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Background: Homer scaffolding protein 1 (Homerl) is a postsynaptic scaffold protein that
regulates the structure and function of excitatory synaptic as well as its intracellular signal
transduction. However, the role of Homerl in colorectal cancer as well as the underlying
molecular mechanisms has not been elucidated.

Materials and Methods: To evaluate the alternations of gene expression during colorectal
cancer, Homerl expression was analyzed using the gene expression profiling interactive
analysis and Oncomine analyses. The prognostic value of Homerl expression was validated
by our own colorectal cancer specimens using RT-PCR. Then, the cell viability, migration
and invasion of colorectal cancer cell lines were detected by CCK-8 and transwell assay.
Results: We obtained the following important results. (1) Homerl expression was signifi-
cantly higher in colorectal cancer than normal samples. (2) Among patients with colorectal
cancer, those with higher Homerl expression had a lower survival rate. (3) The major
mutation type of Homerl in colorectal cancer samples was missense mutation. (4) Homerl
was able to promote colorectal cancer cell proliferation, migration, and invasion through up-
regulating G3BP1 in vitro.

Conclusion: Our findings suggest that Homer1 may play a role in malignancy of colorectal
cancer mainly through the G3BP1 signaling pathway, which might be a potential indicator of
poor prognosis.
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Introduction

Colorectal cancer is the most common malignancies of the digestive tract, with
about one million new cases being diagnosed and more than 0.5 million deaths
occurring yearly according to the World Health Organization."* Colonoscopy,
surgery, chemotherapy, and radiotherapy have been effective for colorectal
cancer.” However, patients may lose the opportunity because of metastasis, which
leads to poor prognosis. Therefore, the progress in molecular diagnostic and
recognition of prognostic value biomarkers in patients are desired in the medical
field.

Homerl belongs to a family of postsynaptic scaffolding proteins, prominently
interacts with postsynaptic density (PSD) proteins.* Previous studies have reported
that a significant amount of Homer1 protein expressed is observed in various tumor
cells (such as HCT116, HeLa, HEK 293, A549, and DU145) originated from tissues
of colon, cervix, lung and kidney, suggesting that Homerl may play some roles in
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these tumor cells.”® However, the precise role of Homerl
in colorectal cancer and the molecular mechanisms under-
lying its effects have not been elucidated.

In this report, we hypothesized that Homerl might be
a promising candidate as a diagnostic and prognostic mar-
ker for colorectal cancer. To test this hypothesis, we per-
formed a bioinformatics method to determine the
expression and prognostic value of Homerl in colorectal
cancer overall and its subtypes. Furthermore, we used
human colorectal cancer cell lines to investigate the mole-
cular mechanisms for the effect of increased Homer
expression on colorectal cancer. Our results demonstrated
that Homer1 is highly expressed in colorectal cancer and
plays a role in malignant transformation mainly through
the G3BPI1 signaling pathway. These observations will
contribute to the development and optimization of novel
diagnosis and therapeutics for colorectal cancer.

Materials and Methods

Patients

This study enrolled 80 consecutive series of patients with
colorectal cancer from Shanxi province of China. As
a control, we used 40 non-tumor-adjacent tissues. Frozen
tissues were collected at the Department of Oncology from
Shanxi Provincial People’s Hospital (China). The patients
ranged in age from 31 to 80 years with a mean age of
51.33 years. Informed written consent was obtained from
each patient and the study was approved by the Ethics
Committee of the Shanxi Medical University (Ethical
code: 201922021).

GEPIA

GEPIA (Gene Expression Profiling Interactive Analysis;
http://gepia.cancer-pku.cn/) is a web server specialized for

analyzing the RNA sequencing expression data of 9736
tumours and 8587 normal samples from TCGA and
Genotype-Tissue Expression (GTEx) project data, using
a standard processing pipeline. We explored GEPIA data
to obtain the expression of Homerl in various types of
human cancer and adjacent normal tissues, as well as
validated the differential expression of Homerl in color-
ectal cancer and corresponding normal tissues.'’

Oncomine Database

Oncomine is a tumor microarray database and integrated
data mining platform, through which people facilitate new
and significant discoveries across genome-wide expression

analyses.'! In our study, Student’s #-test was performed to
calculate a p-value for comparing cancer samples and
normal control. The fold change was defined as 2, and
the p-value was set as 0.05.

