
Montreal Children’s Hospital 

Research Institute of MUHC

Department of Pediatrics

Janusz Rak

Single cell coagulomes as constituents of the oncogene-

driven coagulant phenotype in brain tumours 

9th International Conference on Thrombosis and Hemostasis Issues in Cancer 

(ICTHIC)-Bergamo– April 15th , 2018



Disclosures for Janusz Rak

Research Support/P.I. [No relevant conflicts of interest to declare 

Employee [No relevant conflicts of interest to declare 

Consultant [No relevant conflicts of interest to declare

Stockholder [No relevant conflicts of interest to declare

Advisory Board [No relevant conflicts of interest to declare

Speakers Bureau [No relevant conflicts of interest to declare

Other (Specify) [No relevant conflicts of interest to declare



C
ole F

oundation

Thank You
McGill - MUHC Montreal

• Lata Adnani

• Dongsic Choi

• Brian Meehan

• Laura Montermini

• Esterina D’Asti

• Shilpa Chennakrishnaiah

• Thupten Tsering

• Nadim Tawil

• Cristiana Spinelli

• Saro Aprikian

• Catherine Pan

• Rayhaan Bassawon

• Almair Ferreira de Araujo (Mia)

• Tae Hoon Lee

• Nathalie Magnus

• Delphine Garnier

• Yi Fang

• Khalid Al-Nedawi

• Alex Dombrovsky

• Chloe Milsom

• Joanne Yu

• Linda May

COLLABORATORS:
McGill, MCH, RIMUHC, JGH 

• Nada Jabado

• Jacquetta Trasler

• Serge McGraw

• Bassam Abdulkarim

• Siham Sabri

• Yasser Riazalhosseini

• Mark Basik

University of Alabama at Birmigham

• Ichiro Nakano

Universoty of Bordeaux

• Alain Brisson

McMaster U.

• Jeff Weitz

• Petr Klement †

• Sheila Singh

U. of Toronto

• Abhijit Guha †

• Sid Croul

• Gelareh Zadeh

• Annie Huang

• Thomas Kislinger

• Bob Kerbel

• Shana Kelley

U of North Carolina

• Nigel Mackman

• Rafal Pawlinski

Alavita Inc.

• Anthony Allison

Janssen Inc.

• G. Mark Anderson

DKFZ Heidelberg

• Stefan Pfister

• Olaf Witt

• Andrey Korshunov

• Marcel Kool



Tumor
tissue damage

angiogenesis

inflammation

metastasis

shedding

therapy

stasis

Peripheral vascular 

impact (DVT)

Venous thromboembolism 

(VTE)

Bone 

marrow

Secondary vascular 

impact (PE)

Thrombosis associated 

with occult cancer -

Trousseau syndrome

Cytokines?

BMDCs?

EVs/MPs?

Complex and systemic nature of  cancer  - the vascular fulcrum

Vascular system is central to both intrinsic and 

iatrogenic triggers of systemic cancer progression
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Pathomechanisms of cancer associated thrombosis (CAT)
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Other mechanism in CAT

dependent on cancer cells
• Organic polyphosphates

• Coagulant leukocutes

• Coagulant endothelial cells

• Extracellular chromatin

(exoDNA, NETs)

• Coagulant microparticles (EVs)

• Intrinsic pathway (FXII)

• Circulating mucins

• Circulating particles exposing

PS



Is CAT a function of cancer genes?
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2018

9 matched pt pairs – 30 differentially expressed genes 

KRAS target

Emerging - Sussman/Khorana – Diff. gene expression in cancers with and without VTE ASH 2017



Extracelluar vesicles (EVs) and intercellular communication in CAT 
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CAT in brain tumours and their subtypes 



Tumour types differ with respect to thrombotic risks (and mechanisms

Cancer Type
(Stein et al 2006,

suppl by Timp 2013)

VTE rate/pt-years
(Wun & Whyte 2009)

% TE

Pancreas 14.0% 4.68

Brain 11.1% 3.89

Colon 2.7% 2.02

Leukemia 7.4% (AML); 3.1 (ALL) 1.81

Breast 0.9% 1.74

Bladder 1.7% 1.09

Oral ND 0
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GBM – hippocampal
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Vasoocclusion
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vascular
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Courtesy Dr. S Croul

Mouse GBM -

vasculature

CAT - GBM is associated with extreme prevalence of intratumoural microthrombosis

•92% incidence of vaso-occlusion (Tehrani/Brat et all 2008)

•Vaso-occlusion in GBM is suggested to drive hypoxia, pseudopalisading necrosis and progression 

(Brat  & VanMeeir, 2004)

