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HTR1D, TIMP1, SERPINE1, MMP3 and CNR2 affect
the survival of patients with colon adenocarcinoma
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Abstract. Colorectal cancer (CRC) is a tumor that derives from
the rectum or colon, and colon adenocarcinoma (COAD) is the
most common type of CRC. The present study was performed
to identify genes that serve critical roles in the survival of
patients with COAD. RNA-sequencing data of COAD was
extracted from The Cancer Genome Atlas database, which
included 480 tumor samples and 41 normal samples. Using the
limma package, differential expression analysis was performed
to identify the differentially expressed genes (DEGs). In
addition, the potential functions and pathways for the identi-
fied DEGs were analyzed using the clusterProfiler package.
After the samples were divided into high and low expression
groups, survival analysis for the two groups was performed
using the Kaplan-Meier model. Using Cytoscape software,
a protein-protein interaction network was generated for the
survival-associated genes. A total of 1,519 DEGs, including 568
upregulated genes and 951 downregulated genes, were identi-
fied in the COAD samples. Enrichment analysis suggested
that the DEGs were implicated in numerous functional terms
and pathways. Furthermore, 109 DEGs were identified to be
survival-associated genes in COAD. According to the degrees
of the network nodes, 5-hydroxytryptamine receptor 1D
(HTR1D), TIMP metallopeptidase inhibitor 1 (TIMP1),
serpin family E member 1 (SERPINE1), matrix metallopepti-
dase 3 (MMP3) and cannabinoid receptor 2 (CNR2) were key
nodes, and the expression levels of these genes were analyzed
in clinical samples of CRC. Therefore, the results of the present
study suggest HTR1D, TIMP1, SERPINE1, MMP3 and CNR2
may affect the prognosis of patients with COAD.
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Introduction

Colorectal cancer (CRC) refers to cancer originating from the
rectum or colon (1), and symptoms include bloody stool, altered
bowel movements, prolonged fatigue and weight loss (2). Risk
factors for CRC include diet, lack of exercise, smoking and
obesity (3). CRC is the third most frequent type of tumor and
is more common in men compared with women in developed
countries based on 2009 global statistics (4). Globally, the
incidence rate of CRC was 1.4 million and there were 694,000
CRC-associated mortalities reported in 2012 (5). As the most
common type of CRC, colon adenocarcinoma (COAD) is a
malignant epithelial carcinoma that derives from superficial
glandular epithelial cells (6). COAD accounts for 75-85% of
CRC cases, with an incidence rate of 10.2% and a mortality
rate of 9.2% in 2018 globally (7). Therefore, the mechanisms
of COAD need to be further investigated.

The loss of expression of chromobox homolog 7 (CBX7)
is associated with a shorter survival time of patients with
CRC; therefore, CBX7 expression may predict the prognosis
of CRC (8). As a differentiation-associated tumor suppressor,
N-myc downstream-regulated gene 2 (NDRG2) can positively
mediate the expression of E-cadherin and extend the overall
survival time of patients with colon cancer (9,10). Patients
with CRC and an elevated Annexin A9 (ANXAD9) expression
level exhibit a worse prognosis compared with those with a
reduced ANXADY level; therefore, ANXA9 expression can be
used as a prognostic factor for patients with CRC (11). Patients
with COAD with a high BCL2-like 12 (BCL2L12) expression
level present a longer survival time compared with patients
with COAD with low BCL2L12 expression, indicating that
BCL2L12 expression may be a biomarker for the disease (12).
The tumor suppressor homeobox B9 (HOXB9) suppresses the
development of COAD through inducing cell differentiation,
and increased expression of HOXB9 indicates a longer survival
time of patients with COAD (13). Despite these reports, the
genes associated with the prognosis of patients with COAD
have not been comprehensively revealed.

Bioinformatics analysis of RNA-sequencing data has
been widely used to investigate the pathogenesis of human
diseases (14,15). In the present study, the RNA-sequencing
data of COAD was downloaded from The Cancer Genome
Atlas (TCGA) database. Subsequently, differential expres-
sion analysis, enrichment analysis, survival analysis, and
protein-protein interaction (PPI) network analysis was
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conducted to identify the key genes in COAD. The results of
the current study may promote the prognostic prediction and
targeted therapy of patients with COAD.

