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= Abstract =

Pﬁrpose: Rett syndrome (RTT) is an X-linked dominant neurodevelopmental disorder affecting 1
per 10,000~15,000 female births worldwide. The disease-causing gene has been identified as
MECP2 (methyl-CpG-binding protein). In this study, we carried out diagnostic mutational
analysis of MECP2 gene in RTT patients.

Methods: We analyzed four exons and putative promoter of MECP2 gene from the peripheral
blood of 43 Korean patients with RTT by PCR-RFLP and direct sequencing.

Results: Mutations were detected in MECP2 gene about 60.5% of patients. The mutations
consisted of 14 different types including 9 missense mutations, 4 nonsense mutations and 1
frameshift mutation. Of these, three mutations (G161E, T311M, P385/sX409) were newly
identified and these were determined as disease-causing mutations by PCR-RFLP and direct
sequencing analysis. Most of the mutations were located within MBD (42.3%) and TRD
(50%). T158M, R270X, and R306C mutations were identified with high frequency. An
intronic SNP (IVS3+23C>G) was newly identified in only three of the patients. It may be a
disease-related and Korea-specific SNP with RTT.

The L100V and -A201V have been reported to be unclassified variant and SNP. However,

these mutations were not found in more than 100 normal Korean control samples. These
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base substitutions seem to be the disease-causing mutations in Korean RTT contrary to
previous studies.
Conclusion: Disease-causing mutations and polymorphisms would be very important for diagnosing of

RTT in Korean. The experimental procedure used in this study might be considered for molecular

biologic diagnosis used in clinical field.
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domain (TRD)2.ZA corepressorg! Sin3A<}
histone deacetylase (HDAC)St &7 zH-&3t4
DNA®9] ZFAldl 9+ histoneS deacetylationA]#
dAA7E wgds "HA FP. A wAE
nuclear localization signal (NLS)Z MeCP2&
d oz gulate 988 s o, wix
S=% group O WW domain binding region
(WDR)¥E nucleosome coreolld] ZA¥& X3}
B 9% sz an?

MECP2 (MIM# 300005) +dxte] o)d-&
RTT #olEddA HA= 60%oA BAE 90%
A #EHD AN H2ele MECP2 $3
Ao EAWolE 7HX EA oyt BT gl
ow, e 49 vdFH RTTE#AVL B
H3 9o RTTS MECP29] #A7 ©<dA)
e HAFT Y ZYelHE Chae 5
9 o] mud 2089 #F< RTT FxtolAe]
MECP2 5732} o)l tigh Hi7} fdstict

2 ATE o A3 dAH F240 HE}
o FYdAE 77t vlEe =< RTT &=
X MECP2 #3xte] o] q48& XA}
st 7|E ATER Hlwsta A7IMEEA T
PCR-RFLPE o|&3 7oA esjord &2
AETA g @ Bd& A A3t
A P = A,

Chat % e

1. CH&

QA 7]Fo] RTTOE g 3o} & &
AAF AL gk ol 438 (oo} 419, Fo}
2%)e] T2 F4S EDTA ¥ FEHO &
o] W BEd F 500 ulLE sl HA=
AbgstATh Tx 89 fHXE ¥ DNA

£ EZNA. blood DNA kit (Omega Bioteck
Inc., Norcross, USA)E A}&3te] FE3190
1% agarose gel electrophoresis® ©]-&3}
100Vell A 4087+ AAE DNAS F&9 &5
A5

2. PCR &%

43919] RTT &otoll MECP29] dl 714 9
3} F23 Z2HH $ES$ PCRE FZ3H4
B Q7oA d& 38 T Rz o 4=
g B2 ure]  EAEAT Primer
sequence= 19999 Amir %] <3 #ztg A

£orp

S A% #FELe FHF £9S 20 L= 2
24L& &7 2ot 100 ng of genomic DNA,
400 uM of each primer, 200 uM dNTPs, 1X
reaction buffer (500 mM KCl, 100 mM Tris
HCl;, pH 90, 1% Triton X-100), 1 U Taq.
polymerase (Solgent, Daejeon, Korea). PCR %}
29 cycling condition® 93] 9BTAA AH 4%
Z+e]l WA (denaturation) TAE AX F, 9T
oA 18z 323 WEIHGn AF §hE
(annealing)& 72°ClA 1£7F Al3stAT \lA
ok a7 "S- (extension)< 72ToA 1083 Al
et 23 whgo X 54ToA 70T A
ol At FFE A=Y E4E s 2%
agarose geldlAl 100VZ 3087 A7) 95& A
Al

