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The neurodevelopment of teeth is an important issue. It is known from
previous studies that the growth of dental nerves occurs in the pulp cavity with the
formation of crowns and roots. The dental pulp stem cells are derived from pulp
tissue and can be studied in vitro. They have the abilities to be differentiated into
nerve cells and can be used as an alternative source of stem cells. They have the
characteristic of expressing CD146. These stem cells are derived from the ectoderm,
which are originated from the migrating nerve ridge cells and possess the
characteristics of mesenchymal stem cells. They can be differentiated into
odontoblasts, osteocytes/osteocyte blasts, fat cells, chondrocytes and nerve cells.
Therefore, we hypothesize that nerve growth may be related to dental pulp stem
cells in the pulp cavity. The purpose of this study was to investigate and observe the
relationship between dental pulp stem cells and teeth innervation.

Immunofluorescence staining and injection of fluorescent dye were used to
observe the distribution of dental pulp stem cells, neural stem cells, pulp nerves and
nerve growth cone in the tooth germ of mice on the fourth and eighth day after
birth. The relationship between these markers at these two different time points was
observed.

The results showed that in the tooth germ of mice at four days after birth
showed that the nerve fibers were outside the tooth germ and did not enter the
pulp. Eight days after birth, there are nerve fibers inside and outside the tooth germ,

and they have entered the pulp.
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In both the four-day and eight-day tooth germs It was shown that the
immunostaining of neural stem cell was positive in the odontoblasts and their
processes

we also found that dental pulp stem cells were positive for immunoreactivity in
microvascular endothelial cells inside and outside of dental pulp in both the four-day
and eight-day tooth germs.

In the tooth germ four days after birth showed that the nerve growth cone was
immunoreactive at the periphery of the tooth follicle. The tooth germs that were
eight days after birth had more immunoreactive effects on the tooth germ and a
small amount of immunoreactivity in the pulp.

From the fourth to the eighth day, the nerve was observed to enter the pulp
from the outside of the tooth germ slowly. Neural stem cells continue to appearin
odontoblasts and their processes. Stem cells have also been found in the pulp. The
nerve growth cone moves from the outside of the tooth germ to the cervical of the
tooth germ. From the results, it can be inferred that stem cells have relationship with
the growth of nerves in the pulp, and might have neural stem cells related properties

with potential for neural differentiation in the pulp.

Keywords:
Human Tooth development, Mouse Tooth development ,Dental pulp stem cells,

Nerve of pulp, Immunofluorescence staining
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and Thesleff 2012) - (Balic and Thesleff 2015)
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e

FIFETERLGATIR AR P EARSRER AR A
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compartments)z_ & 517 5518 3 (Jernvall and Thesleff 2000, Thesleff and Mikkola
2002) -
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m\‘
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R iE T o (Moe et al. 2008)
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‘ﬁ@?%ﬁ?ﬁ Pend FLEf o AMRIFER T ® R ARG R A, X T FUER T e
FE o BIUTIRBIAERMR SR EE ~ 7 257 £ o (Moe et al. 2008, Kettunen et
al. 2007)

WP T AR o T A d b A ol gk A gk il T e 2 G
MERehfee AR T TR A& o o BT RS A Ed B R ERT REDL L S
B BATA F o BRBclpik B0 Yy B kP ST R Lo E
MG ELs 47 & B chh R E4n o (Kettunen et al. 2007)

SFFETAN AR TEPH G FERENTHY o By T T A
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2014)
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1. Thickened dental 2. Early bud stage
epithelium (E11.5)

5. Bell stage (E18.5) 6. Postnatal stage

B 1-57 &4 58 7 B4R
(Luukko and Kettunen 2014)
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WEOHE T PSS RAPRE R - (Byers 1984, Fried and Hildebrand 1981a,
Fried and Hildebrand 1981b, Johnsen and Karlsson 1974) -

FIpRET F D ARRFT NIRRT FE T SRRk

EApiz e Ft > R BE £ B ¥ it £ % £ B (Johnsen and Karlsson 1974) - & 1|

FLI B Aeol o B hR OF T ED)] “LT# feAr BAefzi 7 P X 3R 4p 02 (Johnsen and
Karlsson 1977, Mohiuddin 1950) = 28 @ » A7RpF > R M7 B R T » @ R A
1.7 Bph R 44 3 B (Naftel, Qian and Bernanke 1994) -  #! ‘524 & 3 7 & 7 chj~
helFBezo s o d MR R R BT A T X dh RIBBE A o A
FE R ® R G A fend AR R ARE DS S B A
Fr338-K L eh 7 K F(Byers 1980, Byers 1984, Byers, Neuhaus and Gehrig 1982,
Taylor and Byers 1990) ° ixffi % (7 s > B M HR 7 & X 0¥ 7 R odf
% o (Hildebrand, Schaller and Parsons 1995)

F AT #00 Schwartz 234 G2 iz 2 BV a0 AR ML > T AA g
AL Bie T etk o B EFAT T - BrtkA 3B AR P A S8
AP F e EA L g BA T 5] (T %‘TB—*» 7 Xdforad > 1
2% % -3 AT Gl ) BIiplidps o H S L B E IR e 4o
SR ¥ - B AR L Gl 2 7&7&{? i hEcdepE o B RE R o i

fead 4 7 &% 7 oL o (Winkler, Schwartz and Swindler 1991)

149 &# 5 pe

ST AR blder BRG O G R R T4 SRty o g4 g
L Aﬁg}ﬂ mé»iim’i &y o f;}é B3 l}g‘(%": Ed ;fé ;fé q_:'r: s m \L}i\‘: %"_!» B,T\
F4 sk p P FEaA & (Luukko et al. 1997) o (Luukko 1997)

7R fra R M RR & SIE T R B TR o BEARS S BE

1\‘?

Faz
9
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fe7 kg BY - LW AT ERrT AT BEEAHEREEED A G
3ﬁ’1&ﬁ@ﬁ$iﬁﬁ%9ﬁj$ﬁﬁigi$o«—@%%gg&ﬁgm
Fap g I AAFL T HRAT > o (Johnsen 1985)

F e R RpBRELI®FEAZ AN GRADE L LP TP S5H 4
T HP T AR o B W RN T AP S Ao BT AAp o A BT
deop g e h- B LR F K- BTN BT A A e &
(Luukko et al. 1997) - (Luukko 1997)

TREN IV HBER R EOG A A LA e B NP AA R 1 R R
BT R LR KRS o R R < B 14 0-m R RN
(% & 53100-m)> B2RFREHi - Ko Ra o - AT R MR
R R TSI H < ] (Johnsen 1985) o 194547 1 4p 11 » T foihfg £ 0 A S
BEITH VAN A F Ao oA AR TIT R RAAN G F T AT

MBI B - BEhRFTET

e

B AR g p 2 R Bty
IR GA R AR GARAT S FLE RN o

FT PR G RE BT S TR o 2 ] By R EY
AR o BpT T FRE A SREITHE Y Y T U PIMRFFEPE ) AT FLEE T A
FARE Rk p M CE AN SR AR T T ERIF TR o T AR
s g A S feAp L@ PF > A 5 i~ 7 5 Ef (Dental papilla) (Mohamed and
Atkinson 1983) -

