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Cytological background of evolution of enamel structure
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The aim of this work is to clarify the developmental mechanisms of the enamel structures
(histogenesis) on the phylogeny, which is realized by the cytological and the histological background.
On the animal evolution, the tooth developmental mechanism is essentially to analyze for to clarify
the calcification, because the tooth enamel composed of about 95% over inorganic matrix, and the
tooth morphology is based on the calcification.

On the enamel evolution, Hunter-Schreger band develops from a simple island patter to complex
patterns with every species has own individuality. The enamel prism arrangement and course also
evolve from a simple to complex types along with the phylogeny. These prism courses in Schreger
bands are classified into 5 types (two of convergence and three of divergence)by 150 species of fossil
and recent animal enamels. This phenomenon suggests the enamel structures are formed by the
grouping ameloblast and the cell mobility. The author proposes the mobility, as the hypothesis of
ameloblast ‘Grouping and Dancing’. These mobilities are prove by the tooth development and the
immunohistochemistry on next points; 1) The correlation between the ameloblasts and the enamel
crystals (calcification), 2) The direct relationship between the ameloblast and the enamel structure, 3)
The origin and development of Ameloblast ‘Grouping and Dancing’, 4)Is there Ameloblast ‘Grouping
and Dancing’.

1) Calcification. The enamel crystal seeds and develops in enamelins, which forms the nano-tube
(Nano-space theory). The tube arranges almost perpendicular against the cell membrane of Tomes
process with the affinity. Thus the crystal orientation is decided. The organic matrix of enamel is
dissolved and the crystal growing space increases and regulates the crystal form.

2) Relationship between ameloblasts and enamel structures. It is observed both the enamel and
the ameloblast as double layer in the thick (about 50 or more)and almost tangential sections against
the enamel and the ameloblast. Each ameloblast group corresponds to a zone of Schreger bands on
the developing enamel. Those grouped ameloblasts is a part of clusters of the enamel organ from the
outer enamel epithelium to the ameloblast. It suggests the whole enamel organ harmonically moves
with ‘Grouping and Dancing’.

3) The development of ‘Grouping and Dancing’. The initial group arises in the early developing
inner enamel epithelium. The stratum intermedium cells develop on these mass of the inner enamel
epithelium cell (ameloblasts) and connects to the outer enamel epithelium cell groups through newly
developed enamel cords. These show the group is associated with other cells of whole enamel organ,
which has the harmonical mobility with ‘Grouping and Dancing’.
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4) ‘Grouping and Dancing’. The anti-actin reaction is clearly provides the ameloblast groups
which corresponds to zone of Schreger bands. Some cell masses have no-reaction against the anti-
actin. The anti-actin reaction cell groups differents from anti-Keratin reacted cell groups on the
enamel organ. There are also no reacted cell groups against the keratin. These suggest the keratin
and the actin alternately and rhythmically changes the reaction in the enamel organ. Tubulin reacts
all ameloblast layer avoid of some ameloblasts and Tomes processes. This also suggests the
ameloblast plays the periodical and rhythmical secretion. Desmoplakin reaction shows from the
stratum intermedium side of the ameloblast layer to the outer enamel epithelium. It shows these
areas softly fixes from the enamel organ mobility.

It is concludes that the ameloblast have ‘Grouping and Dancing’ to form enamel structure, under
rhythmical moves and functions of whole enamel organ along with the development of tooth germ.
‘Grouping and Dancing’ is associated with the grouping to form cell masses of which swelling
movement of dancing to form the Hunter-Schreger bands, and the torsional movement of the
ameloblast and Tomes process forms the spiral enamel prism. The torsional movement always
changes the size, the direction and the form of Tomes processes and develops the changeable enamel
prisms.

This phenomenon shows the whole enamel organ moves rhythmically along with the tooth
development. Under those mobility of the enamel organ, which separates many groups from the
outer enamel epithelium to the ameloblast, the ‘group’ forms the band of Hunter-Schreger by the
swelling movement of ‘Dancing’. The distal part of ameloblast and its Tomes process show the
“Torsion’ movement changing the size and the form, which results the spiral course and various
form of the enamel prism, because the area from outer enamel epithelium to the basal side of
ameloblast is softly fixed by the desmosome. The author proposes these mobility calls Ameloblast
‘Grouping and Dancing’.
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a: The relationship between the enamel prism and the ameloblast.

The crystallites of the enamel prism and the interprismatic enamel dependents to the secretion and absorption cell membrane

of Tomes process.

b : The crystal orientation on the typical keyhole pattern of human enamel prism, modified from Meckel, A.H. and Griebstein, W.J.
(1965) .The crystal orientation gradually changes from the enamel prism (body) to the inter prismatic enamel (tail). The body

depends to the secretion surface of Tomes process.

A : ameloblast, T: Tomes process, | : interprismatic enamel, P : enamel prism, S : prism sheath

Fig.2 Schema of crystal growth

The enamel crystal grows from the dot structure (a)to the polygon rod pattern (e).
a. The precursor of enamel crystal arises in the enamelin tube as the dot structure.

