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Abstract
Purpose: Mutations in MECP2, the gene encoding methyl-CpG-binding protein 2 (MeCP2), cause
Rett syndrome (RTT) that presents severe developmental abnormalities. This study attempted to
isolate and characterize dental pulp stem cells from a RTT girl affected with a single-nucleotide
mutation in MECP?2. In addition, to investigate how MeCP2 deficiency affects visceral motor
functions, the expression of tyrosine hydroxylase (TH) and choline acetyltransferase (ChAT)-
immunoreactive (IR) neurons in the dorsal motor nucleus of the vagus (DMV) was examined in
Mecp2-deficient (Mecp2-/y) mice.
Methods: Pulp cells were obtained from extracted permanent teeth of a RTT girl and a healthy girl.
The expression of undifferentiated cell markers was examined by RT-PCR, and the expression and
localization of MeCP2 and stem cell markers were investigated by immunofluorescence staining.
Subsequently, the number and distribution of TH-IR and ChAT-IR neurons were examined in DMV
of Mecp2-/y and wild-type (Wt) mice by DAB staining and immunofluorescence double staining.
Results: In the pulp cells derived from the healthy girl (CONT), MeCP2 was localized in the nucleus.
However, MeCP2 was localized in both nucleus and cytoplasm of the pulp cells derived from the
RTT girl (RETT). Ki-67 was expressed in the nucleus in both CONT and RETT, but the positive
rate of Ki-67 was significantly lower in RETT. No difference was seen in the expression of STRO-1
and SSEA3 between CONT and RETT. The number of TH-IR neurons in DMV was significantly

larger in Mecp2-/y mice than that in Wt mice, while no difference was seen in the number of ChAT-



IR neurons between Mecp2-/y and Wt mice. In addition, neurons co-expressing TH and ChAT were
observed abundantly in Mecp2-/y mice but not in Wt mice.

Conclusion: In RETT, mutated MECP2 was transcriptionally activated at a certain rate, which might
have lowered the positive rate of Ki-67 and reduced proliferation ability of the cells. The increase in
the number of TH-IR neurons and co-expression of TH and ChAT in DMV of Mecp2-/y suggest
that MeCP2 deficiency may alter neuronal activities in DMV and affect the parasympathetic control

of visceral functions.

Keywords: Methyl-CpG-binding protein 2, Rett syndrome, dental pulp stem cells, dorsal motor

nucleus of the vagus
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~—H—D 95 c-Mye, Sox2, Octd, KIf4 23FHL L TV =Dloxt L, FLebthiEb o35
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VEEWE = 2 —1 > T TH OHFRH OB, Mecp2-ly ~ 7 AZHT DMV OERESR &
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BDNF 72 EIZIESNTWA 1O F72 MeCP2 DEE N ED L 95 72 TE 2 7 2 L AEH)
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M= 2 —a O T T AEREAE L T2 O 5 TIER, BIfEE TRTT O
RBA UE S D LA CRIRNRFRIEIIBIR SN TE LT, 7 b~ v 2% A5 ST
JEUX, & T DIBRASEM A AFIET 5 O 2 Tt N OMIEE K5 &3 DT & ARk
Thb, DMV 25T, RTT BEORRIZET 5 TH ORBICE /7 2 AFEIWERR R
BEARHET 2FM OB, & D WIEHHAFRERIZIW TE T MeCP2 OFSEEZITET 5 2
& DNFTREZRIBHRIEDBIFEIE, RTT BHE THIRE SN DA OREDUEITKYL DD L E

2 BND,
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FER TIZT, MRS L7 CONT B L ONRETT (DWW CTHRMER JHES, fifiT T 5 & & b
I, FEBRINZT, Mecp2-ly ¥ 7 A& Wt~ 7 A0 DMV |23} % TH-IR 35 U8 ChAT-IR
= a2 —arOFEBLERE LIRS, LT Ofm a7,

1. CONT BLURETT TiE, & bk b~ —I—E{5FD c-Myc, Sox2, Octd, KIf4 DI
BlZgReiz,

2. CONT TIEAAllaC MeCP2 MEFEITRHE L T edizxf L, RETT TNz
THIRVE L S AR RUR &s LT HIBEAS 26.6%m0D BTz, 72 Ki-67 DpgPESR

CONT (2L RETT CHEIED - T,

3. RETT TIZZEE MECP2 DNEMEAL LT IS —EDFIG THEL TR Y, MECP2 D%
F&78 MeCP2 OHEANRIIEIZF B Z KT & & bITHIaOEIERE AT STV 2 AlRett:
DR ST,

