PRENATAL EXCLUSION OF POMPE DISEASE BY
ELECTRON MICROSCOPY

Vorapong Phupo‘ng“»and Vorasuk Shotelersuk?

'Department of Obstetrics and Gynecology, 2Depar’tment of Pedlatrucs Faculty of Medicine,.
Chulalongkorn University, Bangkok Thailand

Abstract. Pompe dlsease is a lysosomal storage dlsorder caused by a- glucosrdase defcrency
The disease is characterized by accumulatlon of glycogen in the lysosomes The accumulatlon
has unique ultrastructural features which enable a prenatal dmgnosrs by electron mfcroscopy
We describe prenatal electron microscopic testlng if¥ a fetus of a mother whose prevrous child
died of Pompe disease. The disease in the affected child was diagnosed by a decrease in o-
glucosidase activity of his skin fibroblasts. Electron microscopy of the chorionic villus sample
and-amniocytes revealed normal findings, thus predicting an unaffected fetus. The study was
confirmed by the birth of -a.normal neonate who was still healthy at‘the age of 12 months.
Electron microscopy is useful in the,first and second trimesters to exclude Pompe disease
prenatally. This test can be use prenatally and provides families with reassurance.

INTRODUCTION

Pompe disease (OMIM_232300) or gly-
cogen storage disease type Il is one of more
than 40 distinct genetic diseases, referred to
as lysosomal storage disorders. It is an auto-
somal recessive disorder of glycogen metabo-
lism, caused by deficiency of lysosomal acid
o-glucosidase. Patients with Pompe disease
are unable to degrade glycogen stored in the
lysosorme, leading to the accumulation of this
substrate in lysosomal storage vacuoles. As
a result, there is an increase in the size and
number of lysosomes in the cell (Reuser and
Hirschhorn, 2001).

The estimated incidence of Pompe dis-
ease is 1 in 40,000 births (Martiniuk et al,
1998; Ausems et al, 1999). A prenatal diag-
nosis can be made by several methods.
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Herein, we report the use of prenatal electron
microscopic testing in a fetus whose mother
previously had a child affected by Pompe dis-
ease.

MATERIALS AND METHODS

Case evaluation

A 31-year-old woman had a previous
child with Pompe disease.

The baby boy was subsequently delivered
by uncomplicated spontaneous vaglnal deliv-
ery. He developed hypotonla and symptoms
of congestlve heart failure at the age of 4
months. He later developed macrcglossra and
suffered from recurrent pneumoma ECG
showed a short PR interval and giant QRS
waves. The dlagnOSlS of Pompe disease was
made by electron microscopy, Wthh demon-
strated vacuoles filled with glycogen from his
skin biopsy (Fig 1), and confirmed by de-
creased enzymatic activity of fibroblast acid
o-glucosidase (0.09 nmol/mg protein/hour:
normal range >60.00). The patient died of
cardiac failure at the age of 11 months.
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One year later, the mother became preg-
nant. After extensive counseling about the risk
of Pompe disease in her second pregnancy,
she and her husband chose to undergo a pre-
natal diagnosis. After informed consent was
obtained, chorionic villus sampling was per-
formed at 11 weeks gestation without com-
plications. The material obtained was sent for
electron microscopy and chromosome stud-
ies. No abnormalities were detected on elec-
tron microscopy. Chromosome studies could
not be done due to no growth of cells from
the chorionic villus sampling specimen. The
parents opted to perform an amniocentesis
for chromosome studies. The amniocentesis
was performed at 16 weeks gestation with-
out complications. One part of the amniotic
fluid was sent for chromosome studies. The
other part was sent for electron microscopy.
The results revealed a normal karyotype
(46,XX) and normal electron microscopy. The

pregnancy was continued without complica-

tions.

