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[ Abstract] DNA repair is essential for the successful replication of genetic material and for transcriptional
fidelity. Excision repair cross-complementation group 1 (Erccl) is a structure-specific nucleic acid endonuclease that
repairs DNA damage by participating in the nucleotide excision repair and DNA double-strand break repair pathways.
The accumulation of various types of molecular and cellular damage over time lead to aging. Defects in Erccl are
associated with malfunctions in DNA damage repair, resulising in the accumulation of cellular damage and ultimately

inducing aging. This paper summarizes the biological functions of Erccl during DNA damage and the phenotypes of
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Erccl-deficient mouse models, and discusses the biological effects of Erccl in different tissues associated with

senescence and age-related degenerative diseases. This review highlights potential intervention targets and provides a

theoretical basis for the development of innovative therapeutics, animal models, and drug discovery for senescence-

associated diseases.
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Figure 1 Overview of the role of Erccl in the NER

1.2.2 DSB

H FL RS | B R AT 25 (i | 2
R -C RN R R0 e ) F 2 n
KUEE DNA W 24 v 3 oo [A] 96 8 4 ( homologous
recombination, HR ) 3% 3F [A] ¥ K ¥ 3% $% ( non-
homologous end joining, NHE]) #4714 &, B4R [A]
PR 2H ) F 2R R IO A Y B NHE) W R AE
— U T Ku70/Ku80 ff 2 1 1 H DNA 7K Ui
Y, TS BUE B A BB 52 T PR 2 i ik
PRSI e 22K B B T A IR I K I, 7E NHEJ
1, Erec1-XPF 2 51857 37 28 ', 75 HR #
BER KT R, Erecl-XPF 2 5 1 58 DNA VI,
BEAk, XPEF AT LL DNA AR D705 Rad52 B9 N
vis DNA 256 DA EAE M, 3R AH BAE F AT LA
it Ercel-XPF Xf 3 -5 i di i )&, L& DSB &
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Figure 2 Graphical overview of the role of Erccl in DSB
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LT DTN~/ QR H S & o RTINS 2 AT TR R A
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ZAILHI L FAEHT, BRI R SR ZE AL 9 AR 3 151 Y
H M BERLIRES 3 Br, IF X Erecl BEHL/IN
IR RS T IR R, AR Z
SRR AR B, I 1 Ercel B
/IR ) LAl

W Ie A YR R 5 R e B R ) Z ()
AR BAE I ZERY ) RN R (5 4%
P AGGLPEFNIRE ) T REXT /N RS AU 5 2 R AU
FRA R SO AW S — A
BE RN RSB, bR T 5RO
AR A /N BRUASE 7R AT R B 5 v 9 3 2 3R A8
P U N AT e L7/ RSl IS~ R 1 sk U D
149 71 BRSSO 4G W0 1) 377 22 R I 0 52 31 5 1 ) A
SR LEIR R R, 0 B B R A e AR P
Ercel SRR RFEVE /)N BRURE 48 T e g E 1 /DN BRUAS) 2E A7
S0 S 0B e g R DN SR X T o
B2 B 0 T S v o s 8 PR R BB U PR T
RN ER , S0 CRIMILFRESE
i S5 A /N B A A i RO R /N R
X /N R KRR B BT R ROk T
Ercel BRI R MEME 22 S ATy i — PR

TEFF AR ST B M 55 I # B B A R Gi 2
R FEE Y ICT, T e 3845 3¢ T X0 H
fln] BE BT AH OC I 4% B R G K i {5 2.
Erccl 21253 IR R B A0 S 250 DNA $5 73 R
F5 mtDNA 2878 AU el 2 2H 2% 748 (4 A
FaE L) , SO AT DL e A 20 2% 48 (dE
A0 A 2 AL T B — R Rk
2545 Ercel SRIGSYIRRLEA T (A AF 9T T0 58 K e iF
FEP S WG ST T TR T %) PR K R N 5 X
S TR AT 98/ DNA 451455 fi2 iF DNA 82 5§,
DAL ZH I XT DNA #5345 8 BRI, DT A At B 7 iy
MAELZ I

(1]

[3]

[4]

[5]

[6]

[9]

[10]

(11]

[12]

[13]

£ % 3 #k(References)

DE SILVA N S, SIEWIERA J, ALKHOURY C, et al.
Nuclear envelope disruption triggers hallmarks of aging in
lung alveolar macrophages [ J]. Nat Aging, 2023, 3(10):
1251-1268.

LI M, SHAO G. Senataxin attenuates DNA damage response
activation and suppresses senescence [ J]. Antioxidants
(Basel), 2024, 13(11) . 1337.

