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Background: FBXW7 is recognized as a critical tumor suppressor gene and a

component of the ubiquitin-proteasome system, mediating the degradation of

multiple oncogenic proteins, including c-MYC, Cyclin E, c-Jun, Notch, p53.

Around 16% of colorectal cancer (CRC) patients carried FBXW7 somatic

mutations, while a comprehensive characterization of FBXW7 somatic

mutations in CRC is still lacking.

Methods: Colorectal cancer patients with tumor samples and matching white

blood cell samples in the past five years were screened and DNA sequenced.

DNA sequencing data of MSK MetTropism cohort and RNA sequencing data of

TCGA COAD cohort were analyzed.

Results: We discovered that the FBXW7 mutations were associated with higher

tumor mutation burden (TMB), higher microsatellite instability (MSI) score, and

lower chromosomal instability (CIN) score. Patients with FBXW7 mutations

showed better overall survival (HR: 0.67; 95%CI: 0.55-0.80, P < 0.001).

However, patients with FBXW7 R465C mutation displayed worse overall

survival in multi-variate cox analysis when compared with patients carrying

other FBXW7 mutations (HR: 1.6; 95%CI: 1.13-3.1, P = 0.015), and with all other

patients (HR: 1.87; 95%CI: 0.99-2.5, P = 0.053). Moreover, in MSI patients, the

FBXW7 mutated group showed higher M1 macrophage, CD8+ T cell, and

regulatory T cell (Tregs) infiltration rates, and significant enrichment of multiple

immune-related gene sets, including interferon-gamma response, interferon-

alpha response, IL6 JAK STAT3 signaling, p53 pathway.

Conclusion: This analysis comprehensively identified FBXW7 alterations in

colorectal cancer patients and uncovered the molecular, clinicopathological,

and immune-related patterns of FBXW7-altered CRC patients.
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Introduction

Colorectal cancer (CRC) was the third leading cause of cancer

incidence and death in 2021, with an estimated over 150000 new

cases and 52000 mortalities in 2022 (1). During the past decade,

both the mortality and incidence rate of CRC dropped by around

2% each year due to the increasing early prevention by colonoscopy

(1, 2). Five-year survival for metastatic disease stayed at 15%, calling

for improving therapeutic choices (1). It is commonly

acknowledged that the molecular subsetting of CRCs can facilitate

the therapeutic decision-making for targeted agents and radiation,

as patients with different molecular profiles present distinct clinical

outcomes and treatment responses (3, 4). For instance,

microsatellite instability-high (MSI-H) CRC patients achieved

better responses toward immune checkpoint inhibitor therapy (5),

and KRAS mutations were a negative predictor of response to

panitumumab or cetuximab therapies, which both are first-line

treatments of CRC (6). Therefore, studying the molecular profiles of

CRC patients may provide hints for novel targeted therapeutical

interventions and clinical outcome prediction.

FBXW7 (F-box/WD repeat domain-containing 7) was recorded

in around 14% of CRC patients (7), as one of the most frequently

mutated genes in CRC, along with APC, TP53, and KRAS (8).

FBXW7 was recognized as a critical tumor suppressor gene and a

part of the SCF (SKP1-CUL1-F-box protein) complex, an E3

ubiquitin ligase that conducts protein ubiquitylation and

stimulates subsequential proteosome-mediated degradation (9).

Furthermore, FBXW7 is known to be responsible for the

degradation of multiple oncogenic genes, including c-MYC,

Cyclin E, c-Jun, Notch, p53, and inactivation of it may disrupt

the downstream signaling pathways, which can lead to respective

disease conditions, especially tumorigenesis (10). FBXW7 was

associated with the DNA damage response and repair process by

regulating FA (Fanconi Anaemia) and NHEJ (non-homolog end-

joining) pathways (11).

In previous research, the correlations between FBXW7 mutations

and pathological characteristics in colorectal cancer were inconsistent.

In a study involving 1519 colorectal cancer patients, FBXW7mutations

were more common in stage I/II patients (12), while a meta-analysis

involving 4199 patients showed that FBXW7 mutations were

correlated with advanced T stage and lymph node metastasis (13).

Regarding other types of tumors, in gastric cancer, FBXW7 mutated

patients had larger tumor size (14). In human breast cancer, ERBB2

and basal tumors showed significantly lower average FBXW7

expressions than normal-like tumors (15). Moreover, the clinical

significance of FBXW7 mutations in colorectal cancer remains

controversial. Multiple studies reported FBXW7 alterations as

prognostic indicators in CRC, yet the results were not consistent

among different studies (12, 16–18). Hence, a detailed and

comprehensive study exploring the molecular and clinicopathological

profiles of FBXW7 mutated CRC patients is still lacking.

In this series, three cohorts were analyzed for different aims. A

dataset of 7626 CRC tumors was profiled to uncover the genetic and

clinicopathological characteristics of FBXW7 mutated patients.

