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ABSTRACT: More than 5.25 million people worldwide are diagnosed with colorectal cancer (CRC), representing 10% of the 
global cancer incidence and 9.4% of all cancer-caused deaths. It is common to find genetic and epigenetic alterations in CRC, 
which are the driving force of tumorigenesis. Therefore, discovering a novel genetic alteration in colorectal cancer can support 
early diagnosis and finding novel targets for cancer treatment. However, genetic alterations found in colorectal cancer are not 
fully elucidated. A meta-analysis of colorectal cancer genomics data sets was performed using 12 different studies provided by 
cBioPortal to identify the novel genetic alteration in colorectal cancer patients. Through cBioPortal analysis, it was hypothesized 
that chromosome 17q21 amplification is associated with tumor progression. Patient survival analysis was performed through 
cBioPortal analysis. Also, nine genes located in 17q21 were further analyzed with GeneMania, a web-based program that predicts 
the function of gene sets. Using cBioPortal analysis, it was discovered that chromosome 17q21 amplification was enriched in 
deceased patients. Furthermore, through patient survival analysis, amplification of each of the nine genes located in chromosome 
17q21 was significantly associated with decreased patient survival rate. Hence, using GeneMania analysis, it was discovered that 
the gene network of the nine genes was significantly associated with DNA integrity checkpoint function. Through this study, 
chromosome 17q21 amplification, which may alter the part of DNA integrity in cancer cells, can be used as a biomarker that 
predicts poor patient survival. 
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�   Introduction
Colorectal cancer (CRC) mostly begins as a polyp, a non-

cancerous growth that develops in the colon's inner lining.¹ 
Polyps are classified as either adenomatous or serrated.² Simi-
lar to adenomas, serrated polyps, traditional serrated adenomas, 
and large hyperplastic polyps are associated with an increased 
risk for CRC.³ Because sessile serrated polyps (SSPs) are diffi-
cult to detect during colonoscopy as they are usually flat, these 
features make them the precursors for a large proportion of 
cancers.⁴

Gene mutation found in colorectal cancer affects overall pa-
tient survival.⁵ For example, approximately half of all colorectal 
cancers show TP53, otherwise known as P53, gene mutations, 
with higher frequencies observed in the distal colon and rectal 
tumors.⁶ The role of the TP53 gene is to regulate the cell cycle 
and apoptosis. Specifically, the P53 protein induces G1 cell-cy-
cle arrest and controls the repairing of the DNA before the cell 
goes into DNA replication.⁷ If the DNA repair is unsuccessful, 
P53 causes cell death. TP53 mutation occurs at the time of 
transition from adenoma to cancer. Several studies attempt-
ed to explain the significance of TP53 mutation in colorectal 
cancer, with conflicting results. A study concluded that the sur-
vival rate for P53 positive patients was far greater than that for 
P53 negative patients. However, overexpression of P53 in stage 
three CRC carried a better overall survival in CRC patients.⁸

Gene deletion in colorectal cancer also affects colorectal 
patients’ survival. In chromosome 18, loss of heterozygosity 

(LOH) in the region of 18q21 is often seen in advanced col-
orectal cancer. LOH is defined as the loss of one allele at a 
specific locus.¹⁰ Often, the remaining allele is affected by a de-
letion mutation or a loss of chromosome from a chromosome 
pair. Some studies found an inverse relationship between CRC 
patient survival and 18q LOH. A previous study evaluated the 
effect of 18q LOH on 532 non-MSI-high, stage I-IV CRC 
tumors; in patients with non-MSI-high CRC, 18q LOH were 
not significantly associated with a difference in survival.¹¹

The cBio Cancer Genomics Portal (cBioPortal) contains 
numerous multidimensional cancer genomics data sets.¹² 
The cBioPortal minimizes the tasks needed to collect data by 
summarizing complex genomic data from large-scale cancer 
genomics projects.¹³ Through cBioPortal, it is possible to 
better understand biology and clinical applications.

GeneMania provides hypotheses about gene function 
by showing a list of genes and categorizing genes based on 
their functions.¹⁴ After receiving comprehensive gene lists, 
GeneMania groups the genes based on their function, followed 
by genomics and proteomics data. GeneMania determines 
whether the functional genomic dataset follows its predictive 
value during this process. GeneMania also predicts gene 
function. Using a single gene, GeneMania searches for several 
genes with the same function based on its interactions with 
other genes.¹⁴ Overall, GeneMania allows researchers to 
analyze genes more efficiently and intuitively.
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After analyzing colorectal cancer genomics data sets 
consisting of 12 different studies via cBioPortal, novel genetic 
alterations were found in colorectal cancer patients. Using the 
given data, it was hypothesized that 17q21 amplification is 
highly associated with tumor progression, affecting the patient 
survival rate. In addition, using GeneMania, nine genes located 
in 17q21 that play a role in the function of gene sets were 
further identified.
�   Methods
Analyzing genomic alteration on colorectal patients’ genomic 

data using cBioPortal:
Through cBioPortal, 4341 colorectal patients (4488 

samples) were analyzed to find a novel genetic alteration as-
sociated with patients’ survival. After the patient samples were 
divided into two groups: living group (n= 1275) and deceased 
group (n= 273), amplified genes enriched in the deceased 
group were found. The gene location, percentage of alteration 
in each group, log-ratio between living and deceased group, 
p-value, and q-value was analyzed using cBioPortal. The log-
rank statistical test was used to calculate the p-value. 

