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Presenter
Presentation Notes
Good afternoon everybody! 

I am Arman Aksoy, a graduate student working in Chris Sander’s lab at MSKCC cBio.

Before starting my presentation, I would like to first thank the organizers for giving me the opportunity to present our recent work here.

In the following 15 minutes, I will be talking about our project, Statius, named after the Roman poet who first told the Achilles story.

In accordance with the name, you will see that in our project, I will be talking about individualized therapeutic vulnerabilities in cancer and how we predict them from the genomic profiles.
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In order to give you a sense of how we define a vulnerability, I would like to first provide you with a little bit of background.

In this slide, I am showing a cartoon that represent a simplified normal cell and a single generic metabolic reaction happening within this cell.

The reaction itself is represented with the rectangular box in the middle and as you can imagine, this reaction has inputs and outputs to them.

But cells are smart and do not let this type of reactions to happen by themselves, but instead they regulate this reactions with cellular enzymes, indicated by the green boxes at the bottom.

Again, the cells are smart enough not to rely on a single enzyme to regulate this reaction, but they do have multiple enzymes (sometimes two, sometimes more than two), called isoenzymes, that does the same thing in terms of regulating the reaction.


Cancerogenesis

Normal cell

 Cancerogenesis
— Many factors

— Genomic Instability
e Homozygous Deletions

 One of the enzymes is lost
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Cancer cell


Presenter
Presentation Notes
But this is what happens in the normal cells,

But what I would like to focus here on is something that happens to a normal cell on its way to become a cancer cells, i.e. cancerogenesis.

Of course, there many and many factors effecting this process and a lot of outcomes, but here we would like to specifically talk about somatic homozygous deletions in the cancer cells that happen due to genomic instability of these cells.

Of particular interest are deletion events, that by chance, knock out one of these metabolic enzymes, as indicated with the black rectangular at the bottom.
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These deletion events are intereseting.

Because under normal conditions, cancer cells will still have one of the other isoenzymes that regulate this reaction hence can take over when the other enzyme is lost.

So as I show in this slide, without any perturbation to the cells, both cells (normal and cancer) can catalyze this reaction just fine.
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But we have many ways to perturb these cells and one perturbation of interest to us is the one where we use targeted, selective drugs to inhibit particular biological species in the cell.

Here, I am showing a hypothethical drug (represented with orange hectagon) which when given to the cells, specifically inhbits the activity of enzyme 1, but not 2.

These type of selective drugs are important, because they create an opportunity for us to use them as a therapy option in particular circumstances.
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Let’s get back to our normal vs cancer cells picture, where we mentioned due to genomic instability the cancer cell lost one of its enzyme.

And this time, let’s put our hypotethical drug in there and see what happens.

If you first focus on the normal cells, you will see that this targeted drug inhbitis the first enzyme in these cells, but since it does not inhibit the second one, normal cells will still do fine and catalyze the raction without any problem.

But now let’s take a look at the cancer cell, and surprising we now see that in the presence of the drug, there is not way for this cancer cell to catalyze this reaction any more, because the drug inhibits one of the enyzmes and the other is already lost due to a somatic deletion.

What this means is that, such drugs when given to to the patients can selectively kill the cancer cells and do not affect the normal cells that much, and hence have reduced toxicities to the host.

So this is what we call a vulnerability in the scope of this project.
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And here I am showing you a single diagram that explains the flow of our analysis, where we look for such patient-specific vulnerabilities In different cancer studies.

So our computional method is represented with this computer sitting in the middle of the flow, Statius,

And as you can see our method is standing on the shoulders of the giant and public knowledge bases.
Specifically, our method takes genomic profiles from cancer samples, detailed information about metabolic pathways and drug-target annotations as input

And produces a list of individualized vulnerabilities that can be exploited as a therapy option with the help of a targeted drug.

Our method also takes cell lines into account and match them with patients, hence gives the opportunity to test these predicted vulnerabilities in vitro using the matched vulnerable cell lines of interest.


Resources

e Parallel pathways and
metabolic isoenzymes
— Pathway Commons 2

* HumanCyc
e Reactome

— KEGG Enzymes
* Drugs
— PiHelper
e DrugBank

* KEGG Drugs
e NCI Cancer drugs

e Genomic data

— cBioPortal
e TCGA (Tumors)
e CCLE (Cell lines)
e Others (Tumors)
 Expression patterns
— TIGER

e Essential genes
— DEG
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I won’t be spending too much time on how we use and integrate data from multiple resources,

But I do want to show you the data sources that we use and give you a sense of the diversity in terms of these databases.

