B2 EER V. REWWRE

YEMRIRA" Kubota Takuo KTE B — Ozono Kesichi

TE - (HIEE - WEOARKILEEIC L >T
Bl &R SN BEERT, RERIKETORASEMATICFEEE L
TSEICAV o NS, JERIREROBEEORAICE
TIXBWAGEE & X idn 5, R VIEE (2% 2 v DK
Pitk) < 281, €4 2 v D REZML HICOVTE L,
ZOREDIEBETH B, ZDEPTH > L GHEED
B\ DS X EEHIER Y IEEEE < %5 (X-linked hypo-
phosphatemic rickets : XLH ; MIM #307800) T, £
EMEEEERE L 2D IFEH S HUR S N, BIAE 200 Mk
DERIREZINT WS, BLEDITRIET 523, B
DIEIDBEEE bl TWwd, HEE 2 AT AL W
bINTWw3, < 3, €Y VIEOICKERESE, Bk
POV VO, mEY E L TREY) R
1,25 KBk ¥ 3 v D(1,25 (OH) D)l D&l % K
&ET 5, XLH DA OBEERY v ERE 2% 0K EH
BEEFODRESINTCETEIEAT 2, BH, RFY ¥
HEH D TLHE DL/ DREIR % 27 % Fanconi FEERFCE R
HEME7Y F—vRAk&EFhkv, 22 TRREI XLH
W DWTIHRR B,

TREEAE  BIIEREEAICALY YL (Ca) &Y DS
WE L TP SN g, BEHEFICE»TIE, HAMIC
Bigl - oAb L 22 B S B IKL L, Z0hvEicEie s
n5, &Y VEER X > TRERBERICE T2 Y 23R
BT 5L, ZoBENEEIN, FEACAKILLTY
BOEEDEE SN, X TIIERRORE L L CHN
%, BEBEEEY VIEEC 2 TH o & SHEENE L
XLH OFRFEEF & LT PHEX ¥ Xp22.1 »» 5 AE &
i, AR EEF AR FE R 23 (FGF23) 2888 L T W
52 EWRENT WS, FGF23 I FE BB B/,
BB OTHREL, dLVEVE LT, BiEoRM
BRI, EMRHEICBIT S Ta®, TcMF Y
A=) R EEOFREENH T2 LT, VD
HRIN 2P Z 3, 515, FGF23 Y I DD
TEEALEEE T H 5 1a KRR OFKBZMEIL, R
TEHACEEE T H B 24 MKBUEER ORI A FET 5
&, i 1,25(0OH).D fERET ¥, BETOY YD

BN ZWFET 2, 2% D, FGF23 dEBIETO Y > DK
INDIET EIBE DY v ORINOIHEZ B EZ 32 &
TIEY Y Z2E TS5, PHEX DEBE{ETEYIZZ Y R
RTF VL EWEINTVIDY, HED L I 5,
FGF23 & DRI AHTH 5, £7-, FGF23 D> )
AR IEHEZ R & LT Klotho 236 TH 3 23,
Klotho 2% S v D OEH L E Y v OBRINDETH
BN Cld e CEMIRMIEICB W THEL T 3720,
JRAREIC 81T 5 FGF23 OFEM 7 fE AR EREIZH S 2
TR,

BEERAER - RO EFEE IS EIETH 3, — NI
TR IS, IREE, TROZER (O M, XM, N
FR), BT DN, FITORETRIDPNDE Z L%,
FOF RSB0 2 BIIPEOMEEEIKET 5/
O, BEBORERICIRNPT , RS HITHIGR A
THD1BARUCEEE L2 )T, IERE L TIERER
B OERYSS , R RBIE, FRIANIC X<
ALND, HEHOEHPEOBEIRO 6ND I LD
HbhH, WOBREL LTI T AVRESE, Sk
BEeEERENA SN D, RAMOBRMETIZE
A, BAfRE, REIT, SR, BIETEO BATEG KL,
BHEZS, Bk 22 L03H 2, BEEOSHE, BHE
AECMBEEG OBaBASNE, BHHET, 74
Z— 3Dk,

BEFRR  XHFRE L TEEEE®RIEO 7L A v
EBMLYL), Ay v 7 @REM), 7v70 v 7 {k
R)DBRD N5, REEICEL» L CICHeT <, 2
BfieFHEEicb RN G, BRBEVDOFENIALNS
ZEbdH 3B,

Mg - RBREFR : i) VEOETZRD, mE
1,25 (OH),D fHIZ IE# 72\ L LB AR AE ¢ Y - IfE
IR ERE IR, JRF Y VR ORI TH B IR
& Y > BRI (% TRP) (GEY¥EME @ KA 80~96%) %
PRANE Y o PRI ERE (TmP/GFR) (BE¥EfE © A 2.3~
4.3 mg/dL) IXEMED L < IFEHEETRE R T, M Ca
B 25 KBE{bE ¥ S v D, BIFRIESLVEY (PTH)
EIZIEHETH %, MEB7 LAY K7 75—+ (ALP) fE
FEETH 5. MK FGF23 fEIZHETSH h (30 pg/mL
Plb), KE2RTESY v DREML B EDERIC
EHTHB, BEARL L CIZIME ALP EOEED %
THGN, ARABEIEY VIERA S5 5, & Ca
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FRIEFRD 720, ©% 2 v D RZ2EHL 254, PTH
% 1,25(0H).D BEEERD Z ENH 3, BV VE
EHAERIICE L, ZORETT2X0EENPLETH
%, &Y VIMFEE, FLUEHACIE 4.5 mg/dL BUF, %288
Tl 4.0mg/dL T, HFRIETIE 3.5mg/dL BT, B
ATIZ3.0~2.5mg/dLUTZHEK LT 5,

WTESE - SERIZHT < ZWOIERE K O X FATRE
F U EROBERE»SBZH IS, <33y v
D EAAE, Vv RZ, ZOMOFEE (KA R7 75—
YIE, BB RMGE, 7V I Yok E0ER 7
LIcKHE NG, HiFEOHE, £ Iy Do AEE
(HGHEHAR, REEBIAR, BE CORERINEE
RO, kS (FFEE, BERE, 43 DK
FHECRWRIE, 7224y, 72/ 05—,
V7 7rEyrin EOFEHF), BEHESEONE (8 2 v
DIRAEMES 2 IR ICpETE S, Yy RZOBA
B CREBEIN R, B8 oINS, Kk L
S =7 L) ERADI R (XLH, autosomal dominant
hypophosphatemic rickets (ADHR), autosomal re-
cessive hypophosphatemic rickets (ARHR), Heredi-
tary hypophosphatemic rickets with hypercalciuria
(HHRH), MEZFRHEEC 2% - B8 (T1I0), Fan-
coni fEMBERE, Dent I, MUELEE RIZRGE, B RMIEM:
TY =y R, STl EOREAL hENCal o
%,

