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Background: Though colon cancer (CC) is one of the most malignant tumors across the world, CC
patients with microsatellite instability-high (MSI-H) in stage II seem to have a better prognosis. However,
the molecular mechanisms underlying the phenomena haven’t been elucidated yet.

Methods: This study enrolled 322 CCs with known microsatellite status from GSE143985, GSE39582
and GSE92921 in the Gene Expression Omnibus (GEO) database. Robust rank aggregation (RRA) analysis,
univariate Cox regression analysis and multivariate Cox stepwise regression analysis were performed to
identify genes and construct risk score signature. Kaplan-Meier and receiver operating characteristic (ROC)
curves analyses were used to evaluate the prognostic value of the signature. The potential mechanisms
underlying this signature were assessed in the Metascape database, gene set enrichment analysis (GSEA) and
immune infiltration analysis.

Results: RRA analysis identified 40 differently expressed genes (DEGs). A 3-gene risk score signature
(MKQ signature) associated with disease-free survival (DFS) was generated. DFS was significantly longer
in CC patients with lower than higher scores (P=0.0046). The areas under curves (AUCs) of the time-
dependent ROC curves of MKQ signature at 1-, 3- and 5-year DFS were 1, 0.963 and 0.961 respectively.
Recurrence-free survival (RFS) was significantly longer in patients in GSE39582 with lower than higher
risk scores (P=0.032). The AUCs for 1-, 3- and 5-year RFS in GSE39582 were 0.63, 0.618 and 0.583,
respectively, validating the value of the MKQ signature. Functional annotation and GSEA revealed that the
MKQ signature was associated with multiple immune-related pathways. Immune cell infiltration was found
to differ in patients differing in the MKQ signature.

Conclusions: Gene expression and microsatellite status identified a 3-gene signature (MKQ signature)
that could facilitate risk-stratified management in patients with stage II CC. Dysregulation of MSMB,
KRT23, and QPRT can serve as prognostic markers in stage IT CC.
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Introduction

Ranked thirdly in the most common malignant tumor
worldwide, colorectal cancer (CRC) is of the second lethal
cancer across ages. It was estimated that at 2020 there
were more than 1.9 million new cases and 935,000 deaths
of CRC all over the world (1). Although combinations
neoadjuvant therapy, surgery, adjuvant therapy and
immunotherapy have improved survival, approximately
25-30% of stage II CRC patients develop recurrence
within 5 years (2-4). The National Comprehensive
Cancer Network (NCCN) has recommended adjuvant
chemotherapy to improve prognosis in patients with stage
IT CRC and the following features: T4, <12 lymph nodes
investigated, poorly differentiated or undifferentiated
histology, perineural invasion, lymphovascular invasion,
bowel obstruction and/or perforation, positive resection
margins and tumor budding (5).

Factors associated with the prognosis of patients
with CRC include TNM stage, perineural invasion,
lymphovascular invasion, bowel obstruction, and
bowel perforation. Traditional biomarkers such as
carcinoembryonic antigen (CEA) concentration (6) and
emerging biomarkers such as microsatellite instability
(MSI) (7), KRAS, and BRAF mutations (8,9), miRNAs (10),
IncRNAs (11) and circRNAs (12) can also affect patient
outcomes. However, these clinical biomarkers are unable to
precisely stratify patients for personalized treatment. CEA
has relatively low sensitivity and specificity (13), whereas
assessments of KRAS and BRAF mutations, and miRNAs,
IncRNAs, and circRNAs are expense and require advanced
technology.