A TEAY 2R A GRANG RF T N ERE s d A g
LAAR TR s Nl

Semaphorin3A(Sema3a) e % - B 7 ® 4 SR AF|ED LTS FFY &
BT URAMRIET S A o 0 FL RSN T R LT
7 # A S E R e 4 o (Luukko, Kvinnsland and Kettunen 2005)

MEXFET S E R g T ¢ niEr £ Lk AL R RS T S
WIEER A T P 07 & L WHiT 73 5 dd S8 o (Luukko et al. 1997,
Pearson 1977)

3R R IR @,%« L L FET AT SN W g et gL feen

BREL o BB R RE S A R REH S AR AL PR 0 T ¥ A E 11
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Ko fragp @n o, 2R P NI 2 FehT £330 8 4 F 2 7 My AL
PoRHmA o AgAfpbme?d &% 7P 24218% ¢ (Kollar and Lumsden 1979b,
Pagella, Jimenez-Rojo and Mitsiadis 2014)
FATEFRAY GART oS d B 4pREa

(D ASREaRP - FL F7EE TP n g

() HERBAFTHRT AFH 5 fout ¥ o (Nishikawa 2007)
V3L SEFR v EREY ORE fLE REE A T ﬂx?ﬁ?p\fﬁ,fw o
BRI G 4 Bk o BT WRIREY AR R T &R o i
MR RAEFIRIEN TR CHEREREER AL ANF - TS
WO i &8d ABRE (6frf) frCBiae s » 13357 P e S Fi &
HePreFrff: ARRBIRIFATE A2 7R R > A CRADTHE
AdBITTRF o Fli b Pz fepts] > CHAIIA2R K o (Abd-Elmeguid

and Yu 2009b, Abd-Elmeguid and Yu 2009a)

2.1 7 iz me

ARET ERhwte & 35 A 5E T Rgdr w2 (DPSCs) > 7 % i 7k #7 fw? (PDLSCs)
Feilshstegiziore > ¥ AR E g A S o it 4 o AP AT T TR B enlicdp X 3F
R ASET PER i (T L iR T A S R P SNAR A SR R iR
i# (Leeetal. 2014)

K p AR E a3t 7 Stem cells from human exfoliated deciduous teeth
(SHED) shizimPe 3 B M 78 » & 5 4 59 ‘¥ 4= Jh(Neural-crest cell origin) 735,
f% (Clone)} = {r % it ¥ Jn*# (Multipotent stem cell) o gt ¢+ > &2 H @0 [ 5 iz fm o
Mesenchymal stem cells (MSCS) &kimAp+t » B o f £ 5 fehlld o Flpt o 5% e
§09 §2m% SHED ¥ it A3 /4 cin B BER o AEHFAT Y 0 WT G T
§3 7% (SHEDs) 2 d 6 T 9 f chiz & fiv & f2ehft 9 Rz = cho 5d FACS A 1932

o o AW % eyt 7 §7 w2 (SHED) & 3L AR R A T A R
11
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MSCs » STRO1 » CD146 > CD45 > CD90 > CD106 - CD166 crdFfic > e 7 & i w 'm
% i A fh35 » CD34 fr CD31

B AR IR B AR g gt 7 47 w2 (SHED) L § % 7] chst & ferg 53] =
Hed o LT - B TR PR T Y T §F w2 Stem cells from human exfoliated
deciduous teeth (SHED) 4 i & A X fwoe crjesy > 8 % - faff ¥ chepr 4 £ 7
12

B R RL G foiiNmre kA 4T & PR R chft 7 5% P2 Stem cells from
human exfoliated deciduous teeth (SHED ) ¥ it i# # i Nestin v R-II tubulin >
2 (8 4P BA Gz d o ot ¢t 5 Nestin fo B-TI tubulin o= 24 G EF

( polysialic acid-neural cell adhesion molecule (PSA-NCAM) > Neuronal
nuclei(NeuN) » Tau > Tyrosine hydroxylase(TH) ¢ Glial fibrillary acidic
protein(GFAP) ) tisf 14 eh3s & fr | 4 v* &g F 3 ¢ o (Nourbakhsh et al. 2011)

£ 2 §§m4’5R1§ AREH RGP ERL L Bt folkip cdrmie > L 4
fé‘i‘“’ SR AET R AR TR EF B pPALRT T A - AN A e
#p A enim e (hk SR hm i o
¥R A 5 Z KX BF 1 %A P5EF ' e Embryonic stem cells (ESCs) @ 3% ¥ % it #7 fm¥e
Induced pluripotent stem cells (iPSCs) fr= A /# 1 i% 'm ¥ Adult/postnatal stem
cells (ASCs) e LA i™hit~ TR 4 ¥ A A /A {879 ASC } > i3t
* A RS IRm ASC ¢ AR T BN S U e e Y B T R BB
Fie ~ THLS TR HF 0T S o A T Rz imse (hDPSCs) £_vh ik % iR iz
Wz o AR o G e fodey B FEF e chfF o

W3 L EP > AT BgEFee hDPSCs d T H ¥ A it 2 B miz £ 73] 5 &
wHAFE R TR LML o K% G ok 0 4 7 BRI a0t hDPSCs A 1t 4
7 AFA e s e [ e imte s s ime s g5 dwe fodl I hn e e

> (Nuti et al. 2016)

BATHRE 0 A #7122 % & %8 Human Periapical cysts (hPCys)» — f&% 217
R k}iﬁ_iﬁfﬁs%‘ v 7 7 B Eir =% Mesenchymal stem cells (MSCs) > & 7
PALFfeim s it o ALY o R URLEE RS T REE (T
M R TSR LR T R AU R R e

SR R SR ALA R

12
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PfF EiFmre MSC o ik 38wz RAr L £ ¥ £ 2 477 #Z_hPC o

MSCs fr 7 &i# fm P fofd 50/ % A% 5 e 5 B 12 G0 B R A AL B
v neural stem-/astrocyte-specific protein glial fibrillary acidic protein (GFAP) 4
v Ak A EA A F RS Bl g -9 (neuron-specific protein B-
[l tubulin) = (Marrelli, Paduano and Tatullo 2015)

LR PR p AL AR > 7 BERwe (DPSCs) F %3 k4 b
4 (multi-lineage differentiation capacity) > v % 7 &5 5 52 £ (clonogenic
efficiency) ° 7 #izm¥ GMP s 5= B =27 AP {eip b 07 RS o RE
7 R e A0S & P E #4722 2 ALF Kk % (Stromal-line cells)fr £ 3733 & £ 5
IR+ a T e ] BN A2 7 A - 7 Rk e s > EP W P ap 2 AT
4o 7 REEF e e F R 59 A 1L = P ik e fodd 4k o2 (neural-like cells) o

7 R E 12 B H B FE 472 97 %EF o %2 $A(single-colony-derived DPSC

strains)iR iRl %> = A2 - 7 B e kAP A2 R R T AT A
Tihz A2 - R RAIFIVE ST A o gl SR AP H RIS DT iR e
WA Bt A8 7 AF gt F o R hAe ko e SR EP T ki ee &
FERmir 2 gF s e 45 p AL AT A frP 2 A it i 4 o (Gronthos et al.

