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Anti-silencing function 1B histone chaperone (ASF1B) is known to be an important
modulator of oncogenic processes, yet its role in lung adenocarcinoma (LUAD) remains
to be defined. In this study, an integrated assessment of The Cancer Genome Atlas
(TCGA) and genotype-tissue expression (GTEx) datasets revealed the overexpression of
ASF1B in all analyzed cancer types other than LAML. Genetic, epigenetic, microsatellite
instability (MSI), and tumor mutational burden (TMB) analysis showed that ASF1B was
regulated by single or multiple factors. Kaplan-Meier survival curves suggested that
elevated ASF1B expression was associated with better or worse survival in a cancer
type-dependent manner. The CIBERSORT algorithm was used to evaluate immune
microenvironment composition, and distinct correlations between ASF1B expression
and immune cell infiltration were evident when comparing tumor and normal tissue
samples. Gene set enrichment analysis (GSEA) indicated that ASF1B was associated
with proliferation- and immunity-related pathways. Knocking down ASF1B impaired the
proliferation, affected cell cycle distribution, and induced cell apoptosis in LUAD cell lines.
In contrast, ASF1B overexpression had no impact on the malignant characteristics of
LUAD cells. At the mechanistic level, ASF1B served as an indirect regulator of DNA
Polymerase Epsilon 3, Accessory Subunit (POLE3), CDC28 protein kinase regulatory
subunit 1(CKS1B), Dihydrofolate reductase (DHFR), as established through proteomic
profiling and Immunoprecipitation-Mass Spectrometry (IP-MS) analyses. Overall, these
data suggested that ASF1B serves as a tumor promoter and potential target for cancer
therapy and provided us with clues to better understand the importance of ASF1B in
many types of cancer.
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INTRODUCTION

Lung cancer is one of the most common and deadliest forms of
malignant cancer throughout the world (1). Approximately 40%
of lung cancer cases are of the most common LUAD
histopathological subtype (2). LUAD is associated with high
rates of tumor recurrence and a poor prognosis owing to the
combination of adverse factors that span a range of different
biological and clinical behaviors and the increased resistance to
anti-lung cancer drugs. Moreover, existing targeted drugs have
shown unsatisfactory efficacy (3). Further research is thus needed
to better understand the mechanisms underlying LUAD
development and progression. Genetic mutation is the primary
process that drives oncogenesis (4, 5), with gene-specific
overexpression or silencing being additionally associated with
epigenetic mechanisms such as changes in histone post-
translational modification or DNA methylation (6–8).
Aberrant activation or expression of chromatin-regulating
proteins such as histone-modifying enzymes, histone variants,
effector proteins, histone chaperones, and chromatin remodeling
proteins is closely tied to cancer onset and progression (9–11).
Histone H3–H4 chaperone anti-silencing function 1 (ASF1) is a
key histone chaperone involved in regulating processes including
DNA replication, DNA damage repair, and transcription (12,
13). There are two paralogous forms of ASF1: Anti-Silencing
Function 1A Histone Chaperone (ASF1A) and ASF1B. While
ASF1A is primarily involved in regulating DNA repair and
cellular senescence, ASF1B serves as a preferential regulator of
cellular proliferation (13, 14). Increased ASF1B expression levels
have been linked to the prognosis of LUAD and breast cancer
patients (15, 16). Prior work suggests that ASF1B is a key
regulator of proliferation, apoptosis, and the cell cycle in
prostate cancer, cervical cancer, clear cell renal cell carcinoma,
and breast cancer (16–19). Even so, the role of this gene in LUAD
and many other cancers has yet to be definitively established.
Herein, we explored the expression and prognostic relevance of
ASF1B across cancers, in addition to evaluating the association
between ASF1B expression levels and molecular pathways,
immune infiltration, methylation, Copy number variations
(CNV), MSI, and TMB. Lastly, we examined the impact of
knocking down and overexpressing ASF1B on proliferation,
cell cycle progression, apoptosis, and potential mechanism of
LUAD. Our data provide novel insights into the functional
importance of ASF1B in LUAD and indicate ASF1B as a
potential target for the therapeutic management of cancers.
MATERIALS AND METHODS

Dataset Analyses
To evaluate the expression of ASF1B in 33 different cancers,
TCGA was queried to download RNA-seq gene expression data
and clinical records pertaining to 11,058 cases (http://xena.ucsc.
edu/welcome-to-ucsc-xena/) (Workflow Type: HTSeq FPKM)
(20), with the GTEx data similarly being downloaded (21).
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Samples for which data pertaining to age, gender, TNM stage,
distant and lymph node metastases, or OS were not recorded
were excluded from subsequent analyses, as were patient samples
with an Overall Survival (OS) <30 days. GSE31210 and
GSE62254 da ta s e t s was down loaded f rom GENE
EXPRESSION OMNIBUS (GEO). ICGC_ARRAY dataset was
downloaded from International Cancer Genome Consortium
(ICGC). Levels of ASF1B expression in Pan-cancer and normal
tissue datasets were additionally evaluated with the Oncomine
database (http://www.oncomine.org) (22–48). Relationships
between methylation and patient outcomes were assessed
with the MethSurv database (https://biit.cs.ut.ee/methsurv/)
(49). Associations between ASF1B expression, methylation,
and CNVs were examined using the GSCALite platform
(http://bioinfo.l i fe .hust.edu.cn/web/GSCALite/) (50).
Correlations between ASF1B and molecular-or immune-related
subtypes were assessed with the TISIDB platform (TISIDB
(hku.hk)) (51).

Immune Infiltration Analysis
The CIBERSORT algorithm was used to approximate the
infiltration of different immune cell types into patient
tumors, followed by quality filtering. Additionally, the R
ESTIMATE algorithm was utilized to assess tumor purity for
all samples (52).

Cell Culture and Transfection
H1299, H1975, H1650 cells were grown in RPMI-1640 (Gibco
BRL, MD, USA), while A549 cells were cultured in DMEM
(Gibco BRL). In both cases, media contained 10% fetal bovine
serum (Gibco BRL), 50 IU/mL penicillin, and 50 mg/mL
streptomycin (Invitrogen, CA, USA), and cells were grown in
humidified 5% CO2 incubators at 37°C. Three different ASF1B-
specific small-interfering RNA (siRNA) constructs were
synthesized (siASF1B-1: CAACGAGUACCUCA ACCCUTT,
siASF1B-2: GACGACCUGGAGUGGAAUUTT, siASF1B-3:
UCAACUGCACUC CUAUCAATT. GenePharma, Shanghai,
China), another siRNA derives from the literature (siASF1B-4:
CCCUUGAGUACCAUUGAUCUU) (53). They were
transiently transfected into cells using Lipofectamine 2000
(Invitrogen) based on provided directions. At 60 h post-
transfection, Western blotting was used to select the most
effective siRNA. Next, short hairpin RNAs (shRNA) constructs
were synthesized based upon the most effective siRNA sequence
(Gene Pharma). ASF1B overexpression and negative control
lentiviral factors were obtained from FENGHUISHENGWU
(Changsha, Hu Nan Province, China), while lentiviruses
encoding ASF1B-shRNA and corresponding negative controls
were from Gene Pharma. LUAD cells were transduced with these
lentiviral vectors at stock concentrations of 1×108 –1×109

particles/ml. The H1975 and H1650 cell lines were used for
gain-of-function studies, whereas H1299 and A549 cells were
utilized when conducting loss-of-function studies. Cellular
transduction was performed when cells were 60–70%
confluent, with lentiviruses being administered at a dose of
1×107/ml together with 6 mg/ml polybrene (Sigma-Aldrich,
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H9268). After transduction, puromycin (0.6 µg/mL, Sigma) was
used to select for stably transduced cells.

EdU Assay
Cells were incubated for 2 h with EdU (Ribobio, Guangzhou,
China), after which they were process sed based on provided
directions. Cells were washed thrice with phosphate buffered
saline (PBS), treated for 50 min with 100ml of 1×Apollo®

reaction cocktail, and stained for 30 min with 100 ml of
Hoechst 33342 prior to fluorescent microscopic visualization.

CCK-8 Assay
Cell viability was assessed via CCK-8 assay (gene-protein link,
Beijing, China) Briefly, cells were added to 96-well plates (2x103/
well) for 24, 48, 72, or 96 h, after which 10 µl of CCK-8 solution
was added per well and plates were incubated for an additional
2 h at 37°C. Absorbance at 450 nm was then assessed with an
iMark microplate reader (Bio-Rad), with six wells per treatment
group being analyzed.

