
Examples	of	lncRNAs

REGULATION	OF	TRANSLATION	BY	ANTISENSE
lncRNA	Uchl

-- SINEUP--

PSEUDOGENE	lncRNAs	EXAMPLE	1

Pseudogene	 lncRNA	that	controls	embryonic	stem	cell
Self-renewal

A	Oct4P4	pseudogene	 derived	lncRNA	silences	the
ancestral	Oct4	gene	in	trans



Re tro tra nsposon a c t iv i ty  dur ing  de v e lopme nt



A  c a s e  s t u d y :  

U s i n g  a  p s e u d o g e n e  
l n c R N A  t o  i n v e s t i g a t e  

t h e  f u n c t i o n  o f  a  
n o v e l  n c R N A



OCT4	activated	
before	the

8	cell	embryo	stage	
and	remains	

expressed	in	germ	
cells

Human:
1	ancestral	OCT4:	Transcription	factor
7	processed	OCT4
pseudogenes

Mouse:
1	ancestral	Oct4:	Transcription	factor

5	processed	OCT4
pseudogenes

M o u s e  a n d  h u m a n  c o n t a i n  s e v e r a l
p r o c e s s e d  O C T 4  p s e u d o g e n e s



B l a s t o c y s t c e l l s  c a n  b e
I s o l a t e d  a n d  c u l t i v a t e d

Embryonic	stem	cells

Differentiation	in	vitro

THERAPY

OCT4
KLF4
Nanog
SOX2

B l a s t o c y s t c e l l s  g i v e  r i s e  t o  a l l
o r g a n s

a n d  c e l l  t y p e s

T h e  i n n e r  c e l l  m a s s  o f  t h e  b l a s t o c y s t a r e  t h e
s o u r c e  o f  p l u r i p o t e n t  e m b r y o n i c  s t e m  c e l l s

Inner	cell mass	(epiblast)



1. OCT4 EXPRESSION
Oct4 expression during the mouse life cycle

Cells and tissues expressing Oct4 are marked in green. 

- Oct4 is expressed in mouse oocytes as a maternal
transcript and protein. 

- Zygotic Oct4 expression is activated prior to the 8-cell 
stage and is abundant and uniform in all cells of the 
embryo throughout the morula stage. 

- However, as the outer cells of the embryo differentiate
into the trophectoderm, Oct4 expression is restricted to 
cells of the ICM in the blastocyst. 

- After implantation, Oct4 expression is maintained in 
the epiblast of the blastocyst

- Oct4 expression becomes restricted to primordial germ
cells (PGCs), which are first specified in the 
extraembryonic mesoderm at the base of the allantoic
bud during gastrulation. PGCs give rise to gametes, 
which following fertilization will develop into a new 
organism of next generation. 

Wu	and	Schöler:	Role	of	Oct4	in	the	early	embryo	development	Cell Regen. 2014



smooth	muscle	actin	

beta-tubulin III	

alpha	fetoprotein	

Oct4

2 .  T H E  M O D E L  S Y S T E M :  E S  C E L L  
D I F F E R E N T I A T I O N

O C T 4  e x p r e s s i n g  E S  c e l l s  h a v e  s e l f - r e n e w i n g  a n d  
d i f f e r e n t i a t i o n  p o t e n t i a l  i n  v i t r o

OCT4

OCT4	pseudogenes??



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

T h e  s e l f - r e n e w a l  t r a n s c r i p t i o n  f a c t o r
O c t 4  i s  e s s e n t i a l  f o r  e m b r y o n i c  s t e m

c e l l  s e l f - r e n e w a l



OCT4	activated	
before	the

8	cell	embryo	stage	
and	remains	

expressed	in	germ	
cells

Human:
1	ancestral	OCT4
7	processed	OCT4
pseudogenes

Mouse:
1	ancestral	Oct4
5	processed	OCT4
pseudogenes

M o u s e  a n d  h u m a n  c o n t a i n  s e v e r a l
p r o c e s s e d  O C T 4  p s e u d o g e n e s



3 .  S e q u e n c e  a n a l y s i s :
A r e  t h e r e  o t h e r  s e q u e n c e s  i n  t h e  m o u s e  g e n o m e  t h a t  

a r e  s i m i l a r  t o  O c t 4 ?

