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Abstract
Trophinin-associated protein (TROAP) was originally identi�ed to mediate the embryo transfer process and participate in the
regulation of microtubules but was later found to be associated with the biological behavior of various types of cancers.
However, there is limited information about the role of TROAP in glioma. In this study, thousands of glioma samples were
obtained from multiple independent datasets to detect changes in TROAP mRNA and protein expression levels in glioma, we
found that compared with normal brain tissues, the expression of TROAP in glioma was signi�cantly increased at both levels.
Then, the correlations between TROAP and clinical characteristics and prognosis in glioma were revealed through a series of
bioinformatics analysis methods. The overexpression of TROAP was an independent risk factor for glioma and was associated
with a reduced overall survival rate of glioma patients. In addition, TROAP had value for determining the prognosis of patients,
especially patients with WHO grade III glioma. Quantitative reverse transcription polymerase chain reaction (RT-qPCR) was used
to verify the expression level of TROAP in glioma cell lines. Subsequently, GSEA identi�ed homologous recombination, cell cycle
and p53 signalling pathways as differentially enriched with the high TROAP expression phenotype. Finally, four drugs that may
inhibit TROAP expression and have potential therapeutic value for glioma were screened out through CMap website: beza�brate,
clobetasol, scriptaid, and thioguanosine. In conclusion, TROAP, as a new oncogene, leads to poor prognosis of glioma patients,
and as a highly speci�c biomarker, provides the possibility for individual clinical treatment of glioma patients.

Introduction
Glioma is the most common and malignant type of primary brain tumor [1]. Four to eleven per 100,000 persons are diagnosed
with glioma each year worldwide, and glioma is more common in highly developed, industrialized countries. Gliomas are termed
low grade (WHO grades   and  ) or high grade (WHO grades   and  ), depending on the molecular characteristics of the glioma
cells[2, 3]. Glioblastoma (WHO grade IV) is the deadliest glioma, with a median survival of only 14-17 months in the era of safe
maximum resection and temozolomide chemoradiotherapy [4, 5]. In addition, glioma has a strong ability to in�ltrate deep into
surrounding normal brain tissues, which often leads to tumors that cannot be completely removed, resulting in a high recurrence
rate after surgery[6]. The grim reality of glioma exists because we have not fully clari�ed its pathogenesis. With advances in
science and technology in recent years, humans have realized that the occurrence and development of each type of tumor is a
multigene, multistage process. Of course, gliomas are no exception. A variety of tumor-speci�c molecular changes have been
closely related to glioma, especially IDH mutation, TP53 mutation, 1p/19q co‐deletion and ampli�cation of epidermal growth
factor receptor variant III (EGFRvIII), which have been proven to be indicators in the diagnosis and prognosis of glioma [7-10].
However, these biomarkers cannot fully reveal the pathological processes of gliomas because the development of tumors is
multifaceted and in�uenced by many factors. Hence, it is necessary to identify new biomarkers to gain an in-depth
understanding of the pathological mechanism of glioma and then provide more options for the diagnosis and treatment of
glioma patients.

TROAP, o�cially known as tasting, was initially identi�ed in the cytoplasm as a cell adhesion molecule that forms a complex
with trophoblast protein and bystin to mediate trophoblast cells initially attached to the endometrial epithelium during early
embryo implantation [11]. Given that embryo transfer is similar to the metastasis and invasion mechanisms of malignant tumor
cells, we speculate that TROAP may also participate in the metastasis and invasion of tumor cells. Interestingly, after reviewing
the literature, we found that overexpression of TROAP has been reported to be positively linked with the poor prognosis of
ovarian cancer. Thus, TROAP is considered to be a reliable prognostic marker for ovarian cancer[12]. Some studies have also
shown that the downregulation of TROAP can signi�cantly inhibit the transition from G1 to S phase and the invasion and
migration of breast cancer cells in vitro[13]. Some reports revealed that abnormal expression of TROAP has the ability to
enhance the malignancy and development of hepatocellular carcinoma, colorectal cancer and other tumors[14, 15]. However, the
relationship between TROAP and the prognosis and clinical characteristics of glioma has not been elucidated.

To explore the relationship between TROAP and the prognosis of glioma, this study �rst collected thousands of tissue samples
and clinicopathological data through a variety of databases, GEPIA, TCGA, HPA, CGGA and GEO. The above databases not only
contain the information of different races but also use a variety of detection technologies, such as gene sequencing, gene
microarray, and even experimental immunohistochemistry. Therefore, this study comprehensively revealed the pathological
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mechanism by which abnormally high expression of TROAP leads to poor prognosis in glioma patients from multiple levels and
further identi�ed small molecule compounds with the potential to inhibit TROAP based on omics studies and large datasets.
Given what is known about TROAP, we have su�cient reason to speculate that this study will reveal pathological mechanisms of
glioma by con�rming the function of TROAP. In addition, this research provides valuable biomarkers for the individualized
treatment of glioma to prolong the survival time of glioma patients.

