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Expression and Prognostic Role of PANK1 in Glioma 
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1Department of Geriatrics, Renmin Hospital of Wuhan University, Wuchang District, Wuhan, 430060, China 

Abstract: Background: Malignant gliomas are the most common type of primary malignant brain 
tumors. Pantothenate kinase 1 (PANK1) mRNA is highly expressed in several metabolic processes, 
implying that PANK1 plays a potential role in metabolic programming in cancers. However, the 
role of PANK1 in glioma has not been fully explored.  

Methods: Public datasets (The Cancer Genome Atlas (TCGA), Chinese Glioma Genome Atlas 
(CGGA), Gravendeel and Rembrandt) and validation cohort were used to explore the expression of 
PANK1 in glioma tissues. Kaplan–Meier and Cox regression analyses were used to explore the re-
lationship between PANK1 and prognosis in glioma. Cell proliferation and invasion were deter-
mined using Cell Counting Kit-8 (CCK8) and transwell invasion in vitro assays.  

Results: Analysis using the four public datasets and the validation cohort showed that PANK1 ex-
pression was significantly downregulated in glioma tissues compared with non-tumor tissues 
(P<0.01). PANK1 expression was negatively correlated with World Health Organization (WHO) 
grade, 1p/19q non-codeletion and isocitric dehydrogenase 1/2 (IDH1/2) wildtype. Furthermore, 
high expression of PANK1 was correlated with significantly better prognosis of glioma patients 
compared to patients with low expression of PANK1 (all P<0.01 in the four datasets). Besides, 
both lower-grade glioma (LGG) and glioblastoma multiform (GBM) patients with high expression 
of PANK1 had a significantly better prognosis than those with low expression of PANK1 in 
TCGA, Gravendeel and Rembrandt datasets (all P <0.01). Multivariate Cox regression analysis re-
vealed that low PANK1 expression was an independent risk factor associated with a worse progno-
sis of glioma patients. Moreover, overexpression of PANK1 significantly inhibited the prolifera-
tion and invasion of U87 and U251 cells.  

Conclusion: PANK1 expression is downregulated in glioma tissues and is a novel prognostic 
biomarker in glioma patients. 
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1. INTRODUCTION

Glioma is the most common tumor of the central nervous
system. Glioma accounts for 80% of all malignant brain tu-
mors [1]. Previous studies reported that the median survival 
time of patients with grade IV glioblastoma multiform 
(GBM) is only 1 year, and the 5-year survival rate is less 
than 5%; thus, glioma is one of the malignant tumors with 
the highest mortality [2]. The current therapeutic strategy for 
glioma mainly consists of surgical resection, radiotherapy, 
chemotherapy and the use of anti-angiogenesis agents. How-
ever, the prognosis of patients is poor, and glioma is associ-
ated with high mortality. Potential underlying molecular 
mechanisms and the potential biomarkers of gliomas have 
been explored by identifying key genes and pathways, such 
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as isocitric dehydrogenase (IDH) 1/2, 1p/19q co-del, TP53, 
and PTEN [3, 4]. However, the underlying molecular mech-
anism for glioma tumorigenesis has not been fully estab-
lished, as it is associated with a number of contributing on-
cogenes. Therefore, effective biomarkers are required to im-
prove the prognosis of patients with gliomas. 

Pantothenate kinase 1 (PANK1) is implicated in hepatic 
coenzyme A (CoA) synthesis during the transition from glu-
cose utilization to fatty acid oxidation that occurs in the fast-
ing state [5]. A phosphopantothenate replacement therapy to 
bypass the genetic deficiency in the Pank1−/− mouse model 
recently showed that administration of selected PANK1-
targeted compounds alleviated this deficiency in hepatic 
CoA [6]. PANK1‐deficient mice were unable to convert py-
ruvate, oxaloacetate or glycerol into glucose. These findings 
showed that glucose metabolism is significantly associated 
with the prognosis of patients with glioblastoma [7]. PANK1 
plays an important role in mediating CoA biosynthesis; 
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therefore, PANK1 expression may be correlated with the 
occurrence, development, and prognosis of glioblastoma. 
PANK1 mRNA is enriched in several metabolic processes, 
implying that it plays a potential role in metabolic program-
ming in cancers [8, 9]. Currently, only a few studies have 
explored the role of PANK1 in cancer [10]. To the best of 
our knowledge, this is the first study to explore the expres-
sion and prognostic role of PANK1 in gliomas. 

