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0 0O The involvement of Neurotrophin-4/5 (NT-4/5)
in the Regeneration of Periodontal Ruffini Endings
following transection of the Inferior Alveolar Nerve.
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O Background and Purposel]

O Our recent study revealed brain-derived
neurotrophic factor (BDNF), a ligand for TrkB, plays
crucial roles in the regeneration of the periodontal
Ruffini endings, and suggest the involvement of other
neurotrophins such as neurotrophin-4/50 NT-4/50
in their regeneration (Harada et al., 2003). However,
the role of NT-4/5 in their regeneration remains
unclear. The present study was undertaken to
examine the regeneration process of the periodontal
Ruffini endings in the NT-4/5-homozygous mice by
immunohistochemistry and quantitative analysis,
compared to the wild type mice.

O Materials and methodsO

O The inferior alveolar nerve was cut in both types
mice according to a report by Harada et al. Control
groups without any operation and Sham animals with
operation but without nerve injury were also used
in this study. Frozen sections including mandibles
were processed for immunohistochemistry for protein
gene product 95 (PGP 95). The chronological neural
density was calculated with a computer-assisted image
analyzer.

O ResultsO

O The regeneration of the periodontal Ru ffini endings
delayed in the NT-4/5-homozygous mice compared
to the wild type mice. There were significance
differences in neural density between homozygous
and wild-type mice at each postoperative day. The
reduction rate drastically decreased between PO3 and
7d, and showed a plateau between PO10 and PO21d.
Although the periodontal Ruffini endings showed
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irregular outlines in the homozygous mice after
completion of the regeneration, the homozygous mice
exhibited smooth contour, indicating that they were
immature Ruffini endings.

O ConclusionO

O A depletion of NT-4/5 gene induced a delay in
regeneration of the periodontal Ruffini endings.
Combined with previous and present quantitative
analysis, NT-4/5 is involved in the early stage of the
regeneration process. Probably, the regeneration
process of the periodontal Ruffini endings is controlled
by the stage-specific multiple neurotrophins.

0000000000000 FOXP3+TOOOOOO
goobgogo

'‘0op0000o000o0o0ooon
0oooo00ooo0oooooooong
‘0J00000000000D00000
‘000000000000000000O0D00On
‘0000O00ogoo

00000 'WMoO00D ‘00000 '0oooo o
000000000 'moooo

oooo
uboobOoooooboooboooooTOoOoOOoao
goboooboooooobooooobOOoOooboooan
0000000000000 CD4tCcD2s+000
TOOODODDOOO FOXP3D O OO CD4t+CD25 +
ooo0oTOOOOODODOODODOOOOOOOOaO
oooocoooocoooboocooooooooooao
O0DO0O0OO0OFOXP3+TOOOODOODDODOODOO
oobooooooooobooboooboooobooboooan
FOXP3+CD4*tCD25+ TOOUDOOODOOODOO
000000000 Ccb4atcD2s+t000 TOOOO
ooooogno

ooooooooo

0000000000000000 FOXP3+TOOO
00000000000000 Cb4+tCcD25+ TOO
000 CD4*tCD25- TOUOOOODOOOOOOOO
oooooboooboooboooboboooDbOooo
gbooooooRT-PCROUODOOOOOODOODOOONO
000000CD4tCD25- TOOO CD4+CD25+ T
00000 FOXP3t TOOODOOODDOOODDOOD
CDh3/CD280 0000000 CDb4tCD25- TOOOO
0000 ¢H-thymidineOOOODOOOOOOOOOO
ooboooooooono eusAbDOoOOoOooOOg
ooooooooon

00000000 FOXP3+ TOOODOOODOOOOD

0 CD4*+CD25+ TOOODOOOOOFOXPZOODO
cbooooooobooooobooobooooooo
cobOO00o0000rOXP3OOOOOOODOOOO
cboooboooooooobobooooOoooOooon
0O CD4*tCD25- TOODOODOOODDOOOODOODO
cobobooooooboooooooooow-oooboon
coooocooooooooocoooocoooooco T
coooooooboooooooooooooooboooon
cobooooooobboOoooroOXP3OOOO TOO
cooobooooboooooboooooooooooboooon
FOXp3OOOOOoOOOOOOOoOoODOOO TOODO
cooobooooooooobooboooooono

