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Figure 2 Changes in basal LH (top) and peak LH (bottom) levels before and after BMT.
Table 3 Changes in LH and FSH levels after BMT
Group Type of irradiation n LH (IU/L) FSH (IU/L)
Basal >15 Peak =40 Basal 220 Peak =40

A Irradiation (+) gonadal shield (-) 16 6 16 14 15
B Irradiation (+) gonadal shield (+) 9 1 6 ] 3 3
C Irradiation (=) 5 0 4 14 : 1®
B+C Irradiation (+) gonadal shield (+) +irradiation (-) 14 1 10f 4s 40

Abbreviations: BMT =bone marrow transplantation; FSH = follicle stimulating hormone; LH = luteinizing hormone.

Only statistically significant P-values are described in the table.
*P <0.05 for group A vs group B.

®P<0.01 for group A vs group B.

°P <0.005 for group A vs group B.

¢P<0.05 for group A vs group C.

¢P <0.005 for group A vs group C.

P <0.05 for group A vs groups B+C.

8P <0.005 for group A vs groups B+C.

P <0.0005 for group A vs groups B+C.

testicular volume at latest evaluation (17.3 years old) was
20 ml, which is appropriate to a normal Japanese boy. His
endocrinological evaluation showed partial Leydig cell
dysfunction during follow-up period. However, basal and
peak serum FSH levels increased to over 20 and 401U/1 by
2 months after BMT, respectively, and then returned to the
normal range spontaneously. These findings indicated that
gonadal shielding to irradiation has possibilities to protect
germinal epithelium function.

Fertility
Among the 30 patients, only one patient has fathered a
child. A 12-year-old boy with severe aplastic anemia

received HLA-matched BMT after TAI with testicular
shielding/cyclophosphamide-based conditioning regimen in
1985. As reported previously, he fathered a healthy boy 7
years after BMT'¢ and paternity was proved by HLA and
blood typing of the parents and the baby, which were
performed with the informed consent from the parents. His
son 1s healthy and 13 years old at present.

Discussion
Several late complications after BMT have been de-

scribed,>* but only limited data on testicular growth and
function are available in the recipients who were treated in
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childhood and adolescence. Recipients transplanted during
childhood usually spontaneously start and complete pub-
erty. The prognosis for normal pubertal development and
testicular function in survivors of childhood leukemia
treated with chemotherapy alone is excellent;!” however
disturbances in pubertal development in survivors of BMT
with TBI are likely to be the result of high-dose
chemotherapy® or of irradiation’ used in preparative
regimens.

Although it is very difficult to define puberty in recipients
who received BMT, testicular volume in all recipients was
over 4ml at latest evaluation irrespective of the presence or
absence of irradiation in the conditioning for BMT and
most patients have continued to produce age-appropriate
serum testosterone levels. These findings indicate that
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Figure 3 Comparison of the testosterone/LH ratio. The box contains the
middle 50th percentile of the value. The lower and upper boundary of the
box shows the 25th and the 75th percentile, respectively. The bottom and
top of the bar show maximum and minimum values, respectively.
Significant differences are shown by *P<0.005 (the Irradiation (+)
Gonadal shield (—) group vs the Irradiation (+) Gonadal shield (+)
group).

puberty started spontaneously in all recipients. Our data
are similar to the findings of Ogilvy-Stuart et al.,'®* who
reported normal puberty and testosterone levels in all boys
who underwent BMT with TBI at a young age. Although
Bakker et al.” showed that testicular volume was small
(mean 10.5ml) even in adult after BMT only in recipients
treated with TBI in childhood, our study examined the
differences in the incidence of testicular dysgenesis among
three types of conditioning. Testicular volume was sig-
nificantly smaller in recipients treated with TBI compared
to recipients treated with TAI or chemotherapy. In fact,
recipients without testicular shield showed a significantly
smaller size in testicular volume in adult (median 7ml)
compared to recipients with testicular shield (median 15 ml)
or with chemotherapy alone (median 12ml) as a prepara-
tive regimen. Serial measurement of testicular volume
showed a tendency of growth to stop at 10ml in the
recipients with testicular irradiation. Endocrinologic
evaluation also supported testicular dysgenesis in that
only 20-30% of recipients with testicular shield or only
chemotherapy experienced raised peak FSH levels,
although all recipients without testicular shield except one
experienced raised peak FSH levels indicating the presence
of germinal epithelium damage. In clinical practice,
testicular volume less than 10ml according to an orchid-
ometer is an important indicator of testicular dysgenesis.
These results strongly indicate that testicular shielding from
irradiation or chemotherapy alone is effective to retain-the
ability of testicular growth.

Leydig cell function is relatively resistant to chemo-
therapy, whereas testicular germinal epithelium is extremely
sensitive to several classes of chemotherapeutic agents.
Irradiation, on the other hand, can result in testicular
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Figure 4 Changes in basal FSH (top) and peak FSH (bottom) levels before and after BMT.
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germinal epithelium damage, as well as in Leydig cell
damage if given in supralethal doses.”® The fact that
majority of patients in this study experienced raised peak
LH levels with age-appropriate serum testosterone produc-
" tion revealed that subclinical injury to the Leydig cell is
common after BMT. Diminished testosterone/LH ratio
also demonstrated that recipients without testicular shield
subjected to Leydig cell dysfunction compared to recipients
with testicular shield or chemotherapy only, and another
investigator has found decreased responses to hCG
stimulation in patients after BMT with TBI,?* which
further supports our data.