ADHR 13 FGF23 BEFOMBESIEZRICL 2 E0
BEET, XLH LHELOBKRIERPHMEN R 227 5,
PRERBRBELETEFEOEM D 2515, ARHR I
DMP1 BETOEREREMEERICL 2 FNGKRET
XLH & EYOBRIERCRER L2 29 %, DMPI I3
BHIIECE ORI IFMITIC B TR L T T, ARHR
ICEB W TR FGF23 fED M2 A 65, kil
ENPP1 B{EF 73 ARHR DJFEFEEFO—2 & LTHE
Efic, HHRH G M c B bV 7 - vk id gz
a— N7 % SLC34A3 BETREIC X 2 FNAHREHR
ZEEEEE T, Ry Pk, K » M,
& 1,25 (OH) D fEDHEM, 113 PTH B T 253 &

80. &Y VMEM(ESY 2> DIERME) < 2%

505, ZREDEA N LRIEREREA, BHIMET
BV Y OMFTD A THRENR RLERELIZWET 3,
TIO IZEEIC X %8EF 23 FGF23 DEAIC L >THEL 3
NRETIREDLOTENRERTH 2, B, HHET2
BY 5, RS RIVEE X GNAST EET DA
REEMS U BT & 5 McCune-Albright FEEFEDAER D
— T, BIRE L FGF23 DM % LEH (R o IME % 22
b5,

SBEAH EERE S v D L) v EHTIRE
BT, WHEBMEY S VYD ETA 77 ALY F—L
(1¢OHD) 0.05~0.1 ug/kg/H (1~3 ug/H) D% 5 %
H%ZET 5, VY (NaHPO. & NaHPODIEA) 121 H
4~6 BlOFMRPBEE L {, V&L T30~50mg/kg/
HO~3g/H)oEE2HLLT %, BHEAEZ &3k
WEIHMERSEEZFE TS I EPEETH B, BIFIC
& o T BREATRASCILE ALP fEO EE, MEREE XK
L, REHICHEZBAT AL TL) BRIFLEREE
»EeNns, LrL, Y v eREDIEHLIZEEECT
HB, VrOEREEE I X B EIF IR TOERE IC
DB TH 5, BFRIEHHBOREDH 2, THOER
DIEW G & E L, A OIS IR EY ) i E E R
T3, IEHEME S I v D &REICK B E Ca LE, & Ca
FREE, BAKALICHERT 2, B a— EBRKLD
FAENEY, BHERELELTILIENTDH B,
FRANIHD D RN D W TEFHITAE £ - Tois\,
LEPTREW S EOERDH 2K L TEIIBE T
ETHZLVIHIEAVDH L, HEFVEVYOREEEIC
W DNRPME SN T 528, RREEADREIZH
STV,

Key Words: < %8, £V »ME, X EH#EMEE Y > mEM <
%i®, FGF23
PR SR B S R BN R
(F 565-0871 WHTTILAH G 2-2)
TEL 06-0879-3932 FAX 06-6879-3939
Email: tkubota@ped.med.osaka-u.ac.jp
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BEY S I Y DRZIE

ZE M h g2

& U &IC

Uy I rDIF20 MO BIERERT A
F¥ERFELTRERENL ¥YIVDIZEED
LW ENDLZT TR, €I & LTIEHIH
B, BBV TERMRRFIC I DV EER SN
B, FO%, BT 2B kEBILE 7 32D
(250HD) 23N, X SICEROEAIRAE I
BT 10,25 fAKERILE ¥ 3~ D (16,25(0H)2D)
RSN, EEEE 25, 1,25(0H)2D 3 ER
BECHBHE S IV DEZEMRITHEE L, BENEE
FOBELZRETALRINVELYE LTERT A, I
12, NBIEBIT B I Y T AR ORI, B
BB ARKACDOMRAE, BIFIRBIZBT 2R KRR
FNVE Y (PTH) OG5t EOEH 2 %7
HZET, EZIVDIIMEADCa (VL)
2P (V) oEEEEMEEL, BOBRE L AKX
WCEEREEZE S TS, T 72, A 250HD #
BRANOY 7 I Y DOFEEY KM 5 DT,

Y5 IVDRZEDTHMIHVONE. AHTRE
Y IVDRIFEEHIEEL Y IV DREE

IZOWTHR5,

URBRARZERZ RS RBIER NERE

* IR S B e R DRy R s —

Takuo Kubota's 2, Keiichi Ozono' : Mild form of
vitamin D deficiency.

! Department of Pediatrics, Graduate School of Medi-
cine, Osaka University, ¢ First Department of Oral and
Magxillofacial Surgery, Graduate School of Dentistry,
Osaka University.

AE B —*

1 EY=2 D RZEDESRE

Yy I Y DRZEGE - B OAKLEEIC X
o> TH R SN BERRLHEREE, K Ca llliE
WL BT 5 ==L ET . B -EOAKIL
EEPBRERE T OMBELURICHEE L72HEL %
I, REREWOMBHEOBAIIENT
FEEALE SN S, ©F 3 v DRZOBHIL
MmAH 250HD EEIC L » TiThbh s, LarL, HE
TIIRBER S 2 W ESETH L. £ 0
A2 TlE MG 250HD EO ZEEE D T FEAY 10ng/
mlBETH A, BAZBWT, M 250HD i
EAY20ng/ml (50nmol/l) L F 2 ¥ ¥ 3 » DRZ,
30ng/ml(75nmol/DUTFTA#E ¥ I Y DAREET S
Wa % s, G720 d 513 /MRS Rk
DHEEZBIET H EFE R LIEMICH S 34,

BE GBEl) E9=2 D RZED
eE

B B €7 IV DRIEDERIT M
I L 2 TiE v, BRZ256, IiiH 250HD
BEOKT (20ng/ml LIF) #30, 2> 2IiE 7 v
Py aEd L RIMEY Y EOKT &, F PTH
BEOMIMARONLD, BHRERPL Y MY
FOREERO RN [BIEEE S I VDX
TR EEELIIEZSL. OFY, o [EERY
YIVDRZRE]IZ ¥FZIDRZICE DI
HEALZW R BENRONLD, 75 =—F - &
BORFABEIZE > TWRVIER L Z 2 5. [



80 (922) FIVE Y EFK Vol 59
£ Y¥IUVDRZEOEENSE
Stage Mm% Ca i P PTH 10,25(0H)2D
I L N N-H N-H
I N L H H
il L L H L-N-H

L, &M : N, Z2¥EN  H S1E. 04, 6 L Y HE.

EMWY ¥ I v DRERE]FZERKICITRMAE & T
BREUIZRODPLEMNTH 5.

E5 X2 D RZAEDKRRE

CYIVDRZODEEGZERDO—2IZE S 3
YDOEBRARTH B, HED010EROAEE
BHEEES ZX B L, VY IVDEROHEZER
6 % B RiiAT 100 AL (2.5ng), 6 7 H2 5 LR
AT 200 BAL, 1—7/%AT100 BAL, 8 — 9D 120
HAL, 9— 14w A8 140 B Az, 15— 17 & 2% 180 Ht
i, 18RELA LA 220 L& o T B, 72721,
HIEZ2 2 2 &P wIBICB ) 5 BRER
200 BZICHBENTVE. E¥IVDHIELE
ATRRERE LT, BNE IE Ny—, Fa
W ENHDH, —7, 2011 0K E O Institute
of Medicine (IOM) O#FEDV IZB VT, EF 3
v DHEIREIT 1R AT 400 HAL, 1 - 70 543600
HAL, TLRLLE2S800 L E HA L DB WEITkR
5 TWh, €4 3V DIFEEICE W TES RS
WX o TR ENL D, HAEREIRETS L
Uy IVDRZICHDELN, RKBICELEZS
TS I VD AT TE 5 HIEHRE
BOAHTH AL LT, LEZHGEEEEHR
ENTWaWwD, ¥¥IVDRZDEHRETEL
T, BERBIEESLBMAEOL Y I v DEIUIE,
TUNF— LI 2 EEHE, BETH, S
e, BEEMBTORME VA7) —r0ff
B ERETFons.

