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Background: Neutrophil extracellular traps (NETs) can be attributed to the
metastasis, occurrence, and immune evasion of cancer cells. We investigated
the prognostic value of NET-related genes in childhood acute lymphoblastic
leukemia (cALL) patients.

Methods: Differential gene expression analysis was conducted on samples
collected from public databases. Grouping them based on the expression level
of NET-related genes, we assessed the correlation between immune cell types
and the risk score for having a poor prognosis of cALL, with an evaluation of the
sensitivity of drugs used in cALL. We further divided the groups, integrating
survival data. Subsequently, methods including multivariable Cox algorithms,
least absolute shrinkage and selection operator (LASSO), and univariable were
utilized to create a risk model predicting prognosis. Experiments in cell lines and
animals were performed to explore the functions of TRIM8, a gene selected by
the model. To validate the role of TRIM8 in leukemia development, lentivirus-
mediated overexpression or knockdown of TRIM8 was employed in mice with T-
ALL and B-ALL.

Results: Kaplan—Meier (KM) analysis underscored the importance of differentially
expressed genes identified in the groups divided by genes participated in NETSs,
with enrichment analysis showing the mechanism. Correlation analysis revealed
significant associations with B cells, NK cells, mast cells, T cells, plasma cells,
dendritic cells, and monocytes. The ICsq values of drugs such as all-trans-retinoic
acid (ATRA), axitinib, doxorubicin, methotrexate, sorafenib, and vinblastine were
increased, while dasatinib exhibited a lower ICsq. A total of 13 NET-related genes
were selected in constructing the risk model. In the training, testing, and merged
cohorts, KM analysis demonstrated significantly improved survival for low-risk
cALL patients compared to high-risk cALL patients (p < 0.001). The area under the

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1427776&domain=pdf&date_stamp=2024-08-19
mailto:cloveringo69@hotmail.com
mailto:tiger647@126.com
https://doi.org/10.3389/fonc.2024.1427776
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1427776
https://www.frontiersin.org/journals/oncology

Tin et al.

10.3389/fonc.2024.1427776

curve (AUC) indicated strong predictive performance. Experiments in Jurkat and
SUP-B15 revealed that TRIM8 knockdown decreased the proliferation of
leukemia cell lines. Further experiments demonstrated a more favorable
prognosis in mice with TRIM8-knockdown leukemia cells. Results of cell lines
and animals showed better outcomes in prognosis when TRIM8 was
knocked down.

Conclusion: We identified a novelty in a prognostic model that could aid in the
development of personalized treatments for cALL patients. Furthermore, it
revealed that the expression of TRIM8 is a contributing factor to the
proliferation of leukemia cells and worsens the prognosis of cALL.

KEYWORDS

acute lymphoblastic leukemia, neutrophil extracellular traps, prognostic model, NET-
related genes, TRIM8

1 Introduction

Acute lymphoblastic leukemia (ALL) is a common cancer in
children, as approximately 25% of cancers are diagnosed under
the age of 15 (1, 2). Additionally, approximately half of all ALL
cases occur in children and adolescents, making it the most
common acute leukemia before the age of 20 (3). Childhood
ALL (cALL) has been considered a successful example of
treatment in pediatric oncology, with survival rates increasing
from around 10% in the 1960s to 90% today (3). Although most
children with ALL have a high survival rate under current
treatment protocols, the prognosis for relapsed and refractory
ALL remains low, making it the main cause of death for children.
Therefore, there is an urgent need for new treatment targets and
insights into relapsed and refractory cALL (4).

Neutrophil extracellular traps (NETs), regulated by the reactive
oxygen species (ROS) mediated by nicotinamide adenine
dinucleotide phosphate hydrogen (NADPH) oxidase and histone
citrullination, are a defense mechanism in the immune system (5-7).
Initial studies suggested that NET's functioned in capturing microbes
and defending against microbial threats in the human body; however,
further research has revealed the promoting effects of NETs on
cancer, manifested by increased inflammatory factors and growth
factors secreted by neutrophils in the tumor microenvironment (8).
NET formation, reported in a previous study, can protect tumor cells
from immune cell killing, such as CD8 T cells and NK cells, playing a
crucial role in tumor metastasis (9). Previous reports have shown that
NETs are attributed to hematopoietic malignancy, and a clinical
study has revealed that NETs are activated in ALL, suggesting a
potential involvement of NETS in the adverse prognosis of ALL (10—
13). However, researchers have focused on the role of neutrophils in
infection events during the treatment of ALL before, neglecting their
potential effects on protecting the tumor cells.
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Therefore, our study investigated the relationship between NET's
and cALL, exploring its role in the tumor microenvironment,
immune cell communication, and potential drug resistance (14,
15). To precisely predict the prognosis of cALL, we constructed a
model for predicting the prognosis of cALL and performed in vivo
and in vitro experiments to validate the gene in the prognostic model.

