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TE RAFT >
<Research purpose> The aim of this project is to construct and operate the
system for developing cancer models using mouse knockout system.
<Research contents>
e Generation and analysis of GEM models, total 12 kinds
Purpose& e Analysis Qf immuno-deficient mouse models ; TopBP1 cKO, EMBO J 2014
Contents corresponding author
e Analysis of Pontin cKO mouse and ES cells, Nat Commun 2015 corresponding
author
¢ Analysis of liver disease model; Ssu72 cKO, Hepatology 2015 corresponding
author
e Qperation of mouse cancer models (about 60 kinds)
e Sperm freezing of mouse models (about 50 kinds)
<HEs 4o
Resul ts/goals' Achievement (%)
The number of SCI| paper 12/3 400
Results Sum of IF 95.9/24 400
Academic .
Etc presentation 8 times
1) 2H77|2t Y 2EAPMIZ 7| MBS %
<HME M3
* Generation and analysis of GEM models, total 12 kinds
These GEMs will be used in the functional analysis of the oncogenes
and/or tumor suppressors, and are expected to be used as mouse cancer
Expected models. in cancer research and in

Contribution

Collectively these mice are useful
revealing the gene's function. Furthermore to developing mouse models
will be the technical base to developing other mouse models.

Keywords

Genetically
Mouse cancer ; Mouse
mode | ﬁggégeered oncogene repository
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2ol 7lae HY

T T2 odTymel ATSE ¢ olZiFE DA oA BY Y

o U lztAet BAL oA RHZ AMHMoz Jiget dFIF2 KAIST, KIST, 7HH2 &

+ 0| o|E tistel A7 OF2 7ol ols 52| olfzE 7|2 X0 olHZ2 4
[e]

. HMEE AlY, APE, o3 Se M= clyst SR ol2x 29 Mol o|Fof XX gD
RUo0f, kP B SHEX e 4B

- Bl ATl ATE 9Bl BEAT So Wyoz oteA =Y YA HYo| I

TEME, etadE ST, M2, AMd, ol=to{th, KAIST, KIST & =0 =etE.

o o
EZ & Ao HesiA JHEE O El oA RHE2 E“SEIO{ %‘%.

=2 2 E| transgenic/knockout mouse facility gzt 2 2=

o =IEIQME Tl RAIFLl XS "ot X[t 4-540 ZX  trangenic/knockout mouse
facilityZ7F =10, 2oL}t 5t oAl oM st chAlof HoSUct & = US.

o 20047029 X Xtol| CH3EH 28529 targetingS ZAMSHF LI 28 5 Z5F germline transmissionod|
MBS S, o|ef &2 ZAollM =M E transgenic/knockout mouse facility= °2H& =} ct

Aol Ho{SAct HEte = AS.

. AZh4-5 74 OpRA BESO| AR AHUsD US

. SHMEfolA AFE JHLE olpAS0l 2oz EHE £Ao| MAHD Ut AFtols, o
£ SCl =222 YEEUJUALL LEIL FH| B AS

- gomE Ol AT Y EO objzl EHE BMOME O B2 £XE 50 impact Ut
H7E Fsts 20| SEY.




an

3.1. RUAHY oA 2E J4

3.1a. Ncapg? cKO OffA 7Hgt

e Ncapg2; mitotic chromosome architectureES T45t= condensin-2 complex2| regulatory
subunit®l. Chromatid axis®| physical rigidityol Ztoistct 224X QLS. Condensin
complex= mitotic chromosome assembly2t segregationdAl Z=HMol odghz 3st7|of,
Ncapg2= chromsome instabilityd] ¥&E#S £ A= oME. HS0| ofz] Clakst hoflA
misregulationO| Z&HE .

e Exon15-16 2FZoll loxP sequences &Fl5H0] Cre-loxP M =&l 2|5} Ncapg? XA Z&E
|

=
ol
=

A

T
3 oA ZATofA ZH= ES cell cloneS microinjectiondtd 1, 2013 92 chimera O
£ 4

Lo -

- Ncapg?2 gene targeting strategy. Exon 15-16 2Z0o| |oxP sequenceE £FlsHod

conditional knockouto| 7Hsgt.

- M3l o3 ZIjofA EHHEE=E ES cell
<— 10.4kb S microinjectionstod chimera Of
<— 84kb A BH
3.2. Single-copy transgenesis A|AEH &
3.2a. KH2 ES cell lineg 0|25l0d Collal locusOll Flp-mediated transgenesis AIAEl = (Tet-on AlA

)

e Pronuclei microinjection 22 0|28t transgenic OFfA 7ge SEAL dhaio] 2 A <ol ot
£ . Random mutation, multicopy integration S2| 2¢lof| 2|5 FZ

o 0|2t T2 22517 {5l ES cell2 &2 single-copy transgenesis?t W= . £35] MITS
Rudolf Jaenisch AEHAMOA JH2= KH2 ES cell lineg2 ciest MHEEZE JHE (Cell, 2011,
145:145-158; Genesis, 2006, 44:23-28).

o KH2 ES cell line; Cololal 3 UTROl FRT sequenceZb &&=l ES cell line. FRT-Flp recombinationoil
ol5 DNAZ single copy Atst7| mf=2of| o F80| =10 ES cell identify7t &0|&. I3
ROSA26-rtTAS E&H5t R17| w20 TRE-transgeneO| & =C

—jF ol

expressione 7T &

FH doxycycl ine-dependent transgene

—_ o
AT Jé[—?éll Ol OI_.




o X KH2 ES cell& Flast A= ol= 2AL (Mirimus, 72

JollAM ES cell2 E3IH2.

« A A|ZZ TRE-transglutaminase2, TRE-ENT1, TRE-EAAT2 ™ XAIE KH2 ES cell2l Collal locusol &

A~
p=4
=

ES cell line (KH2) electrogoration

- Ch.11 pCAGGS pE

Col1a1locus

ROSA26
"""" = TRE gene

KH2 ES cell line

Col1at 3 UTRo| FRT
sequenceZt & IE . Flp-FRT
Mz=gto| Jts3sh7l  mEof
transgene &tgle| 80| =

o

| = R

6 HAHX| ROSA26 |ocusoll
rtTA SHEXRZT 7K UA7|

il -2oi| doxycycline
dependent transgene

expressionT 7ts&t.

