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ABSTRACT

Retinoic acid induces abnormal palate during rat erbryogenesis;
focusing onHox gene and apoptosis

Shin Jeong Oh

Department of Medical Science
The Graduate School, Yonsei University

< Directed by Professor Myoung Hee Kim >

The process of palatogenesis is mostly similarainand human. In rats, palatal
process occurs between gestation day of 13 anBadld@tal shelves start to grow on the
gestation day of 1dnd 15 with the downward movement. During gestatiay of 16,
palatal shelves move upward above the tongue amataimain horizontal position. At
the end of 18 day palatal shelves centered around and contatt eher, and then
complete palate is formed by gestation day of 17.

Cleft palate is the most widespread congenitalafadéformity occurring in 1 or 2
human beings out of 1,000. All-trans retinoic a@) is an endogenous metabolite of
vitamin A, which is known to be a necessary sulzgafor normal embryonic
development. It is widely used for the treatmenpiafple and other skin infections etc.
It has been reported that excessive or insuffididhtcauses craniofacial malformation,
thymic non-formation, heart outflow tract defecdameural tube defect including cleft
palate at the early stage of pregnancy. EndogeRAiplays an important role in
apoptosis of medial edge epithelium during fusiébrpalatal shelves. Several reports

suggested that exogenous and/or excess RA cansaat strong deformity causing



substance.

Hox genes encode transcription factors that are knowse involved in formation
of embryo by expressing at the particular time agpaticular region during
embryogenesis. It is known to affect embryogenesider the influence by RA and
retinoid, a precursor. WheHoxa7 was expressed ectopically, morphological changes
including cleft palate were detected in head regiBarthermore, this change was
similar to that of embryo exposed to RA during pragcy.

In this study, we compared and analyzed the praofefsgmation of cleft palate by
morphological observations in the embryos at déffitrstages after injecting RA during
early stage of development (E11) and collectedethbryos from 18 to 17" day. We
also examined the effect of RA on in vitro cultupsdatal tissues (E15.5) to know time
vitro effect of RA. We performed molecular studies edato Hoxa7 and apoptosis
related gene expression during RA treatment frofhdeg/ (embryonic day 13; E13) of
development to the 7day. We also see the effect of RA by injecting ldte stage of
palatogenesis (E15) and collected the embryos Brané 17 days. We also performed
the immunohistochemistry on the same samples udimp7 antibody and TUNEL
assay to know the apoptosis in control and RA¢eaamples.

In the case of embryo exposed to RA, at early sty late stage of palate
development, cleft palate was formed including hdadelopment delay, and cleft lip
was discovered only when the embryo was exposedAtaat early stage of palate
development. As a result of vitro organ culture, RA was confirmed to act directly as
deformity causing substance in the formation offealln case RA is infused at early
stage (E11l) of craniofacial development, expressainHoxa7 increased from

development 1% day in normal palate tissues, remaining constatit the 17" day
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when palate formation ends, however in palate déis®xposed to RA, no increase was
made even on the $5day. In case RA is infused in late stage (E15)pafate
development, Hoxa7 expression was weak comparecbnérol group in period of
fusion. When RA is infused at early stage of patiteelopment, expression Béx, a
pro-apoptotic gene was strong overall from th& @iy to the 1% day, however the
expression of RA treatment group showed dramaticegese from development 6ay.
When RA is infused at late stage (E15) of palateeibpment, TUNEL positive cells
were observed mostly at epithelium on the sideasfahcavity and oral cavity which
form rugae with parts where MEE contact occurs aradlial epithelial seam (MES)
occurs, and on 17day when palatal incorporation is nearly reacHadiNEL positive
cell was observed at parts where MES disappearsh®ather hand, in the case of RA
treatment group, it was observed that off d&y TUNEL positive cells are distributed
around the mesenchymal cell and epithelial cepaétal shelves, and on"™@ay they
are distributed to parts immediately below palatedives epithelial cell.

These results altogether indicate that exposurRAoduring palate development
process causes facial deformity including cleftapaland cleft lip by modulating the
expression oHoxa7 as well as an apoptosis-related gdda, and thus malregulating

the apoptosis during palatogenesis.

Key words : palatogenesis, cleft palate, retingid,dHoxa7 gene, apoptosis.



Retinoic acid induces abnormal palate during embrygenesis;
focusing onHox gene and apoptosis

Shin Jeong Oh

Department of Medical Science
The Graduate School, Yonsei University

< Directed by Professor Myoung Hee Kim >

|. INTRODUCTION

Palate of mammals prevents mixing between the pdtfeod and air by separating
nasopharynx and oropharynx and enables the badyctobreast by forming vacuum in
the oral cavity, and it is also an important organ pronunciation of language.
Development of palate in humans was divided intm tsteps, the primary and
secondary palate. This developmental process begims the early 6 week of
pregnancy. The important period of palate formatiohetween late"bweek and early
9" week. The mechanism of palatogenesis involvedfahmation of primary palate,
which leads to formation of the front and middletpd maxilla. The process of primary
palate takes place with the development of medihtpl prominence through
incorporation of medial nasal prominences betwéeniriterior surfaces of the maxilla.
Secondary palate consists of hard part with rudgamt] and soft part (back). The

process of formation of secondary palate starté Wit expansion of mesenchymal
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prominences from maxillary prominence in earl{) Week of development and also
passing through the"7and &' weeks of development. Palatal shelves developtit b
sides of tongue protrude downward. At the end"dbiv@ek, the palatal shelves heaved
up above the tongue for moment and maintain horatdralance: > The palatal shelves
of both sides starting with the incorporation a¢ tight center by approaching each
other. Both sides of the medial edge epithelia (M&EEpalatal shelve tip contact each
other and form midline seam. Finally the complateorporation occurs as MEE
disappear and basal membrane collapses.

To understand the developmental process of palatsie the extensively used
animal model to study by researchers was rat madhel.process of palatogenesis in rat
was mostly similar to palatal development in humlans known that palatal process
occurs between gestation day"{813) and 17 (E17) of development in rats. Palatal
shelves start to grow on the gestation da{yabtl 18' with the down ward movement.
During gestation day 1§E16), palatal shelves grow from downward to updasove
the tongue and maintain balance of horizontal jwositAt the end of 1% day palatal
shelves center around and contact each other,imaity fthe complete palate is formed
at the gestation day of 17.

