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Abstract 

Exosomes play critical roles in intercellular communication in both nearby and distant cells in 
individuals and organs. Polymerase I and transcript release factor (PTRF), also known as Cavin1, has 
previously been described as a critical factor in caveola formation, and aberrant PTRF expression 
has been reported in various malignancies. However, the function of PTRF in tumor progression 
remains controversial, and its role in glioma is poorly understood. In this study, we report that PTRF 
is associated with malignancy grade and poor prognosis in glioma patients. Our previous study using 
two proteomics methods, tandem mass tag (TMT) and data-independent acquisition (DIA), showed 
that EGFRvIII overexpression increased PTRF expression at the protein level. In contrast, blocking 
PI3K and AKT using LY294002 and MK-2206, respectively, decreased PTRF expression, showing 
that PTRF is regulated in the EGFR/PI3K/AKT pathway. ChIP-PCR analysis showed that PTRF is 
transcriptionally regulated by the H3K4me3 and H3K27me3 modifications. Furthermore, PTRF 
overexpression increased exosome secretion and induced cell growth in vitro. More importantly, 
overexpressing PTRF induced the malignancy of nearby cells in vivo, suggesting that PTRF alters the 
microenvironment through intercellular communication via exosomes. Furthermore, analysis of 
clinical samples showed a positive correlation between tumor grade and PTRF expression in both 
tumor tissues and exosomes isolated from blood harvested from glioma patients, and PTRF 
expression in exosomes isolated from the sera of GBM patients was decreased after surgery. In 
conclusion, PTRF serves as a promising biomarker in both tumor samples and serum exosomes, 
thus facilitating the detection of glioma and potentially serving as a therapeutic target for 
glioblastoma multiforme. 
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Introduction 
Glioblastoma multiforme (GBM) is the most 

common type of intracranial malignant tumor and is 
associated with a dismal prognosis. Despite advanced 
therapeutic methods, the median survival time of 
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GBM is merely 14 months. The RTK/PI3K signaling 
pathway was proven to be altered in ~90% of GBMs, 
and epidermal growth factor receptor (EGFR) 
amplification and mutations occur in 40-60% of GBMs 
[1-3]. EGFR variant III (EGFRvIII), the most common 
EGFR mutation, occurs in ~25% of GBM patients [2] 
and is caused by an in-frame deletion of EGFR gene 
exons 2–7 [4], leading to a constitutively active 
tyrosine kinase [5]. Furthermore, EGFRvIII enhances 
tumorigenicity [6] and confers radioresistance to 
tumor cells [7].  

In GBM cells, EGFR and EGFRvIII function as 
key regulators of the formation of cell membrane 
infoldings called caveolae by increasing the expres-
sion of caveola-associated protein caveolin-1 (Cav-1) 
[8]. Caveolae are flask-shaped invaginations of the 
plasma membrane 50–100 nm in diameter that are 
implicated in various physiological processes [9-11], 
and Cav-1 was first characterized as a caveola marker 
[12]. Recently, another family of proteins called cavins 
was shown to be required together with caveolins for 
caveola formation and function. Polymerase I and 
transcript release factor (PTRF), also known as 
Cavin1, was originally defined as a regulator of RNA 
polymerase I (Pol I) in transcription [13] and plays a 
critical role in caveola biogenesis [14]. PTRF was 
shown to colocalize with Cav-1 at the plasma 
membrane but not in the Golgi apparatus [14, 15]. . 
However, its role in glioma microenvironment 
alteration is poorly understood. 

Exosomes are 30-100 nm membrane vesicles 
secreted into the extracellular microenvironment by 
almost all cell types and participate in various 
biological processes, including intercellular commu-
nication [16, 17]. Exosomes can attach to discrepant 
receptors on the surfaces of target cells and excrete 
their components into recipient cells after fusing with 
their membranes [18]. Exosomes are natural 
transporters of RNA and proteins, and delivery of this 
molecular information can change the physiology of 
recipient cells at transcriptional, posttranscriptional, 
and epigenetic levels. In contrast to microvesicles, 
which are generated by budding from the plasma 
membrane, exosomes are derived from membrane 
invagination and released because of fusion between 
vesicle-laden endosomes, or multivesicular bodies 
(MVBs), and the plasma membrane [19-21].  

Researchers are searching for novel biomarkers 
for cancer diagnoses and treatment, and compared 
with biomarkers in tumor tissues, circulating 
biomarkers are more easily available and less 
invasive, facilitating early screening and assisting 
diagnosis for suspected cases. Thus far, numerous 
proteins have been successfully established as 
biomarkers for various cancers, and a number of 

potential protein biomarkers, such as MGMT [22], 
EGFR [23] and IDH1/2 mutant [24], have shown to be 
promising therapeutic targets for glioma. However, 
few proteins have been proven as biomarkers in both 
tumor tissues and exosomes and simultaneously used 
for treatment. Therefore, a reliable biomarker for both 
exosomes and tumor tissues is urgently needed.  

In this study, we first proved that PTRF is 
regulated by the EGFRvIII/PI3K/AKT pathway via 
histone modification (H3K4me3 and H3K27me3) in 
GBMs. Enriched in the mesenchymal GBM subtype, 
PTRF overexpression is associated with poor prong-
osis. Furthermore, PTRF overexpression increases 
exosome secretion, and exosomes induced by PTRF 
enhance the proliferation of recipient cells in vitro and 
in vivo. More importantly, PTRF expression is 
detectable in both tumor tissues and serum exosomes 
from clinical glioma samples of different grades, thus 
making PTRF an ideal candidate for diagnostic and 
prognostic indicators. Furthermore, PTRF expression 
in exosomes isolated from the blood of GBM patients 
was decreased after surgery. Together, these data 
indicate that PTRF is a promising marker that can be 
detected in both tumor samples and serum exosomes. 
Silencing PTRF reversed the malignancy of GBM in 
vivo and in vitro, showing that PTRF may also be a 
promising therapeutic target of GBM. 

Materials and methods  
Cell culture and lentiviruses 

The human glioma cell lines LN229, U87 and 
U251 were purchased from ATCC (American Type 
Culture Collection, Manassas, VA, USA) and cultured 
in Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplemented with 10% heat-inactivated fetal bovine 
serum (FBS, HyClone, Logan, UT, USA). Primary cell 
lines (TBD0207, TBD0224, TBD0313 and TBD0314) 
were derived directly from GBM patients who 
underwent surgery at Hebei University Affiliated 
Hospital according to a protocol reported by Dong et 
al [25]. EGFRvIII cell lines were derived via lentiviral 
transduction of the cell lines with GV341 constructs 
containing EGFRvIII cDNA (Shanghai Genechem Co. 
LTD., Shanghai, China) followed by puromycin 
selection for 7 days. The cells were maintained in a 
humidified 5% CO2 atmosphere at 37℃. Lentiviruses 
encoding the PTRF-EGFP fusion protein and PTRF 
siRNA-1, PTRF siRNA-2 or NC siRNA were obtained 
from Genechem. The PTRF siRNA-1, PTRF siRNA-2 
and NC siRNA sequences are presented in 
supplementary table 1. 