CYIVDREZTETAHEDCal PAVER
BE G Sz, AR BRLELZ 2
T5., FRECAMIEICL ATV = —EEDE
T5. L AHRPBFHRIE L IEBOAKISEE S

N2 72D ICAIKAL EN TR WERE HE) 73
MUZZRETH B, 512, L AW TIRRERKE
WORKALPEES NS, B, REREWICE
W, BAVE L < b U723k Bl 23 A Ik fbik
By, REMIIFICERSINSE. Lol
{BIRTIE, BEREFIIBI 5 AK(LERE
EIND D, AKRICAEIENE X R EREL
FWRFRD 5N 5.

E5 =2 D RZAEDIEIR

Y I VDRZEL BWOEKRE LTIEHRE
WREFEOIERD % {, FHEECEEE, ek
ERATE MBEK) CE<RONE. KEAEK
R, RUAEZROZEH, BHEA D, BIFAHOELE,
BT ANEREE, HHET, HEBEROKT
WROENAZELDAH. XBEDLBHEATAE L
T, REBE®RW CIXEWEOIK, RIRKM,
EPLbRERR OGNS, FHECEEE, 2B
HIZEE P EH N TW, U5 IV DRZEWK Ca
MAEDFERE LTT & = —EEFRRONS. U
¥ I VY DRZEDERBAE & LT, K Ca llLfE,
R PIMAE, BT NVAYKRAT 75 —¥IMfE M
250HD EDOKAE, A PTHED &, KA CaHE
HOET 2RO HNSE, LA L, & CalEE{EKP
MIED—F7Z T2 RBOLEERDHH 40 (R). 7
REIRIICBNT, MEPHEIEETRNI &2
% { AR CalllIEIZ & 5 7 7 = — B H 5 i
T (stage 1). FLIBEIEACHIBICIE, MiF
CafBIZIER TRICR N2 ME ) ~ EIEME
E), BEXHELSBHWIRBRONS L)1k
% (stage ). HATEAGATE O W BifE A 1T2s
RoNnd, E5ICMECalEDMERTE %D,
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MiE Cafl, PEE HITEMEL % 5 (stage ). I
F1,25(0H):DEIZY % I Y DREZDIIEIZE S
BWZ EIERT A, BERHMOKREE L
BWTHESY IV DRZFHEHENL T

6] BEMESYZY D RZIEDEEERN:

BIEMY 5 3 Y DR ZESEERTRBT R
X, BEERP LY NV RERESI S I VD
REFENBEALT D EELONDI0D, By Iy
D RZDOW S A7 M AEALER 2 BEE Do
X, HIEOMES L E R D,

(6] BIEME S =Y D RZAEDEEENE

Yy IV DRZE (BEME) 2BWT, &IE
TIEEYI VDWW TE WD), TVI7h
V¥ K=V (1«OHD) # 0.1pg/kg/day (1.0—-4.0
ug/day) 2MEH SN, MBERAEOYE & EICHE
$5. 9, PTHRXEEILT A5 L 2GR ERE
LA, BEEYYIVDREELIBIAT VT
THNY F=VOMMESEIIEEREL Y I VD
REZFELFFETEINWEEZ 575, MEAELEHRE
TROREVEE T NIOHHGEZ BT
5. MEREFROREFEMTHIUL, T TN
AYPELTOE Y I VDO THRETIER

(923) 61

RS BB, TVTTHNVY F—=OBREES5IZ
L28 CallIERERIRILERED ) AV L2 55
CalRiER E72 3 WX I ICER L2V S, 5%
RRET A, F72, CaBRABREL TWAEEIL
Cadb¥x54 5. MBEIRIZIZMEFT RIZHEP 2tk
#L, <BWEMLD6TAUHNICEELTL 5.
FRREICCHEEMSZ LSRR A FET
. S K Ca IIEDEE, WEEOZE1L
\ZHEE L2055 Ca BH| & AR ICFHE LG Ca fE
THIET 5.
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W) ¥4 3> D, pl24, 2010.

6) KEIE— ¥ IV DREMELCHH,/NERS W
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SIS = N
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K7+ A7 75— CREIGHBIFFRHT VA Y
7 4+ A7 7 % — ¥ (Tissue nonspecific alkaline
phosphatase : PA'F TNSALP) OEMHAETIZL D,
EHOFEECELER . & TRIEMHEETDH
B, RIEDERD AR F T NMFEL, BILEE
REHEERZIZLAERD B VEASFEET 5.

SH, KEFE2zEFICEFEZZZL, COBE
DBBRTHREDOBMICE 72 282 BB L7z K
EFID X ) ITBERDE L7 VIERNIZ BT
E, K EREVBH OB E 25 EEIH
D, EEPLELEZ LN

1l E  #

fEFI1 34 AR, BIE

* F KHFE

HEE £ IB37HE6H, K E2370 g & £ 480
cm, B HAGHCTHIA L7

REE XOHEIX170cm, #0OHEIL163
cm, Target Height 131730 cm TH o 72, T 72,

MEERINREEY Y S - R ROWER

CLEHEERI/NRERYE Y S — W

SRR BT RIEREERY v 5 — B3R
BB

KRR ERERE SRR NE R 4

Tomotaka Kono : Short stature is one of the key

findings in mild type of hypophosphatasia.

Division of Endocrinology and Metabolism, Saitama

Children’s Medical Center.

(285) 69

& - Ca il

YHED—ER I

=28 B B* I mEee
£ H ghy*! '
RENCERMERZREB SN TVwAIEITVER
Va,

WRE A% 15 ARICTHRI - THROEHE
ERICEENAE 2 ZZ L. #FOE Campomelic
dysplasia # 12 Lb & T 55 RMER T EEDN
75, SOX9 BIZTFRE 2 LIIFROT, 20RO
BEETERREIEAFERN L 2o T 1%
WETHIVEGRZRD, RLAICETLTY
7o, A, BEEZEFICUE~ABNIZZLE R
7z.