CHENG B, PAN W, XING Y, et al. Recent advances in
DDR (DNA damage response) inhibitors for cancer therapy
[J]. Eur J Med Chem, 2022, 230. 114109.

ZHANG X, ZHAO Q, WANG T, et al. DNA damage
response, a double-edged sword for vascular aging [ J].
Ageing Res Rev, 2023, 92. 102137.

POMMIER Y, SUN Y, HUANG S N, et al. Roles of
eukaryotic topoisomerases in transcription, replication and
genomic stability [ J]. Nat Rev Mol Cell Biol, 2016, 17
(11): 703-721.

YU J, YAN C, PAUL T, et al. Molecular architecture and
functional dynamics of the pre-incision complex in nucleotide
excision repair [ J]. Nat Commun, 2024, 15(1): 8511.
MUNIESA-VARGAS A, THEIL A F, RIBEIRO-SILVA C,
et al. XPG: a multitasking genome caretaker [ J]. Cell Mol
Life Sci, 2022, 79(3) . 166.

GOHIL D, SARKER A H, ROY R. Base excision repair:
mechanisms and impact in biology, disease, and medicine
[J]. Int J Mol Sci, 2023, 24(18) . 14186.

ZHU X D, NIEDERNHOFER L, KUSTER B, et al
ERCC1/XPF removes the 3’ overhang from uncapped
telomeres and represses formation of telomeric DNA-
containing double minute chromosomes [ J]. Mol Cell,
2003, 12(6) : 1489-1498.

PAINE P T, RECHSTEINER C, MORANDINI F, et al.
Initiation phase cellular reprogramming ameliorates DNA
damage in the ERCC1 mouse model of premature aging [ J].
Front Aging, 2024, 4. 1323194.

SANTIAGO F E, ADIGE T, MAHMUD S, et al. miR-96—
Sp expression is sufficient to induce and maintain the
senescent cell fate in the absence of stress [ J]. Proc Natl
Acad Sci U S A, 2024, 121(40) : €2321182121.
MARTEIN J A, LANS H, VERMEULEN W, et al
Understanding nucleotide excision repair and its roles in
cancer and ageing [ J]. Nat Rev Mol Cell Biol, 2014, 15
(7): 465-481.

SIJBERS A M, DE LAAT W L, ARIZA R R, et al.
Xeroderma pigmentosum group F caused by a defect in a
structure-specific DNA repair endonuclease [ J]. Cell,
1996, 86(5) . 811-822.

ABOUSSEKHRA A, BIGGERSTAFF M, SHIV]JI M K, et



SIS B W E R 2025 4E 5 HEE 33 B5 S Acta Lab Anim Sci Sin, May 2025, Vol. 33, No. 5

737

[16]

[17]

[18]

[19]

[21]

[22]

[24]

[25]

[26]

al. Mammalian DNA nucleotide excision repair reconstituted
with purified protein components [ J]. Cell, 1995, 80(6) .
859-868.

FARIDOUNNIA M, FOLKERS G E, BOELENS R. Function
and interactions of ERCCI-XPF in DNA damage response
[J]. Molecules, 2018, 23(12) : 3205.

MOTYCKA T A, BESSHO T, POST S M, et al. Physical
and functional XPF/ERCC1
endonuclease and hRad52 [J]. J Biol Chem, 2004, 279
(14) . 13634-13639.

AHMAD A, ROBINSON A R, DUENSING A,
ERCC1-XPF endonuclease facilitates DNA double-strand
Mol Cell Biol, 2008, 28 (16): 5082

interaction between the

et al.

break repair [ J].
-5092.
SCHIESTL R H, PRAKASH S. RADI10 an excision repair
gene of Saccharomyces cerevisiae, is involved in the RADI
pathway of mitotic recombination [ J]. Mol Cell Biol, 1990,
10(6) ; 2485-2491.

AL-MINAWI A Z, SALEH-GOHARI N, HELLEDAY T.
The ERCC1/XPF endonuclease is required for efficient
single-strand annealing and gene conversion in mammalian
cells [J]. Nucleic Acids Res, 2008, 36(1): 1-9.
MCWHIR J, SELFRIDGE J, HARRISON D J, et al. Mice
with DNA repair gene ( ERCC-1) deficiency have elevated
levels of p53, liver nuclear abnormalities and die before
weaning [ J]. Nat Genet, 1993, 5(3): 217-224.

WEEDA G, DONKER I, DE WIT J, et al. Disruption of
mouse ERCCI results in a novel repair syndrome with growth
failure, nuclear abnormalities and senescence [ J]. Curr
Biol, 1997, 7(6) : 427-439.