Materials and methods

Data source. Using the R package (version 3.5.3) TCGA
Biolinks (16), the RNA-sequencing data of COAD (accessed
June 3 2018; platform: Illumina HiSeq 2000 RNA Sequencing
Version 2 analysis) was downloaded from The Cancer
Genome Atlas (TCGA) database (https://cancergenome.nih.
gov/). A total of 521 samples, including 480 tumor samples
and 41 normal samples, were included in the TCGA dataset.
Among the tumor samples, only 459 contained clinical
information and were used for survival analysis. The samples
were obtained from 216 females and 243 males, with a mean
age of 67.43 years (range, 31-90 years). Furthermore, with
regard to ethnicity, 214 patients were Caucasian, 59 were
African-American, 11 were Asian, 1 was American Indian
or Alaska native, and 174 patients were unknown. A total of
76 patients were classified as stage I, 178 patients as stage II,
129 patients as stage III, 65 patients as stage IV and 11 were
unknown (17).

Data pre-processing and differential expression analysis. The
genes without expression in >10% of the samples were filtered
out. Subsequently, the Ensembl gene IDs were annotated to their
respective gene symbols. Since multiple Ensembl gene IDs may
correspond to a gene symbol, the counts of the corresponding
Ensembl gene IDs were added to obtain the final gene expres-
sion. Based on the R package limma (version 3.38.3; http:/www.
bioconductor.org/packages/release/bioc/html/limma.html) (18),
data normalization and differential expression analysis was
performed. The genes with a false discovery rate (FDR)<0.05
and a llog fold change (FC)I=2 were selected as the differentially
expressed genes (DEGs) between the tumor and the normal
samples.

Functional and pathway enrichment analysis. The Gene
Ontology (GO) database (http://www.geneontology.org/)
provides structured and well-established vocabulary for
annotating proteins from cellular component (CC), biological
process (BP), and molecular function (MF) aspects (19). The
Kyoto Encyclopedia of Genes and Genomes (KEGG) data-
base (http://www.genome.ad.jp/kegg/) contains information
on biochemical pathways and can be applied for predicting
the potential pathways for genes (20). Using the R package
clusterProfiler (version 3.10.1; http://www.bioconductor.
org/packages/release/bioc/html/clusterProfiler.html) (21), GO
terms and KEGG pathways were analyzed for the DEGs.
The significant threshold of enrichment analysis was set as
FDR<0.05. Using the R package pathview (version 1.22.3;
http://r-forge.r-project.org/projects/pathview/) (22), the identi-
fied KEGG pathways were presented.

Survival analysis. To study whether the DEGs exhibited
prognostic abilities, the samples were divided into high
expression samples and low expression samples with the
median expression level as the cut-off value (the sample
with the median expression level was placed in the high
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expression group). Combined with the clinical information
of the samples, survival analyses between the high expres-
sion samples and the low expression samples were performed
using the Kaplan-Meier (KM) model (version 2.44.1.1) with
Tukey's post hoc test (23). P<0.05 was considered to indicate
a statistically significant result.

PPI network analysis. After the survival-associated genes
were identified, their interactions with other DEGs were
analyzed using the Search Tool for the Retrieval of Interacting
Genes/Proteins database (version 11.0; http://www.string-db.
org/) (24). A combined score for each PPI pair, is produced,
which is distributed between O and 1 (24). The higher the score,
the more reliable the interaction association is (24). In the
present study, the combined score was set as 0.4. Subsequently,
the PPI network was constructed using Cytoscape software
(version 3.7.1; http://www.cytoscape.org) (25).

