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Purpose: This study aimed to evaluate the role of colony-stimulating factor 2 (CSF2) in
chemotherapy resistance, prognosis, and immune response and to identify its possible
mechanisms underlying drug resistance.

Methods: Drug-resistant cell lines were obtained by successively increasing drug concen-
tration. RNA-Seq was performed to screen hub genes. CSF2 expression was analyzed via
immunohistochemistry. Moreover, The Cancer Genome Atlas (TCGA), Tumor Immune
Estimation Resource (TIMER) dataset, and R2 platform were used to explore the correlations
among CSF2 expression, prognosis, and immune response.

Results: RNA-Seq indicated that microRNAs in cancer, P53 signaling pathway, and cell
cycle were associated with FOLFOX chemotherapy resistance. Protein-protein interaction
(PPI), molecular complex detection (MOCDE), and qRT-PCR analysis verified CSF2 as the
hub gene in chemotherapy resistance. Moreover, CSF2 expression was lower in the normal
tissue than in the cancerous tissue (P<0.05). Higher expression of CSF2 was associated with
poor OS and DFS in colon cancer patients (P<0.05). We further found similar results in the
Oncomine database and R2 platform (P<0.05). A higher expression of CSF2 in the CRC
tissue may be caused by demethylation, which was verified using the TCGA datasets.
Moreover, GSEA demonstrated that CSF2 was associated with immune response, which
was consistent with results reported using TIMER datasets.

Conclusion: CSF2 is a novel biomarker and a prognostic factor for the survival of CRC
patients affecting the immune response, and an overexpression of CSF2 in CRC patients may
be caused by DNA demethylation.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and the second leading cause
of cancer-related death worldwide.! Chemotherapy is one of the most commonly used
treatments for CRC. Unfortunately, approximately 50% of CRC patients could develop
drug resistance, thus resulting in failure of chemotherapy.? Therefore, it is highly
important to better understand the mechanisms underlying drug resistance to che-
motherapy. Recently, tumor-associated macrophages (TAMs), a major component of
inflammatory cellular infiltrates in tumors, have been verified to be associated with
chemotherapy resistance in many cancers, including CRC. TAMs-based therapy has
been widely explored in several cancer types (e.g., melanoma and pancreatic cancer) to
conquer chemotherapy resistance.” ® Therefore, exploring potential TAMs targets is of
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great clinical importance to offer individualized therapeutic
strategies for patients who have developed chemotherapy
resistance.

Colony-stimulating factor 2 (CSF2, also known as granu-
locyte macrophage-colony stimulating factor, GM-CSF), is
a cytokine functioning as a hematologic cell growth factor
that stimulates stem cells to produce granulocytes and
monocytes.”® In addition, CSF2 induces protective immunity,
mainly by stimulating the recruitment, maturation, and func-
tioning of dendritic cells (DCs). This effect of CSF2 on DCs
leads to the activation of the immune system against specific
antigens. Therefore, CSF2 has been considered to exert anti-
tumor effects in the systemic immune response. In contrast,
a recent study has revealed that CSF2 plays a different role in
the solid tumor microenvironment, wherein CSF2 upregula-
tion may suppress the immune response and result in poor
prognosis in several tumors.”'® TAMs play an important role
in the tumor microenvironment by differential polarization to
M1 and M2 macrophages, and differential polarization
involved in the anti-inflammatory/pro-tumorigenic and pro-
inflammatory/anti-tumorigenic.''™'* CSF2 acts as a mediator
of macrophage polarization affecting the immune response in
the tumor microenvironment.'''*> However, the exact role of
CSF2 in CRC remains unclear.

In the present study, we comprehensively analyzed mRNA
expression profiling in parental and chemotherapy-resistant
cells using RNA-Seq. Subsequently, differential gene expres-
sion analysis was performed and protein-protein interaction
(PPI) network and molecular complex detection (MCODE)
algorithm were determined to screen for relevant hub genes for
chemoresistance in our expression profile. The correlation of
hub genes with peripheral immune cells in different tumor
microenvironments was investigated via Tumor Immune
Estimation Resource (TIMER). Finally, the hub genes were
verified by multiple bioinformatics analysis and immunohis-
tochemical analysis of our data.

Materials and Methods

Patient Tissue Samples

Based on our prospective maintained database, colon cancer
patients undergoing surgical resection from June to
December 2010 at Fujian Medical University Union Hospital
(Fujian, China) were enrolled. The inclusion criteria were: (1)
pathologically proven colon adenocarcinomas, (2) tumors
located in the ascending, transverse, descending, or sigmoid
colon, and (3) an Eastern Cooperative Oncology Group

(ECOG) performance status score of 0—1. The exclusion

criteria were as follows: (1) aged < 18 years, (2) severe comor-
bidities, (3) familial adenomatous polyposis (FAP) or Lynch
syndrome, (4) multiple primary neoplasms, (5) loss to post-
operative follow-up, and (6) incomplete medical records.
Finally, 114 patients with colon cancer were included in this
study.