2002)

22 # Fizhwme

T R R T AT A K e SOA Ak e T AT (4 )
rE LA AT R AL o A iR mE S VOB f RS eI PR e o
A EEF e V1 %c} BiEm 344 3 mie > 5 VLBV S uimie Kk

f#—”é EaM f@”/f/;?.” o je I,‘i’_;bi‘ Fjlzé m(ﬁ_}: ‘m e m’gﬁ% iiﬁ y F\ ]FB‘Q * 7 ﬁ#‘ﬁl" #Jzé i@

N

MR R e g P e e I fR e e

I/ff)gv?éj'«é

BALAF 0 Pe 3 (7B AR G 4 A& chimse > T JEiR e re 1 AR e eniEr i
mE Pl p NGRSk o
13
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A A FIH S me BT APE R fRherdH R 2 E 2
8+ dm¥e enk it ik JT o (Gage 2000)

R gdpdl o 7 &izmie e Ao BRd 4 g R e 3 ¢ 5 7 4
gk o R A S I MERmre e R G4 > 2 T A RIeE BN KA T
=+ (neurotrophic factors) o 7 #g#z me g 4 4 i S KA T H A BR
‘fr'E' S RS E A Rk SR

(Martens et al. 2013)

3.4¢ 5 F]3F, receptor

WA L0 A GER TS A S AL o T 23R o
RA NG MaoEkd o TR Apical papilla i3 fw e {o 7 BLEF e A R
{4 & ;% ~ & &7 Brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), glial
cell-derived neurotrophic factor (GDNF), nerve growth factor (NGF)f= 2 # ¥ § ¥
<+ o (Ratajczak et al. 2016)

#gd £ FF (NGF) &- B P iRprd chg £ 73 > LF el i gy
ErREA G -BARTHEF Ak B ST M oONGFT R 27 LA L
it P i o WA S A T hE A L mie o NGF HF S SR E B
g1 - R dF 3 NGF &2 3 2 enp R b X 4~ 4o ¢ & (Mitsiadis et al. 1992) »
MET L HIEF TN SR e R £ PR 4EA T ME S NGF 3 &4 5 F
)5 ”frf;l % 3 B - (Berman and Hargreaves 2016, Chao 2003)

g2 £ FF (NGF) 34 g Adfetpd g Llmie f 7 foi it £E & eho
L BIFOFE TR A K2 R F]F NGF fo TrkA E e B 5 A 2 4 s it moe
P Bilded N H mie [ H e e ih T R %T'rfl_\ %Tfr'fr'r;‘»‘ 7 A %Tfr.f‘:m’?é’ s A %T'rfl_\
Brodpr 2T o 2l 28wz L F p75NTR » AR &7 & b 4L o 78w ve
® o NGF v p75NTR {4 3857 # ph 2 b4 ¥ LB F|edp 212 2 4pfe o

NGF, p75NTR, and TrkA #. 7 # Fﬁ'rj_ S iEART AR IS AT 0 NGF At R
fof v e (ol s~ 7 & St Eforsl A § ok d 0 NGF F
PEFEIEMRe P A E T M o (Mitsiadis and Pagella 2016, Nosrat et al. 1998)

14
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Vb g bR e dEd NGF $ p75 4 i 4 & B9 X AH(p75
neurotrophic receptor) (NGFR) &% » 82 7 % 3 7 4p & 734 E (Mitsiadis et al.
1992, Byers etal. 1982) ; NGF 4 i &t & &7 &R s v » £ 415 (5 17 ALY
JE F Rsfois 48 (Byers, Wheeler and Bothwell 1992) » fe £ » ¥ %7 4 3B+ 7 & BdF
fsevgd s o Al gL fiefrie 1}1;. %k it ® p oo iR A ;ﬁ‘—*{o

23 p75 X MINGF 7 & ¢ 2) = e T ELIE AR ch- 304 0 o 5
% > % %X 4| (Byers, Schatteman and Bothwell 1990, Byers et al. 1992) » I i &
ENeA eIl Wit T A s et Lo 5 40 & 7% (Byers et al. 1992,
Mitsiadis et al. 1992)

BAREF L - o FRAA KT RFFELERY X T AT fed 27
AP ¢ 5 NGF {r NGFR chd % F J& 14 (Byers et al. 1990, Luukko et al. 1996,
Mitsiadis et al. 1992) » 877 = 7 & Flhm#e fje 27 & Faf 2 fo Jle s )7
Wems ek & TR 9 AW i ﬁa}%f@;‘:ﬁmrﬂ T I T R
MAnfs g R T AF U A T * 2 B W {2 it g4 (Linde and Goldberg
1993) o # (595 fm P2 /7 4 (Ruch, Lesot and Begue-Kirn 1995)4c2) = 47k eikm 'e A
CRESE TE TE RN SULREYE B SRRl E EE S
2 1@ 42 X (Turner, Marfurt and Sattelberg 1989) -

B 4 0 NGFRAR 5 &0 ¢ & 9 kEY il SR el & 7 & 7 % (pre-
odontoblast)si| G o ¥ UER I & I P e 2T AT wme ke AE
oA GFT REPE o F o 7 AFAR e R pAF R 8 R NGF 0
Z 37 Mo U T e ol KK a4 o (Mahdee et al. 2019)

M oEime k= WRY 0 fo] BY F 4 4 E13-E18(Davies 1988) 0 A £ A B i
SEANGE * 32378 o MR R R F 0 B TA G A YR Y iR iR
o e AR ERT TP & A Y £ J-9 (Davies 1997, Lewin and Barde
1996) ° 4 » NGF 4= BDNF ¥ it ‘}5\25’ B ghR g T fofd 4 g2 & (Diamond et
al. 1987, Lindsay 1988) -

B 7 R S A RSP F o2 8 NGF 5 &30 7 ¢ ahk Bvad 7 &P o
(Byers et al. 1990, Mitsiadis et al. 1992, Naftel, Shamssoolari and Thueson 1992,
Nosrat et al. 1998, Nosrat et al. 1997)

15
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His 5383 » 8083 > NGF 4> 7 4 58 7 2 M £ £ (Byers et al.
1990, Byers et al. 1992, Mitsiadis et al. 1993, Mitsiadis et al. 1992, Naftel et al. 1994,
Naftel et al. 1992, Qian and Naftel 1996) - (Fried et al. 2000)

AERRE N T BRI E R R AR Y & )5 (Fried et al. 2000) > AT
2@ i g A KT (NG g E5 0 7 kgl g A fe 0 Fl5 § X A kA4 54 £ 7]

<

AL P AR e 7 7 kY ¢4 2L g A KL o (Matsuo et al. 2001)

4. FFmE 4 & e

4.1 CD146

CD146 (A it 146) » #- i 2 % Bawrefb'gs + (MCAM) & % 4 o &
v (MUC18) - # A #g® > CD146 3v d MCAM 2 F|%#5 - (Kuske and Johnson
1999)

