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Summary of thesis contents

Centromeric and pericentromeric regions of the genome are important for stable chromosome
structure, sister chromatid separation, and proper chromosome segregation. These regions are
composed of highly condensed repetitive DNA sequences and form constitutive heterochromatin
during interphse. Centromeric and pericentromeric regions contain different repetitive sequences:
human centromeric and pericentromeric regions contain a-satellite repeat and satellite-2 and -3
repeats, respectively, and corresponding mouse regions contain minor satellite repeat and major
satellite repeat, respectively. Transcription of these repeats is epigenetically repressed, and
disruption of this repression causes transcription of the repeats and aberrant chromosome
segregation. DNA methylation is important for the epigenetic repression and stabilization of the
constitutive heterochromatin formed at these repeats. However, the mechanisms of establishment
and maintenance of DNA methylation at the satellite repeats remain unclear. In mammals, there
are three DNA methyltransferases, DNMT1, DNMT3A, and DNMT3B. DNMT]1 is a maintenance
methyltransferase, which copies the pre-existing methylation patterns from the parental DNA
strands to newly synthesized DNA strands during DNA replication. DNMT3A and DNMT3B are
de novo methyltransferases, which methylate unmethylated DNA at CpG dinucleotides and create
new methylation patterns.

Immunodeficiency, centromeric instability, and facial anomalies (ICF) syndrome is a rare
autosomal recessive disorder that shows DNA hypomethylation at pericentromeric satellite-2 and
-3 repeats in chromosomes 1, 9, and 16. ICF syndrome is classified into two groups: type 1
(ICF1) patients have mutations in the DNMT3B gene, and about half of type 2 (ICF2) patients
have mutations in the ZBTB24 gene. Besides satellite-2 and -3 repeats, a-satellite repeats are
also hypomethylated in ICF2. Importantly, all ICF1 patients have at least one hypomorphic
DNMT3B allele perhaps because null mutants are lethal. In contrast, some ICF2 patients are null
mutants for ZBTB24. ZBTB24 protein belongs to the BTB-zinc finger domain family, which
contains a BTB domain, an AT-hook domain, and eight C2H2-type zinc finger domains, but its
biological function is totally unknown. Although Dnmt3b null knockout mice show embryonic
lethality at around E14.5-16.5 with multiple tissue defects, mice homozygous for ICF1
hypomorphic mutations develop to term and show phenotypes that are reminiscent of ICF1
patients, Therefore, DNMT3B has been experimentally proved to be the causative gene for ICF1.
However, the role of ZBTB24 in satellite repeat methylation is unknown and there is no
functional evidence that ZBTB24 is a causative gene for ICF2.

In this study, I determined the sequences of ZBTB24 in two Japanese and one Cape Verdean ICF2
patient, and found three novel ZBTB24 mutations. A Japanese patient was homozygous for a
novel missense mutation (C383Y), and a Cape Verdean patient was a compound heterozygote for
a novel nonsense mutation (K263X) and a novel frameshift mutation (C327W fsX54). The second

Japanese patient was homozygous for a previously reported nonsense mutation (R320X). The
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C383Y mutation abolished a C2H2 motif in one of the eight zinc finger domains, and the other
three mutations caused a complete or large loss of the zinc finger domains.

To examine the importance of the zinc finger domains, I performed immunofluorescent analysis
with EGFP fusion proteins, and found that wildtype mouse Zbtb24 localizes at constitutive
heterochromatin in NTH3T3 cells. In contrast, Zbtb24 mutant proteins possessing either of the
mutations corresponding to C383Y and R320X are mislocalized from pericentrometic
heterochromatin, suggesting that the zinc finger domains are required for proper intranuclear
localization of this protein. Next, I sought a factor(s) that is required for the proper intranuclear
localization of this protein. Wildtype Zbtb24 properly localized at pericentrometic
heterochromatin independent of DNA methylation and repeat sequences, indicating that ZBTB24
might recognize some structual components of the chromatin or RNAs contained in the
chromatin.

