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Z1c} (Finnell 5 1993). 3 3E-Eo)| A Frje|: Sl 2l
<3 (paraxial mesoderm)z} 7}l 43 (Iateral mesoderm),
27354 (neurd crest)el A} 7] 4ake}. FA e
%350} 7 (omite) & Ak, FRAE o) Wi
obz=o] w &4 (sclerotome) I} 5& 7}&o] R T8E
7 (dermomyotome) 2 2-3}5}m, w22 Mz e}

FellAHA F7HAE skl o] (limb bud)

] 431} (de Crombrugghe 5 2001). Zv}e]4# 34
dom Brlele 9 247 olF 91 At
o) S sl Az TR, 71EEuge)
ZolA felE F709 24 Brielel wsl A
FAA Dok Bl o PR F3
A& kol FAYHA 29 7) 2)u) 5154l (apical
ectodermal ridge)-& 3 AJ gk} (Rawls¢e} Olson 1997). %
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7] e npz 2ol g= F71e
A g3 e S22

A|ZFRle) o3t WAl o2 FEeA WX wigko = I
t}e]e] whdo] 28 =t} (Albertson} Yelick 2005).

oA 27 o8] A= 2lset Ak
Ho] FojatT, o] Be) W72} 7% ] e
A2 o]oxlnt. e 7] 9wl 35l e] AJ7]az fibroblast
growth factor (FGF)4¢} 8o] ¥l En], o] Sof &]sjjr] &
71 G5 7kelel e UM L wiE A
A&}, o] FGF8e] o3 6}°ﬂ g go] AAbgtel
ot §%2] F7hdel fuisdeile] <deke Hlejul
Hau MEzREGo] =HAHA F37t A=Y (Heikin-
heimo 5 1994). FGF= AMaA =, QM= 2 4174
i G AM 2] SAF B3HE @, AF A=
227)12] o3 o] slokar d#A <9l (Powers 5 2000).
°|% FGF2, 4, 8, 10> A F5E2| Tve| WAl F&
T 49E Ak 53] FOFBS 2rljAgel 32
qg-g 3, WA S AF e o8 A A aF e
A1u) 3 A] (gastrulation), 9=, Zote] W E3A17 49
WAe] DAl whlA oo} (Vogel S 1996, Sun 5
1999, Tucker 5 1999). =38t & ujjo}e] oz =
7)ol 7)ol oz FAE = H9lolA FGF8o
WAE T, o] Foll = A& o7 FGF8e] Zrhe] ¥ (limb
bud)ell A} == 2 FGF8YX dtr}e]e] Z7]EAYe| &
23t ¢lzto] (Crossley 5 1996), Vogel 5 (1996)-2
FGF8S wizte] dFelel o]Ashd Hpx<l due]rt
WA 2 RAh] FOFBS drteldl Age 24
R R Rl P S o L

ALl AFel SOX9S E71dAM| 2o =8
AZAS JHAER (Bi 5 1999). SOX92 A=
Z7) WiEE X‘i*}ﬂx}i SRY family®] %
(Kawakami 5 2006), =% F7FdA| =2} 3234
A Zol| A sl v FAFA 2o A= WAEF
=} (Kronenberg 2003). SOX9/~ AJ %] 7]v] 2ol A = °d
Zo] FAEA] oy o] F7HIL JAZHTEo|®
222 W elA] okt (Bi 5 1999). 12y SOX9Y
S| 49 Aol F4TL IR g4
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FAe 2AA2A J8E ot LA Qo (Akiya
ma 5 2002). >=% 725 o
3}ata AZuleAel collagen type Il = e] haigl

t}. collagen Il 522 aggrecan, perlecan 7+ proteo-

glycan 57} @7 ﬁ%ﬂ}%é & TS 84 3 shd
ojm], SOX99] walz HAF #AZ}E 33 (Lyonset
Ezaki 2009), 2 %<l Z1mol|A] collagen 1= 2] o)