Clinical specimens 
Glioma samples (n=4) for primary cell line 

culture were resected and freshly retained from 
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patients at Hebei University Affiliated Hospital, and 
blood samples collected from the patients one day 
prior and seven days after surgery were stored at 
-80℃. Another 36 glioma samples and their relative 
donated blood were obtained from Tiantan Hospital 
and stored at -80℃. Complete clinical data were 
collected, and the collection and processing of 
primary human GBM tumor samples was in 
accordance with ethical standards of the 2008 Helsinki 
Declaration. All patients provided written consent for 
the use of their samples for biomedical research. 
Tumor grades were determined according to the 2007 
World Health Organization (WHO) classification of 
nervous system tumors. 

Standard protocol for Extracellular vesicle 
isolation 

Exosomes and microvesicles were isolated and 
purified according to an isolation protocol established 
by Thery C, et al. [26]. Supernatants were collected 
from equivalent amounts of culture medium and 
normalized by equivalent amounts of cells. Briefly, 
glioma cells were grown to 80% confluence and 
incubated in serum-free medium for 24 h, and the cell 
supernatants were pooled and centrifuged at 300×g 
for 10 min and 2,000×g for 20 min (4℃) to remove cell 
debris. The supernatants were then centrifuged at 
10,000×g for 30 min (4℃, Beckman Coulter 
Avanti J-26 XP, Pasadena, CA, USA) to collect 
microvesicles. Subsequently, the supernatants were 
transferred to ultracentrifuge tubes (Beckman 
Coulter) for the first ultracentrifugation step at 
100,000×g for 70 min (4℃). The supernatants were 
discarded, and the remaining pellet was washed with 
phosphate-buffered saline (PBS) and centrifuged 
again at 100,000×g for 70 min (4℃). The final pellets 
enriched in exosomes were re-suspended in 50 µL of 
PBS. Microvesicles and exosomes were frozen at -80℃ 
for further research. Exosome size and size 
distribution were measured by dynamic light 
scattering (BI-90Plus, Brookhaven Instruments Ltd., 
USA), and exosome morphology and composition 
were visualized using a high-resolution transmission 
electron microscope (JEM-2100F, JEOL Ltd., Japan) 
[27]. 

To isolate exosomes from blood donated from 
glioma patients, serum was first collected by 
centrifugation at 2000×g for 20 min after blood 
coagulation. Thereafter, exosomes were isolated from 
the serum according to the same protocol as that used 
for supernatant isolation. 

Western blot analysis 
Western blot analysis of cells, samples and 

exosome lysates was performed according to the 

manufacturer’s instructions and a previously 
described protocol [28]. Briefly, cells, samples and 
exosomes were lysed with RIPA buffer (Solarbio, 
Beijing, China) supplemented with phenylmethyl-
sulfonyl fluoride (PMSF) and a phosphatase inhibitor 
(Solarbio), and lysates were incubated on ice for 30 
min to ensure membrane disruption. Protein 
concentrations were determined using a bicinchoninic 
acid (BCA) kit (Beyotime, Shanghai, China) following 
the manufacturer’s recommendations, and electro-
phoresis was performed using 10% acrylamide gels. 
The following primary antibodies were used: 
anti-EGFRvIII, anti-EGFR, and anti-p-AKT Ser473 
(Cell Signaling Technology (CST), Boston, MA, USA, 
1:1,000 dilution), anti-PTRF (Abcam, Cambridge, MA, 
USA, 1:1,000 dilution), anti-CD63 (Santa Cruz 
Biotechnology, CA, USA, 1:500 dilution) and 
anti-GAPDH (Millipore, Billerica, MA, USA, 1:2,000 
dilution). Anti-mouse and anti-rabbit horseradish 
peroxidase-conjugated secondary antibodies were 
purchased from Promega (Madison, WI, USA, 
1:10,000 dilution). Immunoblots were developed 
using G:BOX F3 (Syngene, Cambridge, UK). 

Quantitative RT-PCR 
Total RNA was isolated from cells and exosomes 

using TRIzol® Reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. 
Total RNA (2 μg) was used as the template for reverse 
transcription. cDNA synthesis was performed for one 
cycle at 42℃ for 1 hour and 70℃ for 15 minutes. 
qRT-PCR was performed using SYBR Green Master 
Mix (Applied Biosystems/Thermo Fisher, Austin, TX, 
USA), and normalization was conducted using glyce-
raldehyde 3-phosphate dehydrogenase (GAPDH) and 
U6 as endogenous controls for mRNA and 
microRNA, respectively. qRT-PCR reactions were 
performed on a CFX96™ PCR cycler (Bio-Rad, 
Hercules, CA, USA) for 40 cycles. The PCR thermal 
profile was as follows: 95℃ for 5 min, 95℃ for 15 s, 
53-58℃ for 1 min, and 72℃ for 10 min. The primer 
sequences used are presented in supplementary table 
2. The specificity of the qRT-PCR reaction was 
confirmed using melting curve analysis and 
electrophoresis on 1.2% agarose gels stained with 
GelRed fluorescent dye (Biotium, Hayward, CA, 
USA). Relative gene expression was calculated as the 
2–ΔΔCt fold change. 

Cell proliferation assay 
Cell proliferation assays were performed using 

the CellTiter 96® AQueous One Solution Cell 
Proliferation Assay Kit (COS, Promega) according to 
the manufacturer’s protocol. Briefly, cells were plated 
in 96-well plates in triplicate at approximately 2,000 
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cells per well and cultured in growth medium from 0 
to 96 h. At the indicated time, 10 μl of COS was added 
to each well, and the cells were cultured for 1 h. The 
absorbance of the plate was measured at 490 nm using 
a microplate reader (Synergy2, BioTek, Winooski, VT, 
USA). 

Immunohistochemistry 
For immunohistochemistry, a primary PTRF 

antibody (Abcam, 1:100 dilution) was used according 
to protocol, and slides were analyzed using National 
Institutes of Health (NIH) Image J software.  

Confocal imaging 
Immunofluorescence assays were performed 

according to a previously described protocol [29]. 
Briefly, cells were seeded on poly-L-lysine-coated 
glass coverslips, fixed with ice-cold polyformald-
ehyde at 4℃ overnight, blocked with 1% bovine 
serum albumin, and incubated with antibodies 
against PTRF (Abcam, 1:200 dilution) and 
anti-EGFRvIII (CST, 1:200 dilution). Primary antibody 
labeling was detected by Alexa Fluor 488- or 
546-conjugated secondary antibodies (Alexa Fluor, 
Molecular Probes/Life Technologies, Eugene, 
Oregon, USA, 1:100 dilution). Images were captured 
using an Olympus FluoView 1200 confocal 
microscope (Olympus, Tokyo, Japan). To objectively 
compare differences in immunofluorescence due to 
various treatments, all confocal scanning parameters 
were kept constant, and images were minimally 
processed to maintain data integrity.  