MCAM ¥ 5 & Hbidt v a4 DX fA2 (5% > Rkl v a4 L hn § BN R
EAEMAFT A o FIP > MCAM A R Lk FREER A lme g RAE > f 0
# P4 wre s TR avimie {o ¥ ¥z o (Flanagan et al. 2012) = 53 P CD146
Wit E BREY Bl ¥ - [ 308 TioB k™ % 1+ o CD146+T im¥ & om &
sefsiefRimre - Rend A 3] 0 ¥ E 5 22 CD146-T ‘w2 7 F 03k ¥ - (Elshal
et al. 2007, Elshal et al. 2005)

% % B A 3 B FTEF o %7 (Mesenchymal stem cell(MSC)) % fmfe &_i= 3
i N AR G s F AR T P IE S B AR e sk gt chin e KR 0 6 S R e
el AR R L B G LI A VA hk 1t lm 2 (Covas et al. 2008)

CD146 & # Mrc4 hiwmie & o fhie o FRAF Tzl & 6 £ Wox4 i ip
FIEL o AcA- O Fliwfe pherdih £ |81 = 0ot o H 0okt 5 B3
57 CD146 € - CD146 (MCAM, Mel-CAM, S-Endo-1, A32 antigen,and MUC18) i % #&
fnrz by 3 4 B (MSCs,endothelial cells, and melanoma cells) ¥ 7 %2 &
heterotypic intercellular adhesion o CD146 % - 3 78 [l a7 fn 72 £ T E 3 40 >

X 5 = & & i (trilineage differentiation)s7sc 4 (Russell et al. 2010)
16
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5 Zd b a %ga

5.1 & %% (Nestin))

i F-v (Nestin) Z_F £ &dd i5 v & ¥ 3 eh- 48 type Vlintermediate
filament(Guerette et al. 2007) > #2753 = #f > &K 3-v (Nestin) t i 4 {o3f 78 chlm
AR e RaERRA Wt £ 242 e

¥ 39 (Nestin)F_7 %

5 A Aok 4 B4 - (Wiese et al. 2004)

ST BRAm e b oh- A e Wi Rt S BiERe A

3 39 (Nestin) & - FE A 174 5 3Ly ¥ B L kvl ‘ikfr s _B_T%Ur
B4 £ P oo B mie £ Lan? B A (intermediate filament) 30 o B2t R R
Tooar A Y ERTEEL BT A BlAc e CNS I G B frdf § i g 2
Hp R AG A SRR 5 B2 AR Nestin ¥ 39 (Nestin) £_#* & § 3 72 {8 44 e o
e B3 S H P e & o 3 AT E g S AREOwme LK
3-v (Nestin) » % 77 3 7 B 4 4 (intermediate filament) §-v @ & &2 & 4cpF H
FRAE R L s B S e R 'mPe g H o (Michalczyk and
Ziman 2005)

WY s R A4 1 2 gY F A A SN o ¢ PSR
Fl2ENRARSCLEEF DML S P B SE 0 i s A (Sl
BB BL T | A T S Al e 0 T - b0 fRY I dnte e it o

ZHPNZFEER A B d A AR o w7 Fd B gguan? PG

a2 eke

£ o 2R AF K F9 (Nestin)frdl S5~ il s g w|an? Fwie s L1858

~=\

Feed > ¥ 2 A2 ol GARLFafz mk ko B SAntodg.

(Dahlstrand, Collins and Lendahl 1992)

EFRAE G 0 & F-o (Nestin) 4 iz lmie hjov Fikicd » & firieiz
17
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2 HE s vt Ao LEMALRTRIYE P EFEEL LTSN

SMirmie R o L fErere ki - fAG vk TR E g izeie k

oo H TN R % BIAY SS40 % o (Hoffman 2007)

B 1T B Nestin 1 5 R 3725 2 ap R fmve ol ie < T ML o Nestin £.2 2 %

Bl B ph L e dhn § 4 2 R34 o (Teranishi et al. 2007)

6. H 5N 5%

TRZFIARAREA R 3 R (AdR) fratg (Cla)e- —‘FffLFa'“
Fh- Rt L0 1@_.&;‘\;5&&5@];«? MEBTRERoARRS AR
TrA-CBE e ABBRAT R AR BN Mo > eH i Fip ek T g
PRB LAz FIAA FEAT AR E 0 A F AR I T A FIRAE B )
Fro % 590% 7 kY mAREI A-OE -

7WF T B AMT A SR e § i~ 7 5 E (Dental
papilla) - 228 F A 7 FLERERI A AR SE R R T Ee B4 3 R
A BAEH AR o § AT R N A B T A hd & B
AHERARE BB > T RBIRITT AT R4 L o R 0 10
7 e~ mdp 7 AF o (Berman and Hargreaves 2016)

7. Growth associated protein(GAP-43):

GAP-43 H_wm®z 4 & 4p B F-v (Growth associated protein-43) - il ¥ & &
Woieimre B e SRR 0 28 T ol AR R A FR A
A o GAP-43 chf ¢ L3F AR R A BT FRLE K4 o {4 4 BRThE ) GAP-43 »
d FpLmie s Bl P A d o R {oR ) LR AT 0§ & FPL w2 (schwann
cell)1p B F% > GAP-43 % i & H # 5 bwm 72 o 2L = 3L w2 - (Kokten et al. 2014a)
AL ¢ E T Rk A ch 7 A BT & subodontoblast layer o S100 fr
GAPA3 ehf i £ 75 o @ i Lk ehd A fh A ¥ > JUb I GAPA3 e 7 &

18
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- TR R B A RRS ERFL e B oo

TR e A A G e o A B FA L L e R B Y > adE o g e

L2 p oI A ARAET K DR e > VR P ek L iy o
PEREATREBS N EEA o E AT &P F e £ ARG g S T kg
o R Bhfen F AL Bl G o FR e 27 A ke 7B G AR
Dl SRR R o d AR fobgd £ Qe S > A B SR B ot R K e
TR A SRR R o 3FAL e £ A4 S100 0 M RS AR I
Easn] (GFAP) » ®gifd& % 39 (MBP) > Sox10 » GAP43 fr p75NTR 32 -

AR E AT &Y > B A GRAW R AN PR R L e e
MR T AFimre oo B BRI AF/T AT R o B2 R GAP43 {r p75NTR
Ekp EEsE T KR e AR AR R A EE AL DT K
PR F T o 7 R bR A & 73 & Raschkow A S E fr 7 B¢ o LA
pooofe e R AR E A Y REE D o i e dhor T 7 B SRR
BRSO > CEFS R TR SA R AEE AT BR  BF T
Lo (T3 7 A0 - 788 o L7 P2R £ SANfoh £ ko bl o
BT - e N EE R AT BROEE S % BIRaEE o (Couve
etal. 2018) % * £-%} S100 S <4l #e RIA? SS90 B %2 1 R 3F FL 0 #2 (schwann
cel) " B s aph i 39 (GFAP) &Rk 4 L9 5 ¥ o (S. Jose Flavio A-
Bopp 2017) -

