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Abstract

Objective : The aim of this study is to compare the distribution patterns of HNK-1 between
the SD (Sprague- Dawley) embryos and the homozygous rat small eye (rSey) at the onset

of cranial crest cells migration.

Methodology: Distribution patterns of HNK-1 in Day-10 wild type and homozygous rSey
were studied using immunohistochemical staining with HNK-1 antibody. According to the
indistinguishable phenotype of the homozygous rSey at the stage we studied, the methods
to separate the homozygotes from their littermates was also performed. The method was

detecting the Pax-6 protein by immunohistochemical staining with anti-Pax-6.

Results : The results show that in wild type embryos, HNK-1 distributed generally in the
mesenchyme along the pathway prior to the onset of cranial crest cell migration and
gradually disappeared peripherally whereas the migration progressed. Moreover, the result
from homozygous rSey shows that HNK-1 distributed ectopically in the mesenchyme along

the migration pathway.

Discussion and Conclusions: The distribution pattern of HNK-1 in Day-10 wild type is
spatiotemporally coincides with the migration of cranial crest cell. HNK-1 also distributes
ectopically in the mesenchyme of the migration pathway in homozygous rSey. Taken these
results together, it is likely that HNK-1 act as a barrier for migration of crest cells. This
finding is supported by the in vitro study that HNK-1 has inhibitory effect on migration of

neural crest cell.

Further study: The findings from this study that HNK-1 has inhibitory effects to neural
crest cell migration should be confirmed and the gene related to the ectopically expression
of HNK-1 in homozygous rSey should be investigated. Unfortunately, the works had
already done and published as reported previously. However, the colony of the mutant rat
small eye will be a source of valuable samples for studying other developmental

abnormalities such as tooth development.

Keywords: HNK-1, rat small eye, Pax-6, neural crest cell
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31N 3 A: ansuznIsuriized wild type newborn B: ¢nuni1ued homozygote uaz C:
v 4 Y Al 7 _ , 4 a
AMWVIIVBI homozygous newborn Falaifinie way REVI UMY bilateral facial cleft FiLAa

INMT L fuse MUV maxillary processes Wae frontonasal prominence



unIaak

LThAIANNY DK HEIB NI IS NITUNITILLAITIA LA AN IA IS NITUNITURITIALN D
[-% ¥ U { a @ a = ; & v Y
WAl R e9uaz TR TINaIIUIY ITUNaRaL muwa@l%nmq LRSIUFAUIY  TINaILRLI
RATNARAIVAIA N UALNNYANFNS wammtﬁwﬁ‘ﬂmé’ﬂﬁ%’umsmumﬁUmwﬁaﬁmm
° A = o o ° ° oA ° o A Av o @ v A
#INNAUEATIND LN ﬁmmvl,mhuﬂ‘gamuﬂ’lLLuzmm’ma:m"L@ Lha9aNNNT B NAUNIT AN
Ml lusnaunsarinanudiuwsiinle 1w Sadan1wd waz JUlTzanm

mIaeIRaInaaasnin colony A consanguineous strain L% rat small

e

A a

o { o o . = . . { o &
eye &t ITaRiAuNaasdfiens fa N3 mating T4 consanguineous mating NYNAMANIRNA 3
ad A
A1 fa
. A . o ' A o Yo A . ' <
1. Parallel line system @8 mating NWITRININHDI Tl generation dolusas
o J ai v a Y o a . 1 A aa J =
YinMT mate eniNIRta9dn uazlwriniia generation daldisang 35mIRasd
WaWuuazudWugataon 5 ¢
2. Single-line system fa mating NWIzHININRRY 1AR e generation da'ld was
\§angannaLuN mate iuwWa w3a wal litiila generation da’ldi3an g
3. Mixed system 11357l wanidwitniioaldiuniniiga fia mating Aunsng
Tu generation W@8IN® eI generation M3L8an male waz female AT
GEV
q

6

A i . o A a 'Y aad A A
tdU® maintain colony vlﬂqﬂszﬂzﬂudﬂaiuﬂnl'ﬁ@i?ﬁ]ﬁaﬂﬁqﬂwuﬁ ?ﬁV]LLuuauV]q@ 20

q
A

' ' g { A
AIATIIFDL sequence VI mutate Pax-6 gene wait3 b la b3 5% 1iasanlifsudszan
ltnsavameu phenotype 84 homozygous newborn L8z WaNLEN heterozygote B9

ANz small eye Laudaiiniuilu WaWus uaz wiwus



Il. n1suan homozygous rSey aandn littermate Taausnain genotype
adq
ADNIINAADI

s fpUATisuianada myafia genomic DNA a8n2nsn waasiutassiseui uld
Tumsnaaes  udin genomic DNA HWWNA571988L Pax-6 gene mutation lap3%
Polymerase chain reaction (PCR) Fstuaeumssniumsiiaelui

