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Replicative polymerases stall at damaged
template DNA in UV-irradiated cells, which hamper
cell proliferation. To circumvent the crisis, ubiquitin
ligase Rad18 mono-ubiquitinates PCNA to promote
translesion  synthesis (TLS) via recruiting
polymerase 1. Thus, Radl8 maintains genomic
DNA stability to prevent tumorigenesis. Rad18 also
plays role to maintain spermatogenesis and
hematopoiesis. On the other hand, we propose that
cancer cells “hijack” Radl8 to reprogram TLS
providing a new way for tumors to achieve tumor
progression via stabilization of Radl8 by
cancer/testis melanoma antigen A-4. We will
elucidate following subjects. (1) How Radl8
suppress tumorigenesis in normal cells (2)
mechanism of how Radl8 contribute to maintain
somatic stem cells (3) how Radl8 contribute to
reprogram TLS to achieve tumor progression in
pro-cancer cells.

EEGHMETOMEEFEBAEE O&E3 (BT IL)

a TR BE D DHEFFRE D
(FF R A TE MR D #EF)

15 Iin ¥ A& T oD ZE it 1

RIETOERDHMEF

]

R E - TSR O#FCE S

Rad18IZ£5
PCNAD l
AEFFiE DNAZE S EE N
=S o

Ll

L

VN

HEERT AN

BiesFEmz R,
EEENT-DNAISIT T,
QB EGERE A HMA
DNADHEHIZELEEET S

REOBRETONIBERFHIES  ORE (EFTIL)

AT AR I—dh STk

i ... —> AEEEI N
s -
A BE )
Rad18F s\
MAGE-AS gy :

fEEMIRA DB DI &0
MERZALLA | #EBNT S

RUMNGHERERET D

REOEICEM?

_83_



LR  Staff (2018.3

)

A4 il TRk Name and Position
SR Gl Satoshi Tateishi, Senior Assistant Professor
A TR Bl B Chie Tateishi, Secretary Assistant
LA NTZ 7 oY | RERAE (HIGO) Md. Kawsar Mustofa, Graduate Student (HIGO)

THEEE

Staff in the past (2012.4~2018.3)

Ea) Name TEFEHIM TEFERFRR A R HY e
. AE A o7 [ I O Ui
. KB A (18 1t .
Mk A& Yuki Tanoue 2012.4.1-2018.3.31 *n)ﬂm (-3l fin B FE
= = y_
Pl-)fb g E
AR Shuhei Takamori | 2012.4.1-2014.3.31. ;:frmi({bi"%
= =4
W AT Yoshie Kawazu 2011.4.1-2016.3.31. | #ilik#EE

_84_




WHRMBEE  Projects

A ~DOEIMRO IS 72 S0 LW DNA 23
BansE, DNAERIZEIELTCLEY, 2
XTI A —ATHD Radl8 1%, HEFZ
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A non-catalytic role of DNA polymerase g in
recruiting Radl8 and  promoting PCNA
monoubiquitination at stalled replication forks

Trans-lesion DNA synthesis (TLS) is a DNA
damage-tolerance mechanism that uses low-fidelity
DNA polymerases to replicate damaged DNA. The
inherited cancer-propensity syndrome xeroderma
pig- mentosum variant (XPV) results from
error-prone TLS of UV-damaged DNA. TLS is
initiated when the Rad6/ Radl8 complex
monoubiquitinates proliferating cell nuclear antigen
(PCNA), but the basis for recruitment of Rad18 to
PCNA is not completely understood. Here, we show
that Radl18 is targeted to PCNA by DNA
polymerase eta (Poln), the XPV gene product that is
mutated in XPV patients. The C-terminal domain of
Poln binds to both Rad18 and PCNA and promotes
PCNA monoubiquitination, a function unique to
Poln among Y-family TLS polymerases and
dissociable from its catalytic activity. Importantly,
XPV cells expressing full-length
catalytically-inactive ~ Poln  exhibit increased
recruitment of other error-prone TLS polymerases

(Poli and Polk) after UV irradiation. These results
define a novel non-catalytic role for Poln in
promoting PCNA monoubiquitination and provide a
new potential mechanism for mutagenesis and
genome  instability in  XPV  individuals
(Collaborative study with Dr. Vaziri, see reference
8).