Cancerous and the matched adjacent non-cancerous
tissues were collected, frozen and stored in liquid nitrogen
for further assay. The clinicopathologic features of patients
were obtained from our prospective database, including
age, gender, body mass index (BMI), gross type, histologic
differentiation, pretreatment carcinoembryonic antigen
(CEA) level, pretreatment carbohydrate antigen 199
(CA199) level, T classification, lymph node invasion, dis-
tant metastasis, tumor stage, tumor location and etc.
Survival outcomes were obtained from the postoperative
follow-up. The study protocol was conducted in accor-
dance with the Declaration of Helsinki and approved by
the Medical Ethics
University Union Hospital (Fujian, China). All patients

Committee of Fujian Medical
provided and written informed consent.

Follow-Up

Postoperative follow-up was conducted every 3 months for
the first 3 years, then every 6 months for the next 2 years, and
annually thereafter. During each visit, a physical examina-
tion, serum CEA test, chest X-ray or CT scan, and abdomi-
nopelvic MRI or CT scans were performed. A colonoscopy
was performed annually after surgery. Positron emission
tomography (PET) was performed when needed. Overall
survival (OS) was defined as the time from surgery to death
or the last follow-up. Disease-free survival (DFS) was cacu-
lated as the time from surgery to tumor relapse. Patient
follow-up lasted until death or the cut-off date of
September 30, 2018.

Immunohistochemical Analysis

The concentration of CFS2 protein in biopsy samples
embedded in paraffin wax was measured using immunobhis-
tochemical streptavidin-biotin complex method. Phosphate-
buffered saline (PBS) was used as anegative control and the
image of a positive control was obtained from GE
Healthcare Life Sciences. The following criteria were used:
the percentage of positive cells for each section and colored
shade was scored semi-quantitatively, and the fields were
randomly selected from five directions (up, center, down,
left, and right) under high magnification (x400). All ana-
lyses were performed in a double-blind manner.
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Cell Culture and Reagents
Human colon cancer HCT-8 cell lines were purchased from
Shanghai Genechem Co. Ltd (Shanghai, China). Resistance
to 5-FU was induced in a colonic cancer cell line (HCT-8/
5-FU) created from the parental HCT-8 cell line as described
below. Development of resistance to L-OHP cell line has
already reported in our previous study.'* Parental and HCT-8/
5-FU were cultured with RPMI 1640 (Invitrogen; Thermo
Fisher Scientific, Inc., Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS, Hangzhou Sijiqing Bio-
Engineering Material Ltd. Co, Hangzhou, China), 100 U/mL
penicillin, and 100 mg/mL streptomycin (Invitrogen; Thermo
Fisher Scientific, Inc., Carlsbad, CA, USA) in 5% CO2 at
37°C.

The human colon cancer cell line HCT-8 were seeded in
a 25mL culture flask and 100 pmol/L (1/3 IC50) 5-FU
solution was added into the medium, and the medium was
changed after incubation for 48 h. When cells recovered to
normal growth and subculture, the same drug concentration
was repeated. The cell culture added with 5-FU was repeated
60 times (5-FU concentration increased by 100 pumol/L
every three subculture). The HCT-8 cell line from the last
subculture, which was resistant to 2000 pmol/L 5-FU, was
cultured in complete culture medium containing 500 wmol/L
5-FU and was defined as HCT-8/5-FU. The period of estab-
lishing the drug-resistant cell line lasted for 9 months.

Cell Viability Assay

Drug sensitivity was evaluated using a CCK-8 Kit
(Dojindo Laboratories, Japan), according to the manufac-
turer’s instructions. Briefly, cells were plated in 96-well
plates in a concentration of 3x10° cells per well. When the
cells reached 60% confluence, the medium was removed
and replaced with fresh medium containing varying con-
centrations of L-OHP and 5-fluoro-2,4(1h, 3h) pyrimidi-
nedione (5-FU) and incubated for 48 h. The optical density
was then measured and the cell viability was calculated.

RNA Sequencing Library Construction

and lllumina sequencing

Total RNA from each sample of paternal and drug-
resistant cell was extracted separately using TRIzol RNA
reagent (Invitrogen), according to the manufacturer’s pro-
tocol. For each sample, equal amounts of RNA (30 pg)
extracted from the three repeats were pooled for the con-
struction of cDNA library and quantitative reverse tran-
scription-polymerase chain reaction (qQRT-PCR) analysis.

cDNA library construction and RNA-Seq were performed
by Genedenovo Bio-Tech Co., Ltd. (Guangzhou, China).
The library was sequenced on an Illumina HiSeq™ 2500
platform with paired-end sequencing reads.

Bioinformatic Analysis of Transcriptome
Data

Raw sequences with adaptors and unknown nucleotides
above 5% or those that were of low quality were removed
to obtain clean reads. The clean reads were used for transcript
assembly and abundance estimation by Cufflinks v2.2.1."
The raw gene expression data were normalized using frag-
ments per kilobase of exon per million mapped fragments
(FPKM). Genes were considered significantly differentially
expressed if the absolute log2-fold change >1 and the false
discovery rate (FDR) < 0.05. Gene Ontology (GO) terms and
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways with corrected P-value < 0.05 were considered signifi-
cantly enriched. Pearson correlation coefficient analysis and
principal component analysis (PCA) on all samples were
performed by using R software (Version 2.15.3).

Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)
Assay

Total RNA from cells was isolated using TRIzol reagent
(Invitrogen) according to the manufacturer’s instruction.
And 1 pg total RNA was used for reverse transcription
reaction using M-MLV Reverse Transcriptase Product
(Promega). qPCR was performed using an ABI 7500 real-
time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc., Foster City, CA, USA). CSF2, IL15, and
CXCL8 mRNA levels were assessed by RT-qPCR with
GAPDH used as an internal control. The relative expres-
sion levels of genes were calculated using the AACq
method. All PCR amplification was performed in triplicate
and repeated in three independent experiments.

PPl Network and MCODE

To identify real hub genes, we analyzed the correlation
among the differential expression genes in our data by the
PPI network, which was constructed by uploading all
differential expression genes to the Search Tool for the
Retrieval of Interacting Genes (STRING). Cytoscape was
used to perform PPI network analysis and MCODE algo-
rithm in Cytoscape software was conducted to screen hub
gene in the maximum specific weigh modules within the
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PPI network. Finally, we chose the top 50 of the maximum
score in MCODE, PPI degree and fold change of differ-
ential expression genes (score = 50) to screen the intersec-
tion genes defined as the real hub gene.

|dentification of the Relationship Between
CSF2 Expression, Prognosis, and

Methylation

To further verify whether high expression of CSF2 was
associated with worse prognosis in CRC, Oncomine data-
base (https://www.oncomine.org) was used to investigate the

differential expression of CSF2 in the colon cancerous and
normal tissues. Next, we analyzed the prognostic value of
hub gene in CRC patients by using the R2: Genomics
Analysis and Visualization Platform (http:/r2.amc.nl).
Additionally, methylation data from The Cancer Genome
Atlas (TCGA, MethHC database, http://methhc.mbc.nctu.
edu.tw) were used to compare the methylation levels of

hub genes between CRC and normal colon tissues.'®

Gene Set Enrichment Analysis (GSEA)

and Co-Expression Gene Analysis

To figure out the potential function of CSF2 in CRC,
GSEA was conducted in CRC parental and FOLFOX
resistant cells with the top and last 25% of the expression
levels from our datasets. Annotated gene sets c2. cp.kegg.
v5.2. symbols. GMT pathways database was chosen as the
reference gene sets. P < 0.05 and |enrichment score (ES)| >
0.3 were set as the cut-off criteria. We further used the
TCGA data set to identify the co-expression gene of CSF2
in the Gene Expression Profiling Interactive Analysis
(GEPIA, http://gepia.cancer-pku.cn/).

Correlation Analysis Between CSF2

Expression and Peripheral Immune Cells

To further explore the association between CSF2 expres-
sion and peripheral immune cells, we evaluated whether
CSF2 expression was correlated with peripheral immune

cells in TIMER (https://cistrome.shinyapps.io/timer/).'”'®

In addition, the association between CSF2 expression and
peripheral immune cells was further validated in our data.

Statistical Analysis

Statistical analysis was performed using SPSS software version
20.0 (SPSS, Inc., Chicago, IL, USA). Categorical variables
were expressed as numbers with percentages and compared
using Chi-square test or Fisher’s exact test, when appropriate.

Continuous data were described as means + standard deviations
and analyzed using Student’s t-tests. Survival outcomes were
assessed using the Kaplan—Meier method and the log rank test.
P <0.05 was considered statistically significant.

Results
Characterization of Paternal and

Drug-Resistant Cell Lines

Cell lines resistant to L-OHP (HCT-8/L-OHP cells) were
characterized in our previous study.'* To verify resistance to
L-OHP and 5-FU, we exposed cells to different concentrations
of L-OHP and 5-FU. The results revealed that the resistant
cells (HCT-8/L-OHP and HCT-8/5-FU cells) presented con-
tinuous propagation at the final stages. Further, HCT-8/5-FU
cells were more resistant to 5-FU than HCT-8 cells (P < 0.01,
Figure 1A and B). As shown in Figure 1C, the half maximal
inhibitory concentration (ICsg) and drug resistance index (RI)
to 5-FU were significantly lower for parental HCT-8 cells than
for HCT-8/5-FU cells (ICsp: 296.45 £ 10.63 vs 3064.46 +
18.92 pmol/mL, RI: 1.60 vs 10.90, both P < 0.01), indicating
that HCT-8/5-FU cells showed remarkable resistance to 5-FU.
However, HCT-8/5-FU cells did not show increased resistance
to L-OHP compared with HCT-8 cells (ICsq: 7.07 & 0.85 vs
5.78 £ 0.05 pmol/mL, P =0.07). These results suggested that
a combination of HCT-8/5-FU and HCT-8/L-OHP cells could
be used to explore mechanisms underlying resistance to the
FOLFOX/CapeOX regimen.

Cluster Analysis

RNA-Seq was used to examine gene expression profiles in
parental cells, drug resistant cells, HCT-8/5-FU and HCT-
8/L-OHP. Supervised hierarchical cluster analysis of gene
expression profiling data showed a clustering trend
between groups (HCT-8 vs HCT-8/5-FU cells; HCT-8 vs
HCT-8/L-OHP cells), as demonstrated in Figure 1D-F.
The significance analysis of microarrays (SAM) for differ-
entially expressed genes (DEGs) revealed that tumor cell
biology differed significantly between the two groups,
among which the expression of 630 genes was signifi-
cantly up- and down-regulated (all P < 0.05).