Clinical outcomes and risk factors were analyzed using 3541 CRC
Frontiers in Oncology 02
patients from the MSK cohort with overall survival data. Immune

cell infiltration and gene set enrichment analyses were conducted

on RNA sequencing data from 263 patients in the TCGA

COAD cohort.
Materials and methods

Study cohort

Tumors and matching white blood cell samples from 7638 CRC

patients were sequenced by a panel targeting 425 cancer-related

genes. Samples with no nonsynonymous mutation were excluded

from the analyses. All patients/participants provided their written

informed consent upon the sample collection data and the study

was approved by the Ethical Committee of The First Affiliated

Hospital of Nanjing Medical University (Approval No. 2022-

SR-294).

Two published independent data sets were also analyzed in this

study. 3541 colorectal cancer patients with overall survival data in

the MSK MetTropism (https://www.cbioportal.org/) cohort were

analyzed for survival outcomes and risk factors. 263 patients with

RNA sequencing data in the TCGA COAD (https : / /

portal.gdc.cancer.gov/projects/TCGA-COAD) cohort were

analyzed for immune cell infiltration rates and gene set

enrichment. Detailed study design is shown in Figure 1.
DNA extraction and sequencing
library preparation

As previously described (19), genomic DNAs in formalin-fixed

paraffin-embedded (FFPE) tissues and blood control samples were

extracted with QIAamp DNA FFPE Tissue Kit and DNeasy Blood

and Tissue Kit (Qiagen, Hilden, Germany). The extracted DNA was

quantified and quality-assessed using the Qubit 3.0 fluorometer and

Nanodrop 2000 (Thermo Fisher Scientific). KAPA Hyper Prep Kit

(KAPA Biosystems) was applied for sequencing library preparation.

The capture reaction was performed on Dynabeads M-270 (Life

Technologies, Carlsbad, CA, USA) and xGen Lockdown; the

amplification of the obtained libraries was processed using KAPA

HiFi HotStart ReadyMix (KAPA Biosystems) on bead; purification

was performed on Agencourt AMPure XP beads (Beckman

Coulter). Captured libraries were quantified by qPCR with the

KAPA Library Quantification Kit (KAPA Biosystems), and the

fragment size was assessed by Bioanalyzer 2100 (Agilent

Technologies, Santa Clara, CA, USA). The resulting library was

sequenced using HiSeq4000 NGS platforms (Illumina, San Diego,

CA, USA) following manual instructions.
Next generation sequencing

Sequencing data were processed as previously described (19). In

short, the data was demultiplexed, and “Trimmomatic” was applied
frontiersin.org
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to filter low-quality data (quality < 20) and N bases (20). The

qualified reads were aligned to the reference human genome

(Human Genome version 19) with “Burrows-Wheller Aligner”.

“Genome Analysis Toolkit” (GATK 3.4.0) was used for local

realignments around indels together with base score recalibration,

and deduplication was performed on Picard. Mutation calling and

annotation were performed using “VarScan2” and “vcf2maf”,

respectively. Insertion and deletion mutations were called with

“VarScan2”. Single-nucleotide variations (SNV) with a variant

allele frequency (VAF) of less than 1% in tissue samples and 0.3%

for plasma samples were removed from the analysis. SNVs labeled

as presented in more than 1% population in the 1000 Genomes

Project or the Exome Aggregation Consortium (ExAC) 65,000

exomes database were filtered. Sequencing artifacts, germline

variants, and clonal hematopoiesis were removed by parallel

sequencing of tumor-normal blood sample pairs. The tumor

purities were estimated using “ABSOLUTE” and samples with a

tumor purity larger than 0.2 were kept for further analysis (21).
Microsatellite instability score, tumor
mutation burden, hypermutation
status, and chromosomal instability
score definition

Microsatellite instability (MSI) was determined based on the status

of 52 indel sites covered by the targeted NGS panel. The panel MSI

status detection ability was validated using 90 samples with “promega

MSI analysis system v1.2” as a reference. The panel displayed an

accuracy of 95.6% (sensitivity: 96.8%; specificity: 94.9%). The cutoff was

set as the Youden index of the ROC curve generated by the assay

validation. Tumor mutation burden (TMB) was calculated as the total

number of nonsynonymous somatic mutations per megabase (Muts/

Mb). Patients with TMB higher than 12 Muts/Mb and lower than 100

Muts/Mb were considered hypermutated (22, 23), and patients with

TMB higher than 100 Muts/Mb were recognized as ultrahypermutated

(24). The chromosomal instability (CIN) score was calculated with the
Frontiers in Oncology 03
mean percentage of genes with abnormal (log2 ratio > ± 0.2) copy

numbers, weighted on 22 autosomal chromosomes. All variant calling,

MSI, CIN, and TMB definitions were CLIA/CAP accredited.
Data analysis

Statistical analyses were performed in R (v4.2.1). The differences

in numerical variables were compared using the Fisher’s exact test

implemented in R. The differences between groups were compared

using the Wilcoxon rank-sum test in R. Survival analyses were

performed using the Kaplan-Meier method and multivariate cox

analysis. P values in multiple comparisons were FDR (false

discovery rate) adjusted and tests with P values or FDR less than

0.05 were considered to be statistically significant. In the gene set

enrichment analysis (GSEA) (25), an FDR less than 0.25 was

considered significant according to the software manual.
Results

Clinicopathological characteristics

We analyzed the sequencing data for 7626 CRC samples

profiled by targeted next-generation sequencing. The clinical

features of this cohort were comparable to previous CRC studies,

such as 60% were male patients, a representative age distribution

with a median of 59 (26) (Table S1). The most mutated genes in this

cohort included TP53, APC, KRAS, PIK3CA, SMAD4, and

FBXW7, which accounted for 75%, 63%, 46%, 21%, 19%, 18% of

total nonsynonymous mutations, respectively (Figure 2A). A total

of 1365 FBXW7 mutated patients were identified in the cohort.

