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Background: Colorectal cancer (CRC) is one of the lethal malignant tumors worldwide.
However, the underlying mechanism of CRC and its biomarkers remain unclear. The aim of
this study was to identify the key genes associated with CRC and to further explore their
prognostic significance.

Methods: Four expression profile datasets (GSE41657, GSE74602, GSE113513, and
GSE40967) downloaded from Gene Expression Omnibus (GEO) and one RNAseq dataset
of CRC from The Cancer Genome Atlas (TCGA) database were included in our study. The
Cox model was utilized for univariate or multivariate survival analysis. GEPIA and HAP
database were adopted for verification of DEGs (ZG16). The decision curve analysis (DCA)
and time-dependent ROC were chosen for evaluating the prognostic effectiveness of
biomarkers.

Results: In total, 88 differentially expressed genes (DEGs) were identified, and the GO and
KEGG enrichment analyses of DEGs were processed. After, the protein—protein interaction
(PPI) network was constructed and 15 hub genes including ZG16 were identified. The
differential expression of ZG16 between tumor and normal colorectal tissues were further
verified in GEPIA and HAP database. Subsequent survival indicated that expression of ZG16
is negatively correlated with overall survival of OS and is an independent prognostic factor
for CRC patients. Furthermore, the construction of a prognostic score containing ZG16,
TNM stage and age exhibited superior effectiveness for predicting long-term survival of
CRC patients. Additionally, our results were verified using the GSE40967 dataset, which
indicated an improved performance of combined risk score based on ZG16 for predicting OS
of CRC patients.

Conclusion: ZG16 is a potential parameter for predicting prognosis in CRC. Furthermore,
a combination of ZG16, TNM stage, and age allows improved prognosis of CRC.
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Introduction

Colorectal cancer (CRC) is ranked as the third most common cancer diagnosed
around the world by GLOBOCAN estimation. Despite the fact that effective
cancer screening measures and modern medicine have arisen, CRC remains the
leading cause of cancer-related mortality worldwide.” During recent years, there has
been a decline in mortality from CRC in the US (101,420 new cases of CRC in
2019, with an estimated 51,020 deaths).3 Meanwhile, the incidence and mortality of
CRC in China has increased, according to the Chinese Cancer Statistics.* Therefore,
it is essential to identify novel prognostic biomarkers, as well as explore the
underlying mechanism of CRC initiation and progression.
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As expected, Tumor-node-metastasis (TNM) stage,
defined by the American Joint Committee on Cancer,
according to pathologic and clinical factors, has served
as the fundamental diagnostic parameter and crucial
index for CRC prognosis. However, an inaccurate pre-
diction of CRC prognosis can lead to terrible conse-
(for
stage IV

quences for patients example, the 5-year

survival rate for was merely 10%).>°
Importantly, novel prognostic biomarkers have been
identified on account of the limitation of traditional
prediction.

The predisposition and incidence of CRC is due to
multiple reasons, including genetic abnormality and
environmental factors. Investigation of the molecular
basis allows us to better understand the initiation and
progression of CRC. Additionally, publicly accessible
genome databases make bioinformatics analysis easy
with increased development of gene sequencing technol-
ogy. Numerous molecules and complex genomic altera-
tions have been found in CRC from bioinformatics
analysis. Nevertheless, significant variability among dif-
ferent studies has lowered the credibility of these
results.

In this study, CRC-related differentially expressed
genes (DEGs) were identified and validated using the
Gene Expression Omnibus (GEO) database and The
Cancer Genome Atlas (TCGA). These DEGs were
further subjected to gene ontology (GO) and the Kyoto
Encyclopedia of Genes and Genomes pathway (KEGG)
enrichment analyses. The protein—protein interaction
(PPI) network of DEGs was constructed using the
Cytoscape software, and the hub genes that were closely
associated with CRC were captured and deciphered.
Subsequently, we conducted univariate and multivariable
Cox regression analyses for predicting CRC prognosis,
which indicated ZGI16 expression is negatively corre-
lated to the overall survival (OS) of CRC patients.
Finally, we comprehensively established a risk score
with better predictive effectiveness based on ZGI6,
age, and TNM stage.