T E 848cm (—303SD) DIRHEELZED
72 (B1%&). 72, BHFEEIIEERUS T29%
Thotz. HEDLNIZEKE T, arm span iZ 82
cm EIEFHBEANTH-72. SARE BRHEER
BEEWMEEZ NN, THRICEI3 PO
dimple % F®H Tz,

ZEREFRR LYHZZTRORMTHIKREER
Ry (B2). 84D ERBCERNEZZ2
LBICIE TR OB iz o Tn/zds, SRtzex
Z L7z 3BT L MCEEL TV 2720, H
BRRPOERMERLE) L IR ETH -
oo ANy AEBIERE (R1) TR ME
FTIVH) T+ AT 7 5—€ (BLF ALP) 28112
IUNEIERETH -7z F/2, RET I BSH
(F&1) T74A74+L5% /=73 (Phos
phoethanolamine : LLF PEA) 2"ZHHIZER L T
By, K7+ X775 —EEN bR B,
MAEIGF-I1 R IEHEHEEANTH 72, KT + X

I
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FEFI 1 SFEF 2
mean mean
+2.0SD —2.0SD +20SD —20SD
100 100
BE 5E
90 90
0 80
70 70
60 60
50 50
BHt BHt
(cm) (cm)
0 1 2 3 4 5 6 7 8 FE#hi¢R) 0 1 2 3 4 5 6 7 8 EHUE)

1 EmS G ERL 4 ER2)

W X BEE (EF 1)

34 AW 25 BEXBMEECRE RS
Mofz FLIBEICA STV T RE 8 X
YE LTV,

778 —EIEDOREKELRT Th S INSALP E1x
TR 2 fE T L7 & 2 A, F310L/G322R DS
NTOBEEHEREFEEL: (F1).

FEF2 3Wm7AHA, BE

*F B OKEER

HERE TR 383 H, K% 2946 g, & & 500
cm, BAMLHAGWTHEL.

FKIEE X oFEIZ160cm BoF&IE154
cm, Target Height 13 1635 cm TH o 7z, F 72,
FENICERMEEZRBBEN TV EHE IV
W,

BRE 4 %90 HKICKHZE K (650cn,
—272SD) ZERICLEH 2B L. TOK
NOWFHERBEICRE IR, FELDREHR
iR THTTWw20, BBEHE LT
7o, 2EO¥DLYEI D ARO RN E © 10,
WRZZE LTl ens, BKEREZEDTHE
EBELITo 7.

I fE 893 cm (—222SD) DIEKHRZFED
7o R®1A). T2, BEERIZEERUS T26K
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£ EA 1 (FERERR)

71y A ARE BT
Ca 9.5 mg/dl P 6.3 mg/dl
ALP 112 10U/ BAP 83 ug/l
I-PTH 18.6 pg/ml HS-PTH 50.0 pg/ml
25(0H)D 220 ng/ml 1-25(0H)2Ds 49.0 pg/ml
KA T X/ BE5HE - Phosphoethanolamine 208.6 nmol/mg - Cr

GCCAALGECETOTTCTTG  TTGRGCACLBRCACTHT

TNSALP BAZTIRATHE S
F310L/G322R
(compound heterozygote)

FEW 2 OWEED T A~

X3 safEE X MEE (GEF 2)
ST AN £2FEFXHEEBICREFE IR
Pl HAEE EESEEIREEERLTTA
WHFET 5.

F2 JEF2 (BHEKREDR)

AN AL SRR
Ca 10.1 mg/dl P 6.1 mg/dl
ALP 157 IU/1 BAP 99 wug/l
I-PTH 16.6 pg/ml HS-PTH 50.0>pg/ml
25(0H)D 35.1 ng/ml 1-25(0H):2Ds3 50.0 pg/ml
A7 3 ) B4 - Phosphoethanolamine 1853.2 nmol/mg - Cr
FCTGE GC NTTCCCGGT  TACCCCCNNACHHNCH
A

TNSALP Bz FHEATH R
ﬂ, % M R119H/1550del T
} Y A : i (compound heterozygote)
/\W\( g

RI119H 1559delT

.,—- S
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THhol. ARLE, HEPEVERNH 727
W, armspan W E L7z & 25820 cm & EiX
DY & 7RO T2,

EEHREMRE 235 XHBEETIERHE
BERDELFTRIIED o7z LaL, wE
T Lol E X MEE (R3) CTldiMss L
BRI LUTTHICHY, FEORLE
HEORKREEZ SN, 5008 RHEEELSED
iz, Hnyy AEHEERE (R2) Ti& M
s ALPEAS 137 TU/l ERECTH o7z RT3
J BT (2) T PEADEWIZLERELTW
272, K7+ A7 75 —YRENPEEbN. &8
4% IGF-1 B X IEHE # AN THh - 7z. TNSALP
BAETRIT % M1T L72 & & A R119H/1559delT @
HaE~NTURAHERZNEL, K7+ A7y
¥ —VREOHEZWICE-72 (F2).

2l =

K7+ 2775 —EEL FOERAGKIIIED
CEALEE - BRI - Ao RMBRE 2 &% £
RETHLBEEREETH . FKEEEFIIEBMAK
1p36.1-34 I EEfL 4 % TNSALP & (% T-C, @
HRBEAREHEEERERTD, BB MiEEE
ZERAOFER S TNICHELET LY. FEETD
I— F§ % TNSALP O{FHETIZ L o T, 1Mk
ALP IRERERIKLE®E % &7-L, TNSALP ©

AIVEZERRK Vol 59

EEHTHSPEA DRPIREDF AT H I LR
BMHTHLH, BETTIIBIZ 20 EEOMBEE
FEEPFERESNTWAHY, HEHRERRFR &
LTid BERBSERICOET, BEHR
(perinatal type), FLJ2#! (infantile type), /NIB
Bl (childhood type), Kt A ! (adult type), B&
PRE (odonto type) OS5 HIZHFHENT WS,
LaL, BETRBT LY ZORmMSEICETIE
FLRWEMIHESINTEBYIERIATY
Y BlziE, INFTREETIMEEZS
NTEXFEMFEEICS D ST FHREEICER

LTWARERY 22, HAROBEIRDVERE THR
Bz R L7ERY 7 &, REORBEMIILF T
H5HZENGhoTEI, TORAMPEREEC
|& TNSALP DRAFRRIEEVSHET L EERD
NTWn59,

A, BRZZRICBEERLEERZELA
EROT, MERPFERTH7RT7 + 27 7
¥ —YRE% 2 PIRRER L7z, WERI & b ERRAYICIX
BRETHo72Z b, Plldb—ToTINn
DIERNIE TNSALP BB R G FIET 5
bo LR Sz FEHI 1 O F30L 1 HA A
Z Ao, BRABMREEZATHIEREL LT
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‘fAbstract

keletai dysplasm isa drsorder of skeletal
“development characterized by:abnormality in
shape, length, a number. and mineral density of

 the bone. Skeletal dysplasia is often associated with

' manifeStjation of other organs such as lung, brain

and sensory systems. Skeletal ,dysp{asikas‘ or dysostosis
are classified with more than 400 different names.
Enchondral bone formation is a coordinated event
_ of chondrocyte proliferation, differentiation and
_exchange of terminally maturated chondrocyte with
_bone. Impaired enchondral bone formation will lead
_to skeletal dysplasia, especially associated with short

: long bones. Appropriate bone volume and mineral

density are achieved by balance of bone formation and

f bonekésbr}atidn and mineralization. The gene ‘encoding*
fibroblast growth factor receptor 3is responsrble for,;,
; achondroplasm representative skeletal dysplasia wzthf‘
_ short stature. The treatment with growth hormone is:
{,approved for achondroptasra in Japan Osteogenes;sfﬂ
_imperfecta is characterized by"!ow bone mmeralﬁ
:’;ydensrty and fragzle bone. Data on the benef:cml effectk

?f,'_of bisphosphonate for osteogenesrs ?mper]‘ecta are

accumulatmg Osteopetrosrs has hzgh bone mineral
,denszty, but sometimes show bone frag:lzty In Japan
-~ as well as other countnes pedmtncran treat larger
- numbers of patients with skeletal dysplasia with short
_ stature and fragile bones Compared to 20 years ago.

