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Noninvasive diagnosis of the 3243A4G
mitochondrial DNA mutation using urinary epithelial
cells
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The 3243A4Gmutation is one of the most frequently observed mutations of mitochondrial DNA (mtDNA),
and is associated with numerous clinical presentations including mitochondrial myopathy,
encephalopathy, lactic acidosis and stroke-like episodes (MELAS), progressive external ophthalmoplegia
(PEO) and diabetes and deafness. The routine diagnosis of the 3243A4G mutation in blood is difficult as
mutation levels are known to decrease in this tissue over time, while in some patients it may be absent. We
have directly compared the levels of the 3243A4G mutation in skeletal muscle, blood and urinary
epithelial cells in 18 patients and observed a striking correlation between the mutation load in postmitotic
muscle and urinary epithelium, a mitotic tissue. These data strongly support the use of urinary epithelial
cells as the tissue of choice in the noninvasive diagnosis of the 3243A4G mutation.
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Introduction
The 3243A4G mutation in the tRNALeu(UUR) gene of

mitochondrial DNA (mtDNA) is associated with a number

of different clinical phenotypes. It was first described in

patients with the syndrome of mitochondrial myopathy,

encephalopathy, lactic acidosis and stroke-like episodes

(MELAS), characterised by seizures, episodes of vomiting,

migraine and recurrent stroke-like episodes and is reported

in more than 80% MELAS cases.1 It is also found in families

with progressive external ophthalmoplegia (PEO) or ma-

ternally inherited diabetes mellitus, with or without deaf-

ness,2 and is arguably the most common heteroplasmic

mtDNA point mutation, with a prevalence of B1:15 000 in

certain populations.3 The diversity of clinical phenotype is

not fully understood, but is thought to be related to the

level and tissue distribution of mutation load since a clear

correlation exists between certain clinical features and the

level of 3243A4G mutation in skeletal muscle.4

Screening for the 3243A4G mutation is not only part of

the routine diagnostic workup for patients with suspected

mtDNA disease,2 but it also enters the differential diagnosis

of patients with diabetes and deafness, young stroke and

unexplained cardiomyopathy. Determining the mutation

load in asymptomatic and presymptomatic relatives of

affected individuals contributes informative data on those

at risk of developing symptoms and is a useful guide

for genetic counselling. Although the noninvasive genetic

testing of blood samples is common for some mtDNA

disorders,5 patients with the 3243A4G mutation

have consistently higher mutation levels in postmitotic

muscle than blood,6 introducing the potential for
Received 30 January 2004; revised 23 March 2004; accepted 26 March

2004

*Correspondence: Dr RW Taylor, School of Neurology, Neurobiology and

Psychiatry, The Medical School, Framlington Place, University of

Newcastle upon Tyne, Newcastle upon Tyne NE2 4HH, UK.

Tel: þ 44-191-2223685; Fax: þ 44-191-2228553;

E-mail: r.w.taylor@ncl.ac.uk

European Journal of Human Genetics (2004) 12, 778–781
& 2004 Nature Publishing Group All rights reserved 1018-4813/04 $30.00

www.nature.com/ejhg



reporting false-negative results.7 With longitudinal studies

showing the level of 3243A4G mutation to decrease in

patient’s blood over time,8,9 the analysis of 3243A4G

mutation load in blood is probably a poor indicator of the

overall mutation load in affected tissues and therefore not

a good choice for noninvasive diagnostic testing.10

This has prompted investigators to explore other tissues

as a source of DNA for routine screening of the 3243A4G

mutation, including epithelial cells and hair shafts, with

many investigators reporting higher mutation levels in

these various tissues than those expressed in circulating

lymphocytes.11–13 Interestingly, Dubeau et al commented

that mutation levels in urinary epithelial cells were

consistently higher than those observed in blood and

buccal cells from four individuals with this mutation.14

Here, we present data that show the level of 3243A4G

mutation in urinary epithelium to be a useful indicator of

the level observed in skeletal muscle, a finding which we

believe has important implications for both clinical

practice and diagnosis.

Patients and methods
Patients

We studied 18 patients with the 3243A4G mutation, all of

whom had been referred for investigation at the Depart-

ment of Neurology, University of Newcastle upon Tyne,

UK. Every individual had previously consented to these

investigations, and in each case, the initial molecular

diagnosis of the 3243A4G mutation had been confirmed

in skeletal muscle DNA following needle muscle biopsy.

