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Summary
• Cancer progression is driven (🚘) by the deletion of 

tumor suppressor genes (brake off) and activation 
of oncogenes (accelerator on).

• We have investigated the effect of PrPC expression 
in two models of brain cancer to determine 
whether treatment of prion disease with ASO to 
decrease expression of PrPC could affect cancer 
risk.

• In a low-grade brain cancer model (brake 
off) the absence of PrPC expression was 
associated with larger more invasive tumor 
cells.

• In a high-grade brain cancer model (brake 
off/accelerator on) the absence of PrPC 
expression was associated with reduced 
tumor cell proliferation.

• These observations suggest that PrPC has a 
complex role in cancer progression and that 
prolonged changes in PrPC expression 
through therapeutic intervention could 
inadvertently increase the risk of cancer in 
some individuals.

• We are using spatial gene expression to 
better understand how PrPC contributes to 
brain cancer.
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The role of PrPC in cancer
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PrPC labelling by 
immunohistochemistry. 
(Luo et al., 2020)

Control brain

Grade 4 Glioblastoma

§ Brain (Luo et al., 2020)

§ Breast (Dèry et al., 2013)

§ Colorectal (Le Corre et al., 2019)

§ Gastric (Liang et al., 2006)

§ Pancreatic (Bianchini et al., 2021)

§ Melanoma (Li et al., 2010)

Increased PrPC expression in cancer:

1. Increased tumour grade 

(Luo et al., 2020)

2. Tumour recurrence 

(Du et al., 2013)

3. Reduced patient survival 

(Zhou et al., 2014)

4. Increased therapy resistance

(Zhuang et al., 2012)

Increased PrPC expression shown 
to correlate with:



The role of PrPC in cancer

§ Altered PrPC expression may perturb 

or exacerbate physiological functions, 
which have been linked to cancer 

hallmarks

§ Interaction between PrPC and 

signaling networks may facilitate these 
roles e.g., Notch1, ERK1/2, PI3K/Akt1

The Hallmarks of Cancer

Corsaro et al (2016)

Barbieri et al (2011)

Cha et al (2021)

Lopes et al (2015)

1Wang et al., 2016; Provenzano et al., 2017; Liang et al., 2009 



Cancer progression

On Off Off Off Off On

NORMAL    BENIGN    MALIGNANT



On Off Off Off Off On

NORMAL    BENIGN    MALIGNANT

Cancer genes

Tumor suppressor gene

Oncogene

Cancer progression



On Off

Cancer genes

Off Off Off On

Cancer progression



On Off Off Off

Cancer genes

Off On

Cancer progression



On Off Off Off Off On

Cancer genes

Cancer progression



On Off Off Off Off On

Cancer genes

Prion protein

PrPC and cancer progression



In association with

The cellular prion protein (PrPC) exerts a differential role in 
low- and high-grade glioma. 
Shana Portelli1, Portia Swainsbury1, Theo Mantamadiotis1 & Victoria A. Lawson1
1Department of Microbiology & Immunology and Peter Doherty Institute for Infection and Immunity, The University of Melbourne, Melbourne, Australia.  

SP is supported by a Melbourne PhD research scholarship and Carol 
Willesee PhD scholarship. We are grateful for the support from the 
CJDSGN Memorial Award 2022, in memory of Frank Burton, Jenny 
Duckworth, George Vickers, Francesca Indelicato, Warren George 
and Theo Souris in Australia and the CJD Foundation. 

portellis@student.unimelb.edu.au 

https://www.linkedin.com/in/shana-portelli/

Acknowledgements

Contact information

Conclusions

References

Introduction

Aims

Methods

High PRNP is associated with 
reduced survival in GBM patients 

b

PrPC exerts a differential effect 
on glioma cell biology in vitro  

PrPC absence exacerbates low-
grade glioma progression in vivo   

o Grade 4 glioma or glioblastoma (GBM) is the most aggressive and 
frequent brain tumour.

o Current treatments are unable to overcome poor patient prognosis and 
recurrence, necessitating an investigation of alternate biomarkers or 
therapeutic targets. 

o Elevated PrPC expression has been observed in several cancers, 
including glioma, and associated with an advanced tumour stage, 
reduced patient survival and therapy resistance1,2,3.

o PrPC is a cell surface glycoprotein, expressed at higher levels in the 
brain.

o The cell surface location of PrPC likely contributes to the assembly of 
signaling networks that may facilitate its various physiological functions.

o The physiological functions of PrPC may be perturbed in cancer, which 
have been linked to cancer hallmarks including enhanced tumour cell 
proliferation, cell survival, invasion and metastasis1,3. 

o The role/s of PrPC in glioma remain poorly understood, including how 
these functions differ in low versus high grade cancers, which may reveal 
novel targets in glioma biology.