PrognoScan Online Platform

To determine the prognostic value of Homerl expression in
colorectal cancer patients, we perform the PrognoScan
online platform which provides the opportunity for linking
gene transcriptional changes to prognosis (http://www.prog
noscan.org). 12 PrognoScan database could automatically cal-
culate P-value, HR and 95% confidence intervals based on
a certain gene expression, which last updated in March 2013.

cBioPortal Database

The cBio Cancer Genomics Portal (cBioPortal) is
a publicly accessible visual resource (http://www.cbiopor
tal.org/),"*"'*
from more than 5000 tumor samples from 232 cancer
studies in the TCGA database. The term “Homerl” was
adopted to search the cBioPortal database and Colorectal
Adenocarcinoma (TCGA, Nature 2012, n=276) cohort was

adopted.'® The search parameters included putative copy-

which provides free and open access to data

number aberrations and co-expression from RNA-seq data
with default setting.

University of California Santa Cruz

Cancer Genomics Browser

We assessed the association between the expression of
Homerl and G3BPI1 using the colon cancer cohort in
TCGA (The Cancer Genome Atlas) database (TCGA-
COAD). To access and analyze the data we used the
University of California Santa Cruz (UCSC) Xena browser
(http://xena.ucsc.edu/), which included 551 cases of

COAD with genomic and clinical data.

COSMIC Analysis for Homer| Mutations
The COSMIC (Catalogue of Somatic Mutations in Cancer)
database (http://cancer.sanger.ac.uk) was performed to

analysis mutations in Homerl.'® An overview of the dis-
tribution of mutations and substitution types on the codo-
genic strand in large intestine cancer samples was
generated, and the results are present in a pie chart.

Cell Lines and Cell Culture

Human colorectal carcinoma cell lines (DLD-1 and HT-
29) were obtained from the American Type Culture
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Collection (ATCC, Rockville, MD, USA). These cells
were cultured in DMEM/F12 medium supplemented with
10% fetal bovine serum, 100U/mL penicillin and 100 mg/
mL streptomycin.

CCK-8 Detection of Viability

Cell viability was assayed by Cell Counting Kit-8 (CCK-8,
ATgene, Taiwan, China) following manufacturer’s instruc-
tions. Cells were seeded in 96-well plates (104 cells/well)
and cultured in 100pl serum-free medium for 24, 48, 72,
and 96 hours. Subsequently, cells were incubated with
10% CCK-8 solution for 2h and the absorbance value
(A) was measured at 450 nm using the microplate reader
(BioTek, Epoch, VT). All measurements were carried out
eight replicate, and each experiment was repeated at least
three times.

Cell Migration and Invasion Ability Assay
The cell invasion and migration abilities were detected
through Boyden assay. The cells in serum-free DMEM/
F12 medium were planted into the upper chambers
(Millipore, Burlington, MA, USA) that coated with or
without 15pg Matrigel (BD Biosciences, Boston, MA,
USA), respectively. Under the upper chamber were lower
chambers that filled with 500uL DMEM/F12 supplemen-
ted with 10% FBS. After incubation for 24h at 37°C, the

cells remaining on the upper membrane were removed
with cotton wool. Cells were then fixed and stained with
0.2% crystal violet solution for 30 min. An inverted micro-
scope (Eclipse Ti2; Nikon Corporation) was performed to
count (five high-power fields per chamber) the invading
and migratory cells attached to the adaxial surface of the
filter were counted.

Western Blot Analysis

Proteins from colorectal cancer cell lines were extracted with
lysis buffer follow instructions (Nanjing KeyGen Biotech
Co., Ltd., Nanjing, China). The BCA Protein Assay kit
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) was
applied to detect the protein concentration. Protein lysate was
separated on SDS-PAGE gels and transferred subsequently
onto polyvinylidene fluoride membranes (EMD Millipore).
TBS containing 0.1% Tween-20 was performed to block the
membrane. Then, membranes were incubated with rabbit anti
antibody (ab184955; Abcam,
Cambridge, MA, USA), G3BP1 (abl81150; Abcam,
Cambridge, MA, USA) or GAPDH (cat. no. T0004;
1:5000; Affinity Biosciences) overnight, and were cultured

Homerl monoclonal

with goat anti-rabbit IgG horseradish peroxidase-conjugated
secondary antibodies (1:5000; cat. no. SAO00001-2;
ProteinTech Group, Inc., Chicago, IL, USA) for 2 h at 37°
C. Enhanced chemiluminescence (ECL) reagents (cat. no.
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Figure | Expression of Homer! in colorectal cancer and normal tissues from GEPIA. (A) Homer| median expression of tumor (red) and normal (green) samples in body
map. (B) Homer| expression profile across all tumor (red) and paired normal (green) tissues. Each dot represents the expression of sample. (C) The expression of Homer|
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KGP1127; Nanjing KeyGen Biotech Co., Ltd) were utilized
to reveal protein bands. The protein levels were normalized
to the GAPDH protein levels.