There were no discrepancies in age (Figure 2B) and gender (P =

0.879) between FBXW7 mutated and wild-type (WT) CRC patients

(Table S1). Microsatellite (P < 0.001) and hypermutation (P <

0.001) status were significantly associated with FBXW7 mutation

status (Table S1). FBXW7 mutated CRC patients showed higher
FIGURE 1

Flow chart of the study.
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TMB (P < 0.001, Figure 2C), higher MSI score (P < 0.001,

Figure 2D), and lower CIN score (P < 0.001, Figure 2E). Almost

all gene mutations with a minor allele frequency (MAF) larger than

5%, except SMAD4 and BRAF, were positively associated with

FBXW7 mutations (FDR < 0.001, odds ratio [OR] > 1.0, Table S3).

Only TP53 mutations were negatively associated with FBXW7

mutations (FDR < 0.001, OR = 0.749, Table S3).
FBXW7 mutated patients showed better
overall survival

In the MSK MetTropism cohort, colorectal cancer patients with

FBXW7 somatic mutations had better overall survival outcomes

(hazard ratio [HR]: 0.67; 95% confidence interval [CI]: 0.55-0.80, P <
Frontiers in Oncology 04
0.001, Figure S1A). Regarding the hypermutation status, for both

FBXW7 mutated and WT patients, ultrahypermutated patients

showed better overall survival, followed by hypermutated patients

(Figure 3A, P < 0.001). FBXW7 mutated patients had better

prognosis outcomes in all hypermutation statuses (Figure 3A).

Similarly, the same trend was discovered regarding primary tumor

locations (Figure 3B) and KRASmutation status (Figure 3D). However,

this was not confirmed in the multivariate Cox model, with covariates

including MSI status, age, sex, TMB (Figure S2). The MSI status was

the most significant factor affecting overall survival outcomes(P <

0.001, Figure S2). Nevertheless, FBXW7 mutated MSI and MSS

patients both showed a better trend in overall survival (Figure 3C),

though were not statistically significant (Figures S1B, C). Interestingly,

in the FBXW7mutated group, TP53mutated patients had significantly

worse overall survival outcomes than theirWT counterpart (P = 0.027),
A

B D EC

FIGURE 2

Molecular characteristics of FBXW7 somatic mutations in the recruitment cohort. (A) Oncoprint of top 15-mutated genes in the recruitment cohort;
(B) Boxplot of the age of FBXW7-mutated and FBXW7-wild type patients; (C) Boxplot of the tumor mutation burden of FBXW7-mutated and FBXW7-
wild type patients; (D) Boxplot of the microsatellite instability score of FBXW7-mutated and FBXW7-wild type patients; (E) Boxplot of the
chromosomal instability scores of FBXW7-mutated and FBXW7-wild type patients.
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while among FBXW7 WT patients, there was no difference in

prognosis between the two groups (P = 0.47, Figure 3E).
FBXW7 R465C is a negative overall
survival indicator

The overall survival outcomes of each site of FBXW7 mutations

were explored using the MSK cohort. The most frequent mutations of

FBXW7 were R505C, R465H, R465C, R278*, S582L (Figure 4A), and
Frontiers in Oncology 05
missense mutations were the most dominant mutation type. Patients

carrying different FBXW7 somatic alterations showed similar overall

survival outcomes, apart from those carrying R465C mutations, who

had a worse prognosis compared to other FBXW7 mutated patients

(HR: 1.92, 95%CI: 1.16-3.16, P = 0.0096, Figure 4B). In themultivariate

cox analysis within FBXW7mutated patients, the R465C alteration was

still identified as a significant negative factor (HR: 1.87; 95% CI: 1.13-

3.1, P = 0.015, Figure 4D). When compared to all other patients who

did not carry FBXW7 R465C alterations, the Kaplan-Meier model did

not show significant differences (HR: 0.81, 95% CI: 0.51-1.29, P = 0.37,
A B

D

E

C

FIGURE 3

Overall survival outcomes of different subgroups in the MSK cohort. (A) Kaplan-Meier overall survival curves of colorectal cancer patients according
to hypermutation status and FBXW7 mutation status; (B) Kaplan-Meier overall survival curves of colorectal cancer patients according to tumor sites
and FBXW7 mutation status; (C) Kaplan-Meier overall survival curves of colorectal cancer patients according to microsatellite status and FBXW7
mutation status; (D) Kaplan-Meier overall survival curves of colorectal cancer patients according to KRAS mutation status and FBXW7 mutation
status; (E) Kaplan-Meier overall survival curves of colorectal cancer patients according to TP53 mutation status and FBXW7 mutation status.
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Figure 4C), while in the multivariate cox analysis, after MSI status

correction, the R465C alteration was identified as a negative indicator

for OS (HR: 1.6; 95% CI: 0.99-2.5, P = 0.053, Figure 4E).
Immune cell infiltration and gene set
enrichment analysis

