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Transcriptional information underlying the generation of CSCs and the construction
of a nine-mRNA signature to improve prognosis prediction in colorectal cancer
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ABSTRACT
Background: Despite recent progress in screening survival-related genes, there have been few attempts
to apply methods based on cancer stem cells (CSCs) for prognosis. We aimed to identify a CSC-based
model to predict survival in colorectal cancer (CRC) patients.
Material/Methods: Differentially expressed genes between CRC and normal tissues and between
CD133- and CD133+ cells were obtained from The Cancer Genome Atlas and Gene Expression
Omnibus, and intersections were evaluated. Gene Ontology functional and Kyoto Encyclopedia of
Genes and Genomes pathway enrichment analyzes were performed. STRING was used to investigate
interactions between the encoded proteins and the Kaplan-Meier method to verify mRNAs associated
with survival. A prognostic model based on CSCs was established via univariate and multivariate Cox
regression. Receiver operating characteristic curve analysis was conducted to test the model’s sensitivity
and specificity. The KS test was applied to provide evidence for relationships between expression levels
of nine mRNAs in our model and pathological stage.
Results: In total, 155 common differentially expressed mRNAs were identified, and nine (AOC1, UCN,
MTUS1, CDC20, SNCB, MAT1A, TUBB2B, GABRA4 and ALPP) were screened after regression analyses to
establish a predictive model for classifying patients into high- and low-risk groups with significantly
different overall survival times, especially for stage II and IV patients.
Conclusions: We developed a novel model that provides additional and powerful prognostic informa-
tion beyond conventional clinicopathological factors for CRC survival prediction. It also provides new
insight into the molecular mechanisms underlying the transition from normal tissues to CSCs and
formation of tumor tissues.
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Introduction

Colorectal cancer (CRC) is one of the most frequent malig-
nant tumors in the world, ranking third and second for
incidence and mortality in Europe and the United States,
respectively.1,2 Therefore, effective prevention and interven-
tion of this disease are pivotal for overcoming this major
public health threat. In 1997, scientists first isolated human
leukemia stem cells from human acute myelogenous
leukemia.3 The theory of cancer stem cells (CSCs) has since
been studied, and scientists have developed a CSC model
assuming that tumors are hierarchically organized, whereby
CSCs are at the top and responsible for the generation of
heterogeneity within tumors.4,5 The term CSC is used because
these tumor-initiating cells have abilities similar to those of
normal stem cells, especially with regard to self-renew and
differentiation.6

There are three main hypotheses about the origin of CSCs.7

First, CSCs mutate from stem cells, a hypothesis that is based
on the fact that the limited life span of mature cells is not
sufficient to accumulate the multiple carcinogenic mutations
necessary.8,9 Second, CSCs may develop from progenitor cells:
the number of progenitor cells in adult tissues is much larger

than that of stem cells, leading to greater possibility of carci-
nogenic transformation.7,8 Third, cancer cells might be
derived from differentiated cells via dedifferentiation.10

Stem cells can be identified by special functional assays or
by various surface markers.11 One of the most reliable CSC
markers is CD133 (prominin-1),12 which has been found in
a variety of cancers, including breast, colon, prostate, liver,
pancreatic and lung cancers, as well as in head and neck
squamous cell carcinoma.13 Therefore, targeting CD133
appears to be a promising possibility for eradicating CSCs.14

Therefore, in our research, CD133+ cells of CRC were
regarded as CSCs for follow-up studies.15

Regardless of the origin of CSCs, there may be a series of
genes that are differentially expressed not only between CSCs
and progeny cancer cells but also between CSCs and normal
cells, and we speculate that these genes may affect patient
survival time. Thus, to test our hypothesis, we used the
Cancer Genome Atlas (TCGA), which provides genomic
expression data for CRC, and the Gene Expression Omnibus
(GEO) database, which contains differentially expressed
mRNAs between CRC cells and CSCs, to obtain a gene set
that roughly represents the proportion of differentially
expressed genes mentioned above.
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In recent decades, advances in early diagnosis and treat-
ment have reduced the mortality rate of patients with
CRC.16,17 However, because of the different pathological
stages of tumors, the survival rate of CRC patients varies
greatly, so the treatment of CRC to improve the prognosis
of patients are remain serious challenges.18