2. MATERIALS AND METHODS 

2.1. Glioma Samples 

A total of 56 human glioma tissues and 10 non-tumor 
brain tissues were collected during surgeries of glioma pa-
tients. Patients included in this study were admitted to 
Renmin Hospital of Wuhan University between September 
2015 and December 2020. The patients included 2 cases of 
World Health Organization (WHO) level I glioma, 16 cases 
of grade II glioma, 12 cases of level III glioma, and 26 cases 
of GBM. All patients had primary lesions, and none of them 
underwent chemotherapy or radiotherapy before the opera-
tion. All patients signed an informed consent agreement 
form. Ethical approval was obtained from the Renmin Hos-
pital of Wuhan University. 

2.2. Bioinformatics Analysis  

Data were retrieved from The Cancer Genome Atlas 
(TCGA) through the Gliovis tool 
(http://gliovis.bioinfo.cnio.es/) [11]. Rembrandt and Graven-
deel (GSE16011) datasets were retrieved using the Gliovis 
webserver. In addition, glioma data were retrieved from the 
Chinese Glioma Genome Atlas (CGGA, 
http://www.cgga.org.cn/index.jsp), which consists of 693 
glioma tissues [12]. Oncomine (https://www.oncomine.org) 
is an online cancer database that comprises gene expression 
array data [13]. PANK1 co-expressed genes were analyzed 
using cBioPortal (http://www.cbioportal.org/) [14]. Correlat-
ed genes with Spearman | r |≥0.5 and P < 0.01 were consid-
ered significant. Gene ontology (GO) analysis was per-
formed to explore the most-related genes using the 
Metascape tool (http://metascape.org).  

2.3. RNA Isolation and RT-PCR 

Total RNA was extracted using TRIzol reagent (Invitro-
gen, USA) from glioma cells. cDNA was prepared using the 
PrimeScript RT reagent kit (Takara), and SYBR Green II 
Mixture (TaKaRa, Japan) was used for real-time PCR. All 
procedures were performed following the manufacturer’s 
protocol. The specific primer pairs used in this study were as 
follows: PANK1_F: 5’-ACGTCGAACCGGACTCTG-3’, R: 
5’-CGTCTTGCGATCTCTCAGCT-3’; MMP2_F: 5’-ATCA 
GTTACCACGACGCATC-3’, R: 5’-GCTCTACGCAA 
CTGTCTGGT-3’; Vimentin_F: 5’-ATCTGACAATTCC 
AGCTCGAA-3’, R: 5’-ATTCGGATCGACGTCATGGCT-
3’; GAPDH_F: 5’-GGCTAGTCCATCACGGTTATGA-3’; 
R:5’-GCTATACCAGATGGAAGAC-3’.  

2.4. Immunohistochemistry (IHC) Staining and Analysis  

Tissues underwent deparaffinization and were rehydrated 
to retrieve antigens, and endogenous peroxidase activity was 

inhibited, then tissue sections were blocked using 4% para-
formaldehyde. Tissue sections were then incubated with 
primary antibodies (anti-PANK1, 1:500, Santa Cruz, sc-
390865; VIM, 1:200, Proteintech, 10366-1-AP) overnight. 
After washing with phosphate-buffered solution (PBS), tis-
sue sections were incubated in biotinylated polyclonal sec-
ondary antibody (reagent C) at room temperature for 30 min, 
followed by washing with PBS. Diaminobenzidine (DAB) 
substrate was then added for development, followed by he-
matoxylin counter-staining, dehydration, resin mounting and 
microscopic observation. Two observers scored the IHC 
staining independently, and a third observer decided in case 
of discrepancy. Positive staining (%) was as follows: score 0, 
no staining; score 1, 1%-25%; score 2, 26%-50%; score 3, 
51-75%; score 4, >75%). The staining intensity scores were: 
0, negative staining; 1, weakly positive staining; 2, moder-
ately positive staining; 3, highly positive staining. Score def-
inition = intensity score × percentage score. PANK1 protein 
expression was then classified as high (score 5-12) or low 
(score <4) expression.  