1. aanuuy primer  lagladiinnisaanuwuy RS FIT primer 2 7@ Lﬂu'*g@ﬁﬁ‘mwwx
fosufill mutation 189 Pax-6 gene m%ﬁd Wae primer HLANZABEIWLADN LA AT

mutation aﬂq@%ﬁd Tag sequence Va4 primer Noanuuy fa

70 1
CCG GCA GAA GAT CGT AGA GCT \Jw sense primer
TCC CTG TCC TTC CTG TTG CTG \Jw antisense primer
70 2
CAT CTT TGC TTG GGA AAT CCG \Jw sense primer
CTT GCG TGG GTT GCC CTG GTA \Ju antisense primer

1ae primer TALIN ag}islmi'm basepair 71 455 - 932 299 Pax-6 gene \ilavin PCR udh
1% PCR product 477 basepairs lagsIuaad mutation 284 rat small eye (rSey) 1w single
base insertion ayiﬁs‘iumﬂaﬁ 480 &% primer q@ﬁ 2 ay;ﬁ@hl,mm 668 - 903 l# PCR
product 235 basepairs  tiuduniafilif mutation uwssfanusninamanzfiasvin
sequencing Lﬁlam’aﬁmau

2. %1 optimal condition &%3U PCR lauld genomic DNA fvmsanaan cell line
Toag3sieenuaifasiuas ldnaannisnasasdnudrinaunsarn PCR  lednadiduen
agn9lun19%1 condition G'f%dvlﬁﬁﬁﬂﬁi vary concentration 983 PCR buffer, MgCl, Solution LLag
genomic DNA &4 condition fitRanls aa

PCR mixture (¢ia 1 reaction 50 pl) U3sznauaie

10 x PCR buffer 5 i
25 mM MgCl, Solution 5 i
10 mM dNTP 4 pl
Primer up stream (10 pM/pl) 2 pl
Primer down stream (10 pM/pul) 2 i
Taq polymerase enzyme 0.25 i
genomicDNA (10 pg/ml) 1 ]
H,O to make 50 pl 30.75 i



lasnauFInUIzNaUAUNIRNALNLIK genomic DNA Nana banawidu master mixture
1Y ' ' a . ' ° [ . Y d = [
ud7 Jutudaznaaauazidu genomic DNA dald & mTu primer 14701 Geazld PCR

product 477 basepairs NMNHULTILATES thermocycler Imé’aqmwgﬁuammé’aﬁ

Pre-heat 95°c¢c 10 min. 1 cycle
PCR-cycle 95 °c 10 sec.
545°c 30 sec. 30 cycles
72°c 1 min.
Post-heat 72°c 10 min. 1 cycle
Stop 4°c

nuu PCR product 41¥i1 electrophoresis Ut 2% agarose gel Mniudandy
ethidium bromide LLazgﬁaﬂm’%aaﬁwLﬁmLaaaqam?vaﬂaLﬁm

3. i@ genomic DNA 31NINUALEREINIBIAIBaUANTILLUTAIN § genotype 1i%
wild type lagld drdauvasny SD Tuszozidonufindosmnasey @a Day 10 uaz &2
0819718 genotype til% homozygotes ldmsaufiugassnumeAnlnaudifo Day 15 Fofin
anvAaUndldognaduta  wendseusiui Wldsmnssuidusnanaia DNA ¢
DNAzol mu%%msﬁLLu:ﬁﬂﬂUu‘%ﬁwgﬂnﬂ i DNA fianaldunazangliladanududu 10
g/mi ﬁ]’mﬁ?uﬁ’lmﬁ’l Polymerase chain reaction Lﬁ'amuﬁmw Pax-6 gene mutation lasold
genomic DNA \Ju  control  #19WIUITULURE GAPDH (Glyceraldehyde 3-phosphate
dehydrogenase) %alﬂu enzyme ﬁﬁszé’umﬁlﬂu internal control Wlﬂ’fltu@lauﬁwlﬁwaaﬁwz
SuAfa DNA 91030 Waza8aui Ifannsnauniuszning  heterozygous rSey luszazfiis

@adNANEN (Day 10) Lazvin Polymerase chain reaction LNDATIIWN genotype
HNan1InNaaayg

NN3¥1 optimal condition #113UN15¥1 PCR

N3 optimal condition §1WIUMI¥N PCR iiwaldwn1i@siagaudn  primer finan
wuusnlanurnnzaulasilaldaiasnenidu genomic DNA Aignaxnann cell line wazlald
luns¥in PCR lénaduuas wuinginnsale PCR product Ndasmsialaylens GAPDH

uaz Pax-6 (lane 71 1 uaz 7 luguf 4)