Vg FRs Ezam glew ulFAdzAZeA col-
lagen X7} & s}ol] whe} A=} 7F4skc) (Schmid$} Lin-
senmeyer 1985). Collagen |1 W&l o] %] ¢t= E¢u o]

ARE ABEMBY] ot ool APA AT
) A A}of] = (chondrodysplasia) o] vrelydo} (Li 5 1995).
U’}E]—/ﬂ 7w 2R Eol o5 oy whulzle] ub

gl me dERAEE sty PRsle] U7
Aﬂii wIshEs QAT " ATAEE AR
Sl AR Qe ] olsh r] Al o
Fold Qm Aol ol Foixw, neple] FraAlct
(Bellon 5 200). olo] ¥ ATl A3 mAo] Hjole]
A A7 we eelel AmdA By F osdss
ofe] BAo] B)2 el e Solr g} k.
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Mg, )5 AHETh A e #7AFE 3l
&2 At ogd of3 Awpiy (vagina plug)7t
elsw A Aodz Astar gale] el © =
B Al8del] mAAZFAE AlP3tsict. whol= WA A
11, 139, 15¢, 17l A Z&3le] Faeted x, AHA
del HAHL vlole APToz, AAdzT o}
2 dxzoz Asldch APERS 74 29 i de
wlol 6utel g wigshel o, Q717 Bk Abwel Al
—u—“’"‘]’ig} L AR FEER, 2= (22+1°0) ¢

% (60+3%), =™ (1247t light/dark cycle)s A%
sl ALs e
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3tk &4 (probe)o] A= fA" ALA =S wA
Aol oF 2em A= Zlo|Z AFdE & 7] H7 50
mL Falcon Tubeol] =415 {17, 43°C 4=Zof| w7} 27|
=5 3l A2wstE FAsH AAe=r) 43°C°ﬂ
=3l 687 d5AE A&k 454 #
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4. Alizarin red S 2! alcian blue 0|=%4AH

W AL7Y Wobe BEY F 3%, 2% 9 Az
£ AAR F oPiME EPste] At AAE A3
22 Kimmel =} Trammell (1981)¢] dizarinred S2! alcian
blue o) 24 -& Agstich Slgu= 9 T 9
o] g T, HETH AP T 47 10719 Slme
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5. Western blotting

751% v}éli}'& % 4°Col ]/H 12000rpm_§_
elsted 43E it Y34 Bk
= At A=
© 2 3led 10~12% SDS
polyacrylamde geloll A #17]%d% & membranec.z A
o] A 5% skim milk7} 715l gl o2 147k et
blocking & «x}8k4] FGF8 (1:500, R&D, cat.# MAB
323), SOX9(1: 500, Santa Cruz, cat.# SC-17341), colla-
gen I (1: 200, Santa Cruz, cat.# SC-7763)2 4°Cel|A] 12
AZE WA QAR Wk F TBST ghpeloz
1087+ 33) M| =3k 5 o]x}3hA) (goat anti-rabbit, Santa
Cruz, cat.# SC-2004; horse anti-mouse, Vector, cat# BA
2000)% 1:500002 3|43te] 1417k <t wFg-A1Zeh
ohi TBST $h&a) e o gated 1084 33 43 F
Streptavidin-HRP (1 : 2,000, BD Biosciences, cat.# 550946)
& olgsho] ALelA] 3087k uEg AlZ] F X-ray film
(Kodak, NY)& o] £-3}ed immunoreactive bandsE A}
o] =Ashgiot whil Al v =22 Gd doc 2000 (Bio
Rad, Itay)& o] &3le] F=oh9lE HiEd ()= =4
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23t wjole] &S 4% paraformaldehyde-0.1% glu-
taraldehyde$} 0.1 M phosphate $}ZH o 2 wlEo]x] 11
ool 5A17E ek wAShA T, Yub 2x) EA)
o whe} S4AAE AN F sekel) zolsjolch st
W 24% 6um = dHsty gt A4S A3
F 0.3% H,0,0014 5%k A4 peroxidases A 7 &
ohe PBSZ 1084 33 Al Hsksinh A% F 3% goat
serumz} horse serum-£- o] -g-8fe] Al2of| A 4087} Hkg-
A Zot dxp3kA| = FGF8(1:50, R&D, cat.# MAB 323),
SOX9(1: 30, Santa Cruz, cat.# SC-17341), Collagen 11 (1:
30, Santa Cruz, cat.# SC-7763)= 4°Cel|r] 12A|7F uk-g-
A F 3, PBSE 1084 33] AlA3kdct. 1 5 o] x}hA|
(horse anti-mouse, Vector, cat.# BA 2000; goat anti-rabhit,
Santa Cruz, cat.# SC-2004)= 1:200°2. 2 3] 3le] A2
oA 307F WHEAIH . o] 2}eHA| ®E-g- § PBSZ 33
M A3 & 30271 A2 A] avidin biotin peroxidase com-
plex (Vector Co.) & o] &3}ed u1-2-A]7|2 DABZ 387+
A A7) % 1% methyl greeno 2 iz Qs B8t
Pu) 7 (OLYMPUS IX-71, Japan) .= Z+2steic}. Uz}