2.5. Cell Culture and Transfection 

Cells were cultured with Dulbecco's modified eagle me-
dium (DMEM) and maintained in a humidified incubator with 
5% CO2 at 37 °C. The cells in the logarithmic growth phase 
were seeded and cultured in six‐well plates. The cells were 
transfected with a mixture of Lipo3000 containing 2 μg of each 
plasmid (Pank1 overexpression and PcDNA 3.1) in antibiotic-
free media. Transfected cells were then collected and cultured 
for further use. All experiments were performed in triplicates.  

2.6. Transwell Assay 

Overexpression plasmid targeting PANK1 and negative 
control transfected cells were seeded on a collagen-based 
matrix, and the collagen-based matrix was covered. Serum-
free medium was added to the upper chambers, whereas se-
rum medium was added to the lower chambers. After cultur-
ing for 48 hours in an incubator with 5% CO2 at 37°C, the 
cells on the upper surface of the transwell were collected 
with a cotton swab. Cells were fixed with 4% paraformalde-
hyde for 15 min. Slides were washed three times with PBS, 
and then cells were stained with 0.1% crystal violet for 10 
min. Stained cells from five different fields were photo-
graphed under an inverted microscope, and the cell numbers 
were calculated. 

2.7. Cell Counting Kit-8 Assay 

Cell viability was monitored using Cell Counting Kit-8 
(CCK8) (CCK8, Dojindo, Japan) following the manufactur-
er’s instructions. Transfected glioma cells (3000 cells/well) 
were seeded into 96-well plates. Three parallel holes were 
set for each group. After incubation at 37°C for 24, 48, and 
72 h, 10 μl of CCK8 reagent was added to each well. CCK8 
assay (Dojindo) was performed, and the optical density (OD) 
at 450 nM was determined using an automatic microplate 
reader (BioTek). 

2.8. Statistical Analysis 

Continuous variables were represented as Mean ± stand-
ard deviation (SD). Comparisons between the glioma and 
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normal tissues were performed using independent sample t-
tests, and One-Way ANOVA analysis was used for three or 
more group comparisons. The relationship between PANK1 
expression and survival time in glioma patients was assessed 
by Kaplan-Meier analysis. Univariate and multivariate Cox 
analyses were performed to explore prognostic-related inde-
pendent risk factors. Statistical difference was defined as 
P<0.05. All statistical analyses were performed using SPSS 
21, and graphics were generated using GraphPad 8.0.  

3. RESULTS 

3.1. PANK1 Expression Decreased in Glioma Tissues 

Oncomine and four other public datasets, namely Gill, 
Murat, Gravendeel, and Rembrandt, were used to explore 
PANK gene expressions in glioma patients. Analysis showed 
that PANK1 expression was significantly downregulated in 
malignant brain tumors compared with normal brain tissues 
(Figs. 1A and B). IHC was performed to further explore the 
role of PANK1 in glioma. IHC analysis showed that the level 
of PANK1 was significantly lower in 56 glioma tissues com-
pared with the level in non-tumor brain tissues (Fig. 1C).  

3.2. PANK1 Expression is Negatively Associated with 
Glioma WHO Grade 

Gliomas can be categorized into low-grade and high-
grade (also called malignant tumor) tumors based on their 

malignancy degree. PANK1 expression significantly de-
creased with an increase in tumor grade in CGGA, TCGA, 
Gravendeel and Rembrandt datasets (Fig. 2A-D). IHC stain-
ing was performed to further explore the relationship be-
tween PANK1 expression and glioma grade. IHC analysis of 
38 glioblastomas (GBM, WHO IV) tissues and 18 lower-
grade glioma tissues (LGG, WHO I-III) showed that the 
PANK1 expression level was lower in GBM compared with 
that in LGG (Fig. 2E and F).  