Spel Pstl Xbal Spel

pBS31 Z2lA0| =0 FRT
sequenceZt Z &= 0 U7 f
Z20| FRT-FIp XM =%0| ZIs
gt FRT-Flp X =go| MAA
o=z ottt ES cell2
hygromycin resistance &%
2 7.

FRT-Flp XY z=2hofl o/ 5
transgeneO|l &UE  HEZ
southern blot analysisE &
aff =telst.

WT 6.2kb
Spel Spel Spel
FRT-neo - Fyg \
" 57kb
ﬂ_
pBS31 _]
Spel Spel
FRT-ENT1 NG | pramc
4.1kb
---u----q-m,q“déu; e | < FRT
- - o VAL e < Fipin
Spel Pstl Xpal Spel
WT | [ |
Spel Spel
FRT-neo Hyg '
- « = <«
PCR@ : Col7161—-Pogk2 PCR@ : neo 2788 — hyg 3080
Spel Spel
FRT-ENT1 {7 | — e
-»> o« -

PCR@E) TRE-5, ENT1-3 PCR@ ' pBS311063— hyg 3080

Targeted ES cel |2 &ol5}7|
2|sH PCR gt

Aoz FRT-Flp M =8|
2OfitehH  PCR-12F PCR-40

3l &t5= PCR productZ} el
2 A,

ol

Il

PCROll 2|3l targeted ES cell

slo| st
= = -




PCR® : pBS31 1063 - hyg 3080

PCR®@ : Col 7161 - Pgk3

PCR@ : neo 2788 - hyg 3080

#17, #18 ES cel |2 FRT-FlIp
M=ol MaMoz AdofLf
PCR-12| Z2} PCR product 2t
E0{Z&!. "t PCR-22} PCR-3

ofl M= PCR product7} &M &
xl oI-O_

5
*“’

<«
PCR - pBS31 1063
— hyg 3080
——ly.

€— ROSA6.ATA

Targeted ES cel 2
microinjectionst¥ 12
germline transmitted F1

PCR-12 S3dll transgenes 7}
Tl offAE skolst

SAloll ROSA26-rtTAT  =fel

Brain
Testis & Liver Thymus & (cerebellum) &
¥ sEa 2 Hosd toga @ 12384 °

flolAM =olst op Ao A
doxycycl ine-dependent
transgene expressions
stolat,

A Z=A; Dox (2mg/ml in
10mg/m!| sucrose, 5 days,
drinking water) — RT-PCR
I

#3, #4 OFA0M
doxycycline-dependent gene
expressions &telst,

3.2.b. Cre recombinase-mediated conditional trasngene expression A|AH &

| K=}

o 2oflM o2 St HERF Z+O| pronuclei microinjection® Ol28+ transgenic mouse ZHS % J4X| ct

Nature Neuro, 2010, 13:133-140).

o 0|5 2=5l7| st £ SHte| YWHE Cre recombinaseS O|23510{ transgene expression® T 5t
PARI




type R ; be ] T
Wiki-lype ROSAFE ocyes — I F:'m"‘_r'_ . _‘i m_
. H == A=~
RosaZs locus with e i
reporier insertion L ""'--..,___'
probe ‘_...-"" T,
-1 = /-

.
t

N
L)
x
L= 3

* Cre recombinase-mediated conditional trasngene expression| 7|2 2k
o CAGRI &2 L& S promoterE 0| E%!.

o MEHA transgene expressions &l promoter2t transgene AFO[Oll [oxP-STOP-1oxP sequenceS

dhelat
o 0|2{8t +=E 7%l DNAS homologous recombinations Sl ROSA26 locusoll &Helst.

AiZ

FRT Lo Lo pi AE Pr FRT DA AP
W —— (| —<HER < EY - - oI —-—
v —— << -2 I ——
s —— << - I 2w I
i

4 o << - =
il

A

e Washington CH&Fe| Hongkui Zeng A& AloAM JHEHEl Cioksh BIEf A[AER E5 |oxP-STOP-1oxP
sequenceE ZHX| U7| W20 Cre recombinased| 2|8+ conditional gene expressionO| 7ts

fe1d

e Ai2, Ai3, Ai6, Ai9, Ai14 S C}EH HEE 0[&50{ CFFSH transgene expressiong R &
A ol
T A=

EcoRV EcoRV EcoRV

J—{ CAG>—{ ioxP-STOP JoxP ] TGase Ii |

WT :11.5kb

ROSA-transgenic: ~5 kb

o
ol
-~

F2 AlE g

. WT=2 11.5kb band7t =ol==

 Aie HIE{E 0|235l0{ transglutaminse? transgenic OFF2 7H
* ROSA26 locusOll targeted ES cell= southern blotS =2 ol
HtH  mutant= 2F 5kb2| DNA bandZ} &l & .

i

ook

ROSA26-TGase < WT :11.5kb

i ROSA-TGase: ~5kb

e Southern blotS &3l targeted ES cell& =g,

_6_




3-3. Al offA 2 Jjgl; conditional transgenic OFfA ZH

Southern
RV probe RV

ROSA26 locus E || pm— p— | @7

T T

e s
= S,

/'/ i
//
RoSA6 wit e e e

fransgene insertion RY RV RV

» Targeted transgenesis (single-copy transgenesis) at ROSA26 |ocus.

» Cre recombinase-mediated conditional transgene expression2| 7|& Z2f

o CAGSt &2 Z= S promoterE 0| 8%.

o MENX transgene expressione I8 promoter2t transgene AROIOA| |oxP-STOP-IoxP
A elet.

o 0|3t =& 7% DNAS homologous recombinations =3 ROSA26 locusoll £flst.
=]

e Conditional transgenic mouse, TRE mouse Z2Z! S Clfst oA G Jf ghof
b

ok

e Pronuclei injectiondl 2|sf M St= random integration, expression problem

Sk 2 o]l= diddo
g = Qs gheel.

sequences

ek
0o

7ts

oln
mjo
o

N

3-3a. LSL-Grem1 conditional transgenic OFfA
o M FHAL Greml in vivo FTFE /st of
e Greml= Gl cancerollA DjEUHHE= He 2 Lz E 0]
= U= conditioan! transgenic OFRAE JH 2SR} &
e 7|2XMOZ2 |oxP-STOP-loxP cassette =0l Greml 2

SOl MEHHoR

oS Al

5
e Cre recombinaseZ} a== AoM2E Grem RAEAZE &€& EE=  conditional

transgenic O ZHlel

* Southern blot analysisE® Sdll Greml ®XAL cassetteZt R0OSA26 |ocusoll &Fl=Elo| =Hol