. The plate-like crystal.
. The Hexagonal rod crystal.

® QO O T

(modified from Kozawa et al., 2004)

Fig.3 Amphibian enamel
a. The perikymata of amphibia Xenopus laevis.

. The precursor ions accumulate and grow to the ribbon-like amorphous crystal, which fuses to each other.

. The mature crystal forms hexagonal rod crystals, which fuses and increases the size to form the irregular rod pattern.

b . The incremental lines, the crystal unit and the fissure of Xenopus enamel by SEM.

c . The crystal unit and the fissure of Xenopus enamel by TEM.

(Chisaka, 2004)
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D, A OMIZEETTH 225, T OHPOE
TRAEFMDO Y 2 L= Ve 5555k %)
WThb, 7y beEYREOS L, TF AN
BERZAL LoD —F &k o TRIT SRR
(Decussation type) %R

@ F ANPMMEOETH, (ZF 2V FHOREE)
®#! Dancing) (Fig.6b)

% DLF ANVEOEITRI Y 2L =T VLD
BFRIERD &) BN END., Y2 b =T V5
WX, BEWEE & MR A SRR S D . T A V/ME
(T AOVHMINE) (5 & U OBl <I3E
H2SE L <, HEWrEIEE) & A3 .

LA (Convergence type) ©: 4 X7z & (AR
D%L) T, HHEMBET 55 A /M T
THh, ZLwv. FHOBERL, BEodh
VB DL F AV ANEDTRF T B

A (Divergence type) © WFLIH, & < ITHIW
BEOFREZ ETIE, 5 A0/ME (=5 AV3EH
fa) (e S M A B &, MW A L) kB &%

T5., TRIZEZo0MAH 5.

a. HHIM 0 72 E X F )V A Desmostylus W28 FE
XNLAREFAOMTH Y, FovF A VEN
ZELLSTFREME Y2 V= VLD %
BEY) > Tz X/ (o AOVEERINE) (3R E)
T4, OO0 F AME (F A OVIERING)
3E) & OFER AR ITHEWMT 2R L, B & 258
LWIFICHRAT 2 BT 5. Al 2 b= g
F o ROV O IR 2 8) & 02 EIZ L 5 T
TERENS.

b. AHHIE (Irregular type) : V' (& &HH)
Lk, a5 BALEEIS . ) A
WNEE (2 XOVEEMI) 3B S WL VIR E
WL E L DRLTY 2 L= VEEEK
3505 W ORY, HEIABHNZ,ETH
5.

LR S SR O = F 2OV O FEE D E ) & B

T LoD ERONL 5.

a) AEESCANEZ ETIIMEF AVE 2D
25, AL L 72WFLE IS E L 2 ) =+ X vk
$i & e HMHIA D Y, MHENMEZFANVE L %
5.

b) MIETF ANVEDITF AV/PEZTF A VHIE DS
WET 5T F AIVHEFREIIEL 7 5 & SR aIcE
s 5.

c) YAl = NVEIIWELF AIVEDOI &£ IZTF A
WMEOSER E LTHET 2 (B,

d) BROY 2 V=7 VERESY EERILKICE
%) bRk AR R T L) IS S R,

Fig.4 Reptilian crystal unit
a. The crystal unit of Phytosausurs and the crystal orientation.
b. The crystal unit of Mosasaurus and the crystal orientation.

c. Three types of the ameloblasts running course in the reptilian enamel ; grouping and dancing. The pattern of ameloblast dancing
calcifies into three, A : cross over the fissure, and transverses to other crystal unit, B : run in a crystal unit, and C : cross over

the fissure and return.
A : ameloblast, DEJ : dentino-enamel junction
(a, b: Torii, 1998, ¢ : Kozawa, 2003)

Fig.5 The crystal unit and fissure on Alligator mississippiensis enamel

a. Enamel prisms (arrow) are observed here and there.

b. The crystal arrangement suddenly changes at the fissures (gaps, arrow) ,which is the border of crystal unit by SEM.

c. The crystal unit is bordered by the fissure (arrow) by TEM.
D : dentine (Kozawa et al., 1999)

Fig.6 The phylogeny and patterns of enamel structures
a. The evolution of the Schreger patterns.

b. The running pattern of enamel prisms. 1 shows three types of convergence patterns. 2 shows regular and irregular of divergence
pattern. The stripes mean the dia- and para zone of Schreger bands.

DEJ : dentino-enamel junction, A : ameloblast
c. The phylogeny of enamel structures.
(a, b: Kozawa, 2003, ¢ : Kozawa, 2006)



e) BIROF FHMICHEALT E25 4 T H 2 (BHE
) (54757 L%%).
f) HiEHWD Y 2L —7FVEGAKPRTER NS
SFIROEIZ/RTZ EDNL V. T F AIVENREL
HETHEHWTITLVIEETH S,
g) BRBEIIAES7ZIMAY) FOY 2 L= VNS
Uy,
h) BEHEP Y <HITZ F A VENE TIIARB IR,
AMICIIAREINCE D B
1) Yal—NEIETF AVENEL 25125 VE
TEOWMPELD.