NINTIRAUALaLIlaunIIana DNA uaz PCR

msana DNA 31nINuasEuiInaasfsaniinuuisain 4 genotype tw wild type
wiai1llu homozygotes lald condition fimlel uasldlwsuiwes da GAPDH \udaauga
melu ﬂsﬂﬂg*jﬁvl,ﬁwanwmaaaﬁaLLa@alugﬁﬁ 4 (lane 71 2, 3, 4, 5. 8, 9, 10,11) &islai
gan3nldna PCR 9 neragnafitsnyinnisana DNA mmzﬁ&hazinﬁﬂué’amuqm:uuvlﬁ
HAT9 GAPDH uas Pax-6 lu lane 71 1 uaz 7 @ WEGD G991 NRaNIINARDIALEaITTY
aanfidesutly @ Tunouasnsana DNA

e T3 wiS

Smmmmeee GAPDH -------- > marker <------- PAX-6 -------m--- >
Lane 1 Control DNA 310 cell line
Lane 2-5 DNA &Na31n sample 3 18879
Lane 6 marker
Lane 7 Control DNA 210 cell line
Lane 8 — 11 DNA &Na311 sample 3 18879

gﬂﬁ 4 electrophoresis 1984 PCR product
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uniasak

sl,umi?iﬂmﬁwl,sjﬂizauwaéﬁL‘%ﬁ]mui'@lqﬂi:aaﬁﬁgﬂf da ldanansarmanuuandnd
2849 genotype lag33ms PCR I¢  Gsnsdnmitlewensnannsunsiasyinmsanmnanadn
AOUAIN LHINLIIAN Ao nEIIINBBNLUY primer udd @M Inaseudn primer ilema
339laeldaresng DNA fistalagdTaeanuain cell linefitasyin PCR lanadunudaniues
namay  wiouvaeadun1swn optimal condition ¢he  afnelsAauiiiavinnmyana DNA wu
Fenasniaen Optical Density (0.D.) lasanuzninaudwiuia DNA 16 ueiiasiand
PCR udnaulifldne Tagldvinmsariala 3 a3 uas vary anudaudusas DNA wuinf
309 1 loa I@U“Qﬂﬂ‘?ﬂﬁl"f{ #10819 DNA fignieann cell line \udiniuguiniuszuy
ielwusilalufiamnuRenanaumerinnases 1u waw PCR mixture Vl,sjgﬂﬁaa wIaLNanu
ﬁ@wmmiui”'umaumaomimﬁﬂuqmﬁgﬁmam@iazsawao PCR cycle a’mwaﬁuamﬁaa@ﬂ

71 ANURANIAUIILNAINNNTENG DNA

mIdnsitlailerinmmesesluaiuiie Lﬁaaﬁnﬂmuﬁv‘hivlsﬁﬂu’?@]qﬂizmﬁ%é'ﬂ v

A =S d' mdd‘ . d! ndg L 2
WeamsansiNe R lea5Aazuen homozygotes 8anann littermates GIkanaINNATHILINEI Lo
A ad A A a A ' A \ \ ad
LRWADNI TN A NN1IATIANT Pax-6 lUsdudsaznanluneazdualuundall laowuqinds
M AU I uITNNUTEENTAW 310157 wazlvia 39Ranltisnisasnandlunisuen
homozygote wazwnnsAnwlusutiiiiasnniaglnaunaann uasliswdzanaliiome

A R* |
NIZANBIGD

atndlsfianumnisulszanainsaslaftasvinmsanendelusinui lasanlag
anuuasudrdandnalumssnlumifies detect one-base insertion mutation 8anaN
gene Un@ldlasld3s PCR windsilén5e axfludsslomiagnoann 1iosann mutation 1u
rSey siiAnluszey translation lailgszey transcription ¥n1#35n5 detect mutation 3=y

mRNA % in situ hybridization ldau3avinlé

wumsannluginiide  Buanmaddswitnsana DNA  lawenald  DNA
extraction kit uaz¥i1 PCR awleunuues GAPDH uaz Pax-6 ludragnsiiilu wild type 210
Wuss  sequencing  LaBuiuNaszaLwianan mﬂﬁ?u%oﬁﬂuﬁaaahaﬁjuﬂ%mmﬂu
homozygote Laz heterozygote Lﬁa"L@TwaﬁLLa”ﬁaﬁaUlﬂuﬂﬁiﬂ@aauﬁaaﬂwaﬁ"l,;ij genotype
da'ld
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lll. n1suan homozygous rSey aanan littermate Taan1sasranlusAn Pax-6

suflouisiiaua Ao 1935 Immunohistochemical technique waziTuaasujismlan
1% wneafla Avidin-Biotin Complex L8z DAB reaction (Sigma) lagld polyclonal antibody @
Pax-6 136 (BAbCO) @siilu antibody fis1iwizeia Pax-6 136w US1mh C terminus a4
mutation Vo9 rat small eye vnlwlUsauusnmdimnangluiiiesann mutation virlwiAe
abnormal stop codon  uarld Pax-6 Tusaunlifidim C terminus ¥inlwanansousn
homozygote 8anan littermate o