Chr.	3

Chr.	17

Chr.	2

Chr.	14

Chr.	X

Chr.	6

Use	Oct4	cDNA	and	make	BlastN Unspliced	sequence	on	Chr.	3	with	high	similarity	to	Oct4

Oct4
Chr3	 sequence

5	processed	pseudogenes



4 .  E X P E R I E NTA L  E VA L AT I ON OF  l n c R NA  E X P R E S S I ON I N M ODE L  
C E L L S

Chr.	3

Chr.	17

Chr.	2

Chr.	14

Chr.	X

Chr.	6

A n c e s t r a l  O C T 4  g av e  r i s e  t o  5  p ro c e s se d  p se u d o g e n e s
t h a t  a r e  e x p re s s e d  i n  m E S C s

Self-renewing	mESCs



Oct4	high

4 .  E X P R E S S I O N  D U R I N G  I N  V I T R O  D I F F E R E N T I A T I O N

EB:	embyoidbody	differentiation (a	model	for	ES	differentiation)

Oct4	absentLIF	removal

In	vitro	differentiation;	2D	cell	culture,	attached	on	petri	dishes

In	vitro	differentiation	in	3D	cell	culture,	embryoid	body	differentiation
LIF	removal,

cell	form	spheres
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EB T0 EB D3 EB D5 EB D7 Primiray MEF Immortalized MEFs NIH-3T3

Oct4
Oct4P1	(-10X)

Oct4P2	(+9x)
Oct4P3	(+2x)
Oct4P4	(+4x;Fibrobl.	+200x)	

O c t 4  p s e u d o g e n e s  a r e  t i g h t l y  c o n t r o l l e d  d u r i n g
t h e  d i f f e r e n t i a t i o n  o f  m E S C s

EB:	embyoidbody	differentiation (a	model	for	ES	differentiation)

embryoid	body	differentiation	in	days



OC T 4  p se u d o g e n e s  a re  l o c a l i z e d  t o
n u c l e o p l a sm o r  cy t o p l a sm

Oct4P2
Oct4P4

Oct4
Oct4P1

nucleus
cytoplasm

5 .  L O C A L I Z A T I O N  O F  P S E U D O G E N E  l n c R N A



6 .  F UNC T I ONA L  A S S AY  – l n c R NA  a n d  se l f  r e n e wa l

Oc t 4  p se u d o g e n e  d e r i v e d  R NA s  h av e
a c q u i re d  d i s t i n c t  p ro p e r t i e s

Ho w c a n  we  i d e n t i f y  a  b i o l o g i c a l  f u n c t i o n  o f  p se u d o g e n e  l n c R NA
A  c a se  s t u dy :  Oc t 4 P 1  a n d  Oc t 4 P 4



87% 86%

100% 100%
Oct4P2	 (CHR	1)

160	 bp

Oct4P5	 (CHR	6)
84% 84%

384	 bp 155	 bp

OCT4	 – ANCESTRAL	
GENE	 CHR	17

3’UTR5’UTR CDS

1058	 bp69	bp 226	 bp

85% 86%
Oct4P3	 (CHR	14)

206	 bp492	 bp

Oct4P4	 (CHR	X)

870	 bp194	 bp 334	 bp

75% 80% 66%

200	 bp

75%

60	bp

Oct4P1	 (CHR	3)

C-TADPOUHDN-TAD POUS

Ho w t o  i d e n t i f y  a  b i o l o g i c a l  f u n c t i o n  r e l a t e d  t o  p se u d o g e n e  
d e r i v e d  l n c R NA ?
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siOct4:	differentiation

Oct4:	high	in	ESC

Oct4P1:	high	in	ESC,	low	in	
differentiated cells

Hypothesis:	Oct4P1	needed to	keep
high	Oct4	expression in	self	renewing
ESC??