Finally, I generated Zbtb24 knockout mice to examine whether a lack of ZBTB24 causes the
phenotypes of ICF2 patients. Although ICF2 patients homozygous for ZBTB24 null mutations are
born alive, Zbtb24 null mice were embryonic lethal at around E10.5. However, yolk sac cells of
Zbtb24 null embryos clearly showed hypomethylation in major and minor satellite repeats
although the phenotype was less clear in embryonic tissues.. Therefore, I obtained the first
experimental evidence that ZBTB24 is functionally involved in satellite repeat methylation.
Furthermore, the results strongly suggested that ZBTB24 is a bona fide causative gene of ICF2.
Altogether, this study will provide a basis for understanding the pathogenesis of ICF2 and the
mechanisms involved in the formation of heterochromatin at the centromeric and pericentromeric

satellite repeats.
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Summary of the results of the doctoral thesis screening

Immunodeficiency, centromeric instability and facial anomalies (ICF) syndrome I3 %5 & R £ <°
BB 20 WG ERLEEOBEMEERTH L0, £ 0¥ OSEHI(ICF-typel)ix £ F /v
fbBEFOERICEKNT 52 ENMBIL TV, HrHKIZE Y O%EHF(ICF-type2) ICBWTH
EMNZBT DT ) A AF LRI DL EETFOMES 2L, T ORARNEZ H 5
LifgE a7 o7z, WFZEBRMBYUFIIFKAHOBEGHR TH-72 2 BIOAF LR IC
M 2MAE2 520t MBTEDLILO2 800 ZOMERERTITFYICHRETE D,
e FEhE P IS AMIE 7 v — 712K D ICF-type2 Dz TRIEN TN &b, [T
N— T WEE LT RIK GBS 7 ZBTB24 Zxf I LT, MB OBFEHREKZ H W@ 217 -
2o TOREFR, 5HIF3IHFOREFMICIE N TEHEEBE LR F= 7 VYV ICHBERZEDER TR
HU . Fe 2N [E THER S 7z ICF-type2 DIERIIC I W T S ZBTB24 i F AR MNFK & 72 - T
WAHREEERE W E 2B LT LT,

X 512, ICF-type2 f23# @ ZBTB24 s+ CTH A L= E B iX, HiER O DNA &4 fEH I
WWEPFLTWNWDZEICHEE L, X EGFP ¥ 2 J % X7 &R H L CHIIEN R TE % i i
THZ L THEHEZITo, ZOMKE, EFHMO~ T R Zbth2d Ela R a— KT 25 4
PR EIEREN TR E AT 04T L T2 28 ICF-type2 B & [A oo Z8 B &8 A X 7z Zbth24
HkD &2 X BIZENTHEMT 5 RIERT #R LT,

RBICYZ B FOBENEER (Vv 70 v H—RIEER) ZFRTICEALLE v
JT U NS U RAEERLTHST Lz E 2 A, S8 T OMEE KM B3 A4 88 2 O
EBILE, SORDMHICED . ZOWREHIITIZA F AR TRV O DI EFEM
MTIEEY B ATHEHBEOATFAAPKETFLTCND I EE2RLE, ZOMEIL, Y8R
T OWEREBRYT 74 MEKO A FAALRFEEZ G720 L, JOEEBRETORK L -
TWDAHEME 2RI L 72,

ZO—HDOWIEIL. ICF-type2 EE DN E s 172 Zbth24 Bz F CThH 2D Z &L 2@ < R T
LEblo, TOERIZE - THEL S ZBTB24 RERFICL o THREABKOH KL L OZED
Ao ~T a7 a<F oHOKAF AR AEL, TRICE VB &EZ S5 YR GE
B ICF-type2 T O RIEM T L R > TW A WHEMEEZ RBT IR ETH D, 5%,
ICF-type2 B D BIEMIF 2 S LICHM L E -l ha A 7T HEEO Y7 7 4 ALY
D~TuaZavF U AbOEEEZ T ECEERZMATCHLLIEEZLDND, LD &
MOBEELBE THEA LR, FTHKOARG TIIAKZERRICE T 2 F00 %5 0 KHEE +
ST TNETH D E MWL,



