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Abstract
Background: Ewing's sarcoma (ES) is the second most prevalent malignancy among bone tissue tumors,
and there is no adequate prognosis biomarker. The protein encoded by CCT6A is a molecular chaperone.
Early studies have suggested that CCT6A is involved in the development of many cancers, however, there
is no clear evidence of a role for CCT6A in ES.

Methods: In this study, we performed a bioinformatics analysis of 32 Ewing sarcoma specimens from the
GSE17618 dataset for differences in gene expression and overall survival, event-free survival, and gene
expression in different subgroups.

Results: After three screenings, we identi�ed CCT6A as highly correlated with Ewing's sarcoma prognosis.
Survival analysis showed low overall survival (OS) for CCT6A high expression (P=0.024). On the other
hand, Cox regression analysis showed that CCT6A expression, event-free survival (EFS), and age were
strongly associated with the prognosis of Ewing sarcoma, identi�ed as independent poor prognostic
biomarkers. (CCT6A: P=0.015; Age: P-value=0.026; EFS: P-value=0.001).

Conclusion: The expression level of CCT6A is strongly associated with the prognosis of Ewing's sarcoma.
High expression of the CCT6A gene may serve as a biomarker for poor prognosis in patients with Ewing's
sarcoma.

Introduction
Ewing's sarcoma (ES) is a primary, highly malignant bone tumor originating in the bone marrow, most
often occurring in children and adolescents, and is second only to osteosarcoma in its incidence in the
adolescent population. ES is characterized by a poor prognosis, with a �ve-year survival rate of only 65–
75%, and an even lower �ve-year survival rate (< 30%) in patients who have already developed
metastases[1]. Notably, the annual incidence of ES is less than 1% of patients diagnosed with cancer[2].
Recent studies have shown that tumor prognosis can be predicted by biomarkers [3],[4]. However, there is
still a gap in the �eld of prognosis-related biomarker research for ES.

The protein encoded by the CCT6A gene is a molecular chaperone, which is a member of the chaperone
containing the TCP1 complex (CCT). It has been shown that CCT6A protein expression levels are elevated
in tumor tissues of patients with hepatocellular carcinoma and that the overall survival of these patients
is relatively shorter[5]. Previous studies have also con�rmed that the number of mutant peptides has
potential prognostic value, with somatic variants showing increased expression of CCT6A, which has
clinical signi�cance[6]. CCT6A is expression-inducible and ampli�cation-inducible in glioblastoma, and
shows a signi�cant negative correlation with survival[7]. In addition, CCT6A has been found in breast
cancer and it may play an important role in breast cancer progression[8]. Thus, CCT6A is involved in the
progression of several cancers. However, the prognostic role of the expression level of CCT6A in ES
remains largely unknown.
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The search for biomarkers to predict the prognosis of a tumor through bioinformatics is accepted and
recognized by a wide range of scholars. Biomarkers have been used to differentiate between patients at
increased risk for nonalcoholic steatohepatitis (NASH) and advanced �brosis, and to predict potential
adverse clinical utility outcomes in patients at high risk[9]. It has excellent clinical relevance and value in
guiding prognosis. Therefore, this study goes through a bioinformatics approach to search for
biomarkers of Ewing's sarcoma, aiming to guide clinical diagnosis and treatment as well as to predict
patient prognosis.

Materials And Methods
1. Data download and preliminary �ltering

We downloaded gene expression data and clinical information data for Ewing sarcoma patients from
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/ geo/). We analyzed gene expression data
and clinical information data from the dataset GSE17618[10]. Data set GSE17618 belongs to platform
GPL570, gene expression data was generated from Affymetrix Human Genome U133 Plus 2.0 Array on a
microarray platform. The dataset GSE17618 consists of 43 Ewing sarcoma patient samples and 11
Ewing sarcoma cell lines. The exclusion criteria for this study were 1) a sample with a diagnosis of non-
Ewing's sarcoma, 2) samples from Ewing sarcoma cell lines, and 3) specimens with imperfect clinical
information. We extracted the following information from all clinical information for subsequent
analyses: gender, age, tumor status, overall survival time(OS), event-free survival (EFS), and survival
status. This study was based on data from an open database. Ethics and patient consent are not
applicable.