DE LAAT W L, SIJBERS A M, ODIJK H, et al. Mapping
of interaction domains between human repair proteins ERCC1
and XPF [J]. Nucleic Acids Res, 1998, 26(18): 4146
-4152.

NIEDERNHOFER L J, GARINIS G A, RAAMS A, etal. A
new progeroid syndrome reveals that genotoxic stress
suppresses the somatotroph axis [ J]. Nature, 2006, 444
(7122) : 1038-1043.

PRASHER J M, LALAI A S, HEIJMANS-ANTONISSEN C,
et al. Reduced hematopoietic reserves in DNA interstrand
crosslink repair-deficient Erccl™” mice [ J]. EMBO J,
2005, 24(4) . 861-871.

CHIPCHASE M D, O’ NEILL M, MELTON D W.
Characterization of premature liver polyploidy in DNA repair
(Ercel ) -deficient mice [ J]. Hepatology, 2003, 38(4):
958-966.

SCHUMACHER B, VAN DER PLUIJM I, MOORHOUSE M
J, et al. Delayed and accelerated aging share common

longevity assurance mechanisms [ J]. PLoS Genet, 2008, 4

[27]

[28]

[30]

[32]

[33]

[34]

[37]

[38]

[39]

(8): el000161.

SIJBERS A M, VAN DER SPEK P J, ODIJK H, et al.
Mutational analysis of the human nucleotide excision repair
gene ERCC1 [J]. Nucleic Acids Res, 1996, 24(17) : 3370
-3380.

DOLLE M E T, BUSUTTIL R A, GARCIA A M, et al.
Increased genomic instability is not a prerequisite for
shortened lifespan in DNA repair deficient mice [ J]. Mutat
Res, 2006, 596(1/2) . 22-35.

DE WAARD M C, VAN DER PLUIJM I, ZUIDERVEEN
BORGESIUS N, et al. Age-related motor neuron
degeneration in DNA repair-deficient Erccl mice [ J]. Acta
Neuropathol, 2010, 120(4) . 461-475.

NEVEDOMSKAYA E, MEISSNER A, GORALER S, et al.
Metabolic profiling of accelerated aging ERCC1Y™ mice [J].
J Proteome Res, 2010, 9(7) : 3680—-3687.

GREGG S Q, ROBINSON A R, NIEDERNHOFER L J.
Physiological consequences of defects in ERCC1-XPF DNA
repair endonuclease [ J]. DNA Repair (Amst), 2011, 10
(7): 781-791.
RODGERS J L, JONES J, BOLLEDDU S I, et al
Cardiovascular risks associated with gender and aging [ J]. J
Cardiovasc Dev Dis, 2019, 6(2) . 19.

SANTOS F, CORREIA M, DIAS R, et al. Age-associated
metabolic  and barriers direct

epigenetic during

reprogramming of mouse fibroblasts into  induced
cardiomyocytes [ J]. Aging Cell, 2025, 24(2) . el4371.
ALRADWAN I, AL FAYEZ N, ALOMARY M N, et al.
Emerging trends and innovations in the treatment and
diagnosis of atherosclerosis and cardiovascular disease: a
comprehensive review towards healthier aging [ J ].
Pharmaceutics, 2024, 16(8) . 1037.

ZHAO L, ZHANG B. Doxorubicin induces cardiotoxicity
through upregulation of death receptors mediated apoptosis in
cardiomyocytes [ J]. Sci Rep, 2017, 7. 44735.

DURIK M, KAVOUSI M, VAN DER PLUIM I, et al.
Nucleotide excision DNA repair is associated with age-related
vascular dysfunction [ J]. Circulation, 2012, 126(4) : 468
-478.

DE MAJO F, MARTENS L, HEGENBARTH J C, et al.
Genomic instability in the naturally and prematurely aged
myocardium [ J]. Proc Natl Acad Sci U S A, 2021, 118
(36) : €2022974118.

HENPITA C, VYAS R, HEALY C L, et al. Loss of DNA
repair mechanisms in cardiac myocytes induce dilated
cardiomyopathy [ J]. Aging Cell, 2023, 22(4) . e13782.
DE BOER M, TE LINTEL HEKKERT M, CHANG ], et al.
DNA repair in cardiomyocytes is critical for maintaining

Aging Cell, 2023, 22

cardiac function in mice [ J].