2l ZEA XN TIZERD SR E ) AR
HY, TFANVEEBCTRY ZF ML RS,
i) TFANVEDRIC L AL, RS2 S
5. ZTLTHOEMIZ, BEFNICTF AVEERE
WCHHL, = F 2 VEERICER. 2F DI E I
ERAMICHNL Z LA RLTWAS.
k) BHHEIZT v b, v XTI B 22D Mo FkE
TR M S R 2 R T
1) =T F A VAR, K Mmook, RAth

(Torsional motion) 7 EDEALLDH 5.

(5) T AN/MHEOBEEL WEE, K&, K&

Hl, 7E4T) (Fig.6e)

O TF A VPEOREF

a. FhOORH (BELIRELH) 127 —F Bl 2w LK
Ml A5~V x 273, YYEVE), filko
7o (—EAATE) THAEKSum < 5VAE v,
ERECRBE Y EDON I R EIZLRO 5
N, TV VORIIYTD EZHHD/MME
BE OMEMZFAVE) &b,

b. FATECHNS 2 DIZ T AP O T F A )V /R:
T, EE2-3um, MY EOFEBEICHYIZS
W, MER T AOVEIZET R TS X OVNMED#L
PPLT—-TIIREET .

c. RXEFNIEERM2 - 4um TEEEHICHATH
5. AERIF AVEIZTF X VNEO R A HLD
5.

d. AHEWEINIFERH 4 2ETHEHZ Lum 55
THWL8umIZ%R52E3H 5. HEDOIF X
WANEDR D 5 DOH/MMEM = F A VETH
L. MIEZF ANVER Y 2 L= VEN VY
2%\, DES R TH 5.

MO =5 2 VN D 540 O ELHI R F A BLs %
FTHIEDNH L. HEDIA R T F X IV /NEDE
HOEAICED3DTHL. Z0RODIDEHI %
BEHIAS LB e L7 2 7R 9 DIE T F A VE
OHEHETH ) ORI EBNS 2 &8

%\ (Boyde, 1965).
@ TFRAVPMEOKREE, BERS], Ya2lL—7L
5D L OB,

a. BHET/MNIAE3I I Z2a  UToIF X L/h
BEHLTPICSTFREMCHBE R Y 2L =7
SOEWEIZLVRTH Y, FATRAT 5.

b. iz ANV/MEZEREICE L, fiTko
I EMC Y2 L= N ERIZE W,

c. MK, MME FFr<~Vr 7 I#, Ledl
) O FANPMEIIEEELR EIC£ L, WKHETHE
W RO Y 2 L — IV SITE N,

d. KRNI F A VDS Z O ET R, MM
Bz A VEIFTF A VK LCiEIFshon
LEEFMER DL, FEHUIMERLIELD
B, FNEGRERESNE, A< v 2 VRORBE
IF A VEO RN 4 CRBATS 528, AT
DOYGE W THFIZHINS.

e. TFANVEDORMELIZARBETF ANV
EOREDIFIZMIE, KA (6—7um) XXM
/AL (1-2um) &7 0, TF XANVEORMIZ
FITTEEIZ T 2OV MERESI L, TF A V/ME
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5.
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IF ANVFMBORE S &2 L7253 % n
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KW TIIRSIEE D S 2V 5L A%60 — 70um 12

b, WAEOERBHEOIF AVFEMEOKSI1Z7-8
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%k Figbe DML 2 5.
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DY a b= VEEEWIF X VE, B R IERE
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HEOEYWTIEI NI OBEZ ST H WD
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v, ORI Ao (BREEO )
DOFEFFREL V) REFETH L. HFHRVL



FMEAIC Z OFEDIELHLD TTAEAF IV
ZADEMHHEE B THA .

(6) TF A VEAMAE LD S OIRE (Fig7)

(D~B)DHENPSRKD LI AT ST &
O =F AVIFANLEE IR S EREEEZ D

(Rhythm).
@ T AVIFEHRLERN, il S 0ERE LoD

T F ANVE %M T % (Torsional motion).

@ T F ANVIFEHNLZESEZIES (Grouping) .

@ TFAVEMBEINV-TTEHET D
(Dancing) .

® MO L % 2R IE T F A VEHRRISEOW

W (mF A VEORE) ZBh, - A VEEERIC

WHT 5.

IF ANVFHEIERE R->THORD L) LE X %
L LCTIRE LD Osborn (1968 ; 1970) TH
B, WiE, PLFOoTF ANVEENELTIF AL/
HEOEMET O ZKTETK 22 ) HIF, ZORE
ERELDOTH L. Kind ZIZFBOKIRIEL
TWwa. D% )T F AVIFEMBLIRRNC S L EGIRET
L ZFNZFNOBEXEZRLOOIF ANVE R TS D
Thb. TNEAWHTE7-0DI21F—2I121FF A V3
MO EEEZF ANVED Y 2 L—IVEh—5T 5
Z &, TFAVEMRRFEAEICB O TS ES LED)
THIED2MEWLNIITLLENRD L. FFIIL
I @ Rhythm, Torsional motion,Grouping & Dancing
% % &£ ¥ T ‘Grouping and Dancing’ &R Z &2 L
Tw5 (Kozawa et al., 1999).