mduinmInyin luaaladiiunsnn optimal condition lagld35n3any reference

1. ymafudeing  levimaAuaetemaeszoznsle SD wild type B9§997N
FUNAATNARBILAITE U2 rat small eye Lﬁa’l,%l,ﬂuﬁuamwhﬁ@qﬂs:mﬁ fa
Day 10 embryos PIRUAINMSHANTEAING rSey Huadnefildinm
Day 12 SD wild type 1w positive control
Day 12 Homozygous rSey 1% control Lﬁaammﬂmwzﬁmﬂ homozygote
16l morphology tilunasnsfldlunswn optimal condiion  uwastflwnmsdudi
specificity 183 antibody
2. guflutuasnlumaedouiagogmiude secton  laglddufiumaeIoud
aﬂwaﬁwu%’uﬁ”’a paraffin section LRz cryo-section Lﬁaw’m paraffin section M’Qm
MWVBY section Mani1 R cryo-section a2 preserve lUsawlaaninfiasannly
ADINIMAMNTOW
3. 1IN139@ section
4, @‘hLﬁuﬁy’u@laﬂumiﬁﬁmmi’a@]‘ﬁ embeded section 8an
Tudumaudl 2-4 §35m3fuandroni asldugasluanef 1
5. 11199 internal oxidation la&n13u% section 11t 0.3% H,0, 11t Methanol
6. Block non-specific reaction @18 2% Horse serum in PBS
7. Incubate primary antibody (anti Pax-6) 1:1,000 in 2% Horse serum in PBS Tu
moist chamber ﬁqm%ﬂﬁ 4 IALTRLTOR overnight
8. Incubate secondary antibody fa biotinylated anti-rabbit IgG (1:200 ) 1 %I"ﬂmﬁ
amnNivies
9. DAB reaction uazngalfjisunlu PBS
10. Counter stain @78 Methyl green

11. Mount slide @28 cover glass

12



&
4]

A13197 1 YUAaLUNNILAIBY Paraffin section Waz Cryo-section Nvinluauiae
YUADUNIIANLAUNNT #1130 Paraffin section #1930 Cryo-section
fixation faIri g1avivse lvi

FUaVDY fixative

4% paraformadehyde

4% paraformadehyde

Je8zL3In0 fixation

2-6 ‘f’ﬂl]\‘i LRALAVUIAVD

2-6 "IQT”JI%J\‘I URILAVUIADD

fBa% 8O
Dehydration laold  series of | livin Tfmsuslu sucrose
Ethanol 10%, 20% WAz 30% ia
8ANTILNG ice crystal
Clearing o Xylene Soak in OCT compound
Embedding materials Paraplast OCT compound

AA@8 microtome NANY

Sectioning fa@l8  cryostat 1AW
Wi 7 luaseu W 12-15 luasan
MY embedding | 17 Xylene @1u@28 | PBS
materials series of Ethanol &g
PBS
Boiling Fnlunsdinild Pax-6 | laivin
antibody
NANIITNAADI

JUsan®Ue (morphology) 1B9AI8aW wild type 3tz Day 12 azdanuuandis
ashowiu%’aé’ummlugﬂﬁ 5 daseuluszesdl Budmsseis lens, retina uaz olfactory
epithelium 1ABi3aMNMIRMIGI8S epithelium U%L’Jmﬁ'ﬂzlﬁ]%mﬂﬂLﬂ%@l’]LLﬂt’%}gﬂ 38N
lens WA nasal (olfactory) placode waziny invagination U84 neural tube CHhbe optic
vesicle ¢a1 lens placode WAy optic vesicle NN lens WAz retina &% nasal placode
92133 invaginate wazwGATwLIn Offactory epithelium (31J“7i 5A) 2tz homozygous rSey
Lidaens lens, retina WAz olfactory epithelium WaNINHEI% neural tube F3naLTn optic
vesicle %oﬁgﬂs’wﬁﬁ@ﬂﬂﬁ (gﬂﬁ 5B)

NNNTATIINN Pax-6 1us@nlu SD wild type 5282 Day-12 @333WU Pax-6 lU36wle
A@unis neural tube LSIMAGARY retina, lens, retina uaz olfactory epithelium (U%Lamﬁ'
&

fafd3Un 5A) wnzfinldanansnwy Pax-6 lusdulu homozygous rSey oy (3U0 58B)
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35Ul 5 WanIa39990 Pax-6 lus@uludiganszuz Day-12 A: wild type B: homozygous

rSey (L= Lens; R = Retina; OIf = Olfactory epithelium; OV = Optic Vesicle)