Patient samples collection. A total of 37 paired samples of
colon cancer tissues and adjacent normal tissues (age range,
42-78 years; mean age, 59 years; 21 males and 16 females)
were surgically removed by resection and collected at the
First Affiliated Hospital of Nanchang University (Nanchang,
China) between May 2014 and October 2017. Adjacent normal
tissues (at least 2 cm from the tumor site) were also collected
as negative controls. Ethical approval for the present study
was provided by the Ethics Committee of the First Affiliated
Hospital of Nanchang University. Written informed consent
was obtained from the study subjects.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Gene expression was
evaluated by RT-qPCR. Total RNA was extracted from tissues
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), according to the manufacturer's
protocol. Subsequently, 2 ug RNA was used for RT with the
TransCript one-step gDNA removal and cDNA synthesis
supermix (TransGen Biotech, Co., Ltd., Beijing, China). RNA
expression levels of 5-hydroxytryptamine receptor 1D (HTR1D),
TIMP metallopeptidase inhibitor 1 (TIMP1), serpin family E
member 1 (SERPINE1), matrix metallopeptidase 3 (MMP3)
and cannabinoid receptor 2 (CNR2) were detected by RT-qPCR
using TransStart top green qPCR supermix (TransGen Biotech,
Co., Ltd.), with the following thermocycling parameters: 5 min
at 95°C, followed by 40 cycles at 95°C for 15 sec, 60°C for 30 sec
and 72°C for 30 sec. The primers used for the amplification of
the indicated genes were designed using Primer Express soft-
ware v3.0.1 (Applied Biosystems; Thermo Fisher Scientific,
Inc.): HTR1D forward, 5-GCCTATACCATCACCCACA-3' and
reverse, S“-TCCAGAGCAATGACACAGA-3"; TIMP1 forward,
5'-CACTGTTGGCTGTGAGGAA-3' and reverse, 5'-AAGGTG
ACGGGACTGGAA-3'; SERPINE] forward, 5'-CTTCCACCC
GTCTCTCTG-3' and reverse, 5-CTACCAGGCACACAAAA
GC-3"; MMP3 forward, 5-TTCCTTCAGGCGTGGAT-3' and
reverse, 5'-GTGGATGCCTCTTGGGT-3"; CNR2 forward,
5'-AGCTGGTCGTACTCGCA-3' and reverse, 5-TCTCCG
CCTTACCCATC-3'; and GAPDH forward, 5'-ACCRCGAAG
ACTGTGGATGG-3' and reverse, S-TCAGCTCAGGGATGA
CCTTG-3" The relative expression level was calculated using
the 2-24% method (26), where ACq=Cq (gene of interest)-Cq
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Figure 1. Volcano plot of the DEGs. Red dots represent the upregulated genes
and blue dots represent downregulated genes. Grey dots are non-DEGs.
DEGs, differentially expressed genes; FC, fold-change.

(housekeeping gene). GAPDH was used as a housekeeping
gene. All reactions were performed in triplicate.

Statistical analysis. SPSS v15.0 software (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis in the present
study. Data are presented as the mean + standard deviation.
Two-tailed Student's t-test was applied to compare the differ-
ences between two groups. P<0.05 was considered to indicate
a statistically significant difference.

Results

Differential expression analysis. Using FDR<0.05 and llog
FCI=2, a total of 1,519 DEGs, including 568 upregulated genes
and 951 downregulated genes, were identified in the tumor
samples. The number of downregulated genes was higher
compared with that of the upregulated genes. A volcano plot and
heatmap of the DEGs are presented in Figs. 1 and 2, respectively.

Functional and pathway enrichment analysis. Based on
the clusterProfiler package, a total of 344 GO_BP terms,
37 GO_CC terms, 66 GO_MF terms and 35 KEGG pathways
were enriched for the DEGs. The GO terms included ‘comple-
ment activation, classical pathway’ (GO_BP; FDR, 7.28x10*"),
‘immunoglobulin complex’ (GO_CC; FDR, 2.36x10%), and
‘antigen binding” (GO_MF; FDR, 6.35x10*°). In addition,
significant pathways included ‘drug metabolism-cytochrome
P450’ (FDR, 6.63x10%), ‘cytokine-cytokine receptor interac-
tion’ (FDR, 6.63x10**) and ‘chemical carcinogenesis’ (FDR,
6.63x10*; Table I).