In this study, we applied a series of network-based analyses
to identify potential prognostic factors in CRC. Using
a TCGA dataset of 476 CRC patients and a gene chip of
Caco-2 cells, with which a microarray analysis was performed
using CD133+ and CD133- sorted Caco-2 cells from the GEO
dataset, we found genes that, to some extent, represent the
target of our hypothesis.

Results

Differentially expressed genes between CD133+ and
CD133- Caco-2 cell lines of CRC in GEO and between CRC
and normal tissues in TCGA

According to our cutoff criteria, a total of 393 differentially
expressed genes (including 193 upregulated and 200 down-
regulated) between CD133- and CD133+ Caco-2 cells were
collected from GEO dataset GSE24747, and 11,832 differen-
tially expressed genes (including 4,226 downregulated and
7,606 upregulated) between normal colorectal and tumor tis-
sues were collected from TCGA. The results visualized as
a volcano map and heatmap (Figure 1) clearly distinguish
the differentially expressed genes.

Significant genes that play an important role in the
transformation from normal cells into cancer tissues and
may be relevant to the prognosis of patients diagnosed
with CRC

We intersected the differentially expressed genes from TCGA
with those from GEO according to our hypothesis, with 155
genes obtained (shown in Figure 2(a)). To explore the func-
tions of these 155 genes in tumor cells, GO and KEGG
functional enrichment analyses were performed in R. The
results showed that 11 GO terms were enriched, which mainly
clustered in the regulation of diverse receptor binding (such
as GO:0005126~ cytokine receptor binding, GO:0045236~
CXCR chemokine receptor binding, GO:0001664 ~ G protein-
coupled receptor binding, GO:0005160~ transforming growth
factor beta receptor binding), the activity of various sub-
stances (including GO:0048018~ receptor ligand activity,
GO:0008083~ growth factor activity, GO:0005125~ cytokine
activity), the binding of several elements (such as
GO:0008201~ heparin binding, GO:0031418 ~ L-ascorbic
acid binding, GO:0019842~ vitamin binding) and protein self-
association (GO:0043621) categories (shown in Table 2 and
Figure 2(b)). KEGG pathways that were enriched mainly
involve two pathways: hsa04610 (complement and coagula-
tion cascades) and hsa04978 (mineral absorption) (Figure
2(c)).

We next sought to determine whether the proteins
expressed by these 155 genes interact with each other and
utilized the online website STRING to analyze protein inter-
actions, with high confidence set as 0.7. The results are shown

Figure 1. (a) Unsupervised hierarchical clustering analysis of the differentially expressed mRNAs between CD133- and CD133+ Caco-2 cells. (b) The differentially
expressed genes between CRC and normal tissues, in which red indicates high expression, and green indicates low expression.
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in Figure 3(a), and the top 30 genes with the highest degree of
correlation are illustrated in Figure 3(b).

To determine which of the 155 genes are associated with
patient prognosis, OS curves were generated using the
K-M method, and two-sided log-rank tests were employed
to compare differences in OS between the high- and low-
risk patient groups. Ultimately, we found 14 genes (ABCD3,
ATP8B1, SRPX, SNCB, KCTD9, IQGAP2, MTUS1,
PLA2G2A, GABRA4, MYO1D, PCK1, TAGLN, SLC9A2 and
S100P) that were associated with survival outcomes (P < .05);
the survival curves are shown in Figure 4.