Microsatellites are prone to DNA replication errors
owing to the slippage of DNA polymerase during the
course of DNA replication and these replication errors
can be repaired by DNA mismatch repair (MMR) (7).
MSI, which has been detected in approximately 15%
of CRCs (14), is thought to play an essential part in the
tumorigenesis and development of CRC (15-17). Tumors
can be categorized by polymerase chain reaction (PCR) as
MSI-high (MSI-H), MSI-low (MSI-L) or microsatellite
stable (MSS). Cancers also can be classified as deficient
MMR (dMMR) or proficient MMR (pMMR) based on the
immunohistochemical results of MLH1, MSH2, MSHS6,
and PMS2. In general, PCR and immunohistochemical
results are in agreement (18), with colon tumors divided
into two subtypes: MSI-H/dMMR and MSI-L, MSS/
pMMR.
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Tumors classified as MSI-H have a lower tendency to
metastasize and patients with stage II MSI-H/dMMR
may have a more favorable outcome than those with
stage II MSI-L/MSS (19-22). The NCCN has therefore
recommended that MSI or MMR be tested in every newly
diagnosed CC patient. Patients with stage II MSI-H CC
do not require adjuvant therapy as they do not benefit
from 5-FU adjuvant therapy (21), whereas immunotherapy
is recommended to treat patients with stage IV MSI-H
CC (23). The molecular mechanisms underlying the
association between favorable outcomes and MSI-H
in patients with stage II CC remain unelucidated. The
present study therefore attempted to identify potential
biomarkers associated with the prognosis of MSI-H stage
II CC patients in the GEO database. Figure I described the
workflow of the present study. We present the following
article in accordance with the MDAR reporting checklist
(available at https://dx.doi.org/10.21037/jgo-21-405).

Methods
Colon cancer microarray datasets and data screening

The GEO database (http://www.ncbi.nlm.nih.gov/) is a
public functional genomics database that collects next-
generation sequence and high-throughput microarray
data with regard to different diseases. These data, which
are submitted by researchers worldwide, may also include
related prognostic data, such as overall survival (OS),
disease-free survival (DFS), and recurrence-free survival
(RFS). The colon cancer microarrays GSE143985,
GSE39582, and GSE92921 downloaded through the
GEO database shared the same platform, GPL570. Stage
II patients with known microsatellite status and survival
data were enrolled in the present study. The levels of
expression of the genes in GSE143985 and GSE92921
were log, transformed for following analysis. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Robust rank aggregation (RRA) analysis

Utilizing the limma (linear models for microarray data)
package, up-ranked and down-ranked gene lists of
GSE143985 and GSE92921 were generated based on fold
changes of their expressions between the MSI-H and MSS
subgroups. Then the above gene lists were integrated using
the “Robust Rank Aggregation” R package to screen for
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Figure 1 The workflow of the current study.

DEGs for further Cox regression analysis. Genes with |log,
fold change (FC)| >1 and P-value <0.05 were considered as
DEGs.

Construction of a prognostic signature

Forty DEGs obtained from RRA were analyzed by
univariate Cox regression analysis, with five of these found
to be significantly associated with DFS. These genes were
subjected to multivariate Cox stepwise regression analysis
to determine the optimal prognostic signature. Ultimately,
the prognostic signature was constructed according to the
regression coefficients of these genes in the multivariate
Cox stepwise regression analysis and the levels of expression
of these genes. This signature was utilized to calculate
risk scores for each patient. The median risk score was
determined, and then the whole was sorted into high and
low-risk subgroups based on the median risk score.

Functional annotation

The Metascape database (24) (http://metascape.org/) is
a functional and pathway enrichment analysis database
that includes the results of various databases such as Gene
Ontology (GO) Biological Processes, Reactome Gene Sets,
Canonical Pathways and Kyoto Encyclopedia of Genes
and Genomes Pathway (KEGG pathway). Metascape was
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therefore applied to carry out functional annotation with
DEGs between high and low-risk subgroups. The DEGs
were determined by log, FC >0.5 or log, FC <-0.5 and
P value <0.05 using the limma package.

Gene set envichment analysis (GSEA)

GSEA was performed in GSEA software (version 4.1.0)
(25,26) with the h.all.v7.4.symbols.gmt gene sets database
to compare tumor hallmarks in the high and low-risk
subgroups. The genes were permuted 1,000 times in the
software before generated the statistical significance of the
enrichment score.

Immune infiltration analysis

Using R package “CIBERSORT?”, the 22 immune cells
infiltration proportions of each CC patients were calculated
based on the expression values of CC patients in the
training cohort. Differences in immune cells infiltration
were subsequently compared in the different subgroups.