: Ref Ped. Endocrmo! Rev 2012;10(suppl 1);

fKey words: Achondroplasza Hypochondroplasm
Osteogenesrs lmperfecta Osteopetros:s Short stature
Fracture, Bone mineral densn‘y, Brsphosphonate o

Introduction

Skeletal dysplasia is a generic name for diseases
accompanied by morphological changes and major lesions
in the bones and cartilaginous tissues of patients (1).
Skeletal dysplasia requires bone X-ray images for diagnosis
(1, 2). While the prevalence of each disorder is rare, the
prevalence of skeletal dysplasia in general is estimated at
approximately one per several thousand. In the International
Nomenclature and Classification, skeletal dysplasia is
classified according to their similarity in etiologies and
radiological findings. Since 1970, the number of target
disorders has increased to 456 types in disease name that
are classified into 40 categories (3). In addition, more than
200 responsible genes have been identified as a result of
the development of molecular biology and genetics tests in
recent years. As such, it is not easy to describe the historical
background for each of these diseases. Accordingly, this
review will chiefly discuss the representative cases of
skeletal dysplasia associated with failure to thrive, short
stature and susceptibility to fracture, which are often chief
complaints of patients visiting a pediatrician, in light of the
history in Japan.
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Skeletal Dysplasia Associated with
Failure to Thrive

Mechanism and abnormality of chondrocyte
proliferation and differentiation

Chondrocytes in the growth cartilage area located at
the metaphyseal region of long bones will proliferate and
differentiate, and then will be replaced by bone (4). This
mechanism, termed endochondral ossification, enables
changes, such as limb lengthening, which allows a child to
grow taller. Skeletal dysplasia associated with short stature
is mostly associated with an abnormality in chondrocyte
differentiation and proliferation. During endochondral
ossification, chondrocytes in the growth cartilage
area (growth plate) differentiate in order from resting
chondrocytes to proliferating chondrocytes, prehypertrophic
chondrocytes, hypertrophic chondrocytes, and finally to
calcified cartilages (Figure 1) (5). Endochondral ossification
progresses with the involvement of numerous transcription
factors, growth factors, signaling molecules, extracellular
matrix.

FGFR3

i~ BMPs
PTHIP e

pertrophic zone SOXg

CNP

cifying zone
e \EGE, MMP

Primary spongioza | )
osterix «——— Runx2

Figure 1. Molecules involved in endochondral bone formation.

Chondrocytes differentiate in order from the resting
zone to the hypertrophic zone via the proliferating zone.
The hypertrophic zone becomes calcified after infiltration
of the blood vessel supply by vascular endothelial
growth factor (VEGF) and degradation of the matrix by
matrix metalloproteinases (MMP), and is absorbed by
chondroclasts. Cartilage is finally replaced by primary
bone spongiosa. Sox9 is the master gene of chondrocyte
development and promotes chondrocyte differentiation
from mesenchymal cells, while having an inhibitory
effect on chondrocyte hypertrophy. Bone morphogenetic
proteins {BMPs) and insulin-like growth factor-1 (IGF-1)
stimulate the proliferation of chondrocytes. Fibroblast
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growth factor receptor 3 (FGFR3), together with FGF18,
inhibits proliferation of chondrocytes. C-type natriuretic
peptide (CNP) antagonizes the inhibitory effect of FGFR3.
Indian hedgehog (ihh) induces parathyroid hormone-
related peptide (PTHrP), which inhibits the hypertrophic
differentiation of chondrocytes. Runx2 and osterix from
osteoblasts promote bone formation (primary spongiosa).

The principal component of cartilage matrix will change
from a matrix primarily made of type Il collagen to type
IX collagen, and finally type X collagen, with progressive
enlargement of chondrocytes. The hypertrophic
chondrocytes will then undergo apoptosis as the matrix
undergoes calcification. The calcified cartilage matrix is
then digested by proteases, such as matrix metalloproteinase
{MMP) 9 and is absorbed by chondroclasts. It will be finally
replaced by bone after infiltration of the vascular supply.

There are various skeletal dysplasia associated
with abnormalities in chondrocyte differentiation.
Campomelic dysplasia is caused by a mutation in SOX9,
a gene essential for the induction of chondrocytes from
mesenchymal tissues (6). Achondroplasia, on the other
hand, stems from constitutive activation of the fibroblast
growth factor receptor type 3 (FGFR3), which negatively
controls chondrocyte proliferation (7, 8). An abnormality
in cartilage-specific type Il collagen is observed in
spondyloepiphyseal dysplasia congenita, whereas an
abnormality in type X collagen is observed in Schmid-
type metaphyseal dysplasia (9); these abnormalities are
collectively called collagenopathies (9). Spondyloepiphyseal
dysplasia tarda is caused by altered cartilage formation
resulting from mutations in the SEDL gene (10). If a short
stature due to a shortened trunk, neck and limbs (dwarfism)
is diagnosed in patients 8 years and older, presence of
buffalo hump is determined using lateral spine radiographs.
Important cartilage matrix component other than collagen
is proteoglycan such as aggrecan. Other disorders, such
as diastrophic dysplasia, achondrogenesis type 1B,
atelosteogenesis type I, occur due to abnormalities in the
DTDST (diastrophic dysplasia sulfate transporter) gene that
transports sulfate into chondrocytes to maintain adequate
levels of proteoglycan sulfation (11). Transient receptor
potential vanilloid 4 (TRPV4) is a non-selective cation
channel that passes calcium ions. Mutation of TRPV4 has led
to a class of skeletal dysplasia known as the TRPV4 group.
An increasing number of diseases have been revealed to
belong to this group in recent years, including brachyolmia,
spondylometaphyseal dysplasia Kozlowski type, metatropic
dysplasia, spondyloepiphyseal dysplasia type Maroteaux,
parastremmatic dysplasia, and familial digital arthropathy-
brachydactyly partly thanks to the significant contribution
of Japanese researchers (12).
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Achondroplasia

Concept

Achondroplasia represents a collection of disorders,
including hypochondroplasia, lethal bone dysplasia, and
SADDAN (severe achondroplasia with developmental delay
and acanthosis nigricans) syndrome, which arise due to
constitutively active, ligand-independent mutations in
FGFR3 gene leading to excessive downstream signaling (8,
13). Disorders belonging to the FGFR3 mutation family are
mostly caused by de novo mutation and are inherited as
an autosomal dominant trait. The accurate prevalence of
patients with this mutation is unknown. The prevalence
of achondroplasia is estimated at one per 15,000 to
30,000 newborns. In the United States, estimates put the
prevalence of achondroplasia at one per 16,670 to 27,780
newborns (14).

