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Mutations in various genes can increase the chance of
developing cancers, including GIST
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GIST Tumor Genetics:
Oncogenes vs. Tumor Suppressor Genes

Oncogenes
1 gain-of 1 GOF mutation
function (GOF) Examples: KIT, PDGFRA
event

2 loss of function

(LOF) events Tumor Suppressor Genes

2 LOF mutations
Examples: SDHA/B/C/D




Mutations in various genes can increase the chance of
developing cancers, including GIST
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What is “SDH” and what does it do?



Succinate Dehydrogenase (SDH)

» Enzyme complex made of 4 SDHD ™% SDHC
subunits L

- Located in mitochondria SDHA &t

* Important for normal

metabolism Succinate Fumarate



Loss of SDH function is the most common cause
of non-KIT/PDGFRA related GIST
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Loss of SDH function is the most common cause
of non-KIT/PDGFRA related GIST
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Loss of SDH function is the most common cause
of non-KIT/PDGFRA related GIST
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Inheriting a loss-of-function SDH mutation results in high life-
time risk for SDH-deficient cancers
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Inheriting a loss-of-function SDH mutation results in high life-
time risk for SDH-deficient cancers

All Tumors

SDHB Mutation Carriers SDHD Mutation Carriers
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Not all mutations are problematic
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When a mutation is a VUS, we don’t know YET if it
might cause problems

VUS

(variant of uncertain

L| kely significance) L| ke Iy
Benign Pathogenic

Is this mushroom Benign

Pathogenic
safe to eat? >
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Most SDH mutations are

variants of unknown significance (VUS)

Tumor risk cannot be determined,
and screening is not recommended
for patients with SDH VUS

Total va

Family screening not recommended
for relatives of a patient with a SDH
VUS

SDH mutations
reported in ClinVar



Total number of variants

500

400

300+

200

100

VUS problem is worsening over time

Bl Pathogenic
Bl Benign
B VUS

SDHA SDHB SDHC SDHD

Life Fest 2020

Total variants
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Scientists must test new mushrooms and mutations to
see if they are benign or pathogenic

Understanding the significance of VUS mutations will
allow for better diagnostic tools and
early detection of disease




My laboratory is using the awesome power of yeast genetics
to remove the uncertainty

Saccharomyces cerevisiae, the yeast used in bread baking and beer making




e
Why use yeast to model human disease?

*+ Yeast share many processes with
human cells (including SDH)

*» It is easier, faster, and cheaper to
make and study mutations in
yeast

“* We can easily screen for

mitochondria (SDH) function

based on what we feed them

18
Calhoun, S., Mondo, S.J. & Grigoriey, 1.V, 2019



Yeast and Human SDH complexes are similar in both

structure and function
Human SDH Complex Yeast SDH Complex

PDB:9KPS
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In the lab, there are a few ways we can measure if the
SDH complex is functional




We can measure SDH enzyme activity using a color
changing assay

PMS

phena ine methosulfate)

A & _

Isolated yeast
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e
We can measure SDH enzyme activity using a color

changing assay

Strain wild type sdh1A A+pSDH1 A+ R19X A+H90S A+ G97R A+N109S A+D116N

S0

22



We can measure SDH enzyme activity using a color
changing assay

I s =

0.0 = —_— — —

wild type sdh1A + sdh1A + sdh1A + sdh1A + sdh1A + sdh1A + sdh1A +
+ Vector Vector pSDH1 R19X H30S G97R N109S D116N
23 (R31X) (H99S) (G106R) (N118S) (D125N)

0.31
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e
We can also determine SDH function based on growth

Glucose
No SDH Needed

wid type
Gene deleted »sdh 1A_

Pathogenic R19X_
humans | o0s

senign _weos- RN
mhumars |32 N

SDH mutant yeast fed Glycerol:

Growth = Benign No Growth = Pathogenic

24  BannonA.Eet al., 2017



-
We want to determine the pathogenicity of all possible

mutations in SDH1 (SDHA in humans)

Sdh1 Protein (~620 amino acids)




e
We want to determine the pathogenicity of all possible

mutations in SDH1 (SDHA in humans)

Arg
o




How are we going to manage to mutate every amino
acid to every other amino acid?