3) T AOVE LR & ALRRSE AR
(1) 7=0xF A VEM#EIEAIT A S Grouping and

Dancing D2

MEHNE I ¥ ¥ v ¥ =7 = (Alligator mississippiensis)
L XA A A~ (Caiman crocodilus) &\ 7z, 3
FOFF10% KNV~ ViEi (PHT.4Y) ¥ BREE )
WZCHEE L7z D H10% FEeBX L1412k, Bkl
TRNT 74 AMLEY, A bFIY Y- 2F T
HYeth il L 7 BUR 2 U A B CBigt LAz,
WEEHORE 2% 7V =T VT ¥ (PH7.0%
IV OVIRRERNR) &V CREIER EDTA IS THIKL,
FRAT TR RIK, T RF UBREHE L CBETR
EOLNBELEDOTHS.

T =D F AVEIEE T F AVAIED D B HTEE
AT AVETHY, 22T F AVFEMBO
Grouping and Dancing 2338 51125 % & 9 225 [H &
ThA.

I A VB D A.mississippiensis 3 & O C.
crocodillus DH M T F A IVEMARIE 2 BI%T 5
&, TFAVERKIZIL I LD KR REE SRS
BORMO A2 IZRET L2 E000F 5 (Kozawa
etal, 1999 ; 2001a) (Figs8a b). BiRIZkHF LT
FAVEMARE L (Fig8c) T X WVHE KK
B BERESNAIICZ: 5 L, #5I3IERE >
F Y T AOVIFHIIL O T 2 S EN S [ 20 > TR ITTE
EALYS 225, 4 OfEs 43 L b BHANWES] Tk
2w (Figsd).

IFANVEDHLREEL 55 L, T AVEBK
MIEN A —7T&ME, JERE—FHT5. Zhidid
B ARPER R O] U9 A OV IEHIE A% b 2 [ % 72
WTAHZLERTLDTHS. 2F 0, D —ERMR
EFLFVOHLER GERHA) &%) EROBER
IZBW TS OBM PRI LT 52488 L 1 5.
T AV O LR &S HEAIZIZIEFIN L Tw 5
25, BT L EEOME RSB I NS b Tlds
v, 2R Clllnb H5 (Figse).

CHITRSEA S D 5 RBIEDHES (Grouping) @
IF ANVHEMPIZ L o TR END I, =F 2 VF
FRE S EHBHICEH 28, 2F VIHTRLZT
FANFHIBD 3 74 TOBHEDOWEENZ/R LTV
borEZOLNL. LL, INTRELATHTH
0, TF ANNED &9 AR IS T B HEEA R »
WAL FAVEOZF X VHFEMBOG)E,
Grouping and Dancing = T4 IZREH T A 7201213 &
LIZT— 9 2 BRLLEDND 5.

(2)  Grouping and Dancing ® 5k B L "= F X VY

T3 & MR - AR B 72 BILR

IF A VEHIRRGEE O TEREA I TR NS 2 e KD
[EEIT TS ANVEDEE (B b ORARTIEAI6%H
MFED) ICAIKILL TW B ETH 5. Wz Fges
LI IR 2 B de g il e 53, Bl 2 mrsed
BMAIIENIR L TR E 2 BB L 2 iE R 6 %
WV, FDHRALF A NVETRMEE R RO,
MERE A R 5 LA DERT B s X9
720, KBNS EICHEEZ S . Zhchiille
LAVTCUE, FEBUK OREAR % #8032 Hiffr 2 iF 8 L ¢
APz ) 7355 ENTELY, TNFETOMRL
NOVORFEIE, MamT A % 51X, WAL & WAL %
B AICHIZE L, WH#EMAAE) 2T HHEE L
VI E B TW R,

I F A VE O T F AOVIERNE & T AV /MED IS
AR 2 D)= F 2 VEOFIKALEE#E CRE L 72 <,
T TOWFE (Wakita and Kobayashi, 1983) T
FIFFEL SN TETVBR EEZ LNAD, MRFEL X






VDY 2 L—=rVEEENEIKT 5 MBEROEE
BRSO FEA 7 STV, Rid Iz )
ATWVBDIFTIERWA, JEEDFKL72HEIES LW
$’iof%éﬁﬁ@ﬁ%k%ﬁ%@%*%%%?%
TENRTEL, FHESLVwEVI BEKIE, =F A0
B, B, A M, CREBE SRR S v ) REEE
DAHMMDELZHICNNTHE T um & W) RS THE
M, $%Ehewv, LrrdBtrFE5oRE SOy
EREEDHDLHAMCLZWR W) BRTH 5. B
ETIEZ D L) LREARZIERTE 280 F A0

A HVELZVIRRTH S, ZOBEORFKERZLTIC
W5,
() ﬁﬂ

AWFFEIZIE A~ By o 1 & 2 FEO MR %
w7z,

FIBk okt

FIpki2 & T 2 VB ORI, 2K, BRm oRf
B2 572 FAXYEY FR—Z TR T
L, 0.5%HCI T30y F > 27 L7z KikL, iz
BESE Aum AL, JLBEE SEM TEIg L 7.