2. Data �ltering and genetic screening

All statistical analysis operations were performed using R software[11] (version 4.0.0). We used R
package(Impute) to �ll in and correct the data for the expression matrix, and we used the Limma package
to standardize the gene expression data[12]. Gene expression matrix data were log2-scale transformed.
The �rst step, survival �ltering. We used the R package (survival package) to perform a survival analysis
of patient survival status and survival time using the Kaplan-Meier method for all genes in the gene
expression data. On the other hand, a survival analysis of the patient's survival status and survival time
was also performed using Cox regression analysis of all genes in the gene expression data using the R
package (survival package). Genes that also meet the following conditions will proceed to the next round
of �ltering: 1) P-value < 0.05 obtained using the Kaplan-Meier method; 2) P-value < 0.05 obtained using
the Cox regression method; 3) genes with a >10% difference in the �ve-year survival of patients. In the
second step, the independent prognostic analysis was �ltered. We used univariate Cox regression
analysis and multivariate Cox regression analysis to compare the genes obtained in the �rst step with
survival time and survival status, respectively, and the genes with P-value less than 0.05 obtained by both
methods were saved by us for subsequent �ltering. The third step is clinical relevance �ltering. We
grouped patients according to gender, age, tumor status, and EFS separately. Age, sex, and EFS were each
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divided into two subgroups, and we used the Wilcox method to analyze these subgroups in relation to
survival status survival time, P-value<0.05 was considered statistically signi�cant. The tumor status was
divided into three subgroups, which we analyzed with survival status and survival time using the Kruskal-
Wallis method, with a p-value < 0.05 considered signi�cant. Genes that satis�ed P-value < 0.05 in both
methods were eventually preserved by us.

3. Data analysis and visualization

We used the R package(limma) package for differential analysis of gene expression data for all samples
with the cut off value set to: adjusted P-value<0.05,|logFC|>0.5. The R package (pheatmap) was used to
construct a heat map of the differential genes, highlighting the regions where the differential genes were
mainly concentrated, and to construct a Volcano map of the differential genes. Subsequently, Genome
Ontology (GO) enrichment analysis [13] and KEGG pathway enrichment analysis [14] and visualization of
differential genes were performed based on the R package (clusterPro�le[15], rg.Hs.eg.db, enrichplot, and
ggplot2 [16] respectively). The value of cut off is set to p-value<0.05. We imported differentially expressed
genes into the STRING database (https://string-db.org/) [17] to obtain protein interaction networks, which
were imported into cytoscape (version 3.8.0) [18] for visualization. We plotted the correlation coe�cient
heat map between genes based on the R package (corrplot).

Results
1. The relationship between high expression levels of CCT6A and survival in ES patients.

After initial screening, a total of 32 samples in the dataset GSE17618 met our screening criteria.
Subsequently, after our three-step screening process, only the CCT6A gene �nally met all of our screening
criteria. We used the Kaplan-Meier method for survival analysis of patients and divided all samples into
two groups using the median value of gene expression of CCT6A as a reference. Median gene expression
values greater than CCT6A are classi�ed as high expression group; median gene expression values less
than or equal to CCT6A are classi�ed as low expression group. Survival curves were plotted based on the
survival time of patients in the high and low expression groups( Figure 1). We can derive from the survival
curves that the probability of survival of patients with high expression of the CCT6A gene was
signi�cantly lower than the probability of survival of patients with low expression of the CCT6A gene
(P=0.024), and the difference was statistically signi�cant.

2. Univariate and multivariate Cox regression analysis for CCT6A

We used univariate Cox regression analysis and multivariate Cox regression analysis to analyze CCT6A in
relation to survival status and survival time, respectively. From the univariate Cox regression analysis plot
(Figure 2.A), we found that CCT6A was signi�cantly associated with survival status and survival time (P <
0.001, HR=7.953), and HR>1 indicated that CCT6A was a high-risk factor, and the higher the CCT6A
expression value, the poorer the prognosis of this patient. Also, CCT6A can be considered as an
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independent prognostic biomaker and we can predict the patient's prognosis by detecting the gene
expression level of CCT6A. From Figure 2.A we can also see that EFS is also strongly associated with
survival status and survival time (P<0.001, HR=0.218), with EFS<1 indicating that EFS is a low-risk factor.
From the forest plot obtained from multivariate Cox analysis (Figure. 2.B), we found that CCT6A was
signi�cantly associated with survival (P<0.001, HR=9.513) and was a high-risk factor for ES prognosis.
Age was also strongly associated with survival, (P=0.002, HR=0.269) and was a low-risk factor for ES
prognosis. EFS was strongly associated with survival (P<0.001, HR=0.196) and was a low-risk factor for
ES prognosis.