=
= -

gDNA/ EcoRV

Southern probe; Left < WT 1.5 kb

H <— mut; ~5 kb

Southern probe; Right a‘m e WT; 11.5 kb

mut‘ 9 kb

e Cre-loxP 2/&=x2Ql Greml 2sd

2 27 4

Sl LSL-Grem1; Ick-cre OFfAE Ot
e Genotype2 Edll 2,4,6 W oOfAT}
LSL-Grem1; Ick-cre OF$AZ &ol=

.'_




e ThymusollAl RNAE &2 ClS, RT-PCRE &
al Cre-loxP 2/Z=MSZ  Gremlo| g
=X| &kolst,

30 cycle e 2, 4, 6 H Ol2A0|M GremlO| T}EtsdE
Greml 2 shelsgt
35 cycle
3-3b. LSL-Dclk1 conditional transgenic OF$A
o Al 2FH™AF Dclkl in vivo ¥TE 2Tt | i et

S
=

op=
Dclk12 Gl cancerdlM ZfE&iE|= ZHoZ2 Wz

ol

A~ O]l —

==
of, t2HoA MEIMOo=Z DU A|Z
= *U= conditioan! transgenic OISAE i

I-.

7 gbst Kt
Cre recominase dependentstAl Dclk10| 28 == conditional transgenic OFRA 7HEF,

o

3-3c.

TRE-TGase2 OfA 2E JHgt
H@E, & 5 U5 ZahoM dAs FdlTo] L2 U= TGase FAF AFE 2E

transgenic OFA ZE JHEF

ROSA26 locusOll targetingst= 22 0/&35t0 TRE-TGase2 OhA ZH S JHE,

rtTA oA e} wHiSto TRE-TGase2; CAG-rtTA OFATF ZHE=T | doxycline S|EMS
2 TGase2 FMAL &sio| F=&H .




3-4. STXHY vjolE7|MEZE 25101, Oct4-Pontinoll &St pluripotency TAl 7| A+
e Chromatin remodeling factor & StQl Pontinel in vivo function 97E £I8H Pontin simple KO OF%
A, KO OFRAE M8 AFE Ssl st e
A
D“ i T e T i
G i i [} K D
?ﬁ:‘c : ;i [ \:IPA:Q— ‘
I v " \ 13.0kb
-‘II :\ “~}(a I'n
By “ P | IoTA
Xa Nd RV Xa . .
[ - ;&é 1 A. Pontin conventional KO
O+ L
—
b2k strategy.
= s cel - Tai B-C. Southern blot
+HE A FY R PRy Iy | = E-H KO ES
analysisg& &3
13.0kb= _
cellz} KO offA =ol,
ﬂm+| C. PCRS S3i KO O} A
embryo genotype &el.
. o D. Pontin CHHZE2 =7|
4l Blastocysts
N e e TR e Hi o} HEF CHA|Of| 2hed 2F0|
——— N LT
- nmer
. [ progenitor Al Zofl A
o gto] of AbE .
E -
é’@(«?@ 'SP@"&@'Q;?«J&?
|B-Pantin I--- ——— |
ot | S ————
A E3s Mo. (%) of mice with indicated
Age (dpc) genalype: Total
++ +- ot
Neanates 47213) a7(577)  0(0) 168
E10.5 g(21.0 25(658 0(0 5(13.2)* 38 .
0 een o s e Pontin(-/-) embryo £
E&5 (21;1) 32(615) 0(0) 8(i54)* &2 A M Fof ==
Eas (31&) 22(478) 6(131) 4(BT)™ 46
Blast 1 4 (10.5]
nmgr“’)cm‘r'li 6(158) 20(526) 8(21.1) (185) 34

* dpc, days postcoitum; No, number;
** Resorbed embryos: ** No PCR product

e E3.5 blastocyst

outgrowth M8 & Sai
Pontin(-/-) embryoZt
ICNZS S Mshx| Rets
PontinO| ES
cell &A1 ®7Xlof

ool ofske.




+-

E35 24n 48h 72h

©
@
=

x40 x40 x40
A -
+- b ; o
-, by
x40 x40 x20 x10
=
’-‘.‘ . - -ﬁ cadilk
xX20 X20 X16 X10
wWT Pontin-
DAPI TUNEL Merged DAPI TUNEL

i3 @; ;
e i % L Aty |
a2 i ]
= )
o

Pontin(-/-) embryo=
ICM E2Joll A cel
death7} ZH&tE .

2
DAPI aSSEA-1 aOct4 Merge
WT ....
embryos e Pontin(-/-) embryodA
stem cell marker @l
Oct4, Nanog CHui =
fo| Higl= gl
Pontin”
o ....
DAPI aPontin aNanog Merge
e Pontin(-/-) embryodlAd
Pontin™ stem cell marker ¢l
Oct4, Nanog Cted =
ko] #HEt= g1,
Pontina4
e Pontin(-/-) o7}
LoxF’rl LoxP o L=
Pontin® el je—p— — { = Pontin™: CreER ES cells emoryo lethalityS
ex2 ex3 exd Hol|7| uhZ20f, Pontin
{ OHT ol )
LoxP ckKO Ot AE A =teh,
. = inA/A
Pontin | — { | Pontinv4ES cells Exon3 2FZof |oxP
ex2 exd

sequences Al e,




Pontin(f/f);CreER

TY 2ol ES cel 2
=2/, CreERZ 7HX|1L
AUZ| =0l

tamoxi fen—-dependent
gene deletionO]

7tsgt.

Pontin™*: CreER
_— 0
OHT(days) 012345 @
x

Cell proliferation

150
- OHT
e + OHT
100
50 1
0 4

Days

Tamoxifens X z|st
CHS, Western blotS
&3l Pontin gene
deletiong =t¢let.
Pontin THH & O]
AKX ES cell
proliferationOl

2Bt

Cell cycle distribution

100%

oG2/M
60% - @sub G1
40% A
20% A4
0% -

Pontin™ Pontin&4

Cell apoptosis

] ‘

Annexin V+ cells (%)
) i
(a] o

0 E
Pontin™ Pontin44

Pontin CHHZQ|
A0 X|H ES cel |0{A]
apoptosisZt &7}&t.

DAPI oPontin

Pontin™

Pontin¥4

aSSEA-1

Merge

Pontin £t 0|

AHX|H FL stem
cell marker@l SSEA-10]|

;o .