Patients and samples for microarray data 
The Cancer Genome Atlas (TCGA) data were 

downloaded from the University of California Santa 
Cruz (UCSC) Cancer Genome Browser (https:// 
genome-cancer.ucsc.edu), and only patients with full 
datasets were included. Copy number data were 
based on TCGA GBM segmented delete germline cnv 
(n=595), RNAseq data were based on TCGA 
illuminaHiSeq (n=561) and GBM gene expression 
data were based on the AffyU133a array (n=539) and 
AgilentG4502A (n=483). Data were normalized and 
log2 transformed.  

The RNAseq database from the Chinese Glioma 
Genome Atlas database (CGGA, http://www.cgcg. 
org.cn/, n=325).  

Chromatin immunoprecipitation (ChIP) 
sequencing data for histone modification 

ChIP-sequencing datasets of glioma cell line 
histone modifications were obtained from the Gene 
Expression Omnibus website (http://www.ncbi.nlm. 
nih.gov/geo/, accession no. GSE 46016). Density 
maps were generated with read extensions to 200 bp 

with IGVtools based on the hg19 human reference 
genome. Histone methylation data for other cell lines 
were obtained as interactive tracks from the UCSC 
Genome Browser (http://genome.ucsc.edu/). 

ChIP and ChIP-qPCR assays  
ChIP assays were performed using a ChIP Assay 

Kit (Millipore) [29]. Briefly, after crosslinking 
chromatin with 1% formaldehyde for 10 min and 
neutralizing with glycine for 5 min at room 
temperature, cells were washed with cold PBS, 
scraped, collected and stored on ice. Cells were then 
lysed and sonicated 90 times for 3 s at 9 s intervals in 
ice water using a Sonics Vibra-Cell processor 
(Sonics & Materials Inc., USA). An equal amount of 
chromatin was immunoprecipitated at 4℃ overnight 
with at least 1.5 μg of the following antibodies: 
H3K27me3 (CST), H3K4me3 (CST) and normal mouse 
IgG (Millipore). Immunoprecipitated products were 
collected after incubation with Protein G agarose 
beads. The beads were washed, and bound chromatin 
was eluted in ChIP Elution Buffer. RNA was then 
digested with RNase A for 30 min at 37℃, and 
proteins were digested with Proteinase K for 2 h at 
45℃. After DNA purification, the PTRF promoter 
binding site was evaluated using qPCR and 
normalized by total chromatin (input). Normal mouse 
IgG was used as the negative control, and the primers 
are described in supplementary table 3. The qPCR 
conditions were based on a three-step method that 
consisted of 1 cycle at 95℃ for 3 min followed by 40 
cycles at 95℃ for 15 s, 53℃ for 30 s, and 72℃ for 30s, 
and a final incubation at 72℃ for 5 min with 
fluorescence acquisition. The PCR products were then 
electrophoresed on 2% agarose gels stained with 
GelRed. 

Scanning ion conductance microscopy (SICM) 
LN229 cells were seeded at 50% confluence and 

washed with L15 medium three times before being 
observed by SICM (Ionscope Ltd., UK). A pipette 
filled with L15 medium was immersed into the bath 
solution (L15 medium). After immersion, ion current 
flow through the pipette was pushed by a 200 mV DC 
voltage and measured by an external Axon 
MultiClamp 700B amplifier and a Digidata 1440A 
analog-to-digital converter (Molecular Devices, USA). 
The position of the z-dimensional piezo was recorded 
as the height of the cell at this imaging point, 
providing a 3D spatial map of the cell morphology. 
The time required to scan a 100*100 µm area at a 
typical resolution of 128*128 pixels was 
approximately 10 min. All SICM experiments were 
carried out at room temperature, and 3D image 
reconstruction and topographical feature analysis 
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with the obtained images were performed using 
SICMImage Viewer 2010. 

Intracranial mouse model 
5-week-old female nude mice (Chinese Academy 

of Medical Science Cancer Institute) were used to 
establish intracranial GBM xenografts, and LN229 and 
U87EGFRvIII cells were used as the cell models. 
Previously, LN229 cells were transduced with 
lentivirus expressing RFP (LN229-RFP) and 
luciferase, and U87EGFRvIII cells were transduced 
with the negative control (NC) vector or PTRF-EGFP 
(U87EGFRvIII-PTRF-EGFP). Orthotopic glioma 
models were classified into three groups according to 
the intracranial injection of LN229-RFP cells (G1) and 
LN229-RFP cells mixed with U87EGFRvIII cells 
transduced with NC lentivirus (1:1, G2) or 
PTRF-EGFP lentivirus (1:1, G3), respectively. A total 
of five hundred thousand cells were injected to each 
mouse under the guidance of a stereotactic 
instrument. Bioluminescence imaging was used to 
detect intracranial tumor growth on days 7, 14, 21 and 
28. For the PTRF-silenced orthotopic glioma model, 
U87 and U87EGFRvIII cells were transduced with the 
PTRF siNC or PTRF siRNA-1 lentiviruses, 
respectively. Five hundred thousand cells were 
injected into each mouse as previously described. 
Bioluminescence imaging was used to detect 
intracranial tumor growth on days 10 and 20. The data 
were normalized to bioluminescence detected at the 
initiation of treatment for each animal. The error bars 
shown in the figures indicate standard deviation (SD). 
Kaplan-Meier survival curves were plotted to show 
survival time. 

Statistical analysis 
Statistical analysis was performed using the 

statistical package SPSS (version 16.0, SPSS Inc., 
Chicago, IL, USA). Data are presented as the mean ± 
SD of three independent experiments. One-way 
analysis of variance (ANOVA) was used for 
comparisons between the different groups. When 
ANOVA was significant, post-hoc testing of the 
differences between groups was performed using a 
least significant difference (LSD) test. Kaplan-Meier 
survival curves were analyzed by log-rank tests using 
GraphPad Prism software. Differences were 
considered to be significant at P < 0.05. 