Materials And Methods
Data collection

Gene Expression Pro�ling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/index.html) is an online public database for
the analysis of a variety of human tumor tissue samples and corresponding normal tissue samples established by Peking
University[16]. We searched and obtained TROAP data from a variety of human tissues, including 163 glioblastoma, 518 low-
grade glioma and 207 normal brain tissues. Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/) is a large
public genetic database for storing high-throughput microarray and next-generation sequencing functional genomic datasets
submitted by the research community[17]. We downloaded two microarray datasets, GSE50161 and GSE116520, from the GEO
database. In addition, we collected samples from 1669 glioma patients, including 748 samples from the China Glioma Atlas
(CGGA)-RNA sequencing project, 268 samples from the CGGA microarray project, and 653 samples from The Cancer Genome
Atlas (TCGA)-RNA sequencing project. Table S1, Table S2 and Table S3 provide the clinical information of the patients
corresponding to the three datasets. The Human Protein Atlas (HPA) (https://www.proteinatlas.org/) is a tool that is used to
provide protein immunohistochemistry (IHC) data and is widely used in the study of protein localization and expression in
human tissues and cells[18]. The expression of TROAP protein in glioma as analysed by immunohistochemistry was used to
divide the samples into a normal group, low-grade group and high-grade group.

GSEA analysis of TROAP

Gene set enrichment analysis (GSEA) is an analysis method for whole-genome expression pro�ling data that compares genes
with a prede�ned set of genes[19]. We used GSEA 4.0. software to analyses TROAP-related cell signaling pathways. Each
analysis included 1,000 permutations. We then subjected the dataset to enrichment analysis using the KEGG database.

 

CMap predicts potential therapeutic drugs

Connectivity Map (CMap) (https://portals.broadinstitute.org/CMap/) is an online website that details the interactions among
diseases, gene expression models, and small molecule compounds. Researchers often use it to obtain small molecule
compounds that have potential therapeutic effects in certain diseases[20]. R language was used to screen out differentially
expressed genes related to TROAP. Then, 20 differentially expressed genes (10 upregulated and 10 downregulated) were selected
and uploaded to the CMap network tool, and potential drugs for treating glioma were explored.

 

Cell culture and Quantitative Reverse Transcription Polymerase Chain Reaction (RT-qPCR) analysis

Table 1. Sequences of primers used for RT‐qPCR analysis.

Gene Primer sequence (5′‐3′)

TROAP-F CACGCCTTTCCCCACTGTTA

TROAP-R CCCCACCAATCTTTGTGATGTCTC

GAPDH‐F CAAGGTCATCCATGACAACTTTG

GAPDH‐R GTCCACCACCCTGTTGCTGTAG

https://www.ncbi.nlm.nih.gov/geo/
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Note: F: forward; R: reverse.

Human glioma cell lines (T98, LN229, A172 and U251) and human-derived astrocyte (HA) were purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). All cells were grown in incubators at 37℃ and 5% carbon dioxide and
cultured using DMEM medium (Hyclone, USA) plus 10% FBS (Thermo Fisher Scienti�c, USA). To detect the expression level of
four glioma cell lines (T98, LN229, A172 and U251) in TROAP. First, total RNA was extracted from T98, LN229, A172, U251 and
HA using Tri-Reagent (Sigma, USA). The quality and quantity assessments of total RNA were determined using NanoDrop One
spectrophotometer (Thermo Fisher Scienti�c, USA), measuring 260/280 nm absorbance values. Subsequently, the cDNA was
reverse transcribed from the total RNA using the Transcriptor First Strand cDNA Synthesis kit (Novoprotein Scienti�c Inc,
Shanghai, China). RT-qPCR was performed according to the guidelines for FastStart Universal SYBR Green Master (ROX)
(Novoprotein Scienti�c Inc, Shanghai, China). Results were quanti�ed using QuantStudio software (Thermo Fisher Scienti�c,
USA) following the manufacturer's instructions. GADPH was regarded as an internal reference. The primer sequences used in this
research are listed in Table 1. Relative expression levels were determined using the 2−ΔΔCT method. The expression level of
TROAP was detected by the “2–ΔΔCT” method. Statistical difference was analyzed by unpaired T test, and when p-value was <
0.05, the results were statistically signi�cant.

