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Background. Aging is a process that biological changes accumulate with time and lead to increasing susceptibility to diseases like
cancer. This study is aimed at establishing an aging-related prognostic signature in colon adenocarcinoma (COAD). Methods. The
transcriptome data and clinical variables of COAD patients were downloaded from TCGA database. The genes in GOBP_AGING
gene set was used for prognostic evaluation by the univariate and multivariate Cox regression analyses. The model was presented
by a nomogram and assessed by the Kaplan-Meier curves and calibration curves. The drug response and gene mutation were also
performed to implicate the clinical significance. The GO and KEGG analyses were employed to unravel the potential functional
mechanism. Results. The Gene Set Enrichment Analysis result indicates that GOBP_AGING pathway is significantly enriched in
COAD samples. Four aging-related genes are finally used to construct the aging-related prognostic signature: FOXM1, PTHIR,
KL, and CGAS. The COAD patients with high risk score have much shorter overall survival in both train cohort and test
cohort. The nomogram is then assembled to predict 1-year, 3-year, and 5-year survival. Patients with high risk score have
elevated infiltrating B cell naive and attenuated cisplatin sensitivity. The mutation landscape shows that the TTN, FAT4,
ZFHX4, APC, and OBSCN gene mutation are different between high risk score patients and low risk score patients. The
differentially expressed genes between patients with high score and low score are enriched in B cell receptor signaling pathway.
Conclusion. We constructed an aging-related signature in COAD patients, which can predict oncological outcome and

optimize therapeutic strategy.

1. Introduction

Colorectal adenocarcinoma is the third most commonly
diagnosed malignancy and the second leading cause of
cancer-specific death worldwide [1]. Colon adenocarcinoma
(COAD) is the main subtype of colorectal adenocarcinoma
and the dominative pathological subtype colon cancer,
accounting for over 90% colon cancer [2]. Although increas-
ing therapeutic advancements in the past decades, the sur-
vival of COAD patients is still far from satisfactory since
the initial diagnosis is usually delayed [3]. Besides, COAD
is characterized by rapid progression and metastasis, which
may cause worse prognosis [4]. Recently, some studies have
shown that the variation of gene expression occurs during
colon carcinogenesis and progression. Nevertheless, precise
genetic alteration accounting for the initiation and develop-

ment of COAD is poorly understood [5]. Therefore, estab-
lishment of gene signatures can help to develop clinical
therapeutic strategies to improve patient prognosis.

Aging is a process that biological changes accumulate
with time and lead to increasing susceptibility to diseases
like cancer. The incidence of colon cancer is elevated by
age, which may result from cumulative impact of long-
term carcinogen exposure and gene mutation [6]. The
in vivo research reports that aged colonic mucosa is more
sensitive to carcinogen by stimulating higher ornithine
decarboxylase and tyrosine kinase activities [7]. However,
on the other hand, the activation of some molecule like tran-
scription factor Nrf2 can prevent increasing oxidative stress
in aging but also promote colon cancer chemoresistance and
radioresistance [8]. In this study, we first explore the associ-
ation between aging gene set and COAD. Then, the aging-
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related prognostic signature is constructed by multivariate
Cox regression. A prediction model is established to predict
oncological outcome, chemosensitivity, and immune cell
infiltration of COAD patients. A further functional evalua-
tion under differential aging risk scores is performed to
unravel underlying mechanism.

2. Materials and Methods

2.1. Data Procession. Transcriptome profiles and clinical
metadata of COAD patients were retrieved from TCGA
database (https://portal.gdc.cancer.gov/). Gene set “GOBP_
AGING” was searched and downloaded from the Gene Set
Enrichment Analysis- (GSEA-) MSigDB database (https://
www.gsea-msigdb.org/gsea/msigdb). All the data was proc-
essed by R program version 4.0.0.

2.2. Exploration of the Aging Pathway. We sorted the tran-
scriptional matrix and performed GSEA between normal tis-
sues and tumor tissues by setting “GOBP_AGING” gene set
as the enrichment pathway. Then, we extracted the expres-
sion of the aging-related genes in the pathway and separately
performed differential expression analysis to find differen-
tially expressed genes (DEGs) and univariate Cox regression
to discover prognostic genes. Following this, we took an
intersect of these two gene lists and got differentially
expressed prognostic aging genes. The left aging genes were
input to the String database to further explore their protein-
protein interaction (PPI), and Pearson correlation test was
performed to check the correlation of their expression and
establish the correlation network.

2.3. Signature Construction. We firstly randomly split the
COAD patients into training set and validation set at a
ratio as 1:1. Then, we performed univariate Cox regres-
sion in training set to find the potential prognostic factors
with p <0.05 and carried out multivariate Cox regression
to establish the prognostic signature in training group.
Thus, each patient in both training set and validation set
acquired a risk score according to the formula as follows:
Riskscore = Y (Exp(i)scoef(i)); here, i represented the i
th gene in the prognostic signature, Exp(i) represented
the expression value of i, and coef (i) represented the coef-
ficient of i in the signature.

2.4. Signature Verification and Immune Infiltration. Because
the prognostic signature was constructed according to the
data in training set, we set the medium value of risk score
in training set as the cut-off to stratify patients in both train-
ing set and validation set. Then, log-rank survival analysis
was performed, and the Kaplan-Meier-based survival curve
was plotted to check the prognostic value of risk score.
CIBERSORT algorithm was performed to emphasize the
immune infiltration of each sample; then, we compared the
infiltration between high-risk and low-risk patients to fur-
ther investigate the differences in immunity.

2.5. Nomogram and Calibration Curves. Considering the
effects of clinicopathological characteristics, we established
a nomogram in the training group using age, gender, stage,
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TaBLE 1: Basic characteristics of COAD patients.

Covariates Total (n=453) Train (n=228) Test (n=225)
Age

<65 188 (41.5%) 86 (37.7%) 102 (45.3%)
>65 265 (58.5%) 142 (62.3%) 123 (54.7%)
Sex

Female 214 (47.2%) 115 (50.4%) 99 (44.0%)
Male 239 (52.8%) 113 (49.6%) 126 (56.0%)
Stage

250 (55.2%)
192 (42.4%)

133 (58.3%)
91 (39.9%)

117 (52.0%)
101 (44.9%)

Stages I and II
Stages III and IV

Unknown 11 (2.4%) 4 (1.8%) 7 (3.1%)
T

T1-2 88 (19.4%) 53 (23.3%) 35 (15.6%)
T3-4 364 (80.3%) 174 (76.3%) 190 (84.4%)
Unknown 1 (0.2%) 1 (0.4%) 0 (0.0%)
M

MO 332(733%) 170 (74.6%) 162 (72.0%)
M1 64 (14.1%) 26 (11.4%) 38 (16.9%)
Unknown 57 (12.6%) 32 (14.0%) 25 (11.1%)
N

NO 266 (58.7%) 139 (61.0%) 127 (56.4%)
N1-3 187 (41.3%) 89 (39.0%) 98 (43.6%)

and risk score. Then, this nomogram was examined in train-
ing set (internal cross-validation), validation set (external
validation), and all patients (external validation). Notably,
concordance index (C-index) was used to check the efficacy
of this nomogram. The nomogram was assembled using R
package “rms.”

2.6. DEGs, Mutation Atlas, and Drug Response between
High- and Low-Risk Patients. DEGs between high- and
low-risk patients were defined with the [logFC|>1 and
false discovery rate (FDR) < 0.05. Then, GO and KEGG
enrichment analyses were performed to investigate the sig-
nificant functions of these DEGs, and the PPI network was
used to investigate the interaction and screen hub genes.
Besides, the mutation atlas between high- and low-risk
patients was explored, and the drug response to cisplatin
and cyclopamine with the formation in half maximal inhib-
itory concentration (IC50) was predicted by the R package
“pRRophetic,” and finally, we compared the drug response
between high- and low-risk patients to distinguish the
potential beneficiaries to the chemotherapy [9].

2.7. Statistical Analysis. All the statistical analysis was proc-
essed by R program 4.0.0 and Statistical Product and Service
Solutions version 24. In detail, the differential expression
analysis was examined by R package “limma” [10]. The
immune infiltration was emphasized by the R package
“CIBERSORT” [11]. The difference between two survival
curves was evaluated by log-rank test. The differences of
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FiGure 1: Evaluation of aging genes in colon cancer. (a) Gene Set Enrichment Analysis for colon cancer using GOBP_AGING gene set. (b)
Volcano plot for aging genes in colon cancer. (c) Venn plot for differentially expressed aging genes and prognostic genes. (d) Heatmap for

aging genes with prognostic value.

infiltrating immune cells and drug sensitivity between high-
risk and low-risk patients were assessed by Wilcoxon rank-
sum test when a nonnormal distribution was shown; other-
wise, the t test or separate variance estimation t test was
applied according to the equality of variances. The p value
less than 0.05 was considered significant difference.

3. Results

3.1. Identification of Aging-Related Prognostic Signature. A
total of 453 COAD patients from TCGA database are
included in the study. The year of initial pathological diag-
nosis ranged from 1998 to 2013. (Table 1 shows the basic
characteristics of the patients: age, sex, stage, tumor stage,
regional lymph node status, and distant metastasis. The
patients are randomly divided into train cohort (n =228)
and test cohort (n =225). We use the train cohort to iden-
tify the signature. First, the GSEA result indicates that
GOBP_AGING pathway is significantly enriched in COAD
samples compared with normal colon tissue (Figure 1(a)).
The results indicate that the aging genes in the GOBP_
AGING pathway participant in the initiation of colon ade-
nocarcinoma. We explore the expression pattern of indi-

vidual genes in GOBP_AGING pathway (Figure 1(b)).
There are 33 significantly downregulated genes and 61
upregulated genes in tumor samples. Among the differen-
tially expressed genes, 15 genes have prognostic value for
overall survival of COAD patients with log-rank test p
value less than 0.05 (Figure 1(c)). Nine genes are downreg-
ulated (TMP1, TWIST1, SERPINEI, ADA, CDKN2A,
CGAS, AMH, FOXMI, and TERT), and six genes are
upregulated (PPARGCIA, KL, PTHIR, ATP8A2, PAX5,
and C1QA) (Figure 1(d)).

Univariate Cox analysis shows that 6 genes can predict
overall survival in COAD patients: FOXM1, PTHIR,
PAX5, KL, CGAS, and ATP8A2 (Figure 2(a)). We per-
formed multivariate Cox regression analysis to identify the
independent predictor. Then, the aging-related prognostic
signature is constructed by four genes: FOXM1, PTHIR,
KL, and CGAS (Table 2). Figures 2(b) and 2(d) show the dis-
tribution of risk score in train cohort and test cohort, respec-
tively. COAD patients with high risk score have much lower
overall survival rate than the patients with low risk score in
both train cohort (p=0.006) and test cohort (p=0.013)
(Figures 2(c) and 2(e)). Highly enriched aging genes may
impair the survival of COAD patients.
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A nomogram is then established using the signature,
age, and stage to predict 1-year survival, 3-year survival,
and 5-year survival of COAD patients (Figure 3(a)). The
calibration curves for train cohort, test cohort, and all
patients show that the nomogram can effectively forecast
the actual survival probability (Figures 3(b)-3(d)). These
results identify an aging-related prognostic signature con-
sisted of 4 genes that can be used to perform prognostic
prediction.

3.2. Clinical Implication for the Aging-Related Prognostic
Signature. We apply the CIBERSORT algorithm to esti-
mate 22 types of infiltrating immune cells. The significant

TaBLE 2: Components of aging-related prognostic signature.

Gene symbol  Coeflicient HR 95% CI p value
FOXM1 0.010 1.010 1.003-1.018 0.007
PTHIR 1.445 4.243 1.321-13.630 0.015
PAX5 0.333 1.396 0.980-1.987 0.064
KL 0.174 1.190 1.029-1.377 0.019
CGAS 0.181 1.198 1.051-1.366 0.007
ATP8A2 -2.94 0.053 0.001-2.745 0.145
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estimation with p value less than 0.05 is used for further
analysis. The infiltrating immune cell profile is illustrated
in Figure 4(a). COAD patients with high aging-related risk
have higher infiltration level of B cell naive (p =0.010), T
cell CD8 (p=0.010), and T cell regulatory (p=0.045), but
lower infiltration level of B cell memory (p = 0.017), macro-
phage MO (p =0.043), and mast cells activated (p =0.027)
(Figures 4(b)-4(g)).

Chemotherapy is the main treatment for COAD patients.
We evaluate the relationship between the aging-related prog-
nostic signature and drug sensitivity (Figures 5(a)-5(c)).
Patients with lower risk score are more sensitive to cisplatin
(p<0.001) and cyclopamine (p=0.011), rather than pacli-
taxel (p=0.31). The result indicates that patients with low
risk score may have longer survival receiving cisplatin or
cyclopamine treatments.

We also evaluate the gene mutation status in high-risk
patients and low-risk patients (Figures 5(d) and 5(e)).
Patients with high risk score have much higher mutation
rate of TTN (53% vs. 45%), FAT4 (26% vs. 21%), and
ZFHX4 (24% vs. 19%), but lower mutation rate of APC
(72% vs. 77%) and OBSCN (18% vs. 23%) than patients with
low risk score.

3.3. Functional Variance between High-Risk Patients and
Low-Risk Patients. We investigate the differential expressed
genes between high-risk patients and low-risk patients to
unravel their functional variance. A total of 191 genes are
significantly different between two groups (Figure 6(a)).
Only one gene is downregulated. The GO analysis shows
the gene participant in B cell-related biological process, such
as B cell activation, B cell receptor signaling pathway, and B
cell-mediated immunity (Figure 6(b)). The KEGG result
indicates that the genes are enriched in pathways like PI3K

—Akt signaling pathway and B cell receptor signaling path-
way. These findings reveal that B cell-related molecule and
pathways are highly activated in high score patients.

The PPI network is employed to depict the interaction
profile and identify the hub genes (Figure 7). The top 5
hub genes are CD19, SNAP25, CD22, MS4A1, and CD79B,
which play a central role in colon cancer initiation and
development.

