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Long-term follow-up of a girl with Maroteaux-Lamy
syndrome after bone marrow transplantation
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Background: Mucopolysaccharidosis type VI (MPS
VI or Maroteaux-Lamy syndrome) is a rare autosomal
recessive genetic disorder. We treated a 10-year-old girl
with Maroteaux-Lamy syndrome successfully with bone
marrow transplantation (BMT).

Methods: The patient had reconstitution with
bone marrow from her HLA-matched brother.
One month after BMT, arylsulfatase activity of the
recipient's leukocytes became normal. No graft-versus-
host disease (GVHD) was observed. Arylsulfatase B
activity was maintained and the urinary excretion of
glycosaminoglycans (GAGs) became normal.

Results: The clinical response of the patient was slow
but persistent during 12 years after BMT. Improved motor
function included walking alone for a long distance without
aid, riding a bicycle, taking a bath by herself, etc. Besides,
few infections occurred. Exertional dyspnea, severe snoring,
and vertigo were much improved.

Conclusions: Early intervention is recommended for
BMT. Allogeneic BMT may provide a better life quality
as illustrated in the present case.

World J Pediatr 2008;4(2):152-154

Key words: arylsulfatase;
bone marrow transplantation;
glycosaminoglycan;
mucopolysaccharidosis type VI

Introduction
ucopolysaccharidosis type VI (MPS VI,
MIM#253200) or Maroteaux-Lamy syndrome

is a rare autosomal recessive genetic disorder
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due to an inherited defect in arylsulfatase B activity
(ASB, EC 3.1.6.12, or N-acetylgalactosamine-4-sulfatase),
which in turn causes accumulation of dermatan sulfate
and chondroitin sulfate within lysosomes in tissues."’
This disease was first described by Maroteaux and
Lamy et al”! in 1963 as a Hurler-like (MPS I) disorder,
but unlike MPS 1, the intelligence was intact. Mutations
within the gene encoding N-acetylgalactosamine
4-sulfatase may account for the disease. The severity
of MPS VI depends on the levels of enzyme activity in
various tissues involved.

MPS VI disease can be treated by bone marrow
transplantation (BMT)" that corrects the patient's cells
through the uptake of the normal enzyme secreted by
bone marrow-derived cells especially macrophages
or, as recently reported, by enzyme replacement
therapy (ERT)™ providing a source of a recombinant
human arylsulfatase B. In this report, we describe the
biochemical, cytogenetical and clinical findings in a
22-year-old female MPS VI patient, who received BMT
12 years ago when she was 10 years old.

Case report

A 10-year-old girl with Maroteaux-Lamy syndrome
was admitted to the National Taiwan University
Hospital for bone marrow transplantation in March
1995. She had decreased visual acuity and occasional
right hand numbness at 3 years of age. At the same
time, coarse face, flat nose, and corneal opacity were
noted. Progressive joint deformity and stiffness due to
contracture bothered this patient. Her echocardiogram
showed mild mitral insufficiency. The diagnosis was
established by the demonstration of low arylsulfatase
B activity.”) Her younger brother had normal enzyme
activity.

Her height was 115 cm, and weight was 19.5 kg. Body
mass index was 14.7. Echocardiogram showed mitral
valve prolapse with mild mitral valve regurgitation
and stenosis. She could walk alone with limited range
of motion. Bone and joint deformities in shoulders,
elbows, wrists, knees, ankles and fingers were noted.



MPS VI in BMT

Table 1. Clinical manifestations

Patient’

Manifestations At diagnosis 1 mon before BMT 8 mon after BMT 3y after BMT 5y after BMT after 9y
(July 1990)  (Feb 1995) (Nov 1995) (July 1998) (May 2000) (Aug 2004)

Age Sy 10y 10y 9 mon 13 y 5 mon 15 y 3 mon 19 y 6 mon
Bone or joint deformity - + + + + +
Recurrent severe infection - - + - - -
Snoring + + + Diminished Diminished Diminished
Walking + Family support Alone Alone Alone Alone
Riding a bicycle + Difficult Slowly riding Possible Possible Possible
Taking a bath ND Difficult Possible alone Possible alone Alone Alone
Shortened breath in exertion ND + + - - -

*: The basic data of this patient. ND: no data.

Besides, shortness of breath after exercise was also
noted (Table 1).