O O Porphyromonas gingivalis lipopolysaccharide O O
godddooooog IRAK-MODODODODOO

‘00D000000Do0ooog
000000000 0000000000
‘J00000000000000 DODOOOOO0O
‘Doooooooog

00000 'WOoooDo 'ooooo 'ooooo

oooo

0000000000040 Porphyromonas gingivalis
0P gingival/sOO O O lipopolysaccharided LPSO DO OO
OO000Q0Od Escherichia colidE. coi00000O0O0O0O
gdooooOoOoOoOoOoOQO0OO0OO0ODOOUOUOUObOoOoo
00000000 0oO0oooooOooooooooo
ggboboobobooouoobobobobobooo
gboboboboobooooobuobooboooo
O000PR gingivalis LPSOODOOOOODOOOOOO
TLR signaling negative regulator 000000000
Jooooooooooooobboboobboooooo
goooooo

goooooooo

O Myelomonocytic cell line, THP-OO PMAOOOO
00480000000000DOOO0OODOOODOOO
00000000000 P gingivalis, Actinobacillus
actinomycetemcomitans, E. coi 000000 LPSODO
po/mO00000000000O0OO0OODOOODOO
00000 TLR negative regulator 0 mRNA O O OO
goooooooooooo

goooooooo

OF gingivalis LPSOOO0OOOOOOOOOOO
O mRNAOOOOOOOOOOOO E coli LPSOO
000000000000 0ooUooUooDooooon
OO0 IRAK-MOOOOODODOOOODOOSOCS-100
O SHIPO TLR signalingd 00 00OOOOOOO

01080



Ooooao 109

O0O0O0ooggep gingivalis LPS 00000000
goooooooboooooooboooooooace
gingivalis LPSO IRAK-MOOOO0O0O0O000000O0
gooobobooooooobooooobooooboooan
gboboooocooooooooobooooooDooDnon
IRAK-MOOOOCOODODOOOOOOooooOoOooo
oobooooooooooon

gooooooboooosNpOOOOOODOOO
oooood

g
go0oooOoOo0o00oooooo0o0oooooooboo
*000000000000000000
»O0O00OO0Oo0ooOoOoooobooOoOoooboooboOooooo
gobooobobooo*>ooooo=poooo~=pooobo
gooooooboooboooooboobooboooboooo
gbooobooobooboooooooooboooobo ==

oooo
gobooooooLpOOOOoonoOoOoOoooOoOonDn
gobooobooooooocoobooooocooono
gobooobooooooocooboOoooocOoooo
gobooobooooooocoOobOocOoooboocOooona
gobooooooooooOooo@mooooooooon
uoboooooooooboocoobooooooa
goooocooon
boboooooooooocoobooooocoooo
u“gooobooomoogooLPObOOOOOOO
b 3200000009 000000000000A0
gbobooooooooooooobooooboooooo
gboboooooooooo DNADOOOOOODO
oobooooooooooooboooobooooono
0000000 14000000000000000°®
O SNPOOOOMMOODOOODOOMDOOOODO
goboooooooooooobooooooooDo
pO0000O0O00DOOOO0ODOOOOD

oooo

OTNFRIIO+5870 T/ 0000000 GOHOOOO
OOp=004870GOOOOOO0O0OOODOpP=0.0268
gooog.71730950 CI 1.0995-6.71510 000000
O001gG Foy RINIbONAOOOOODONA2O00000O
oobOO0O0O00p=01001 000000 .60860 950 CI
09106-284130 0000 MOOO0DOOOOOOOOOO
gobO0100000000000000O0000D0C
gooo
OTNFRIIO+5870T/GO0 0D O00O0OO0O0OO0OO
TNFo O0O0OO0O0OO0O0O0O0O0O0O0O0O0O00SLEDO
gbobooooooooooooobooooboooooo

OOOCOOOOOOOOTNFRNIO+5870T/GOOOLP
cboobooobooooOoooboooboooboooo
g

cooooooboocoobooo

‘0000000 000000
‘000000000000000 00000000000

00000 'WOo0oD '0o00o0oo 'ooooo?

coooooobooooobooooooooooboooon
cooboooobooboobobooooboooooo
ooobi1bo00ooooooon
ooooooi1soo00oon
oooooooooooobooon
ooooooooooooooono
ooobooo0o1o12000000000D0000O0
obooooobb120b00000000D0O0000DO
cooooooboooobooooooooooooon
coooooo

COoOoOoO0O0oOoo0o0OooO 15cem, OO 45KgOO OO
oooo
cooooooboooobooOommOOOO0OOOCOO0O
cooooooboocooboooo
coooooobooboooooooooOooOoooboboooon
coooooobooooooomoooooooooon
coooooooooobooooo

