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We report the first attempt at prenatal diag- 
nosis of the carnitine transporter defect in a 
fetus at high risk of having the disorder. 
Analysis of cultured CVS after prolonged 
culture predicted that the fetus was not af- 
fected but might be heterozygous for the 
carnitine transporter defect, but chromo- 
some 15 satellite DNA markers showed no 
paternal contribution, suggesting that the 
CVS cells assayed were of predominantly 
maternal origin. Subsequent assay of cul- 
tured amniocytes predicted that the fetus 
would be affected, and this was confirmed in 
the newborn period. We conclude that pre- 
natal diagnosis of the carnitine transporter 
defect is possible, but where results depend 
on extended culture of CVS, molecular stud- 
ies should be performed to confirm genetic 
contributions from both parents. 
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INTRODUCTION 
Carnitine (3-hydroxy-4-N-trimethylammonium bu- 

tyric acid) plays a critical role in fatty acid metabolism, 
being involved in the transport of long-chain fatty acyl 
CoA esters across the mitochondria1 membranes, and 
allowing P-oxidation of fatty acids to occur in the mito- 
chondrial matrix [Stanley, 19871. Carnitine is largely 
derived from dietary sources [Stanley, 19871. There is 
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an active transport system across cell membranes for 
carnitine in the small intestine [Shaw et al., 19831, kid- 
ney [Rebouche and Mack, 19841, skeletal muscle, and 
cultured skin fibroblasts [Rebouche and Engel, 19821. A 
defect of the carnitine transporter, with autosomal re- 
cessive inheritance, can cause one of three abnormal 
phenotypes in infancy or early childhood: poten- 
tially fatal dilated cardiomyopathy, hypoketotic hypo- 
glycemia or, less commonly, progressive skeletal my- 
opathy [Treem et al., 1988; Stanley et al., 19911. We re- 
port here what we believe is the first attempt at 
prenatal diagnosis of the carnitine transporter defect 
and highlight potential difficulties in prenatal diagno- 
sis using enzymatic assay of cultured fetal cells in ge- 
netic metabolic disorders. 

SUBJECTS AND MATERIALS 
Methods 

Total and free carnitine in plasma were estimated by 
using [ 1-14Clacetyl coenzyme A and carnitine acetyl- 
transferase [de Sousa et al., 19901. Skin fibroblasts were 
established and cultured using previously developed 
methods [Freshney, 19921, as were CVS and amniocytes 
[Priest, 19911. The fibroblast carnitine transporter as- 
say was performed as reported [Stanley et al., 19901. 

Evaluation of fetal cells for the presence of both ma- 
ternal and paternal DNA contributions was performed 
using multiplex PCR [Mutirangura et al., 19931. Two 
pairs of primers were used to  amplify two polymorphic 
CA microsatellites within chromosome 15 (15qll-q13), 
with the PCR products being run on a 6% poly- 
acrylamide gel and bands visualized by silver staining. 

Subjects 
The proband, RL, the second child of unrelated Chi- 

nese parents, was born after an uncomplicated preg- 
nancy and delivery. Her elder sister had apparently 
died of meconium aspiration at  12 hours of age in 
China. RL’s early developmental milestones and health 
were normal, until the age of 6 years when she pre- 
sented with acute cardiac decompensation following a 
viral illness. Her plasma total carnitine was unde- 
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tectable (normal 35-65 mmoVL), which was highly 
suggestive of a carnitine transporter defect. The diag- 
nosis was confirmed by direct assay in cultured skin fi- 
broblasts (see Table I). Initial therapy consisted of 
frusemide, spironolactone, captopril, and carnitine at a 
dose of 200 mgkglday, with rapid resolution of symp- 
toms. Her cardiac size and function, based on echo- 
cardiographic studies, returned to normal within 3 
months. Three months later the antifailure drugs could 
be suspended, with carnitine therapy continuing. 
When last reviewed at  age 9 years, she remained in 
good health, with normal exercise tolerance, and devel- 
opmental progress continued to be normal. 

