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Transcription-coupled nucleotide excision
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Nucleotide Excision Repair (NER) - Patients
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Nucleotide Excision Repair (NER) - Mouse mutants
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Xeroderma

Pigmentosum
(XP)

- Photo (UV) sensitivity
- Pigmentation abnormalities

- Atrophic skin

- Skin cancer (>2000xT)

- Accelerated neurological
degeneration

/ genes involved:
XPA - XPG




Skin tumors in xeroderma pigmentosum

Management of XP cancer

- very rigorous sun-light protection

- regular dermatologic intervention

Neglect in patient XP20RO (XPC)




Cockayne Syndrome (CS)

- Photo (UV) sensitivity
- Growth failure
- Neurological abnormalities
- Retinal degeneration
- Cachexia
- Impaired sexual developm.
No skin cancer !
S genes: CSA,CSB
combined with XP:
Eoiy XPB, XPD, XPG




Defects in NER may trigger aging and tumor development

Global Genome Transcription coupled
Nucleotide Excision Repair Nucleotide Excision Repair
Xeroderma Pigmentosum (XP) Cockayne Syndrome (CS)

(predominantly a GG-NER defect) (TC-NER defect)

- sun (UV) sensitivity

- pigmentation abnormalities

- dry, atrophic skin

- skin cancer (>2000x 7)

- accelerated neurological
degeneration

- sun (UV) sensitivity

- growth failure

- neurological abnormalities
(dysmyelination)

- retinal degeneration

- accelerated aging

- 7 genes involved:
XPA - XPG

2 genes: CSA,CSB
no skin cancer !

misreplication blocked transcription & replication
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Can mouse models mimic the patients?




Summary phenotype of Csbh™™/Xpa’- mutant mice

Normal embryonic development

Born at submendelian frequency (likely due to birth stress)
Runted, growth retarded, cachexia

Purkinje cell loss cerebellum

Ataxia

Kyphosis

Osteoporosis?

Enhanced retinal cell loss

Premature death (around weaning)

Absence of apoptosis or proliferative defects in the liver




Summary phenotype of Erccl”/- mice

Growth delay
Kyphosis
Progressive ataxia
Infertility
Cachexia
Sarcopenia
. Polyploidization in liver/kidney
}‘ Premature death at ~3 weeks

Nature 2007



Csb-Xpa mice: hepatocytes are significantly smaller
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Enhanced retinal degeneration in Csbh™™/Xpa’- mice

TUNEL(+) cells in ONL
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Transcriptome analysis/Q-RT-PCR confirmation reveals

up-regulation anti-oxidant defense
down-regulation catabolic metabolism (glycolysis, Krebs, ox.phos.)
down-regulation GH/IGF1 growth axis
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MRNA levels-
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lycogen and fat

Csb™m/Xpa’appear to store g

m/m /Xp a-/—

Csb
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Gene expression profiles of NER progeroid mutants show
remarkable similarity to those of naturally aged mice

NER progeroid mice respond normally by mimicking the response of old mice:

15-day old XPA-/CSBMM

Endogenous DNA damage

+IGF-1 *Ephox1

v GH-R +Gsr
v PRL-R *Hmox1

v Thyroid Hormone
v OX. metabolism

2.5-year old

o

v IGF-1
vGH-R
vPRL-R
v Thyroid Hormone
+ OX. metabolism

+ Hmox1




Comparison with human ageing

1. Both GH and IGF-1 decline with advancing age:

IGF-1 (ng/1)

Lamberts et al 1997

somatopause:

Reduced muscle mass
Increased visceral fat mass
Attenuated bone mineral density
Cardiovascular changes
Reduced elasticity of the skin

Cognitive performance
(van Dam et al 2000)




-/IGF1 mouse models live very long...

1. Gh-r KO mice - profound decrease of hepatic IGF-1 (GH-resistant)
- reduced somatic growth within 2 to 4 weeks after birth
- decreased body size
- live longer
- increased antioxidant defense mechanisms (Bartke et al 2003)

2. Hypopituitary Ames/dwarf mice (deficient in GH, PRL and TSH )
- exhibit 40-65% extension of their lifespan
- reduced body size
- increased anti-oxid. defense mechanisms (Brown-Borg et al. 1996).

| 3. Ghrh mutant mice and heterozygous IGF-1R KO mice
- live longer
- reduced body size (Flurkey et al 2001, Holzenberger et al 2003

2 (resp.)