Oc t 4 P 1 :
A  

cy t o p l a sma t i c  
l n c R NA
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C y t o p l a sm a t i c O C T 4 P 1  p ro m o t e s  m E S C se l f - r e n e w a l

Oc t 4 P 1 :  A  cy t o p l a sma t i c  l n c R NA

siRNA on	Oct4P1	in	mESC siRNA on	Oct4P1	in	mESC



Ancestal mRNA
(+3’UTR)
Oct4

Pseudogene	RNA
(+3’UTR	homolgy region)

Oct4P1

P s e u d o g e n e  s p o n g e  m i R N A s  t h a t
t a r g e t  t h e  a n c e s t r a l  g e n e

E v o l u t i o n  o f
p s e u d o g e n e s

t o  f i n e - t u n e  t h e
e x p r e s s i o n  

o f  a n c e s t r a l  g e n e s

miRNA	that	targets	Oct4:	i.e.	miR-335
MRE:	miRNA	response	element

/protein

i.e.	miR-335



…AAGAAGCUCAGUGAUGCUGUUGAUCAGG……

mature	miR-335

M.	m.	3’UTR	Pou5f1
133 155

5’3’

|  ||  ||  | ||||||||||
UGUAAAAAGCAAUAACGAGAACU

…AAGAAGUUCAGUGAUGCUGUUGAUCUGG……

mature	miR-335

M.	m.	3’UTR	Oct4P1

5’3’

|  || |||  | ||||||||||
UGUAAAAAGCAAUAACGAGAACU

140 163

C y t o p l a sma t i c  OC T 4 P 1  a c t s  a s  Oc t 4 /R b 1  c e R NA

OC T 4 P 1  p ro mo t e s  s e l f - r e n e wa l  b y  sp o n g i n g  mi R NA s  t h a t
t a rg e t  Oc t 4

Oct4	Protein

(Oct4)

Oct4	3’UTR
cloned

donwstreamof	
luciferase ORF

Oct4	 pseudogene Oct4P1

Oct4	mRNA

miR-335

+	Oct4P1	
pseudogene
expression
vector

miR-335
mimic
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mature	miR-335

M.	m.	3’UTR	Pou5f1
133 155

5’3’

|  ||  ||  | ||||||||||
UGUAAAAAGCAAUAACGAGAACU

…AAGAAGUUCAGUGAUGCUGUUGAUCUGG……

mature	miR-335

M.	m.	3’UTR	Oct4P1

5’3’

|  || |||  | ||||||||||
UGUAAAAAGCAAUAACGAGAACU

140 163

C y t o p l a sma t i c  OC T 4 P 1  a c t s  a s  Oc t 4  c e R NA

OC T 4 P 1  p ro mo t e s  s e l f - r e n e wa l  b y  sp o n g i n g  mi R NA s  t h a t
t a rg e t  Oc t 4

Oct4	Protein Oct4	mRNA

(Oct4)

miR-335

+	Oct4P1	
pseudogene
expression
vector

miR-335

pcDNA-Oct4P1



87% 86%

100% 100%
Oct4P2	 (CHR	1)

160	 bp

Oct4P5	 (CHR	6)
84% 84%

384	 bp 155	 bp

OCT4	 – ANCESTRAL	
GENE	 CHR	17

3’UTR5’UTR CDS

1058	 bp69	bp 226	 bp

85% 86%
Oct4P3	 (CHR	14)

206	 bp492	 bp

Oct4P4	 (CHR	X)

870	 bp194	 bp 334	 bp

75% 80% 66%

200	 bp

75%

60	bp

Oct4P1	 (CHR	3)

C-TADPOUHDN-TAD POUS

Ho w t o  i d e n t i f y  a  b i o l o g i c a l  f u n c t i o n  r e l a t e d  t o  p se u d o g e n e  
d e r i v e d  l n c R NA ?
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Oct4:	differentiation

Oct4:	high	in	ESC

Oct4P4:	low	in	ESC,	high	in	
differentiated cells

Hypothesis:	Oct4P4	needed to	silence
Oct4	duringdifferentiation?