4. Wt~ 7 A L DT, Mecp2-ly ¥ 7 AP DMV TlL ChAT-IR = = —12 > O FE T A
HIIRISTZ) THAR =2 — w1 O %<, £72 ChAT BN TH 2R E+ 5 =2 —
7% RO BT,

VIEXY, MECP2 OZEF)S RETT OHFEREZK T SETWNDH 2 L, MeCP2 ORIEN
DMV ==—n  OiEE 2 S, A ER) 2 FHE L T 2 B AR O & (252

ZRIFLTND Z EAVRBR I LT,
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AWFZERATICHTZ Y, #AITZ % TGRS KO TR Z 05 D £ U7z AR =50 N by

BEFAE )l RERE, WA SNEBECHEA CEEBE R LETES, £, A

WHIEam L, ZReD THIaBY £ LIZEARY:
L EFETS

728, AW TIEBIR T~ MERARIEAR Y,
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*1

RT-PCR TRHW:=7' 24~ —B L EIEBEY DY A X

Primers | Sequences Product size (bp)

c-Myc F 5-TCC TGG GAA GGG AGA TCC G-3' 328
R5-ACG TTG AGG GGC ATC GTC-3

Sox2 F 5'-GGA AAT GGG AGG GGT GCA AA-3 150
R5-TTGCGTGAGTGTGGATGGG-3’

Nanog F5-TTG GAA GCT GCT GGG GAA G -3’ 193
R 5’-GAT GGG AGG AGG GGA GAG GA-3'

Oct4 F 5-GGA GGG GAG GAG CTA GGG-3’ 137
R5-CTT CCC TCC AAC CAG TTG CC-3’

Klf4 F 5'-ATC GTG GCC CCG GAA AAG-3’ 390
R5-TGT AGT GCT TTC TGG CTG GG-3'

[ -actin F 5'-TGG CAC CCA GCACAATGA A-3' 186

R5’-CTAAGT CAT AGT CCG CCT AGA A-3’
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&2 REMERMICFEREICAWIUE

E7IREN iR A—H—% TR
MeCP2 Rabbit Novus Biological 1:200
Ki-67 Rabbit Abcam 1:200
SSEA3 Mouse IBL 1:100
STRO-1 Mouse Novus Biological 1:100
TH Rabbit Protos Biotech 1:100
1:1000 (DAB #t)
ChAT Rabbit Millipore 1:1000 (DAB #f5)
ChAT Goat Millipore 1:100
VMAT?2 Rabbit Phoenix 1:100
pharmaceuticals 1:1000 (DAB %)
Alexa Fluor 594 Rabbit Abcam 1:500
Alexa Fluor 488 Mouse Abcam 1:500
Alexa Fluor 546 Goat Invitrogen 1:1000
Alexa Fluor 488 Rabbit Invitrogen 1:1000

* DAB B LISMI R RICHE TORREKZ ZLE
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300bp
200bp

100bp

CONT RETT
1 mERERIC B I D RME~ —H —DFER

CONT BLURETT & b 12k ~— 5 —c-Myc, Sox2, Octd, KIf4 DFIRAEELDHT-1,
g & © Nanog OFIRITASNLH ST,
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MeCP2 DAPI / MeCP2

CONT

RETT

AN -

20 -
0 .
& & &
N NS
O & O &
CADE Sl B e
Pl

2 MeCP2 O&EENLEBBIRE HIER

A: CONT Tld, 2#fgics LT MeCP2 BBMERIG (B AYEICKICBEL TWzdIoH
L, RETT Tl& MeCP2 AZ(CHICBTEL TWAMBEDMIC, HFNE & ANZIFRL L
TBMRIGE R LI-MBIENZR Siz, DAPI RN 7 FILEFETRY, FREREIE
MeCP2 DDA DG, BRENIZ & MIREN RRBHEOMIZZ T, B:RETT T,
MG AT L AL TREZEGIE RIS % TR L 7-fBah 26.6%588 57z, * P<0.01
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Ki-67 DAPI / Ki-67

CONT

100 pm

RETT

100 -

80 A

60 -

BREE (%)

