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Background: High-grade primary gliomas are aggressively growing and have an unfavorable prognosis. The utility of prognostic
biomarkers of outcome in glioma patients is important for medical practice. Cell division cycle-associated 7-like (CDCA7L) protein
modifies cancer progression and metastasis. Nevertheless, its character in defining the clinical prognosis of human gliomas has not
been illuminated. Subjects and Methods: The hypothesis of this study was that CDCA7L is upregulated in human gliomas. We
studied two de-linked data from Gene Expression Omnibus (GEO) profile. The first dataset (GDS1816/225081 s at/CDCA7L) in
primary high-grade glioma included age, gender, and survival time. Another dataset (GDS1962/225081 s _at/CDCA7L) was also
encompassed to estimate CDCA7L gene expression in each pathological grading. Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) was used to survey the protein—protein interaction (PPI) network of CDCA7L-regulated oncogenesis. Results:
Statistical analysis of the GEO profile revealed that the World Health Organization (WHO) Grade IV (n = 81) gliomas had
higher CDCA7L mRNA expression level than in Grade Il (n = 7, P = 2.15 x 10~ %) gliomas and nontumor controls (n = 23,
P=2.87 x 10~ %), Kaplan—Meier analysis reported that patients with high CDCA7L mRNA levels (n = 49) had adverse survival
than those with low CDCA7L expression (n = 28). The PPI analysis of CDCA7L-regulated oncogenesis showed CDCA7L as a
potential hub protein. Conclusions: The expression of CDCA7L has a positive correlation with the WHO pathological grading
and shorter survival. This finding suggests that CDCA7L may be a potential biomarker of prognosis in human gliomas.
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INTRODUCTION aggressive surgical resection and chemo-radiotherapy. ' The
World Health Organization (WHO) classification defined the

In adults, glioblastomas are the most common primary brain pathological grading of gliomas.? High-grade gliomas have a
tumors and have a poorresponse to current treatment. The median poor prognosis and shorter survival. Therefore, biomarkers for
survival time is only 14.6 months even the patients underwent
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the prediction of clinical outcome are mandatory. Using genetic
biomarker to distinguish the genetic expression in brain tumors
is important for clinical practice to improve outcome.’

Cell division cycle-associated 7-like (CDCAT7L) gene
is one of the c-Myc-regulated genes.* c-Myc colocalizes
and interacts with CDCA7L in the nucleus to enforce
CDCA7L gene expression. ** Moreover, CDCA7L could
complement the c-Myc transformation-defective mutant
in Ratla fibroblast cell line and increase Myc-mediated
transformation.* Recentlyy, CDCA7L overexpression is
recognized in medulloblastoma cells, * breast cancer, ¢ and
hepatocellular carcinoma.’ However, its role in deciding the
pathological grading and survival of human gliomas has not
been addressed.

This study is designed to determine whether CDCA7L
expression associates with the survival and WHO pathological
grading of human gliomas under the assumption that
high-grade brain tumors having elevated CDCA7L expression.
The dataset from Gene Expression Omnibus (GEO) profile
offers wide genetic analyses of human gene expression and
disease connections. ®¥ Statistical analyses of the dataset from
GEO profiles disclose that expression of CDCA7L confidently
associates with the WHO grading and poor outcome in primary
glioma patients. All these data propose that CDCA7L might be
a prognostic biomarker in human gliomas.

PATIENTS AND METHODS

Cell division cycle-associated 7-like gene expression
in human gliomas

The Institutional Review Board (TSGHIRB No: B-102-10)
approved the study in Tri-Service General Hospital, Taipei,
Taiwan, ROC. Former studies had designated the procedure
for the analyses of functional genomic databases. '!" The
first dataset (GDS1816/225081 s at/CDCA7L) contains
100 sheets of de-linked data, including CDCA7L mRNA
expression, sex, age, and pathological grading of primary
high-grade glioma which were acquired from http://www.
ncbi.nlm.nih.gov/geoprofiles/?term = GDS1816+%2F +
225081 s at+%?2F + CDCAT7L. After omitting 23 sheets of
data without thorough information on survival times and age,
77 sheets were enrolled in the statistical analyses.