As you can see from this slide, for pathway data, we use Pathway Commons and KEGG Enzymes;
For genomic data, we use cBioPortal’s utilities which allows access to data for many TCGA and other cancer studies as well as the CCLE cell lines.
For drugs, we use the drug-target annotation information that is produced by an aggregator tool called PiHelper, something we had to develop, because there was no such database by the time we were doing this study.

So using these resources we conducted a computational screen to look for individualized vulnerabilities
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Across 16 different cancer studies, that is in 5000 tumor samples and 1000 cell lines.

Here I am showing you a bar graph that represents the number of vulnerabilities that we identified in each cancer study;

The names of the cancer studies and the exact numbers here do not matter too much at this point, 
but what I would like to emphasize is the following:

With CCLE having the highest number of vulnerabilities due to the number of samples it has, we often saw vulnerabilities on the order of hundereds, depending on cancer types, the copy number stability of that tumor type and of course the number of samples we have.
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And here, on the left, I wanted to give you a summary of the predicted vulnerable samples.


All these figures represent the samples that we screened in this computional analyses, there were a total of 6000 samples of different types.

Each figure represents approximately 60 samples and if it is a dish, it means that those 60 samples corresponds to the cell lines.
Otherwise, the samples are coming from tumor samples.

If the figure is red, it means that we were able to identify at least one vulnerability in those set of samples and otherwise it is red.

As you can see from this summary figure, we found almost half of the cell lines and almost 20% of the tumor samples to be vulnerable due to some somatic genomic alteration in them.

On the right, I am showing you a venn diagram that represents the genomic alterations that result in a vulnerability and whether they are present in tumors, in cell lines or in both.
As you can see out of 263 events, 156 of these events are shared across tumors and cell lines indicating that a majority of these vulnerabilities can be tested in vitro.
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If we now focus on the type of the drug that a vulnerability can be exploited, this is the picture we get:

Here, each drug figure represent about 40 individualized theraputic vulnerability and the color of the drug indicates the type of the drug associated with the vulnerability, where orange means those drugs are currently approved and being used in cancer therapy, green indicates the drug is FDA-approved for treatment of a different disease and the rest, that is the experimental drugs, is represnted with grey.

One thing to appreciate from this summary is that, as you can see, almost 9% of the vulnerabilities can be targeted with a cancer drug,
Where as almost 40 percent of them can be targeteted with an FDA-approved drug. 

We believe these types of vulnerabilities, where the drug is already FDA-approved, will be much more relevant in terms of the clinical applications.


There are many others

~200 of them)

Gene-set Statistics 4270 gene-sets, 866 possible alterations

# Gene-set & Deletion

1 Gene
EXTL3
EXTL2

2 Gene
PAPSS1
PAPSS2

3 Gene
GOT2
GOT1
GOT1L1

4 Gene
TYRP1
CAT

Annotation

D

Annotation

[ oruge:2)

Annotation

CD

Annotation

(/6 Y Druge: 1

Description

glucuronyl-galactosyl-proteoglycan 4-alpha-N-
acetylglucosaminyltransferase
UDP-N-acetyl-D-glucosamine + beta-D-glucuronosyl-(1->3)-
beta-D-galactosyi-(1->3)-beta-D-galactosyl-(1->4)-beta-D-
xylosyl-proteoglycan = UDP + alpha-N-acetyi-D-glucosaminyl-
(1->4)-beta-D-giucuronosyl-(1->3)-beta-D-galactosyl-(1->3)-
beta-D-galactosyi-(1->4)-beta-D-xylosyl-protecglycan

adenylyl-sulfate kinase
ATP + adenylyl sulfate = ADP + 3'-phosphoadenyly! sulfate

aspartate degradation Il
L-aspartate + 2-oxoglutarate « oxaloacetate + L-glutamate

ethanol degradation IV
ethanol + hydrogen peroxide — acetaldehyde + 2 H20

Number of hits

Total: 164

Cell-Line: 47
Other: 117

Total: 136

Cell-Line: 18

Other: 118

Total: 80

Cell-Line: 27
Other: 53

Total: 79

Cell-Line: 71
Other: 8

ik

I

I

i

http://cbio.mskcc.org/cancergenomics/statius/
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As I mentioned, in our analyses, 
we predicted more than 200 types of metabolic vulnerabilities and we have recently published our results as a resource to the cancer community where these vulnerabilities can be tested in vitro in a systematic manner.