Flow Cytometry
Cell cycle progression was assessed by fixing cells overnight with
chilled 70% ethanol at 4°C. Cells were then washed in PBS and
suspended in 415 ul of propidium iodide (PI, gene-protein link)
for 30 min at 37°C while protected from light. A flow cytometer
(BD Accuri C6, BD Biosciences, USA) was then used to assess the
cells, with the resultant data being analyzed using ModFit LT.
Cellular apoptosis was assessed with an Annexin V-AF647/PI kit
(Gene-Protein Link) based on provided directions. Briefly, cells
were washed twice with chilled PBS, resuspended in binding
buffer, and 2x105 cells in 100 ul were stained with 5µL of
Annexin V-AF647. Samples were gently mixed for 5 min at
room temperature, after which 10 uL of PI was added. Finally,
400 uL of PBS was added, and samples were assessed via
flow cytometry.

Western Blotting
Nuclear proteins were isolated from cells with the NE-PER™

Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher),
and a NanoDrop ONE instrument was used to quantify protein
levels in each sample. Protein from ~1x106 appropriately treated
cells was then extracted with 1x SDS loading buffer, and Western
blotting was conducted as described previously (54). Briefly,
equal protein amounts were separated via 10% or 15% SDS-
PAGE and transferred onto PVDF membranes (0.22u m, Bio-
rad), which were blocked for 1 h using 5% non-fat dry milk in
Tris buffered saline (TBS) containing 0.05% tween-20 (TBST)
(Solarbio Life Sciences, Beijing, China) at room temperature,
followed by overnight incubation at 4°C with appropriate
primary antibodies. Blots were then stained with secondary
antibody (1:5000, ZSGB-BIO, ZB-2305, ZB-2301) for 1 h at
room temperature, and ECL reagents (CWBIO) were used to
detect protein bands. Anti-ASF1B was purchased from Santa
Cruz Biotechnology (1:200, sc-393169), while anti-POLE3 was
from Proteintech (1:2000, 15278-1-AP), and anti-CASP-3 was
from Cell Signaling (1:1000, 9662).
Frontiers in Oncology | www.frontiersin.org 3
Immunofluorescent Staining
H1975 Cells were added to glass coverslips in 6-well plates, fixed
with 4% formaldehyde, permeabilized with 0.5% Triton X-100/
PBS, blocked for 30 min with 5% Albumin Bovine V (BSA) at
room temperature, and incubated overnight with anti-ASF1B
(1:100, Santa Cruz Biotechnology, Inc. sc-393169.) at 4°C. Cells
were then probed with a secondary fluorescently conjugated
antibody (1:300,bs-0295G) for 2 h, followed by DAPI
counterstaining (Solarbio Life Science), after which images were
captured via inverted fluorescence microscopy (Nikon, Japan).

Proteomic Profiling
Proteomic analyses were performed as in prior reports (55).
Briefly, following protein isolation and trypsin treatment,
peptides were dissolved in water containing 0.1% formic acid
in water and analyzed via liquid chromatography-tandem mass
spectrometry (LC-MS/MS). Raw MS data were converted into a
generic Mascot file using Proteome Discoverer (Thermo
Scientific, v 2.0), and were processed with the Mascot search
engine (Matrix Science, v.2.3.02).

IP-MS
Nuclear proteins were extracted from control and ASF1B-3x
Flag-expressing A549 cells using the NE-PER™ Nuclear and
Cytoplasmic Extraction Reagents to which protease and
phosphatase inhibitors had been added. Supernatants were
mixed for 2 h with anti-Flag at 4°C, after which they were
mixed for 1 h with A/G agarose beads (Thermo Fisher Scientific)
at 4°C. Protein complexes were then rinsed four times using
NETN, one time with PBS, and separated via 10% SDS-PAGE.
Coomassie blue was used to stain gels in order to visualize
proteins, with gel lanes then being excised for in-gel tryptic
digestion. Peptides were then extracted, concentrated, and
analyzed via LC-MS/MS (EASY nLC 1200-Orbitrap Fusion
Lumors+ETD, Thermo Fisher Scientific).

qRT-PCR
TRIzol (Invitrogen) was used to extract RNA from appropriate
cells based on provided directions, after which SuperScript III
First-strand (Thermo Fisher) was used to prepare cDNA.
Primers used in Quantitative Real-time PCR (qPCR) assays are
shown in Table S1. All qPCR reactions were conducted with
SYBR Green Master Mix (Thermo Fisher) using the following
conditions: 95°C for 5min; 40 cycles of 95°C for 30 s and 60°C for
1 min. b-actin served as a normalization control.

Statistical Analysis
Data were analyzed using R v 3.6.3. Wilcoxon tests were used to
compare ASF1B expression levels in normal and tumor tissues,
while Kruskal-Wallis tests were used to evaluate relationships
between ASF1B expression and patient clinical stage. Kaplan-
Meier curves were used to assess survival outcomes, and
correlations were evaluated with Spearman’s correlation
coefficients. A two-sided P < 0.05 was the threshold
of significance.
September 2021 | Volume 11 | Article 731547
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RESULTS

Assessment of ASF1B Expression
in Cancer
We began by querying the GTEx and TCGA databases, revealing
pronounced ASF1B upregulation in all cancers other than Acute
Frontiers in Oncology | www.frontiersin.org 4
Myeloid Leukemia (LAML) (Figure 1A), as further confirmed
using Oncomine data (Figure 1B). We also found that ASF1B
expression levels varied significantly among different clinical
stages in patients with Adrenocortical carcinoma (ACC),
Breast invasive carcinoma (BRCA), Colon adenocarcinoma
(COAD), Kidney Chromophobe (KICH), Kidney renal clear
A B

DC

FIGURE 1 | The transcription levels of ASF1B in human cancers. (A) The mRNA expression of ASF1B between tumor and normal tissues was analyzed by
using tissues from TCGA and GTEx. (B) The mRNA expression of ASF1B between tumor and normal tissues was analyzed by using tissues from Oncomine.
(C) Correlations of ASF1B expression with different clinical stages in patients with different cancers from TCGA. (D) ASF1B expression in different molecular subtypes
of cancers via TISIDB database (**p value ≤ 0.01; ***p value ≤ 0.001).
September 2021 | Volume 11 | Article 731547

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Role of ASF1B in Cancers
cell carcinoma (KIRC), Kidney renal papillary cell carcinoma
(KIRP), Liver hepatocellular carcinoma (LIHC), LUAD, Lung
squamous cell carcinoma (LUSC) and Skin Cutaneous
Melanoma (SKCM) (Figure 1C). In addition, ASF1B
expression in different molecular subtypes of ACC, BRCA,
COAD, Esophageal carcinoma (ESCA), Glioblastoma
multiforme (GBM), Head and Neck squamous cell carcinoma
(HNSC), KIRP, Brain Lower Grade Glioma (LGG), LUSC,
Ovarian serous cystadenocarcinoma (OV), Prostate
adenocarcinoma (PRAD), Rectum adenocarcinoma (READ),
SKCM, Stomach adenocarcinoma (STAD), Uterine Corpus
Endometr ia l Carc inoma (UCEC) was s ignificant ly
different (Figure 1D).
Frontiers in Oncology | www.frontiersin.org 5
Evaluation of the Prognostic Relevance of
ASF1B in Different Cancers
Next, we examined the prognostic relevance of ASF1B in
different cancer types in order to determine whether it was
consistently associated with particular cancer patient outcomes.
Elevated ASF1B expression was linked to poorer OS in ACC,
KIRC, KIRP, LGG, LIHC, LUAD, Mesothelioma (MESO), and
Pancreatic adenocarcinoma (PAAD), whereas it was associated
with better OS in Cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), STAD, and Thymoma
(THYM) patients (Figure 2A). Subsequent GSE31210,
GSE62254 and ICGC_ARRAY datasets analysis supported
results of LUAD、PAAD and STAD (Figure 2B).
A

B

FIGURE 2 | The association between ASF1B expression and cancer patient prognosis. (A) The correlation between ASF1B expression and the prognosis of various
cancer types were evaluated by The TCGA database. (B) The Relationship between ASF1B expression and the prognosis of various cancer types were analyzed.
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Assessment of the Association Between
ASF1B Expression and Methylation, MSI,
TMB, and Genetic Alteration Status in
Different Cancers

