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1T (MPS 11, Hunter syndrome), while it is indicated for mucopolysaccharidosis I (MPS 1) patients <2 years of age
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and an intelligence quotient (IQ) of >70. Even after the approval of enzyme replacement therapy for both of MPS
Tand I, HSCT is still indicated for patients with MPS I severe form (Hurler syndrome). To evaluate the efficacy and
benefit of HSCT in MPS 1 patients, we carried out a nationwide retrospective study in Japan. Activities of daily
living (ADL), IQ, brain magnetic resonance image (MRI) lesions, cardiac valvular regurgitation, and urinary gly-
cosaminoglycan (GAG) were analyzed at baseline and at the most recent visit. We also performed a question-
naire analysis about ADL for an HSCT-treated cohort and an untreated cohort (natural history). Records of 21
patients were collected from eight hospitals. The follow-up period in the retrospective study was 9.6+
3.5 years. ADL was maintained around baseline levels. Cribriform changes and ventricular dilatation on brain
MRI were improved in 9/17 and 4/17 patients, respectively. Stabilization of brain atrophy was shown in 11/17
patients. Cardiac valvular regurgitation was diminished in 20/63 valves, Urinary GAG concentration was remark-
ably lower in HSCT-treated patients than age-matched untreated patients. In the questionnaire analysis, speech
deterioration was observed in 12/19 patients in the untreated cohort and 1/7 patient in HSCT-treated cohort.
HSCT showed effectiveness towards brain or heart involvement, when performed before signs of brain atrophy
or valvular regurgitation appear. We consider HSCT is worthwhile in early stages of the disease for patients with
MPS 1L

© 2012 Elsevier Inc, All rights reserved.

1. Introduction

Hematopoietic stem cell transplantation (HSCT) is a standard

Abbreviations: ADL, activities of daily living; DQ, development quotient; ERT, enzyme re-
placement therapy; FIM, functional independence measure; GAG, glycosaminoglycan;
HSCT, hematopoietic stem cell transplantation; 1Q, intelligence quotient; JSPH, Japanese
Society for Pediatric Hematology; MPS, mucopolysaccharidosis; MRI, magnetic resonance
imaging; SD, standard deviation.

* Corresponding author at: Department of Pediatrics, Osaka City University Graduate
School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, Osaka 545-8585, Japan. Fax: +81 6
6636 8737.

E-mail address: akemi-chan@med.osaka-cu.ac,jp (A. Tanaka).
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therapy for young patients with mucopolysaccharidosis I (MPS I,
Hurler syndrome, OMIM 607014) [1-4]. HSCT is indicated when
MPS I patients are <2 years of age and show an intelligence quotient
(1Q) of >70. However, HSCT has not been indicated for patients with
mucopolysaccharidosis II (MPS II, Hunter syndrome, OMIM 309900)
as no obvious efficacy has been shown on the brain involvement of
MPS II patients [5-8].
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Enzyme replacement therapy (ERT) for MPS II was approved in
the USA and Europe in 2006, and in Japan in 2007. Its efficacy has
been demonstrated for visceral organ and soft connective tissue in-
volvement [9,10], but poor or no efficacy was observed for brain in-
volvement {11,12] because of poor penetration across the blood-
brain barrier. Poor efficacy has also been speculated towards hard
connective tissues such as bone and heart valves because of poor vas-
cularity. Moreover, weekly injection can prove inconvenient to pa-
tients and their families, and the high cost of treatment is another
issue to be taken into consideration.

MPS 11 is the most frequent type of MPS in Asian patients, account-
ing for 60% of all MPS types in Japan. Before the approval of ERT, HSCT
was indicated for MPS II as a standard therapy in Japan. The efficacy of
HSCT on visceral organs was clear and similar to that of ERT [13].
However, efficacy on the brain or heart valves has not been clearly
evaluated for either ERT or HSCT.

We present the results of a retrospective evaluation of the efficacy
of HSCT on MPS 1l by collecting the clinical records of the patients
with MPS 1l who received HSCT from 1990 to 2003. We also analyzed
the answers to a questionnaire given to two cohorts: HSCT-treated
and HSCT-untreated (natural history) MPS II patients.

2. Methods
2.1. MPS I classification

Disease severity was evaluated in all patients into four types (A-D)
on the basis of chronological development, history of disease onset, ini-
tial symptoms, and clinical records before transplantation. Because of
the wide spectrum of clinical phenotypes in MPS IJ, it is important to
compare patients within the same type of disease for the evaluation of
efficacy. Types A and B are attenuated forms with normal intelligence,
while Types C and D are severe forms with mental impairment. MPS II
was classified as follows:

« Type A is the most attenuated form. Onset is at school age with joint
stiffness. Patients show normal intelligence, can go to and learn at a
normal school, and work.

« Type B shows onset before school age with joint stiffness and/or ab-
dominal distension. They show normal intelligence in primary school
but hearing and physical impairments may impact development to a
low degree in high school.

« Type C is a severe form. The abnormality is noted at >2 years of age.
They start to speak words at 12-18 months of age and speak sentences
at 2-3 years of age. Developmental delay and abnormal features be-
come obvious after 3 years of age.

« Type D is a most severe form. The abnormality is noted at <2 years of
age. Abnormal features are obvious around 1 year of age. Speech is
definitely delayed. They start to speak words at >2 years of age
(or may not speak), but sentences are never spoken.

2.2. Retrospective study from transplanted patients' records

This study was approved by the HSCT committee the Japanese So~
ciety of Pediatric Hematology (JSPH) and the ethics committees of the
participating institutes.

A questionnaire was sent to 12 transplant centers in Japan to ask
whether they had any type of MPS patients who had received HSCT
and were surviving with donor cell engraftment and complete or
incomplete chimera. We then mailed the physicians in charge of the
patients with MPS II to obtain informed consent from the patients
and/or their guardians so that data could be collected from their clin-
ical records.

School status, movement and daily activities, conversation, and
toileting were graded into Levels A (independent), B (assisted occasional-
ly), C (assisted in every event), and D (bedridden, lack of communication,

or wholly assisted) for each item from questionnaires and/or clinical re-
cords. Data on intelligence quotient (IQ) and development quotient
(DQ) were also collected from clinical records. Functional independence
measure (FIM) score was also analyzed and compared with the natural
history of the disease as described in a previous report [14].