Establishment of a 9-mRNA signature associated with the
OS of CRC patients

To construct the prediction model, we first evaluated correla-
tions between the expression level of the 155 mRNAs and OS
by univariate Cox regression analysis and found 22 mRNAs to
be significantly correlated (P < .05). Stepwise multivariate Cox
regression analysis was then performed, with 9 of these
mRNAs (as shown in Table 3) screened to establish the pre-
diction model. The model was defined as the sum of the
expression level of each mRNA weighted by its corresponding

Figure 2. Acquisition of 155 differentially expressed genes and GO and KEGG functional enrichment analyses. (a) There were 393 differentially expressed genes
between CD133- and CD133+ Caco-2 cells, 11,832 genes differentially expressed between colorectal tumor and normal tissues, and 155 genes coexisted among
them. (b) GO functional enrichment and (c) KEGG pathway analyses of these 155 genes.

Figure 3. (a) Protein association networks of 155 genes. (b) The top 30 genes with the highest degree of correlation.

690 W. ZHENG ET AL.



coefficient in multivariate Cox regression, as follows:
RS = (−0.2682 × expression value of AOC1) +
(0.1456 × expression value of UCN) +(−0.3614 × expression
value of MTUS1) + (−0.4684 × expression value of CDC20) +
(0.2023 × expression value of SNCB) + (0.1767 × expression
value of MAT1A)+ (0.1152 × expression value of TUBB2B) +
(−0.0869 × expression value of GABRA4)+ (0.1260 × expres-
sion value of ALPP).

Risk stratification and ROC curve analyses indicate good
performance of the 9-mRNA signature in predicting the
OS of CRC patients

For each of these 467 patients, we calculated the RS based on
the expression levels of these 9 mRNAs and classified them
into a high- or low-risk group with the median RS as the
cutoff point of 0.955. As a result, 233 patients were classified

Figure 4. Genes associated with patient’s survival outcomes by applying the K-M method in “survival” R package.

Figure 5. (a) Distribution of mRNA-related RSs in patients. (b) The expression heatmap of nine prognostic mRNAs. (c) The mortality of patients with an increase in the
RS. (d) K-M survival curve analysis for the OS of CRC patients using the nine-mRNA signature. (e) ROC curve analysis of the nine-mRNA signature.
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into the high-risk or low-risk group because their RS values
were higher or lower, respectively, than the cutoff value
(Figure 5(a)). There was a significant difference in
K-M survival curves between the two groups based on the
RS values (p = 5.73e-09), and the 5-year OS ratios of high-
and low-risk RSs patients were 43.1% and 85.3%, respectively
(Figure 5(b)). The prognostic ability of the 9-mRNA signature
model was evaluated by calculating the AUC value of the
ROC curve, whereby an AUC greater than 0.70 was consid-
ered to have good performance. In our study, the AUC value
obtained was 0.708, indicating good sensitivity and specificity
of the 9-mRNA signature model in predicting CRC patient
OS (Figure 5(d)). With the increase in RS, as shown in Figure
5(c), the expression levels of UCN, SNCB, MAT1A, TUBB2B,
and ALPP showed an increasing trend, whereas those of
AOC1, MTUS1, CDC20 and GABRA4 decreased. As shown
in Figure 5(d), the mortality rate of patients diagnosed with
CRC increased significantly with the increase in the RS calcu-
lated according to our model.

The prognostic value of the nine-mRNA signature is
independent of conventional clinical factors

Multivariate Cox regression analysis showed that the
9-mRNA signature RS maintained independent predictive
ability compared with other clinical factors (HR = 3.8438,
95% CI 2.36–6.26, P = 6.25e-08, as shown in Table 4).
Tumor lymph node metastasis (TNM) stage and age were
also independent predictors of OS in CRC patients.
Therefore, we conducted a further stratified analysis to exam-
ine whether the 9-mRNA signature can provide predictive
value for patients in the same TNM stage or in the same age
group. The log-rank test of phase II patients showed that the
9-mRNA signatures indeed was able to distinguish patients
with significantly different survival times (P = 7.242e-05,