2 Materials and methods
2.1 Data resources

We obtained mRNA sequencing data from 668 patients with
cALL by downloading it from “Therapeutically Applicable Research
to Generate Effective Treatments (TARGET)”, a program within
The Cancer Genome Atlas (TCGA) in this article. TARGET is a
program using “multi-omic “ methods to understand the molecular
profiles of childhood cancers. We collected a comprehensive set of
clinical information for these patients, along with the expression
levels of 67 genes known to be involved in NETSs, which were
selected based on previous studies. Detailed information on the
patients and genes can be found in Supplementary Table S1. The
clinical information of patients can be found in Supplementary
Table S2.

2.2 Data processing

Normalization of the sequencing data from TCGA was
processed with the R package “limma “. Next, the differentially
expressed genes (DEGs) were screened out with | fold change of log,
| > 1 and adjusted p < 0.05 between two groups divided by the
expression level of 67 genes (16).
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2.3 Analysis for clustering

Using R packages, namely “ConsensusClusterPlus “ and
“ggplot2 , we performed grouping based on the expressed levels
of 67 genes involved in NETs and DEGs combined with the hazard
ratio. The samples were classified, and then a principal component
analysis (PCA) was conducted to evaluate the clustering (17).

2.4 Survival and enrichment analysis

Installing the “survival “ package in R software, we further
investigated the significance of the consensus clustering in clinical
value and conducted a Kaplan-Meier survival analysis to analyze the
differences between clusters of NET-related genes. Additionally, we
explored the correlations between the NET genes and prognosis. To
gain further insights into the biological implications of the NET genes,
we downloaded two gene sets, namely “c2.cp.kegg.v7.4.symbols.gmt
and “immune.gmt “, from the Molecular Signatures Database
(MSigDB). These gene sets were prepared for gene set variation
analysis (GSVA) and single sample gene set enrichment analysis
(ssGSEA), with the function “GSVA “ performing enrichment
analysis based on gene sets of interest (18).

2.5 Drug sensitivity and correlation analysis

With document “Cibersort.R “and R packages “preprocessCore “
and “parallel “, the correlation between the risk score and immune
cell types was analyzed by Spearman’s rank correlation test. The
sensitivity data of drugs was offered by the “pRRophetic “ R package.
The packages predict the sensitivity of drugs based on the data from
cancer cell lines, calculating the ICs, for each drug (19).

2.6 Evaluation of prognostic model

Integrating the expression data of DEGs in cALL patients with
their corresponding survival data, we randomly divided the samples
into two groups after estimating the hazard ratio using Cox
proportional hazards regression. The training group consisted of
285 patients. In the training group, univariate Cox regression
analysis (p < 0.05) on NET-related genes was performed to
identify potential candidate genes. The least absolute shrinkage
and selection operator (LASSO) Cox regression then adjusted the
overfitting and selected the important genes in the model. Following
multivariable Cox regression, we calculated the coefficients for the
prognostic model and examined the cruciality of each clinical
character. In addition, we divided the cALL patients from the
training group into two groups, namely, the low-risk group and
the high-risk group, and the criteria for grouping depended on the
median risk score calculated. The effectiveness of the prognostic risk
model was evaluated using the following methods: Kaplan-Meier
analysis, receiver operating characteristic (ROC) curve, distribution
of risk scores, heatmap of genes, and survival status. In analyzing
gene ontology (GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG), the R package “clusterProfiler “ was performed
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on the screened genes. These results provided insights into the
functional annotations and pathways associated with the
identified genes.

2.7 Cell lines and culture conditions

The media for SUP-B15, Jurkat, and 293T cells were Iscove’s
modified Dulbecco’s medium (IMDM; Sigma-Aldrich, China;
Merck KGaA, China) with 20% fetal bovine serum (FBS; Gibco,
China; Thermo Fisher Scientific Inc., China), RPMI-1640 medium
(1640; Sigma-Aldrich, China; Merck KGaA, China) supplemented
with 10% FBS, and Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich; Merck KGaA) with 10% FBS, respectively (20). Cell
lines were maintained in a medium containing 1% penicillin-
streptomycin (Gibco). To knock down the expression of TRIMS,
a specific short-hairpin RNA (shRNA) sequence was used. The
shRNA sequence for TRIM8 was as follows: Forward: CCGG
CCAGTACTGCTGCTACTACAG CTCGAG
CTGTAGTAGCAGCAGTACTGG TTTTG; Reverse: AATT
CAAAACCAGTACTGCTGCTACTACAG CTCGAG
CTGTAGTAGCAGCAGTACTGG. The scrambled shRNA
sequence was referred to as this plasmid (Plasmid No. 1864). The
restriction endonucleases EcoRI and Agel were used for cloning.
The TRIM8 knockdown in SUP-B15 cells was achieved using
lentiviral transduction, with psPAX2 (Plasmid No. 12260),
pMD2.G (Plasmid No. 12259), and pLKO.1-TRC control
(Plasmid No. 10879) containing “EGFP “ and “PUROR “. With 8
pg/ml of polybrene (Sigma-Aldrich; Merck KGaA), the mixture of
cells and polybrene was transduced by centrifugation (1,000 rpm) at
37°C for 1.5 h. After selecting the cells with 1 pg/ml puromycin
(ST551, Beyotime, China) for 48 h, we validated the knockdown
efficiency of TRIM8 by using qPCR.