Oc t 4 P 4 :
A  

cy t o p l a sma t i c  
l n c R NA



6 .  F UNC T I ONA L  A S S AY  – l n c R NA  a n d  se l f  r e n e wa l

Scarola et	al.	Nat	Comms.	2015



O v e re x p re s s i o n  o f  O C T 4 P 4  d o w n  re g u l a t e s  O c t 4  t o  p ro m o t e  m E S C  
d i f f e r e n t i a t i o n

Oct4P4 Oct4

Self-renewal	genes Differentiation	genes

mESCs with	
stable	

mOCT4P4
expression	
construct



7 .  M O L E C U L A R  A N A L Y S I S :  W H A T  A R E  T H E  R E L E V A N T  
S E Q U E N C E S ? ?

Self-renewal	genes

5 ’  a n d  3 ’  U T R  h o m o l o g y  r e g i o n s  a r e  r e q u i r e d
t o  r e p r e s s  s e l f - r e n e w a l  m a r k e r  g e n e s  

Express	Oct4P4	
deletion	

constructs	and	
follow	parental	

gene	
expression

Express	Oct4P4	
deletion	

constructs	and	
follow	self-
renewal	
programs



O c t 4 P 4  m a y i n t e r f e r e  w i t h  t h e  a n c e s t r a l  
O c t 4  p r o m o t e r

Renilla	luciferase

8 .  M O L E C U L A R  A N A L Y S I S :  U S E  S I M P L I F I E D  M O D E L  T O  
G E T  I N D I C A T I O N  O N  M O L E C U L A R  M E C H A N I S M ? ?

Use	simplified	models	to	
support	hypothesis:
- Clone	Oct4	promoter
- Clone	luc reporter	

downstream
- Test	wether	Oct4P4	

lncRNA	suppresses	
reporter

Oct4P4	is	a	nuclear	RNA	
that	suppresses	Oct4	
transcription

Hypothesis:	
transcriptional	
suppression	of	Oct4	
promoter?



3’UTR5’UTR CDS
C-
TAD

POUHDN-TAD POUS

Oct4P4
CHR X

ERVL-
MaLR

Oct4 
CHR 8

Oct4P4
MS2-flagMS2-flagMS2-flag

24xMS2 
stemloop

anti-
flagChIP RIP

Oct4P4

Oct4

G e n e r a t e  m o d e l  s y s t e m  t o :  
1 .  s t u d y  O c t 4 P 4  l n c R N A  l o c a l i z a t i o n

2 .  s t u d y  c h r o m a t i n  a t  O C T 4  p r o m o t e r

M S 2  s t e m  l o o p  t a g g e d  O c t 4 P 4  c o - e x p r e s s e d
w i t h  f l a g - M S 2  i n  m E S C s

9 .  M O L E C U L A R  A N A L Y S I S :  D E M O N S T R A T E  M E A C H I N I S M  
A T  E N D O G E N O U S  O c t 4  P R O M O T E R ? ?

Step	1:	stably	transfect	mESCs with	MS2-flag

Step	2:	stably	transfect	mESCs with	an	expression	vector	
encoding	mOct4P4	lncNRA fused	to	24	MS	loop	stem	loops



3’UTR5’UTR CDS
C-
TAD

POUHDN-TAD POUS

Oct4P4
CHR X

ERVL-
MaLR

Oct4 
CHR 8

Oct4P4
MS2-flagMS2-flagMS2-flag

24xMS2 
stemloop

anti-
flagChIP RIP

Oct4P4

Oct4

G e n e r a t e  m o d e l  s y s t e m  t o :  
1 .  s t u d y  O c t 4 P 4  l n c R N A  l o c a l i z a t i o n

2 .  s t u d y  c h r o m a t i n  a t  O C T 4  p r o m o t e r

M S 2  s t e m  l o o p  t a g g e d  O c t 4 P 4  c o - e x p r e s s e d
w i t h  f l a g - M S 2  i n  m E S C s

RNA	immunoprecipitation	anti-flag	then	RT-PCR	for	Oct4P4	lncRNA

9 .  M O L E C U L A R  A N A L Y S I S :  D E M O N S T R A T E  M E A C H I N I S M  
A T  E N D O G E N O U S E  O c t 4  P R O M O T E R ? ?