We next sought to explore whether ASF1B expression patterns and
prognostic relevance were related to patterns of DNA methylation
Frontiers in Oncology | www.frontiersin.org 6
in different cancer types. A negative association between ASF1B
expression levels and DNA methylation were observed in ACC,
Bladder Urothelial Carcinoma (BLCA), CESC, COAD, LGG,
LIHC, LUSC, MESO, PAAD, READ, PRAD, Sarcoma (SARC),
SKCM, STAD, Testicular Germ Cell Tumors (TGCT), Thyroid
carcinoma (THCA), and UCEC (P<0.05) (Figure 3A). When we
further evaluated methylated sites associated with prognostic
A

B

DC

FIGURE 3 | CNV, DNA methylation, MSI and TMB of ASF1B in human cancers. (A) The relationship between methylation and ASF1B expression. DNA methylation
beta values ranging from 0(unmethylated) to 1(fully methylated). (B) Correlations of CNV and ASF1B expression. (C) Correlations of TMB and ASF1B expression.
(D) Correlations of MSI and ASF1B expression. *p value ≤0.05; **p≤0.01; *** p value ≤0.001.
September 2021 | Volume 11 | Article 731547
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outcomes in different cancers, we found that cg2527424,
cg26259181, cg25274248, cg06391548, and cg26259181 were
related to poorer survival in KIRP, LGG, LIHC, STAD, and
LUAD (P<0.05), respectively (Supplementary Figure 1). To
assess the degree of variability in ASF1B expression attributable
to CNVs we additionally conducted correlation analyses revealing
a positive association between ASF1B expression and CNVs in
BRCA, CESC, HNSC, LUSC, OV, SARC, UCEC, and Uterine
Carcinosarcoma (UCS), whereas this correlation was negative in
ACC, LAML, and THYM (P<0.05) (Figure 3B). MSI referred to
the spontaneous loss or gain of nucleotides from short tandem
repeat DNA tracts (56), and we thus examined correlations
between ASF1B expression and MSI status, indicating a positive
association between these variables in BLCA, UCEC, STAD,
SARC, LIHC, KIRC, and ESCA, whereas they were negatively
correlated in READ, and LAML (P<0.05) (Figure 3C). TMB is
emerging as a profound biomarker for predicting immunotherapy
effect and is calculated as total amount of mutations per DNA
megabases, in which the detected variants are defined as insertions,
base substitutions, or deletions across bases (57). We also assessed
Frontiers in Oncology | www.frontiersin.org 7
the relationship between TMB and ASF1B expression, revealing
them to be positively correlated in ACC, BLCA, BRCA, COAD,
GBM, HNSC, KICH, KIRC, LGG, LUAD, LUSC, MESO, PAAD,
PRAD, SARC, STAD, TGCT, THCA, UCEC, and UCS, but
negatively correlated with THYM (P<0.05) (Figure 3D). As
such, aberrant ASF1B expression and associated prognostic
relevance in different cancers may be partially attributable to the
above mechanisms.

The Association Between ASF1B
Expression and Immune Cell Infiltration
Next, we employed the CIBERSORT algorithm to assess
relationships between immune cell infiltration and ASF1B
expression in tumor and normal tissue samples. GEO and
TCGA results revealed ASF1B expression to be positively
correlated with levels of M1 and M0 macrophages as well as
with levels of activated memory CD4+ T cells, whereas it was
negatively correlated with resting memory CD4+ T cells and
resting Mast cells in LUAD (Figures 4A, B). In lung tissue
samples from the GTEx database, ASF1B expression was
A

B

FIGURE 4 | Correlation analysis between ASF1B and tumor-infiltrating immune cell. (A) Correlation analysis of ASF1B mRNA expression with 22 types of immune
cells were explored across cancers and normal tissues from TCGA and GTEx by CIBERSORT. (B) Correlation analysis of ASF1B mRNA expression with immune
cells were further investigated in LUAD from GEO by CIBERSORT. *p value ≤0.05; **p≤0.01; *** p value ≤0.001.
September 2021 | Volume 11 | Article 731547
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positively correlated with resting memory CD4+ T cells and
negatively correlated with M0 macrophages. When we expanded
these results to other tumors and normal tissue types, we found
ASF1B to be unrelated to gamma delta T cell or activated memory
CD4+ T cell infiltration in normal tissues, and it was similarly
unrelated to naïve CD4+ T cell infiltration in analyzed cancers.
ASF1B was associated with M2 macrophages in 7 cancers, resting
Mast cells and activated NK cells in 6 cancers, M0 and M1
macrophages in 7 cancers, T follicular helper cells in 11 cancers,
and resting memory CD4+ T cells in 10 cancers. ASF1B was also
associated with restingMast cells, neutrophils, activatedMast cells,
B cells, CD8+ T cells, and naïve CD8+ T cells in 5 normal tissues,
M0 macrophages in 3 normal tissues, plasma cells and M1
macrophages in 4 normal tissues, and activated NK cells and
M2 macrophages in 6 normal tissues (Figure 4A). Through
molecular immune subtyping, we further observe significant
differences in ASF1B expression levels across C1(wound healing),
C1(IFN-g dominant), C3(inflammatory), C4 (lymphocyte deplete),
C5(immunologically quiet), and C6 (TGF-b dominant) subtypes
for most analyzed cancers (Supplementary Figure 2).
Frontiers in Oncology | www.frontiersin.org 8
Examination of Pathways Significantly
Associated With ASF1B
To more fully explore the functional roles of ASF1B, we
conducted a KEGG GSEA assessment across tumor and normal
tissue types, with the resultant heatmap exhibiting a clear
clustering pattern (P<0.05, NES>1, NES<-1). Immune-related
pathways were highly enriched in normal tissues, with ASF1B
being significantly related to JAK/STAT signaling in 7 normal
tissues, cytosolic DNA sensing and RIG-I-like receptor signaling
in 9 normal tissues, cytokine-cytokine receptor interactions in 5
normal tissues, antigen processing and presentation in 4 normal
tissues, autophagy regulation in 10 normal tissues, and the cell
cycle and oocyte meiosis in 4 normal tissues (Figure 5A). In pan-
cancer analyses, ASF1B was significantly associated with Toll-like
receptor signaling in 11 cancers, NK cell-mediated cytotoxicity in
14 cancers, chemokine signaling in 10 cancers, JAK/STAT
signaling in 3 cancers, Cytosolic DNA sensing in 20 cancers,
cytokine-cytokine receptor interactions in 9 cancers, antigen
processing and presentation in 19 cancers, autophagy regulation
in 20 cancers, the cell cycle in 21 cancers, cell adhesion molecules
A B

FIGURE 5 | (A) Relationships between ASF1B and KEEG pathways in normal tissues from GTEx analyzed by GSEA. (B) Relationships between ASF1B and KEEG
pathways in cancers from TCGA analyzed by GSEA. (NES≥1.0, p-value<0.05).
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in 6 cancers, DNA replication in 22 cancers, vascular smooth
muscle contraction in 4 cancers, homologous recombination in
15 cancers, mismatch repair in 8 cancers, and ECM receptor
interaction in 8 cancers. We further identified four pathways that
were only evident in different cancers, with ASF1B being
significantly involved in the regulation of base excision repair in
7 cancers, pathways in cancer in 3 cancers, P53 signaling pathway
in 3 cancers, and the spliceosome in 5 cancers (Figure 5B).

ASF1B Regulates Lung Cancer Cell
Line Phenotypes
Next, we measured ASF1B expression levels in different LUAD
cell lines (A549, NCI-H1975, NCI-H1299, NCI-H1650) using
data from the Cancer Cell Line Encyclopedia (CCLE) database,
revealing that these levels ranged from low (A549 cells) to very
high (H1650 cells) (Supplementary Figure 3). To understand
the functional role of this gene in LUAD, we knocked it down in
H1975 and H1650 cells and overexpressed it in two other cell
lines. The efficiency of ASF1B knockdown was assessed using
four different siRNA constructs, with subsequent Western
Frontiers in Oncology | www.frontiersin.org 9
blotting revealing siRNA-4 to be the most effective in H1975
cells (Supplementary Figure 4). Lentiviral vectors were then
used to generate stable cell lines (Figure 6).