3.3. PANK1 Expression Associated with Glioma Molecular 
Characteristic 

Patients with IDH-mutant gliomas showed better progno-
sis than those with wild-type IDH regardless of glioma grade 
or histological characteristics. Analysis of TCGA, CGGA 
and Gravendeel datasets showed significantly lower PANK1 
mRNA expression level in the IDH-wildtype (WT) com-
pared with the level in the IDH-mutant (Mut) gliomas in all 
grades (Fig. 3A). Furthermore, the analysis showed that the 
1p/19q non-codeletion was associated with lower PANK1 
expression in TCGA, CGGA, and Gravendeel datasets (Fig. 
3B). Moreover, GBM has been grouped into four subtypes: 
classical, neural, proneural, and mesenchymal (ME). Mesen-
chymal subtypes are often associated with drug resistance 
and a worse prognosis. We found that PANK1 expression 
was decreased in the ME subtype compared with other sub-
types (Fig. 3C). Apparent correlations were observed 

Fig. (1). PANK1 expression decreased in glioma tissues. (A and B) Expression of PANK family in glioma using Oncomine, Gill, Murat, 
Gravendeel and Rembrandt datasets; (C) Immunohistochemistry (IHC) staining analysis of PANK1 expression in glioma tissues and non -
tumor brain tissues (NBT).*, P<0.05, **, P<0.01, ***, P<0.001. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article). 
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Fig. (2). PANK1 expression is negatively associated with glioma WHO grade. (A-D) normalized mRNA expression of PANK1 in different 
grades of glioma based on TCGA, CGGA, Gravendeel, and Rembrandt datasets; (E and F) IHC was performed to determine protein level of 
PANK1 in the in-house cohort. LGG, lower grade glioma; GBM, glioblastoma; **, P<0.01, ***, P<0.001; ns, no significance. (A higher 
resolution / colour version of this figure is available in the electronic copy of the article). 

between the mRNA expression levels of PANK1 and ME-
related genes, as well as invasion-related markers in the 
TCGA dataset (Fig. 3D and E). These findings indicated that 
PANK1 is negatively correlated with glioma malignancy and 
may serve as a tumor suppressor gene. 

3.4. Low PANK1 Expression Correlates with Worse 
Prognosis of Glioma Patients 

The relationship between PANK1 expression and the pa-
tient prognosis was explored using Kaplan–Meier analysis. 
Analysis showed that patients with high expression levels of 
PANK1 had a significantly better prognosis compared with 
those with low expression levels of PANK1 (Fig. 4). Multi-
variate Cox regression analysis showed that low expression 

of PANK1 was an independent factor associated with short 
overall survival in glioma patients in TCGA dataset (Table 
1). Next, we divided glioma into two groups, namely lower 
grade glioma (LGG) and GBM. We found that both LGG 
and GBM patients with high expression of PANK1 had a 
significantly better prognosis than those with low expression 
of PANK1 in TCGA, Gravendeel and Rembrandt datasets 
(all P <0.01). While no significance was observed in CGGA 
(P>0.05). 

3.5. GO Enrichment Analysis and Pathway Prediction of 
PANK1 

PANK1 co-expressed genes were analyzed using cBi-
oPortal (http://www.cbioportal.org/). Through the cBioPortal 
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Fig. (3). PANK1 expression associated with glioma molecular characteristic. (A-C) Expression level of PANK1 in glioma patients with dif-
ferent IDH1/2,1p19q codeletion status and molecular subtypes using CGGA, TCGA and Gravendeel datasets; (D and E) Correlations be-
tween PANK1 and mesenchymal-related genes or invasion-related genes in TCGA, a ***, P<0.001, ns, no significance. (A higher resolution 
/ colour version of this figure is available in the electronic copy of the article). 
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Table 1. Univariate and multivariate cox regression analysis of of prognostic parameters in TCGA.  

