
imply that germline hemi-allelic methylation
of MLH1 could be transmitted vertically.

A paper from Ward’s group arrived at a
different conclusion with respect to germline
hemi-allelic methylation or epimutation of
MLH1.3 They documented two additional sub-
jects carrying an MLH1 epimutation, who also
met clinical criteria indicative of a diagnosis of
‘‘HNPCC’’. Additionally, the epimutation was
present in spermatozoa of one of the affected
subjects. The second finding not only fitted
with a germline defect but also provided
evidence for vertical transmission of the defect.
The authors therefore advanced the concept of
MLH1 epimutation as a new cause of HNPCC.3

Nevertheless, it may be questioned if epimuta-
tions can in fact be inherited. Although germ-
line hemi-allelic methylation was indeed
shown in single members of two families that
met certain clinical criteria for HNPCC, this is
hardly surprising as the search for the epimu-
tation was conducted exclusively in members
of families registered in cancer family clinics.
This ascertainment bias aside, it is now clear
(as stated above) that when a family happens
to meet a particular clinical definition of
‘‘HNPCC’’ this does not automatically prove
the existence of an underlying altered DNA
mismatch repair gene (the basis for Lynch
syndrome).4 Although one of the affected
subjects indeed showed methylation of MLH1
in spermatozoa, this was in ,1% of spermato-
zoa.3 Should such an affected sperm succeed in
fertilising an ovum, subsequent clearance of
methylation during early embryogenesis would
negate the effects of vertical transmission of
the affected allele.

Ward et al subsequently showed the de novo
origin of germline hemi-allelic methylation of
MLH1 in a male subject who was shown to
have inherited the methylated allele from his
mother in whom the same allele was not
methylated.15 These authors nevertheless con-
tinued to claim that MLH1 epimutation was
‘‘weakly’’ heritable, although they also contra-
dicted themselves in the same paper by
asserting that there was no evidence that
MLH1 epimutation could be inherited. Wong
et al now cite the four preceding reports on this
topic as providing evidence for the heritability
of germline epigenetic change.

In summary, the balance of evidence sug-
gests that genetic mechanisms will be found to
at least partially explain the evolution of CIMP-
positive CRCs and will account for a subset of
families that may mimic Lynch syndrome. On
the other hand, there is no evidence to support
the inheritance of MLH1 epimutation.

J R Jass
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Methylene blue but not indigo
carmine causes DNA damage to
colonocytes in vitro and in vivo at
concentrations used in clinical
chromoendoscopy
Identification of mucosal abnormalities is
aided by the use of dyes during colonoscopy
(chromoendoscopy).1 Two dyes that have
found particular favour are methylene blue
and indigo carmine.2 3

Methylene blue, which, unlike indigo car-
mine, is taken up by cells, induces cellular DNA
damage in vitro via the generation of singlet
oxygen when photoexcited by white light.4 In
contrast, indigo carmine appears to be photo-
stable and to possess little potential to damage
genetic material in vitro.5 6 A recent clinical
study has shown that the extent of DNA
damage (particularly oxidative DNA damage)
in human oesophageal cells is increased after
methylene blue chromoendoscopy.7 Additional
iatrogenic oxidative DNA damage to epithelial
cells is of particular concern in such precancer-
ous tissue because of the association between

oxidative DNA damage, mutagenesis and the
development of malignancy.8 We hypothesised
that indigo carmine would induce less DNA
damage than methylene blue both in vitro in
cultured colon cells during simulated chro-
moendoscopy conditions and in vivo in colonic
biopsy samples collected at chromoendoscopy.

We used the alkaline comet assay to deter-
mine DNA damage in the cells treated with
methylene blue/indigo carmine and white
light. This is a sensitive technique for analysing
and measuring such damage in mammalian
cells, with the percentage of DNA in the comet
tail being linearly related to DNA damage.9 The
inclusion of the DNA repair enzyme, Fapy-
DNA-glycosylase (FPG), in the comet assay
results in the excision of oxidised guanines to
yield additional DNA strand breaks that are
detectable in the comet assay.10 This allows an
estimation of specific oxidative DNA damage to
cells. In all the experiments described below,
the cell viability exceeded 70%.

To simulate chromoendoscopy in vitro, 50 ml
of either 0.1% methylene blue or 0.1% indigo
carmine dye was added to a monolayer of
cultured CaCo2 adenocarcinoma cells for 2 min
in the presence and absence of cold white light.
Only low levels of DNA damage are found in
cells in both the alkaline and the FPG-modified
comet assay when the exposure is to white
light alone (fig 1). Treatment with indigo
carmine either in the light or in the dark, or
with methylene blue in the dark did not result
in any major change in the extent of DNA
damage compared with controls. In contrast,
cells treated with methylene blue in the light
showed a salient increase in DNA damage
compared with controls in both the alkaline
and the FPG-modified comet assay (p,0.001).