Statistical Analysis

Statistical analysis was using GraphPad Prism 7.0 (GraphPad
Software, San Diego, CA). Student’s ¢-test was applied to
identify differences between two groups. OS was analyzed
by Kaplan-Meier survival curves and the statistical compar-
isons were performed through Log-rank test. All statistical
examines were two-sided. P-values of less than 0.05 were
considered to indicate statistical significance.

Results
Homerl| Transcript Expression Status in

Human Colorectal Cancer
The expression profile of Homerl was determined through
gene expression profiling interactive analysis (GEPIA).

GEPIA data showed that Homerl was highly expressed
in colon cancer samples compared with matched normal
samples (Figure 1). To further confirm this result, the
Oncomine database was performed to analyze the expres-
sion of Homerl. Elevated mRNA levels of Homerl were
determined in various human tumors, including colorectal
cancer, gastric cancer, head and neck cancer, liver cancer,
myeloma, and pancreatic cancer (Figure 2A). Homerl
expression was significantly higher in colorectal carci-
noma, colon carcinoma epithelia, colon carcinoma, and
rectal adenocarcinoma than in normal samples (Table 1,
Figure 2B).

Homer| Mutation in Colorectal Cancer

The pie chart in Figure 3 generated through COSMIC sum-
marizes the mutation types of Homer1 in colorectal cancer.
Mutations in colorectal cancer samples included 11.63%
nonsense substitutions, 34.88% missense substitutions,
11.63% synonymous substitutions, and 2.33% inframe
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Figure 2 Homer| analysis in colorectal cancer (Oncomine database). (A) The online Oncomine analysis tool (red: overexpression, blue: down expression) was performed
to compare Homer| expression levels in colorectal cancer specimens with matched normal specimens. The thresholds for significant probes for each microarray dataset
included a two-fold difference in expression between cancer and normal samples and P<0.0001. (B) The box plot compares Homer| expression in cancer samples (right)
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Table | Homer!| Expression in Colorectal Carcinoma
Cancer Subtype p-value Fold Change t-test Rank (%) Sample Reference
Colorectal carcinoma 8.63E-22 4.700 14.952 | 60 20957034
Rectal mucinous adenocarcinoma I.18E-11 3.305 11.165 | 28 TCGA
Rectosigmoid adenocarcinoma 9.58E-10 3.205 10.497 | 25 TCGA
Colon mucinous adenocarcinoma 8.90E-13 3.660 9915 2 44 TCGA
Cecum adenocarcinoma 1.37E-10 3.660 8.316 5 44 TCGA
Rectal adenocarcinoma 5.56E-14 3.689 11.237 6 82 TCGA
Colon adenocarcinoma 6.11E-12 3.127 10.502 10 237 TCGA
Colon carcinoma epithelia 8.80E-11 7.369 17.78 | 40 20957034
Colon carcinoma 1.41E-10 3.436 17.545 | 40 20957034
Rectal adenocarcinoma 8.96E-22 2517 11.757 5 130 20725992

deletions (Figure 3A). Homerl mutations in colorectal can-
cer samples were 28.00% A > G, 4.00% A > T, 4.00% C> A,
36.00% C > T, 20.00% G > A, 4.00% G > T, and 4.00 T >
G (Figure 3A). As identified using cBioPortal, the Homerl
mutation frequency was less than 3.5% in colorectal cancer
patients. A total of 24 mutation sites (including 19 missense
mutations, | in-frame mutation, and 4 truncating mutations)

were detected between amino acids 0 and 354. (Figure 3B).
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Relationship of Homer| Expression and