An extra database (GDS1962/225081 s at/CDCAT7L)
including 180 sheets from 23 patients without tumor
(i.e. nontumor control), seven with Grade II glioma, 19 with
Grade III glioma, and 81 with Grade IV glioma on CDCA7L
gene expression acquired from http:// www.ncbi.nlm.nih.gov/
geoprofiles/?term = GDS1962+%2F + 225081 s_at+%2F +
CDCA7L was also encompassed. Since the genetic contribution
to the prognosis of oligodendroglioma is dramatically different
from gliomas, 38 sheets with Grade Il ODG and 12 sheets with
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Grade III ODG were excluded from the analyses.

Statistical analysis of cell division cycle-associated
7-like gene expression in human high-grade
gliomas

Single tail #-test was used for analyzing the value of
CDCAT7L expression from dataset (GDS1962/225081 s at/
CDCAUT7L) in the four pathological grades. The R 3.0.1 software
(R Foundation for Statistical Computing, Vienna, Austria)
package of Bonferroni method was used to adjust the P value
to eliminate the risk of type I error in multi-group analyses.

The overall survival analysis and cohorts of low versus
high-CDCA7L expressions in high-grade gliomas from
the GEO profile (GDS1816/225081 s at/CDCA7L) were
revealed via Kaplan—-Meier method. The cutoff point of
CDCATL expression was presented as median value that was
decided by statistical analysis. Analyses of survival variables in
the dataset (GDS1816/225081 s at/CDCA7L) of high-grade
glioma patients, including the WHO Grade III combined with
Grade IV human glioma groups, were executed by Chi-square
test. The GraphPad Prism 5 software (GraphPad Software Inc.,
San Diego, CA) was used to generate the figures, and P <0.05
was considered statistically significant.

Protein—protein interactions network and signaling
pathways analysis

The methodology for known and predicted protein—protein
interactions (PPIs) was described previously." We analyzed
the signaling pathways by applying Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING) database,
version 10.0 (http://string-db.org)."?

RESULTS

Cell division cycle-associated 7-like mRNA
expression confidently correlated with the World
Health Organization pathological grading of human
gliomas

As shown in Figure 1, the CDCA7L expression
level was higher in the WHO Grade IV (n = 81) than in
Grade 1II gliomas (n = 7; P = 2.15 x 107'*) and nontumor
controls (n = 23) (P = 2.87 x 107'8, P adjusted by Bonferroni
method). Our data established that high-grade gliomas had
CDCAT7L overexpression.

High cell division cycle-associated 7-like mRNA
expression correlated with a poor survival in
high-grade human gliomas

As shown in Figure 2, the Kaplan—-Meier survival analysis
found that high CDCA7L mRNA expression displayed a poor
overall survival in high-grade glioma patients (P < 0.0001, by
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log-rank test; 95% confidence interval: 2.126-5.299, hazard
ratio 2.66). The cutoff value was set at 1550.2. The median
survival in the high- and low-CDCA7L expression groups was
62 weeks and 189 weeks, respectively.
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Figure 1: Cell division cycle-associated 7-like mRNA expression in
nontumor control groups and glioma. The scattered plots revealed that the
cell division cycle-associated 7-like mRNA gene expression in high-grade
gliomas (Grades III and IV) was higher than in low-grade glioma and
nontumor controls. Elevated cell division cycle-associated 7-like mRNA
levels significantly correlated with the World Health Organization pathological
grading of gliomas. The adjusted P value was estimated between each group
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Figure 2: Overall survival in individuals with high-grade gliomas. The
Kaplan—Meier survival curve disclosed unfavorable survival in those with
high cell division cycle-associated 7-like expression (<1550.2; n = 49)
compared to those with low cell division cycle-associated 7-like expression
(>1550.2; n = 28) with statistical significance (P = 0.0001, by log-rank test;
95% confidence interval: 2.126-5.299, hazard ratio 2.66). The median survival
in the high- and low-cell division cycle-associated 7-like expression groups
was 62 weeks and 189 weeks, respectively
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DISCUSSION