Statistical analysis

R (v.3.6.1 version) was used for processing data and performing statistical analysis. The expression of TROAP in glioma and
normal brain tissue was measured by the Wilcox test. The overall survival of the TROAP high expression and low expression
groups was analysed by Cox regression and the Kaplan–Meier method, and the survival curves of clinical patients were drawn.
Wilcox or Kruskal tests were utilized to explore the relevance between clinical features and TROAP expression in glioma patients.
All P-values were two-tailed and considered statistically signi�cant when less than 0.05.

Results
Abnormal overexpression of TROAP in glioma

The GEPIA database contains gene expression data for a variety of tumors. Analysis GEPIA data revealed that TROAP expression
was increased in glioblastoma multiforme (GBM), lower-grade glioma (LGG), colon adenocarcinoma (COAD) and stomach
adenocarcinoma (STAD) tissues compared with non-tumor tissues (Figure 1a). In addition, we further downloaded the GSE50161
and GSE116520 glioma datasets from the GEO database. In the GSE50161 dataset, 34 glioma tissue specimens were compared
with 13 normal brain tissue specimens (Figure 1b). In the GSE116520 dataset, 34 glioma tissue specimens were compared with
8 normal brain tissue specimens (Figure 1c). Through the above research on glioma and normal tissue data from the GEPIA and
GEO databases, we found that the expression level of TROAP in glioma was indeed higher than that in the corresponding non-
tumor tissues. To verify these analysis results, we further detected the expression level of TROAP in four glioma cell lines (T98,
LN229, A172 and U251) and human astrocyte (HA) by RT-qPCR. The result demonstrated that TROAP was highly overexpressed
in glioma cell lines compared with HA (Figure 1d).

Increased expression of TROAP is associated with a reduction in the overall survival OS  of glioma patients

Additionally, we retrieved three groups of data, namely, CGGA RNA-seq, CGGA microarray and TCGA RNA-seq data, to further
explore the role of TROAP in the pathological processes of glioma and then plotted the survival curves of the three groups of
patients via Cox regression and Kaplan-Meier analyses. High expression of TROAP in the CGGA-RNA sequencing, CGGA
microarray and TCGA-RNA sequencing datasets was associated with a signi�cant decrease in patient OS (Figure. 2a, b, and c).
These results suggested that high TROAP expression may be associated with the OS of glioma, but whether this gene can serve
as an independent risk factor for glioma remains to be further veri�ed.

TROAP is an independent risk factor for glioma patients.

Next, prognostic factors for OS were analysed by the Cox regression model. In the CGGA RNA-seq data cohort, enhanced TROAP
expression in glioma was considerably linked with poor prognosis (hazard ratio [HR]= 1.605), old age (HR= 1.624), advanced



Page 5/17

  CGGA RNA-seq CGGA microarray TCGA RNA-seq

Gene set name NES NOM
p-
value

FDR
q-
value

NES NOM p-
value

FDR
q-
value

NES NOM
p-
value

FDR
q-
value

KEGG_CELL_CYCLE 2.033   0 0.018 1.955 0 0.056 2.157 0 0.007

KEGG_HOMOLOGOUS_RECOMBINATION 1.891   0 0.061 1.922 0 0.044 1.972 0 0.016

KEGG_P53_SIGNALING_PATHWAY 1.986 0 0.021 1.736 0.014 0.228 2.098 0 0.008

histology (HR= 4.487), PRS type (HR= 2.123), high grade (HR= 2.883), chemotherapy (HR= 1.647), 1p19q co-deletion (HR= 0.231),
and IDH mutation (HR= 0.317) (Figure 3a). In the CGGA microarray dataset, increased TROAP expression in glioma was
signi�cantly associated with poor prognosis (HR= 1.929), TCGA subtype (HR= 0.632), high grade (HR= 2.567), old age (HR=
1.736), chemotherapy (HR= 1.530), advanced histology (HR= 4.437), radiotherapy (HR= 0.459), PRS type (HR= 2.042), high grade
(HR= 2.567) and IDH mutation (HR=0.423) (Figure 3c). In the TCGA RNA-seq dataset, overexpression of TROAP in glioma was
signi�cantly related to poor prognosis (HR=1.128), old age (HR=1.072) and high grade (HR=4.634) (Figure 3e).