GO Enrichment and KEGG Analysis

GO enrichment analysis was performed for investigating the
molecular mechanism of DEGs involved in resistance to
FOLFOX regimen in the parental and drug-resistant cells.
We listed the GO terms enriched in the significantly upregu-
lated and downregulated genes in HCT-8 cells and those in
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HCT-8/5-FU and HCT-8/L-OHP cells (Figure 2A and B).
Further, we selected the significant GO terms in both 5-FU
and L-OHP resistant cell lines (Figure 2C). The results showed
that the top three significant GO terms were enriched for
response to stress, cellular component organization, and cell
cycle. Additionally, we analyzed differential genes in the par-
ental and drug-resistant cells by KEGG analysis (Figure 2E
and F). Subsequently, we selected significant KEGG pathways
in both 5-FU- and L-OHP-resistant cell lines (Figure 2D). The
results demonstrated that the top three KEGG pathways were
related to microRNAs in cancer, P53 signaling pathway, and
cell cycle.

Hub Gene ldentification and Validation

For DEG analysis, all the DEGs in the three groups
were included and analyzed based on the PPI network,
and the PPI degree was calculated. Finally, 463 genes
were chosen as hub genes in the PPI network and
analyzed using MCODE algorithm in Cytoscape.
Following this, 50 genes with highest scores in the
MCODE algorithm and highest PPI degrees were chosen
as candidates for hub genes. The 50 genes underwent

degree score analysis in Cytoscape (Figure 2G). Finally,

after analyzing the fold change of DEGs, PPI degree,
and MCODE score, the most associated genes, CSF2,
IL15, and CXCLS8, were chosen as hub genes.

To further validate the hub genes obtained from our RNA-
Seq data, we analyzed the expression levels of CSF2, IL15,
and CXCLS8 in HCT-8, HCT-8/5-FU, and HCT-8/L-OHP
cells. As shown in Figure 2H, the expressions of CSF2 and
CXCLS8 were significantly increased in drug-resistant cells
compared with those in the parental cells (5-FU P < 0.01,
P = 0.02; L-OHP P < 0.01, P = 0.04). Moreover, IL15
expression was significantly increased in 5-FU-resistant cells
compared with that in HCT-8 cells (P < 0.05), whereas the
expression of IL15 in L-OHP-resistant cells was similar to that
in the parental cells (P = 0.09). Moreover, we found that CSF2
had a higher fold change and a lower P-value when compared
with CXCLS. Thus, CSF2 was selected as the “real” hub gene
for further analysis.

CSF2 Validation in the Oncomine
Database and R2 Platform

To independently validate the hub genes obtained from our
data set, we analyzed the expression level of CSF2 by compar-
ing CRC tissues and adjacent normal tissues based on a meta-
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analysis of 13 GEO-sourced datasets mined from the
Oncomine database. The results showed that CSF2 mRNA
levels were significantly higher in CRC tissues than in the
normal tissue (P < 0.001; Figure 3A). R2: Genomics
Analysis and Visualization Platform was used to generate
Kaplan—Meier overall survival curves using the “Tumor
Colon-Sieber-290-MAS5.0-ul33p2,” “Tumor Colon CIT
(Combat)-Marisa-566- rma-ul33p2,” “Tumor Colon MVRM-
SieberSmith-345-fRMA (bc)-ul33p2,” “Tumor Colon -Sieber
Smith-355-u133p2,” “Tumor Colon MSI-status (Core Exon)-

Sveen-95-rma-sketch-huex10p,” and “Tumor Colon (Core-
Exon)-Sveen-333-rma-sketch-huex10p” datasets. The results
showed that high CSF2 expression was correlated with
a significantly worse event- and relapse-free survival (all
P < 0.05; Figure 3B—-G). Moreover, we found that in other
datasets, e.g., “Tumor Colon (KRAS mut)-Hase-59-MASS.
0-ul33p2” dataset (P =0.109), although the P value was higher
than 0.05 observed in R2, high CSF2 expression was asso-
ciated with worse disease-free survival compared with low
CSF?2 expression (Figure 3H).

submit your manuscript

11260

Dove!

