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Abstract
Aims/Background—An A to G substitu-
tion at base pair 3243 in the mitochondrial
tRNA Leu(UUR) gene (mt3243) is commonly
associated with maternally inherited
diabetes and deafness, and other diseases.
It is possible that cell free mitochondrial
DNA exists in serum and plasma from
these patients, and these samples might be
a source of material for the detection of
such mutations.
Methods—Sixteen patients with type 2
diabetes mellitus and 25 healthy subjects
were tested for the 3243 mutation by
polymerase chain reaction restriction
fragment length polymorphism (PCR-
RFLP) analysis. Plasma and serum from
the 41 subjects were tested blind, without
knowledge of the final diagnosis.
Results—PCR amplification of the
mtRNA Leu(UUR) region in mitochondrial
DNA (mtDNA) in serum samples revealed
the presence of mtDNA in all samples.
After ApaI digestion of the amplified DNA
fragments, mt3243 was detected in the
serum and plasma samples of the seven
patients with diabetes who had previously
been found to have this mutation in their
leucocyte DNA. None of the serum/plasma
samples from the healthy subjects or those
patients negative for mt3243 in their
leucocytes had this mutation (p < 0.001).
In addition, the degree of heteroplasmy of
mt3243 appeared to be higher in serum
and plasma samples than in leucocytes
among mt3243 carriers (p < 0.05).
Conclusions—Therefore, mtDNA and as-
sociated mutations are present and de-
tectable in serum and plasma. Plasma and
serum might be alternative sources for the
molecular diagnosis of mt3243 associated
diabetes mellitus, as well as other mito-
chondrial mediated diseases.
(J Clin Pathol 2000;53:466–469)
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Human mitochondrial DNA (mtDNA) en-
codes the ribosomal and transfer RNAs
(tRNAs) for ribosomal protein synthesis, and
enzyme subunits of complexes in the respira-
tory chain.1 Mutations in mtDNA have been
reported to be associated with a variety of
diseases.2–9 One of the most common muta-
tions, an A to G substitution at base pair (bp)
3243 in the mitochondrial tRNA Leu(UUR) gene

(mt3243), has been found in patients with
neural and muscular dysfunction, including a
syndrome of myopathy, encephalopathy, lactic
acidosis, and stroke like episodes; chronic pro-
gressive external ophthalmoplegia; myopathy;
preeclampsia; and eclampsia.2–7 This mutation
is also associated with a subtype of diabetes
known as maternally inherited diabetes and
deafness.8 9 The prevalence of mt3243 varies
considerably among diVerent ethnic groups
and patients with diabetes with diVerent modes
of clinical presentation.10

Pathogenic mtDNA usually exists in hetero-
plasmic form, with the existence of both
mutant and wild-type mtDNA in aVected cells.
The degree of heteroplasmy also varies consid-
erably in diVerent tissues and among diVerent
individuals. Leucocytes, which are currently
used by most workers as the source of mtDNA,
generally contain a lower proportion of mutant
mtDNA than other cells such as those from
muscle, brain, and oral mucosa.11–13 Moreover,
the amount of mutant mtDNA has been shown
to decrease in leucocytes with aging.14 Thus,
analysis of mutant mtDNA in blood leucocytes
might not be suitable in elderly people with a
low degree of heteroplasmy.

The use of plasma and serum as sources of
genomic DNA for molecular diagnosis has
raised interest because of its non-invasive
nature and ease of sample collection. Recent
studies have demonstrated that tumour specific
DNA and fetal DNA are detectable in the
plasma and serum of patients with cancer15–19

and pregnant women, respectively.20 These
reports prompted us to investigate whether
mtDNA, the other human genome, is detect-
able in serum and plasma samples, and
whether these samples might be an alternative
source of material for the detection of mito-
chondrial mediated diseases. In our study, the
presence of mtDNA and the most common
mt3243 mutation in serum and plasma of
patients with type 2 diabetes mellitus was
investigated.

Patients and methods
All subjects were ethnic southern Chinese
living in Hong Kong. Sixteen patients with type
2 diabetes and 25 healthy subjects (age range,
20 to 40 years; recruited from hospital staV)
were included in our study. Among the 16
patients with diabetes (age range, 23 to 79
years), seven were known to have the mt3243
mutation in their leucocyte DNA. Initially, we
identified two patients with diabetes with this
mutation.9 Subsequently, we screened 917
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patients and identified a further five using
identical methodology. These seven patients,
together with nine further patients in whom the
mutation was not present in their leucocytes,
were included in this investigation. Of the seven
patients positive for mt3243 in their leuco-
cytes, six had a history of maternal diabetes
(except patient M6), and three of them
belonged to the same pedigree (M4, M8, and
M9). Type 2 diabetes was diagnosed according
to the 1985 WHO criteria.21 Informed consent
was obtained from all participating subjects
and approval for our study was obtained from
the Chinese University of Hong Kong clinical
research ethics committee. A 10 ml blood
sample was collected and aliquoted into one
tube containing EDTA and one plain tube.
DNA was then isolated from serum, plasma,
and leucocytes and genotyped for mt3243.