2.8 qPCR and ROS assay

The RNA isolation and ROS assay were performed according to
the manufacturer’s instructions (Q221-01, RC102-01, Vazyme,
China; S0033S, Beyotime, China). The process of qPCR was
performed on the Bio-Rad CFX96 TouchTM Real-Time PCR
Detection system. The analysis of ROS was completed using
Attune NxT (Thermo Fisher).

2.9 Mice and ALL model construction

All mice used in the experiments were between 8 weeks and 12
weeks old, with a C57BL/6] genetic background. The models of T-
ALL and B-ALL were constructed by different viruses. In T-ALL, a
plasmid containing the sequencing of MSCV-NOTCHI-IRES-
GFP-TAA was packaged by the virus packaging plasmid Ecopack.
Two plasmids were mixed with polyethylenimine (23966,
Polysciences, China) and then added to 293T cells. The medium
was removed after 6 h, and the supernatant was collected at 48 h
and 72h. Bone marrow (BM) cells were collected from mice
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preinjected with 5-FU (51-21-8, Sigma-Aldrich; Merck) once to
enrich the hematopoietic stem and progenitor cells. The cells were
collected from the bone marrow at day5. 5 in preparation for
transduction using previously packaged virus. Infected BM cells
were infected with retroviral medium containing 8 pg/ml
polybrene (40804ES86, Yeasen, China). The infection was
repeated after 24 h to generate NOTCHI-infected preleukemia
cells. The leukemia cells (4 x 10°) were then transplanted into
lethally irradiated (9 Gy) mice by intravenous injection. For the B-
ALL model, the key sequencing was replaced from NOTCHI to N-
MYC, and the following steps were in line with the modeling of T-
ALL mice. The vector of lentiviruses expressing shRNAs for TRIM8
was mentioned before, with packaging plasmid psPAX2 and
pMD2.G. The transfection process was previously described. The
plasmids were gifts from the laboratory of MengZhao (21).

2.10 Transplantation of leukemia cells

For the infection of primary leukemia cells, a mixture of medium
containing the virus and leukemia cells (2 x 10°) was plated in 12-well
dishes with RPMI medium, 10% FBS, and cytokines as follows: SCF
(10 ng/ml), IL-3 (10 ng/ml), IL-6 (10 ng/ml), and GM-CSF (10 ng/
ml). After centrifugation for 1.5 h (768xg) (22), the medium was
removed 2 h later. Next, the cells were selected with 2 pg/ml of
puromycin after 2 days. The leukemia cells used in the last step were
the BM cells collected from previously established leukemia mice.
Subsequently, the cells were injected into the tail vein of sublethal
irradiated mice (4.5 Gy). The data, including the survival rate and
weight of the recipient mice, were recorded during the experiment.
The data on leukemic cells in BM, peripheral blood (PB), and spleen
were recorded using flow cytometry. All animal experiments
performed in this research were conducted with the approved
protocols by the Institutional Animal Care and Use Committee
(agreement number: SYSU-TACUC-2024-B0726).

3 Results

3.1 Identification of differentially expressed
genes in childhood acute lymphoblastic
leukemia based on the signature of
neutrophil extracellular traps

We integrated 67 genes that participated in NETs according to
studies reported before and performed analyses using bioinformation
integrated from the TCGA, exploring the prognostic potential of
these genes. Samples were divided into two groups according to the
expressed levels of 67 genes (Supplementary Table S1). We then
confirmed the DEGs analyzed between two cohorts and further
classified samples with NET-related genes (Figure 1A). The figure
illustrates the significant difference in KM curves between the two
groups (Figure 1B), and the following networks showed the
correlation in NET-related genes (Figure 1C). The following
heatmap showed the distribution among NET-related genes in
patients with cALL (Figure 1D). The following figure shows the
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significant difference in genes that participated in NETs between the
two groups (Figure 1E). Interestingly, analysis of pathways using
GSVA indicated that NET-related genes play a crucial role in the
function of the immune system (Figure 1F). The enrichments in the
communication of immune cells from the KEGG and GO analyses
reveal the potential of NET-related genes in the differentiation of
hematopoietic cells and immune cells (Figures 1G, H).

3.2 Analysis of immune cells and
drug sensitivity

In previous figures, NET-related genes have been found to be
associated with significant differences in prognosis. As previous
results suggest their involvement in cell communication, we
conducted a correlation analysis between immune cells and risk
scores. We found that cells including B cells (naive), plasma cells,
mast cells (activated), and NK cells (activated) were positively
correlated with risk scores, while monocytes, B cells (memory),
NK cells (resting), CD4 T cells (memory activated), CD4 T cells
(resting memory), dendritic cells (resting), mast cells (resting), CD4
T cells (naive), and T cells (follicular helper) were negatively
correlated (Figures 2A-M). Additionally, due to chemotherapy
drug resistance in relapsed cALL, we evaluated the potential
sensitivity of drugs commonly used in the treatment of leukemia.
Patients expressing high-risk genes showed resistance to drugs such
as ATRA, doxorubicin, axitinib, methotrexate, sorafenib, and
vinblastine. However, dasatinib showed a lower ICsg, indicating
its potential therapeutic effects in relapsed cALL (Figure 27T).

