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If you only had four lefters to work with, what kind of story could

you felle

Understanding Genetics



So What is DNA Anywaye

Deoxyribonucleic Acid (DNA) is made of complex molecules
called nucleotides. There are 4 types abbreviated A, T,C,G.

> Nucleotide bases form stables pairs: A-T and C-G. Two
complimentary strands of these bases form DNA.

» DNAs broken into 23 long strands known as chromosomes.

» The sections of the DNA that contain instructions on how to
build proteins are called genes.

» Genes in the DNA are transcribed into a single strand of
similar nucleotides called Ribonucleic Acid (RNA) and this
“‘message” is processed by the cell and turned into protein.



DNA — RNA — Protein

e Stores
information

* Used as a
template
for RNA

 Genes are regions of the DNA that are transcribed into RNA
* RNA carries the DNA code out into the rest of the cell where it
can be used as instructions to make protein



ldentical

Twin Studies

While identical twins
share many things in
common, they also
have very different
lives, unigue
personalities, get
different diseases
and after a number
of years can look
quite different from
each other.

theguardian TheObserver

News US| World | Sports  Comment | Culture Business | Money

News ) Science ) Genetics

Why do identical twins end up having

such different lives?

Their genes are exactly the same, so why don't identical siblings'
lives follow more similar patterns? The scientist behind a
pioneering 21-year study believes he has the answer

.- Robin McKie
n = The Observer, Saturday 1 June 2013
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Your DNA Is a blueprint tor
bullding proteins, NOT @
blueprint for who you are

You are much more than the
sum of your genes



It People are Genetically Unigque,

How do we Make Comparisonse

The Human Reference Genome
(Print Edition)

« There are over 3 billion base
pairs in the human genome.
We receive a complete copy
from each parent.

« To create a common basis for
comparison, a reference
genome was created. This
reference is not a single
person but a mosaic of 13
different individuals.

CC-BY-SA-3.0; Released under the GNU Free Documentation License.



How to make it all fit...

Microvilli
Cilia ~— e

/4 Secretory vesicles

Golgi apparatus -

- ———Centrioles
Rough endoplasmic —— '
reticulum o
. Lysosome
Smooth endoplasmic —
reticulum
I - Cytoskeleton
Nuclear envelope

——— Free ribosomes

Nuclear pores = |

Mitochondrion — =3 ~ Nucleolus

Anatomy of a Cell

3 billion base pairs strung end
to end is about 40 inches in
length.

This quantity of DNA resides
inside the nucleus of every
cell in your body

Needless to say, thisis a
tightly controlled process.



Our apologies, the DNA you are looking for

IS temporarily unavailable...

EPIGENETIC MECHANISMS
are affected by these factors and processes: —
+ Development {in utero, chidhood)

HEALTH ENDPOINTS
« Cancer
* Autoimmune disease

* Environmental chemicals o * Mental disorders

* Drugs/Pharmaceuticals 7 * Diabetes

* Aging = /"‘ /

* Diet e/ EPIGENETIC
—) &

DNA methylation

. Methyl group (an epigenetic factor found
in some dictary sources) can tag DNA

| and activate or repress genes.

GENE HISTONE TAIL

DNA accessible, gene active

Histone modification
The binding of epigenetic factors to histone “talls®

Histones are proteins around which | HISTONE

DNA can wind for compaction and
géne regulation.

DNA inaccessible, gene inactive

alters the extent to which DNA is wrapped around
histones and the avallability of genes in the DNA
10 be activated.

Laura, B. (2008) Epigenomics: The new tools in studying complex disease. Nature Education



Introducing the “omes”

The Genome The Transcriptome The Proteome
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The genome as the cell’'s operating

The operating system of your
computer (Windows/Max
OSX/Linux) provides a set of
fools to allow programs to be
loaded and run. Every laptop
may have the same operating
system, buf no one uses their
lapfop In exactly the same
way

The Environment

* ¥




Whole Genome Integrative Data

Visualization

Hunter et al Blood 2013
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The Genomics of WM

Understanding the WM “Operating System”




Mutation and Cancer

Cancer can be caused by accidental changes in the
genome known as mutations

As these accumulate, genes start to gain new functions,
or lose old ones

At the point that the cells start to multiply in an
uncontrolled way, we call it cancer



A single base pair
mutation the gene
%%% MYDa88 is found in over
90% of WM
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MYD88 L265P in WM/IGM MGUS
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Updated from Treon and Hunter. Blood. 2013;121(22):4434-6.