Cleft palate is the most widespread congenitalafadformity occurring in 1 or 2
human beings out of 1,000. This occurs more fretiyiéa women than men® Cleft
palate formed due to growth delay of palatal sheltself, delay or failure of horizontal
array of palatal shelves that were growing verycébr the first time, or contact
abnormality of both sides of palate shelves aftgizontal array. Cleft palate is also due
to the abnormal cell death of MEE, secondary deBtm after incorporation, abnormal

condensation and differentiation of mesenchymalscaftound palate. Furthermore,
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hereditary and/or environmental factors are alsowknto be involved. Among the
environmental factors, excessive or shortage dhaireritamin, hormone or drug have
been reported to induce cleft palate during emiepegis’

All-trans retinoic acid (RA) is an endogenous metib of vitamin A, which is
known to be necessary substance for normal emboymation during animal
development®® It has been widely used for treatment of pimplel arher skin
infections etc. It is reported that excessive osufficient RA causes craniofacial
deformity, thymic non-formation, heart outflow ttadefect and neural tube defect
including cleft palate at the early stage of pregyd Endogenous RA plays an
important role in apoptosis of MEE during fusionpaflatal shelvés Several reports
suggested that exogenous and/or excess RA cansaat strong deformity causing
substancé®** In another report, exogenous infusion of RA integmant mouse causes
induction of apoptosis in different céfls

Hox genes encode transcription factors that are knowse involved in formation
of embryo by expressing at particular time duringbeyo development and are known
to affect formation of early stage anterior-posterxis’® They are known to affect
embryogenesis under the influence by RA and retiriprecursor.*®* When the RA is
introduced during vertebrate development homeagigsformations have been induced
at the cervical spine, chest, waist and sacrakbeat etc., due to the changegsHox
gene expression. Ectopic expressiomioka7, Hoxb6, Hoxb7, Hoxd4 has been reported
to induce craniofacial malformation including clefilate’®?® Interestingly enough, the
morphological changes induced by the ectopic esawf Hox genes were similar to
those of embryos exposed to RA. Some reports shalwegdohenytoin down regulates

the Hoxa2 expression and caused the deformity at palatlvest* In the case of
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Hoxa7 the expression profile was changed in head tisaen RA was treatéd.

In this study, we compared and analyzed the proctsteft palate formation by
morphological observations of different stages mbeyos development day “1E13)
to 17" (E17) following the injection RA at early stage dévelopment (E11). We also
examined the effect of RA on palatal tissues (ELBuBturedin vitro to know thein
vitro effect of RA. To understand the underlying molacuinechanism during cleft
palate formationHox as well as apoptosis related gene expressiornrpattes analyzed
in RA treated embryos (from E13 through E17).We alralyzed the effect of RA on
the late stage of palatogenesis by injecting aethbryonic stage E15 and collecting the
embryos on the following days (E16 and E17), whiskre followed by the

immunohistochemistry with Hoxa7 antibody and TUN&dsay.



II. MATERIALS AND METHODS

1. Animal management and RA treatment

Rat strain Spargue-Dawley (SD) was used in thiglystiAdult SD rats were
maintained at room temperature under dark/lightdecpf 12/12. The rats were mated
and the presence of a vaginal smear was definechbsyonic day 0. All-trans Retinoic
acid (RA) (R-2625, sigma, St. Louis, Missouri, USAas used in this study. The rats
were divided into the experimental group and cdrgroup and the experimental group
mixed RA of 100mg/ml concentration in the sesanle($i3547, Sigma, St. Louis,
Missouri, USA) and pregnant rats were injectedaipgritoneally with 100mg/kg all-
trans RA® mixture at embryonic day 11 (E11) or embryonic dHy (E15) by
intraperitoneal administration. In the case of oantsesame oil including DMSO was

injected into abdominal cavity.

2. Dissection of embryos and morphological observian

Embryos were collected on the gestation day} 48d 17 from control and RA
injected group by using standard ethical animatedores. The mandible region was
removed from the embryos by using surgical tobihe collected embryos were dipped
in autoclaved PBS and analyzed under the opticatrastope (M10, Leica,
Switzerland). The palate samples were collecteldviahg the standard methdddor
different experimental purposes. In order to penfadhe immunohistochemistry, the

maxillary region was dissected and fixed in 4% fmraaldehyde (pH 7.4).



3. Total RNA isolation and RT-PCR

For isolation of total RNA, RNA Zol B (LPS indus#s inc., New Jersey, NY, USA)
was used. Complementary DNA (cDNA) was prepareddwerse transcriptase (RT)
was performed using 2 pg of total RNA in a reactiolume of 25ul. From this cDNA,

1 ul was used for the subsequent PCR. AmplificatibnDNA was done by using rat
Hoxa7, Bax andp-actin specific primers sets. Beta actin was used astamal control.
PCR reaction conditions were depend upon the prgaguences, and each conditions
were written the text. PCR products were quantitisshg 1.5% agarose gel, visualized
under UV light, and photographed with Dolphin-DOW®@/daltec gel documentation

system).

4. n vitro organ culture

Palatal shelves were separated from E15.5 embnasw@tured on 1 um Millipore
filler membrane and a metal grid in a falcon orgaiture dish with serum free
DMEM/F12 (Welgene, Daegu, Korea) containing 20 gdgascorbic acid (A0278,
sigma, St. Louis, Missouri, USA) and 1% penicikimeptomycin, and then the medium
was changed every 24 hodfsThe primary palate and the palatal shelves were
remaining to maintain the precise physiologicaltatise between the shelves in the
organ culture. RA was used in culture medium g RDfinal concentration. The culture
dish was placed in a 5% G@nd 37C humidified incubator for 60 hours. Tissues were

then fixed and processed for hematoxylin-eosin jHt&ining.



5. Sequence analysis ¢ioxa7 protein through in silico

The protein sequences dfloxa7 were collected from the NCBI database
(http://iwww.ncbi.nim.nih.gov/). The amino acid seques oHoxa7 protein sequences
from different species (human, mouse, and rat) weEnmpared using the multiple

sequence alignment software (CLUSTALW, http://aligggmome.jp/).

6. Gene cloning

Hoxa7 gene was amplified by PCR usikigxa7 specific primers (Forward: 5-
ccc aag ctg gtc aaa att, Reverse:-5gat atc ctg gcc ctt tac). The amplified product
(720 bp) was ligated with the pGEM-T easy vectaofpega, Fitchburg, Wisconsin,
USA) and then transformed in to tBecoli DH5-Alpha. After confirming the presence
of 720bp insert with restriction enzymes, the geves sub-cloned into pCDNA3
(Invitrogen, Carlsbad, California, USA) vector fmNing digestion oNot I restriction

enzyme.

7. Cell culture and transfection

The COS-7 (monkey kidney cell line) cells were naimed in Dulbecco’s
Modified Eagle’s Medium (Welgene, Daegu, Korea)hwit0% of FBS (JBI, Seoul,
Korea) and 1% penicillin-streptomycin (Welgene, @aeKorea) at 3T in a 5% CQ
incubator. For transfection, 2x16ells per chamber slide were seeded. After 24shour

incubation, cells were transfected with pCDMAxa7 using Lipofectamine 2000
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reagent (Invitrogen, Carlsbad, California, USA) @ding to manufacturer’'s
instructions. Immunocytochemistry was performedhwitoxa7 antibody (sc-17152,
Santa cruz biotechnology, DelawakdSA) to detect the expression Hbxa7 in the

cells 48hours after transfection.