14 SD wild type =tz Day 10 WUT1 pax-6 lUs@n fl.li’lﬂg]a%iﬁ neural tube §IWi
89921930 L dw optic vesicle 1wnw ludiurasnInaaainTrany 1sdn Pax-6 tausn
homozygous rSey aanaN littermate BUNANDITNYALL DA BRAIIUUNANTANBINNT

N328@3284 HNK-1 114 day 10 homozygous rSey
a I3
uninsak

=< \ & & =< ~ .
myans lugmildumsansiivaazuen homozygous rSey 8anann littermate lag
A % . A . . I~
MIATIIM Pax-6 lUsdulaslt antibody $9@3573%1 C-terminal domain 283 Pax-6 1U56u
d . d' a &/ o a . . d .
3 mutation NLNAVWNY rSey A8 # one base insertion 1% Pax-6 gene TTNRINUNIN transcribe
v 1 cl' a . a A v a a; 1
16 wdvazianns translation L@ abnormal stop codon WANA a pax-6 lusdunanasin
. = o v & !
C-terminal 11 G3nnanmnaaasludisenszes Day-12 uaadliiduwirlslumsuenszning
wild type W& homozygote MAHAG
athalafiany M39IEY homozygous rSey 3ztiz Day-10 8anann littermate lasgwa
MIATIIM Pax-6 1U3GuN negative wuiiluisasnazdasszisatnaannlaldlinigie false
U e . da o .
negative 4% AIRUWNNITBBNULLNNITNARSSIUATATINROUAIBaUNLAANNANITHINAUITZAIN
heterozygous rSey ztiz Day-10 udazaadsdasliarniuqunas e ldlwiiansudsua

dlﬂ
NHANKIR
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IV. M3ANBINITNTEINLAIVAI HNK-1 b wild type

A5N1Inaaad

suflouAiiiaua fao 1935 Immunohistochemical technique waziTusasulfismlas
15 inadla Avidin-Biotin Complex L8z DAB reaction lagld cD57 (LeuTM-7 183 Becton-
Dickinson) %aLﬂu monoclonal antibody @8 HNK-1 carbohydrate epitope 1w primary
antibody LLas Biotinylated antimouse IgM i} secondary antibody

TagAsmsviuduasi

1. fmadualede ldiimaiiuaieneszaz@s 9 ues Day 10 wild type

2. dufiutuaanlunsiasuueieefnTUAaNILUY paraffin uas cryo-section lag
NNEAUNNILAIDUABEFIRTY paraffin section L‘ﬁ;admﬂ paraffin section T
AMNINYBY section figni
N176@ section
@‘hLﬁuﬁy’u@laﬂumiﬁﬁmmfa@]‘ﬁ embeded section 8an

190 internal oxidation l@n1TWT section 14 0.3% H,0, 11t Methanol

I

Block non-specific reaction @8 2% Horse serum in PBS (Phosphate buffer

saline)

7. Incubate HNK-1 antibody 1:50 in 2% Horse serum in PBS 14 moist chamber‘ﬁ
qm%gﬁ 4 3L TRLTOE overnight 819628 PBS 1Hwan 5wl 3 as%s

8. Incubate secondary antibody 1:200 in 2% Horse serum in PBS lu moist
chamber 1 T2 1u97i gaunniies §19678 PBS 5 w1l 3 A%

9. DAB reaction uazngalfjisunlu PBS

10. Counter stain @78 Methyl green

11. Mount slide @28 coverglass

= Ao & = o , Aa
nafnhiiagderamsanasuaaidegluuumInizasaIves HNK-1 o 5290819
NIJAWENUBY cranial neural crest cell I@mawwmjw midbrain NNMIANHINHIBIINLIN
midbrain crest cell aziTuawaWlwIzazNa18a1d somite 5-6 LLazauq@msaWﬂwimwzﬁﬁ
. 2 o @ < o . o & @ =
somite 11-12 G3ddanazltinaszanms 1.5 T lusluniIwau) 1 somite @91 96a9LAL
fatnsluszaznadagnwialildnetnsnsudszaznaumsananaanies feszuznan
a i & o i = A a X . P & A A
A somite LANUDY (presomite) AUNI ILDLNU somite 4 somite (WITRLATALTRARLINDNLNLUDY
. A ° o ' o {

5 somite) emLiw:mmsﬁﬂmgﬂLLuumsm:ﬁnﬂmmao HNK-1 laguie stage 2890288UN
=< o Aa ' o A [ v o [ a ' P o g
ﬂﬂ‘miﬂmumaaumgﬂmﬂﬂammﬂumﬂmmsﬂu uaziIanTzazag 9NAnwasalU