Diagnosis and treatment

Patients with achondroplasia present with short stature,
shortened limbs, abnormal facial features (prominent
forehead, nasal root depression, mid-face hypoplasia, and
mandibular protrusion), an enlarged head size, and trident
hands. Patients also appear to have excessive amounts
of soft tissue. In addition, their gluteal region protrudes
backward with an increase in lumbar flexion, and they have
faitlure in elbow joint extension (15). Tooth overcrowding
and malocclusion are also problematic. In terms of short
stature, patients with achondroplasia lack a pubertal
growth spurt; thus their difference in stature as compared
with normal individuals becomes increasingly significant
with age. The average adult height for patients with
achondroplasia is approximately 128-130 cm for males and
approximately 120-125 cm for females according to data
from the United States, Argentina, and Japan (16). Other
probable issues include communicating hydrocephalus,
foramen magnum stenosis, sleep apnea, otitis media, and
spinal canal stenosis. Symptoms of nerve compression are
also often noticed as constipation or an increased patellar
tendon reflex. With a broad range of physical deformities,
cooperation between neurosurgeons, orthopedists and
otolaryngologists is important.

On plain X-rays, achondroplasia is characterized by thick
and short long bones, metaphyseal cupping, bullet-shaped
vertebra, fibula that are longer than the tibia, decreased
distance of lumbar spine pedicles, a large cranial base yet
with small facial bones, a small ischial notch, and a small
cavity of the lesser pelvis. Flat vertebra may be observed in
a newborn patient.

In terms of a genetic diagnosis, achondroplasia patients
with FGFR3 gene mutation will show arginine substitution of

. nutriion  hormone

glycine 380. In patients with the milder hypochondroplasia,
FGFR3 mutations such as Ile538Val, Asn540Lys, and
Asn540Thr have been reported.

In Japan, growth hormone treatment was approved in
child patients with a short stature due to achondroplasia
or hypochondroplasia (up to -3 SD) in 1997, and certain
efficacy has been proven so far (17). The Foundation for
Growth Science in Japan provides diagnostic support and
organizes reports for side effects. The data on the efficacy
of growth hormone treatment for adult height is expected
to be organized soon. A clinical study is about to commence
for a CNP (C-type natriuretic peptide) analogue developed
as a drug after a Japanese group reported the efficacy of
CNP in an animal model with achondroplasia (18).

Skeletal Dysplasia with Changes in
Bone Volume

Mechanism leading to loss of bone volume

Bone volume is determined by the functional balance
between osteoblasts and osteoclasts. Bone volume will
increase with growth and bone formation surpasses bone
resorption during the growth period and for several years
after the cessation of growth (Figure 2). It is known that
bone volume is affected by several environmental factors,
such as polygenes, nutrition, and exercise (19).

/ osteocytes \

Bone Formation

Bone Resorption

osteoblasts

NERRANEN

physical activity alcohol  smoking drugs  radiation

gravity

Genetic factors
Figure 2. Bone volume determination.

Osteoporosis and osteopetrosis are disorders associated
with low and high bone mass, respectively. Bone volume is
determined by the balance of bone formation exerted by
ostecoblasts and bone resorption by osteoclasts. Osteocytes
are the most abundant cells in bone and involved in
controlling bone mass in response to various types of stimuli
and phosphate homeostasis. Bone modeling is dominant
during childhood, and bone formation slightly surpasses
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bone resorption, thus leading to growth and the increase
in bone volume. Several factors, such as nutrition and
hormone levels, also affect peak bone mass.

Insufficiency fracture is nontraumatic fracture caused by a
minor external force in areas where there is low bone volume
(20). Table 1 summarizes the hereditary diseases resulting
in loss of bone volume. The bone matrix is primarily made
up of type | collagen, and deposited crystal of calcium and
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phosphorus, termed hydroxyapatite. Type | collagen is the
most abundant protein in bone matrix, consisting of two at
chains and one a2 chain of different gene derivations. The
combination of these three chains constitutes the formation
of collagen fibers. Osteogenesis imperfecta derives from
an abnormality in type | collagen production, and is
characterized by an increased susceptibility to fracture due
to a loss of bone strength.

|1 | 1ee200 Blue sclera, fragility, deafness AD COL1A1, COL1A2

259420 severe

moderate,
severe

610867

Biue sclera in infancy, fragility,
progressive bone deformity,
dentinogenesis imperfecta

Hypercalius formation,
calcification, swelling

COL1A1, COL1A2

610682 Blue sclera, rhizomelic short limb CRTAP
X 259440 moderate, Bone d'ef‘ormlty, kyphgspohoms, AR PPIB
severe joint hypermobility
¢ SE
Xt 610968 moderate, Contracture, webbing AR FKBP10
severe (Bruck syndrome)

AD=autosomal dominant, AR=autosomal recessive

Table 1. Classification of osteogenesis imperfecta.

Osteogenesis Imperfecta (Ol)

Concept

0Ol is characterized by such symptoms as susceptibility to
fracture and decreased bone density due to loss of bone
strength. It results from abnormality in type | collagen (at or
a2 protein chains), encoded by COL1A1 and COL1A2 genes.
Sillence initially classified this disorder into four types (21);
however, a detailed study on gene abnormalities from bone
biopsies led Glorieux et al. to classify Ol into seven types
(22). The number of disease types has increased because
an increasing number of causative genes are identified
(Table 1) (23, 24). Type | is classified as mild, without bone
deformation and with blue sclera, and approximately one-
half of the cases are associated with deafness. Type Il is a

perinatal lethal form, from which most patients die from
respiratory failure early after birth. Type Il is a severe
form, and most patients cannot walk on their own due to
progressive bone deformity resulting from frequent fracture.
Type IV has an intermediate severity between Type | and
Type Il and presents with bone deformity and short stature.
It is divided into A (with) and B (without) subtypes, according
to presence or absence of dentinogenesis imperfecta.
Dentinogenesis imperfecta is characterized by change in
tooth color, from light yellow to brown, a loss of luster, and
dentin exposure due to insufficient enamel formation. It is
mostly inherited as an autosomal dominant trait. Part of the
disease type can be caused by enzyme abnormality, and is
then inherited as an autosomal recessive trait.

As collagen chains start integrating from the C terminus,
mutated collagens will not be incorporated into the collagen
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fibers if there is interference due to the presence of an
interrupting stop codon, for instance. In this case, Ol is
mostly found as Type |, with mild severity. On the other
hand, if a glycine is mutated, Ol is considered to be severe
because the abnormal collagen destroys the structure of the
normal collagen fibers (25).

Diagnosis and treatment

Symptoms such as susceptibility to fracture and
radiological findings are used as the basis for diagnosis. In
radiological findings, as the disease progresses, thinning
of the cortical bone is easy to determine. In patients with
Ol Type I, there is obvious deformity and disruption in
the unity of the cranial bone. Long bone deformity due
to frequent fracture is also apparent as light and shade
banding along the bone, almost in an accordion-like manner.
In Ol Type Hl, irregular swelling is observed as a ‘popcorn-
like’ appearance in the metaphysis. Wormian bones, or
extra sutural bones, are also found in the cranium.

