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Abstract. Microsatellite instability (MSI) has emerged as 
one of the key biological features of colorectal cancer (CRC). 
However, controversies remain regarding the association 
between the MSI status and clinicopathological characteristics 
of CRC. Therefore, it is crucial to identify potential key genes 
and pathways associated with MSI in CRC. In the present 
study, the GSE25071 gene expression profile was retrieved, 
with thirty‑eight cases of microsatellite stable (MSS), five 
of MSI‑High (MSI‑H) and three of MSI‑Low (MSI‑L) CRC 
patients. The differentially expressed genes (DEGs) were 
analyzed by Gene Ontology (GO), Kyoto Encyclopedia of 
Genes and Genomes pathway enrichment, gene set enrichment 
analysis (GSEA) and gene co‑expression network analysis. 
Weighted gene correlation network analysis (WGCNA) was 

used for the gene modules and correlation of clinical traits. 
A total of forty‑nine DEGs were identified between MSI‑H 
and MSS, including six upregulated and forty‑three down-
regulated DEGs. Only the DEGs of MSI‑H and MSS were 
subjected to subsequent analysis (limited number of DEGs of 
MSI‑L and MSS, MSI‑H and MSI‑L). RNA metabolic process, 
endoplasmic reticulum and chemokine receptor binding were 
the top ranked terms in GO enrichment. The hub genes of 
co‑expression network of DEGs included zinc finger protein 
(ZNF) 813, ZNF426, ZNF611, ZNF320 and ZNF573. The 
GSEA of MSI‑H and MSS indicated that the mammalian 
target of rapamycin complex 1 signaling was significantly 
enriched with a nominal P‑value of 0.038 and normalized 
enrichment score of 0.446. The WGCNA results showed that 
the pink module was the top in correlation with MSI status 
(R2=0.5, P=0.0004). The genes in the pink module were 
significantly enriched in proteins targeting to endoplasmic 
reticulum, cytosolic part, structural constituent of ribosome 
and ribosome pathway. The hub genes identified in the pink 
module were ribosomal protein L12 (RPL12), RPS3A, RPS9, 
RPL27A, RPL7, RPL28, RPL14, RPS17, mitochondrial ribo-
somal protein L16, and G elongation factor, mitochondrial 2. 
The present study identified key genes and pathways associ-
ated with MSI, providing insightful mechanisms.

Introduction

Colorectal cancer (CRC) is among the most common malig-
nancies worldwide, with a high incidence in the United States 
and Western Europe (1). In 2017, >130,000 newly cases were 
diagnosed and >50,000 individuals succumbed to mortality in 
the United States (1). The incidence rates and mortality rates 
have declined in patients with CRC aged >50 years, however, 
the incidence rates have increased by 22% in patients aged 
<50 years and the mortality rates have increased by 13% in the 
last decade (1). In China, the incidence and mortality rates of 
CRC have markedly increased (2). Despite substantial efforts 
in the establishment of early detection systems and chemo-
therapy reagents, the prognosis of CRC remains far from 
satisfactory for the majority of patients (3).

The therapeutic responses and survival outcomes of CRC 
are constrained by the clinical heterogeneity (4,5). Therefore, 
molecular markers emerge as efficient classifiers for CRC (6,7). 
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This is exemplified by the mutations identified in genes such as 
KRAS/BRAF/phosphatidylinositol‑4,5‑bisphosphate 3‑kinase 
catalytic subunit  α (PIK3CA), which have been widely 
accepted as clinical indicators for therapeutic decisions (6). 
However, the clinical outcomes of CRC remain largely diverse.

Microsatellite instability (MSI) is one of the most 
intensively investigated molecular markers in CRC (3). MSI 
indicates inactivation of the mismatch repair (MMR) genes 
and is frequently associated with the CpG island methylator 
phenotype, whereas microsatellite stable (MSS) is associ-
ated with chromosomal instability (CIN) (3). MSI CRCs are 
divided into MSI‑High (MSI‑H) or MSI‑Low (MSI‑L) subsets, 
based on the extent of the instability (8). The essence of MSI 
has been intensively evaluated in the National Comprehensive 
Cancer Network guideline (8). Noteworthy, 15% of patients 
with CRC show MSI whereas the remainder are characterized 
by MSS (9,10). CRCs with MSI‑H often exhibit numerous 
distinct features, including a more proximal tumor posi-
tion (11). Furthermore, >80% of patients with CRC with Lynch 
syndrome, a top‑ranked inherited CRC‑associated disease, 
exhibit MSI (12,13). Of note, ~10‑20% of patients with CRC 
with Lynch syndrome manifest MSS, with diverse immuno-
histochemistry results (14).