Brain magnetic resonance imaging (MRI) abnormalities were clas-
sified into four distinct types (Categories I-IV) and graded by scores
according to a previous report [15]. The score was judged by two pe-
diatricians and one radiologist. The categories were as follows:

« Category I Cystic or cribriform lesions were graded from T1-weighted
MRI as follows: 0 =none; 1=mild (<10 cystic lesions<3 mm); 2=
moderate (> 10 small cystic lesions of <3 mm); and 3 = severe (many
cystic lesions including those >3 mm).

Category II. White matter signal changes observed on T2-weighted
MRI were graded as follows: 0=none; 1=mild (a few limited to
the periventricular area); and 2 = severe (in most parts of the peri-
ventricular area and other white matter areas).

Category IIl. Ventricular enlargement was graded as follows: 0=rnone;
1=mild (<3 mm widening of the third ventricle without temporal
horn dilatation); 2 = moderate, (>5-10 mm widening of the third ven-
tricle); and 3 =severe (>10 mm dilatation of the third ventricle with
bulbous configuration).

Category IV. Brain atrophy was graded as follows: 0=none, 1=mild
(mild widening of Sylvian and interhemispheric fissures by <3 mm,
but not all of the suldi are involved); 2 =moderate (widening of all fis-
sures and sulci by 3-5 mm); and 3 =severe (widening of all fissures
and sulcdi by >5 mm with definite loss of cortex and white matter).

.

Cardiac valvular regurgitations were analyzed by color Doppler
echocardiogram with each valve graded according to severity into
four levels (I-IV) by the Sellers’ classification [16].

Urinary glycosaminoglycan (GAG) was analyzed as the amount of
uronic acid. These data were compared with the values in HSCT-
untreated MPS II patients and also with those in ERT-treated MPS II
patients.

2.3. Family questionnaire analysis

We sent a questionnaire to each of the 60 families with 66 MPS II
patients registered with “the Japanese MPS Family Society”. Informa-
tion was collected about chronological development and course of
deterioration for both HSCT-treated and HSCT-untreated (natural his-
tory) patients. Patients were first classified according to MPS Il Types
A-D on the basis of information on chronological development, be-
fore HSCT if performed, and at disease onset. Data were compared
between HSCT-treated and HSCT-untreated patients for MPS II Type
C or D patients.

3. Results
3.1. Retrospective study from transplanted patient records

Among transplanted patients with MPS, 63% (26/41) had MPS I
The 5-year survival rate after treatment of MPS I was 88.5% during
the period from 1990 to 2003. Clinical records were collected for
the 21 surviving patients (81%) from eight hospitals: Type A (n=1),
Type B (n=6), Type C (n=7), and Type D (n=7) [Tables 1 and 2].
Donor state, transplantation protocol, and chimeric status are also
summarized in Table 2. Two patients with Type B disease (patients 10-
3 and 10-5) received total body irradiation (TBI) in the transplantation
protocol. The donors for patients 10-7 and 7-6 were carrier siblings: pa-
tient 10-7 showed extremely low iduronate 2-sulfatase activity (25% of
normal) even though complete chimera was obtained, while iduronate
2-sulfatase activity was normal in patient 7-6. Chimeric status was deter-
mined by short tandem repeats analysis in all patients except for four pa-
tients (patients 10-7, 7-8, 7-1, and 1-1) where sex chromosome was
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Table 1
Patient numbers for each MPS 1l type and the results of HSCT effectiveness,

No. of patients

TypeA TypeB TypeC Type D

Retrospective study from transplant 1 6 7 7
patient records (n=21)
ADL (see Table 2)

Patients analyzed (n=13) 1 3 5 4
Patients stabilized/improved from baseline 1 2 3 4
1Q/DQ (see Table 2)
Patients analyzed (n=11) o] 2 4 5
Patients stabilized/improved from baseline 0 2 1 0
FIM (see Table 2)
Patients analyzed (n=11) 1 1 6 3
Patients stabilized/improved from baseline 1 1 2 1
Brain MRI (see Tables 2 and 3)
Patients analyzed (n=17) 1 6 5 5
Patients stabilized/improved from baseline 0 5 4 2
(see Tables 2 and 3)
Cardiac valvular regurgitation
(see Tables 2 and 4)
Patients analyzed (n=21) 1 6 7 7
Patients stabilized/improved from baseline 1 4 5 6
Family questionnaire analysis (n=60) 7 13 26 14
(see Table 5)
HSCT (+) (n=17); [no. rejected] 3[11 3[1] 7 4
HSCT (—) (n=43) 4 10 19 10

Abbreviations: ADL, activities of daily living; DQ, development quotient; FIM, function-
al independence measure; 1Q, intelligence quotient; MRI, magnetic resonance imaging.

analyzed. The activity of iduronate 2-sulfatase in patient 1-3 showed the
lower limit of normal activity, probably because of incomplete chimera.
All other patients showed activity within the mean+1 SD of normal.
Age at transplantation was 64.2 -= 30.2 months. The mean follow-up pe-
riod was 115.7 4+-41.4 months. Patient numbers for each MPS Il type and
a brief summary of results for HSCT effectiveness are shown in Table 1.

Clinical background and outcome among HSCT-treated MPS II pa-
tients are detailed in Table 2. Not every patient underwent all clinical ex-
aminations. Answers to the questionnaire were obtained for the analysis
of ADL (school status, movement and daily activities, conversation, and
toileting) from 13 patients: Type A (n=1), Type B (n=3), Type C
(n=5), and Type D (n=4). Two patients with attenuated forms of
the disease (patients 1-3 and 7-3) maintained a normal level of
ADL (Level A) for each item throughout the observation period. None of
the patients with severe forms of the disease except two Type C patients
(patients 5-1 and 1-1) showed deterioration from baseline status.

IQ/DQ data were available for 11 patients: Type B (n=2), Type C
(n=4), and Type D (n=5). Two Type B patients (7-3 and 7-2)
showed an IQ within the normal range both at baseline and at the
most recent assessment. Deterioration was observed in two Type C
patients (5-2 and 7-6) and two Type D patients (7-4 and 12-1). One
Type C (patient 5-1) and one Type D (patient 8-2) showed such se-
vere deterioration at baseline that evaluation of change was not pos-
sible. One Type C patient (7-1) and two Type D patients (7-5 and 9-1),
whose 1Q/DQ were > 70 at baseline, maintained their developmental
status without deterioration, while DQ decreased with increasing age
(Table 2).

