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Abstract

Background: The prognosis of patients with osteosarcoma is still poor due to the lack of effective prognostic markers. The EMT
(epithelial-mesenchymal transition) serves as a promoter in the progression of osteosarcoma. This study systematically analyzed
EMT-related genes to explore new markers for predicting the prognosis of osteosarcoma. Methods: RNA-Seq data and clinical
information were obtained from the GEO database; GSVA and GSEA analysis were used to enrich pathways related to osteo-
sarcoma progression; LASSO method analysis was used to construct the prognosis risk signature. The “Nomogram” package
generated the risk prediction nomogram, and its clinical applicability was evaluated by decision curve analysis (DCA). Results: GSVA
and GSEA analysis showed that the EMT signaling pathway was closely related to osteosarcoma progression. A 9-genes signature
(LAMA3, LGALSI, SGCG, VEGFA, WNTS5A, MATN3, ANPEP, FUCAI, and FLNA) was constructed. The overall survival (OS) of
the high-risk scores group was significantly lower than the low-risk scores group. The 9-gene signature demonstrated good
predictive accuracy. Cox regression analysis showed that the 9-gene signature provided independent prognostic factors for
osteosarcoma patients. In addition, the predictive nomogram model could effectively predict the prognosis of osteosarcoma
patients. Conclusion: This study constructed a 9-gene signature as a new prognostic marker to predict osteosarcoma patients’
survival.
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mesenchymal cells, including loss of cell-cell contact and
cell-basement membrane contact, changes in cell morphology,
and expression of related proteins.®’ Specifically, the mono-
layer of cuboidal epithelial cells with polarity will be

Introduction

Osteosarcoma is the most common malignant tumor in children
and adolescents,' and at present, is treated mainly by surgery,
radiotherapy, and chemotherapy.” Unfortunately, these estab-
lished treatments have not significantly improved the survival
rate of local and metastatic osteosarcoma. Furthermore, with

the widespread use of drugs and the evolution of the disease,
tolerance has emerged, seriously affecting osteosarcoma prog-
nosis.>* Therefore, research on the molecular mechanism of
osteosarcoma development and searching for new possible
molecular therapeutic targets and prognostic criteria have
become key measures to improve the prognosis of osteosar-
coma patients.

Epithelial-mesenchymal transitions (EMTs) play key roles
in tumor progression, metastasis, and fibrosis.’ In this process,
epithelial-derived cells can acquire the characteristics of
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transformed into spindle-shaped mesenchymal-like cells with
migration ability. Substantial evidence has indicated that EMTs
are related to infiltration and progression of various malignant
tumors, including osteosarcoma.®” Thus it is critical to inves-
tigate the clinical relevance of EMT-related genes in osteosar-
coma and its relationship to prognosis. For example, studies
have shown that overexpression of EMT-related transcription
factors (such as Twist, Snails, and Zebs) is related to the com-
plex pathogenesis and osteosarcoma prognosis.®'® However,
more research is needed to systematically clarify the EMT
phenotype of GBM and how it relates to prognosis.

In our study, datasets from the GEO database showed that
the EMT signaling pathway was significantly enriched in
osteosarcoma. We constructed a Cox-LASSO regression model
based on EMT-related genes in osteosarcoma. The results
showed that the 9-gene signature was independent of prognos-
tic factors for osteosarcoma patients. These results highlighted
the functional role of the EMT-related gene signature and
revealed potential biomarkers for osteosarcoma.

Materials and Methods

Data Downloading and Preprocessing

A) Data were retrieved from the GEO (Gene Expression
Omnibus) using the keyword “Osteosarcoma,” and the
scope was narrowed to “Homo sapiens.” Finally, the
GSE11416 and GSE126209 cohorts were included for
further analysis.

B) The RNA-Seq data of osteosarcoma OS, TPM data, and
clinical information were downloaded from the Target
database (https://ocg.cancer.gov/).

GSVA and GSEA Enrichment Analysis

GSVA enrichment analysis was performed on the GSE11416
and GSE126209 cohorts. The reference gene sets were the hall-
mark gene sets, the threshold was P < 0.05, and | log2FC | > 1.
GSVA enrichment analysis was performed using the “GSVA”
package to identify the up- and down-regulated pathways.