3. DNA g7| Mg &4

ZZ5 AEL QIAquick gel extraction kit
(QIAGEN, Hiden, Germany)& ©]-83te] A A3}
Atk Sequencing primere PCR¥} & primer
£ AMEstgth DNA 971 A9 42 ABI
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377 DNA sequencer®t ABI PRISM dye
terminator cycle sequencing reaction kit
(Perkin-elmer, Forster city, California, USA)<
oj&3ste]  AHAGF F AHY DNA @7
(AF030876)% A& Hlaatqiot

4. RFLP 24

FEPUEA XS dHE FAA Wole
A& #3) RFLP #4& Algsidith. AR
A2 BAS 93] GeneTyx programe ©°]&
3ttt £3], Ddel (New England Biolabs
Co., MA, USA)& GI61E9] PCR AH&& <13}
71 98l 28l BsmBI (New England
Biolabs Co.)2 T311M$¢] PCR AHE& #IsH7]
Aate] AH&-HSAT

oldel wEHE  EAWold  LIOV7¢
ANIVHe A 542 Agste] Ay
EWHOIA7FE ZARSIE T LI00V 32 Wol
© A &4 Ad FHoA Z3i7F HA ot
mismatch PCR 7]€°] o|&H3At. 32 ol
L100Ve] <<= 39] = WA reverse primere A
2o] AZEUT. A€ primer®] €71 MEE
5'-  GCTTAAGCTTCCGTGTCCAGCCTTCAGGTA
-3'o]t}. Mismatch PCRo| A9 primer &7]
AEdE EE 17 FFoltt LIV (C to G
471 A3E 9% PCR AHELS Afa I (Takara,
Tokyo, Japan) A3 &4 Ag7p wHEojxth
AY FHL HFT £9E 20 ulE 9 21 |
45 oga Zth 100 ng of genomic DNA,
400 uM of each primer, 200 uM dNTPs, 1X
reaction buffer (500 mM KCl, 100 mM Tris
HCI, pH 9.0, 1% Triton X-100), 2% tween 20,
5 M betain, and 1 U Taqg. polymerase
(Solgent). Cycling &7Fe=2:= A WA

B de

(denaturation) S 94TCeIA 423F T AA B
I HUTAA 187 303], 66CAA 18, 72Tl
A 1RoZ sk A A% dAE 72T
A 1087 AFsch

A201VE Ball (Takara) A3 &4 =2|7f
HEAAY Badl Ag 24 A7 Ao,
PCR &2 #ZE Aolth A &hol oA
A AEELS 2% agarose gel EE 4%
NuSieve gel (FMC bioproducts, Rockland,
USA)AA 7] F5 3 =AU

21

Mutation analysis of MECPZ2

MECP2 379 £d¥elE o7l 3
43#¢] RTT &otollA @71 AE 24& T3t
MECP2 §A4A Ml £/ d&3 Z2RHE
#4399t} (Table 1). $Z€ PCR AHEELS <l
E23 o&s THsn AT (AR03087T6).
MECP2 #3A el o]l gl& RTT &ob= 43
g 3 2642 605%Ath ol AIge
InterRETT  (http://www.ichr.uwa.edu.au/rett/
irsa)$} RettBASE (http://mecp2.chw.edu.au)®]
MECP2 B4 doleiso]=e} vlmsiga®,
And Edwo]l HHHe mt HHd 299
o2 BHA®?. MECP? w3 £499
o] R/t AR A7 = 9F9 missense
mutation, 4% 9] nonsense mutation, Z& 3 1%
9] frameshift mutation®] YAk HFEY &
Aol MECP2 %7 § MBD (42.3%)%
TRD (50%)9lA4 FAFHoz HAHUTD (Fig.
. 24" 4%l F 3% (GI6IE, T3lIM,
P38fsX409)2 SEuetlA Ag 2dd FF
olt} (Fig. 2). TI158M (9.3%), R270X (11.6%),
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ot} (Fig. 2). T158M (9.3%), R270X (11.6%),
T18]3 R306C (7%)2 HlwA AF dA=A
(Table 2).

2 A79A RTTY 943 2dJ& 712 2
B doldAe oW FHx EdRo Z
H2 &gt =¥ F F9 silent mutations
(F142F, T442T) o] ZAHAY (data not
shown). ©]E silent mutations< ©]He] o]m]
Bag RolRoy”, ols Bt 499 &
ol ¥ 3HA tE dWole FHHAH

o
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PCR-RFLPd| 93 Ed®o| &<l

AZo] BA" FHx Wo] 3%& el ¢
814 GI61E9} T311A E¢WolE RFLP ¥
43393 (Table 3), P38fsX409 EAHo]
d71 AE A4S Y3k

GI6IE (c482G>A) Wol&= Dde 1 AIg a4
A A, 2AFAgo] 241bpst 129bpE HolE w
H EdWest gle frHAE 241bp, 202bp,
129bps} 39 bp ¥AES B (Fig. 3A, lane
5 and 6).