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove Xu et al
A oLk D T Gl B Sen- 30 w Tioraon - Seer-29 w T e M
L ma Sieeh- el HASBO- utdipd il
el C (SP2 0 s &) D Wity
ek e Coe Epesinedot 88 gl Eesionolof: 21 g it Vi
1585 004 G0 st ITH SRV st WTH SRV ) wil
LR A Klaine ) By p K e Epesinbgh ' il ‘ o]
e <
Legend i v b
1, et Arcacroma s orma. -, CumAdrocacito . ol ! »
e Cobvetd,GeesCronosnes —TCGA v, o socoted e [ [l L] \_um
(o 0 ] > )
1 ColorclAerona el s, Nomel - 9, Gl erocacema s, Nomal u E:UW L] ! i =
(o Colon el 08 O e, Mo st P, a E
3, Cloret Carmavs. Nomel. i ? » LL|A_uu.A_ § -
s olor,Geome il 206 1, Clonucino eocacuna . . E“"ﬂ L _"i‘ e /
4 (o Meachonays, o lomd ) § [ § § /
bt e, 07 ,?“’(m“"‘\\’mm‘w 214, | ) i i /
5, Coloretd cactuna s, o " P;dﬂdemimrmwm\é i i i i Vs
ot . Ty " /
g0 e it i ! e
(et Carcoma s mel. i % i
i
”smm.wamm‘msmwra 11 et o drocacoars, QM" ) !.;;_
7, Clon e . el omd o g / 1 -
Slrpeck Cobretl 1 o e, 110 T4 e, o, 0 / i >
nt [V 1] 1 1}
1 et eiona s, N '
Tt bobslbpe, " ,
i e ' s '
pl e il ™ ik
Xyt - g% et ., [t}
TSNE 8051 e —— e S ——— S e ‘ o
BOR0000AN Qwreseet L A boioy g g th
——p——_—— {
' Folowpinmons Folow pinmors
Teafrapeitereba it g e
THepeefra oo fr el el i i i
Tuor ot G Eon- e85 w Tior Caon - S w Tio oon VRS- 45 Lfy Tior oo (FRAS - - W
ma steth-huerlp HASEO- utdipd fRMAgbc}- [l HASS0- 132
el F (S s 8) G (4 H (2000820
Eeson ol T gy Epresionf; 41 gyt Exesionodof 5187 g Bgresin 0 gy
g e Eeson Gt ikt WITH SRV bl WITH SRV K e Epesin
Hﬂ--l Ui gk Cune EpesitnGaph g e Eigesin G 1[0‘—‘* I
| WD ) 0 L. 0 L T St i}
W W |t W et '
i "
19 ) 1] L\L
! s T !
" " nan Mw 2
> | > H
Ll £ i qm
1LY ! 2 b ) i 2
L 2 n i [
4 0 4 ]
e ' W | ' H 3
—L S g i ¢ i
i 0 i 21 e ;@ {
‘ i 3 3 * H
v [} [ 0 i g
fuo ‘ O s
! il :
A5 " S w
e —— : @ / g
02 § [V 1 0 o
[y 10 o L 01 0t
o i e s ot
o iy s ol Yl
‘lﬂD-,_'_'im " e ' e W ¥ T W ! oo
o v b N @ o B AT S I T A LR S
b ] N L] c s 0N
Folowup nmants Folowup et Folow p i mons

Folowup nmonts

Figure 3 CSF2 expression and prognosis.

Notes: (A) Meta-analysis of |3 GEO-sourced data sets mined from the Oncomine database showed that CSF2 mRNA levels were significantly higher in CRC tissues than in
normal colon tissues (P <0.001). (B—G) Low CSF2 expression was correlated with a significantly better event-, disease- and relapse-free survival (P < 0.05). (H) High CSF2

expression was correlated with a worse disease-free survival (P = 0.109).

Analysis of DNA Promoter Region
Methylation and CSF2 Expression in CRC

Patients

To explore whether high CSF2 expression was regulated by
demethylation, we analyzed the promoter region methyla-
tion data of CSF2 between CRC and normal colorectal
tissues. Based on MethHC database, CSF2 was found to
be significantly upregulated in both colon and rectal cancer

tissues compared with paired normal colon and rectal tissues
(colon cancer vs paired normal colon tissue: 7.37 £ 1.68 vs
1.28 £ 0.45, P < 0.01, Figure 4A; rectal cancer vs paired
normal rectal tissue: 11.93 +2.56 vs 1.22 £ 0.56, P < 0.01,
Figure 4E). Further, these results were validated by all colon
and rectal cancer vs normal tissues (colon cancer tissue vs
normal colon tissue: 10.50 + 1.32 vs 1.25 £ 0.44, P = 0.02,

Figure 4C; rectal cancer vs normal rectal tissue: 10.09 + 1.32
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Figure 4 CSF2 was upregulated in CRC and had decreased promoter hypermethylation.

Notes: (A and E) CSF2 expression was significantly increased in CRC tissues compared with paired adjacent normal tissues in colon cancer (n=26) (A) and rectal cancer
(n=6) (E) from the TCGA database. (B and F) CSF2 had decreased promoter hypermethylation compared with paired adjacent normal tissues in colon cancer (n=38) (B)
and rectal cancer (n=7) (F) from TCGA database. (C and G) CSF2 expression was significantly increased in colon cancer (n=274 in tumor group, n=38 in normal group) (C)
and rectal cancer (G) from the TCGA database (n=95 in tumor group, n=7 in normal group). (D and H) CSF2 had decreased promoter hypermethylation in colon cancer
(n=262 in tumor group, n=29 in normal group) (D) and rectal cancer (H) from TCGA database (n=270 in tumor group, n=13 in normal group).

vs 1.18 £ 0.44, P <0.01, Figure 4G. With regard to promoter
methylation, CSF2 was found to have a decreased methyla-
tion degree at the promoter in colon and rectal cancer tissues
compared with that in paired normal colon and rectal tissues
(colon cancer tissue vs paired normal colon tissue: 0.50 +
0.01 vs 0.69 + 0.00, P < 0.01, Figure 4B; rectal cancer tissue
vs paired normal rectal tissue: 0.48 + 0.04 vs 0.70 + 0.01,
P < 0.01, Figure 4F). Similarly, we evaluated the approx-
imate result of the CSF2 promoter methylation in all colon
and rectal cancer tissues and normal tissue (colon cancer
tissue vs paired normal colon tissue: 0.52 £ 0.01 vs 0.69 +
0.00, P < 0.01, Figure 4D; rectal cancer tissue vs paired
normal rectal tissue: 0.51 + 0.01 vs 0.70 £+ 0.01,

P <0.01, Figure 4H).