SAMPLE PREPARATION

Blood samples collected in EDTA and plain
tubes were centrifuged at 3000 ×g for collection
of plasma and serum, respectively. After plasma
removal, the buVy coat and red blood cell pellet
were saved for DNA extraction. The serum and
plasma samples were recentrifuged at 3000 ×g
and collected in new tubes to avoid the carry
over of blood cells. All the samples were then
stored at −20°C until further analysis.

DNA EXTRACTION FROM LEUCOCYTES, SERUM,
AND PLASMA

Leucocyte DNA was extracted by a standard
method involving proteinase K and
phenol/chloroform.22 Serum and plasma DNA
were extracted by a similar method. In brief,
100 µl of serum or plasma was mixed with an
equal volume of digestion solution (20 mM
Tris/HCl (pH 8.0), 2 mM EDTA, 0.1% so-
dium dodecyl sulphate (SDS), and 0.8 mg/ml
proteinase K) and incubated at 56°C for four
hours. DNA was then extracted using phenol/
chloroform followed by chloroform. DNA was
precipitated with ethanol and sodium acetate
and air dried. The precipitated serum and
plasma DNA were dissolved in 20 µl of double
distilled water, and stored at −20°C for further
analysis.

MT3243 GENOTYPING AND MEASUREMENT

We deliberately concealed the identity of the
subjects and rearranged the order of the plasma
and serum of the subjects. Mt3243 genotype
was determined by PCR using the primer set:
5'-AGG ACA AGA GAA ATA AGG CCT-3'
(nucleotides (nt)3130–3149) and 5'-AAC
GTT GGG GCC TTT GCG T-3'
(nt3423–3404).1 Reactions were carried out in
20 µl volumes containing 200 ng DNA from
blood leucocytes or 2 µl of serum or plasma
DNA extracted from 10 µl serum or plasma,
10 mM Tris/HCl, 50 mM KCl, 1.5 mM
MgCl2, 0.2 mM of each dNTP, 0.5 µM of each
primer, and 0.5 U of Taq DNA polymerase.
PCR was performed for 40 cycles with
denaturation at 94°C for 45 seconds, annealing
at 55°C for 45 seconds, and extension at 72°C
for one minute. Next, 0.5 µCi of [á33P]dATP
was added and one more cycle was performed.

Labelling of the PCR product during the last
cycle rather than the first cycle prevents under-
estimation of the proportion of mutant
mtDNA as a consequence of heteroduplex for-
mation during the PCR.3 9 Aliquots (5 µl) of
the PCR products were then digested with 5 U
ApaI (Gibco BRL, Rockville, Maryland, USA)
for two hours at 30°C and then electro-
phoresed using 8% denaturing polyacrylamide
gels at 1000 V for two hours and visualised by
electronic autoradiography. The presence of
mt3243 allowed the 294 bp product to be
cleaved into 180 and 114 bp fragments. Stand-
ards containing 0–100% mutant mt3243
(made by mixing a cloned DNA carrying no
mt3243 mutation and another cloned DNA
carrying > 99% mutant mt3243 in diVerent
proportions, kindly given by Dr J van den
Ouweland, Leiden University, the Nether-
lands) were also included in the assay. The
intensity of the bands was measured by means
of an Instantimager (Packard, Canberra Com-
pany, Meridan, Connecticut, USA). The pro-
portion of mt3243 in a sample was calculated
by dividing the intensity of mutant bands (114
and 180 bp) by the total intensity of both wild-
type and mutant bands. Two separate analyses
were carried out and the average of the two
analyses was used for subsequent comparison.
DiVerences in the degree of heteroplasmy
between the leucocyte and serum fractions,
and between the leucocyte and plasma frac-
tions were analysed using the Wilcoxon signed
rank test (SigmaStat 2.0). A p value < 0.05 was
considered to be significant.

Results
The optimum amount of serum DNA for PCR
amplification was assessed in healthy controls
by subjecting DNA extracted from 1 µl and
10 µl serum to mt3243 PCR. When the PCR
reaction was carried out using 1 µl serum
DNA, amplification of a 294 bp fragment was
seen in 17 of 25 healthy subjects. However, all
the 25 samples showed the 294 bp band when
10 µl serum DNA was added as a template.
Thus, 10 µl serum or plasma DNA were used
in subsequent experiments.

The degree of heteroplasmy of mt3243 was
determined by incorporating [á33P]dATP in
the last cycle of PCR followed by ApaI
digestion. The cleavage of the 294 bp fragment
by ApaI into 180 and 114 bp fragments
revealed the presence of mt3243. Labelling of
the PCR product at the last cycle permitted
correct measurement of the degree of hetero-
plasmy because heterodimers formed during
PCR could not be cleaved by ApaI.23 The
eVectiveness of the enzymatic cleavage of the
PCR fragments was shown by including known
percentages of mutant mt3243 (1% and 100%)
(fig 1).