3. Expression of CCT6A in different subgroups

We analyzed the gene expression of CCT6A in the different groups and found substantial differences.
Gene expression of CCT6A in both age groups: the median value of gene expression in the >20-year-old
group was higher than the median value of gene expression in the <=20-year-old group, but the difference
was not statistically signi�cant (P>0.05), see Figure. 3.A for details. The median value of CCT6A
expression was signi�cantly different in the group of patients with EFS<=5 years compared to the group
of patients with EFS>5 years (P=0.01), and gene expression was higher in the EFS<=5 group compared to
the EFS>5 group, as detailed in Figure. 3.B. From this subgroup of tumor origin, it was observed that
patients in the recurrent group had the highest median value of CCT6A gene expression, followed by
those in the metastatic group and last in the primary group. Among them, the expression of CCT6A in the
patients in the primary group was signi�cantly different from that in the relapsed group (P<0.01), as
detailed in Figure 3.C. From the expression of the CCT6A gene in different sexes (Figure. 3.D), we
observed that the median value of CCT6A expression in females was signi�cantly higher than that in
males, and the difference was statistically signi�cant (P<0.05).

4. Screening of differentially expressed genes, enrichment analysis, and visualization, and construction of
protein interaction networks.

We analyzed differentially expressed genes and performed GO enrichment analysis and KEGG
enrichment analysis and visualization of differentially expressed genes; �nally, we constructed protein
reciprocal networks through databases. Screening of differentially expressed genes according to the
screening criteria yielded 188 differentially expressed genes, of which 106 were up-regulated and 82 were
down-regulated. Heat maps and volcanoes of differentially expressed genes are shown in Figure 4.A and
Figure 4.B. A total of 106 genes were positively correlated with CCT6A and 82 genes were negatively
correlated with CCT6A, see Figure 5. Subsequently, we performed GO enrichment analysis and
visualization of differentially expressed genes (Figure. 6.A), showing the biological process (BP), cell
component (CC), and molecular function (MF) located in the top 10, respectively. The differentially
expressed genes were analyzed and visualized for KEGG enrichment (Figure. 6.B), demonstrating the
KEGG-enriched pathways. Finally, we imported the differentially expressed genes into the STRING
database to obtain the protein interaction network, which was imported into Cytoscape for visualization
(Figure. 7).
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Discussion
As early as 2006, CCT6A was shown to play an important regulatory role in cancer[19]. Meng Zhu in 2017
found that low-frequency missense variants in the chaperone protein accompanying CCT6A were
signi�cantly associated with survival in patients with non-small cell lung cancer[20]. Klimczak M used the
TCGA database to identify the overexpression of CCT6A in breast cancer as a signi�cant contributor to
poor prognosis[21]. In a study on colon adenocarcinoma, it was pointed out that high expression of the
CCT6A promoted the growth of colon adenocarcinoma cells on the one hand, and was associated with
low survival rate of colon adenocarcinoma on the other[22]. CCT6A also showed a strong association with
survival and prognosis in renal cancer, with patients with altered CCT6A mRNA (stage I-IV) having
signi�cantly shorter overall survival compared to healthy controls[23]. In summary, the CCT6A gene plays
a key role in the development of many tumors and affects prognosis. These are consistent with our
research. Notably, in the present study, patients with high CCT6A expression had a lower survivorship
probability than those with low CCT6A gene expression. In addition, most patients with EFS < = 5 years
showed high expression of the CCT6A gene. These results suggest that patients with ES accompanied by
elevated CCT6A gene expression levels may have a strong association with low survival probability and
EFS < = 5 years. Another noteworthy point is that in our results on CCT6A gene expression under different
subgroups, we found that the median gene expression level of CCT6A gene expression in patients in the
metastatic group was much higher than the median gene expression of patients in the primary tumor
group and the median gene expression of patients in the recurrent group. This suggests that there is a
relationship between high expression of the CCT6A gene and tumor metastasis. It is well known that in
most cases, metastasis of the tumor is a vital factor in the death of the patient[24]. Therefore, high
expression of CCT6A may be accompanied by tumor metastasis and EFS < = 5 years. In other words, high
expression of the CCT6A gene could serve as an important biomarker for the predictive prognosis of ES.
If high expression of the CCT6A gene is detected in a given ES patient, it predicts a much lower SURVIVAL
probability than in a patient without high CCT6A expression, as well as a high probability that the patient
will have an EFS < = 5 years.