Survival analysis and PPI network analysis. KM survival
analysis indicated that 109 DEGs were associated with
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Figure 2. Heatmap of the differentially expressed genes. Red and blue sample
strips represent samples from TP and NT, respectively. The scale represents
the expression levels of the DEGs. TP, tumor patient; NT, non-tumor patient.

survival prognosis. For the survival-associated genes, a PPI
network, involving 69 survival-associated genes, 309 other
DEGs and 547 interactions, was constructed (Fig. 3). HTR1D
(degree=34), TIMP (degree=32), SERPINEI (degree=30),
MMP3 (degree=30) and CNR2 (degree=28) were all upregu-
lated and had the highest numbers of interactions with other
DEGs in the network. In the PPI network, several interactions
among these five genes existed, including HTR1D-CNR2,
TIMPI1-SERPINEI/MMP3 and SERPINEI-MMP3.
Furthermore, the five key nodes were all identified as
survival-associated genes and their KM survival curves are
presented in Fig. 4.

Expression levels of HTRID, TIMPI, SERPINEI, MMP3 and
CNR?2 in CRC and normal tissues. To further identify the
roles of HTR1D, TIMP1, SERPINE1, MMP3, and CNR2 in
CRC, the mRNA expression levels of these genes in 37 paired
CRC tissues and normal tissues were examined by RT-qPCR.
As presented in Fig. 5SA-D, the expression levels of HTR1D,
TIMPI1, SERPINEI and MMP3 were significantly increased
in CRC tumor tissues compared with normal tissues (P<0.05).
Furthermore, the expression of CNR2 was significantly
decreased in CRC tumor tissues compared with normal tissues
(P<0.01; Fig. 5E).

Discussion

In the present study, 1,519 DEGs, including 568 upregulated
genes and 951 downregulated genes, were identified between
COAD samples and normal samples. Subsequently, several
functional terms and pathways were predicted for the DEGs.
Among the DEGs, 109 genes were revealed to be associated
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Figure 3. Protein-protein interaction network. Red and blue nodes represent upregulated genes and downregulated genes, respectively. The yellow-edged nodes

represent survival-associated genes.

with the survival prognosis of patients with COAD. In the PPI
network for the survival-associated genes, HTR1D, TIMPI,
SERPINE1L, MMP3 and CNR2 exhibited the highest degrees.
The RNA expression levels of HTR1D, TIMP1, SERPINE1
and MMP3 were also investigated and identified to be signifi-
cantly increased in CRC tumor tissues, while the expression of
CNR2 was significantly decreased.

MMP9 and TIMP1 expression levels are significantly
higher in CRC tissues compared with that in normal tissues,
and a decreased expression of TIMP1 is significantly associ-
ated with an adverse prognosis for patients with CRC (27,28).
TIMP1-inhibition suppresses proliferation and metastasis but
promotes apoptosis through the focal adhesion kinase-phos-
phatidylinositol-3 kinase (PI3K)/AKT and mitogen-activated
protein kinase pathway; therefore, TIMP1 may be a prognostic
marker for colon cancer (29). High levels of carcino-embryonic
antigen and TIMP1 are associated with a short overall survival
time of patients with CRC, particularly the plasma level
of TIMP1 as it serves as a potential prognostic indicator in
CRC (30,31). An increased serum level of TIMPI1 is detected

in patients with advanced stage colon cancer and a high
tumor grade, indicating that TIMP1 serves as an independent
prognostic factor in the tumor (32). Therefore, TIMP1 may be
associated with the survival of patients with COAD.

HTRI1D acts during cell invasion through the axinl/
p-catenin/MMP7 pathway and serves an important role in
the lung metastasis of CRC (33). Serotonin and CP93129
dihydrochloride (a HTR1B agonist) promotes proliferation
of CRC HT29 cells, and SB224289 hydrochloride (also a
HTRI1B agonist) exhibits anti-proliferative and apoptotic
influences on the cells, suggesting that HTR1B may serve a
critical role in CRC (34). Aryl hydrocarbon receptor nuclear
translocator like 2 and SERPINEI exhibit higher expression
levels in CRC, which is associated with the invasion of tumor
cells (35). Upregulated SERPINEI in intestinal epithelial
cells is conducive to the proneoplastic roles of extracellular
signal-regulated kinase signaling, and thus SERPINEI] is a
potential target for the treatment of CRC (36). This indicates
that HTR1D and SERPINEI may have influences on the
prognosis of COAD.
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Table I. Top five Gene Ontology terms and Kyoto Encyclopedia of Genes and Genomes pathways enriched for the differentially

expressed genes.