The current study validates that CDCA7L expression
was  meaningfully  higher in  high-grade glioma
patients than in nontumor controls and in low-grade
glioma patients. In addition, glioma patients with high
CDCAT7L expression forecasted an unfavorable survival as
compared to those with low CDCA7L expression.

The overexpression or amplification of c-Myc mRNA and
proteins in glioma has been identified.”*'5 Previous study
demonstrated that inhibition of c-Myc will subdue tumors
by increasing differentiation of the glioma cells.!® Therefore,
c-Myec is associated with the regulation and, in particular, the
proliferation of glioma stem cells, which are the theoretical
cells of derivation for these brain tumors'®'* CDCA7L belongs
to the JPO family which is also called CDCA protein family.
CDCAT7L and its analog, CDCA7, both are recognized as
c-Myc responsive genes and associated with malignancies.”!*-2!
CDCA7 and CDCAT7L could interact with c-Myc and
complement and increase Myc-mediated transformation, and
could consequently further join neoplastic transformation and
lead to tumorigenesis.*!*-2?

The overexpression of CDCA7L 1is recognized in
medulloblastoma cells, breast cancer, and hepatocellular
carcinoma.**” CDCA7L overexpression will cause cell
cycle dysregulation and contribute to tumorigenesis.
Huang et al. found that CDCA7L plays a crucial role
in medulloblastoma tumor development evidenced by
increasing colony formation and performs Myc-mediated
transformation of medulloblastoma cells.* Another
study reported that CDCAT7L overexpression raises the
progression of hepatocellular carcinoma cell cycle from
G0/G1 phase into S phase while CDCA7L knockdown
overturns tumorigenicity and decreases tumor size in vivo.’
Further study unveiled that CDCA7L could stimulate
the extracellular signal-regulated kinase 1/2 signaling
pathway and upregulate cyclin D1 expression. ” Moreover,
CDCAT7L is encompassed in apoptotic signaling pathway
because CDCAT7L is a suppressor of monoamine oxidase
A (MAOA) via interaction with MAOA’s core promoter,
Spl-binbding sites.>* The inhibition of MAOA will result
in lessened apoptosis through elevated expression of the
cell cycle enhancers E2F1 and cyclin D1.>%% We used
STRING to survey the PPI network of CDCA7L-regulated
oncogenesis.'? The network disclosed three protein clusters
connected by CDCAT7L as a potential hub protein [Figure 3].

This study’s restriction included difficulty in gathering big
numbers of human gliomas for investigating CDCA7L mRNA
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Figure 3: The cell division cycle-associated 7-like protein—protein interaction
network. The PPI network of cell division cycle-associated 7-like was created
using Search Tool for the Retrieval of Interacting Genes/Proteins database
and presented in the confidence view. The network discloses that cell division
cycle-associated 7-like protein is a hub protein for three protein clusters, as
shown by black squares, linked by cell division cycle-associated 7-like protein

expression or protein level, predominantly Grade II low-grade
gliomas or nontumor controls. Instead, statistical analyses of
two GEO profiles with total 208 sheets were used to define
the role of CDCAT7L as a pathological grading and prognostic
biomarker of unfavorable outcome.*?

CONCLUSIONS

The study result revealed that CDCA7L expression has
a meaningful correlation with different WHO pathological
grades of human gliomas. Overexpression of CDCA7L is
associated with an unfavorable survival in high-grade gliomas.
Therefore, CDCAT7L is correlated with pathological grading
of human gliomas and may be a potential survival biomarker.
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