T31IM (c.932C>T) Wole BsmB I Ad &
A& o]g3te AU S W Ad¥e 366bpE
198bp2t 168bp= Ao+ ¥HH (Fig. 3A, lane
8), ool FAHAE 365 bp dHte WMETS B
At} (Fig. 3A, lane 9).

ANz ddg A4 Bd¥eld  P38sX409
(1153del44bp)= 100 ]9 AAANA 7]
Mg A6 ofs EdwHelst TAFA Fht

5

T

et A2 2AE E9WelES 1004 ol
AN e 2%7] wiEel, RFLPS}
7] Mg dHolEE DNA g7] Xgo] AY &
d EdRold rsAe] oo Aekeisith

L100V (c.298C>G)< o]xo RTT<e #AA

o] FAHA &L ¥7] XEolgtn HuHJH
D a8 E AFME dad LI0V7}E &=
oA SNPIA AW i ARl AXE ¢
o}8 7] $|8j4] mismatch PCR-RFLPZE <33}
Atk 7 A7 AAPL CCCTACCTGAAS &
Z3  wid Eddort JdE FHAE
CCG/TACCTGAAS FZ33aL o] €7 A&
& Afal AZEA A7t Al 19 bp
PCR AMEo] 170 bpet 29 bpE ZHc} (Fig.
3A, lane 2 and 3). Mismatch PCR-RFLP 23},
L100VE 78731 1007 ol/dollA HolA] gkl
oA Y & EdWold JHEAde] ok
A7t A201V (c602C>T)E RTT SApiewt
olg}, B4 YEASA @7] Aso] vehut
7] W&ol Japanese-specific characteristic® &
A A A201VE Bal AFdax e
#A3ted, 279 bp PCR AHEo] 227 bpst 52 bp
d#oz ZHPT (Fig. 3B, lane 2, and 3~10).
RFLP Z3, A201VE A< 1007 o]/dolA
Holx] gska oA AH ¥ Eduiold 7t

540 i,

MECP29] ©&4d 32 934 g

28 AFoA IVS3+23C>G (g.065494G)E 3
o] Ao MR LAY (7%) (Fig. 4), 7]
Eo] AR &L AEE gFAo|U. o
SNP+= 299 @AloA e EHAWE FHte}
I YA

i
Andreas Rett”d] <JsjA @E FF7o] L

gz e Qad ATsE DaAEo] 1988
= ZAHA Felo et A 7)Fe] A
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AL, 199 = o] We] o] MECP2 4
Zpe] Edold] g3tk AL #EU|d o]
2HG*P AYHQ A4S, MECP29] Ao
E 829 80%elA wAHER® uhw wHy
ARl A A¥HA AgEg v ved #
Aol 30%eld  Edwolst  BFHAGH
MECP2E RTTOA F83% 9L A

MECP29] Ed9ol¢t RTTY &3 Alelo #
A7b EAsA gt B dFolM e 8399 &

¢ RTT #AlolA MECP2 A2 294
o] BAS YT A, 269olA EdWolE B
23tk (605%) (Table 2). 8 AFoA &
A% Qo) HIEE & AAAHoE
k] . O|AL o]d RIS
A8 4 g @2 A¥H RTT A=
#atA] &3 RTTY o xd88<S 71K 3
£ A8 "otk 8 dAFdA dA
e Edilels V5HoE Fa3 o
¢l MBD, TRD$ WDRd| X181 (25/26,
%6.2%), olAL ARHo2 MECP29 7%
ARAQ S v ot} wA" AW
% 3% (GI6IE, T311M, P385sX409)0& obv]x
A ASRS olste A wdE ¥t
GI6GIE 7] A3 ot Aol FA A
SA7IHez wstdd. gglm, g7 X$ol
MBDeo| $x]3}7] wjio] WE-CpG 2F 53
o] #AFHAY ¢lojd + itk T31IME TRD
of $1X38H ojmxat o] A A
Aoz waldt P3%fsX409= C-terminusiiol
WDRS] &4& 7rasiAY A 23E opy|
& Aotk 3 A4 EdWol= WDRY B4
o7 A3 AgslE splicing factors¢l FBP11
3 HYPCS| A4 & ob7|atd™, MECP2st A%
¥ splicingel ZA%o] Uerd Aelth. MECP2

FARN A EARHOE TR Fol 6% FO
22789 ool A CpG @719 CoT A ko] &
HAE AT (846%).