Construction of the LASSO Regression Model Based on
Pathway-Related and Prognosis-Related Genes

The Target training cohort was selected for model construction.
The LASSO method is a compression estimation that obtains a
more refined model by constructing a penalty function, which
forces it to compress some coefficients and set some coeffi-
cients to zero. Therefore, the advantage of subset shrinkage is
retained. This method produces a biased estimation for process-
ing data with multicollinearity that can realize the selection of
variables while estimating parameters and better solve the mul-
ticollinearity problem in regression analysis. We used the R
package gimnet to perform Cox-LASSO regression analysis.
The corresponding A value when the maximum value of CVL
(M) was selected as the optimal A value for constructing the
LASSO regression model.

Construction of 9-Gene Univariate and Multivariate Cox
Models

Univariate and multivariate Cox regression analyses were per-
formed on gene expression profiles according to clinical infor-
mation such as risk score, age, gender, metastasis, and primary
site. The hazard ratio (HR) and 95% confidence intervals were
calculated. P < 0.05 was selected as the statistical threshold.

Assessment of the Impact of Confounding Factors on the
9-Gene Risk Score Model

Data were classified into different categories according to sig-
nificant clinical factors to exclude the impacts of confounding
factors. The Survival package in R software was utilized for
survival analysis.

Evaluation of the Clinical Applicability of the 9-Gene
Signature

The rms, survival, and nomogram packages in R software (ver-
sion 3.62) were utilized to generate a risk prediction nomogram
that integrated 9-gene risk score, age, gender, whether trans-
ferred and the original site.

Results

Flowchart
A flow chart of the entire study is provided in Figure 1.

Data Downloading and Preprocessing

Chips from the GPL20301 and GPL4091 chip platforms were
selected. The GSE126209 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE126209) and GSE11416 cohorts
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE11416) were downloaded and cleaned. GSE126209
contained tumor samples of osteosarcoma, para-cancerous
samples, and paired serum samples. After data cleaning, a total
of 25145 genes and 11 samples remained. As shown in S_Fig-
urel, the expression of all samples was on the same level after
correction, indicating that these samples demonstrated good
homogenization. Genes with missing values were excluded.

GSVA and GSEA Enrichment Analysis

As shown in Figure 2A, the abscissa was the T value, and the
ordinate was the different pathways. The Venn diagrams
(Figure 2B) were drawn based on the intersection of up-
regulated and down-regulated pathways of the 2 cohorts. The
EMT pathway was a pathway with a difference (suppressed) in
both cohorts and with the largest T value, so it was selected as the
target pathway for subsequent analysis. Similarly, hallmark gene
sets were used as reference gene sets, and Java GSEA was used to
perform GSEA analysis on the 2 cohorts. The results still showed
that EMT changed significantly between groups. The normalized
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Figure 1. Flowchart.

enrichment scores (NES) of the 2 cohorts were 2.89 and 3.05, clinical prognosis information and with gene expression levels
respectively, and false discovery rates (FDRs) were all 0.01. < 1 were excluded. The samples were randomly divided 6:4

Construction of the LASSO Regression Model Based on

EMT Pathway Genes

using the caret package (60% were used for training, and 40%
for validation).

LASSO analysis was performed on 199 genes in the EMT
pathway (Figure 3).

The Target database provided 101 sequencing samples and We first analyzed each independent variable’s change tra-
expression information on 25054 mRNAs. Samples without jectory, as shown in Figure 3B, in which we observe a gradual
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Figure 2. GSVA and GSEA analysis of the GEO cohorts. A, GSVA analysis of GSE126209 and GSE11414. B, The intersection of the
differentially expressed pathways of the 2 cohorts. C, GSEA enrichment analysis of GSE126209 and GSE11414.

reduction of lambda, and the number of independent variable
coefficients tending toward 0 gradually increases. We use 10-
fold cross-validation to build the model and analyze the confi-
dence interval under each lambda, as shown in Figure 3A.
When log (L) corresponds to 9 genes, the model is the most
stable. These 9 genes are LAMA3, LGALSI1, SGCG, VEGFA,
WNTSA, MATN3, ANPEP, FUCAL1, and FLNA. Based on the
expression profile of the 9 genes, the risk-score formula was as
follows: risk score = (—0.00575 * expression level of LAMA3)
+ (—0.00014 * expression level of LGALSI) + (0.0565 *
expression level of SGCG) + (0.00151 * expression level of

VEGFA) + (—0.00199 * expression level of WNTS5A) +
(—0.00069 * expression level of MATN3) + (—0.00117 *
expression level of ANPEP) + (—0.03087 * expression level
of FUCAL) + (—0.00017 * expression level of FLNA).