8. Immunohistochemistry and TUNEL assay

After fixation, the tissues were embedded in OCmgound (Triangle Biomedical
Science, Durham, N.C., USA) for frozen sectionsngisstandard protocol. Using
microtome (12 pm) of the tissue sections were pegpand then incubated at 4°C
overnight with the primary goat polyclonal antibodgainstHoxa7 (sc-17152, Santa
Cruz BiotechnologyDelaware USA). All Slides were washed with PBS, the specisnen
were allowed to react with biotinylated rabbit gott immunoglobulins as a secondary
antibody and streptavidin peroxidase at room teatpee for 10 minutes. The
specimens were visualized using a 3, 3'- diaminaiatéme (DAB) reagent kit (Zymed,

South San Francisco, CA, USA).

In order to analyze the apoptosis, TUNEL (Termid@bxynucleotidyl Transferase
Biotin-dUTP Nick End Labeling) assay was perfornusihgin situ cell death detection
kit (Roche, Mannheim, Germany) following the marmtfiser’s instructions. The 12 um
thick sections were treated with 0.1% triton x-19@@odium citrate for 2 minutes on ice.
The samples were incubated with the labeling reaatiixture at 37°C for 1 hour. The
slides were observed under the fluorescent micpes@@lympus 1X70, Olympus corp.,

Melille, NY, USA))

_11_



Il. RESULTS

1. Effect of retinoic acid on craniofacial and palée development

A. Invivo effect of RA on palate formation

In order to study the effect of RA on the morphglaf embryos during palatal
development, the embryos from control group andtRAted groups were compared.
The RA was injected on the "Ltlay of pregnancy (early stage of palate developmen
and then embryos were dissected from the tb317" day, and analyzed under optical

microscope. Embryos obtained from 3 pregnant vegse analyzed at each stage.

_12_



E 13 E 14 E 15 E 16 E 17
A maxilla

/nandbe

Palatal shelves

=

Cleft palate

Fig. 1. Morphology of head and palate between cami and RA treated groups.
Retinoic acid was injected into the abdominal gawait rat at embryonic day 11. The
craniofacial morphology of control (A-E) and RA4ted group (F-J) embryos were
shown. The palate morphology of control (a-e) adtiRated group (f-j) were shown
also.

Developments progressed both in control group adr&ted group, however RA
treated group showed retardation of overall crawiafl development. In addition, the
length from jaw to eye was shortened (Fig.1J reovgrcompared to that of the control
group (Fig. 1E). Also the eye development seemdiketdelayed in RA treated group.
(Fig.1l1, J, D and E)

We tried to find out palate morphology after renmmyvimandible. The result

revealed that the medial edge epithelia (MEE) dditphshelves tip contacted each other
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and fused completely on the"™.&nd 17 day (Fig.1d, e) by forming MES in the case of
control group, whereas RA-treated group showed apotact of MEE. (Fig. 1i)
Sometimes delayed fusion of palate with partiaiynfed MES and cleft lip as well

were also detected (Fig.1j).

B. In vitro effect of RA on palate formation through organ culure

To see the effect of RA on palate formationvitro, we performedn vitro organ
culture of palate (Fig.2A), The palate was disscigt at the embryonic stage of E15.5
and cultured for 60 hours in the presence or aleseh®A (20uM) to reach thén vivo
stage of E17, and then compared the palatal shafessectioning and H-E staining.
As shown in Fig. 2, the palate of control group baen fused (Fig.2B, 2a & 2c),
whereas RA treated group showed no fusion of pdkitg 2C, 2b & 2d). This result
further proved that the morphological changes ieduzy RA are almost similar boih

vivo andin vitro.
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A Culture dish

Filter membrane Metal grid
Palatal shilves / |

4
I
Medium

Control (only medium) RA (add 20uM RA )

Fig.2 Morphology observation of palatal shelves incontrol and RA treated
group of in vitro organ culture. Schematic ofn vitro organ culture system (A), The
palate of control group (B, a, c) and RA-treatedugr was culture for (C, b, d) was
seen in the photograph. PS: palatal shelves, MESBinm epithelium seam, NS: nasal
septum. Blue line: /n filter membrane, The black dotted line is sectigndlirection

C. The effect of RA on the late stage of palatogesis (E15)

Previous organ culture experiment indicated thatttiministration of RA at the late
stage of palatogenesis (E15) still caused the mmHtion of palate, we injected RA at

this stage (E15), harvested the embryos at theestdgEl7, and analyzed the
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morphology. As shown in Fig. 3, no fusion was otsdrin the palate of RA group (Fig.
3B, 4, b, and ¢). On the other hand, control group showed norraddtp formed (Fig.
3A, a, b, and c). These results altogether indithé¢ RA causes severe effect on

palatogenesis during embryo development irrespectithe day of injection.
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Microscope observation H-E staining

Control
group

RA
group

Fig. 3. Different shape of closure of palatal sheds in embryo of control and
RA treated group (RA injected at the embryonic stag of E15).The morphology
of E17 palate following the injection of RA on gatsbn day E15. Control group,
palatal shelves were completely fused (A, a, bwlegreas RA group, cleft palate
was formed (B, a’, b’, ¢’). PS: palatal shelves, 8Enedline epithelial seam

_17_



2. The effect of RA onHox and apoptosis-related gene expression during
palatogenesis

To find out whether the expression ldbxa7 andBax genes are modified by RA
administration, total RNAs were isolated from palaégion of E13 to E17 embryos,
and then RT-PCR was performed with the gene spemifimers listed in materials and
methods after synthesizing cDNBoxa7 expression was increased from gestation day
15, where the palatal shelves grow vertically amghained constant until E17, on the
other hand, Hoxa7 expression was nhot increasedughout the stage E17 in the
embryos exposed to RA (Fig. 4).