AE Ak $49 =S Ass

7. SHXE

A .
24 Azl 93 ezt
o] 5 &otr7] -‘H%H 2 (A=) x3
(A7 119, 139, 152) 0.2 she] & 631F Wy 27
&lod two-way mixed measure ANOVA% o] 83}y A
239t ANOVA Zatell A §2]8t 2ol7} 9l A
Bonferroni teste} T-testE o]-§35led 2]t zfo]= &
ohfigler FAA o 5& 005 otz AdA sl
ok mE Az B39 2FAx Jepigsh

2 o
114, 13¢, 159 A5 wljolell mx|= 2AE

)sich oz WA 2
Aglel HDEZ} el ezel BB (Fig. D).
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Fig. 1. External appearance of control and heat shocked embryos on embryonic day (ED) 11, 13 and 15. Exencephalic and anophthalmic

fetuses were found in every developmental days examined.

Control group

Heat shock group

Fig. 2. Alizarin red S and alcian blue stain. Control and heat shocked humerus at ED 17. Bony portion is stained with red color, and
cartilaginous portion is blue color. Diaphysis of the control humerus shows more calcified than that of the experimental humerus.

2. Alizarinred S 2! alcian blue 0|=%3AH

M A17 wote] slgwlelA W HEe Aoz
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3. Western blotting A~74

1) Fibroblast growth factor 8 (FGF8)

FGF8S tjzTol Al k4ol 215 Pel kel o]
Zhashedeh A2 E B ALLel = 27 we}
Wao] sl st A A|13d3} 15YeA=
Wzl vlste] Wale] WA Zrhsgich Ao

Z Yz iy A6 ot B3] zhasgl o, Al
oM Az B} dale] Z71Ee] ek (Fig. 3).

2) SOX9

SOX92 w2l M = Ay o] z1efghel] ule} 43
AA3 Ak AL B Alldel =
I wsk EEE Bolot WA Al13Yel:
AA3) F7kelea, 1590l 2T fARE
2ok Aubg oz e A Allde 7P =
W EE vbd Aol M A A13U7EA] W o
A A= ert A 15696 oj2g o] 7haE)
At} (Fig. 4).
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Fig. 3. Western blot analysis of fibroblast growth factor (FGF)8in
control (CON) and heat shock groups. The expression of FGF8 pro-
tein was gradually decreased in CON; however, FGF8 expression in
heat shock group was significantly increased on ED 13 and 15 com-
pared to CON. Data are means+ SEM (n=6). **p< 0.05 comparing
heat shock groups with the control group. ED: embryonic day.
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Fig. 4. Western blot analysis of SOX9 in control (CON) and heat
shock groups. The expression of SOX9 protein was gradually de-
creased in CON. However, in heat shock group, the expression of
SOX9 protein was significantly increased on ED 13 and 15 com-
pared to CON. Data are means= SEM (n=6). **p< 0.05 comparing
heat shock groups with the control group. ED: embryonic day.
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Fig. 5. Western blot analysis of collagen Il in control (CON) and
heat shock groups. The expression of collagen Il protein was grad-
ually decreased in CON; however, in heat shock group, the expres-
sion of collagen Il protein was significantly increased on ED 13 and
15 compared to CON. Data are means+ SEM (n=6). **p< 0.05
comparing heat shock groups with the control group. ED: embryon-

