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Abstract
Background Glioblastoma (GBM) is a malignant primary craniocerebral tumor with median survival of
less than 15 months. Nuclear receptor coactivator 4 (NCOA4) can regulate the growth of various
malignant tumors by participating in various biological processes. However, in glioblastoma, the speci�c
regulatory role and mechanism of NCOA4 have not been clearly explained.

Methods We collected GBM patient information from the Cancer Genome Atlas (TCGA). The expression
of NCOA4 in GBM and normal tissues and the relationship between NCOA4 and various
clinicopathological features, further the enrichment pathway of NCOA4 as well as the relationship
between NCOA4 and prognosis of patients and the NCOA4-related nomogram for patient survival were
analyzed by various bioinformatic tools including Wilcoxon rank sum test, Logistic regression analysis,
Gene ontology term analysis (GO), Gene set enrichment analysis (GSEA), single-sample Gene Set
Enrichment Analysis (ssGSEA), Kaplan-Meier analysis and Cox regression comprehensively.

Results Our study showed that NCOA4 was signi�cantly overexpressed in GBM, and the higher the
expression of NCOA4, the longer the survival. In order to further explore the potential role of NCOA4, we
conducted enrichment analysis on NCOA4, established a NCOA4-related PPI network. We found that the
expression of NCOA4 was negatively interrelated with the in�ltration degree of NK CD56bright cells, and
positively interrelated with the in�ltration degree of mast cells, B cells, T cells, T helper cells. We created a
Nomogram in order to predict the prognosis of patients with GBM.

Conclusion High expression of NCOA4 is associated with better prognosis and is associated with
immune cell in�ltration in GBM.

Background
Glioblastoma (GBM) is a malignant primary craniocerebral tumor with median survival of less than 15
months[1]. Despite recent advances in comprehensive treatment strategies for GBM, GBM patients still
have a poor prognosis [1]. Glioma is recognized to be a highly heterogeneous CNS malignancy, whose
diverse cellular composition and cellular interactions have not been well characterized[2]. To date, only a
few therapies are approved for the treatment of GBM with the main reasons being: 1) the apparent
heterogeneity of the tumor leads to its speci�c drug resistance 2) GBM can induce immunosuppression
3) the location of the intracranial tumor makes treatment more di�cult 4) there is no clear biomarker for
GBM to effectively diagnose and evaluate its prognosis[3]. Therefore, there is an urgent necessity for the
elucidation of the identi�cation of novel biomarkers for carcinoma diagnosis and therapeutic targets in
GBM.

Nuclear receptor coactivator 4 (NCOA4), a coactivator of multiple nuclear hormone receptors has been
reported can mediate the autophagy degradation of ferritin[4; 5]. It has been shown that NCOA4 can
induce and mediate ferritin autophagy in neurodegenerative diseases and also cause ferroptosis[6; 7; 8].
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Similarly, abnormal expression of NCOA4 is found in colorectal cancer and clear cell renal cell
carcinoma[6]. However, the expression and role of NCOA4 in GBM have not been clearly described.

Tumor in�ltrating immune cells is part of the tumor microenvironment and often has two sides to tumor
growth[9]. At present, immunotherapy is gradually being tested and promoted in clinical practice [10].
NCOA4 is a selective cargo receptor that mediates the autophagy degradation of ferritin and thus
participates in the regulation of ferroptosis[11]. Ferroptosis might contribute to tumor immune evasion by
directly interfering with the function of various immune cells[12]. On the other hand, Ferroptosis can
regulate the immune microenvironment and inhibit tumor growth. Therefore, ferroptosis is critically
involved in the regulation of antitumor immunity and may provide potential strategies in immunotherapy.

In this study, we used various bioinformatics methods to analyze the role of NCOA4 in the progression of
GBM, and produced nCOA4-related nomogram to predict patient survival outcomes

Methods
Data Source before Analysis

Gene expression data for analysis with clinical information about GBM projects (included 1157 normal
and 168 GBM tissues were collected from TCGA. Overall survival less than 30 days were excluded and
unavailable or unknown clinical features were missing values.

The Expression GBM and Paracancerous Tissues in the TCGA Database

The expression of NCOA4 in tumor and normal disease state was shown in boxplots and scatter plots.
Receiver operating characteristic (ROC) curves were generated according to diagnostic performance of
NCOA4. The level of expression of NCOA4 above the median value was de�ned as NCOA4-high and
NCOA4-low from statistical ranking. We use "Xiantao" tool (https://www.xiantao.love/) expression
differences" module to compare NCOA4 in GBM expression, tissue adjacent to carcinoma and normal
tissue. We compare the NCOA4 in tissue and normal tissue expression of GBM Through the Human
Protein Atlas database (https://www.proteinatlas.org/). The ROC curve of NCOA4 expression was drawn
by ROC module for reference.