Prognosis in Colorectal Cancer

To evaluate whether the expression level of Homerl has
predictive value for colorectal cancer prognosis, we applied
the online survival analysis software PrognoScan tool. The
tool allowed us to identify the expression of Homerl as
dichotomized values. Homerl was observed to be negatively
correlated with overall survival (HR=1.53 [1.05-2.24],
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type samples (%)
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Figure 3 Homer| mutations in human colorectal cancer. (A) The pie chart generated by COSMIC summarizes the observed mutation types, including nonsense
substitutions, missense substitutions, synonymous substitutions, inframe insertions, frameshift insertions, inframe deletions, frameshift deletions, and complex mutations.
(B) As determined by cBioPortal, the Homer| mutation frequency was less than 3.5% in patients with colorectal cancer. A total of 24 mutation sites (including 19 missense
mutations, | in-frame mutation, and 4 truncating mutations) were detected between amino acids 0 and 354.
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Figure 4 Relationship of Homer| expression and prognosis in colorectal cancer.
(A) Overall survival (OS) curves calculated by PrognoScan tool. (B) Disease-
specific survival (DSF) curves calculated by PrognoScan tool. Survival probability is
displayed on the y-axis, time (in months) on the x-axis. Blue curves represent low
Homer| expression, and red curves represent hing Homer| expression.

p=0.01875) and disease-specific survival (HR=2.08 [0.99—
4.38], p=0.035537), as suggested by the survival curve
(Figure 4A and B). Our own results demonstrated the over-
expression of Homerl mRNA and worse probabilities of
survival in colorectal cancer (Figure SA and B).

Co-Expression of Homer| Gene
To further identify the regulatory mechanisms underlying
the role of Homerl in colorectal cancer, data mining was
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performed for a colorectal cancer cohort using cBioPortal.
G3BP1 is a highly correlated gene (Figure 6A); it drives
growth in a variety of tumour tissues and cancers through
regulating multiple signaling pathways that promote tumor
growth."” A regression analysis using cBioPortal revealed
that Homerl and G3BP1 levels are highly correlated
(Figure 6B). The positive correction between Homerl
and G3BP1 mRNA expression was identified using data
from GEPIA (Figure 6C). By investigating colorectal can-
cer data was confirmed (Figure 6D and E). This data
informed that Homerl could be associated with the
G3BP1 pathway in colorectal cancer.

G3BPI mRNA Expression and Prognosis

in Patients with Colorectal Cancer

To investigate the genetic alterations of G3BP1, the GEPI
tool was performed to identify the expression profiles of
G3BPI1. The results of G3BP1 analysis informed that
G3BP1 highly expressed in colon cancer tissues compared
with matched normal tissues (Figure 7A). Subsequently,
the prognostic value of G3BP1 in breast cancer was iden-
tified by PrognoScan database. It was demonstrated that
G3BP1 mRNA expression was significantly associated
with reduced disease-free survival (DFS) time in color-
ectal cancer (Figure 7B).

Homer| Accelerated the Cell Growth,
Invasion and Migration of Colorectal
Cancer Cells Through Up-Regulating
G3BPI

To explore the function of Homerl in the development of
colorectal cancer cells, CCK-8 assay was carried out. si-
Homerl, non-targeting control siRNA or their correspond-

ing NCs were transfected into DLD-1 and HT-29
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= 80
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Figure 5 Homer| as a prognosis marker in breast cancer. (A) Expression of Homer| in tumor (40 cases) and adjacent normal mammary epithelium (40 cases). (B) Kaplan—
Meier curves based on Homer| expression were drawn for overall survival in 40 patients.
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Figure 6 (A) Co-expression of Homer| gene as determined by cBioPortal. (B) Regression analysis between Homer| and G3BP| in colorectal performed by cBioPortal. (C)
Relationship between Homer| and G3BPI in colorectal determined through GEPIA. (D) Heat map of Homer| and G3BP| mRNA expression in colorectal cancer identified
by UCSC Xena. (E) Correlation between Homer| and G3BP| mRNA expression in the TCGA database, identified through UCSC Xena.
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Figure 8 Homer| accelerated the cell growth, invasion and migration of colorectal cancer cells. (A) The cell proliferation of colorectal cancer cell lines DLD-| and HT-29
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interference conditions. (C) Migration assays of two kinds of cancer cells under different interference conditions. **P<0.01, compared with NC group.

colorectal cell lines. Figure 8A demonstrates that growth
of colorectal cancer cells was significantly inhibited by si-
Homerl (P<0.05). Furthermore, si-Homer1 also inhibited
migrated, invasion ability of colorectal cancer cells (Figure
8B and C). In addition, the G3BP1 expression was inhib-
ited by down-regulation of Homerl in colorectal cancer

cells (Figure 9). Then, down-regulation of G3BP1 by
transfecting si-G3BP1 in colorectal cancer cells also inhib-
ited growth, invasion and migration ability of colorectal
cells (Figure 10A—C). All these results manifested that
Homerl was able to promote colorectal cancer cell pro-
gression through up-regulating G3BP1 in vitro.
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Figure 9 Homer| regulates the expression of G3BPI. The Western blot showed G3BP| expression was significantly decreased in si-Homer| group in DLD-1 cells. *P<0.05,

compared with NC group.

