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Physiological concentrations of glucocorticoids induce pathological DNA
iSO H | double-strand breaks
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Nuclear receptors induce rapid transcriptional responses as transcription factors upon
binding to ligands, including androgen, estrogens, and corticosteroids together termed
'steroid' hormones. Corticosteroids include two main classes, glucocorticoids (GCs) and
mineralocorticoids. Cortisol is a crucial GC in the human body and is essential for life.
GCs bind to the glucocorticoid receptor (GR). Ligand-bound GR regulates the
transcription of numerous GR-target genes as a transcription factor. GR-mediated
signaling suppresses immune cells. Dexamethasone (Dex), a synthetic GC, has been
widely used clinically for suppressing immune reactions in patients with allergies,
autoimmune diseases, organ transplantations, and COVID-19. Cortisol binds to both
GR and mineralocorticoid receptors, whereas Dex binds only to GR. Dex has ~50
times more potent GR-stimulating activity than cortisol. Serum cortisol is at 80 — 700
nM, and the clinically relevant concentration of Dex is 6 — 250 nM.

DNA Topoisomerase II (TOP2) plays a vital role in transcriptional responses to
various extracellular signals, including nuclearreceptor ligands, cytokines,
neurotransmitters, heat shock, and transcriptional elongation. TOP2 catalyzes
topological changes by strand passage reactions, where one intact double-stranded
DNA duplex passes through a transiently formed enzyme-bridged break in the other
DNA (gated helix). The enzyme-bridged break consists of a TOP2 homodimer
covalently bound to the 5 DNA ends of the break, forming TOP2-DNA
cleavage-complex intermediates (TOP2ccs). TOP2 seals TOP2ccs and is released from
rejoined genomic DNA. TOP2 often fails to seal, called ‘abortive catalysis’ leading to
the generation of cytotoxic DSBs called stalled TOP2ccs. Re-ligation of stalled
TOP2ccs is carried out by coordinated reactions of Tyrosyl-DNA phosphodiesterase 2
(TDP2) and non-homologous end-joining (NHEJ). NHEJ plays the dominant role in
DSB repair during GO/G1 phases and requires DNA-dependent protein kinase
catalytic subunit (DNA-PKcs) and Ligase IV. NHEJ is incapable of joining DSB ends
carrying blocking adducts such as 5' TOP2 adducts. TDP2 removes 5' TOP2 adducts
from stalled TOP2ccs before ligation by NHEJ. TDP2 and BRCA1-MREI11l are
complementary to each other in removing 5' TOP2 adducts.

A sex hormone, dihydrotestosterone, causes persistent TOP2-dependent DSBs at its
physiological concentrations. Likewise, physiological concentrations of estrogens are
highly genotoxic, and this genotoxicity is dependent on both estrogen receptors (ERs)
and TOP2. These data demonstrated the frequent formation of stalled TOP2ccs
during the early transcriptional response to the sex hormone. However, GCs are
believed to have no detectable genotoxicity or carcinogenicity since they are one of the
most widely prescribed drugs. Previous studies poorly studied GC-induced DSBs at
serum concentrations.

This paper revealed that the exposure of primary lymphoid cells to Dex at a clinically
relevant concentration (10 nM) induced one YH2AX focus, the biomarker of individual
DSBs, per cell on average, even in the presence of proficient DSB repair. A
physiological concentration (100 nM) of cortisol and 10 nM of Dex induced multiple

YH2AX foci in each Gi phase cell deficient in BRCA1, TDP2, or NHEJ. This article
demonstrated that cortisol and Dex induce DSBs by activating GR and generating
stalled TOP2ccs in Go/Gi cells. NHEJ very efficiently seals these DSBs as
DSB-repair-proficient cells poorly exhibited GC-induced YH2AX and 53BP1 foci. This
conclusion agrees with the fact that GCs do not have any mutagenic potential. The
inhibition of RNA polymerase II reduced the number of cortisol-induced DSBs only
less than 50% in the Gi phase, which data agree with estrogen-induced DSBs. The
data suggested the frequent formation of irreversible TOP2ccs at transcriptional
regulatory sequences during the early transcriptional response since it involves active
TOP2 catalysis at enhancers and promoters. In conclusion, cortisol and Dex generate
many TOP2-dependent DSBs during transcriptional induction of target genes.
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