263 patients with RNA sequencing data in the TCGA COAD

cohort were used for immune cell infiltration and gene set
Frontiers in Oncology 06
enrichment analysis (GSEA). The cohort was divided into four

groups based on their FBXW7 mutation status and MSI status

and compared, as FBXW7 was previously found to be highly

associated with MSI. There was no difference in the infiltration

rates of all immune cells between FBXW7 mutated and WT

groups in microsatellite stable patients (Figure 5A), while MSI

FBXW7 mutated patients had higher M1 macrophage (P =

0.009), CD8+ T cell (P = 0.002), and regulatory T cell (P =

0.032) infiltration rates (Figure 5B). In the GSEA analysis, 11
A

B

D E

C

FIGURE 4

Frequencies of FBXW7 mutation sites and related overall survival outcomes in the MSK cohort. (A) Lollipop plot unveiling the mutation frequencies of
each site of FBXW7; (B) Kaplan-Meier overall survival curves of between colorectal cancer patients carrying FBXW7 R465C mutations and other
FBXW7 mutations; (C) Kaplan-Meier overall survival curves of between colorectal cancer patients carrying FBXW7 R465C mutations and not carrying
FBXW7 R465C mutations; (D) Forest plot of overall survival regarding the MS status, FBXW7 R465C mutation status, TMB, sex, age in FBXW7-mutated
patients; (E) Forest plot of overall survival regarding the MS status, FBXW7 R465C mutation status, TMB, sex, age in all patients. HR, hazard ratio; CI,
confidential interval.
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hallmark gene sets were enriched in the FBXW7 mutated

phenotype in MSI patients, including interferon-gamma

response, interferon-alpha response, TNFA signaling via

NFKB, inflammatory response, IL6 JAK STAT3 signaling,
Frontiers in Oncology 07
complement, p53 pathway, IL2 STAT5 signaling, apoptosis

(Figures 5C, D; Table S2). No gene sets were significantly

enriched in the other three groups (MSI FBXW7 WT, MSS

FBXW7 mutated, MSS FBXW7 WT).
A

C

B

D

FIGURE 5

Immune cell infiltration analysis and gene-set enrichment analysis in the TCGA COAD cohort. (A) Boxplots of immune cell infiltration rates in
microsatellite instable patients regarding different FBXW7 mutation status; (B) Boxplots of immune cell infiltration rates in microsatellite stable patients
regarding different FBXW7 mutation status; (C) Hallmark gene set interferon gamma response enrichment plot in TCGA COAD patients regarding FBXW7
mutation status; (D) Hallmark gene set allograft rejection enrichment plot in TCGA COAD patients regarding FBXW7 mutation status.
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Discussion

FBXW7 mutation rate was recorded as 2.54% throughout all

human cancer, of which 72.70% were missense mutations and

13.82% were nonsense mutations (27). FBXW7 is a topic of

increasing interest in cancer research, as it serves a role in protein

ubiquitylation and proteosome-mediated degradation, which is

responsible for the regulation of multiple crucial oncogenes.

FBXW7 also plays a part in the signaling pathway regulating cell

apoptosis, cell proliferation, cell cycle, tumorigenesis and invasion,

DNA damage repair (DDR), genomic instability and telomere (28–

30). FBXW7 had a high mutation rate in colorectal cancer patients

of about 18% (Figure 2A) and inactivation of it may induce the

disruption of the above-mentioned pathways, which may lead to

tumorigenesis. However, detailed characterizations of FBXW7 in

colorectal cancer patients is still lacking. In this study, we performed

a comprehensive profiling of FBXW7 in CRC.

FBXW7 mutated CRC patients were found to have higher MSI

scores, higher TMB, and lower CIN scores. It was reported before

that FBXW7 was involved in the DNA damage response and repair

by promoting the degradation of p53, PLK1, SOX9, and BLM upon

DNA damage stress (29, 31–33), inactivation of which may disrupt

this process and resulting in a higher TMB value. In previous

studies, the majority of MSI-high patients were identified as TMB-

high (34), and CRC patients with defective DNA damage response

more commonly had MSI-H tumors (35), which may help explain

the higher TMB and MSI scores in FBXW7 mutated patients.

Though FBXW7 inactivation was considered CIN-promoting (36,

37), we observed decreased CIN scores in FBXW7 mutated CRC

patients. As FBXW7 mutated patients were significantly enriched in

the MSI group and had higher TMB, which means carrying more

somatic mutations, it was predictable that FBXW7 mutations were

positively correlate to other gene mutations.

The association between FBXW7 mutations and prognosis

remains controversial among various studies. A study with 855

metastatic CRC patients reported FBXW7 missense mutation as a

strong negative factor for OS (P = 0.003) (16). However, another study

including 1519 CRC patients found that FBXW7 mutated patients

showed a constant better trend in 5-year survival, though not

statistically significant (P = 0.665) (12). Disease-free survival of

FBXW7 mutated CRC patients was significantly better than that of

FBXW7 WT patients in the TCGA colorectal cohort (P < 0.001) (28).