Category ID Description FDR Count
BP GO0:0006958 Complement activation, classical pathway 7.28x104 66
BP G0:0002455 Humoral immune response mediated by 4.39x103% 66
circulating immunoglobulin

BP GO0:0006956 Complement activation 9.99x10% 69
BP GO0:0072376 Protein activation cascade 4.04x10% 72
BP GO:0016064 Immunoglobulin mediated immune response 3.05x10% 70
cC G0:0019814 Immunoglobulin complex 2.36x10% 32
cC G0:0042571 Immunoglobulin complex, circulating 4.44x102 30
CcC GO:0005578 Proteinaceous extracellular matrix 7.54x10°" 76
CcC GO0:0072562 Blood microparticle 3.36x10°' 50
CC GO:0009897 External side of plasma membrane 1.74x10"3 58
MF GO0:0003823 Antigen binding 6.35x10% 84
MF G0:0004252 Serine-type endopeptidase activity 9.37x10% 67
MF G0:0008236 Serine-type peptidase activity 1.88x102%° 69
MF GO0:0017171 Serine hydrolase activity 4.34x102% 69
MF GO0:0034987 Immunoglobulin receptor binding 1.38x10°" 29
Pathway hsa00982 Drug metabolism-cytochrome P450 6.63x10% 17
Pathway hsa04060 Cytokine-cytokine receptor interaction 6.63x10% 39
Pathway hsa05204 Chemical carcinogenesis 6.63x10% 18
Pathway hsa04976 Bile secretion 1.13x10 16
Pathway hsa04978 Mineral absorption 1.41x10% 13
BP, biological process; CC, cellular component; MF, molecular function; FDR, false discovery rate.
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Figure 4. Survival analyses. Kaplan-Meier survival curves for (A) HTR1D (P=0.038), (B) TIMP1 (P=0.001), (C) SERPINEI1 (P=0.037), (D) MMP3 (P=0.009)
and (E) CNR2 (P=0.007). Red and blue represent low and high expression groups, respectively. HTR1D, hydroxytryptamine receptor 1D; TIMP1, TIMP
metallopeptidase inhibitor 1; SERPINEI, serpin family E member 1; MMP3, matrix metallopeptidase 3; CNR2, cannabinoid receptor 2.
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Figure 5. Expression levels of key genes in CRC tissue samples and normal tissue samples. The expression levels of (A) HTR1D, (B) TIMPI, (C) SERPINEI,
(D) MMP3 and (E) CNR2 in CRC tissues and normal tissues were examined by RT-qPCR. Data are presented as the mean + standard deviation. "P<0.05, “P<0.01
and “"P<0.001. HTR1D, hydroxytryptamine receptor 1D; TIMP1, TIMP metallopeptidase inhibitor 1; SERPINEI, serpin family E member 1; MMP3, matrix
metallopeptidase 3; CNR2, cannabinoid receptor 2; CRC, colorectal cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Celastrol suppresses tumor cell proliferation and migra-
tion by reducing MMP3 and MMP7 expression through
the PI3K/AKT pathway and thus exerts antitumor effects in
CRC (37). The activation of cannabinoid receptors CB1 or
CB2 (also termed CNR2) leads to cell apoptosis via ceramide
synthesis in colon cancer, in which TNF-a serves a connective
role (38,39). CB2 agonist can induce E-cadherin downregula-
tion and snail family zinc finger 1 upregulation in HT29 cells,
and CB2 expression serves as a poor indicator for the prognosis
of colon cancer (40). Therefore, MMP3 and CNR2 may serve
roles in the clinical outcome of patients with COAD.

In conclusion, 1,509 DEGs between COAD and normal
samples were screened in the present study. In addition, several
key genes, including HTR1D, TIMP1, SERPINE1, MMP3 and
CNR2, may be associated with the prognosis of patients with
COAD. However, the roles and mechanisms of these five genes
in COAD need to be investigated and confirmed in future
studies.
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