 
Univariate Cox Regression Multivariate Cox Regression 

HR (95%CI) P value HR (95%CI) P value 

Age 

(≥55y vs. �55y) 
0.62 (0.51-0.82) <0.01 0.72(0.61-0.98) 0.47 

Gender 

(Female vs. male) 
1.32 (0.92-1.57) 0.74 - - 

Grade 

(IV vs. I-III) 
2.34 (1.72-5.62) <0.01 1.89(1.20-3.17) <0.01 

IDH1 status 

(wildtype vs. mutation) 
4.10 (0.07-0.13) <0.01 2.16(1.14-3.41) <0.01 

MGMT promoter 1.51 (1.22-3.68) 0.13 - - 

Subtype 

(ME vs. others) 
3.08 (1.95-6.52) <0.01 2.32(1.41-2.80) 0.01 

PANK1 expression 

(Low vs. High) 
1.20 (1.10-2.04) <0.01 1.34 (1.21-1.48) <0.01 

 
Fig. (4). Low PANK1 expression level is correlated with worse prognosis of glioma patients. Relationship between PANK1 expression and 
prognosis of glioma patients based on TCGA, CGGA, Gravendeel and Rembrandt datasets. Abbreviations: LGG, lower grade glioma; GBM, 
glioblastoma. HR, hazard ratio. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
 
database, 5251 genes significantly coexpressing with 
PANK1 in TCGA-GBM samples were obtained. Analysis 
showed that the top three biological processes were involved 
in cell division, transcription, DNA-templated and mRNA 
splicing via spliceosome (Fig. 5A). Enriched GO terms for 
molecular function category were protein binding, protein C-

terminus binding, and ATP binding. Enriched GO terms for 
the cellular components category were related to the nucleo-
lus, nucleoplasm, and nucleus (Fig. 5A). Networks showing 
the predicted protein-protein interactions of the related genes 
enriched pathways of the top 4 modules are shown in Fig. 
(5B). 
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3.6. PANK1 is Associated with Immune Cell Infiltration 
in Glioma  

Immune cell population infiltration has an impact on gli-
oma progression. We evaluated the correlation between 
PANK1 expression and the immune infiltration levels from 
Tumor Immune Estimation Resource (TIMER, 
https://cistrome.shinyapps.io/ timer/). As the results shown 
in Fig. (6A), we found that the expression levels of PANK1 
significantly correlated with the infiltration of macrophage 
both in LGG and GBM. The expression of PANK1 in the 
high immune cell infiltration group was significantly lower 
than that in the low immune cell infiltration group using the 
M1 macrophage marker, CD86, in glioma tissues (Spearman 
r= -0.65, P<0.01, Fig. 6B and C).  

3.7. PANK1 Inhibits the Proliferation and Invasion of 
Glioma Cells in vitro 

Cell proliferation was determined using CCK8 assays. 
Analysis showed that overexpression of PANK1 inhibited 
cell proliferation in U87 and U251 cells (Fig. 7A and B). 
Transwell assay showed that overexpression of PANK1 sig-
nificantly decreased the invasive capacity of glioma cells 
(Fig. 7C and D). Moreover, Real-time quantitative PCR 
analysis and Western blot showed that PANK1 overexpres-
sion induced snail1 and Vimentin expression (Fig. 7E and F). 

4. DISCUSSION 
Only a few studies have explored the role of PANK1 in 

cancer. To the best of our knowledge, the current study is the 
first to report that expression of PANK1 is downregulated in 
glioma samples and negatively correlated with tumor malig-
nancy. The decreased expression levels of PANK1 were 

found to be significantly correlated with poor prognosis of glio-
ma, implying that it is a potential biochemical marker in glioma. 
PANK1 is implicated in regulating the extracellular matrix and 
analysis showed that PANK1 may be a crucial gene involved in 
regulating the proliferation and invasion of glioma cells. 