H2e A A13U7tA] Zrhsher} 1596 o]
a3ty ot dz2gRes B4 HEE T 9l (Fig. 5).

1) FGF8

FOReS Al 2Aoln b g vehi e - A
119 iz vlell A eke] 7013 7)<
SO 7 e wolt Wl Azl AL dz
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Fig. 6. FGF8 immunochistochemistry in control (CON) and heat shock groups (HS). Strong positive reaction for FGF8 was observed in
mesenchymal cells and apical ectodermal ridge of CON, and no reaction was revealed in HS on ED 11. On ED 13 differetiating cartilge
cells showed strong positive reaction in central portion of developing humerus; however, condensed mesenchymal cells were located and
reveaed positive reaction for FGF8 in HS. A few cells in reserving zone showed positive reaction in CON; on the contrary, many positive
reserving cells were found in HS. All pictures were photographed with x 200 magnification.
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Fig. 7. SOX9 immunohistochemistry in control (CON) and heat shock groups (HS). Immunoreaction of CON and HS showed similar
activity on ED 11. On ED 13, maturation zone revealed strong positive reaction in CON; however, in HS, condensed mesenchymal cells
showed positive immunoreaction. Some immunopositive cells were found on reserving and proliferating zone in CON on ED 15 compared
to many positive cellsin HS. All pictures were photographed with x 200 magnification.
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Fig. 8. Collagen Il immunohistochemistry in control (CON) and heat shock groups(HS). Immunoreaction of mesenchymal cells was stron-
ger in CON compared to HS on ED 11. On ED 13, maturation zone was observed in CON and showed strong positive reaction; however, in
HS, immunopositive mesenchymal cells were observed. On ED 15, some immunopositive cells were found on reserving zone in CON; how-
ever, positive cells were observed in reserving and proliferating zone of HS. All pictures were photographed with x 200 magnification.
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o(Fig. 7).

3) Collagen Il

Collagen 1= WHA A|11Y w2 wiele] Stdte] &
el A 7sE RS Hoel: ubd AgelME
Azl sl F3elA #‘& g Bolvh A
X1113‘” Yzt wEEe A a@ﬂﬁ 73k %
FAM 2 A

: ?‘4—?"1]*1“ odluld e} 2
°]a 3isi+t(Fig. 8).
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NYE doy)e 784tede 994 glo (Edward

% 2008). 2FE Y41 F AR} W9l ne] D3t
weh 4 Aenh Aol

FHAE W o] f=Hrh ol=dt dAl F g
Al S SR, A 53 Hiold
SAA 35S Folu, NEAEAES Fxidt (Lee &
2009) w2t ejobs ARAE 32 ApdfAbEW, AES)

S$oll= AAA Aot AAA7IHE doglo A
fﬂi*oﬂiﬂ AbRe] 319 WSS, HEES, 22
%ﬂ AP, AT, e AFEES 5
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FFA7A NEA 2 9 JAARRF, 25
73S U PE}(Edwards-‘g— 2003). Abse] A4
oJstzatel 5w ilz7), B3] 94l 125 ool o
A gko|} 22 A]"T"’]'oﬂ o]3 F-x ok (Miller 5- 1978,
Shiota 1982), 4~=}3 4~F (Chance} Smith 1978), =&
= (Fraser¢} Skelton 1982), &5F% x| eb&= (Fishere}
Smith 1981), Q23 A A (Pleet 5 1981) S0 Hrx )
o] 9len, &sfetZ (micrognathia), £]o]713, AL,
awshd, VAL, VEAVF P YAPRRE, ¥
WAL stz ebekE= Hirschsprung disease, Mobius syn-
drome, oromandibular limb hypogenesis spectrums} =}