3.3 Evaluation for prognostic model based
on genes related to neutrophil extracellular
traps in patients with childhood acute
lymphoblastic leukemia

The results mentioned before demonstrated the potential effects
of the NET-related genes on the prognosis of cALL. To accurately
assess the prognosis of cALL, a prognostic risk model was
constructed. Data of samples were randomly divided into testing (n
= 284) and training groups (n = 285). After using Cox regression
algorithm and LASSO Cox regression algorithm, 13 genes were
selected as the most powerful predictive factors (namely, TRIMS,
ALDH3B1, RPE, IDH3A, EPB41L5, SERPINGI1, STK38L, DUSP3,
NIPSNAP3, CRMP1, RDX, PTTG1IP, and BASP1), with the formula
shown in Supplementary Table S2. The model was accomplished by
considering the expression of genes, hazard ratio, and survival status
(Figures 3A-C). We validated the model using multiple methods. The
differences in overall survival (OS) among the three groups, namely,
the training group, testing group, and merging group (combining
training and testing groups), were significant, with p < 0.001 among
the three groups. The AUCs of the ROC curves for the training group
at 1 year, 3 years, and 5 years were 0.778, 0.910, and 0. 923,
respectively, while the AUCs for the testing group were 0.492,
0.755, and 0. 688, respectively. Overall, the AUCs for the merging
group were 0.628, 0.839, and 0. 805, respectively (Figures 3D-R).
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3.4 Evaluating for nomogram
prognostic model

We performed univariate Cox regression analysis to investigate
the prognostic value of the risk score by matching the risk score of
cALL patients in the merging cohort (n = 569) with parameters
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recorded in the clinical data, such as gender, ethnicity, race, age, and
risk. These five parameters were added to a nomogram, which

demonstrated good predictive efficacy for personal prognostic

05

in predicting survival probabilities (Figure 4B).

outcomes at first, third, and fifth years (Figure 4A). Calibration
curves were then constructed to assess the consistency of the model
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3.5 Validation in cell lines and mice of
childhood acute lymphoblastic leukemia

Before conducting experiments, we observed that the expression of
TRIMS8 was higher in the high-risk group, and the differential
expression of TRIM8 contributed to the survival difference between
the two groups (Figures 5A, B). Due to the significant prognostic value
of TRIMS and its weight in the formula, we performed experiments to
validate its role in cALL. Initially, we constructed shRNA to knock
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down TRIMS in Jurkat cell lines (Figure 5C). Compared to the control
group, we observed a significant reduction in tumor cell proliferation,
along with increased levels of ROS and apoptosis (Figures 5D, E). These
results indicated the involvement of TRIMS in tumor proliferation. To
further investigate the role of TRIMS, we employed animal models. We
established a T-ALL leukemia model in C57 mice with TRIMS8
knockdown leukemia cells. The prognosis in T-ALL mice was
consistent with the bioinformatics prediction. Mice with TRIM8 gene
knockdown in leukemia cells exhibited a significant decrease in the
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Evaluation for a prognostic model of genes related to NETs in patients with cALL. (A) Plots of LASSO selecting candidate genes. (B) Cross-validation
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ROC, KM curve, heatmap related to selected NET-related genes, and plots

showing distribution between risk score and patients; (H) plots showing distribution between survival status and patients in the training group. (I-R)
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percentage of leukemia cells in peripheral blood, a noticeable reduction
in spleen size and weight, and an overall increase in body weight
(Figures 5F-H). Examination of harvested bone marrow cells showed a
significant decrease in leukemia cell count, and the results of the ROS
and annexin V assays were consistent with the trends observed in the
cell experiments. Similar trends were observed in the B-ALL cell line
and mice (Figure 6).
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4 Discussion

Previous studies have demonstrated the functions of NETSs in
cancer development and progression. Although NETs have been
extensively studied in various cancer types (23-25), the role of
NETs remains unclear in leukemia. Despite the significant
advancements in the treatment for patients with cALL (3), there
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are patients who still do not benefit from existing therapies, showing
deteriorating prognoses. Therefore, exploring the potential
contribution of NETs in the recurrence of cALL holds promise
for uncovering novel therapeutic insights.

In this research, we used multiple methods including analysis
from bioinformation and experiments to investigate the role of
NET-related genes in cALL and examine their expression patterns
in relation to immune response, drug resistance, and prognosis. To
establish a reliable prognostic model, we collected sequencing data
from the TCGA databases and performed comprehensive analyses
on groups of NET-related genes. Separating patients into high-risk
and low-risk groups according to the expression level of genes, we
observed significant differences in prognosis. The functional
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enrichment analysis of DEGs revealed their association with
neutrophil-related functions, such as immune cell activation,
cellular communication, and differentiation of hematopoietic cells.
Interestingly, this enrichment indicated a potential link between
NET-related genes and impaired hematopoietic cell differentiation,
leading to abnormal proliferation of hematopoietic cells and the
onset of leukemia.