We through the "difference analysis" module of "Xiantao" tool, input "NCOA4" for analysis. And we input
all DEGs into the "volcano plot" module of the "Xiantao" tool. The adjusted P value <0.05 and the absolute
FC larger than 2.0 were considered to be statistically signi�cant. All the DEGs identi�ed were presented in
volcano plots.

Functional Enrichment and Protein-Protein Interaction (PPI) Network of NCOA4

The expression difference between differences in NCOA4 signaling pathways between the high and low
NCOA4 groups obtained by Xiantao tools (https://www.xiantao.love/), section GSEA predicting NCOA4-
related phenotypes and signaling pathways. Search Tool for Interaction Gene/Proteins (STRING) website

https://www.xiantao.love/
https://www.proteinatlas.org/
https://www.xiantao.love/
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(https://string-db.org/) analyzed protein-protein networks of NOCA4[13]. We explored NCOA4
internetworks by using the query of a single protein name (“NCOA4”) and organism (“Homo sapiens”). We
set the following main parameters in “setting” module: minimum required interaction score [“Low
con�dence (0.150)”], meaning of network edges (“evidence”), max number of interactors to show (“no
more than 50 interactors” in 1st shell) and active interaction sources (“experiments”). Finally, we get the
available visualized NCOA4-binding proteins.

Analysis of the Interrelation Between NCOA4 and Immune In�ltration

ssGSEA was used to quantify the relative tumor in�ltration levels of 24 immune cell types expression
levels of genes[14]. In the module of "Xiantao tool" immune in�ltration, Wilcoxon rank sum test and
Xiantao tool Spearman correlation were used to analyze the relationship between NCOA4 and immune
cell in�ltration and the correlation between immune cell in�ltration and different NCOA4 expression
groups.

Clinical Statistical Analysis on Prognosis, Model Construction, and Evaluation

In the clinical meaning module of the Xiantao tool, prognosis features including overall survival (OS),
progression-free interval (PFI), and disease-speci�c survival (DSS) in TCGA patients were analyzed by
Cox regression and Kaplan-Meier methods. The truncation value of high and low NCOA4 expression was
identi�ed according to the median number. Wilcoxon signed rank sum test and Logistic regression were
used to analyze the relationship between clinicopathological features and NCOA4. Multivariate Cox
analysis calculated the effect of NCOA4 expression on survival rate and other clinical features. P<0.05
was considered signi�cant. Based on Cox regression model, the independent prognostic factors obtained
from multivariate analysis were continued, and we predicted the survival probabilities of 1, 3 and 5 years
respectively. Compared the predicted probabilities with observed events by Calibration curves, with the
45° line representing the best predicted value. C-index, a conformance index was a useful tool to
determine the differentiation of the nomogram, also can compare the prediction accuracy of the
nomogram with independent prognostic factors.

Result
Differentially Expression of NCOA4 and NCOA4-related Differential Genes in GBM

The pan-cancer analyses were performed to compare the expression of NCOA4 in the tumor samples of
GTEx combined with TCGA and the corresponding normal samples of TCGA by Wilcoxon rank sum test.
NCOA4 was signi�cant differential expressed in adrenocortical carcinoma (ACC), bladder urothelial
carcinoma (BLCA), breast in�ltrating carcinoma (BRCA), cervical squamous cell carcinoma and
adenocarcinoma (CESC), cholangiocarcinoma (CHOL), Colon adenocarcinoma (COAD), diffuse large B
cell lymphoma (DLBC), Esophageal carcinoma (ESCA), pleomorphic glioma (GBM), head and neck
squamous cell carcinoma (HNSC), renal chromophobe cell carcinoma (KICH), renal clear cell carcinoma
(KIRC), renal papillary cell carcinoma (KIRP), acute myeloid leukemia (LAML), brain low grade glioma
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(LGG), Liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), mesothelioma (MESO), ovarian serous cystadenocarcinoma (OV),pancreatic cancer
(PAAD), pheochromocytoma and paraganglioma (PCPG), prostate cancer (PRAD), rectum
adenocarcinoma (READ), sarcoma(SARC), skin melanoma (SKCM), gastric cancer (STAD), Testicular
Germ Cell Tumors (TGCT), thyroid cancer (THCA), thymic cancer (THYM), endometrial cancer (UCEC),
uterine sarcoma (UCS), uveal melanoma (UVM) (P < 0.05) (Figure 1A). Secondly, we compared the
expression of NCOA4 in 1157 paracancerous samples and 168 GBM samples in TCGA GBM dataset. The
expression of NCOA4 was signi�cantly high in GBM samples (P < 0.001) (Figure 1B). ROC was used to
analyze the distinguishing e�cacy of NCOA4 between GBM tissues and normal paracancerous tissue.
The area under the curve (AUC) of NCOA4 is 0.925, suggesting that NCOA4 may be a potentially
identi�cation molecule for GBM tissues (Figure 1C). Moreover, in the Human Protein Atlas, NCOA4 protein
expression was increased in GBM tissues compared with normal tissues. We divided them into 84 NCOA4
high expression and 84 and low expression using median as the boundary. A total of 37 DEGs, covering
36 upregulated GENEs and 1 downregulated GENEs, were identi�ed to be statistically signi�cant between
the two cohorts (adjusted p-value < 0.05, |Log2-fold change| > 2.0) (Figure 1D).