Figure 6(b)). Similar predictions for the 9-mRNA signature
were observed in stage IV patients (P = 1.234e-02, Figure 6
(d)). However, there was no significant difference in the
survival of stage I patients (P = .4208, Figure 6(a)), and
although the difference in the survival of stage III patients
was obvious, the P value was 0.1721 (Figure 6(c)), which was
not statistically significant. To further verify the 9-mRNA
signature would has prognostic significance in more precise
staging, we subdivide stage II patients from the TCGA data-
base into stage IIA, stage IIB and stage IIC. However, accord-
ing to the database, there were only 9 cases of stage IIB, 2
cases of stage IIC and 134 cases of stage IIA. Therefore, we
explored the differences in survival outcomes between the
high-risk and low-risk groups of stage IIA patients based on
the risk score of our model. The results showed that there is
a significant difference in survival time, and the p value is
2.242e-03 (Figure 7(a)). Among the patients with stage IV,
there were 17 cases of stage IVA and only 1 case of stage IVB.
Similarly, We found that there was a difference in survival
time between the high and low risk groups of stage IVA
patients, but it was no statistical significance, which may be
related to the small sample size (Figure 7(b)).The predictabil-
ity of our model for the prognosis of patients in the same age
group was also verified (less than 65 years old or more than
65 years old), and the results showed that the difference in
survival outcomes of patients in both age groups was signifi-
cantly different (P = 5.005e-06 in age >65 group and
P = 2.327e-03 in age ≤65 group) (Figure 6(e,f)).

Finally, we compared the expression levels of the 9 mRNAs
across four CRC subtypes and found that the levels of the
other 8 mRNAs did not correlate significantly with TNM
stage, except for MTUS1 (P = .006) (Figure 8). Furthermore,
We explored the correlation between these 9 mRNAs and
mutation of Kras and Microsatellite instability, the results
showed that MAT1A was significantly associated with Kras

Figure 6. (A ~ F) Patients divided according to the pathological stages of the tumor or age and analyzed for differences in the corresponding survival based on the
signature.
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mutation, but other genes were not. UCN, ALPP, GABRA4
and MTUS1 were showed to have correlation with microsa-
tellite instability according to our results. Thus, the 9-mRNA
signature is not a subtype-specific marker and further indi-
cates that the signature model is an independent prognostic
factor associated with OS in patients with CRC.

Discussion

CRC is a major public health issue and a major focus of
gastrointestinal experts; although the incidence of CRC has
declined significantly over the past 30 years, CRC is still
the second leading cause of cancer-related death in many
countries.19 Tumors are heterogenetic tissues that contain
CSCs.20 Due to the tumorigenicity of CSCs, a more appro-
priate term may be “tumor-initiating cells” because they can
produce all the cell types found in a particular tumor.21 The

CSC model of cancer suggests that tumorigenesis is a dynamic
process in which normal cancer cells can dedifferentiate into
CSCs, which in turn can differentiate into all types of cancer
cells or CSCs with metastatic capacity.22,23 Tumor is consid-
ered to be a type of hierarchical tissue in which the pluripo-
tent CSC is on top and responsible for the generation of
tumor heterogeneity.24 CSCs can even transdifferentiate into
the vascular endothelium, forming vasculature to supply
tumors.25 Thus, we assume that there may be a series of
genes both differentially expressed between CSCs and progeny
tumor cells and between CSCs and normal cells. According to
the relevant literature, CSCs express specific markers, which
vary greatly according to the type and origin of the tumor, but
there is no universal marker for CSCs. Most of the known
CSC surface markers are derived from known embryonic or
adult stem cell surface markers.26 CD133, one of the best and
least ubiquitous surface markers of CSCs, is a membrane-
bound glycoprotein that is believed to be involved in

Figure 7. The survival difference of stage IIA and stage IVA between high and low risk groups of CRC patients.