A single base pair
mutation the gene
gg%% MYDa88 is found in over
90% of WM

NFKB Nuclear Translocation in
The BCWM.1 Cell Line
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Do You Think There Might Be Mutations

on other parts of MYD88%¢

ions in

MYD88 Mutat

Lymphoma

BD

k.

ymphoma. Nature 2011

/

ly active MYD88 mutations in human

Oncogenical

l.

Ngo et a



Do You Think There Might Be MYD88
Mutations on Other Amino Acidse

Mutations observed in WM
o | 265P
e S219C (subclonal)




WHIM Syndrome Like Mutations in CXCR4

Found in 51/177 (28.8%) of WM Patients

MEGISIYTSDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTI
YSIFLTGIVGNGLVILVMGY QKKLRSMTDKYRLHLSVADLLFVI
TLPFWAVDAVANWYFGNFLCKAVHVIYTVNLYSSVLILAFISLD
RYLAIVHATNSQRPRKLLAEKVVYVGVWIPALLLTIPDFIFANVS
EADDRYICDRFYPNDLWVVVFQFQHIMVGLILPGIVILSCYCIIIS
KLSHSKGHQKRKALKTTVILILAFFACWLPYYIGISIDSFILLEIIK
QGCEFENTVHKWISITEALAFFHCCLNPILYAFLGAKFKESAQH

ALTEMSRASs KIIsKRCEHEEMETERES ssFHss

LEGEND
A - Germline variant in WHIM syndrome A - Transmembrane helix

D- Somatic frame shift or nonsense WM variant

S$338 Mutation Types

Frame shift mutation
Nonsense mutation “Nonsense C/G

Nonsense C/A

25%
" Frame shift

—
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Hunter et al, Blood 2013



Marrow and Serum IgM by Genotype

iNn 174 WM Patients

Bone Marrow Involvement Serum IgM Levels
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MYD88WVTE MYD88'265Pp) MYD88'265Pp MYD88265Pp MYD88WTR MYD88265Pf MYD88265Pp MYD88265Pr

CXCR4WTEh=16F CXCRAWTE=1058 CXCRAWHM-FSGh=24F CXCRAWHIM-NSGh=25[ CXCRAWTh=16E CXCRAWTEh=1050 CXCRAWHIM-FSgh=24[ CXCR4WHIM-NSGh=25[3

MYD88 Wild Type L265P
CXCR4 Wild Type WHIM WHIM-NS
Genotype  |MYD88WTCXCR4AWT MYD88265PCXCRAWT  [MYD88-265PCXCR4WHM MYD88-265PCXCR4WHIM-NS
Prevalence |~10% of patients ~60% of patients ~30% of patients ~50% of CXCR4WHM

Poor prognosis/Overall Survival Low adenopathy High BM

Low serum IgM Therapeutic resistance High IgM

Low BM involvement Hyperviscocity syndrome

More symptomatic

Treon and Hunter et al, Blood 2014



Using Mutation Status to Understand

Responses to Ibrutinib

o
Serum IgM Response Hemoglobin Response
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Tumor Clone Evolution: Diversification
and Treatment

FROM THE FOLLOWING ARTICLE:
Evolution of the cancer genome

Lucy R. Yates & Peter J. Campbell
Nature Reviews Genetics 13, 795-806 (November 2012)
do0i:10.1038/nrg3317

+ Driver mutations

A

Distant

metastasis
Time point X: Time point Y:
diagnosis and distant and

treatment initiation  local relapse
>

Time

Nature Reviews | Genetics



Tracking Mutations in WM through

lorutinib Treatment
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Genomic Response to lbrutinib

Therapy: Sensitive Mutations
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Genomic Response to lbrutinib

Therapy: Resistant Mutations
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Genomic Response to lbrutinib
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The WM Genome So Far...
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New Findings from the WM