OO XooOooooooboooooooooooooo
coooooooo

cooooooboooboono
cooobooooobbooobooooooomoboooon
ooboi1wsoooooooobobobooobooboon
oobDoOoboOoooooooooobboooDO0dmm
ooooboooooboboooooooooooooboboooon
ooooooooobooooooooooooobbooon
oooooooboooooooooobooooooboooon
ooooooooooooooooooOoooboobooon
ooooao

ooo
coooooobooooboooooooOooooOooon
cobooooodobobobooobooboboooooon
coooboooobooooboooooooOooobooboOooon
coooooobooboooooooooOooOoooboboooon
coooooobooooooooooOooOooobooboooon
cooooooboooooooooooOoooboooon
coooooooboooooooooooooobooboooon
cobOobooooooooobooboboobooooon
cooooooboooooooooooooooboooon

01090



110 0000000osea 100 2006

goboooooooooooobocoooooooan
gobooobooooooooobooooooooo
gobooobooooooooooooooooon

000000000000000000 ,000000
0ooooooo
O
000000000000 D?000000000
0000000000000 o
goooo*'ooooag?

pgbddddoooooooooooooboboboobooo
oo ooooobooboooboon
pgobdddddooooooooooooboboobobo
goddddooooooooooooobobooboon
godddddoooooooooooooboooboon
godddddoooooooooooobooobooo
goddddoooooooooooooboooboon
0oooo0ooooooooooooooooooog
oooooooooood
ooo0oUd400U0ooU0oooouoooooooog
00oo0ooooooooooooooooooooogg
000o0o00o0o0o0ooooooooooooooogo
O00O0O0OHS000 100000 0oooouoooog
goo000dOobOOOntransport segment0 00000
O00O00O0O0OAlveo-Wider®f0 OODOODODOODODO
0oooo0ooooooooooooooooooogg
distraction screw 0 00 0O Oscrew O segmentd 0O
goboooboobooboggd screwdl dooogn
OO00O0Osegmentd 0000000 oonooooon
gopoooooosmm/day 0000000 O0OOoOO
0o00D0d0o0120 190 plated 00O O0O0OODOO
pgodddddooooooooooooboboboboo
0000000 Oprovisional restration 00 000000
gdoOooes00Oo0o000o00oonoDooooooooon
ogoooooosliit4onoooodogoooooogad
goddddooooooooooooobooooon
000017000 B8O IvsOooooooooood
Alveo-Wider®* 000 0D0D0DDDDODODDOOOO 2200
000o0o00o0ooooooooooooooooogg
o00o0o0o0ooooo0ilo0bDOoUOooOoUOOooDooOOd
oo
o0ooo0ooooooooooooooooooogg
000o0o00o0ooooooooooooooooogo
ooooo0ooooooooooooooooooog
ooooo

coboooobooooobooooooooobooooon
googoooo

ooobooobo obooooobo oboobooooooo
goboooO0o0o ooooO0o0oo0o coooooooox
gobooooooooboooooooooboooooooon
ooooooobooooooooocooo*xwbooOoo

ooooooo

gobooboobboobooboobobooboo
gobooboobbooboobooobooboo
019200000000 b00obooooboooog
gooobbbobbboboooooooooooooon
gobooboobbooboobbooobooboo
gobooboobbooboobboobobooboo
gobooboobbooboobbooobooboo
gobooboobobooboobbooobooboo
gobooboobobooboobobooobooboo
gbooooooboboboboboooooogobo
gbooboooooooogo

oooo

00001992000 20040 120000000000
t014000b00boooobobobooboooboon
cooooooboooooboooooooOoooboOooon
cooooooboooooooooooooobooboOooon
coooooobooooooooooOooooobooboooon
coooooooboobocooboooobooooobooooo

oooo

obob0oooooobDuobOobU0114100 251000
b0 200000000000000000000O0
gooooboos2000b0obooooboooog
gooo19ooboboodoooouoououogoogg
200000b0000bDDbbOOoUOOobODbDbOoOOO
oopossouoooooooooooboogo20000n
O000000000obOOobO0obOobobooOoob 4200
gboooobgoooboosogbgbooonbgso
oobooboobbooboomboonbo 4400
goooobobbbboboooooooooooobogg
gobobooooooobgbobobobooos20dn
gboboooooooo4a0b00oooo

oooo

cooooooboooobooooooOooOooobooboOooon
coooooobooooooooooOooOooobooboOooon
coooooobooooooooOooOooOooobooboOooon
cooooooobooooooooooOoooooboooon
cooooooboooooooooooooooboooon
coobooooboooboboooobooooo

