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Spatio-Temporal Expression Pattern of Grp78, a Putative Hoxc8
Downstream Target Gene, During Murine Embryogenesis
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Grp78, discovered as one of the putative target genes of Hoxc8, is a highly conserved stress protein and fumctions as
a molecular chaperone in the endoplasmic reticulum (ER). In order to see the stage-specific expression pattern of Grp78
during development, mouse embryos from day 7.5 to 17.5 p.c. were isolated, and RT-PCR as well as in situ hybridization
was performed. When RT-PCR was performed using Grp78 specific primers, periodic expression pattem was detected.
And also a region-specific expression pattern was detected with a strong expression in the trunk part of day 11.5 p.c.
embryo, like that of Hoxc8. When in situ hybridization was performed, Grp78 was revealed to be expressed in the
endoderm, somite, neuroepithelium cells of neural tube in early embryos. In the case of late embryos, Grp78 expression
was detected in the liver, segmental bronchus within cranial lobe of lung, ossification center within the cartilage
primordium of rib and vertebra, submandibular gland, as well as metanephros. These expression patterns are very much
similar to those of Hoxc8. Since Hoxc8 has been reported to regulate apoptosis during organogenesis, it might be
possible that the apoptotic function could have been conveyed through the expression of Grp78, implying that the
Grp78 is one of the Hoxc8 downstream target genes.
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regulator -AAE BT H3L 9t (Hombria et al., 2003). Hox
FAATE ol FHAAES 2Aste] P Pl BoistA
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et al,, 1998; Bames et al., 2000), ©] ¥ Grp 2212} promoter
ol TH2] endoplasmic reticulum stress elements (ERSEs)”} &
Azt Jeke Aol B HAT (Lee, 2001).

A 2F 1091F2] GRPs (Grp78, Grp94, Grpl70, Erp72, PDI,
Grp38/alias Frp57, calreticulin 5)7F B3 E|§loew 1 £ 3
Ul Grp78& ER Wl EajdE chaperone .2 & A
ATk ©o]AL X lymphoid AlZA immunoglobulin heavy
chain® Z§6t7] Wil immunoglobulin heavy-chain-binding
protein(BiP)o] 2}il % E-2]9-1, heat-shock-protein 70 (Hsp70)
familyl &3z SHAEA Hsp709E 9 61%2] homology
E 7R3 Lo stress protein family®] TALY 7 7]
T2 vdErtyt B3 H3 uh E Grp782 WA Dnak
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9 Ak A B 7S 2k Q1322 DnaK-type mole-
cular chaperone protein®| 2% 3l ER WA ca®*el &
A& =-3=2E ER luminal Ca¥ storage protein®| 2} 35
8} (Chang et al, 1989 Bamnes and Smoak, 2000 Rao et al,
2002). :

A7 B Grp789] 71%5S molecular chaperone .=
A ER WellA Aj=o] s wild e folding ¥ assembly
£ Sofn, Hi aggregationd}+ & 16H1” O*ELE
st defA] Qlh ERERE 5FHA = el
under—glycosylated dda & o 9t Z&}% E3AE e,
ER WA Cca®* S =3 g}cq sl 2B A
ol thatsted L& apoptotic pathway©ll J’}Oﬂlfﬂ'ﬁ} L= = vk
il ME} (Tlllman et al., 1995; Little et al., 1996; Watson et al.,
2003). ' ‘ '

Hoxeol @8] 242 v 4422 248 Grprsel 2
A A goke] Wy okl i AF S 3
%7] 2-cell Al71IA5-E] blastocyst stage® ¥ = F<t
Grp788) el F7kerhe W sldle 2 YA IH %
t}.. o] 2]oll whole embryo culture 28-S F3l LA 9.5UA
o] ABFH wizlel] PG 2EH2E FLA7IH A (heart),
N7 (neural tube), & HESI (gut endoderm), somites, 2] ¥l
4 (surface ectoderm)ollA] L& gch= Bzl glot A4
vl 2 3 3 AAH 2 Al dels 2 2
2 AR} & Aot} (Barnes and Smoak, 2000; Lee, 2001).
upepr] £ die AF A 28 A F Grp7sA Al
F7H9 ¥ #l"8 RT-PCR 12|31l whole mount/cold in
situ hybridizationE" 53l T2t 1, Hoxes L& ote] dHA
< n&s) BuA vk