The conditioning regimen before BMT will frequently
produce infertility, especially if it includes TBI, and the
disturbance of the gonadal function is permanent.
Although overt Leydig cell failure was rare after BMT,
two-thirds of patients treated with irradiation had raised
serum levels of FSH, which is indicative of permanent
germinal epithelium damage.?'*? Our observation also
showed that 90% of recipients without testicular shield
had a high basal and peak FSH levels, although only 30%
of recipients with testicular shield or chemotherapy only
had germinal epithelium damage. In contrast to other
reports,>2* we did not find normalization of FSH levels in
our patients, even though most recipients received fractio-
nated irradiation, which believed to be less detrimental to
the testicular germinal epithelium compared to single-
fraction irradiation. One possible explanation is that
variations in the exposure to alkylating agents before
BMT could be responsible for the difference in testicular
recovery, as the cumulative dosage rather than the daily
dosage is the most important facior determining gonado-
toxicity of cyclophosphamide, also used in the preparative
regimens. There are insufficient follow-up data on the effect
of irradiation, when given during childhood, on spermato-
genesis later in life.

Among the 30 patients in our series, only one patient
treated with TAI with testicular shielding/cyclophospha-
mide based conditioning regimen fathered a child. Testi-
cular biopsy demonstrated that another patient treated
with TAI with testicular shield showed well-developed
seminiferous tubules with moderate number of spermato-
gonium. Moreover, the patient with CML receiving BMT
after TBI with gonadal shielding, had normal testicular
volume and function at latest evaluation. This finding
might indicate that gonadal shielding to irradiation could
protect germinal epithelium function. In view of the known
vulnerability of germinal epithelium to irradiation and the
elevated FSH levels, we expect most of the male patients to
be infertile later in life.

In conclusion, normal pubertal development was at-
tained in the childhood recipients of BMT, although subtle
Leydig cell dysfunction as shown by mildly elevated LH
levels and severely affected spermatogenesis was observed.
Our data suggest that gonadal shielding to irradiation is
effective to maintain testicular growth and function in the
long-term surviving male recipients who have undergone
BMT during childhood or adolescence. Careful follow-up
studies are necessary to determine the natural history of
testicular function and the reproductive potential of these
subjects.
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Hematopoietic Cell Transplantation in X-linked Adrenoleukodystrophy

m B # —
Shunichi Kato

Abstract

X-linked adrenoluekodystrophy (X-ALD) is a clinically heterogenous disorder ranging from the rapidly
progressive childhood cerebral form to the milder adrenomyeloneuropathy in adults, and some persons with
ALD protein (ALDP) defects may remain asymptomatic for life. Hematopoietic cell transplantation
(HCT) is currently the only effective therapy for cerebral X-ALD. Stem cell sources for transplantation are
bone marrow, peripheral blood and cord blood. The donor should be HLA identical with the recipient and
can be found within family members or from unrelated bone marrow or cord blood donor pools. Prepar-
ative conditioning with supralethal chemoradiotherapy is needed for donor cell engraftment, and im-
munosuppressive agents are given for months as prophylaxis against graft-verus-host disease (GVHD).
Worldwide data collection reported 56% of long term survival. Neurologic and MRI severity at the time
of transplantation was the most important factor for survival and the degree of improvement after trans-
plantation. More than 90% of early stage patients have survived with good quality of life for a long term,
whereas patients with advanced disease had the higher mortality rate during transplant procedures and the
neurological abnormalities progressed in most of them. Patients with a parietal-occipital lobe pattern of
demyelination demonstrated a greater mean loss of performance IQ (PIQ) points than patients with a

BB HE YA ba7s—i2 BT A& M fE

frontal lobe pattern of demyelination. Thus, boys with early-stage disease benefit from HCT, whereas
boys with advanced disease may be candidates for experimental therapies.

i Key words . adrenoleukodystrophy (ALD), MR, hematopoietic cell trahsplantation, bone marrow, cord blood
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BEERBNVBEICSIERE NIz,

1. RFIF—LCEDBHEOESR
EMEEREORHRE L 22 FF—OBRICLY, B

* REAYEXTNERSERYRABAEREE (T259-1193 ®RNEFBED LEE 143) Department of Cell Transplantation &

Regenerative Medicine, Tokai University School of Medicine, 143 Kamikasuya, Isehara, Kanagawa 259-1193, Japan

1881-6096/07/ ¥ 500/5&3C/JCLS



340

(o] [

GVH B35

K — R0
Bl

21 GVHD 1t GVHD

8 B1R HE
Fig.1 BNBERBEORE

K (BT) B, FEBE REBECKHIShD,
BX (B8) BEREEEFOENRMEEEBVTE
mMOBE>M2BEETH 5, EFHOOMECER
EBELrORBCBRESH, BEEERERECERT S
TERTERY, 7, BBV S OBEICBVTR
BT b HERC b % OEND D, RENLER
B idie - Tz,
AEOBEERICB VTR, BER N F—50RE