Statistical analysis

Kaplan-Meier survival analysis was performed using
“survival” R package and visualized by “survminer”
R package to compare the DFS of patients between
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Table 1 Characteristics of the included microarrays
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GSE ID Participants Tissues Analysis type GPL Year
GSE143985 5 cases and 49 controls Colon Array GPL570 2020
GSE92921 5 cases and 37 controls Colon Array GPL570 2018
GSE39582 39 cases and 187 controls Colon Array GPL570 2013

subgroups with a two-sided log-rank test. Receiver
operating characteristic (ROC) curves were plotted with
“survivalROC” R package and areas Under ROC curves
(AUC) were calculated to evaluate the diagnostic power of
the signature for 1-, 3-, and 5-year DFS. Univariate and
multivariate Cox regression analyses, which included factors
such as KRAS mutation, 7P53 mutation and risk score, were
performed to determine whether risk score is independently
prognostic for survival. Wilcoxon Signed-Rank test was
used to compare the levels of expression of MSMB, KRT23,
and QPRT and the risk scores between subgroups based on
BRAF mutation, KRAS mutation and 7P53 mutation. All
statistics analyses were conducted in R software (version

4.0.1).

Results
Characteristics of included colon cancer microarrays

Selection of patients with stage II and known microsatellite
status and survival outcomes resulted in the inclusion of
322 CC patients, 96 in the training cohort and 226 in the
validating cohort. Of these 322 patients, 49 were classified
as MSI-H/pMMR and 273 as MSS/dMMR patients. The
rates of MSI-H/dMMR varied from 9.3% to 17.3% across
datasets. The details were summarized in 7able 1.

RRA analysis

The RRA method is widely used to integrate data from
different sources, aggregate the results of multiple
microarray studies and minimize inconsistencies. These
properties of RRA analysis are due to four characteristics:
its robustness to noise, its capacity to settle incomplete
rankings, its provision of significant scores for every
object in the final rankings, and its excellent computation
efficiency. RRA integrated analysis identified 40 DEGs.
Among these, 20 genes (ANXAI10, TFF2, CHST6, REG4,
TCN1, TM4SF4, SEMGI1, TNNTI1, TFF1, SDRI16CS,
VNNI1, TRIM7, B3GALTS, GJBS, MSMB, CAPNY,

© Journal of Gastrointestinal Oncology. All rights reserved.

HSPA4L, ZIC2, AGR3 and ISLI) were up-regulated while
20 genes (CEL, FREM?2, OLFM4, PPPIRI4C, EREQG,
CHP2, MAP7D2, GPR143, ATP6V1C2, PNLIPRP2,
KRT?23, RPS4Y1, VAV3, WIF1, PRAPI, ISX, CELP. QPRT,
SOSTDCI and USPYY) were down-regulated in the MSI-H
subgroup (Figure 2A4).

Development of a gene prognostic signature in the training
cobort

The 40 dysregulated genes identified by RRA analysis
were subjected to univariate Cox regression analysis,
which identified five genes, MSMB, CEL, KRT23, WIFI
and QPRT, which were significantly associated with DFS
(P-value <0.05 each). Four of these genes, MSMB, CEL,
KRT23 and WIFI, were protective genes with hazard ratios
(HRs) <1, whereas QPRT was associated with increased risk
with an HR >1. Using multivariate Cox stepwise regression
analysis, these five genes, were used to develop an integrated
prognostic signature. Stepwise regression analysis provided
an optimal prognostic signature according to the Akaike
Information Criterion (AIC), a type of measure of goodness
of fit in statistical models, with a smaller AIC value being
associated with a better goodness of fit of the model. The
prognostic signature (MKQ signature) was generated based
on genes expression levels and regression coefficients,
yielding the equation: risk score = (~1.809566) x MSMB +
(-1.073572) x KRT23 + 2.477175 x QPRT.

Assessment and validation of the MKQ signature

To assess the prognostic predictive value of the MKQ
signature, 96 CC patients were dichotomized into high
and low-risk subgroups based on the median risk score.
Kaplan-Meier survival analysis (Figure 2) showed that DFS
was shorter in the high-risk than in the low-risk subgroup
(P=0.0046). ROC analysis of the MKQ signature confirmed
its ability to predicting the prognosis of patients with stage
II CC. The AUC:s of the time-dependent ROC curves of the
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Figure 2 The construction and validation of MKQ signature. (A) Heatmap of the 40 DEGs in RRA analysis (rows represent genes, columns
represent GSE, blue for low expression, orange for high expression). (B) Heatmap for the connection between MKQ signature and risk
subgroups. (C) Kaplan-Meier curve for MKQ signature in the training cohort. (D) ROC curves of MKQ signature at 1-, 3- and 5-year DFS
in the training cohort. (E) Kaplan-Meier curve for MKQ signature in the validating cohort. (F) ROC curves of MKQ signature at 1-year,
3-year and 5-year RES in the validating cohort. DEG, differently expressed gene; RRA, robust rank aggregation; DFS, disease free survival;

RFS, recurrence-free survival; ROC, receiver operating characteristic.