To understand the relationship between the cldéttpdormation and apoptosis, we
performed semi quantitative PCR usiBax primers on cDNA of control and RA treated
group. We found that thBax gene expression was observed in both control ahd R
treated group. The expression leveldak gene in control and RA were almost similar
from gestation day of 13 to 15 (Fig.4), but on 188 and 17" day, dramatic decrease in
expression of Bax gene was observed in RA treatedpg. This indicates the role of

apoptosis in palatogenesis (Fig. 4).
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B-actin

RT — PCR conditons

orimer pro_duct sequence annealing temp. day Control RA
size / cycle
5-CCCAAGCTGGTCAAAATT-3 . 13 | Bembryos| 9embryos
Hoxa-7 425 bp 56C /28

5-GATATCCTGGCCCTTTACTC-3' 14 | 10embryos| 8 embryos

5-GCTCTGAACAGATCATAAG-3'
B 496 b 50 C/30 15 10 embryos| 11 embryos
x P 5-GCCACTCCTGCTCGAAG-3'

; ) 16 | 10embryos| 9 embryos
. 5-CATGTTTGAGACCTTCAACACCCC-3 .
B-actin 327 bp , ; 55T /28
5-GCCATCTCCTGCTCGAAGTCTAG-3 17 7 embryos | 14 embryos

Fig. 4. Semi-quantitative expression analysis dfloxa7 and Bax genes in control
and RA group during palate developmentThe palate tissues (A) only were collected
from each stage (E13, 14, 15, 16, & 17) of embifgtiewing the injection of RA (+) or
control (-) at the embryonic stage E11. Total nurslwd embryos used for synthesizing
cDNAs are indicated in the box below right. RT-P@Rs performed with appropriated
primers and conditions written in the box belowt.lef

3. The Effect of RA on Hoxa7 expression pattern during palatogenesis:
immunohistochemistry

In order to analyze the expression patterrHoka7 during palate development,
immunohistochemistry technique was applied. Siheeantibody used here were raised
against human origin, Hoxa7 (N-18), we comparedaiinéo acid sequences ldbxa7
from rat, mouse and human. As shown in Fig 5, tHerinal sequences of all these

three Hoxa7 proteins were identical.
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To confirm whether the antibody against human Hoigai®ally working with rat
Hoxa7, we cloned raHoxa7 gene into the eukaryotic expression vector pcDNAS
shown in Fig. 6, théloxa7 gene was confirmed to be cloned successfullytiedarget
site (Fig.6A), when the orientation éfoxa7 gene insert was analyzed by restriction
endonucleases (Fig. 6B).

After cloning, the subcellular localization of Hakavas analyzed after transfecting
the pcDNA3Hoxa7 into COS-7 (monkey kidney cell line) cells for #®urs. Over
expression oHoxa7 was analyzed by performing immunocytochemistipgigioxa?
antibody as well as RT-PCR (Fig. 7). Hoxa7 turnedto be located in the nucleus (Fig.
7A, B, and C). RT-PCR showed the over expressiomHaka7 in transfected cells
(Fig.7D).

To analyze the Hoxa7 expression in palate, embofésl6 and E17 were collected
after injection of RA on gestation day of 15, ahért the immunohistochemistry was
performed with Hoxa7 antibody (Fig. 8). Control gpoof E16 has Hoxa7 expression
on both sides of palate (Fig. 8A, a), not where M&Eonjugated, whereas E17 showed
the expression at the central part of palate whedéne seam is formed (Fig. 8B, b). In
the case of RA injected group, low amount of Hogapression was detected (Fig. 8C,

¢, D, and d).
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Rat_Howa? HSSS“.’WHP.LFSH"."TP.EHSLFE!H#'.EF'TSESF.I’I.PNSE!HSEVEPEAEAFASIE’PEL*FH'-HHSP
Mouse_Howa? HSSS“.’WHP.LFSH"."TP.EHSLFE!H#'.EF'TSESF.I’I.PNSE!HSEVEPEAEAFASIVPEL*FH'-HHSP
Human_Hoxa? HSSS“.’WHP.LFSH"."TP.EHSLFE!H#'.EF'TSESF.I’I.PNSE!HSE*FEIEAEAFASTE’PEL*FH'-.-‘HSP

Riat_Hoxa? LyOPF ASSYELGADAYN-LPCASYDON| PRLCSOLAKGACOKADEGYLHERAEASFRI Y
Mouse_Hoxa?  LYCBPFASGVBLARADAYN-LPCASYDON | PALLSDLAKGACDKADEGYLHGPAEASFR 1Y
Human_Howa?  LvOSPRasGveLGADAYLPCASyoON PeLCSOLAKGACOKEDERLHallaeiFr v

Rat_Howa? PUMRSGPORKERGROTY TRYUTLELEKEFHFMRYLTRRRR | E | AHALCLTERL | K | WFLN
Mouse_Howa? PUMRSGPORERGROTY TRYUTLELEKEFHFMRYLTRRRR | E | AHALCLTERL | K | WFLN
Human_Haoxa? PUMRSSGPORKRGROTY TRYUTLELEKEFHFMRYLTRRRR | E | AHALCLTERC | K | WFOM

Rat_How=a? RRMEWKKEHEDESUIAPT AYPEDAYPSYSTAADK ADEEEEEEEEEEEEEEE
Mouse_Howxa? RRMEWKKEHEDESUIAPT AAPEDAYPSYSTAADK ADEEEEEEEEEEEEEEE

Human_Howa?  RRMKUKKEHKDERRRAPEGAY R SRR - = e

Fig.5. Comparison of Hoxa7 protein sequences in Human, Mouse and Rat

Sequence 1: rat Hoxa7 229 amino acid (a.a.), Segugnmouse Hoxa7 229 a.a., Sequence 3 :

human Hoxa7 230 a.a.
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Ampicillin

pcDNAS3 : Hoxa-7

[ Notf Hoxa7(720bp)
~ Xhol

Xbal
Apal Byl e

Neomycin

DNA preparation from the 8 colonies

The pcDNA3:Hoxa-7 was digested with
EcoR V and Bgl II.

The expecting size :

Forward : 554bp, 938bp, 4674bp (lane 7, 9)
Reverse: 196bp, 938bp, 5032bp (lane 3,4,6)

* lanel0: pcDNA3 vector only

Fig. 6. Cloning of hoxa7 into pcDNA3For expression dfloxa7 gene in eukaryotic cells,
pcDNA3:Hoxa7 construct and orientation was checked by usiagcesg electrophoresis.
A: pcDNA3:Hoxa7 construct, B: the orientation bioxa7 gene insert
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Hoxa7 (red) DAPI (blue) Merge

p-acin [

Fig.7. pcDNA3:Hoxa7 was tranfected into COS-7 cells and localizatioof Hoxa7

was shown by performing immunocytochemistry.
A: Hoxa7 antibody, B: DAPI stain, C: Merge, D: transfeatioheck using PCR (left

side: control)

_23_



Control
group

RA
group

Fig. 8. Immunohistochemistry usingHoxa7 antibody on developing palate

On the palate in control group E16 (Fig. 8. A, ejpression oHoxa7 was shown
mostly at both sides of palate, and on E17 (Fid,&), expression was shown mostly
mesenchymal cells at central part of palate thahgomidline seam. However, the
palate of embryos to which RA is infused, exprassias in small amount compared to
control group at mesenchymal cell (Fig. 8. C, OJ)c,
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4. Effect of RA on apoptosis during palatogenesi§:UNEL assay

