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Unraveling the novel function of the DNA repair enzyme 8-
oxoguanine-DNA glycosylase in activating key signaling
pathways
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Base excision repair (BER) is the main mechanism for removing oxidized base damage from
DNA, and the repair pathway is conserved from prokaryotes to mammals. Defective BER
has been associated with multiple diseases and also contributes to aging, both presumably
due to the accumulation of unrepaired base lesions. Now an unexpected link between 8-
oxoguanine DNA glycosylase-1-initiated DNA BER (OGG1-BER) and cell signaling
activation via the RAS homology small GTPase (RHO) has been established by a group of
investigators led by Dr. Boldogh, which is published in this issue of Free Radical Biology &
Medicine [1]. This paper is the latest in a series from the Boldogh laboratory linking OGG1-
BER to increased levels of activated small GTPases, including canonical RAS family
members and RAC1 [2-4].

The low reduction potential of guanine (G) among nucleic acid bases [5] makes it the
predominant target for oxidation by reactive oxygen species (ROS), generating 7,8-
dihydro-8-oxoguanine (8-0x0G). When unrepaired, 8-0xoG accumulates in the mammalian
genome and has been linked to carcinogenesis, cellular senescence, aging, and aging-
associated diseases [6]. The basis for 8-oxoG-mediated mutagenicity during carcinogenesis
is well established, for example 8-0xoG adopts a syn conformation that can base pair with
adenine (A), resulting in a G-C to T-A transversion. However, with numerous scientific
reports implicating base damage accumulation in the pathobiology of various human
diseases, it is still not clear whether base damage accumulation is the cause or a
consequence of the disease process. To address this important issue, researchers have
generated knockout mouse models lacking base-specific DNA glycosylases, including
OGGL. Surprisingly, embryonic development of OGG1-null mice [7,8] is not impaired, the
life span is unaltered, and there is only a modest predisposition to tumorigenesis despite
supraphysiological levels of genomic 8-0x0G. More unexpectedly OGG1-null mice have
increased resistance to inflammation [9,10]. These observations raised the possibility that it
may not be the genomic level of 8-o0xoG (or other oxidized guanines, such as FapyG) but the
free 8-0x0G generated by BER that provides the linkage to disease/aging processes as
previously proposed [11].
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Although this theory is novel and attractive, the role of free 8-0xoG is not obvious.
Observations indicated that OGGL1 binds 8-0x0G base (OGG1-8-0x0G) with high affinity.
Interestingly, the free FapyG base, as abundant as 8-0xoG in oxidatively damaged DNA, is
an equally good OGGL1 substrate but does not bind OGGL1. Furthermore, OGGL1 did not bind
8-0xo0dG, emphasizing the specificity of the OGG1 and 8-0xoG interaction [2]. The
significance of these observations became apparent when evidence indicated that 8-0xoG
induced a conformational change in OGGL1 that allowed interaction with and activation of
small GTPases. Specifically, in the presence of 8-oxoG, OGG1 caused displacement of K-,
N-, and H-RAS-bound GDP with GTP. Interestingly, subsequent analysis showed that
OGG1-8-0x0G also catalyzed the release of bound GTP, suggesting that it indiscriminately
releases the nucleotide and allows rebinding [2], thus functioning as a guanine nucleotide
releasing factor (GRF), similar to other RASactivating factors [12]. Increasing the cellular 8-
oxoG level by adding it to cells or activating OGG1-BER in cellulo rapidly increased RAS—
GTP levels, which induced phosphorylation of the MAPK kinase (MEK1/2) and
extracellular signal-regulated kinase (ERK1/2) and the latter’s nuclear translocation [2,3].

