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Bone Metabolism of Children with Idiopathic Nephrotic Syndrome

Shigeko WATANABE

Department of Pediatrics, Niigata University School of Medicine
( Director: Prof. Kaoru SAKAD

Children with nephrotic syndrome are frequently at risk for osteodystrophy due to secon-

dary hyperparathyroidism.

which causes hyperparathyroidism following hypocalcemia.

Severe proteinuria is accompanied by loss of 25—OH—-Vit. D3,

On the other hand, administred

glucocorticoid suppresses protein synthesis in osteoblasts to cause osteoporosis, and disturbs

absorption of calcium in the intestine, which also leads to hyperparathyroidism.
In this study 66 children with nephrotic syndrome were examined to elucidate bone me-

tabolism associated with proteinuria and glucocorticoid therapy.

Children with nephrotic syndrome showed high free hydroxyproline in urine (a parame-
ter of turnover of the bone) and high NcAMP (which correlates with PTH), suggesting that
administration of glucocorticoid for 1.5 to 2 months might cause secondary hyperparathy-

roidism,

In children with nephrotic syndrome, the more glucocorticoid was given, the less bone

mineral content was.

These findings suggest that measurement of free Hyp and NcAMP, and analysis of bone

construction with bone mineral analyzer or microdensitometer may be useful to estimate
bone metabolism in children with nephrotic syndrome.

Key words: hyperparathyroidism, NcAMP, free Hydroxyproline, Bone mineral Analy-

zer, Microdensitometer
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By EETRL, BMEEY D OBESRL LTEREL
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g5 X, 6 ~10BTRARLEBEETS L EDIT,
fih 25-0H-Vit.D X&KBiz LR L1,

21, BRAK B At 25-0H-Vit.D D
BERRLE. BRENCE, 25-0H-Vit.D {3 15.6
13.0ng/ml ¢ FEROETHALRL. Zh b0,
RPN 01 BLUTOBRETHRE T » 1.

P EoE 2RISR L h, BARORDL b
EEGECET L.

2) IRd free Hydroxyproline (free Hyp) ® % 7
o — ¥ ORRERI BT BB K.

®lic, R704 FIRERORSD free Hyp OEME
wiRLic. @ERDEKD free Hyp (3 3~74T2.36=
0.87 (n=178), TF¥PLETIE, 1.61+0.64(n=99) TH -
b,
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(n=18) TOIHBLTOfERBCHEOFMERXRL, B
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total Hyp/cr (¥, #IREHT 123.6+71.23 (n=9) T,
REBOENEFEOEZ AL - 1ohl, BRENC
i3 148.2+21.6 (n=6) T, 0.1 UT DOEKRIRCHME
AL

free/total Hyp Huik, #136K55.78+1.51% (n=10)T
0IBLUTOBERRTHERICEMEZ R LA, BRI
2.08+1.07% (n*6) TIEEREDEZIZBDOLRILH »
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AT w4 FIEERE 27 o4 FERR
M 7 B R " ® b B 1 W 2 W 3 W 4 W 8 W
4.27 2.58 1.84 1.56 2.84 2.34 3.55 2.64 2.11
free Hyp/cr
+2.57 +1.05 1+0.66 +0.54 +1.40 +1.09 +3.30 1+1.06 +0.69
123.6 148.2 125.92 114.79 102.57 77.85 82.24 72.76 63.81
total Hyp/cr !
+71.23 +21.6 | +34.82 +36.23 | +£32.99| £49.91 +28.1 +28.1| *36.98
5.78 2.08 1.41 1.54 3.74 3.29 2.72 4.07 3.73
free/total Hyp
+1.51 +1.07 +0.43 +0.54 +2.73 +1.67 +1.08 +2.51 +1.42
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2704 FABEDCERLCI06i0 NcAMP 3 P,

2,98+ 2.74nmoles/100ml GF (10#dh 2 FHSE) T 2. RF¥0OA FHESICLBMmP 25-0H-D, B
Bote, AFof FREBERSDRBRLICAEND F free Hyp, NcAMP OB

NcAMP i11.19+1.95nmoles/100m1GF (48 1 1) M 25-0H-Vit.D

MNEE THH, BER (2.00+£1.40) L BNT, FE B 51 Prednisolone 54D fith 25—-0H-Vit.D

FiXleh - Toht, BRENCIT NcAMP DS %R T H OEB PR L. #5168k )5 2FAomd 25—



25~0OH-D
ng/ml

FEESAKE $100% $105 BE6lE108

- S 1 Il

4

6 8 12 16 wecks

after Prednisolone
5 7L F=vuor 5ot 25-0H-Vit. D OX#)

OH-D i1 17.41 £ 9.76ng/ml (n=57) TO.1ZLI T DfE
BRETHEDETAALRL.

