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Methylation ofDNA in megaloblastic anaemia

J Perry, I Chanarin, R Deacon, M Lumb

Abstract
Methylation of cytosine residues in DNA
samples, collected before and serially
after cobalamin treatment from patients
with- cobalamin deficiency, was studied
using restriction endonucleases Hpa II
and Msp I and an E globin gene probe.
There was no evidence of hypomethyl-
ation in any of the samples. It was con-
cluded that although hypomethylation of
metabolites such as choline occurs, that of
DNA is preserved in megaloblastic
anaemia.
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There are two de novo pathways for the
synthesis of methionine in mammals. Both
involve the transfer of a methyl group to
homocysteine to yield methionine. In one path-
way the methyl group is donated by betaine and
in the second it is donated by 5-methyltetra-
hydrofolate. Cobalamin is an intermediary in
the second reaction, the methyl group from
methylfolate being transferred to cobalamin to
yield methylcobalamin before being trans-
ferred to homocysteine. The enzyme is meth-
ionine synthetase. Methionine in turn is con-
verted into S-adenosylmethionine and this is
the principal transmethylating agent in mam-
mals. It provides methyl group in the synthesis
of choline as well as for methylation of cytosine
residues in DNA. Impaired methylation in
cobalamin deficiency was first shown in 19531
and has been confirmed many times since, most
recently in animals whose cobalamin had been
inactivated by exposure to the anaesthetic gas
nitrous oxide.2
About 5% of the cytosine residues in DNA

are normally methylated. This is of particular
interest in relation to megaloblastic anaemia
because hypomethylation is a possible explana-
tion for two unexplained phenomena in
megaloblastic anaemia. One is the noticeably
increased activity of a wide range of enzymes,
the best studied being lactic acid dehydrogen-
ase. Within a few days of treatment with the
deficient vitamin the activity of these enzymes
returns to normal. Enzyme activity is regulated
by the state of methylation of DNA, being
completely inactive when fully methylated (as
with inactivation of one of the X chromosomes
in all cells in women), or increasingly active
when DNA is hypomethylated.3 The other
phenomenon is the presence ofmegaloblasts. It
is presumed that megaloblasts occur as a result
of impaired coiling of DNA. With plasmid
DNA, hypomethylation is accompanied by
impaired coiling of DNA strands.4 Hoffbrand

and Pegg reported that there was no change in
5-methylcytosine concentrations in DNA in
megaloblastic anaemia,5 but Karasawa et al
reported a significant fall in DNA methylation
in pernicious anaemia.6

Methods
The activity of two restriction enzymes that
cleave DNA at cytosine, cytosine, guanine,
guanine (CCGG) sequences were studied. Msp
I cleaves all such sites but Hpa II will only
cleave CCGG sequences when either both or
just the internal cytosine is methylated. An £
globin gene probe, kindly donated by Dr J M
Old of Oxford, was used.

Six patients with pernicious anaemia were
studied. Their haemoglobin concentrations
ranged from 5-6 to 106 g/l and all had grossly
megaloblastic marrows. DNA was prepared
from peripheral blood leucocytes collected
before and every two to three days after treat-
ment with cobalamin for up to three weeks.
DNA was also extracted from the marrow of
three of these patients as well as from two
normoblastic marrows.
DNA was extracted from peripheral blood,

essentially as described by Maniatis et al,7 and
from air-dried bone marrow slides by the
method of Fey et al.8 The DNA was digested
firstly by the restriction endonuclease Hind
III, followed by digestion with a fivefold excess
of the restriction endonucleases Hpa II or Msp
I, according to the manufacturer's instructions
(Boehringer Mannheim; East Sussex,
England). The restriction fragments were elec-
trophoresed in 09% agarose gels and theDNA
transferred to nitrocellulose membranes
(Hybond C; Amersham International,
England) using Southern blotting.9 The mem-
branes were then hybridised to a 32P-nick trans-
lated E globin gene probe and autoradiographed
at - 700C, with intensifying screens, for two to
14 days.

Results
The figure shows the autoradiograph ofDNA
from two patients digested with Hind III and
Hpa II and hybridised to the "P-labelled E
globin probe. Most ofthe DNA that hybridised
to the probe was 7-5 kilobase pairs in length
before cobalamip treatment and this remained
unchanged in all the samples tested after treat-
ment. There was therefore no change in the
number of cytosine sites methylated through-
out the period of study.

Similar results were obtained with the other
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Southern blot analysis of leucocyte DNA from two patients with pernicious anaemia and
a normoblastic control after Hind III/Hpa II digestion and hybridisation to an erglobin
gene probe. zDNA cleaved with Hind III was used asfragment size marker. The times
before and after vitamin B12 treatment are shown. Samples were collectedfor two days
before treatment (- Id, Od) and up to 17 days after treatment.

four patients using both marrow and leucocyte
DNA. There was no difference in results
between normoblastic and megaloblastic
marrows.

Discussion
We failed to show hypomethylation ofDNA in
megaloblastic anaemia. Similar results were
obtained by Dr R Green in Cleveland, USA

(personal communication). On the other hand,
impaired methylation of phospholipids is well
established.' 2 0o
The cell seems to have priorities in the use of

limited metabolic products. Utilisation of
formate for purine synthesis is therefore
impaired but further analysis shows that this
applies only to guanine synthesis; synthesis of
adenine is well maintained.2 This presumably
reflects the essential role of adenine in coen-
zyme function such as adenosine diphosphate
and nicotinamide adenine dinucleotide
phosphate, etc. Similarly, it seems that
methylation of DNA is preserved but that of
less vital structures such as some phospholipids
is left hypomethylated.
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