Functional Enrichment and Signaling Pathways of NCOA4 Related Genes in GBM

To search for functional enrichment of NCOA4-related genes, our GO enrichment analysis suggested that
nCOA4-related genes were mainly enriched in focal adhesion, collagen-containing extracellular matrix,
cell-substrate adherens junction, cell-substrate junction, cell-cell junction. (Figure 2A-B). The high and low
expression of NCOA4 in GBM were analyzed by GSEA to search for NCOA4 enrichment signaling
pathway. Finally, these signaling pathways include neutrophil Degranulation Pathway, signaling by
Interleukins Pathway, r-RNA processing Pathway and translation Pathway (Figures 2C–D). We found
from The Human Protein Atlas database that the expression of NCOA4 in GBM tissues was higher than
that in normal tissues (Figure 1E-F).

Protein-Protein Interaction (PPI) Network Analysis in the differentially expressed genes

In order to acquire the interactions between the DEGs in the GBM group, a PPI network was constructed
using the STRING database. In our study, the top 10 genes included AR, FTL, FTH1, CCDC6, RET, GFRA1,
CTNNB1, HSP90AA1, FOXA1, PELP1(Figure.3).

The interrelation Between NCOA4 and Immune In�ltration

The interrelation between the expression level of NCOA4 and immune cell in�ltration level quanti�ed by
ssGSEA was analyzed. The expression of NCOA4 was negatively interrelated with the in�ltration degree
of NK CD56bright cells, and positively interrelated with the in�ltration degree of mast cells, B cells, T cells,
T helper cells. (Figures 4A–K, P < 0.001).

Correlation between NCOA4 and clinical features
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The clinical characteristics and expression of NCOA4 in 168 GBM patients in TCGA were analyzed. We
analyzed 109 men and 59 women, as shown in Figures 5A-F and Table 1, overexpressed NCOA4 was
signi�cantly correlated with IDH status (wild type vs. mutational type, P = 0.027). Interestingly, Our
Logistic regression analysis showed that NCOA4 overexpression was also related to IDH mutation (wild
type vs. mutational type, P = 0.024). (Table 2).

The OS rate of patients with high NCOA4 expression was signi�cantly higher than that of patients with
low NCOA4 expression (P = 0.042; Figure 6A). However, there were no signi�cant differences in DSS rate
and PFI between NCOA4 group and NCOA4 group (P = 0.106; P = 0.383; Figures 6B, C). In our opinion, this
may be due to the rapid disease progression of GBM patients, and it is di�cult to show signi�cant
differences between DSS and PFI.

Construction of NCOA4 Related Nomogram 

We constructed a Nomogram using NCOA4 and other clinical indicators to predict the prognosis of
patients with GBM. (Figure 7A). We obtained the �nal Nomogram by multivariate COX regression
analysis. In the Nomogram, each factor is assigned a score range, and the sum of all factor scores is the
�nal score, corresponding to the 1-year, 2-year and 3-year survival probability of GBM patients. (Figure
7A).

To test the prediction accuracy of this Nomogram for prognosis, we calculate a C-index of 0.622(CI:
0.5900-0.653). And the calibration curve shows that our prediction and observation have a good
consistency. (Figure7B).