Interestingly, in a meta-analysis studying 4199 CRC patients, it was

stated that FBXW7 mutations were associated with advanced T stages

and lymph node metastases (13). In our study, FBXW7 mutated

patients had numerically longer OS, as no statistically significant

differences were highlighted in the multivariate Cox analysis.

However, FBXW7 mutated patients displayed continuous better OS

in both MSI and MSS patients, while MSI status was the most

important indicator for OS (Figure 3C).

p53 regulation of FBXW7may explain the disparities in patients

with different FBXW7 mutation statuses in terms of OS between

TP53 mutated and WT patients (Figure 3E). The tumor suppressor

protein p53, encoded by TP53, was reported to be responsible for
Frontiers in Oncology 08
promoting cell cycle arrest to allow DNA repair and/or apoptosis

under cellular stress (38, 39), and inactivation of TP53 was

considered as a promoter of tumorigenesis. Moreover, after DNA

damage, the p53 level will decrease through FBXW7-involved

protease-mediated degradation to induce cell proliferation

recovery (40), while decreased p53 levels may lead to tumor

survival and resistance to treatments (40). Hence, FBXW7-

mutated and TP53-WT patients may have a better tumor

prognosis, as the p53 degradation process was inactivated and a

high p53 level was maintained.

Regarding the prognosis significance of each FBXW7 mutation

sites, in a previous study, patients with FBXW7 R465H/R465C/

R479Q mutations were reported to have better overall survival

outcomes compared to other mutation sites (12). However, the

results for single mutation sites were missing. In our study,

interestingly, we discovered that patients carrying FBXW7 R465C

mutation had worse OS when compared to patients carrying all

other FBXW7 mutations (P = 0.0096), even when compared to

patients with FBXW7 R465H of the same site (HR: 3.08, 95% CI:

1.28-7.39, P = 0.0082, Figure S3). It was also labeled as a negative

prognosis indicator in multivariate cox analysis of all CRC patients

after MSI status correction (P = 0.053). R465 is the most commonly

mutated site of FBXW7 in human cancers and was considered a

loss-of-function mutation (9). WT FBXW7 and FBXW7 R465C

mutant co-expression was associated with increasing steady-state

cyclin E1 level and half-life (41). Also, FBXW7 R465C mutants were

found unable to degrade c-MYC and BRAF, which were recognized

as substrates of WT FBXW7 (42). Notably, in a previous study, it is

hypothesized that at low PH, FBXW7 R465H may function

normally and bond to substrates stably, while at high PH,

histidine is more likely to be neutral, which can cease binding to

the substrates (43). However, the mechanisms of how FBXW7

R465C mutations influenced the overall survival of CRC patients

were still unknown.

In the immune cell infiltration analysis, we found higher

infiltration rates of M1 macrophages, CD8+ T cells, and Tregs in

FBXW7 mutated MSI patients. Multiple immune-related gene sets,

including interferon-gamma and alpha response, inflammatory

response, IL6, IL2, p53, and apoptosis signaling pathways, were

identified as enriched in the FBXW7 mutated MSI patients. Hence,

we hypothesize that, under microsatellite instable conditions, FBXW7

mutated patients had elevated immune-related activities. The

mechanisms behind such phenomenon need further elucidation.

In all, we performed a comprehensive profiling of FBXW7

mutation in CRC patients using three independent cohorts

discovering that the FBXW7 mutations were associated with

higher TMB, higher MSI scores, and lower CIN scores. We

reported for the first time that FBXW7 R465C was predictive for

worse OS, and the FBXW7 mutated group in MSI patients showed

elevated immune-related activities compared to MSS patients.

However, due to the lack of some clinicopathological information

on data sets used in this study, the clinical impact of FBXW7 in

colorectal cancer was not fully uncovered. Future studies with

complete clinical features are warranted.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1154432
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2023.1154432
Data availability statement

The data that support the findings of this study are available

from the corresponding author upon reasonable request.
Ethics statement

The studies involving human participants were reviewed and

approved by the Ethical Committee of The First Affiliated Hospital

of Nanjing Medical University (Approval No. 2022-SR-294). The

patients/participants provided their written informed consent to

participate in this study.
Author contributions

Conceptualization: YL. Methodology: HB, RW, LZ. Validation:

JZ. Formal analysis: YL, HC, HB. Data curation: JZ. Supervision:

RW, LZ. Original draft preparation: YL, HC, HB, JZ. Review and

editing: RW, LZ, HC, HB. All authors contributed to the article and

approved the submitted version.