4. Discussion

In this research, we establish an aging-related prognostic sig-
nature consisting of four aging genes: FOXMI, PTHIR, KL,
and CGAS. Among the four genes, FOXM1 and CGAS are
highly expressed in COAD samples, while KL and PTHIR
are downregulated during COAD initiation. In COAD
patients, the elevated four genes all predict shorter survival.
The aging-related prognostic signature can distinguish
COAD patients with different overall survival in both train
cohort and test cohort. The signature can also recognize
the patients who are more sensitive to cisplatin and cyclopa-
mine. The patients with high risk score have higher infiltrat-
ing B cell naive and activating B cell-related pathways such
as B cell activation and B cell receptor signaling pathway.
FOXML1 is a proliferation-related molecular belonging to
the FOX transcription factor family. It widely participates in
pathological process of tumor development, proliferation,
invasion, metastasis, and chemoresistance [12, 13]. FOXM1
is repressed during human aging to cause mitotic decrease
and aneuploidy, which further leads to aging-related disease
[14]. In colon cancer, studies show that overexpression of
FOXM1 is observed in tumor samples and dysregulated
activation of FOXMI promotes cancer growth and progres-
sion [15]. The aberrantly elevated expression of FOXM1 is
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associated with poor survival of COAD patients [15, 16].
The cyclic GMP-AMP synthase (CGAS) is involved in aging
by CGAS-STING signaling. During cell senescence, cyto-
plasmic DNA is accumulated through the CGAS-STING
signaling to stimulate senescence-associated secretory phe-
notypes, which will cause downstream senescence responses
[17, 18]. The CGAS can also sense cytoplasmic DNA escape
from the nucleus due to DNA damage in cancer cells and
prevent aberrant development of cells [19]. The deficiency

of CGAS may lead to tumorigenesis. However, we found
that the CGAS gene expression is much higher in COAD
tumor samples compared to normal samples. The elevated
CGAS expression is related to poor survival. The results
may indicate that chronic inflammatory and aging accom-
panied by activating CGAS-STING signaling lead to the ini-
tiation of colon cancer. There may be a mechanism for
cancer cell to escape the surveillance of CGAS-STING
signaling.
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F1GURE 5: The sensitivity of high-risk patients and low-risk patients to (a) cisplatin, (b) cyclopamine, and (c) paclitaxel. Mutation frequency

in (d) high-risk patients and (e) low-risk patients.

Hypercalcemia is reported as a critical factor associated
with the progress and metastasis of malignancies [20, 21].
In colon cancer, slightly activated intracellular Ca** signal-
ing can promote the initiation and development of colon
cancer. But persistent Ca’* influx and Ca®" overload can
lead to tumor cell death [22]. PTHIR is type 1 receptor of
parathyroid hormone, regulating the serum concentrations
of calcium and phosphate. Our study reveals that PTHIR
is slightly reduced in COAD samples compared to normal
samples. However, in COAD patients, higher PTHIR level
is associated with poor prognosis. Liu and colleagues also
suggested that PTHIR was correlated to miRNA and DNA
methylation during liver metastasis of colorectal cancer
[23]. The Klotho (KL) gene is also a key regulator during
the aging process. The mice with overexpression KL gene
have longer survival [24]. It is also identified as tumor sup-
pressor gene in colon cancer. Rubinstein and colleagues
found that KL can stimulate the unfolded protein response

to inhibit colon cancer proliferation and viability [25].
Therefore, the aging signature that is constructed in our
research can effectively predict the prognosis of COAD
patients and participant in the pathological process of
COAD.

Aging genes also regulate chemosensitivity of COAD
patients. Our study reveals that the aging-related prognostic
signature is associated with cisplatin sensitivity. Recent
research shows that FOXMI, the direct target of miR-
320, can diminish chemotherapy sensitivity with higher
expression [26]. In addition, we identified the relationship
between aging and B cell-related pathways in colon cancer.
The patients with high risk score have upregulated B cell-
related pathways. We speculate that the aging genes regu-
late tumor proliferation, invasion, metastasis, and chemo-
sensitivity through remodeling B cell immunity. Further
research needs to identify the role of B cell in aging-
related colon cancer.
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5. Conclusions

In summary, we constructed an aging-related signature in
COAD patients, which can predict oncological outcome
and optimize therapeutic strategy.
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In our study, the value of cholesterol biosynthesis is related to clinical analysis in 32 cancer forms in the GSEA database facility.
We have a mutation between 25 CBRGs. In The Cancer Genome Atlas database, clear cell renal cell carcinoma (ccRCC, n = 539)
was upregulated or downregulated in 22 out of 25 cases (n=72) compared with normal kidney tissue. Then, using LASSO
regression analysis, the survival model that is based on nine risk-related CBRGs (CYP51A1, HMGCR, HMGCSI, IDI1, FDFT]I,
SQLE, ACAT2, FDPS, and NSDHL) is established. ROC curves confirmed the good omen of the new survival mode, and the
area under the curve is 0.72 (5 years) and 0.709 (10 years). High SQLE and ACAT2 expression and low NSDHL, FDPS,
CYP51A1, FDFT1, HMGCS1, HMGCR, and IDII expression were closely related to patients with high-risk renal clear cell
carcinoma. Two types of Cox regression, uni- and multivariate, were used to determine risk scores, age, staging, and grade as
independent risk factors for prognosis in patients with clear cell renal cell carcinoma. The results showed the prediction model

established by 9 selected CBRGs could predict the prognosis more accurately.

1. Introduction

The incidence of kidney cancer has been on the rise world-
wide in recent decades, kidney cancer accounted for 2.2%
of all cancers diagnosed and 1.8% of all cancer deaths,
according to the report from GLOBOCAN 2018 released
by the International Agency for Research on Cancer (IARC)
[1]. Clear cell renal cell carcinoma (ccRCC) is the most com-
mon type of renal malignancy, and the histologic feature of
tumor cells is a distinctive pale, glassy cytoplasm. Choles-
terol, cholesterol esters, and other neutral lipids accumulate

in large quantities in the cytoplasm [2, 3]. Cholesterol is
mainly synthesized by the liver, and kidney cancer cells
(including other tumor cells) need high levels of cholesterol
to maintain their cell membrane biogenesis and other func-
tional requirements compared to normal cells. Normal cells
synthesize cholesterol through 21 enzymatic reactions, pro-
ducing a large number of metabolites and participating in
the control of physiological and developmental processes [4].

The contents of total cholesterol and esterified choles-
terol in clear cell carcinoma tissues were 8 times and 35
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times those in normal kidney tissue [5], respectively. In
general, cholesterol metabolism plays a significant role in
tumor progression, including cell proliferation, migration,
and invasion.

In this study, we analyzed different expressions and muta-
tions of cholesterol-related genes in 32 types of cancer system-
atically. We especially focused our attention on the ccRCC and
analyzed the expression of cholesterol biosynthesis-related
genes (CBRGs) in KIRC patients. Gene expression in cancer

tissues is complex, so we summarized the coexpression rela-
tionships of these 32 genes in ccRCC patient tissues for
researching the interactions between these multiple onco-
genes. The samples were divided into high-risk group and
low-risk group by judging gene expression. The survival of
the two groups was demonstrated by the K-M survival curve.
After that, we used LASSO regression to determine the nine
strongest prognostic markers and use the ROC curve to
determine authenticity. Then we use the heat map to show
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the profiles of the expression of survival model CBRGs and 2. Materials and Methods

clinicopathological features in low-risk and high-risk ccRCC

patients. Finally, we establish a survival prediction model for ~ 2.1. Analyzing the Collected Data. SNV and CNV data were
ccRCC patients with R language. obtained from TCGA (The Cancer Genome Atlas, https://
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cancergenome.nih.gov) database, and 32 cancers were
downloaded [6]. The data is analyzed using the Perl lan-
guage and then visualized using TB tools. Download the
RNA-seq queue for KIRC from the R/Bioconductor package
for TCGA Biolinks. Twenty-three different treatment regi-
mens for TCGA were analyzed, each with its characteristics.
We download clinical information about cancer from TCGA
Biolinks, including age, life expectancy, tumor stage, tumor
size, and metastasis [7]. Use the Corrplot package to analyze
public data expressions in the Perl language and R studio.
LASSO regression analysis was performed with Glmnet
and survival packages. Survival time analysis was used to
analyze the clinical manifestations of Cox risk factors by sin-
gle factor and multifactor analysis.

2.2. Establishing Regression Models and Determining Risk
Levels. Using the Cox model, we investigated the relation-
ship between CBRG expression levels and OS (overall sur-
vival) in samples with KIRC. Patients with ccRCC remove
samples without complete clinical data. Based on a P value
(<0.05), CBRG was selected as a survival-related gene.
Because we found collinearity among more than 30 selected
genes in the previous coexpression analysis, they were highly
correlated with each other, and we then used LASSO regres-
sion analysis which was performed to exclude the genes that
did not fit the model. This analysis can reduce the number of

variables affecting the prediction model, prevent overfitting,
and simplify the prediction model while ensuring its authen-
ticity. Then, we use multivariate analysis to determine the
best CBRG, which was able to show prognostic situation.
Risk score index = Y ni = 1 (Expi * Coei), where N represents
the number of genes, Coei represents the regression coeffi-
cient, and Expi represents the level of gene expression.
Samples were divided into two groups: low- and high-risk,
median risk score as the critical value. Through time-
dependent ROC analysis, the accuracy of the 5 and 10-year
prediction model is evaluated.

2.3. Statistical Analyses. The expression of CBRG in tumor
and normal tissues was observed with one-way ANOVA as
control. The expression of CRG in ccRCC was examined
by the Student’s t-test according to gender, age, stage, T
(tumor), and M (tumor metastasis). Because a large number
of samples in TCGA database cannot be verified, N (tumor
nodes) are not used in this study. “Er” software package
and the patients were divided into a high-risk group. Each
risk score of different groups was determined by the “surv-
miner” software package. The samples are divided into
high- and low-risk groups according to the optimal thresh-
old. Statistical analysis was performed using the R Studio
software package. A significant difference was found in
P <0.05.
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FiGure 4: Continued.
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FIGURE 4: (a) The expression of 25 CBRGs in the sample of ccRCC patients. The blue color shows the upregulation of CBRGs, and the yellow
color indicates the downregulation of CBRGs. N presents the normal sample, and T presents the tumor sample. (b) Coexpression analysis
showed that 25 CBRGs were correlated in ccRCC tissues. (c) Forest plot of the hazard ratio (HR) analysis with 95% confidence intervals (CI)

and P values for the 25 CBRGs.
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ROC curve (AUC = 0.709)
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FIGURE 5: (a) Nine genes were selected by LASSO Cox regression analysis. (b) The LASSO coefficient profiles of CBRGs in KIRC. (c) The
survival curve was obtained based on this model. Blue and yellow correspond, respectively, to the high-risk group and the low-risk group. (d,
e) ROC curve of 5 and 10 years, and AUC of the curve is 0.72 and 0.709 in turn.

3. Results

3.1. Genetic Mutation of CBRGs in 32 Cancer Types. We
determine the copy number variations (CNVs) and the sin-
gle nucleotide variations (SNVs) in the 25 CBRGs among the
32 cancer types with the help of the GSEA database [8, 9].
Then, we analyzed the CNVs in the CBRGs among the 32
cancer types with R language. We use the 32 tumors’ CNV
and SNV data, which were downloaded from TCGA data-
base, to verify the results with R language. We use TBtools
to make the final result visual (Figures 1(a) and 1(b)).

3.2. Prognostic Significance of CBRGs in Various Tumors.
Next, we analyzed the prognostic relevance of CBRGs in dif-
ferent tumors. We used R language and TBtools software to
analyze the 32 tumors’ mRNA expression data from TCGA
database. The results show that HSDI17B7, GGPSI, MVK,
PLPP6, PMVK, and ARV, 6 types of representative CBRGs,
were upregulated in most of all tumors compared to the
corresponding controls. SQLE and NSDHL were upregu-
lated in KIRC, and CYP51A1 and FDFTI were downregu-
lated in KIRC compared to the corresponding controls
(Figure 2(a)). Then, we analyzed the relevance between the
survival landscape and CBRGs among 32 tumors. We ana-
lyzed the expression of CBRGs and the overall survival
(OS) of the tumor patients with the help of the GEPIA
online database and judged the gene that was risky or pro-
tective according to the result of the relationship between
the expression and the OS (Figure 2(b)). We use R language
and TBtools to analyze the data and show the consequence.

3.3. Functional Analysis of CBRG-Related Pathways in
ccRCC. To find the relevance of any two genes, we per-

formed the coexpression analysis on these 25 CBRGs among
all tumor patients and found the Pearson correlation coeffi-
cient (PCC) of IDI1 and DHCR24 was 0.51 (Figure 3(a)), the
PCC of IDI1 and ACAT2 was 0.664 (Figure 3(b)), and both
of them were a positive correlation; the final results based
on the figure show that most of the CBRGs were a positive
correlation, and we observed strong correlation among the
CBRGs (Figure 3(c)).

Since the metabolism of cholesterol has been established
in ccRCC, we analyzed the expression of CBRGs in 72 nor-
mal kidneys and 539 ccRCC specimens through TCGA data-
base, with the help of the Limma package in R language. The
results showed that 22 out of 25 CBRGs were differentially
expressed in ccRCC tissue and normal kidney tissue
(Figure 4(a)). We also performed the coexpression analysis
on these 25 CBRGs among c¢cRCC patients (Figure 4(b)).
The results showed that the correlation between the CBRGs
among the ccRCC patients is strong. Meanwhile, a negative
correlation also existed in these CBRGs.

3.4. Creating and Testing a New Survival Mode CBRG. To
further understand the role of CBRG in prognosis evalua-
tion of clear cell renal cell carcinoma, analysis of TCGA data
using Cox regression was used. High expression of ACAT2
and SQLE in patients with renal clear cell carcinoma is
associated with decreased survival. On the contrary, high
expression of NSDHL, FDPS, CYP51A1, FDFT1, HMGCSI,
HMGCR, and IDII is correlated with better survival rates
(Figure 4(c)). So according to the P value <0.05, we selected
some of CBRGs as survival-related genes, and with the help of
LASSO regression analysis, we determined the strongest prog-
nostic index. We selected nine genes (CYP51A1, HMGCR,
HMGCSI, IDI1, FDFTI, SQLE, ACAT2, FDPS, and NSDHL)
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p value Hazard ratio
Age <0.001 1.030(1.016-1.044)
Grade <0.001 2.283(1.841-2.831)
Stage <0.001 1.926(1.677-2.211)
T <0.001 1.973(1.661-2.343)
M <0.001 4.499(3.254-6.221)
Risk score <0.001 2.570(1.966-3.359)

p value Hazard ratio
Age <0.001 1.033(1.017-1.048)
Grade 0.003 1.445(1.137-1.836)
Stage 0.028 1.659(1.057-2.604)
T 0.474  0.861(0.571-1.297)
M 0.346  1.388(0.702-2.746)
Riskscore  <0.001 ~ 2.234(1.538-3.244)
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F1GURE 6: (a) The correlation of 9 selected genes and the clinicopathological characteristics in two groups. Blue represents upregulation, and
yellow represents downregulation (*P < .05, **P <.01, and ***P <.001). (b) Forest plot of univariate Cox analysis. (c) Forest plot of

multivariate Cox analysis.

based on results. Based on the minimum criterion, 9 genes
were used to establish the risk characteristic model. Using
the risk score as the median, patients with clear cell carci-
noma of the kidney were divided into high and low control
groups to observe the predictive power of new survival
patterns composed of nine risk genetic characteristics
(Figures 5(a) and 5(b)). The Kaplan-Meyer survival curve
(K-M survival curve) analysis showed a significant reduction
in survival in the high-risk group compared to the low-risk
group (Figure 5(c)). In addition, the ROC curve was used to
analyze the effect of new survival mode on the prognosis of

renal clear cell carcinoma. The indices were 0.72 (5 years)
and 0.709 (10 years) (Figures 5(d) and 5(e)). The results
showed that the model’s risk score calculated by the model
could accurately predict the survival rates of renal clear cell
carcinoma in 5 and 10 years.