DAPI aPontin

Pontin™
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Enrichment of Gene Ontology Biclogical Processes

m Up-regulated genes in Pontin KO
= Up-regulated genes in Pontin KO/Oct4 KO
m Down-regulated genes in Pontin KO
o m Down-regulated genes in Pontin KO/Oct4 KO

Tissue morphogenesis

Epithelium development

Embryonic organ development

Pattern specification process
Embryonic morphogenesis

Positive regulation of cell differentiation
In utero embryonic development

Cell cycle

Sterol biosynthetic process
Sterol metabolic process
Glycolysis

Glucose catabolic process
Regulation of transcription
Intracellular signaling cascade
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_IOQ1Q(p)

Gene Set Agreement Analysis
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3-5. Ot ZEH FAM

L]

Pontin/Ruvbl1(f/f); Ick-cre OI$A &4

/snoRNP
biogenesis

e Pontin/Ruvbl12 reptinZt =0 C}kst chromatin remodeling factor, transcrption

factor=2t Zgtstod chkst cellular function2 =3l &t.

e transcription regulation, cancer, apoptosis, PIKK signaling, ribosome biogenesis &

off ztojgto| LA,

4 § &
‘*B? aﬁ iﬁfsf’ &”&fﬁ $ féﬁ é’f ﬁfv’f

o Tubufin

Pontin T A S| in vivo functionoll CHSH AT E Rdlsty| a5,
OfRA ZEofA] 2dl LMS EAMEH
o Clokst =AM ez =0, £3| thymus, spleen, lymph node S Iymphoid organoil A
24si0| =3Z0| ZHEHE
o J|Z=29] AFO|AM  pontin conditional
knockout OFRA 7HEHE 2251 5.
e Cre recombinasedll <2|all pontin RMALE
Rk MEYMO 2 deletiondt &= US.
WT —ﬂ—b—ﬂ—b—ﬂ— Pontin'® , o
ox?  oxd oxdh e Thymustt T cellollM pontine Hets
lick-cm H3LAX,  thymic T cellolM  Cre
loxP - sIM 5lE| =
. X Pontin® - Lck-Cra recombinaseZt &AM 3t=[= Ick-cre OFPA
|:| ’ |:| = slest

e Pontin(f/f); Ick-cre (Pontin tK0O) O}
A+ thymic T cellolA pontin FX™ X7}
deletion=lHl & .
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intra cellular TCRB chain® Pontin-depleted T cel A= &AM EoO| &lE.
DN4 THAH Pontin-depleted T cellolM cell deathZt S7H& .

w2t TCRB chain EAMo|F chAOIAM ZEHo| e A= ECHE.

DN3-DN4 EHA[ollA TCRB &AM o|Z, p53 activationoll 28 T cell development7b =& =
TCRB chain @MO0|=, activated p532 suppression == downregulation =O{OF T cell
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AT E ShM = (%) 2
¢ Ncapg2 cKO, TRE-TGase2, TRE-ENT1, LSL-TGase2
M gtzd ofeA I opfA Jjg 2t2 = JiM 2t oA =2HE
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s e TRE-TGase2, LSL-Greml, LSL-Dclkl oA =G Jjgt

2=,
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| 24 (Nature communications, 2015)
e Pontin cKO oA

2 (BBRC, 2014)
712 «4zd oA 2 100 e TopBP1 cKO OF$A =AM (EMBO J 2014)
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o A ZEFOIT "FRIAME GEM facility'el AlARI A2 FX|SH7| fsiMe= X[EHHl 7|
o] X[ ol EeFt MEs|n, T AFLUNE FHIEA o A|AES FX] YHAIF[2A}
[s13
= .

o ZZIolME J|BDSAMC x|

= —

of X|b 4-50f ZA  trangenic/knockout mouse
facilityZb &= Y12, Ql=zdolL =

Aol HolEdeh & == US.

o
_O'ﬂ

o 20047H2| ST Kol CHSH 2852l targetingES ZISHSIF D 28 & 25 germline transmissiond
MBI S, 0|2t 22 ZIoM =2l tME] transgenic/knockout mouse facility= HE s} ct

Aol HoiSUct gete = UF.
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7|12 W ¢ HAFE S35l inducible TGase2 transgenic, conditional Greml transgenic,
conditional Dclk10| Apx| JHE=ED, o ZEIS =L335101 target identification/
H

validationS Zlaist of Al

ATFIHoM Bt sty |s™HE

GEM At MZTI=oAM o|o| =& ZaA|Z0| D= A20{ GEM phenomel| 153 A3F2(H J[= HE 2
U AR 2. IFU2l GEM 2= AleF ERI A5z P%'—H 2= ®RMA 7|5 siM So wE st it
27| Z7tst= dlofl dHlstod el=Z2y} o« 2T GEM MM 2 EE oAF A|M FHY 249 ozepPt £
Zot AH. GEM2 =W ZEE| & T2 R Ao Aol 2lZ2lo|o] GEM 0|8 AE AIAH Yol &
e 22 8% A7 ¢ Et Bofol Mt HA 249l

ZZ AMebjur SsE2 JHebET| oA M EEl RNAI knockdown, constitutive or conditional knockout,
conditional knock-in, humanized MFZ2Hls MIXMoZ 0|2,

MFRH s S5 B HASI 2Adg oF2 FoEM, Aebjute| Mulgs #AsisteE ESE T SHLIE
ol =&

[Alophar etAlof A Fatay operel R84

—

from TaconicArtemis; http://www.taconicartemis.com/services/artemice_conditional.php)
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HOW GENETICALLY MODIFIED MODELS (GMMs) SUPPORT DRUG DISCOVERY

DRUG DISCOVERY CYCLE

TYPES OF GMMs USED DURING DRUG DISCOVERY CYCLE

| Hit

i Lead
it [ Identification | Optimization i Development

| Pre<linical

u
[m]
To
| >
K
Iz
mjo
o
0f0
o
m
X
oy
ol
=)
12
o
k=)
I

|0

SZEME ZDt 5000 0742 AltENO| O|EMCZE o ZE . AFEESEE= 2F 100-1500 742
#
A

Drug action in man Drug modeling in the mammal

Drug target
removed

ci | [Drug Modeling: FMXAIHE MFZUS o|FH AltERIHC] 2tg

-1 < Cellular leus, = . .

e e | X FZ2HE O =] (Drug Discovery Today: Targets, 2004)