Materials and Methods

Data Collection

The datasets enrolled in this study followed the criteria below:
i) Human CRC tissue samples were utilized for the profiles; ii)
Studies inculded normal groups as the control, and the sample
size per dataset was >10; and iii) Studies with definite

information about the technology and platform, and the expres-
sion data were pre-processing, which included background
correcting, normalizing, and calculating expression. As
a result, four gene expression datasets (GSE41657,
GSE74602, GSE113513, GSE40967) were acquired from the
GEO database, and were obtained using GPL6480 (Agilent-
014850 Whole Human Genome Microarray), GPL6104
(Illumina humanRef-8 v2.0 expression beadchip), GPL15207
(Affymetrix Human Gene Expression Array), and GPL570
(Affymetrix Human Genome U133 Plus 2.0 Array), respec-
tively. The GSE41657 dataset included 12 normal mucosae, 51
adenomas, and 25 adenocarcinomas. The GSE74602 dataset
included 30 paired normal and CRC samples. The GSE113513
dataset included 14 paired normal and CRC samples. The
GSE40967 dataset included 562 samples from stage 1 -IV
CRC patients, with integrated molecular and survival charac-
teristics. In addition, 383 CRC tissues and 51 adjacent normal
tissues, including corresponding clinicopathological informa-
tion, were obtained via the TCGA database. The study was
granted approval by the institutional research ethics committee
of the second affiliated hospital of Nanchang University.

Identification of DEGs
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) was

applied to detect DEGs between normal and tumor tissues
across different GEO datasets (GSE41657, GSE74602,
and GSE113513). |log2FC|>2 and adjusted P-value<0.05
are considered statistically significant. The significant
DEGs across three GEO datasets were validated using
RNA sequencing data in the TCGA COADREAD dataset.
Overlapping DEGs between the GEO and TCGA database
were selected for the following studies. A Venn diagram
containing these DEGs was outlined online (https://bioin
fogp.cnb.csic.es/tools/venny/index.html).

GO and KEGG Enrichment Analyses of

DEGs

ClueGO, a Cytoscape 3.6.0 plug-in, integrates Gene
Ontology (GO) terms and KEGG pathways of the over-
lapping DEGs.” Based on the binary gene—term matrix
with selected genes, a term—term matrix is calculated
using chance-corrected kappa statistics in order to deter-
mine the association strength between terms. After, the
generated network represents the terms as nodes that are
connected according to a predefined kappa score level
(>0.4 in the present study).
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Hub Gene Analysis in PPl Network

The Search Tool for the Retrieval of Interacting Genes
(STRING) (https://string-db.org/) helped analyze the
interactive relationships between overlapping DEGs.

The results of this analysis were imported into
Cytoscape 3.6.0 in order to establish a network
model. Additionally, genes with top 15 node degree
scores were captured using the Cytoscape plug-in

cytoHubba.

Confirmation of ZG| 6 Differential

Expression
The web server for cancer and normal gene expression
profiling (GEPIA) (Gene Expression Profiling Interactive
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Analysis, http://gepia.cancer-pku.cn/index.html) was used

to further verify the differential expression of ZGI6.
Moreover, the protein levels of ZG16 in colorectal tumor
and normal tissues were investigated in the Human Protein
Atlas (HPA, https://www.proteinatlas.org/), which contains
immunohistochemistry-based expression data for cancer

research.

Survival Analysis

In order to further identify the relationship between hub
genes and CRC, univariate and multivariate Cox regres-
sion analysis was conducted using a survival package in
R 3.6.2. The genes that correlated to overall survival
(P<0.05) were retained for subsequent multivariate Cox
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Figure | The volcano plots of GSE41657 (A), GSE74602 (B), and GSE113513 (C), and the heat map (D) describing the level of overlapping DEGs.
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Figure 2 Venn plots of overlapping DEGs.

proportional hazards model. Then, a risk score was estab-
lished based on the following formula:

Risk score="Yxi  fi(xi : gene expression, i : coefficient)