ol

¢

e & Y
1. WjxE |

W& 98l ICR AF (Samtako, Osan, Korea)E ©]-8-3}
Ak AHE A 4R 3~4nk g FA vk E ¢ ¢
g FAA7I, e E oA 104 Ao LFlolA AA
(vaginal plug)o] HZH, ojm& LA 05U A el3gict.
A 85U 175°‘77}7<H Hiz ER|E Sl @tel] st
dAle PAG AF EF AA sacrifice F T 1X PBSE
o]-&3le] Wix}E A&

2. RNA 25

&3 wixte AAdio] do] A ¥R Gunidium
Isothiocyanate Technique (GIT) WS ©|-&3}9 RNAE &

3hadvt 2214 tubeol] ¥ 3L denaturing -§-% (4 M guanidinium
thiocyanate, 25 mM sodium citrate/2H,O 0.5% (w/v) sodium

' RNAZ AT 70% ethanol 2 A% 3

lauryl sarcosinate, 0.1 M B-mercaptoethanol)S A 54| 100

mgoll 3 mi¥E H7FAZ T, pestleZ FA s A F T W)
AE 15 ml FEE %7 F 2 M NaOACE 140 wl 31 7
Rt A 0] % T}2 chloroform-isoamylalcohol (49:1) 588 pl

)5
£ FHrbsta 15231 A8t £ & A& 1583 #A
STk 47T 3,500 ipm O 30%-7F AR & Qs
Fl MEE 1.5 ml %2 microtubeZ 7 T, A5 N
%2ko] chloroform-isoamylalcohol (49:1)2 WA &33laL 2
& o R YA T AFAS Atk Al
&9l isopropanole F7}5ted 70T freezerol A 1A1ZF o]
WLSAIZ) TR, 4T 12,000 pmOE 2087 A sl
5 A=A Y
Z55o RNAE %01, UV-spectrophotometer

ol g3te] BBHeATh

DEPC A2k
(Amiersham Biosciences, UK)&

3. RT—PCR (Revers Transcription~PCR)

RT ¥+2-2 2 ug? RNAE 200 ng2l oligo dT, H,O0E 14 ul
7HA B3 70ColA SR B & F, kR Aol ¥l 7
AL dNTP (2.5 mM each) 5 pl, RNase inhibitor (0.5 unit/ul) 0.5 pl,
MMLV-RT (moloney murine leukemia virus reverse transcriptase,
200 unit/ul, Promega) 0.5 pl, MMLV-RT 10X Buffer 5 pl &3
NS 11 p¥ HFRAA 37°CelA 1AL Fb st 1st
strand cDNAE $4315it) o] & 958 F3ko] PCR Wh&
(94T 30 sec, 55C 30 sec, 72°C 1 mine 253 wHE)E 43
sl o], olm AL&3 primers Y3 2T} Grp78 (forward,
5'-CTCGAATTCCAAAGATTCAG; reverse, 5-TACCAAGTGT-
AAGGGGACAC) S-actin (forward, 5-CATGTTTGAGACCTT-
CAACACCCC; reverse, S'-GCCATCTCCTGCTCGAAGTCTAG),
Hoxc8 (forward, 5-CACGTCCAAGACTTCTTCCACCACGGC-,
reverse, 5-CACTTCATCCTTCGATTCTGGAACC).

4. Grp78 subcloning 2 RNA probe A| &

Sense®} antisense RNA probe & |2 st7] 943l Grp78 PCR
productZ pGEM T-vectordl] &8 313t} I oh2 Algt a4
sphlT} sall& A28t Grp78% £2|3 v Jetsorb gel ex-
traction kit (GENOMED, U.S.)E AHE3)9] elutions}Sith. ©]
A& A multicloning site®] & £l Z+ZF T73 SP6 pro-
moters 7FX| 2 9= pGEM-7zf%} pGEM-3zf2] sphl¥t Xhol
a3 sphlT sallAFE Gl 242 AAYsked pGEMT-grp783%
pGEM3-grp78S ¥gich