T S
Y

%

*

. < Cellular
ical | effect

e Biochemical ef
iological Je ¥y

ffect s ¥

O vio|2 d¥ ZstE flet, = REUAMHY oA (GEM) 7|82 AFY

o Chol FA ALolA GEMSl BRME 2AlStL GEM TS EH¥St QUX[TH, ol &% IFol| Mg of
UL, £ UdAIMo|D chHXol oid Shtof glo] B3 2F A7 Tl AR ABSL US

o AHZ ZUol GEM MAT[E2 HZXT FEo| MFIHX|TE ol AR o M F2et Z4 SHolA
ME=oel ARZE AX D s AFY. A Se S AN MMH X YEAR stEol AT Z0iH
IE GEM E ITtdFe ZFAIZ U Aot XNFFH MTUFe| HAE 2L £ AS

o FUHolE §Y AFNLALS AT AFAMEE Sol £ T2 FSRYUANE 251 A2 (AZFHA
AtRiEl 130001 &, 5), A Al (in vitro) 7|5 7ol XE=H0 A0f MAZ ol FH7F5H|
M= O B2 GEM ZHeroll 2t WA i (in vivo) 7|SHTIF 28

o fot 22 Hedoz =75t oty e GeM HAZIE| R Y ME AZ2i7t Fofstof BT 2 2
oot Metol =M Aol B2 BX Rt A

o XSV 27| FEUAM ATFE fE Y IHALR2 GEM ATE ZI[E 5 gle AHo| Mot 22 HAE
RIS afol AR, doz2o| A AloAME AEEO| FAHC HUE 2lchAl GEM 7 H A 2

o] 27F

(] oA 22 2ZH ZAA[2: IKMC (Collins et al., 2007; Skarnes et al., 2011)
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A oA ZE Jdnt ebZo| I Al FAM= IKMC2F IMPCel & Saff Eeld = US.
ofA D JjElsS {5 X ZAARY (IKMC, International knockout mouse consortium)
offARHOl EY EME Soff MUER =HE MESIIAL &, 2006 NIH 4782 Al ==X 2t
X EUCOMM, NorCOMM Z22F ofi|2} Regerneron &2l S|AISE 2H03f.

IKMC, international knockout mouse project; 2-3%F 7HZ OAE=E+&= OFA

knockout mouse MZS SEZ . ECel 2%, 107t 2458 Et |2 (2F 4,000 &) FX}.

IKMC &f0{ =23

Knockout Mouse Project (KOMP) (oO|=)

CSD, a collaborative team at the Children's Hospital Oakland Research Institute (CHORI), the
Wellcome Trust Sanger Institute and the University of California at Davis School of Veterinary
Medicine , led by Pieter dedong, Ph.D., CHORI, along with K. C. Kent Lloyd, D.V.M., Ph.D., UC
Davis; and Allan Bradley, Ph.D. FRS, and William Skarnes, Ph.D., at the Wellcome Trust Sanger

o w-Xto] ot

Institute.

Regeneron, a team at the VelociGene division of Regeneron Pharmaceuticals, Inc., led by David
Valenzuela, Ph.D. and George D. Yancopoulos, M.D., Ph.D.

EUCOMM: European Conditional Mouse Mutagenesis Program (&)

NorCOMM; North American Conditional Mouse Mutagenesis Project (ZHLtCH)

TIGM; Texas A8M Institute for Genomic Medicine (B[=, ElAfA)

+ EUCOMM
* NorCOMM
« TIGM

- EUCOMM
Tools

* NorCOMM2

KOMP, IKMC & IMPC. 20062 KOMP projectZt A|ZtEl o=, Cgh ZAAIZ0] SO XML 2015 & XY

IPCE S0 ZlA=D 3F.
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71E JHEE oA D EOE ot 2b [KMCTF A=A 8 o oA ZHO| HEE. Oo|F0|
M2 MHMSZ EASI Databasestzi= T2 (KOMP2, IMPC)E0| AlZHE

IMPC ; knockout mousel| EdHES HMAXM2=Z EAMs5tD DBEtso, MRMAH AREAM (genome-wide
association study)S &5 SHFMAIRL Qlzizstutel AN S SEHMoz EMStIXL g, ECO &

<, 104 ok 9= & of Ab.
IMPC2| =2 : Establish a world-wide consortium of mouse centers with capacity and expertise

for large-scale primary phenotyping
Test each mutant mouse line (4,000 mouse lines in the first 5 years, and ultimately up to
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»IMPC
ét.ei I M P SEARCH ABOUT IMPC NEWS & EVENTS CONTACT MY IMPC

We are building the first truly comprehensive, Search IMPC database
functional catalogue of a mammalian genome.

Enteryour favorite gene, phenatype, anatomy or
protocol tofind IMPC data important to your

w research,

Or browse

O\ Eind Human Disease
» new gene-phenotype associations.

<@ Mouse Models

X Rarediseases inks

Q Find genes Q findo

E 1855 Genes analysed

§ stay connected

20,000) through a broad based primary phenotyping pipeline in all the major adult organ systems

and most areas of major human disease

M 1070=2| AFOE, 67H=2| oAFH|JF FoistD U2n] ol MA sofEo Z AW, s
“FUAMHEOIRA TS “ AlYE Sal =22t Aoz Froder of ™2l The Committee's goal

was to develop a plan

to harness the major world-wide mouse research programmes and

infrastructures in a strategic and coordinated effort to undertake a broad-based, systematic

genome-wide phenotyping project of knockout mice in order to provide the wider
community with a long lasting resource of mammalian gene function information.

P+ 7F Mutant Adult Mice
T .\

Challenge Whole Bady

Plethysmography
= siit Lamp

It

Ophthalmascops

Histopathedogy (242}
+ from blocks
where required

Insulin Blood
Lavel

Hasmatology § Clinical Blood
Chamistry

Adult Phenotyping Pipeline
\View Phenotype Procedures and Parameters held in the IMPReSS Database...

[IMPCO| OIRA ZHl J|2E3HE M8 st Tto|=2t2l; http://www.mousephenotype.org/]

MRC Harwell

Sanger Institute

EBI

Toronto Cantre for Phenogenomics (TCP) Helmholtz Zentrom Munich (GMC)
Riken BRC (Ji
IEhiidren's Hospital Oakiand Inckson Lab MR Monterstendo (IMC) HIIE (ac)
Research Institute é
* Charles River L Institut de Ia Sourls {ICS) ?
UC Davis S
Baylor College of Medicine National Institutes of Health (NIH)
Australian Phenomics Network

The International Mouse Phenotyping Consortium (IMPC)

Comprises a group of major mouse genetics research institutions along with national funding organisations formed to address the

challenge of developing an encydopedia of mammalian gene fundtion.