Funding

This study was supported by the National Natural Science

Foundation of China (82273407), Jiangsu Provincial Department

of Science and Technology (BK20201495), Jiangsu Association for

Science and Technology (JSKXKT 2022033), Chinese Society of

Clinical Oncology (303072535KH20).
Frontiers in Oncology 09
Acknowledgments

We would like to thank the patients and family members who

gave their consent on presenting the data in this study, as well as the

investigators and research staff involved in this study.
Conflict of interest

HC, HB and JZ are employees of Nanjing Geneseeq Technology

Inc., China.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be constructed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1154432/

full#supplementary-material
References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin
(2022) 72(1):7–33. doi: 10.3322/caac.21708

2. Brenner H, Chang-Claude J, Jansen L, Knebel P, Stock C, Hoffmeister M. Reduced risk
of colorectal cancer up to 10 years after screening, surveillance, or diagnostic colonoscopy.
Gastroenterology. (2014) 146(3):709–17. doi: 10.1053/j.gastro.2013.09.001

3. Dienstmann R, Vermeulen L, Guinney J, Kopetz S, Tejpar S, Tabernero J.
Consensus molecular subtypes and the evolution of precision medicine in colorectal
cancer. Nat Rev Cancer. (2017) 17(4):268. doi: 10.1038/nrc.2016.126

4. Liu Y, Sethi NS, Hinoue T, Schneider BG, Cherniack AD, Sanchez-Vega F, et al.
Comparative molecular analysis of gastrointestinal adenocarcinomas. Cancer Cell
(2018) 33(4):721–35 e8. doi: 10.1016/j.ccell.2018.03.010

5. Sahin IH, Ciombor KK, Diaz LA, Yu J, Kim R. Immunotherapy for microsatellite
stable colorectal cancers: Challenges and novel therapeutic avenues. Am Soc Clin Oncol
Educ Book. (2022) 42:1–12. doi: 10.1200/EDBK_349811

6. Bardelli A, Siena S. Molecular mechanisms of resistance to cetuximab and
panitumumab in colorectal cancer. J Clin Oncol (2010) 28(7):1254–61. doi: 10.1200/
JCO.2009.24.6116

7. Jardim DL, Wheler JJ, Hess K, Tsimberidou AM, Zinner R, Janku F, et al. FBXW7
mutations in patients with advanced cancers: clinical and molecular characteristics and
outcomes with mTOR inhibitors. PloS One (2014) 9(2):e89388. doi: 10.1371/
journal.pone.0089388

8. Lee CS, Song IH, Lee A, Kang J, Lee YS, Lee IK, et al. Enhancing the landscape of
colorectal cancer using targeted deep sequencing. Sci Rep (2021) 11(1):8154. doi:
10.1038/s41598-021-87486-3
9. Yeh CH, Bellon M, Nicot C. FBXW7: a critical tumor suppressor of human
cancers. Mol Cancer (2018) 17(1):115. doi: 10.1186/s12943-018-0857-2

10. Shen W, Zhou Q, Peng C, Li J, Yuan Q, Zhu H, et al. FBXW7 and the hallmarks
of cancer: Underlying mechanisms and prospective strategies. Front Oncol (2022)
12:880077. doi: 10.3389/fonc.2022.880077

11. Lan H, Sun Y. Tumor suppressor FBXW7 and its regulation of DNA damage
response and repair. Front Cell Dev Biol (2021) 9:751574. doi: 10.3389/
fcell.2021.751574

12. Chang CC, Lin HH, Lin JK, Lin CC, Lan YT, Wang HS, et al. FBXW7 mutation
analysis and its correlation with clinicopathological features and prognosis in colorectal
cancer patients. Int J Biol Markers. (2015) 30(1):e88–95. doi: 10.5301/jbm.5000125

13. Shang W, Yan C, Liu R, Chen L, Cheng D, Hao L, et al. Clinical significance of
FBXW7 tumor suppressor gene mutations and expression in human colorectal cancer:
a systemic review and meta-analysis. BMC Cancer (2021) 21(1):770. doi: 10.1186/
s12885-021-08535-8

14. Koga Y, Iwatsuki M, Yamashita K, Kiyozumi Y, Kurashige J, Masuda T, et al.
The role of FBXW7, a cell-cycle regulator, as a predictive marker of recurrence of
gastrointestinal stromal tumors. Gastric Cancer (2019) 22(6):1100–8. doi: 10.1007/
s10120-019-00950-y

15. Wei G, Wang Y, Zhang P, Lu J, Mao JH. Evaluating the prognostic significance
of FBXW7 expression level in human breast cancer by a meta-analysis of
transcriptional profiles. J Cancer Sci Ther (2012) 4(9):299–305. doi: 10.4172/1948-
5956.1000158

16. Korphaisarn K, Morris VK, Overman MJ, Fogelman DR, Kee BK, Raghav KPS,
et al. FBXW7 missense mutation: a novel negative prognostic factor in metastatic
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1154432/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1154432/full#supplementary-material
https://doi.org/10.3322/caac.21708
https://doi.org/10.1053/j.gastro.2013.09.001
https://doi.org/10.1038/nrc.2016.126
https://doi.org/10.1016/j.ccell.2018.03.010
https://doi.org/10.1200/EDBK_349811
https://doi.org/10.1200/JCO.2009.24.6116
https://doi.org/10.1200/JCO.2009.24.6116
https://doi.org/10.1371/journal.pone.0089388
https://doi.org/10.1371/journal.pone.0089388
https://doi.org/10.1038/s41598-021-87486-3
https://doi.org/10.1186/s12943-018-0857-2
https://doi.org/10.3389/fonc.2022.880077
https://doi.org/10.3389/fcell.2021.751574
https://doi.org/10.3389/fcell.2021.751574
https://doi.org/10.5301/jbm.5000125
https://doi.org/10.1186/s12885-021-08535-8
https://doi.org/10.1186/s12885-021-08535-8
https://doi.org/10.1007/s10120-019-00950-y
https://doi.org/10.1007/s10120-019-00950-y
https://doi.org/10.4172/1948-5956.1000158
https://doi.org/10.4172/1948-5956.1000158
https://doi.org/10.3389/fonc.2023.1154432
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2023.1154432
colorectal adenocarcinoma. Oncotarget (2017) 8(24):39268–79. doi: 10.18632/
oncotarget.16848