Antisense®} sense RNA probeE A5HA 3] pGEM7-
grp783% pGEM3-grp788 A|¥H &4 BamHIZ Z2HA linear
Z & 8, T7 RNA polymeraseE ©]-8-3}0] digoxygenine
labeled UTP7} £35 0 31 nucleotide EFNE H7}star

37°Col A 2412 E<L in vitro transcription RE8-S &S Th
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337 sense 2 antisense RNA probe> 4 M LiCIZ 100%
EtOHZ A A3te] HAE thd UV-spectrophotometer (Amer-
2591 A o2

sham Biosciences, UK)Z ©]8 whole mount
2 tissue sections2] in situ hybridization®l] A&-8}51c}.

5. Whole mount /n sifu hybridization

H| 2= 27)9] we} 4% paraformaldehyde (PFAYPBS, 4C

Ay |~124]2F PBT, 25%, 50%, 70% MetOH/
PBTE 5%4 4ToA 4 olE ths, 100% methanole] 7}
A ARgE wizhA) 20T B#EEAY BEE in sitw hybridiza-
tionol] AHE-3FSATE WA WIARE 75%, 50%, 25% MetOH/PBT
9} PBTE rehydration A|71 o}, 6% H,0,/PBTE 1A 5
¢} bleachd}3l THA] 10 pg/ml proteinase K/PBTE wllzke] =1
7)ol whel 2~15%7F A28t 1 v, 2 mg/ml glycine
< Yol proteinase K& B85} 47| 0.2% glutaraldehyde/
4% paraformaldehyde/PBTE H718lo A7 & vhs PBT
2 o531 uix}E prehybridization solution (50% formamide,
5% SSC, pH 4.5, 50 ug/ml yeast tRNA, 1% SDS, 50 pg/ml
heparim?ll 2] 1A1ZF B¢ 70°Col A WHSAIF T 7)) |
ug/ml digoxygenine-labeled RNA probeE ¥ 38} hybridiza-
tion solutions F7}8te] 70 TAA wA) B-SA| 713 ohe &
posthybridization wash 7 2.2 solution I (50% formamide,
5% SSC, pH 4.5, 1% SDS)S.Z 3087+ 70°Cell A 28 A& s}
%k ™A solution 13 solution 11 (0.5 M NaCl, 10 mM Tris-
HCI, pH 7.5, 0.1% tween 20)8 524 &g3lo] 1087 70T
oA AolE th solution = 584 38 A4 A
AEt) 1 o2 HiAFE 100 pg/ml RNaseAS 335t 9}
¥ solution ol g0} 37ColA 3087 2 BEgE &
TBSTZ ThA] A &3}, blocking solution (FBS 1 ml, 10%
blocking powder 1 ml, Malate Buffer 3 ml)2 718}l 9027+
preblocking= % 8%t T2 anti-digoxygenine antibody (1:1,000)
& A7tstoiA oA WA §HAIZTE o 2, TBSTE
IAZE A 59, NTMTE 304 2% A& sk, ThA] NTMT
2 Wkl AFskc o @ 4.5 pml NBTS} 3.5 pl/ml BCIP
£ H7}e NTMT] HHX}%— f7|3L o) T oA A wk
& WD} 3A3F o) FRE Yt whle] #EEA PBT
2 2~31H Ao} Fof A w35 AAAIF

NARAA 7|

6. Cold /n situ hybridization

HiA}= PBSE & ¥ A& g F- 4% paraformaldehyde (PFAY
PBSE 4TolA 3} nAA7]a o232 30% sucrose/PBS,
4T 8- 1 EolFoith I thE tissue tek (Miles, Elkhard,
IN)yell ¥iAFE ¥ 3, tissue freezing medium (TRIANGLE Bio-
medical Science, Durhm, NC)©.& E-& t}2- -70TCl #7335}
Ak dol gl MAE 10~12 pm FAR Zet TR o] o