MSI is one of the most promising markers investigated to 
date with prognostic and therapeutic values. Previously, patients 
with MSI were associated with a favorable prognosis compared 
with those with MSS (3,12,15). However, the prognostic role of 
MSS and MSI in CRC remains controversial. When patients 
with MSI‑H and MSS/MSI‑L received fluorouracil  (FU), 
the significantly different prognostic values between the two 
became indistinguishable (16). In a MSI subset, those treated 
with FU had a poorer prognosis than those without FU (16). A 
recent study highlighted the predictive role of MMR status in 
immune checkpoint inhibition with pembrolizumab (7).

However, the mechanism underlying the association 
between MSI status and the clinicopathological character-
istics of CRC remains to be fully elucidated. To gain better 
insight into the key genes and pathways involved in MSI of 
CRC, bioinformatics analysis of the GSE25071 gene expres-
sion profile, including 38 MSS, five MSI‑H and three MSI‑L 
samples, was conducted to identify potential key genes and 
pathways associated with MSI.

Materials and methods

Gene expression profile from the Gene Expression Omnibus 
(GEO) database. The gene expression profile, GSE25071, 
which contained 38 MSS colorectal cancer cases, five MSI‑H 
cases and three MSI‑L cases  (17), was downloaded from 
the GEO database (http://www.ncbi.nlm.nih.gov/geo/) (18). 
The GSE25071 profile was further annotated by the profile 
GPL2986, ABI Human Genome Survey Microarray Version 2 
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA)  (17). Briefly, familial adenomatous polyposis 
(FAP) syndromes, hereditary nonpolyposis colorectal cancer 
(HNPCC) and other types of cancer were excluded from the 
included cases. Clinical information including gender, age, 
tumor localization, tumor stage according to The International 
Union Against Cancer (UICC)/American Joint Committee on 
Cancer and MSI status were recorded (17). The total RNA 

of the samples was processed using the AllPrep DNA/RNA 
Mini kit (Qiagen, Inc., Valencia, CA, USA) for tumors and 
the Ambion RiboPure kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) for normal colonic mucosa. The 
Chemilunimescent Detection kit from Applied Biosystems; 
Thermo Fisher Scientific, Inc. was used following the 
labeling process (NanoAmp RT‑IVT Labeling kit; Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA; DIG‑UTP, Roche Diagnostics, Basel, Switzerland). 
Subsequently, the microarrays were scanned using the AB1700 
Chemilunimescent microarray analyzer and further processed 
by the accompanying software (Applied Biosystems; 
Thermo Fisher Scientific, Inc.; version 1.1.1) (17). GSE18088, 
GSE13067 and GSE78220 were included for external valida-
tion of the differentially expressed genes (DEGs) determined 
in GSE25071. GSE18088 contained 34 cases of MSS and 19 
cases of MSI with primary stage II colon cancer based on 
the UICC. The profile was based on the Affymetrix Human 
Genome U133 Plus 2.0 Array (Affymetrix; Thermo Fisher 
Scientific, Inc.)  (19). GSE13067 contained 63 MSS and 11 
MSI‑H fresh‑frozen primary CRC samples for the Affymetrix 
Human Genome U133 Plus 2.0 Array (Affymetrix; Thermo 
Fisher Scientific, Inc.) (20). GSE78220 contained 28 mela-
noma samples for transcriptomic analysis of anti‑PD‑1 therapy 
(pembrolizumab), with the Illumina HiSeq 2000 platform 
(GPL11154; Illumina Inc., San Diego, CA, USA) (21).

Identification of the DEGs. The DEGs listed in three groups 
of MSS vs. MSI, MSS vs. MSI‑L and MSS vs. MSI‑H were 
identified based on the GEO2R web‑based tool (www.ncbi.
nlm.nih.gov/geo/) (22). The Benjamini‑Hochberg procedure 
(false discovery rate) was applied. The predefined cut‑off values 
included adj. P<0.05 and |log fold change (logFC)|>2. Given 
the limited DEGs in MSS vs. MSI‑L and MSS vs. MSI (H+L), 
only the expression data of DEGs identified in MSS vs. MSI‑H 
group were processed in FunRich software (version 2.1.2; www.
funrich.org) for a bidirectional hierarchical clustering plot (23).