Results 
PTRF expression confers a worse prognosis for 
glioma patients of the TCGA cohort 

Although seldom studied in glioma, PTRF is a 
proven cofactor in caveola formation. Our previous 
study showed that PTRF expression is increased by 

EGFRvIII overexpression using two important 
proteomic methods, data-independent acquisition 
(DIA) (Fig. 1A) and tandem mass tags (TMT) (Fig. 
S1A)[30], indicating that PTRF is a downstream gene 
of EGFRvIII. To further confirm this result, GBM cell 
lines (U251, U87 and TBD0313) were either stimulated 
by recombinant EGF protein (Proteintech, final 
concentration of 100 pg/ml) or transduced by 
EGFRvIII for 48 hours, PTRF expression was 
increased at both the protein (Fig. 1B) and mRNA 
level (Fig. 1C), and EGFRvIII showed a higher 
efficiency to increase PTRF expression. A confocal 
assay also showed higher PTRF expression after EGF 
stimulation and EGFRvIII transduction (Fig. 1D and 
Fig. S1B). Furthermore, an orthotopic xenograft 
experiment involving the injection of U87 NC or 
U87EGFRvIII cells into nude mice showed that 
EGFRvIII regulated PTRF expression in vivo (Fig. 1E). 
EGFR amplification and the EGFRvIII mutation were 
proven to be major factors driving glioma 
development. In the copy number variation (CNV) 
analysis of 595 patient samples from TCGA data, the 
CNV of genes in the PI3K/AKT pathway were not 
well-correlated with EGFR gene alteration (Fig. S1C), 
whereas AKT1 mRNA expression was positively 
associated with EGFR mRNA expression (Fig. S1E), 
showing that the EGFR/PI3K/AKT pathway plays a 
critical role in gliomagenesis. The CNV of the PTRF 
gene was also not well-correlated with EGFR (Fig. 
S1D), but the mRNA level was positively correlated 
with EGFR mRNA expression (Fig. S1F). Together, the 
abovementioned data indicated that PTRF is 
regulated by EGFR/EGFRvIII but not by copy 
number variation. 

PTRF expression is correlated with glioma 
grade and confers a worse prognosis in glioma 
patients  

We employed the RNAseq data from TCGA and 
CGGA cohorts to show whether PTRF is correlated 
with glioma grade. According to the WHO 
classification criteria, these gliomas were classified as 
grade II, III or IV. As shown in Fig. 2A and D, PTRF 
expression was significantly associated with tumor 
grade (P <0.0001). PTRF is an important gene for 
distinguishing the mesenchymal subtype in TCGA 
tumors [31]. Hence, the PTRF expression levels in the 
classical and mesenchymal subtypes were higher than 
those in the proneural subtypes (Fig. 2B and E, 
P<0.0001). Next, we further evaluated the prognostic 
values of PTRF using Kaplan-Meier survival curve 
analysis with a log-rank comparison. Regardless of 
low-grade gliomas (LGG), high-grade gliomas (HGG) 
and all grade glioma, PTRF showed an association 
with decreased survival in the TCGA cohort 
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compared with that in patients in the low PTRF 
expression group, and those in the high PTRF 
expression group had worse prognoses (Fig. 2C and F, 
P<0.01).  

We next explored cDNA microarray data from 
the TCGA cohort for more evidence. two datasets 
showed that PTRF mRNA levels were higher in 
Classical and Mesenchymal subtypes than Proneural 
subtypes (Fig. S2A and C), and GBM patients with 
high PTRF expression had worse prognoses than 
those with low PTRF expression groups (Fig. S2B and 
D). Immunohistochemistry analysis of a tissue 
microarray containing normal brain, LGG and HGG 
tissue sections showed that PTRF was expressed 
higher at the protein level in HGG (http://www. 
proteinatlas.org) (Fig. S2E). Thereafter, univariate Cox 
regression analysis was firstly used for GBM patients 
from the CGGA and TCGA cohorts and found that 
high expression of PTRF, high age, IDH1 mutation 
and MGMT promoter methylation were associated 
with overall survival (Fig. 2G and Fig. S2F). Further 
analysis using a multivariate Cox proportional 
hazards model revealed that PTRF expression 

correlated independently with overall survival (Fig. 
2G and Fig. S2F , hazard ratio[HR] = 3.082, P <0.001). 
These findings showed that PTRF expression is 
positively associated with glioma WHO grades and 
that PTRF overexpression correlates to significantly 
worse survival outcome, indicating that PTRF is a 
promising independent biomarker in glioma 
diagnoses. 

PTRF is regulated by H3K4me3 and 
H3K27me3 histone modifications in the 
EGFR/PI3K/AKT pathway 

To identify whether PTRF is regulated in the 
EGFR/PI3K/AKT pathway, we used LY294002 
(Selleck, USA, 20 μM) and MK-2206 (Selleck, USA, 10 
μM) to inhibit the activity of PI3K and AKT, 
respectively. After treatment with LY294002 and 
MK-2206 for 48 h, total protein and mRNA were 
collected to detect PTRF expression by western blot 
and qRT-PCR. PTRF was attenuated in U251, U87 and 
TBD0313 EGFRwt/vIII cells at the protein (Fig. 3A) 
and mRNA levels (Fig. 3B), indicating that PTRF is 
regulated in the EGFR/PI3K/AKT pathway.  

 

 
Fig 1. PTRF expression is positively associated with EGFR and EGFRvIII. (A) After stably overexpressing EGFRvIII, DIA proteomic methods were used to evaluate 
total protein expression. Among these proteins, PTRF expression was increased. (B) GBM cell lines were either stimulated by EGF or transduced with EGFRvIII for 
48 hours, and the expression of EGFRvIII, PTRF and GAPDH was evaluated by western blot. GAPDH served as the negative control. (C) RT-qPCR experiments were 
performed to detect PTRF mRNA expression. After EGF stimulation and EGFRvIII transduction, PTRF mRNA expression was gently increased. Error bars in the 
RT-qPCR results indicate the standard error of the mean. Significant differences in the experimental groups were compared with those of the control group (**P < 
0.01, ***P<0.001, ****P<0.0001). (D) Confocal microscopy detected increased PTRF expression in LN229 cells stimulated by EGF or transduced with EGFRvIII. Scale 
bar: 20 μm. (E) Representative immunostaining results of PTRF in tumors from each group of nude mice. EGFRvIII increased PTRF expression in vivo. Scale bar: 200 
μm.  
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Fig 2. PTRF is an independent biomarker in glioma diagnosis. (A and D) RNAseq data from the CGGA (A) and TCGA (D) cohorts were used to show PTRF 
expression levels in WHO II-IV gliomas. PTRF is positively associated with glioma WHO grades. (B and E) PTRF is enriched in patients with classical and mesenchymal 
GBM. (C and F) Kaplan-Meier curve showing that PTRF expression is associated with poor prognosis in glioma patients. (G) Cox proportional hazards regression 
analyses of PTRF expression and other characteristics in relation to overall survival in GBM from CGGA cohort. 

 
To explore how PTRF is regulated by PI3K and 

AKT, we gathered information regarding the 
regulation of PTRF promoter region histone 
modifications from the UCSC Genome Browser. As 
shown in Fig. S3A, PTRF promoters in human cancers 
are enriched with numerous H3K4me3 modifications, 
while H3K27me3 modifications are few. Similarly, in 
MGG cells (GBM cell stem cells), the PTRF promoter 

is characterized mostly by H3K4me3 enrichment, 
while H3K27me3 enrichment is poor (Fig. 3C) [32]. To 
evaluate the chromatin state of the PTRF promoter 
regulated by recombinant EGF protein and EGFRvIII 
in GBM cell lines, we performed ChIP-PCR analysis 
using antibodies against H3K4me3 and H3K27me3 
and 4 genomic PCR primers specific for the PTRF 
promoter. The amount of H3K4me3 binding the 
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promoter region increased, and the amount of 
H3K27me3 binding the promoter region decreased 
(Fig. 3D and Fig. S3B). By contrast, blocking PI3K and 
AKT using LY294002 and MK-2206, respectively, 
yielded a totally different result (Fig. 3E and Fig. S3C). 
These studies revealed that PTRF transcription is 
regulated by H3K4me3 and H3K27me3 histone 
modifications in the EGFRvIII/wt/PI3K/AKT 
pathway (Fig. 3F). 

