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Background: Osteosarcoma (OS) is a common malignant bone tumor in children and adolescents.
DNA methylation plays a crucial role in the prognosis prediction of cancer. Identification of novel DNA
methylation sites biomarkers could be beneficial for the prognosis of OS patients. In this study, we aim to
find an efficient methylated site model for predicting survival in OS.

Methods: DNA methylation data were downloaded from the Cancer Genome Atlas database (TCGA) and
the GEO database. Cox proportional hazard regression and random survival forest algorithm (RSFVH) were
applied to identify DNA methylated site signature in the samples randomly assigned to the training subset
and the other samples as the test subset. By randomizing 71 clinical samples into two individual groups and a
series of statistical analyses between the two groups, a DNA methylation signature is verified.

Results: This signature comprises four methylation sites (cg04533248, cg12401425, cg13997435, and
cgl5075357) associated with the patient training group from the univariate Cox proportional hazards
regression analysis, RSFVH, and multivariate Cox regression analysis. Kaplan-Meier survival curves showed
the OS patients in the high-risk group have a poor 5-year overall survival compared with the low-risk group,
and this finding was identified in the test data set. A ROC analysis was performed in the current research.
The results revealed that this signature was an independent predictor of patient survival by investigating
the AUC of the four methylation sites signature in the training data set (AUC =0.861) and test data set,
respectively (AUC =0.920). The nomogram described in the current study placed a great guiding value for
predicting 1-, 2-, 3-year survival of the OS by combining age, gender, grade, and TNM stage as covariates
with the RS of patients’ methylation related signatures.

Conclusions: Our study proved that this signature might be a powerful prognostic tool for survival rate
evaluation and guide tailored therapy for OS patients.
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Introduction

Osteosarcoma (OS) is a common malignant bone tumor
in children and adolescents (1). OS incidence worldwide
is increasing year by year, accounting for about 35% of
primary malignant bone tumors (2). According to the
United States’ statistical report from 2007 to 2013, OS
patients’ 5-year relative survival rate was 69.8% from
birth to 14 years old and 65.5% from 15 to 19 years old,
respectively (3). Despite using multiple chemotherapy
regimens before and after surgery, the OS has one of the
lowest survival rates of all pediatric cancers (4). Although
the development of new adjuvant chemotherapy techniques
and surgical methods in recent years has improved OS
S-year survival to 70%, OS mortality and metastasis rates
still are high (5,6). Although several anticancer drugs and
tumor suppressors have been identified, the underlying
molecular mechanisms of OS tumorigenesis remain unclear
(7,8). The OS’s pathogenesis is not fully elucidated, the
critical factor hindering OS treatment progress. Therefore,
it is of great significance to clarify the OS’s pathogenesis
and find the appropriate treatment measures to improve the
prognosis and quality of life of patients.

In the past decades, high-throughput technologies,
including microarray and gene sequencing, have been
widely used to identify driver genes and detect nucleotide
polymorphisms and gene fusion in important somatic
cells, tumorigenesis, recurrence, and metastasis (9). DNA
methylation catalyzed by DNA methyltransferases (DNMTs)
is one of the essential epigenetic mechanisms that control
cell proliferation, apoptosis, differentiation, cell cycle, and
transformation in eukaryotes. Recent progress in epigenetics
revealed a deeper understanding of the mechanisms of
tumorigenesis and provided biomarkers for early detection,
diagnosis, and prognosis in cancer patients (10).

Understanding these genetic changes may shed light
on the molecular mechanisms of the OS. However, the
inherent genetic and cytogenetic complexity of the OS
is challenging because multiple factors mediate tumor
biology, including circulating immune cells, hypoxia
status, and tumor microenvironment (11). A practical
and effective diagnostic test to predict the recurrence risk
for OS metastasis or progression is urgently needed. In
recent decades, the advent of next-generation sequencing
technology has made rapid detection and diagnosis of
diseases possible (12). Wang er al. suggested patients
with high LEVELS of ALDHI1BI expression in OS had
lower clinical outcomes than patients with low levels of
ALDHIBI, suggesting that the gene may be a potential
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prognostic marker in PATIENTS with OS (13). Shi ez al.
studied DDX10 expression differences and prognostic
capability for the GEO database. They found the expression
level of DDX10 in OS tissues was higher than that in
normal tissues, and that increased DDX10 levels were
associated with poor prognosis (14).