RL'P mother subsequently became pregnant and re- 
quested prenatal diagnosis. As prenatal diagnosis for 
this disorder had not been previously reported, the 
mother was counselled that an attempt a t  diagnosis 
would be initially made using cultured CV cells, but 
that if these studies predicted a normal fetus or were 
equivocal then studies of cultured amniocytes should 
also be performed. 

RESULTS 
Table I summarises the results of these enzymatic 

studies. Chorionic villus sampling was performed at 11 
weeks gestation, with assay of cultured cells not being 
performed until 17 weeks gestation because of slow 
growth of cells. Carnitine transporter assay results pre- 
dicted that the fetus would not be affected, but might be 
heterozygous. The karyotype was 46XX, and so chro- 
mosome 15 satellite marker analysis was performed. 
This however showed no paternal contribution, sug- 
gesting that the cells assayed were only of maternal ori- 
gin. Amniocentesis was therefore performed. These cul- 
tured cells also had a 46XX karyotype, but this time 
chromosome 15 satellite markers clearly showed a pa- 
ternal contribution (see Fig. l) .  The carnitine trans- 
porter assay on amniocytes predicted that the fetus 
would be affected (Table I). 

RL's mother was started on carnitine (50 mgkglday). 
She reported that she felt subjectively better on carni- 
tine, no longer complaining of periodic dizziness, feel- 
ing less fatigued whilst taking carnitine, and ex- 
periencing no adverse effects. The pregnancy was 
continued to term, with a phenotypically normal female 
infant (EL) born following an uneventful labour. Birth- 
weight was 3,040 gm, and Apgar scores were 9 and 9 at 
1 and 5 minutes, respectively. The infant breast fed nor- 

TABLE I. Carnitine Transporter Activity in Cultured Cells" 

Tissue type 
Patient" Normal control" 

(pmol/min/mg protein) 
Fibroblasts 

Chorionic villus cells 

Cultured amniocytes 

* Uptake of L-methyl-["Hlcarnitine in cultured cells from the patients 
and normal controls was measured as previously published [Stanley 
;t al., 19901. 

Proband (RL) 0.078 1.65 

Patient EL 0.45 1.50 

Patient EL 0.01 1.77 

Results are means of duplicate assays. 

mally and experienced no problems in the neonatal pe- 
riod. Echocardiography on day 3 was normal. Plasma 
carnitine levels were measured serially and results are 
shown in Table 11. As can be seen, by 1 week of age the 
plasma carnitine levels were very low, confirming that 
the infant was affected. Carnitine therapy (100 
mgkgfday) was commenced at 2 weeks of age. When 
last reviewed at  6 months of age, the infant was well, 
with normal growth, development, and physical exam- 
ination, and with echocardigraphy showing normal 
heart size and function. 

DISCUSSION 
To date, over 20 cases of the carnitine transporter de- 

fect have been reported and, a t  least in the short term, 
patients have responded favourably to carnitine sup- 
plementation. However the long-term prognosis is un- 
certain [Stanley, 19921, and it is for this reason that 
prenatal diagnosis was requested by the proband's par- 
ents. Because the defect is expressed in cultured skin fi- 
broblasts, it was felt that prenatal diagnosis would 
probably be possible using cultured fetal cells, although 
we recognised that this can be problematical in some 
inborn errors of metabolism [Fowler et al., 19891. Assay 
of the carnitine transporter in cultured amniocyte cells 
clearly showed that the fetus was affected and this was 
confirmed by the demonstration of a dramatic decline of 
plasma carnitine in the first 2 weeks of life. We believe 
this is the first report of prenatal diagnosis in this in- 
herited metabolic disorder. 