4% paraformaldehyde/PBS 1| 4]
, PBSelA] 384 3-8 Mot 1
231 10 pg/ml proteinase K/PBSE 477+ X8|}k, 4% para-
formaldehyde/PBS A ThA| 533F 1A AIZ] vhE PBSE Al
23199t} Acetylation (295 ml H,0, 4 ml triethanolamine, 0.525
ml HCL, 0.75 ml acetic anhydride) ¥H&-S 3 T}2 PBSZE Al
ZSF1 500 pl prehybridization solutions Ztzhe] wix} AH
Sofl Hojr=dl thg- Eelo] =& humidified chamber (5% SSC,
50% formamide &8-S A4l Fol|& Zolx Fuhdl &%

3L 2AIZE ok Aol A5G Tl 7]l RNA probe

200~400 ng/mlE X38tEtT T hybridization solutiong %

Zejol=o %OL u}%
al,

7Fer th2 coverslip® Hal 72°CollA] ¥ wkEx3AT) oRe-
2 coverslip A|ABELL, 02X SSC (12T)el A 3A1ZF 28]

ThA] 02X SSCollA] 573t Ao T2k 1213 levamisole
(240 mg/HE EFs}aL 3+ buffer B1 (0.1 M Tris, pH 7.5, 0.15
M NaCloll 4] 5&1F (A-2), blocking solution (%)l 4] 14]
7k, ©FA] anti-digoxygenine antibody (1:5,000)2 7}sh tha-
ATAA &3 ¥kSAIFT. Og 2 buffer B1ISZ 3 A
3k T3 levamisole (240 mg/l)©] E£E-E buffer B3 (0.1 M
Tris, pH 9.5, 0.1 M NaCl, 50 mM MgClL)oll A 1087+ wHx] 5}
% buffer B4 (240 mg/l levamisoleS #3131 §)& buffer B3,
4.5 ul/ml NBT, 3.5 p/ml BCIP)Z H7}3} parafilme 2 G2
F ofF ol WA o] ST pRSE AIH
131 2 TS universal mount (Huntsville, AL, USA)E 7}
3ta dJulH g o] -&3sfo] BT
= iy

Grp78°] Hoxc82] downstream target genes® 2 5= %1
ong 2 AFME Hoxcsl 9A] Fol4 wdo] 71 2
B 1L 5°WH He A7 uiAE ol 83t wixE W55
< WE} 7EE (HI, H2, M1, M2, M3, M4, o2 st o}
L 7t BRROBHE| & RNAE 3}al RT-PCR 7]%& o]
%—0}04 Grp78J+ Hoxe8%] 23 JH%‘% BA516 0, o A}
Grp78< forelimb2 XT3 FH M2 9ol Zsir &
sl Ao] BFE U Hoxes8s] 75 M2EERE olyg M3
olMx ZstA LIl om, o] 2o thE BHdXm of
3171 sl wEe] HEHIAT (Fig 1)

3 oS gl Aol wE Grprse)l i ke BAEY)
Aske] Gl FA Z7) wiARl 7.59 wiARRE 713 Aol
A o = 17.597HA19] vixke 22 REjetar o wiAt
ZYE % RNAZ £33 o8 RTPCRS 3519t} Fig,
201 M 9k 2ol Grp78L 75, 85, 105, 115, 14.5, 223 155
G wRpell A 735 o] AFE o SolaiA e LA
A7)l Wt periodicdt BE S WAF AT o)) Hha)

a
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@ H1 H2 M1 M2 M3 M4 T

Fig. 1. Spatial expression pattern of Grp78 in mouse embtyo at
day 11.5 p.c. (A) lines indicate the dissected regions at embryo at
day 11.5 p.c. (B) RT-PCR pattern of Hoxc8 and Grp78 along the
A-P axis; H1 (head 1), H2, M1 (middlel), M2, M3, M4, and T
(tail). B-actin was used for the internal control.