PTRF is a novel biomarker of glioma exosomes 
and enhances exosome secretion 

PTRF was previously proven to be a cofactor of 
caveola formation, and the fact that exosomes are 
formed by endosomes inspired our hypothesis that 
PTRF may be an exosome component. From TCGA 
and CGGA cohorts, we selected genes positively 
correlated with PTRF expression to subject to gene 
ontology (GO) analysis. One of the most important 
biological processes (BP) of these genes was 
extracellular matrix organization (Fig. 4A). Further 
analysis by cellular component (CC) displayed that 
these genes were mainly enriched in extracellular 
exosome (Fig. 4B), giving us more confidence that 
PTRF may enhance exosome secretion. We observed 
the caveolea and endocytic vesicles with transmission 
electron microscopy (TEM) by overexpression or 
knockdown of PTRF and found that the numbers of 
caveolea and endocytic vesicles were both positively 
associated with PTRF expression (Fig. 4C). To validate 
our hypothesis, we analyzed components after the 
isolation and purification of exosomes using a 
modified protocol (Fig. 4D). TEM showed that the 
isolated exosomes exhibited the typical spherical 
structure and were of the correct size (Fig. 4E). Size 
distribution analysis of exosomes transduced with 
EGFRvIII or PTRF as measured by dynamic light 
scattering (BI-90Plus, Brookhaven Instruments Ltd., 
USA) showed that those exosomes were smaller than 
the controls (Fig. S4A). EGFRvIII mRNA and miR-21 
were first discovered in exosomes isolated from the 
supernatants of GBM cells and the sera of GBM 
patients by Skog et al [33]. After transduction of 
EGFRvIII lentivirus, EGFRvIII mRNA was found in 
exosomes isolated from culture medium (Fig. 4F), and 
more miR-21 was also found embedded in these 
exosomes (Fig. S4B). Western blot showed that in 
addition to that of CD63, EGFR, EGFRvIII and PTRF 
expression was also increased (Fig. 4G). Further, 
EGFR and CD63 protein expression in exosomes was 
decreased by inhibiting PI3K and AKT (Fig. 4H), 
indicating that PI3K and AKT play pivotal roles in 
exosome secretion. PTRF was transduced into GBM 
cells to evaluate whether exosome secretion could be 
altered by PTRF. The increased miR-21 (Fig. S4C), 

EGFR and CD63 protein (Fig. 4I) expression indicated 
that the number of exosomes was increased by PTRF. 
To further evaluate whether PTRF depletion 
influences GBM exosome secretion, we first 
transduced GBM cells with two pairs of siRNAs 
(siRNA-1 and siRNA-2) to knock down PTRF 
expression. Of these siRNAs, siRNA-1 was more 
efficient at suppressing PTRF expression (Fig. S4D). 
After persistently silencing PTRF, the number of 
exosomes was significantly decreased (Fig. 4J). Taken 
together, we confirmed that EGFR, PI3K, AKT, and 
PTRF enhance exosome secretion. 

PTRF enhances intercellular communication 
by exosomes 

To determine whether exosomes secreted by 
PTRF-overexpressing cells are related to tumor 
malignancy, we transduced GBM cell lines with 
lentivirus expressing the PTRF-EGFP fusion protein. 
By mixing LN229-RFP and U87 cells transduced with 
the PTRF-EGFP lentivirus (U87-PTRF-EGFP), 
PTRF-EGFP was transported into LN229 cells for 72 h 
(Fig. 5A). To further confirm that exosomes indeed 
transported PTRF-EGFP into nearby cells, we isolated 
exosomes from the supernatants of U87-PTRF-EGFP 
cells. Thereafter, exosomes were added to LN229-RFP 
cells to show that they were absorbed by LN229 cells 
in a time-dependent manner (Fig. 5B). Furthermore, 
microvesicles isolated from the supernatants of 
U87PTRF-EGFP cells showed little fluorescence (Fig. 
S5A), suggesting that PTRF does not exist in 
microvesicles. SICM showed that exosomes were 
absorbed by the cells within ten minutes (Fig. 5C). 
After adding 100 µg of exosomes carrying PTRF to 
each well containing LN229 cells every day, their 
proliferation rate was significantly increased (Fig. 
5D). To determine whether exosomes transport 
EGFRvIII and its mRNA to recipient cells, exosomes 
from GBM EGFRvIII supernatants were isolated and 
added to LN229 cells, and EGFRvIII mRNA and 
protein levels in the recipient cells were detected 24 h 
later (Fig. 5E and 5F). After mixing U87EGFRvIII and 
LN229-RFP together, EGFRvIII was detectable in 
LN229-RFP cells (Fig. 5G), whereas LN229-RFP mixed 
with U87 didn’t show any EGFRvIII (Fig. S5B). To 
explore whether PTRF exists on exosome membranes, 
we treated exosomes with proteinase K and found 
that EGFRvIII, EGFR and PTRF were all degraded, 
while some CD63 remained (Fig. 5H). Thus, EGFRvIII, 
EGFR and PTRF exist on exosome membranes, and 
CD63 exists both on exosome membranes and inside 
exosomes (Fig. 5I). In conclusion, our results showed 
that exosomes induced by PTRF regulate intercellular 
communication and exert a malignant effect.  
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Fig 3. PTRF is regulated by the H3K4me3 and H3K27me3 histone modifications in the EGFR/PI3K/AKT pathway. (A) Western blot showing that p-AKT and PTRF 
expression decreased with LY294002 and MK-2206 treatment. GAPDH served as the negative control. (B) qRT-PCR showing that the PTRF mRNA levels were 
decreased after treatment with LY294002 and MK-2206. (C) Using IGV, the PTRF promoter was enriched with H3K4me3 and H3K27me3 in glioma cell lines, but 
H3K4me3 binding was more important in the GSE46016 dataset. (D) ChIP-PCR assays showing that H3K4me3 exhibited increased binding to the PTRF promoter, 
while H3K27me3 exhibited decreased binding to the PTRF promoter after stimulation by EGF or transduction with EGFRvIII. (E) Chip-PCR assays showing that 
H3K4me3 exhibited decreased binding to the PTRF promoter, while H3K27me3 exhibited increased binding to the PTRF promoter after LY294002 and MK-2206 
treatment. (F) Schematic illustration of the mechanism underlying PTRF regulation by the EGFRvIII/wt/PI3K/AKT pathway. Stimulation by EGF or transduction with 
EGFRvIII increased PTRF expression, while blocking PI3K and AKT decreased PTRF expression via the H3K4me3 and H3K27me3 modifications. 