The preparative regimen for transplantation
consisted of busulfan (40 mg per meter square
per dose g6 hours) 5 and 4 days before BMT, and
cyclophosphamide (60 mg per kilogram) 3 and 2
days before BMT. Total lymphoid irradiation 750
cGy was given 1 day before BMT. Bone marrow was
transplanted from the patient's HLA-match brother on
day 0. Eleven days after transplantation, the patient had
an absolute neutrophil count above 500. Subsequent
blood counts were normal. The complications after
transplantation included neutropenic fever, anemia
and thrombocytopenia. No platelet transfusion was
needed, but washed RBC "O" type was transfused once
on day 21. No sign of acute or chronic graft-versus-
host disease (GVHD) was observed. Cyclosporine A
prophylaxis was tapered one year after transplantation.

The analysis of arylsulfatase B activity™* employed
p-nitrocatechol sulfate and barium acetate. Forty pg of
leukocyte soluble protein was incubated with substrate
and buffer at 37°C. Iduronidase activity was determined
as a control enzyme.” Urinary glycosaminoglycans
(GAGs) concentration was determined according to
the method reported by de Jong et al.”! GAGs were
determined quantitatively in urine by reaction with
dimethylmethylene blue (DMB).

The donor was a male, and the recipient was
a female. After engraftment, bone marrow biopsy
study on day 21 revealed normal male karyotype of
46, XY. The peripheral blood FISH study showed
7 XX cells and 293 XY cells in 300 cells 9 years
after transplantation. Besides, the following gene
mutation analysis showed heterozygous mutation in the
mucopolysaccharidosis gene (c574T>C (pCys192Arg)).

Arylsulfatase B in leukocytes was severely
deficient 4 years and 1 month before bone-
marrow transplantation (Table 2). One month after
transplantation, leukocyte arylsulfatase B activity
returned to normal and lasted for 12 years after BMT.

Table 2. Arylsulfatase B (ASB) activity in leukocytes before and after
BMT in subjects with the Maroteaux-Lamy syndrome

ASB’ (nmol/

ASA (nmol/mg Iduronidase’ (nmol/

Patients mg protein/h) protein/h) mg protein/h)
Before BMT
4y 30.5 ND 63
1 mon 25.23 129.59 55.43
After BMT
1 mon 227.28 244.14 ND
4y 584.71 165.01 ND
Brother (donor) 301.6 202.09 ND
Controls 215.9 129.13 ND

*: Activity was determined by p-nitrocatechol sulfate (p-NCS) containing
barium acetate as substrate. ASB normal level >121 nmol/mg protein/h;
ASA normal level >71.1 nmol/mg protein/h.

+: Iduronidase was used as control enzyme. Iduronidase normal level: 30
nmol/mg protein/h. ND: no data.
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Fig. Urinary GAGs excretion decreased from elevated levels before
BMT to normal one month after BMT. The normal value depended on
age and her normal value is around 10-120 mg GAGs/g creatinine.

mg GAGs/g creatinine

Urinary GAGs excretion decreased from elevated levels
before BMT to normal one month after BMT (Fig.).""
The patient's height increased slowly after BMT.
Her body mass index decreased from 14.7 to 13.6 and
then increased to 16.6 gradually. General appearance
including face and nose was stationary. The deformities
of bone and joint were stable without progression, but
she could ride a bicycle, and take a bath without help.
Echocardiography and electrocardiography showed
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no significant change in cardiac function. She had an
episode of pulmonary infection. Snoring and vertigo
were also significantly diminished. The improvement
of motor function enabled her to take care of herself on
daily activities. She is now studying at a university.

Discussion

BMT may be a good choice for the treatment of some
storage diseases. However, the evaluation of the results
of BMT is difficult because a small number of MPS
VI patients have undergone the transplantation, and
MPS VI is slowly progressed compared with the other
storage diseases.”