17. Mouradov D, Domingo E, Gibbs P, Jorissen RN, Li S, Soo PY, et al. Survival in
stage II/III colorectal cancer is independently predicted by chromosomal and
microsatellite instability, but not by specific driver mutations. Am J Gastroenterol
(2013) 108(11):1785–93. doi: 10.1038/ajg.2013.292

18. Li Q, Li Y, Li J, Ma Y, Dai W, Mo S, et al. FBW7 suppresses metastasis of
colorectal cancer by inhibiting HIF1alpha/CEACAM5 functional axis. Int J Biol Sci
(2018) 14(7):726–35. doi: 10.7150/ijbs.24505

19. Zhou Q, Tao F, Qiu L, Chen H, Bao H,Wu X, et al. Somatic alteration characteristics
of early-onset gastric cancer. J Oncol (2022) 2022:1498053. doi: 10.1155/2022/1498053

20. Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for
illumina sequence data. Bioinformatics (2014) 30(15):2114–20. doi: 10.1093/
bioinformatics/btu170

21. Carter SL, Cibulskis K, Helman E, McKenna A, Shen H, Zack T, et al. Absolute
quantification of somatic DNA alterations in human cancer. Nat Biotechnol (2012) 30
(5):413–21. doi: 10.1038/nbt.2203

22. Lee DW, Han SW, Bae JM, Jang H, Han H, Kim H, et al. Tumor mutation
burden and prognosis in patients with colorectal cancer treated with adjuvant
fluoropyrimidine and oxaliplatin. Clin Cancer Res (2019) 25(20):6141–7. doi:
10.1158/1078-0432.CCR-19-1105

23. Yuza K, Nagahashi M, Watanabe S, Takabe K, Wakai T. Hypermutation and
microsatellite instability in gastrointestinal cancers. Oncotarget. (2017) 8(67):112103–
15. doi: 10.18632/oncotarget.22783

24. Campbell BB, Light N, Fabrizio D, Zatzman M, Fuligni F, de Borja R, et al.
Comprehensive analysis of hypermutation in human cancer. Cell. (2017) 171(5):1042–
56 e10. doi: 10.1016/j.cell.2017.09.048

25. 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(43):15545–50.
doi: 10.1073/pnas.0506580102

26. Serebriiskii IG, Pavlov V, Tricarico R, Andrianov G, Nicolas E, Parker MI, et al.
Comprehensive characterization of PTEN mutational profile in a series of 34,129
colorectal cancers. Nat Commun (2022) 13(1):1618. doi: 10.1038/s41467-022-29227-2

27. Forbes SA, Beare D, Boutselakis H, Bamford S, Bindal N, Tate J, et al. COSMIC:
somatic cancer genetics at high-resolution. Nucleic Acids Res (2017) 45(D1):D777–D83. doi:
10.1093/nar/gkw1121

28. Fan J, Bellon M, Ju M, Zhao L, Wei M, Fu L, et al. Clinical significance of
FBXW7 loss of function in human cancers. Mol Cancer. (2022) 21(1):87. doi: 10.1186/
s12943-022-01548-2

29. Cui D, Xiong X, Shu J, Dai X, Sun Y, Zhao Y. FBXW7 confers radiation survival
by targeting p53 for degradation. Cell Rep (2020) 30(2):497–509 e4. doi: 10.1016/
j.celrep.2019.12.032
Frontiers in Oncology 10
30. Davis RJ, Welcker M, Clurman BE. Tumor suppression by the Fbw7 ubiquitin
ligase: mechanisms and opportunities. Cancer Cell (2014) 26(4):455–64. doi: 10.1016/
j.ccell.2014.09.013

31. Strebhardt K. Multifaceted polo-like kinases: drug targets and antitargets for
cancer therapy. Nat Rev Drug Discovery (2010) 9(8):643–60. doi: 10.1038/nrd3184

32. Hong X, Liu W, Song R, Shah JJ, Feng X, Tsang CK, et al. SOX9 is targeted for
proteasomal degradation by the E3 ligase FBW7 in response to DNA damage. Nucleic
Acids Res (2016) 44(18):8855–69. doi: 10.1093/nar/gkw748

33. Kharat SS, Tripathi V, Damodaran AP, Priyadarshini R, Chandra S, Tikoo S,
et al. Mitotic phosphorylation of bloom helicase at Thr182 is required for its
proteasomal degradation and maintenance of chromosomal stability. Oncogene
(2016) 35(8):1025–38. doi: 10.1038/onc.2015.157

34. Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R.
Microsatellite-stable tumors with high mutational burden benefit from
immunotherapy. Cancer Immunol Res (2019) 7(10):1570–3. doi: 10.1158/2326-
6066.CIR-19-0149

35. Arai H, Elliott A, Xiu J, Wang J, Battaglin F, Kawanishi N, et al. The landscape of
alterations in DNA damage response pathways in colorectal cancer. Clin Cancer Res
(2021) 27(11):3234–42. doi: 10.1158/1078-0432.CCR-20-3635

36. Takada M, Zhang W, Suzuki A, Kuroda TS, Yu Z, Inuzuka H, et al. FBW7 loss
promotes chromosomal instability and tumorigenesis via cyclin E1/CDK2-mediated
phosphorylation of CENP-a. Cancer Res (2017) 77(18):4881–93. doi: 10.1158/0008-
5472.CAN-17-1240

37. Siu KT, Xu Y, Swartz KL, Bhattacharyya M, Gurbuxani S, Hua Y, et al.
Chromosome instability underlies hematopoietic stem cell dysfunction and lymphoid
neoplasia associated with impaired Fbw7-mediated cyclin e regulation. Mol Cell Biol
(2014) 34(17):3244–58. doi: 10.1128/MCB.01528-13

38. Vousden KH, Lu X. Live or let die: the cell's response to p53. Nat Rev Cancer.
(2002) 2(8):594–604. doi: 10.1038/nrc864

39. Vousden KH, Prives C. Blinded by the light: The growing complexity of p53.
Cell. (2009) 137(3):413–31. doi: 10.1016/j.cell.2009.04.037

40. Galindo-Moreno M, Giraldez S, Limon-Mortes MC, Belmonte-Fernandez A,
Saez C, Japon MA, et al. p53 and FBXW7: Sometimes two guardians are worse than
one. Cancers (Basel) (2020) 12(4):985. doi: 10.3390/cancers12040985

41. Akhoondi S, Sun D, von der Lehr N, Apostolidou S, Klotz K, Maljukova A, et al.
FBXW7/hCDC4 is a general tumor suppressor in human cancer. Cancer Res (2007) 67
(19):9006–12. doi: 10.1158/0008-5472.CAN-07-1320

42. Yeh CH, Bellon M, Wang F, Zhang H, Fu L, Nicot C. Loss of FBXW7-mediated
degradation of BRAF elicits resistance to BET inhibitors in adult T cell leukemia cells.
Mol Cancer. (2020) 19(1):139. doi: 10.1186/s12943-020-01254-x

43. White KA, Kisor K, Barber DL. Intracellular pH dynamics and charge-changing
somatic mutations in cancer. Cancer Metastasis Rev (2019) 38(1-2):17–24. doi: 10.1007/
s10555-019-09791-8
frontiersin.org

https://doi.org/10.18632/oncotarget.16848
https://doi.org/10.18632/oncotarget.16848
https://doi.org/10.1038/ajg.2013.292
https://doi.org/10.7150/ijbs.24505
https://doi.org/10.1155/2022/1498053
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1038/nbt.2203
https://doi.org/10.1158/1078-0432.CCR-19-1105
https://doi.org/10.18632/oncotarget.22783
https://doi.org/10.1016/j.cell.2017.09.048
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1038/s41467-022-29227-2
https://doi.org/10.1093/nar/gkw1121
https://doi.org/10.1186/s12943-022-01548-2
https://doi.org/10.1186/s12943-022-01548-2
https://doi.org/10.1016/j.celrep.2019.12.032
https://doi.org/10.1016/j.celrep.2019.12.032
https://doi.org/10.1016/j.ccell.2014.09.013
https://doi.org/10.1016/j.ccell.2014.09.013
https://doi.org/10.1038/nrd3184
https://doi.org/10.1093/nar/gkw748
https://doi.org/10.1038/onc.2015.157
https://doi.org/10.1158/2326-6066.CIR-19-0149
https://doi.org/10.1158/2326-6066.CIR-19-0149
https://doi.org/10.1158/1078-0432.CCR-20-3635
https://doi.org/10.1158/0008-5472.CAN-17-1240
https://doi.org/10.1158/0008-5472.CAN-17-1240
https://doi.org/10.1128/MCB.01528-13
https://doi.org/10.1038/nrc864
https://doi.org/10.1016/j.cell.2009.04.037
https://doi.org/10.3390/cancers12040985
https://doi.org/10.1158/0008-5472.CAN-07-1320
https://doi.org/10.1186/s12943-020-01254-x
https://doi.org/10.1007/s10555-019-09791-8
https://doi.org/10.1007/s10555-019-09791-8
https://doi.org/10.3389/fonc.2023.1154432
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comprehensive characterization of FBXW7 mutational and clinicopathological profiles in human colorectal cancers
	Introduction
	Materials and methods
	Study cohort
	DNA extraction and sequencing library preparation
	Next generation sequencing
	Microsatellite instability score, tumor mutation burden, hypermutation status, and chromosomal instability score definition
	Data analysis

	Results
	Clinicopathological characteristics
	FBXW7 mutated patients showed better overall survival
	FBXW7 R465C is a negative overall survival indicator
	Immune cell infiltration and gene set enrichment analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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