For in vivo experiments, ethical approval and
patient consent were obtained to take biopsy

Competing interests: None.

Figure 1 CaCo2 cells exposed to 0.1%
methylene blue (MB) or 0.1% indigo carmine (IC)
either in white light or in the dark for 2 min.
Control cells (CON) were treated with white light
only (no dye). Data are presented as mean (SE)
tail DNA (%) for three experiments. Both the DNA
damage from the alkaline comet assay (CA; no
fill) and the additional damage with Fapy-DNA-
glycosylase (FPG; fill) are shown. (A) Significance
at p,0.001 relative to control cells in the alkaline
or FPG-modified comet assay. (B) Significance at
p,0.001 in methylene blue versus indigo
carmine cells under the same experimental
conditions (either in the light or in the dark) in the
alkaline or the FPG-modified comet assay. (C)
Significance at p,0.001 in methylene blue-
treated cells in the light versus in the dark in the
alkaline or FPG-modified comet assay.
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samples from colonic mucosa during routine
endoscopic examination. Mucosal biopsy sam-
ples were taken from the same area of the
colon before and after the application of 2 ml
of 0.1% methylene blue or indigo carmine dye
onto the colonic mucosa.

Patients in the methylene blue chromoendo-
scopy group, but not those in the indigo
carmine group, had significantly greater DNA
damage in biopsy samples after dye spraying
than before the application of dye in both the
alkaline (p = 0.014) and the FPG-modified
comet assay (p = 0.002; table 1).

Of the 10 patients receiving methylene blue
chromoendoscopy, eight had higher levels of
DNA damage, post-endoscopy, measured by
alkaline comet assay, and all had higher levels
of DNA damage, measured by the FPG-
modified comet assay.

Our study highlights the potential for the
induction of DNA damage by methylene blue
when used as a dye during colonoscopy. It is
reasonable to suggest that any iatrogenic DNA
damage induced in colonocytes by dye spraying
should be avoided where possible, particularly in
high-risk groups such as patients with ulcerative
colitis. The efficacy of methylene blue versus
indigo carmine during chromoendoscopy has
not been formally compared, but if assumed to
be equal, indigo carmine rather than methylene
blue should be considered for use.
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Méné trier’s disease
The Editor’s quiz in Gut (1993;52:1572) fea-
tured a most interesting presentation of
Ménétrier’s disease (hypertrophic protein los-
ing gastropathy). There is a recognised associa-
tion between Ménétrier’s disease and infection
with Helicobacter pylori. In two retrospective
studies, between 30% and 90% of patients with
Ménétrier’s disease were associated with H
pylori.1–4 Further, Bayerdörffer et al reported
marked improvement of the condition after
eradication of H pylori. Is it possible that the
reported case in the Editor’s quiz was colonised
with H pylori and if so, would the patient
benefit from eradication treatment?
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Table 1 Median DNA damage measured by the standard comet assay and the
Fapy-DNA-glycosylase- modified comet assay before and after methylene blue and
indigo carmine dye spraying in the two groups of patients

Patient group n

Median DNA
damage (IQR)
before spraying (%)

Median DNA
damage (IQR) after
spraying (%)

p Value (Wilcoxon’s
test)

IC spraying (standard
comet assay)

10 7.2 (5.1–15.8) 5.3 (4.1–11.7) 0.084

IC spraying (FPG-
modified comet assay)

10.5 (6.0–32.1) 12.3 (5.9–17.3) 0.492

MB spraying (standard
comet assay)

10 5.9 (4.9–8.1) 12.0 (5.2–19.8) 0.014

MB spraying (FPG-
modified comet assay)

9.8 (7.5–14.0) 34.3 (23.9–58.8) 0.002

FPG, Fapy-DNA-glycosylase; IC, indigo carmine; IQR, interquartile range; MB, methylene blue.
Biopsy samples were digested with 100 ml of 0.5% pronase and 100 ml of 0.3% collagenase in 800 ml
DMEM at 37 C̊ for 1 h, to create a single-cell suspension for comet assay analysis.

Ethical approval was given by the Harrogate Local
Research Ethics Committee to collect biopsy samples
from 20 patients undergoing elective sigmoidoscopic

and colonoscopic examinations for a variety of clinical
indications at the Endoscopy Department at The General
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Q1107/16).
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