wEEE 1 (Fig9)

AIKALHT D 2 D A4 > B FIdisile 2 vz (b
B, 1978). 2 ORAHIE S H2.5cm THWAL = F 2 v
L&@%%K;émﬁ@%ﬁﬁ%ﬁ%%O.cmﬁﬁ

=kt s (Kozawa, 2001b; Yokota, 2006),
AR OH A S HE 3 AR g SN2 DTDH
5. HlEIE S um OEFYIRICL, A FEFTY Lo
T4 Yy (HE) mEgfar~y vy I— FF—4
% it L7z,

BERE 2 (Fig.10)

R E 8cm, HE 5cm DI3DIKFEZFHFOA ~ F
V' FR IR O KRB R TH 5. WHODIE X134
50um, "NV hFI) vt T vERBINIZYR
Thb., BRHA»SE 2 KEKEHEE IS ([ir e
al, 1949 ; Tasumi, 1964). BRMEOBHIE, FOHI11O
AT TS ANVE, BFE»AIKILL Tz 123%H
DEHIIFEFEO R AR L, 138 HIiZHKALH T
otz

@ TF ANVEDOHED S O Grouping and Dancing
I> SiWQF i

WREETH KPR & SRR S OV T T L 35\~ T8l
BILL, Yalb =7 IVFIEWNETIEAHIE 28,
rh~#L Tl R BRI KRNI B L3 5 & & D5k
RTE % (Figl). HHMBmM T, Y2 b -7 V5
FTF ANVRFEE L TR F A VMEDHZ B X,
AHMEKEZLRORBRE LS., TF 2 VEHREIC
GAHEY AL =T NVEIZIDABANIZR 555, JHET
FHHAN 2 AFEOWIROME 2 b, = F A VHEDOEKE
g A Y NEOREIZ LTI E R S,
EORE®ESEN S, = F 2 )V IEMNL O Grouping
and Dancing I&, /NSRBI E LTHE, Y2l —
FVEOWEEZENT LD LHETE S, IS
AVEFBIE  TIEIRDO = F A VIMER IR % &
AT F AOVEFMIE ARSI LB < b o L e
Ehb.

@ Grouping and Dancing ®5+t & 1
T F A VERE, IS F AV B ASKEH L TR
(AL L 5) oEEZRT (Figd). BARHEEIX16

Fig.7 The Hypothesis of ameloblast ‘Grouping and Dancing’

The ameloblast forms groups and it's motion of the dancing develops Schreger bands. The torsional motion forms spiral rotation
of enamel prisms. The Tomes process changes rhythmical the shape, resulting always changes the shape of enamel prism size

and form.

A: ameloblast, S : grouped enamel prism, Schreger band, P : enamel prism

Fig.8 Development of alligator crystal unit

a. Initial crystal units deposit on the dentine surface as the island form (arrow).

b. The crystallites arrange irregular in the initial crystal unit.

c. The crystal unit develops in various sizes. The fissure (arrow)borders crystal units.
d. The enamel surface shows slightly smooth at the later developed stage.

e. The fissure (arrow) independents to the boundary of ameloblasts.

(b : Kozawa et al., 2001a, ¢ : Kozawa et al., 1999)

Fig.9 Sample 1 of Indian elephant molar tooth germ
a. A sagittal section has about 16 of lamella like structures.

b. A horizontal section shows the lamella arises as the digital like forms.

¢. 3-D reconstruction of Sample 1.
M : medial, D : distal (a, ¢: Yokota, 2006)
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MHY, HEIFAREZRTIDOTHS. TF ANEITE
R E PR 2O TH 255, WHOBDE (T
W) Tl hERSIET, HE (B TiEkabasEA
TWh. WAz 20 LR O E3Tidse
RS, MDIBALIE T T TSN o g
WRE L, FRRMEBEZRORETH 5.

AL DEAR DS < DR FLIEMNIE AN =+ A v
BETICBWTHOSMICERLILZER T 5 (Figl2
a). WO TR R TTOHNTF 2 v Rl
fald—F & % o CTRHIT 525, HLow L o»i3EE
DL DEkA RN & % D OMERT 2 RT Z L 25580
SN5. WAFHIOMIEZ OFEBTIIHATE 2
720, AL LHRT L0 LEES NS, KK
ORI BT, HIAOE) BV %23 5N T
AV ER I 4G oM b R R AR L 7245
GraT. THUTERIEY R T X ) RICHEI NS
(Fig.12b).

LD & Y A I TR, PR ERAR
&Y, TFAVRENPTF AUVEEOFICHBIL,
BTHZF ANV ERIGET AL FANKERD., TF
AVEEOKNE D F 72 EBE L &k & LCTi% 2 T
fiiE, mys 5 (Figl2b).