 

PTRF promotes exosome secretion and 
enhances recipient cell proliferation in vivo 

To determine whether PTRF plays a role in 
exocytosis in vivo, we used the LN229 and 
U87EGFRvIII cell models. We first transduced LN229 
cells with RFP and luciferase and U87EGFRvIII cells 
with only the vector or PTRF-EGFP lentivirus. 
Orthotopic glioma models were classified into three 
groups according to whether they were injected with 
LN229 cells (G1 group), LN229 cells mixed with 
U87EGFRvIII (1:1, G2 group), or LN229 cells mixed 
with U87EGFRvIII-PTRF-EGFP (1:1, G3 group) (Fig. 
6A). Bioluminescence imaging showed a significantly 
faster tumor growth rate and higher percentage of 
LN229 tumor formation in the G3 group (7/7) than in 
the G1 (3/7) and G2 (5/7) groups (Fig. 6B). The body 
weights of mice in G3 decreased faster than those in 

G1 and G2 during their overall survival time (Fig. 6C). 
Thereafter, we employed Kaplan-Meier survival 
curve analysis to show that mice transduced with 
tumors with PTRF had poorer prognoses (Fig. 6D). 
Hematoxylin and eosin (H&E) staining also showed 
that LN229 cells mixed with U87EGFRvIII-PTRF- 
EGFP exhibited a more aggressive growth phenotype 
by day 21 (Fig. 6E). Importantly, confocal imaging 
showed that PTRF-EGFP was transferred from U87 
EGFRvIII cells to LN229 cells (Fig. 6F). All the 
evidence described above showed that PTRF 
promotes not only GBM itself but also peritumoral 
cells, leading to devastating results.  

PTRF is a promising therapeutic target in vitro 
and in vivo 

PTRF was proven to be enriched in 
mesenchymal GBMs and associated with poor 



 Theranostics 2018, Vol. 8, Issue 6 
 

 
http://www.thno.org 

1549 

prognosis in GBM patients. To confirm these results, 
lentiviruses expressing PTRF and PTRF siRNA-1 were 
used to overexpress PTRF and knock down PTRF, 
respectively. PTRF overexpression increased the 
proliferation of the GBM cell lines (Fig. 7A), while 
PTRF depletion suppressed their proliferation (Fig. 
7B), implying that PTRF is a tumor promoter during 
gliomagenesis. 

To further confirm that PTRF silencing 
suppresses GBM proliferation in vivo, we 
investigated the effects in an orthotopic mouse model 
by transducing siPTRF-1 lentivirus into U87 and 
U87EGFRvIII cells (Fig. 7C). Bioluminescence imaging 
showed a significantly slower growth rate after PTRF 
knockdown (Fig. 7D). Additionally, mice of the 
PTRF-suppressing groups lost their body weights at 
much slower rates during their overall survival time 
(Fig. 7E). Furthermore, Kaplan-Meier survival curve 
analysis showed that mice with PTRF-silenced tumors 
had a better prognosis (Fig. 7F). In conclusion, these 
data showed that PTRF is a biomarker positively 
related to GBM progression and that PTRF depletion 
may be a promising therapeutic strategy for GBM 
patients.  

PTRF as a biomarker of glioma tumor 
diagnosis  

To explore whether PTRF could be a biomarker 
for glioma tumor diagnosis, we first propagated 
primary cell lines from glioma samples obtained from 
4 different patients (Fig. 8A). PTRF and CD63 
expression was detected, showing that the TBD0207 
and TBD0313 cell lines had higher levels of 
endogenous PTRF expression, while the TBD0224 and 
TBD0314 cell lines had lower levels of endogenous 
PTRF expression (Fig. S6A). Stimulation by EGF and 
EGFRvIII in TBD0224 and TBD0314 cells increased 
PTRF expression (Fig. 8B), and treatment with 
LY294002 and MK-2206 in TBD0207 and TBD0313 
cells decreased PTRF expression (Fig. 8C), showing 
that PTRF expression is regulated by the 
EGFRvIII/PI3K/AKT pathway in primary glioma 
cells. Thereafter, exosomes were isolated from blood 
samples collected from the four glioma patients one 
day before and one week after surgery. PTRF and 
CD63 expression was detected by western blot, and 
the PTRF/CD63 ratio was significantly decreased in 
the post-surgery blood samples (Fig. 8D), implying 
that the PTRF/CD63 ratio can be used as a marker to 
judge surgical effects or tumor volume. In the TCGA 
cohort, a higher PTRF/CD63 ratio also indicated poor 
prognosis (Fig. S6B). To further prove that the 
PTRF/CD63 ratio can serve as a marker in tumor 
tissues and exosomes, we analyzed tumor samples 
and relative donated blood from 18 WHO grade II 

samples (patients 1-18) and 18 WHO grade IV 
samples (patients 19-36) (Fig. 8E). A higher 
PTRF/CD63 ratio at the protein level was detected in 
WHO grade IV samples in both tumor tissues and 
serum exosomes (Fig. 8F and G), and PTRF/CD63 
ratios in tumor samples and exosomes were positively 
related (Fig. 8H). According to the clinical data, higher 
PTRF/CD63 ratios in tumor tissues and serum 
exosomes also indicated poor prognosis (Fig. 8I and J). 
Taken together, the above evidence suggested that the 
PTRF/CD63 ratio can be a biomarker for GBM 
diagnosis based on the examination of tumor tissues 
and exosomes. Furthermore, this ratio can also be a 
surgical effect criterion based on exosome 
examination.  

Discussion 
In the past decade, PTRF/Cavin1 was proven to 

work in conjunction with Cav family proteins to form 
caveolae [14], which play critical roles in cellular 
signaling, endocytosis, lipid and cholesterol 
homeostasis and cell migration. PTRF is necessary for 
multidrug resistance (MDR) in breast cancer cells via 
the fortification of lipid rafts [34] and was shown to 
promote GBM chemoresistance to imatinib [35]. 
However, some studies have indicated that PTRF is a 
tumor suppressor in numerous cancers, including 
breast [36], colorectal [37], prostate [38] and lung 
cancer [39]. In this study, we proved that PTRF 
promotes the proliferation of glioma cells, thus acting 
as a tumor promoter. PTRF was enriched in classical 
and mesenchymal GBM subtypes, and its expression 
was associated with tumor grade, demonstrating that 
high PTRF expression is correlated with poor 
prognosis. To date, an increasing number of studies 
have proven that PTRF plays dual roles in cancer [40]. 