3’UTR5’UTR CDS
C-
TAD

POUHDN-TAD POUS

Oct4P4
CHR X

ERVL-
MaLR

Oct4 
CHR 17

Oct4P4
MS2-flagMS2-flagMS2-flag

24xMS2 
stemloop

anti-
flagChIP RIP

Oct4P4

Oct4

A  m o d e l  s y s t e m  t o  s t u d y  O c t 4 P 4  l n c R N A
l o c a l i z a t i o n

O c t 4 P 4 - M S 2  l n c R N A  l o c a l i z e s  t o  O c t 4  p r o m o t e r

ChIP	using	anti-flag	then	use	the	immuno-precipitate	to	detect	the	
Oct4P	promoter	by	PCR



O c t 4 P 4 - M S 2  d i r e c t s  S u v 3 9 h 1  t o  O c t 4  p r o m o t e r

ChIP	using	specific	antibodies	then	use	the	immuno-precipitate	to	detect	the	
Oct4P4	promoter	by	PCR



O c t 4 P 4 - M S 2  d i r e c t l y  i n t e r a c t s  w i t h  S u v 3 9 h 1

RNA	immunoprecipitation	using	anti-SUV39h1;

RT-PCR	for	Oct4P4	lncRNAWestern	for	MS2-flag

ChIP	using	specific	antibodies	then	use	the	
immuno-precipitate	to	detect	the	

Oct4P4	promoter	by	PCR



O c t 4 P 4 - M S 2  r e c r u i t s  S u v 3 9 h 1
T o  d i r e c t  s i l e n c i n g  o f  t h e  O c t 4  p r o m o t e r

F U N C T I O N A L  
R E L E V A N C E ? ? ? ?

R E V E R S I B I L I T Y ? ? ?



A  d e t a i l e d  d e l e t i o n  a n a l y s i s  t o  i d e n t i f y  f u n c t i o n a l  
r e l e v a n t  R N A  s e q u e n c e s

Human endogenous retroviruses (HERVs)

ERVL-MaLR
(spliced	 out)

FUNCTIONALLY RELEVANT REGION

A	200	nucleotide	element	in	mOct4P4	is	functionally	
relevant	for	mOct4P4	function	

- Delete	regions	of	Oct4P4
- Express	in	mESCs
- Monitor	the	expression	of	Oct4	on	the	protein	

and	mRNA	level



Nuclear	 localization
function

Nuclear	 localization
function

A  2 0 0 n t  R N A  s e q u e n c e  r e c a p i t u l a t e s  t h e  f u n c t i o n  o f  
f u l l  l e n g t h  O c t 4 P 4

Validate that the 200 nt region is functionally relevant

- Generate	a	construct that lacks the	
200	nt	region

- Generate	a	construct only consists of	
the	200	nt	region+	sequences that
determine nuclear localization

- Monitor	expressionof	Oct4	on	the	
protein and	RNA	level

à The	200nt	motif is sufficient to	reduce	OCT4	
expression



Next step:	Structure function analysis of	200	nucleotide	regionof	OCT4P1

- Position	of	SUV39H1	interaction

- Position	required for	targeting of	OCT4	promoter

- Modulation of	ncRNA to	target	in	order to	
allow targeting of	other gene	promoters	in	a	
controlled manner

Conserved 2D	structure of	
mouse	and	human	200nt	
sequence

Collaboration	with	Bussi	group - SISSA