VLR, Ao 4R b kLB oM ILBIL, X

N F 2V EEERMEL T, PRRE, =) A8
EHEDSILR L, mRIIdAb T AV B~
ANV EROERILE 2L EERLTVD. Hakk
EEDOTFANVFHEDO 7N —TIFTF ANRIZL-
THZF ANV PR EEEEL, T F A NdRe LT
EBoTVBILERTLDOTH D, ZOHENLHG
ERAEZIRENC, Lo RiFLBEFICHF T2 b0
EHEESINS, ZOHLICE o THREE T ANV
7% Grouping and Dancing I[CF5- 956 2 & 450 L
Loz,

@ T F AOVEMEE LB OEEN 2R R 2

FODRAKALFEL TIX, W F AV EEOERH
S L IR L, TFANVERZALTHTF AL
ERFEFTRHETO VTV (Figl3). IoTxTF AL
IR 1 & R O R IREY H 5 2 &
MiEE I NS (Figl3DPHA).

Z D &S AL 0> T AV SR 0> R &
BT % & AV A K& SOFEIRD
HELE Lo TERIT S (Figld). ThiTFZRAK
{LDOBITH 2 DA IR L 7238 = F 2 VE D BIRD
I A VPHEORS E—F L Tw5b (Figls). 2D
Be A & R kk 0 IREE D /L % Boyde (1969) &, HIK

Fig.10 Sample 2 of Indian molar tooth germ (Yokota, 2006)

Fig.11 Ground surface of Indian molar enamel
a. Sagittal surface
b. Horizontal surface
c. Tangential surface
(Right side is the dentine)

Fig.12 Development of ‘Grouping’ in Sample 1

a. Clusters (arrow) of the dental papilla cells are observed just under the inner enamel epithelium.
b. Stratum intermedium cells accumulate on the groups of inner enamel epithelium cells (arrow heads).
P : dental papilla, | : inner enamel epithelium, O : outer enamel epithelium

(a: Yokota, 2006)

Fig.13 The groups of inner enamel epithelium cells relates to the outer enamel epithelium through the enamel cord and stratum
intermedium cells. A square shows a cluster of stratum intermedium cells and the enamel cord closely relates with the inner

enamel epithelium (ameloblast) .

P : dental papilla, | : inner enamel epithelium, O : outer enamel epithelium

Fig.14 The arrangement of inner enamel epithelium cells (ameloblasts) shows the swirling shape similar to the enamel prisms in

Schreger band (Fig.15).

Fig.15 Tangential surface of the Indian molar enamel

The swirling of enamel prisms in the inner enamel layer of Sample 2 (Yokota, 2006)

Fig.16 Relationship between the groups of ameloblast(enamel organ)and Schreger bands

It is possible to observe both the enamel (E) and the enamel organ (ameloblast, A)of double layers (arrow zone)in a specimen,
because it is almost tangential against the enamel and the ameloblast about 50 or more thick section.
a. Ameloblasts (A) and enamel organ cells (the stratum intermedium and the outer enamel epithelium) forms clusters on the

developing enamel (arrow).

b. Each of Schreger band in the enamel (E) pores into a group of the arranged enamel prisms (arrow, Double zone) ,which is also
the aggregation of Tomes processes of ameloblasts (A)in a part of clustered cells in the enamel organ. Thus, the group of
ameloblast (enamel organ) corresponds to the Schreger band to each other is proven with observations in this section.

E : enamel, A: ameloblast



PO F AIVERMCTER IS I — 2 AZERO /NG
DI EPSHEE L T 5D, LB Grouping ® & Tl
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L, MHEEAEACOX ) B SIS LTWwE Ik
ERTHDTHA.
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P, yalb—=r iz F 2 VEBO#E & o
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Dancing E$5 2 L Z/RLTWA,

(3)  SeEAlRkAL2412 X 5 Grouping and Dancing® 7.3k
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%R 1 7 A, AREL. 2kg DIIK (Canis familiaris)
3P (HARFRFHRAHEMmHEEZR S KR
5 B ECA—-02-0004%) %\, T—7 VWA
Wetz, v 75 — VOB TICBNT, 4%/3%7
ANVLATIVFE FEER (0.1M Y ¥ EEEE#, pH
7.4) X DHEREEEIT 720D TH 5. HEHR
EIpRpiE 2l L, FEERICT 4 CT—MkEE %
i L, 10%EDTA-2Na {5 (pH7.4, 4 C) TH 3 »
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(1:2004 B, Neo Markers Inc., CA, USA), mouse
monoclonal antibody tubulin ab-4 (Clones DM1A +
DM1B) (1 :1004 B, Neo Markers Inc., CA, USA),
mouse monoclonal antibody Desmoplakinl & 2 (ready
to use, PROGEN Biotechnik GmbH, Heidelberg,
Germany) % H\, XU FITC FEakdt < 7 A
An77a7)y - FERY 7 u—Fuhifk (5
3 YA A= RS, W) AW £
72, Pl keratin ifk & o “HEY B X OPL actin HLik
X HEPEMICIEFactn CHEEWICKEAE T 5
rodamine-labeled phalloidin (1 :2004 X, Molecular
Probes Inc., OR, USA) % H v, W5 Fr 12 CT6043 KL
%, PBS Tk, WALZ.