Ol can also be diagnosed genetically. More than 300
mutations have been reported (http: //www.le.ac.
uk/genetics/collagen/index.html). In approximately
90% of Ol patients, mutation is found either in COL1AT1
(17q21.31-q22), which encodes the a1 chain, or COL1A2
(7922.1), which encodes the a2 chain. Recently, a mutation
of the CRTAP gene, which encodes the cartilage associated
protein (CASP or CRTAP) required for prolyl 3-hydroxylation,
was reported as a causative gene for Ol in an autosomal
recessive genetic form (23, 24). In addition, new genes
involved in the onset of Ol are continuously being identified,
such as leucine proline-enriched proteoglycan (leprecan) 1
(LEPRE1), peptidylprolyl isomerase B (PPIB), FK506 binding
protein 10 (FKBP10), SERPINH1 (which encodes the collagen
chaperone-like protein, HSP47), osterix (Sp7), procollagen-
lysine, 2-oxoglutarate 5-dioxygenase 2 (PLOD2), and
SERPINF1 (which encodes pigment epithelium-derived
factor) (Table 1) (23,24). A recent study has reported
Ol caused by BMP1/mTLD, a procollagen | C-terminal
propeptide (PICP) endopeptidase gene (26).

Intravenous pamidronate treatment has been reported
for Ol targeting patient susceptibility to fracture and low
bone mineral density (22). The Japan Endocrine Society
prepared the “Clinical Practice Guidelines on Osteogenesis
Imperfecta” in 2006 for procedures using this treatment.
In their assessment of bone tissue images, it was reported
that pamidronate treatment thickened the width of the
cortical bone, which likely resulted in the increase in the
bone strength and the increase in bone mineral density.
Pamidronate treatment also increases the percentage
of cancellous or spongy bone. While early treatment is
expected to result in improved outcomes for Ol patients,
bisphosphonate treatment has side effects, and thus

care should be taken when choosing pamidronate as a
treatment strategy in mild Ol patients (27). Treatment with
intramedullary nailing and orthoses should also be used in
patients who experience frequent fracture and deformity.

Osteoporosis-pseudoglioma Syndrome
(OPPG)

Concept

OPPG is a disorder characterized by severe childhood
osteoporosis and congenital or juvenile blindness. Patients
suffer from frequent fractures during childhood due to an
increased susceptibility to fracture, and are later confined
to a wheelchair due o bone ache, spinal column curvature,
bone deformity, among other causes. OPPG is a rare
disorder with an autosomal recessive trait caused by loss-of-
function mutation of the LRP5 gene (low density lipoprotein
receptor-related protein 5) located at 11q13.4 (28). The
frequency of onset is estimated at one per 2 million,
whereas the frequency of carriers with LRP5 gene mutation
is estimated at one per 380,000 to 700,000, including people
in the Japanese population (29).

In light of the fact that a loss of bone volume was not
observed in osteoblast-specific LRP5 gene knockout mice,
Karsenty et al. implemented a functional analysis of LRP5,
and reported that bone volume is maintained by cancelling
the action of serotonin of inhibiting osteoblast proliferation
through the inhibition of serotonin synthase by the LRP5 in
the intestinal tract (30). Future elucidation is expected in
relation to serotonin and bone metabolism.

LRP6 is highly homologous to LRP5 and acts as a Wnt
co-receptor, similar to LRP5. A spontaneous mutation in
Lrp6 is responsible for ringelschwanz (rs) mice, which
manifest with spina bifida and low bone mineral density.
This indicates that LRP6 is important for skeletal formation
and bone metabolism (31). Interestingly, the rs mice showed
a loss in bone volume due to increased bone resorption in
association with an increased expression of RANKL, with
no abnormality in osteogenesis; this indicates a functional
difference from LRP5. This gene mutation in LRP6 has
also been identified in a human family, with all members
displaying evidence of early coronary disease, hyperlipemia,
hypertension, diabetes and osteoporosis (32).

Diagnosis and treatment

The presence of mutations of the LRP5 gene is confirmed,
along with the appearance of any osteoporotic changes.
Furthermore, congenital or juvenile blindness serves as a
clue to the disease.
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Disorders Associated with
Osteosclerosis

Mechanism of osteosclerosis

Osteoclasts are derived from hematopoietic stem cells,
whose differentiation, activation, and existence involve
many molecular groups. Mature osteoclasts are polarized
and adhere to bones via integrins. The plasma membrane
inside the bone adhesion site forms a ruffled border. In
this resorption cavity, cathepsin K (lysosomal enzyme) and
acids are secreted to resorb bones actively (Figure 3).
Abnormality in the production or secretory process of these
enzyme and acids interfere with bone resorption to induce
osteosclerotic disorders represented by osteopetrosis (33).

Preosteoclasts ( :
‘mecst
: c-fms

B '

COr+H:0 = HCOs Osteociasts

 Bone Matrix

S O S

Figure 3. Osteoclasts.

The figure illustrates molecules involved in osteoclast
formation and bone resorption. Mononuclear preosteoclasts,
derived from hematopoietic stem cells, differentiate
into multinuclear giant cells, termed osteoclasts, by the
activity of Receptor activator of nuclear factor kappa-B
ligand (RANKL) and macrophage colony stimulating factor
(m-CSF). RANK and c-fms are their receptors, respectively.
Osteoprotegerin (OPG) is a decoy receptor which prevents
the interaction between RANKL and RANK. Osteoclasts have
a unique structure, ruffled border, and excrete acid (H")
with CU” and cathepsin K, both of which are essential to
bone resorption. Carbonic anhydrase produces H', a protein
called osteopetrosis-associated transmembrane protein 1
(OSTM1) and the chloride channel, CLC-7 provide the source
of CU'. PLEKHM1 (pleckstrin homology domain containing,
family M (with RUN domain) member 1) is involved in
vesicular transport within osteoclasts. Disrupted function in
any of these molecules can lead to osteopetrosis.

Disorders associated with osteosclerosis are largely divided
into those with decreased bone resorption and those with
increased osteogenesis. Osteopetrosis is a representative
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hereditary osteosclerotic disorder associated with bone
resorption. In recent years, many genes responsible for
this disorder have been identified (33). On the other
hand, several constitutive genes for the Wnt signaling
pathway have been identified as molecules responsible
for osteosclerotic disorders associated with increased
osteogenesis, and the importance of the Wnt signaling in
the bone volume control came to be recognized (34,35).
Other osteosclerotic disorders associated with increased
osteogenesis include Camurati-Engelmann disease,
osteopoikilosis, van Buchem disease, sclerosteosis, and
endosteal hyperostosis (Worth type), which are not dealt
with in this report.

Autosomal recessive infantile osteopetrosis

Autosomal recessive infantile osteopetrosis, also known
as infantile malignant osteopetrosis for its poor outcome,
occurs during early infancy with macrocephaly, progressive
nerve deafness, blurred vision, hepatosplenomegaly, and/
or severe anemia. Patients with this disorder present
with diffuse osteosclerosis and are impaired both in bone
modeling and remodeling. Deafness and blurred vision
appear as symptoms of nerve compression due to narrowing
of the neural tube, and anemia is caused by narrowing of
the bone marrow cavity. Patients are vulnerable to infection
and bleeding due to pancytopenia and mostly die before
childhood, unless early treatment intervention occurs, such
as hematopoietic stem cell transplantation (36).

To date, five genes have been linked to infantile
osteopetrosis: TCIRG1, which encodes the vacuolar proton
pump a3 subunit; CLCN7, which encodes the chloride
channel; OSTM1, which is a human orthologue equivalent
of the mouse grey-lethal gene; TNFSF11, which encodes
RANKL; and TNFRSF11A, which encodes RANK (37-42). While
the number of osteoclasts with impaired function increases
in most disorders, the number of osteoclasts can also
decrease in some disorders (43).