Figure 8. Expression levels of the nine mRNAs across four colorectal cancer subtypes.
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primordial cell differentiation and the epithelial-mesenchymal
transformation (EMT).27 In addition, CD133 participates in
cell proliferation through the Wnt signaling pathway and is
associated with poor prognosis in CRC, glioma and hepato-
cellular carcinoma.28

Because of the heterogeneity of tumors, traditional prog-
nostic systems, such as the TNM staging system, often show
imperfect estimates of risk stratification and clinical
outcomes.29 The present study involving a comprehensive
analysis of mRNA expression data and patient survival infor-
mation of 476 CRC patients documented in TCGA and a gene
chip of Caco-2 cells, on which a microarray analysis was
performed using CD133+ and CD133- sorted Caco-2 cells
from GEO, revealed a set of genetic modifications as potential
prognostic factors, with the value of the RS composed of these
factors confirmed. In addition, based on the correlation
between pathological stage and patient survival, we propose
a new grouping system combining the RS and pathological
stage for predicting the prognosis of stage II and IV CRC
patients.

The carcinogenicity of colorectal CSCs is a multistep pro-
cess characterized by a series of genetic alterations.7,10

Research on CSCs has begun to attract increasing attention,
and computational annotations for assessing these mRNA
functions have been proven to be effective.30 We performed
GO and KEGG enrichment analyses for our hypothetical gene
sets to explore the functions of these 155 genes, and the
results showed involvement in significant the biological pro-
cesses and KEGG pathways mentioned above. The functions
related to our enrichment results have been confirmed in
previous studies. For example, studies have identified that
hepatic stellate cells (liver-specific pericytes) can differentiate
into tumor-related myofibroblasts under transforming growth
factor beta (TGF-b) stimulation, which can promote the
growth of tumors in the liver.31 Another study found that
GSDMC, a gene regulated by TGFBR2, promotes the prolif-
eration of cancer cells during colorectal carcinogenesis.32 It
has also been reported that vitamin D inhibits proliferation
and induces differentiation in CRC cells by inducing
E-cadherin and inhibiting β-catenin signaling.33

Furthermore, epidemiological studies have demonstrated the
antitumor effect of vitamin D on CRC cells,34 and overexpres-
sion of CXCR4 was found to promote EMT and infiltration of
myeloid-derived suppressor cells (MDSCs) and macrophages
in colonic tissue, accelerating colitis-associated and Apc muta-
tion-driven colorectal tumorigenesis and progression.35

Evidence has also been presented for a novel mechanism
whereby LGR5 is coupled to the intracellular scaffold signal-
ing protein IQGAP1 to regulate the actin cytoskeleton and
cell-cell adhesion in CRC.36 Using STRING, we identified
interactions between the proteins expressed by the 155
genes, and further exploration showed that the expression
level of 15 mRNAs correlated significantly with OS.

Finally, we developed a 9-mRNA signature that was able to
predict the clinical outcome of CRC patients. To our knowl-
edge, this is the first CSC-related predictive model using
a cohort of more than 300 patients with CRC. The expression
profiles of these common differentially expressed 155 mRNAs
were analyzed by univariate and stepwise multiple Cox

proportional hazards regression analyses. Nine RNAs were
ultimately identified, and a prediction model based on the
linear combination of these genes was established. The survi-
val curves of patients with high RSs and low RSs were dis-
tinctively separated among the groups categorized by the
predictive model. The AUC value obtained by ROC curve
analysis was 0.708, which indicates that the model has high
sensitivity and specificity. When considering other clinical
factors, multivariate Cox regression analysis showed that the
9-mRNA signature was independent of traditional clinico-
pathological factors, including tumor stage, age, race and
sex. Further stratified analysis indicated favorable discrimina-
tion by the 9-mRNA signature in predicting survival times of
the same TNM stage and age group. This finding may provide
an additional reference for clinicians to choose better perso-
nalized and effective treatments for patients with different
survival risks and allows us to better understand the molecules
involved in the transition from normal tissues to CSCs and
the eventual formation of CRC tissues. However, further
clinical studies are needed to verify the predictive effectiveness
of this model, as is experimental research investigating the
functions of the related mRNAs.