FIM score was available in 11 patients: Type A (n==1), Type B(n=1),
Type C (n=6), and Type D (n=3). Patients with Type A/B disease
maintained scores in the normal range. Three Type C/D patients (7-8,
7-1, and 4-1) showed disease attenuation in FIM score when compared
with the natural history described in a previous report {14]. One Type C
(patient 7-8) and one Type D (patient 4-1) showed disease attenuation
in FIM score for motor function, while the score for cognition did not dif-
fer from untreated patients. One Type C (patient 7-1) showed disease
attenuation in FIM scores for both motor function and cognition. Other

patients with severe forms of the disease (4 Type C and 2 Type D)
showed no difference as compared to the previously reported untreated
patients [14]. The results are summarized in Table 2.

IQ/DQ and FIM scores were both obtained in seven patients: one
Type B (patient 7-2), four Type C (patients 5-2, 7-6, 7-1, and 5-1), and
twoType D (9-1 and 12-1). Among these patients with Type C/D disease
and brain involvement, only one patient (7-1) showed disease
attenuation in both FIM score and developmental status. The remaining
three Type C patients showed no difference in FIM score as compared to
natural history. While developmental status and ADL improved in
patient 9-1, no efficacy in FIM score was shown as compared to natural
history.

Brain MRI data were analyzed in 17 patients: Type A (n=1), Type B
(n=6), Type C (n=>5), and Type D (n=>5) [Table 2]. Improvements in
Categories [ and IIl lesions were shown in nine (4 Type B, 2 Type C,and 3
Type D) and four patients (2 Type C and 2 Type D), respectively. Eight
out of 17 patients (59%) had an improvement in total score. All of the
six patients who showed an increase in total score had deterioration
in Category IV lesions (brain atrophy). Three of these six patients had
Type D disease (patients 7-4, 8-2, and 10-1). Two patients (7-1 and
4-1) who showed disease attenuation in FIM score also showed im-
provement in brain MRI abnormality scores. There was no difference
in the effectiveness between the attenuated forms (Type A/B) and se-
vere forms (Type C/D) of the disease or any correlation between the ef-
fectiveness of HSCT and age at HSCT, as summarized in Table 3.

Valvular regurgitation was analyzed for mitral, aortic, and tricuspid
valves. Pulmonary valves showed insufficient lesions to warrant analysis.
Twenty-one patients were analyzed: Type A (n=1), Type B (n=6),
Type C (n=7), and Type D (n=7), i.e. a total of 63 valves. Results are
summarized in Tables 2 and 4. Valvular regurgitation improved in 32%
and stabilized in 56% of valves. There was no difference in efficacy
between patients with the attenuated (Type A/B) and severe forms
(Type C/D) of MPS II (data not shown). However, valvular regurgita-
tion deteriorated more frequently in the patients transplanted at
>6 years of age (5 valves out of 8 patients), as shown in Table 4.

The amount of urinary GAG was analyzed from urinary uronic acid
concentrations. Mean urinary uronic acid concentrations in children
ages 7-16 years were 18.0+5.5 (n=24) and 165.54-77.9 (n=9)mg/g
creatinine for normal children and among untreated Types A-D MPS Il pa-
tients, respectively. Urinary GAG in HSCT-treated MPS Il patients was
24.8+9.8 mg/g creatinine (n=7, ages 9-17 years). Urinary GAG in
ERT-treated patients with MPS II at Osaka City University Hospital was
37.6414.3 mg/g creatinine (n=6, age 7-16 years).

3.2, Family questionnaire analysis

Answers to the questionnaire were collected for 60 patients with MPS
1 from 55 families. The numbers of HSCT-treated and HSCT-untreated pa-
tients were 17 and 43, respectively. As the questionnaire sheet was anon-
ymous, we could not identify the patients analyzed in the clinical study
described above. The patients were divided into Types A-D clinical
forms (Table 1), as previously described. Six out of 20 Type A/B patients
were treated by HSCT and two of them (one each with Types A and B)
underwent rejection. Four of 14 Type D patients received HSCT. However,
they showed deterioration before transplantation. We analyzed the
efficacy of HSCT in 26 Type C patents with respect to disease pro-
gression by age at onset of speech deterioration, walking disability,
and convulsion (Table 5). The numbers of patients in the HSCT-
treated and HSCT-untreated cohorts were 7 and 19, respectively.
Mean ages of these cohorts were 145.7 +67.8 and 142.7 4 88.6 months,
respectively.

Seven Type C patients underwent HSCT at a mean age of 65.94
22.1 months (range, 44-111 months). Before HSCT treatment, the
seven patients showed no difference in developmental milestones
as compared to the 19 HSCT-untreated patients. At the time of survey,
12 out of 19 (63%) HSCT-untreated patients showed deterioration of