transcriptome

RNA from 57 CD19* selected patient bone

Gender (Female)  21/57 36.8% marrow samples were collected  for
Age in Years 60 (40 - 78) sequencing.
B2 Microglobin at Diagnosis > 3 (mg/L) 19/ 46 41.3%
Previous Treatment 20 /57 35.1% For comporison poired B-cells
Familial B-Cell Disorders 23 /57 40.4% + ] '
Splenomegaly 13/57 9 8% (CD19*CD27) and memory  B-cells
Lymphadenopathy 30/57 52.6% (CD]9+CD27+) were selected from 9
Bone Marrow Involvement (%) 60 (5 - 95) healthy donor peripheral blood samples.
Hematocrit (%) 32.8 (23.4 - 42.2)
Serum IgM (mg/dL) 3750 (416 - 8320) .
Serum IgG (ma/dL) 17 (82 - 3890) Paired end samples were run two per
Serum IgA (mg/dL) 40 (6 - 516) ane run for 50 cycles using an lllumina
MYD88 Mutations 52 / 57 91.2% HiSeq. Data analyzed using the
CXCR4 Mutations 23 /57 40.0% voom/limma bioconductor package in R.
i 0, .o . .
Ag{')[;;g m”:i'zzz i; 21 3'25’ Isoform specific expression was estimated
utatl .070 . . . . .
Deletion 64 2453 45 3% using the cufflinks analysis pipeline.
Amplification 6p 6/53 11.3%
Amplification 3q 11/52 19.2% False discovery rate of 10% use fto

Amplification Chr4 10/52 21.1% determine signiﬂcgnce.



Significant Ditferentially Expressed Genes

by Category

Cytogenetic Changes Healthy Donor Comparisons
Chromosome éq Deletions: 131 genes MYDB88265PCXCR4WT vs. Healthy: 12,937 genes
Chromosome ép Amplification: 65 genes MYD88265PCXCR4WHM vs Healthy: 12,178 genes
Chromosome 4 Amplification: 776 genes MYD88WICXCR4WT vs. Healthy: 11,059 genes

Chromosome 3g Amplification: 11 genes
Predisposition
Familial History of WM: 263 genes
Affects of Somatic Mutations
MYD88L265PCXCR4WT vs. MYD88L265PCXCR4WHM: 3,103 genes
MYD88L265PCXCR4WT vs. MYD8BBWICXCR4WT: 1,155 genes

ARIDTA: 16 genes



Expression of
BCL2 Family

Members in
WM

WM versus HD Expression p < 0.0001

BCL2E BCL2L1E ] BAXE
- |8 A PO
g - - N
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s CXCR4 Important 1o all WM patients

regardless of mutation?

MYD88L265P MYD88WT HD

CXCR4WT CXCR4WHIM MB PB WM (All Samples) Healthy Donor - MB . p-value

DNTT 71.146 (0.5-2884.9) 0.023 (0-0.1) 0.0005

8 RAG1 7.0669 (0.2-255.5) 0.038 (0-0.1) 0.0004
© RAG2 11 | I 5.1208 (0-163.3) 0 (0-0) <0.0001
(_g IGF1 | | | 3.2971 (0.1-28.5) 0.018 (0-0) <0.0001
2 BMP3 | 21.157 (0.5-269.5) 0.127 (0-0.3) <0.0001
S CDsL 8.1506 (0.3-372.6) 0.021 (0-0.1) 0.0001
9 cxcL1z | I | 3.44 (0.1-168.5) 0 (0-0) 0.0001
& VCAM1 7.2862 (0.1-383.3) 0 (0-0.1) 0.0001
S CXCR4 I 3607.9 (577.9-8578.8) 1160 (913.8-1955)  <0.0001
= Bom 1 11916 (5501.6-18419.1) 5563 (4920.4-5862.5) <0.0001
BCL2 I | 200.75 (25-392.3) 87.24 (72.4-109.4) <0.0001
BAX | 105.47 (56.1-217.5) 205.3 (182.3-244.1)  <0.0001

Relative gene expression differences between WM
patients and healthy donors (Red indicates high
expression, blue low expression)



Differentially Expressed Genes Between MYD88265PCXCR4WT

and MYDB88L26°PCXCR4WHM WM Samples
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Gene Expression Associated with

Bone Marrow Involvement (%)

Bone Marrow Involvement in WM

Bone Marrow Involvement

CXCR4

KDM1B

MYD88

BCL7A

Gene Expression (TpM)

Bone Marrow Involvement (%)

Final Model
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p-value:3.469e-71
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Serum CXCL13 (log 2)

Validation of CXCL13
Correlation with Bone Marrow

and Hemoglobin in 86 WM
Patients

18
o
18
o

Serum CXCL13 (log 2)

20 40 60 80 8 10 12 14 16
WM Bone Marrow Involement (%) Hemoglobin
Spearman'’s rho = 0.5612 p-value = 2.192e-08 Spearman's rho = -0.567 p-value = 1.536e-08

2016 European Society of Hematology Abstract: P312
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