A
fa
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presomite TRHLE! ﬁ?éauﬁﬁ’lﬁ'{lﬁuﬁ%’m somite #3a ¥ 1 - 2 somite
so: 3-4 RUBD F8aufid 3 - 4 somite
so: 5-6 RUBN f18aunT 5 - 6 somite
so: 7-8 RUBD fr8aund 7 - 8 somite
so: 9-10 RUBD Gr8aufidl 9 - 10 somite
so: 11412 wwwd Groauid 11 -12 somite
HANISNAADY

NANIINARDIWLIN LTIRINIIDATIANY HNK-1 VL@Tﬁ”'alu paraffin section W8 cryo-
section I@mgﬂﬁ 6 LEAINATBINTANHINNITATZLAIVEI HNK-1 T3 paraffin section (L)
Lz  cryo-section (874) 6‘%\1 section ‘Yi‘] 2 uwuuldua positive ﬁu‘%nmmaﬂmwm
mesenchyme 18962801 laafl epithelium uaz mesenchyme UStiodutnails negative
WAaUN  cryo-section vlﬁﬂﬁﬁ%mﬁwiwﬁ'@ﬂd'] AN TLNIWUDY section a4 cryo-section lu

IN13A9 morphology VaIAI8auLwaa8NIN paraffin section

sUfl 6 wWisuiflurams@ine HNK-1 ludageuszus somite 56 U : paraffin section

(coronal section) a9 cryo-section (horizontal section)
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stuuumsnIzneawed HNK-1 ludisauszaznawnnsanawuad midorain crest cell

INBuEnmaIuaTsefissaninasBuas somite wiad somite 1-2 FeanuazUod
fdouszoziiliu early headfold  sauwvasszuulszamialanwmiln neural fold @adins
WUIAIVDI epithelium TuwInad Ve vaIAI8anlu? antero-posterior Uszunts 3-4
afuas NMIANBIWLTY HNK-1 ﬂizﬁnﬂa%iﬁ'ﬂﬂu mesenchyme V8ds8anaiudldee
epithelium ﬁmﬁﬂﬁ]ﬂmd‘fﬁlﬁ’ﬁ]zﬁﬂﬂ’j’l mesenchymal core (Eﬂﬁ 7A)

202 somite 3-4 UI9vaITIdaUTIANTYU head fold tnlauluizsz presomite Ul
somite 3-4 ¢ LLazﬁmmﬂ’Lmyjﬁmﬂu 4-5 FARWAT  WUIINIINITZNLAIVBI HNK-1 U310

mesenchyme ﬁagju‘%nmmaue] Sume'ly aanded mesenchymal core (Eﬂﬁ 7B )

SuuuMsNIzNLaad HNK-1 ludisauszazinsanawuad midbrain crest cell

driisdnmnlasuondisanidn 4 seur Ao audszoz somite 5-6 A9EHs somite
11-12 %agﬂs’wwaaéﬁdauua:gmmumim:mﬂé\’waa HNK-1 wasuutasly aadt

Y282 somite 5-6 i:uuﬂs:mﬂmaaéhdauﬁmmnﬁagamn%u Mdauil somite 56 ¢
LLa:ﬁ"um@lmﬁuLﬂu 7-8 HaRNAT WUIIMINTZNBAIVEI HNK-1 L3190 mesenchyme

agUSiimivay g Sumnall auniaf mesenchymal core (3U71 7C)

35U 7 MINTEL@Ived HNK-1 ludadan wild type 3z826139 A: presomite; B: somite 3-4;

C: somite 5-6; D: somite 7-8; E: somite 9-10; F: somite 11-12



32812 somite 7-8 A18auazd neural plate ﬂﬂgd"fu ane G]swzﬁuﬁmiﬁ@ﬁawé?auﬁ
32U WUIININIZALAIVES HNK-1 71 151904 mesenchymal core §uauivauauaian
AdauIzuznan (3ﬂ'ﬁ 7D)

328y somite 9-10 endanarluizpzdiud (azfudsoninudnntuetdinle
F9) & neural tube Suiinmsninanfanauwdusgin optic vesicle  WUIIMINTZANLEA
wn'ld aawdadi mesenchymal core Lantag (Ellﬁ 7E)

J¢8e somite 11-12 Lémﬁ(ﬂmi fusion V84 neural tube LA invagination VU84 neural

tube ataduta  luszzfiwudiniInszanuaivas HNK-1 wigldnue GUN 7F )