Subsequently, we performed multivariate analysis with the Cox regression model. In the CGGA RNA-seq dataset, enhanced
TROAP expression in glioma was closely linked with poor prognosis (HR = 1.217), chemotherapy (HR= 0.680), PRS type (HR =
1.994), old age (HR = 1.269), IDH mutation (HR=0.600), high grade (HR = 2.378), and 1p19q co-deletion (HR = 0.424) (Figure 3b).
In the CGGA microarray, overexpression of TROAP in glioma was signi�cantly linked with poor prognosis (HR = 1.420),
radiotherapy (HR= 0.583), PRS type (HR=1.501) and high grade (HR = 2.666) (Figure 3d). In TCGA RNA-seq dataset, enhanced
TROAP expression in glioma was importantly related to poor prognosis (HR = 1.060), high grade (HR = 2.888), and old age (HR =
1.048) (Figure 3f). These results reveal that high expression of TROAP might be a signi�cant factor leading to unfavorable
clinical outcomes.

Clinical diagnostic value of TROAP

Cox regression and the Kaplan-Meier method were used to plot ROC curves for the three datasets mentioned above to validate
the clinical prognostic value of overexpression of TROAP in glioma. Overexpression of TROAP was con�rmed to have diagnostic
value (Figure 4a, b, c). The area under the curve was larger than 0.7 at 1,3,5 years, which indicated that high TROAP expression
had modest prognostic value.

Correlations between TROAP expression and clinical characteristics in glioma patients

Software was used to carry out Wilcox or Kruskal tests to analyse the relationship between TROAP expression and different
clinical characteristics from glioma samples from the three datasets (Figure 5a–g). As depicted in Figure 5a and c, the
expression level of TROAP was signi�cantly positively correlated with WHO grade and age in the CGGA RNA-seq, CGGA
microarray and TCGA RNA-seq cohorts (p <0.005). As shown in Figure 5b and d, the expression level of TROAP was signi�cantly
correlated with 1p19q codeletion status and chemotherapy status in the CGGA RNA-seq cohort (p <0.001). In addition, Figure 5e,
f and g demonstrate that the expression level of TROAP was signi�cantly correlated with IDH mutation status, PRS-type and
histology in the CGGA RNA-seq and CGGA microarray cohorts. These studies indicated that the expression level of TROAP was
signi�cantly associated with multiple clinical features related to the prognosis of glioma.

 

Identi�cation of the signalling pathways affected by TROAP in glioma by GSEA.

Table 2. The gene set enriches the high TROAP expression phenotype.

NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate. Gene sets with NOM P-
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value <0.05 and FDR q-value <0.25 were considered as signi�cantly enriched.

By gene set enrichment analysis using low and high expression datasets, the signaling pathways affected by TROAP in glioma
were identi�ed, with signi�cantly enriched pathways subjected to analysis via MSigDB (c2.cp.biocarta and h.all. v6.1. symbols).
As shown in Table 2 and Figure 6a, b and c, the homologous recombination, cell cycle and p53 signaling pathways were
identi�ed in the high TROAP expression group. Therefore, TROAP may play a potential role in the carcinogenesis and progression
of glioma.

TROAP protein expression was increased in glioma tissues.

We downloaded six immunohistochemistry (IHC) datasets (2 normal tissues, 2 low grade tissues, and 2 high grade tissues)
generated with HPA044102 from the HPA online website and divided them into a male group (Figure 7a, b and c) and a female
group (Figure 7d, e and f) to verify the differences in TROAP protein expression between normal tissues, low-grade tissues and
high-grade tissues. The results showed that TROAP expression was upregulated in glioma tissues compared with non-tumor
tissues. 

The higher the grade of the tissue, the more protein was expressed.

Table 3. Four small molecule compounds identi�ed as potential drugs for glioma treatment in CMap analysis.

CMap name Mean N Enrichment P-value

Beza�brate -0.599 4 -0.833 0.00143

Clobetasol -0.668 3 -0.903 0.00172

CMap: connectivity map

Identi�cation of four potential therapeutic drugs for the treatment of glioma based on CMap analysis.

To identify small molecule drugs that can inhibit the expression of TROAP to improve the OS of glioma patients, we screened the
identi�ed differential genes using R language, selected the top 10 positive and 10 negative genes according to their correlation
values, and made a Venn diagram of the relationship between them (Figure 8a and b). Next, we uploaded these genes to CMap,
which predicted potential drugs. Beza�brate, clobetasol, scriptaid and thioguanosine were identi�ed, as shown in Table 3. In
addition, the two-dimensional and three-dimensional structures of these drugs were obtained from PubChem (Figure 9 a, b, c and
d).

