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Mutational Analysis of Gsa Protein in Fibrous dysplasia of the Bone
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ABSTRACT

Background: Fibrous dysplasia of the bone (FD) is a benign fibrous bone lesion which usually involves the
long bones of the extremities. FD may be asymptomatic, but often leads to bone deformity and pathological
fracture. The disease is caused by a somatic mutation in the Gsa protein, which is responsible for intracellular
signal transduction.

Methods: Mutations in the GNAS1 gene, which codes for Gsa protein, was investigated in 34 patients with
monostotic and polyostotic FD and McCune-Albright syndrome. DNA was extracted from formalin-fixed,
paraffin embedded bone tissues, and exons 8 and 9 of the GNASI gene amplified using a polymerase chain
reaction (PCR). Subsequently, plasmid cloning and DNA sequencing analysis were performed.

Results: The PCR was successfully performed in 5 patients with monostotic FD. However, the sequencing
analysis failed to identify any significant point mutations in exons 8 or 9 of GNASI. Nevertheless, 3 point
mutations were observed in the intron of the GNAS1 gene in 2 samples.

Conclusion: In addition to the previously known somatic mutations of the GNASI1 gene, this study suggests
that fibrous dysplasia of the bone might be associated with another point mutations of the GNAS1 gene (J Kor
Soc Endocrinol 20:142~147, 2005).
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gheH4).

=AY AL Gsathilg F33} (coding) sl
GNAS1 FAAlA exon 82 20194 $]%]9] Arginine
(Arg”")o] Cysteine (Cys™®") ¥+ Histidine (His™*") L& %]
ghel= wololl oJghvkar dwdA] drHs, 6]. Gsathd Al
29 A% Addo]] Hods}= heterotrimeric GEHHES] UZEo
Z AIZU9] adenylyl cyclase?] S Z7HIA AE A
%A (signal trnasduction)el] 2}g&h= 22F4H (second me-
ssenger)?] cyclic adenosine monophosphate (cAMP)2] A3
A TTHIPIE d8s 3l Gsathlol|A]9] Eeddlo]=
Guhile] EHAo]| ofsli= GTP7 el i4 (GTPase) 2l
7155 A$HAIA adenylyl cyclase®] S A&3kslo]
cAMPe| RES3le] FAlslE AIEES] Wss sl
Aoz A gk Arg®olgloll exon 99 2279
Glycine(GIn™) 2] Eedwio] 9J4] GsaxtHe] GTPase T4 #|
oF ke Ao el er[7] olgh 2 Gsask
o] Eeloliz 2 SOl oAl A B 34 5ol
olg] theksl WEn] Aks fttsle dle] =k

=AfrolEAdel o] o3t GsawhHe] Eodwel=
cAMP2] Z7lol] 98k ZFZIEAY3E (Osteoblastic precursor
cel) @] E2gell Aol7l whAslo] AIES] B3 (cellular
retraction)3! B|7-4=Ql ZANE2] 2 (cellular deposition)
= Pishs ZeR dEA JrH9,10]. 53] MASOIA =
Aol 9 WiEn] 442 WS =7 E3HA] ol
Gsashl fdzke] Al Eduio]7h 41915 (mosaicism) T
FzxElo] vhekt MSEe Hole Zlog Auxx gt
[11,12]. &pARE g 2 okl frol8A 842 739 Gs
athl §471e] Fedulo] & #RIgE #29] ofE] 749,13,
140l Erslar Wwo] aze]al & o]g] vk #4719
PESE Kol -7 =87, vlad 479 sREE
e g g7t R188=]917] wiigol] oF2] =gke] o127} gL
th15].
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2. E20IMQ| m2tEo| A

T ¥ o AREE xekler 314
Held A2 7188 A5l 81 Ay W 2,
3o slellg AASIIrH14,16]. 2 mL £-5k2] AdEHo|
10 pm F719] A oz vr]ofRl AHEE
Al 1 mLE 92 5 55Tl 1587 fAsI8ie) 0%
Centrifuge 5402 (Brinkmann Co., NY, USA)E o]-&3}o]
10000 gollAl 1527 AAEe]l & AN AAsk &
NS AAZ ol FAAT T 100% olehkE= 7t
slo] 23] A & 55°CelA 1087 Azl 99} 22
IS 7+ 3 33] HhEsie] =2 WellA] sleple AlA

