


Retrotransposon activity during development
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The inner cell mass of the blastocyst are the
source of pluripotent embryonic stem cells

Blastocyst cells give rise to all

organs
and cell types
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OCT4 expressing ES cells have self-renewing and
differentiation potential in vitro

Undifferentiated hES cells
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The self-renewal transcription factor
Oct4 is essential for embryonic stem
cell self-renewal

Self-renewal

0CT4 —3p Active promoters of self-renewal genes
> oG —  (OCT4, SOX2, NANOG, C-MYC, MYSTS...)
ROAZ —P Silent promoters of developmental genes

(NEUROG1, PAX6, GATA4, CDX2...)

Differentiation

— v —

Nicolaj Strgyer Christophersen, and Kristian Helin J Exp Med 2010;207:2287-
2295




Mouse and human contain several
processed OCT4 pseudogenes
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Ancestral OCT4 gave rise to 5 processed pseudogenes
that are expressed in mESCs

3'UTR
[ | - OCT4 — ANCESTRAL
226 bp GENE CHR 17
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Oct4 pseudogenes are tightly controlled during

the differentiation of mESCs

EB: embyoid body differentiation
(a model for ES differentiation)

4

BEBTO EB D3 EB D5 IEB D7 [l Primiray MEF [ilimmortalized MEFs NIH-3T3

o)

Q
N
o
ity
N
o
o
o
o
o
o
(e
o

o
o
0, set“10
o
o
1
[}
o

o

o

o
o
o

N
o

(o]
o
o
o
o
o
o
N
o

(%]
o
o
o
o
o
o

o
o
(e}
o

S
o
o
o
o
o

o
o

o
o
Pseudogenes expression levels

Pseudogenes expression levels
normalized to Gapdh (ES WT TQ,set 2400

o
o
o

Pseudogenes expression levels
normalized to Gapdh_(ES.WT.JO set “100”)

Pseudogenes expression levels

Pseudogenes expression levels
nomalized t9 Gapgh (ES.WT Tg, set “400")

nomalized to Gapdh (ES WT T

S
T
0 L
aJGJ1
S 0
2o
- -
ok
8=
SR%]
sy
x

o -
n T
Y
5 3
o

oL
So
o O
o N
0L
S
c

N
o

o
o
o
N DO
o

o

o
o

g

SELF-RENEWAL DIFFERENTIATION

octd L aRaES ] OctaP2 (+9x)

Oct4P1 (-10X) [ o '.“* Oct4P3 (+2x)
SRRV, Oct4P4 (+4x;Fibrobl. +200x)




OCT4 pseudogenes are localized to
nuceloplasm or cytoplasm
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OCT4 pseudogenes are localized to
nuceloplasm or cytoplasm

m CYTOPLASM NUCLEO

100
80
60
40

20

0 ; —

Oct4P1 Oct4P2 Oct4P4 Oct4P5

Oct4P2

\ _—" Octapr4

nucleus
cytoplasm




Cytoplasmatic OCT4P1 promotes mESC self-renewal
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Ancestral OCT4 gave rise to 5 processed pseudogenes
that are expressed in mESCs
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Pseudogene sponge miRNAs that
target the ancestral gene

Ancestal mRNA Pseudogene RNA
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Cytoplasmatic OCT4P1 acts as Oct4/Rb1 ceRNA

miR-335
microRNA mimic + Oct4
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Nuclear OCT4P4 promotes mESC differentiation
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5’ and 3’ UTR homolgy domains are required
to repress self-renewal marker genes
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Oct4P4 interferes with the ancestral
Oct4 promoter
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A model system to study Oct4P4 IncRNA
localization

RNA immunoprecipitation anti-flag then RT-PCR for Oct4P4IncRNA
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A model system to study Oct4P4 IncRNA
localization
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Oct4P4-MS2 directs Suv39h1 to Oct4 promoter

ChIP using specificantibodies then use theimmuno-precipitate todetect the
Oct4P4 promoter by PCR
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Oct4P4-MS2 directly interacts with Suv39hi

RNA immunoprecipitation using anti-SUV39h1;
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Oct4d4P4-MS2 recruits Suv39hi
To direct silencing of the Oct4 promoter
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INDUCING PLURIPOTENCY IN ADULT CELLS

Adult cells
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Pseudogenes control the epigenetic
status of ancestral genes

Oct4 pseudogene IncRNA silences ancestral gene

Oct4 ) _‘ - Self-renewal TFs
H< g & HR17 - hTERT/Iong telomeres

ES cell

Oct4P4 Oct4P4 knock-down
% upregulation = Partial reprogramming

- no self-renewal TFs
‘CHR 17 - No hTERT/short telomeres

Differentiated




Pseudogenes are powerful regulators of gene expressio
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WHAT WOULD YOU DO NEXT TO
UNDERSTAND OCT4P4 FUNCTION?

Oct4 pseudogene IncRNA silences ancestral gene

. - Self-renewal TFs
HR17 . hTERT/long telomeres

ES cell

Oct4P4 Oct4P4 knock-down
% upregulation = Partial reprogramming

- no self-renewal TFs
‘CHR 17 - No hTERT/short telomeres
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