Gene network analysis using the GeneMania program:
Gene network analysis was performed with eleven genes 

found in the cBioPortal (GJD3, CCR7, TOP2A, CDC6, IG-
FBP4, WIPF2, KRT222, SMARCE1, RARA). GeneMania 
predicts the function of listed genes and their genetic net-
work, including co-expression, physical interaction, shared 
domains, and biological pathways. GeneMania analyzes the 
gene lists and prioritizes the genes for functional assays. It 
finds functionally similar genes within the genomics and 
proteomics data that have been previously published. Since 
hundreds of millions of interactions had been collected by 
the database from GEO, BioGRID, IRefIndex, and I2D, the 
interaction databases were used to predict the gene function.

Patient survival analysis using cBioPortal:
cBioPortal for cancer genomics provides visualization anal-

ysis of overall patient survival status. The overall survival of 
patient groups between the gene amplified group (TOP2A 
and CDC6) and the non-amplified group was analyzed. 
Kaplan-Mier analysis and log-rank test were performed to 
calculate the p-value. The median survival month in each 
group was also investigated. 
�   Results and Discussion

Gene amplification is when there is an increase in the copy 
number of DNA present in a specific region of the chromo-
some or an increase in the RNA and protein made from that 

gene. Cancer cells often produce multiple copies of genes, and 
some of the amplified genes can cause cancer cells to grow 
faster or become resistant to anticancer drugs. 4341 colorectal 
patients (4488 samples) were analyzed to find a novel genet-
ic alteration associated with patients’ survival through the 
cBioPortal database. First, the patient samples were divided 
into two groups: living group (n = 1275) and deceased group 
(n = 273). It was found that chromosome position 17q21.2 
amplification is enriched in the decreased patient group (Ta-
ble 1). In total, nine amplified genes are located in 17q21.2: 
GJD3, CCR7, TOP2A, CDC6, IGFBP4, WIPF2, KRT222, 
SMARCE1, and RARA. Overall, it was found that the novel 
amplification of nine genes in colorectal cancer patient sam-
ples enriched in decreased patient groups.

Previous studies showed that 17q21 amplification was 
detected in gastric cancer and breast cancers.¹⁵,¹⁶ The com-
parative analysis of DNA copy number and microarray in 
gastric cancer shows that the 17q12-q21 region is amplified 
and many genes in this region are overexpressed. A breast 
cancer study indicated that HER2/NEU amplification (both 
positioned on 17q21) is responsible for the development of 
Trastuzumab, one of the first immunotherapeutic drugs for 
the successful treatment of breast cancers.¹⁷ In conclusion, 
the amplification in region 17q21 not only caused colorectal 
cancer but also gastric cancer and breast cancer. This shows 
how 17q21 plays a critical role in cancer progression.

GeneMANIA analysis was performed to find a novel func-
tion of nine amplified genes on colorectal cancer progression. 
It was found that DNA integrity checkpoint, negative reg-
ulation of epithelial cell proliferation, hormone receptor 
binding, and mitotic cell cycle checkpoint were determined 
to be the most significant functions of the nine amplified 
genes (p-value= 3.33e-1) (Table 2). Since the maintenance 
of genomic integrity is important in normal cell growth and 
development, gene alteration on DNA integrity checkpoints 
is found in many cancer cells. In addition, DNA integrity 
checkpoints provide cells with time to repair damaged DNA, 
but cancer-initiating cells have lost DNA repair or cell-cycle 
checkpoints. In conclusion, four genes among nine amplified 
genes were significantly associated with the function of the 
DNA integrity checkpoint meaning alteration in this func-

Table 1: The amplified genes located on 17q21.2 enriched in the deceased 
colorectal cancer patient’s group.   

Table 2: The result of functional prediction of nine amplified genes with 
extended genes that are functionally similar using GeneMANIA.    
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CDC6 non-amplified patients (72.47 months). In conclusion, 
it was speculated that since TOP2A and CDC6 are associat-
ed with the function of DNA integrity checkpoint, the lower 
survival rate in amplified groups may have abnormal DNA 
structure with severe DNA damage. 

Conclusions
To reiterate the findings shown in Figure 2, two genetic al-

terations TOP2 and CDC6 both significantly decreased the 
patient survival rate. Using the given information, when ana-
lyzing genomics for colorectal cancer patients in the future, it 
is possible to more accurately diagnose and predict the surviv-
al rate of the patients. Furthermore, it was found that 17q21 
amplification affected DNA integrity checkpoints the most. 
With a better understanding of the impact of amplified genes, 
ways to recover the affected DNA integrity checkpoint can be 
found, possibly supporting the development of a novel treat-
ment for colorectal cancer. Lastly, a considerably large sample 
size of 4448 patients was analyzed. Therefore, the results from 
this study provide a more accurate interpretation of the impact 
of 17q21 amplification, further reducing the margin of error 
when treating colorectal patients in general.

However, the study is limited in the methods used, as only 
data analysis was performed. The media used to perform me-
ta-analysis has the potential for publication bias, skewed data, 
and difficulties in combining studies that may have differenc-
es in population, interventions, etc. Furthermore, the study is 
limited in scope, as only gene copy alterations, disregarding 
other genetic alterations, such as mutation and fusion genes, 
were focused on.  Therefore, cancer cell experiments to not 
only validate the real implications of 17q21 amplification 
on cancer cell development can be performed but it is also 
possible to find potential treatments for colorectal cancer. In 
addition, cBioPortal can be used to further analyze other ge-
netic variations which could have played a significant role in 
tumor progression.
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