At the same time, the results of KEGG enrichment analysis and GO enrichment analysis corroborate our
view. In this study, the KEGG enrichment analysis of differentially expressed genes was mainly distributed
in the Cell cycle, DNA replication, Mismatch repair, cellular senescence and other pathways. As early as
2001, it was shown that the cell cycle in cancer, dysregulation of cell proliferation and a number of other
factors together constitute the minimum required site for tumor development[25]. Research in DNA
replication is also progressing, and its relationship to cancer development is becoming clearer.
Dysregulation of DNA replication can lead to genomic instability, and an important feature of cancer
formation is this instability[26]. Cancer may be related to errors in DNA at the replication stage and the
combined effects of changes caused by environmental factors and mutations in genetic information[27].
The Mismatch repair pathway plays an important role in the study of many tumors[28],[29],[30]. Cellular
senescence, which refers to a permanent state of cell cycle arrest, can lead to a decrease in the
regenerative potential and tissue function of an aging organism, which can lead to tumorigenesis[31].
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Another way in which aging promotes cancer progression is by promoting pathological cell
proliferation[32]. The aforementioned KEGG pathway enrichment results indicate that the pathways
enriched by the differential genes in this study are strongly associated with tumor cell initiation,
development, and formation. In the GO enrichment analysis, CCT6A was mainly enriched in the DNA
biosynthetic process pathway. It has been noted that acquired mutations or inheritance in major factors
regulating DNA methylation can be observed in cancer[33]. We conjecture that the CCT6A gene likely
promotes ES by regulating the DNA biosynthetic process. There are a total of 13 genes in the protein
reciprocal network that are closely associated with CCT6A, and all 13 genes are very closely related to
cancer. Among them, the CSE1L gene has been found to show a positive correlation between its high
expression and high cancer stage and poor prognosis in cancer patients[34]. Meanwhile, the CCT2 gene
has also been shown to reduce the survival rate of colorectal cancer patients with higher levels of gene
expression[35]. Elevated expression levels of The CCNE2 gene coincided with shorter overall survival in
patients with hepatocellular carcinoma[36]. Thus, the results presented by the network of protein
interactions suggest that all of these genes linked to CCT6A are associated with the development of
cancer.

The results of this study clearly show that the expression level of CCT6A presents high expression in ES
patients, and high expression of CCT6A in ES patients is associated with poor prognosis. Differentially
expressed genes in GO enrichment analysis are mainly distributed during DNA biosynthesis, DNA
conformational changes, chromosomal regions, catalytic activity, and action on DNA. KEGG Pathway
enrichment analysis was mainly enriched in Cell cycle, DNA replication, Mismatch repair, and cellular
senescence pathways. The protein interaction network also suggests that all of these genes linked to
CCT6A are associated with cancer development. In the survival curve, patients accompanied by high
expression levels of the CCT6A gene had a much lower SURVIVAL probability than patients not
accompanied by high expression levels of CCT6A. Patients with EFS < = 5 years all had high expression
of the CCT6A gene. High expression levels of CCT6A have also been linked to tumor metastasis in ES
patients. All of these results suggest that CCT6A can serve as a biomarker for ES and is an important
gene for predicting prognosis.

This study analyzed gene table data and clinical data from a bioinformatics perspective only to derive
biomarkers that correlate Ewing sarcoma with prognosis. There is also a limitation to our study: there is
no experimental way to verify that the genes we arrive at are also consistent in the experiment.