Although the biological functions of PTRF are 
well studied, the mechanism underlying PTRF 
transcriptional regulation is largely unknown. Using 
TMT and DIA, two important proteomic methods, 
PTRF was determined to be expressed in U87 
EGFRvIII cells at high levels. When these cells were 
treated with LY294002 and MK-2206, PTRF 
expression decreased, indicating that PTRF is 
regulated in the EGFR/PI3K/AKT pathway. AKT has 
been proven to regulate histone modification in 
different ways [41, 42], and we also found PTRF to be 
regulated by AKT via the alteration of H3K4me3 and 
H3K27me3 modifications. Our gain- or loss-of- 
function studies showed that H3K4me3 and 
H3K27me3 enrichment at the promoter region of 
PTRF was dampened. These results support that 
histone methylation of the PTRF promoter region 
plays a major role in the transcriptional regulation of 
PTRF expression. 
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Fig 4. PTRF promotes exosome formation. (A) Genes from TCGA and CGGA cohorts positively correlated with PTRF expression were subjected to gene ontology 
(GO) analysis. The biological processes (BP) of these genes were mainly enriched in inflammatory response, regulation of apoptotic process, and most importantly, 
extracellular matrix organization. (B) The cellular components (CC) of these genes were mainly enriched in extracellular exosome. (C) Cultured cells were analyzed 
by transmission electron microscopy (TEM) scanning. U87 cells were treated by overexpression or knockdown of PTRF. Compare with control group, the numbers 
of caveolea and endocytic vesicles were both positively associated with PTRF expression. Black arrow head: caveolea, pink arrow head: endocytic vesicles, scale bar: 
500nm. (D) Schematic overview of exosome detection. Exosomes were isolated from supernatants and subjected to PCR and western blot analysis. (E) Transmission 
electron microscopy was used to detect exosome products. Scale bar: 100 nm. (F) Exosomes were isolated from the supernatants of U87, U251 and TBD0313 cells 
transduced with vector or EGFRvIII. mRNA was then extracted, and PCR was performed. Electrophoresis was used to show that EGFRvIII mRNA can be detected 
in exosomes. (G) Western blot showing that exosome components, such as PTRF, EGFRvIII and EGFR, were increased after the transduction of EGFRvIII. (H) 
Western blot showing that PTRF, EGFRvIII and EGFR expression in exosomes was decreased after LY294002 and MK-2206 treatment. (I) Exosome components, 
such as PTRF and EGFR, were increased after the overexpression of PTRF, as determined by western blot. (J) Western blot showing that PTRF, EGFRvIII and EGFR 
expression in exosomes was decreased after PTRF silencing. For (G), (H), (I) and (J), GAPDH served as the negative control of the relative cell lysate levels.  



 Theranostics 2018, Vol. 8, Issue 6 
 

 
http://www.thno.org 

1551 

 
Fig 5. PTRF induces intercellular communication via exosomes. (A) LN229 cells transduced with lenti-RFP and U87 cells transduced with PTRF-EGFP were mixed 
together for 0, 48, 72 or 96 hours. Confocal microscopy showed that PTRF-EGFP could be detected in LN229 cells. (B) Exosomes isolated from the supernatants of 
U87 cells transduced with PTRF-EGFP were added to LN229-RFP cells for 0, 1, 4 or 12 hours, and confocal microscopy showed that PTRF-EGFP was transferred to 
LN229 cells. The scale bars for (A) and (B) correspond to 50 μm. (C) LN229 cells were seeded in a 35-mm Petri dish and washed three times with L15 medium. Next, 
2 ml of L15 medium was added to the Petri dish, and the cells were observed with a scanning ion conductive microscope (SICM). One photo was taken as the control, 
and 5 μg of exosomes isolated from U87 PTRF cell supernatants was then added. After continuously scanning for 4 hours, exosomes were determined to be absorbed 
by the cells within ten minutes (within the red and green circles). (D) LN229 cells were treated with equal amounts of exosomes isolated from the supernatants of 
U87, U251 and TBD0313 cells transduced with vector or PTRF. Compared with that of the control group, the proliferation rate of the PTRF group was increased. 
(E and F) Exosomes isolated from the supernatants of U87, U251 and TBD0313 cells transduced with vector or EGFRvIII were added to LN229 cells for 24 hours. 
Thereafter, proteins were extracted from the cells, and EGFRvIII was analyzed by western blot. Detection of the EGFRvIII protein showed its transfer to recipient 
cells (E). mRNA was extracted from the cells, and PCR was performed. Electrophoresis was used to show that EGFRvIII mRNA could be transferred to recipient cells 
(F). (G) LN229-RFP cells and U87EGFRvIII cells expressing EGFP were mixed together for 96 hours. A confocal assay staining for EGFRvIII showed that EGFRvIII was 
transferred to LN229 cells. Blue represents U87EGFRvIII cells, red represents LN229 cells and green represents stained EGFRvIII. The staining of U87 and LN229 
mixing model was served as negative control which was seen in Fig. S5B. The scale bar corresponds to 20 μm. (H) Ten micrograms of exosomes isolated from the 
supernatants of U87, U251 and TBD0313 cells transduced with EGFRvIII were treated with 10 μl of proteinase K or PBS for 10 min. Western blot analysis showed 
that EGFRvIII, EGFR and PTRF were totally degraded, while CD63 was partly intact. (I) Cartoon showing EGFRvIII, EGFR and PTRF expression on exosome 
membranes and CD63 expression on both exosome membranes and inside exosomes. 
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Fig 6. PTRF overexpression increases exosome secretion in vivo. (A) Schematic representation of the mixed cell in vivo experiment. Mice were orthotopically 
injected with LN229 (G1), LN229+U87 EGFRvIII (G2) or LN229+EGFRvIII/PTRF (G3), and only LN229 cells were transduced with luciferase and RFP. 
Bioluminescence was detected every 7 days, and body weight was measured every other day. (B) Representative pseudocolor bioluminescence images of mice 
implanted with intracranial tumors on days 7, 14, 21 and 28. Tumors comprising LN229 cells were detected in 3/7, 5/7 and 7/7 mice of the G1, G2 and G3 groups, 
respectively. (C) Body weights of nude mice as measured every 2 days. (D) Kaplan-Meier curve showing that G3 mice had a shorter survival time than G1 and G2 
mice. (E) H&E staining showed that LN229 cells grew more aggressively after being mixed with U87 EGFRvIII/PTRF. The scale bar corresponds to 50 μm (upper) and 
20 μm (lower).(F) U87EGFRvIII/PTRF (green) and LN229 (red) cells were mixed before being orthotopically injected into mice, and tumor sections observed by 
confocal microscopy showed that PTRF-EGFP was transferred to LN229 cells (white arrow). The scale bars correspond to 50 μm (upper) and 20 μm (lower). 