BHELTLE RS T 5, EMHERBECEVTHE,

Fr—tryvzyt (B BoESESHTUE (HLA
HE) B—H LT3 2 L 8%EITH 5, HLA 8%,
HBVIEELIER > T T bBEISKIL O 2 BEES
BEOKEZEND1DTH 5,

HLAFEIXE 6 etafkEhn £ HLA S BT
2 ECFHTCHEINAHRERENET, ABCRED
275X 1{iEL, DR, DQ, DP 2 ¥ D7 7 ANHIUFIZK
Blahsd, IhsOFERYSMRET®HRGCLDE
FahZ s TIERN, H5 i "HLAH,, "HLA
HE L LT R TV 528, B CIER T 2 E# DNA #
HieVEETE2 L5k, 'DNAE,HBZWIRTT
VAR, ERBEIN T3,

AFE, BEE, CEE, DR BBz ¥ DBEFECREAENR
B EEOMOEEFOSEEL, TOEEEOHKIRX
MEREL 5, HLABGETEHIBHRODRE LR T
B oFALEESN, REBETIE450 1 OEET
HLA 87 Y VLR g T—HL TWw3, UL, FEME
ZR9C HLA B—H 7 2 EA2RET -0, £HO
BEEHEEZIGCTRTAA»SBEBRAOF 77—
TSV EER S, BF 1,000 FFHEOME, K&%
RO wEXFIETIX, 80%ULDBEEIC THLA &,
BERHT—HTEFF—2RETLDCRII0AA,
TP UNE, CT—HT B P F—2RETLHIIFAA

DY F—F—NVDBBELFAEEIN T 5,

0. BIEMERECXLIBHEDER
EHSEELELEECEET 2EBRERETHD,
E MBI BRI, S 15 % o 7, 1960 I
BEESIELSREYL S N, £EHRET CREERY SHE
2z £ > T 10~15ml/kg 2R T 5, AEEHEBE
B TEBCLERREEE, BEMEREL T2
~ 3 X108/kg Lt vwbh T b,

1980 £ D, EMFIBEF TH 5 G-CSF 25ZAl
rLTERftans k, BHbPOENREREEES ¥

 RRMPCABCEBES BB TEDLLIERY,

KA MBI - ER (HS) 3 vidEEBES
WEE L e o Tz, FAYMEHEBEC BV CIBEROM
REEEE SRS, EFENREHEEHETILICL-
TRIFEOEEREL T3 2 L%, VMREOEEZ
B2 ENTELREDA) v b3 D, FER
R IIE@EREE B TEE I LELHIRE, CD34 &
MR LT 2 X108/ kg A EEWDR T3,

& 512 1980 EARBEHD S 90 ERICE B &, BHETRE
RE=OBMEE L U TS sBmRcHs h
2 X350t BEmEMEEREOMETSHS I L
5, KR BEECEA T AL OEHEENCE
%, PEOMBETLBENTETHS I EREND L
32 otz, EREEEMBET B TEE LB
X, ERMIE L LT 2 X107/kg A EEvwbh T 5,

3. EERIE GVH RB

Frig, Bz ORMBREOBHEICB W TR, BED
fyEia LMl (EEIRY > K) KL AERRICICED,
BESNA-BENESE LRV ENEECZ 508, BE
& MEHREBAE I BV Tid 2 OERRIGOIELIC, BiE
shafilathicgzngy v ke k> T, EFEHL
iR 2NABMEEEE (draft-versus-host: GVH)
Kb EALZMEEL 25, ERRIGE GVH RIS
BHELLERET, bt 8k L3 BT O
EBRRICTH 5,

A MEMIEEE I 8V T R — S iiEsEs
TR, BEAOREREETELCEET 572D0
BEBLETH D, OXIRHEL THILE, L,
BRI E OBEHERE O LEEE (P eimsA)
BEMHZVIZEAEDLETUT I, :

BAERERTH & Btk 0 —E R E Y 2 e eims 2 &t
B CTbwe, AEZMBHEEBECSV TR
GVH KIS & 2 EERERSIZIZANFE LR, HERT

BRAIN and NERVE 59#% 45 200744 R



LRI NIIEBGEREREI-ED 3 %79, > 70RRY
Y, F70VAR, AV MVFE— L \REVERET S,
GVH RIGHEREREZE L -BE, BEANEER
(graft-versus-host disease, GVHD) & ®Es, GVHD i@
IIBHEE 6 H~60 HEW BT 2 8 GVHD &, BiE
# 100 HUAR W I T 218 GVHD 3% %, BiEIRE
HERPCEINIEAT F—V oS8R, BEEE TG
PHETIRIGT, BEIEE (BWR?) T
U7 B —EMEHgHRD Y >/ 5k28, BEESEK
By oRIGEEBEINL TV 3,

2M GVHD iZE2, TH, &EZTEREL, 320
FEROBEER I D&k LTOEEESREIN S,
EFoRKEROZVWLDR 0E, BOEBFIO D%
1%, RECIMZATEBEDO TR VIRBEEEZHES 4O
ZIUE, KB, TH, BRESEELZ->7bDRIIE,
EOoREHRENVBECELLLDENEELT S, 0
~TERZEOEEIRBEET I TRV, MERE
BRATO4 PR EICEBEEBONRET S,

&¥ GVHD i3, RHRE (FF, &k RYESE, &
b7 ¥), OR%K (sicca), FEBMHREEL, AEL, BA,
FEE, AEEHSEIARYE, SEREREEL, B

CREEBOEREIELNT 2, RA7u4 Pz XofhmE .