Gapd3 # - faF B ERH G R frRAF L PR d o 2 F R F T

A& R fE S B andd TN (Rosskothen-Kuhl and Illing 2014) - GAP-43 (F1 » B-50

BHEAEE) NIET AR SR AN LR o A & i 3R (T GAP-43 £
Hehp EEHY SRt 4 LB RGBS o GAP-43 10T R ik e p o
wi R S A S AR him e b ek o Bed ps CPBRL T e G £ G
TE TP APERNFTcR P HET M o (Benowitz and Routtenberg 1997)

BT ol LAY P RIVET LA AR FEAL G A K b

{5
per s
Ew

HOFETRGHE(1966) o B 0 BL R AL AIET UL S Z B

E\
vn;

N R e h E L R L kSN ) S
19

doi:10.6342/NTU201903415



Med A AP ER T p P R R o ARG TR B RS AR
ube v S Bk 0 F R G ik frime B o 2 Rd{od SR BT
el A S o M o e Ry o ¢ B Sfr B4R T (T A & g

(Aarts et al. 1998)

8. AM1-43 mechanism:

AM1-43 &g L4 G enifp A fhsetr 0 ¥ - KT T A G RAE

% FTHUER %5k 7 % % 4 (Nishikawa 2006)

AM1-43 7 ke R A4 SR AR A G~ o A Swre a2t B S A
FaL i H S A ko4 o TRPV2E i » 22 TRPVL M i » § 8430 9 ¥
AM1-43 £h3 % 3e (Nishikawa 2008) = 48 b AM1-43 hR £ 0 S ike 3t 8 [
e TSR 0 AT RRe T R A e 2 0 5 B B w 5 (1)
FRAP AT P (2) AR EDTA M2 (5 P AREIF £40 (3) ¥
k¥ g F H % (Nishikawa 2006) - 7 #7 7 € * AM1-43 & 4 - % G5
#f (Circumvallate papilla (CVP) )% H Bt ] v ’ﬁl CRBTEEGEE LR
Bt APRIA G fefrime A b CVP P gk F T {eS B 5k G
K\ Eﬁlifg(Von Ebner’s gland(VEG)) 4 £ 2535 % 4 ¢ 4= & & 1 * (Sohn et al. 2011) -
» 3 E R AM1-43dye ez B 4 A3 f¢ B (E % (endocytosis) ¢ FliE B dye
LgE ¥ ek e 3 1T% 4 (Walters etal. 2012) » f8GF 5 77 3 4 A S5y 7 4 =

g G AR S hA T AR G AR L - AR

20
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Fo% PHREBR %KD HEPH

A Ed EEET FE RSN R DI AT R o F P A

L LA

PIA et £V L8 7 R R R mve 4 AR B 1

B E P o

AA T2 P ERFTAORR T A b7 R A G A fe? thi g

P
1. FiIoR% | &7 %7 kres (P4>P8ICR /| &) 17 &4 g 4 fie
2. Fit I kgErwmre i) B9 %A BIFE (P4 PSICR /) &, P1 Wistar ~ &) A

fLa 4 e s SR M TS hd TR
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R R

1. R %420

Animal Model: ICR mice

F3 BT

AM1-43
injections

1 day after injection

P4 P8

Mandible dissection

Paraffin sections Smm

Immunofluorence stain

Bl 3- 17 & T A2 R
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2. AM1-43 > 7 38

(1)1 b A S A o

Py AR B9 % R (P4 PSICR ) &) (B 3-3)in7 il 5 2
it + &% AM1-43 i3 stcng & o AM1-43 £ 4 S enif 4 st o ¥R
BEAM SRR £4 T2 o P AML-43 R £ SR se s SE ff ¥ o0

TSR O AT R Y ® A g A e 0§ BB RS AN (1) ¥ RL

PRrFeay (2) EHETrEDTAM g2 (8 v ARBERFF L (3) ¥ L7 1
e 24k 4 (Nishikawa 2006) -

ARG FEFTAA G L I AR GRRDL G T P
B A, o #A fe PRI chE BT A 7 .
ICRmouse 14 % = X 4rk = T Hc T g T35 Img/ mLek BRI fF
FhpL T % FT -k (PBS

) FEIMARFY o HBAREAIHpREESOPBS e 1S - X ’iﬁd“fs'\

fr
) ® &1AM1-43 (Biotium > Hayward » CA » USA;2 g/ g %8

= § i*m (Nembutal; Abbot > North Chicago » IL > USA) Jirfis i 4 T ¥7E ™ ©
(FIL 3587 Anise X fod N2 hdy)

JR2 T4 (R 3-4)5 % 490 % B U BEAPBS Ak e 4C T HR9-24 ) & o
TR B RGN T R AL - RS R
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33 ] 3-4

] 3- 3ICR mouse f#2| ™ 4

Bl 3- 2 ICR mouse

(2) & M 27 5 Ag® > 5N

ABS PR P B F OSKFW L D Fank - P Sede kB 2 )
PR 5 H ¥ L00%FpF = a0 Fand - P hde kR Z )R RF ST F 2
IR | " Fe LR -d- " ¥ LT R 4 B
BTREA LR B Ao Fab - P dde kB BT R
BRI LT R B 0 - ] PF o FTRAG > BRI AR R £ 2 TEA
ﬁ:‘ °

PR BNy RUEB D R IRY o AT

FPHUR3Am o MR T RSB S BT oEERY -

M AR RHAR O RERG BRI ¢ BEP L WA BG Y
WERFPTENG AN 3 AL r 28 A BEBERT XL HEY @

Y CREL U AR e Y
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A Smre 2 o i

7 Az eie o) B7 27 res (P40 P8 ICR/) &, P1 Wistar =
B) mivig 4 v g e SAp Rk TS end R GO0 R AT B 3R e fod
EABFF A B LA e ¥ k¢ R fod SR ES ¢
1% CD146 > Nestin » Growth associated protein(GAP-43) » NGF % 7 %&'wm?s 2

I o

3. LEFRRI

DMK R R F AR B0 CHERT TR P 2 (RS
P E B 5 24 B P ) o P LI P s b » 4 enTrilogy™a ik
LR et BRI R F S BB Y 350ml Trilogy TM sha 537k (&
Bt - A P R PR (S AR ) RORA 4 E D AR E T00 ¥
Aoko R B A FREGN o HR MEH AR BT BRERENE
It P RSP Y o R £ 2 E T A S N A
TRIRA pmiz A2 RA (B> 28V A2 { - Relgh ) g &I LA
FURA e BE(A E0 ) PR ERBAEIE £ BT A R RRS
BRI P B SR RS g R E S NS ek
TH TRV G 2R BT ES o M F IR IR R o % T Ml P
FoFERESIEFER (F2FF) 0 Rpl P EEY SRy ERIRIRBR

c(RR T MRFERER AR R FRET L ERABRR A
E)o P TRBRSPELIAB(FUIRF - BRR THREFRIEFE T UL
FoBFEY LAFR T F R o) * PBS & TBS IHC iejies thrip o i figt & o
RisemH 4 o % PBS & TBS IHC ieiiess ik i Trilogy™ « SR B2 3
A B PR LS HP hTrilogy™e ¥ = = (Hihie) 44 %79 o Trilogy™w
T A EAFREARPF £ AT ¥4 4 Trilogy™ o 12 IXTBS iz = » & &1 &
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48 o AT IFRE £ ¢ 12 10% Normal goat serum % & blocking 0.5 7] FF 12 & > Bk 2 4%

B & o 4e» 12 10% Normal goat serum ff# 45 ih— st iy ik - 0 kiR £

¢ 4CIEH Btk o 10 IXTBS = =t » # T A 4b o 4e » 12 10% Normal goat

serum AR e BARARR 0 T RIRE £ ¢ B4 L B B A e g E
PR BB Ao F # k) o

1 IXPBS ez & 0 & & T A48 o 1 lug/ml DAPL 28 T i 15 A 4B

wEwE RS o 1 IXPBS iz S 0 B AT A4 e gk IR it Y

R YRR

4.