GSEA, Tumor-Infiltrating Lymphocytes
(TILs), And Co-Expression Analysis

GSEA was conducted to determine the potential mechanism
underlying CSF2 involvement in chemotherapy resistance in
CRC. Our data demonstrated that the enriched KEGG path-
ways included intestinal immune network, NOD receptor sig-
naling pathway, WNT signaling pathway, and TGF beta
signaling pathway (Figure SA-D). We further analyzed the

correlation between CSF2 expression and TILs in TIMER. As
shown in Figure 5E, CSF2 expression was significantly asso-
ciated with TILs (P = 0.02). Moreover, CSF2 expression was
found to be associated with B cells, neutrophils, and dendritic
cells (P <0.05). Additionally, co-expression analysis based on
TCGA datasets indicated that CSF2 expression was associated
with T lymphocyte biomarkers (CD3, R =0.27, P<0.01; CD4,
R =0.29, P<0.01; CD8, R =0.20, P <0.01; Figure SF-H).

CSF2 Validation in Our Data

To further validate CSF2 expression between colon cancer
and paired adjacent normal tissues, we analyzed patients
who underwent radical surgery. A total of 111 patients
were included in the analysis, and the characteristics of
patients are described in Table 1. Immunohistochemical
analysis demonstrated that CSF2 protein was observed in
the cytoplasm (Figure 6A—H) in tumor tissues and adjacent
normal tissues (Figure 6I). The result demonstrated that
CSF2 expression was high in the tumor tissue compared
with that in the adjacent normal tissues.

We further explored the association between the CSF2
expression and clinicopathological characteristics of colon
cancer patients, as demonstrated in Table 1. Low CSF2
expression was more often observed in non-lymph node
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Figure 5 GSEA using our data, TIMER analysis and co-expression analysis by the TCGA data sets.

Notes: GSEA analysis of our RNA-Seq data, (A) Intestinal immune network; (B) NOD receptor signal pathway; (C) WNT signal pathway; (D) TGF beta signal pathway; and
(E) the CSF2 expression correlation with the immune cells analysis by the TIMER data sets, purity, B cells, Neutrophil cells and Dendritic cells (P < 0.05). Co-expression
analysis between CSF2 and CD3 (F), CD4 (G) and CD8 (H) in the TCGA data sets (P < 0.05).

metastatic colon cancer patients (65%), compared with
CSF2 expression (41.2%, P = 0.014). High CSF2 expres-
sion was significantly associated with older age, higher
CEA level, and higher CA199 level in colon cancers
(P = 0.038; P = 0.023; P = 0.036). However, CSF2
expression had no significant association with gender,
BMI, preoperative white blood cell (WBC) count, neutro-
phil count, lymphocyte count, tumor location, gross type,

histopathology, histologic differentiation, tumor size, sur-
gery approach, operative time, and pathological stage (all
P > 0.05), as shown in Table 2.

Kaplan—Meier survival analysis demonstrated that colon
cancer patients with high CSF2 expression showed signifi-
cantly poorer OS (P < 0.01) and DFS (P < 0.01) rates than
those with low CSF2 expression, as shown in Figure 6J
and K. Following this, univariate and multivariate analyses
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Table | Baseline Characteristics of Patients with Colon Cancer Table | (Continued).

Characteristics N * Characteristics N %

Gender
Male 73 65.8 Expression of CSF2
Female 38 342 Low 60 >40

High 51 46.0

Age (mean2SD, years) 630+ 133 Abbreviations: BMI, body mass index; SD, standard deviation; CEA, carcinoem-

o e movzo | e CAS e b5 W e s L

Pretreatment CEA level (mean + SD, ng/mL) 16.6 + 39.8

Pretreatment CAI199 level (mean £ SD, UmL) 448 + 1474 were performed to identify independent predictive factors for

DFS and OS in patients with colon cancer using a Cox

Pretreatment WBC (mean + SD, *10%9/L) 6923 proportional-hazard model (Table 2). On univariate analysis,

Pretreatment L (mean + SD, *109/L) 1.8+ 06 BMI (P =0.046) and preoperative CEA level (P <0.01) were

Pretreatment N (mean # SD, *10°9/L) 44422 found to be independent prognostic factors for DFS. The

pathological N stage (DFS: HR 2.869, P < 0.01; OS:

Operative time (min) B 1474 HR 2.049, P < 0.01), pathological T stage (DFS: HR 1.832,

Tumor size 4621 P =0.021; OS: HR 2.459, P <0.01), and CSF2 expression

Tumor location (%) level (DFS: HR 2.459, P=0.017; OS: HR, 3.073, P <0.01)
Ascending colon 31 27.9 were prognostic factors for both DFS and OS. On multi-
Transverse colon 5 4.5 variate analyses, CSF2 expression remained to be an
Descending colon 12 108 independent prognostic factor for DFS (P = 0.034) and OS
Sigmoid colon 63 >68 (P =10.013), as shown in Table 3.