The cultured CV cells, on the other hand, predicted 
that the fetus might be heterozygous for the disorder 
and chromosome 15 satellite DNA marker analysis 
showed that these cultured cells were of maternal ori- 
gin. Dissection of maternal tissues from CV biopsies re- 
quires considerable expertise, making residual mater- 
nal contamination a small though real possibility. It 
has been estimated that CVS maternal contamination 
may occur in as many as 1.8% of procedures [Ledbetter 
et al., 19921. Because prolonged culture of the CV cells 
was necessary to obtain an adequate number of cells for 
assay, it is possible that the culture conditions favoured 
cells of maternal origin, allowing presumed minor ma- 
ternal contamination of the CVS to overrun the fetal 
cells, as has been previously reported [Besley and 
Broadhead, 19891, and accounts for our results in this 
case. This observation has significant implications 
wherever prenatal diagnosis relies on biochemical or 
molecular studies of cultured cells. 

To our knowledge, diagnosis of the carnitine trans- 
porter defect has not previously been made in the 
neonatal period. We and others [Schmidt-Sommerfeld 
et al., 19881 have found that plasma carnitine levels in 
normal infants are lower in the first week than later in 
life, possibly because of decreased maternal levels 
[Marzo et al., 19941. Females heterozygous for the car- 
nitine transporter defect usually have low plasma car- 
nitine levels [Stanley, 19921. Because of this, and be- 
cause individuals with the carnitine transporter defect 
may initially present with hypoglycemia in infancy in 
up to 45% of cases [Stanley et al., 19911, we elected to 
treat the mother with carnitine supplementation dur- 
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Fig. 1. Molecular analysis of genetic origins of the cultured CVS and amniocyte cells. Multiplex PCR 
of highly polymorphic CA repeats at chromosome 15qll-q13 was used to determine whether the cultured 
cells had contributions from both the maternal and paternal genomes. a: Amplified DNA from the mother 
and cultured CVS cells showed the same pattern, with no obvious genetic contribution from the father. 
b: The cultured amniocyte cells had genetic contributions from both parents. These results suggest that 
the carnitine transporter activity of the cultured CVS cells was largely a reflection of the maternal lev- 
els, whereas the activity in the cultured amniocyte cells was a true reflection of the fetus. 

ing the second half of her pregnancy. It is of interest 
that the mother felt subjectively better on carnitine. 
These subjective feelings however cannot be readily at- 
tributed to a positive effect which carnitine may impart 
on fatty acid oxidation in a heterozygous individual, 
and is more likely to be due to a placebo effect. More 
gratifying was the cord blood carnitine level being just 

above the upper limit of normal for age. It is postulated 
that prenatal carnitine therapy in our patient has min- 
imised the likelihood of development of any features of 
the disorder, and it is hoped that ongoing therapy will 
facilitate her continued well-being. 

In conclusion, prenatal diagnosis of the carnitine 
transporter defect is possible using cultured amnio- 

TABLE 11. Plasma Carnitine Levels in Patient EL 
Plasma carnitine level (pmol/L) Oral carnitine 

treatment Total Free 
Cord blood 
Day 1 Nil 
Day 2 Nil 
Day 7 Nil 
Day 14 Nil 
3 months 100 mg/kg/day" 
Normal 

Day 1-7 (N = 15) 
Beyond day 7 

53 35 
30 17 
15 7 
6 4 
5 3 

44 23 

15-5 1 8-35 
35-65 30-60 

a Commenced a t  14 days. 
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cytes, and it remains to be determined for cultured 
chorionic villus cells. We suggest that where cultured 
fetal cells are used in biochemical analyses for prenatal 
diagnosis, molecular studies to confirm that there are 
genetic contributions from both parents should be per- 
formed, particularly when the biochemical results do 
not predict that the fetus will be affected. Finally, i t  
may be worth considering prenatal carnitine therapy 
for those pregnancies at high risk of having the carni- 
tine transporter defect. 

ACKNOWLEDGMENTS 
We would like to  thank Professor David Ellwood and 

Dr. Jonathon Morris (Department of Obstetrics and Gy- 
necology, Nepean Hospital), and Dr. John Whitehall 
(Department of Neonatology, Nepean Hospital) for 
their contributions to the management of this family, 
and Ms. Jillian Shorter, Ms. Johanna Hasselaar, and 
Mr. John Kemp (Dept of Cytogenetics, Royal Alexandra 
Hospital for Children) for initial tissue culture and 
karyotype analyses. 