stz

3. ZZ|0MQe] DNAS| =&

stebie AR zFollxe] DNAS 332 QlAmp”
DNA mini kit (QIAGEN Inc., CA, USA)S ARg3aick
7} 22 WFo] Eoldis AlgFHol 360 uLe] ATL lysis
buffer2} 40 UL2] proteinase K& 718t ¥ HelA~ wdb|&
Agsto] Egdsioleh &3t FHE S6TAA ml 147}
v} a2 E3leie] z22o] ShAls] gelld wikA] fAlsk
rt o5 YR B A AAE 5 EES Al
&l 5 Qiagen® DNA extraction column= ©]-83ll DNAES

elgick

4, S AAMELS (Polymerase chain react-
ion, PCR)

o

33 DNA©J|A] GNASI-R-4ALe] i3l gl oAnlek
2 exon 89 Arg”'#} exon 99] GIn*’& Xdtel= 27t
A& (Primer) & AREslo] F9a4 oAsME-S- (PCR)S Al
s¥slgrt (Table 1). FEHAAMHIES thermal cycler
(Gene and PCR system 9600, Perkin-Elmer, MA, USA)&
ARGl ARz 7t 13]€] Frlule} 94 CollA] 302
7+ ¥A] (Denaturation), 50°Coll4 127t £3] (Annealing),
72°CellA 1427+ 2 (Extension) & W3l 2E
ZloNA 72°C, 1582 Ao 2 FHZE3H (Final extension)
£ Alegslsiet.

Lo |

5. Z2}A0|E TOPO® cloning

PCRS Alsfs}o] 932 DNA #E-S TOPO TA cloning™
Kit (Invitrogen corporation, CA, USA)E- o]-&3}o] 3317}
54 (cloning) & A|2¥}2irt. PCRS $HE3F DNA Fol
PCR-TOPO *vector, 255, <(Salt solution)S 75}

TOPO® cloning reactions FH3l9dT o]& weoll4]

- 143 -



— tiRhHEHIERIA: A1 20 A A2 £ 2005 —

Table 1. Oligonucleotide Primers Used for PCR Amplification of Exon 8 and Exon

9 in the GNAS1 Gene

Exon in GNAS1 gene Strand Oligonucleotide sequence
Exon 8 Sense 5-CTCTGAGCCCTCTTTCCCAAACTAC-3
Antisense 5-GGTTATTCCAGAGGGACTGGGGTG-3
Exon 9 Sense 5-GGTTTCTTGACATTCACCCC-3
Antisense 5-CGAAGATGATGGCAGTCACA-3

Table 2. Sites of Involved Bone in Patients with
Fibrous Dysplasia

Involved Bone Cases Percentage
Femur 19 51.4%
Tibia 8 21.6%
Humerus 3 8.1%
Radius 2 5.4%
Ulnar 1 2.7%
Metacarpal bone 1 2.7%
Ilium 1 2.7%

Rib 1 2.7%

Talus 1 2.7%
Total 37 100%

E.coli®} £330tk o] E3MEE 42CollA] 307 43
(heat shock)S -fikslo] PCRZ %% DNA7V} 3k
2k2H| =5 E.coli Well 4F4si3iet. ©]E ampicilline] 3
g uiRlellA wioksle] FEhaml =t ARIE E.colithe
g og ZAAZ)
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6. DNA 7|MY9| 24

Aeigk E.colidlX] E2kH|= DNAE #2l3le] 3100
genetic analyzer (Applied Biosystems, CA, USA)E o|%
slod HAIRE DNAS] 714 245 AlRslgieon o5
Vector NTI suite 7 (Invitrogen corporation, CA, USA)<

olgslol B4 sizlAAz vlsalsic.
2 3

=
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N =

am

199145E] 2001A7FA] 73| chetar oot K<<l
oA T B s T 2RSS w2
thEAlfold A o Ak kA= & 4090 dct o] 24}
5 T ZARES HY ¢ Al 349 sAEe e
o7 3i3irk 3479 At F 269 9] At thrAlfreld
Aoz ZgkEdy 7L vhEdfoldd, el 19
MASE Zlgke]dek o] 59 HialsdS 68.53 + 2.041902
W2 187, o3 16Welgiek okl E2 i A
Z (long bone) E thE|Z g 7dFo] Z}7] 19499} 8|2 o+

= AR 9] A9k, 2F9] o]t} (Table 2).