01100



Ooooao 111

gobooooboooooooooooooooooon
O

O
'!00D0000000D00000O0D0ODO0O00OOOoOO
00000000000 %000000 000000
‘0000000D0000000D0 000000 0DPREIKO KAZKI
00000000000 00000°%000000 0
goooo00°®0o00o®0oooo®oooong®

gogod
goboooobooboobboobooboboobd
goboooobooboobbooboobboobd
gogboooobooboobbooboobboobd
gobooomoooobooooooooooooooDo
gogoooobooboobbooboobbooobdg
gobooooOogoobzo0i0OoOoDOoOoOooDOoOooDO
godddoooooobobbobboouooooooo
goboooobooboobboobooboboobdg
gboboboboooooobooboboboboooo
gooogo

gogo
gzo0igoogpozeoe00booooooonogoog
gdooooooooooooooowsoooooo
gbobobobooooooobooboboboobooo
goboobobogossbgonoooooobogoooo
gooogo

gooboooo

gooe 00O OoOoOoboOoOooobooooboooysn
oo re00000OO0O0OD0DI0O0D0ODODOOOOO
goboooobooboobbooboobboobd
gossgmoooboobio@moooooooooDn
gogboooobooboobbooboobboobd
gboboboooooooovoDObOOOObOObOOO
gogoooobooboobbooboobbooobdg
gogboooobooboobbooboobobooobdg
goooboobooboboobssobogogsonon
goboooobooboobbooboobbooobg
gobooooobbbboooooogoszggobooo
gbobobobooooooooon
gobobobobooooobooobooboboboooo
gooboboboooooooobooboboboooo
goboboboboooooobooboboboooo
gobobobobooooooobooboboboooo
goobobobooooog

ooooobooooooboooboooooan

poooooooooo
goooooboboooboooooooboobooobo
goooooboobooboooo

coooooobooooboooooooooobooboooon
cooooooooooooo
cobOO00o0ooooocoObOO0OooOooi19s30g 1000
206000000 2000000000000000
cobOoooooooobooooboo sbocoooogon
cobooooooobooooooobooboboooooon
coooooobooobooboooooboooboooong
le0000000o00oDOoO0O0obOOoO2000000
oobooobobowooo3eboooooogooogn
O0010000000D0e64000000D0O0OOO
ooooooomoooboooooooooogooon
oooooooooboooooooooooooboboooon
coooooobooooboooobooooooooon
coboooooooooooooboobOobooooon
coooboodoobooooboooooooOooooOooon
cooobooooboooooooobooooooboboOooon
coooooobooooboooooooOoooboOooon
cooobobooboobooOobocobocoobocooooooon
coOooobooboooobooooOoOoobocboOoOoon1200
coooooooooooono
cooooooboooooooooooooobooboooon
coobooooobooooboooobooooo

iobobooooobbobboooooooooboon
00 19800 ,1988 0 ,1996 0 200400000

ooooo0ooooo0o0ooO0oo0obD oooo0ooo0oo ooooooo,
ooooooooooboooooo

oooo
cooooooooooooooooeenoanoan
cooobooooboooobooooooooooooon
O0o00oooO0o0o0oooo“ooo0o0'oooon
cbooobooooOobOooobooobooocoboOooo
coobooooboooobooooooooooboOooon
cooooooboooobooocooobo2s00000on
coobooooooooooooooOooOooobooboooon
coooooobooooooooooOooooobooboOooon
oooo

oooo
ooOoobooi1eso001988 0019960 020040000000
O120000000000000000000,8400

01110



112 0000000osea 100 2006

goboooboooooooooboooooooon
gobooobooooooooboooooooogoooon
goboooooooooooobooooooooo
boboobomoooooocooooooooobooo
goboooooooobooboooboooo

ooooooooo
goboooooooooocoOoboocOoooocOoooo
goboooooooooocoobocOoooboocooono
boboooooooooocooboooobooooono
gobooooooooooocoobocoooboocoooa
gbobooooooooooooobooooboooooo
ugboboooooooooooooboooooooono
gboboooooooooooooboooobooooono
gobooooooooooooboooobooooono
od