(1) 44 © 22x22mm & 24x40 HF R ¥ (5 & No.1.5; 0.17mm) ~ 76x26mm 3t
3. (silane or poly-L lysine coated) ~ #i & = ¢ (10ul ~ 200ul ~ 1000ul) ~ 1.5ml
McEHrsF - 15ml s F ~ 10ml = - pippette ~ 4+ > Fdo o~ FIRE £
Bt W BB S R R Be g %~ dp 7~ 1000ml g7 ~ 1000ml £

B BB FRGBIA FEAB P FE ke

QMR 2 :

A. 10X TBS(Cis-Bio ; D437-1L)

B. Antibody diluent: 10% Normal goat serum (100% diluted with 1X PBS)

C. Blocking buffer : 10% Normal goat serum (100% diluted with 1X PBS)

D. DAPI(Sigma)

E. Prolong Gold Antifade Reagent (Invitrogen ; P36934)

F. Paraformaldehyde Solution, 4% (w/v) in Aqueous Phosphate Buffer (Cis-bio:

D460-1L)
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G. Primary antibodies
I Nestin: Abcam, ab6142 1:20-1:200
il. CD146: Abcam, ab75769 1:250
iii. GAP43: Abcam, ab52918 1:500
iv. NGF: Abcam, ab52918 1:100
H. Secondary antibodies:
I. Alexa Fluor 647:
ii. Abcam, ab150115 1:200
iii. Abcam, ab150083 1:200

I.  Antigen retrieval buffer : Trilogy: cell marque

5. % R RkE

(1) Zeiss LSM 510 Meta :

The images of Confocal Microscopy were acquired by Zeiss LSM 510 Meta and
analyzed by LSM Image Browser software (Carl ZEISS, Jena, Germany)
(2) Carl Zeiss ZEN:

¥ 3-v (Nestin) » CD146 P & ¥ k2 d B F Ew f# 44 tbﬁ%ﬁ'%’gr} &5

¥ DR iR R
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yrg B%

AMI1-43 7 rffse i A SR A frg LA SR o A w2 B g
FUF ARSI R AAFRY NN Be 2T Y BEETR
AM1-43 fhso il g 7 sk o RiEr 7 8P o 1A A X AT ap thamg
AM1-43 HEzeepd Sgfia > ¥ i 7 8P o

B Fev (Nestin) £_7 LA g QL wre g eh- fa ¢ B 3k (intermediate
filament) » %2752 8 » K F-v (Nestin) B frif 78 chlmre + L3> AR
e M A R A £ 2 2 o & B9 (Nestin) £ & § ko Bpimte + eh- B 4R
wolmeEF e BRI A TG P B ol 2 B4 (Wiese etal 2004) o

BAFEHRD A S X 07 2 B% AT & Fv (Nestin) L& & B2
MR ET AF* e el Rl TP AR RS F B EGG L T
POEE R G 0 5.8%(F] 4-27Bl 4-4) o EAFHRT DA E AR DT P BRET K
F0 (Nestin) LB % ¢ & BN AT A= wefod Rifani=g ;| LA %
F G f & BB 7 920 0.8% (Bl 4-5~ 1 4-9) -

CD146 & _# Wrc4 ehim™ 4 & thie o FELF Fizwie & 6 4 Mot ik
EFEE o A AP A AT e X9 Y %A CD146 7 a¢ jra
PR e e bl g Lt LR RS F R e TN R F
teng ff & BB 7 P G A 5 4.7%(F 4-107F) 4-14) 0 A FH Y A5 F A
X h7 p P g%k Ao CD146 7 " pte P A bt e Sach i B p L b
RAREF e 7] LA F BB DG 8 B 7 2P & 4 5 4.1% (B 4-
15~ ] 4-20) -

wre h 4 K 49 B 39 Growth associated protein-43(GAP-43)il i #* & F el
e R B E o FEF T AL A EARY R EAFRfeA L o e
N4 EAPR Fv GAP-43 chif & AF AdhR X H T FELA £ 4 (nerve growth
cone) o 1A EFw X ehT p? LRET A EARM 3v 43 (GAP-43) B9 T £

(dental follicle) ® B E_d. & 4 ¢ & B [2(B 4-21~B 4-25) - 214 (5% ~ % end ip

PR A LM kv 43 (GAP-43) %7 %27 % (dental follicle) % & » 7 "2
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e T P LAE LS F R o (B 4-26™ ] 4-30)
FERNALEF e I F AT NS T A ERART R o S REAT
Lo & 3 (Nestin) s w X fog A X RN E T A e frd R iz g o

9 P 45ﬁ@%wmmﬁgﬁ@eummmﬁwwaﬂi@%w%

o«

Ls—”

.

-~

sn

% AR 464 ) A B xe

|
-Shl
3
|
o
3
=
M
(dm
At
l o~

PN

T

B

-
¢
‘E-"»

Xy ‘F"”ﬁ FFhwfe B AT P o St e B ¥ FIp L e P
TP AKERE FREEORFEERT P e 0 EN A SR X fed)
A% ARG AP BL B o 4 54 £ 4 (Nerve growth cone)(d 2 & Ap B 3
v (GAP-43){zs) A di 2 {6 % X pF A7 %27 % (dental follicle) #F » A 414 {4 % ~
= “$ 77 %7 % (dental follicle) #t = ¥ £ 7 " Fp3R{r 7 ) BT o () 4-1)

CD146 17 Positive control (e L& ¥ £ 4 ¢ H 4 £ 557 g7 e § P A Jm
"z ([ 4-20) - fmPz p 4 K 4B B 3-9 Growth associated protein-43(GAP-43)

Positive control e d. & ¥ £ 4 & F 4 04 557 %7 71 Raschkow plexus(B] 4-31)

Nestin

GAP-43
Nerve

B 4- 1 Nestin ~ CD146 ~ GAP-43 ~ Nerve 71P4 fr P8 \* # ]
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FIf it

1. AM1-43 F sl e Fioe i

AM1-43 ¥ U fRe R B4 SR AfoR B4 G o A G me b E M A
FA A RS Ef F i) o TRPV2 i > 2L TRPVL i 3 > 5 B4 7 &gP
AM1-43 e Sk HE3e o (Nishikawa 2008)

EAFEY A e X7 ¢ %R T AR AM1-43 e SR A
ok KB~ T RER o A SN AT R b j‘;fijé AM1-43 & 25 chfd gk i o
LA AN & A