Materials and methods

Microarray information and the CRC patient dataset

The gene chip GSE24747, which was used for microarray
analysis of CD133+ and CD133- sorted Caco-2 cells with
three repeat samples each, was selected. After quality control
using the affyPLM and affy packages and pretreatment with
the RMA method in R language, the probe IDs obtained were
converted into gene symbols. Missing values were supplemen-
ted with the limma package for subsequent differential expres-
sion gene analysis of the two cell types.

TCGA (http://cancergenome.nih.gov/) (as of March 2019)
was used to collect preprocessed level 3 RNA-seq data and the
corresponding clinical information for CRC samples. Patients
included in the study were filtered by criteria of complete

Table 1. Summary of colorectal cancer patient clinical characteristics based on
the inclusion criteria.

Characteristic

Patients (n = 476)

n %

Age category
>65 y 269 56.513
≤65 y 207 43.487

Gender
Male 256 53.782
Female 220 46.218

Race
White 219 46.008
Asian 9 1.891
Black or African American 52 10.924
Unknown 196 41.177

Pathological Stage
Stage I 85 17.857
Stage II 180 37.815
Stage III 126 26.471
Stage IV 70 14.706
Unknown 15 3.151

Eventual prognosis
Alive 394 82.773
Dead 82 17.227
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information for mRNA expression profiles and clinical char-
acteristics (including age, sex, race, stage, survival status and
survival time) (Table 1).

Screening of differentially expressed genes between CRC
and normal tissues and mRNAs between CD133- and
CD133+ Caco-2 cells

By setting the screening conditions as logFC>1 or logFC<(−1)
and an adjusted P value<.05, the edgeR package37 in
R language was employed to identify differentially expressed
genes between CRC and normal tissues according to the
inclusion criteria; the results were visualized as a volcano
map using the gplots package in R. As described above, after
pretreatment of the GEO dataset, we obtained genes that were
significantly differentially expressed between CD133- and
CD133+ Caco-2 cancer cells. Unsupervised hierarchical clus-
tering was then performed based on the expression levels of
these altered genes, as visualized as a heatmap (Figure 1).
According to our hypothesis, to obtain the differentially
expressed genes between CSCs and normal tissues and

progeny tumor cells, we examined intersections between
these two gene sets, which revealed 155 mRNAs that, to
a certain extent, represent our target candidate genes.

Functional enrichment, protein interaction and
K-M survival analyses

To identify potential biological processes and pathways in
which these significant mRNAs are involved, Gene Ontology
(GO) biological function and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyses were
carried out using clusterProfiler, org.hs.eg and pathview in
R language, setting a p value <.05 as the cutoff criterion. To
determine interactions among the corresponding protein pro-
ducts, the online website STRING (functional protein associa-
tion networks) was used, and high confidence was set as 0.7.
In addition, to explore which of these 155 genes correlate with
the survival prognosis of CRC patients, the K-M method was
applied, and overall survival (OS) curves between high- and
low-risk patient groups were obtained.

Definition of the mRNA-related prognostic model

After univariate Cox analysis, eligible genes (p value < .05) were
selected for multivariate Cox regression analysis using the survi-
val R package. A 9-mRNA-based prognostic model was then
established to assess the survival risk of each patient, as follows:

Risk score RSð Þ ¼ Pk
i¼1 Ci � Við Þ,

where K is the number of prognostic mRNAs, Ci repre-
sents the coefficient of the ith mRNA in multivariate Cox
regression analysis, and Vi is the expression value of the ith
mRNA. Ci > 0 was defined as a high-risk signal, and CI < 0
was defined as a protective mRNA.