AHFTORRET O, BB» OBV A, L& HE
DEoBriszB8d s,

4. ZOMOEHE

BAEATALE > &> BEEOEMEE £ CORBIcE LT
i, FHPRBEDIC L 2MED L DI EERLE, BEE
B oA ADOHRICB W TIIAAVRABY A VR BH
DELREEYANVABYIER EOMFHET 5,

BEEDIEI I Y, BILER &2 & 2SR EN, 2F
WWEle ERRET 2 RREZ B DRHESD Y,
ALD Z EDAREABMAEERIIBL TR, FRICL 3
[EEREENETNRBECIVELL, AHEIEETRS
WHEBZ &b DY, ERIT L OB U e
DFERZEELZTNRERZS W E53% 0,

0. ALD o6 3Bmeslimses

1. ¥IEOBHES

ALD KB 2 RYIDEHEEHE DR & & Moser 5 i
Lo TiTbh, 1984 FicRE 2 iz,

AECHEFERSETT 5 BROBR L T,
HLA —HoORfE» o> BHBBEI N, FFr—FHO4E
EVNEoNTI AR, MBPOBESHISEEL N

341

WHRIZTEEEGEHEICIE Wiz b 0D, MEEROEbI
ETL, BHEZ UL BT T/ 74 VARBRRETIET L
& anis,

BHBEHC L 2BENESBIICHEITERZD
i%, 1990 ££D Aubourg 5 L 3HRETH B2, 2 ADH
PREFBEFRETHET L 8RO ALD VOB R B
WT, HLA —BOZIMENE R 2 & BHigE TR,
M#E st OBREFENEE DIEH{L, MRl COBRBREDH
x, HEENYE, ZHOERE EOZEHEZEEITD
5% (W5

2. IRVIKRZICHITDBERE

ZOBELIEK,ALD K BLTEBRED 2 WL IZF O
OEMBMEBHEIBEROCEREINDI L SR
2, RERICER S SEBIOBELERBL72OIZI AV ¥
KZD Krivit, Peters, Shapiro, Loes 5D 7 NV—7FT
b3,

1994 Z£1Z Loes 5 X ALD © MRI B L D #TTE %
a7 2HAAEREL, ALD OFETELFTET 3 L
TEHATHZ Z L 2HRE LU, o ANEE 2 #EL
FRREI L AT, X5 CHBER, /MK BHEKZEb
SO TEREROOERE L MEHFOFEX X2 71LL,
RERANCTHE L 7  ERED 0 A 5B K34 HETDA
A7 VAT AT, EMEMFIRE % 2 2> IERIC
BU2EARAZBERFig 2 RRTEBY THol-0 e
L, BHBEEEZTLEFADOE KBV TRAI7DE
BT ooNB 2 LE2HELL (Fig 3,

& 512 Loes 13 2003 £EiZ, fR#IHAD MRL iz 817 3
T 2 BESORBIHENRENS - 2ED 5207 v—
IRy -1 BEEREEAER, 2 MEEOER,
3 KEFEHE, 4 /NMEEM, 5. 1% 2086HE)
W4, EMBHMEREE T 2 b - 1B E& 0O BRER
BBE LI, NI —V1RBOTIRIUNYAEND
3, RUHE» & HERENED S 35BS ICiTa® I
ETL, =2 2BV T LHETED S HERELNT
DONBEMTIRETERELDOIRIL, 85— 3,41
BOWTRETHERTHY, ¥y —r53HOED)
F— IV LBRIBRCETTEZ L, F—>1L5
Z/NBHRRER, 88— 2 4 RBEFRER, <5 —
VI3IFBRAREZW I ERERREL TW3BY,

Shapiro 51X, I AV IARFRXZBLTEHEHEE2ER
U7z 12 BilD, /NREARSE X-ALD 2 B3 2 B8HE% 5 ~10
F bz 2HREN 2R L FHE IOV THRE L 729,
MRI i 2 fICRE DR L HE, 1FICRBEIOFRER
BETETIKAE, SHITIBHEEEI IS ETL

BRAIN and NERVE 59#%4%5 200744 F



342

12 14 16 18 20 22

1 1

10 20 30

0 -
2 -
4r .
6 L
ol \ N
M10F \ N
R 12+ \
= 14r
fiE 16
E 18t
A 20+
Q22+
24
26
28
30
32rF
34 1 I3 1 1
2 4 6 8
FHh
Fig. 2 ALD JEBH#EBIAREICE T3 Loes score DI (TEK3 & DFIH)
0
5 -
M :
R
S 10 ~
e —e— Patient 3
=1 —o— Patient 2
A 15+ —#— Patient 1
3 —0— Patient 5
/ —&— Patient 8
20F  —a— Patient 6
—<— Patient 15
25 1 1 1 e
—50 —40 —30 —20 -10
BREmRAR