MKAQ signature for 1-, 3-, and 5-year DFS were 1.0, 0.963 to single-gene signature was further accessed by ROC
and 0.961, respectively (Figure 2). Lower risk was associated analysis of a model testing MSMB, KRT23, and QPRT
with higher MSMB and KRT23 and lower QPRT expression (Figures 2,3). Univariate (Table 2) and multivariate (Table 3)
(Figures 2,3). 'The superiority of the MKQ signature relative Cox regression analyses were performed to assess the
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Figure 3 Kaplan-Meier curves and ROC curves of genes in MKQ signature. (A) Kaplan-Meier curve for MSMB. (B) ROC curves for
MSMB. (C) Kaplan-Meier curve for KRT23. (D) ROC curves for KRT23. (E) Kaplan-Meier curve for QPRT. (F) ROC curves for QPRT.

ROC, receiver operating characteristic; DFS, disease-free survival.

Table 2 Univariate Cox regression analyses of risk score and DFS

Table 3 Multivariate Cox regression analyses of risk score and DFS

Clinicopathological

Clinicopathological

characteristics HR 95% Cl P value characteristics HR 95% ClI P value
KRAS mutation 10.848  1.305, 90.173 0.027 KRAS mutation 0.912  0.050, 16.582 0.951

TP53 mutation 0.370  0.083, 1.653 0.193 Risk score 2.753  1.355,5.596 0.005
Risk score 2.718 1.523, 4.852 <0.001 DFS, disease free survival.

DFS, disease free survival.
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prognostic significance of KRAS mutation, TP53 mutation
and risk score in the training cohort. These analyses showed
that risk score can serve as an independent prognostic factor
in patients with stage II CC.

To further verify the predictive ability and clinical
significance of the MKQ signature, risk scores were
calculated for patients in the GSE39582 validating cohort.
Based on their median risk scores, these 226 CC patients in
the GSE39582 cohort could be divided into high and low-
risk CC subgroups, with 39 classified as dMMR and 187 as
pMMR. Kaplan-Meier survival analysis (Figure 2) indicated
that REFS was significantly longer in patients with lower risk
than higher scores in the GSE39582 (P=0.032). The results
of the time-dependent ROC curves (Figure 2) showing that
the AUC:s for 1-, 3-, and 5-year RFS were 0.63, 0.618 and
0.583, respectively, confirmed the predictive property of the
3-gene signature in the validating cohort. A MKQ signature
was therefore constructed to predict tumor recurrence in

CC patients with stage II CC.

Relationships among MSMB, KRT23, QPRT, risk scores
and clinicopathological characteristics of CC

The reladonships of MSMB, KRT23, QPRT, and risk scores
with the clinicopathological characteristics of CC, such as
BRAF mutation, KRAS mutation and 7P53 mutation were
investigated. MSMB expression differed significantly in
patients with wildtype and mutant KRAS (Figure 4A4), but
did not differ significantly in patients with the wildtype and
mutant BRAF (Figure 4B) or in patients with wildtype and
mutant TP53 (Figure 4C). The expression of KRT23 was
lower in patients with mutant than wildtype BRAF (Figure
4D), did not differ in patients with mutant than wildtype
KRAS (Figure 4E) and was higher in patients with mutant
than wildtype TP53 (Figure 4F). The levels of expression of
QPRT were not significantly affected by BRAF mutation
(Figure 4G), KRAS mutation (Figure 4H) and TP53
mutation (Figure 41). In addition, risk scores, did not differ
significantly in patients with wildtype and mutant BRAF
(Figure 47), KRAS (Figure 4K) and TP53 (Figure 4L).