[IMPCOll Zlod5H= =7iet 7|2HS. BH=E KMPCEIE 0|22z M4l 3lel=Zoz SE=o U2.]
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Pontin functions as Nature
an essential
- %EIOL@ I’Lﬁlﬂ
1 | =& gg?iféggégée;?r i;r At Communicat| 11.47 | 2015.04.08 | &= AFAL SCI
LincRNAs in ions
embryonic stem cells
TopBP1 deficiency
impairs V(D)J =2l kMl | W AlA EMBO
2 | =2 |recombination during 10.748 | 2014.02.03 | Z= ALAL SCI
lymphocy te = N Journal
development
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homeostasis between
chromosome =2l obMl | WA H .
3 | == |ploidization and Hepatology|11.055| in press X SCI
liver function is = N
regulated by Ssu72
phosphatase
Pontin is required Bichem.
for pre-TCR ,
- - =2 etM| wAlK | Biophys.
4 |2 |Sloraling al the P - 2.281 |2014.04.25|  x SC|
checkpoint in T cell Res.
development Commun.
Genetically Biomolecul
o Engineered Mouse =2l obMl | WA H es &
5 | =& |Models for Drug | 0.841 |2014.07.31 X SCI-E
Development and = Ab |therapeut |
Preclinical Trials
(oS
Pellinol promotes _ Journal of
o o |lymphomagenesis by =& erdll| &oix .
polyubiquitination. Invest
Phosphorylation of
o I(}?Blig)( Ff)}é?a 'S |ZR1et| &ZoiA | Molecular
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Pontin functions as an essential coactivator for
Oct4-dependent lincRNA expression in mouse
embryonic stem cells

Kyungjin Boo', linhyuk Bhin®*, Yoon Jeon?, Joomyung Kim', Hi-Jal R. Shin', Jong-Eun Park®, Kyeongkyu Kim'
Chang Rok Kim', Hyonchol lang®, In-Hoo Kim?, V. Narry Kim?, Dachee Hwang®, Ho Lee? & Sung Hee Baek'

The actions of transcription facters, chromatin moedifiers and noncoding RMAS are crucial for
the programming of cell states. Although the importance of various epigenetic machineries
for controlling pluripotency of embryonic stem (ES) cells has been previously studied, how
chromatin modifiers cooperate with specific transcription factors. still remains largely elusive
Here, we find that Portin chromatin remodelling tactor plays an essential role as a coactivator
for Oct4 for maintenance of pluripotency in mouse ES cells, Genomewide analyses reveal
that Pontin and Octd share a substantial set of target genes involved in £S5 coll maintenance.
Intriguingly, we fing that the Oct4-dependent coactivator function of Pontin extends to the
transcription of large intergenic nonceding RMAs (lincRMAs) and in particular linc1253, a
lineage programme repressing lincRMNA, s a Pontin-dependent Oct4 target linc RN AL Together,
our findings demonstrate that the Oct4-Pontin module plays critical roles in the regulation of
genes involved in ES cell fate determination.
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Mational Cancar Center, Gyeonggi-do 410-763, Sauth Korea: *|pstitute for Basic Stience School ot Bislogical Sdences, Seoul Wational Univarsity, Saoul
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TopBP1 deficiency impairs V(D)] recombination
during lymphocyte development

Jieun Kim?, Sung Kyu Lee®, Yoon |eon®?, Yehyun Kim®, Changjin Lee?, Sung Ho Jeon”®, Jaegal Shim?,
In-Hoo Kim?, Seokmann Hong®, Nayoung Kim® Ho Lee™ & Rho Hyun Seong®

Abstract

TopBPL was initially identified as a topoisomerase |l-[}-binding pro-
tein and it plays roles in DMA replication and repair. We found that
TopBPL is expressed at high levels in lymphoid tissues and is essen-
tial for early ymphocyte development. Spedfic abrogation of
TopBPL expression resulted in transitional blocks during early
lymphocyte development. These defects were, in major part, due
to aberrart V(D}] rearrangements in pro-B cells, double-negative
and double-positive thymocytes. We also show that TopBPL was
located at sites of V(D)| rearrangement. In TopBPl-deficient cells,
y-H2AX foci were found to be increased. In addition, greater
amount of y-HXAX product was precipitated from the regions
where TopBPL was localized than from controls, indicating that
TopBPL deficiency results in inefficient DMA doublestrand break
repair. The developmental defects were rescued by introducing
functional TCR =xfi transgenes. Our data demonstrate a novel role
for TopBP1 as a crucial factor in V(D)) rearrangement during the
development of B, T and MKT cells.

Keywords ymphooyte development; TopERL: VD) recombination
Subject Categories Immunology

DO 10100 embi 301284316 | Received 23 December 2012 | Revised 12
Movember 2013 | Accepted 13 November 2013

Introd uction

Adaptive immunity is based on the ability of B and T celk to
recognize and ultimately eliminate a plachora of foreign invaders
from the host. An individual has billions of B and T cells and each
conventional B and T cell expresses a B-cell receptor (BCR) or T-cell
receptor (TCR) that recognizes a single antigen. The combinatorial
assembly of a limited number of BCR and TCR genes by rearrange-
ment gives rise to the diversity of the BCR and 2ff TCR reperioire,

The processes of B-cell and T-cell devdopment are very similar,
except that T progenitor cells migrate to the thymus via the blood
o aoquire T-cell identities. Lymphooytes onginate from multipotent
stem cells in the fetal liver before, and in the bone marrow after
birth. Commaon lymphoid progenitors (CLPs) differentiate to late
pro-B cells after passing through pre-pro (Fr. A) and early-pro
stages (Fr. B). Early-pro-B cells rearmnge the immunoglobulin (Ig)
heavy chain, and late-pro-B cdls (Fr, C) express pre-B-cal receptor
(pre-BCR)] on the cell surface. Pre-BCR signaling resulls in
a burst of proliferation and the differentiation of pro-B cells to pre-B
cells,

