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Genome Plasticity . DNA Damage and Repair . DNA Methylation and Demethylation
Epigenetic Control of Genome Function

Genome dynamics in cell programming, aging
and human disease

DNA in our cells is continuously damaged through its exposure to reactive agents
of endogenous or environmental origin. Damage to DNA, however, does not only
occur randomly by chemical reactions, but also on purpose, by the action of en-
zymes, to increase genetic variance or alter cell fate determining epigenetic marks,
i.e., DNA methylation. Modifications of either kind occur thousands of times in our
DNA every day and need to be controlled if genome integrity is to be maintained.
We investigate molecular mechanisms underlying this dynamic instability of ge-
nomes. Over the past years, our research focus has been the role of DNA repair in
DNA demethylation and its contribution to the patterning and maintenance of epi-
genetic programs — hence - cell identity. We have been following three main lines
of investigation towards (i) unraveling the basic molecular mechanisms and func-
tion of active DNA demethylation, (ii) the relevance of DNA methylation control and
stability for human aging and disease, and (jii) the impact of the environment on
the stability of DNA methylation.

Shaping chromatin by DNA repair mediated DNA demethylation

An important long-term interest of our research has been a DNA repair pathway
controlled by the “Thymine DNA Glycosylase” (TDG). TDG first caught our atten-
tion because of its ability to remove thymine (T) or uracil (U) when mismatched
with guanine (G) in DNA. TeG and UeG mismatches arise frequently by hydro-
lytic deamination of cytosine (C) or 5-methylC (5mC) and, unless repaired, will
give rise to C>T mutations, the most prevalent base substitution found in our ge-
nomes. While its enzymatic activity implicates TDG in the anti-mutagenic repair
of these mismatches, our research led us to uncover a quite different function. It
started with the unexpected observation that a genetic defect in TDG causes de-
velopmental failure in a mouse model, due to aberrant gene expression and DNA
methylation patterning. Together with work of others on the biochemistry of trans-
eleven-translocation (TET) proteins, these findings indicated TDG to act in a path-
way for active DNA demethylation, operating through the oxidation of 5mC by TET
and replacement of the oxidized 5mC with a C through TDG dependent DNA re-
pair. We then found that TDG and TET indeed cooperate in differentiating cells to
drive cyclic methylation and demethylation at specific gene regulatory sequences.
We were able to show that TET1 and TDG physically and functionally interact to
form an active DNA demethylase, and to proof by full biochemical reconstitution
that the TET-TDG-repair system, coordinated by SUMO modification, is capable
of productive DNA demethylation. Ongoing work addresses, amongst other ques-
tions, the “biology” of TDG driven DNA methylation/demethylation cycling, in par-
ticular its implicated role in shaping chromatin and gene expression states in dif-
ferentiating cells.

(Epi)genetic maintenance by DNA repair

Aberrant DNA methylation contributes to tumorigenesis by deregulation of the ge-
nome, but exactly why and how such aberrations arise is largely unknown. Our
aim is to identify and mechanistically understand genetic und environmental con-
ditions modulating DNA methylation stability in human tissues. Investigating DNA
methylation stability in the human colonic mucosa with a molecular epidemiolog-
ical approach, we were able to decipher distinct patterns of age-dependent DNA
methylation drift and found the rate of such DNA methylation change to be mod-
ulated by lifestyle factors, including BMI, medication and smoking. This work in
healthy tissue allowed us then to derive cancer-specific patterns of aberrant DNA
methylation and, subsequently, to separate on that basis subtypes of colon cancer
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that evolve through different molecular pathways associated with and without a
CpG-island methylator phenotpype (CIMP). Mechanistically, we were able to show
CIMP in colon cancer to be a consequence of a malfunction in TET dependent ac-
tive DNA demethylation, caused by BRAF-induced downregulation of TET1. Cur-
rent work addresses the mechanism underlying this link between oncogenic sig-

nalling an epigenetic remodelling.

Fig.1: TDG dependent DNA
excision repair controls epi-
genetic states through DNA
demethylation.

Connection to Clinical Practice

PD Dr. Kaspar Truninger

Truninger is an Gastroenterologist leading the clini-
cal parts of the cancer epigenetics projects.

Fig.2: TDG and TET hydrox-
ylases cooperate in cyclic
DNA methylation and active
oxidative demethylation at
CpG di-nucleotides in the ge-
nome. TDG excises 5-fC and
5-caC, thereby initiating ex-
cision repair incorporating
an unmethylated C. 5-mC, 5-
methylcytosine; 5-hmC, 5-hy-
droxymC; 5-fC, 5-formylC;
5-caC, 5 carbocylC.
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Fig.3: Lifestyle factors mod-
ulate the rate of DNA methyl-
ation drift in the aging colonic
mucosa and, by inference,
early events of colorectal car-
cinogenesis.

Selected Publications

Noreen F, Chaber-Ciopinska A, Regula J, Schar P and
Truninger K (2020). Longitudinal analysis of healthy co-
lon establishes aspirin as a suppressor of cancer-relat-
ed epigenetic aging. Clin Epigenet 12, 164.

Noreen F, Kung T, Tornillo L, Parker H, Silva M, Weis S,
Marra G, Rad R, Truninger K and Schéar P (2019). DNA
methylation instability by BRAF-mediated TET silenc-
ing and lifestyle-exposure divides colon cancer path-
ways. Clin. Epigenet. 11, 196.

Steinacher R, Barekati Z, Botev P, Ku$nierczyk A, Slup-
phaug G and Schéar P. SUMOylation coordinates
BERosome assembly in active DNA demethylation dur-
ing cell differentiation (2019) EMBO J. 38: €99242.

Manser M, Sater M, Schmid C, Noreen F, Murbach M,
Kuster N, Schuermann D and Schér P (2017). ELF-MF
exposure affects the robustness of epigenetic pro-
gramming during granulopoiesis. Sci Rep 7, 43345.

Weber A, Krawczyk C, Robertson A, Kuénierczyk A, Vag-
be CB, Schuermann D, Klungland A and Schar P (2016).
Biochemical reconstitution of TET1-TDG-BER-depen-
dent active DNA demethylation reveals a highly coordi-
nated mechanism. Nat. Commun. 7, 10806.

127