At 38 weeks gestation, the mother deliv-
ered a normal appearing female infant weigh-
ing 3,050 g with apgar scores of 9 and 10 at
1 and 5 minutes by spontaneous vaginal de-
livery. The baby was still normal at 12-months
follow-up. ’

RESULTS

Electron microscopy and results

Five milligrams of tissue was fixed imme-
diately in 3% glutaraldehyde with 0.1 M phos-
phate (pH.7.2). The fixed cells were routinely
processed and embedded in plastic. Thin sec-
tions were stained with lead citrate and ex-
amined under electron microscopy. There was
no vacuoles filled with glycogen identified in
the fibrocytes.

Ten milliliters of amniotic fluid was centri-
fuged and 5 mg of amniocytes were proceed
for electron microscopy, the same as the
fibrocytes from the CVS. There were no vacu-

1022

Fig 1-Electron microscopic findings of the skin bi-
opsy from the affected child. Skin biopsy dem-
onstrated vacuoles filled with glycogen (ar-
rows).

oles filled with glycogen identified in the
amniocytes either.

DISCUSSION

Pompe disease can present as infantile,
juvenile, or adult onset forms (Reuser and
Hirschhorn, 2001). The heterogeneous pre-
sentation of Pompe disease is from the differ-
ent mutations in the lysosomal acid a-glucosi-
dase gene (Umapathysivam et al, 2000). The
infantile onset form is characterized by mas-
sive cardiomegaly, macroglossia, progressive
muscle weakness (including respiratory
muscles), and marked hypotonia, with death
occurring within the first 2 years of life as found
in our patient’s first child. The juvenile and adult
onset forms manifest as slower progressive
muscular disorders that are limited to skeletal
muscles, and death usually occurs from res-
piratory failure (Reuser and Hirschhorn, 2001;
Shotelersuk et al, 2002).

Enzyme-replacement therapy has re-
cently become available. The cost is extremely
high and the results need further confirmation.
Hence, early and rapid prenatal diagnosis of
this disease is very important.
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Our affected baby had a severe form of
infantile onset Pompe disease. He died at the
age of 11 months. The disease is an autoso-
mal recessive disorder of glycogen metabo-
lism. The severity of the first child was the'main
factor influencing the parents’ decision in the
next pregnancy. Due to a 25% recurrence risk,
they decided to undergo a prenatal diagnos-
tic testing for their second child.

Many methods have been reported to di-
agnose Pompe disease in a fetus. Prenatal di-
agnosis can be made by the determination of
the acid a-glucosidase activity in cultured am-
niotic cells and/or in chorionic villus biopsies
(Park et al, 1992; Kleijer et al, 1995) and also
by mutation analysis (Kleijer et al, 1995). Re-
cently, electron microscopy of uncultured am-
niotic cells or chorionic villus biopsies has been
proposed to enhance rapid prenatal diagno-
sis (Hug et al, 1984, 1991; Phupong et al,
2005). Many procedures, including chorionic
villus sampling (CVS), amniocentesis and
cordocentesis, can obtain embryonic or fetal
cells for such studies. With the risks of com-
plications with CVS, early amniocentesis, sec-
ond trimester amniocentesis and cordocen-
tesis of 3.7, 2.5, 0.5 and 2.7%, respectively

(Cunningham et al, 2004), the couple chose

to undergo CVS in the first trimester. Chori-
onic villus tissue was collected for electron mi-
croscopy. The result in this second pregnancy
was negative for Pompe disease. The prena-
tal electron microscopy was confirmed by
normal physical examination at 12-months of
- age.

The downside of CVS in this case was
the inability to perform chromosome studies.
This may have been due to an inadequate
sample, which is found in 0.7-1.9% (Cunning-
ham et al, 2004). This leads couples to de-
cide for an amniocentesis, another prenatal
diagnosis test.

In conclusion, we report the usefulness
of electron microscopy in the first and second
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trimesterto exclude Pompe disease prenatally.
The results of prenatal testing allow counsel-
ing and reassurance of families.