BAE 97] Wyt Ed¥eldA ¥R E
#3t7] $8lA PCR-RFLP #4& +331%
M2 dd" Ed8le] F, GI6lIE EdW 9
T Ddel AT Ex AYE W=, T31A &
dWolE BsmB1 Ad &4 AEE s
it} waka PCR-FRLPE 33 A3 10093
o]l AN TY FHo Aot T
ALA ggom2 GIGIE and T3IIMS AH
i Bl JbsAel w2 AR odd

(i

re

¢

-

o

old AT A LI00VE RTTSe] #AAe] &
AR %o =AWo|Z ANIVE SNPE U
A A MECP2 ARl A L1I0V B4
Hol= Afal A zx AYE Atz
ANIVE Bdl A% Zx AYE Aas7]d
A% 100 oldeA FEFEHE Il
PCR-RFLPE 333t} old dA79 &3 ¢
2 A7l E L1I00VSH A201V7F 1007 o4+
B4 Ao SRR Fobx AW {E =
ddeld 7HsAE AAIgH.

B AToAE LIV o|¢je] wdd BEE &d
Wol7l d& 4o AT AT (25/26,
96.2%). MECP2 9ol A& 494 RIE7}
M Eoerz $4 dE 4 AAE FEdY F
7] ME EAstejor dttm At} a3 4
el A& F A& 33 A& 49] FAo] =l
RTT #&AlA LAEE MECP2 EdWol&
9 T8 + Utk UM EQH¥l} s
S 71&9 B} vluste] FYUg Bt 9l
At 7€y Hag JAs 2L S99
d A5 Eddold o ofv|:At 77| A

A
%!
o
=2

©
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AT EAs=A &
5 RTT woldlxEs MECP2
FARAA o EdHo|E HAHX °‘9k‘:‘r
BE Zxut =54 RTT golilA RTT
W MECP?2 E?ﬂt&om DA E Fphd,

B AFoA MECP2A @7 ME BAHe=z
2% 79 silent W] (F142F, T4427)¢ JIE
2 394 C-G g3dASs #H3th °lE silent
mutation®] A" 38 A F 1H& ALt
= UE sddolg Futeta

T3 [VS3+23C>GE 339 RTT SAbolAjut
T 299 AN &

AL

WAYNT (%), 1 F
SQvelE ST I BEel of By
e wud T2s A5 9% WAA B

3

intron 39 YIXex YARE I HIFAHE R
o B¥Y g dAHY s M4
AAZTE wEkA IVS3+23C>GE RTTS #
g 3=l 5o]A<l SNPo|th.

71E9 Aol 9stH, MECP29] 9ol
1A Abgro] 34 RTTE 2 siAle 4o
a4 A ot 283 RTT £33 MECP2IA &
A Eddorl FREAE @’ ALY
AHA RTTe tigF 20%01A4 282 RTT 7F
A 749 50%0 A MECP2 AR Eddo]

o

kd m\m

7b #FEA gerh HZ, 22 ATdA
UBE3A  (Ubiquitin-Protein ~ ligase  E3A),
GABRB3 (beta3 subunit of the GABAA
receptor), F& CDKL5 (Cyclin-dependent
kinase-like5) @& FAo] RTT 3A}olA]
MECP2s+ #a5o} dtta Basa Jo??,

UBE3A/E6APS  GABRB3  ®&do] RTT,
Angelman syndrome (AS) 281 ¥ A}

o HolA A} ]
 CDKL5 vx%xu

oM, m}ﬂ l:J

B QTN $E 1799 BN ol B4
Hol® wan E3Th 059 A, BA F
Axte] Edwoe] #AMS FIsta oArME T
AYA F%e A MECP2E 83 44
e gag £ Aol

AzHoz g 39 605% (26/43)9A

MECP2 fAxte] EddeolE 5434t 1
3 71E AFdE 2AFA & NEL 3F
F9] E499o] (GI6IE, T31IM, P385fsX409)%}
179 intronic SNP (IVS3+23C>G)E 273t
Ak olE EdWol: AN HAHA &
3959 RTT @AM vepdet o] t3A
intronic SNPY A= E73tx 32 RTT &
Ao Auk Uehdth LI00VE A201VE RFLP
BHoz old ®ues 2 =<l RTT &4
oA AW i EdHY THsAEE AATH

PCR-RFLPE @€ 97 ¥gyt Edweldd
2 P45 AR M Ed¥] £
Mol A dHoln {43 dAlo|th(Figh). 24
2 Edwold ¥AE =< RTTY A
A3 v F2F Aotk B AFNM ALE
A AF AL JA HofllM ALEH EARE
34 AdolA msord F#4Y Aol

o K

rulo

i)
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