Pathway and process envichment analysis and GSEA

To comprehend the potential biological effects of the
molecular differences between the high and low-risk
subgroups, 969 DEGs with log, FCs >0.5 or <0.5 and P
values <0.05 were identified between the high and low-risk
subgroups in the training cohort. The pathway and process

© Journal of Gastrointestinal Oncology. All rights reserved.
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enrichment analysis in the Metascape database showed
that these DEGs were enriched in the following pathways:
inflammatory response, leukocyte chemotaxis, leukocyte
activation involved in immune response, regulation of
cell adhesion, humoral immune response, regulation of
monocyte chemotaxis (GO Biological Processes); NABA
matrisome associated, NABA ECM affiliated (Canonical
Pathways); interleukin-10 signaling (Reactome Gene Sets);
complement and coagulation cascades and staphylococcus
aureus infection (KEGG Pathway) (Figure 5A-5C). GSEA
demonstrated that KRAS signaling, IL6-JAK-STAT3-
signaling, complement, inflammatory response, interferon
gamma response, apical junction and other tumor hallmarks
were enriched in the low-risk subgroup (Figure 5D). These
results may enhance understanding of the molecular
pathways associated with the MKQ signature.

Immune infiltration analysis

As the results in the enrichment analysis showed that the
MKQ signature was involved in several immune related
pathways, immune infiltration analysis was performed with
“CIBERSORT” R package to investigate the 22 immune
cells infiltration proportions of each CC patients (Figure
6A). Figure 6B described the relationship between the
proportions of infiltrating cells and patients subgroups.
Further analysis showed significant infiltration of high-risk
CC samples by naive B cells, CD4 naive T cells, resting
NK cells and activated dendritic cells, as well as significant
infiltration of low-risk CC samples by M1 macrophages,
eosinophils, and neutrophils (Figure 6C).

Discussion

Since MSI was described by Aaltonen et al first in hereditary
nonpolyposis colorectal cancer in 1993 (27), a great quantity
of studies concentrated on MSI have been conducted in
colorectal cancer. Similar histopathologic characteristics
detected in MSI-H tumors included enrichment of Thl
related cytokines, increased neoantigen formation, and
somatic hypermutation (28). Several immune checkpoints,
such as PD-1, PD-L1 and CTLA-4, were found to be
upregulated in the MSI-H tumor microenvironment (29).
High infiltration of immune cells infiltration into MSI-H
CRC suggested that immunoregulatory mechanisms were
associated with CRC tumorigenesis and appealed thousands
of researchers to explore the mechanisms. Furthermore,
immune checkpoint blockades have been approved for the
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Figure 4 The relationship between MSMB, KRT23, QPRT, risk score and the clinicopathological characteristics of CC. MSMB (A,B,C),
KRT23 (D,E,F), QPRT (G,H,]), risk score (J,K,L) and BRAF mutation, KRAS mutation and 7P53 mutation. CC, colon cancer.

treatment of mCRC with MSL

Although MSI-H is regarded as a protective factor in
stage II CC, the molecular mechanisms underlying these
associations haven’t been elucidated. Therefore, the present
study focused on genes differently expressed in stage
IT CC patients with and without MSI-H. Three genes,
MSMB, KRT23 and QPRT, were found to be associated
with DFS in CC patients, with stepwise multivariate Cox
regression analysis determining a gene signature involving

© Journal of Gastrointestinal Oncology. All rights reserved.

genes identified by univariate Cox regression analysis.
This signature could classify patients with stage II CC
and known microsatellite status into groups at high and
low risk of disease recurrence in both the training and
validating cohorts. Then functional annotation performed
in Metascape database and GSEA analysis indicated that
several immune related pathways were involved in the
enrichment analysis. Besides, immune infiltration analysis
showed differences between the high and low-risk subgroups
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Figure 5 Pathway and process enrichment analysis and GSEA. (A) Enriched biological processes of DEGs between high and low-risk
subgroups in Metascape database. (B) Network of enriched terms colored based on cluster ID. (C) Network of enriched terms colored based
on P value. (D) GSEA indicating that tumor hallmarks were enriched in the low-risk subgroup. GSEA, gene set enrichment analysis; DEGs,

differently expressed genes.
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in immune cell infiltration into tumors.