To analyze the effect of RA on apoptosis duringafmgenesis, TUNEL staining
was performed in the embryos (E16 and E17) treatedon-treated with RA at the
embryonic stage of E15. As shown in Fig. 9 the [zitles of MEE of palatal shelves
contacted each other in E16 control group, andthiEL positive cells were observed
mostly at the epithelium surrounding nasal cavitg aral cavity which forms rugae,
whereas E17 when palatal incorporation is nearchied, TUNEL positive cell was
observed at the region where MES disappears (RigB9. In the case of RA treated
group, TUNEL positive cells were distributed in theesenchymal cells and epithelial
cells of palatal shelves in E16 embryos. In E1@paqtic cells were distributed in the

areas immediately below the epithelium of palatalhges (Fig. 9C, D).
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E 16 E 17

Control
group

RA
group

Fig. 9. Apoptosis patterns during palatogenesis bBYUNEL assay.
A, B : palatal shelves in control group, C, D: palahelves in RA treated group
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IV. DISCUSSION

Palate is composed of two parts: a hard palatBeafront containing rugae and a
soft palate at the back, which is formed when sdapn palate occurred.
Morphologically palate forms ceiling of oral cavignd floor of nasal cavity. Palate
development begins when the neural crest cellshef &' branchial arch move to
primitive oral cavity and interact with craniophageal ectoderm, thus forming palatal
process inside the maxillary prominence. Hard palatformed with the front part of
maxilla through combination with both sides mediakal prominence and front nasal
prominence due to the mesenchymal prominence ragxibminence on both sides of
soft palate. During development of soft palateafzlshelves continue to grow as the
palatal shelves of both sides of tongue stick ant] with the growing palatal shelves
maintaining horizontal balance by rising to aboke tongue, the palatal shelves that
grew up form midline epithelial seam (MES) by catitag and fusing each other at
medial edge epithelium. This MES, in the first forim formed in several cell layers,
however they eventually break down and disappesdugly’ After all, they come to
extinction by forming monocellular layers, whichads to fusion of both sides palatal
shelves and nasal septum, and after through sepagitoral cavity and nasal cavity,
palate is formed completely.

Such palate development process begins on about3helay in rat (in the case of
human, in about the"veek of development), and on thé"&hd 17 days (in the case
of human, in about the™9week), contact and fusion of palatal shelves flkee? In
this process, signaling molecules like transformgrgwth factor beta-3TGFb-3),

fibroblast growth factorsHGFs) and receptors of these factors are expressad tie
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mesenchyme. It has been reported Ti@fb-3 deficient mice, had a cleft palate without
any other deformity, andcGFr2 mutation mice developed craniofacial deformity
including cleft palaté®** In addition, transcription factors like st andsnail were
reported to be expressed during platogeri&sts.

Cleft palate occurring by the abnormality of elotga or elevation and fusion of
palatal shelves during embryogenesis, has beemteelpo be developed by the various
causes. Reportedly, cleft palates are involved Wéfreditary or environmental factors
either individually or collectively; hereditary fams include chromosomal anomaly and
Treacher Collins syndrome, &tcand environmental factors include excessive or
shortage of certain vitamin and hormone or drugykdéng or alcohol consumption etc.,
during embryogenesi$®® Among those, RA, most widely known as palatal
development inhibiting substance, is known to halved in embryogenesis as active
derivative of vitamin A. According to the animalsearch, exogenous and /or excess
RA causes cleft lip, extremely little toe syndronmeicrophthalmia and unascended
kidney etc in addition to the cleft palate. Whenrcl8RA and all-trans-RA induced a
RA isomer in rat system were administered at estdge of pregnancy, all-trans RA has
shown to have more teratogenic effects, formingdinengest facial deformity at the
concentration of 100mg/kg concentrafibrfusion occurs by occurrence of apoptosis
while the epithelial cells at MEE are conjugatedt they are not fused by RA, it
becomes cleft palate. During palatogenesis, RA hésobeen reported to prohibit the
elevation of palatal shelves by causing abnormaptgsis to tongue and generate cleft
palate by arresting G1/S progression in palatal emelsymal cell$® Also, it was
reported that RA prohibits transformation of MEHIx¢hat should be present during

fusion of palatal shelves to mesenchymal téft*?In addition to thatywnt11 signaling
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molecule also reported to lead the complete fusibrpalatal shelves by causing
apoptosis during palatal developmé&hthere is still other report that the apoptosis MEE
is not a prerequisite for fusion of palatal sheffes

It is known thatHox gene, a development regulatory gene, is expresgeatticular
time and particular region during early embryogéneis both vertebrates and
invertebratesHox is the master transcription factor involved in pqzhtterning along
the anterior to posterior axis? The expression of Hox gene is reported to be
influenced by RA and retinoid, influenced by RAdametinoid, its precursor.
Particularly, ifHox gene expression region is modified by RA in vedéds, homeotic
transformation occurs at that regio:*°

In order to understand the effects of all-trans-®Apalate development, RA was
injected into the abdominal cavity on the™dr 158" day of pregnancy, and then the
embryos in the following days were taken and arymorphologically as well as
molecular biologically.

Morphological analysis showed that the embryos s&goto RA harbored cleft
palate in which palatal shelves fusion did not eqétg. 1i, j). In the case of normal
embryo, palatal shelves were elevated on the densdaot 1% day (Fig. 1c), contact
and fusion of palatal shelves started on th® d#y (Fig. 1d) forming complete palate
on the 17 day (Fig. 1e). Interesting thing is that embrydhwéleft palate and/or cleft
lip was observed when RA is infused on developnidfitday, but the group to which
RA is infused on the 15day of development showed only cleft palate (BB, &, b’,
c’). Such cleft lip and cleft palate occur while thicess is delayed by RA on thé"11
day of development, when the maxillary prominencemt outside upper border of

stomatodeum by growing toward the center and be@pgrated by groove from lateral
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nasal prominence and nasal pit starts to be vigibra outside of embryo. However if
RA was injected on the £5day of development, when the two palatal shelvesew
projected from inside maxillary prominence aftes throcess completes, on cleft palate
was observed (Fig. 3)in vitro organ culture experiment also exhibited that RA
treatment prohibited the development of palatalvase which resulted in the open
palatal shelves. (Fig. 2) Here we also attempteshtidyze the palate morphology after
birth following the infusion of RA at the concerttom of 100 mg/kg at both stage of
E11l and E15. In both cases, however, embryo cantid@me into birth and this could
be due to the concentration of RA (100 mg/kg), Whia lethal concentration making
the birth of embryo hard.