KRBT Lol 25-0H-Vit. D BEWHM L TIAEE
ZRFEDohIh -0, 5 1L EB LS 2 8HYH
BT5., B, #2RBOAMMEETH . &
7o, 838, 128, 16BI 1 ~6BLOSGHETH 1.

2) IRt free Hyp

% 1 Prednisolone &5 ¥ DR D free Hyp,
total Hyp, free/total Hyp O#EX* R L. 25O
1 FiSEORY free Hyp/er (I2:8bhich, BF
REDFEZIZDOhih -1 (BICBEROER
ALTD.

3) Rd total Hyp/cr

—7, total Hyp/cr (225 418, 8BTS BLUTD
ERBETHRET LT .

4) [Rh free/total Hyp H

free/total Hyp HiZ#5 48 T01% LU T OBERET
BEROEMLAALRIC.

% 2 ®E/NRkT?3 Hyp $HE

3~7y. 2.36+0.87

free Hyp/cr y
7y. ~ 1.61+0.64
3~7y. 138.3+53.7

total Hyp/cr y
7y. ~  93.1+37.9
free/total Hyp 2y. ~ 1.8+0.78

5) NcAMP

NcAMP HlErio 2.8/, 1#7H, 24H, 348D
Prednisolone & ((AXEEH7-9) &, NcAMP O
BIR A A1 H, FREROBIIIEREEIL e, 1. &
= NcAMP & FRth free Hyp/cr, total Hyp/cr,
free/total Hyp & OMBAMAERET LIch, Thth
offcamttitEDd bhich- 1. L L, B4 DEH
(B 6) IBWTiX, Prednisolone ¥ 51#%, 1.5~27%
AOBAIZ BT, NeAMP &2 R THELD -
1.

3. Prednisolone 5 & 5 RERE L BIER
DENRE

1) Microdensitometer # (MD &) K k5B
e

BEREL, MD BTRIE L. MD &l 8®RED
B2, gray scale %HFE L CHRE L, densitometer i
IO BEREYHETLIHETHEHY. BTRRALIED
L, B2hFEFOMEEKO 28 X, Y O hHATHRIE
L, IvEa—9-—RKINE8D X HEBRMERL,
Metacarpal index (MCI), S#tlg d, B R} D
¥'— 2% 4GSmin, 4GSmax BHUBREOE -/ 5
EREBEED -7 & 0%Y), E/4GSmin
% 4GSmax THRLUIME, 9 — vEEZBRETRL
il (CGS/ID) leED 62D A= —REELK
ALt

chobods, MCL & E i, 2794 FERBR
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8 Densitometer pattern and characteristics
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9 BMC &7V F=vo vgRIOBE (BER)

BT, BEEOEWRAERD SOR D AL DED
L.

2) Bone mineral analyzer (BMA) it X 5 &R
2R, BE, AEEEc S L, HBFERK0.9 AR TH
B3, FEMIITIE, RET y=0.165+0.0317 (x=
£i8), BB T y=0.177+0.0317x & E (cm) TiIRE
T y=—0.211+0.0511x (x=8), BET y=—0.257
+0.00549x, AFEEE (xm?) T, RET y=0.0978
+0.331x, R BT y=0.0767+0.353x (y I FEH) &
WHORTHEHLS 33

Rk 70— PERRO/NRORERERL DBREL L
ideal Bone Mineral Content (BMC) HiE&) » 5
DORi-hé&, R704 FiREREOBERYAL. BER
& prednisolone ¥R &1, HPIFRE—0.343 T5HLL
FToRRRCHEEOHANEZRLALY(H9).

e DEFlCSCTOZEBYRICR LI, £, B
EE & ORIERT | FRIOEXRIED /- D @ predniso-
lone BB ORFZERE L - AFEREBERZcH -
.