We selected 13 NET-related genes to create a prognostic risk
model after calculating with univariate, LASSO, and regression of
multivariate logistic algorithms. Additionally, we investigated the
immune cells based on the risk groupings and explored drug
resistance patterns in patients with poor prognoses. The results
suggested that dasatinib, a drug commonly used to treat relapsed
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leukemia, may still be effective for patients with poor prognosis in
cALL. Furthermore, our findings illustrated potential roles for NET-
related genes in contributing to the diminished effectiveness of
cALL treatments. Based on these results, we further validated
TRIMS, a gene selected to construct the prognostic model, in
ALL cell line and ALL model of mice.

This is the first report investigating the role of TRIMS8 in cALL
and its relationship with NET-related genes. TRIMS8 belongs to the
tripartite motif protein family, characterized by the presence of three
conserved domains, namely the coiled-coil region, RING domain,
and B-box domain (26-28). TRIMS8 has been implicated as an
oncogenic protein, promoting cell proliferation through its
interactions with NF-kB and STAT3 (29, 30). It facilitates the
activation of NF-kB by promoting Lys63-linked polyubiquitination
of TAK1 and subsequent IKK kinase activation (31). Moreover,
TRIMS is involved in the translocation of PIAS3 from the nucleus
to the cytoplasm, therefore leading to its degradation. In the nucleus,
PIAS3 connects with NF-kB, obstructing its activation. Furthermore,
the degradation of two protein inhibitors of STAT, namely PIAS3
and SOCS-1, activates the JAK-STAT pathway via TRIMS in
response to IFN-y stimulation. TRIM8 could enhance autophagy
flux during the formation of lysosomes, leading to the suppression of
cell death caused by genotoxic stress through the inactivation of the
cleaved caspase-3 subunit. We then explored the expression of NF-kB
and JAK-STAT in our groups using the TARGET database
(Supplementary Figure S1). The results showed the NF-kB pathway
was activated in the high-risk group, while the JAK-STAT pathway
was at a low expression level in the high-risk group. Also, TRIMS8
stabilizes the X-linked inhibitor of apoptosis (XIAP), a molecule
modulating cell death and autophagy, thereby promoting the survival
of cancer cells (32). These mechanisms collectively suggest TRIM8’s
potent oncogenic potential and its ability to confer survival
advantages to cancer cells (33).

NETs are considered to have critical roles in immune evasion,
tumor encapsulation, and the protection of cancer cells from immune
surveillance, such as NK cells and CD8+ T cells (9). NETs act as a
protective shield that hinders the effectiveness of immune checkpoint
inhibitors and CAR-T cell therapy (34). Furthermore, studies have
reported that NET's can activate NF-kB, which is a common event in
most hematologic malignancies (35, 36). Additionally, autophagy, a
cellular process, can regulate several neutrophil functions, including
differentiation, lifespan, apoptosis, degranulation, and NET formation
(37, 38). The release of NETs can be modulated by autophagy.
Considering that cell death is the beginning of releasing NETs, we
assume that the death of neutrophils is the reason for downregulating
TRIMS8. A study has demonstrated NETs were increased after
chemotherapy as the drugs used in treatments are lethal for
neutrophils, leading to the release of NETs (39). Thus, the expression
level of NETs determines the effect of chemotherapy, reflecting the
prognosis of patients with ALL. The releasing NETs change many
molecules, and we validated TRIMS8 as an important factor influencing
the development of ALL during the activation of NETs. The common
path of cell death could be the potential mechanism between NET-
related genes and TRIMS. Our study provides evidence supporting
improved prognosis in cALL patients upon TRIM8 knockdown and
highlights its potential as a predictive marker.
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However, whether NET-related genes directly activate TRIMS8
remains to be elucidated. Our analysis suggests a potential
interaction between NET-related genes and TRIMS8-associated
pathways. Nevertheless, this represents a limitation of our study,
and further experimental investigations are warranted to elucidate
the specific genes in NET-related genes and pathways.

5 Conclusion

To summarize, this study investigated the role of NET-related
genes in cALL and developed a prognostic model based on their
signature. The findings suggest that the TRIMS8 gene plays a
significant role in the prognosis of cALL, and its knockdown
improved the prognosis in ALL models, indicating its potential as
a therapeutic target for cALL.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

The animal study was approved by Institutional Animal Care
and Use Committee at Sun yat-sen University (agreement number:
SYSU-TACUC-2024-B0726). The study was conducted in
accordance with the local legislation and institutional requirements.

Author contributions

WT: Formal analysis, Writing - original draft. CX:
Conceptualization, Methodology, Writing - review & editing. KS:
Methodology, Software, Writing — review & editing. YZ: Data
curation, Visualization, Writing - review & editing. MX: Formal
analysis, Writing - review & editing. JZ: Investigation, Writing -
review & editing. YW: Resources, Writing - review & editing. SL:
Funding acquisition, Project administration, Writing — review &
editing. UY: Conceptualization, Funding acquisition, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This article
is supported by the following fundings: Shenzhen Children’s
Hospital Research Grant (ynkt2021-zz26), Shenzhen Science and
Technology Innovation Commission (RCBS20200714114858018),
Shenzhen High-level Hospital Construction Fund, Sanming Project
of Medicine in Shenzhen (SZSM 202211033), Shenzhen Fund for
Guangdong Provincial High-level Clinical Key Specialties

frontiersin.org


https://doi.org/10.3389/fonc.2024.1427776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tin et al.