Table 2
Clinical background and outcome among HSCT-treated MPS Il patients {n=21).
Patient no. Disease type Age at HSCT Donor Protocol Chimeric status GVHD Follow-up ADL (pre/post), [n=13] 1Q/DQ (developmental age)
School status Movement and Conversation Toileting Pre Post
daily activities
1-3 A 19y8m Unrelated BM CY+BU+ATG 50 No 6y7m (A/A) (A/A) (A/A) (A/A) NA
10-3 B 4y11m Unrelated CB CY+TBI 100 No 7ylm NA NA NA NA NA
7-3 B Sy5m Normal sibling CY+BU-+ATG 100 No 8y7m (A/A) (B/A) (A/A) (A/A) 114 (normal) 102 (normal)
7-2 B 6y0m Normal sibling BU+ATG Mixed No 10y1lm NA NA NA NA 99 (normal) 91 (normal)
8-1 B 9y5m Normal sibling CY+BU 100 No 12y7m (E/E) (E/E) (B/B) (E/E) NA
10-7 B 7y9m Carrier sibling CY+BU+ATG 100 No M1y3m (A/A) (A/A) (A/A) (A/A) NA
10-5 B 11y6m Unrelated BM CY4-TBI S0 Yes 6y6m (A/D)* (B/B) (A/A) (A/A) NA
5-2 C 3y4m Normal sibling CY+BU 100 No 7y4m (B/B) (C/B) (B/B) (D/B) 53(3y11m) NA
7-8 C 4y3m Unrelated BM CY+BU+ATG 100 No 7y4m NA NA NA NA NA
7-7 C 5y5m Unrelated CB CY+BU+ATG 100 No 7y7m NA NA NA NA NA
7-6 C 5y9m Carrier sibling CY+BU+ATG 100 No 6y1lm (B/B) (C/C) (D/C) (D/B) 25(1y8m) NA
7-1 C 7y0m Normal sibling CY+BU 100 Yes 16y3m (B/B) (B/A) (B/A) (E/E) 78 (5y 6 m) 65 (9y6m)
5-1 C 7y3m Normal sibling CY+BU 100 No 10y5m (B/B) (c/oy* (C/C) (B/C)* NA NA
1-1 C 9y4m Normal sibling ~ CY+BU 100 No 16y (c/my* (c/my* (c/y* (¢/D)y* NA
7-4 D 2y0m Unrelated BM CY+BU+ATG 100 Yes S9y1lm NA NA NA NA 50 (1yOm) NA
7-5 D 2y2m Normal sibling CY+BU+ATG 96 No 8y8m NA NA NA NA 70 (1y6m) 29(2y2m)
9-1 D 2y2m Unrelated BM CY+BU+ATG 100 No 12y (E/B) (C/A) (B/A) (C/A) 100 (2y2 m) 40 (5y 6 m)
12-1 D 2y6m Normal sibling ~ CY+BU. 100 No 8y3m (E/B) (c/o) (c/o) (/D) 66 (5y 6 m) 30 (1y10m)
8-2 D 2y9m Normal sibling CY+BU 100 No 12y3m (D/B) (D/D) (D/D) (D/D) NA NA
4-1 D 4y2m Unrelated BM CY-+BU+ATG 100 No 5y5m (B/B) (A/A) (C/B) (D/B) NA
10-1 D 5y4m Normal sibling CY+BU+ATG 100 No 7y8m NA NA NA NA NA

Abbreviations: ADL, activities of daily living; ATG, antithymocyte globulin; BM, bone marrow; BU, busulfan; CB, cord blood; CY, cyclophosphamide; DQ, development quotient; FIM, functional independence measure; HSCT, hematopoietic

stem cell transplantation; IQ, intelligence quotient; m, month; MPS, mucopolysaccharidosis; MRI, magnetic resonance imaging; NA, not available (not found, not examined, and/or not measurable); TBI, total body irradiation; y, year.

2 Regression of level or score.
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Table 2 (continued)

Patient no. FIM Brain MRI abnormality (pre/post) [n=17] Valvular regurgitation (pre/post) [n=21]

Difference from Category 1 (cribriform Category Il (white Category 1l (ventricular Category IV (brain Mitral Aortic Tricuspid

natural history change) matter signal change) enlargement) atrophy)
1-3 Normal range (2/2) (1/2)* (2/2) (172 -1y 11 -niyiv
10-3 Normal range (1.5/0.5) (0/0) (1/1) (0/0) 1/(—) (=)(=) (=)(=)
7-3 NA (1/0.5) (0/0) (0/0) (0/0) I-1/(—) /(=) (=)(=)
7-2 Normal range (1/0) (0/0) (0/0) (0/0) I-/1-11 (=) /(=)
8-1 NA (1/1) (2/2) (1/1) (0/0) i1 (—)ne 1
10-7 NA (3/2) (0/0) (0/0) (0/0) T/t (=) (=)(=)
10-5 NA 172y (0/0) (0/1) (0.5/1.5)° i /i (=)
5-2 No difference NA NA NA NA (=)(=) (=)(=) (=)(=)
7-8 Attenuation (1/1) (0/0) (0/0) (0/0) 7 (=)(—) 17
7-7 NA (1/0) (1/0) (1/0) (0/0) jivjissiis (—)m 1(—)
76 No difference (1/1) (0/0) (2r) (1/1.5)° (=)(=) 1/(—) (=)
7-1 Attenuation (1/0) (0/0) (2/1.5) (1/1) 1) 1/(—) (=)(—)
5-1 No difference NA NA NA NA (=) I (=)(=)
1-1 No difference (2/2) (2/2) (2/2) (3/3) e 1 (=)(=)
7-4 NA (0.5/0) (0/0) (0/1)* (01 1w i (=)
7-5 NA (1/0) (0/0) (0.5/0) (0/0) T/ (=)(=) (=)(—)
9-1 No difference NA NA NA NA (= in (—=)(—)
12-1 No difference NA NA NA NA (=)(=) (=)(=) (=)(=)
8-2 NA (2/2) (1/1) (1/2y° (2737 (=)(—) (=)ymre 1(-)
4-1 Attenuation (1/0.5) (0/0) (1/0.5) (0/0) (—=Y(—=) /1 (=)} (—)
10-1 NA (0.5/0.5) (0/0) (3/3) (2/3)° (=)(=) (=)(=) (=)(=)
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Table 3
Effectiveness of HSCT on brain MRI lesions among MPS 1l patients according to age at
transplantation or MPS II clinical classification.

Table 5
Clinical course of HSCT-untreated and HSCT-treated Type C MPS Il patients in question-
naire analysis.

No. of patients

Age at HSCT MPS 1 classification
<4y 4-5y 5-6y >6y TypeA/B TypeC/D
(n=3) (n=3) (n=5) (n=6) (n=7) (n=10)
Improved (n=28) 1 2 3 2 4 4
Stable (n=3) 0 1 1 2 1 2
Deteriorated (n=6) 2 0 2 2 2 4

Abbreviations: HSCT, hematopoietic stem cell transplantation; MPS, mucopolysaccharidosis,
y, year.

speech, nine (47%) spoke no words, six (32%) had convulsions, and six
(32%) did not walk. All but one of the HSCT-treated Type C patients
showed no speech deterioration, loss of speech, or convulsions.