In order to understand the molecular mechanismnlyidg the palatogenesigjox
as well as apoptosis related gene expression pattas analyzed with the dissected
palate. The embryos injected with RA (100mg/kgihat developmental stage of E11 or
E15 were dissected out in the following days (EAFE1L7), and then the palate was
isolated. After purifying total RNA, cDNA was symisized, and then RT-PCR was
performed with Hoxa7 as well as apoptosis-rela@ukegpecific primer sets. When RA
was injected in E11, expression Bioxa7 was increased in 15 and the increased
expression remained constant until E17. HoweveRM treated group, théloxa7
expression level was not changed until E17 (Fig. 4)

Immunohistochemistry analysis with embryos injed&&lin E15 has revealed that
Hoxa7 expression was reduced in the experimentalpgcompared to that of at the
stages of E16 & E17. Before immunohistochemistnfqueing, we confirmed whether
the antibody against human Hoxa7 is really workmigh rat Hoxa7. We cloned

successfully raHoxa7 gene into the eukaryotic expression vector pcDNRg§.6A).
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And then, the subcellular localization of Hoxa7 wasalyzed after transfecting the
pcDNA3:Hoxa7 into COS-7 (monkey kidney cell line) cells. Hoxaifrned out to be
located in the nucleus (Fig. 7). These resultsiigspthat Hoxa7 protein, probably plays
an important role during contact and fusion of f@lahelves (Fig. 4, 8).

In general, endogenous RA has been reported to gaymportant role during
programmed cell death occurred in MEE when palstedlves are fused. However,
exogenous RA can act as a strong teratogen degemuiinthe dosage as well as
development stages during palatogen®silt was reported that in pregnant mouse,
apoptosis has been induced in various cells when iRAnfused from outside.
Furthermore, it was shown that anti-apoptotic genesh asBcl-2 andBcl-xl prohibit
apoptosis induced by RA?**and Bax, a pro-apoptotic gene, induces apoptosis.
previous study performed with total head RNBax gene expressed consistently at high
level form E13 to E17. Whereas in RA treated grdhp,expression pattern Béx gene
was gradually increased from developmental stag&ld throughout E£7. In this
study, howeverBax expression was reduced when RA was treated in(El 4).
TUNEL assay also showed that RA treatment inhibétedptosis (Fig. 9). In the case of
control group, TUNEL assay revealed that the TUNgdsitive cells were maostly
observed at the region where MES is forming anthatepithelial cells surrounding
nasal cavity as well as oral cavity where rugaeasle in E16 (Fig.9A). In E17, TUNEL
positive cells were observed at the region whereShtEincorporated (Fig. 9B). In the
case of RA treated group, TUNEL positive cells wésand in both epithelial and
mesenchymal cells in palatal shelves at the sth§d® (Fig. 9C), while E17 palate has
shown TUNEL positive cells only in/near epitheledlls of palatal shelves (Fig. 9D).

Previously, it has been reported that the apoptssiequired for palate formation,
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especially at the marginal MEE during palate dewelent® ** If apoptosis does not
occur properly, cleft palate can be formed becaosaplete fusion is not accomplished
although palatal shelves may go through conjugafitie results here indicate that the
RA treatment inhibited apoptosis whereas previegslt strongly implied the induction
of apoptosis during palatogenesis 25. The disc@paauld be explained partially by
the dosage of RA administered at the stage of BAdy the tissues analyzed: total
RNAs isolated from total head region were usedrevipus study, whereas only the
palatal tissues were used here.

These results altogether implies that exposure Aodaring palate development
causes facial deformity including cleft palate afeft lip by modulating the expression
of Hoxa7 as well as an apoptosis-related gene, Bax, aod thalregulating the

apoptosis during palatogenesis.
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V. CONCLUSION

In order to understand the effects of all-trans-®Apalate development, RA was
injected into the abdominal cavity on the™dr 18" day of pregnancy, and then the
embryos in the following days were taken and aredymorphologically including in
vitro organ culture by palatal shelve were sepdrate E15.5 as well as molecular

biologically.

1. When RA was administered at early stage (E1lpter stage (E15) during palate
development, the overall craniofacial developmeas wetarded. The length from jaw to
eye was shortened, and compared to that of normairai group. Also the eye
development seemed to be delayed. Especially, tfeftvas found only when the

embryo was exposed to RA at early stage (E11) dyradatogenesis.

2. Invitro palate culture experiment has shown that, RApstant teratogen causing a

cleft palate.

3. When RT-PCR with palate RNA was performed eathge administration of RA
(E11) during palate development inhibited the uplaiion ofHoxa7 expression at E15

to E17. Whereas in control group, high levelHiixa7 expression was detected in the
palate of E15 to E17. In the caseBal, the expression was decreased from E16, while

constant in control.

4. When RA is infused at late stage (E15) of pateeclopment, TUNEL positive cells
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were detected in the mesenchymal cells as welp#éisedial cells of palatal shelves of
E16, and in E17 palate, at the region below pakitalves epithelial cell. On the other
hand, TUNEL positive cells were observed mostlyhat epithelium around the nasal
cavity and oral cavity where rugae is made afteE&Bntact and MES is made. When
palatal incorporation is nearly reached in E17, BUNbositive cells were observed at

the region where MES disappears.

It is concluded that exposure to RA during palaeeopment causes facial
deformity including cleft palate and cleft lip byodulating the expression éfoxa7 as
well as an apoptosis-related gene, Bax, and thusegudating the apoptosis during

palatogenesis.

_34_



REFERENCES

1. 99, AALAASH, 2nd ed. A& FAEHAL 1999,

2. Keith L. Moore, T.V.N Persaud. The developingmiam: clinically oriented
embryology.
8" edition; Philadelphia; 2008.

3. Ferguson MWJ. Palate development: mechanismsaitfdrmations. Irish J Med Sci

1987; 156: 309-15.

4. H.C. Srivastava, P.P. Rao. Movement of palatelves during secondary palate

closure in rat. Teratology 1979;19: 87-104.

5. Kim S, Kim WJ, Oh C, Kim JC. Cleft lip and paahcidence among the live births
in the Republic of Korea. J Korean Med Sci 200249752

6. Marazita ML, Field LL, Cooper ME, Tobias R, Mal&S, Peanchitlertkajorn S, et al.
Nonsyndromic cleft lip with or without cleft palaiie China: assessment of candidate
regions. Cleft palate Craniofac J 2002;39:149-56

7. Morriss-Kay G. Retinoic acid and developmenthBhiology 1992;60:264-70.

8. Brickell P, Thorogood P. Retinoic acid and rekinacid receptors in craniofacial
development. Semin Cell Dev Biol 1997;8:437-43.

9. Yu J, Gonzalez S, Martinez L, Diez-Pardo JA,aradA. Effects of retinoic acid onr
The neural crest-controlled organs of fetal ragdi&r Surg Int 2003;19:355-58.

10. Bavik C, Ward SJ, Ong DE. Identification of aaghanism to localize generation of
retinoic acid in rat embryos. Mech Dev 1997;69:855

11. Cuervo R, Valencia C, Chandraratna RA, Covaasuh. Programmed cell death is
required for palate shelf fusion and is regulated rétinoic acid. Dev Biol.