In this study, the risk score was as follows in the TCGA
database: (—0.5664*ZG16)+(1.4050*TNM stage)
+(0.7093*Age), in which patients with TNM stage I-
IIT and IV were stratified as 1 or 2 and age < or >60
years was considered as 1 or 2. The patients were
classified into either low- or high-risk groups according
to the median risk score, and the Kaplan—-Meier curve
was constructed using Graphpad Prism 6. Finally, the
Decision curve analysis (DCA) was plotted to represent
the clinical values for predicting CRC overall survival.
In order to verify the efficacy of our result, we con-
ducted an independent survival analysis of 562 CRC
patients from the GSE40967 dataset. To classify the
stage II-1II CRC patients who can benefit from adjuvant
chemotherapy, we proceeded with univariate or multi-
variate survival analysis in 203 stage II-III patients who
had been treated with chemotherapy. Next, the risk score
in GSE40967 was constructed according to the follow-
ing formula: (—0.44792*ZG16)+(1.68657*TNM stage)
+(0.79746*Age), in which patients with TNM stage I—
II and IV were stratified as 1 or 2 and age < or >70
years was considered as 1 or 2, respectively. In addition,
time-dependent ROC was used to compare the prognos-
tic effectiveness of different biomarkers across our
study.

Results

Identification of DEGs in CRC

According to different conditions, 906 DEGs in
GSE41657, 249 DEGs in GSE74602, 323 DEGs in
GSE113513, and 1597 DEGs in TCGA were identified.
They were shown on a volcano map based on the value of |
logFC| (Figure 1A—C). The overlap among datasets con-
tained 88 genes, as shown in the heat map (Figure 1D) and
the Venn diagram (Figure 2), and consisted of 68 down-
regulated and 20 upregulated genes between CRC and
normal tissues.

Enrichment of DEGs

In order to analyze the biological classification of DEGs,
GO and KEGG enrichment analyses were performed using
Cytoscape. The enriched GO terms of DEGs were divided
into three parts, including biological process (BP), cell
function (MF).
Nitrogen metabolism was the most highly correlated GO/

composition (CC), and molecular

pathway term (Supplemental Figure 1). Furthermore, the

overview chart indicated that bicarbonate transport,
mineral absorption, metallopeptidase activity, brush border
membrane, and monovalent inorganic cation homeostasis
were the functional groups of these DEGs (Figure 3A). In
addition, this functionally grouped network with terms as
nodes were linked according to the kappa score level >0.4
(Figure 3B). Changes in BP of DEGs were significantly
enriched in metallopeptidase activity, metalloendopepti-
dase activity, monovalent inorganic cation homeostasis,
and bicarbonate transport. The CC were mainly enriched
in brush border and brush border membrane. Within the
MF category, carbon-oxygen lyase activity, hydro-lyase
activity, and carbonate dehydratase activity were predomi-
nant. KEGG pathway analysis revealed that DEGs were
primarily associated with mineral absorption, nitrogen
metabolism, and pancreatic and bile secretion (Table 1).

PPl Analysis of DEGs

The PPI network of 88 DEGs was constructed and dis-
played using STRING and Cytoscape (Figure 4A). The
and 71 edges.
Furthermore, the top 15 genes (ZGI16, GUCA2B,
CXCL12, AQPS8, CXCLI, GUCA24, MMPI, MMP7,
SLC2643, MS4A412, CLCA4, PYY, MMP3, SLC4A4,
ABCG?2) were extracted for subsequent study according

PPI network contained 49 nodes

to the “Degree” algorithm (Figure 4B).
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Figure 3 Overview chart with functional groups including specific terms for these genes (A). Functionally grouped network (B) with terms based on their kappa score level

(20.4).
Note: **The representative Terms and Pathways.

Confirmation of ZG| 6 Differential

Expression

Using the GEPIA, a website tool to provide customizable
functions such as tumor/normal differential expression
analysis based on TCGA and the Genotype-Tissue

Expression (GTEx) data, we compared the ZG16 expres-
sion of Colon adenocarcinoma (COAD) and Rectal ade-
nocarcinoma (ROAD) with that of normal tissues. In total,
not only 275 COAD samples and 349 normal tissues but

also 92 ROAD samples and 318 normal rectal tissues were
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Table | Significantly Enriched GO Terms and KEGG Pathways of DEGs