4, Discussion

We performed a retrospective study on the long-term efficacy of
HSCT in MPS II patients. Efficacy was noted, to some extent, even with re-
spect to brain involvement as long as HSCT was carried out before devel-
opmental delay became clinically manifest, without brain atrophy on
MRL The study of ADL from transplanted patient records showed that
HSCT-treated patients maintained almost the same levels of speech abil-
ity and gait as at baseline or an improvement in most patients (Table 2).
The questionnaire study among Type C patients of HSCT-treated and
HSCT-untreated cohorts showed no deterioration in all except one
Type C patient in the HSCT-treated cohort, which is different from the
natural history of the disease (HSCT-untreated cohort) [Table 5]. Howev-
er, no difference was shown in FIM score when compared to the natural
history of the disease except for three patients (7-8, 7-1, and 4-1). More-
over, two patients with Type D disease (patients 7-5 and 9-1) with base-
line DQ of 70 and 100, respectively, showed severe deterioration and no
difference was shown with respect to the natural history of the disease
for patient 9-1 with respect to FIM score, Thus, HSCT may not be effective
with respect to brain involvement for Type D MPS II patients.

The effectiveness of HSCT on brain MRI was distinctive. Improve-
ment in Categories [ and Il lesions was clearly shown. Category [ le-
sions involve enlargement of perivascular spaces where GAG-loaded

Table 4
Changes in cardiac valve involvement according to age at HSCT among MPS 11 patients.

No. of patients with cardiac valvular regurgitation (n=21)

Age at HSCT
<4y 4-5y 5-6y =6y Total
(n=6) (n=3) (n=4) (n=8) (n=21)
Mitral valve (n=21)
Diminished 1 1 2 3 7 (33%)
Stable 4137 20131 2021 31[07% 11 [63] (52%)
Increased 1 0 0 2 3 (14%)
Aortic valve (n=21)
Diminished 1 0 2 4 7 (33%)
Stable 4[37] 3[27 1[1%] 1[0°]  9[6%] (43%)
Increased 1 4] 1 3 5 (24%)
Tricspid valve (n=21)
Diminished 2 0 2 2 6 (29%)
Stable 414% 3[2°] 21027 6 (5% 15 [13%] (71%)
Increased 0 0 0 0 0 (0%)
Total (n=63)
Diminished 4 1 6 9 20 (32%)
Stable 12[10% 8[5% 5[59 12 [6°] 35[25%] (56%)
Increased 2 0 1 5 8 (13%)
Abbreviations: HSCT, hematopoietic stem cell transplantation; MPS, mucopolysaccharidosis;
y, year.

2 Number with absence of regurgitation at HSCT (baseline).

Pre-treatment in HSCT-untreated
HSCT-treated cohort cohort
(n=7) (n=19)
Mean = SD age at developmental milestones (m)
Speak words 171341 18.0+6.3
Speak sentences 320492 40.1+£142
Age when noticed developmental 2644-16.6 3424125
delay (m)
Mean = SD age at HSCT (m) 65.9422.1 -
Mean = SD age at survey (m) 145.7 +:67.8 142.74+88.6

Disease Post-treatment in HSCT-untreated cohort
progression HSCT-treated cohort
No. of Age when No. of MeanSD age
affected (%)  noticed (m)  affected (%) when noticed (m)
Speech 1%7 (14%) 42 12/19 (63%) 11351404
deterioration
Lossof speech  1%/7 (14%) 72 9/19 (47%)  1504+55.1
Convulsions 1%77 (14%) 125 6/19 (32%) 186.0+71.2
Unabletowalk  0/7 (0%) - 6/19 (32%)  186.5+52.9

1*. The same patient.
Abbreviations: HSCT, hematopoietic stem cell transplantation; m, month; MPS,
mucopolysaccharidosis; NA, not applicable; SD, standard deviation,

cells are accumulated and Category III lesions occur from insufficient
cerebrospinal fluid absorption or secondarily from brain atrophy. It is
speculated that engrafted cells migrate into perivascular and sub-
arachnoid spaces and secrete the deficient enzyme responsible for
diminishing GAG storage, thereby improving lesions. On the other
hand, for Category IV lesions, which results from neuronal cell loss,
deterioration was observed in six patients and none improved. It
may be that engrafted cells are not located to deep brain tissue. Of
these six patients, three were Type D patients and two of them
showed a worsening of Category Il lesions, which probably resulted
from the progression of Category IV lesions (brain atrophy). Thus,
the efficacy of HSCT is not shown in Type D patients from the brain
MRI study.

Two patients with Type C/D disease (patients 7-1 and 4-1) showed
effectiveness in both intellectual (ADL, 1Q/DQ, and FIM) and imaging
analysis (brain MRI), while three patients (patients 7-6, 7-4, and 8-2)
showed deterioration in both. These three patients already had severe
intellectual deterioration at baseline with low IQ/DQ, However, no
clear correlation between the effectiveness on brain MRI lesions and
on intellectual scores was shown in other Type C/D patients because
of insufficient data.

The most serious cardiac consequence in MPS Il is valvular insufficien-
cy. Thickening of heart valves by GAG accumulation and fibrosis results in
valvular stenosis and regurgitation, culminating in heart failure, which is
one of the most frequent causes of death in MPS II patients in our experi-
ence. Mitral valves and aortic valves were those primarily affected in our
patients. In particular, the aortic perivalvular area was enlarged in older
patients and caused regurgitation. Eighty-eight percent of valves showed
improvement (32%) or stabilization (56%) with respect to regurgitation. A
deterioration of valvular regurgitation was frequently observed in older
patients who received HSCT, who already had regurgitation on baseline
examination prior to engraftment. We have experience with different pa-
tients in a family with Type B MPS II who received and did not receive
HSCT in this study. An uncle did not receive any therapy, could not walk
at 17 years, and died at 20 years from heart failure. His nephew was
18 years at survey (patient 10-7) and underwent HSCT at 7 years and
9 months old. Although he had mitral valve regurgitation, he remained
relatively well and was practicing kendo in high school. The efficacy of
HSCT on the respiratory system probably reduced his cardiac stress.
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It is known that the efficacy of HSCT is affected by the transplanta-
tion condition. TBI can sometimes result in brain atrophy or dementia
after many years delay. Since none of the Type C/D patients received
TBI as part of their transplantation protocol, their deterioration must
have resulted from the disease itself and not a consequence of TBL It
has been recently reported that lower enzyme activity after HSCT re-
sults in lower efficacy in the patients with MPS I severe form (Hurler
syndrome) in a multicenter survey study of 197 patients [17]. In our
study, two patients showed extremely low enzyme activity after
HSCT. However, it is unclear whether they had poor efficacy from
HSCT.