Discussion
Since the expression of NCOA4 in glioblastoma and its effect on the prognosis of glioblastoma have not
been clari�ed. Therefore, we systematically analyzed the expression of NCOA4 in GBM and the effect of
NCOA4 on the prognosis of GBM patients, and brie�y analyzed its possible mechanism of action. As a
cargo carrier protein of ferritin autophagy, NCOA4 can promote ferroptosis[4; 15]. This process involves
intracellular accumulation of iron, production of Reactive oxygen species (ROS), supply of fatty acids,
and lipid peroxidation[16]. Moreover, when NCOA4 decreased, intracellular iron and oxidative stress
decreased, while glutathione levels increased[8]. When these changes occur, the sensitivity of the cell to
ferroptosis also changes[17; 18]. Ferroptosis interacts with tumor immunity. However, tumor immune
invasion can not only inhibit tumor growth, but also promote tumorigenesis under certain conditions.
Similarly, ferroptosis also has two sides to tumor progression, so we analyzed the relationship between
NCOA4 and GBM in the two aspects.

NCOA4 can promote the development of certain tumors. Studies have shown that NCOA4 is highly
expressed in breast cancer, and can induce the transformation of normal cells into cancer cells and
promote tumor formation[19]. In addition, NCOA4-RET fusion can occur in colorectal cancer and promote
the progression of colon cancer[20]. Interestingly, NCOA4-RET is also frequently found in papillary thyroid
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carcinoma [21] In hepatocellular carcinoma, when NCOA4 is highly expressed, it can induce iron death in
hepatocellular carcinoma cells, thus improving the survival rate of patients[22; 23]. These studies suggest
that NCOA4 may play a dual role in tumorigenesis, with NCOA4α acting as a positive regulator of tumor
development in ovarian cancer and NCOA4β acting as a tumor suppressor in ovarian cancer. But these
effects may be reversed in prostate cancer and breast cancer[24; 25]. In our study, NCOA4 was
signi�cantly overexpressed in patients with GMB. And when NCOA4 is highly expressed, patients have a
better prognosis.

In order to study the function of NCOA4 in GBM, we performed GO, GESA and ssGSEA analyses using
TCGA data. In our result, differential enrichment of neutrophil degranulation pathway, signaling by
interleukins pathway, r-RNA processing pathway and translation pathway. The expression of NCOA4 was
negatively interrelated with the in�ltration degree of NK CD56bright cells, and positively interrelated with
the in�ltration degree of mast cells, B cells, T cells, T helper cells.

Studies have shown that neutrophil degranulation is associated with immune evasion of GBM[26]. In
addition, various interleukins can enhance the collective immunity against GBM[27]. This may suggest
that NCOA4 is correlated with the immune microenvironment of GBM.

Glioblastoma (GBM) is one of the most common malignant brain tumors with poor prognosis. In�ltrating
immune cells in the tumor microenvironment (TME) can promote or inhibit tumor progression[28; 29]. In
our study, GBM with high NCOA4 expression was accompanied by more B cells, mast cells, T cells and T
helper cells and fewer NKCD56 bright cells, Of course, when NCOA4 is low expression, the results are
reversed. It has been shown that activated CD8 + T cells can induce ferroptosis, which also proves the
strong correlation between ferroptosis and immunotherapy[4]. T cells are the key agents of tumor
killing[30], and B cells in the process of formation of antitumor immune response plays an important role,
can interact with T cells and synergistic selection, and present cognate tumor-derived antigens to T
cells[31]. Meanwhile, TH cells can produce antigen-speci�c memory B cells in the immune process of B
cells[32]. Recent research shows that mast cells can transform the tumor microenvironment into anti-
tumor immunity when adequately triggered[33]. In our study, the in�ltration of T cells, mast cells, T helper
cells and B cells was positively correlated with the expression of NCOA4, indicating that the expression of
NCOA4 may promote the GBM immune microenvironment to show a characteristic of inhibiting tumor
growth. NCOA4 can mediate ferritin autophagy and induce ferroptosis, which is related to the immune
regulation of GBM. Therefore, NCOA4 may be a common regulator of GBM immune in�ltration and
ferroptosis, which has predictive value for the prognosis of patients with GBM.

In our study, high expression of NCOA4 was associated with a better prognosis, and we evaluated NCOA4
in combination with other important clinical indicators. Since our model is based on a complementary
view of each tumor, it is able to provide personalized scores for individual patients. Based on the
calibration plot, there was a good agreement between the predicted value and the actual value of the
survival status of GBM patients at 1, 2 and 3 years.



Page 8/19

However, our study is based on publicly available online databases and has not been extensively
validated. Although our Nomogram is with a high prediction accuracy, it still needs a large number of
experiments to verify our views. We will further verify our results in the future.