Gene ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses of DEGs in the MSS vs. 
MSI‑H group. For further functional enrichment analysis of the 
DEGs in MSS vs. MSI‑H, GO enrichment analysis, including 
biological process (BP), molecular function (MF) and cellular 
component (CC), and KEGG analysis were performed using the 
Database for Annotation, Visualization, and Integrated Discovery 
(http://david.abcc.ncifcrf.gov/) web‑based platform (24‑26).

Gene co‑expression network analysis. Only the DEGs of 
MSS vs. MSI‑H were included for the subsequent analytic 
processes. All DEGs were imported into GeneMANIA, a 
web‑based gene‑gene interactions identification database 
(www.genemania.org) (27). The interaction list of the DEGs 
and additional genes (node degree ≥2) was output for visu-
alization in the Cytoscape program (version  3.6.0; www.
cytoscape.org/) (28). The hub genes with highest connected 
edges within the co‑expression networks were determined. 
The highest ranked three modules were identified using the 
Molecular Complex Detection (MCODE) program (29). The 
mRNA expression of the hub genes were further externally 
validated in GSE18088, GSE13067 and GSE78220.
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Protein‑protein interaction (PPI) networks. All DEGs were 
further input to the Search Tool for the Retrieval of Interacting 
Genes/Proteins database (STRING version 10.0; www.
string‑db.org/) for interaction network at the protein level (30). 
The results were further visualized using Cytoscape with 
predefined cut‑off values: Node degree, ≥2; k‑score(value=2); 
node score, 0.2; max. depth, 100 (28).

Gene set enrichment analysis (GSEA). GSEA, released by 
the Broad Institute (software.broadinstitute.org/gsea/index.
jsp), was used to cluster significant gene sets associated with 
given annotation terms (31). In the present study, the MSS and 
MSI‑H samples were analyzed by GSEA with the annotation 
of ‘hallmark gene sets’. The significant cut‑off value was 
defined as P<0.05.

Weighted gene correlation network analysis (WGCNA). 
WGCNA was used for co‑expression network construction 
based on the correlations among genes and identification 
of top‑ranked gene modules and hub genes. The ‘WGCNA’ 
R package was implemented for all the genes in 46 samples 
(38 MSS, five MSI‑H and three MSI‑L, normal samples were 
excluded). Initially, Pearson's correlation of each pair genes 
was calculated and an adjacency matrix was constructed based 
on the Pearson's results and a predefined soft‑thresholding 
parameter (β). Subsequently, the topological overlap matrix 
of the included genes and adjacency matrix was produced. 
Genes with similar expression trends were classified as the 
same modules eigengenes for further clinical traits correla-
tion (32,33). The genes of the most correlated module were 
extracted for GO and KEGG analyses and PPI network 
construction. Hub genes were defined with the highest degrees.

Prognostic values of hub genes in WGCNA. The overall 
survival of hub genes determined by WGCNA was further 
examined in the PrognoScan database, a comprehensive 
platform for prognostic annotation (dna00.bio.kyutech.
ac.jp/PrognoScan/) (34).

Results

Identification of upregulated and downregulated DEGs. A 
total of 49 DEGs, including six upregulated and 43 downregu-
lated DEGs, were identified between MSI‑H and MSS groups, 
illustrated by the bidirectional clustering heat map (Fig. 1A). 
However, no significant DEGs were identified between MSI‑L 
and MSS, and only one DEG was identified between MSI‑H 
and MSI‑L. Therefore, subsequent investigations focused on 
the DEGs between MSI‑H and MSS.

GO enrichment and KEGG pathway analyses of DEGs. A 
total of 15 BP, three CC and five MF terms were significantly 
enriched. Specifically, RNA metabolic process, endoplasmic 
reticulum and chemokine receptor binding were the top‑ranked 
in each term, respectively (Fig. 1B). No significant KEGG 
pathway was enriched in the DEGs.

Co‑expressed genes network analysis. To delineate the 
biological functions of the DEGs, a co‑expression network 
of the DEGs with correlated additional genes was estab-
lished based on the GeneMANIA program. A total of 66 
nodes and 678 edges were determined (Fig. 2A). The top five 
hub genes with the highest degree were identified, including 
zinc finger protein (ZNF) 813, ZNF426, ZNF611, ZNF320 
and ZNF573.