2. Radl8 confers hematopoietic progenitor cell
DNA damage tolerance independently of the
Fanconi Anemia pathway in vivo

In cultured cancer cells the E3 ubiquitin ligase
Rad18 activates Trans-Lesion Synthesis (TLS) and
the Fanconi Anemia (FA) pathway. However,
physiological roles of Radl8 in DNA damage
tolerance and carcinogenesis are unknown and were
investigated here. Primary hematopoietic stem and
progenitor cells (HSPC) co-expressed RAD18 and
FANCD?2 proteins, potentially consistent with a role
for Radl8 in FA pathway function during
hematopoiesis. However, hematopoietic defects
typically associated with fanc- deficiency
(decreased HSPC numbers, reduced engraftment
potential of HSPC, and Mitomycin C (MMC)
-sensitive hematopoiesis), were absent in Rad18 '
mice. Moreover, primary Radl8 '~ mouse
embryonic fibroblasts (MEF) retained robust
Fancd2 mono- ubiquitination following MMC
treatment. Therefore, Rad18 is dispensable for FA
pathway activation in untransformed cells and the
Rad18 and FA pathways are separable in
hematopoietic cells. In contrast with responses to
crosslinking agents, Rad18 '~ HSPC were sensitive
to in vivo treatment with the myelo- suppressive
agent 7,12 Dimethylbenz[a]anthracene (DMBA).
Rad18-deficient fibroblasts aberrantly accu- mulated
DNA damage markers after DMBA treatment.
Moreover, in vivo DMBA treatment led to increased
incidence of B cell malignancy in Rad18~~ mice.
These results identify novel hematopoietic functions
for Rad18 and provide the first demonstration that
Rad18 confers DNA damage tolerance and tumor-
suppression in a  physiological  setting.
(Collaborative study with Dr. Vaziri, see reference
5).

3. A neomorphic cancer -cell-specific role of
MAGE-A4 in trans-lesion synthesis

Trans-lesion synthesis (TLS) is an important
DNA-damage tolerance mechanism that permits
ongoing DNA synthesis in cells harbouring
damaged genomes. The E3 ubiquitin ligase RADI8
activates TLS by promoting recruitment of Y-family
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DNA polymerases to sites of DNA-damage-induced
replication fork stalling. Here we identify the
cancer/testes  antigen melanoma  antigen-A4
(MAGE-A4) as a tumour cell-specific
RADI18-binding partner and an activator of TLS.
MAGE-A4 depletion from MAGE-A4-expressing
cancer cells destabilizes RADI18. Conversely,
ectopic expression of MAGE-A4 (in cell lines
lacking endogenous MAGE-A4) promotes RAD18
stability. DNA-damage-induced
mono-ubiquitination of the RAD18 substrate PCNA
is  attenuated by  MAGE-A4 silencing.
MAGE-A4-depleted cells fail to resume DNA
synthesis normally following ultraviolet irradiation
and  accumulate  phosphor-H2AX,  thereby
recapitulating major hallmarks of TLS deficiency.
Taken together, these results demonstrate a
mechanism by which reprogramming of ubiquitin
signalling in cancer cells can influence DNA
damage tolerance and probably contribute to an
altered genomic landscape. (Collaborative study
with Dr. Vaziri, see reference 4).

4. Somatic hypermutation of immunoglobulin genes
in Radl8 knockout mice

Somatic hypermutation (SHM) of immunoglobulin
(Ig) genes is triggered by the activity of
activation-induced cytidine deaminase (AID). AID
induces DNA lesions in variable regions of Ig genes,
and error-prone DNA repair mechanisms initiated in
response to these lesions introduce the mutations
that characterize SHM. Error-prone DNA repair in
SHM is proposed to be mediated by low-fidelity
DNA polymerases such as those that mediate
trans-lesion  synthesis (TLS); however, the
mechanism by which these enzymes are recruited to
AlD-induced lesions remains unclear. Proliferating
cell nuclear antigen (PCNA), the sliding clamp for
multiple DNA polymerases, undergoes
Rad6/Rad18- dependent ubiquitination in response
to DNA damage. Ubiquitinated PCNA promotes the
replacement of the replicative DNA polymerase
stalled at the site of a DNA lesion with a TLS
polymerase. To examine the potential role of
Rad18-dependent PCNA ubiquitination in SHM, we
analyzed Ig gene mutations in Radl8 knockout
(KO) mice immunized with T cell-dependent
antigens. We found that SHM in Radl8 KO mice
was similar to wild- type mice, suggesting that
Radl8 is dispensable for SHM. However, residual
levels of ubiquitinated PCNA were observed in
Radi8 KO cells, indicating that Rad18- independent
PCNA ubiquitination might play a role in SHM.

(Collaborative study with Dr. Shimizu, see reference
2).

5. Mutations in UVSSA cause UV-sensitive
syndrome and impair RNA polymerase Ilo
processing in transcription- coupled
nucleotide-excision repair

UV-sensitive syndrome (UVSS) is a genodermatosis
characterized by cutaneous photosensitivity without
skin carcinoma. Despite mild clinical features, cells
from individuals with UVSS, like Cockayne
syndrome cells, are very UV sensitive and are
deficient in transcription-coupled
nucleotide-excision  repair (TC-NER), which
removes DNA damage in actively transcribed genes.
Three of the seven known UVSS cases carry
mutations in the Cockayne syndrome genes ERCCS
or ERCC6 (also known as CSA and CSB,
respectively). The remaining four individuals with
UV®S , one of whom is described for the first time
here, formed a separate UVSS-A complementation
group; however, the responsible gene was unknown.
Using exome sequencing, we determine that
mutations in the UVSSA gene (formerly known as
KIAA1530) cause UVSS-A. The UVSSA protein
interacts with TC-NER machinery and stabilizes the
ERCC6 complex; it also facilitates ubiquitination of
RNA polymerase Ilo stalled at DNA damage sites.
Our findings provide mechanistic insights into the
processing of stalled RNA polymerase and explain
the different clinical features across these
TC-NER—deficient disorders. (Collaborative study
with Dr. Ogi, see reference 9).
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