GOID GOTerm P-value FDR -Logl0(FDR) | % Associated Genes | Nr. Genes
KEGG:04978 | Mineral absorption 2.000E-07 | 6.500E-07 | 6.187 10.34 6.00
GO:0008237 | Metallopeptidase activity 6.024E-07 | 1.566E-06 | 5.805 4.02 9.00
GO:0004222 | Metalloendopeptidase activity 2.067E-04 | 2.067E-04 | 3.685 4.07 5.00
GO:0005903 | Brush border 4.896E-06 | 9.093E-06 | 5.04I 4.58 7.00
GO:0031526 | Brush border membrane 1.480E-06 | 3.206E-06 | 5.494 741 6.00
KEGG:04972 | Pancreatic secretion 8.563E-05 | 9.276E-05 | 4.033 4.90 5.00
KEGG:04976 | Bile secretion 1.594E-05 | 2.073E-05 | 4.683 6.94 5.00
GO:0055067 | Monovalent inorganic cation homeostasis | 9.778E-06 | 1.412E-05 | 4.850 4.12 7.00
KEGG:00910 | Nitrogen metabolism 8.520E-09 | 5.538E-08 | 7.257 29.41 5.00
GO:0016835 | Carbon-oxygen lyase activity 4.462E-05 | 5273E-05 | 4.278 5.62 5.00
GO:0016836 | Hydro-lyase activity 8.930E-06 | |.451E-05 | 4.838 7.81 5.00
GO:0004089 | Carbonate dehydratase activity 1.176E-08 | 5.095E-08 | 7.293 27.78 5.00
GO:0015701 | Bicarbonate transport 1.006E-10 | 1.307E-09 | 8.884 14.55 8.00

Abbreviation: FDR, false discovery rate.

analyzed. On the basis of |log2FC|>2 and adjusted multivariate Cox proportional hazards regression

P-value<0.05, we found obviously lower ZG16 expression
in tumor patients compared with the normal ones (Figure
5). According to the immunostaining data from the HPA
database, we verified that expression levels of ZGI6
decreased in colon or rectal cancer tissues compared with
normal tissues (Figure 6).

Survival Analysis of CRC Patients

In total, 373 CRC patients from TCGA were included in
our survival analysis (Table 2). The prognostic role of
hub genes was analyzed using univariate and multivari-
ate Cox regression. The results indicated that high
expression of ZG16, AQPS, and SLC26A3 were corre-
lated with OS of CRC patients. In addition, the prog-
nostic signature involved in TNM stage, age, and the

above-mentioned genes was developed using the
A it oz =
No N m
&/ N\
=
- | N2
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Figure 4 The PPl network (A) of DEGs and top 15 hub genes (B).

model. Significantly, TNM stage IV, age >60 years,
and low ZGI6 expression were closely associated with
worse OS (Table 3). Thus, we constructed a risk score
including TNM stage, age, and ZG16 expression. The
risk score was calculated based on three values and
relevant coefficients (0.5664 for ZG16, 1.4050 for
TNM stage, and 0.7093 for Age). Then, all patients
were divided into either high- or low-risk groups,
according to the median score (Figure 7A). In addition,
the distribution of dead or alive patients reveals that the
risk score was closely correlated with mortality risk
(Figure 7B). Furthermore, the Kaplan—Meier curve indi-
cated that patients in the high-risk group had worse OS
compared to the low-risk group (Figure 8A). In order to
explore the accuracy of the prediction value, a decision
curve analysis (DCA) was employed. From the curves
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Figure 5 The ZGI/6 expression of Colon adenocarcinoma (COAD) and Rectal
adenocarcinoma (ROAD) with that of normal tissues.
Note: *P<0.05.

depicted in Figure 8B, we were able to discern that the
risk score owned the best predictive ability of CRC OS.