4.
- renal lesions

- hepatic alterations
(Carter et al 2002)

5. CR extends lifespan and down regulates both GH and IGF-1




Correlation heat map: “mouse to mouse” correlation
NER progeroid mice are highly correlated to long-lived mutants
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Common processes between NER progeria, long-lived dwarfism and CR
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Somatotroph axis
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Similar expression profiles between NER progeroid and long-lived mice
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Substantial genome-wide expression parallels between NER
progeroid and long-lived mice

DNA repair mutants
Erccl” | l

GH/IGF1 suppression ~ Snell

Long-lived mice

Ghr'-

DNA repair mutants

conserved metabolic response

|

Resources from growth to somatic preservation

l

Extension of life span (by limiting the deleterious effects of
arrested transcription, cellular senescence and death)

>
Ames

CR mice

130W mice




Rationale of the GH/IGF1 response in NER progeroid
mice

Why do Csb™M/Xpa’ or Erccl”’- mice display a caloric

restricted-like response associated with long life span,
whereas they live extremely short?




Rationale of the GH/IGF1 response in normal aging

Early in life, development to adulthood is priority:
- resources are used for growing and to generate progeny
- GH/IGF-1 and metabolism are high,

- however, at the expense of more DNA damage

When this goal is reached, priorities shift:
“now it is important to switch from growth to maintenance”

- remaining resources are used to extend life span
- GH/IGF-1 and rate of metabolism are turned down

- will reduce the DNA damage load




Scenario for NER progeria and natural aging
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A. 13-week old Csb™M mice

B. Wit mice chronically (4 weeks) exposed to a low dose (1500ppm) of
pro-oxidant DEHP
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Wt mice chronically exposed to the crosslinking agent mitomycin C

% mRNA expression relative to wild-type
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How does DNA damage lead to the suppression of
the GH/IGF1 axis?

Is the repression of IGF-1R/GHR a direct response to
DNA damage?

Is the repression of IGF-1R/GHR a cell autonomous
response’?
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FC

IGF-1R/GHR suppression in primary chondrocytes
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UV irradiation leads to IGF-1R and GHR attenuation in

quiescent (a) and terminally differentiated (b) cells (primary rat
neurons)
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Repair of persistent CPD lesions alleviates IGF-1R and GHR

repression
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Somatic maintenance vs. growth

Progeroid DNA repair mutants

-Long-lived pituitary dwarfs
-Calorie-restricted mice
-DNA repair mutants
-Naturally aged mice

Growth and
proliferation

Programmed response
Extending lifespan
Reduced of growth _
Nature Cell Biology 2008



Is there a role for ERCC1-XPF complex in transcription
during development ?

...and perhaps a role beyond NER?
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The TFIID connection ...
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The physiologic & metabolic defects in liver-specific Taf10”/- mice
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... are so similar to those seen in Ercc1l”’” mice
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GH/IGF1 axis
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TFIID is assembled in Erccl” livers
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General TFs are expressed normally in Erccl” livers

.]...}..l...].

T

-
 ——
.
——
.
—_
-
-
Pr—y
-
L
.
Bgd
L
.
.
-
e —
.
—_—
.

| guzpo
| puzno
[ guzpo
| Zuzpo
| Luzpo
[ o
| uzno
29219
[ Lozno
| dqy
qzHo
| zezno
| 1ezno
A
pyzZHo
A
A
LUZRo
ATAND
WZHo
29709
19ZHO
dqy
qzHo
AT

LBZHO

IM - SIBAS] YNHW JO %

CS brrr‘m

Ercc1”

Wi

~ |
—~

ERCC1-XPF is expressed
in Taf107 livers

L
(a8
>

‘ ERCCH

W | w | B-ACTIN




Suppression of GH/IGF1 axis leads to growth defect .
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ERCC1-XPF is recruited on the promoters of genes associated
with postnatal murine growth
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ERCC1-XPF is required for the transcriptional activation of genes
promoting adipogenesis
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ERCC1-XPF has a role in transcription distinct from that of other

NER factors.
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ERCC1-XPF interacts with TFIID subunits
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The “Chip/chop” approach

Genomic input DNA/ChIPped DNA

Divide into three equal aliquots, for digestion
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Y% of uncut

ERCC1-XPF promotes active DNA demethylation on promoters
associated with hepatic development
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Disruption of Erccl -but not of Csb- gene leads to the aberrant
DNA methylation on promoters
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Histone PTMs in Erccl”’- and Cshb™m |ivers
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