&0 Rt 7o - CERBC BT 5 ERE 609
3 *7o—EEEHCKETS BMC O
%18 | Preditfit | B5 1 £R§e | BMCo BMC-ideal BMC .
53 A AT BMCo#4%
(A (mg) |Pred/thTEEH| (H) Ist Bone Iind Bone
1.| 14 | M| 93 43675 5443 6 —0.049——0.122 | —0.086->—0.126 1
2.] 6 |F| 44 5097 13 —0.068——0.165 | —0.027——0.15 X!
3. 6 |{M| 33 12825 2085 12 —0.026——0.097 | —0.003——0.08 +
4.0 13 | M| 112 34185 2871 13 —0.02 >—0.015| 0.008——0.002
5. M| 15 8620 6281 12 —0.083— 0.018 0.039
6. M| 13 10177 —0.07 ——0.097 | —0.305——0.001
7.| 5 |F| 12 3545 3688 7 —0.001-—0.021 | 0.031— 0.078
8.l 9 [M]| e0 971 0.123——0.083 | —0.022——0.017
9.l 10 (M| s0 18405 2949 12 0.005— 0.04 | 0.05 — 0.029
10.| 18 | M| 156 38500 310 17 0.136— 0.097 | 0.082— 0.086
1. 7 |M| 20 8145 5705 12 —0.08 ——0.075 | —0.039——0.038
12.| 17 {M| 18 12980 4697 6 —0.18 ——0.076 | —0.085——0.043 1
13.| 11 |M| 18 13640 6236 12 —0.088——0.076 | —0.035——0.015 0
14.| 18 | M| 204 | 106477 3073 12 —0.202——0.195 | —0.202——0.188 0
15| 9 |M|[ 14 11895 8692 8 0.079— 0.114| 0.066— 0.092 0

* I BMC m##f%(3 Ist Bone,

£ ®
1. BEROBF

BEBEDOI5 S ViZ3EAE typelDas -4 v
ThH, & & & EEEATWS. ¢ ERARIRD
BETIE, %3, B1DOR7 v 7T mRNA O tran-
scription KX, ThiKX D procollagen $7h5
T&5%, xD5H, 7o) vEROKE{LL h Hy-
droxyproline MJER &, helix #{EF-> TEETS.
—%, )Y VERDKRILILE Y Hydroxylysine %
R L, 35 —4v® cross-linking BIER S %
NBEMED, ThHF oS E~BERIR,
osteoblast KX DMWdh5. 27 —4 ViRMEL 88
EROBRIZETE v » 7HTELR, COERA%
hole zone EFELF, TOBARHIK I & 7 v DUBEINET
TLBENHO,

2% N, 374 ViXBHED back bone 7> T
\ \6 8).

—%, BEEX remodelling #fT-> T3, £
remodelling {2, osteoclast, osteoblast A5, A&k
FHRENC T h T hWMBDOER 2T 5 O TIRL,
—ODHEM LB (basic multicellular units (BM
U)) & LTHEHELBEO T T3,

BMU D@L, EH{t (activation) — BN

Iind Bone & &Izl H BF/AHEL 2,

(resorption) — ¥ #z i (reversal phase) — FEEX I
(formation) = {kit# (resting phase) &\-3 EF T
EC % 9) lD).
2, BERICBEETIRAT (I, R70—tE
BRCENT)

Raisz!! LIBEKRKBESTIRAF (R4) 2#B
A LTW5H, 52570 - FEERCEWT,
BEBS T 5HF & LT PTH,1,25(0H):Vit. Ds,
glucocorticoid 7c XK H Li-.

25—0H-Vit. D3 ZF Ty 3 v D3 8K IR
hic i h s, £ b TRMEYELT, 20~30ng/
ml ©iRi-hTHh, —F, Thl® cEElezh, 1,
25(0OH):Vit. D3 & 750, MFEH V¥ 9 L LN DOFE,
BIRRR A e v EOBEERZRA LSS BERC S
ho T3,

HEMEF 70— CERBICEVTE, BARL LK,
25—0H-Vit. D3 BRI kph 12, Mo 25-0H-Vit.
D ORBAREDI® 1,25 (OH),Vit.D DELRE &
25-0H-Vit.D DEM I D, Mbh ey 2EMET