MSMB, also known as microseminoprotein-beta,
encoding prostatic secretory protein of 94 amino acids
(PSP94), a primary constituent of semen, is a prostate
cancer biomarker (30). The function of MSMB in CC has
not been determined yet. The present study suggested
that MSMB may play a protective role in stage II CC as
increased MSMB expression was associated with a longer
RFS. Previous studies (31-33) revealed that the level of
MSMB expression was found to be higher in normal and
benign prostate tissue than in prostate cancer, suggesting
that MSMB acted as a tumor-suppressor during the
development of prostate cancer (34). MSMB was shown
to suppress the synthesis of matrix metalloproteinases,
which are involved in tumor metastasis (33) and curb
vascularization mediated by vascular endothelial growth
factor (35).

KRT?23, which encodes Keratin 23, is considered as a
gene in type I acute-phase response. Previous studies (36-38)
demonstrated that KRT23 was highly expressed in CC but
low in para-cancerous tissues and the expression of KRT?23
was associated with tumor stage and lymph node metastasis
in CRC (39). A study of tumor samples from 40 patients
reported that increased KRT23 expression correlated with
promoter hypomethylation (40). The study (40) also pointed
out that knockdown of KRT?23 inhibited cell proliferation
of CC and affected the DNA damage response and repair.
Interestingly, the present study showed that high expression
of KRT23 prolonged DFS in patients with stage II CC,
consistent with the higher expression of KR723 in the low-
risk subgroup and Birkenkamp-Demtroder K et al described
the similar result in their study (37). In the same study, they
pointed out that the accumulation of KRT?23 inhabited the
MSI cell lines cellular viability but MSS cell lines did not
show the same result. Consistent with the results of the
present study, KRT23 was found to be downregulated in
MSI tumors while upregulated in MSS tumors (37). Taken
together, these findings suggest that KRT23 may be a
potential prognostic indicator and therapeutic target in CC.
However, in-depth studies are required to determine the
function of KRT?23 in stage II CC.

QPRT, quinolinate phosphoribosyl transferase,
represents as a key enzyme in the kynurenine pathway
participating in nicotinamide adenine dinucleotide (NAD+)
biosynthesis (41). The level of NAD+ is abnormally
high during cancer cell proliferation (42), with NAD+
depletion resulting in cancer cell death. The present study
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indicated that QPRT might act as an oncogene in CC,
as higher QPRT expression was associated with poorer
patient outcomes. QPRT was also found to be upregulated
in breast cancer (43) and downregulated in renal cell
cancer (44). Upregulated QPRT expression was regarded
as a harmful factor in breast cancer (45). QPRT was
found to enhance breast cancer invasiveness by means of
phosphorylation of myosin light chain (45). To the best of
our knowledge, however, the role of QPRT has not been
investigated in CC.

As the functional annotation and GSEA analysis
indicated that several immune related pathways were
involved in MKQ signature, differences in the infiltration
of 22 types of immune cells were evaluated in the high-risk
and low-risk subgroups with the CIBERSORT algorithm.
Infiltration of seven types of tumor-infiltrating immune
cells was found to differ significantly in these subgroups.
The high-risk subgroup showed upregulation of naive B
cells, CD4 naive T cells, resting NK cells and activated
dendritic cells, but downregulation of M1 macrophages,
eosinophils, and neutrophils. These differences might
be associated with the immune pathways of the MKQ
signature. Therefore, additional studies into the roles of
MSMB, KRT23 and QPRT in immune infiltration may
enhance the understanding of molecular mechanisms of
MSI-H in CC.

The present study described the development and
validation a 3-gene MKQ signature that could classify
stage II CC patients with known microsatellite status into
different risk subgroups for DFS based on GEO databases.
The MKQ signature performed well in both the training
and validating cohorts. Moreover, the MKQ signature may
act as biomarker to facilitate risk stratified management
in stage II CC patients. Inevitably, this study had some
limitations. First, the mechanisms of action of MSMB and
QPRT in the regulation of CC remain unknown, requiring
further investigations. Second, large scale prospective
clinical trials are needed for further validation of the MKQ
signature in stage II CC.

Conclusions

This study identified a 3-gene signature in stage II CC
that may enhance our understanding of the molecular
mechanisms underlying the better prognosis in patients with
MSI-H stage II CC. This signature may provide new therapy
biomarkers to target for the treatment of stage II CC.
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