
healthy subjects (26). Because the adverse effects of homo-
cysteine are most likely related to its prooxidant proper-
ties (6 ), a direct involvement of the amino acid in this
phenomenon may be therefore hypothesized.

In conclusion, PD patients undergoing regular treat-
ment with l-DOPA have higher plasma homocysteine
concentrations than healthy subjects. The increase seems
to be related to the methylated catabolism of the drug,
although other factors, such as enzymatic defects in the
remethylation pathway of homocysteine, are likely to
play a substantial role. Increased risk of cerebro- and
cardiovascular diseases has been reported in PD patient
populations, although the issue is highly disputed
(27, 28). Whether the increase in plasma homocysteine
occurring in PD patients plays a role in the progression of
the disease remains to be established.

This study was supported by a grant of the Ministry of
Health of the Italian Government to the Neurological
Institute C. Mondino (Ricerca Corrente 1998).

References
1. Watkins D, Rosenblatt DS. Functional methionine synthase deficiency (cblE

and cblG): clinical and biochemical heterogeneity. Am J Med Genet 1989;
34:427–34.

2. van den Berg M, van der Knapp MS, Boers GH, Stehouwer CD, Rauwerda JA,
Valk J. Hyperhomocysteinaemia: with reference to its neuroradiological
aspects. Neuroradiology 1995;37:403–11.

3. Temple ME, Luzier AB, Kazierad DJ. Homocysteine as a risk factor for
atherosclerosis. Ann Pharmacother 2000;34:57–65.

4. Andreotti F, Burzotta F, Manzoli A, Robinson K. Homocysteine and risk of
cardiovascular disease. J Thromb Thrombolysis 2000;9:13–21.

5. Perry IJ, Refsum H, Morris RW, Ebrahim B, Ueland PM, Shaper AG.
Prospective study of serum total homocysteine concentration and risk of
stroke in middle-aged British men. Lancet 1995;346:1395–8.

6. Blundell G, Jones BG, Rose FA, Tudball N. Homocysteine mediated endo-
thelial cell toxicity and its amelioration. Atherosclerosis 1996;122:163–72.

7. Bottiglieri T, Hyland K. S-Adenosylmethionine levels in psychiatric and
neurological disorders. Acta Neurol Scand 1994;154:19–26.

8. Gomes-Trolin C, Regland B, Oreland L. Decreased methionine adenosyl-
transferase activity in erythrocytes of patients with dementia disorders. Eur
Neuropsychopharmacol 1995;5:107–14.

9. Kruman II, Culmsee C, Chan SL, Kruman Y, Guo Z, Penix L, Mattson MP.
Homocysteine elicits a DNA damage response in neurons that promotes
apoptosis and hypersensitivity to excitotoxicity. J Neurosci 2000;20:6920–6.

10. Benson R, Crowell B Jr, Hill B, Doonquah K, Charlton C. The effects of L-Dopa
on the activity of methionine adenosyltransferase: relevance to L-Dopa
therapy and tolerance. Neurochem Res 1993;18:325–30.

11. Moghadasian MH, McManus BM, Frohlich JJ. Homocyst(e)ine and coronary
artery disease: clinical evidence and genetic and metabolic background.
Arch Intern Med 1997;157:2299–308.

12. Miller JW, Shukitt-Hale B, Villalobos-Molina R, Nadeau MR, Selhub J, Joseph
JA. Effect of L-Dopa and the catechol-O-methyltransferase inhibitor Ro
41-0960 on sulfur amino acid metabolites in rats. Clin Neuropharmacol
1997;20:55–66.

13. Liu XX, Wilson K, Charlton CG. Effects of L-DOPA treatment on methylation in
mouse brain: implications for the side effects of L-DOPA. Life Sci 2000;66:
2277–88.

14. Allain P, Le Bouil A, Cordillet E, Le Quay L, Bagheri H, Montastruc JL. Sulfate
and cysteine levels in the plasma of patients with Parkinson’s disease.
Neurotoxicology 1995;16:527–9.

15. Kuhn W, Roebroek R, Blom H, van Oppenraaij D, Przuntek H, Kretschmer A,
et al. Elevated plasma levels of homocysteine in Parkinson’s disease. Eur
Neurol 1998;40:225–7.

16. Kuhn W, Roebroek R, Blom H, van Oppenraaij D, Müller T. Hyperhomocys-
teinaemia in Parkinson’s disease. J Neurol 1998;245:811–2.

17. Müller T, Werne B, Fowler B, Kuhn W. Nigral endothelial dysfunction,
homocysteine and Parkinson’s disease. Lancet 1999;354:126–7.