DNA methylation is an epigenetic change that occurs
at the cytosine-phosphate-guanine (CpGQG) site during the
development and progression of various cancers (15). This
change has been proven to play a vital role in gene expression,
RNA procession, and protein function regulation (16).
Some emerging research has recently demonstrated that
aberrant DNA methylation is the common and early event
in OS, which predates malignant cell proliferation (17).
Since DNA methylation genes are strongly associated with
tumor metastasis and invasion, the detection of these genes
with high accuracy has great significance to the OS early
diagnosis (18). It has been reported that tumor-specific
methylation sites play a critical role in the early detection
and prognosis of cancer, usually overexpressed in cancer
cells, while merely expressed in the normal (19). All these
findings indicated that these tumor-specific methylation
sites have enormous potential for cancer screening. Most
studies focused on the relationship between methylation
and early diagnosis (20), Up to now, there has been
extraordinarily little research reported on using methylation
sites as a signature in OS prognosis to investigate the causal
relationship between the DNA methylation sites and the
clinical outcomes of the OS. Therefore, we aim to find
potential survival-related DNA methylation sites signatures
in the OS and supply potential therapeutic targets for this,
indicating disease. We present the following article in
accordance with the TRIPOD reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-3204).

Methods
Data rvetrieval and analysis

In this reach, the TCGA and GEO database were used
to retrieve the clinical and the DNA methylation data of
OS patients collected on the Illumina Infinium Human
Methylation450 Platform. The methylated information
from 237 OS tissue samples was collected from the level
3 methylation databases of the TCGA dataset, and 35 OS
tissue samples and seven adjacent normal tissue samples
were collected from the GEO database. All these data have
been preprocessed. In the TCGA dataset, a total number
of 71 samples from OS patients with intact medical records
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(gender, age, tumor grade, clinical stage, and vital status)
and the methylated information were randomized into two
groups: a training group with 47 samples for identifying
and constructing the prognostic biomarkers, and a test
group with the remaining 24 samples for verifying the
accuracy of the prognostic biomarkers. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013).

Construction of a four-DNA methylation-site signature in
the training group

The clustering analysis was performed between the 35 OS
tissue samples and the 7 adjacent normal samples in the
GEOQ dataset. Twenty-one thousand four hundred forty-six
methylated differentially expressed gene sites were obtained
by considering P<0.05 and FDR <0.05 to show a statistically
significant difference. The 21,446 methylated differentially
expressed gene sites in the 71 OS tissue samples of the
TCGA database. A univariate Cox proportional hazard
regression analysis was then performed to find the
methylation sites related to the patients’ OS rate by P<0.05
in the training group. The random survival forest-variable
hunting (RSFVH) algorithm was used to screen for gene
sites associated with survival. The Cox evaluated the
candidate markers multivariate analysis to screen out the
most significant predictive diagnostic and prognostic sites,
which were then used to construct the following model to
assess the prognosis risk:

Risk score(RS ) = Z N (exp ression * coejﬁcient)

Here, the Risk score (RS) is the methylated differentially
expressed DNA methylation site for an OS patient. N is the
representative number of prognostic methylation sites. The
expression is the expression value of methylation sites, while
the coefficient is the regression coefficient of methylation
sites, the contribution of methylation sites to the prognostic
risk score. The patients can be separated into a high-risk
and a low-risk group using the median RS from the training
group as the cutoff point. Subsequently, a risk score system
was established, in which the patients with the RS higher
than the median were arranged into the high-risk group,
while the others with lower RS were in the low-risk group.

Statistical analysis

The Kaplan-Meier survival curves were calculated using R
software to estimate survival time and compare the high-
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and low-risk groups’ survival probabilities. Afterward, the
time-dependent receiver operating characteristic (ROC)
curve was applied to assess the specificity and sensitivity
of the methylation sites’ survival prediction risk score in
the training group. The area under the curve (AUC) was
then calculated. The prognostic DNA methylation sites’
signatures were constructed by comparing the AUC values
in the training group. After that, this methylation signature’s
prognostic performance was assessed in the test group
according to the AUC values and the Kaplan-Meier survival
analysis results. Additionally, the evaluated association
between the methylation sites expression level and patient
survival possibilities was constructed using a nomogram in
a training group for the multivariable analysis performed
before.