The top three modules with the highest scores were iden-
tified using the MCODE plugin (Fig. 2B‑D). Among them, 
no particular KEGG pathway was significantly enriched. 
However, in the GO enrichment, the regulation of transcription, 
DNA‑templated term was the highest ranked BP for module 1, 
and negative regulation of hydrolase activity for module 2. 
Subsequently, the hub genes were externally validated in 
GSE18088, GSE13067 and GSE78220. The expression levels 
of ZNF426, ZNF320 and ZNF573 were significantly reduced 
in MSI‑H compared with MSS in GSE18088. The expression 
levels of ZNF813, ZNF426 and ZNF573 were significantly 
reduced in the MSI‑H group compared with the MSS group 

Figure 1. Bidirectional clustering heat map of the DEGs between MSI‑H and MSS samples and GO enrichment of DEGs. (A) A total of 49 DEGs were hierar-
chically clustered and illustrated, with six upregulated (red) and 43 downregulated (blue). (B) 15 BP terms, three CC terms and five MF terms were significantly 
enriched. DEGs, differentially expressed genes; MSS, microsatellite stable; MSI, microsatellite instability high; GO, Gene Ontology; BP, biological process; 
CC, cellular component; MF, molecular function. Red indicates upregulation and blue indicates downregulation.
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in GSE13067. The expression levels of ZNF813 and ZNF573 
were significantly reduced in the pembrolizumab no‑response 
group compared with the response group (Fig. 3A‑C).

PPI network analysis. The minimum required interaction 
score of STRING was medium confidence (0.4) and the cut‑off 
degree for the included nodes in Cytoscape was ≥1. The PPI 

Figure 3. Hub gene expression in two independent genomic profiles. (A) Gene expression in MSS and MSI‑H in GSE18088. (B) Gene expression in MSS and 
MSI‑H in GSE13067. (C) Gene expression in GSE78220. MSS, microsatellite stable; MSI‑H, microsatellite instability high. *P<0.05, **P<0.01, ***P<0.001. Data 
is presented as the mean ± standard deviation.

Figure 2. Co‑expression network constructed by the differentially expressed genes and additional correlated genes from the GeneMANIA program. 
(A) Co‑expression network; (B) top modules with highest scores; (C) second highest module; (D) third highest module. Red indicates upregulation; blue 
indicates downregulation; lines between nodes indicates interactions between genes.
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networks included 14 nodes and eight edges (Fig. 4), being 
distinct from the co‑expression networks (Fig. 2A).

GSEA results. GSEA was used to determine the functions 
of gene sets between the MSI‑H and MSS groups. Only one 

gene set, the mammalian target of rapamycin complex 1 
(mTORC1) signaling (nominal P‑value, 0.038; normalized 
enrichment score, 0.446) was significantly enriched in 
MSI‑H, with none significantly enriched in MSS (Fig. 5). 
Furthermore, the 50 top ranked genes correlated with each 

Figure 4. Protein‑protein interaction networks of the differentially expressed genes. Red indicates upregulation, blue indicates downregulation.

Figure 5. MTORC1 signaling is significantly enriched by gene set enrichment analysis between MSI‑H and MSS groups. MTORC1, mammalian target of 
rapamycin complex 1; MSS, microsatellite stable; MSI‑H, microsatellite instability high.
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phenotype (MSI‑H and MSS) are illustrated with a heat 
map (Fig. 6).

WGCNA of the gene expression profile in all tumor samples. 
To further investigate the potential gene modules associated 
with MSI status, the WGCNA was conducted with R package. 

A total of 46 cases, including 38 MSS, eight MSI (five MSI‑H 
and three MSI‑L) were clustered (Fig. 7A). The power of β=9 
was defined as the soft‑thresholding value (scale free R2=0.95; 
slope=‑1.67; Fig. 7B‑D). A total of 25 modules were identified 
(Fig. 8A). Noteworthy, the pink module was the most signifi-
cantly correlated with MSI status (R2=0.5, P=0.0004). Of note, 

Figure 6. Heat map of the 50 top‑ranked genes correlated with MSI‑H and MSS, respectively. Red indicates high expression, blue indicates low expression, 
pink indicates moderate expression. MSS, microsatellite stable; MSI‑H, microsatellite instability high.
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the pink module also featured a high correlation (R2=0.53, 
P=0.0002) with tumor stage (Fig. 8B).