In CCK-8 assays, ASF1B knockdown markedly impaired
H1975 and H1650 cell viability relative to scramble controls
(P<0.05) (Figure 7A). Consistently, in an EdU uptake assay these
ASF1B-knockdown cells exhibited impaired proliferation
(P<0.05) (Figures 7B, C). Flow cytometric analyses additionally
indicated that such knockdown was associated with a significant
increase in the percentage of cells in the S phase only in H1650
cells (P<0.05) and with a significant reduction in the frequency of
cells in the G1 phase (P<0.05) relative to scramble control in
H1650 and H1975 cells (Figure 8).

In addition, ASF1B knockdown was linked to an increase in
apoptotic cell death as measured via flow cytometry (Figure 9A).
To confirm that ASF1B is associated with apoptosis in LUAD
cells, we analyzed caspase-3 levels therein, revealing a significant
increase in caspase-3 levels in H1975 and H1650 cells following
ASF1B knockdown (Figure 9B). Overall, these findings indicated
that ASF1B downregulation can inhibit proliferation, modulate
A

B

FIGURE 6 | Knockdown or overexpression of ASF1B in LUAD cell lines. (A) ASF1B protein expression in stable ASF1B-OE cells. Western blot detecting higher
ASF1B protein levels in stable ASF1B-OE-H1299 or ASF1B-OE-A549 cells than those in control cells. The density levels were quantified and represented as a bar
graph. (B) ASF1B protein expression in stable ASF1B-shRNA-cells. Western blot detecting lower ASF1B protein levels in stable ASF1B-shRNA-H1975 or ASF1B-
shRNA-H1650 cells than those in control cells.
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cell cycle progression, and promote apoptosis. In lung cancer
cells. ASF1B overexpression did not affect these processes (data
not shown).

Proteomic Profiling-Based Identification
of ASF1B Downstream Signaling
Target Proteins
To explore the downstream mechanisms whereby ASF1B may
influence the above pathways, an LC-MS analysis was conducted
to screen for ASF1B target proteins in four cell lines (Figure 10).
A total of 58 proteins were co-regulated by ASF1B after the LC-
MS were intersected (Supplementary Figure 5). Further study
found POLE3, CKS1B, DHFR, ribosomal protein S29(RPS29),
and transmembrane protein 230 (TMEM230) were affected by
different biological background of cell lines (Supplementary
Table 1). To confirm these results, we conducted Western
blotting analyses of ASF1B-shRNA-H1975 and scrambled cells,
revealing significant decreases in POLE3 expression consistent
with these proteomic results (Supplementary Figure 6). ASFB1
expression was also associated with POLE3, CKS1B, and DHFR
expression in most normal tissues and in many cancers including
LUAD (R>0.4, p<0.05) (Supplementary Figure 7).

Immunofluorescent staining revealed ASF1B and POLE3 to
localize to the nucleus, while CKS1B was present in the nucleus
and cytoplasm (Supplementary Figure 8). We thus conducted an
Frontiers in Oncology | www.frontiersin.org 10
IP-MS experiment, which failed to reveal direct interaction
between ASF1B and POLE3 or CKS1B (Supplementary Figure 9).

When we examined CKS1B expression in LUAD samples in
the TCGA dataset, we found it was an independent predictor of
poor LUAD patient prognosis and correlated with patient age,
gender, T, N, M, and clinical stage (Supplementary Figure 10).
POLE3 was unrelated to LUAD patient prognosis or
clinicopathological parameters in LUAD. Therefore, we detected
the mRNA expression of CKS1B in stable knockdown ASF1B cells
and scramble cells. ASF1B knockdown reduced CKS1B mRNA
expression, indicating ASF1B regulate CKS1B independent of
post-transcriptional regulation (Supplementary Figure 11).
DISCUSSION

Herein, we examined the expression and prognostic relevance of
ASF1B across many cancer types. In a TCGA analysis, we
observed TCGA upregulation in 25 cancers other than LAML
relative to corresponding normal tissue samples. Oncomine
results were largely consistent with the results of these
analyses. Many genes play different roles in different cancers
(58–60), thus explaining the variable prognostic significance of
ASF1B observed among cancer types and subtypes. Such tumor
heterogeneity is a significant barrier to reliable tumor treatment
A B

C

FIGURE 7 | (A) Cell viability assay of H1975 and H1650 cells. (B) Cell proliferation assay of H1975 and H1650 cells. (C) Accumulated analysis of the cell proliferation.
**p vaule ≤0.01; ***p vaule ≤0.001.
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A

B

FIGURE 8 | ASF1B knockdown influence the cell cycle. (A) Flow cytometry was used to detect the cell cycle changes in H1975 and H1650. (B) Accumulated
analysis of the cell cycle. **p vaule ≤0.01; ***p vaule ≤0.001.
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A

B

FIGURE 9 | (A) Flow cytometry was used to detect the early apoptosis changes in H1975 and H1650. (B) Western blot was used to detect the protein levels of
apoptosis-3 in H1650 and H1975 cells treated with knockout-ASF1B and untreated control cells. *p vaule ≤0.05; **p vaule ≤0.01.
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FIGURE 10 | Protein changes of LUAD cell lines induced by knockdown or overexpressed of ASF1B. Differentially expressed proteins in stable
Red presents up-regulated proteins, blue represents down-regulated proteins, and black presents no significantly differentially expressed protein
proteins can distinguish between stable transfection cell lines and negative control.
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(61–63). The onset and progression of cancer can be profoundly
impacted by genetic and epigenetic changes, MSI, and TMB, and
many of these mechanisms were correlated with ASF1B
expression levels in different cancers in the present analysis.

In enrichment analyses, we found ASF1B was primarily
associated with immune-, proliferation-, and autophagy-related
pathways, some of which were enriched in both normal tissues
and cancers although the associated genes differed. As such, we
hypothesized that ASF1B may regulate immune cell infiltration
by influencing genes in immune-related pathways.

We observed a close relationship between ASF1B and
proliferation-related pathways including DNA replication and
the cell cycle in LUAD. Our experimental results further
confirmed that knocking down ASF1B impaired proliferation,
altered cell cycle progression, and induced cell apoptosis in
LUAD cells. In contrast, no impact of ASF1B overexpression
was observed, possible because A549 and H1299 cells grow
rapidly, and thus ASF1B overexpression may not further
enhance their proliferation. The mechanisms whereby ASF1B
can shape tumorigenesis remain poorly understood. Herein, we
determined that in LUAD cells, ASF1B can indirectly regulate
CKS1B, POLE3, and DHFR expression, and we found it
positively correlated with the expression of these genes in
most tumor and normal tissue samples. This indicates
that ASF1B regulates cancer progression through these
signaling pathways.

Notably, CKS1B is a CKS family protein that regulates cell
cycle progression, growth, apoptosis, invasion metastasis, and
chemical resistance in a range of cancer types (64–72). Wang
et al. found that overexpression of CKS1B achieved in lung
cancer cells through lentiviral infection enhanced drug resistance
by inhibiting cisplatin (CDDP)- and doxorubicin (DOX)-
induced apoptosis, supporting the critical role of CKS1B in
lung cancer progression (73). A study has shown that CKS1B
overexpression promoted drug resistance in myeloma.
Moreover, research has demonstrated that CKS1B induces
resistance to ubiquitin-like protein synthesis inhibitors such as
bortezomib by inhibiting expression of the S-Phase Kinase
Associated Protein 2/KIT Ligand (SCF/SKP2) substrate p21
(74, 75). DHFR is a ubiquitous enzyme and exists in a wide
range of organisms (76). DHFR, a key enzyme in folate
metabolism, converts dihydrofolate into tetrahydrofolate. It is
well known that Pemetrexed and Methotrexate inhibits DHFR in
the folate pathway, which is essential for the rapid cellular
division and proliferation of cancer cells (77). Hence, the
inhibition of DHFR can limit the growth and proliferation of
cells. POLE3 is known subunits of DNA polymerase epsilon and
more recently has been shown to form a newly identified histone
H3-H4 chaperone complex that participates in the maintenance
of chromatin integrity during DNA replication (78). Su et al.
observed that POLE3-deficient cells displayed enhanced
sensitivity to a Poly (ADP-Ribose) Polymerase (PA RP)
inhibitor, an ATR inhibitor, and camptothecin (79, 80).
Interestingly, above data demonstrated that targeting ASF1B
may be an important method for cancer treatment. However,
there are some limits. The detailed molecular mechanisms
Frontiers in Oncology | www.frontiersin.org 14
underlying the regulation of those key proteins by ASF1B need
further explored in LUAD and other cancers. Nude mouse tumor
formation experiment is also performed. Underlying
mechanisms of immune infiltrate ion signaling pathways
remain unclear, while function annotations and enrichment
analysis of ASF1B are investigated.

