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Abstract

Relative levels of DNA hypermethylation were quantified in DS individuals using a new method based on a combination of meth-
ylation-sensitive arbitrarily primed polymerase chain reaction (MS-AP-PCR) and quantification of DNA fragments with the Agilent
2100 bioanalyzer. Four of the DS individuals had low plasma total homocysteine (tHcy) level (4.3 ± 0.3 lmol/l) and 4 other had
high-tHcy level (14.1 ± 0.9 lmol/l). Eight healthy control individuals were matched to the DS cases for age, sex, and tHcy levels. We
have identified and quantified six hypermethylated fragments. Their sizes ranged from 230-bp to 700-bp. In cases and controls, low-tHcy
did not affect methylation level of identified fragments, mean methylation values were 68.0 ± 39.7% and 52.1 ± 40.3%, respectively.
DNA methylation in DS individuals did not change significantly (59.7 ± 34.5%) in response to high-tHcy level in contrast to controls
(23.4 ± 17.7%, P = 0.02). Further, the quantitative MS-AP-PCR using this microfludic system is a useful method for determining dif-
ferential genomic DNA methylation.
� 2006 Elsevier Inc. All rights reserved.
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There is evidence that individuals with trisomy 21
(Down syndrome) have abnormal one carbon (folate/ho-
mocysteine) metabolism resulting in altered DNA meth-
ylation. Recently, we demonstrated that plasma
homocysteine, S-adenosylmethionine (AdoMet), and S-
adenosylhomocysteine (AdoHcy) levels were significantly
decreased in children with Down syndrome (DS). These
alterations were associated with lymphocyte genomic
DNA hypermethylation relative to normal siblings [1].
The low level of methionine metabolites is consistent
with an over expression of the cystathionine beta-syn-
thase (CBS) gene which is located on chromosome 21.
The associated 157% increase in CBS activity is thought

to deplete homocysteine and its metabolic precursors
[2,3].

Methylation of specific cytosines in promoter region CpG
islands is a major mechanism for regulation of gene expres-
sion [4]. DNA methylation is necessary for normal embryon-
ic development and may affect gene expression during
embryonic development and differentiation [5]. The increase
in global DNA methylation in lymphocytes of children with
DS observed in our previous study was unexpected in the
context of reduced AdoMet and AdoHcy levels [1]. It is pos-
sible that the DNA hypermethylation reflected the presence
of three highly methylated sequences of chromosome 21 [6–
8]. The ability to detect methylation changes in DS is of crit-
ical importance to determine whether alterations in DNA
methylation contribute to the observed down-regulation of
certain genes.
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Given the fact that DNA methylation patterns can vary
among individuals, we have developed a sensitive and
quantitative method to determine relative levels of DNA
methylation in individuals with DS as compared to age
and sex-matched controls according to their plasma total
homocysteine level. Hypermethylated DNA fragments were
detected by methylation-sensitive arbitrarily primed poly-
merase chain reaction (MS-AP-PCR) as described by Gonz-
algo et al., [9] and Liang et al., [10]. As in their method
quantitative information cannot be obtained from visual
inspection of restriction patterns, we combined the MS-
AP-PCR and DNA fragments quantification capability with
the Agilent 2100 bioanalyzer. The bioanalyzer is a novel type
of capillary electrophoresis instrument for nucleic acid sepa-
ration based on microfluidic technology [11,12]. It utilizes
lab-on-a-chip to perform electrophoresis. The 2100 expert
software allowed real-time analysis of the data.

Subjects and methods

Subjects and DNA samples. To demonstrate the application MS-AP-
PCR with bioanalyzer quantification, we selected 8 DNA samples from
individuals with full trisomy 21 (4 with low tHcy level, 4 with high tHcy
level), and 8 DNA samples from healthy controls (4 with low tHcy level, 4
with high tHcy level) with an age of 18 ± 2 years. Frozen samples from an
earlier study were used [13]. The protocol was approved by the Ethics
Committee for studies with human subjects of CHU de Nancy and vol-
unteers gave their informed consent for the investigation. Fasting blood
from participants was collected by venipuncture and immediately placed
on ice. All samples were processed by centrifugation for 20 min at 2000g

and aliquots were stored at �20 �C until analysis. Fasting tHcy concen-
tration, total amount of protein and non-protein bound homocysteine
were determined by HPLC [14]. Red blood cell (RBC) folate and serum
folate were measured by immunoassay (Abbott, Rungis, France). Geno-
mic DNA was isolated from white blood cells (WBC) with the use of the
NucleoSpin Blood Quick Pure (Machery-Nagel, Cergy Pontoise, France).