3.5. The New CBRG-Based Survival Model Is Closely Related
to the Clinicopathological Characteristics of ccRCC Patients.
To further study the correlation between CBRGs and
ccRCC, we used a heat map system to analyze the correla-
tion between risk scores based on the expression of 9 CBRGs
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FIGURE 7: Nomogram of the predictive model.

and the clinicopathological characteristics of different sam-
ples obtained from TCGA data set. There is a strong corre-
lation between the risk scores of high- and low-risk samples
and clinical pathological characteristics such as T (tumor
size), N (tumor lymph node), M (tumor metastasis), tumor
grade, tumor stage, gender, and survival. The expressions
of SQLE and ACAT?2 were significantly upregulated in the
high-risk group, and the expressions of CYP51A1, HMGCR,
HMGCSI, IDI1, FDFTI, FDPS, and NSDHL were signifi-
cantly downregulated (Figure 6(a)). Cox regression analysis
showed that age, tumor grade, tumor stage, tumor size (T),
tumor metastasis (M), and risk score were related to ccRCC
patients’ OS (Figure 6(b)). The risk score, age, stage, and
grade were independent risk factors affecting ccRCC patients’
prognosis showed by multivariate Cox regression analysis
(Figure 6(c)). Finally, we built a scoring table in R language
and added the total scores of age, tumor stage, tumor grade,
and risk score to get the corresponding survival rate of
ccRCC patients in 5 and 10 years.

3.6. Based on the Risk Model, Draw the Nomogram and the
Verification Process. We use a nomogram to predict the risk
of KIRC patients. Nomogram generates a total of 9 lines.
The first row represents fractional meters. Age is in the sec-
ond row, grade is in the third, the stage is in the fourth, and
risk score is fifth. The total score in row 6 is obtained by add-
ing up the scores for each item of age, grade, stage, and risk
score. We can easily estimate the survival rates in 5 and 10
years of ccRCC patients from the total score (Figure 7(a)).
To improve the reliability of the research results, we con-
ducted random internal sampling validation in the KIRC
data set of TCGA database. Based on this risk model, we
divided 45 randomly selected KIRC patients into high-risk
and low-risk groups. In the generated survival curve, we

found that the prognosis of patients in the high-risk group
was significantly lower than that of the low-risk group
(P=0.002) (Supplementary Materials Figure S1A). In order
to verify more results in this study, based on the expression
of key genes HMGCR, IDI1, and HMGCSI in this study, we
divided ccRCC patients into high expression groups and low
expression groups and plotted the corresponding survival
curves. The results show that the expression of these three
key genes is correlated with the poor prognosis of ccRCC
(Supplementary Materials Figure S1B-D).

4. Discussion

The genesis and development of cancer cells are inseparable
from cell division, which requires a large amount of choles-
terol to form the cell membrane. There is a balance of cho-
lesterol metabolism among them, Higher levels of etherified
phospholipids, cholesterol esters, and triacylglycerols and
lower levels of phospholipids (except phosphatidylcholine)
and lower levels of polyunsaturated fatty acids were present
in the canceled tissues [10], and it means that the metabolic
balance of cholesterol is disrupted. Many studies have
shown that preoperative cholesterol levels in cancer patients
can influence postoperative prognosis, and cholesterol level
has been used to construct a model to predict patient sur-
vival [11-14]. Cholesterol accumulation is a common fea-
ture of cancer tissue, and recent studies have shown that it
plays an important role in breast, bladder, colorectal, and
other cancers [15]. The mechanism of cholesterol metabo-
lism in cells has been largely understood through current
studies. There is a dynamic balance between synthesis,
uptake, output, and esterification of intracellular cholesterol.
That is, cholesterol is converted into neutral cholesterol ester,
stored in lipid droplets, or secreted as a lipoprotein [16].
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There are four different anomalous metabolic explanations
for cholesterol accumulation [2]: (1) Absorb a large amount
of free cholesterol in serum. (2) Synthesize excessive amount
of endogenous cholesterol in cancer cells. (3) The activity of
enzymes and other factors that regulate cholesterol synthesis
in cancer cells increases. (4) Cholesterol cannot be normally
excreted from cancer cells [17]. In vitro inoculation tests have
confirmed that cholesterol accumulation in RCC cells is not
dependent on extracellular uptake, but rather is likely due
to intracellular endogenous cholesterol synthesis and efflux
[18]. Most research, however, has focused on the role of cho-
lesterol and its typical metabolites in cells [19], and little is
known about changes in cholesterol synthesis and its path-
ways in cancer cells, particularly in the genes involved.
Therefore, we chose to start with the synthesis pathway of
endogenous cholesterol synthesis in cells.

When it comes to the synthesis of substances, genetic
changes must be taken into account. Studies on the gene
related to kidney cancer have been carried out for a long
time, and the sequencing of the gene related to kidney cancer
has also been reported [20]. At present, the main direction
focuses on differentially expressed genes, miRNA, etc.,
among which mutations of immune-related genes, lipid-
synthesis-related genes, and similar genes have been found
to play their roles in cancer cells [21]. miRNA, on the other
hand, affects gene expression by cutting off mRNA or inhi-
biting translation [22]. However, there are still few studies
on the relationship between cholesterol biosynthesis-related
genes (CBRGs) and clear cell renal cell carcinoma (ccRCC).

A complex set of related genes regulates cholesterol
homeostasis. For example, in the process of cholesterol
production by HMG-COA in cancer cells, the synthesis
pathways of many associated proteins and enzymes are reg-
ulated by different associated genes such as HMGCR and
HMGCS1 [23]. Therefore, we believe that these CBRGs
affect the cholesterol synthesis of cancer cells, and the study
of the biosynthetic pathway of these genes can also provide
references for the clinical treatment and prognosis of
ccRCC.

In this study, we investigated for the first time the effect
of CBRG expression in ccRCC tissues on the prognosis of
patients. We worked backward, identifying the path-related
raw materials and enzymes and then looking backward for
the genes involved in their synthesis. Previous studies have
shown that the upregulated differentially expressed genes
(DEGs) in ¢cRCC are significantly enriched in the inflam-
matory and hypoxia responses in the immune response
injury response. In contrast, the downregulated genes are
mainly concentrated in the genes related to ion transport
[24]. We systematically analyzed the clinical relevance of
CBRGs selected from TCGA database and through the anal-
ysis of CNV and SNV to determine whether they are risky
genes or protective genes [25, 26]. Then, LASSO regression
was used to select 9 of these genes and construct a model
to predict survival rate. Age, grade, and stage of cancer are
also factors that take into account [27-30]. We included all
of these factors in the nomogram. All these analyses were
performed in R language. Referring to other experiments
with R, we used several good software packages such as
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Limma and Glmnet [31, 32]. Because cholesterol synthesis
involves many biosynthetic pathways, the number and types
of pathways affected by CBRGs are also very large. Among
the nine selected genes, 7 are protective genes and 2 are risky
genes, among which ACAT2 is a risky gene [16]. ACAT2, as
a gene related to cholesterol ester synthesis and its influence
on cholesterol intestinal absorption, has been deeply studied.
HMGCR and other genes associated with the synthesis of
HMG-COA have also been thoroughly studied in the treat-
ment of lung cancer and breast cancer [23, 33]. In a 2012
review, Borgquist et al. [34] suggested that genes involved
in sterol synthesis and cholesterol synthesis, especially
enzymes downstream of squalene, could potentially have
far-reaching implications for cancer treatment. This view
was also confirmed by the establishment of a predictive sur-
vival model for ccRCC patients with nine CBRGs, including
SQLE and CYP51A1. After this, Clayman et al. [19] also put
forward the view that mutations of SQLE, HMGCR, and
other genes could affect cholesterol metabolism, thus further
affecting cancer, and the conclusion is put forward. A single
pathway to inhibit cholesterol metabolism may cause a low
impact on tumor growth. Further, exploration and preven-
tion of biochemical cholesterol changes in cancer may pro-
vide new ideas for the next generation of metabolic
therapies. Therefore, how to perfect the influence factors
used to construct the model, including cholesterol metabo-
lism and transport, is the next thing we need to solve.
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Objective. To evaluate the stress status of fracture site caused by femoral neck shortening and to analyze the stress of fracture site
and the implants from the finite element point of view. Methods. CT scan data of hip of a normal adult female were collected. Three-
dimensional reconstruction MICs and related module function simulation was used to establish the postoperative shortening
model of femoral neck fracture with Pauwels angle > 50°, which was treated with cannulated screws. The models were divided
into four groups: normal femoral neck, shortening in 2.5 mm, shortening in 7.5mm, and shortening in 12.5mm. The finite
element analysis software msc.nastran2012 was used, and the data of maximum stress and stress nephogram of fracture site and
implants were carried out. Results. From normal femoral neck to shortening in 12.5mm of the femoral neck, the maximum
tensile stress increased gradually in the fracture site above the cannulated screws while compressive stress decreased gradually in
the fracture site below the cannulated screws, and the maximum stress of the cannulated screws increased gradually with
obvious stress concentration at the screw holes in the fracture site, and the peak value of stress concentration was about
179 MPa. Conclusion. The biomechanical environment of the fracture site changed by femoral neck shortening. With the
increasing of femoral neck shortening, the stress of the fracture site and implants would be uneven; then, the stability of fracture

site would become worse, and the possibility of implant sliding or even breakage would be increased.

1. Introduction

Femoral neck fracture is a senile disease. However, the frac-
ture in 60-65 years old is usually treated by internal fixation
with cannulated screws, which was considered as an impor-
tant method to preserve the hip joint [1, 2]. However, due
to the situation such as osteoporosis, it is not uncommon to
see the femoral neck shortening after cannulated screw place-
ment [3]. The shortening of the femoral neck will inevitably
cause the shortening of the lower limb, which will change
the patient’s gait. For a long time, it will affect the abduction
function of hip joint and pelvic stability, thus affecting the
quality of life [4, 5]. Some scholars reported their researches
about the stability of the femoral neck fracture fixation by

finite element analysis and the comparison with the dynamic
hip screw and cannulated screws by biomechanical evalua-
tion [6-8]; however, there was few biomechanical experi-
ment to verify the biomechanical effect of neck shortening
on fracture healing after internal fixation with cannulated
screws. In fact, it is necessary to understand the biomechan-
ical effect, which helps the surgeons to judge what kind of
degree of shortening needs early intervention. It has been
confirmed that femoral neck shortening after internal
fixation with cannulated screws will significantly reduce the
Harris score of hip joint due to the abnormal gait of claudica-
tion of the injured limb and limitation of the abduction of the
injured hip [9-12]. Therefore, this study aims to establish a
three-dimensional model of femoral neck fracture with
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FIGURE 1: Geometric models and the cannulated screws retreat in different femoral neck shortening after cannulated screws fixation. (a) No
shortening, (b) shortening in 2.5 mm, (c) shortening in 7.5 mm, and (d) shortening in 12.5 mm; 1: geometric models and 2: cannulated screws

retreat.

cannulated screw fixation and analyze the stress distribution
and changes on the fracture site and implants by finite
element method, so as to explore the biomechanical effect
of femoral neck shortening on fracture healing after internal
fixation of femoral neck fracture.

2. Material and Method

2.1. The Establishment of Normal Hip Joint Model and
Femoral Neck Fracture Model with Neck Shortening. A 60-
year-old female volunteer, 160cm in height and 55kg in
weight, was randomly selected in the hospital. The abnormal
conditions such as necrosis of the femoral head, acetabular
defect and dysplasia, and hip joint disease were excluded by
X-ray examination. The patient was diagnosed as osteoporo-
sis by dual energy X-ray absorptiometry (DXA). The study
was approved by the ethics committee in the hospital, and
the volunteers signed the informed consent before the
examination.

The volunteer was supine on the CT bed, and the lower
extremities were in the neutral position. The hip joint was
scanned from the upper edge of the acetabulum to the middle
part of the femoral shaft. After scanning, the CT image data
of 512 x 512 matrix, 260 layers in total, was obtained, and
the scanned data was stored directly in Dicom format. The
Dicom files were loaded into software of Mimics 16.0. The
original images were set in the directions of front, back, left,
and right and accurately matched the orientation of the
reconstructed 3D model with the human body coordinate
axis. The osseous tissue was extracted by threshold method
with the range of 122-1613 Hu. The extracted tissue was
stored in a mask, and the pixels in the mask were modified
by mask editing, region growing, and cavity filling. Then,
the STL file was loaded into the software of Geomagic studio
2014, which could build a watertight nonuniform rational
spline curve and could be optimized for surface fitting and
fairing. It could be curved through the process of accurate
surface and finally formed a three-dimensional solid model
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F1GURE 2: The models of shortening after internal fixation of femoral neck in four groups. (a) No shortening, (b) shortening in 2.5 mm, (c)

shortening in 7.5 mm, and (d) shortening in 12.5 mm.

TaBLE 1: The material parameters of femoral neck shortening model
after cannulated screw fixation.

Structural region Modulus of elasticity Poisspn’s
(MPa) ratio
Cortical bone of femur 16 800 0.30
Cancellous bone of femur 620 0.29
Acetabular cartilage 10 0.40
(C;ir:;ﬁ%%d&)“ew 110 000 033

of the hip joint, which was conducive to the subsequent finite
element model establishment and analysis (Figure 1).

3. The Model Assembly

In order to facilitate the establishment of hip joint finite ele-
ment model and data processing, the implant size was
referred to the operation of internal fixation of femoral neck
fracture. Three cannulated screws (Synthes, Swiss) were
commonly used with the screw diameter 4.8 mm, thread
diameter 7.3 mm, and hollow diameter 2.6 mm. However,
the screw length was depended on the actual length of the
femoral neck. The cannulated screws were arranged in an
inverted triangle, and the thread shape of the screw was
ignored in the process of screw modeling. The contact setting
was used in the calculation process to achieve a good contact
between the thread of the cannulated screws and the femoral
neck. It was assumed that the femoral neck was complete
fracture and had been anatomical reduction. The Pauwels
angle was more than 50°, and the friction coefficient
between the two fracture surfaces was 0.15. The relationship
between the femoral neck and the thread of the cannulated

FIGURE 3: Boundary constraints of femoral neck shortening model.

screws was set as binding without displacement; however,
the relationship between the screw paths and the
unthreaded part of the screws was set as contact, and the
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FIGURE 4: Von Mises stress diagram of cannulated screws with different degrees of femoral neck shortening. (a) No shortening, (b) shortening

in 2.5 mm, (c) shortening in 7.5 mm, and (d) shortening in 12.5 mm.

friction coefficient was 0.2. The shortening model of femo-
ral neck after internal fixation could be completely obtained.
According to the shortening length, the models could be
divided into four groups: no femoral neck shortening model
(0mm), mild shortening model (2.5mm), moderate
shortening model (7.5mm), and severe shortening model
(12.5mm) (Figure 2).