In summary, we herein outlined the critical role played by
ASF1B in LUAD cells, providing novel insight into its role as a
regulator of cellular proliferation, cell cycle progression, and
apoptotic induction. These data provide a more general
framework for future studies of ASF1B in other cancer types
and indicate that this protein may represent a viable therapeutic
target in LUAD and other cancer types in the future.
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Supplementary Figure 6 | Western blot analysis of POLE3 in H1975 cells
treated with knockdown-ASF1B and untreated controls cells. The density levels
were quantified and represented as a bar graph.

Supplementary Figure 7 | Association ASF1B with CKS1B, POLE3 and DHFR
in pan-cancers and normal tissues.

Supplementary Figure 8 | ASF1B is co-localized with CKS1B and POLE3 in
cell nucleus.

Supplementary Figure 9 | Immunoprecipitation Mass spectrometry of A549 cell
line induced by overexpressed of ASF1B. Differentially expressed proteins in stable
ASF1B-OE cells compared to negative control. (Volcano plot) Red presents up-
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regulated proteins, blue represents down-regulated proteins, and black presents
no significantly differentially expressed proteins. (Heatmap) The expression patterns
of these differentially expressed proteins can distinguish between stable ASF1B-OE
cell line and negative control.

Supplementary Figure 10 | CKS1B correlated with prognosis and
clinicopathology.

Supplementary Figure 11 | Real-time PCR analysis of mRNA expression of
ASF1B in H1975 Scramble cell lines compared to H1975 SH ASF1B cell lines.

Supplementary Table 1 | The results of LC-MS from four group cell lines were
intersected(Log FC).
REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2018. CA Cancer J Clin
(2018) 68(1):7–30. doi: 10.3322/caac.21442

2. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger K, Yatabe Y,
et al. International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society: International
Multidisciplinary Classification of Lung Adenocarcinoma: Executive
Summary. Proc Am Thorac Soc (2011) 8(5):381–5. doi: 10.1513/
pats.201107-042ST

3. Yuan M, Huang LL, Chen JH, Wu J, Xu Q. The Emerging Treatment
Landscape of Targeted Therapy in Non-Small-Cell Lung Cancer. Signal
Transduct Target Ther (2019) 4:61. doi: 10.1038/s41392-019-0099-9

4. Liu WB, Wu JF, Du Y, Cao GW. Cancer Evolution-Development: Experience
of Hepatitis B Virus-Induced Hepatocarcinogenesis. Curr Oncol (2016) 23(1):
e49–56. doi: 10.3747/co.23.2836

5. Gatenby RA, Brown J. Mutations, Evolution and the Central Role of a Self-
Defined Fitness Function in the Initiation and Progression of Cancer. Biochim
Biophys Acta Rev Cancer (2017) 1867(2):162–6. doi: 10.1016/j.bbcan.
2017.03.005

6. Abascal F, Corpet A, Gurard-Levin ZA, Juan D, Ochsenbein F, Rico D, et al.
Subfunctionalization via Adaptive Evolution Influenced by Genomic Context:
The Case of Histone Chaperones ASF1a and ASF1b. Mol Biol Evol (2013) 30
(8):1853–66. doi: 10.1093/molbev/mst086

7. Hattori N, Ushijima T. Compendium of Aberrant DNA Methylation and
Histone Modifications in Cancer. Biochem Biophys Res Commun (2014) 455
(1-2):3–9. doi: 10.1016/j.bbrc.2014.08.140

8. Meng CF, Zhu XJ, Peng G, Dai DQ. Promoter Histone H3 Lysine 9 Di-
Methylation is Associated With DNA Methylation and Aberrant Expression
of P16 in Gastric Cancer Cells. Oncol Rep (2009) 22(5):1221–7. doi: 10.3892/
or_00000558

9. Gurard-Levin ZA, Quivy JP, Almouzni G. Histone Chaperones: Assisting
Histone Traffic and Nucle Osome Dynamics. Annu Rev Biochem (2014)
83:487–517. doi: 10.1146/annurev-biochem-060713-035536

10. Gurard-Levin ZA, Almouzni G. Histone Modifications and a Choice of
Variant: A Language That Helps the Genome Express Itself. F1000Prime
Rep (2014) 6:76. doi: 10.12703/P6-76

11. AvvakumovN, Nourani A, Cote J. Histone Chaperones: Modulators of Chromatin
Marks. Mol Cell (2011) 41(5):502–14. doi: 10.1016/j.molcel.2011.02.013

12. Peng H, Nogueira ML, Vogel JL, Kristie TM. Transcriptional Coactivator
HCF-1 Couples the Histone Chaperone Asf1b to HSV-1 DNA Replication
Components. Proc Natl Acad Sci USA (2010) 107(6):2461–6. doi: 10.1073/
pnas.0911128107

13. Messiaen S, Guiard J, Aigueperse C, Fliniaux I, Tourpin S, Barroca V, et al.
Loss of the Histone Chaperone ASF1B Reduces Female Reproductive Capacity
in Mice. Reproduction (2016) 151(5):477–89. doi: 10.1530/REP-15-0327

14. Paul PK, Rabaglia ME, Wang CY, Stapleton DS, Leng N, Kendziorski C, et al.
Histone Chaperone ASF1B Promotes Human Beta-Cell Proliferation via
Recruitment of Histone H3.3. Cell Cycle (2016) 15(23):3191–202.
doi: 10.1080/15384101.2016.1241914

15. Feng Z, Zhang J, Zheng Y, Wang QZ, Tian TS. Elevated Expression of ASF1B
Correlates With Poor Prognosis in Human Lung Adenocarcinoma.
Personalized Med (2021) 18(12):115–27. doi: 10.2217/pme-2020-0112
16. Corpet A, De Koning L, Toedling J, Savignoni A, Berger F, Lemaitre C, et al.
Asf1b, the Neces Sary Asf1 Isoform for Proliferation, is Predictive of Outcome
in Breast Cancer. EMBO J (2011) 30(3):480–93. doi: 10.1038/emboj.2010.335

17. Han G, Zhang X, Liu P, Yu Q, Li Z, Yu Q, et al. Knockdown of Anti-Silencing
Function 1B Histo Ne Chaperone Induces Cell Apoptosis via Repressing
PI3K/Akt Pathway in Prostate Cancer. Int J Oncol (2018) 53(5):2056–66.
doi: 10.3892/ijo.2018.4526

18. Liu X, Song J, Zhang Y, Wang H, Sun H, Feng X, et al. ASF1B Promotes
Cervical Cancer Progre Ssion Through Stabilization of CDK9. Cell Death Dis
(2020) 11(8):705. doi: 10.1038/s41419-020-02872-5

19. Jiangqiao Z, Tao Q, Zhongbao C, Xiaoxiong M, Long Z, Jilin Z, et al. Anti-
Silencing Function 1B Histone Chaperone Promotes Cell Proliferation and
Migration via Activation of the AKT Pathway in Clear Cell Renal Cell
Carcinoma. Biochem Biophys Res Commun (2019) 511(1):165–72. doi: 10.1016/
j.bbrc.2019.02.060

20. Goldman MJ, Craft B, Hastie M, Repeka K, Mcdade F, Kamath A, et al.
Visualizing and Interpreting Cancer Genomics Data via the Xena Platform.
Nat Biotechnol (2020) 38:675–8. doi: 10.1038/s41587-020-0546-8

21. Goldman LJ, Craft HM. The Genotype-Tissue Expression (GTEx) Project.
Biopreserv Biobank (2015) 13(5):307–8. doi: 10.1089/bio.2015.29031.hmm

22. Alimonti A, Carracedo A, Clohessy JG, Trotman LC, Nardella C, Egia A, et al.
Subtle Variations in Pten Dose Determine Cancer Susceptibility. Nat Genet
(2010) 42(5):454–8. doi: 10.1038/ng.556

23. Chen CH, Lai JM, Chou TY, Chen CY, Su LJ, Lee YC, et al. VEGFA
Upregulates FLJ10540 and Modulates Migration and Invasion of Lung
Cancer via PI3K/AKT Pathway. PLoS One (2009) 4(4):e5052. doi: 10.1371/
journal.pone.0005052