Molecular genetic analyses

Total DNA was extracted from skeletal muscle and 4ml

EDTA-blood using standard Proteinase-K/SDS digestion

protocols followed by phenol/chloroform extraction. Ur-

inary epithelial cells were pelleted from 20ml urine by

centrifugation, and total DNA extracted as described

above. Typical DNA yields from this volume of urine were

between 0.4–1.0 mg total DNA.

The level of the 3243A4G mutation was determined in

each sample by last hot cycle PCR-RFLP analysis, a

technique previously shown to be sensitive down to a

level of 0.5% mutant mtDNA.15 Briefly, a 154-bp fragment

of mtDNA encompassing the mutation site within the

tRNALeu(UUR) gene was amplified (30 cycles) using the

forward primer L3200 (nucleotides 3200–3218) and the

reverse primer H3353 (nucleotides 3353–3334). Following

the addition of 30pmol of each primer, 5 mCi [a-32P]dCTP
(3000Ci/mmol) and 1U of Taq polymerase, PCR reactions

were subjected to an additional cycle of amplification.

Labelled products were precipitated and digested at 371C

with 7.5U Hae III (Roche Biochemicals). Restriction

fragments were separated through a 12% nondenaturing

polyacrylamide gel, dried onto a support and exposed to a

PhosphorImager cassette. The level of mtDNA heteroplas-

my was quantified using ImageQuant software (Molecular

Dynamics). A single Hae III recognition site in the wild-

type product generates fragments of 117, and 37bp, while

the 3243A4G transition generates an additional recogni-

tion site cleaving the 117bp fragment into two smaller

products of 72 and 45bp.

Results
We determined the level of the 3243A4G mutation in

skeletal muscle, blood and urinary epithelial cells from 18

patients, permitting a direct comparison of mutation load

between these three tissues. Our findings are shown in

Table 1. In all patients, the level of 3243A4G mutation in

muscle was higher than that observed in blood, and with

the exception of one individual (patient 7), the mutation

load in urinary epithelial cells was always higher than the

level in blood (Table 1). Strikingly, we observed a close

correlation between the levels of 3243A4G mutation in

muscle and urinary epithelial cells for many of the patients

(Table1 and Figure 1; Pearson’s correlation coefficient,

r¼0.40, P¼0.045). Only three individuals (patients 5, 7

and 17) showed poor correlation between the observed

mutation loads in these two tissues (Table 1), although

their clinical manifestations reflect the 3243A4G muta-

tion load in muscle as has been previously reported.4

Patients 5 and 7 presented with ataxia and encephalo-

pathy, respectively, while patient 17 has diabetes and

deafness.

Discussion
With a reported frequency of 10.2 index cases per 100000

in some populations,3 methodologies that can accurately

diagnose the 3243A4G mutation are an important

component of any laboratory undertaking genetic testing

of patients suspected of having a mitochondrial DNA

disorder. Although the noninvasive genetic testing of

blood samples is advocated and continues to be practiced,5

a greater understanding of basic mitochondrial genetics

through the study of patients has shown us that there are

inherent problems in studying pathogenic mtDNA point

mutations in this tissue. Many mtDNA mutations are

restricted to skeletal muscle, which is commonly the

clinically affected tissue. Furthermore, in addition to

3243A4Gmutation loads decreasing in blood over time,8,9

previous investigations have shown that analysis of this

tissue is not as helpful in predicting the prognosis of a

patient’s disease, with no obvious correlation between

mutant load and patient’s clinical features.4 The finding of

lower mutation levels in blood is thought to be due to the

rapidly dividing nature of these cells. High levels of the

3243A4Gmutation cause a severe respiratory chain defect,
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and presumably, preferential selection of lymphocytes with

more wild-type genomes. This results in lower levels of the

point mutation with age and thus difficulties with

diagnosis.

It has been previously shown in some patients with the

3243A4Gmutation that the proportion of mutant mtDNA

is higher in urinary epithelial cells, another mitotically

active tissue, than blood.14 This prompted us to explore the

relevance of these cells in the laboratory diagnosis of

3243A4G more fully by directly comparing 3243A4G

mutation levels in three tissues (skeletal muscle, blood and

urinary epithelial cells) from 18 of our patients. In keeping

with other laboratories, we find that the 3243A4G

mutation level in urine is consistently higher than that

seen in blood, and typically reflects the mutation load

present in skeletal muscle (Sara Shanske, personal commu-

nication). As this measure is a proven means of predicting

clinical outcome, we would advocate that urinary epithe-

lial cells should be the tissue of choice in the noninvasive

diagnosis of the 3243A4G mutation.