Validation in GSE40967

The baseline characteristics of 562 CRC patients from
GSE40967 are summarized in Table 4. Using the X-tile
software, we sought the optimal cut-off point of ZG16
based on OS (Supplemental Figure 2). Furthermore, we

found that males, >70 years, low ZGI6, or mutated
KRAS patients were all correlated to poor OS from
survival analysis. As shown in Table 5, age >70 years
(crude HR=1.967, 95% CI=1.476-2.622; adjusted
HR=2.220, 95% CI=1.548-3.185), and stage IV (crude
HR=4.738, 95% CI=3.312-6.777; adjusted HR=5.401,
95% CI=3.732-7.817) were significantly associated
with increased risk of death due to CRC. On the other
hand, high ZGi16 expression (crude HR=0.644,
95% CI=0.463-0.896; adjusted HR=0.639, 95%
CI=0.458-0.892) significantly  correlated to
a decreased risk of disease from the disease. The Cox-

was

model survival analysis in 203 stage II-III CRC patients
who received chemotherapy revealed that low ZGI6
(P<0.05, adjusted HR=2.804, 95% CI=1.446-5.438)
and mutated KRAS (P<0.05, adjusted HR=2.120, 95%
CI=1.215-3.697) were closely related with worse OS
(Figure 9). Time-dependent ROC helped compare the
prognostic efficacy of each biomarker in this study.
Comparatively, the areas under the ROC (AUCs) of

combined risk score stayed at the relatively high level
than TNM stage, age, and ZGI6 in the 120 months
(Figure 10).

Discussion

Colorectal cancer (CRC) is triggered by an accumula-
tion of genetic mutations and epigenetic changes.
Notably, CRC is characterized by extensive tumor het-
erogeneity and significant genomic instability, which
influences greatly the treatment and prognosis of the
patient.® Based on microarray technology and next-
generation sequencing technology, aberrantly expressed
genes and pathways have been identified in CRC.
Furthermore, these genes are considered to be potential
candidates for diagnosis or predicting survival of CRC
patients. However, inconsistent conclusions have been
drawn due to many uncertain factors.

As early as 1998, Zymogen Granule Protein 16
(ZG16) was found to be a linker molecule that was
binding to the luminal surface of pancreatic cells in
rats.'® Subsequently, it was identified in humans and
detected in the intestinal goblet cells, pancreatic acinar
cells, serosanguineous acinar cells of the parotid gland,
as well as in serum.'' A previous study showed high
ZG16 expression in the colon,'? and protein sequencing
analysis revealed that ZG16 contains a signal peptide,
which suggests that it might monitor colon condition
by direct secretion. Several researchers have demon-
strated an absence of the mucosal barrier consisting of
ZG16, which may allow bacteria to closely affect the
epithelium and cause an enhanced bacterial uptake and
local inflammation.'? Besides, the crystal structure ana-
lysis uncovered that ZG16p has a B-prism fold struc-
ture that resembles the mannose-binding Jacalin-related
lectins.'* A study showed that Jacalin can exert an
anti-tumor effect by interacting with the Thomsen—
Friedenreich (TF) antigen or by binding to the onco-
protein — MUCI.">'® The remarkable similarity of
ZG16 to Jacalin implied that ZG16 may play an impor-
tant role in CRC immunity. Interestingly, ZG16 was
proven to suppress growth and sphere formation of
stem-like CRC cells, which suggests that loss of
ZG16 was likely to make a great difference in CRC
initiation and stemness.'” Additionally, bioinformatics
analysis suggested that miR-196a promoted CRC cell
growth and migration by down-regulating ZGI6
expression.
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Figure 6 The ZGI6 protein expression in colorectal normal tissue and tumor tissue. ((A and E) Slices of colonic normal tissue staining by Antibody HPA052066 and
HPA052512; (B and F) slices of colonic tumor tissue staining by Antibody HPA052066 and HPA052512; (C and G) slices of rectal normal tissue staining by Antibody
HPA052066 and HPA052512; and (D and H) slices of rectal tumor tissue staining by Antibody HPA052066 and HPA052512.)
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Table 2 Clinical and Pathological Parameters of 373 Patients
with CRC from the TCGA Cohort

Variables Categories | No. of MST Log Rank
Patients | (Days) | Test,
P-value

Gender Male 204 2,475 0.373
Female 169 -

Age <60years 144 - 0.006*
>60years 229 2,134

STAGE | 58 - <0.001*
I 138 3,042
n 118 1,741
v 59 1,566

Chemotherapy | Yes 39 1,910 0.348
No 31 1,711
NA 303

MSI Status MSI-L 63 2,003 0.566
MSS 248 -
MSI-H 51 2,532
NA I

KRAS Mutation 28 1,162 0.351
Wild Type 30 1,741
NA 315

BRAF Mutation 3 - 0.219
Wild Type 32 -
NA 338

SLC26A3 High 186 - 0.018*
Low 187 2,475

AQP8 High 186 - 0.01I*
Low 187 2,047

ZGl6 High 186 - 0.002%*
Low 187 1,741

Note: P-values were calculated by the Kaplan—Meier method with a Log rank test
(*P-value<0.05).