uniasak

=2 A = =2 o o ' A A
midnmidunsfnsgluuuninznedives HNK-1 ludidauszozeng 93l
YPALINNIN LAZWAWLANA1 N WALIUTZIN 1.5 - 3 T3la9 MIUUIIWIN somite 1A ber
andasududuudaudrerildonudinziumeldndasgansiet datudsduiudasgalineg
o [ o . { Y o { & v .
2a3a28aulTENAUAUMIHL somite LiNalRMIATUe stage 18903901 Wl cryo-section
UFAINAVIUJATeAuTAnd1 paraffin section  wdQmNINVEd section luuIn1IAY
morphology Tav@a8auTadusiudinnlunisuen stage 109028aUU cryo-section daanin
. . o & =< AR a . I . . & ' '
paraffin section ¥1n AInnlunsAn¥iILeToN section 11w paraffin section Lﬂ%ﬁ’;ﬂﬁtﬂw
HANMINARBIUAAITT HNK-1 Si3ununiinizanslu mesenchyme Nigaaadadriunis
awgwasihiamImoad na1fie Wu HNK-1 dangagnaluluszozriaun neural crest cell
ziTuanen Lazluszes somite 3-4 AaulfiTalasaTasisuanawantas HNK-1 azdas
umgldann mesenchyme uianildeia epithelium udazasnidatnngadlu mesenchymal
d' a v €n‘ [l a 1
core uaz Waihiainssadiauanawanziuaglu mesenchyme u3aman 9 Wud1 HNK-1
& &4 A o o X P
wellan mesenchyme anin  wazrngldanniuwSes gilladidaunammdn audeszes
somite 11-12 vlliﬂi’mg HNK-1 Tu mesenchyme Lag
% n}’ ° v A 6 Aa A & o v A
nnztuuumInnedii Mldaanafgataauigunasiluunild da HNK-1
ﬁmins:myﬁwaoagh pathway 789 30L0TELTAA LAZIUMUUVBININTTNLAUUTUNUT
AumMIawswlasih e TaTaanguNangWaanuINNFNBIFIUNAN  1INFULULMINIZANY
i RaEuInassNINAIUIIUNLINTY HNK-1 dafiidainiaaadla 2 ng fa  guud
J { { o va g = = {
MU HNK-1 dnngudamisainldiiasainsamasiianmsanen  uas suudigiuiaas
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A mutant rat with small eyes, rSey

rSey inherits a dominant mutation in Pax-6 gene and this
mutation leads to impaired migration of anterior midbrain
neural crest cells resulting in lack of eyes, nose and

facial cleft in the homozygote.

wild type homozygote (rSey/rSey)




20% of homozygotes develop
supernumerary incisor-like structures at E 20

homozygote (rSey/rSey)
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Histology of wild type and homozygote
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Histological observation of
maxillary incisor development
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Labeling of MNP and MP epithelia to investigate their
contribution to incisor formation
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Contribution of maxillary process epithelium in rat maxillary incisor formation
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INTRODUCTION

Mammalian dental formula includes three incisors, one canine,
four premolars, and three molars in each dental quadrant. Murid

lution leads to ion in the ber of teeth. It comprises
only one incisor separated from three molars by a toothless gap
diastema. Classical data suggests that the maxillary incisor
corresponds to the middle incisor, while the other two have been
lost during murid evolution.

During the early mouse maxillary incisor formation, the several
embryonic maxillary incisor placode (epithelial thickening) are
identified. Strassburg et al. interpreted that there are three
maxillary incisor placodes, the middle one develops into functional
maxillary incisor and the other two become regressed during early
stage of development. However, Peterkova et al. described that
maxillary incisor dental placode is formed by an assembly of five
maxillary incisor dental placodes. Around this period, facial
processes, maxillary process (MP), medial nasal process (MNP)
and lateral nasal process (LNP) fuse to form the midface. Since
maxillary incisor placodes develop in the area of facial process
fusion it is suggested that the maxillary process epithelium might
participate in the maxillary incisor formation.

In order to get some insight into maxillary incisor formation and its
epithelial origin, we carried out studies on fetuses of wild type SD
rat and rat small eye mutant (rSey).

MATERIALS AND METHODS

Animals: Fetuses of Sprague-Dawley (SD) rat and rSey which
was found in the course of breeding SD rats were used. The day
on which the vaginal plug was found was designated as
embryonic day 0 (=E 0).

Histological analysis: The samples were fixed in Bouin’s
fixative and embedded in paraffin for hematoxylin and eosin
staining.

Epithelial labeling of MNP and MP and inhibition of MNP-
MP fusion (see figure below): Whole rat fetuses of E11.5 were
cultured followed by maxillary organ culture. During whole embryo
culture, the fetus was taken out of the embryonic membrane and
subjected to the operation, epithelial labeling with fluorescent
dyes or inhibition of MNP-MP fusion aluminium foil insertion.

Sprague-Dawley rat
whole embryo culture 18hr

w i
.éZ

open yolk sac
for two procedures
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whole embryo cuiture 30 hr

1.5 days of gestation

inhibition of MNP-MP fusion by
MP Dil and MNP DiO labeling aluminium foil

%

[ frontal sections.