Figure 3. The prognostic value of PRNP was explored in TCGA datasets using 
the SurvExpress data portal http://bioinformatica.mty.itesm.mx/ SurvExpress. 
(Top) Patients were divided into low- (green) and high-risk (red) groups 
according to prognostic index. (Bottom) Kaplan-Meier analysis of survival data 
by risk group (log-rank test, *P<0.05). (a) PRNP expression was reduced in 
high-risk grade 2-3 glioma patients, however this did not correlate with 
survival. (b) Conversely, PRNP was elevated in high-risk grade 4 glioma 
(GBM) patients and associated with significantly reduced survival.

PRNP expression according to glioma grade. 

Figure 2. PRNP mRNA expression was 
assessed in The Cancer Genome Atlas 
(TCGA) low-grade glioma (grades 2-3) 
and GBM (grade 4) patient datasets 
according to glioma grade using the 
GlioVis data portal http://gliovis. bioinfo. 
cnio.es/. PRNP expression was reduced 
in advanced glioma grades, with the 
lowest expression observed in grade 4 
glioma (GBM). Tukey’s honest significant 
difference (***P<0.001). 

The prognostic value of PRNP in low- and high-grade glioma. 
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Figure 4. The effect of PrPC expression on glioma cell biology, including (a) 
cumulative growth, (b) stemness (via ELDA) and (c) 3D spheroid invasion was 
interrogated in NSPCs isolated from low-grade (Pten) and high-grade (Pik3ca-
Pten) mouse models with PrPC null (Prnp-/-) or wild-type (Prnp+/+) expression. 
(a) Proliferation of high-grade NSPCs was significantly reduced in the absence 
of PrPC (Prnp-/-), including a trend towards reduced (b) stemness and (c) 
invasion. PrPC absence had the opposite effect in low-grade NSPCs, 
significantly promoting cell (a) proliferation, (b) stemness and (c) invasion. (a) 
2-way ANOVA, Tukey’s (****P<0.0001), (b-c) Unpaired t-test (ns = not 
significant, **P<0.01), (b) Scale bar = 500µm. (c) Scale bar = 1mm.

a. Cumulative growth

b. Stemness

c. 3D spheroid invasion

****
****

****
****

****

Prnp-/- Prnp+/+

Pa
re

nt
M

ut
an

t

Prnp-/- Prnp+/+

Pa
re

nt
M

ut
an

t

Prnp-/- Prnp+/+

Pa
re

nt
M

ut
an

t

Pa
re

nt
M

ut
an

t

Prnp-/- Prnp+/+

+ 
Ta

m
ox

ife
n

- T
am

ox
ife

n

Prnp-/- Prnp+/- Prnp+/+

a. Tumour volume

b. Tumour morphology
Prnp-/- Prnp+/- Prnp+/+

H&E
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c. PrPC expression in Prnp+/+ tumours
Figure 5. The brains of mice exposed to 
tamoxifen to induce Pten deletion or not exposed 
(controls) were formalin fixed and paraffin 
embedded (FFPE) at 6 weeks post treatment. 
Sections were stained with haematoxylin and 
eosin (H&E) and (a) tumour volume measured or 
(b) immunolabelled with GFAP (astrocytoma 
marker), PCNA or (c) PrPC in Prnp+/+ samples. (a) 
Tumours were significantly larger in the absence 
of PrPC (1-way ANOVA, Tukey’s, ns = not 
significant, *P<0.05). (b) Prnp-/- and Prnp+/- 
tumours exhibited extensive proliferative regions 
with reduced expression of GFAP, relative to 
Prnp+/+ tumours. (c) PrPC labelling was absent 
from the proliferative edge of Prnp+/+ tumours.

To explore the effect of altered PrPC expression on glioma initiation and/or 

progression…

1.  In silico – expression and association with clinicopathological features

2.  In vitro – influence on glioma hallmarks

3.  In vivo – effect on tumour pathology     
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LV = lateral ventricles. Tumour boundaries highlighted by dotted lines. 

In this model, an oncogenic mutation in the p110α PI3K catalytic subunit (Pik3caH1047R) 
constitutively activates PI3K signaling in the absence of growth factor stimulation and/or 
Pten deletion removes PI3K negative regulation.

(b) Prnp-/-, Prnp+/- or Prnp+/+ C57BL/6 mice homozygous for a latent Cre-recombinase 
(Cre)-inducible knock-in of the Pten deletion mutant (low-grade) or both Pten deletion 
and the Pik3caH1047R mutation (high-grade) targeted to neural stem progenitor cells 
(NSPCs) were generated. Mice were treated with tamoxifen at 6-8 weeks of age to 
induce tumour formation and monitored for 6 weeks. 