Development of the predictive Nomogram model

OS patient samples were randomly selected accompanying
the intact medical records to develop a predictive
nomogram for lasonos’ guideline, which was used in current
research to predict the 1-, 2- and 3-year survival rates of OS
patients. In brief, the predictive nomogram was developed
by combining the RS with clinical variables (age, gender,
grade, state) using a multivariable Cox regression model.
In this model, the Cox proportional hazard multivariate
analysis was carried out to identify whether the RS for
signature methylation sites was an independent survival
predictor to assess OS patients’ survival rate. All analyses
here were conducted with the R program (version 3.5.1)
using the following setup: survival random forest (SRC),
limma, and pROC packages (Bioconductor, http://www.
bioconductor.org/). This R program also performed the
statistical analysis, and a P<0.05 was set to determine the
statistical significance.

Results
Patient characteristics

A total of 71 OS patients in the TCGA dataset were used in
this study. According to the tumor-node-metastasis (TINM)
staging system classification, the tumor’s clinical stages
are classified into stages I to IV. The clinicopathological
characteristics of all 71 OS patients in stages I, II, III, and
1V, respectively, were summarized in Table 1. The gender,
age, grade, stage, and vital status were introduced as
variables in this research. If one of these data did not record,
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Table 1 Summary of patient demographics and characteristics

Characteristic Training (N=47) Test (N=24)
Gender, n (%)
Female 23 (48.9) 9 (37.5)
Male 24 (51.1) 15 (62.5)
Age (years), n (%)
<16 30 (63.82) 20 (83.3)
=16 17 (36.18) 4 (16.7)
Stage, n (%)
I 13 (27.7) 7 (29.2)
I 34 (62.3) 17(70.8)
M 0(0.0) 0(0.0)
\Y 0(0.0) 0(0.0)
Vital status, n (%)
Living 28 (59.6) 15 (62.5)
Dead 19 (40.4) 9 (37.5)

the related patients were excluded. The cancer cohort
samples were randomized into the training and test groups
(47 and 24 respectively), and there were 20 and 51 patients
in stages I and II in total. The technical route of this study
is illustrated in Figure 1.

Selection of candidate prognostic methylated sites in the
training group

Clustering analysis was first performed between the OS
and the normal tissue samples in the GEO dataset to
screen the differentially expressed methylation genes.
By setting the thresholds of FDR and P<0.05, a total of
21,446 differentially expressed methylated gene sites were
picked out. Then called the same differentially expressed
methylated gene sites in the TCGA dataset. A univariate
Cox proportional hazard regression analysis and RSFVH
were then applied to determine the methylated sites in the
training group from the dependent variables of survival
time and status (P<0.05, Figure 24,B). Four methylated
sites were teased out, which were the most predictive
differentially expressed methylated sites screened out by
performing a Cox multivariate analysis. In this work, four
methylated sites were identified as strongly correlated to
patient survival (cg04533248, cg12401425, cg13997435,
and ¢g15075357) and used to construct a predictive model
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to assess the prognosis risk of the OS (Table S1).

Building a predictive DNA methylated site signature and
confirm of it

To investigate the performance of the four methylated
sites in predicting recurrence, we calculated the RS of
4-site signature of all the patients in training set by the RS
formula as follows:

RS = (-277.68 x methylation level value of cg04533248)
+ (=372.47 x methylation level value of cg12401425) +
(11.62 x methylation level value of ¢g13997435) + (3.12 x
methylation level value of cg15075357).

As the median of RS in the training set was 0.65, the
patients with RS >0.65 were arranged into the high-risk
group, and the others with RS <0.65 were in the low-risk
group.

The survival status and distribution of the training set
were displayed in Figure 3. The results of the Kaplan-Meier
survival analysis indicated that the patients in the low-risk
group were correlated with a higher survival rate than those
in the high-risk group (P<0.001) (OS: 4.4 vs. 2.4 years, log-
rank test P<0.05; Figure 34). 'To confirm the training data
set’s predicted results, the prognostic RSs of 24 patients
were calculated in the testing data set in parallel. Following
the same logic, these patients were also assigned to the
high-risk and low-risk groups, referring to the same RS
median from the training data set. Patients’ survival rate in
the high-risk group was significantly lower than patients
in the low-risk group (OS: 1.9 vs. 3.5 years, log-rank test
P<0.05; Figure 3B), which was following the finding from
the training set. The RS distribution of patients from the
training and testing data set was identical.

Building a four methylation sites signature-based
predictive nomogram

To investigate the four-methylated-site signature model’s
prediction efficacy, the ROC analysis was performed to
evaluate the sensitivity and specificity. The AUC of the
signature was 0.861 in the training group. This finding
indicated that the signature had a good ability to predict OS
patients’ survival conditions (Figure 3C). The conclusion
was soon identified in the testing group (AUC =0.920),
which means this signature would hopefully be a powerful
prognostic biomarker for OS (Figure 3D). We compare the
AUC between the signature with other clinical information
(gender, age, and stage) to validate its prediction efficacy.
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Figure 1 The flow chart shows the analysis to develop the risk score model in the training group and confirm the model’s efficiency in the

test group.