0
BEBE

Fig.3 ALD BEB4EGII- 5T 3 Loes score D#EIE (SCHk 4 L D3IH)

e EDRITETHILEED, FEOZZTEBLR, &
EHREEI 10 Bl B W IRBIERDIER THo7od, EFEL
L7z, EaBMHEE (verbal IQ: VIQ) ix 11 fICEHEH
Nz, EifetE GESEE) HIBE (performance 1Q:
PIQ X 7THITHELIDTEDEE ThHoT, 5BlicB
W TIRBIEHARES Lo L ABET LRI, FORED
2 ERBAL T, MEPOBRERFEL ~ NI 55%BT
L, EELBREPPEEZEBETCEELLE (Fig. 4),
R BRRIER =R T 2 2 e85 TE T, BiFkRE
REPABTCEIbOEHERs I,

3. ERMUESRIT

Peters 53, 14 7 [E 43 &k & 126 Bl EEFIBEH L
HEH AT 21TV, X-ALD B 3 EMEHEMEEED
BERRC OO THFHLZRERITo17, BH LT
DERTHEDT, TORREZOVTUTRZEEDTH
Tz,

1) EFHDOHEE ,

WHIZTNTEHT, 1982F18»5199F1 H%
TOHMI S MBS 2 2 1, BEFOERIT 19K
K Tholeo 20IRBRETNTOREFT, BERIK
MRI TOEERRLRD ShTwiz,

2) K+—

42 Bz BV ImEE (HLA —30 33 6, ~—3 9 #1),
52 Bl B\ CIEMGE (—H 316, F—B 2140 25F
F—tRol,

3) BEHRE

BHEIN-EREER 2FCBWTEEHE, 128w
TESMBE 5z,

4) BiERILESE GVHD F8

BB THEBHFHVIAY (FANT 7L
FH ), 6FICBOWTEHVY X BBERIME L L
THWwWLNGVHD FHELTY 70 ARY Y+ R 7
oA FH»536, YZ2aARY 4+ 2V MrF— b8

BRAIN and NERVE 59#%4%5 2007448



343

Plasma C26:0 level (uzg/ml)

- fow EHHETE At 0 AL LR,
2 3 4 5 |

BAEATAEY RRAH

4

Fig.4 BHBEZOERMEENROME (CUE6 L V5IMA)

o
[oe}
T

MmigE (N=42)

p <0.07

4 061 o, FINRE (N=52)

#
@
-

T

R e e T 1- =4

! Il J

0.0 ' —t
0 1

2 3
BAERFHY

4 5

Fig.5 FF—Rlcar-EnNMRsaRosssE OUR7 I V3R

17 61T, OO FHED 24 Bl TRV SNz,

5) &&

93 Flic BV TEE OFHEDATEET, 80 % (86%) =B
WTREDH DI FF—BEOEENRF S iz, MEE
26 OB TIZ 42 Fith 39 §1(93%), FEMEE» S0
T 51 BIF 416 (80%) TEFEHE SNz, HEt
FRIEEEOZIBEE TR R o7,

6) GVHD

EHff 2t GVHD (II~VE) i3tk LTk 2%
Hoh, MEFF—2»50OBMETIX 17%, FEMEN - —
DSDOBETREEHT, BEEER L Lo,

7) &FE

94 Bk 59 FIHSEEHER 0.4~11.2 4E (hR{E 3.1 E) &
FHTHD, Kaplan-Meier iic & 5 5 & 8 FEFEE
BREDERTH T2,

Mg FF—» 50 42 Fld 29 i, FEMBEE FF—»
S0 52 Fitk 30 FISERRT, ZhFho 5 ELEFRR
64% & 53% T, MBEEOEREETERZ» o7 (p=0.07)

BRAIN and NERVE

(Fig. 5).

BHEROHREMELEE (adrenoleucodystrophy dis-
ability rating score: ALD-DRS) iz & % 5 E4&EHI,
0 E 326 (70%), 1E2881 (67%), 2 ELLE 304!
(35%) THY, ZOERFETH-/z (p<0.01) (Fig.
6)o

8) fEPAISEME

BHERI O ALD-DRS 80 27213 1 OBRFEEE X 58 Fl
BY, 31 Flics» TRBEROEROETIRD sk
Dofedd, 2THRBHTIRETL, ThsDETHFICE
WTEFF—BHROEEFEEBEDI > Iz,

BAEFF D ALD-DRS 2BV EBEIZ Y, BEKOERE
KWERETHDENE»H T,

9) MRI

BHERTD MRI i BT 0% DOER CRISEEZREE DK
BFFRSED SN, FEZECHROD BER LB LT
PIQ DETHKRE WAL H 57 (Table Do

. 59%45 2007848



344

p<0.01

=
[}
T

e
o
T

EEEAI7 0~1, MRI A7 <9(N=25)