DNA digestion and methylation-sensitive AP-PCR. Restriction enzymes
RsaI, HpaII, and MspI were purchased from NEB (Beverly, MA). The
Taq polymerase was from Appligen (Illkirsh, France). The MS-AP-PCR
method was performed as described by Gonzalgo et al., [9]. Briefly, 500 ng
of DNA in 10 ll was digested with either 5 U of RsaI, or 5 U of
RsaI + 5 U of the methylation sensitive restriction enzyme HpaII, or 5 U
of RsaI + 5 U of MspI. Mixtures were incubated at 37 �C for 16 h, fol-
lowed by incubation at 65 �C for 20 min to inactivate the enzymes. HpaII
and MspI are two isoschizomers known to discriminate between methyl-
ated and unmethylated CpG sites. Digestion with either RsaI, RsaI +
HpaII, or RsaI + MspI were used as a rapid and efficient means of pre-
paring DNA for MS-AP-PCR analysis. The RsaI restriction enzyme in
combination with HpaII and MspI generates smaller fragments of DNA
prior to AP-PCR amplification and reduces the number of potential
artifacts that might be generated [10]. Two microliters of digested DNA
was amplified in 50 ll of total volume, with 50 pmol of a single primer (5 0-
AAC CCT CAC CCT AAC CCC GG) as sense and antisense, 200 lM
each of four deoxynucleotide triphosphates, 1.6 U of Taq polymerase,
4 mM MgCl2, and 10 mM Tris–HCl buffer (pH 8.0). The AP-PCR pro-
gram utilized 5 low-stringency cycles (94 �C for 30 s, 40 �C for 60 s, 72 �C
for 90 s) followed by 27 increased-stringency cycles (94 �C for 15 s, 55 �C
for 15 s, 72 �C for 60 s). Low stringency PCR permits the identification of
differentially methylated bands. The random association of primers with
genomic DNA at low annealing temperatures produced multiple PCR
fragments detected by fluorescence and visible as peak by the bioanalyzer
software [11].

Chip preparation and DNA methylation quantitation by Bioanalyzer

2100. Chip-based separations were performed using the Agilent Bioana-

lyzer 2100 (Agilent Technologies, Palo Alto, CA), using the DNA 1000
LabChip kit (Agilent Technologies, Waldbronn, Germany) according to
the manufacturer’s instructions. The instrument allows for highly sensitive
laser-induced fluorescence detection using an intercalating dye, which is
added to the polymer (gel). The bioanalyzer software automatically cal-
culates size and concentration of each separated band and displays the
results in real-time [11]. For analysis of AP-PCR products, gel matrix of
the DNA 1000 LabChip kit was prepared by adding 25 ll of dye to a gel
vial. The gel/dye mixture was filtered through a spin filter. The chip was
filled with the gel/dye mixture and 9 ll of gel/dye mixture were added to
the buffer wells. Sample and ladder wells were filled with 5 ll of DNA
marker solution before adding 1 ll of ladder and sample in the respective
wells. The chip was vortexed and placed in the bioanalyzer for analysis.
The PCR products were separated, detected and quantified automatically.
The intercalating dye within the sieving matrix allows migrating DNA
fragments to be detected using fluorescence imaging. It was not necessary
to dilute the PCR products before analyses. The chip preparation time was
about 5 min including loading of samples. Typically, a chip assay run time
was about 30 min.

Determining linear range of AP-PCR for quantification. The linear
range for quantitative PCR amplification was determined as follows:
100 ll of PCR master mix was prepared including 4 ll digested DNA with
RsaI + HpaII. The mixture was divided into aliquots which were then
subjected to AP-PCR. After the 5 low-stringency cycles (94 �C for 30 s,
40 �C for 60 s, 72 �C for 90 s), aliquots were removed from the thermal
cycler at 18, 21, 24, 27, 30 and 33 cycles of the increased-stringency con-
ditions (94 �C for 15 s, 55 �C for 15 s, 72 �C for 60 s), and then resolved in
LabChips.

Statistical analysis. Statistical analyses were performed using StatView-
5 (SAS, North Carolina, USA) on a Macintosh computer. Comparisons of
quantitative data were done by analysis of variance (ANOVA), followed
by post-ANOVA Bonferroni/Dunn test. Results are presented as
means ± SD. A P value less than 0.05 was considered statistically
significant.

Results

The mean tHcy level in DS cases and controls with
low-tHcy was 4.3 ± 0.3 lmol/l and 3.7 ± 0.6 lmol/l,
respectively. The mean tHcy level for cases and controls
with high-tHcy was 14.4 ± 0.4 lmol/l and 15.5 ±
2.3 lmol/l, respectively (Table 1). To be able to assess
DNA methylation in different samples, we first determined
the linear range of AP-PCR using Rsa I + Hpa II digested
DNA. Cycles 24–30 of the increased-stringency condition
were in the linear range. Amplification with 27 cycles was
chosen for quantification. Fragments were determined to
be hypermethylated if present after RsaI + HpaI digestion
but absent or decreased significantly after RsaI + MspII
digestion. The presence of a fragment indicated that a
methylated -CCGG- site was present between the two posi-
tions of primer hybridization. We used concentration of
fragments (Cfrag) generated by bioanalyzer software to cal-
culate the percentage of methylation as follows:

Mv ¼ 100� CfragRsaIþMspI

CfragRsaIþ HpaII
� 100

� �

¼ % of methylation for identified DNA fragment:

CfragRsaI + HpaII: correspond to the concentration of
specified fragment after RsaI + HpaII digestion.

CfragRsaI + MspI: correspond to the concentration of
specified fragment after RsaI + MspI digestion.
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