o] Hoxc8E 854 WIAIIAMYE 175U71A] A BE #iz}
AA BEEE S HHE T AU

Wz} e Ao met i) Bat gret s e
A & eyt GEARR Grp7sel B TY Al e
wizpe) ojr= 9}x) TEl3 o) V)T A B3RS HE
gRow BAEY] 8 AR 28 HElS in sim hy-
bridization BE-S E8l BAEIgch Gl A x7) 7044
g ztell & dleiedol A BN O™ (Fig 3A-D), 8.09 3
9097 wAel A$ MAD (neural tube)e] 417A/4TAEL
(neuroepithelium cell)ol| A &3} (Fig. 3E-L, L). 9.04 4
izt e A (somite)ell = Grp78o] Z4etAl L=
(Fig. 31K). 712 dAdo] ghdat 71 wiaal 10593 115¢
Wl e TEAHOT 7o 7 2 hepatic primordium} Al
7o) AAZAA RN DA E A BRY F AAH
(Fig. 3M-T). &3], 11.54 wl2}2] whole mount #n sifu hybri-
dization Y2 BA3F Aol oA v Al 2E

95 105 115 125 135 145 155 165 175 (daype)

Hoxc8

B-actin

Grp78/actin

(daypc)75 85 95 105 115 125 135 145 155 165 175

Fig, 2. Temporal expression pattern of Grp78 in mouse embryo
7.5~17.5 day p.c. RT-PCR pattern of Hoxc8 and Grp78 in mouse
embryo. B-actin was used for the internal control. The amount of
mRNA expression was normalized with that of p-actin.

AAT Fig. 3q). F71 1459 % 155
o WA E FEAHOE 5 (b)o]l He 9F B (car
tilage primordium)®} #2] cranial lobe F-22] 2 F8]olA
wEElE e @3 F AT (Fig 3U-Z 3a, b). 15.5%
wizjoll M B3] B8 (submandibular gland)T A17ge] &
= Z2 (metanephros)oll A Grp78°) Z}EHAl L& A o)
2 A (Fig. 3c, d).

N

Hox A4 2 34 F Al- 33 Bolxeg wdst
of A9 Hehs v=eu BAdE HAF 2H JAEA
Thre] downstream target genes®] YHS TS master
control gene 2= LA A T} (Jave-Suarez et al., 2002; Villae-
scusa et al., 2004; Kwon et al,, 2005). L&)y A7k A7 4
o2 Hox @de] 24-E W& downstream target geneo|
th 3l A= Hoxa7©] keratinocyte transglutaminase type 14 2
H&to] keratinocyte2] E8loll #A3}E A (La Celle et al,
2001)3} Hoxa5”} progesterone receptor gene] 412 ZAgh
o= A, £ Hoxe8°] osteopontin gened AsHe o dg
th= A9 (Raman et al, 2000) 5 2ol Bag Aol o
WA o AAeiut

B AqdMe Z2HE $498 §30 Hoxc84 downstream
target genes (Kwon et al, 2003) 59 sht= B4 Grprsel
AH ) wizE LAY B F o] Aol ZE]al o= YR
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LAY e Somite

[P —— J—
'Y Cartilage primordium-of v . . .
gV a. } m u‘f‘m PR, . ; X Cadﬂa?eprimordium

;

of vertebra

Fig. 3. Expression pattern of Grp78 during murine embryonic development. Cold in situ hybridization was performed. (A, C, D) sagittal
(B) frontal section of day 7.0 p.c. embryo; (E, F) frontal section of day 8.0 p.c. embryo; (G, H) neuroepithelium cells; (I, K, L) sagittal and
(J) cross section of day 9.0 p.c. embryo; (M, N) sagittal section of day 10.5 p.c. (Q, R) sagittal section of day 11.5 p.c., inset in (Q) whole
mount in situ hybridization; (O, S) hepatic primodium, (P, T) neuroepithelium cells of neural tube; (U) sagittal section of day 14.5 p.c.
(paraffin section), (Y) sagittal section of day 15.5 p.c.. (V, Z) cartilage primordium of rib, (W, a) lung- segmental bronchus within cranial
lobe, (X) cartilage primordium of vertebra, (b) cartilage primordium of ventral part of shaft, (c) submandibular gland and (d) metanephros.
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Melal Hoxe Sd deide] Aa4 S
0x68«1 AR Bl Feo] 71 2 7
=k 5]% AF AL ol g3t AF=g et
Grp783} Hoch«] UHS v wsigle ul Grp78L forelimb
= Fgohs FH M2 FolA AstA L= A 2™ Hoxes
9 A9 M2RBT ofYg} M3AIME AskAl LdEeg
Al71el et = SOl AR periodics} Al
Grp782) %Eﬂ %, 8.5, 105, 11.5, 14.5, 283 15594 =}
ol A W&o} FHAEAT} (Fig. 2). ool ¥l Hoxe89 7%
8.5 wiAHF-E] ZE GAY] vl A B TR e
B 7594 viARE A[9)3l3 Hoxego] HLdEE = A7]9}
Grp789) o] T = ulAbe] stage?t LA Ehed) o) AL
olnt= Grp789] AL 34T Hoxc8°) HAH 2d s}l
oftt otz ZoE fFErh old YL Fig 19ME B2
B =), M2ETE A A Hoxe8ol 233 M3olME Grp782l
W30 x| Wgkon ol Grp7sel &L 93l Hoxe-
8«} &ol % critical & = S Aoz AZdEc) g}