Identification of hub genes in the pink module associated with 
MSI status. The genes in the pink module were significantly 
enriched by protein targeting to endoplasmic reticulum in 
BP terms, cytosolic part in CC terms, structural constituent 
of ribosome in MF terms and ribosome in KEGG pathways. 
Subsequently, a PPI network (degree ≥1), with 55 nodes and 
96 edges, was constructed based on the genes in the pink 
module. The top 10 hub genes with the highest degrees were 
determined, including ribosomal protein L12 (RPL12), ribo-
somal protein S3A (RPS3A), ribosomal protein S9 (RPS9), 
ribosomal protein L27a (RPL27A), ribosomal protein  L7 
(RPL7), ribosomal protein L28 (RPL28), ribosomal protein 
L14 (RPL14), ribosomal protein S17 (RPS17), mitochondrial 
ribosomal protein L16 (MRPL16) and G elongation factor, 
mitochondrial 2 (GFM2), as shown in Fig. 9.

Prognostic values of the hub genes in the pink module. The 
prognostic values of the hub genes were assessed in various 
independent datasets with different probe IDs and array types. 
In all, none of the genes exhibited significant prognostic 
values (Table I).

Discussion

The present study is the first, to the best of our knowledge, 
to use multiple bioinformatics analysis approaches to 

demonstrate the potential key genes and pathways associated 
with MSI status in patients with CRC. Among the significant 
GO terms, RNA metabolic process, endoplasmic reticulum 
and chemokine receptor binding were the top‑ranked terms. 
No significant KEGG pathway was identified, however, using 
GSEA, the MTORC1 signaling pathway was significantly 
enriched. MTOR signaling pathways, consisting of at least 
two complexes, mTORC1 and mTORC2, receive a plethora of 
input factors and modulate a broad spectrum of downstream 
molecules (35,36). Noteworthy, the inhibition of mTOR1 only 
leads to mild protein synthesis reduction and potential influ-
ence upon the cell cycle process (35,37).

Previously, Choi et al investigated somatic mutational, 
intratumoral heterogeneity and expressional alterations of 
mTOR pathway‑related genes in cancer with MSI, including 
PIK3CB, insulin receptor substrate 1/2 (IRS1), RPS6, eukary-
otic translation initiation factor  4B  (EIF4B), RPS6KA5 
and PRKAA2 (38). Of the patients with MSI‑H CRC, 8.9% 
harbored IRS1 frameshift mutations, whereas 10.1% harbored 
mutations in EIF4B and 3.8% in RPS6KA5. Noteworthy, no 
mutations was identified in MSS or MSI‑L (38). The study by 
Choi et al and the present study demonstrated the potential 
roles of the ribosomal protein family associated with MSI 
status. In addition, differing from previous search strategies 
in published results  (38), the present study illustrated how 
WGCNA can be implemented to predict new genes in the 
regulation of MSI in CRC.

Lin et al analyzed the mutations of 113 MSS and 29 MSI‑H 
cases of CRC (39). Mutations of PIK3CA, phosphatase and 

Figure 7. Weighted gene correlation network analysis of MSS vs. MSI. (A) Clustering dendrogram of MSS and MSI samples. (B) Scale‑free fit index of 
included soft‑threshold powers (β). (C) Mean connectivity of various powers (β). (D) Checking for scale‑free topology with β=9. MSS, microsatellite stable; 
MSI‑H, microsatellite instability high.
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tensin homolog and/or AKT1 in the mTOR pathway were 
found in 59% of the MSI‑H patients compared with 19% of 
the patients with MSS  (39). Methodologically, a 50‑gene 
AmpliSeq Cancer Hotspot Panel was introduced by Lin et al, 
whereas the expression profile generated using the ABI Human 
Genome Survey Microarray was analyzed in the present 
study for GSEA and WGCNA. Collectively, the present study 
provided an insightful target and further complemented the 
results reported by Choi et al and Lin et al with regards to the 
multiple bioinformatics strategies.

In the co‑expressed gene network, ZNF813, ZNF426, 
ZNF611, ZNF320 and ZNF573 were the top‑ranked hub genes 
closely associated with MSI‑H. Reduced expression levels of 
ZNF813 and ZNF573 were found in the MSI‑H group and 
pembrolizumab no‑response group. Of note, the check‑point 

inhibitor pembrolizumab significantly prolonged the prog-
nostic outcomes of patients with MSI‑H CRC compared with 
those in the MSS group  (7). This indicated that potential 
mechanisms exist between MSI status and the outcomes 
of check‑point inhibitor treatment, further highlighting the 
predictive role of ZNFs.