REFERENCES 
Besley GTN, Broadhead DM (1989): Prenatal diagnosis of inherited 

metabolic disease by chorionic villus analysis: The Edinburgh ex- 
perience. J Inher Metab Dis 12:263-266. 

de Sousa C, English NR, Stacey TE, Chalmers RA (1990): Measure- 
ments of L-carnitine and acylcarnitines in body fluids and tissues 
in children and in adults. Clin Chim Acta 187:317-328. 

Ledbetter DH, Zachary JM, Simpson JL, Golbus MS, Pergament F, 
Jackson L, Mahoney MC, et al(1992): Cytogenetic results from the 
U.S. collaborative study on CVS. Prenat Diagn 12:317-345. 

Marzo A, Cardace G, Corbelletta C, Pace S, DIddio S, Verrotti C, 
Cavartorta E, et al. (1994): Plasma concentration, urinary excre- 
tion and renal clearance of L-carnitine during pregnancy: A re- 
versible secondary L-carnitine deficiency. Gynecol Endocrinol 
8:115-120. 

Mutirangura A, Greenberg F, Butler MG, Malcolm S, Nicholls RD, 
Chakravarti A, Ledbetter DH (1993): Multiplex PCR of three di- 
nucleotide repeats in the Prader-WilWAngelman critical region 
(15qll-q13): Molecular diagnosis and mechanism of uniparental 
disomy. Hum Molec Genet 2:143-151. 

Priest J H  (1991): Prenatal chromosomal diagnosis and cell culture. In 
Barch MJ (ed): “The ACT Cytogenetics Laboratory Manual,” 
Val. 1. New York Raven Press, pp 149-203. 

Rebouche CJ, Engel AG (1982): Carnitine transport in cultured mus- 
cle cells and skin fibroblasts from patients with primary systemic 
carnitine deficiency. In Vitro 18:495-500. 

Rebouche CJ, Mack DL (1984): Sodium gradient-stimulated transport 
of L-carnitine into renal brush border membrane vesicles: Kinet- 
ics, specificity, and regulation by dietary carnitine. Arch Biochem 
Biophys 235:393-402. 

Shaw RD, Li BU, Hamilton JW, Shug AL, Olsen WA (1983): Carnitine 
transport in rat small intestine. Am J Physiol 245:G37&63781. 

Schmidt-Sommerfeld E, Werner D, Penn D (1988): Carnitine plasma 
concentrations in 353 metabolically health children. Eur J Pediatr 
147:35&360. 

Stanley CA (1987): New genetic defects in mitochondrial fatty acid ox- 
idation and carnitine deficiency. Adv Pediatr 3459-88. 

Stanley CA, Treem WR, Hale DE, Coates PM (1990): A genetic defect 
in carnitine transport causing primary carnitine deficiency. Prog 
Clin Biol Res 321:457-464. 

Stanley CA, DeLeeuw S, Coates PM, Vianey-Liaud C, Divry P, 
Bonnefont JP, Saudubray JM, et al. (1991): Chronic cardiomyopa- 
thy and weakness or acute coma in children with a defect in carni- 
tine uptake. Ann Neural 30:709-716. 

Fowler B, Giles L, Cooper A, Sardharwalla IB (1989): Chorionic vilhs 
sampling: Diagnostic uses and limitations of enzyme assays. 
J Inher Metab Dis 12105-117. 

Freshney RI (1992) “Animal Cell Culture: A Practical Approach,” 
Val. 1. Oxford: IRL Press, pp 329. 

Stanley CA (1992): Plasma and mitochondrial membrane carnitine 
transport defe,-ts. Prog Clin Biol Res 375:289-300. 

Treem WR, Stanley CA, Finegold DN, Hale DE, Coates PM (1988): 
Primary carnitine deficiency due to a failure of carnitine transport 
in kidney, muscle, and fibroblasts. N Engl J Med 319:1331-1336. 