Discussion
Accumulating evidence have demonstrated that TROAP plays a key role in various malignancies, and the dysregulation of this
gene can facilitate the occurrence, invasion, and metastasis of tumor cells in different ways. For example, Jing et al. revealed
that knockdown of TROAP considerably inhibited cell proliferation, the G1 to S cell cycle transition, and the migration and
invasion ability of gastric cancer cells. In other words, TROAP is overexpressed in GC and plays an oncogenic role in gastric
cancer[21]. Moreover, Chen et al. identi�ed TROAP as an enhancer of cell invasion and a prognostic factor for lung
adenocarcinoma[22]. Nevertheless, there is a paucity of information regarding TROAP in glioma. Therefore, the goal of our study
was to reveal the role of abnormal TROAP expression in glioma tissues and to propose novel ideas for the diagnosis and
prognostication of glioma.

In this study, we used the convenience and practicality of databases containing high-throughput sequencing data to obtain
information from thousands of glioma samples from CGGA, TCGA, and GEO for analysis and research. As seen in �gure. 1,
TROAP showed signi�cantly higher expression level in glioma than normal brain tissues in the data from GEO and GEPIA. This
�nding is in agreement with some literature reports. The expression level of TROAP in liver cancer is signi�cantly higher than that
in non-tumor tissues, and high expression of TROAP is closely related to clinical stage and survival status[23]. Subsequently,
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Kaplan-Meier curves for OS demonstrated that higher expression of TROAP was related to worse outcomes in glioma patients. In
addition, univariate and multivariate Cox analyses suggested that TROAP mRNA expression might be a valuable biomarker for
determining glioma prognosis, and ROC analysis established the prognostic value of TROAP expression in glioma. TROAP, a
soluble cytoplasmic protein, has been reported to regulate prostate cancer progression via the WNT3 and surviving signaling
pathways, and higher expression of TROAP can lead to shorter overall survival in prostate cancer patients[24]. Similar results
have also been found by Chang et al., who revealed that overexpression of TROAP leads, at least to some extent, to great
aggressiveness and unfavorable clinical outcomes of human gallbladder cancer by modulating the expression of integrin 3,
mmp-7, mmp-9, and ets-1 expression[25]. These results support that TROAP, as a prognostic factor, plays an essential role in the
development of glioma.

Furthermore, our GSEA results indicated that high TROAP expression was associated with enrichment in the homologous
recombination (HR), cell cycle and p53 signaling pathways. Recent studies have shown that homologous recombination is
directly and indirectly involved in tumor therapy, affecting the occurrence and development of tumors[26-28]. Artesunate (ART)
can increase the lethality of temozolomide (TMZ) by inhibiting homologous recombination and senescence to induce increased
glioma cell apoptosis[29]. In addition, targeting ataxia-telangiectasia mutated (ATM)-mediated HR pathway activation increased
the sensitivity of glioma to ionizing radiation[30]. Abnormal regulation of the cell cycle is one of the main mechanisms of
unlimited proliferation of malignant glioma cells. For example, the ampli�cation and overexpression of cyclin D1 are common in
glioblastoma cells and induce continuous activation of cyclin-dependent kinases such as CDK2, CDK4 and CDK6, resulting in
continuous proliferation of glioblastoma cells[31, 32]. P53, a well-known tumour-inhibiting factor, participates in regulating a
variety of cell processes, such as cell growth, metabolism and apoptosis[33, 34]. Some studies have shown that mutations in
P53 signi�cantly promote the migration and growth of glioma cells[35]. In addition, P53 plays a key role in mediating the
radiation resistance of glioma[36]. In general, these signaling pathways exacerbate glioma pathogenesis, implying that TROAP
may in�uence the growth, invasion and migration of glioma.

In order to improve the prognosis of patients with glioma, we used CMap to obtain four small molecule compounds with
potential therapeutic effects on glioma. Recently, a study uncovered that beza�brate can serves as a drug for lung
adenocarcinoma in vitro assays, in which inhibited proliferation and caused cell cycle arrest [37]. Giacinti et al. revealed that
scriptaid has strong antitumour activity in breast cancer cell lines[38]. Thioguanosine, as a purine analogue, has been reported to
inhibit ribosomal RNA maturation in liver cancer cells[39]. Interestingly, Clobetasol, which is used to �ght skin in�ammation, has
also been shown to have antitumour effects[40]. Combined with the above results, we speculate that beza�brate, scriptaid,
thioguanosine and clobetasol may also have potential therapeutic effect on glioma, which may help to improve the survival and
prognosis of glioma patients.