ZNFs are one of the most common proteins in the eukaryotic 
system, with a broad range of biological functions, including 
DNA recognition, RNA transcription, apoptosis and protein 
structure (40). The five hub genes are mainly located in the 
nucleus and are involved in DNA‑binding and transcription 
regulation. Novel topologies of numerous ZNF domains have 
provided evidence for structure/function relationships (40). To the 
best of our knowledge, the present study is the first highlighting 
the potential association between ZNFs and MSI in CRC.

Figure 8. Identification of 25 modules in weighted gene correlation network analysis with a heat map of the correlation between clinical traits and colored 
modules. (A) Clustering dendrogram of all genes between MSI and MSS. (B) Heat map of the correlation between modules eigengenes and clinical traits. 
Numbers in the cells indicate correlation (P‑value in brackets). MSS, microsatellite stable; MSI, microsatellite instability. Red represents positive correlation 
and green represents negative correlation.
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Table I. Prognostic values of hub genes from PrognoScan.

ID_NAME	 Dataset	 Array type	 Probe ID	 N	 COX P‑value	 HR (95% CI lower‑CI upper)

GFM2	 GSE17536	 HG‑U133_Plus_2	 231917_at	 177	 0.52	 1.20 (0.69‑2.10)
GFM2	 GSE17536	 HG‑U133_Plus_2	 231918_s_at	 177	 0.43	 1.19 (0.78‑1.81)
GFM2	 GSE17536	 HG‑U133_Plus_2	 225392_at	 177	 0.35	 1.33 (0.73‑2.42)
GFM2	 GSE17537	 HG‑U133_Plus_2	 231917_at	 55	 0.64	 0.75 (0.22‑2.54)
GFM2	 GSE17537	 HG‑U133_Plus_2	 231918_s_at	 55	 0.54	 1.24 (0.63‑2.44)
GFM2	 GSE17537	 HG‑U133_Plus_2	 225392_at	 55	 0.47	 1.37 (0.59‑3.21)
MRPL16	 GSE12945	 HG‑U133A	 217980_s_at	 62	 0.82	 1.12 (0.41‑3.08)
MRPL16	 GSE17536	 HG‑U133_Plus_2	 217980_s_at	 177	 0.86	 1.06 (0.59‑1.89)
MRPL16	 GSE17537	 HG‑U133_Plus_2	 217980_s_at	 55	 0.623951	 1.23 (0.53‑2.86)
RPL12	 GSE12945	 HG‑U133A	 214271_x_at	 62	 0.76	 2.21 (0.01‑326.11)
RPL12	 GSE12945	 HG‑U133A	 200809_x_at	 62	 0.39	 107.59 (0.00‑4600568.31)
RPL12	 GSE17536	 HG‑U133_Plus_2	 214271_x_at	 177	 0.29	 2.03 (0.55‑7.52)
RPL12	 GSE17536	 HG‑U133_Plus_2	 200809_x_at	 177	 0.34	 1.91 (0.50‑7.28)
RPL12	 GSE17537	 HG‑U133_Plus_2	 214271_x_at	 55	 0.47	 1.76 (0.38‑8.13)
RPL12	 GSE17537	 HG‑U133_Plus_2	 200809_x_at	 55	 0.23	 2.31 (0.59‑8.99)
RPL14	 GSE12945	 HG‑U133A	 213588_x_at	 62	 0.45	 7654467.33 
						      (0.00‑65
						      92665664338867322355712.00)
