In-depth investigation of diet-related DNA adduct formation via DNA adductomics:
To eat or not to eat red meat!?
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1. Introduction

In 2015, the International Agency for Research on
Cancer and the World Health Organization issued that red
meat is ‘probably carcinogenic to humans’ and processed
meat is ‘carcinogenic to humans’. Epidemiological research
has demonstrated that red meat consumption significantly
contributes to colorectal cancer (CRC) risk. Different
hypotheses have been put forward to explain this causal
relationship but the heme hypothesis, stating that heme iron
in red meat stimulates the formation of genotoxic N-nitroso
compounds (NOCs) and lipid peroxidation products
(LPOs), has received the most support. Both NOCs and
LPOs can exert DNA damaging effects like e.g. DNA
adduct formation. DNA adduct formation is believed to be
the first step in chemically induced carcinogenesis.
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DNA adduct RT
Trihydroxybutyl-U (-) 0.72
Cro-G (+) 0.96
Carboxyl-A (+) 0.96
Methyl-C (+) 0.96
OHE-C (+) 1.01
1,N2-propano-G (+) of Carboxyethyl-A (+) 1.04
Hydroxy-C (+) 110
Nitro-C (+) 1.15
Carbe methyl-G (-) or Glyoxal-G (-)

(+) or C: &) 1.24

1,N2-propano-G* (-) or Carboxyethyl-A* (-) 175
Carboxyl-A* (+) 177
Hydroxymethyl-A (+) or Methoxy-A (+) or Methyl-G (+) 1.85
1,N2-propano-G** (+) of Carboxyethyl-A** (+) 1.93
Methoxymethyl-G (+) 2.21
M2-G () 356
M2-acetaldehyde-A (-) 3.65
M1-acetaldehyde-A (-) 3.65
Dimethyl-G (+) or Ethyl-G (+) or Hydroxyethyl-A (+) or Methoxymethyl-A (+) 3.66
Hydroxybutyl-A (+) 3.78
Hydroxyhydro-C (-) 3.79
Hydroxybutyl-G (+) 3.83
Dimethyl-G* (+) or Ethyl-G* (+) or Hydroxyethyl-A* (+) or Methoxymethyl-A* (+) 3.88
Hydroxyhydro-C* () 412
M2-acetaldehyde-A* (-) 4.18
M1-acetaldehyde-A* (-) 4.18
Dodecenoate-C (+) 4.22
Trihydroxybutyl-U (+) 4.27
Hep- ) 4.29
Dodecenoate-A (-) 4.35
HydroxyethylIC (-) or Methoxymethyl-C (<) 4.37
Dodecenoate-G (-) 4.40
c ) of 5} 450
HNE-C (+) 4.61
M3-C (+) 4.64
Hydroxyethyl-C* (-) or Methoxymethyl-C* (-) 4.80
Dodecenoat ite-A (+) 4.86
Dodecenoate-A* (+) 4.94
0ct-G () 5.35
Carbamoylhydroxyethyl-G (+) 5.48
M2-acetaldehyde-G (-) 5:50

Figure 1. Heat map of DNA adducts in the liver,
duodenum and colon of rats fed a high or low fat chicken or
beef diet (HF = high fat, LF = low fat, Ch = chicken, Be =
beef). Darker shades of blue represent higher DNA adduct
levels.

2. Approach

DNA adductomics is a fairly recently breached branch
of metabolomics that accommodates the assessment of the
environmental exposure to genotoxic chemicals. We
developed a novel DNA adductomics methodology to
enable a more in-depth investigation of diet-, and more
specifically, NOC- and LPO-related DNA adduct
formation. More specifically, an in-house diet-related DNA
adduct database and a high resolution mass spectrometry
(HRMS) based methodology were established. After
successful validation (1), the state-of-the-art DNA
adductomics platform was implemented to investigate the
genotoxic effects of red vs. white meat digestion. Beef
(model for red meat) and chicken (model for white meat)
were digested in vitro (static model) as well as in vivo
(Sprague-Dawley rats), after which the DNA adductome of
digestion samples (in vitro setups) and tissues (in vivo
setup) was mapped. Data processing and statistical
interpretation was executed with Xcalibur~, SPSS, SIEVE~,
and SIMCA™.

3. Results

Combining the results from 3 independent in vitro and
1 in vivo digestion experiment(s), 7 DNA adduct types,
including  O--carboxymethylguanine,  dimethyl- or
ethylthymine, = methylguanine,  heptanalguanine, a
malondialdehyde-guanine adduct, and a malondialdehyde-
cytosine adduct could be singled out as potential red meat
digestion markers (2).

4. Discussion

The discovery of red meat digestion related DNA
adduct markers is highly relevant to the red meat-CRC
hypothesis because their formation may be linked to DNA
alkylation and/or oxidation by e.g. NOCs and/or LPOs.
Follow-up research should further investigate the role of
DNA adduct formation in the red meat-CRC pathway as
well as the mutagenic potential and human in vivo
relevance of the proposed DNA adduct markers. In
addition, these results demonstrate that the in-house DNA
adductomics platform offers new and highly promising
perspectives for the assessment of the genotoxic effects of
environmental chemicals.
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