L, 2HIEIFRBORIB S h, ZRA7cBIRRIREEE
FEEAE LT B&ELLNS. &b, BEOBY
T glucocorticoids ¥+ 5z itk h, PTH ©
EEMREENS. RSP free Hyp, NcAMP O # %
i1 5E, KB prednisolone (60mg/m) 5
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# 4 Factors that May Regulate Bone Growth *

Effect on Bone Formation

AGENT
DIRECT INDIRECT

Calcium regulatory hormones

Parathyroid hormone { )

1,25-Dihydroxyvitamin D ¥ 1

Calcitonin — 7 ¢
Systemic hormones

Glucocorticoids R | {

Insulin 1 t

Thyroxine ? +

Sex hormones — +

Growth hormone — t
Growth factors

Somatomedin (insulin-like growth factors) + +

Epidermal growth factor { ?

Fibroblast growth factor ¢ ?

Platelet-derived growth factor + ?
Local factors

Prostaglandin E: I | t

Osteoclast activating factor 4 ?

Bone-derived growth factor(s) t ?
Ions

Calcium t )

Phosphate 4 +

* Agents that have been tested for their direct effects in vitro are listed as increasing ( 1),
decreasing ( { ), or not changing (—) bone formation. Where there is evidence for an important
indirect effect, mediated through another factor, the dominant direction is indicated. Key
references to both in vitro and in vivo data are provided.

t Biphasic or dual response, depending on dose or direction of treatment.

B1~15HVATLLCFEOERM%EZL, 2704 FiC
T BRI RIRBEETLEEDS IR S h A

fi$ 25—0H-D 7, 5o FiEicl hEbT5
CEi, MSA IR ARDEEC SV TIEHL TL
6 13)_

1,25 (OH):Vit. D BE#HEB/EA LT PTH &Rk
IZ osteoclast 7EHILL, BRECEEYE2X 5. T
DEE1,25(0H:Vit.D @ PTH & OfER#REOHED,
®ED cAMP #NTHOREL, AIEREETER
THATH LW BERSREMMIC L 0 BEk%:
BB MmEI L 32 5TREBEBHUL TR, B
R X EHERERME L A Hbh T 5.

F7- 1,25(0H); Vit.D O (L, BD net growth
ittt E b TnWa 1, ZhicB L TUIRD L
BHERNINTWE, ANVoL, YoEDI AT
LOFBFERMETT5 &, BELLERLTIE, 1,25(0H),
Vit.D oAl EmL, BE, BXhohvy o ol
BRPE. thbpAavyyn, V) vIiZERSHALCHL
bhteh, T TCRERIhLBREED I x5 vk, BD
BH= remodelling KAWHLhBLHEELZLRT
Wa,

—F, *x70—¥T, FOREBNEEHNTHVHh
% glucocorticoids DE T 2ERAKFIL, KB
53, BRECHENC@E LEXLR TV S,
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Wong!" L hi¥, X704 Fhrvevri KBRS
T 5 &, osteoblast DEAARENMETF T35, —4,
osteoclast DBERII LD FEEH L T 5718,
osteoporosis DA L b & HIFL T35,

¥, 25704 FharE AIBECERLT, vy
CLREREEL, MhALry o SERBETL, 2
WYY B R E L RE X %R T 58 . o T &,
2 bLIC osteoporosis ¥MIRL, WKERK LD, &
Wy ADRGEEAMET 30T, REBFHLREDR
Hicbien 55,

—h, A=, BRI EGIT 35 1920) o
teoblast ITEEMAEIRITIEWD,

EEd, 2704 FRERE 1~1.57A T, R
free Hyp, NcAMP ML T, 2 RS FIREFHERE
TEEZRTH, —H, X704 FREBT TOBRINC
i%, total Hyp O¥ME V5 X 7o 4 FOFERK S
THLEmE YR L.

Goldstein 52}, # 70 —-¥DEHT immuno-
reactive PTH GPTH) ¥MOERAHHSELXIEHL,
FEHORFETHOEROBK iPTH OHMO A s hifl
BdH-to.

L, 70— FRECEERE BT ULARETE,
osteomalacia % osteitis fibrosa OB Ridich- e
ETHHE® L, ot TEHELNDY, LD
ZUTTOBOREOEMEILEHES.