40 ~

20 -

CONT RETT

3 Ki-67 OEBEENLEER L HIER

A: Ki-67 BBMERIS (8%) 13 CONT BLURETT & b ICHAICEER L TW s, BH&RF DB
RCEUBLOILAREE T OUARNITTRT, 5iE DAPI &N 7T, FREREIE
Ki-67 O % Ioh e 0fifdz R, B: BHHEZRIL CONT T93.7%TH >7=DIxT L,
RETT Tl& 82.3% &L BRICIEN 572, * P<0.01
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SSEA3 DAPI / SSEA3

CONT

100 pm

RETT

B STRO-1 DAPI / STRO-1

100 pm

4 SSEA3 (A) & STRO-1 (B) &&= AREER
SSEA3 £ LU STRO-1 mF3R(%, CONT & RETT TERIZALNLA 57,

CONT

RETT
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“r DMV
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) 40
c
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8 30
8 2
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0
B L .;_ -.; T_ e
-, ; y P> <
t‘ ’:P::'?f;’o C | {\\ =
4 : W -{{b\ 2
By, ’__...-——_,..,3
X o
I, N
e
CC sl =<
e m———— .\—-"'—-_
50 pm DMV

5 DMV IZHIFS TH-IR=Z2—AaY

] Wt Mecp2-/y
P < 0.001(Wt vs. Mecp2-/y)

**P < 0.01,*P <0.05

**
* %

Ob: M

05 06 07 08 (mm)

ek Lt % T
A
L - e
74 ,_“-ar’:---.. ‘:‘
i = ‘. 5\\ -
(ris 5 ~ B
CC --\'__....’:.'-K.. —————— =%
DMV
MeCp2‘/y CC: q:lf[:\%

A:TH-IRZa2a—B>0#HIL, Wt~7 LY EH Mecp2-/y R TR THERIZEZ N T, 77
7 OiEEER D H DRt AR L, BRAIARIEYAFX()TRY, B:TH-IR=2—A>D
BE%ETRY, Mecp2-/y ¥ T7ATIEWt w7 RICEEN, TH-IRZ2—OYH%LRDH 5

1, 5L DMV OFRMSRANIALE L Tz, WINE A HYE 200 um DEHR

NI
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140

DMV 1 Wt gz Mecp2-/y
120 |
. L,
g ® é Ob : F
— » “ A [ e
© “ “ “I0%
% “ “IR%
0 nnnRann
Z Z 7N
AllGl 1A 1117
0 Z :
04 05 06 07 08 09 1 (mm)
B DMV &
—-; -
et dy )
smadanny CC
& T G
\.a..9 ‘kl‘a';:‘“ .
7, _.‘ﬂ-‘-‘:\.
o g BT
e 2 e L
R R v MM
100 ym e TR

6 DMV IZHIT5 ChAT-IR=Z2—0O

A: MeCP2-/y ¥ 7 RAEL VU Wt ¥ 7 ZD ChAT-IR Z 2 — 0 > DOUIEIEA BN D -
7=o B: BH o] 200 um OB TD ChAT-IR Z 2 —A > %Z/Rd, DMV &[EERICET
HEZICHE <D ChAT-IRZ2—A V% RH 7=,
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ChAT /TH

ChAT

A
Wt
D
Mecp2-/y
50 um

7 DMV IZHEITS ChAT-IRBLUP TH-IR Z 2 —0 > OFIEF
AD:ChAT-IRZa2—080>, BE:TH-IRZz2—A>, CCWt v XIZHEWNT, ChAT H &L
O TH oHEB LA SNEA 5Tz F: Mecp2-/y T ZXIZHWT, BHEO=_2—A0 VT
ChAT BL U TH OHFEIRZFH 7=, FH oAl 200 um DEKR%Z <9,
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ChAT VMATZ2 ChAT / VMATZ2

|

D E

50 um
8 DMV IZHIT2 ChAT-IR = 2 —B > B LUV VMAT2-IR & KRS
AD: ChAT-IR =2 —A>, B,E: VMAT2-IR ffZi&RERktEE, C,F: Wt ~ 7 X Tlx ChAT-

IR =2 —0>OFEEIC VMAT2-IR SR EBIS A SEE0 o N7, Mecp2-/y ¥
ATIEHTH LHRO o NED o7z, FIH OY)EI 200 um DEGRZ T,

Wt

Mecp2-/y
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