4. Generating the Finite Element Model and
Assigning Material to the Model

The IGES files of four groups of the models were imported
into HyperMesh 13.0 software for mesh generation, the
BDF format files were then exported, and the finite element
postprocessing calculation and analysis were carried out in
msc.nastran2012 software.

The modulus of elasticity and Poisson’s ratio were
selected as the parameters of material assignment. The femur
is made up of cancellous bone, cortical bone, and hollow

medullary cavity, and it has the characteristics of heterogene-
ity and belongs to anisotropic nonlinear body. Therefore, we
referred to the published research data [13-15], titanium
alloy (Ti6AI4VELI) material was used for the cannulated
screws, and the material parameters of the model were listed
in the table below (Table 1).

5. Constraint Condition and
Mechanical Loading

The boundary constraint conditions for four groups of the
models were hypothesized: (1) it was assumed that a distal
femoral fixation constraint and the degrees of freedom in
six directions for all nodes on the distal of femur are limited.
(2) It was assumed that the structure of femur is a continu-
ous, uniform, and isotropic linear elastic material [15]. In this
study, the commonly used simplified model was adopted, the
peak force of the single hip was tested when the 55 kg volun-
teer was walking normally, and the joint was loaded at the
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FIGURE 5: Von Mises stress maps and equivalent strain maps of femoral neck fractures with different shortening of femoral. (a) No shortening,
(b) shortening in 2.5 mm, (c) shortening in 7.5 mm, and (d) shortening in 12.5 mm; 1: von Mises stress maps and 2: equivalent strain maps.

peak time [15]. The reaction resultant of the hip joint force
was about 2072 N, and abductor muscle resultant force was
about 8737 N. The resultant joint forces are distributed in a
cosine fashion on the surface of the femoral head [15]. The
model of assigned material was imported into the finite
element analysis software Msc.Nastran2012 and loaded the
constraints, and then, the calculation and analysis could be
carried out (Figure 3).

6. Results

6.1. Finite Element Simulation of Cannulated Screws with
Different Degree of Femoral Neck Shortening. From normal
femoral neck without shortening to shortening in 2.5mm,
7.5mm, and 12.5mm of the femoral neck, the maximum
tensile stress of cannulated screws in the fracture site above
femoral neck were 115.2 MPa, 117.3 MPa, 120.0 MPa, and
136.6 MPa, respectively; however, the maximum compressive
stress of cannulated screws in the fracture site below the fem-
oral neck were 12.4 MPa, 12.3 MPa, 10.9 MPa, and 9.4 MPa,
respectively. It demonstrated that with the increase of the
shortening, the maximum stress of the cannulated screws
gradually increased, and there was an obvious stress concen-
tration at the fracture site on the cannulated screws. The peak
stress of three cannulated screws were 237.4 MPa, 237.6 MPa,
256.4 MPa, and 276.5 MPa, respectively, which meant that it

might the place with high incidence of stress fatigue of the
implants in clinical application (Figure 4).

7. Finite Element Simulation of Fracture
Site with Different Degree of Femoral
Neck Shortening

From normal femoral neck without shortening to shortening
in 2.5mm,7.5mm, and 12.5mm of the femoral neck, the
maximum compressive stress of the medial bone of the fem-
oral neck were 19.9 MPa, 18.8 MPa, 4.0 MPa, and 2.1 MPa,
respectively, while the maximum compressive stress of the
lateral bone of the femoral neck were 31.7 MPa, 32.5 MPa,
34.2 MPa, and 36.8 MPa, respectively. The maximum stress
at the fracture site of femoral neck was 152.2 MPa,
159.3 MPa, 161.4 MPa, and 179.2 MPa, respectively. It dem-
onstrated that with the increase of the shortening, the tensile
stress of two screws above the femoral neck increased, while
the compressive stress under the femoral neck decreased. It
also demonstrated that the stress on the fracture site
increased gradually (Figure 5). When the fracture was not
healed, the increased stress might augment the possibility of
implant sliding and breakage, especially in the osteoporotic
patients, which the implant might bear the additional stress
and subsequently affect the stability of the fracture site and
increase the difficulty of fracture healing [16, 17].



8. Discussion

In recent years, the treatment of femoral neck fracture with
cannulated screw has become a better method with satisfied
clinical effect [18, 19]. However, neck shortening often
occurs after internal fixation with cannulated screw, espe-
cially in the osteoporotic population [19]. Some clinical stud-
ies have shown that the osteoporotic femoral neck fracture,
especially for the cases of neck shortening can significantly
reduce the Harris score of hip joint. For example, Bartels
et al. [20] pointed out that patients aged 55-70 years with a
displaced femoral neck fracture might have lower bone den-
sity, higher comorbidity, and subsequently the worse func-
tion of the hip. Another example was that Chen et al. [21]
compared DHS-BLADE and cannulated compression screws
in the treatment of femoral neck fractures and found that the
DHS-BLADE had advantages over cannulated compression
screws for preventing femoral neck shortening, screw migra-
tion, and cut-out, which might keep the function of the hip in
a high place. However, there is no strict biomechanical exper-
iment to study the biomechanical effect of femoral neck
shortening on the healing of femoral neck. We classify the
different degrees of femoral neck shortening and divided it
into four types by modeling in finite element method: normal
group (without shortening), shortening mild group (shorten-
ing 2.5 mm), moderate group (shortening 7.5 mm), and severe
group (shortening 12.5mm). The stress of cannulated screw
and fracture site were simulated by mechanical loading [22].

In this study, the maximum stress of three cannulated
screws in four groups was increased with the increase of neck
shortening. In addition, from the stress nephogram of the
femoral neck, the stress concentration was obvious at the
fracture site on the cannulated screws, which meant that it
might the place with high incidence of stress fatigue of the
implants in clinical application. It is normal to produce stress
concentration because of the loading to the femoral neck in
the condition of slow walking, which will lead to the extru-
sion between the cannulated screws and the femoral neck,
so it is easy to produce stress concentration near the screw
holes. At present, the yield strength of titanium alloy for
implant material is about 817 MPa [22]; therefore, from this
point of view, the internal fixation structure of three cannu-
lated screws after neck shortening is still within the range of
yield strength. However, the stress of implants in this exper-
iment was measured under the condition of slow walking,
which was different from the maximum stress produced by
the actual movement after the operation of femoral neck
fracture, so there was still a risk of breakage of cannulated
screws in stress concentration. Some scholars have estab-
lished the finite element model of the femoral neck shorten-
ing after internal fixation of the femoral neck fracture and
found that the residual screw holes of the cannulated screws
will reduce the quality of the bone structure [23]. Meanwhile,
due to the loss of the support protection of the cannulated
screws, the risk of fracture will be greatly increased after the
removal of the cannulated screws [24].

The results also showed with the increase of the shorten-
ing, the tensile stress of two screws above the femoral neck
increased, while the compressive stress under the femoral

BioMed Research International

neck decreased. It also demonstrated that the stress on the
fracture site increased gradually, which increased the possi-
bility of internal fixation sliding, thus affecting the stability
of the fracture site and increasing the difficulty of fracture
healing. Therefore, from the biomechanical point of view,
excessive stress on the fracture site might aggravate the short-
ening of the femoral neck, which is not conducive to the heal-
ing of the fracture, especially in the osteoporosis population.
Furthermore, the shortening of femoral neck after cannulated
screw fixation would affect the activity and function of hip
joint and the Harris score of hip joint would decrease [25].
In summary, the healing of femoral neck fracture
requires a stable environment constructed by compression
between the fracture site [18, 26]; however, the shortening
of the femoral neck caused by the compression between the
fracture sites should not be ignored as we stated above. The
increased shortening of the femoral neck will also lead to
instability of fracture, increase the risk of implants breakage,
and even cause the hip joint dysfunction [27]. It is suggested
that we should pay attention to the effect of “excessive” com-
pression which might cause the femoral neck shortening.
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Leiomyosarcoma is an uncommon soft tissue sarcoma that composed of malignant mesenchymal cells with distinct features of the
smooth muscle lineage. Typically affects the uterus and gastrointestinal tract, it can rarely be seen in large blood vessels, lymphatic
and glandular duts, the mesentery, the omentum, retroperitoneum, and limbs. Occurrence is particularly rare in the limb region.
Retrospective study based on patient records and postoperative pathological histological features. Four patients with limb
leiomyosarcoma that were operated between 2016 and 2020 were included, three of them arising in the subcutis of the thigh
region and one in cubitus. Extend resection with satisfactory outcomes is reported. Pathological examination showed that
masses were composed of a fascicular arrangement of hyperchromatic spindle-shaped cells, characterized by the proliferation of
epithelioid cells with eosinophilic cytoplasm for epithelioid leiomyosarcoma. Leiomyosarcomas that arise in the soft tissue,
although rare, should be differentiated from other lesions, such as neurilemoma, neurofibroma, liomyoma,lipomyoma,

synoviosarcoma, rhabdomyosarcoma, malignant fibrous histiotoma, and malignant neurinoma.

1. Introduction

Leiomyosarcoma is an uncommon soft tissue sarcoma com-
posed of malignant mesenchymal cells showing distinct fea-
tures of a smooth muscle lineage. It usually affects the
uterus and gastrointestinal tract but that may be also found
in less common sites including large blood vessels, lymphatic
and glandular duts, the mesentery, onmentum, and retroper-
itoneum as well as the limbs. However, the limb region is a
rare location [1]. Leiomyosarcomas of the cubitus and subcu-
tis of the thigh region are very infrequent occurrences. Preop-
erative diagnosis of leilomyosarcoma is challenging because of
nonspecific symptoms and a rapidly enlarging mass, and
therefore, it mainly depends on postoperative pathological
examination. The histological grade, tumor size, and tumor
depth are the three major clinical pathologic factors for the

prognosis of leiomyosarcoma. Around 90% of leiomyosarco-
mas are reported to be moderate to high grade [2]. Herein, we
report four cases of leiomyosarcoma and discuss possible dif-
ferential diagnoses.

2. Materials and Methods

Four patients with limb leiomyosarcomas based on patient
records and postoperative pathological histological features
were included in this retrospective study between June 2016
and June 2020.There were 3 males and 1 female with an aver-
age age of 41.5 years (21-70 years). All the cases whose pri-
mary symptom was asymptomatic except slowly enlarging
painless soft tissue masses. The course of the disease was
0.5 year to 2years.Three of them arising in the subcutis of
the thigh region, one in cubitus. The masses range from 2
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TaBLE 1: Demographics of the patients and follow-up data.
Case Gender (M/F) Age (year) Site Course (year) Max diameter (cm) Therapies Follow-up
1 M 70 Left thigh 0.5 7 Extended resection Survive with 2 years
+chemotherapy

2 M 35 Right cubitus 1 3 Extended resection No rigee or
metastases 2 years

3 M 21 Right thigh 1.2 8 Extended resection PO
metastases 1.5 years

4 F 40 Right thigh 2 6 Extended resection No gggpnce of

metastases 3 years

to 8 cm in diameter. Gross total extended resections with 3-
5cm of normal tissue around the tumor and wide negative
margins by intraoperative frozen sections were given for all
patients. All the patients were primary tumors. And one
patient with pulmonary metastasis later was managed with
chemotherapy. Follow-up times are from 12 to 36 months

(Table 1). All patients provided informed consent
preoperatively.
3. Result

The postoperative course was uneventful, and functional
exercises were progressively started with the help of rehabil-
itation therapist. Three of the patients had an uncomplicated
recovery and showed no evidence of recurrence or metasta-
ses. The patient with pulmonary metastasis survived with 2
years of postoperation (Table 1). Typical case is illustrated
in pictures at the end of the article (Figures 1(a)-1(e).

4. Discussion

Most leiomyosarcomas (LMS) are located in the mesentery,
omentum majus, and retroperitoneum, with rare reports in
the somatic soft tissue. LMS account for about 10%-15% of
limb sarcomas, with predilection for the lower limbs, espe-
cially the proximal limb. This may be related to the abundant
vasalium in the proximal limb [3]. The incidence of deep
bone invasion by LMS in the somatic soft tissue is estimated
to be approximately 10%, as first described by Evans in 1965
[4]. Fortunately, there were no deep bone invasions by LMS
for the four patients. LMS in the somatic soft tissue most
commonly occur in middle-aged and elderly patients with
no obvious sex ratio correlations.

Causal factors have been identified for the etiology. A
high rate of LMS in somatic soft tissues has been reported
in acquired immunodeficiency syndrome (AIDS) and after
kidney or liver transplantation. Smooth muscle cells infected
by Epstein-Barr virus may be associated with tumor patho-
genesis [5]. Hematogenous spread is a frequent event in the
LMS of soft tissue, with the lung the most common site of
metastasis. Clinical presentation is asymptomatic except
slowly enlarging painless soft tissue masses. Enlarged lymph
nodes in advanced cancer have been reported [6]. Both
reported cases suffered a rapidly progressive lesion which
was asymptomatic that vary from 0.5 year to 2 years. Surgical
resection is the essential treatment of patients with LMS

localized in the somatic soft tissue. The standard surgical
procedure involves a complete excision with 3-5cm of the
normal tissue around the tumor and wide negative margins
by intraoperative frozen sections, which is the most impor-
tant prognostic factor for survival, with or without adjuvant
chemotherapy and radiation therapy. One patient with pul-
monary metastasis preoperation was managed with chemo-
therapy in our research. LMS localized in the somatic soft
tissue have better overall survival than those arising in the
retroperitoneum [7].

Iconography examination plays an important role in
diagnosing LMS of the soft tissue. MRI images show irregular
masses with poor defined boundaries and no obvious capsule
surrounding the lesion. Small areas of necrotic cystic degen-
eration can also be seen within the tumor. Most lesions show
nonuniform equisignal on T1WTI and patchy high signal on
T2WI. Lesions show significantly inhomogeneous enhance-
ment, with a patchy area of low signal and no obvious
enhancement in the center of the lesion [8]. CT imaging
helped us identify whether there was any bone destruction
adjacent to the tumor.