Although the combined analysis of thousands of glioma samples from multiple datasets was used to help us understand the
role of abnormal TROAP expression in glioma, which should reduce the statistical bias from race, there are still some limitations.
First, the data obtained from the CGGA RNA-seq, TCGA microarray and TCGA RNA-seq datasets are from glioma, and the
datasets did not contain normal brain tissues as controls. To compensate for this defect, we identi�ed and employed data from
normal brain tissues and glioma tissues from the GEPIA and GEO datasets. Second, ideally, the detailed treatment strategies of
patients in the datasets we used should be included in our analysis, but because our data were all from public databases, the
detailed treatment strategies for each patient were not available. However, our statistical methods and processing methods were
effective and robust: not only can the large amount of tissue sample data ensure the reliability of the research results, the ethnic
diversity of the tissue data can also help us understand the in�uence of TROAP on the prognosis of glioma patients in all ethnic
groups. In addition, we used multiple data types, including gene microarray, gene sequencing, and immunohistochemistry data,
as well as other means to verify the expression level of TROAP in tumor tissues.

Conclusion
In summary, our �ndings reveal that elevated expression of TROAP plays a critical role in glioma prognosis, and TROAP could be
a candidate marker for glioma diagnosis and treatment. To the best of our knowledge, multiple data fusion analysis to study the
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role of TROAP in human glioma are relatively rare, and we believe that our efforts will lay the foundation for future research in
glioma.

Abbreviations
TCGA: The Cancer Genome Atlas

CGGA: Chinese Glioma Genome Atlas

GEO: Gene Expression Omnibus

HPA: The Human Protein Atlas

IHC: immunohistochemical

GSEA: Gene set enrichment analysis

GBM: glioblastoma

TROAP: Trophinin-associated protein 

Declarations
Funding: This research was funded by the thousand talents plan of Henan province, Henan Provincial Innovation and
Outstanding Talent Program [154200510027].

Con�ict of interests: Declare any con�ict of interest or state “The authors declare no con�ict of interests.

Availability of data and materials: Not applicable

Code availability: Not applicable

Authors' contributions: Liu ZD, Lian XY, Liu RZ and Cheng XB contributed equally to this work; Liu ZD and Gao YZ designed the
research; Wang JL, Zhang W, Liu BF and Ren ZS performed the research; Zhang MJ, Lian XY and Wang HB analyzed the data;
Lian XY and Liu ZD wrote the paper.

Ethics approval and consent to participate: The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Board. Informed consent was obtained from all subjects involved in the study.

Consent for publication: Not applicable

Acknowledgments: We appreciate the support of A�liated of Henan Provincial People’s Hospital.

References
1. Ostrom Q, Gittleman H, Stetson L, Virk S, Barnholtz-Sloan J (2015) Epidemiology of gliomas. Cancer treatment research

163:1–14

2. Thompson G, Lawrie TA, Kernohan A, Jenkinson MD (2019) Interval brain imaging for adults with cerebral glioma. Cochrane
Database Syst Rev 12:CD013137

3. Wesseling P, Capper D (2018) WHO 2016 Classi�cation of gliomas. Neuropathology applied neurobiology 44(2):139–150

4. Brognaro E (2019) Glioblastoma Unique Features Drive the Ways for Innovative Therapies in the Trunk-branch Era. Folia
medica 61(1):7–25

5. Frosina G (2015) The glioblastoma problem: targeting by combined medicinal chemistry approaches. Curr Med Chem
22(21):2506–2524



Page 9/17

�. Ogawa D, Ansari K, Nowicki MO, Salinska E, Bronisz A, Godlewski J. MicroRNA-451 Inhibits Migration of Glioblastoma while
Making It More Susceptible to Conventional Therapy. Noncoding RNA. 2019;5(1)

7. Turkalp Z, Karamchandani J, Das S (2014) IDH mutation in glioma: new insights and promises for the future. JAMA
neurology 71(10):1319–1325

�. Zhang R, Pointer K, Kuo J, Dempsey R (2014) Mutational analysis reveals the origin and therapy-driven evolution of recurrent
glioma. Neurosurgery 75(6):N9–N10

9. Boots-Sprenger S, Sijben A, Rijntjes J, Tops B, Idema A, Rivera A et al (2013) Signi�cance of complete 1p/19q co-deletion,
IDH1 mutation and MGMT promoter methylation in gliomas: use with caution. Modern pathology: an o�cial journal of the
United States Canadian Academy of Pathology Inc 26(7):922–929

10. Wang J, Su H, Zhao H, Chen Z, To S (2015) Progress in the application of molecular biomarkers in gliomas. Biochem
Biophys Res Commun 465(1):1–4

11. Yang S, Liu X, Yin Y, Fukuda MN, Zhou J (2008) Tastin is required for bipolar spindle assembly and centrosome integrity
during mitosis. FASEB J 22(6):1960–1972

12. Baba T, Mori S, Matsumura N, Kariya M, Murphy SK, Kondoh E et al (2007) Trophinin is a potent prognostic marker of
ovarian cancer involved in platinum sensitivity. Biochem Biophys Res Commun 360(2):363–369