#3:}7;4‘:2';‘5#;1:",’ 25230 RY 0 5 -Jrs 2 R ARET Yot
EEAGSREY P gikie A Wl ke N2 %5 X A HOM T o
AM1-43 e cnd @i  Fo Fi8 > T8EP > ¥ 0 Fn F - SRR A
FREERT T AT e ko AT o b Y R T BEY MR R
TRE A e G FEI T ATk BT AT AT

(Nishikawa 2007)

2. 3% 39 (Nestin)* BB e F oz i

% Hv (Nestin) & g £ Al 5 b A dwie g eh— f& ¢ B Sk (intermediate
filament) » & 327535 Hp » K 3o (Nestin) B {rsf7m chimie + LR > L R
e SR A R A £ 22 e

¥ 39 (Nestin) &t 5 k% Spimre + ch- B d iz me g} &B ik i
T3 A fofd 2 EA o (Wiese et al. 2004)

~

EAFHRY N4 e A fon X enT 2P BT L B9 (Nestin) L& F M
TR T A flwefod RFnizg o

BHpAT o 2852 2 hE &> ¢ &4 (stratum intermedium) sm
e N H e RN A LR R T j\gjﬁwg; Hp4e? 7 LK 39 (Nestin) o 4
I RA7 A o (CLAMY #5ha 7 A FTame s b7 208 7 2 F
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fnve F Y ML B F B o ¢ R (stratum imermedium) E_d £ FE 0 @

y 4

LR 2 ¢ T L

-~

v

2 8§ v (Nestin) A (5 8130 9 kgad 7 AR
e oo B s B A &K B9 (Nestin) i 7 A Finre 2 H RAe 5 JE T B
W7 AR RSUR B

BUARsT BT 0 ] Braen? &% (E13) ¢ 0 i F-9 (Nestin)F % &
iwﬁm’?%ﬁﬂ s P R RITILA R B 5 18 R(E14) 0 K B9 AR kehp 3R

I.“l "ﬁ\ o %}W 9L, 445 Jv L—L? ;}Lgﬁﬂjq\.ﬁﬁ‘]/ﬁ/ﬁx,\ﬁ‘]{’]‘ ’92}_}%5, v —’}; é’ui-’i);@

e E15 > & $-v (Nestin) 2 320 0 F BH FEF fomB bk o ki
BB LISB A BT TN RALEF B T Y L d BA
BiTph 7 A (IDE) e ¥ G RIFIP B AR % (27 AFwree k)
fep 7 F A IDE L%%}*@LFQF o b VA el Ks §_K Fv [E o
BoowE PR (E18) Mo 7 f o ¢ B R {7 RO P BT e AL
F st o st BIAET BRI L B OLEF Bl BT ks frAn
S BENEL R LI BT Y R e
At 7 %y
e A PR Al 4 1A% 33 5 K v (Nestin)d EHF AT AH mre 5 ¢ B R
Slfrs 7 A lmre k> G EBED - &7 X 0 ¢ B Sl wefrafl meias &
o AAEF RIEM o S e i & Y H I o A E A4 P developing
fissures » ¥ 3 ¢ A & (stratum imermedium)&g 7t & 3-v (Nestin) & & &3 ©
MAREIT X TR K Fd (Nestin) 285 o 29 AR WX T A
R PR W I AFAOEBER o T AFH w3 - TR
frauk g2 R > 7 i A Sl o $ K B0 (Nestin) LB F 5 1514 -
BE 12X fo¥ 28 % 0 9 AR e il G piE TR R edm e K K B

v (Nestin) £ & F &5 1+ o
Kp55B AR EART2FHDT & 2T AFiov PR &
#v9 (Nestin) & % & &% 1+ - (Terling et al. 1995)
5 F-v (Nestin) g £ fedd 5+ A fwre 4 M- f& 7 F Sk (intermediate

filament) » %2 5525 S Hp g 5 K F-d (Nestin) B frii 7o chime F LI 0 = R
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e SR ARET £ 22 e
Nestin £ & % 4 % Spim? + ch B4 d e me 5 & BiEedant 5 B
foit 2 B4 o (Wiese et al. 2004)

EAFs o MA s Ao X 07 P L% AT Nestin LB F bt

NPT AFwefed RFaizg o
RpFmgdpd > W2 8% = 2 hx &> &7 K (stratum intermedium)hm

¥ 5 A e IR L E T ﬂK?ﬁj@msia; HR4e? ¥ L Nestin o 4t # 3| =
57 AEFE o (CLAM Y £7)cha 7 A Fwmrebgr It 7 29 hd 7 &b 4
T MR K Rl o P B K (stratum imermedium) E_A A B 0 @ 2 e E_
Pedt o M4 155 = % enk B> Nestin 4 F 5230 7 e 7 A e oo 3

4 i BT Nestin s 7 & Fimee 2 8 kA 7 RERE W T T A R LA

3. CD146 %% F BH P F oy :

CD146 ¥ % hrc4 chimie £ 6 e o FRLF Fizim®e £ 5 £ Morcd chik
10 FIEL 5 Ade chfF Fiw i thenb R & ) SRR = 0ok ot H S0k $hd
#i g 77 CD146 & - CD146 (MCAM, Mel-CAM, S-Endo-1, A32 antigen,and MUC18)
b fmre + ¢ 3 4 IR(MSCs,endothelial cells, and melanoma cells) ¥ 7 %2 &
heterotypic intercellular adhesion o CD146 ff-if 3 78 e B iF ‘w2 4 L& H 4
® 3 = k& i (trilineage differentiation) 735t 4 (Russell et al. 2010) °

AFEY 4 s T fens x 7 2P &% Aot CD146 7 727 &P /Hf(n_sﬁ
fR e fod et B )AL e LB F BIEE .

AT 47 4 CD146 £ A e fo i chfkse 1 (Kokten et al. 2014b) -

R ime ied (D146 td 7 A Tl i foin Fui ¥ R o AR LI B
B F wre {3z d~ STRO-1 fr CD146 (» i x f Hhicd ) Hirn g i d - RS
LTEM T XA T ELE F A E STRO-L chdwm?e (B F Lol Fizlwefhied )
CD146 (] A ‘m#s fo Fitim®e hiodr ) fo P75 (4 S5 ukis fm*e iz 4+ ) o STRO-
1 4- CD146 #=2ip x ? 412 - CD146+ A F zm%e %Y LiE P75 1 & A7
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BEfor 2o - FRAP A TEE G A AR OF Fiziere /40 e (L
Xiao 2017)

4. 3 L ApM 35 43 (GAP-43) L EF BB P foi= g

GAP-43 § e 4 K AR 39 o WEEF & ’%f”iﬁ_fr' o Re 28 ¥ ie oh 1 L
FR > 282857 fcl 4 ER? g EAFEfos L - GAP-43 (4 ¢ LF pghR

4w % (B 12-14)7 %2P S5 k7 4 EAphl 3v 43 (GAP-43)

7 dental follicle *t Bl A_% % & JEIE 1 o 314 18~ X (B 8-11)c07 2P 5% &

T2 EAPR 39 43 (GAP-43) A7 & FINEALEF BRI o

RHEF LI P GAP-A3 Lt 7 2 - 7R AR AR A7 WP L
# %5 # (Raschkow plexus)#h % ® # ﬁrﬁﬁ‘l e IR o