The mt3243 mutation was detected in the
plasma and serum samples in which the muta-
tions were detected in leucocyte DNA using
the same PCR and digestion conditions. Seven
plasma and serum samples from patients with
type 2 diabetes were scored as positive for
mt3243, whereas the other nine samples from
the patients with diabetes and the 25 samples
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from the healthy subjects showed no mutant
bands. Thus, there was 100% concordance
with the results obtained from leucocyte DNA
(p < 0.001).

The degrees of heteroplasmy in mt3243
were compared among serum, plasma, and
blood leucocyte samples. The proportion of
mt3243 in the seven aVected patients varied
from 1.1% to 13.5% in blood leucocytes, 1.5%
to 35.2% in serum, and 1.6% to 36.5% in
plasma (table 1 and fig 1). The amounts of
mutant mt3243 in the serum fraction were
higher than in the corresponding leucocyte
fraction (Wilcoxan signed rank test,
p = 0.031). Similarly, the amounts of mutant
mt3243 in the plasma fraction were higher than
in the corresponding leucocyte fraction (Wil-
coxan signed rank test, p = 0.016).

Discussion
In our study, mtDNA was detectable in plasma
and serum samples from 25 healthy subjects
and 16 patients with diabetes. Moreover, a
mitochondrial mutation commonly found in
patients with maternally inherited diabetes and
deafness, mt3243, was detectable in both
serum and plasma samples of patients with
diabetes, and the amount of mutant mtDNA
was significantly higher than that in blood leu-
cocytes. Previous studies have shown that
tumour specific DNA and fetal DNA are
present in plasma and serum from patients
with cancer and pregnant women.15–20 This
genomic DNA exists as oligonucleosomes in

which DNA is bound to histones and has a
short half life.24–26 In contrast, mtDNA is not
bound to histones and might be more suscepti-
ble to degradation. Therefore, our observations
support and extend the notion that DNA
(including mtDNA) is present in the circula-
tion and that it might be possible to use serum
and plasma for molecular diagnosis of mt3243
associated diabetes.

Patients with diabetes had increased
amounts of mt3243 in serum and plasma com-
pared with leucocytes. The underlying mech-
anism and importance of this finding are
unclear. It is possible that cell lysis from diVer-
ent tissues, as a result of physical and
pathological damage, might lead to the release
of cell free DNA into the circulation. Thus, the
amount of mutant mtDNA detected in serum
and plasma might reflect the average degree of
heteroplasmy in diVerent types of cells, rather
than in leucocytes alone. The clinical
importance of the raised mt3243 in patients’
plasma or serum is worthy of investigation—for
example, it might correlate with active disease
staging or responses to stress or drug adminis-
tration. In the latter case, serum and plasma
mt3243 measurements might be potential
markers of drug eYcacy if drugs are developed
to interfere with the relative growth of wild-
type and mutation carrying mitochondria in
the future.

The methodology described in our study
represents an alternative approach to the
examination of the genetic basis of mtDNA
related disease using samples other than blood
leucocytes. This might be particularly useful in
elderly subjects, where mt3243 measurements
are low in leucocytes.14 Moreover, serum is an
invaluable source in situations where the
patients’ tissues and blood leucocytes are not
readily available—for example, in retrospective
surveys involving patients who have either died
or are not available, but whose serum has been
saved. A similar approach may be applicable to
the study of other mitochondrial mediated dis-
eases such as the syndrome of myopathy,
encephalopathy, lactic acidosis, and stroke like
episodes; chronic progressive external ophthal-

Figure 1 Comparison of the degrees of heteroplasmy detected in blood leucocytes, serum, and plasma in seven patients with
diabetes who were positive for mutation mt3243. Lanes 1 and 2, 1% and 100 % mutant mt3243 controls, respectively;
lanes 3–5, 6–8, 9–11, 12–14, 15–17, 18–20, and 21–23 are degrees of heteroplasmy of mt3243 in the seven patients with
diabetes (M8, M4, M9, M12, M13, M2, and M6, respectively). In each case, results are presented in the order of
leucocytes, serum, and plasma samples (from left to right). U denotes the position of the uncleaved wild-type PCR product.
C1 and C2 denote the positions of the restriction products of the mutant PCR product.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

U

C1

C2

Table 1 Proportions of mt3243 mutation in leucocytes,
serum, and plasma of patients with type 2 diabetes mellitus

Subject Age/Sex

Per cent mt3243 heteroplasmy

Leucocytes Serum Plasma

*M8 F/39 8.9 8.9 11.2
*M4 M/35 5.1 6.2 6.1
*M9 F/32 1.2 3.5 3.6
M12 F/37 13.0 25.2 29.3
M13 M/23 1.1 8.6 7.4
M2 F/38 13.5 35.2 36.5
M6 M/79 1.4 1.5 1.6

Each result is the average of two separate analyses.
*Same pedigree.
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moplegia; myopathy; eclampsia; and preec-
lampsia.
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