
Asaf Hellman, Ph.D.

Hebrew University

of Jerusalem 

SCIENTIFIC UPDATE 

JULY 2018



ASAF HELLMAN, PH.D 

Prof. Asaf Hellman, Ph.D. Associate professor, Department of

Developmental Biology and Cancer Research The Institute for

Medical Research Israel-Canada (IMRIC) The Hebrew

University-Hadassah Medical School. 

Dr. Hellman leads a research group focusing on the

contribution between-individual epigenetic variations to the

etiology of common human diseases. He received his doctoral

degree from the Hebrew University of Jerusalem in 2003. As a

PhD student at the laboratory of Professor Batsheva Kerem,

he initiated and developed a novel research direction and was

the first to demonstrate the role of impaired DNA replication

at common chromosomal fragile sites in cancer gene

amplifications.  

These early works provided the basis for later advances in the

field. During postdoctoral training at the Whitehead Institute,

MIT, and the Massachusetts General Hospital, Harvard Medical

School, he developed an interest in the origin and causes of

common human diseases, devised a novel epigenomic

mapping method, and utilized it to explore DNA methylation

patterns across the human genome. His discovery of the

"gene-body methylation" pattern was the first example of

expression-related methylation sites away from gene

promoters, challenging the main dogma in the field and

leading to many subsequent studies in laboratories around

the world.  

Dr. Hellman's long-term goal is to elucidate the contribution

of between-individual epigenetic variations to individual

susceptibility to disease. His view of the problem is

considerably different from the general perception in the

field. He devised a far-reaching research program aimied at

methodological evaluation of the theory, which provided the

methods and the preliminary results underlying this proposal.

His studies, published in top scientific journals, have already

yielded important insights regarding the molecular

mechanism underlying type-2 diabetes, breast cancer, and

other human diseases. 



Prof. Asaf Hellman, Ph.D. 

Department of Developmental Biology and Cancer Research 

The Institute for Medical Research Israel-Canada 

The Hebrew University-Hadassah Medical School 

Re: ICRF Project Grant Award 

Dear ICRF,  

I would like to thank you for this important support of my research, aiming at 

elucidating the cause of “dark matter” brain tumors without mutation in the 

coding sequences of known cancer driver genes.  

I would like to inform you that the project is proceeding in accord with

the planned schedule. When accomplished, it should constitute a pioneering

study of the regulation networks that control cancer gene expression and their

genetic and epigenetic alterations, thus helping to understand the origin of

cancers without coding sequence mutations. 

Your contribution will significantly enhance our research. 

Sincerely yours, 

Asaf Hellman, Ph.D. 

Department of Cellular Biochemistry and Human Genetics 

The Hebrew University-Hadassah Medical School 

Jerusalem 91120, Israel

THANK YOU



PROJECT TITLE:

UNMASKING 'DARK

MATTER' CANCER

The role of regulatory genetic and epigenetic mutations in glioblastoma 

ABSTRACT Background: In various cancer types, many of the tumors are

lacking sufficient numbers of coding-sequence mutations to explain the

cancer. The nature of the missing mutations is unknown.  

GOAL: Based on a recent discovery, this project aims to shed light on the

biology behind these "dark matter" cancers, utilizing glioblastoma as a

research model. We recently discovered a class of inter-individual DNA

methylation variations that, in contrast to most other sites of

methylation, are tightly correlated with gene expression levels, thus

allowing efficient linking of enhancers with their targeted genes [Aran &

Hellman, Cell 2013]. We postulate that analysis of between-patients

variations at these unique sites may reveal key regulatory circuits of

glioblastoma, allow better tumor subtyping, and provide the mechanism

underlying the 'dark matter' tumors.  

METHOD: We have developed and validated a novel method to

simultaneously assess DNA sequences alongside DNA methylation

variations at hundreds of thousands of genomic sites.  