RPL14	 GSE12945	 HG‑U133A	 219138_at	 62	 0.76	 0.78 (0.17‑3.69)
RPL14	 GSE12945	 HG‑U133A	 200074_s_at	 62	 0.90	 1.07 (0.40‑2.83)
RPL14	 GSE17536	 HG‑U133_Plus_2	 213588_x_at	 177	 0.78	 0.84 (0.24‑2.93)
RPL14	 GSE17536	 HG‑U133_Plus_2	 200074_s_at	 177	 0.57	 0.75 (0.28‑2.00)
RPL14	 GSE17536	 HG‑U133_Plus_2	 219138_at	 177	 0.52	 0.72 (0.26‑1.97)
RPL14	 GSE17537	 HG‑U133_Plus_2	 200074_s_at	 55	 0.95	 0.96 (0.28‑3.26)
RPL14	 GSE17537	 HG‑U133_Plus_2	 219138_at	 55	 0.89	 0.95 (0.46‑1.97)
RPL14	 GSE17537	 HG‑U133_Plus_2	 213588_x_at	 55	 0.86	 0.88 (0.23‑3.43)
RPL27A	 GSE12945	 HG‑U133A	 212044_s_at	 62	 0.88	 1.06 (0.48‑2.33)
RPL27A	 GSE12945	 HG‑U133A	 203034_s_at	 62	 0.72	 0.80 (0.23‑2.71)
RPL27A	 GSE17536	 HG‑U133_Plus_2	 223707_at	 177	 0.43	 0.77 (0.40‑1.49)
RPL27A	 GSE17536	 HG‑U133_Plus_2	 212044_s_at	 177	 0.69	 0.87 (0.42‑1.78)
RPL27A	 GSE17536	 HG‑U133_Plus_2	 203034_s_at	 177	 0.48	 2.43 (0.21‑27.88)
RPL27A	 GSE17537	 HG‑U133_Plus_2	 212044_s_at	 55	 0.23	 0.75 (0.47‑1.20)
RPL27A	 GSE17537	 HG‑U133_Plus_2	 203034_s_at	 55	 0.83	 1.46 (0.05‑41.30)
RPL27A	 GSE17537	 HG‑U133_Plus_2	 223707_at	 55	 0.28	 0.50 (0.14‑1.77)
RPL28	 GSE12945	 HG‑U133A	 213223_at	 62	 0.24	 2.03 (0.62‑6.63)
RPL28	 GSE12945	 HG‑U133A	 200003_s_at	 62	 0.58	 1.34 (0.48‑3.73)
RPL28	 GSE17536	 HG‑U133_Plus_2	 213223_at	 177	 0.95	 0.98 (0.53‑1.81)
RPL28	 GSE17536	 HG‑U133_Plus_2	 200003_s_at	 177	 0.81	 0.83 (0.18‑3.74)
RPL28	 GSE17537	 HG‑U133_Plus_2	 200003_s_at	 55	 0.19	 2.72 (0.61‑12.16)
RPL28	 GSE17537	 HG‑U133_Plus_2	 213223_at	 55	 0.99	 1.01 (0.26‑3.88)
RPL7	 GSE12945	 HG‑U133A	 212042_x_at	 62	 0.59	 1.98 (0.17‑23.44)
RPL7	 GSE12945	 HG‑U133A	 200717_x_at	 62	 0.42	 3650.83 
						      (0.00‑1740006561282.69)
RPL7	 GSE17536	 HG‑U133_Plus_2	 239493_at	 177	 0.071	 1.69 (0.96‑3.00)
RPL7	 GSE17536	 HG‑U133_Plus_2	 212042_x_at	 177	 0.16	 3.10 (0.63‑15.23)
RPL7	 GSE17536	 HG‑U133_Plus_2	 200717_x_at	 177	 0.14	 4.24 (0.63‑28.50)
RPL7	 GSE17537	 HG‑U133_Plus_2	 239493_at	 55	 0.0050	 0.09 (0.02‑0.48)
RPL7	 GSE17537	 HG‑U133_Plus_2	 212042_x_at	 55	 0.45	 0.38 (0.03‑4.76)
RPL7	 GSE17537	 HG‑U133_Plus_2	 200717_x_at	 55	 0.53	 0.47 (0.04‑4.97)
RPS17	 GSE12945	 HG‑U133A	 201665_x_at	 62	 0.86	 0.82 (0.08‑8.15)
RPS17	 GSE12945	 HG‑U133A	 212578_x_at	 62	 0.66	 1.91 (0.11‑33.65)
RPS17	 GSE17536	 HG‑U133_Plus_2	 212578_x_at	 177	 0.082	 4.17 (0.84‑20.77)
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Table I. Continued.