Autosomal dominant adult (late-onset)
osteopetrosis

Autosomal dominant adult osteopetrosis (ADO) occurs
more frequently and with milder severity than autosomal
recessive infantile osteopetrosis. As such, these adult
patients often asymptomatic and therefore remain
undiagnosed. This disease has been classified into Type |
(ADO 1) and Type 1l (ADO I), according to the difference in
radiological findings.

Patients with ADO | show significant sclerosis, especially
in the cranial base, cortical thickening of the long bones,
but little abnormality in the vertebral bodies (Figure
4A). It mostly remains asymptomatic, with a low fracture
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frequency. In 2003, this disease type was classified as
OPTA1 (osteopetrosis, autosomal dominant 1) following
identification of LRP5 as the gene responsible for this
disorder (44). Interestingly, this disease type is not a
disorder of osteoclastic resorption, but osteosclerosis due
to an abnormality in osteoblast function. Accordingly, this
disease type does not fall under osteopetrosis in terms of its
molecular pathogenesis.

ADQ Il is caused by heterozygous mutation of the CLCN7
gene, and is now referred to as osteopetrosis, autosomal
dominant 2, or OPTA2 (45). In radiological findings of
ADO I, osteosclerosis is observed in the whole body, with
a significant increase in sclerosis in the cranial base. In
addition, sclerosis of the vertebral body end plate
observed as ‘rugger-jersey’ vertebra is observed in almost
all patients (Figure 4B). Further, the long bones are
recognized radiologically as ‘bone within a bone’, usually
picked up during childhood in relation with a fracture, or
osteomyelitis of the mandible, facial palsy, etc. Patients
are more susceptible to fracture, as the immature bones
are not replaced by mature compact bones due to impaired
bone resorption.

ADO type 1 ADO type 2

Figure 4. (A) In autosomal dominant osteopetrosis (ADO)
type I, high bone mass is apparent in base of the skull and no
finding in the ‘rugger-jersey’ vertebra of the spine. In the patient,
a heterozygous mutation (p.A214T) in the LRP5 gene was identified.
(B) ADO type Il is caused by mutations in the chloride channel gene,
CLCN7. The heterozygous loss of CLCN7 impairs the function of
osteoclasts. The heterozygous mutation, p.R286Q, was found in
the patient. Rugger-jersey vertebra was also characteristic. In
the laboratory examination, aspartate aminotransferase (AST),
creatine kinase brain isoenzyme (CK-BB) and tartrate resistant acid
phosphatase (TRACP)-5b were elevated.

Intermediate Osteopetrosis

Intermediate osteopetrosis occurs during childhood with
such symptoms as fracture, osteomyelitis, short stature,
mild-to-moderate anemia, extra-medullary hematopoiesis,
dental abnormality, facial palsy, and deafness with various
degrees of severity. It is differentiated from infantile
osteopetrosis by a better vital prognosis. This disease type
stems from mutations to both alleles of the CLCN7 gene. In
addition, in 2007, the PLEKHM1 (Pleckstrin homology domain
containing, family M member 1) was also been identified as
one of responsible genes for intermediate osteopetrosis, and
the disease type was classified as osteopetrosis, autosomal
recessive 6 (OPTB6) (46).

Other Osteopetrosis and Pycno-osteogenesis
Imperfecta

Carbonic anhydrase Il (CAll) is an enzyme highly expressed
in osteoclasts and is involved in production of H,CO3, which
is involved in bone resorption through its degradation to H*
and HCO5". Mutation of the CAZ gene, which encodes this
enzyme, causes intermediate osteopetrosis in an autosomal
recessive trait, since termed osteopetrosis, autosomal
recessive 3 (OPTB3). This disease type presents with brain
sclerosis and renal tubular acidosis, as well as osteopetrosis.

OLEDAID (ectodermal dysplasia, anhidrotic, with
immunodeficiency, osteopetrosis and lymphedema) 14, is
a new syndrome, advocated by Doffinger et al. in 2001,
that presents with osteopetrosis, lymphatic edema, and
EDA (ectodermal dysplasia associated with anhidrosis).
These patients generally die during childhood from multiple
infections. It is inherited as an X-linked recessive trait, and
is caused by impairment to the NF-kB signaling pathway due
to mutations in the IKBKG gene that encodes the nuclear
factor kB (NF-kB) essential modulator (NEMO) (47).

Pycnodysostosis is an autosomal recessive hereditary
disease that presents with short-limb dwarfism, cranial/
facial dysplasia (enlargement of the anterior fontanel,
enlargement of the cranial suture, maxillary/mandibular
dysplasia, etc.), tooth dysplasia (delayed tooth eruption,
abnormal arrangement of the teeth, etc.) and susceptibility
to fracture, and is caused by loss-of-function mutation of
cathepsin K (48).

Conclusion

The field of skeletal dysplasia is rapidly progressing,
and pediatricians should be positively involved in the
medical care of children with skeletal dysplasia with due
understanding of the disorders. in Japan in particular,
physicians should communicate with each other positive
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results and pertinent information, such as improvements
in adult height in patients with achondroplasia/
hypochondroplasia due to growth hormone treatment.
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Treatment of Hypophosphatemic Rickets with
Phosphate and Active Vitamin D in Japan:
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Abstract. Hereditary hypophosphatemic rickets represented by X-linked hypophosphatemic
rickets (XLH) is a rare disorder characterized by hypophosphatemia, elevated alkaline phosphatase
(ALP) and undermineralization of bone. Active vitamin D and phosphate are administered to
correct hypophosphatemia and elevation of ALP. Overtreatment with phosphate leads to secondary
hyperparathyroidism, and a large dose of active vitamin D has a risk of hypercalciuria. To understand
the situation concerning treatment of patients with hereditary hypophosphatemic rickets in Japan, we
conducted a questionnaire survey of pediatric endocrinologists. Answers were obtained from 53 out of
68 hospitals where the pediatric endocrinologists worked. One hundred and thirty-five patients were
treated in 28 hospitals during November 2009 and May 2010; 126 patients suffered from hereditary
hypophosphatemic rickets, and 9 had hypophosphatemia caused by other miscellaneous reasons. The
distribution of patient age was as follows: 27 (21%) were between 6 mo and 6 yr of age, 39 (31%) were
between 6 and 12 yr of age, and 60 (48%) were more than 12 yr of age. Active vitamin D was given to
123 patients, and phosphate was given to 106 patients. As for the dose of phosphorus, 37.2-58.1 mg/
kg/d was given divided into 2 to 6 aliquots. There were various control targets of treatment, including
serum phosphate, serum ALP, rachitic change, urinary Ca/Cr, parathyroid hormone and growth. It is
very important to avoid side effects of these treatments. No evidence is available about the optimal dose
of phosphate or number of administrations in the treatment of patients with hypophosphatemic rickets.
Although there is a recommendation for clinical management of patients with hypophosphatemic
rickets, we should set a clinical guideline for it in Japan.
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Introduction

Rickets is a disorder of calcification in
chondrocytes and bone characterized by
accumulation of unmineralized bone, termed
osteoid. Characteristic X-ray findings such as
cupping, flaring, and fraying strongly suggest