24. Chen X, Higgins J, Cheung ST, Li R, Mason V, Montgomery K, et al. Novel
Endothelial Cell Markers in Hepatocellular Carcinoma.Mod Pathol (2004) 17
(10):1198–210. doi: 10.1038/modpathol.3800167

25. Crescenzo R, Abate F, Lasorsa E, Tabbo F, Gaudiano M, Chiesa N, et al.
Convergent Mutations and Kinase Fusions Lead to Oncogenic STAT3
Activation in Anaplastic Large Cell Lymphoma. Cancer Cell (2015) 27
(4):516–32. doi: 10.1016/j.ccell.2015.03.006

26. Crescenzo R, Lee J, NebozhynM, Kim KM, Ting JC, Wong SS, et al. Molecular
Analysis of Gastric Cancer Identifies Subtypes Associated With Distinct
Clinical Outco Mes. Nat Med (2015) 21(5):449–56. doi: 10.1038/nm.3850

27. Curtis C, Shah SP, Chin SF, Turashvili G, Rueda OM, Dunning MJ, et al. The
Genomic and Transcriptomic Architecture of 2,000 Breast Tumours Reveals
Novel Subgroups. Nature (2012) 486(7403):346–52. doi: 10.1038/nature10983

28. D'Errico M, de Rinaldis E, Blasi MF, Viti V, Falchetti M, Calcagnile A, et al.
Genome-Wide Expression Profile of Sporadic Gastric Cancers with
Microsatellite Instability. Eur J Cancer (2009) 45(3):461–9. doi: 10.1016/
j.ejca.2008.10.032

29. Garber ME, Troyanskaya OG, Schluens K, Petersen S, Thaesler Z, Pacyna-
Gengelbach M, et al. Diversity of Gene Expression in Adenocarcinoma of the
Lung. Proc Natl Acad Sci USA (2001) 98(24):13784–9. doi: 10.1073/
pnas.241500798

30. Haferlach T, Kohlmann A, Wieczorek L, Basso G, Kronnie GT, Bene MC,
et al. Clinical Utility of Microarray-Based Gene Expression Profiling in the
Diagnosis and Subclassification of Leukemia: Report from the International
Microarray Innovat Ions in Leukemia Study Group. J Clin Oncol (2010) 28
(15):2529–37. doi: 10.1200/JCO.2009.23.4732
September 2021 | Volume 11 | Article 731547

https://doi.org/10.3322/caac.21442
https://doi.org/10.1513/pats.201107-042ST
https://doi.org/10.1513/pats.201107-042ST
https://doi.org/10.1038/s41392-019-0099-9
https://doi.org/10.3747/co.23.2836
https://doi.org/10.1016/j.bbcan.2017.03.005
https://doi.org/10.1016/j.bbcan.2017.03.005
https://doi.org/10.1093/molbev/mst086
https://doi.org/10.1016/j.bbrc.2014.08.140
https://doi.org/10.3892/or_00000558
https://doi.org/10.3892/or_00000558
https://doi.org/10.1146/annurev-biochem-060713-035536
https://doi.org/10.12703/P6-76
https://doi.org/10.1016/j.molcel.2011.02.013
https://doi.org/10.1073/pnas.0911128107
https://doi.org/10.1073/pnas.0911128107
https://doi.org/10.1530/REP-15-0327
https://doi.org/10.1080/15384101.2016.1241914
https://doi.org/10.2217/pme-2020-0112
https://doi.org/10.1038/emboj.2010.335
https://doi.org/10.3892/ijo.2018.4526
https://doi.org/10.1038/s41419-020-02872-5
https://doi.org/10.1016/j.bbrc.2019.02.060
https://doi.org/10.1016/j.bbrc.2019.02.060
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1089/bio.2015.29031.hmm
https://doi.org/10.1038/ng.556
https://doi.org/10.1371/journal.pone.0005052
https://doi.org/10.1371/journal.pone.0005052
https://doi.org/10.1038/modpathol.3800167
https://doi.org/10.1016/j.ccell.2015.03.006
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/nature10983
https://doi.org/10.1016/j.ejca.2008.10.032
https://doi.org/10.1016/j.ejca.2008.10.032
https://doi.org/10.1073/pnas.241500798
https://doi.org/10.1073/pnas.241500798
https://doi.org/10.1200/JCO.2009.23.4732
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Role of ASF1B in Cancers
31. Hou J, Aerts J, den Hamer B, van Ijcken W, den Bakker M, Riegman P, et al.
Gene Expression-Based Classification of Non-Small Cell Lung Carcinomas
and Survival Prediction. PLoS One (2010) 5(4):e10312. doi: 10.1371/
journal.pone.0010312

32. Jones J, Otu H, Spentzos D, Kolia S, Inan M, Beecken WD, et al. Gene
Signatures of Progression and Metastasis in Renal Cell Cancer. Clin Cancer
Res (2005) 11(16):5730–9. doi: 10.1158/1078-0432.CCR-04-2225

33. Kim WJ, Kim EJ, Kim SK, Kim YJ, Ha YS, Jeong P, et al. Predictive Value of
Progression-Related Gene Classifier in Primary Non-Muscle Invasive Bladder
Cancer. Mol Cancer (2010) 9:3. doi: 10.1186/1476-4598-9-3

34. Li L, Zhang JW, Jenkins G, Xie F, Carlson EE, Fridley BL, et al. Genetic
Variations Associated with Gemcitabine Treatment Outcome in Pancreatic
Cancer. Pharma Cogenet Genomics (2016) 26(12):527–37. doi: 10.1097/
FPC.0000000000000241

35. Li H, Zhang T, Jenkins Y, Xie Y, Carlson K, Fridley R, et al. Identification of
Genes Upregulated in ALK-Positive and EGFR/KRAS/ALK-Negative Lung
Adenocarcinomas. Cancer Res (2012) 72(1):100–11. doi: 10.1158/0008-5472.
CAN-11-1403

36. Scotto L, Narayan G, Nandula SV, Arias-Pulido H, Subramaniyam S,
Schneider A, et al. Identification of Copy Number Gain and Overexpressed
Genes on Chromosome Arm 20q by an Integrative Genomic Approach in
Cervical Cancer: Potential Role in Progression. Genes Chromosomes Cancer
(2008) 47(9):755–65. doi: 10.1002/gcc.20577

37. Skrzypczak M, Goryca K, Rubel T, Paziewska A, Mikula M, Jarosz D,
et al. Modeling Oncogenic Signaling In Colon Tumors by Multidirectional
Analyses of Microarray Data Directed For Maximization of Analytical
Reliability. PLoS One (2010) 5(10). doi: 10.1371/journal.pone.0013091

38. Yoon SS, Segal NH, Park PJ, Detwiller KY, Fernando NT, Ryeom SW, et al.
Angiogenic Profile of Soft Tissue Sarcomas Based On Analysis of Circulating
Factors and Microarray Gene Expression. J Surg Res (2006) 135(2):282–90.
doi: 10.1016/j.jss.2006.01.023

39. Yoon K, Tajima A, Komata D, Yamamoto T, Kodama S, Fujiwara H, et al.
Gene Expression Profiling of Advanced-Stage Serous Ovarian Cancers
Distinguishes Novel Subclasses and Implicates ZEB2 in Tumor Progression
and Prognosis. Cancer Sci (2009) 100(8):1421–8. doi: 10.1111/j.1349-7006.
2009.01204.x

40. Sanchezcarbayo M, Socci ND, Lozano J, Saint F, Cordoncardo C. Defining
Molecular Profiles of Poor Outcome in Patients with Invasive Bladder Cancer
Using Oligonucleotide Microarrays. J Clin Oncol Off J Am Soc Clin Oncol
(2006) 24(5):778–89. doi: 10.1200/JCO.2005.03.2375

41. Sun L, Hui AM, Su Q. Neuronal and Glioma-Derived Stem Cell Factor
Induces Angiogenesis within the Brain. Cancer Cell (2006) 9(4):287–300.
doi: 10.1016/jccr20603.003

42. Sun J, Grade M, Jung K, Camps J, et al. Mutated KRAS Results in
Overexpression of DUSP4, a MAP-Kinase Phosphatase, and SMYD3, A
Histone Methyltra Nsferase, in Rectal Carcinomas. Genes Chromosomes
Cancer (2010) 49(11):24–34. doi: 10.1002/gcc.20811