ERT has recently become available in Japan. It has demonstrated
clear efficacy with respect to visceral organ involvement and urinary
GAG secretion [9,10]. ERT is superior to HSCT in terms of safety and
availability. However, ERT requires weekly injection, its cost is high,
and antibody development is another problem. Moreover, the efficacy
of ERT has not been clearly demonstrated with respect to brain
[11,12] or heart valve involvement.

In patients who received HSCT, urinary GAG concentration was def-
initely decreased after engraftment. Values became almost the same as
those of normal children. In ERT-treated MPS Il patients, however, uri-
nary GAG concentration was slightly higher than that in HSCT-treated
patients. Similar results have been previously reported in patients
with MPS1[4]. It is possible that engrafted cells provide the deficient en-
zyme more efficiently to the affected cells and organs than by systemic
ERT administration.

In contrast to the efficacy of HSCT with respect to MRI findings, our
personal experience with ERT of six patients aged 1-12 years with se-
vere MPS II showed a 4%-12% brain volume reduction following
2 years' treatment (data not shown). Moreover, none of them showed
any improvement in any MRI lesion category. However, Wang et al.
[18] reported that ERT reduced or stabilized brain MRI abnormalities.
Longer observation periods are necessary to evaluate the efficacy of
ERT on ADL, and heart and brain involvement.

Our study showed an improvement of brain MRI findings in
HSCT-treated patients. We speculate that the efficacy is due to mi-
grated microglial cells derived from donor cells. In 2009, Araya et al.
[19] reported the localization of donor cells in the brain of a patient
with MPS II after cord blood cell transplantation. Several studies
have shown the migration of transplanted bone marrow cells into
brain tissue [20,21]. In a recent report, autologous cord blood infusion
showed some efficacy in children with acquired neurologic disorders
[22]. It is known that HSCT shows efficacy on brain involvement in
patients with genetic leukodystrophies including adrenoleukodystro-
phy, metachromatic leukodystrophy, and globoid cell leukodystrophy
[23], and HSCT is a standard therapy for these patients in early stages
of the disease. HSCT combined with gene therapy (ex vivo gene
therapy) using a lentiviral vector has recently been shown to be
successful in two patients with adrenoleukodystrophy [24]. It is
speculated that stem cells can migrate across the blood-brain barrier
in some situations such as the environment induced by disease.

On the other hand, the efficacy of HSCT on 1Q/DQ was unclear in
patients with MPS II. However, it can be concluded that the disease
of lesser severity and an earlier time of transplantation will lead to
better efficacy on 1Q/DQ,

The disadvantages of HSCT are the mortality (11.5% in 1990-2003)
and morbidity associated with the transplantation procedure [25]. Suit-
able donors may not be found easily and quickly. However, once en-
graftment has been established, the quality of life of patients will be
better than in patients receiving weekly ERT treatment. Moreover, the
expense of HSCT is less than that for ERT. HSCT also improves morbidity
in patients with MPS II, particularly when performed early in the course
of the disease. Exogenous ERT is unable to correct cognitive and CNS
disease because of its inability to cross the blood-brain barrier. In con-
trast, HSCT allows donor-derived, enzyme-producing cells to migrate
into the brain and other organs, thereby providing a permanent form

of enzyme replacement [26,27]. The utility of HSCT should therefore
be re-evaluated in the treatment for MPS II, HSCT is a worthwhile treat-
ment for MPS 1l when it is performed before signs of brain atrophy ap-
pear on MRI and before heart valvular regurgitation appear. Therefore,
neonatal screening for MPS Il may result in improving of the prognosis.
In the future, genetically engineered bone marrow cells, autologous
cord blood cells, or other cells may become good sources for cell trans-
plantation, or other novel intervention for genetic diseases may be
developed.
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1. ENGEBEOESLEE

1. HEISERRICHET

FIRBFED < Ny & YEFE O TREHRIC &
AEMBEDREESL U THIEENRB I N EH
BRI, 1960 05 7 MV ® Thomas 512
XY ERRISH B b, 1970 FRUITIXREE
DFERIDFET iz 1980 FALIEICIE, &l
wOEBEETH AHMRCEMEETH 5H4E
AEUELZ EOMBRBOMGREL LT, &
BRNCEBSND L9127 oTwh,

ZHED R

Bk, M/MR7Z: EomBkix 1 FE3E
OBIMEHIEY» O 5T 52 L2 s, &G
EBIETAILICE o TIND DM EFE
THIENARRE RS,
1) EMEHmR
FRARIZ BT % & MR I B FRED FICHFTE
L, SAPEFPKBEERLFEFICSREI N5,
L7282 C, ZIMagmEigiiiazBET 5
TEMDLIEED, 1980 FEIC L D B ERa O

= —HI#AEF (granulocyte colony stimulating fac-
tor . G-CSF) 1 & 0 B O Epfila 2 KA m A I
FETAHILHMRICRY, BEMEE LTKR
MIMEHI AT o720 & 51T 1980 FEABREI
%Y, SREHOREPIIEo ZIRROMEHIC
R TR I E CEMR O & 12
&N, %3 OBMBEMIE L L TR ILEE L
BHIZHWONE X)o7

2) RF—&LYETY MO HLA BEHE

EIMAREEICB W TIE, ElEMEoREeE
THEFF—LZDREFETHHLVYELY PO



MG EASERES—B L TWE I LB LETH
D, B MBITHEEMRBESHE T HLA
(human leukocyte antigen) & XIEH T %,
HLA i3t b 6 Fgafmbi b icf#zko iz ERIC
BRBEFEHICLoTHEZIN, 7921 (A,
B, C) L7951 (DR, DQ, DP) DOHiEL &
e DI L, EKKIZIZ A, B, C, DR ® 4
ENEELEZZOLNTVS, FBETFEICIE 2
DODBEFEHAHI L, VYEZLME 8
DOPEN—HT B N F—2OBEIMTbON A,
WH, NS OHEROFEBIEHMEIC X % PE
FARRIBIC L W bRz o b hs [IER] & &
Ih, 20%, BETEEERETEL L)%
D, BEFE (F2E790)] L LTk FEM
By A TR o TV A,
BEZFF—2o0BMEEY [FEBHE] (ML
L EWHTEDOMTITONRS &) FEBE) & v,
BEBHHOBMEMECL2BHE2 THR (HD)
Bl v, AEBMEICBIS FF—1d HLA
—ZolEE (& Rl SRIEN S0, Mk
R —% RHERWHEICIZER/ N > 7 Rl
Ny 750 HLA BEEMBEE N —Z2iET 2
EWlh B, BB T HLA 22— N> —n
5OBMERAITH 575, BHIBHIZBWT
& 1~2 2D HLA 288 —8D FF—» b DB
bHEETH %o