Surgery approach (%) We further validated the relationship between CSF2
Open 20 180 expression and peripheral blood inflammatory cell count.
Laparoscopic ! 820 We performed Pearson correlation analysis to explore the

Gross type (%) correlations between CSF2 immunohistochemical score
EXPafdi"g 43 387 and preoperative WBC count, neutrophil count, and lym-
ﬁlffli:;:?ng :4 :767 phocyte count. As shown in Figure 6L-N, CSF2 expres-

sion was significantly associated with immune response in

Hi;tzpath"bgy (%) ol oo colon cancer patients (WBC, R = 0.37, P < 0.01; N,

enocarcinoma B
Mucinous or signet ring adenocarcinoma 10 9.0 R=0.30, P<0.01; L, R =0.23, P = 0.02).

Tumor differentiation (%) . R
Well and moderately differentiated 87 78.4 Discussion
Poorly differentiated and others 24 21.6 To the best of our knowledge, this study for the first time

Pathological T stage (%) identified CSF2 as a novel biomarker for FOLFOX/
TI 7 6.3 CapeOX resistance by RNA-Seq and multiple bioinfor-
T2 9 8.1 matics analysis. In addition, CSF2 was validated using
T3 65 58.6 our dataset. We demonstrated that the mechanism under-
™ 30 27.0 lying CSF2-mediated chemotherapy resistance may be

Pathological N stage (%) involved in the immune response.

NO 59 532 Reliable molecular markers for FOLFOX/CapeOX regi-
N+ >2 468 men resistance in CRC patients are currently unavailable. In

Pathological M stage (%) the present study, we first established and characterized
Mo 99 89.2 L-OHP- and 5-FU-resistant cell lines, and performed RNA-
M 12 108 Seq to identify reliable molecular markers for FOLFOX/

(Continued) CapeOX resistance. To further explore reliable molecular
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Notes: Representative figures of CSF2 expression cancerous (A-D) and adjacent cancerous (E-H) colon tissues. The immunohistochemical score of FZD7 in cancerous
and adjacent cancerous tissue (I) (h=111). Kaplan-Meier curves for colon cancer patients stratified by the expression level of CSF2 (n=60 in low expression of CSF2, n=51 in
high expression of CSF2), (J) overall survival; (K) disease-free survival. Co-expression analysis between CSF2 expression and lymphocytes count (L), white blood cell count

(M) and neutrophils count (N) (n=111).

markers, CSF2 was selected by PPI network and MOCDE
analyses, and verified by QRT-PCR. Then, CSF2 was defined
as the hub gene in FOLFOX/CapeOX chemotherapy resis-
tance. CSF2 is a cytokine functioning as a hematologic cell
growth factor, stimulating stem cells to produce granulocytes
and monocytes.”® Previous studies have demonstrated that
the CSF2 signaling pathway plays a role in tumor progres-
sion via immunoreaction.”'® However, results regarding the
role of CSF2 in tumor progression were conflicting in the
literature. Some studies have shown an anti-proliferative
effect of CSF2 on tumors, whereas others have revealed
that CSF2 could promote tumor growth.'”?* Some reports
have indicated that CSF2 activates the immune response in
response to systemic inflammation and acts as an anti-tumor
factor in severe tumors, including skin cancer, melanoma,
and CRC."” ' Current evidence has revealed different
roles of CSF2 in the tumor microenvironment.”***> By
using immunohistochemical analysis, we demonstrated that
CSF2 expression was higher in the tumor tissue than in the
adjacent normal tissue. Moreover, high expression of CSF2
indicated worse OS and DFS in colon cancer patients, which
was further verified by analyzing data from the Oncomine
database and R2 platform. In addition, previous studies have
demonstrated that increased CSF2 expression promoted
and

tumor growth, epithelial-mesenchymal transition,

metastasis in several cancers.’®?’ Together, these findings
suggest that CSF2 acts as an oncogene in colon cancer.

DNA methylation is a major epigenetic modification in
the mammalian genome, and may affect sensitivity to
chemotherapy.?® ! Several studies have reported that dys-
regulation of DNA methylation can promote oncogene
expression and chemotherapy resistance.>*>* In the pre-
sent study, we found CSF2 demethylation in the promoter
sites in both colon and rectal cancer tissues. These results
suggested that CSF2 demethylation resulted in increased
CSF2 expression in CRC. Similarly, a previous study has
demonstrated that CSF2 demethylation promotes high
CSF2 expression in the tumor tissue in a mouse colon
cancer model.?® Taken together, these results indicate
that CSF2 may act as an oncogene in colon cancer and
this might result from CSF2 demethylation.