The signature risk scores of each patient in the training
cohort were calculated. Samples were divided into a low-risk
group (n = 49) and a high-risk group (n = 49) using the median
risk score as the cutoff. Figure 4A shows the relationship
between 9 gene expression, risk score, and survival time.
Figure 4B shows that patients in the high-risk group had worse
prognoses than those in the low-risk group (P < 0.001). The
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Figure 3. Construction of the LASSO regression model. A, Selection of the optimal A value. B, Coefficient diagram of different genes in LASSO
regression.
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ROC curve showed that 3-year AUC was 0.90, and the 5-year
AUC was 0.967 (Figure 4C). In the validation cohort, a similar
trend was observed; the 5-year AUC was above 0.77, and the
risk score could still significantly distinguish patients’ prog-
nosis (P = 0.014) (Figure 5A-C), indicating that this model
had good stability.

Construction of 9-Gene Univariate and Multivariate Cox
Models

As shown in Figure 6, the 9-gene signature demonstrated the
greatest statistical significance (P < 0.001, and the hazard ratio
was 2.039 (1.547-2.687). The HR of metastases was 3.702
(19.76-6.933), indicating that it had a significant impact on
prognosis (P < 0.05). Both age and gender had no significant
effect on prognosis (P > 0.05).

Assessment of the Impact of Confounding Factors on the
9-Gene Risk Score Signature

The data were divided into metastatic and non-metastatic
groups for subgroup survival analysis to eliminate the

confounding factors of metastasis. The results showed that after
excluding metastasis, there was still a significant difference in
survival between the 2 groups (Figure 7A-B, P < 0.05). The
ROC curve showed that the AUC of the 9-gene risk score was
0.78, the AUC of metastases was 0.648, and the AUC of metas-
tases combined risk score was 0.838, indicating that the com-
bination of the two can improve the prediction performance of
the model (Figure 7C).

Evaluation of the Clinical Applicability of the 9-Gene
Model

The risk prediction nomogram (Figure 8A) was generated by
the rms package, which integrated the 9-gene signature, age,
gender, metastasis, and primary site. Calibration plots were
used to visualize the performances of the nomograms. The
45° line represented the best prediction. Calibration plots
showed that the nomogram performed well (Figure 8B). The
DCA curve was used to evaluate its clinical applicability, and
3-y, 5-y survival; the net benefits were both higher (Figure 8C).
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Figure 6. Construction of 9-gene univariate and multivariate Cox models. A, Forest plot of the univariate Cox model. B, Forest plot of the

multivariate Cox model.

Validation of Expression of the Gene Signature

We used GSE21257 and TARGET database to verify the gene
expression (VEGFR gene was not found in GSE21257 cohort).
The results showed that the WNTS5A gene was significantly
highly expressed in metastatic tissues in the 2 datasets
(Figure 9A). ANPEP, FUCA1, LGALSI1, and MATN3 demon-
strated significantly low expression in metastatic tissues in the
2 datasets (Figure 9B).

Discussion

Osteosarcoma is a highly malignant bone mesenchymal tumor;
its tumor cells can produce osteoid and fibrillar matrices and
are highly invasive.'' Advances in modern treatment, such as
chemotherapy, surgery, a combination of neoadjuvant che-
motherapy, and optimized surgical methods, significantly
improve the 5-year survival rate of patients with osteosar-
coma.'? However, about one-third of patients with metastases

or relapses still have a poor prognosis. Therefore, it is crucial to
develop a comprehensive and multidimensional treatment for
osteosarcoma. Anti-tumor angiogenesis, pro-tumor cell apop-
tosis, gene therapy of viral vectors, immunotherapy, and other
treatments have been initially applied in osteosarcoma patients,
yet their effectiveness is still unclear.'*'* Therefore, it is nec-
essary to explore the molecular mechanisms and signaling
pathways related to the progression and metastasis of osteosar-
coma to improve prognoses. In this study, the most important
signaling pathways were identified by GSEA and GSVA. The
EMT signal pathway was identified as the most important path-
way in both GEO cohorts (GSE126209 and GSE11416). These
results suggest that the EMT signaling pathway played a key
role in the progression of osteosarcoma. EMT is the core step in
tumor recurrence and metastasis. It is a complex, multi-step
process, with multiple participating factors.'> A single mole-
cule cannot reflect the EMT status of the tumor.'® Therefore, a
comprehensive analysis of EMT-related genes is needed to
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define cell status and evaluate the relationship between EMT
and osteosarcoma’s progression and prognosis.