Although imaging examination help for LMS identifica-
tion in the soft tissue, definite diagnosis depends on postop-
erative pathological histological features. ELMS of the soft
tissue composed of cells showing distinct features of the
smooth muscle lineage, which have been characterized as
intersecting, sharply marginated fascicles of spindle cells with
abundant eosinophilic cytoplasm, and elongated and hyper-
chromatic nuclei [9]. Proliferation of epithelioid cells with
eosinophilic cytoplasm is seen in epithelioid leiomyosarcoma
[10]. Immunohistochemical staining showed that vimentin,
desmin, SMA, Ki-67, and HHF-35 are positive.

LMS of the soft tissue should be differentiated from
benign tumors such as neurilemomas and neurofibromas. If
a benign tumor is misdiagnosed preoperatively, local recur-
rence can occur due to incomplete resection. This can be
found to grow along the peripheral nerve and the well-
defined margins of benign neurogenic tumors and moder-
ately to significantly enhanced and capsular for the paren-
chyma of the LMS of the soft tissue, which may help to
differentiated from benign tumors [11].

Secondly, there is need to exclude important likely differ-
ential diagnosis of LMS in the soft tissue such as synoviosar-
coma, rhabdomyosarcoma, malignant fibrous histiotoma,
and malignant neurinoma. Synoviosarcoma mainly occurs
in young adults (20 to 40 year olds). Localization of
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FIGURE 1: A 70-year-old man presented with a three-month history of a soft tissue mass in the subcutis of the left thigh. (a). Magnetic
resonance imaging (MRI) revealed a fusiform mass shadow on the subcutis of the left thigh and diffusion-weighted imaging showing high
signal. (b). Magnetic resonance imaging (MRI) revealed TIWI sequencing showing low signal. (c). Magnetic resonance imaging (MRI)
revealed enhancement scan that showed lesion which was significantly intensify. (d). Histologic features of the lesion showed that the
tumor was composed of densely arranged, abundant spindle cells with nuclei that were mild to moderately atypical, and proliferation of
epithelioid cells(HE, x200). (e). Tumor cells showing diffuse immunohistochemical positivity for SMA.

synoviosarcoma is mostly around the joints and is closely ~ 20%, which is higher than LMS in the soft tissue [12]. Rhab-
related to the joint capsule, peritendineum, and adjacent ~ domyosarcoma located in the muscle is another soft tissue
bone. The incidence of bone destruction is greater than  malignant tumor that may be misdiagnosed as LMS. It is
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Osteosarcoma (OS) is a type of bone malignancy with a high rate of treatment failure. To date, few evident biomarkers for the
prognostic significance of OS have been established. Oncomine was used to integrate RNA and DNA-seq data from the Gene
Expression Omnibus (GEO), The Cancer Genome Atlas (TCGA), and the published literature. The correlation of the gene
Trophinin (TRO) and different types of cancers was generated using the Cancer Cell Line Encyclopedia (CCLE) online tool.
Prognostic values of featured Melanoma Antigen Gene (MAGE) members were further assessed by establishing the overall
survival using the Kaplan-Meier plotter. Moreover, the online tool, Database for Annotation, Visualization and Integrated
Discovery version (DAVID), was used to understand the biological meaning list of the genes. MAGEB10, MAGED?2, TRO,
MAGEH1, MAGEB18, MAGEB6, MAGEB4, MAGEB1, MAGED4B, MAGEDI1, MAGEB2, and MAGEB3 were significantly
overexpressed in sarcoma. TRO was further demonstrated to be distinctively upregulated in osteosarcoma cell lines and
associated with shorter overall survival. TRO may play an important role in the development of OS and may be a promising

potential biomarker and prognostic factor.

1. Introduction

Osteosarcoma (OS) is the most common bone malignancy in
young people, with over 50% of cases occurring in the first two
decades of life [1]. Tremendous progress has been achieved in
the past few decades in the field of OS therapy development
including advances in surgical and diagnostic strategies and
the use of combined chemotherapy [2]. Despite this progress,
curative treatment of OS remains challenging with subsequent
poor prognosis and shortened life expectancy [3]. Early diag-
nosis and treatment of OS, particularly with nonmetastatic
OS, is crucial for improving the prognosis of OS patients [4].
Unfortunately, few distinctive diagnostic and prognostic bio-
markers have been identified. A better understanding of the

molecular and cellular biology and an identification of effec-
tive biomarkers involved in tumor initiation and progression
are crucial for optimizing diagnosis and treatment of OS.

The TRO gene encodes for Trophinin, a member of the
Melanoma Antigen Gene (MAGE) family, mediate the initial
attachment of the blastocyst to the uterine epithelial cells
during embryo implantation through a cell adhesion mole-
cule complex in combination with bystin and tastin [5]. Fur-
thermore, a prior study indicated that TRO is overexpressed
in many trophoblastic cancers, which is of great importance
for the progression of trophinin-expressing cancers [6].
TRO may therefore have a critical role in the development
of different cancers, with a possible role in OS initiation
and prognosis remaining elusive.
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FIGURE 2

In the present research, we first investigated the diagnostic
role and prognostic value of TRO in OS. Additionally, the
underlying biological mechanism of TRO in OS was explored.

2. Materials and Methods

2.1. Oncomine Analysis. The Oncomine (https://www.oncomine
.org) database integrates RNA and DNA-seq data from GEO,
TCGA, and published literature. We can use Oncomine for dif-
ferentially expressed gene analysis, clinical correlation analysis,

and multigene coexpression analysis. The expression informa-
tion of the MAGE family in sarcoma and coexpressed genes
of the MAGE family were retrieved from Oncomine with the
default setting of fold change > 2 and P value < 0.01.

2.2. CCLE Analysis. The CCLE database (https://portals
.broadinstitute.org/ccle/home) is an online encyclopedia of
a compilation of gene expression, chromosomal copy num-
ber, and massively parallel sequencing data from 1457
human cancer cell lines and 136,488 unique data sets, to
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FIGURE 3

facilitate the identification of genetic, lineage, and predictors
of drug sensitivity. The correlation of gene TRO and different
types of cancers was generated using the CCLE online tool.

2.3. The Kaplan-Meier Plotter Survival Analysis. The MAGE
members that were shown to be specifically highly expressed
in sarcoma samples and their coexpressed genes were further
assessed by displaying the overall survival using the Kaplan-
Meier plotter (http://kmplot.com/analysis/). The Kaplan-
Meier plotter is an online tool applied to assess the effect of
54,675 genes on survival using 13,316 cancer samples in 21
cancer types. Sources for the databases include GEO, EGA,
and TCGA. The primary purpose of the tool is a meta-
analysis-based discovery and validation of survival bio-
markers. P <0.01 was considered to indicate a statistically
significant result.

2.4. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Pathway Enrichment Analysis. The
online tool Database for Annotation, Visualization and Inte-
grated Discovery version (DAVID) Bioinformatics Resources
6.8 was used to understand the biological meaning of the list
of genes. GO enrichment and KEGG pathway analyses were
performed with DAVID. The GO and KEGG pathway anal-
ysis result was visualized by the ggPlot2 R package. The rela-
tionship between GO terms was calculated in Cytoscape
3.7.2, using the plug-in software ClueGO.

3. Results and Discussion

3.1. Oncomine Analysis. Oncomine analysis revealed that for
MAGE family, MAGEB10, MAGED2, TRO, MAGEH],
MAGEB18, MAGEB6, MAGEB4, MAGEB1, MAGED4B,
MAGED1, MAGEB2, and MAGEB3 were significantly
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overexpressed in sarcoma, based on the TCGA database
(Figure 1). The meta-analysis combined 27 studies ranking
the MAGE family genes expressed in sarcoma by P value
and median. TRO was the top gene which was significantly
upregulated in sarcoma (Figure 2). The coexpressed genes of
TRO were identified using the coexpression online tool in
Oncomine. The top ten genes were PTK7, ZNF135, ZC4H2,
DZIP1, EPHB3, SMARCA1, MYH10, GPC, TSPYL5, and
H2AFY2 (Figure 3).

3.2. CCLE Analysis. CCLE analysis agreed with the Oncomine
results demonstrating that TRO was distinctively upregulated
in the osteosarcoma cell lines (Figure 4(a)). In addition, the

DNA copy number was relatively high in osteosarcoma
(Figure 4(b)). Moreover, the Achilles shRNA knockdown
results showed osteosarcoma was ranked second when ordered
by dependency probability with TRO (Figure 4(c)).

3.3. The Kaplan-Meier Plotter Survival Analysis. For the top
10 MAGE family genes of TRO, MAGED4B, MAGED2,
MAGEDI1, MAGEAS5, MAGEFI1, and MAGEA3 were associ-
ated with shorter overall survival (P <0.05) (Figure 5). For
the top 10 coexpressed genes of TRO, PTK7, ZNF135,
DZIP1, EPHB3, SMARCA1, GPC4, and TSPYL5 were asso-
ciated with shorter overall survival (P < 0.05) (Figure 6).
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FIGURE 6

3.4. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Pathway Enrichment Analysis. The
MAGE family and coexpressed genes were significantly
enriched in the biological progress of nervous system devel-
opment, cochlea morphogenesis, and positive regulation of
mesenchymal cell proliferation; in cellular components of
coreceptor activity involved in the Wnt signaling pathway,
protein binding, and transmembrane-ephrin receptor activ-
ity; in molecular functions of integral component of plasma
membrane, synapse, and intrinsic component of plasma
membrane; in KEGG pathways of Wnt signaling pathway,
axon guidance pathways, and signaling pathways regulating
pluripotency of stem cells (Figure 7 and Table 1).

4. Discussion

OS is the most common type of bone malignancy with a high
incidence in teenagers [7]. Early diagnosis and effective treat-
ment of OS could remarkably decrease the high OS-related
mortality [8, 9]. However, current therapies for advanced
OS remain poor due to the lack of specific molecular targets.
In this study, we first aimed to investigate the diagnostic role
and prognostic value of TRO in OS.

TRO is a member of MAGE family members of which
have previously been reported as effective targets for cancer
immunotherapy [10]. TRO is a type of adhesion molecule
with specific expression on human trophoblast cells [11].
Trophoblastic cancer patients with high expression of this
molecule often have poor prognosis [12]. Among those with
positive expression of TRO, HMGB1/RAGE are often coex-
pressed, suggesting that TRO can promote tumor invasion
through an HMGB1/RAGE signaling pathway [13]. Simi-
larly, high levels of TRO were found to be related with poor
prognosis in liver and gallbladder cancer [14, 15]. It has also

been demonstrated that TRO enhanced invasion and pro-
moted colorectal cancer through a mechanism involving
HMGB1/RAGE [11]. However, the function of TRO in the
prognosis and progression of OS had not yet been fully
elucidated.

This study first investigated the function and clinical sig-
nificance of TRO in OS patients via the clinical data of OS
patients and public expression profiles. The results indicated
that the members of the MAGE family, including MAGEBI10,
MAGED2, TRO, MAGEH1, MAGEBI1S8, MAGEBS6,
MAGEB4, MAGEB1, MAGED4B, MAGED1, MAGEB2,
and MAGEB3, were significantly overexpressed in sarcoma
tissues. And TRO was further demonstrated to be distinc-
tively upregulated in OS cell lines and associated with shorter
overall survival. Moreover, it was indicated from the statisti-
cal analysis that there was an evident correlation between
TRO expression levels and a relatively poor prognosis. It
was verified by further univariate and multivariate analyses
that TRO could be used as a potential prognostic biomarker
for OS patients.

To the best of our knowledge, the regulation of the
expression of TRO in OS patients has not yet been explored.
A limited number of studies have reported that overexpres-
sion of other MAGE family numbers, such as melanoma
antigen family A (MAGEA), and preferentially expressed
antigen in melanoma (PRAME) are related to OS progres-
sion [16]. However, the specific mechanism of MAGE family
contribution to the occurrence, development, and prognosis
of OS is still unknown. The present study suggested that
TRO can act as a promising biomarker for OS diagnosis
and prognosis. Nevertheless, the current study presented
results derived solely from bioinformatics analyses, and
further experimental evidence is required to validate these
findings.
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TaBLE 1: Functional and KEGG pathway enrichment analysis of MAGE family and co-expressed genes. Top 3 terms were selected according

to P-value.
(a) Biological processes
Term Name Count P-value Genes
SEMAGA, EFNB3, DPYSL4, MDK, ZC4H2,
GO:0007399 Nervous system development 9 2.22E-6 PCDHB3, APBA2, PAFAH1B3, GPM6B
G0O:0090103 Cochlea morphogenesis 4 3.90E-5 FZD2, PTK7, WNT5A, SOX9
G0:0002053 Positive regulation of mesenchymal 4 6.53E-5 WNT5A, LRP5, SOX9, FGFR2
cell proliferation
(b) Molecular functions
Term Name Count P-value Genes
GO:1904929 Coreceptor activity involved 2 1.83E-2 PTK7, GPC4
in Wnt signaling pathway
ISYNA1, MAGEDI1, ZC4H2, MAGEF1, LRPS5,
EFNA4, MAGEA9, TRO, CCND2, DPYSL4, SOX9,
GPRASP1, MYH10, MAGEA3, TLE2, SEMAGA,
GO:0005515 Protein binding 36 1.85E-2 FZD2, TLE1, CADMI, IGFBP2, WNT5A, LDOCI,
SMARCA1, TBX3, PTK7, ADGRLI1, ZNF415,
MAGED?2, BCOR, DZIP1, APBA2, ZNF334,
PAFAHI1B3, FGFR2, TSPYLS5, ITM2C
GO:0005005 Transmembrane-ephrin 2 2.74E-2 EFNB3, EFNA4
receptor activity
(c) Cellular components
Term Name Count P-value Genes
TRO, SEMAG6A, EFNB3, CADM1, TUSC3, PTK?7,
GO:0005887 Integral component of plasma membrane 11 2.19E-2 PCDHB3, GPC4, EFNA4, FGER2, EPHB3
CADM]1, ZC4H2, COL4A5, ADGRL1, APBA2,
GO:0045202 Synapse 7 2.53E-2 MYT110, FGRR)
. TRO, SEMAG6A, EFNB3, CADM1, TUSC3, PTK?7,
GO0:0031226 Intrinsic component of plasma membrane 11 2.82E-2 PCDHB3, GPC4, EFNA4, FGFR2, EPLIB3
(d) KEGG pathways
Term Name Count P-value Genes
hsa04310 Wnat signaling pathway 4 7.12E-4 FZD2, CCND2, WNT5A, LRP5, GPC4
hsa04360 Axon guidance 4 6.41E-3 SEMAGA, EFNB3, EFNA4, EPHB3
hsa04550 Signaling pathways regulating pluripotency of stem cells 4 8.39E-3 FZD2, WNT5A, FGFR2, TBX3

5. Conclusions

Overall, as TRO is overexpressed in human OS tissues, a
poor prognosis can be predicted by a high level of TRO.
Therefore, our findings highlight that TRO may be an
important biomarker for the prognosis and progression
of OS.
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Deep venous thrombosis (DVT) is a common complication in patients with lower extremity fractures, causing delays in recovery
short-term and possible impacts on quality of life long-term. Early prediction and prevention of thrombosis can effectively reduce
patient pain while improving outcomes. Although research on the risk factors for thrombosis is prevalent, there is a stark lack of
clinical predictive models for DVT occurrence specifically in patients with lower limb fractures. In this study, we aim to propose
a new thrombus prediction model for lower extremity fracture patients. Data from 3300 patients with lower limb fractures were
collected from Wuhan Union Hospital and Hebei Third Hospital, China. Patients who met our inclusion criteria were divided
into a thrombosis and a nonthrombosis group. A multivariate logistic regression analysis was carried out to identify predictors
with obvious effects, and the corresponding formulas were used to establish the model. Model performance was evaluated using
a discrimination and correction curve. 2662 patients were included in the regression analysis, with 1666 in the thrombosis group
and 996 in the nonthrombosis group. Predictive factors included age, Body Mass Index (BMI), fracture-fixation types, energy of
impact at the time of injury, blood transfusion during hospitalization, and use of anticoagulant drugs. The discriminative ability
of the model was verified using the C-statistic (0.676). For the convenience of clinical use, a score table and nomogram were
compiled. Data from two centers were used to establish a novel thrombus prediction model specific for patients with lower limb
fractures, with verified predictive ability.

