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Today’s Class Agenda:

* What is epigenetics?
How is information conveyed in cells?
Overview of chromatin structure regulation
How does epigenetics mediate development?

* What role does epigenetics play in cancer?
DNA hypermethylation
EZH2 histone methyltransferase mutations

SWI/SNF chromatin remodeler mutations




What is epigenetics?




Biological information is stored
in our DNA sequence in cells.
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TTGATTCAGAAGCCAGCCAGAGCCCACAATACAGCTTCGAGTCATTACCT
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TGTCCTTACCTGTGGGAGCTGTAAGGTCTTCTTTAAGAGGGCAATGGAAG
GGCAGCACAACTACTTATGTGCTGGAAGATGACTGCATCGTTGATAAAAT
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Biological information is stored
in our DNA sequence in cells.

* produces RNA transcripts that act as instructions
for building a diversity of functional proteins

Q
o V
Q
Transporter A VY o
a ooooooo ZOOOEDE
etetez,\~ [ Bie
§ Lo

Receptor



However, this cannot be the

only form of information in cells.
| Totipotent embryonic stem cell |

* many cell types b
are found in the
human body

* fulfill different
functions, but

have essentially
the same DNA




Biological info is conveyed by
the state of DNA/chromatin.
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* chromatin can have
a certain structure
in one cells, and a
different one in
another cell

DNA methylation M



Chromatin structural changes
make up epigenetic information.

d DNA methylation

* Epigenetics are:
non-genetic cellular memory/info

heritable and usually self-
b Histone modifications p e r p et u a ti n g

responsive to inputs and reversible

* Epigenetics lead to:
€ Crvomatin amodelng changes in gene expression

changes in cell behavior or identity
(phenotype)




DNA itself can be modified by
methylation at cytosine bases.
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DNA associates with proteins
(histones) to form chromatin.
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Combinations of histones make a
“spool” for DNA to wind around.

* each protein (H3, etc.) is encoded by its own gene
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Chromatin has
many levels of
structure and
compaction.

* DNA molecules,
unwound, would have a
length on the order of ,
meters! 51

* cells are very small, so '\ e

coiling is necessary m




Histones can be
chemically
modified on tails
exposed outside <=
the inner DNA- N
protein core.

(r

* small tags added covalently on
mainly lysine residues

* these marks are accessible/
readable on the outside




Histone modifications work

through three enzyme classes.
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Different modifications convey
different biological meaning.

Nature Reviews | Cancer




Nucleosome positioning is
dynamic, affecting accessibility.

B ATP  ADP +P, ATP  ADP+P,

ATP-consuming ATP-consuming
chromatin remodeling factor chromatin remodeling factor

- allows for gene expression, by giving RNA
polymerase (and other proteins) access




Epigenetic marks work together
to change chromatin structure.

* one mark can cause chromatin to gain another
* repressive or activating marks can cooperate

a Model of DNA methytation directing histone methylation
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End result: epigenetics changes
which genes are expressed
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« Active (open) chromatin
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Epigenetics “program” cells to
follow certain instructions.
| Totipotent embryonic stem cel

* a muscle cell will

b
follow muscle cell -

instructions and make N

muscle proteins, but a [ ] e——
neuron or a skin cell ™Y

will not

» differences arise in the |
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Epigenetic landscape shows cells

ifferent lineages.
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Epigenetic landscape shows cells
falling into different lineages.
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Inputs influence epigenetics and
cause cells to differentiate.

Environmental stimulus

Developmental * Epigenetic
potential , , status
.\ Signal transduction
R 5% A%
,43’3”‘2?) A
Totipotent & WNT Global DNA demethylation
gow e 7 S zqng . TGFs/growth factors 4
Pluripotent N 3 =¥ Notch - Only active Z chromosomes
ICMVES cells, EG cells, L S A Shi . Global repression of differentiation
EC cells, mGS cells, AR LIF/Cytokines genes by polycomb proteins
IPS cells e e e e e Promoter hypomethylation
g 1 = l; .®
r " +Octd
Multipotent :;::322 X Inactivation
Adult stem cells .« lren = oM 2 Repression of lineage-specific
(partially reprogrammed- .- : BMP)E - genes by polycomb proteins
cells?) . . N Promoter hypermethylation
,.: mlRNA w® S e N N s
7 lincRNA |"f ”{ MRS R
Unipotent 4 | I 'N k\ R gl 2y, X Inactivation
Differentiated ’ | } l I | o . Derepression of polycomb-
cell types I " silenced ineage genes
" ” ‘ w ;} 'm'as‘ muscle £ Promoter hypermethylation
4 ) | | g 1 ' i !
ﬁ —
+Pdx1 +MyoD
.Ngns



Differentiated cells have marks
to turn on type-specific genes
and turn off unrelated genes.




Epigenetics plays a major role in
development as cells take on roles.

Reproductive cells
& Specialized function
& Lots of epigenetic tags

Reprogramming erases most
epigenetic tags so that the
fertilized egg can develop
into any type of cell.

Q

Male and female reproductive
cells join

¥ Can become any type of cell
¥ Few epigenetic tags

(o]
Hepreductive
cells
Embryo develops

& Many cells with specialized
functions

& |ots of epigenetic tags




What role does epigenetics
play in cancer?




Model of cancer has long focused
on genetic changes from normal.

ONC
T5G

ONC
TSG
Mutation i: 8 ONC
—— 1SG /.

~ Mutation
onme! o » . _’. Genetic
Benign tumour \. plasticity . Metastasis

Primary
R —

cancer
0

Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics



But cancer also results from non-
genetic gene expression changes.
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Evidence has been found of
epigenetic activators at oncogenes
and repressors at TSGs.
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DNA hypermethylation at TSGs
leads to cancer initiation.
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EZH2 mutations causes aberrant

widespread histone methylation.
d EZH2 mutation




SWI/SNF complex moves
nucleosomes to shape chromatin.

b M
SWI/SNF binding (energy of binding leads
to the disruption of histone-DNA contacts )
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Loss of SWI/SNF complex means a
loss of repression of oncogenes.

Disordered nucleosomes

SWI/SNF

‘

Active
(e.g. lineage-specific genes) (e.g. cell proliferation genes,
MYC, CCNB2 and CDK1)

Repressed

Nature Reviews | Cancer



Epigenetic drugs are being
explored as a new cancer therapy.




Any Questions?

* feel free to email me at mesako@stanford.edu