(SZGSP012), Shenzhen Key Medical Discipline Construction
Fund (SZXKO034).

Acknowledgments

We sincerely appreciate the contributions made by Zhao Meng
Laboratory in the construction of the leukemia model used in
this article.

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.

References

1. O'Connor D, Demeulemeester J, Conde L, Kirkwood A, Fung K,
Papaleonidopoulou F, et al. The clinicogenomic landscape of induction failure in
childhood and young adult T-cell acute lymphoblastic leukemia. J Clin Oncol. (2023)
41:3545-56. doi: 10.1200/JCO.22.02734

2. Ivanov AV, Alecsa MS, Popescu R, Starcea MI, Mocanu AM, Rusu C, et al.
Pediatric acute lymphoblastic leukemia emerging therapies-from pathway to target. Int
J Mol Sci. (2023) 24(5):4661. doi: 10.3390/ijms24054661

3. Hunger SP, Mullighan CG. Acute lymphoblastic leukemia in children. N Engl |
Med. (2015) 373:1541-52. doi: 10.1056/NEJMra1400972

4. Rafei H, Kantarjian HM, Jabbour EJ. Targeted therapy paves the way for the cure
of acute lymphoblastic leukaemia. Br ] Haematol. (2020) 188:207-23. doi: 10.1111/
bjh.16207

5. Adrover JM, McDowell SAC, He XY, Quail DF, Egeblad M. NETworking with
cancer: The bidirectional interplay between cancer and neutrophil extracellular traps.
Cancer Cell. (2023) 41:505-26. doi: 10.1016/j.ccell.2023.02.001

6. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS, et al.
Neutrophil extracellular traps kill bacteria. Science. (2004) 303:1532-5. doi: 10.1126/
science.1092385

7. Li P, Li M, Lindberg MR, Kennett MJ, Xiong N, Wang Y. PAD4 is essential for
antibacterial innate immunity mediated by neutrophil extracellular traps. ] Exp Med.
(2010) 207:1853-62. doi: 10.1084/jem.20100239

8. Cristinziano L, Modestino L, Antonelli A, Marone G, Simon HU, Varricchi G,
et al. Neutrophil extracellular traps in cancer. Semin Cancer Biol. (2022) 79:91-104.
doi: 10.1016/j.semcancer.2021.07.011

9. Teijeira A, Garasa S, Gato M, Alfaro C, Migueliz I, Cirella A, et al. CXCR1 and
CXCR2 chemokine receptor agonists produced by tumors induce neutrophil
extracellular traps that interfere with immune cytotoxicity. Immunity. (2020)
52:856-71 e8. doi: 10.1016/j.immuni.2020.03.001

10. Chen X, Liu C, Zhang A, Wu W, Liu L, Lan Y, et al. Low absolute neutrophil
count during induction therapy is an adverse prognostic factor in childhood acute
lymphoblastic leukaemia. Ann Hematol. (2021) 100:2269-77. doi: 10.1007/s00277-021-
04412-3

11. Tanaka F, Goto H, Yokosuka T, Yanagimachi M, Kajiwara R, Naruto T, et al.
Suppressed neutrophil function in children with acute lymphoblastic leukemia. Int |
Hematol. (2009) 90:311-7. doi: 10.1007/s12185-009-0412-4

12. Kim TY, Gu JY, Jung HS, Koh Y, Kim I, Kim HK. Elevated extracellular trap
formation and contact system activation in acute leukemia. ] Thromb Thrombolysis.
(2018) 46:379-85. doi: 10.1007/s11239-018-1713-3

13. Podaza E, Sabbione F, Risnik D, Borge M, Almejun MB, Colado A, et al.
Neutrophils from chronic lymphocytic leukemia patients exhibit an increased capacity
to release extracellular traps (NETSs). Cancer Immunol Immunother. (2017) 66:77-89.
doi: 10.1007/s00262-016-1921-7

14. Fang C, Liu F, Wang Y, Yuan S, Chen R, Qiu X, et al. A innovative prognostic
symbol based on neutrophil extracellular traps (NETs)-related IncRNA signature in
non-small-cell lung cancer. Aging (Albany NY). (2021) 13:17864-79. doi: 10.18632/
aging.v13il3

15. Zhang Y, Guo L, Dai Q, Shang B, Xiao T, Di X, et al. A signature for pan-cancer
prognosis based on neutrophil extracellular traps. ] Immunother Cancer. (2022) 10(6):
€004210. doi: 10.1136/jitc-2021-004210

Frontiers in Oncology

11

10.3389/fonc.2024.1427776

Publisher’s note

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

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/
full#supplementary-material