ACKNOWLEDGEMENTS

This work was supported by a Research
Unit Grant from Chulalongkorn University, and
the Thailand Research Fund. We thank
Geniyme Corporation for sponsoring the fee
of the enzymatic testing, Dr Wuh-Liang Hwu
at National Taiwan University Hospital, Taiwan
for performing the test and Ms Supang
Maneesri and Penpan Nuayboonma for their
expertise with electron microscopy.

REFERENCES

Ausems MG, Verbiest J, Hermans MP, et al. Fre-
quency of glycogen storage disease type Il in
The Netherlands: implications for diagnosis
and genetic counselling. Eur J Hum Genet
1999; 7: 713-6. “

Cunningham FG, Leveno KJ, Bloom SL, Hauth JC,
Gilstrap LCI, Wenstrom KD. Williams Obstet-
rics. 22n ed. New York: McGraw-Hill, 2004:
973-1003.

Hug G, Chuck G, Chen YT, Kay HH, Bossen EH.
Chorionic villus ultrastructure in type Il glyco-
gen storage disease (Pompe’s disease). N
Engl J Med 1991; 324: 342-3.

Hug G, Soukup S, Ryan M, Chuck G. Rapid prena-
tal diagnosis of glycogen-storage disease type
Il by electron microscopy of uncultured amni-
otic-fluid cells. N Engl J Med 1984; 310: 1018-
22. '

Kleijer WJ, van der Kraan M, Kroos MA, et al. Pre-
natal diagnosis of glycogen storage disease
type II: enzyme assay or mutation analysis?
Pediatr Res 1995; 38: 103-6.

Martiniuk F, Chen A, Mack A, et al. Carrier frequency
for glycogen storage disease type Il in New
York and estimates of affected individuals born
with the disease. Am J Med Genet 1998; 79:
69-72.

Park‘:HK, Kay HH, McConkie-Rosell A, Lanman J,
Chen YT. Prenatal diagnosis of Pompe’s dis-

1023




SouTHEAST AsiaN J TrRor Mep PuBuic HEALTH

ease (type. Il glycogenosis) in chorionic villus
biopsy using maltose as a substrate. Prenat
Diagn 1992; 12: 169-73,

Phupong V, Shuangshoti S, Sutthlruangwong P,
Maneesri'S; Nuayboonma P, Shotelersuk V.
Prenatal diagnosis of Pompe disease by elec-
tron mrcroscopy 'Arch Gynecol Obstet 2005;
271:260-2."

Reuser AJJ, Hirschhorn R. Glycogen stoi'age dis-
ease type II: acid o-glucosidase (acid maltase)
deficiency. In: Scriver CR, Beaudet AL, Sly
WS, et al, eds. The metabolic and molecular

SO L
U LT e Wl

asyH L2 awiuod O guH.

rR o Rizonpsd ot
T f'fc7‘(t9(’:ze?ﬂ ol
VIV o biuft-oito

.88

Hieb nsv LW einid,

aizonpsib taten
saEs amysne il eqyl
3URE DERT 2eR dabhed
B v ATaM A nadl 3 AunineM
b 1eg0ovin 1wl

1024

bases of inherited disease. New York:
McGraw-Hill, 2001: 3389-420.

Shotelersuk V, Shuangshoti S, Chotivitayatarakorn
P, et al. Clinical, pathological, and electron
microscopic findings in two Thai children with
Pompe disease. J Med Assoc Thai.2002; 85
(suppl 1): S271-9.

Umapathysivam K, Whittle AM, Ranieri E, et al.
Determination of acid alpha-glucosidase pro-
tein: evaluation as a screening marker for
Pompe disease and other lysosomal storage

disorders. Clin Chem 2000; 46: 1318-25."

Ed

60
yd ba
Yo eritriar

268W 9880 ©

syt -

EL )

Vol 37 No. 5 September 2006