The reason for these apparent high mutant loads in these

cells is more difficult to explain. Embryologically, the

ectodermal germ layer gives rise to the CNS, and the

mesodermal layer to muscle and the vascular system.

Muscle and the CNS, both postmitotic, are common

affected tissues in patients with the 3243A4G mutation.

The mesodermal layer also gives rise to the urogenital

system with the exception of the bladder, and therefore the

urinary epithelia, which are derived from the endodermal

germ layer. Given that each layer gives rise to a tissue that

can demonstrate high levels of this mutation (CNS,

muscle, urinary epithelia), it would indicate that the initial

mutation level throughout the embryo is equal in all

layers, at odds with this segregation occurring during

differentiation of the germ layers.16 The demonstration of

little variation in heteroplasmy in different foetal tissues

with the 3243A4G mutation further supports this.17 There

is therefore no evidence that the origin of the tissues causes

the similarity in the mutation levels that we observed.

Moreover, unlike the scenario in blood, it appears that

selection against cells harbouring the mutation is not

occurring as seen in other mitotic tissues. This may be due

to differences in respiratory demand, permitting the

mutation to accumulate, or at the level of selection. We

have recently shown that human colonic crypt cells,

another epithelial cell, can accumulate pathogenic mtDNA

mutations to very high levels,18 a phenomenon that we

believe can be explained by virtue of these cells being short

lived, and without significant selection against harmful

mutations, they accumulate. Interestingly, a similar ob-

servation has also been made in hair follicles from patients

with the 3243A4G mutation.12

In conclusion, the correlation we observe between the

levels of 3243A4G mutation in urinary epithelia and

skeletal muscle is fascinating, and while further studies are

required to determine whether this is true of other

pathogenic mtDNA mutations, we would recommend

using urinary epithelial cells in routine screening for the

3243A4G mutation. Although the molecular genetic

analysis of skeletal muscle is widely acknowledged to be

the ‘gold standard’ in the investigation of patients with

suspected mtDNA disease, the screening of 3243A4G in

urine has distinct advantages over this tissue and is

unlikely to yield the false negative results that are

Table 1 Comparison of the levels of the 3243A4G mutation in skeletal muscle, blood and urinary epithelial cells in 18
patients

Patient Age (years) % level of 3243A4G in muscle % level of 3243A4G in blood % level of 3243A4G in urinary epithelia

1 50 87 22 (+2) 74 (+2)

2 29 87 35 (+6) 80 (+6)

3 41 81 13 (+7) 82 (+7)

4 63 76 18 (+6) 49 (+6)

5 57 73 5 (+5) 37 (+5)

6 27 71 36 52
7 35 68 33 (+5) 21 (+5)

8 30 67 15 62
9 31 66 16 57

10 38 58 8 (+5) 55 (+5)

11 36 56 14 (+5) 72 (+5)

12 47 53 2 54
13 54 52 14 51
14 38 50 8 (+6) 54 (+6)

15 35 47 8 23
16 33 35 14 (+3) 14 (+3)

17 45 32 16 (+4) 91 (+4)

18 45 11 1 8

The numbers in brackets refer to the time delay (in years) between the measurements in these two tissues and the original genetic diagnosis being
made in skeletal muscle.
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occasionally seen in blood.7 Muscle biopsy is an expensive,

inconvenient procedure, while a 20ml urine sample will

contain enough cells to extract an adequate amount of

DNA for testing, be obtained in the clinic and forwarded to

the specialist diagnostic centre without the need for

freezing, making it the most convenient sample to analyse.

With mtDNA mutations being increasingly recognised in

the paediatric population,19,20 the noninvasive nature of

genetic testing in urine offers a most attractive alternative

to muscle biopsy.
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Figure 1 Molecular analysis of the 3243A4G mutation.
(a) Quantitation of the relative amounts of mutant and
wild-type mtDNA in different tissues from patient 12,
highlighting the observed variation in intertissue distribu-
tion of the 3243A4G mutation. U, uncut sample; C,
control; M, skeletal muscle; B, blood; Ur, urinary epithelial
cells; (b) Plot of % 3243A4G mutation level in muscle
versus urinary epithelial cells for the 18 patients.
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