I(

maxillary organ culture 18 hr for
dye labeling or 24hr for inhibition

maxillary organ culture
Y org: of facial process fusion

Epithelial labeling of MNP and MP and inhibition of MNP-MP fusion were carried out with
whole embryo culture followed by maxillary organ culture.

RESULTS

MAXILLARY INCISOR DENTAL PLACODE IS COMPOSED OF PRIMARY DENTAL
PLACODE (PDP) FUSION DURING THE PROCESS OF FACIAL PROCESS FUSION

Fig. 1 Histological analysis of wild type maxillary incisor formation shows that
at E13.5 MNP and MP have started fusion to make the midface. The thickened
primary dental placodes appear aligned around the boundary of MNP and MP,
medial and lateral primary dental placodes (M-PDP and L-PDP). They eventually
approach each other and fuse to make a single dental placode at E14.0. The
dental pl de starts i ination at E15.0 i ing early bud stage.

MAXILLARY PROCESS EPITHELIAL CONTRIBUTES TO LATERAL PART
OF MAXILLARY INCISOR DENTAL PLACODE

We performed the labeling
experiment to investigate the
contribution of MP epithelium
to maxillary incisor dental
placode formation

(see Materials and Methods).

Fig. 2 At the end of maxillary
culture following whole
embryo culture from E11.5,
the formation of M-PDP and L-
PDP is observed.

Fluorescent dye labeling of
MP (Dil, red) shows that MP
epithelium contributes to the

lateral part of the L-PDP. Sometimes we find the formation of a fused single
dental placode at the end of culture and double labeling of MNP (DiO, green) and
MP (Dil, red) clearly shows that MNP and MP epithelia comprise the dental
placode (DP) together.

INHIBITION OF MNP-MP FUSION RESULTS IN SEPARATION OF PDP FORMATION

We inhibited the
fusion of MNP and
MP of the wild type
fetus by aluminium
foil insertion under
the same culture
system as Fig. 2. to
evaluate the role of
MP  epithelium in
maxillary dental
placode formation.

Fig. 3 As shown
above, a single
dental placode is
formed in the explant
at the end of culture.

control
embryo
(no treatment)

experiment
embryo

experiment
embryo

When we disturb the MNP-MP fusion by aluminium foil insertion we observe

separated epithelial thickening in a distance in the MNP. We also find the

appearance of the epithelial thickening in MP. We show that MP epithelium

contributes to the lateral part of maxillary dental placode. Moreover, the defect in

facial process fusion leads to develop separated PDP in MNP and MP. These

observations suggest that the fusion of facial prominences is required to
hi a single maxillary incisor dental placode.

ECTOPIC MAXILLARY INCISOR-LIKE STRUCTURES
DEVELOP IN HOMOZYGOUS rSEY

We carried out histological observation on maxillary incisor formation in a
mutant rat which shows impaired facial process fusion.

Fig.4 Homozygous rSey shows facial cleft between MNP and MP (asterisk)
due to the lack of LNP. Histological observation on the E20 fetus
demonstrates that the maxillary incisor of both wild type and rSey
homozygotes develops to late bell stage and exhibits amelogenesis and
odontogenesis. 25% of homozygous rSey shows incisor-like structures
(arrow) in addition to its original incisors (arrowhead).

PDP ARE KEPT SEPARATED IN HOMOZYGOUS rSEY

E15.0 =

rSey/rSey

L-tooth bud

M-tooth bud
rSey/rSey g b

We investigated the maxillary incisor development in the rSey homozygotes.

Fig.5 Histological study shows that at E13.5 M-PDP and L-PDP develop in
MNP. At E14.0 M-PDP and L-PDP are separated in a distance in MNP (compare
to wild type in Fig. 1) and the epithelial thickening in MP is still present (arrow).
At E15.0 dental placodes in MNP of homozygous rSey start invagination
separately. The epithelial thickening in MP does not invaginate.

CONCLUSION

| maxillary incisor development |

LNP
E13.5 \ E13.5 E14.0
wild type M-PDP '- PDP + L-PDP dental placode (DP)
(MP)
E135 faclal cleft  E13.5 E1a.
“
M-PDP L-PDP M.DP LDP

rSey/rSey

Rat maxillary incisor dental lamina contains the epithelial components, in
MNP and MP, and they assemble to develop into one functional incisor. The
dental placode assembly begins with the incorporation of MP epithelium to L-
PDP in MNP at the beginning of MNP-MP fusion. Subsequently M-PDP and L-
PDP approach to develop a single maxillary incisor during the process of
MNP-MP fusion. Inhibition of facial process fusion resulting in separated PDP,
which demonstrates the role of the fusion process in a single maxillary
incisor tooth bud formation. These are supported by the study of the
homozygous rSey which has a facial cleft between MNP and MP. In the mutant
separated PDP are d in each p M-PDP is adequate to
develop an incisor, where as improper L-PDP lacking MP component shows
incisor d
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