Btka v bo—nicid, LE2romillikE cEED
TR, BEtEa Y ba— i — KPR D 2 Y I
PR RIGE 2 W7z, Eotk, SOLBMEE (PROVIS
AX80, OLYMPUS #f, Hni) T#i%:, BHMEH T
Z )V CCD # A5 ¥ A5 A (ORCA-ER-SET, -k



k=7 AR EH, dR) 2V T L.

@ HRLHE

Valb—=Ar NVl F A NVFMOERD 5K

T 7 F G AOVEEHMBE LRI BURT % 72 0E
WIEEARTIZMIL DT MH D BREES B, TF A L3
DOMERIT 12 B THED I 2 7z = A VIEHIL O
TOF U EBETLEKRTFFROERPED LN DS
(Figl7a). 4 X OHE T F A VEOMAIW % ¥ 2
L =% )V4 (Figl7b) g L TR Miiltkix 4 %
WS, FRTHISDITY 2 L= VS0 HERIEYIE
BERLTWD. ZOABHIMEEZZ S A VEORERE~
B (AR Y 2 L =7 Vo) o
IFANFEMBTHEIEICLDEHETESL., L
L, TF A NVFEHMBO—FIET 7 F > OIS E5 \»
2, RO LN (Figl7e).

L A VHMNB ORI OFEE > S KE~DELE ¥ 2
L= V5 D—3

IF AN BTN 5 &, REEERA, S
FRE L FTOFIEEZIEHR L T b T F A Vi)
—HLTHETAZ L2 TE % (Figl8a). 77 F v
Z ZOETHST 5 LRFH TS 52 REO T+
A NVHFHNEOEHA DT 4 ICRO N DA THD. Z
NHBFFIZEL 25 ERRKRTFOERME LD, S HIC
ERECICRED LIV hEG LD, ZOREIR
ST F ANVED Y 2 L —VEDRED S FFAD
Z2ibE L —3¥ % (Figs.18b, ¢).

S F ) T A VEMERSE BT AV AT
FREL, EHOEDS R SKTFIHOERFIANS
LIV T T NEEALT B, T D%A4LiL, Stephan
and Rensberger (1995), Stefen (1997) 2 & - TH
LR ENTVAINA ZFDOZFANVEDY 2 L=
W&k =BT 5720, £ AFORMELEZOND.

77 F Y ORTED LM ER D&, FHEIE, F—2A
2255k & o BfR

T F ORI A VERAERICBETIER L,
BB L W& D 0 5 s, MRS L 7%
WAL DY, P AEERNGLEVWERNDH S
(Figs.16a, ¢, 19). HE #efa CHI%Z 3 % L BER AT
SCHEERE R L7 MIIEGR SO bk nwizd
T2 F OIS ERIC X > TELT A DL
2bNns (Fig20). P—AAEROT 7 F ¥ Kt lx
MR F P KIS 5 b 0 & b s 8/h 5
Lok, LDV D EIZnIs. ThET 7 F
SRR & IR, SIS L TwA T L E

RTHDTHA9 (Figs.l17,19).

7T F Y ORFEOREE L RO E N — A ZBED
JERE LMo B, MlEE O, JH

7 IF Y ORIBIEEE (ZF A VEENRD B KT
1) A AV ERICRAES 2%, MEAER T R
VERIEHIEE ) T F A VD DA F AV B
BT ANVIEMBARMEEZ AL TR 2D Lt
Bz 2 viaetk (&) CRDsN5 (Figl9
a). M—LARAROEEIIAE RN AEE R L
THHICEAT 5. I F A V/NMEORITEIEZRE &
BEHNCIZIZ—%3 5. 2F0, ¥IF X OEHO—D
12, TFRANVEHDIVE, b— LA ARROEE ETM
JADIAEFRR BT WA D EE L b5,

ST 5T V1A E R ORI 7 &Ry
AEDHEA TR WHFIIZIS T2 DOTHY, T
ANERDT T F VI LB IO E T DL S TH
5. 2FEVZDrIF R, BEMET LY, HHHE
BEZRLPRHNOD MR ERT S, Lw)dbo
ThHs9. HLETFOTF XVEEITOH L LR
DOUEERD L TH S, TNENPETEFREHE
LT 2D EZLND.

T F v ETTF Y DRAEDE &M EERE O
BRI e 5 &, TF A VMK, HRE, 4
I AV ERITHIA E G T 5. AhT 2V ER
LG EN L FTE L ) ZF AV gh bR T 5
(Fig.19).