Several studies have reported that TAM enrichment in
the cancer microenvironment and polarization to M2
macrophages may act as a pro-tumorigenic factor.>> >’
CSF2 plays an important role in the polarization and
activation of TAMs and affects the immune response in
the cancer microenvironment in several cancers.''™"* To
further verify whether CSF2 can act as an oncogene in
colon cancer, GSEA was performed and the potential
mechanism was evaluated. The results demonstrated that
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Table 2 Association Between CSF2 Expression and Clinicopathological Characteristics in Colon Cancer Patients

Variables CSF2 Expression P-Value
Low (N=60) High (N=51)
Gender (%) 0.228
Male 36 (60.0) 37 (72.5)
Female 24 (40.0) 14 (27.5)
Age (mean * SD, years) 60.5 + 14.3 658 + 11.6 0.038
BMI (mean + SD, kg/m?) 21.8£29 222 +28 0.426
Pretreatment CEA (mean * SD, ng/mL) 8.7 £16.9 26.0 + 54.7 0.023
Pretreatment CAI99 (mean + SD, U/mL) 179 £ 19.7 765+ 2132 0.036
Pretreatment WBC (mean # SD, *1079/L) 6.5+ 2.1 73+24 0.086
Pretreatment L (mean + SD, *1079/L) 1.8 +06 1.8 +0.6 0.566
Pretreatment N (mean + SD, *[079/L) 4.1 £20 47 £ 24 0.162
Operative time (min) 169.2 + 45.6 179.1 £ 39.8 0.236
Surgical approach (%) 0.459
Open 9 (60.0) 11 (72.5)
Laparoscopic 51 (40.0) 40 (27.5)
Tumor location (%) 0.313
Ascending colon 14 (23.3) 17 (33.3)
Transverse colon 2 (3.3) 3(59)
Descending colon 9 (15.0) 3 (5.9
Sigmoid colon 35 (58.3) 28 (54.9)
Gross type (%) 0.144
Expanding 24 (40.0) 19 (37.3)
Ulcering 32 (53.3) 32 (62.7)
Infiltrating 4 (6.7) 0 (0)
Histopathology (%) 0.751
Adenocarcinoma 54 (90.0) 47 (92.2)
Mucinous or signet ring adenocarcinoma 6 (10.0) 4 (7.8)
Tumor differentiation (%) 1.000
Well moderately differentiated 13 (21.7) 11 (21.6)
Poorly differentiated and others 47 (78.3) 40 (78.4)
Lymph nodes retrieved 22.5%12.6 19.7+8.3 0.176
Tumor size (mean * SD, cm) 4.9+2.5 4.3%1.6 0.117
Pathological T stage (%) 0.482
Tl 5(83) 2 (39)
T2 5(83) 4(7.8)
T3 37 (61.7) 28 (54.9)
T4 13 (21.7) 17 (333)
Pathological N stage (%) 0.014
NoO 39 (65.0) 21 (41.2)
N+ 21 (35) 30 (58.8)
Pathological M stage (%) 0.219
Mo 56 (93.3) 43 (84.3)
MI 4(6.7) 18 (15.7)

Abbreviations: CSF2, colony stimulating factor 2; BMI, body mass index; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9; SD, standard deviation;
WABC, white blood cell; L, lymphocyte; N, neutrophil.
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CSF2 was associated with the immune response, which
was in accordance with the finding that CSF2 can act as an
immune mediator in cancer patients.”'® In addition, by
using co-expression and immune cell analysis, we found
similar results in the TCGA and TIMER datasets. Similar
results were also obtained in our data; we revealed that
CSF2 expression was associated with WBC, lymphocyte,
and neutrophil counts. In addition, there are several
ongoing clinical trials using CSF2 as therapeutic target
against immune diseases.>’ >° Collectively, these results
demonstrate that high CSF2 expression affects the immune
response to tumor cells and tumor microenvironment,
thereby indicating chemotherapy resistance and worse
prognosis.

There were some limitations to the current study. The
function and involved pathways of CSF2 were evaluated
by RNA-Seq and bioinformatics methods; however; they
needed to be further validated by in vitro and in vivo
experimental studies in future research, such as gain-of-
function and loss-of-function experiments and xenograft
animal studies. Additionally, the sample size was rela-
tively small in some datasets in the R2 analysis.
Nevertheless, our study may provide insights that help
understanding the potential role of CSF2 in immune
response, chemotherapy resistance, and poor prognosis
in CRC.

In conclusion, we analyzed the mRNA expression of
L-OHP- and 5-FU-resistant cell lines by RNA-Seq and
revealed the real hub gene via PPl degree, MOCDE
score, and DEGs analyses. We also identified and vali-
dated CSF2 as a novel biomarker and a prognostic factor
for the survival of CRC patients, and demonstrated that
CSF2 overexpression in CRC patients may be cause by
DNA demethylation. These results were of great clinical
significance to identify CRC patients suitable for
FOLFOX/CapeOX chemotherapy. The mechanism behind
CSF2-mediated chemotherapy resistance may be asso-
ciated with the immune response. Nevertheless, research
focused on more insightful molecular mechanisms is war-
ranted in future studies. Based on our study, CSF2 was
associated with chemotherapy resistance and immune
response in the colon cancer patients.
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