Sdh1 Protein (~620 amino acids)

Transfer mutations into yeast
Each cell has only 1 mutation

" DOUBLE, DOUBLE TOIL AND TROUBLE:
FIRE BURN, AND CALDRON BUBBLE




Metabolic selection in glycerol depletes cells
with LOF mutations

Glucose Glycerol
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When we make all of our mutations, we will know what

is pathogenic or benign

Position in Gene

—_— === >
UHH

S - -r

-— 1

= Ei: = E

S 1 -h:

VUS [Pathogenic BBenign

Identifying which VUS are pathogenic or benign can be an excellent
.o diagnostic tool and can guide the development of more effective treatment.



Actual Data!l

A
AA Class
. Hydrophobic
Megative
Polar
__NiEff_ECt_____________________ IF'ositive
LOF
Mutation Type
v

() silent
l:‘ Missense

577 582 587 592 597 G602
Residue

607 612 617 622 627 632 637



Thank You!!!!

Questions?
Funding
(/5 KNIGHT M GIST
%S) CANCER 8 J Cancer

N7 Institute K
OHSU

Research Fund

robbinsch@ohsu.edu

heinrich@ohsu.edu
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Update on GIST Research Studies
Heinrich laboratory

£ KNIGHT
®$ CANCER
Institute

OHSU




Deep Mutational Scanning to ldentify SDH Variants
Associated With GIST

Jason Kent

Graduate Student — Heinrich Lab
Cell & Developmental Biology — OHSU



Succinate Dehydrogenase (SDH)

Enzyme complex made of 4
subunits

Located in mitochondria

Important for normal Succinate Fumarate
metabolism Q J
N "4



Loss of SDH function is the most common cause of non-

KIT/PDGFRA related GIST
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Loss of SDH function is the most common cause of non-

KIT/PDGFRA related GIST
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Loss of SDH function is the most common cause of non-
KIT/PDGFRA related GIST
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Mutations in DNA can affect protein function

DNA
Protein

Function



Mutations in DNA can affect protein function
Wild-type

GAG CAG GTA CCG ACG CTA GCT AAT DNA

The cat is fit. Protein

A Function



Mutations in DNA can affect protein function

Wild-type Loss-of-function

GAG CAG GTA CCG ACG CTA GCT AAT DNA GAG CAG GTA CCG ACG CTA GTT AAT

The cat is fit. Protein The cat is fat.

A Function




Mutations in DNA can affect protein function

No-effect L oss-of-function
GAG CAG GTA ACG ACG CTA GCT AAT DNA GAG CAG GTA CCG ACG CTA GTT AAT

The Cat is fit. Protein The cat is fat.

A Function




The VUS Problem:
What if we don't know the language?

Pisica este in forma Pisica este grasa

Romanian translation per Google Translate



., all possible

Goal: Determine clinical significance of 'SDH VUS by
characterizing the impact on SDH function

Amino Possible
Acids Variants

SDHA 664 13,280
SDHB 280 5,600

SDHC 169 3,380
SDHD 159 3,180

Total: 25,440



riants

Total number of va

500+

400

300

200

100

Our goal: Create “Encyclopedia” of clinical
significance for all SDH mutations

|ldentify SDH mutation in normal DNA

Bl Pathogenic
Bl Benign
B VUS

Possible Mutation

Genetic counseling
SDHA_ SDHE SDHC SDHD Position in Protein Testing family members

Enhanced cancer screening



riants

Total number of va
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400

300

200

100

Our goal: Create “Encyclopedia” of clinical
significance for all SDH mutations

|dentify SDH mutation in normal DNA

Bl Pathogenic
Bl Benign
B VUS

Possible Mutation

SDHA SOHB SDHC SDHD Position in Protein

Normal function

No risk of cancer

No cancer screening needed
No family testing needed



It takes a village, or a small
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Succinate DeHydrogenase plays a critical role in
generating energy

Organs/
Tissues

48 Mitochondria



e
Succinate DeHydrogenase plays a critical role in

generating energy and cellular metabolism

Entermembra”ej (Electron Transport Chain)
Space

Complex Il
SDHC | SDHD

Complex |

Mitochindrial
Matrix

Complex Il Complex IV

-------
",

SDHA

FAD TD FADH2

What happens when

\

‘/e\ one of these proteins
Succinate Fumarate doesn’t work?

(Tricarboxylic Acid Cycle)

49



Mutations in SDH genes can mess up this process

Entermembranej [Electron Transport Chain]
Space

Complex Il
SDHC | SDHD

Complex | Complex Il Complex IV

‘h

.........

Fe-S
Fe-S

Mitochindrial Fe-S
Matrix k ‘

tSuccinate

(Tricarboxylic Acid Cycle)

Fumarate

50
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Thank you to our sponsors for supporting our mission to
present high-quality education, engagement & support to the

% GIST community!
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