Risk stratification (RS) and ROC curves

The RS of 476 patients was calculated according to the pre-
dictive signature model. The median RS was then used as the
cutoff value to divide the patients into high- and low-risk
groups. OS curves were generated using the K-M method,
and the differences between the high- and low-risk patients
were compared. The sensitivity and specificity of this prog-
nostic model in predicting clinical outcomes were evaluated
by calculating the area under the receiver operating character-
istic (ROC) curve (AUC) using the survival ROC package.38

Table 2. Enrichment analysis of GO terms for the 155 differentially expressed
genes.

ID Description P value
Adj.

p value Count

GO:0048018 Receptor ligand activity 7.85e-08 3.12e-05 18
GO:0005126 Cytokine receptor binding 5.81e-07 0.0001154 13
GO:0008083 Growth factor activity 9.00e-06 0.0011907 9
GO:0005125 Cytokine activity 1.57e-05 0.0015566 10
GO:0045236 CXCR chemokine receptor

binding
0.0003522 0.0236768 3

GO:0008201 Heparin binding 0.0003578 0.0236768 7
GO:0001664 G protein-coupled receptor

binding
0.0004484 0.0254319 9

GO:0031418 L-ascorbic acid binding 0.0005798 0.0287703 3
GO:0005160 Transforming growth factor

beta receptor binding
0.0007285 0.0321348 4

GO:0043621 Protein self-association 0.001053 0.0391582 4
GO:0019842 Vitamin binding 0.001085 0.0391582 6

Table 3. Overall information of 9 prognostic mRNAs associated with OS in CRC
patient.

Ensembl ID
Gene
symbol

Relative
coefficient Z value P value

ENSG00000002726 AOC1 −0.268184925 −3.279204172 0.001041003
ENSG00000163794 UCN 0.145612613 1.455843705 0.145435831
ENSG00000129422 MTUS1 −0.361412144 −2.749916882 0.005961038
ENSG00000117399 CDC20 −0.46844737 −3.342579065 0.000830037
ENSG00000074317 SNCB 0.202331807 1.924286475 0.054318685
ENSG00000151224 MAT1A 0.176725272 3.168886703 0.00153024
ENSG00000137285 TUBB2B 0.115172814 1.81508945 0.069510164
ENSG00000109158 GABRA4 −0.086924131 −1.656027435 0.097716263
ENSG00000163283 ALPP 0.125962491 2.278719861 0.022683723

Table 4. Multivariate Cox regression analysis of overall survival.

Variable HR SE Z value P value 95% CI of HR

Age 1.04852 0.01141 4.154 3.27e-05 1.0253–1.072
Gender 0.91535 0.2382 −0.371 0.71 0.5739–1.46
Race 0.92524 0.16807 −0.462 0.644 0.6656–1.286
Stage 2.39071 0.13337 6.535 6.37e-11 1.8408–3.105
Nine-mRNA RS (high vs. low) 3.8438 0.2488 5.411 6.25e-08 2.36–6.26
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Independence of the prognostic value of the nine-mRNA
signature from other clinical variables and molecular
features

To determine whether the predictive ability of the mRNA
signature is independent of other clinical factors (including
race, sex, stage and age) in CRC patients, multivariate Cox
regression analysis was conducted with OS as the dependent
variable and the mRNA signature and other conventional
clinical factors as independent variables. For the clinical fea-
tures with P < .05 in Cox regression analysis, further stratified
analysis was performed to determine whether the mRNA
signature has prognostic value for the same clinical factors.
Furthermore, we used the KS test in R language to verify the
relationship between the expression levels of the mRNAs in
our model and four CRC subtypes. The correlation between
these 9 mRNAs and mutation of Kras and Microsatellite
instability were also explored and the results were showed in
the supplementary files.
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