The earliest thymic progenitor cells express neither 04 nor CD8
co-receptors (the double-negative (ON) stage) (Godirey et al, 1993).
DM thymocytes ane briefly arrested at late DN2 stage to rearrange
the TCR} locus. Afier a set of somatic DNA rearrangements, a func-
tional TCR[} chain associates with pTa and CD3 complex to form the
pre-TCR complex (von Bochmer & Fehling, 1997, von Boehmer & al,
1999 . Cells that fail to produce a fundional pre-TCR are eliminated
by apoplosis. Therefore, pre-TCR defident RAG™ [Mombaerts
et al, 1992bh; Shinkai ef al. 1992). T'CRLI-_"_ {Mombaerts et al
1992a), pTa~"~ (Fehling et af, 1995) and CD3 ™'~ (Love ef al, 1993;
Malissen & al, 1993} mice have a developmental blodk at the DN3
stage. The pre-TCR signaling at the DMN3 stage is critical for differen-
tiation into the CD47CDE” double-positive (DP) stage. Most DP
thymocytes further develop into mature CD4 or COS8 single-positive
{SP) thymocytes. On the other hand, iNET cells branch away from
the conventional T-cell lineage a1 the DP stage and proceed through
defined developmental stages (Benlagha e af, 2002). Although
conventional T cells express a diverse repertoire of TCRP and TCRa,
INKT cells combine only the Val4 TCRa chain with a restricted
repertoire of TCR| proteins,

Diverse and functional receptors are produced by ViD)J ecombi-
nation and this process is initiated by the lymphoid-specific recom-
binase (RAG, composed of RAGI and RAG2Z). RAG proteins create
double-sirand breaks (DSBs) al recombination signal sequences
(R55s) that flank each vadable (V), diversity (D) and joining (T)
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Hepatocyte homeostasis for chromosome ploidization and liver function is
regulated by Ssu72 protein phosphatase

Se-Hyuk Kim', Yoon Jeon'?, Hyun-Soo Kim', Jin-Kwan Lee® Han Jeong Lim? Donglim Kang’,

Hyeseong Cho*, Cheol-Keun Park®, Ho Lee?’ and Chang-Woo Lee™*

1 Department of Molecular Cell Biology, Sungkyunkwan University School of Medicine, Suwon,
Korea

2 Graduate School of Cancer Science and Policy, Research Institute, National Cancer Center,
Goyang, Korea

3 Department of Health Sciences and Technology, SAIHST, Sungkyunkwan University, Seoul,
Korea

* Department of Biochemistry and Molecular Biclogy, Ajou University School of Medicine, Suwon,
Korea

2 Department of Pathology, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea

“Adress reprint requests to Chang-Woo Lee, Ph.D., Department of Molecular Cell Biology,
Sungkyunkwan University School of Medicine, Suwon 16419, Korea. , Ho Lee, Ph.D., Graduate
School of Cancer Science and Policy, National Cancer Center, Goyang 10408, Korea.

Abstract

Hepatocyte chromosome polyploidization is an important feature of liver development, and seems
to be required for response te liver stress and injury signals. However, the question of how
polyploidization can be tightly regulated in liver growth remains to be answered. Using a
conditional knock-out mouse model, the liver-specific depletion of Ssu72 protein phosphatase
was found to result in impairment in regulation of polypleidization. Interestingly, the aberrant
polypleidization in Ssu72-depleted mice was found to be associated with impaired liver damage
response and increased markers of liver injury, and also seemed to mimic the phenotypic features
of liver diseases such as fibrosis, steatosis and steatohepatitis. In addition. the depletion of
Ssu72 caused deregulation of cell cycle progression by overriding the restriction-point of cell
cycle and aberrantly promoting DNA endoreplication via G2/M arrest. In conclusion, our results
suggest that Ssu72 plays a substantial role in maintenance of hepatic chromosome homeostasis,
and would allow monitoring of liver function. This article is protected by copyright. All rights
reserved.

Keywords : Ssu72 phosphatase; chromosome ploidy: liver development; conditional knock-out
mouse; non alcoholic fatty liver disease
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Pellino 1 promotes lymphomagenesis by deregulating

BCL6 polyubiquitination

Hye-Young Park,” Heounjeong Go,* Ha Rim Song,® Suhyeon Kim,’ Geun-Hyoung Ha,” Yoon-Kyung Jeon,” Ji-Eun Kim,* Ho Lee,*
Hyeseone Cho,” Ho Chul Kang,® Hee-Young Chung,® Chul-Woo Kim,* Doo Hyun Chung,® and Chang-Woo Lee™?

Degartment of Malecular (=l inkogy. Samsung Sicemadical Researth Institute, Serwghyariovan Linkvessity Sehood of Mediing, Sanvor, Regubiic of Korea. “Departmen of Pathoiogy,

University of Usan Codege of Medicine Asan Medical Cantes, Seced. Republic of Korea. *Sameung Advanced Institute For Realth Sciences and Technology. Sunglyenivsan Liniversity,

Suvwon, Repabiic of Kores: *Department of Pathalogy. Seol National Universy Cobage of Medicing, Seoul, Regobiic of Kores, *Department of Pathology, Secul Metropoiitan Boramsae Madical eter,
Senul Matiora! University College of Medicine. Seosl, Reputic of Korea. Reseasth Institute, National Cancer Center, Goyang, Reswiic of Korea, Tepartment of Biacheristry and Melerular Siokogy and
"Department of Physioloay, & jou University School of Medicing, Suwon, fAeublic of Korez Department of Mioubistosy, Hamyeeg Unisesity College of Mediring. Seod, Republi of Korea.

The signal-responsive E3 ubiquitin ligase pellino 1 (PELN) regulates TLR and T cell receptor (TCR) signaling and contributes
1o the maintenance of 2utoimmunity; however, little is known about the consequence of mutations that resultin
upregulation of PELI. Here, we developed transgenic mice that constitutively express human PELH and determined that
these mice have a shorter lifespan due to tumor formation. Constitutive expression of PELN resulted in ligand-independent
Inyperactivation of B cells and facllitated the development of awide range of lymphoid tumors, with prominent B cell
Infiltration observed across multiple organs. PELIT directly interacted with the oncoprotein B cell chronic lymphooytic
leukemia (BCLE) and induced lysine 63-mediated BCLE polyubiquitination. In samples from patients with diffuse larpe B
cell ymphomas (DLBCLs), PELN expression levels positively correlated with BCLE expression, and PELIT oversprassion
was closely associated with poor prognosis in DLBCLs. Together, these results suggest that increased PELI expression and
subsequent induction of BCLE promotes ymphomagenesis and that this pathway may be a potential target for therapeutic

strategies to treat B cell ymphomas.