HE #4012 & o T F A VB OERNIHN %2 Blgg3 5
&, MHEEMBATEN %2 2 U CHAEN I & I2KFE
ANHEWEVWORYZLTws (Fig20). 0%
MR F 2V EEOEBEME —~HTLb0E Lknd
DEDVHD., DF Y ITF A NEHPITF AN EEPS
IF A VHEMLE T RE %o TEMZ K LERd
HIZ LR ESHLIERETDH H. Wakita er al.
(1990) AT N2 MG L2053 LA RS o 7
LDTH5D.
rSFUETIFVECEROTLE, TIOFUN
Btk e MR & & 5 F > DRtk &R, WEh
IREET 28215 (Figl9e). #hF 2V EiE
MM LS EICT 9 F e 2 -3/l i ¢
Hb. TNIT 7 F U BHROERZRTHDOTH S
% olE, BEIDeVHlE (75 B &8
Ml (7275 Bt L2952 L 2mRd. W
EVRETHZ R T 7F v e 5F UM E
16352 E2mRY. ThbbLEMHIELD L &
L INC






FRAETT X v OREEP ST F AV LR E TOM
Ha#z% (Fig.21)

FAET T F T ANV E O Z X A
oA HAbEF XV ERICE ARA L S UBAENLTW»
A, Zhud T AOVEERITL o i R A o M 2 S
Mg, JhoF 20 FRIZPIFTOTFTAEY — L DFE
DT BB ICRER SN zR R E L35 (K
S - Ak, 2002). o F 0, ZOEBOMBE O
BEABRNZ L ERT. o R ESTEz - 2OV
R X g & 3 a5 <, 2 2T h b eosisidit
BREHEICE X552 L 2RLTWE, 2% ), Hl
JE M DA 2 05 & U TR AR i3 Ei R 220 72
BL7-0) LOBEHFMETHLILERL TV,

F 279 v (Fig22)

BOSs H AL C D s il & A i AR oo PR SE IR 00 45 58
BKsLaw, 2F 0MEORAEL %35 (K
W - Ak, 2002). P—AAEERIIETLELDOL
LZ2WboRBOLNE., 2F0, F27Y Vidmik
535628, F0WENrBLZ LR
TWa, USRI b — 2 AR
MM EPZEILT AR E D T 5. U,
1996)

D EDORNPOSROZEDVPHSNE R A,
a. Yalb—=rNEE 7 7 F ORI END KT S

ZliE, T AVEHMRROMBEEN (Grouping)
WYL= VEERT 5.

b. MIBERNE =+ A VEMMRSE B TEILT 5.
c. ¥IFETIFYORIBIFIF X IVIFHINELD A
ZOTHHEEISATF ANV ER T TOEETH
L. DF ) TF A NEERIZES Grouping & B X
Dancing 2% 5.

d. 77 F VORILEO R WHITERPRD SN D
L, TOFUETSTFUORISHEEBS RS LG
WEOFINTIYE DAL, 2FVHENDH S
B E PP WERMDEH LT EERT.

e. TAETSTF U ORUSIITF 20V LRz 6
JEMe, = 2OVIEHIIL o R EE oM F To
—ARE oA ERT. 2F D, TF AV
Ve D A o0 LR USR03 AN WY Bk A B
f. ro9F 3 HREOTHVELND B T+ A v inse
R T F A OVIEMINL 7 & DI REMERR 2@ < .

g. N=ARAEROT I FURTTF VOIS,
b= A RGBT F ANVIMEDOTE E G325 Z L
W ZIL S5 2 & &RT.

h., N=2A%ERDOF 27 yRT7 7 F ORI
b= A AZRDOEEEILD A TIE R R % &
HLHT.

. TF AVIEFEMOMaAkE b — A XA RROB) X
Torsional motion 1T F X V/NFED I K & D i
WV, WEIE IR ERRICBE ST 5.

Fig.17 Anti-actin reaction of Sagittal section of the ameloblast layer and Schreger bands in the dog tooth germ
a. The arrangement of ameloblast cell bodies (A) show similar to the Schreger bands (b). Some Tomes processes do not show anti-

actin reaction (arrows) .
b. Schreger bands by SEM.
(b: Kikuti et al., 2002)
c. Some ameloblasts has not the anti-actin reaction.

Fig.18 Histogenesis of Schreger band

a. The ameloblast group pattern changes from island to horizontal and zigzag types in the Sagittal section of ameloblasts. (Anti-

actin reaction)

b. Developing enamel shows the same group transitional pattern as a.
c. The pattern of Schreger band changes from island (inner enamel layer), horizontal (middle enamel layer)and zigzag (outer
enamel layer)types in the mature enamel same as the ameloblast groups (a).

D : Dentine side

Fig.19 Localization of Anti-actin and Anti-keratin (Cytokeratin 14)on the Sagittal section
a. Anti-keratin reaction, and square shows Tomes process on tangential face.

b. Anti-actin reaction

c. Double staining of Anti-actin and Anti-keratin. These differentiate localization shows the rhythmic changing, which suggests the

periodic movement of the enamel organ and ameloblast groups.

(Yokota et al., 2005)

Fig.20 Tangential section of the enamel organ staining by H-E

The enamel organ associates many clusters of cells from the outer enamel epithelium to the stratum intermedium. There are no

cell debris suggesting the no reaction of Actin and Keratin.

Fig.21 Anti-tubulin reaction

Some ameloblast does not show Anti-tubulin reactions, suggesting rhythmic secretion by the ameloblasts.

Fig.22 Anti-desmoplakin reaction

The desmoplakin reaction localizes from the outer enamel epithelium to the base of ameloblast. This area fixes by the desmosome.
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