas.0506580102

19. ZhangJ, LiN, Lu S, Chen Y, Shan L, Zhao X, et al. The role of notch ligand
Jaggedl in osteosarcoma proliferation, metastasis, and recurrence. J orthopaedic
Surg Res (2021) 16:226. doi: 10.1186/s13018-021-02372-y

20. Jian YK, Zhu HY, Wu XL, Li B. Thrombospondin 1 triggers osteosarcoma
cell metastasis and tumor angiogenesis. Oncol Res (2019) 27:211-8. doi: 10.3727/
096504018x15208993118389

21. Andrejeva G, Rathmell JC. Similarities and distinctions of cancer and
immune metabolism in inflammation and tumors. Cell Metab (2017) 26:49-70.
doi: 10.1016/j.cmet.2017.06.004

22. Rothermundt C, Seddon BM, Dileo P, Strauss SJ, Coleman J, Briggs TW,
et al. Follow-up practices for high-grade extremity osteosarcoma. BMC Cancer
(2016) 16:301. doi: 10.1186/s12885-016-2333-y

23. Amelio I, Cutruzzola F, Antonov A, Agostini M, Melino G. Serine and
glycine metabolism in cancer. Trends Biochem Sci (2014) 39:191-8. doi: 10.1016/
j.tibs.2014.02.004

24. Wang YP, Li JT, Qu J, Yin M, Lei QY. Metabolite sensing and signaling in
cancer. J Biol Chem (2020) 295:11938-46. doi: 10.1074/jbc.REV119.007624

25. Piazzesi A, Afsar SY, van Echten-Deckert G. Sphingolipid metabolism in the
development and progression of cancer: One cancer's help is another's hindrance.
Mol Oncol (2021) 15:3256-79. doi: 10.1002/1878-0261.13063

26. Elsherbini A, Bieberich E. Ceramide and exosomes: A novel target in cancer
biology and therapy. Adv Cancer Res (2018) 140:121-54. doi: 10.1016/
bs.acr.2018.05.004

27. Nagahashi M, Ramachandran S, Kim EY, Allegood JC, Rashid OM, Yamada
A, et al. Sphingosine-1-phosphate produced by sphingosine kinase 1 promotes
breast cancer progression by stimulating angiogenesis and lymphangiogenesis.
Cancer Res (2012) 72:726-35. doi: 10.1158/0008-5472.Can-11-2167

28. LuZ,Xiao Z, Liu F, Cui M, Li W, Yang Z, et al. Long non-coding RNA HULC
promotes tumor angiogenesis in liver cancer by up-regulating sphingosine kinase 1
(SPHK1). Oncotarget (2016) 7:241-54. doi: 10.18632/oncotarget.6280

29. Birkle S, Zeng G, Gao L, Yu RK, Aubry J. Role of tumor-associated
gangliosides in cancer progression. Biochimie (2003) 85:455-63. doi: 10.1016/
50300-9084(03)00006-3

30. Cortini M, Armirotti A, Columbaro M, Longo DL, Di Pompo G, Cannas E,
et al. Exploring metabolic adaptations to the acidic microenvironment of
osteosarcoma cells unveils sphingosine 1-phosphate as a valuable therapeutic
target. Cancers (2021) 13(2):311. doi: 10.3390/cancers13020311

31. Meurette O, Mehlen P. Notch signaling in the tumor microenvironment.
Cancer Cell (2018) 34:536-48. doi: 10.1016/j.ccell.2018.07.009

32. Qin J, Wang R, Zhao C, Wen J, Dong H, Wang S, et al. Notch signaling
regulates osteosarcoma proliferation and migration through erk phosphorylation.
Tissue Cell (2019) 59:51-61. doi: 10.1016/j.tice.2019.07.002

33. Dai G, Liu G, Zheng D, Song Q. Inhibition of the notch signaling pathway
attenuates progression of cell motility, metastasis, and epithelial-to-mesenchymal
transition-like phenomena induced by low concentrations of cisplatin in
osteosarcoma. Eur J Pharmacol (2021) 899:174058. doi: 10.1016/j.ejphar.2021.174058