A Hjz}e] 9 Hoxc82l H& ol =& wadoe]
"LE}"Eﬂ ol o= Grp789] WAL 93 E Y2 )%

of d& Ao AZrE) wx}2] implantations} early deve-
lopmentE ER stressE it A2 d#A e, Grp-
782] upstream regulatory region®] 12170€] ER stress regu-
latory elementE ¥ 3517 QO 22 Hoxc8e) L= £33
3+ mechanismel] 9J3l] FEEAHE Aoz AYZEc)

S B F 4D (neural tube)lldE Grp7se] ¥
o] 8593} 95UHFE neuroepitheliumel A #2E g o 0]
¥ 85900 AN (neuroectoderm)oll A 12|51
d o] FREE AABAM BHE= Hoxesd B (Kwon
et al,, 2005)%} HUR|STh 53] Hoxe§L 7HsHA A==
C(cervical)s-T(thoracic),®] neuronal segment= forelimb®Z. Y
oJU7e 2% A7 (motor neuron)®] EAELE Ao 2 oy
A Sl (Tiret et al, 1998) SR FAL Grp78 B3t o] 9]
oflA ZsiAl AU Hoxes F-4A7F A& AF 9 4
L, =% AANA apoptosis7t F7VFH 28 ©)= Hoxe8°)
&5 4179 survivalel] T Zlojelsr AZEE ™ (Tiret et al,,
1998), Grp78 3 Cs-Tyoll A9 et 2dE nels] & o,
Hoxc8°| Grp782 Z43s}o] -‘?:% 2174 2] apoptosisE ] A3}
 (spinal cord) Bl &

somite} T 2]+ para-
xial mesoderm©. 2 FE] %5}5}‘—:—3] 217433 A4 (noto-
chord)ell A3l | Reh= NMEEC] AF (vertebra) 28] 1L

intervertebral disc2 #3815t WA $7] A EE0] ¢ o]5&}
o] 5& (rib)= £33t} (Dubrulie and Pourquie, 2004). Grp78
9] 79 A 9500 AE (somite)oll L)L 145U o]

H AE HE (cartilage primordium)
Al

=Zol
oA o] HAEAEH (Fig. 3), Toll 53] & AF 2
el Hoxes& THHAAI7IW proliferating chondrocytes”} %

A =1 maturation®] 1998)Z
2o} B ol olvlE Hoxc8°| cell survival®} cancer cellol
Al proliferationoll #AFtts A#R (Lee, 2001) Grp789) &

AAEHE B3I (Yueh et al,

A& =344 proliferating chondrocytes®] Z# ol d3Fe F
& Aoz AZEr
272 caudal intermediate mesoderm O 2FE 1315} =1)