EEEXI7P22, MRIRO7Z9(N=37)

0.0 -+
0 1

2 3
BRERFH

4 5

Fig.6 BEBOREINEEEIN-A-ENHRBRBERO

EFE CURT L DEIH)

Table 1 BAEFELMIC & 2BEEOERLEZNENL U7 X D51H)
B3R - BEER BUHZEE & 72 I3 SRR A & &
(n=25) (n=7) (n=32)
viQ
BAERT 99(59~127) 89(70~107) 98 (59~127)
BHE®R 82(46~123) 79(57~113) 80.5(46~113)
ZEFY  —13.7(—20.5~—6.8) —6.4(—17.8~4.9) —12.1(—17.1~—7.1)
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RETIE, BEKELLTEDON, BEAIAEA
RERHIIECY 5. EEEZ, HEIMTEY, 3
RET TIEY OERFBENS. BERII, 4 RUBFIC
RERDBRN, BOEEFELERT, MEEEDLHE
RBELZD SN, KEMBR IR ICERE RH AL
BRONE.

6 & &

a, EMEHEBE :
LAOZEEZIILD, 54V V-2 ROBEREE
LToOEBER, SCRETTMO adol 73/
BASMAEECHERBEEELRLY, EFEHENT
ERVPLTHDE. FORPT, T4V —ALEED
BHENLZBRBICER SN, SA VY —aBEI
DOEEAERE MEZICH 5 BRIEBRYEICHRE
OME/MITEEEA?MEDN, TV IRTHEED
BfivEns. ZOBEHEICE By —ABE
BHo) yBLEZITAE(RV /) -6 VEE). D
R —R6N) VENEIA V- LABIIHBELES
F—illLoTREBEEIN, FAVV—LBRIEISAY
V2RI ATNEREL CTREXRET Y. 54
VYV —ABEFRIL, EonMBBAOS A VY —LILR
BT BT T, MEANDFTRINHE Ho
AR ATNTEOHBOT A V= LI T
EHTE, TICHREEULZRETLIZLDTES.
BRI TITH N7 cross correction DEEIZ, 54
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I — AROEEREOL VMRS -EERELTEE
ThH3 OBEOBEXFETLE, EELEEY
Fo/-Ml#&Er BZCBET T, BiEdE» o0
WEN-EELRBEEVFBEEOMBICITE, BELLT
i TRL-ZEDEZRAGBLTKNIETTD
. £2C, EnHARBHEARAON:. BHESh
-EEMIAE, MEMRE LT 2BERTA40T
Tk, BMERHHBE LTERBIBETAILS
T&5. AAEBEENOEMFEMAILBHIZ, 1981 £,
Hobbs 5212k W 9% @ Hurler B EFICITb 72D
BENTHD. Uk, SEITCEHEELDLIZHEEDS
FioEmSABBEITbhTE L BRIZBWTSD,
FTTIT0EFAUEICRATEY, F0%2»Tbaa%
BESEIRBREESAOENHARBEESTOH
EHE2ED, T/ FOHULFIREETHA.
b, BEEMTHEE

1990 #ERICA Y, BIZFILEOEMIAREMICRE
L, EEFHTHELOBESL LN, 435
BEHEROSHFIIBVW T LR, ¥ tDAIE
BOBEZEADZINEFNEEREL NV TERS X
IRy, HEEKELTEREN, BRMEMAH?TEE
WKhof (R, oA, BEFIZENICERS
N7-BZEQIC, ATHICESEBES (/) —X6Y
V) ERAMLCHROS AV — AR AThR
FTLLAEDBDTHE. BOCEEERA L L7203,
LAILBREIBOEBREE BETHABRIE b ol
iduronidase DEHFITH 5. Bk Tl 2003 £ 2 BHEE
ELTAREESN, BIEAT28 AE #500 &I CEERE
HAEhTwa, HERIZBWTIE, 2006 4 12 BICHRE
L LTCEWsh, EHNESSh: @ERB:TYF
SHA L), RO, KEZBWTIE, 2006 6 Aica
IEZBEVIREAN EEFHAABRIE PN
acetylgalactosamine 4-sulfatase, B @ +7 7% A
L) A5, 2006 4E 7 B s a4 5EE I R BH (BETH
A3z v b iduronate 2-sulfatase, Efm% : L5 7L —
R) B, FNEFRBEWEZTCTRREASA TV 2.
HARICBWTIE, 20074 1 BICHRERELS L —
ADKDHFENEEZICRIBEN10 BICKEDOTFE
THbH. VIREHF 7 I¥ 4 222w TIE, 2007 4 2
RACEFARET -3 77 V—7%23b EFRFHIA-
LA THE 62, BE KEEHRLIAIS
B IVA BOBREEOBIKREBEIHBEAHILELT
Wa, COBRRAICEBERESICRCEIRORY
RTF M ERTHE. BEAOBEED, ZOBK
BRICBMEFEL, EBriTo T 5.