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.983606/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.983606/full#supplementary-material
https://doi.org/10.1093/annonc/mdq276
https://doi.org/10.1016/j.canlet.2020.12.024
https://doi.org/10.3390/ijms21196985
https://doi.org/10.3390/ijms21196985
https://doi.org/10.1126/sciadv.1600200
https://doi.org/10.1016/j.cmet.2015.12.006
https://doi.org/10.1016/j.immuni.2011.09.021
https://doi.org/10.15252/embr.202050827
https://doi.org/10.1016/j.tig.2020.09.018
https://doi.org/10.1016/j.cmet.2017.04.004
https://doi.org/10.1177/1010428320965284
https://doi.org/10.1177/1010428320965284
https://doi.org/10.1155/2020/5021983
https://doi.org/10.7150/thno.45858
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.3389/fimmu.2021.686809
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1093/bioinformatics/btp101
https://doi.org/10.3389/fonc.2021.756096
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1186/s13018-021-02372-y
https://doi.org/10.3727/096504018x15208993118389
https://doi.org/10.3727/096504018x15208993118389
https://doi.org/10.1016/j.cmet.2017.06.004
https://doi.org/10.1186/s12885-016-2333-y
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1074/jbc.REV119.007624
https://doi.org/10.1002/1878-0261.13063
https://doi.org/10.1016/bs.acr.2018.05.004
https://doi.org/10.1016/bs.acr.2018.05.004
https://doi.org/10.1158/0008-5472.Can-11-2167
https://doi.org/10.18632/oncotarget.6280
https://doi.org/10.1016/s0300-9084(03)00006-3
https://doi.org/10.1016/s0300-9084(03)00006-3
https://doi.org/10.3390/cancers13020311
https://doi.org/10.1016/j.ccell.2018.07.009
https://doi.org/10.1016/j.tice.2019.07.002
https://doi.org/10.1016/j.ejphar.2021.174058
https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al.

34. LiYS, Liu Q, Tian J, He HB, Luo W. Angiogenesis process in osteosarcoma:
An updated perspective of pathophysiology and therapeutics. Am | Med Sci (2019)
357:280-8. doi: 10.1016/j.amjms.2018.12.004

35. Li Y, Lin S, Xie X, Zhu H, Fan T, Wang S, et al. Highly enriched
exosomal IncRNA OIP5-AS1 regulates osteosarcoma tumor angiogenesis

Frontiers in Endocrinology

12

10.3389/fendo.2022.983606

and autophagy through miR-153 and ATGS5. Am ] Trans Res (2021)
13:4211-23.

36. Charan M, Dravid P, Cam M, Setty B, Roberts RD, Houghton PJ, et al. Tumor
secreted ANGPTL2 facilitates recruitment of neutrophils to the lung to promote lung
pre-metastatic niche formation and targeting ANGPTL2 signaling affects metastatic
disease. Oncotarget (2020) 11:510-22. doi: 10.18632/oncotarget.27433

frontiersin.org


https://doi.org/10.1016/j.amjms.2018.12.004
https://doi.org/10.18632/oncotarget.27433
https://doi.org/10.3389/fendo.2022.983606
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Sphingolipid metabolism is associated with osteosarcoma metastasis and prognosis: Evidence from interaction analysis
	Introduction
	Methods
	Data source
	Single sample gene set enrichment analysis
	Differentially expressed genes analysis
	Protein-protein interaction network
	Prognosis model construction and evaluation
	Pathway enrichment analysis
	Statistical analysis

	Results
	Metabolism terms identification
	DEGs identification and PPI network
	Sphingolipid metabolism was positively correlated with Notch signaling and angiogenesis
	Immune analysis
	Prognosis model
	Pathway enrichment analysis
	MAGEB1, NPIPA2, PLA2G4B and MAGEA3 could indicate sphingolipid metabolism and risk group

	Discussion
	Data availability statement
	Author contributions
	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