Discussion

Homerl, a postsynaptic scaffold protein, has two isoforms,
short variant Homerla and long variant Homerlb/c, play-
ing an essential role in the regulation of excitatory synap-
tic structure and function as well as transduction of
intracellular signaling.'®'® Numerous researches sug-
gested that Homer's expression is not only observed in
nervous system but also observed in various peripheral
tissues, including skeletal muscle, myocardium and vascu-
lar endothelium.***** Shin et al revealed that Homerl
protein accumulates significantly in the various tumor
cells originated from tissues of colon, lung, kidney, and
cervix, indicating that Homerl may play some roles in
tumorigenesis.”® Furthermore, overexpressed Homerl has
also been verified could promote lymphatic invasion and
associate with poor prognosis of hepatocellular carcinoma
and intrahepatic cholangiocarcinoma.®® However, the
prognostic significance of Homerl expression in colorectal
cancer is still unclear.

To determine the role of Homerl in the development,
metastasis, and prognosis of colorectal cancer, we evalu-
ated extensive gene expression profiling with well-defined
parameters in colorectal cancer. Using GEPIA, we verified
that Homerl expression is significantly higher in color-
ectal cancer tissues than in normal controls. Using
Oncomine, we found that Homerl is overexpressed in
colorectal carcinoma, colon carcinoma epithelia, colon
carcinoma, and rectal adenocarcinoma. Subsequently, the
frequencies of alterations and mutations of Homerl were
evaluated by COSMIC and cBioPortal databases. We
found that the main type of mutation of Homer1 in color-
ectal cancer was missense mutations. Survival analysis
that related

demonstrated overexpressed Homerl

significantly with reduced OS and DSS time. We further
use our own results demonstrated the overexpression of
Homerl and worse probabilities of survival in colorectal
cancer, which revealed that the mRNA level of Homerl
may be a valuable biomarker for the prognosis of patients
with colorectal cancer.

By mining co-expression and correlation data, we
found that G3BP1 was co-overexpressed with Homer1 in
colorectal cancer. G3BP1, a conserved, containing two
RNA-binding motifs in C-terminal region, regulates var-
ious biological processes, including cell growth, apoptosis,
RNA metabolism, differentiation, and metastasis. Multiple
studies have revealed that G3BP1 is closely related to the
occurrence and development of various solid malignan-
cies. Thus, we further investigated the expression and
survival association of G3BP1 in colorectal cancer. The
results revealed that G3BP1 mRNA was significantly
increased in colorectal cancer which associated with
reduced DFS time in colorectal cancer. These results indi-
cate that the expression of Homerl may regulate tumor
invasion and metastasis related to G3BP1 transcription.

Subsequently, we adopt siRNA technology to knock
down the expression of Homer1 in colorectal cancer cells.
The experiment demonstrated that Homerl might be
a potent factor promoting the proliferation, migration,
and invasion of colorectal cancer. Furthermore, we
detected the expression level of G3BPI after Homerl
knockdown in colorectal cancer cell lines. Meanwhile,
down-regulation of G3BP1 by transfecting si-G3BP1 in
colorectal cancer cells also inhibited growth, invasion and
migration ability of colorectal cancer cells. The results
preliminarily confirmed our hypothesis that Homerl
plays a role in promoting cancer through the G3BPI
signaling pathway.
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Figure 10 G3BP| accelerated the cell growth, invasion and migration of colorectal cancer cells. (A) The cell proliferation of colorectal cancer cell lines DLD-1 and HT-29
transfected with different interference sequences, cell proliferation was the weakest in si-G3BP| group. (B) Invasion assays of two kinds of cancer cells under different
interference conditions. (C) Migration assays of two kinds of cancer cells under different interference conditions. **P<0.01, compared with NC group.

In summary, Homerl1 is highly expressed in colorectal
cancer and is an independent risk factor for poor prognosis
in colorectal cancer patients. Homerl has a role in malig-
nancy mainly through the G3BP1 signaling pathway,
which is a potential therapeutic target for colorectal cancer.
However, our understanding of the regulatory mechanism
of Homerl in colorectal cancer is limited and requires
further exploration.
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