&4 DEZEROFHMIIOVTIE, RESHOF—
LAR—VDEBEBEINWO®, 7 [REBEER
#iz, BRIBWTEBEIBO TO R BEDEER
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217D CENRTEETH 2 LHEF s N0, FEO
BBRETIC LR EEEL LTRE SN 207
W, ABEHLE LT, SEAZHRICACSD 9EMO
FERAREATLT) CEFEBENIOATY S, I
BBREFICOVTHRABORNE 2 2FETH 5.

R OER

a, EIMBMEBE

EMFARBHOREIT, HE BERTIIELL,
HLPICEEOKE SITH/NT 2. REOE(LLRE
DBAERLHPICHET H. WHIED KECERL, TH
BAKEL 2 ) BHRESIHEST. BHOBUIHE-T
ZOFTHERORES 2D, BEE, [EHE HEORE
Eath, REROFRBEEINGEL CRERRDIL
275 RADRELAIZHEIZEHRITS. L
2L, MEPZL HERBMBEORBELH T Y &
HBTRIBEER O V. Thbh, BOEERH
BREGIZOVWTEREESAR oL v, LEFICONWT
DEABTHEVHUEBEXA SR VA, LHICOWTIE
BEPYUEL VDL HELH L. HEEENYK
BLLVRERBBOLEGRONLER LSS, 5k
BECDOWTIE, MBEBEPIDOFEEDD, BDRY
RIZZ L. Lo T, HMmBMBEBHEIZ, MmEeE
EXELRERETLLAISHEINRR, BEESEE
THDHLILRBEIVREBZICNTIHRIIYPFTE
v (KD, F/-, EMBHMRBHETREYE FF—
PLETHY, GVHD OREDOFERE LR EDY R 7 38
H5.

BkizBwWTid, TR, VIR, VI & CiiEmEai
BHEISERBHICTORTE L2, TEIZFS Tik
ol ZOBEHIE, BRRICBOTREEESFHh
BEEL VI LY, HBBICHT BN ZVE SR
TWa0TH5.

IRBZWIETIE L OBENSATVEDT, #
LIFELLERBBEINV. JHRIZOWT, BbEE
PROONLDIZ, HEX BERFREEEOHET
H5H. THITHCIFRERESE, FEROBEN RS
L, BHEEOBRELE LS. LEAOEEIZLS
H, FAEAEIIO2VTIE, ETOEEFRL NS
HERL 2. OASERPMEEBEEIRET .
Tbh, BEERLLZLI)LZEESEND L 0IE
WESINDD, FGHFEVSE. EEOBLLEE,
BEOREIZL IVHEFEOR TS, AERE
KREE, BEFCOVWTILETEZESEY, & B
HIDFERIZOW T — BB THENED bR ) OFRE
3505 RUEARLE LTRETZHCILIZTE 2.

DEIZOWTR, wEIFETILEoABHREAT

HANNEHERME #111% $105

Wi, LAL, BIROXSIC, BRATRRBEERE
OEMBMARBHESAOL» CLOSHEEIRMEE
PROIZL DEE D, BEMEED 21%, EFEAE
BD21% PEMBHBBHELZ T TV FHE LD
BT, BRARLE N DBERICRSENH B0,
QOL iXEHIZHET B, 7-E 21, BHOHES T L
W DHTHEICES, ERERPREDRENER SN
S50 THELL I 2 VAERTREELIRET
5, MRERBEDEE RS, T/ HFEAOKE
WKLo THFRNEICR B2 ENEDH L. LRFORE
WZoWnThH, WBIIE L IETHBRICEEZ LD
O, EFFHDIAETS. T4bb, BMUSNOREEEC
DWTE, IBIIZIZERERTA2HRFEDLNS. £
2, BEORAERICI NI, BNBRMRBHEL 2T 2ho
FEERI0 YA Lo N HEEREE 1L AICBN
Tk, EEFITREIHEET AL VoFE LVRITH
RHONTVEDIIX LT, &R iELE S/
EER100 " AU LO T HEFER 6 F TIE 248D 1
EFAZBRNT, BEOBD Lo BITERDO TV
V., 20X, EMBMREEEICL ) MEERDB
THREMENDL L V) BEERHLH, ZhIRER%R
NOEEMHETH L0, HAEEFREEREHE
EQOUBIA2TRMBRETH 200, SSICHE
PUHETHA.

HATOBHEKIZ, 10 £ LORBBEIIBNT
HEFEFIT 0% V. FFr—BHcRaE, ElRFF—,
FEMBF TR —2 5 OB AT MBRBERT M N5 —,
HLA A#EEM%E F+— (@H) 2008 L 0 K
A3 & v,

b, BRI

BEMATREORRIE, BFHBMIYVKEVDIIT
v, BEEREBRANICEERS T THS
o, MEDOLZVERTRHRID % o id i mE
REMLFAKRTHS. Thbb, LEF AE E
BiciE, $hEMSIZEACEN, T/, ZOSEBEHE
FEITHE ] HORETEDLY, BEHAEETR
BH1B0SFYEERTZTEVIT 2L, BEE
BLIVEKRTHS. LarLl, BmHBHAEBHEICHES
niE, T2 IERIDEVEERETHS. SHish
726, ITEERHARELHROD T, RICEMRMERE
HOEB EDZLE VW) I LIEBIATVEY &
REIZFEL. IHOBZEHRAREOERKICOVWTR, T
TIZEERIN TV RO, PITFIZ, YRHIBITAEH
BBERR5.