Abbreviations: MST, median survival time; MSI, microsatellite instability (MSI-L,
microsatellite instability-low; MSS, microsatellite stability; MSI-H, microsatellite
instability-high); NA, not available.

During the last decade, it has become clear that
genomic differences are highly relevant to the progres-
sion and prognosis of CRC. In this study, we discovered
88 DEGs by comprehensively analyzing three microar-
ray datasets from GEO and RNA sequencing data from
TCGA. GO enrichment and KEGG pathway analysis
revealed that the DEGs were primarily involved in
metallopeptidase activity, brush border and brush border
membrane, carbon-oxygen lyase activity, mineral
absorption, and nitrogen metabolism. We then conducted
PPI network analysis to identify the interactions
between DEGs. Using the CytoHubba, 15 hub genes,
including ZGI16, were detected in the PPI network.
Next, the differential expression of ZGI6 between
tumor and normal colorectal tissues were further verified
in the GEPIA and HAP database. Subsequent univariate
and multivariate Cox regression analysis indicated that
ZG16 expression was inversely correlated with OS of
CRC patients. In general, the results are in line with
multiple previous studies, which indicated that loss of
ZG16 expression may make a great difference in CRC
development and worse OS.'*2!

In fact, the TNM system based on the depth of
tumor invasion (T), the number of affected lymph
nodes (N), and the presence of metastasis (M) remains
the most common prognostic indicator for stratifying
patients. However, survival rates are highly heteroge-
neous for even patients who are within the same TNM
stage.”? Furthermore, many risk factors (eg, age, family
history, and inflammatory bowel disease) can influence
the prognosis of CRC patients. In the present study, we
developed a prediction model based on TNM status,
age, and ZGI6 for the long-term survival of CRC
patients. Finally, Kaplan—-Meier curve and DCA curve

indicated the significant prognostic value of the

Table 3 The Univariate and Multivariate Cox Regression Analysis of 373 CRC Patients’ OS from the TCGA Cohort

Factor Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Gender (Female) 0.821 (0.532-1.268) 0.374 - -
Age (>60 years) 1.988 (1.203-3.286) 0.007* 2.032 (1.213-3.404) 0.007*
TNM stage (IV) 2.780 (1.695-4.558) <0.001* 4.076 (2.388-6.970) <0.001*
ZG16 (High/Low) 0.489 (0.309-0.774) 0.002* 0.567 (0.347-0.929) 0.024*
AQP8 (High/Low) 0.566 (0.363-0.882) 0.012* 0.803 (0.468-1.378) 0.426
SLC26A3 (High/Low) 0.583 (0.371-0.916) 0.019* 0.665 (0.376—1.179) 0.163
Note: *P-value<0.05.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 4 Clinical and Baseline Parameters of 562 CRC Patients
from the GSE40967 Cohort

Variables Categories | No. of MST Log Rank
Patients | (Months) | Test,
P-value

Gender Male 307 106 0.029*
Female 255 -

Age <70 years 321 - <0.001*
>70 years 240 83
NA |

STAGE | 33 - <0.001*
Il 264 183
1] 205 112
v 60 27

Chemotherapy | Yes 233 145 0.641
No 312 106
NA 17

MMR status dMMR 74 - 0.308
pMMR 441 12
NA 47

TP53 Mutation 190 105 0.314
Wild Type 160 -
NA 212

KRAS Mutation 213 132 0.040*
Wild Type 328 145
NA 21

BRAF Mutation 51 - 0.677
Wild Type 457 145
NA 54

ZGlé High 464 145 0.009*
Low 98 76

Note: P-values were calculated by the Kaplan—Meier method with a Log rank test
(*P-value<0.05).