2. DNA =009 &0l

DNAS] 25 AI=3t 34719 A FEF A 571¢]
FRAAAT FdEA Asiibso] 7hs3k Hre] At
DNAE 5 Ao ole BF hxifoldA skt
9] FHo|9rk o] 3EE2] DNAE 47 HAlE ol &
3lo] GNAS1 -4219] exon 82] Arg™' 7} exon 9] GIn®™”’
5919 7IAgS Esisick. d7lAde] 1A 5719
T RrollA] exon®] 371X Wole WEEA] oFdrh
Ak 27 9] 3A} FHA intron¥-9]e] A4 WS
elslsict (Fig. D).
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AAEE 100 Woll 24 38 745 F3l ob= |2 th
ARl 28la MASE Hekslhe vhre] RS o
315t ol & B3l felvet $kAEelAl QoA EAdfeld
Aol o]2k 9] HIE 3l F 59 7|2H] B EIATE
A dedF GNAST FAApIA Arg™' 9] AWK Eduiole}
FAlel ok iEH] AskEel SlolA] GsashHe] GTPase
A Azl Fosls Aoz LEdF vl = exon 99
GIn™'9] ®Holol] tieiA = Asdugicl ae) vl F12
= FEBGeelE Belar ERllA slElls AlAsa
DNAE F&3l=dl Qo] w4 5719] FHolkut DNAE &
B3k = 9lolrk U2 DNAS] 83} tlEo] 5719 ko]
B EARolEA 3] BEoE ol B Al
=g ofe] EAFoldA okdZe] wlaE ErbssiAl
she 2 AlRPde] =9
Xylene® QIAmp” DNA mini kit& ©]-83F DNA F3
< = FZFAE (ymphoid cel)E HIFERE 24 s}
3 A2l FEeAe] DNA F2A] Yo o] gEol
Wrolrh16,17]. skARE skl Aeld =2olA] Awle
710 WL vlaA U2 DNA 785 Kol 5423 DNA
o] #So] ZERE ARl SUdrH18). W AgellA
DNA 8o 3] 42 olfi= $E3 DNAE 317] o]
+ TRl Held 22 o] SAele 1 Ajle] AT &
ol] vzl AoiFloZ FH ) cheulE Al ko] #
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Fig. 1. Analyses of gene mutations in patients with fibrous dysplasia. The figures show the

intron sequences of the GNASI1 gene. Point mutations (arrowed) were observed in the

introns of the 27" and 33" samples, and these were amplified by using a primer for

exon 8. Another point mutation was observed in an intron of the 27" sample, and this

was amplified by using a primer for exon 9.

& % 270) S4sE Bale] 9 Ao Prkck wl
Al A o2 st Al 22l 9ol & vl B 3

A AHE3lo] DNA 785 =Y T s Zlo& 7|zt
t}. B3 DNA 35 W ZRAlel]l thgk 7H4de] o =]7} gle]
Sato 5{19], Shi 5{20]< HI%E3F vkre] A7AkEe] sfet
I A FEo| 4 (heap X2 E B3] =2 DNA T&
& Bl g Ao R I [fARE gl gle] A
2 Aol E9lo] e Zlow Helrh

B AT s Adfel®A 3AES] Gsath 37k
A71-d B4743} o] 52| DNAoIXE 71E0l e exon
82] Arg™, exon 99| GIn*’-& F3F} exonollAQ] 93714
Ao WiztE HES 5 glglel 2318 718 AR &
< intron®] 471X WSS A} 29 FEeA AR
4 99 intron®] 714190 SR T o] W
o= IHAPE 7 il o] §ls 7hsAel =k o
ak 71Ee] A AA] 107 oo vl 2k o] FES
e & sl 9lem Candeliere 5211 exon 82] Arg™
Xl Cys201 =9 gis®o] o Serineo.Z2] Ho|E B
313k v} glo] 7]Zel UEF exon 89 Arg™! 2lol] vekst
Eduio]g} Heixlo] Qb 7hsAde wiAlekA] gkl megt
B ATolAE= GNAST §47e] thE exon?] 3714 B

&NQ

A AIsBsEA] ¢Sk wiirell thE exonollA] 9] Edrio] <]
7FeAE sl wiAlE = glk

2T ZAFelA SRl AEAIE (fibroblast) @] &
Ao]] #AI= Platelet-derived growth factor (PDGF-B)2] B
-chaino] F7I=le] 9lgo] W=l vl glcH22]. PDGF-B9]
W2 A7), 94 2l A7Edel 59 A A
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