Fhui, B4 OEFC X 3EAROFSEPECRPER
ABDBEDREEI L, BADERED osteomala-
cia % 2 RVEIFIRIRHSEETEELNFET 2 b s E 2
Bha. Linl, %7 0—-¥ERBOBEDS 5 REE
DEE L, NOFRRK X5 RBIEDBE & ORICIZBHS
DEREEEDEXALRLNS),

3. NS5A=9—=LLTD NcAMP & free
Hyp O¥%3%

NcAMP % free Hyp &EIFIRIROBEETEOTE
wHABRIE, B\ A—9—tich,

BRIATVERSEIT—F VR EL LY, BF
HBedt--TE, 37— rEiffc, prvon, Vv
k&L, BFED back bone &7t~ TW58, Hyp
37— VBRADIUE R ED TS, 37 -4 it
alEtka s - v ERBHED - v ERB D,
5K L, RNEtEas -4 r~o&ktesdn, L1
Al RIES R S h B 202 F -, Hyp i free type,
peptide type, protein binding type & 4$%.25—
v Hyp (3, £E&KOBET, free O Hyp 15

BREINEDTIEL L, proline B3 T —4 VDEARK
DB BV TKBIEIhbDTHS. free Hyp i
FLLAREhI 2 5 -4 v ORREW T, FAif
Has—-4voREoBcHEiTs. £ LTas -4V
ARciIERA ST, RPcHEh 5. # - T,
free Hyp ¥t 2 5 —4 v OB ILEYEKEK TS,

free Hyp (HM8#H7 B L HEET 5 Z LR~
LR T\, & 7o —PEREOYRE, BRI,
free Hyp/cr AL bh, T LERELO L, #
RBEOBRIT, R free Hyp/cr OBMBE L - 1.
ZDHELDY, free Hyp DML, RhEQBOHEM
&, BARBHRPEAMES T L ELLRT.

NcAMP I#%E0MK PTH OBEHY R L TE
h 2 Krensky & 29 ictiud, fi$ iPTH & NcAMP
(nmoles/100m1GF) ¥, tHEFE (r)=0.89 TXLH
BILfo s |G LTV 5.

FEOBRFE T, 70— CERBOHEREDE, 145H3
flic NcAMP DORESENZED bhic. 2O &b, %
7 o — CERBOBROBNCL, SERRECREMZL,
2 REB I IRARBREETLEE L H B L S h o, 1,
Z57 a4 FEIRE51.5~27 AR TORS free Hyp
DM, NcAMP DML, ZOBRSATOXFaAfF
A5 L 5 2 RUBIRRIRBAETUEE % 5 A dibE .

4, BN A—-5—-¢0LTO MD & BMA
HEORE

BR%FR{t4 % HKT photon absorptiometry,
metacarpal index(cortical to total bone thickness
D), neutron activation 7t EDEHEMNEBRER T
5. LirlL, 2hhrbiz, BREOFHEOHERIIB LA
F, EERFEVCVELVREL LAV LhEXE LV bR
Tw5,

BMA EicX b, EE2, % 70— CERBOENX
Fo4 FEER, BEROET 2HGMIEDT .

R free Hyp, NcAMP (3R BRIC KT 5 —B
RTO 2 RETBIRRIRS O TEIER TR T 5 DTHY,
FhE TOLENLERBOREYRT O TR L.
i 7o—EREHO LS, KBOXFod Fin
T VHRE SN ARETE, 6 PA~1FER 1B ZED
MD #% BMA X3 FHEFERNET LW &Exbh
7.

i, BREDHMLIE, H5WE, BREEXEL
L ARkt o0 B B Bz i3, 1¢-Vit. D(FF T 25—hy-
droxylation %% T, /EHRID 1,25 (0H):Vit.D &
£%) OS5 (0.12g/kg FTREHWERI WL ULWbh
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TW3) BAEE LW Ohd Ly,

¥ & o

% 70— PRERBCIIO®VWEAR, ©@X704 FE
B 2\ 5 2 SOREBAEFAETFE T 2 kYRR
IRESBETUEIEIC X 3 osteodystrophy M&8F4 5.

1. Rip free Hyp, NcAMP O#jflBic x b, X5 o
4 FE5%, 1.5~275 B T2Rey B RRIRBEETEE
BhbrELLRI.

2. IR free Hyp, NcAMP (3—Ef R COBDOERE
¥Hbbhl, ENLERBOREYRTICIE, MD &,
BMA &AM T3,

3. KBOX704 FareriiEgshiirar
$WWTid, MD &, BMA B X2 BEEENET L
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