The RHO family of small GTPases makes up a large portion of the RAS superfamily. The
well-characterized family members are RHOA, RAC (RAC1 and its isoforms RAC2 and
RAC3), and Cdc42. Because of high sequence homology among RAS and RHO family
GTPases, Boldogh’s group examined whether the repair of oxidatively damaged DNA by
OGG1, and subsequent formation of OGG1-8-0x0G complex, activates the RHO family
member RACL. Hajas et al. [4] reported that in addition to the canonical RAS family
members, the OGG1-8-0x0G complex physically interacts with guanine nucleotide-free and
GDP-bound RACL. This interaction resulted in a rapid increase in levels of RAC1-GTP or
GDP — GTP, but not GTP — GDP exchange, thus OGG1-8-0x0G functions as a
prototypical guanine nucleotide exchange factor (GEF; OGG1ggp) [4]. Taken together,
these results imply that the OGG1-8-0x0G complex functions as a GRF for canonical RAS
family GTPases [2], whereas it has GEF activity for RAC1 [4].

In the study reported in this issue, Luo et al. provided insight into the biological
consequences of OGG1-initiated repair of DNA by demonstrating that only OGG1-
expressing cells displayed increased activation of RHO-GTPase owing to oxidative stress.
These results are unexpected as small GTPases are redoxsensitive [1]. The effect of ROS on
these GTPases is similar to that of GEFs, in that they modulate the guanine nucleotide
binding of the GTPase, ensuring an increase in their GTP-bound forms [13]. Therefore, the
rate-limiting role of OGG1 expression in RHO activation is extremely surprising and cannot
be explained so far.

To obtain initial information on the role of OGG1 in RHO activation, Luo and colleagues
first examined OGG1’s ability to bind RHOA in vitro. OGG1 physically interacts with
RHOA protein, but does not require 8-0xoG, an unexpected observation that is distinct from
that for 8-oxoG-dependent binding of OGG1 to RAS or RAC1 [2-4]. The authors then
elegantly showed that interaction of OGG1 alone with RHO was not sufficient for GDP —
GTP exchange; however, a rapid increase in RHOA-GTP levels was observed after the
addition of 8-ox0G base to the in vitro reaction mixture. Moreover, their results
demonstrating that exposing cells to the product of OGG-BER 8-0x0G base led to increased
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RHOAGTP levels, supporting the possibility that OGG1-BER is indeed coupled to RHO
activation in oxidatively stressed cells.

The physiological functions of the RHO family GTPases are diverse, including modulation
of cellular signaling, gene expression, cell-cell interactions, cell migration, reorganization of
intracellular filaments, and regulation of the extracellular matrix. To test for the functional
significance of RHOA activation by OGG1CEF | the assembly of contractile actomyosin
stress fibers, a well-established consequence of RHOA activation, was investigated.
Activation of RHOA resulted in polymerization of a smooth muscle actin (a-SMA) into
stress fibers in both human and mouse fibroblasts, as documented by microscopic imaging
and via molecular approaches. Moreover, ablation of OGG1 via siRNA significantly
decreased not only RHOA activation but also a-SMA polymerization into stress fibers in
oxidatively stressed or 8-oxoGchallenged cells. Importantly, challenging mouse lungs with
the OGG1-BER product 8-0xo0G resulted in RHOA activation and consequent a-SMA
polymerization into the cytoskeleton.

The findings described in this and previous papers show an unexpected link between OGG1-
intiated BER and cellular signaling initiated via the RAS and RAS homology family
GTPases [2-4]. It is likely that second messengers such as 8-0xoG resulting from the
OGG1-initiated repair of oxidatively damaged DNA, which occurs continuously, act
synergistically with the oxidative stress-induced signaling. This paper thus documents a
novel discovery—the role of OGG1 in physiological and pathophysiological cell signaling
(Fig. 1). The authors speculate that decreased OGG1 activity during aging and in diseased
tissues is tightly associated and could be a cellular defense against exacerbation of
pathophysiological processes.
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Fig. 1.
Proposed model of cellular signaling and pathophysiological processes resulting from

OGG1-initiated repair of oxidatively damaged DNA.
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