ID_NAME	 Dataset	 Array type	 Probe ID	 N	 COX P‑value	 HR (95% CI lower‑CI upper)

RPS17	 GSE17536	 HG‑U133_Plus_2	 201665_x_at	 177	 0.17	 2.96 (0.64‑13.76)
RPS17	 GSE17537	 HG‑U133_Plus_2	 212578_x_at	 55	 0.53	 2.16 (0.20‑23.51)
RPS17	 GSE17537	 HG‑U133_Plus_2	 201665_x_at	 55	 0.37	 2.99 (0.27‑32.95)
RPS3A	 GSE12945	 HG‑U133A	 201257_x_at	 62	 0.80	 25.91 
						      (0.00‑2227310678806.87)
RPS3A	 GSE17536	 HG‑U133_Plus_2	 201257_x_at	 177	 0.97	 1.04 (0.11‑9.64)
RPS3A	 GSE17537	 HG‑U133_Plus_2	 201257_x_at	 55	 0.65	 0.48 (0.02‑11.00)
RPS9	 GSE12945	 HG‑U133A	 217747_s_at	 62	 0.85	 0.90 (0.31‑2.63)
RPS9	 GSE12945	 HG‑U133A	 214317_x_at	 62	 0.77	 5.03 (0.00‑240092.23)
RPS9	 GSE17536	 HG‑U133_Plus_2	 1557981_at	 177	 0.0018	 0.06 (0.01‑0.35)
RPS9	 GSE17536	 HG‑U133_Plus_2	 214317_x_at	 177	 0.81	 1.22 (0.24‑6.07)
RPS9	 GSE17536	 HG‑U133_Plus_2	 217747_s_at	 177	 0.66	 1.30 (0.40‑4.17)
RPS9	 GSE17537	 HG‑U133_Plus_2	 217747_s_at	 55	 0.99	 1.01 (0.36‑2.84)
RPS9	 GSE17537	 HG‑U133_Plus_2	 1557981_at	 55	 0.25	 0.08 (0.00‑5.87)
RPS9	 GSE17537	 HG‑U133_Plus_2	 214317_x_at	 55	 0.70	 1.50 (0.19‑11.58)

HR, hazard ratio; CI, confidence intervals; GFM, G elongation factor, mitochondrial 2; MRPL16, mitochondrial ribosomal protein L16; 
RP, ribosomal protein.

Figure 9. Protein‑protein interaction networks of the extracted genes from the pink module.
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The genes in the pink module of the WGCNA demon-
strated the highest correlation with MSI. By performing 
further PPI network analysis, the top 10 hub genes were 
identified, including RPL12, RPS3A, RPS9, RPL27A, RPL7, 
RPL28, RPL14, RPS17, MRPL16 and GFM2. Given the high 
proportion of RPs in the hub gene list, RPs are of interest for 
further discussion and may be of significance to the mecha-
nism underlying the MSI in CRC. The synthesis of RPs is the 
basis for the biological processes in each cell (41). The newly 
decoded crystal structures of ribosomes provide multiple 
traits associated with PPIs, RNA‑protein and protein‑drugs 
interactions (41). Noteworthy, the mutation of RPS20, part 
of the small ribosome subunit, can render individuals with 
MSS predisposition (42), highlighting the association between 
ribosome and MSI/MSS status. In addition, RPs are associ-
ated with biological RNA synthesis, one of the predominant 
features of cancer cells exposed to 5‑FU treatment (43,44). 
Therefore, this clarified the role of MSI in FU‑non‑responders, 
at least in part. Of note, the prognostic evaluation of the hub 
genes indicated that their potential roles may not be directly 
associated with survival status.

Previously, Timmermann et al fully investigated the whole 
exome next generation sequencing of 454 patients with CRC 
and identify the significant 359 mutations in MSI and 45 muta-
tions in MSS (45). In addition to the MSI and CIN subtypes, 
a third subtype associated with sessile‑serrated adenomas was 
proposed (46). This newly added third subtype may partially 
clarify the limited DEGs identified in MSI‑L vs. MSS and 
MSI vs. MSS in the present study.

The limitations of the present study include the comparably 
small sample size in MSI‑H and lack of experimental validation 
for hub genes. Larger CRC samples with MSI/MSS and molec-
ular biological experiments are required to specifically confirm 
the functions and mechanisms of the hub genes underlying MSI 
in CRC. However, to reduce the potential confounding factors 
produced by a single bioinformatics approach, the present study 
employed multiple bioinformatics patterns, including DEG 
analysis, GSEA and WGCNA. In addition, due to the limited 
number of patients and lack of survival data in original files, 
the prognostic values of hub genes identified by WGCNA were 
examined using the PrognoScan database.

In conclusion, the bioinformatics analysis performed in 
the present study identified key genes and pathways associated 
with MSI, and further elucidated insightful traits for potential 
mechanisms.
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