13. Li K, Zhang R, Wei M, Zhao L, Wang Y, Feng X et al (2019) TROAP Promotes Breast Cancer Proliferation Metastasis Biomed
Res Int 2019:6140951

14. Hu H, Xu L, Chen Y, Luo SJ, Wu YZ, Xu SH et al (2019) The Upregulation of Trophinin-Associated Protein (TROAP) Predicts a
Poor Prognosis in Hepatocellular Carcinoma. J Cancer 10(4):957–967

15. Harada O, Suga T, Suzuki T, Nakamoto K, Kobayashi M, Nomiyama T et al (2007) The role of trophinin, an adhesion
molecule unique to human trophoblasts, in progression of colorectal cancer. Int J Cancer 121(5):1072–1078

1�. Tang Z, Kang B, Li C, Chen T, Zhang Z (2019) GEPIA2: an enhanced web server for large-scale expression pro�ling and
interactive analysis. Nucleic Acids Res 47(W1):W556–W560

17. Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, Tomashevsky M et al (2013) NCBI GEO: archive for functional genomics
data sets–update. Nucleic Acids Res 41(Database issue):D991–D995

1�. Thul PJ, Lindskog C (2018) The human protein atlas: A spatial map of the human proteome. Protein Sci 27(1):233–244

19. Subramanian A, Kuehn H, Gould J, Tamayo P, Mesirov JP (2007) GSEA-P: a desktop application for Gene Set Enrichment
Analysis. Bioinformatics 23(23):3251–3253

20. Lamb J, Crawford ED, Peck D, Modell JW, Blat IC, Wrobel MJ et al (2006) The Connectivity Map: using gene-expression
signatures to connect small molecules, genes, and disease. Science 313(5795):1929–1935

21. Jing K, Mao Q, Ma P (2018) Decreased expression of TROAP suppresses cellular proliferation, migration and invasion in
gastric cancer. Mol Med Rep 18(3):3020–3026

22. Chen Z, Zhou Y, Luo R, Liu K, Chen Z (2019) Trophinin-associated protein expression is an independent prognostic biomarker
in lung adenocarcinoma. J Thorac Dis 11(5):2043–2050

23. Jiao Y, Li Y, Lu Z, Liu Y (2019) High Trophinin-Associated Protein Expression Is an Independent Predictor of Poor Survival in
Liver Cancer. Dig Dis Sci 64(1):137–143

24. Ye J, Chu C, Chen M, Shi Z, Gan S, Qu F et al (2019) TROAP regulates prostate cancer progression via the WNT3/survivin
signalling pathways. Oncol Rep 41(2):1169–1179

25. Chang XZ, Yu J, Zhang XH, Yin J, Wang T, Cao XC (2009) Enhanced expression of trophinin promotes invasive and
metastatic potential of human gallbladder cancer cells. J Cancer Res Clin Oncol 135(4):581–590

2�. Pennington KP, Walsh T, Harrell MI, Lee MK, Pennil CC, Rendi MH et al (2014) Germline and somatic mutations in
homologous recombination genes predict platinum response and survival in ovarian, fallopian tube, and peritoneal
carcinomas. Clin Cancer Res 20(3):764–775

27. Christenson ES, Antonarakis ES (2018) PARP inhibitors for homologous recombination-de�cient prostate cancer. Expert Opin
Emerg Drugs 23(2):123–133



Page 10/17

2�. Rimar KJ, Tran PT, Matulewicz RS, Hussain M, Meeks JJ (2017) The emerging role of homologous recombination repair and
PARP inhibitors in genitourinary malignancies. Cancer 123(11):1912–1924

29. Berte N, Lokan S, Eich M, Kim E, Kaina B (2016) Artesunate enhances the therapeutic response of glioma cells to
temozolomide by inhibition of homologous recombination and senescence. Oncotarget 7(41):67235–67250

30. Lim YC, Roberts TL, Day BW, Stringer BW, Kozlov S, Fazry S et al (2014) Increased sensitivity to ionizing radiation by
targeting the homologous recombination pathway in glioma initiating cells. Mol Oncol 8(8):1603–1615

31. Ouyang Q, Xu L, Cui H, Xu M, Yi L (2016) MicroRNAs and cell cycle of malignant glioma. Int J Neurosci 126(1):1–9

32. Koyama-Nasu R, Nasu-Nishimura Y, Todo T, Ino Y, Saito N, Aburatani H et al (2013) The critical role of cyclin D2 in cell cycle
progression and tumorigenicity of glioblastoma stem cells. Oncogene 32(33):3840–3845