T AT - BEE S hd > 7 HER L 4 5 # (Raschkow
plexus)enh X ¥+ GAP-43 £ 3 3 R F Mt e R I mdhR 0 SiF-
RiEch 7 A ore K i&~ F K7 » F (reactionary dentin matrix) - F] i GAP-43

3GATY £ A R TS G 400 GAP-43 Y i 7 Mgk ¢ i

FPEEBIEAL o Bt A EAPH 3y 43 (GAP-43) chi id i - B 5 ¥

1254~ (Couve and Kittler 2014) -

A0 mER A LM 0 43(GAP-43)E B2 CD34 o ¢ AP B > -

PR A AN B e H P - a3 7 A % 11T (Kuchler-Bopp et al. 2017)
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-

$2 % 8%

BAFHY N2 s 7 Y BRETRAML-A3 Hie i AT
b AEr 7 BEY o Nestin A F BB AR T A iwie frd RjF iz
¥ o CD146 7 %27 B&¥ fa B N AL e e it ek BN L e EA R F
Bl o 4 L 4pk 39 43 (GAP-43) 7 % (dentalfollicle)*t Bl & &% F R o
MA g~ BT PN hgRg AML-43 fRieendd Sk > T e g T ARY o
Nestin # % F IR 7 A Fiwmefrd Rffi=y o CD146 t7 "2
7 REY ek F P L e e a e B R L et ELAF Bt e 2 R AP H R
v 43 (GAP-43) %7 2% FEINE A A F I o
KLY R HREE T IED T S
E%w X I %N X aned 7 REEDA SRR T B A iR

-

- EANRAST AT fod Rl o 4 - EF iR DL AT AP

|

AEA RAPd TR IR o T ORRlER e o S 7 R

AR A RS PR o 2T RN R A g TR A iR o
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¥ ARFEL e

AR 3w
14504 5o T dghime B 3§ w51 PB4
2. wadi{ % PERFELAAE 3-9 (Nestin) » CD146 ¢ % & 4p B 3-9 (GAP-43)% ¢

B EE L - K FR
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P4 Nestin

Bl 4- 2 P4 Nestin
EAFHRD? N A e 257 2 % AT Nestin LA F BHBEIREST A

e e RAPOEE LR F R L EB T 25.8% o

B] 4- 3 P4 Nestin
BAF Y I 4 ENV SRS e ) é%%ﬁ“ﬁ‘ Nestin & F BIFEEI R AT j\?{?
,f‘:m’?é"'frﬁ }tﬁ@ il o B K R ﬁ% £ ff_’f?ﬁ 7 82 :115.8% o
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P4 Nestin control

B 4- 4 P4 Nestin control

b d AFwmiefed RIFizy o

8] 4- 5 P8 Nestin

BAR &Y ML H AR T SRR Nestin LA F BB IR AST AR

lmrefrd R

BRGeni=® 5 LARF H e ff & k7 250.8% -
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B] 4- 6 P8 Nestin(1)

®] 4- 7 P8 Nestin(2)
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B] 4- 8 P8 Nestin(3)
B 4-6,7,8 HAFH? 145~ 57 P 25T Nestin Ak F BREMEIIR

A7 Ao RF i LR F B EGR i KB 250.8% -

P8 Nestin control

] 4- 9 P8 Nestin control
BARSY DA% 2T Y %A Nestin PG LAF BB EIR
b9 Aol RPing o
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P4 CD146

Bl 4- 10 P4 CD146
A N4 be 2 hT e SR B CD146 BT 5T REY Mok § P A e
fo9 sk e P A e AR F BB o LB F e L BT ah

4.7% °

®] 4- 11 P4 CD146(1)
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] 4- 12 P4 CD146(2)

[ 4- 13 P4 CD146(3)
Bl 4-11,12,13: A F % ® N4 8w X 07 av S5 ko7 CD146 &7 "2 7 %%° ik
nEp R e fed e g L A LR F B LR BB RS f

tOECE T e 4.7% o
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P4 CD146 control

Bl 4- 14 P4 CD146 control

BARHRY NA e X7 Y Bk AT SR Y CD146 &7 27 ALY Mra F N
RS LV RV . B Sl R R S A A

P8 CD146

] 4- 15 P8 CD146

EAREKY A AT e B AT CD146 7 2T REY Mo P A e
fr 7 serh e F 0 A

e E AEF B REF BB e f 4 FEB T e
4.1% -
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Bl 4- 16 P8 CD146(1)

®] 4- 17 P8 CD146(2)
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[l 4- 18 P8 CD146(3)
B 4-16,17,18: A F ¥ I A s~ X 7 P B % AT CD146 &7 "2 7 k&P Mt
N mre e e BN L e R R F BB o LR F BB e

§ ER T re4.1% ©

P8 CD146 control

¥ 4- 19 P8 CD146 Control
BAF Y DA AR T % AT $ R e CD146 &7 2T P Mok F p

Rsmreded p et B L e LR F RIS o
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CD146 positive control:
blood vessels in human pulp

B] 4- 20 CD146 positive control: blood vessels in human pulp

EAF &Y SR CD146 &7 ALY M B P R e AL AR BB .

P4 GAP-43

] 4- 21 P4 GAP-43

DA tsw x en7 pe % Ao A

g7 4 £ARR 3v 43 (GAP-43) t7 2% Bl L AL AF
TelsE e
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] 4- 22 P4 GAP-43(1)

Bl 4- 23 P4 GAP-43(2)
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] 4- 24 P4 GAP-43(3)

Bl 4222324 14 thw % ch9 529 SR EEA 4 EAph 30 43 (GAP-43) 47
E_}L_% E{é’u}i; },@IF%'H—.O

P4 GAP-43 control

] 4- 25 P4 GAP-43 Control

A s X7 Y SRET A EAPM 30 43 (GAP-43) ¥R e AT 2% A
é’uﬂl)ﬁxﬁ },@;Fé\-‘]\i_°
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P8 GAP 43

8] 4- 26 P8 GAP-43

T

12 2%
viw

FEFrT P AR F BB

ANXhY Y BT A EAPM 30 43 (GAP-43) 7 r % [l 0 7

B 4- 27 P8 GAP-43(1)
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[ 4- 28 P8 GAP-43(2)

] 4- 29 P8 GAP-43(3)
B 4-27,2829 :1 4 {6 ~ X T sa® BA AT 4 L AP kv 43 (GAP-43) #7 fr
B 7 I ) AR F R .

49

doi:10.6342/NTU201903415



P8 GAP 43 control

[ 4- 30 P8 GAP-43 Control

T

A AT T Y SRS EAPM R0 43 (GAP-43) ¥R E AT 2 o

7 i AT A LR RE o

vTﬁ“%

GAP-43 Positive control:
human pulp Raschkow plexus

] 4- 31 GAP-43 Positive Control: human pulp Raschkow plexus

wre N 4 £ 4p B F-9 Growth associated protein-43(GAP-43) ¢ Positive control

¥ RALd H LA g7 8P 0 Raschkow plexus(] 4-31)
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