_35_



2002;245:145-56.

12. Abbott BD, Harris MW, Birnbaum LS. Etiology cétinoic acid-induced cleft palate
varies with the embryonic stage. Teratology. 198%33-53.

13. Newall DR, Edwards JR. The effect of vitamiroi fusion of mouse palatedI .
Retinyl palmitate, retinol, and retinoic acid irirei Teratology. 1981; 23: 125-30.

14. Newall DR, Edwards JR. The effect of vitamiro fusion of mouse palatesl .
Retinyl palmitate and retinoic acid in vivo. Tedatgy. 1981; 23: 115-24.

15. Sulik KK, Cook CS, Webster WS. Teratogens arahiofacial malformations:
relationships to cell death. Development. 1988;308pl:213-31.

16. Kaiser ME, Merrill RA, Stein AC, Breburda E, aQktt-Dame M. Vitamin A
deficiency in the late gastrula stage rat embrygulte in a one to two vertebral
anteriorization that extends throughout theaxialetion. Dev Biol 2003;257:14-29.

17. Kessel M, Gruss P. Homeotic transformationmsofine vertebrae and concomitant
alteration of Hox codes induced by retinoic acidll@991;67:89-104.

18. Marshall H, Morrison A, Studer M, Popperl H,ukrlauf R. Retinoids and Hox
genes. FASEB J 1996;10:969-78.

19. Whiting J. Craniofacial abnormalities induceg the ectopic expression of
homeobox genes. Mutat Res 1997;396:97-112.

20. Balling R, Mutter G, Gruss P, Kessel M. Craagl abnormalities induced by
ectopic expression of the homeobox gene Hoxa-1.Xransgenic mice. Cell
1989;58:337-47.

21. Kaur S, Singh G, Stock JL, Schreiner CM, Kid3, AYager KL, et al. Dominant

mutation of the murine Hox-2.2 gene results in tlgwmental abnormalities. Exp
Zool 1992;264:323-36.

_36_



22. Mclain K, Schreiner C, Yager KL, Stock JL, RotES. Ectopic expression of Hox-
2.3 induces craniofacial and skeletal malformationgansgenic mice. Mech Dev
1992;39:3-16.

23. Lufkin T, Mark M, Hart CP, Dolle P, LeMeur M,h@mbon P. Homeotic
transformation of the occipital bones of theaulslby ectopic expression of a
homeobox gene. Nature 1992;359:835-41.

24. A. Nazarali, R. puthucode, V. Leung, L.wolfH&o, J. Yeung. Temporal and spatial
expression of Hoxa-2 during murine palatogenesis.ll Gviol. Neurobiology
2000;20:269-90.

25. Cheng MS, Yoo BK, Park HW, Kim MH. Effect oftiroic acid on palate formation
during rat embryogenesis. The Korean J. Anat. Z8831-41.

26. E. Gunston, E-N. Emmanoull-Nikoloussi, B.J. Mam. Palatal abnormalities in the
developing rat induced by retinoic acid. Eur J A2@05;9(1):1-16.

27. Taya Y, O'Kane S, Ferguson MW. Pathogenesigleft palate in TGF-beta3
knockout mice. Development 1999;126:3869-79.

28. Fitzpatrick DR, Denhez F, Kondaiah P, Akhurdt Rifferential expression of TGF
beta isoforms in murine palatogenesis. Developrh®80;109:585-95.

29. Sharpe PM, Brunet CL, Formoso M, Ferguson M@¢dlisation of acidic and basic
fibroblast growth factors during mouse palate depelent and their effects on
mouse palate mesenchyme cells in vitro. Roux’s Ayekr Biol 1993;202:132-143.

30. Cui XM, Shuler CF. The TGF-beta tygd receptor is localized to the medial edge
epithelium during palatal fusion. Int J Dev Biol(f)44:397-402.

31. Lee S, Crisera CA, Erfani S, Maldonado TS, LEk Alkasab SL, et al.

Immunolocalization of fibroblast growth factor rgters 1 and 2 in mouse palate
development. Plast Reconstr Surg 2001;17:1776-84.

_37_



32. Britto JA, Evans RD, Hayward RD, Jones BM. Taivpathogenesis of apert cleft
palate: FGF, FGFR, and TGF beta genes are difialgnéxpressed in sequentiall
stages of human palatal shelf fusion. Cleft Palaniofac 2002;39:332-40.

33. Proetzel G, Pawlowski SA, Wiles MV, Yin M, BaivGP, Howles PN, et al.
Transforming growth factor-beta3 is required for@®lary palate fusion. Nat Genet
1995;11:409-14.

34. Carver EA, Jiang R, Lan Y, Oram KF, GridleyThe mouse snail gene encodes a
key regulator of the epithelial-mesenchymal traositMol Cell Biol 2001;21:8184-
8.

35. Martinez-Alvarez C, Blanco MJ, Perez R, Rabad#g Aparicio M, Resel E. et al.
Snail family members and cell survival in physiot@aj and pathological cleft
palates. Dev Biol 2004;265:207-18.

36. Prescott NJ, Winter RM, Malcolm S. Nonsyndrowlift lip and palate. Ann Hum
Genet 2001;65;505-15.

37. Shenefelt RE. Morphogenesis of malformationsamsters caused by retinoic acid:
relation to dose and stage at treatment. Teratd8g@y;5:103-18.

38. Wilson JG, Roth CB, Warkany J. An analysis le## syndrome of malformations
induced by maternal vitamin A deficiency: Effets rafstoration of vitamin A at
various times during gestation. Am J Anat 1953;89:217.

39. Martinez c., Tudela c. Perez-Miguelsanz J., @& S.. Medial edge epithelial cell
fate during palatal fusion. Dev Biol 2000;220:348-5

40. Okano Junko, Suzuki Shigehiko, Shiota koheiolWement of apoptotic cell death
and cell cycle perturbation in retinoic acid-inddageft palate in mice. Toxicology

and applied pharmacology 2007;221:42-56.

41. Gurley JM, Wamsley MS, Sandell LJ. Alteratioins apoptosis and epithelial-
mesenchymal transformation in an in vitro cleftgp@lmodel. Plast Reconstr Surg

_38_



2004;113:907-14.

42. Sharpe PM, Ferguson MW. Mesenchymal influemcespithelial differentiation in
developing systems. J Cell Sci Suppl 1988;10:19%-23

43. Lee JM, Kim JY, Cho KW, Lee MJ, Cho SW, Kwak SWeaal. Wnt11/Fgfrlb
cross-talk modulates the fate of cells in palateetigment. Dev Biol 2008;314:341-
50.

44. Takahara S, Takigawa T, Shiota K. Programmédleath is not a necessary
prerequisite for fusion of the fetal mouse palateJ Dev boil 2004;48:39-46.