18. Lang AET, Fahn S. Assessment of Parkinson’s disease. In: Munsat TL, ed.
Quantification of neurologic deficit. Boston: Buttersworth, 1989:285–309.

19. Blandini F, Martignoni E, Pacchetti C, Desideri S, Rivellini D, Nappi G.

Simultaneous determination of L-Dopa and 3-O-methyldopa in human plate-
lets and plasma using high-performance liquid chromatography with electro-
chemical detection. J Chromatogr B 1997;700:278–82.

20. Melzi d’Eril GV. A rapid and simple method for determining catecholamines
in human plasma and cerebrospinal fluid using high-performance liquid
chromatography with electrochemical detection. Funct Neurol 1986;1:182–
90.

21. Yasui K, Kowa H, Nakaso K, Takeshima T, Nakashima K. Plasma homocys-
teine and MTHFR C677T genotype in levodopa-treated patients with PD.
Neurology 2000;55:437–40.

22. Jenner P, Olanow CW. Oxidative stress and the pathogenesis of Parkinson’s
disease. Neurology 1996;47:S161–70.

23. Spencer Smith T, Parker WD, Bennet JP. L-DOPA increases nigral production
of hydroxyl radicals in vivo: potential L-DOPA toxicity? Neuroreport 1994;5:
1009–11.

24. Pardo B, Mena MA, Casarejos MJ, Paino CL, De Yebenes JG. Toxic effects
of L-DOPA on mesencephalic cell cultures: protection with antioxidants.
Brain Res 1995;682:133–43.

25. Basma AN, Morris EJ, Nicklas WJ, Geller HM. L-DOPA cytotoxicity to PC12
cells in culture is via auto-oxidation. J Neurochem 1995;64:825–32.

26. Martignoni E, Blandini F, Godi L, Desideri S, Pacchetti C, Mancini F, Nappi G.
Peripheral markers of oxidative stress in Parkinson’s disease. The role of
L-DOPA. Free Radic Biol Med 1999;27:428–37.

27. Horner S, Niederkorn K, Ni XS, Fischer R, Fazekas F, Schmidt R, et al.
Evaluation of vascular risk factors in patients with Parkinson’s syndrome.
Nervenarzt 1997;68:967–71.

28. Levine RL, Jones JC, Bee N. Stroke and Parkinson’s disease. Stroke
1992;23:839–42.

The CYP3A4*3 Allele: Is It Really Rare? Ron H.N. van
Schaik,1* Saskia N. de Wildt,2 Rebecca Brosens,2 Marianne van
Fessem,1 John N. van den Anker,2 and Jan Lindemans1 (De-
partments of 1 Clinical Chemistry and 2 Pediatrics, Uni-
versity Hospital Rotterdam, PO Box 2040, 3000 CA Rot-
terdam, The Netherlands; * author for correspondence:
fax 31-10-4367894, e-mail vanschaik@ckcl.azr.nl)

Enzymes of the cytochrome P450 system are involved in
the metabolism of a broad range of foreign compounds,
such as drugs, environmental pollutants, and carcinogens
(1 ). The most abundant enzyme in the human liver is
cytochrome P450 3A4 (CYP3A4) (2 ). This enzyme is
involved in the metabolism of .50% of all drugs used in
humans (3, 4), and the interindividual differences in the
pharmacokinetics of these drugs are thought to be related
to variations in CYP3A4 activity (4–6). These variations
may be caused by age and disease-related differences, by
drugs inducing or repressing transcription/translation, or
by genetic polymorphisms. Although the CYP3A4 gene
was initially thought not to be polymorphic, recent re-
ports have described three genetic variants of this gene:
CYP3A4*1B, CYP3A4*2, and CYP3A4*3 (7, 8). The allelic
frequency for the CYP3A4*1B allele, which contains
an A(2290)G substitution in the promoter region of
CYP3A4, ranges from 0.0% in Chinese and Japanese
Americans to .54% in African Americans (8, 9). Ameri-
can and European Caucasians were reported to have an
allelic frequency of ;4–5% (8–11). The CYP3A4*2 allele,
which encodes a Ser222Pro change, has an allelic fre-
quency of 2.7% in the white (Finnish) population (8 ).
Because variant alleles that are found in .1% of the
population are defined as genetic polymorphisms (12 ),
both the CYP3A4*1B and the CYP3A4*2 allele are consid-
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ered to be genetic polymorphisms of CYP3A4. In addition,
a variant allele found in the DNA of a single Chinese
subject contained a T1437C substitution (8 ). Because this
allele, encoding a Met445Thr change, was not found in
any other of the 91 subjects investigated in that study, it
was referred to as a rare allele.