Conclusion
CCT6A's can be an effective biomarker for ES prediction prognosis. High expression of CCT6A in ES
predicted a lower 5-year survival rate for patients.
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Variables HR HR.95L HR.95H P-value

CCT6A 4.319148 1.242716 15.01151 0.021344
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Age 1.487818 0.61522 3.598066 0.377879
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EFS 0.22656 0.083856 0.612111 0.003413

HR represents Hazard ratio, HR.95L represents the lower limit of the 95% con�dence interval, and HR.95H
represents the upper limit of the 95% con�dence interval.

Table 2
Multivariate Cox regression analysis Table.

Variables HR HR.95L HR.95H P-value

CCT6A 4.901907 1.354073 17.74549 0.015446
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HR.95H represents the upper limit of the 95% con�dence interval.
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Figure 1

CCT6A gene high and low expression group survival curves. Survival curves of patients in the CCT6A high
expression group (red curves) and the survival curves of patients in the CCT6A low expression group
(blue curves). The x-axis indicates survival time (years) and the y-axis indicates survival probability.
Kaplan-Meier survival curves showed that patients in the CCT6A high expression group had worse
endpoints for predicting overall survival, whereas patients in the CCT6A low expression group had better
outcomes for predicting overall survival compared to high expression, and the difference was statistically
signi�cant (P=0.024).
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Figure 2

Survival-related Cox regression analysis plots. A and B plots show univariate Cox regression analysis and
multivariate Cox regression analysis, respectively. The horizontal coordinates of both graphs represent
hazard ratio (HR) and the vertical coordinates are different variables. HR > 1 indicates a high-risk factor
and HR < 1 indicates a low-risk factor. In the univariate Cox regression analysis in Figure A, CCT6A and
EFS are statistically signi�cant (p-value < 0.05). In the multifactorial Cox regression analysis in Figure B,
CCT6A,Age and EFS are statistically signi�cant (p-value < 0.05).
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Figure 3

CCT6A gene expression in different subgroups. X-axis all indicate different groupings and Y-axis all
indicate the gene expression level of CCT6A. Figure A shows the expression levels of CCT6A in different
age groups. The median value of gene expression of CCT6A in the >20-year-old patient group was lower
than in the <=20-year-old patient group, and the difference was statistically signi�cant (P-value=0.044).
Figure B shows the gene expression of CCT6A in different Genders. The median CCT6A gene expression
was greater in the Male group than in the Female group, and the difference was not statistically
signi�cant (P-value > 0.05). Figure C shows the expression of CCT6A in different EFS groupings. The
median gene expression value of CCT6A was much higher in the EFS <= 5-year group than in the >5-year
group, and the difference was statistically signi�cant (P-value=0.019). Figure D shows the gene
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expression levels of CCT6A in different tumor sources. The difference between the Primary and
Recurrence groups was statistically signi�cant (p-value=0.042), and the difference between the Primary
and Metastasis groups was statistically signi�cant (p-value=0.029).

Figure 4

Heat map and volcano diagram of differential genes. Figure A shows the heat map of differential genes.
Red represents high expression, blue represents low expression, and white represents intermediate
expression. There are 178 genes with elevated expression values in the high expression group and 72
genes with decreased expression in the low expression group. Figure B shows the volcano of differential
genes. x-axis indicates logFC value, y-axis indicates -log10P-value. red dots indicate up-regulated genes,
green dots indicate down-regulated genes, and black dots indicate genes with insigni�cant differences.



Page 17/19

Figure 5

Correlation coe�cient heat map. Both the right-angled and diagonal sides of the triangle represent genes.
The redder the color between the two genes indicates a stronger positive correlation between the two
genes; the greener the color between the two genes indicates a stronger negative correlation between the
two genes.
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Figure 6

GO enrichment analysis of differentially expressed genes and KEGG enrichment analysis. Figure A shows
the top 30 entries of BP, CC, and MF for GO enrichment analysis of differentially expressed genes. The X-
axis shows the gene ratio of each entry, Y-axis shows the GO entries. Figure B shows the enrichment
pathway of KEGG. Inner circles indicate z-scores, outer circles indicate gene enrichment pathways, red
dots indicate up-regulated genes, and blue dots indicate down-regulated genes.
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Figure 7

Protein interaction network diagram. Red triangles indicate up-regulated genes, blue circles indicate
down-regulated genes, and purple diamonds indicate CCT6A genes.