We have a really nice web-based browser, where you can have a look at the over all statistics, or drill down to the details of a specific vulnerability and see different confidency scores for each of these vulnerabilities.

http://cbio.mskcc.org/cancergenomics/statius/

Sample

TCGA-59-2372

TCGA-09-0369

TCGA-24-2281

TCGA-29-1698

A list of vulnerabilities
(Ovarian Cancer)

Description

superoxide dismutase
202.-+2H+=02 + H202

Hit Score: 0/4 ( ¥ 3¢ ¥ ¥ )

formate---tetrahydrofolate ligase
ATF + formate + tetrahydrofolate = ADFP + phosphate + 10-
formyltetrahydrofolate

Hit Score: 2/4 ([ & % ¥ ¥ )
putrescine degradation Il

4-acetamidobutanal + NAD+ + H20 — 4-acetamidobutanoate + NADH
+2 H+

Hit Score: 3/4 ( % ¥ ¥ ¥ )

carnitine O-palmitoyltransferase
palmitoyl-CoA + L-carnitine = CoA + L-palmitoylcarniting

Hit Score: 2/4 ( ¥ ¥ )

Genes & Alterations Details
Gene  Annotation Detalls
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Vulnerability details

putrescine degradation il Gene Annotation
4-gcetamidobutanal + NAD+ + H20 — 4-acetamidobutanoate + NADH
+2 H+ ALDH

ALDH3AZ2 HombDel

Hit Score: 3/4

bepax—tevel3Biachemicati tortaA9ds

Targeted-drugs for ALDH2
Drug Annotation

Disulfiram Targets:4 ] FDA-approved ]
/ ‘4-acetamidobutanc C’Ya namide Targets: 4
& ﬁ Daidzin Targets: 1
Crotonaldehyde Targets: 1

Guanidine Targets: 4




Some samples are more vulnerable
than the others

TCGA-16-0850 dodecenoyl-CoA isomerase Gene Annotation
(3Z)-dodec-3-enoyl-CoA = (2E)-dodec-2-
enoyl-CoA ECH
ece  @E

Hit Score: 2/4 (% % % %) EHHADH @D &D

— If a homozygously-deleted gene is also under-expressed in the same sample
e Secondary evidence

— If one or more suggested drugs are FDA-approved
e Easier access to drugs (commercially available)

— If one or more suggested drugs are cancer drugs
* Easier to translate to clinics

— If the target-protein is not “essential’

* Loss of this gene does not cause lethality
*  Minimizing side-effects




Outlook
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In my last slide, I just want to give you an overview of what kind of applications, this type of a computational screen has, as an outlook.

You can imagine, such a vulnerability prediction mechanism to become important

Imagine for a cancer patient walking into the clinics, genomic profiling is done as part of the treatment produce.
These profiles then can be fed into the type of computational analysis that I just mentioned, where the analysis produces a list of individualized vulnerabilities for that patient.
In the meantime, from the patient’s tumor material, you can imagine, establishing xenographt and primary cultures where you can test these vulnerabilities in vitro and in vivo.
If a particular vulnerability shows promise in this settings, than one can go back to the patient cohort and identify patients with similar genomic alterations and hence vulnerabilities
And establish a “basket” clinical trial where these patients get treated with the promsing drug based on their genomic profiling.


Thank you!
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With that I would like thank you all for listening and want to remind you that we have recently published the results of this computational analysis as a resource and actively looking for collaborations where these vulnerabilities can be tested systematically.

As I mentioned, we have a supplemental web site that includes all the details about vulnerabilities as well as some basic statistcs and you are more than welcome to check it out to explore the results further.

We also have a poster, number 2, so if you would like to hear more about this study, please stop by and see our our poster.

Finally I would like everybody who helpmed with his project and especially Chris Sander who mentored this study and Niki Schultz for his incredible help on the study design.

Thank you!

http://cbio.mskcc.org/cancergenomics/statius/
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