Conclusion
In our study, we analyzed the expression of NCOA4 in GBM and demonstrated that high expression is
associated with long survival in GBM patients. The high expression of NCOA4 was positively correlated
with the in�ltration of mast cells, B cells, T cells and T helper cells, and it was speculated that NCOA4
inhibited GBM growth by inducing ferroptosis and regulating immune in�ltration. We constructed a
Nomogram using NCOA4 and other clinical indicators to predict the prognosis of patients with GBM. Our
Nomogram may be a valuable new prognostic method for clinicians in the future.
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Tables
Table 1. Association with NCOA4 expression and clinicopathological variables. 

Characteristic Low expression of
NCOA4

High expression of
NCOA4

p

n 84 84  

Gender, n (%)     0.518

Female 32 (19%) 27 (16.1%)  

Male 52 (31%) 57 (33.9%)  

Race, n (%)     0.427

Asian 1 (0.6%) 4 (2.4%)  

Black or African American 5 (3%) 6 (3.6%)  

White 77 (46.4%) 73 (44%)  

Age, n (%)     0.354

<=60 40 (23.8%) 47 (28%)  

>60 44 (26.2%) 37 (22%)  

Karnofsky performance score, n
(%)

    1.000

<80 18 (14.1%) 18 (14.1%)  

>=80 45 (35.2%) 47 (36.7%)  

IDH status, n (%)     0.027

WT 81 (50.3%) 68 (42.2%)  

Mut 2 (1.2%) 10 (6.2%)  

Table 2. The univariate analysis with Logistic regression illuminated NCOA4 expression as a categorical
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Characteristics Total(N) Odds Ratio(OR) P value

Gender (Male vs. Female) 168 1.299 (0.689-2.463) 0.419

Race (White vs. Asian&Black or African American) 166 0.569 (0.185-1.611) 0.298

Age (>60 vs. <=60) 168 0.716 (0.388-1.312) 0.280

Karnofsky performance score (>=80 vs. <80) 128 1.044 (0.482-2.266) 0.912

IDH status (Mut vs. WT) 161 5.956 (1.505-39.614) 0.024

Figures
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Figure 1

Expression of NCOA4 in pan cancer and GBM. (A) Overexpression of NCOA4 in pan cancer. (B) The
expression of NCOA4 was signi�cantly high in GBM samples. (C) The area under the curve (AUC) of
NCOA4 is 0.925. (D) A total of 37 DEGs, covering 36 upregulated GENEs and 1 downregulated GENEs,
were identi�ed to be statistically signi�cant. (E-F) The expression of NCOA4 in GBM tissues was higher
than that in normal tissues in The Human Protein Atlas database. * p<0.05, ** p<0.01, *** p<0.001. 

Figure 2

The functional enrichment information and signaling pathway of NCOA4 in GBM. (A-B) NCOA4-related
genes were involved in focal adhesion, collagen-containing extracellular matrix, cell-substrate adherens
junction, cell-substrate junction, cell-cell junction. (C-D) NCOA4 signaling pathways include neutrophil
degranulation pathway, signaling by interleukins pathway, rRNA processing pathway and translation
pathway. 



Page 15/19

Figure 3

In Protein-Protein Interaction (PPI) Network, the top 10 hub genes included AR, FTL, FTH1, CCDC6, RET,
GFRA1, CTNNB1, HSP90AA1, FOXA1, PELP1. 
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Figure 4

The correlation between NCOA4 expression and immune in�ltration. (A) The correlation between the
expression level (TPM) of NCOA4 and immune cell in�ltration level quanti�ed by ssGSEA was analyzed
by spearman correlation. (B-K) The expression of NCOA4 was negatively correlated with the abundance
of NK CD56 bright cells, and positively correlated with the abundance of mast cells, B cells, T cells, T
helper cells. 
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Figure 5

Association with NCOA4 expression and clinicopathological variables. (A-F) overexpressed NCOA4 was
signi�cantly correlated with IDH status and age. Others are not signi�cant. ns p>0.05, * p<0.05, ** p<0.01,
*** p<0.001. 

Figure 6

Low NCOA4 expression was closely associated with poor prognosis of patients with GBM. (A) The OS
rates were signi�cantly higher among patients with low NCOA4 expression than those with high NCOA4



Page 18/19

expression. (B-C) The DSS rates and PFI in the NCOA4-high group were not signi�cantly higher than those
in the NCOA4-low group.

Figure 7

Construction and validation of a Nomogram based on the NCOA4. (A) NCOA4 and independent clinical
risk factors were used to construct a nomogram. (B) The prediction e�ciency of the nomogram, and the
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C-index of the model was 0.622(CI: 0.0.590–0.653). 