3) FIALE

BHELZ: P —oBnEfisL ¥y o
BREPICAEET A 02T, BEAORERE &
MEEEAB SR RITNER SRV, ZDX I %G
Bh [RLE] v, KEORENHZE (B
W ETIRIHBAIE) ORE LBEHREY (&5
TR 2 BEMD L 3l AE DY
T o

BTALE I SRIERE L AR 2 TN THEE T 5 &
) 7% [ B BE R BRI ALE (myeloablative condition-
ing : MAC) ] &, EWCHREREZAET 2 [BREdk
WIEB R ALE (reduced intensity conditioning :
RIC)] & 5

4) BERWBEEREZOFEH

R L7 B A A 5 BRI K —
DY UNRERICLABEEERZIFEC LR L - mBER

B Y, [BHRXHEER (graft-versus-host
disease : GVHD) | & X 5, GVHD (Z I B #
1~2 2RI 28 GVHD &, 3 »»H LRI
18 GVHD »H 5, & dICEEILTIIE
B E R 5E5HETH 5,

FAEEMMEBRE T, FHENZ GVHD ¥
BARUWRT, Y27 aAKRY Y (cyclosporine :
CYA), 7157 (tacrolimus : TAC), XV b
¥ ¥ —1 (methotrexate : MTX) 7 &% MAE
OETHERT %,

0. SRANEEEICH 5 EnMANBE

1. WEBEDAN=X L

BMRDOHRR TH 5 HIMFRLHEARERMT
BIHREBELERTH A LITHBELLT WV
A%, MBI IZBRE DR WERAHEEECE
MABRBHEIEENRERBETE DL AN AL
DWTIIBHPBETH A9,

FTA V= AR EORRRBEEREICIBNT
ERIET HERIIEMERE: EOMBEHE T EE
ENBZENL, BER FF—20 oM E
FEASHRIL 31T, BAE S Nz a2~ O B A
M A & L CTER LA Y % 5 R
HIENTEBLLHIChD, 2FV, KM REE
FMTEDEEN TR L 25,

CDXHGEBEEEEA D ALICMAT, B
SN-EMHMBICHRTHHEEK - v 727 7—
VROMBBS AR THLL, MiTiil~
ra7yr—y, FRTIZZ v s —HRSLHEEM
fa, BlENTCIEE~ a7 y—Y, RKETIES
VNNV AR, TR u s TR T AR
oA b, BCIRBEEMREL S, EEM
M TREZEGC PSS (B 1),

TS U 7-BER R MER CREA & M- BER 2SI I
B9 (blood brain barrier : BBB) Z @& $ 52 &
WTERVOIIZH LT, EMEBHECEESIR
72 B — BB IC R § % HEk2S BBB Z @M L
T microglia £ 2o TWAHZ &R, BPAIREDE
BEToTWAIEIELDEEICIVHSIIC
INTn5b,
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1) RF—

KIERD FF— DA I —REBEOREHZ T
HHEILENDY, BREEIPREEOLSEE
IEEATREMEEDH 5, HETIE, MEREZ LY
DEEREEIER 2 ENEE FF— (BRED LY
IR ZEETRETE VL W) BRI
£\

2) FILE

ERRBEEEICBWTEIEEORIERIIIEE
THHT Ehb, MAC THILEZITo CTHESE
e (FBi) A EFHMFR EIWCBIT 5%
XD BEw, T/, ERAMEEIEIIEEEME
RRTHAHZ &2 ORETRIRATIIEI ST 5 RE&
THHZEND, 7ANVT 7 v (busulfan : BU)
XLV REH VR EERE LAEIRENSHINT
&7 LAL, AR TIE BU I XL 50 ER
HEELREOEHEIMBEE A ENb, &L
Tl BU DD Y IZT7 V¥ 5 E ¥R treosulfan %
AW BLESRA SN TV,

B, BIBFHEY A M7 4 — (adrenoleuko-
dystrophy : X-ALD) Tl BU #2512 X Y #iEiE
IRPBALT AV H A0, BU ZEFE R \VAET
MEZERTRETH S,

1600

0. SmfESEr s TR R SR

BRABEREIEIFIERTD 5 720 1235 M
JARBRERFI DV &b, ERITEOERME
IZOWTOEHELEEETH 5 2 L W%V, 207
¥, ERENRERFRRPREE CVELRZI O
MAEBEOESR AR EICE TSI Y2
EREAIT b T & 72,

Eix, F—av T2 I ORENLHEEL
72 BT & o THRRMABEEE I T 5 & AR
B & BRHTEE L OBEIIOWTDE 2
FREELEDENIZEDTHBY,

1. AJZ¥EE (mucopolysaccharidosis : MPS)
1) Hurler & (IH &)

MPS O TR O RE L ETITEL FRARE
WEICH 5720, BB HED & %
%o Hobbs H DHADOFHELIE 500 flE = 2 5
FEEMMRBEIERESNTBY, EHTFHED
WEOAL LT RENEER, FEE OER
BE, B, fAOEE, REEELZ COFMAER
DHBEFRD LN, WOCBHEEERL ZE
Bl CIEHRBETERE R B HLE R R RE 7 & O AR
BEROEEFELNTWEY, ZNDDIERD
WEOEBIIEMASLICKEZHEENHDY, BiE
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Hurler (IH)
Hurler/Scheie (IH/S)
Scheie (IS)

Hunter EEE (11A)
Hunter 8% (11B)
Sanfilippo A (Il1A)
Sanfilippo B (11B)
Sanfilippo C (IC)
Sanfilippo D (I11D)
Morquio (V)
Maroteaux-Lamy (V1)
Sly (Vi)

X-ALD, ApE
MLD, FHEIRER
MLD, E3H
GLD, RHiZAER
GLD, ;EFH

fucosidosis
a—mannosidosis
aspartylglucosaminuria
Farber

Tay-Sachs, RHAFER
Tay-Sachs, &HFE
Sandhoff, FHIFER
Sandhoff, ZH&ER
Gaucher 5 1 (BRAZY)
Gaucher #5 11 (ZLI22Y)
Gaucher &Il (EEE)