Introduction

The pellino (PELI) protein family is highly conserved in the
course of evolution and contains C3HC4 RING-like motifs in its
C-terminal domains, which may serve as scaffold proteins (1.
PELI proteins catalyze ubiquitin {Ub) chains of several key mol-
ecules linked to lysine 48 (K48) or lysine 63 (K63} in B and T cell
signaling, such as c-Rel and IL-1 receptor-associated kinase 1,
respectively {2-5). Recent evidence from PELI1-deficient mice
shows that PELI1 acts as a critical mediator of TRIF-depen-
dent NF-xB activation in TLR2 and TLR4 pathways and is thus
required for the induction of proinflammatory cytokine genes
(2). Therefore, loss of PELIL leads to hyperactivation and nucle-
ar accumulation of e-Rel in response to T cell receptor-CD28
(TCR-CD28) signaling and facilitates the development of auta-
immune diseases such as experimental autoimmune encepha-
lomyelitis (&). In additicn, evidence from PELI3-deficient mice
reveals that PELI3 is not indispensable for the TLR-induced
expression of proinflammatory cytokines and plays a negative
regulatory role in TLR3- and virus-induced expression of type 1
IFNs and related penes (7). Overall, accumulated evidence sug-
gests an important role for PELI proteins in regulating the pro-
liferation and activation of B and T cells. However, their physi-
ological roles remain unclear.
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Activation of TCR-CD28-mediated signaling induces PELI
expression (6, 8). In addition, TLR2 and TLR4 signaling acti-
vates the expression and E3 ligase activity of PELI proteins (7, 9).
These observations suggest that PEL] protein expression is strictly
regulated by appropriate TCR or TLR signaling. Accordingly,
expression of PELI proteins may be finely controlled, because
their deregulation leads to diseases in murine models. Aberrant
expression of these proteins may be closely associated with cer-
tain diseases, such as autoimmune diseases and cancer. Indeed,
aberrant expression of receptor molecules in the immune system
is frequently observed in many types of cancer in humans and
is associated with cancer progression and poor outcomes (10,
11). Neoplastic and malignant B cells also show aberrant expres-
sion of receptor molecules such as TLRs (10). Notably, TLR3 and
TLR4 are expressed by malignant B cells (10}, which indicates
that chronic active receptor-mediated signaling may facilitate the
constitutive activation of PELI1 expression. In the present study,
we demonstrated that PELIT was overexpressed in numerous cells
obtained from agpressive B cell lymphomas.

The transcriptional repressor BCL6 is highly expressed in
germinal center (GC) B and T cells and is required for GC forma-
tion and antibody affinity maturation (12). Many B cell lympho-
mas orginate at the GC of B cells and develop as a result of the
deregulation of BCL& expression; these include follicular lym-
phomas (FLs; almost 100%), Burkitt lymphomas (BLs; 100%),
diffuse large B cell lymphomas {DLBCLs; >80%), and nodular
lymphocyte-predominant Hodgkin lymphomas (=80%) (13).
Notably, derepulation of BCL& expression in Iymphoid mmors
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SUMMARY

The circadian clock is a self-sustaining oscillator that
controls daily rhythms. For the proper circadian gene
expression, dynamic changes in chromatin structure
are important. Although chromatin modifiers have
been shown to play a role in circadian gene expres-
sion, the in vivo role of circadian signal-modulated
chromatin modifiers at an organism level remains to
be elucidated. Here, we provide evidence that the
lysine-specific demethylase 1 (LSD1) is phosphory-
lated by protein kinase Ca (PKCx) in a circadian
manner and the phosphorylated LSD1 forms a
complex with CLOCK:BMAL1 to facilitate E-box-
mediated transcriptional activation. Knockin mice
bearing phosphorylation-defective Lsd7 Y5 alleles
exhibited altered circadian rhythms in loecomotor
behavior with attenuation of hythmic expression of
core clock genes and impaired phase resetting of
circadian clock. These data demonstrate that LSD1
is a key component of the molkecular circadian oscil-
lator, which plays a pivotal role in rhythmicity and
phase resetting of the circadian clock.

INTRODUCTION

The circadian clock regulates daily cscillations and controls
many physiclogical and behavioral systems. In mammals,
molecular oscillators located in the suprachiasmatic nucleus
{SCN} in the brain, constitute the master clock (Welsh et al,,

W) oo

2010). However, the oscillators are located not only in the
SCN, but also in most peripheral tissues for proper regulation
of circadian rhythmicity (Mohawk et al., 2012). The core drcadian
systemn consists of an interacting transcripbional-translational
feedback loop of clock genes. CLOCK and BMAL1 are basic
helix-loop-helix (bHLH)-PAS transcrption factors and activate
the transchption of Period (Par! and Pav2) and Craptochrome
{Cry1 and Cry2) genes through binding to E-box aements as het-
wrodimers (Gekakis et al., 1938). This CLOCK:BMAL1 -mediated
transcrption is, in tum, inhibited by PER and CRY proteins,
which form a negative-feadback loop Sheaman et al., 2000).
In addition to this core lcop, BMAL1 expression is rhythmically
ragulated by the orphan nuclear receptors including ROR« and
REV-ERB«/B (Yang at al., 2006b).

Dynamic changes of chromatin structure ane critical events for
the proper timing and extent of cicadian gene expression.
Rhythmic histone modifications have been shown to be associ-
ated with the cyclic transcription of several clock-controlled
genes, including Dbp, Parl, and Par2 (Eichegaray el al., 2003),
CLOCK itself has an intrinsic histone acetylitransferasa activity,
which s required for circadian function (Dol et al., 2006). SIRT1
histone demethylase binds CLOCK and controls the deacetyla-
tion of PER2 and BMAL1 as well as histones [Asher et al,
2008). In addition to histone acetylation, histone methylation
status has been implicated in circadian clock regulabion. MLL1
histone methyltransferase specifically promotes trimaethylation
of H3K4 for transcrptional activation of drocadian target genes
{Katada and Sassoma-Corsl, 2010, EZH2 histone methy lrans-
ferase interacts with CLOCK:BMAL1 complexes and is recruited
to the Par gene promoters, where it catalyzes the trimethylation
of HAK27 for transcrdptional repression (Etchegaray et al,
2006). Jaridia histone demethylase inhibits histone deacetyiase
1 HDACT) function and enhances CLOCK:BMALY-mediated
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