 
The fact that endosomes are formed by caveolae 

inspired the hypothesis that PTRF may promote the 
secretion of exosomes, which are small membrane 
vesicles of endocytic origin secreted by most cell types 
that are released into the extracellular microenvi-
ronment upon the exocytic fusion of MVBs with the 

plasma membrane [43, 44]. Exosomes play important 
roles in intercellular communication as natural 
carriers by delivering functional cargo, including 
proteins, mRNAs, and miRNAs. Exosomes carrying 
different RNA and protein components released by 
diseased patients can be measured as biomarkers 
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[45]. However, the mechanisms involved in the 
promotion of exosome secretion by PTRF are 
unclear. In this study, we first demonstrated that 
PTRF exists on exosome membranes in cell medium 
supernatants and that EGFRvIII and PTRF increased 

exosome secretion. Then, exosomes from PTRF- 
overexpressing cells were transferred to recipient 
cells, leading to increased rates of tumor formation 
and proliferation of the recipients in vitro and in vivo. 

 

 
Fig 7. PTRF expression positively influences GBM cell proliferation in vivo and in vitro. (A) PTRF overexpression increased the proliferation rate of GBM cell lines 
in vitro. (B) Proliferation of GBM cell lines was inhibited after silencing PTRF. (C) Schematic representation of PTRF silencing in vivo. Bioluminescence was detected 
every 10 days, and mouse body weights were measured every other day. Mice were injected with U87, U87 PTRF RNAsi-1, U87EGFRvIII or U87EGFRvIII+PTRF 
siRNA-1. (D) Representative pseudocolor bioluminescence images of mice implanted with intracranial tumors on days 10 and 20. (E) Body weights of orthotopic nude 
mice were measured every 2 days. (F) Kaplan-Meier curve showing that mice with tumors transduced with PTRF siRNA-1 had better prognoses.  
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Fig 8. PTRF down-regulation is detectable after surgery. (A) Primary cell lines were isolated from four glioma patients and named TBD0207, TBD0224, TBD0313 and 
TBD0314. (B) TBD0224 and TBD0314 stimulated by recombinant EGF and transduced with EGFRvIII exhibited gradually increased PTRF expression, as determined 
by western blot. (C) p-AKT and PTRF expression was decreased significantly by PI3K and AKT inhibition by LY294002 and MK-2206, respectively, in the TBD0207 
and TBD0313 cell lines. (D) Exosomes were isolated from sera of GBM patients before and after surgery. PTRF expression was down-regulated after surgery, as 
detected by western blot. CD63 was used as the negative control (left panel). Paired t-tests were used to analyze alterations of the PTRF/CD63 ratio (right panel, 
p<0.05, paired t-test) (E) Schematic illustration of clinical tumor samples and serum exosome detection. In total, 18 grade II and 18 grade IV glioma samples and their 
relative donated blood samples were analyzed. Total proteins from the tumor samples and exosomes extracted from the sera were lysed. Western blot was used to 
detect PTRF and CD63 expression. (F) PTRF and CD63 protein expression in 18 grade II and 18 grade IV glioma samples were detected by western blot (left panel). 
The PTRF/CD63 ratio was significantly higher in WHO grade IV glioma samples than in grade II glioma samples (right panel, p<0.0001, t-test). (G) Exosomes were 
isolated from sera of 18 grade II and 18 grade IV gliomas, and PTRF and CD63 protein expression was detected by western blot (left panel). The PTRF/CD63 ratio 
was significantly higher in WHO grade IV glioma samples than in grade II glioma samples (right panel, p<0.0001, t-test). For (B), (C), (D), (G) and (I), GAPDH served 
as the negative control. (H) The correlation between PTRF/CD63 ratios in tumor tissues and exosomes was analyzed. Each point denotes a tumor sample. Both ratios 
were positively related (r=0.619, p<0.0001). (I) The overall survival of 36 patients was evaluated according to their PTRF/CD63 ratio. The Kaplan-Meier survival curve 
showed that the PTRF/CD63 ratio was positively related to poor prognosis (p=0.0024). (J) The overall survival of 36 patients was evaluated according to their 
PTRF/CD63 ratio. The Kaplan-Meier survival curve showed that the PTRF/CD63 ratio was positively related to poor prognosis (p=0.0036). 
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Fig 9. Schematic mechanism for intercellular communication via exosomes. PTRF is a downstream effector of the EGFR/PI3K/AKT pathway via the H3K4me3 and 
H3K27me3 modifications. Exosomes from GBM cells delivered biological components, such as EGFRvIII, PTRF and EGFRvIII mRNA, to nearby cells and induced their 
malignancy. Exosomes could also be released into the blood and serve as a detectable biomarker. 

 
 Cav1, a close partner of PTRF to form caveolea 

on the plasma membrane, was shown negatively 
expressed in breast cancer [46], prostate cancer [47] 
and colon cancer [48]. On the contrary, the high 
expression of Cav1 in GBM is associated with high 
EGFR expression [8]. Consistently, our study proved 
that the expression of Cav1 was positively associated 
with PTRF, indicating that the caveolea induced by 
PTRF and Cav1 promotes tumorigenesis. More and 
more studies have proved that PTRF and Cav1 play 
the dual role in cancers [40]. 

Noninvasive diagnosis is an emergent need for 
glioma patients, and recent genome-wide studies on 
LGG and HGG have substantially driven biomarker 
clinical research. The most widely accepted molecular 
biomarkers are MGMT promoter methylation, 
co-deletion of 1p and 19q, IDH1/2 mutations and 
select pathway-associated mutations [49]. However, 
the MGMT, IDH1/2 mutant and EGFR proteins can 
currently be detected by only immunohistochemistry 
[22-24, 50]. EGFRvIII was found to be detectable in 
serum exosomes with high diagnostic sensitivity [33]. 
However, EGFRvIII only exists in ~25% of glioma 
patients [2], and distinguishing low- and high-grade 
gliomas based on their EGFRvIII levels is difficult 
because most gliomas with EGFRvIII are HGG. Here, 
we demonstrated that PTRF can serve as a diagnostic 
biomarker in not only glioma tissues but also in serum 
exosomes. The fact that the PTRF/CD63 ratio could 
predict exosome secretion demonstrates its good 
criterion ability for glioma diagnosis, prognosis and 
surgical effects. More importantly, glioma diagnosis 

based on the PTRF level in serum exosomes is 
minimally invasive, as it only requires a blood draw.  

The overexpression or silencing of PTRF in vitro 
and in vivo indicated that PTRF plays a critical role in 
tumor progression. Glioma progression was 
suppressed by silencing PTRF in an orthotopic mouse 
model, suggesting that PTRF may be a promising 
therapeutic target in glioma treatment, although more 
clinical investigations will be needed for better 
therapy. 

In conclusion, PTRF is a downstream effector of 
the EGFR/PI3K/AKT pathway via H3K4me3 and 
H3K27me3 modifications. PTRF enhanced GBM cell 
proliferation and generated exosomes to transport 
functional cargo to peripheral and distant cells (Fig. 
9), leading to worse prognosis. Importantly, PTRF 
was detected in glioma tissue and exosomes, 
suggesting its potential use as a biomarker and as a 
promising therapeutic target of GBM. 
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