We found that the DNA methylation site’s signature had
the highest AUC value, which indicated the signature had
the best sensitivity and accuracy (Figure 3C,D).

Building a nomogram consisting of clinical data and RS

It is widely accepted that the multivariate analysis can reveal
the significant association between the RS and the OS. A
multivariate Cox regression analysis was performed in 71
patients cohort respectively, in which the age, gender, grade,
and stage was set as the co-variables to determine whether
the prognostic value of the risk score was an independent
variable among the other clinical inputs (age, gender,
grade, state). In the current study, it was found the RS (HR
=6.26, 95% CI =1.919-20.54, P<0.001) was independently
linked with the OS of patients in the multivariate analysis
(Figure 4A4). To establish a clinically associated effective
method that could be used to predict the probabilities of
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a 1-, 2-, 3-year OS in OS, a prognostic nomogram from
the multivariate analysis results was formulated, and the
concordance index of it was 0.85. The predictive nomogram
was set up in which the score integrated the other four
independent prognostic variables, including age, gender,
grade, and stage. The multivariable Cox regression analysis
results demonstrated that the prognostic value of the risk
score was independent of the four other clinical variables
linked with OS patients’ overall survival. Further, the
prognostic nomogram showed the risk score combined
with other clinical data provided a better guiding value for
the OS’s clinical diagnosis and prognosis than that for the
conventional staging systems (Figure 4B).

Discussion

In this study, we analyzed DNA methylation of OS for
understanding the cumulative roles of epigenetic and genetic
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hunting (RSFVH) algorithm screened ten gene sites associated with survival for further study.

mechanisms in OS progression. It is a common cancer
with a 5-year survival rate below 50%. The development
of a prognosis approach of the OS is urgently needed. The
traditional prognostic determinant is with the TNM staging
system (21); however, the clinical outcomes are different
among patients even at the same stage. This caused
the TNM staging system not enough for personalized
treatment due to the patients’ unpredictable clinical
outcomes (22). In the past few years, several powerful
predictive biomarkers have been reported (23-25). DNA
methylation is a well-known epigenetic change that can
alter the expression of vital tumorigenesis associated genes
with no genetic sequence changes (26). These changes are
strongly associated with the occurrence and development of
cancers, and many related biomarkers have been reported
(27,28). Tumor-specific methylated sites are critical for
the inchoate diagnosis of cancers (29). Since the aberrant
DNA methylation was proven to be associated with the OS
tumorigenesis, it may serve as a predictive biomarker for OS
prognosis (18,30). The DNA methylation genes, including
FGDI1, METTL3, ALKBHS, and PTEN, are associated
with OS tumorigenesis reported in many previous studies
(23,31-33) list of them keeps growing. It has been reported
that methylation of frizzled-related proteins (SFRPs) may

© Translational Cancer Research. All rights reserved.

promote the Wnt signaling pathway, thereby enhancing
OS cell invasion (34). Hyper-methylation of pl14ADP-
ribosylation factor (ARF) and estrogen receptor 1 (ESRI)
have been found in OS as well and may have implications in
the prognosis of OS patients (35). Moreover, Lu et a/. have
reported that Iroquois homeobox 1 (IRX1) enhances OS
metastasis and may be a potential molecular marker (36). A
recent study suggests that promoter hyper-methylation of
reversion-inducing cysteine-rich protein with Kazal motifs
(RECK) is a causative factor in metastasis of OS (37).

In this study, the methylated genes of OS patients from
the TCGA database were carefully collected and analyzed
to screen the aberrant methylation DNA related sites, and
a novel methylated biomarker model for OS prognostic
was successfully built. By randomizing 71 clinical samples
into two individual groups and a series of statistical analyses
between the two groups, a DNA methylation signature is
verified. This signature comprises four methylation sites
(cg04533248, cg12401425, cg13997435, and cgl1507535)
associated with OS patients’ survival in the training group,
from the univariate Cox proportional hazards regression
analysis, RSFVH, and multivariate Cox regression analysis.
Kaplan-Meier survival curves and the RS distribution
in figure five showed the OS patients in the high-risk
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ROC curve for the 5-year survival prediction by combining 4 methylation site signatures in the test dataset. OS, overall survival; TCGA, the