IRBETE, $CICHRELAZ 1R EDTIE
DERERBRLTVS. HEE1PAUROREICE
DHNLFRIZ, FRERORY, EBREMERREE WV
CEORY, RELAaSHEERE (Yu v BE) OETT
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2 LaBBEHE BEERERO LR

BARMREZSMEE F111% $105

fEF1 (Hurler) §EH 2 (Scheie) $EBI 3 (Scheie)

#EN /127 B BER/3IHVAR H5H /3N Rtk
JFRE R B A 6cm — Ocm 6cm — 2cm 6cm — 2cm
BHHEMEER (%) WITCEY 527 —+ 535 36.0 — 405
SENTEFRIEK 336 — 195 710 — 50.7 985 — 88.3
ABR : B (dB) 70 — 80 10 — 10 20— -
6 FEHTT AL BT CEY 228m — 196m HITCET
%’;ﬁg,"cﬁ% 238 — 50 120 — 417 4373 — 3405

Hotz (X2). ThooFRE, EnNBRMEERETIX
EFZFRRAICHANTL 5%, BEATRE TR
DEBRIZINVTARHTH L. BERSHI~6TAD
BATHEAIIEDONIHRIE, EFBIUEZOH
ROZELE L CHHTESROLERTH 7. A, F,
LERICOVTE, $IRIEHS»Thd o7 Zhid,
MHFEICZLWRBETHE I L, TTICHBSEHIZR
B LEER-ZLTWABEI LA DO LEGS
na. KETITOIERBOREEHRBIIEIFONT
WB%FVC & 6 5RIHTT R b OFRIE, ML o
TREITARETH Y, /2, BEOKRLASTIZE -

TEBL:. EHicBwTh, HEHEOHERTHE
ROBLICEBHRIIBFIND 00, FEWHLUE
BBEDOIWahoi. 612, BEPOEEEBENYL
ETdh5.

IEIZOWTE, 2EPORENDHS. [RILEIHD
HREZEZDLY, IRICHFEOEE, RHEEL D
CBETHL. chid, HERSEHBOEICLED
DTHBDH, REDENCLISDDTHEOD, ¥
PEHLATIR R,

&31 A
@

FHRFEL U COEBEFED - -ERIE, Bero
FERICH T B IIERENSVANATRENTE. B
ELEMBARBHOBIE T o BERETLE
BE, 37 BEGRISEDOSNLVWEREOERICH
L CTHERETONT WS, 5%, BEMIHEEDS
ERTRICoh, HEDREOEZELVHERTFRBEES
S TR BER L EHRETE R T 2 HEREDOL
¥ BLUKEBROSENEEICHE) &BEDY R
71k, BEAERLRBbDEEDbNSE. UTIC, B
LN THwEELRLDERRD.

OB 2#EE

s LT, IVEDATEDOhE, &k,
ETHED DOTHY, TLBERIE-TEI LR
5, BEOADEMZAZ EREIDONE, UEB

TUHRERLICT). BHREOERERECERONED
OISR TOFREORMEESHL TR LA
o, EROHNBRIERTHS.

BN REE 20 L Tit, nasal BIPAP (bilevel
positive airway pressure) 2%81® 5 5. " KELIEIL,
EHEE V) BRI EAFFHRRLTHEREIENE
VIRRICLBEEDN S, BT ERICEEVLET
H5b.

OEy#E

K[EFWYICH L TRERAOKRES, TREERR
M Bomiox LTk EERN ORGP EN D, £
OV THRERE 2 ENED, LAaEEEICBNT
BEEFORENS 5 &2 SEIRIEHK & 2 ) BlEEk
PRI ONBNWI EFEZVOT, REFRICESTE
REICBELTHERBAOFERZITI RETH 5.
MAEICBWTE, RPCLIRROEREZET. Ch
xS b= BidenG. HE A VTITRIHE
AT VRBOEREYBH S, ~T UHEBESER
T554TDOLILEETHEITERSPICTHENS
WEFH D, BRIKFEVHBEINS.

O FH R

HEBIUCTRMEREROKEEICKH L, BMEEE
TV MEMTORI LA H L. IEEEKEE DB
FETLHOHEVD, Ty M DEROSEN
FoobhsI hHs. 18, IVE, VIBO@KEORE
BAe, BEORENSRAEE (Cl, C2) EBER
LT, BRERM, BEEMmIfTbhs. EEOEEF
EILHHIEDS, FHBRESELIVAIERE N,
EHEMO IVEOHEBEEERIZEZATHY, KEIC
UBRE = K72, REERS 2 EOBEMRRICE
BELTHRLEB AT RETDHS.

ISE, TRBEMOFREEREICHLT, BHEY
B fThbhs. #EXLUNS, BEOBRENRLS
AR EDERICEEITRETHS. ABEIIHLT
EFEEWmPfTTbRAZELLD S,

FERNREECHL, 757 /4 FiKR, KETHE
Pirbhs BREEFER BERAZEICHL, BEF =2