(c) To investigate the effect of PrPC expression on glioma hallmarks, NSPCs were 
isolated from the sub-ventricular zone of 7-10-week-old Prnp-/- and Prnp+/+ mice with low- 
or high-grade tumour backgrounds and treated with TAT-Cre recombinase to induce 
mutations. Parent NSPC cultures with latent mutations were used as controls. 

1. Lopes MH, Santos TG, Rodrigues BR, Queiroz-Hazarbassanov N, Cunha IW, Wasilewska-Sampaio AP, et al. Disruption of prion protein-HOP engagement impairs glioblastoma growth and cognitive 
decline and improves overall survival. Oncogene. 2015;34(25):3305-14.
2. Luo Q, Wang Y, Fan D, Wang S, Wang P, An J. Prion Protein Expression is Correlated with Glioma Grades. Virol Sin. 2020;35(4):490-3.
3. Zhuang D, Liu Y, Mao Y, Gao L, Zhang H, Luan S, et al. TMZ-induced PrPc/par-4 interaction promotes the survival of human glioma cells. Int J Cancer. 2012;130(2):309-18. 
4. Daniel P, Filiz G, Brown D, Christie M, Waring P, Zhang Y, et al. PI3K activation in neural stem cells drives tumorigenesis which can be suppressed by targeting CREB. bioRxiv. 2017:143388. 

Figure 1. (a) An established mouse 
model of glioma targeting the PI3K 
pathway was adapted to explore the 
role of PrPC in glioma initiation and/or 
progression. PrPC has been shown to 
modulate cancer hallmarks through this 
pathway1, potentially functioning as a 
ligand, receptor/scaffold protein or may 
be modified downstream. 

a

c

o Although PrPC mRNA expression is reduced in advanced glioma grades, high expression in grade 4 glioblastoma (GBM) is associated with decreased survival
o PrPC exerts a differential function in low- and high-grade glioma – tumour suppressor role in low-grade VS tumour promoter role in high-grade glioma
o In silico: PrPC is reduced in high-risk low-grade glioma patients, whilst the opposite is observed in GBM
o In vitro: PrPC absence promotes proliferation in a low-grade model, however, mitigates growth in a high-grade model
o In vivo: Tumours are significantly larger and more proliferative in the absence of PrPC within a low-grade model
                 PrPC expression is downregulated at the proliferative edge of Prnp+/+ tumours 
o The role of PrPC in glioma may be context dependent i.e., genetic context, which will be further interrogated in vivo via spatial transcriptomics analysis 

b

Brain cancer model



Low- and high-grade cell models of glioma with PrPC knockout and wild-
type expression   

NSPC = neural stem progenitor cell
SVZ = sub-ventricular zone
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Absence of PrPC reduces proliferation in a high-grade brake off/ 
accelerator on (Pik3ca/Pten) mutant cell model

1 2 3 4 5 6 7 8
0

1×106

2×106

3×106

4×106

Passage number

To
ta

l c
el

l n
um

be
r

Prnp-/- Mutant Prnp+/+ Mutant

Prnp-/- Parent Prnp+/+ Parent

Prnp-/- Prnp+/+

Pa
re

nt
M

ut
an

t

**** ****
****

Cumulative growth

Cell counts performed in duplicate from separate wells
Two-way ANOVA, followed by Tukey’s multiple comparisons test; ****P < 0.0001

Scale bar = 500µm 



Absence of PrPC has differing effects on low- and high-grade cell models of glioma

In the absence of PrPC



The role of PrPC in glioma tumour initiation and progression

6-8 weeks old

PrPC KO, HET or WT:



Pten

PrPC KO PrPC HET PrPC WT

Pik3ca- 
Pten

The role of PrPC in glioma tumour initiation and progression



Absence of PrPC promotes tumour size in low-grade brake 
off/accelerator off (Pten) mutant mouse model 6-weeks post 
induction

N = 5 each Prnp genotype
One-way ANOVA, followed by Tukey’s multiple 
comparisons test; ns = not significant, *P < 0.05
Scale bar = 200µm 

Tumour volume

No. of tumours

Prnp-/- Prnp+/- Prnp+/+



Increased cell density at leading edge of PrPC knockout low-
grade brake off/accelerator off (Pten) mutant tumours (6-week 
t.p.)  

Prnp-/- Prnp+/- Prnp+/+

N = 5 each Prnp genotype. Scale bar = 50µm



Visium Spatial Gene Expression

Adapted from 10x Genomics

Progress update:
1. Visium sample preparation
2. Visium workflow
3. Generation of Visium libraries
4. Sequencing
5. Analysis

+ Tamoxifen - Tamoxifen 

Pten Pik3ca Pik3ca-
Pten

Controls

PrPC KO, HET or WT

6 weeks post induction
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