
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



R e t r o t r a n s p o s o n s c a n  c h a n g e  g e n e t i c
C o n t e x t  à m o s a i c  s o m a t i c  t i s s u e s

Mutation/no	effect New	functional
element (lncRNA)



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)



smooth	muscle	actin	

beta-tubulin III	

alpha	fetoprotein	

Oct4

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	before	the
8	cell	embryo

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
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t h a t  a re  e x p re s se d  i n  mE S C s



P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

0

20

40

60

80

100

120

OCT4Oct4
0

1000

2000

3000

4000

5000

6000

CHR	 1Oct4P2
0

20

40

60

80

100

120

CHR	 3Oct4P1
0

20

40

60

80

100

120

140

160

180

CHR	 6Oct4P5

0

20000

40000

60000

80000

100000

0

200

400

CHR	 XOct4P4
0

100

200

300

400

500

600

700

CHR	 14Oct4P3

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

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)



0

20

40

60

80

100

GAPDH
0

20

40

60

80

100

OCT4
0

20

40

60

80

100

CHR	 1
0

20

40

60

80

100

CHR	 3
0

20

40

60

80

100

CHR	 6
0

20

40

60

80

100

CHR	 14
0

20

40

60

80

100

CHR	 X

CYTOPLASM NUCLEO

Gapdh Oct4 Oct4P1 Oct4P2 Oct4P3 Oct4P4 Oct4P5

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 e l o p l a sm o r  cy t o p l a sm

Oct4P2
Oct4P4

Oct4
Oct4P1

nucleus
cytoplasm



0

20

40

60

80

100

GAPDH
0

20

40

60

80

100

OCT4
0

20

40

60

80

100

CHR	 1
0

20

40

60

80

100

CHR	 3
0

20

40

60

80

100

CHR	 6
0

20

40

60

80

100

CHR	 14
0

20

40

60

80

100

CHR	 X

CYTOPLASM NUCLEO

Gapdh Oct4 Oct4P1 Oct4P2 Oct4P3 Oct4P4 Oct4P5

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 e l o p l a sm o r  cy t o p l a sm

Oct4P2
Oct4P4

Oct4
Oct4P1

nucleus
cytoplasm



0

20

40

60

80

100

120

Si Control Si Chr 3

Chr3

R
N

A 
le

ve
ls

 (
C

on
tro

l s
et

 “1
00

”)

Oct4P1

Si Oct4P1

3

0

20

40

60

80

100

120

140

OCT4 SOX2 NANOG KLF4 GDF3

Si	Control

Si	Oct4

Si	Chr	 3

R
el

at
iv

e 
m

R
N

A 
le

ve
ls

 
(C

on
tro

l s
et

 “1
00

”)

n=3

siOct4P1

60

70

80

90

100

110

Si Control Si Oct4 Si Chr 3

n=3

n=3

n=3

A
P

 e
nz

ym
at

ic
 a

ct
iv

ity
(n

m
 o

f  
p-

ni
tro

ph
en

ol
;  

co
nt

ro
l s

et
 1

00
) 

3

0

50

100

150

200

250

300

350

BRACH OTX2 BMP4 FGF5 ALB NESTIN

Si	Control

Si	Oct4

Si	Chr	 3

R
el

at
iv

e 
m

R
N

A 
le

ve
ls

 (
C

on
tro

l 
se

t “
10

0”
)

n=3

siOct4P1

C y t o p l a sma t i c  OC T 4 P 1  p ro mo t e s  mE S C  se l f - r e n e wa l

Si 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

A n c e s t r a l  OC 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 re  e x p re s se d  i n  mE S C s

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

0

20

40

60

80

100

120

OCT4Oct4
0

20

40

60

80

100

120

CHR	 3Oct4P1

P
se

ud
og

en
es

ex
pr

es
si

on
 le

ve
ls

 
no

rm
al

iz
ed

 to
 G

ap
dh

(E
S

 W
T 

T0
 s

et
 “1

00
”)

siOct4:	differentiation

siOct4P1:	differentiation

siOct4:	high	in	ESC

siOct4P1:	high	in	ESC

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



AncestalmRNA
(+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
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miR-335
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+	Oct4	
pseudogene
vector
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Nu c l e a r  OC T 4 P 4  p ro mo t e s  mE S C  d i f f e re n t i a t i on

Oct4P4 Oct4

Self-renewal	genes Differentiation	genes



5 ’  a n d  3 ’  U T R  h o m o l g y d o m a i 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  

Self-renewal	genes



O c t 4 P 4  i n t e r f e r e s  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



3’UTR5’UTR CDS
C-
TAD

POUHDN-TAD POUS
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CHR X
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MaLR
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CHR 8

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

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

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

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



OCT4P

iP

iPS cells
=induced	pluripotent	cells

INDUCING	PLURIPOTENCY	IN	ADULT	CELLS

Allotherapy/Cell	therapy

DIFFERENTIATED

UNDIFFERENTIATED
(SELF-RENEWAL)

INDUCE	CELL
LINE	SPECIFIC

DIFFERENTIATION

Oct4P4



O c t 4 P 4  d e p l e t i o n  i n  p M E F s  c a u s e s
t h e  r e - a c q u i s i t i o n  o f  s e l f - r e n e w a l  f e a t u r e s



O c t 4 P 4  d e p l e t i o n  i n  p M E F s  c a u s e s
t h e  r e - a c q u i s i t i o n  o f  s e l f - r e n e w a l  f e a t u r e s



Oct4P4
upregulation

Oct4P4 knock-down
à Partial reprogramming
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Oct4 pseudogene lncRNA silences ancestral gene

HMTase

P s e u d o g e n e s  c o n t r o l  t h e  e p i g e n e t i c
s t a t u s  o f  a n c e s t r a l  g e n e s



Silencng in	ta

+	chromatin
Regulation	on
ancestral	gene

Competing
endogenouse
RNA	(ceRNA)

endo-siRNA
generation

Nuclear

Cytoplasm

Cytoplasm

Cytoplasm

Nuclear

Silencing	in	trans

Pseudogene	lncRNA
“homing”	à
Gene	silencing

of	ancestral	gene

Pse udog e ne s  a re  powe r fu l  r e g u la tor s  o f  g e ne  e x pre s s ion
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W H A T  W O U L D  Y O U  D O  N E X T  T O  
U N D E R S T A N D  O C T 4 P 4  F U N C T I O N ?