1. Introduction

Lower limb fractures account for approximately one-third
of fracture patients [1-3], with a higher incidence in the
elderly population. Consequently, given the aging popula-

tion, lower limb fractures are on the rise. Among hospital-
ized patients, trauma patients have the highest risk of
developing deep venous thrombosis (DVT), with the risk
reported to be 13-fold higher than nontrauma patients
(4, 5].
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Further, lower limb fractures are a well-known risk factor
for DVT occurrence [6]. DVT is in turn the third leading
cause of cardiovascular death worldwide [7, 8] and also a
major complication limiting recovery in patients with lower
limb fractures [6, 9].

Thrombosis in patients with fractures is primarily formed
in the deep veins of the lower extremities, which may result in
swelling and pain in the patient’s lower extremities. When the
thrombus dislodges, it may cause life-threatening complica-
tions such as pulmonary embolism [7, 10-12]. A large number
of studies have investigated the diagnosis and treatment of
DVT. Specific advances include the combination of ultra-
sound, D-dimer, and clinical evaluation for thrombosis diag-
nosis [13, 14]; the use of small RNA molecules as new
diagnostic markers [15, 16],; and the combination therapy
and standard treatment with anticoagulation and antithrom-
botic drugs [7, 9]. In comparison to the large strides that have
been made in the treatment of thrombosis, efforts to increase
early prediction and prevention of DVT—which are arguably
more effective and more efficient—have been minimal. There-
fore, early prediction of thrombosis has become a major focus
of current research.

An increasing number of studies have strove to identify
the factors associated with DVT occurrence during hospital-
ization of patients with lower limb fractures [8, 17-19]. Such
studies have offered a better understanding of the factors
associated with increased DVT risk. However, whether to
take the prevention of DVT is usually based on a physician’s
experience and on patient symptoms. Although practical,
this approach may delay the prevention and treatment of
DVT. Identification of patients who are at the highest risk
of DVT may enable the provision of timely and effective ther-
apies, thereby avoiding DVT occurrence.

Although there are several prediction models for venous
thrombosis, like Caprini Risk Assessment Model, these are
not specific to lower extremity fractures and, hence, have sev-
eral limitations if used in that context. First, some tools
already used in clinic fail to include factors that may affect
thrombosis which are specific to fracture patients, including
energy of impact and surgical method. This highlights the
need for a more targeted prediction model. Second, some
studies focus on the effect of a single risk factor for thrombo-
sis in fracture patients [20, 21]. However, the occurrence of
thrombosis is a relatively complicated, multifactorial process
[6]. Therefore, the ability of single factor prediction is lim-
ited. Furthermore, some studies that do include multiple
influencing factors fail to establish a clear clinical predictive
model or a scoring table that can be applied by physicians
in a healthcare setting [22-24]. In order to be able to translate
such research results to patient care, a prediction model must
be established. The primary aim of this study is to develop a
model for predicting the risk of DVT following a lower limb
fracture and, ultimately, offers a straight-to-clinic/hospital
nomogram that can change current practice.

2. Materials and Methods

2.1. Study Population. This retrospective cohort study con-
sisted of two groups (thrombosis group and nonthrombosis
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group) of patients with lower limb fractures who underwent
surgery at Wuhan Union Hospital and Hebei Third Hospital,
China. Patients with hip, femur, or tibial fibula fractures were
included in the study. At the same time, patients who had
experienced a DVT prior to the fracture were excluded from
the study. The time frame for the collection of medical
records was from January 2016 to January 2019. The infor-
mation collected consisted of 18 risk factors linked to DVT
occurrence in the lower extremities, such as sex, age, site of
fracture, history of cardiovascular disease, and BMI. The cur-
rent study was approved by the Ethics Committee of Union
Hospital, Tongji Medical College, Huazhong University of
Science and Technology:

2.2. Clinical Outcomes and Definitions. The defined outcome
was the occurrence of lower extremity DVT. Venous ultra-
sound is the gold standard for establishing whether DVT
has formed in the lower extremities [25, 26]. When the
patient’s lower extremity venous ultrasound results show that
venous thrombosis has formed, the patient was included in
the thrombosis group. All lower extremity venous ultrasound
findings included in this study were recorded in the patient’s
medical history data during hospitalization. In patients with
femur or tibia/fibula fractures, the venous ultrasound was
performed on the noninjured lower extremity. In patients
with hip fractures, the test was performed on both lower
limbs, and the result of the side with the more severe throm-
bosis was recorded. Patients who did not undergo a lower
limb venous ultrasound examination during hospitalization
were excluded from the analysis.

2.3. Selection of Predictors. Firstly, we selected the factors
that significantly affect the formation of thrombus as
potential predictors. A list of potential predictors was
compiled from a search of the relevant literature as well
as through clinical judgment. These variables were sex,
age, BMI, fracture site, energy of the traumatic impact,
open wound, traumatic brain injury, cardiovascular his-
tory, history of type II diabetes, smoking history, triglycer-
ide (TG), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), D-dimer, prothrombin time (PT), acti-
vated partial thromboplastin time (APTT), thrombin time
(TT), fibrinogen (FIB), duration of surgery, fracture fixa-
tion types, blood transfusion during hospitalization (red
blood cells), and anticoagulation drugs (low-molecular-
weight heparin sodium; Table 1). The fracture sites were
divided into hip, femur, and tibia/fibula. Traumatic brain
injury was determined through head imaging. Fracture fix-
ation types included internal fixation, external fixation,
and others.

2.4. Missing Data. In this retrospective study, 19.33%
(n=638) of patients had missing medical history informa-
tion or test results due to the long review period. Participants
with missing ultrasound results were also excluded. In the
case of participants with missing basic information, a multi-
ple filler method was used to supplement the data.

2.5. Model Building. Data analysis of the individual variables
was performed using x> or CMH-x?, Fisher exact probability
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TaBLE 1: Patients characteristics and univariate associations for thrombosis-related risk factors.

Risk factor Thrombosis group (n = 1666) Nonthrombosis group (1 = 996) p value

Sex [ (%)] 0.0018"

Male 870 (52.22%) 458 (45.98%)

Female 796 (47.78%) 538 (54.02%)

Age [median (IQR)] 73 (25.5) 64 (34) <0.0001¢

BMI [median (IQR)] 23.46 (4.72) 23.88 (4.89) 0.0023®

Fracture site [n (%)] 0.001"

Tibia/fibula 299 (17.95%) 88 (8.84%)

Femur 1199 (71.97%) 835 (83.84%)

Hip 168 (10.08%) 73 (7.33%)

Energy [n (%)] 0.1085"

Low 1209 (72.57%) 751 (75.40%)

High 457 (27.43%) 245 (24.60%)

Open wound [# (%)] 0.0014"

No 1481 (88.90%) 923 (92.67%)

Yes 185 (11.10%) 73 (7.33%)

Traumatic brain injury [# (%)] 0.1611%

No 1553 (93.22%) 942 (94.58%)

Yes 113 (6.78%) 54 (5.42%)

Cardiovascular history [# (%)] <0.0001%

No 1102 (66.15%) 579 (58.13%)

Yes 564 (33.85%) 417 (41.87%)

History of type II diabetes [# (%)] 0.0151%

No 1447 (86.85%) 831 (83.43%)

Yes 219 (13.15%) 165 (16.57%)

Smoking history [# (%)] 0.5171%

No 1482 (88.96%) 894 (89.76%)

Yes 184 (11.04%) 102 (10.24%)

Blood lipid [median (IQR)]

TG 1.04 (0.72) 1.04 (0.67) 0.3573®

HDL 1.17 (0.5) 1.20 (0.44) 0.0971®

LDL 2.24 (0.95) 2.27 (0.92) 0.1570®

D-dimer [median (IQR)] 2.2 (3.82) 1.99 (3.14) 0.1570¢

Clotting function [median (IQR)]

TT 153 (2.8) 15.1 (2.4) 0.0209°

PT 12.4 (2.00) 12.1 (1.7) <0.0001®

APTT 29.4 (6.3) 30.8 (7.9) <0.0001®

FIB 3.6 (1.6) 3.6 (1.3) 0.4257®

Duration of surgery [median (IQR)] 2.0 (1.3) 2.0 (1.2) 0.3389¢

Fracture fixation type [n (%)] <0.0001"

Internal fixation
External fixation
Other types

1266 (75.99%)
117 (7.02%)
283 (16.99%)

882 (88.55%)
22 (2.21%)
92 (9.24%)
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TastLE 1: Continued.

Risk factor Thrombosis group (1 = 1666) Nonthrombosis group (1 = 996) p value

Blood transfusion during hospitalization [n (%)] <.0001*

No 879 (52.76%) 348 (34.94%)

Yes 787 (47.24%) 648 (65.06%)

Anticoagulation drugs [# (%)] <0.0001*

No 312 (18.73%)
Yes 1354 (81.27%)

42 (4.22%)
954 (95.78%)

*Comparison among groups using x> or CMH-y?; * Comparison among groups using Fisher’s exact probability test; ®“Comparison among groups using the

Wilcoxon rank-sum test; IQR: interquartile range.

TaBLE 2: Multivariate logistic regression analysis.

Risk factor Coef () Wald-y2 p value OR 95% CI for OR
Intercept -5.0642 -11.37 <.0001 — —
Age 0.0192 7.16 <.0001 1.02 1.01-1.02
BMI 0.0484 4.05 <.0001 1.05 1.03-1.07
Energy 0.4054 3.51 0.0004 1.45 1.16-1.88
Fracture fixation type

External fixation Ref

Other types 0.3807 1.38 0.1677 1.46 0.85-2.51
Internal fixation 0.9015 3.63 0.0003 2.46 1.51-4.01
Blood transfusion during hospitalization 0.3868 4.26 <.0001 1.47 1.23-1.76
Anticoagulation drugs 1.1537 6.49 <.0001 3.17 2.24-449

test, and Wilcoxon rank-sum test for between-group com-
parison to identify variables significantly associated with
DVT. Risk factors with significant univariate associations
(p <0.05) were incorporated into the multivariate model.
The regression coeflicients 8, OR, and 95% CI for each risk
factor were estimated by constructing a multivariate logistic
regression model that incorporated the risk factors primarily
considered in the regression model. Nomogram coeflicients
for each variable were calculated based on coeflicients from
logistic regression and data according to the formula:
Nomogrami = (max (Wi) — min (Wi)) # fi. In this formula,
max (W) and min (W) represent the maximum and mini-
mum values of each variable. Subsequently, we selected age
as the scoring scale, with a total score of 100. After clarifying
the score corresponding to age, we calculated the score corre-
sponding to each variable according to the coeflicient:
Pointi = 100 * (Nomogrami/Nomogramage)/(max (Wi) —
min (Wi). In the model testing process, internal validation of
the models was conducted using the bootstrap method with
1000 replicates. And we used the c-statistic to measure the
discrimination of our model. This study was performed
according to the Transparent Reporting of a multivariable
prediction model for Individual Prognosis or Diagnosis
(TRIPOD) statement.

2.6. Sample Size. In this retrospective study, we collected 3300
medical records from two centers. 638 records were not eligi-
ble for use in the model building process due to missing data
or examination results. The remaining 2662 were included in

the clinical prediction model building. According to estab-
lished criteria for constructing clinical prediction models,
this amount of data is adequate for model construction [27].

2.7. General Statistical Methods. Model building and nomo-
gram plotting were performed using the rms package in R
(version 3.6.1; Windows; R Core Team [28]) through RStu-
dio (version 1.2.5001; R Studio Team [29]).

3. Results

3.1. Sample Characteristics and Outcomes. Patient character-
istics are summarized in Table 1. We collected the medical
records of thrombotic patients (n =1666) and nonthrom-
botic patients (1 =996). 2034 patients were diagnosed with
femur fractures and 387 patients were diagnosed with
tibia/fibula fractures. In the thrombosis group, 870
(52.22%) of the patients were male, the median age was
73 years old, the majority (66.15%) of patients had a his-
tory of cardiovascular disease, 1447 (86.85%) patients did
not have a history of type II diabetes, and nearly half
(47.24%) of the patients had a blood transfusion during
their hospitalization. In the nonthrombosis group, median
BMI was 23.88, 73 (7.33%) patients had an open wound,
most (94.58%) patients did not have a traumatic brain
injury, and only a few (4.22%) patients were not treated
with anticoagulation drugs. There was no significant differ-
ence between the groups in terms of traumatic brain
injury occurrence, smoking history, blood lipid levels,
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FIGURE 1: Calibration curve of the clinical prediction model. On the
calibration curve, x-axis is the nomogram predicted probability of
thrombosis for low limb fracture patients, and y-axis is the actual
probability of thrombosis for these patients.

TT, FIB, and duration of surgery. Comparisons between
the groups for each variable are also shown in Table 1.

3.2. Model Development. Multivariate logistic regression
analysis was performed on identified potential predictors of
thrombosis (p < 0.05). After completion of the regression
analysis, variables lacking statistical significance were elimi-
nated. Regression coefficients for each predictor in the final
prediction model are recorded in Table 2. The predictors
included in this thrombosis prediction model were age,
BMI, energy of impact, fracture fixation type, blood transfu-
sion during hospitalization, and use of anticoagulation drugs.
The c-statistic of this thrombus-related clinical prediction
model is 0.676, highlighting the model’s good discriminatory
ability. During the internal validation of the model, a correc-
tion curve was drawn using R (Figure 1). The curve shows
that the prediction model has a good fit to the real scenario.