In this study, we developed a PCR-restriction fragment
length polymorphism (RFLP) procedure for the detection
of the CYP3A4*3 allele. We used this assay to determine
the allelic frequency of CYP3A4*3. EDTA-whole blood
was obtained from 499 healthy Dutch Caucasian volun-
teers after informed consent. The study was approved by
the Medical Ethical Committee of the University Hospital
Rotterdam. We isolated genomic DNA from 300 mL of
blood, using the GenomicPrep Blood DNA Isolation re-
agent set (Amersham Pharmacia Biotech). DNA yields
were estimated by measuring the absorbance at 260 nm
(A260). A total of ;50 ng of genomic DNA was used in a
PCR volume of 50 mL. The PCR mixture contained 13
buffer [10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 50 mM
KCl, and 0.01 g/L gelatin (Perkin-Elmer)], 0.2 mM each
dNTP (Roche), 1.25 U of AmpliTaq Gold (Perkin-Elmer),
and 40 pmol of each of forward primer (59-TGG ACC
CAG AAA CTG CAT ATG C-39; nucleotides 23255–23276;
GenBank sequence AF209389) and reverse primer (59-
GAT CAC AGA TGG GCC TAA TTG-39; nucleotides
23483–23503; GenBank sequence AF209389). The nucleo-
tides underlined are mismatches with the CYP3A4 se-
quence, creating a NsiI restriction site in the wild-type
CYP3A4 PCR product. When the CYP3A4*3 allele is
amplified, this NsiI site is disrupted. PCR conditions were
as follows: 7 min at 94 °C; 35 cycles of 1 min at 94 °C, 1
min at 55 °C, and 1 min at 72 °C; and finally 7 min at
72 °C. The 249-bp PCR products of five DNA samples
were sequenced, confirming that indeed only the CYP3A4
gene was amplified.

The PCR product (15 mL) was digested with 10 U of NsiI
(Roche) for 2 h at 37 °C, and analyzed on a 3% MP
agarose/Tris-borate-EDTA gel with ethidium bromide
staining. The fragments produced were 226 and 23 bp for
the wild-type sequence (Fig. 1, lane wt/wt) and 249, 226,
and 23 bp for heterozygous sequences (Fig. 1, lane wt/*3);
the 23-bp fragments are not visible on the gel. Samples
that produced a heterozygous signal were reanalyzed
using the PCR-RFLP assay. Subsequently, heterozygosity
for CYP3A4*3 was confirmed by sequencing of the PCR
product with the reverse primer on an automated ABI 310
capillary sequencer (Perkin-Elmer) using the Big Dye
Terminator Cycle Sequencing reagent set (Perkin-Elmer).
To check reproducibility, the CYP3A4*3 assay was per-
formed 10 times for a wild-type and 10 times for a
heterozygous sample; the genotype was identified cor-
rectly each time.

The CYP3A4*3 PCR-RFLP assay was applied to 499
genomic DNA samples obtained from Dutch Caucasians.
In 488 cases, digestion of the 249-bp PCR product pro-
duced the 226- and 23-bp fragments, as expected for
wild-type samples, whereas in 11 cases (2.2%), the het-
erozygous signal was produced. No homozygotes were

detected. The allelic frequency of CYP3A4*3 in these
Caucasians was therefore 1.1%. These allelic and geno-
typic frequencies are in Hardy-Weinberg equilibrium
(P 5 0.80). In the heterozygous samples, direct sequencing
showed a mixed T/C peak corresponding to position
1437, indicating that the nucleotide change was indeed
T1437C in all cases.

Variant CYP3A4 alleles in the population may contrib-
ute to interindividual variability in CYP3A4 activity, and
detecting genetic polymorphisms may help to predict an
individual’s ability to respond to certain drugs. The
CYP3A4*3 allele, which has a T1473C change that pro-
duces a Met445Thr substitution in exon 12, was found in
only 1 Chinese subject from Shanghai and could not be
detected in 91 other individuals (8 ). Because of this,
CYP3A4*3 was described as being a rare allele, which may
lead researchers to assign a low priority to performing
functional studies on this allele. Our data indicate that the
CYP3A4*3 allele is not limited to a single individual, but
has an allelic frequency of 1.1% in Caucasians. This
implies that the variant CYP3A4*3 allele is not a rare
allele, but instead represents a genetic polymorphism that
can be found in a substantial part of the population. The
identification of the CYP3A4*3 variant allele as a genetic
polymorphism, in addition to the CYP3A4*1B and *2
polymorphisms, has implications for the number of vari-
ant CYP3A4 alleles to be expected in the population. The
CYP3A4*1B allele potentially alters the transcription effi-
ciency and thus the overall enzymatic activity of CYP3A4.
Although initial reports suggested decreased activity in
vivo (7, 13, 14), increased activity in vitro (15, 16) and no
effect (10, 14, 17) have also been reported. For the variant
allele CYP3A4*2, a decreased enzymatic activity was
observed for nifedipine, but not for testosterone (8 ). For
CYP3A4*3, the location of the amino acid that is changed
in the CYP3A4 protein is near the cysteine that is involved
in the active site of the enzyme (8 ). This might induce
structural differences, leading to alteration in enzymatic