50 o3 #x2, 0 H,ULF

3-5-Ak (Martinez-Frias 5 2001) S-o] X 3%
Qe 9|3 BE LHFE
4 20~25°C o] Al2e] AsEHAE o 1/}5}‘&5}%
Edwards 5 (2003)¢] Bwe} o] & AeA = =A
A A Lwr} 43°Coll =ekai —P:{P 457
Agstedet dae AFe) Aeel 38°CA
=71 AEstG o B A A] AlR9) —yoé_g_ A3
A HDEER FHeEE PIET 1S x
719k =B ARbe e} cherat Jele) AUYAHE &
ek o oA ek A7) A5 43°ColA 5
7t el xZEH wed27]|3 o] =3 (Webster

- 1985), 727t =25 A= Ay o] Skt
(Walsh = 1987). w3t AF 9] A9 yde] 13] xZF
ARG 23] =2FHS o HDE5e] vEe] 7t
&} (Chernoff2} Golden 1988), 43°C2] d&x4& 7}t
735 Aol A= 90% o] AF2] efjofell A HF-FubF
o e} (Lie} Shiota1999). =gt AF <] 74 LAY
Al 8L V-7 e Flolrt C-A Hehe otz F
% (folding) o] Aot 7B 7ol AHod=x d=24
713 ftE-2o] w1zl A]7]O]E}(M|rkesi} Little 2000).
2 a7 *E‘oﬂ}H—L— ‘E'“E A8Yell nHE fF=dte] A
718 fEaa F2 ol W3 A8 =S i
3t u} glow (KlmaJr Mirkes 2003, Kim 2005, Ohg}
Kim 2005, Yoo & 2005, Yoo 5 2007, Ahn % 2008,
ee % 2008, Lee 5 2009, Lee 5 2011) o]l wie} ¥
Aol = A Al 8Yell 1G] =EAFH

WA A= MEAE =E FHEAE7 2A
WA z2 EIF 5 WS FA sk iy 31
A2z7t dEAlEzz st d2S AT F &
o] A= A wErAErt Zdste] wr PAEE
ALy o] £ el gl o] F AESmEAY -
W 22l 7]k oF TFeAE 7 F3A

7bofe] QlAEe] ojake wel Azal W 335

718 B

L

SN

L A o]t} (Kiyokawa 5 1996). f?_ A=SmEA 2
o] Fbeqt AEFt AR AT ATRAE
= pot § QB Gl delst ) 248 )
A A ATRY F WPl oFolA A HEA 2
w o] Zo]e} u] AAS Pt} (McKibbin 1978). o1
Fe AR L AL AME 7] Boere]
2] W] Qelu AHelA ofz) dAEe Als
s A Eo] Ahgate] WA Aol £A4A o
Az oleizich AFIA B ALY Bl 2o
sulgze 2o AE Wl FAYA wejr]9
WG5S A st (Martin 1990), o] & FGF8o] w3l

of FRFAEL o] Yoz AW A%
H AFmA E7} wdslr] A= (Sun
2000). FGF82- dtie]a 842 71mHta ol

] ¥ o} (Ornitze} Marie 2002). ©-£-9|
FGF82- Zte]dto] Z3¥ 552 el Hx=

A
r_-‘\(_)'
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F.u..