3.3. ~Computing the Risk Estimate and Nomogram
Presentation. After completing the multivariate logistic
regression analysis, we calculated the nomogram coefficient
of age as per the formula defined in the methods
(Nomogram,,, =1.728). As we intended to use age as the
scoring scale (with a total score of 100), we used 10 years
as a baseline reference (ie., Point,,._,=0) with the total
score increasing by 1 for each additional year of age. After
completing the score-assignment for age, we used the other
formula defined in the methods to assign values to each of
the other variables (Table 3).

The risk probability corresponding to each score was cal-
culated using the formula: p=[1 +exp (Ip)]™". In this for-
mula, the linear predictor (Ip) was obtained by multiplying
the value of each variable with its associated regression coef-
ficient and summing all the values (Ip=-Y% B.X,). The
results are shown as a nomogram (Figure 2).

TaBLE 3: Risk score chart for thrombosis in patients with lower
extremity fractures.

Risk factor Coef Nomogram Point
0.0192 1.728
10 0
20 10
30 20
40 30
Age 50 40
60 50
70 60
80 70
90 80
100 90
110 100
0.0484 2.45
10
12
14 10
16 15
18 20
20 25
22 29
BMI 24 34
26 39
28 44
30 49
32 54
34 59
36 64
38 69
40 74
External - p ¢ Ref 0
Fracture fixation
fixation type Other types 03808  0.3808 20
Iﬁr;::trlrf: 09015 09015 52
Energy Low Ref Ref 0
High 0.4054 0.4054 23
Blood transfusion No Ref Ref 0
Yes 0.3868 0.3868 22
dArnutgoagulatlon Yes Ref Ref 0
No 1.1537 1.1537 58

4. Discussion

Venous thrombosis of the lower extremity is a well-known
complication following lower limb fracture. Extensive
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FIGURE 2: Nomogram for the computation of percentage risk of lower extremity fracture-related thrombosis.

research has been dedicated to the prevention and treat-
ment of thrombosis, but early prediction of thrombosis is
now appearing as an important research direction. In this
paper, we analyzed clinical data of patients with lower
extremity fractures from two centers from the past three
years to develop a clinical prediction model for establish-
ing the risk of DVT in such patients. The predictors used
in this model are common and easily identified in clinical
practice. Our final model showed strong predictive capa-
bility during the validation process (c — statistic = 0.676).
This model will be effective in a clinical setting in the pre-
diction of thrombosis in patients with lower extremity
fractures. It is worth noting that the medical records of
the thrombosis group and the nonthrombosis group are
collected separately to compare the impact of each risk
factor on thrombosis, so the number of medical records
does not represent the incidence of thrombosis.
Numerous studies have been published on the predic-
tion or screening of thrombosis in patients with lower
extremity fractures or orthopedic surgery of the lower
extremity. Some studies have evaluated the effect of a single
factor on thrombosis. Monreal et al. collected the test
results of 1033 patients undergoing large joint replacement
surgery both at the time of discharge and during follow-up
[20]. Using these clinical data, they assessed the efficacy of a
combined strategy, that is, physical examination and com-
pression ultrasound, to detect DVT prior to discharge. They
found that a diagnostic testing for DVT before discharge
has the capacity to identify 44% of patients who will expe-
rience symptoms after discharge. Madhav et al. conducted a
retrospective analysis of 169 patients who were treated with
open reduction and internal fixation for hip fractures and
found that BMI is a significant predictive indicator of post-
operative complications following an acetabular fracture
[21]. Although the authors analyzed the impact of multiple
factors on thrombosis, no clear scoring table or model was
established. Rogers et al. conducted a cross-case study of
16,781 participants and found that factors predisposing to

thrombosis included the following: infection, erythropoietin
and blood transfusion, surgery, fracture, immobilization,
and chemotherapy [22]. Park et al. performed a retrospec-
tive analysis of 901 lower limb fracture cases and identified
several risk factors for increased DVT, including increased
age, cardiovascular disease, and chronic lung disease [23].
Consequently, the predictive ability of some of the factors
that we have identified as predictors has been verified in
previous studies, verifying the validity of our results.
Overall, using a large multicenter sample, we analyzed
multiple possible risk factors that have evident influence
and have developed an easy-to-use model, which would be
convenient for a clinical setting. Notably, in contrast with
the Caprini score, our model includes energy at the time of
impact and the type of surgical fixation of the fracture site,
making our tool more specific for trauma patients with lower
limb fractures. In addition, the risk factors included in the
final model are well-defined and easy to be collected. Finally,
calculating the final results through a score table or nomo-
gram increases the practicality and accuracy of our model.
The limitations of this study should be acknowledged.
First, as this is a retrospective study, issues with the patients’
examination and treatment plans became apparent when col-
lecting medical records. For example, in older records, doc-
tors would only perform ultrasound test on patients with
high thrombosis risk. Therefore, some patients without
thrombosis or some patients with asymptomatic thrombosis
did not undergo ultrasound testing during hospitalization.
Since the thrombosis of these patients cannot be confirmed,
such patients had to be excluded from the analysis. This rea-
son may help explain why factors that are well-known pre-
dictors of thrombosis, such as D-dimer, were not included
in our final model [8]. Therefore, this model may be more
likely to be applied to a population at high risk of thrombosis,
with a narrower scope than originally planned. Ideally, in
future studies, we would seek to refine this model, by verify-
ing the model in a clinical setting, as well as prospectively,
comprehensively documenting case data and analyzing the
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correlation between factors which were not included in the
model and DVT. Second, in this study, anticoagulation ther-
apy for all patients was low-molecular-weight heparin
sodium. However, anticoagulation drugs that are known to
be effective and are clinically used include low-molecular-
weight heparin, vitamin K antagonists, direct thrombin
inhibitors, and direct FXa inhibitors [7, 9, 30]. Hence, in
future studies, cases using different anticoagulation drugs
should be included in the analysis for comparison. Moreover,
although the risk factors included in the final model are sim-
ple and easy to complete, the addition of some inspection
indicators and test results will improve the predictive ability
of the model. For example, studies have shown that
microRNA-495 and Stat3 proteins in the circulating blood
can be used as biomarkers for the prognosis and prediction
of lower extremity DVT [15]. Finally, our model was built
using data from Wuhan, Hubei, and Shijiazhuang, Hebei,
China, where all of the patients are Asian. Verification of
our model in the white and black population is necessary.

5. Conclusion

Our study is the first, to the best of our knowledge, to provide
a prediction model that can be used to guide decisions
regarding primary prevention of venous thrombosis in
patients with lower extremity fractures. During validation,
the model showed good predictive ability. Our proposed
score calculation method corresponding to the chart is
designed to be convenient for clinical use. Overall, this model
offers promising potential as a tool for the prevention and
treatment of thrombosis in patients with lower limb
fractures.
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Enoyl-CoA hydratase and 3-hydroxyacyl CoA dehydrogenase (EHHADH), a member of the 3-hydroxyacyl-CoA dehydrogenase
family, were previously demonstrated to be involved in the tumorigenesis of various cancer types. This study is aimed at
determining of the diagnostic and prognostic value of EHHADH in osteosarcoma (OS). The overexpression of EHHADH was
found both in OS and also other sarcoma types, and according to the retrospective cohort study, the EHHADH level was related
to the overall survival and disease-free survival of the OS patients. Furthermore, knockdown of EHHADH under the influence
of EHHADH small interfering RNA significantly suppressed the proliferation ability of the tumor cells. Moreover, EHHADH
overexpressed was found in human OS tissues. In summary, the progression of OS could be enhanced by EHHADH, which may
be a potential diagnostic and prognostic biomarker for OS patients.

1. Introduction

Osteosarcoma (OS) is one of the commonly occurring malig-
nant tumors in bone tissues [1]. OS is derived from the mes-
enchymal cell line, and the frequent growth of the tumor is
associated with the development of tumor osteoid (either
direct or indirect manner) and bone tissue through the carti-
lage stage [2]. OS can typically be characterized by the high
proliferation of the tumor cells, rapid metastasis, and high
mortality rate [3]. However, medical failure of OS is the main
issue which in turn results in the poor curative effect for OS
[4]. Despite the huge development of therapeutic strategies,
only lesser advancement in the treatment of OS patients
has been obtained [5]. Currently, there are very few feasible
biomarkers present that are involved in the determination
of tumor burden and assess the therapeutic response for OS
[6]. Hence, the discovery of efficient biomarkers for early
diagnosis and prognostic evaluation of OS is greatly required.

Therefore, the survival of the patients can be improved
because of the development of early therapy for OS.

Enoyl-CoA hydratase and 3-hydroxyacyl CoA dehydro-
genase (EHHADH), a member of the 3- hydroxyacyl-CoA
dehydrogenase family, previously been reported to be
involved in tumorigenesis of various types of cancer [7, 8].
Various studies have reported that several tumor-related dis-
eases are enriched with EHHADH, which is of great impor-
tance for the progression of cancers [9, 10]. Thus, it is
reasonably assumed that EHHADH is involved in the devel-
opment of tumor-related diseases. However, only a few
reports are suggesting the diagnostic role of EHHADH in
the development of OS.

Therefore, this study initially pursued the investigation of
the prognostic value of EHHADH in OS. The overexpression
of EHHADH was observed in both OS and other sarcoma
types. According to the retrospective cohort study, the
EHHADH level was related to the disease-free survival and
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F1Gure 2: GO and KEGG enrichment analysis results of differentially expressed genes. (a) The information of FDR and count of significantly
enriched GO terms. (b) The information of category and count of significantly enriched GO terms. (c) The information of enrich factor, FDR,
and count of enriched KEGG pathways.

TaBLE 1: GO function enrichment analysis of DEGs. Top 15 GO terms were selected.

Term Name Count FDR
A, biological processes
GO: 0008152 Metabolic process 46 1.50E-18
GO: 0007588 Excretion 20 5.97E-13
GO: 0006635 Fatty acid beta-oxidation 20 2.42E-11
GO: 0055085 Transmembrane transport 44 5.10E-11
GO: 0006814 Sodium ion transport 24 1.02E-09
GO: 0055114 Oxidation-reduction process 70 2.06E-09
B, molecular functions
GO: 0009055 Electron carrier activity 25 5.06E-09
C, cellular components
GO: 0070062 Extracellular exosome 317 1.51E-52
GO: 0016324 Apical plasma membrane 84 1.18E-39
GO: 0005759 Mitochondrial matrix 73 1.61E-26
GO: 0005739 Mitochondrion 147 1.97E-20
GO: 0031526 Brush border membrane 24 1.13E-15
GO: 0016323 Basolateral plasma membrane 41 8.68E-15
GO: 0005887 Integral component of plasma membrane 129 3.56E-11
GO: 0005782 Peroxisomal matrix 18 6.33E-10




BioMed Research International 5
TaBLE 2: KEGG pathway enrichment analysis of DEGs. Top 20 KEGG pathways were selected.

KEGG pathways

Term Name Count FDR
hsa01100 Metabolic pathways 194 2.12E-41
hsa01130 Biosynthesis of antibiotics 53 5.46E-17
hsa00280 Valine, leucine, and isoleucine degradation 26 6.03E-17
hsa01200 Carbon metabolism 38 1.39E-16
hsa00630 Glyoxylate and dicarboxylate metabolism 17 7.89E-12
hsa00640 Propanoate metabolism 15 4.88E-09
hsa00071 Fatty acid degradation 17 3.06E-08
hsa04964 Proximal tubule bicarbonate reclamation 13 4.15E-08
hsa04146 Peroxisome 23 5.39E-08
hsa00620 Pyruvate metabolism 16 9.28E-08
hsa00020 Citrate cycle (TCA cycle) 14 1.13E-07
hsa00260 Glycine, serine, and threonine metabolism 15 4.71E-07
hsa00410 Beta-alanine metabolism 13 1.70E-06
hsa00650 Butanoate metabolism 12 2.90E-06
hsa00250 Alanine, aspartate, and glutamate metabolism 13 6.95E-06
hsa00380 Tryptophan metabolism 13 3.29E-05
hsa01212 Fatty acid metabolism 14 4.26E-05
hsa03320 PPAR signaling pathway 16 9.57E-05
hsa04966 Collecting duct acid secretion 10 1.95E-04
hsa00330 Arginine and proline metabolism 13 3.27E-04

overall survival of the OS patients. Furthermore, the clinical
importance of EHHADH level in human OS and the regula-
tory effect of EHHADH on OS cell proliferation were
explored.

2. Materials and Methods

2.1. TCGA Analysis. We obtained the data sets of sarcoma
patients from TCGA Data Portal (https://tcga-data.nci.nih
.gov/tcga/). The DEGs analysis was performed with the
edgeR package and visualized using the pheatmap R package.
The volcano result was visualized with the ggplot2 R package.
Results were reported as the average expression value of
repeated genes. A two-tailed test was carried out between
the two groups. p < 0.05 and [logFC | >1 were considered as
differentially expressed genes.

2.2. Enrichment Analysis for Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway. The
online tool Database for Annotation, Visualization, and Inte-
grated Discovery version (DAVID) Bioinformatics Resources
6.8 was used to recognize the biological meaning of the listed
genes. Analyses for the enrichment of the KEGG pathway
and GO were performed with DAVID. We selected the GO
and KEGG terms with FDR < 0.05.

2.3. Construction of the Protein-Protein Interaction (PPI)
Network and Identification of Hub Genes. With the help of
the PPI network, further information was obtained regarding
the functional interactions between the DEGs. DEGs were
imported into Search Tool for the Retrieval of Interacting

Genes (STRING, http://www.string-db.org), and interactions
with a combined score of >0.9 were identified. After that,
with the help of the Cytoscape software (version 3.7.2), a
PPI network was built. With the plugin software cytoHubba,
hub genes were identified by degree analysis. The interaction
between GO terms was visualized with clueGO, a plugin soft-
ware of Cytoscape.

2.4. Oncomine Analysis. Oncomine (http://www.oncomine
.org) integrates RNA and DNA-seq data from GEO, TCGA,
and published literature. We can use Oncomine for the anal-
ysis of the differentially expressed genes, clinical correlation,
and multigene coexpression. The coexpressed genes of
EHHADH in sarcoma were retrieved from Oncomine with
the default setting of fold change > 2 and p value < 0.01.

2.5. The Analysis of Kaplan-Meier Plotter Survival. DEG
prognostic values and coexpressed genes of EHHADH in sar-
coma were further assessed by the examination of overall sur-
vival using the Kaplan-Meier plotter (http://kmplot.com/
analysis/). It is an online tool that is used to assess the role
of 54,675 genes on the survival of 13,316 cancer samples in
21 cancer types. The database sources include the EGA,
GEO, and TCGA. The main purpose of the tool is the discov-
ery and validation of meta-analysis-based biomarkers. Statis-
tically significant results were showed p < 0.01.