43. Gaedcke J, Grade M, Jung K, Camps J, Jo P, Emons G, et al. Mutated KRAS
Results in Overexpression of DUSP4, a MAP-Kinase Phosphatase, and
SMYD3, A Histone Methyltra Nsferase, in Rectal Carcinomas. Genes
Chromosomes Cancer (2010) 49(1):1024–34. doi: 10.1002/gcc.20811

44. Maia S, Haining WN, Ansén S, Xia AA, Ca Rdoso AA, et al. Gene Expression
Profiling Identifies Bax-d as A Novel Tumor Antigen in Acute Lymphoblastic
Leukemia. Cancer Research (2005) 65(21):0050–8. doi: 10.1158/0008-
5472.CAN-05-1574

45. Santegoets L, Baars RV, Terlou A, Heijmans-Antonissen C, Swagemakers S,
Spek P, et al. Different DNA Damage and Cell Cycle Checkpoint Control in
Low- And High-Risk Human Papillomavirus Infections of The Vulva. Int J
Cancer (2012) 30(12):2874–85. doi: 10.1002/ijc.26345

46. Korkola JE, Heck S, Olshen AB, Feldman DR, Chaganti R. Development
and Validation of a Gene-Based Model for Outcome Prediction in Germ
Cell Tumors Using a Combined Genomic and Expression Profiling
Approach. PLoS One (2015) 10(12):e0142846. doi: 10.1371/journal.pone.0142846

47. Vathipadiekal V, Wang V, Wei W, Waldron L, Drapkin R, Gillette M.
Creation of a Human Secretome: A Novel Composite Library of Human
Secreted Proteins: Validation Using Ovarian Cancer Gene Expression Data
and a Virtual Secretome Array. Clin Cancer Res (2015) 21(21):4960–9.
doi: 10.1158/1078-0432.CCR-14-3173
Frontiers in Oncology | www.frontiersin.org 16
48. Barretina J, Taylor BS, Banerji S, Ramos AH, Singer S. Subtype-Specific
Genomic Alterations Define New Targets for Soft-Tissue Sarcoma Therapy.
Nat Genet (2010) 42(8):715–21. doi: 10.1038/ng.619

49. Modhukur V, Iljasenko T, Metsalu T, Lokk K, Laisk-Podar T, Vilo J. Methsurv: A
Web Tool to Perform Multivariable Survival Analysis Using DNA Methylation
Data. Epigenomcs (2017) epi-2017-0118. doi: 10.2217/epi-2017-0118

50. Liu CJ, Hu FF, Xia MX, Han L, Zhang Q, Guo AY. GSCALite: A Web Server
for Gene Set Cancer Analysis. Bioinformatics (2018) 34(21):3771–2.
doi: 10.1093/bioinformatics/bty411

51. Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, et al. TISIDB: An
Integrated Reposi Tory Portal for Tumor-Immune System Interactions.
Bioinformatics (2019) 35(20):4200–2. doi: 10.1093/bioinformatics/btz210

52. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12(5):453–7. doi: 10.1038/nmeth.3337

53. O’Sullivan RJ, Arnoult N, Lackner DH, Oganesian L, Haggblom C, Corpet A,
et al. Rapid Inducti on of Alternative Lengthening of Telomeres by Depletion
of the Histone Chaperone ASF1. Nat Struct Mol Biol (2014) 21(2):167–74.
doi: 10.1038/nsmb.2754

54. Qin Y, Wang J, Gong W, Zhang M, Tang Z, Zhang J, et al. UHRF1 Depletion
Suppresses Growth of Gallbladder Cancer Cells Through Induction of
Apoptosis and Cell Cycle Arrest. Oncol Rep (2014) 31(6):2635–43.
doi: 10.3892/or.2014.3145

55. Ge S, Xia X, Ding C, Zhen B, Zhou Q, Feng J, et al. A Proteomic Landscape of
Diffuse-Type Gastric Cancer. Nat Commun (2018) 9(1):1012. doi: 10.1038/
s41467-018-03121-2

56. Hause RJ, Pritchard CC, Shendure J, Salipante SJ. Classification and
Characterization of Microsa Tellite Instability Across 18 Cancer Types. Nat
Med (2016) 22(11):1342–50. doi: 10.1038/nm.4191

57. Greillier L, Tomasini P, Barlesi F. The Clinical Utility of Tumor Mutational
Burden in Non-Small Cell Lung Cancer. Transl Lung Cancer Res (2018) 7
(6):639–46. doi: 10.21037/tlcr.2018.10.08

58. Otto JE, Kadoch C. A Two-Faced mSWI/SNF Subunit: Dual Roles for
ARID1A in Tumor Supp Ression and Oncogenicity in the Liver. Cancer
Cell (2017) 32(5):542–3. doi: 10.1016/j.ccell.2017.10.014

59. Rankin LC, Arpaia N. Treg Cells: A LAGging Hand Holds the Double-Edged
Sword of the IL-23 Axis. Immunity (2018) 49(2):201–3. doi: 10.1016/
j.immuni.2018.08.008

60. Zhao S, Zhang M, Zhang Y, Meng H, Wang Y, Liu Y, et al. The Prognostic
Value of Programmed Cell Death Ligand 1 Expression in non-Hodgkin
Lymphoma: A Meta-Analysis. Cancer Biol Med (2018) 15(3):290–8.
doi: 10.20892/j.issn.2095-3941.2018.0047

61. Kondratova M, Czerwinska U, Sompairac N, Amigorena SD, Soumelis V,
Barillot E, et al. A Multiscale Signalling Network Map of Innate Immune
Response in Cancer Reveals Cell Hetero Gene Ity Signatures. Nat Commun
(2019) 10(4808). doi: 10.1038/s41467-019-12270-x

62. Gerlinger M, Rowan AJ, Horswell S, Math M, Larkin J, Endesfelder D, et al.
Intratumor Heterogeneity and Branched Evolution Revealed by Multiregion
Sequencing. N Engl J Med (2012) 366(10):883–92. doi: 10.1056/
NEJMoa1113205

63. McDonald KA, Kawaguchi T, Qi Q, Peng X, Asaoka M, Young J, et al. Tumor
Heterogeneity Correlates With Less Immune Response and Worse Survival in
Breast Cancer Patients. Ann Surg Oncol (2019) 26(7):2191–9. doi: 10.1245/
s10434-019-07338-3

64. Bourne Y, Watson MH, Arvai AS, Bernstein SL, Reed SI, Tainer JA. Crystal
Structure and Mutational Analysis of the Saccharomyces Cerevisiae Cell Cycle
Regulatory Protein Cks1: Implica Tions for Domain Swapping, Anion
Binding and Protein Interactions. Structure (2000) 8(8):841–50.
doi: 10.1016/s0969-2126(00)00175-1

65. Slotky M, Shapira M, Ben-Izhak O, Linn S, Futerman B, Tsalic M, et al. The
Expression of the Ubiquitin Ligase Subunit Cks1 in Human Breast Cancer.
Breast Cancer Res (2005) 7(5):R737–44. doi: 10.1186/bcr1278

66. Lee SW, Kang SB, Lee DS, Lee JU. Akt and Cks1 are Related With Lymph
Node Metastasis in Gastric Adenocarcinoma. Hepatogastroenterology (2013)
60(124):932–7. doi: 10.5754/hge121214

