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Role of FGF-8 in Bone Formation During Orofacial Development of
the Chicken Embryo

Yasuhiro YAMAMOTO

FGF-8, a member of the fibroblast growth factor (FGF) family, plays a key role in develop-
ment of the hindbrain and limbs, and is also expressed in the developing face. The expression
pattern of FGF -8 and its function were examined in the chick embryo. FGF -§ is expressed in
epithelial cells of the nasal fossa, and of the side edges of the lower and upper jaws in normal
embryos. When FGF -8 was misexpressed with the retrovirus vector at stage 20 in the maxillary
prominence, the upper jaw curved to the side of misexpression without change in facial width.
Loss or hypoplasia of palatine bone, maxillary bone. and jugal was frequently observed. Loss or
hypoplasia of cartilage elements was not observed, but ectopic cartilage did form in the upper jaw.
EGF -8 has no effect on soft tissue organization. These results suggest that FGF -8 plays a key role
in craniofacial morphogenesis, and that excessive FGF -8 expression promotes cartilage differentia-
tion, which in turn, results in suppression of bone formation during orofacial development. (Accepted
on October 7, 2005) Kawasaki lgakkaishi 31(3) 7151 — 159, 2005
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5% s Wi (FBS : Irvine Scientific) % &
tr Dulbecco cf & A Hi . (D-MEM) Tk L%
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ethanol T 2 MR FEI % 2 01, #I 4 BRI L 7-%,
0.01% Alizarin red— 1 % KOH {1 C 5 W 45
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B, EYMLT 5 (Fig. 1A, B).
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Fig. 1. Skeletal derivatives in the orofacial region of the
chick embryo.
(A, B) Skulls stained with Alcian green (cartilage)
and Alizarin red {bone). Lateral view (A) and pa-
latal view with lower beak removed (B) of stage 37
embryo.  Abbreviations  an, angular bone ; de, de-
ntary ; ios, interorbital septum 7 j, jugal ; mc, Mec-
kels™ cartilage ; mxb, maxillary bone ; nb, nasal bone
ip- palatine bone ; pmx, premaxilla | pt. pterygoid |
qj, quadratojugal | sa, superangular | sp, splenary.
Bars = 2 mm
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HItHM %, whole-mount in situ hybridization |Z
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Fig. 2. Expression of the FGF=§ in the facial prominence
of the chick embryo.
(A, B) Three guarters view (A} and frontal view
(B) of stage 26 embryo. (C) Frontal section of
stage 28 embryo showing FGF-8 expression (blue)
after counter staining with Nuclear fast red { = 20).
FGF=8 is expressed in the medial nasal prominence,
lateral nasal prominence (arrows) and the maxillary
prominence (arrowheads) . Abbreviations : FNP,
frontonasal prominence ; LNP, lateral nasal promi-
nence ; MNP, medial nasal prominence ; MX. ma-
xillary prominence ; MD, mandibular prominence.
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O FHBE M T oM 2 7H 7 (Fig. 2A, B).
I BT in site hybridization T3 F3la8R D 1
BOREBIBE S h/ (Fig. 2C).
2. FGF-8@m@RFEHIZ L Ao il
RCAS-FGF-8#% =7 b ) }f: stage 20045 ] I
PRSP A L, AQEHIZE R SIS
[E5 L, whole-mount in sitw hybridization % {7
W FGF-8M 5E Bl & P ~<7z. F o8, kHkE
AT £ L AAERe L, FGF-8 mRNA 7%
R AR T TIHRLTVAZ LYo
2. L# L, ZORSTLEAEEORZEZZZL
X772 (Fig. 3A, B). Fit#Ew A 72k
#ostage 37 % THAEAED R, LG
By 2 EZHAB S $183.3% (20/24) &

Sl FHoERERE IR 2 -7 (Fig
4AB). F 7o, HMEEE T I ORI

Fig. 3. Misexpression of FGF-8§ at 48-hr post-injection
of RCAS-FGF-8 virus o the right maxillary promi-
nence of stage 200 embryo, indicating ectopic FGF-8
expression (white arrowheads}. (A) Right oblique

view. (B frontal view.
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L7zAio T, stage 371285 LHOGHE ¥, O&EERIBHENA TS (Fig. 4C).
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Fig. 4. The morphological effects of FGF-8 misexpression during chick orofacial development.

(A, B. C) FGF-8-misexpressed embryos fixed at stage 37. Maxilla {upper beak] turned 1o the right where RCAS-
FGF-8 was infected {arrowheads). Lateral palatine process is formed normally (arrows).

(A) External view. (B)
Superior view.

(C) Palatal view of the upper beak with lower beak removal.
(D, E. F) Control embryos fixed at stage 37 after misexpression of RCAS-BPAP instead of RCAS-FGF-§. Embryos
showed normal symmetric phenotype without any change in external facial structure.

(D) External view. (E) Superi-
or view. (F) Palatal view of the upper beak with lower beak removal.
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=il ~<7- (Fig. SA,B). T TIZREMIT O
W, L#FER A 5 1E maxillary bone % pa-
latine bone, jugal AL 2 B 2 & A3 &8
NTWwa9, FGF-8OMBBEHIZL Y, &
6@ EFEERICHET 25 Mo I A0
B OEE T B 2 Az, BF 1T maxillary bone %2
jugal Tld EI'%CD L DOANAR L 7ol EATE { A
57 (maxillary bone, 70.8% ; jugal, 54.2%) .
¥ 72, palatine bone |[Z2oWTIZLTEIIALE:
ke, AL HHAFINEMICHE > T
LR E TR BRIE SNz, —F, R
&) EFEROMANLTERN S EEZS
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(Table 1).
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Skeletal derivatives of malformed chick embryo.

Fig. 5.
Right view (A), left view (B), and palatal view (C)

of the upper beak with lower beak removal. Alcian
green and Alizarin red staining of chick embryo infected
with RCAS-FGF-§ virus. indicating bone and cartilage
phenotypes of stage 37 embryo. Maxillary bone, jugal,
palatine bone, premaxilla. nasal bone. quadratojugal and
aberrant cartilage (arrows) showed defect or hy-
poplasia after RCAS-FGF-8.

N —OEETOH B DLX-1O5EH 2 FHE5 5
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Table 1, Summary of the abnormal orofacial bones in the upper beak formed after FGF-8 misexpression in the right maxillary
prominence
RfHE  palatine hone nasal bone premaxilla maxillary bone jugal quadratejugal
& ik 37.5% ( 9/24) 4,2% ( 1/24) 20.8% (5/24) 70.8% (17/24) 54.2% (13/24) 0% ( 0/24)

{EfsRk  45.8% (11/24)  33.3% ( 8/24)

E¥  16.7% ( 4/24) 62.5% (15/24)

25.0% ( 6/24)

54.2% (13/24)

12.5% ( 3/24) 20.8% (5/24) 41.7% (10/24)

16.7% (4/24) 25.0% ( 6/24) b8.3% (14/24)
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