Wt 7)ol ge FAS & h:‘r(CFOSS|e')/
1996). 3+ FGF8S wralshz] 23l limbless 4417

Edwo] o efob= T2 H“hﬂ"l FAEA &
o} Fjel#le] Z83}x| ¢ki=t}(Goldfarb 1996). & Al
oA western blot 23} FGF8S whajo] zls] ol w}
2t Aoz Walo] FhAaslel ovt AlF ol A= A
A13Yel| A wastdx, A A15Ue] FFaEA| R
2ol H|sle] A3 2 WS Helx U
H o x2)318td M Aat= western blotting A 2}e} -4}
A el ol=idt A AF ke AT
Aol A FGF8o| WA A|9.5%e) 7] 2]ulf ¢ 541l A
714 ¥kl o] =31 (Lewandoski 5 2000), 2HA #)14.54
of ZAld 2 w|F o] A EAA ofFsiAl g}
= By (Minina% 2005)¢} 4X)3l= Aoz AZFth
wjeha] 2 Agela mde] ols) FGF8e] o] bay

o) Ao wh s G 281 A AL
2w Aake] oA e Azt FAGE Aoz 4
zhgie,

FGF8e] al & 27| dxtAIA| 29 Al5x el 2
3] SOX99] o] f-=xlo} (Murakami 5 2000). SOX9
FRANE 5HHNN 7h e dEE =
%2] sz (Ferguson 5 1998) %% F7iH =
AFIAER B3| AAHS 23 HARK
1=} (Shen=} Darendeliler 2005). =3t SOX9-2 3=
" FgAEe} S5 AFA EAA L3 EH 3 col-
lagen Il &S 214 2A3luz JdFE3}e] 43S =
Al g3 o (Kawakami 5 2006). 12344 2H4
oA g q1ZFsAl HE = SOX92 vl AFAH £9}
W A 2o M EEA] ks SAS 7|3 gl (de
Crombrugghe 5 2001). 2 <o ] 4] western blot /g?'ﬂ
A3 A Alldel =
A e Byou A A13Ye) dzt>
el w]ate] ZrAdlglovt ATl 119 AFF
2 53 Axe) e ngon, M A15Y A=
EESSINGEAL R R EECE
sl A3t b A5 2ol A v e A2 A e
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Delayed Long Bone Formation in Hyperthermia-exposed
Mouse Embryos

Soon-Keum Oh, Ji Eun Choi, Jin Lee, Won Kyu Kim
Department of Anatomy and Cell Biology, College of Medicine, Hanyang University

Abstract : Maternal hyperthermia, which is currently confirmed as one of major causative factors inducing
growth retardation, congenital anomalies and abortion, is known to influence norma development of CNS and
various organ system. In addition, materna hyperthermia could induce severe developmental defects including
development of the limb. However, it is not clearly identified how maternal hyperthermia affects the expression
of chondrogenesis-related proteins in developing limb of mouse. Thus, this study is aimed to investigate the
effects of the materna hyperthermia on the expression of a various proteins in developing upper limb.

To elucidate it, ICR mice were used in this study, and the animals were divided into control and heat shock
groups. The heat shock treatment was given to embryonic day (ED) 8. The animals were sacrificed on ED 11, 13,
15 and 17, and the humerus were removed. Chondrogenesis-related factors such as FGF8, SOX9 and collagen Il
were detected on ED 11, 13 and 15 using western blot and immunohistochemistry. Developing humerus on ED
17 was stained with alizarin red Sand acian blue.

The expression of FGF8 of heat shock groups was continued even though the development was succeeded.
SOX9 expression in heat shock groups was significantly elevated on ED 13 compared to the control embryos. In
addition, collagen Il expression of heat groups was significantly higher than that of the control group on ED 13
and 15.

The results of this study suggest that hyperthermia causes delayed endochondral ossification in long bone
through continuous expression of FGF8, SOX9 and collagen |1 proteins even though the endochondral
ossification is succeeded.

Keywords : Maternal hyperthermia, Long bone formation, FGF8, SOX9, Collagen |1
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