Cancer Genome Atlas database; ROC, receiver operating characteristic.

group have a poor 5-year OS compared with the low-
risk group, and. This finding was identified in the test
data set. As this signature’s specificity and sensitivity are
critical for OS diagnosis and prognosis, a ROC analysis

was performed in current research. The results revealed
that this signature was an independent predictor of patient
survival by investigating the AUC of the four methylation
sites signature in the training data set (AUC =0.861) and

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(11):7299-7309 | http://dx.doi.org/10.21037/tcr-20-3204



7306 Zhang et al. Four DNA methylation gene sites signature for osteosarcoma

A Hazard ratio
Gender (N=47) 2.20 (0.713-6.82) — ) { 0.17

Stage (N=47) 5.44 (1.910-15.48) } B | 0.002*

* Events: 19; Global P value (Log-Rank): 7.3701e-06 '
AIC: 108. 77; Concordance index: 0.85 0.1 0.2 0.5 1 2 5 10 20
0 10 20 30 40 50 60 70 80 90 100
B Points L L L 1 L '} L 1 L 1 J
Female
Gender —_—
Male
Age Al T T T T T T T T T T T T T 1
4 8 12 16 20 24 28 32
Stage Il
Stage r !
Stage |
Risk score r T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110
Total pOintS T T T T T T T L T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

3-year survival r T

T T
0.8 0.7 0.6 05

T T T T L}
04 03 0.2 0.1 0.05

5-year survival r T T T T
0.8 0.7 06 05 04

T T T 1
0.3 0.2 0.1 0.05

Figure 4 Establishment of a nomogram for overall survival prediction in OS. (A) Multivariate analysis revealed a significant association

between the risk score and OS (HR =6.26, P<0.001); (B) a nomogr:

am combining clinical data (age, gender, grade, and stage) with risk score

provides great guiding value for predicting 1-, 2-, 3-year overall OS survival. OS, osteosarcoma. *, P<0.05; *, P<0.01; ¥, P<0.001.

test data set, respectively (AUC =0.920). A predictive model
with these four methylated sites was then set up to assess
each patient’s recurrence probability in the training group
by a nomogram. The results showed that this signature
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has considerable prognostic power for the OS and could
supply robust prediction for each OS patient. In this study,
a multivariate Cox regression analysis was used to assess the
risk scores supported by an independent correlation with
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the OS. Since the TNM staging system alone is insufficient
for tumor prognosis as described above, the nomogram
described in the current study placed a great guiding value
for the predicting of 1-, 2-, the 3-year survival of the OS by
combining age, gender, grade, and TNM stage as covariates
with the RS of patients with the methylation related
signatures.

According to the analysis results, a four-DNA
methylation site model was involved in four genes BCAS3,
EXO1, S100A2, and NPHP4. Among these genes, BCAS3,
EXO1, and S100A2 were already annotated to regulate
cancer in earlier research, while NPHP4 was less well-
known. It has been reported that BCAS3 is a gene of
unknown function on human chromosome 17q23, a region
associated with breakpoints of several neoplasms. A study
recently reported a conserved protein expressed in the
embryonic vasculature and malignant tumors (38). BCAS3
also functions as an interesting protein in breast cancer
plasma because their expression level was higher in the
breast cancer samples than in healthy donors (39). EXO1
participates in various DNA damage repairs, including
mismatch repair, nucleotide excision repair, and homologous
recombination (40). A genetic study in yeast shows a role
of Exol in non-homologous end joining (NHE]), acting
as a regulator for accuracy repairing DNA (41). The S100
calcium-binding protein A2 (§100A2) has been observed in
several human cancers (42). SI00A2 protein overexpression
in CRC cells was associated with significantly worse overall
survival and relapse-free survival, showing that SI00A2 is an
independent risk factor for stage II and III colorectal cancer
recurrence (43).

Although some limitations exist in this study, including
our study, samples are entirely retrospective, and inherent
biases may influence results. And we have not further
searched the mechanism action of these DNA methylation
genes in OS. Despite these drawbacks, the significant and
consistent correlation between our four methylated site
signature and overall survival in two independent datasets
showed a potentially powerful prognostic marker for the
OS. What’s more, Detection of methylation technology
is relatively mature, can be better used in clinical practice.
In summary, we confirmed this signature could serve as
potential robust and specificity biomarkers in the prognosis,
prediction, and tailored therapy for OS patients.
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