i110000000boooubooboo

Joo0ooooDo0ooobOo0oDooOooooOoon
0000o00oooooooo

gooo
gobooobooooooocoOobOocOoooboocOooona
uobooobooooooocoOoboocOoooocoooo
oboooobooooooocooboOooobocOooono
obobooobooooooocooboOooobooOooono
boboooooooooocoobooooocoooo
gboboooobooooooocooboooobooooona
ub Xoboooooooooooobooooooo
oobooooooooooon

ooooooooo
oobooooooOoooooooboDbOooogezy
oboboooobooooboooooooDbOoOonb 1440
gbogosoboobotbesbDOOOoOoOonDOoDOOOO
goooooooboboooboobooboooooDoDo
obooooooobOobooDbOoooOo Xooooo
goboooooooooooobooooooooan
gobooobooooooooobooooooooo
goboooboooooooooboooooooon
gbobooobooooooocoobocoooocooono
gobooobooooooocooboOoooocOoooo
0000000000000 00 MarkerOOOO O
bobooobooooooocooboosBAPOODOO
O MarkerOOOOOODOOOOOOOOOONDOO
oobooomuNTXODOOooooooooooooo
gooobooooobooooboooboooo .o
uboooooooboooo:-oooobooboooon
gbooobo:cobo:oboboooobooos-BaArPOO

OuUNTXOOOOOOOoOoooooooooooo
ooooogooo

CoooOooooo0ooboood s-BAPOOO U-NTX
coooooobooooboooooooOoooboOooon
0O 000 S-BAP: 3 O 0.2020p<0.05I0 U-NTX: 3 O 0.1790
p<00StD 0000000 OO0O0OO0O0OO0000000O0
coooooobooooooooooboooooooooon
OOoOOOO MarkerOOOODOOOOOOOODOOO
cooooooboooooooooooooobooboooon
cooooooooooooboboooobooono

120 00000000DO00000O0000000

0000000000000 D000D00OoOoOooO
‘00000000 00000O0O0Doooooo
00000 'mooooD'ooooo g

oooo
coooooobooooboooooooooobooon
cooobooooboooobooooooooooooon
coooodoobooooooooboooooobooOooon
coooboodooboooooooooooooooOooon
coooooobooooboooooooOoooboOoon
cooooooboooooooooooooobooboOooon
cooooooboooooooooooooobooboOooon
coboooooobOobobooOooOoobOoboooooon
coooooobooooooooooooooboobooon
coobooooboooooooooooooooboooon
cooooooooooon

oooo
cooobooooobooooooooooooooboboooon
ObhOob01u100b000D0Db0O0DbO024+ 36000
oooooooboooooooooooooobboooon
Oo000ooooosd wt/veld 150 wt/volD OO DO OO
ooboobOOo0obDOoooOo0oooooooooboooog
ooooogopooeobobooOospnooooooooon
cooooooobooooboooobooooooooo

ooooood
cobooboooooooooooooooooogd
coooooobooooboooooooOoooboOooon
coooboodooboooooooooooooooOooon
cooooooboooobooooooOooOooooboOooon
coooboooooobooOooboOobOOobOobOooooon
coooooobooooooooooOooooobooboooon
cbhOoooosobOOoooOoOooOobOOoobObobOOoboO
coooooobooooooooooooooboooon
cooobooooboooooooooooooooboooon
cooooooooooon

01120



Ooooao 113

13000oooooan

00000000000 "™oDoooDooooooooog ™
00000 'Woooo®mooon o
o000 *0ooo0o o

gogoo
gobobobobooooooboobobobobooo
gobobobobooooooboobobobobooo
gooboboboooooouoboobobobobooo
goboooobooboobboobooboboobd
goboooobooboobbooboobboobd
gogboooobooboobbooboobboobd
gooooooooobobbobobbbbboboooon
gogoooobooboobbooboobbooobdg
gogboooobooboobbooboobobooobd
godbooooboobooboboon

good
gooobobooobesooooboboboooboboo

gboboooooboboboboboooooogobo
gbobooooobobobobobooooooooDo
gbobooooobooboboboboooooogoo
goobbbbooobbo0oo0o0do0oouogg
ooobooboooon
goooooo

gbobooooobooboboboboooooogooo
gboboooooboobobobobooooogoo
gbooboooooboobobobobooooogoo
gobooboobboobooboobobooboo
gobooboobboobooboobobooboo
gobooboobboobooboboobobooboo
gobooboobbooboobooobooboo
gobooboobbooboobooobobooboo
gobooboobobooboobbooobooboo
gboboooomooboooooobobobomo
gobooboobobooboobobooobooboo
gobooboobobooboobobooobooboo
gboooooooobobooboo

01130