Grp78°] 15594 WixlollA 321 (metanephros)®] branch7}
FAET FiolA 2dETh (Fig. 3d). B39 metanephric
kidney Al mesenchymal-epithelial conversiondl] Grp789]
Foj gt} (Plisov et al, 2000)x L&A gow &= TGF-B
family$l BMP4, BMP7, TGF-g2 5o] 2ds o] aafe] 24y
S ZAsI= Ao 2 o 21 AT} (Plisov et al., 2000). Hoxc8
HA| 24 77 % mesonephric® metanephric kidneyol A 2t
HEH BMP4 signalling®l] 2+-8310 AEo] H3lo} 44
ZA%t e AT A9 (Shi et al, 1999) 9]50] 2 o Hoxes
T Grp78°] BMP4 215 & /o) Aol Wbl g A e 4
5 S AAMETE $E A% e g4S daME
extracellular matrix molecule < matrix metalloproteinase, matrix
molecules, growth factor, growth factor receptors©] L%+
t] °]E2 BT secretory &2 o @A EZ 4 ER ol A
4 =m o9} 7| ER protein bioassembly activityS 2+l
UE Grp783¢L chaperone TEiZo] Fo] 274 Aoz A
Zree IVEAE 13594 2F w2k ureteric bud (UB)
branch®l| 4] metalloprotease®} growth factor receptor®] 2 o]
S Ao, ol A GrprsE B3o)l FhE T B
L (Meyer et al., 2004) ¥t oluel Hoxes2] 7
Hjzkell 4] UB branch +2%]¢] mesenchymal cellol| 4] 2@ ch
+ BIE 7Fo] (Patterson and Potter., 2004) 27 &Adof] )
A Hoxe8oll 218 Grp78e] wale] A1 &g P4 7|
sioie Zlo® fradch

2] 7%, Grp78< cranial lobe2] 7HAAA WEEE Fo
B2E AT (Fig 3U, Y, ). ¥ =3 AAn o] B 7ix
& 7R 7o 2A Fe g4 9do] FGFYF BMP4et 22
secretory protein®] 8% A4S ot 2#A o} (Wang
et al, 2005). WA FHAA % Grp78°] ER oA whil e
&4, folding, assembly 5°] $0)35% To}= Ao=w Azt
Hrh g, A7 2AsteE 3 5 o) dAlA apoptosis
7V dojdutn ] gl gopdA = epithelium®] L}
mesenchyma®ll Al A d o2 24 dojttin A glch
(Wang et al., 2005). AF&2] 749 Aele] Hoji= <a] glo}e]
H oA Hoxc8o] & &t (Golpon et al, 2001), Eio}2] #
ol A apoptosis7t AA ks AL ok Grp78°) Hoxc8

_I__J_ mouse
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i) o S8 Ao Ao

e TR TR #u] gl o guldSe] vhs
AE AVIZ (Little et al,, 1996) chaperone Tz S0} wlo]
o Ao AN, ety Grp7se) o] F71H
o AzZbEol A 28y EA7A] Hoxc8o] 7holA 2+
Hrhs B1E Qe A2 Bol A Grprsd] LS
AT gE 7)Fe] dS AoR FFdoh FE HUA
(submandibular gland)oll A= FHel] 9 AEEo] Fhie

Zo] & w7}x] apoptosis7t Yoldtiu <A ok TE|w
o] uj p53/caspase3-mediated apoptosist terminal bud forma-
tion®ll T12] 3L caspase8/caspase3-mediated apoptosist ductal
lumen formation®]] Toldtthy w3 o] ¢Ix|T apoptotic

stop signaloll A= L2l Ae] §lct (Jaskoll et al, 2001).

Grp78% caspase activity® GA|31S] apoptotic signalZ #] 3}
gotn dEA QQoT 2 (Rao et al, 2002) B A Al
apoptotic stop signal®ll Grp789] #ald & ¢lL Aog A
Fag3l=s

olde] Az mFo] Wol Grprgo] x7) WA B¢k A
AR AN HE = 1, organogenesis I3 = A1, #), &
ol 530] g AT BE Fol A 2N, o] 2E )

BE Hoxe89 WHE Fda fAlet A0Z Grp789] Hoxc8
target genes 52| Y 7HeAdo] =& oz fFEm
A B4 T Hox 348 228& who} M X 5213} apo-
ptosis 5] 712HS FrEste] wizte]l HelE FAsted B
oJgd Ao g Alg gt

At 2

& A7E 200435 S gAY 7238 ATA|PAt
9 A7) (KRF-2004-015-E00012)8] =] Qol] ©]3) o] %o}z
on] ARF, ol2Qsy BK2l FF AR ol 7
A=Y,
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