Gaucher #% Il (Norrbottnian)

Pompe

Niemann-Pick : type A
Niemann-Pick : type B
Niemann-Pick : type C
Mucolipidosis 11 (I-cell)
Wolman syndrome

MSD

#F EmMEBES BT E 23 EXEAHMERRE

G

a~L-iduronidase
a-L-iduronidase
iduronate-2-sulfatase
iduronate-2-sulfatase
iduronate-2-sulfatase
heparan-N-sulfatase
N-acetylglucosaminidase
acetylCoA-N-acetyltransferase
N-acetylglucosamine 6-sulfatase

arylsulfatase B
B-glucuronidase

ALD EH
ARSA
ARSA
GALC
GALC

fucosidase

a—mannosidase
aspartylglucosaminidase

ceraminidase

hexosaminidase A

hexosaminidase A

hexosaminidase A & B

hexosaminidase A & B
glucoserebrosidase Glucoserebrosidase
glucoserebrosidase Glucoserebrosidase
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ERT »RAIDEE
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TRADER D &
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RDERD &
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RAEAD &
HED &

ERT »" &40 AR

TS
IO

TR BIE

FREIERD #
FRADER D A

ERT #*&#IDAE

glucosidase ERT O%hERER
acid sphingomyelidase

acid sphingomyelidase ERT EhEal8E
cholesterole trafficking

N-acetylglucosamine-1-phosphotransferase ERT &8+

acid lipase

sulfatases RDEAD &

BEREICEY

O: J#ERE O EMIC K WES

ERT : BRziA

VANMEES - I N

(Boelens 5% 2010 X b —EFiZ)

FFOEEDHE VT L (2 Bk, BHIFF O MR
EFBENEIE (DQ>70) BRI X 2HBEELE
W EDPE L OBMETHIEEN TV,

R —DBEZEFEE L NV EBBOKEOB DM
BOFEIIOWTIE, BETAMELEEN2H
EVHolz. EDOEBEEENEIZLY, FF—
DEFEEIBVIZ EBEBOEROGEN BT
ThbEDREHRVELNT VB,

B/ 30 FEROFKICBITBEAS X MMEFEK

(FF—MRBEOEZENE SN ) 2 TOEERE)

% 2004 £ TOHM & 2005 F LRI T
BLEZA, 53% 05 91%IZMEL Twi
(B 2)%, 2004 4 F TRHERHICRE > 2B
Tu I —VHBRHEWLNTWZAS, 2005 £ 56
EBMT (European Blood and Marrow Transplant
Group) BEETO P a—VPREASIhIzZ LT
Lo TAEERERREFATVRWP Lz, 72,

BAEMILIR & U CIRMAR D I sz B 5
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LX), ARELBHEATERIC oI LB K

XLRBEREZoTZEENTWS,

2000 AR ICERRISHE S vz ERT 12X Y
HBHREROUEBIBONL L) ICho2b DD,
WEEINT-BEZHNBBB 2 BB LW, HE
THEERICIEBIRPIRFTE 2T &A%
L, MPS-IH T FF—2F 61 L 722\ i& Al
a2 ET A EXEBN R VR L
o TWwWh, ERT IZBMHERE TCOMME O H 4
EREFICIEHATHY, —EHOESTIIREEZ
EEMETLIEREDRAORTVS,

IOk, EmMMEBMEL ERT L \vw) 22
DBBEIRIRTREE D &, ED XS REHIC
ED X BBIICED L) RIBERITIRE DI
DWTHA FIA VHPRBLELLRY, F—uavysia
YRV AEENSIX, UTO XD ZiEmrEE
EhTws9,

D2 & 6 2B TICFH &N Hudler
(MPS-TH) & Z#F & N2 Tl & m i
BHESHIEEL 25,

@ MPS I Bl CH MEERPBEVRITZEAER
v Hurler/Sheie (IH/S) % Sheie (IS) 128
WTI, ERICEICEEER FF—0FE
7 2N X Y BB OIS RE TR
XTH5bo
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® T TD MPS I BESNIBIEDBEE DA &
2 oF ERT 2979 AU v b 3dH b,

@ERT ZZW 2 EE LZVWHEBTRETH
D, EHMARBEE CORMBHMICEREL
TBLZEDPET L,

2) Hunter s (I18Y)

HERANZET VT HIBIZBWTIE MPS T
W T E O Hunter AR D EENBWHRETH
D, X ZEHLIEOBEERDO DB RICOMAE
ET Ao Hurler JHICEBARBEIGEL, EHAED
FARAREE IR 2 1 5 EAERI D & b 22 WERFE R &
TRV,

KRBT 5 B IR B O B IZ— 28T,
Krivit 53 BB R RMERL TV, BER
R Z EE L 2 ER TR ST
X5 LT HMETHTVBEY, LAETIIEME
H NI &5 Hunter FRIT BT 5 & MR
WE L ERmE N, BEEREREZ & 0TS E
W, MM, EEEL, FEELR &S AER
FELLHEBEL, MEOREEEICOWT L H#T
WEIT D2 EOMBEIER I TS, L
L, MRERE S EERTIX MRI L0 A 3%
LRI ROWECKEENOEITEIL R ED%)
ROURO LN DS, RARE OHME R ELR I
Z L

Hurler %2387 5 E MM AERAEIC L 5 PR
FRFERAN DR B & 8T Hunter 3% TIZBMER R
BRED LN TWEWHEB L LT, Hunter T
DEMEDIZTLA LD 2 BUBEICERSNTVS
e, HRMERDHESAT MR R T
WABDOTERVNEDEZVENTHA, Z0D
7o, BETRTELNPEVRIBHEEERT S
ZEICE Y EROEITEFIET S L) BT,
Hurler % & RIERICEZ W 232 L L 72 WEF M
MR ERITHIZEDBRALNTNAEY,

3) =DfEd MPS

Z DA MPS D7 EL <& MR O B )ik
WHEH E N T W B DI VIE O Maroteaux-Lamy
WEVIEID Sly W TH 5, & IKVNEDE 134
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EEVERRRIR 2 IR TE 5, ’
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