RECENT PROGRESS: In the first year of the project we applied our novel

methodology to sequence genetic and epigenetic differences between

primary glioblastomas and analyze the 3-way interactions between

sequence, methylation, and gene expression variations across the

tumors, hence deducing the regulatory circuits of glioblastoma driver

genes. We are now in the process of validating these sites through

functional assays.  

CONCLUSIONS: The project is proceeding in accord with the planned

schedule. When accomplished it should constitute a pioneering study of

the transcriptional enhancers that control cancer gene expression and

their genetic and epigenetic alterations, thus help to understand the

origin of cancers without coding sequence mutations. 



PROGRESS

SUMMARY OF ACHIEVMENTS IN THE FIRST YEAR

OF THE PROJECT:  

Utilizing a novel methodology developed in my

laboratory, candidate regulatory elements around

the promoters of 127 cancer driver genes, as well as

glioblastoma subtype-specific putative enhancers

screened for sequence and methylation variations.

Based on the analyses of the 3-way interactions

between sequence, methylation, and gene

expression variations across the tumors, specific

gene-enhancers pairs predicted, thus revealing key

regulatory circuits of glioblastoma. 

The function of the obtained putative enhancer

elements are now studied by introducing them

next to the minimal promoters of reporter genes in

glioblastoma cells, before and after in-vitro DNA

methylation, as well as by altering their sequences

at the endogenous loci and evaluating the effect

on the targeted genes. 

DETAILED DESCRIPTION:  

Work Package 1.  

Targeted deep-sequencing and enhancer circuits

prediction we designed, produced and applied

custom-made libraries of RNA probes to capture

DNA segments from >50,000 putative enhancer

sites and sequence them at >250 read depth

before and after bisulfite conversion across 16

glioblastoma tumors. 



PROGRESS

CONT'D

Based on the deep enhancer

sequencing data and the whole-

genome RNA expression (RNA-seq)

we analyzed the correlation

between the level of methylation

at each enhancer methylation site

and each gene, each enhancer

sequence variant and each gene,

and each sequence variant and

each methylation site. 

Work Package 2.  

Massive parallel reporter assay for

genetic and epigenetic enhancer

alleles. We are now in the process

of verifying the ability of the

predicted enhancer elements to

support transcription of distant

promoters in living cells, and

evaluating the effect of sequence

and methylation variation within

the predicted elements on their

transcriptional potential, using a

novel technology. 

We produced libraries of reporter

vectors carrying thousands of

putative enhancers and

transfected into glioblastoma cells.

The RNAs transcribed from the

minimal promoters extracted from

the cells and sequenced. The data

from the experiment is now

processing, in order to deduce the

transcriptional capability of each

enhancer, based on the number of

its transcripts relative to a standard

vector. We will next repeat the

experiment following methylation

of the putative enhancer elements. 

Together, these experiments

should reveal which of the

targeted putative enhancer

elements can support transcription

in glioblastoma cells, and how

methylation and/or sequence

mutations may alter its activity.  



ABOUT ICRF 

ICRF was founded in 1975 by a group of American and Canadian

physicians, scientists and lay people who sought to prevent the

permanent loss of Israel's most promising cancer researchers to

foreign universities. Due to the lack of funding in Israel for newly-

minted Ph.D's, post-doctoral fellows, and accomplished young

scientists, many scientists were looking elsewhere for grants: this is

where ICRF has bridged the gap for decades. 

With chapters in six major cities (Toronto, Montreal, New York, Los

Angeles, Chicago, Florida, Coachella Valley, Connecticut, and

Jerusalem), ICRF annually sponsors a rigorous grant review process

conducted by an expert panel of U.S. and Canadian scientists and

oncologists. Awards are granted directly to the most promising and

capable Israeli cancer researchers at the leading academic and

biomedical research centres throughout Israel.  

To date, ICRF has funded more than U.S.$63 million's worth of

cancer research via more than 2,348 fellowships, project grants,

career development awards and professorships. 
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