Abbreviations: MST, median survival time; MMR, mismatch repair (PMMR, profi-
cient mismatch repair; dMMR, deficient mismatch repair); NA, not available.

prognostic score incorporating ZG16. To validate these
results, we carried out comprehensive survival analysis
of 562 CRC patients from the GSE40967, which
revealed that low ZGI16, older age, and stage IV was
associated with worse OS of CRC patients. And we
found that ZG16 and KRAS might contribute to classify
the stage II-III patients who could benefit from the
adjuvant chemotherapy. Additionally, the combined
use of ZG16, TNM stage, and age greatly increased
the prognostic efficacy for CRC patients after treat-
ment. Although numerous biomarkers arose over the
past few years, only the KRAS gene has entered routine
clinical practice. Some research delivered that muta-
tions in KRAS exon were associated with poor prog-
nosis as well as lower survival,”> which were
coincident with ours result of the stage II-III CRC
patients receiving chemotherapy. However, KRAS was
used to predictthe response to EGFR-targeted therapies
in stage IV CRC.** As for the low-grade CRC patients
and those who did not treat with target therapy, ZGI6
or the risk score might provide us new choices for
prediction patients’ outcome.

In conclusion, the expression of ZG16 was negatively
correlated with the OS of CRC patients, and is, therefore,
considered as a promising biomarker for predicting the prog-
nosis of CRC. In addition, our study constructed a combined
score with superior performance as a potential predictor for
CRC patients. These findings can contribute to the develop-
ment of novel strategies for diagnosis and prognostic predic-
tion of CRC patients.
limitations in our study: 1) our results were not be validated

However, there were some
by experiment using local specimens; and 2) there were no

definite treatment lines in the data enrolled in our research.

Table 5 The Univariate and Multivariate Cox Regression Analysis of 562 CRC Patients’ OS from the GSE40967 Cohort

Factor Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P
Gender (Female) 0.685 (0.486—-0.965) 0.030* 0.978 (0.640—1.495) 0.920
Age (>70 years) 1.967 (1.476-2.622) <0.001* 2.220 (1.548-3.185) <0.001*
TNM stage (IV) 4.738 (3.312-6.777) <0.001* 5.401 (3.732-7.817) <0.001*
ZGl6 (High/Low) 0.644 (0.463-0.896) 0.008* 0.639 (0.458-0.892) 0.008*
Chemotherapy (Yes) 1.073 (0.692-1.255) 0.642 - -
MMR (dMMR/pMMR) 0.776 (0.476—1.265) 0.310 - -
TP53 (M/WT) 1.196 (0.844—1.696) 0.315 - -
KRAS (M/WT) 1.355 (1.013-1.812) 0.041* 1.188 (0.883-1.599) 0.255
BRAF (M/WT) I.115 (0.666—1.868) 0.679 - -

Note: *P-value<0.05.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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HR(95% ClI) p Value Adjusted HR(95% CIl) p Value
BRAF(High/Low) — i 0.545(0.075-3.969) 0.549 -
KRAS(High/Low) } *> | 1.882(1.090-3.251) 0.023 2.120(1.215-3.697) 0.001
TP53(High/Low) —_t—y 1.089(0.548-2.165) 0.807 -
MMR(dMMR/pMMR) 't * i 0.946(0.294-3.045) 0.926 -
ZG16(High/Low) —— 0.458(0.241-0.870) 0.017 0.357(0.184-0.691) 0.002
Gender(Male) —t— 0.851(0.499-1.451) 0.553 -
Age(>70) — 1.623(0.925-2.846) 0.091 -
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Figure 9 The Forest plot based on univariate and multivariate Cox regression analysis of 203 stage Il-Ill CRC patients who received chemotherapy from GSE40967.
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— Risk Score Bray F. Global patterns and trends in colorectal cancer incidence and
0.8+ — Age mortality. Gut. 2017;66(4):683-691. doi:10.1136/gutjnl-2015-310912
Stage 3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer
J Clin. 2019;69(1):7-34. doi:10.3322/caac.21551
0.7+ ZG16 4. Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in
China: good or bad news from the 2018 global cancer statistics?
(8} Cancer Commun. 2019;39(1):22. doi:10.1186/s40880-019-0368-6
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Figure 10 Time-dependent ROC of biomarkers for predicting overall survival of
CRC patients after treatment.
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