16. Xiang T, Wei Z, Ye C, Liu G. Prognostic impact and immunotherapeutic
implications of NETosis-related gene signature in gastric cancer patients. J Cell Mol
Med. (2023) 28:¢18087. doi: 10.1111/jcmm.18087

17. Wilkerson MD, Hayes DN. ConsensusClusterPlus: a class discovery tool with
confidence assessments and item tracking. Bioinformatics. (2010) 26:1572-3.
doi: 10.1093/bioinformatics/btq170

18. Chen N, He D, Cui J. A neutrophil extracellular traps signature predicts the
clinical outcomes and immunotherapy response in head and neck squamous cell
carcinoma. Front Mol Biosci. (2022) 9:833771. doi: 10.3389/fmolb.2022.833771

19. 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)
12:453-7. doi: 10.1038/nmeth.3337

20. Xing C, Xu W, Shi Y, Zhou B, Wu D, Liang B, et al. CD9 knockdown suppresses
cell proliferation, adhesion, migration and invasion, while promoting apoptosis and the
efficacy of chemotherapeutic drugs and imatinib in Ph+ ALL SUP-B15 cells. Mol Med
Rep. (2020) 22:2791-800. doi: 10.3892/mmr

21. Xu X, Zhang W, Xuan L, Yu Y, Zheng W, Tao F, et al. PD-1 signalling defines and
protects leukaemic stem cells from T cell receptor-induced cell death in T cell acute
lymphoblastic leukaemia. Nat Cell Biol. (2023) 25:170-82. doi: 10.1038/541556-022-01050-3

22. Vu LP, Prieto C, Amin EM, Chhangawala S, Krivtsov A, Calvo-Vidal MN, et al.
Functional screen of MSI2 interactors identifies an essential role for SYNCRIP in
myeloid leukemia stem cells. Nat Genet. (2017) 49:866-75. doi: 10.1038/ng.3854

23. Cools-Lartigue ], Spicer J, McDonald B, Gowing S, Chow S, Giannias B, et al.
Neutrophil extracellular traps sequester circulating tumor cells and promote metastasis.
J Clin Invest. (2013) 123:3446-58. doi: 10.1172/JCI167484

24. Park J, Wysocki RW, Amoozgar Z, Maiorino L, Fein MR, Jorns J, et al. Cancer
cells induce metastasis-supporting neutrophil extracellular DNA traps. Sci Transl Med.
(2016) 8:361ral38. doi: 10.1126/scitranslmed.aagl1711

25. Yang L, Liu Q, Zhang X, Liu X, Zhou B, Chen J, et al. DNA of neutrophil
extracellular traps promotes cancer metastasis via CCDC25. Nature. (2020) 583:133-8.
doi: 10.1038/s41586-020-2394-6

26. LiY, WuH, Wu W, Zhuo W, Liu W, Zhang Y, et al. Structural insights into the
TRIM family of ubiquitin E3 ligases. Cell Res. (2014) 24:762-5. doi: 10.1038/cr.2014.46

27. Short KM, Cox TC. Subclassification of the RBCC/TRIM superfamily reveals a
novel motif necessary for microtubule binding. J Biol Chem. (2006) 281:8970-80.
doi: 10.1074/jbc.M512755200

28. GushChina LV, Kwiatkowski TA, Bhattacharya S, Weisleder NL. Conserved
structural and functional aspects of the tripartite motif gene family point towards
therapeutic applications in multiple diseases. Pharmacol Ther. (2018) 185:12-25.
doi: 10.1016/j.pharmthera.2017.10.020

29. Guo L, Dong W, Fu X, Lin ], Dong Z, Tan X, et al. Tripartite motif 8 (TRIMS)
positively regulates pro-inflammatory responses in pseudomonas aeruginosa-induced
keratitis through promoting K63-linked polyubiquitination of TAK1 protein.
Inflammation. (2017) 40:454-63. doi: 10.1007/s10753-016-0491-3

30. Liau NPD, Laktyushin A, Lucet IS, Murphy JM, Yao S, Whitlock E, et al. The
molecular basis of JAK/STAT inhibition by SOCS1. Nat Commun. (2018) 9:1558.
doi: 10.1038/s41467-018-04013-1

31. Li Q Yan J, Mao AP, Li C, Ran Y, Shu HB, et al. Tripartite motif 8 (TRIMS)
modulates TNFalpha- and IL-1beta-triggered NF-kappaB activation by targeting TAK1