A previous study explored PANK family expression in 
acute myeloid leukemia and reported that PANK1 expres-
sion was not significantly correlated with event-free survival 
(EFS) and overall survival (OS) of patients [15]. Recent 
studies have reported that the metabolic characteristics 
of gliomas may be related to their tumor origins, and remod-
eling energy metabolism is a promising strategy for the man-
agement of gliomas [16-18]. PANK1 is associated with co-
enzyme A (CoA) synthesis and metabolism-related diseases 
[5]. CoA activates intermediates of the tricarboxylic acid 
(TCA) cycle, which is implicated in glioma malignancy pro-
gression [19]. Therefore, it is important to explore the mo-
lecular mechanisms underlying PANK1 expression in the 
glioma malignancy process to help identify novel therapeutic 
targets for glioma. The findings of this study showed that 
PANK1 expression was significantly downregulated in gli-
oma tissues compared to normal brain tissues. In addition, 
the PANK1 expression level decreased with an increase in 
glioma grade and tumor malignancy progression. IDH plays 
an important role in cell metabolism and is a key component 
of the tricarboxylic acid (TCA) cycle. Previous studies re-
ported that the IDH mutation affects metabolic processes in 
glioma cells, and the wildtype promotes tumor cells and ac-
celerates growth [20, 21]. In this study, PANK1 was signifi-
cantly differentially expressed in IDH mutant and IDH 
wildtype glioma tissues. These findings imply that PANK1 
is a novel tumor suppressor gene and might play an im-
portant role in the regulation of tumor metabolism. 

 

Fig. (5). GO enrichment analysis and pathway prediction of PANK1 in glioma. PANK1 co-expressed genes were analyzed using cBioPortal 
(http://www.cbioportal.org/).Correlated Genes with Spearman | r |≥0.5 and P < 0.01 were considered to have significance. GO functional 
enrichment analysis (A) and protein-protein interaction analysis (B) were performed using Metascape (http://metascape.org). Abbreviations: 
BP, biological process; MF, molecular function; CC, cellular component. (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 
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Fig. (6). PANK1 is associated with immune cell infiltration in glioma. (A) Spearman correlation analysis between PANK1 expression and the 
immune infiltration levels from Tumor Immune Estimation Resource (TIMER). (B-C) Representative images of IHC staining of PANK1 and 
CD86 in our cohort. Abbreviations: LGG, lower grade glioma; GBM, glioblastoma. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

 

Fig. (7). Contd…    
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Fig. (7). PANK1 inhibited the proliferation and invasion of glioma cells in vitro. (A-B) Cell proliferation of U87 and U251 cells using CCK8 
assays. (C) Invasive capacity of glioma cells transfected with overexpression PANK1 plasmid using transwell assay. (D-F) Real-time quanti-
tative PCR and western blot analysis showing induction of Snail1 and Vimentin expression by PANK1 overexpression. ***, P<0.001. (A 
higher resolution / colour version of this figure is available in the electronic copy of the article). 

The findings of the present study provide a new perspec-
tive on the functions of PANK1 in glioma cells. Functional 
enrichment analyses indicated that PANK1 mainly partici-
pates in extracellular structure organization. Glioma invasion 
occurs through the secretion of MMPs into the tumor micro-
environment and the degradation of extracellular matrix 
[22]. These results indicated that PANK1 might be involved 
in regulating the invasion of glioma cells. Correlation analy-
sis showed a significant correlation between PANK1 and 
invasion-related markers, such as vimentin, snail1 and 
mmp2. PANK1 plays important roles in metabolism, and 
metabolites produced by tumor cells significantly affect tu-
mor migration and invasion. PANK1 may promote glioma 
cell invasion by regulating tumor cell metabolism. However, 
further studies should explore the mechanism of action of 
PANK1 in promoting glioma cell invasion. 

In summary, PANK1 expression is downregulated in gli-
oma tissues and is negatively correlated with tumor malig-
nancy. High expression of PANK1 is correlated with signifi-
cantly better prognosis of glioma patients compared to glio-
ma patients with low expression levels of PANK1. Moreo-
ver, PANK1 may be a key regulator of the proliferation and 
invasion of glioma cells. These findings showed that 
PANK1 is a novel biomarker and a potential target for the 
treatment of glioma. 

CONCLUSION 

PANK1 expression was downregulated in glioma tissues 
and negatively correlated with glioma malignancy. Lower 
PANK1 expression is associated with a worse prognosis of 
glioma patients, indicating that PANK1 is a novel prognostic 
biomarker in glioma patients. 
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