67. Wang JJ, Fang ZX, Ye HM, You P, Cai MJ, Duan HB, et al. Clinical Significance of
Overex Pressed Cyclin-Dependent Kinase Subunits 1 and 2 in Esophageal
Carcinoma. Dis Esophagus (2013) 26(7):729–36. doi: 10.1111/dote.12013
September 2021 | Volume 11 | Article 731547

https://doi.org/10.1371/journal.pone.0010312
https://doi.org/10.1371/journal.pone.0010312
https://doi.org/10.1158/1078-0432.CCR-04-2225
https://doi.org/10.1186/1476-4598-9-3
https://doi.org/10.1097/FPC.0000000000000241
https://doi.org/10.1097/FPC.0000000000000241
https://doi.org/10.1158/0008-5472.CAN-11-1403
https://doi.org/10.1158/0008-5472.CAN-11-1403
https://doi.org/10.1002/gcc.20577
https://doi.org/10.1371/journal.pone.0013091
https://doi.org/10.1016/j.jss.2006.01.023
https://doi.org/10.1111/j.1349-7006.2009.01204.x
https://doi.org/10.1111/j.1349-7006.2009.01204.x
https://doi.org/10.1200/JCO.2005.03.2375
https://doi.org/10.1016/jccr20603.003
https://doi.org/10.1002/gcc.20811
https://doi.org/10.1002/gcc.20811
https://doi.org/10.1158/0008-5472.CAN-05-1574
https://doi.org/10.1158/0008-5472.CAN-05-1574
https://doi.org/10.1002/ijc.26345
https://doi.org/10.1371/journal.pone.0142846
https://doi.org/10.1158/1078-0432.CCR-14-3173
https://doi.org/10.1038/ng.619
https://doi.org/10.2217/epi-2017-0118
https://doi.org/10.1093/bioinformatics/bty411
https://doi.org/10.1093/bioinformatics/btz210
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1038/nsmb.2754
https://doi.org/10.3892/or.2014.3145
https://doi.org/10.1038/s41467-018-03121-2
https://doi.org/10.1038/s41467-018-03121-2
https://doi.org/10.1038/nm.4191
https://doi.org/10.21037/tlcr.2018.10.08
https://doi.org/10.1016/j.ccell.2017.10.014
https://doi.org/10.1016/j.immuni.2018.08.008
https://doi.org/10.1016/j.immuni.2018.08.008
https://doi.org/10.20892/j.issn.2095-3941.2018.0047
https://doi.org/10.1038/s41467-019-12270-x
https://doi.org/10.1056/NEJMoa1113205
https://doi.org/10.1056/NEJMoa1113205
https://doi.org/10.1245/s10434-019-07338-3
https://doi.org/10.1245/s10434-019-07338-3
https://doi.org/10.1016/s0969-2126(00)00175-1
https://doi.org/10.1186/bcr1278
https://doi.org/10.5754/hge121214
https://doi.org/10.1111/dote.12013
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Role of ASF1B in Cancers
68. Shapira M, Ben-Izhak O, Bishara B, Futerman B, Minkov I, Krausz MM, et al.
Alterations in the Expression of the Cell Cycle Regulatory Protein Cyclin
Kinase Subunit 1 in Colorectal Carcinoma. Cancer (2004) 100(8):1615–21.
doi: 10.1002/cncr.20172

69. Shapira M, Ben-Izhak O, Linn S, Futerman B, Minkov I, Hershko DD. The
Prognostic Impact of the Ubiquitin Ligase Subunits Skp2 and Cks1 in Colorectal
Carcinoma. Cancer (2005) 103(7):1336–46. doi: 10.1002/cncr.20917

70. Tsai YS, Chang HC, Chuang LY, Hung WC. RNA Silencing of Cks1 Induced
G2/M Arrest and Apoptosis in Human Lung Cancer Cells. IUBMB Life (2005)
57(8):583–9. doi: 10.1080/15216540500215531

71. Lee EK, Kim DG, Kim JS, Yoon Y. Cell-Cycle Regulator Cks1 Promotes
Hepatocellular Carcinoma by Supporting NF-Kbdependent Expression of
Interleukin-8. J Cancer Res (2011) 71:6827–35. doi: 10.1158/0008-
5472.CAN-10-435616

72. ZhanF,Colla S,WuX,ChenB, Stewart JP,KuehlWM, et al. CKS1B,Overexpressed
in Aggressive Disease, Regulates Multiple Myeloma Growth and Survival Through
SKP2-andp27Kip1-Dependent and -IndependentMechanisms. J Blood (2007) 109
(11):4995–5001. doi: 10.1182/blood-2006-07-038703

73. Wang H, Sun M, Guo J, Ma L, Jiang H, Gu L, et al. 3-O-(Z)-
Coumaroyloleanolic Acid Overcomes Cks1b-Induced Chemoresistance in
Lung Cancer by Inhibiting Hsp90 and MEK Pathways. Biochem Pharmacol
(2017) 135(10):35–49. doi: 10.1016/j.bcp.2017.03.007

74. Shi L, Wang S, Zangari M, Xu H, Cao TM, Xu C, et al. Over-Expression of
CKS1B Activates Both MEK/ERK and JAK/STAT3 Signaling Pathways and
Promotes Myeloma Cell Drug-Resistance. J Oncotarget (2010) 1(1):22–33.
doi: 10.18632/oncotarget.105

75. Huang J, Zhou Y, Thomas GS, Gu Z, Yang Y, Xu H, et al. Nedd8 Inhibition
Overcomes Cks1b-Induced Drug Resistance by Upregulation of P21 in
Multiple Myeloma. Clin Cancer Res (2015), 5532–42. doi: 10.1158/1078-
0432.CCR-15-0254

76. Tobias AM, Toska D, Lange K, Eck T, Bhat R, Janson CA, et al. Expression,
Purification, and Inhibition Profile of Dihydrofolate Reductase From the
Frontiers in Oncology | www.frontiersin.org 17
Filarial Nematode Wuchereria Bancrofti. PloS One (2018) 13(5):e0197173.
doi: 10.1371/journal.pone.0197173

77. Chattopadhyay S, Moran RG and Goldman ID. Pemetrexed: Biochemical and
Cellular Pharmaco Logy, Mechanisms, and Clinical Applications. Mol Cancer
Ther (2007) 6(2):404–17. doi: 10.1158/1535-7163.MCT-06-0343

78. Bellelli R, Belan O, Pye VE, Clement C, Maslen SL, Skehel JM, et al. POLE3-
POLE4 Is a Histone H3-H4 Chaperone That Maintains Chromatin Integrity
During DNA Replication. Mol Cell (2018) 72(1):112–26.e5. doi: 10.1016/
j.molcel.2018.08.043

79. Su D, Feng X, Colic M, Wang Y, Chen Y. CRISPR/CAS9-Based DNA Damage
Response Screens Reveal Gene-Drug Interactions. DNA Repair (Amst) (2020)
87:102 803. doi: 10.1016/J.dnarep2020.102803

80. Hustedt N, Lvarez-Quilón A, Mcewan A, Yuan JY, Durocher D. A Consensus
Set of Genetic Vulnerabilities to ATR Inhibition. Open Biol (2019) 9
(9):190156. doi: 10.1098/rsob.190156

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

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

Copyright © 2021 Zhang, Gao, Guan, Liu, Meng and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
September 2021 | Volume 11 | Article 731547

https://doi.org/10.1002/cncr.20172
https://doi.org/10.1002/cncr.20917
https://doi.org/10.1080/15216540500215531
https://doi.org/10.1158/0008-5472.CAN-10-435616
https://doi.org/10.1158/0008-5472.CAN-10-435616
https://doi.org/10.1182/blood-2006-07-038703
https://doi.org/10.1016/j.bcp.2017.03.007
https://doi.org/10.18632/oncotarget.105
https://doi.org/10.1158/1078-0432.CCR-15-0254
https://doi.org/10.1158/1078-0432.CCR-15-0254
https://doi.org/10.1371/journal.pone.0197173
https://doi.org/10.1158/1535-7163.MCT-06-0343
https://doi.org/10.1016/j.molcel.2018.08.043
https://doi.org/10.1016/j.molcel.2018.08.043
https://doi.org/10.1016/J.dnarep2020.102803
https://doi.org/10.1098/rsob.190156
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	ASF1B Promotes Oncogenesis in Lung Adenocarcinoma and Other Cancer Types
	Introduction
	Materials and Methods
	Dataset Analyses
	Immune Infiltration Analysis
	Cell Culture and Transfection
	EdU Assay
	CCK-8 Assay
	Flow Cytometry
	Western Blotting
	Immunofluorescent Staining
	Proteomic Profiling
	IP-MS
	qRT-PCR
	Statistical Analysis

	Results
	Assessment of ASF1B Expression in Cancer
	Evaluation of the Prognostic Relevance of ASF1B in Different Cancers
	Assessment of the Association Between ASF1B Expression and Methylation, MSI, TMB, and Genetic Alteration Status in Different Cancers
	The Association Between ASF1B Expression and Immune Cell Infiltration
	Examination of Pathways Significantly Associated With ASF1B
	ASF1B Regulates Lung Cancer Cell Line Phenotypes
	Proteomic Profiling-Based Identification of ASF1B Downstream Signaling Target Proteins

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