2.6. Cell Culture and Transfection. OS cell line MG63 was
obtained from the Shanghai Cell Bank (Shanghai, China),
and DMEM and 10% fetal bovine serum (Thermo Fisher Sci-
entific, Waltham, MA, USA) were applied to the cell culture
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F1GURE 3: PPI network construction and hub genes identification of DEGs. (a) PPI network of DEGs constructed with Cytoscape. (b) DEGs in
the network were ranked by degree. The top ten genes were EHHADH, ACOX1, AGXT, HMGCL, PIPOX, SLC27A2, DLD, ACADM, CAT,

and DAO.
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FIGURE 4: The prognostic values of hub genes in sarcoma. It is depicted that EHHADH was associated with shorter overall survival, and
PIPOX, ACOX1, and SLC27A2 were associated with longer overall survival (p < 0.05).
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FiGure 5: The coexpressed genes of EHHADH in sarcoma ranked by correlation factor. The top ten genes were DMGDH, BHMT2,

TMEM37, DAB2, TLR3, GAL3ST1, SLC5A10, SLC17A3, CHST13, and CID3B.

at 37°C in 5% CO,. For transfection, the negative control
small interfering RNA (siRNA) and EHHADH siRNA were
designed by Suzhou GenePharma Biotechnology Co., Ltd.
(Suzhou, China). Transfection of MG63 cells was performed
with 50 nM NC siRNA or EHHADH siRNA and Lipofecta-
mine 3000 (Thermo Fisher Scientific, Waltham, MA, USA).

2.7. Quantitative Reverse Transcription Polymerase Chain
Reaction (qRT-qPCR). Invitrogen TRIzol (ThermoFisher,
Waltham, MA, USA) was used for the extraction of the total
RNA from the OS cells and tissues according to the instruc-
tions of the manufacturer. To assess the EHHADH mRNA

level, the qRT-PCR analysis was applied using a One-Step
RT-PCR kit (Beijing Suolaibao Bio, Inc., Beijing, China)
according to the instruction provided by the manufacture.
The CBX3 primers were designed by Suzhou GenePharma
Co., Ltd. (Suzhou, China) and are as follows: EHHADH for-
ward, 5'-ATGGCTGAGTATCTGAGGCTG-3' and reverse,
5'-ACCGTATGGTCCAAACTAGCTT-3'; and GAPDH
forward, 5-ACTGCGAATGGCTCATTAAATCA-3' and
reverse, 5'-AGCTCTAGAATTACCACAGTTATCCA
AGT-3". Cyclin D1 forward, 5'-TTGCCCTCTGTGCCAC
AGAT-3' and reverse, 5'-TCAGGTTCAGGCCTTGCACT-
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F1GURE 6: The prognostic values of coexpressed genes of EHHADH in sarcoma. DMGDH, BHMT2, TMEM37, TLR3, SLC17A3, and CID3B

were associated with longer overall survival (p < 0.05).

3. Cyclin D3 forward, 5'-CTGGCCATGAACTACCTGGA-
3" and reverse, 5'-CCAGCAAATCATGTGCAATC-3' .The
2744 approach was used to quantify the EHHADH mRNA
level.

2.8. Western Blot (WB) Analysis. The BCA method (Thermo-
Fisher, Waltham, MA, USA) was applied to assess the con-
centration of proteins. Subsequently, the separation of equal
amounts of the total protein was performed by using 12.5%
SDS-PAGE, and then we transferred the separated proteins
onto polyvinylidene difluoride membranes. To block the
membrane, 5% skim milk was used at room temperature
for 2 hours and was subjected to incubation with anti-
EHHADH (1:800 dilution) (cat. no. Ab136059, Abcam)
antibody or anti-GAPDH (1: 2,500 dilution) (cat. no.
ab9485, Abcam). GAPDH was used as the internal reference
to normalize the expression EHHADH.

2.9. Statistical Analysis. Data are depicted as means + SD, and
all the statistical analyses were conducted by using GraphPad
Prism 8.0 (GraphPad Software, CA, USA). Data comparison
was based on Student’s t-tests and one-way ANOVAs with
Tukey’s posthoc test as appropriate. The significant threshold
was mentioned as p < 0.05.

3. Results and Discussion

3.1. TCGA Analysis. Through the TCGA database, we
obtained the mRNA expression and clinical information of
265 cases (263 sarcoma patients and 2 normal people). After
normalization of the data and comprehensive analysis, 912
downregulated and 21 upregulated DEGs were identified
(Figure 1).

3.2. GO and KEGG Pathway Enrichment Analysis of DEGs.
The DEGs were significantly involved in the biological prog-
ress of the metabolic process, excretion, fatty acid beta-oxida-
tion, transmembrane transport, sodium ion transport, and
oxidation-reduction process; in cellular components of the
extracellular exosome, apical plasma membrane, mitochon-
drial matrix, mitochondrion, brush border membrane, an
integral component of the plasma membrane, basolateral
plasma membrane, and peroxisomal matrix; in molecular
functions of electron carrier activity (Figures 2(a) and 2(b),
Table 1); and in KEGG pathways of metabolic pathways, bio-
synthesis of antibiotics pathway, degradation pathway of leu-
cine valine, and isoleucine, metabolism pathways of carbon,
glyoxylate and dicarboxylate, propanoate, and fatty acid deg-
radation pathway, proximal tubule bicarbonate reclamation
pathway, peroxisome pathway, pyruvate metabolism path-
way, etc. (Figure 2(c), Table 2).

3.3. Construction of the PPI Network and Identification of
Hub Genes. The construction of an interaction network of
DEGs was accomplished in Cytoscape (Figure 3(a)). DEGs
were ranked by degree value in Cytoscape (Figure 3(b)).
The top ten genes were EHHADH, ACOX1, AGXT,
HMGCL, PIPOX, SLC27A2, DLD, ACADM, CAT, and
DAO. They are considered hub genes. EHHADH was ranked
No. 1 with a lesser p value.

3.4. The Kaplan-Meier Plotter Survival Analysis of Hub
Genes. EHHADH was found to be linked with a shorter over-
all survival rate among ten hub genes while longer overall
survival was associated with PIPOX, ACOX1, and SLC27A2
(p <0.05) (Figure 4).
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F1GUre 7: GO and KEGG enrichment analysis results of EHHADH and its coexpressed genes. (a) Relationship and interactions between
enriched GO terms. (b) Enriched KEGG pathways. hsa00983: drug metabolism-other enzymes, hsa00982: drug metabolism-cytochrome
P450, hsa00980: metabolism of xenobiotics by cytochrome P450, hsa05204: chemical carcinogenesis, hsa01100: metabolic pathways,
hsa00053: ascorbate and aldarate metabolism, hsa00040: pentose and glucuronate interconversions, hsa00860: porphyrin and chlorophyll
metabolism, hsa00140: steroid hormone biosynthesis, hsa00830: retinol metabolism, and hsa00770: pantothenate and CoA biosynthesis.
(c) Enriched GO terms. MF0001972: retinoic acid binding, MF0015020: glucuronosyltransferase activity, MF0016758: transferase activity,
transferring hexosyl groups, CC0016324: apical plasma membrane, CC0070062: extracellular exosome, CC0005887: integral component of
plasma membrane, BP1904224: negative regulation of glucuronosyltransferase activity, BP2001030: negative regulation of cellular
glucuronidation, and BP0045922: negative regulation of fatty acid metabolic process.

3.5. Oncomine Analysis. The coexpressed genes of EHHADH
were identified using a coexpression online tool in Onco-
mine. Results of the analysis revealed that the top ten coex-
pressed genes with the smallest correlation factor include
DMGDH, BHMT2, TMEM37, DAB2, TLR3, GAL3ST1,
SLC5A10, SLC17A3, CHST13, and CID3B (Figure 5).

3.6. The Kaplan-Meier Plotter Survival Analysis of
EHHADH-Coexpressed Genes. For the ten coexpressed genes
of EHHADH in sarcoma, DMGDH, BHMT2, TMEM37,
TLR3, SLC17A3, and CID3B were associated with longer
overall survival (p < 0.05) (Figure 6).

3.7. GO and KEGG Pathway Enrichment Analysis of
EHHADH-Coexpressed Genes. EHHADH-coexpressed genes

were significantly involved in the biological progress of neg-
ative regulation of the following: glucuronosyltransferase
activity, cellular glucuronidation, and fatty acid metabolic
process; in cellular components of the extracellular exosome,
apical plasma membrane, and integral plasma membrane
components; in molecular functions of retinoic acid binding,
glucuronosyltransferase activity, transferring hexosyl groups,
and transferase activity (Figures 7(a) and 7(b)); and in KEGG
pathways of drug metabolism—other enzyme pathway, drug
metabolism—cytochrome P450 pathway, metabolism of
xenobiotics by cytochrome P450 pathway, etc. (Figure 7(c),
Table 3).

3.8. Inhibition of EHHADH Suppresses MG63 Cell
Proliferation. To detect the EHHADH expression in the OS
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TaBLE 3: Functional and KEGG pathway enrichment analysis of EHHADH and its coexpressed genes. Top 3 GO terms and KEGG terms with

P < 0.05 were selected.

Term Name Count FDR
A, biological processes

GO: 1904224 Negative regulation of glucuronosyltransferase activity 5 5.78E-07
GO: 2001030 Negative regulation of cellular glucuronidation 5 5.78E-07
GO: 0045922 Negative regulation of fatty acid metabolic process 5 5.78E-07
B, molecular functions

GO: 0001972 Retinoic acid binding 5 8.33E-05
GO: 0015020 Glucuronosyltransferase activity 5 8.46E-05
GO: 0016758 Transferase activity, transferring hexosyl groups 5 8.46E-05
C, cellular components

GO: 0016324 Apical plasma membrane 10 6.69E-06
GO: 0070062 Extracellular exosome 23 7.17E-05
GO: 0005887 Integral component of plasma membrane 13 9.71E-03
D, KEGG pathways

hsa00983 Drug metabolism—other enzymes 7 4.20E-06
hsa00982 Drug metabolism—cytochrome P450 7 2.28E-05
hsa00980 Metabolism of xenobiotics by cytochrome P450 7 2.51E-05
hsa05204 Chemical carcinogenesis 7 2.51E-05
hsa01100 Metabolic pathways 19 2.51E-05
hsa00053 Ascorbate and aldarate metabolism 5 8.08E-05
hsa00040 Pentose and glucuronate interconversions 5 1.58E-04
hsa00860 Porphyrin and chlorophyll metabolism 5 3.67E-04
hsa00140 Steroid hormone biosynthesis 5 1.17E-03
hsa00830 Retinol metabolism 5 1.55E-03
hsa00770 Pantothenate and CoA biosynthesis 3 2.01E-02

tissue, qRT-PCR analysis ‘was used to compare the
EHHADH level between OS tissue and the adjunct bone tis-
sue, and as shown in Figure 8(a), significantly increased level
of EHHADH mRNA was found in the OS tissues compared
with adjacent bone tissues. Next, to explore the function of
EHHADH in OS, EHHADH siRNA was used to knock down
the EHHADH expression in MG63 cells. The western blot-
ting and qRT-PCR analysis indicated the knockdown effi-
ciency (Figures 8(b) and 8(c)). Besides, to assess the role of
EHHADH on the growth of the MG63 cells, a qRT-PCR
assay was accomplished to detect the proliferation-related
gene expression in the different treated groups. According
to Figure 8(d), knockdown of the EHHADH expression
markedly inhibit the proliferation rate of the MG63 cells than
that of the NC siRNA group.

EHHADH, an L-bifunctional enzyme, is a part of the
classical peroxisomal fatty acid $-oxidation pathway. A pow-
erful way to trigger this pathway is the activation of the per-
oxisome proliferator-activated receptor « (PPAR«) [11]. The
abnormal EHHADH expression can lead to several human
diseases, such as Fanconi’s syndrome and burn sepsis [12-
14]. Previously, a high level of EHHADH has been found in
various cancers, which can be correlated with cancer devel-
opment, and therefore considered as a potential therapeutic
target for cancers [15-18]. For instance, it was reported that
EHHADH was a significant biomarker in renal cell carci-

noma with a significant prognostic value [19-21]. Similarly,
a recent study indicated that EHHADH was found to be cor-
related with the elucidation of the pathogenesis of hepatocel-
lular carcinoma, and it was assumed that the EHHADH
expression is an indicator of poor prognosis of hepatocellular
carcinoma patients. However, the diagnostic and prognostic
role of EHHADH in OS has not yet been fully understood.

In the present research, we first sought to discover the
clinical importance and prognostic value of EHHADH in
OS patients with the help of clinical and the public database.
Our results indicated that the EHHADH expression was
upregulated in sarcoma tissues as compared to the normal
tissues. Furthermore, compared with the adjacent bone tis-
sues, human OS tissues showed the overexpression of
EHHADH. Moreover, the statistical results revealed a clear
relationship between the EHHADH expression and the sur-
vival of OS patients, which was further supported by multi-
variate and univariate analyses, indicating that EHHADH
could be designed as a possible prognostic index to monitor
the progress of OS.

Furthermore, to examine the influence of the expression
of the EHHADH on the OS cell proliferation, the siRNA of
EHHADH was developed and used to transfect the human
MG63 cells. The qRT-PCR analysis was performed to mea-
sure the proliferation-related genes Cyclin DI and Cyclin
D3, and the results indicated that the proliferation of OS cells
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F1Gurk 8: Inhibition of EHHADH suppresses MG63 cell proliferation. (a) QRT-PCR results of the EHHADH expression in OS tissue and the
bone tissue. (b) The level of EHHADH following the siRNA EHHADH treatment in MG63 cells. (c) qRT-PCR results of the EHHADH
expression in MG63 cells receiving different treatments. (d) The expression of proliferation-related genes cyclin D1 and cyclin D3 in the
different groups was assessed by qRT-PCR analysis. *p <0.05, **p <0.01, **p <0.01. Data are the means + SDs of three independent

experiments.

can be repressed by knockout EHHADH in vitro. However,
much more evaluation and validation should be performed
to study the role of EHHADH in OS cells and investigate
the underlying molecular mechanism of this correlation.

4. Conclusions

The research indicated that EHHADH possesses significant
importance in the diagnosis and prognosis of OS, while the
dismal prognosis of OS patients can be predicted by the
expression level of EHHADH. Additionally, the inhibited
proliferation of MG63 cells under the influence of the reduc-
tion of EHHADH also supported the conclusion that
EHHADH may perform a function of a valuable prognostic
biomarker for OS patients.
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