•GBM exhibits abnormal vasculature (Plate & Mennel, 1995)

•GBM cells exhibit highly coagulant phenotype (Odom et al 1972; Bastida et al 1984)

•GBM cellular phenotype is stimulated by hypoxia and PTEN loss (Rong/Brat et al 2005)

•Oncogenic EGFR triggers multiple clotting factors in GBM cells (Magnus/Rak et al 2010)

GBM is associated with systemic CAT including high risk of VTE

•7-28% VTE postoperatively  > 1y

•18% VTE per year

•1.5% - 2% per month of survival

•Emerging biomarkers (PDPN, mutIDH1)

•GBM patients exhibit low platelet counts

Distinct nature and risk of VTE in glioblastoma
(Perry et al 2012; Unruh et al 2016; LeRhun & Perry 2016)

Glioblastoma multiforme (GBM) – the epitome of a medical calamity 

• The most frequent astrocytic primary brain tumour in adults

• Mostly (95%) insidious development without (known) precursor lesions 

• Highly vascular and necrotic(diagnostic) 

• Onset at 61 – 64 years of age, incidence - 3/100,00/year

• Median overall survival ~ 15 months, almost uniformly fatal (3-5% - 5 y), severe morbidity

• Molecularly studied to a significant depth but to now major clinical consequence

• Therapy – Stupp protocol (2005) – gross total resection>chemoradiation (TMZ)

• Second line bevacizumab – anti-edema effect with no significant impact on survival

• Targeted therapies – multiple tried and failed

• Immunotherapy – trials ongoing early failures already recorded (CheckMate -143 Phase 3 trial 

(NCT02017717) with Opdivo/Nivolumab)

https://clinicaltrials.gov/ct2/show/NCT02017717?term=nivolumab+glioblastoma&rank=3


Diversity of driver mutations and oncogenic pathways in GBM subtypes
causative factors, diagnostic markers and therapeutic targets  

EGFRvIII mutation (~20%)%)

H3.3, ATRX,

Pediatric 
Glioblastoma

Adapted from Ohgashi & Kleihues 2011; Sturm/Jabado et al 2012, Verhaak et al 2010

TCGA - Verhaak et al 2010/2011010)
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NF1

TLR2/4
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Molecular subtype-related coagulomes in glioblastoma (GBM)

Adapted from Magnus et  al (Rak) – JTH 2013
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Mutant IDH1 defines low thrombosis risk in proneural GBM subtype 

IDH1/2mutIDH1/2wt

Why would anyone anticoagulate IDH1 mutant GBM patients? 



Podoplanin levels predict VTE in and is down-regulated in proneural GBM 

along with TF

Tissue factor (TF/F3)

Podoplanin (PDPN)
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biology of GBM?



Procoagulant microenvironment may change cellular properties of GBM
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Coagulant microenvironment disrupts tumour dormancy 
• Non-coagulant U373 human glioma cells cells don’t form tumours in mice
• Tissue factor expressing (coagulant) TF-U373 cells form tumours after

prolonged latency 
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Coagulant microenvironment may
permanently alter the cancer cell:
• phenotype (aggressiveness)
• gene expression (transcriptome)
• genome (CNV)
• epigenome (methylome)

coagulation > angiogenesis > Inflammation
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Pharmacological targeting of tumour-related tissue factor alters the expression of 

microRNA by cancer cells in vivo

Obliteration human TF signaling and not coagulant

properties of cancer cells (MDA-MB-231) by a specific

function blocking anti-TF antibody changes the expression

of 75 microRNAs in vivo.

Profiling of microRNA in MDA-MB-231 tumours

Anti-TF

Anti-TF signalling



How many CATs in a CAT?

Janusz.rak@mcgill.ca



TCGA

TCGA - Verhaak et al 2010
22

Cellular heterogeneity in GBM revealed through single cell sequencing  

If GBM as a cellular mosaic, is coagulome also a mosaic?
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Cellular heterogeneity in GBM – combinatorial coagulome
Tawil (Rak) et al Thrombosis Res. 2018
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Some emerging questions:

• Are mechanisms of coagulation system activation unspecfic or cancer-

specific - thrombosis or thromboses ?

• Could cancer genome and epigenome (oncogene and oncomir profiles) be

risk factors for cancer associated thrombosis (CAT)?

• Could VTE and anticoagulants change the biology of cancer (how)?

• Should cancer patients be molecularly stratified for subtype-specific and

personalized management of CAT ?

• What is the role of tumour cell hetereogeneity in CAT? Are cancer

coagulomes composits of heterogeneous single cell coagulomes?
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Disfunctional lab ‘family’ in Montreal 