33. Freed-Pastor WA, Prives C (2012) Mutant p53: one name, many proteins. Genes Dev 26(12):1268–1286

34. Bieging KT, Mello SS, Attardi LD (2014) Unravelling mechanisms of p53-mediated tumour suppression. Nat Rev Cancer
14(5):359–370

35. Krex D, Mohr B, Appelt H, Schackert HK, Schackert G (2003) Genetic analysis of a multifocal glioblastoma multiforme: a
suitable tool to gain new aspects in glioma development. Neurosurgery 53(6):1377–1384; discussion 84

3�. Wu B, Wang H, Zhang L, Sun C, Li H, Jiang C et al (2019) High expression of RAD18 in glioma induces radiotherapy
resistance via down-regulating P53 expression. Biomed Pharmacother 112:108555

37. Liu X, Yang X, Chen X, Zhang Y, Pan X, Wang G et al (2015) Expression Pro�ling Identi�es Beza�brate as Potential
Therapeutic Drug for Lung Adenocarcinoma. J Cancer 6(12):1214–1221

3�. Giacinti L, Giacinti C, Gabellini C, Rizzuto E, Lopez M, Giordano A (2012) Scriptaid effects on breast cancer cell lines. J Cell
Physiol 227(10):3426–3433

39. Weiss JW, Pitot HC (1974) Inhibition of ribosomal RNA maturation in Novikoff hepatoma cells by toyocamycin, tubercidin,
and 6-thioguanosine. Cancer Res 34(3):581–587

40. Choi EJ, Jung BJ, Lee SH, Yoo HS, Shin EA, Ko HJ et al (2017) A clinical drug library screen identi�es clobetasol propionate
as an NRF2 inhibitor with potential therapeutic e�cacy in KEAP1 mutant lung cancer. Oncogene 36(37):5285–5295

Figures



Page 11/17

Figure 1

The expression of TROAP in glioma patients. (a) Different expression levels of TROAP in various human tumor tissue samples,
the color of the tumor name represents the level of TROAP expression in the tumor: the red and green denote higher and lower
expression, respectively. (b) 34 glioma tissue specimens were compared with 13 normal brain tissue specimens in the data set of
GSE50161, and high expression of TROAP in glioma. (c) 34 glioma tissue specimens were compared with 8 normal brain tissue
specimens in the data set of GSE116520, and the expression level of TROAP in glioma tissues was signi�cantly increased. RT-
qPCR in glioma cell lines (T98, LN229, A172 and U251) and human-derived astrocyte (HA). Statistical difference was determined
by one-way ANOVA. ***(p<0.001), ****(p<0.001).
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Figure 2

The relationship between the difference of the expression level of ESPL1 and Overall Survival (OS) (a)CGGA RNA-seq data set.
(b) CGGA microarray data set. (c)TCGA RNA-seq data set.

Figure 3
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Univariate analysis and Multivariate analysis with Cox regression model: (a) Univariate analysis of CGGA RNA-seq database. (b)
Multivariate analysis of CGGA RNA-seq database. (c) Univariate analysis of CGGA microarray database. (d) Multivariate analysis
of CGGA microarray database. (e) Univariate analysis of TCGA RNA-seq database. (f) Multivariate analysis of TCGA RNA-seq
database.

Figure 4

Prognostic factors and risk assessment of glioma and the diagnostic value of TROAP. (a)CGGA RNA-seq data set. (b)CGGA
microarray data set. (c)TCGA RNA-seq data set.
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Figure 5

The relationship between the expression of ESPL1 in glioma and clinicopathological characteristics in the CGGA RNA-seq, CGGA
microarray and TCGA RNA-seq data sets: (a) Grade. (b) 1p19q_codeletion status; (c) Age. (d) Chemotherapy status. (e) IDH
mutation status. (f) PRS type. (g) Histology.
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Figure 6

Gene set enrichment analysis (GSEA) of TROAP in CGGA RNA-seq, CGGA microarray and TCGA RNA-seq database. The results
show the common signaling pathway of the three data sets: (a) Cell cycle, (b) Homologous recombination, (c) p53 signaling
pathway.

Figure 7

Protein expression in tissues with the immunohistochemistry (IHC). a, d in normal brain tissues. b, e in low grade glioma. C, f in
high grade glioma.
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Figure 8

Relationship analysis of TROAP and differential expression genes.
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Figure 9

The two-dimensional and three-dimensional structures of the four compounds identi�ed by the connectivity map analysis: (a)
Beza�brate. (b) Clobetasol. (c) Scriptaid. (d) Thioguanosine.
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