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1427776/full#supplementary-material
https://doi.org/10.1200/JCO.22.02734
https://doi.org/10.3390/ijms24054661
https://doi.org/10.1056/NEJMra1400972
https://doi.org/10.1111/bjh.16207
https://doi.org/10.1111/bjh.16207
https://doi.org/10.1016/j.ccell.2023.02.001
https://doi.org/10.1126/science.1092385
https://doi.org/10.1126/science.1092385
https://doi.org/10.1084/jem.20100239
https://doi.org/10.1016/j.semcancer.2021.07.011
https://doi.org/10.1016/j.immuni.2020.03.001
https://doi.org/10.1007/s00277-021-04412-3
https://doi.org/10.1007/s00277-021-04412-3
https://doi.org/10.1007/s12185-009-0412-4
https://doi.org/10.1007/s11239-018-1713-3
https://doi.org/10.1007/s00262-016-1921-7
https://doi.org/10.18632/aging.v13i13
https://doi.org/10.18632/aging.v13i13
https://doi.org/10.1136/jitc-2021-004210
https://doi.org/10.1111/jcmm.18087
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.3389/fmolb.2022.833771
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.3892/mmr
https://doi.org/10.1038/s41556-022-01050-3
https://doi.org/10.1038/ng.3854
https://doi.org/10.1172/JCI67484
https://doi.org/10.1126/scitranslmed.aag1711
https://doi.org/10.1038/s41586-020-2394-6
https://doi.org/10.1038/cr.2014.46
https://doi.org/10.1074/jbc.M512755200
https://doi.org/10.1016/j.pharmthera.2017.10.020
https://doi.org/10.1007/s10753-016-0491-3
https://doi.org/10.1038/s41467-018-04013-1
https://doi.org/10.3389/fonc.2024.1427776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tin et al.

for K63-linked polyubiquitination. Proc Natl Acad Sci U S A. (2011) 108:19341-6.
doi: 10.1073/pnas.1110946108

32. Esposito JE, De Iuliis V, Avolio F, Liberatoscioli E, Pulcini R, Di Francesco S,
et al. Dissecting the functional role of the TRIMS8 protein on cancer pathogenesis.
Cancers (Basel). (2022) 14(9):2309. doi: 10.3390/cancers14092309

33. Bhaduri U, Merla G. Rise of TRIMS8: A molecule of duality. Mol Ther Nucleic
Acids. (2020) 22:434-44. doi: 10.1016/j.omtn.2020.08.034

34. Yan M, Gu Y, Sun H, Ge Q. Neutrophil extracellular traps in tumor progression and
immunotherapy. Front Immunol. (2023) 14:1135086. doi: 10.3389/fimmu.2023.1135086

35. Xiu Y, Dong Q, Fu L, Bossler A, Tang X, Boyce B, et al. Coactivation of NF-
kappaB and Notch signaling is sufficient to induce B-cell transformation and enables
B-myeloid conversion. Blood. (2020) 135:108-20. doi: 10.1182/blood.2019001438

Frontiers in Oncology

12

10.3389/fonc.2024.1427776

36. Imbert V, Peyron JF. NF-KappaB in hematological Malignancies. Biomedicines.
(2017) 5(2):27. doi: 10.3390/biomedicines5020027

37. Liang X, Liu L, Wang Y, Guo H, Fan H, Zhang C, et al. Autophagy-driven
NETosis is a double-edged sword - Review. BioMed Pharmacother. (2020) 126:110065.
doi: 10.1016/j.biopha.2020.110065

38. Yirong C, Shengchen W, Jiaxin S, Shuting W, Ziwei Z. DEHP induces neutrophil
extracellular traps formation and apoptosis in carp isolated from carp blood via
promotion of ROS burst and autophagy. Environ pollut. (2020) 262:114295.
doi: 10.1016/j.envpol.2020.114295

39. Wang CY, Lin TT, Hu L, Xu CJ, Hu F, Wan L, et al. Neutrophil extracellular

traps as a unique target in the treatment of chemotherapy-induced peripheral
neuropathy. EBioMedicine. (2023) 90:104499. doi: 10.1016/j.ebiom.2023.104499

frontiersin.org


https://doi.org/10.1073/pnas.1110946108
https://doi.org/10.3390/cancers14092309
https://doi.org/10.1016/j.omtn.2020.08.034
https://doi.org/10.3389/fimmu.2023.1135086
https://doi.org/10.1182/blood.2019001438
https://doi.org/10.3390/biomedicines5020027
https://doi.org/10.1016/j.biopha.2020.110065
https://doi.org/10.1016/j.envpol.2020.114295
https://doi.org/10.1016/j.ebiom.2023.104499
https://doi.org/10.3389/fonc.2024.1427776
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	TRIM8 as a predictor for prognosis in childhood acute lymphoblastic leukemia based on a signature of neutrophil extracellular traps
	1 Introduction
	2 Materials and methods
	2.1 Data resources
	2.2 Data processing
	2.3 Analysis for clustering
	2.4 Survival and enrichment analysis
	2.5 Drug sensitivity and correlation analysis
	2.6 Evaluation of prognostic model
	2.7 Cell lines and culture conditions
	2.8 qPCR and ROS assay
	2.9 Mice and ALL model construction
	2.10 Transplantation of leukemia cells

	3 Results
	3.1 Identification of differentially expressed genes in childhood acute lymphoblastic leukemia based on the signature of neutrophil extracellular traps
	3.2 Analysis of immune cells and drug sensitivity
	3.3 Evaluation for prognostic model based on genes related to neutrophil extracellular traps in patients with childhood acute lymphoblastic leukemia
	3.4 Evaluating for nomogram prognostic model
	3.5 Validation in cell lines and mice of childhood acute lymphoblastic leukemia

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



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

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