45. Gehring WJ. The homeobox: a key to the undedstg of development? Cell
1985;40: 3-5.

46. Akam M. Hox and HOM: homologous gene clustargisects and vertebrates. Cell
1989;57:347-9.

47. Conlon RA. Retinoic acid and pattern formationvertebrates. Trends Genet
1995;11:314-9.

48. Boncinelli E, Simeone A, Acampora D, MavilioHox gene activation by retinoic
acid. Trends Genet 1991;7:329-34.

49. Herget T, Specht H, Esdar C, Oehrlein SA, M#eliA. Retinoic acid induces
apoptosis-associated neural differentiation of aimeuteratocarcinoma cell line. J
Neurochem 1998;70:47-58.

50. Horgan B, Beddington R, Costantini F, Lacy Earipulating the Mouse Embryo a
Laboratory Manual. ¥ ed. Plainview (NY): Cold Spring Harbor Laboratqmess;
1994.

51. Campbell JL Jr, Smith MA, Fisher JW, Warren &se-response for retinoic acid-

induced forelimb malformations and cleft palatec@nparison of computerized
image analysis and visual inspection. Birth DefdRes B Dev Reprod Toxicol

_39_



2004,71:289-95.

52. Niizuma H, Nakamura Y, Ozaki T, Nakanishi H,iah\, Isogai E, et al. Bcl-2 is a
key regulator for the retinoic acid-induced apoptaill death in neuroblastoma.
Oncogene 2006;25046-55.

53. Okazawa H, Shimizu J, Kamei M, Imafuku |, Hamad, Kanazawa |. Bcl-2
inhibits retinoic acid-induced apoptosis during tmeural differentiation of
embryonal stem cells. J Cell Biol 1996;132:955-68.

54. Park JR, Robertson K, Hickstein DD, Tsai S, kéobery DM, Collins SJ.
Dysregulated Bcl-2 expression inhibits apoptosisrmi differentiation of retinoic
acid-induced HL-60 granulocytes. Blood 1994;84:840-

55. Hou Q, Hsu YT. Bax translocates from cytosolniiiochondria in cardiac cells

during apoptosis: Development of a GFP-Bax-stalleZHcell line for apopotosis
analysis. Am J Physiol Heart Circ Physiol 2005;2B&.7-87.

_40_



Fgac

w2 A FE =t o3 fEE FALAAM Hox @A T

Pyt ATAEY o] BE AT

< Axas AW3 >

AAdt et ojFets)

22

WA 13 oA 179 Aol 71 E717}

KR
Y

R RS P

%"

T2 1549

25

Fol clglZow Aer] A

At

173

o -
A

A 144 Aol

sgdn. &

offEF o=

-
| N

o] Atetar 16 Al

174 A4 7 5

Al 2+5

1000

o
N

T F4dH. T

I

—_—

o
Hlo

]

9

1=}
T

=42 &84 g, aga v

3t

(o]
i

v
=

H71 <A sl

)

S
=

Mr

Ith= Hazk ok WislAd #E

Nfo

3r

=

RASH 7=l dE kol

AR

o
T

= AAEEJARR]D Hox

Hoxa7+-4d #F2] ectopic expressiopr 77l

Al

A wlzbel gee £

1=
a=

FEdP om o]l= RAY

CEREE

sto] TG

g 2o

Al At

(E11)°l RA(100 mg/kgEe

il

—_—
o

o

_41_



A719l E1s] P 23 RAZE Ael® wAel lgste] in vitro ol A%
delite] FALY] SolHoE FFE vEA Tolugith ® T
WA Y F 7 A AR Qe A 2HH FEG F RNAE ol §to]
Hoxa7ol FAZZNM Washi=A dhobmsha, AXAE #d 321 Bax
o wdel WsE FAstuch. T3 FA BPe) F19 E15 e =L

g 16, 1799 WAE Bested FuUE HU8kn, Hoxar T3
S

=0l &}

T A

ol FAE ol&st] WAXAIFTANS FHTACH, AEAE ]
e Z 4817 93 TUNEL assagg <+ 3 5ttt

Aol mZd whAbe] B A e 2719k 7 2 5

o)
7} RAE ?7}16“*011 hel A XA%MEE
71‘%‘%‘% B4= ﬂﬁﬁh—.._ glstdch, ot A 271(E1De HE w4k
s TN 2HAAE EA 159 FE 23
o] F7tslo] FARE Aol Eue 1797HA FAHN oY, HE =it =Ed
THEAAAE 15947 Hol= F7kHA &gk, 78 2 F7]1(E15)0l
WS FYT A, ARG Adntol A, WMIEE A7)0 Hoxarel %
@2 dzaol Hal FetA LA, T 2 270l dEetts F9
ato] A FEALEol| #oldl= pro-apoptoti®F A} Aaxe] WA YAES
HEzToAAE 13804 179744 AAH o= ZetA ddsts wkd, ¥
A ARTEE 2 16495EH F43] ol 7 28 F71(E1p)el H
=4S FYEY], 1693} 17Ye
A3, fza2 MEEZE FE3te A7 16°Uxﬂoﬂi MES7} 945 = 59
oF TR W Fo AFMITA FE TUNEL ¥4 AZ7 #2EAL,
Hekol vHFElH = 1790 MES7E €43 BH = F-9olA TUNELYA
AE7E FZEAT. b HE e AEae 1690 S AEZA
TUNEL 44 AE7F #2550 1740 403 Advte] ZaAx ZAd F
2 TUNEL ¥4 Ax7F #2530
opel AR wFol F wj, F LA HF Fol #HE =] ===
A THES X J?iﬂ‘%‘ A€ =2k Hoxa7+ A b2k Al
IAEE 2Asto] 7P

<.
o
e
)
D
5
o
c
. E
o
_{
g9
nlh‘, o,

rBLm

i

AN s % P} 2, TG, dE=Al, Hoxal AR, AZANE

_42_



	TABLE OF CONTENTS
	ABSTRACT
	I. INTRODUCTION
	Ⅱ. MATERIALS AND METHODS
	1. Animal management and RA treatment
	2. Dissection of embryos and morphological observation
	3. Total RNA isolation and RT-PCR
	4. In vitro organ culture
	5. Sequence analysis of Hoxa7 protein through in silico
	6. Gene cloning
	7. Cell culture and transfection
	8. Immunohistochemistry and TUNEL assay

	Ⅲ. RESULTS
	1. Effect of retinoic acid on craniofacial and palate development
	2. The effect of RA on Hox and apoptosis-related gene expression duringpalatogenesis
	3. The Effect of RA on Hoxa7 expression pattern during palatogenesis:immunohistochemistry
	4. Effect of RA on apoptosis during palatogenesis: TUNEL assay

	Ⅳ. DISCUSSION
	Ⅴ. CONCLUSION
	REFERENCES
	국문요약