In this case, normal bone marrow was engrafted
for 12 years. Four years after the engraftment,
arylsulfatase B activity of leukocytes remained
normal. Persistent improvement was seen in the next
12 years, providing definite evidence that the donor
bone marrow had engrafted in the recipient. In addition
to biochemical improvement, her motor function,
breath shortage while moving, and upper respiratory
tract infections, and severe and frequent snoring were
markedly improved after BMT. Her life quality has
also improved. She can play with her classmates and
give fair school performance. She can ride a bicycle
and take a bath without help. But bone changes and
joint deformity were not reversed prominently because
of low penetration into the bone and joints or late
BMT for her age."” In MPS VI patients treated with
ERT, stored glycosaminoglycans are cleaned in major
soft tissues except the cornea and articular cartilage.
There are significant endurance in walking tests,”
improvements of visual acuity and limited corneal
clouding. The poor height gain in our patient may be
attributed to uncorrected bone changes or endocrine
complications after BMT.

Overall, BMT is a beneficial management for
patients with MPS VI. It prolongs the life of the
patient and inhibits many progressive manifestations
of the disease, especially cardiac pathology and motor
function These beneficial effects are sustained
after long-term follow-up. Although BMT does not
apparently reverse skeletal manifestations, the patient
may remain active and walkable. The choice of BMT
for candidates is complex because the clinical severity
of MPS VI is persistent. In future, MPS IV patients
should be completely evaluated to identify the most
suitable timing for BMT before the occurrence of
irreversible changes in organs.

World J Pediatr, Vol 4 No 2 - May 15, 2008 - www.wjpch.com

Funding: None.

Ethical approval: Not needed.

Competing interest: No benefits in any form have been received
or will be received from any commercial party related directly or
indirectly to the subject of this article.

Contributors: Wang CC proposed the study and wrote the first
draft. Hwu WL analyzed the data. All authors contributed to the
design and interpretation of the study and to further drafts. Lin
KH is the guarantor.

References

1 Neufeld EF, Muenzer J. The mucopolysaccharidoses. In:
Scriver CR, Beaudet WSS, Sly WS, Valle D, Childs B,
Kinzler KW, et al, eds. The Metabolic and Molecular Bases of
Inherited Disease, 8th ed. New York: McGraw-Hill, 2001, pp
3421-3452.

2 Maroteaux P, Leveque B, Marie J, Lamy M. Une nouvelle
dysostose avec elimination urinaire de chondroitin—sulfate B.
Press Med 71, 1849, 1963.

3 Hobbs JR. Bone marrow transplantation for inborn errors.
Lancet 1981;2:735-739.

4 Harmatz P, Giugliani R, Schwartz [, Guffon N, Teles
EL, Miranda MC, et al. Enzyme replacement therapy for
mucopolysaccharidosis VI: a phase 3, randomized, double-
blind, placebo-controlled, multinational study of recombinant
human N-acetylgalactosamine 4-sulfatase (recombinant
human arylsulfatase B or thASB) and follow-on, open-label
extension study. J Pediatr 2006;148:533-539.

5 Eto Y, Wiesmann UN, Carson JH, Herschkowitz NN.
Multiple sulfatase deficiencies in cultured skin fibroblasts.
Occurrence in patients with a variant form of metachromatic
leukodystrophy. Arch Neurol 1974;30:153-156.

6 Hwu WL, Wang TR. Quantification of arylsulfatase B activity
and diagnosis of Maroteaux-Lamy syndrome. Zhonghua Min
Guo Xiao Er Ke Yi Xue Hui Za Zhi 1991;32:280-285.

7 Hopwood JJ, Muller V, Smithson A, Baggett N. A fluorometric
assay using 4-methylumbelliferyl alpha-L-iduronide for
the estimation of alpha-L-iduronidase activity and the
detection of Hurler and Scheie syndromes. Clin Chim Acta
1979;92:257-265.

8 de Jong JG, Wevers RA, Laarakkers C, Poorthuis BIJ.
Dimethylmethylene  blue-based  spectrophotometry  of
glycosaminoglycans in untreated urine: a rapid screening
procedure  for  mucopolysaccharidoses. Clin  Chem
1989;35:1472-1477

9 Giugliani R, Harmatz P, Wraith JE. Management guidelines
for mucopolysaccharidosis VI. Pediatrics 2007;120:405-418.

10 Herskhovitz E, Young E, Rainer J, Hall CM, Lidchi V, Chong
K, et al. Bone marrow transplantation for Maroteaux-Lamy
syndrome (MPS VI): long-term follow-up. J Inherit Metab Dis
1999;22:50-62.

Received November 27, 2007
Accepted after revision March 26, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