Fig. 1. PCR-RFLP procedure for the CYP3A4*3 allele.
Analysis on a 3% agarose/Tris-borate-EDTA gel. Lane 0, undigested PCR product;
lane wt/wt, NsiI-digested PCR fragments of 226 and 23 bp for a wild-type DNA
sample; lane wt/*3, NsiI-digested PCR fragments of 249, 226, and 23 bp for a
heterozygous DNA sample. The 23-bp fragment is not visible. Lanes M, base pair
marker (50-bp ladder). Gel is printed as a negative.
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activity. However, expression studies need to be per-
formed to confirm this. Taking into account the allelic
frequencies of the genetic polymorphisms in CYP3A4
(10% heterozygous for CYP3A4*1B, 5.4% heterozygous for
CYP3A4*2, and 2.2% heterozygous for CYP3A4*3), this
implies that ;15% of the (Caucasian) population may
carry a genetic polymorphism in this allele. Because
genetic polymorphisms may exhibit strong differences in
occurrence among different ethnic groups, other popula-
tions need to be investigated to determine the allelic
frequency of CYP3A4*3.

In conclusion, we have described and validated a
PCR-RFLP assay for the CYP3A4*3 allele. The frequency
of this variant allele in the Caucasian population (1.1%)
indicates that it might be important in predicting CYP3A4
activity based on genotype. Future research should be
directed toward elucidating the effect of this polymor-
phism on CYP3A4 enzymatic activity and toward estab-
lishing whether this is solely a genetic, or also a func-
tional, polymorphism.

We thank the Bloodbank ZWN Rotterdam for their coop-
eration in collecting blood samples. We also thank Dr. Y.
Fang for technical assistance.
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Increases in Nitric Oxide Concentrations Correlate
Strongly with Body Fat in Obese Humans, Jong Weon
Choi,1* Soo Hwan Pai,1 Soon Ki Kim,2 Masafumi Ito,3 Chang
Shin Park,4 and Young Nam Cha4 (Departments of 1 Clinical
Pathology and 2 Pediatrics, College of Medicine, Inha
University Hospital, Inchon, 400-103, South Korea; 3 De-
partment of Pathology, Nagoya University Hospital,
Nagoya, 466-0065 Japan; 4 Department of Pharmacology
and Toxicology, Medicinal Toxicology Center, College of
Medicine, Inha University, Inchon, 400-103, South Korea;
* address correspondence to this author at: Department of
Clinical Pathology, Inha University Hospital, 7-206, 3-ga,
Shinheung-dong, Jung-gu, Inchon, 400-103, South Korea;
fax 82-32-890-2529, e-mail jwchoi@inha.ac.kr)

NO is produced in many different cells and is involved in
the regulation of such physiological and pathophysiolog-
ical processes as inflammation, vasodilation, and metab-
olism (1 ). Depending on the cell type, NO is produced in
an enzymatic reaction catalyzed by one of the three
isoforms of NO synthase (NOS): neuronal NOS, endothe-
lial NOS, and inducible NOS (2 ). Measurement of the NO
metabolites, nitrate and nitrite (NOx), is also important as
a marker of NOS enzyme activity.

Obesity is a condition involving an excess accumulation
of body fat, and the prevalence of obesity is rapidly
increasing worldwide. Excessive weight and obesity are
leading to nutrition-related disorders of clinical and pub-
lic health concern. Recent studies have suggested a role
for NO in the regulation of food intake in an animal
experiment (3, 4). Endothelial and inducible NOS have
been shown to be present in adipose tissue of the rat (5 ),
suggesting that adipose tissue may be a potential source
of NO production. Previous reports demonstrated that
NOS activity and inducible NOS protein were also
present in human subcutaneous adipose tissue (6 ) and
showed that inhibition of NOS led to increased lipolysis
in this tissue (7 ). However, how NO production changes
as body mass index (BMI) increases in apparently healthy
subjects has not been studied extensively. Moreover,
correlation studies of serum NOx concentrations, body fat
mass, and blood lipid concentrations in healthy subjects
are limited. Therefore, in the present study, we investi-
gated the changes in NOx concentrations according to
BMI and evaluated the relationships among NOx concen-
trations, total body fat, and lipid profiles in adolescents.
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