A large number of studies have reported many single-
molecule biomarkers, but only a few indicators have been clini-
cally applied.'”""° The predictive effect of polygenic markers has
been highlighted.?® In this study, the Cox-LASSO regression
model was used to construct an EMT-related gene signature
related to osteosarcoma prognosis by using the Target cohorts.
The 9-gene model included: LAMA3, LGALS1, SGCG,
VEGFA, WNT5A, MATN3, ANPEP, FUCAI, and FLNA.
LAMAS3 encodes a laminin and has been shown to be closely
related to the prognosis of patients with ovarian cancer’' and
pancreatic cancer.”> LGALS] is a widely studied galectin, and a
large number of studies have confirmed that it is closely asso-
ciated with the prognosis of various solid tumor patients.?*?
SGCG encoded gamma (y)-sarcoglycan is one of several sarco-
lemmal transmembrane glycoproteins that interact with dystro-
phinone. It has been found to be closely related to the prognosis
of colon cancer patients.”® VEGFA is a member of the PDGF/
VEGF growth factor family and encodes heparin-binding pro-
tein. This growth factor induced the proliferation and migration

of vascular endothelial cells and is essential for both physiolo-
gical and pathological angiogenesis. WNT5A is an important
member of the WNT family and is closely related to embryonic
development and tumorigenesis. It has proven to be a prognostic
marker for various tumors such as liver cancer,27 renal clear cell
carcinoma,® and prostate cancer.”” The protein encoded by
MATN3 is present in the extracellular matrix of cartilage and
plays an important role in developing cartilage and bone and
homeostasis in vivo, and is closely related to the prognosis of
patients with gastric cancer.>*>' ANPEP encodes an aminopep-
tidase and is a prognostic marker for gallbladder cancer,* pros-
tate cancer,” and glioma.>* The protein encoded by the FUCA1
gene is a lysosomal enzyme that participates in the degradation
of glycoproteins and glycolipids in fucose-containing cells, and
is a prognostic marker for patients with liver and breast can-
cer.>>* FLNA encodes an actin-binding protein and has been
proven to be a prognostic marker for liver cancer,>”*® prostate
cancer,39 and cervical cancer.*

After constructing the EMT-related gene signature, the
prognostic value of the 9-gene model was further validated in
the validation cohort. KM analysis and ROC curve showed its
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satisfactory predictive performance. Univariate and multivari-
ate Cox analysis found that the 9-gene model and pathological
M stage were the only 2 independent prognostic factors. Metas-
tasis is the main factor affecting the prognosis of osteosarcoma
patients. To exclude the impact of metastasis on the 9-gene
model, we conducted subgroup analysis, and the results showed
that the model could readily distinguish the prognosis of
patients in both subgroups. Finally, the nomogram was used
as a predictive tool for evaluating prognoses, and it demon-
strated an ability to predict the individualized possibility of
clinical events by integrating various prognostic factors. A
nomogram combining pathological features with the 9-gene

model was constructed in this study, and performed better in
survival prediction. The calibration curve and results of DCA
also proved its good performance.

Although this study was based on large sample multi-omics
data, it did have some limitations. This study’s conclusions
were mainly based on bioinformatics analysis; thus, further
validation by in vivo and in vitro experiments is still needed.
Second, other clinical features that might also affect patients’
prognosis were not included in this study. Finally, samples in
this research were all from retrospective studies, and it will be
necessary to conduct comprehensive experimental research for
its clinical applications.
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In conclusion, our research results indicate that the 9-gene
prognostic model is a reliable tool for predicting the overall
survival of osteosarcoma patients, and a nomogram comprising
a prognostic model can assist clinicians in selecting persona-
lized treatment for patients with osteosarcoma.
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