738 R E SIS S YA AR 2025 455 A48 33 B85 S Acta Lab Anim Sci Sin, May 2025, Vol. 33, No. 5
(3): el3768. of microglia in a DNA-repair deficient model of accelerated
[40] CHEN Q, LIU K, ROBINSON A R, et al. DNA damage aging [ J]. Neurobiol Aging, 2014, 35(9) . 2147-2160.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[50]

[51]

[52]

[53]

drives accelerated bone aging via an NF-kB-dependent
mechanism [ J]. J Bone Miner Res, 2013, 28(5): 1214
-1228.

VO N, SEO H'Y, ROBINSON A, et al. Accelerated aging
of intervertebral discs in a mouse model of progeria [ J]. J
Orthop Res, 2010, 28(12) : 1600-1607.

FLORES R R, CLAUSON C L, CHO J, et al. Expansion of
myeloid-derived suppressor cells with aging in the bone
marrow of mice through a NF-kB-dependent mechanism
[J]. Aging Cell, 2017, 16(3) . 480-487.

KIM D E, DOLLE M E T, VERMEI] W P, et al.
Deficiency in the DNA repair protein ERCC1 triggers a link
between senescence and apoptosis in human fibroblasts and
mouse skin [ J]. Aging Cell, 2020, 19(3): e13072.
ALYODAWI K, VERMEI] W P, OMAIRI S, et al
Compression of morbidity in a progeroid mouse model
through the attenuation of myostatin/activin signalling [ J]. J
Cachexia Sarcopenia Muscle, 2019, 10(3) : 662-686.
VAN DEN HEUVEL D, KIM M, WONDERGEM A P, et
al. A disease-associated XPA allele interferes with TFIIH
binding and primarily affects transcription-coupled nucleotide
excision repair [ J]. Proc Natl Acad Sci U S A, 2023, 120
(11): e2208860120.

ARVANITAKI E S, GOULIELMAKI E, GKIRTZIMANAKI
K, et al. Microglia-derived extracellular vesicles trigger age-
related neurodegeneration upon DNA damage [ J]. Proc Natl
Acad Sci U S A, 2024, 121(17) . €2317402121.
RIECKHER M, GARINIS G A, SCHUMACHER B.
Molecular pathology of rare progeroid diseases [ J]. Trends
Mol Med, 2021, 27(9) : 907-922.

DELINT-RAMIREZ 1, MADABHUSHI R. DNA damage and
its links to neuronal aging and degeneration [ J]. Neuron,
2025, 113(1) . 7-28.

KHODYREVA S N, DYRKHEEVA N S, LAVRIK O I.
Proteins associated with neurodegenerative diseases: link to
DNA repair [J]. Biomedicines, 2024, 12(12) . 2808.
HOEIJMAKERS J H. Genome maintenance mechanisms for
preventing cancer [J]. Nature, 2001, 411(6835) : 366—374.
BORGESIUS N Z, DE WAARD M C, VAN DER PLUIJM I,
et al. Accelerated age-related cognitive decline and
neurodegeneration, caused by deficient DNA repair [J]. J
Neurosci, 2011, 31(35): 12543-12553.

VEGH M J, DE WAARD M C, VAN DER PLUIJM I, et al.
Synaptic proteome changes in a DNA repair deficient erccl
mouse model of accelerated aging [ J]. J Proteome Res,

2012, 11(3): 1855-1867.
RAJ D D A, JAARSMA D, HOLTMAN I R, et al. Priming

[56]

[57]

[58]

[59]

[60]

[61]

[63]

[64]

[65]

[67]

CUNNINGHAM C. Microglia and neurodegeneration: the
role of systemic inflammation [J]. Glia, 2013, 61(1): 71-90.
GOSS J R, STOLZ D B, ROBINSON A R, et al. Premature
aging-related peripheral neuropathy in a mouse model of
progeria [ J]. Mech Ageing Dev, 2011, 132(8/9): 437
-442.

CAI N, WU Y, HUANG Y. Induction of accelerated aging
in a mouse model [J]. Cells, 2022, 11(9) . 1418.
YOUSEFZADEH M J, FLORES R R, ZHU Y, et al. An
aged immune system drives senescence and ageing of solid
organs [ J]. Nature, 2021, 594(7861) . 100-105.
WILSON M D, RUTTAN C C, KOOP B F, et al. ERCCI:
a comparative genomic perspective [ J |. Environ Mol
Mutagen, 2001, 38(2/3) . 209-215.

PEREZ K, PARRAS A, PICO S, et al. DNA repair-
deficient premature aging models display accelerated
epigenetic age [J]. Aging Cell, 2024, 23(2) . e14058.
VOUGIOUKALAKI M, DEMMERS J, VERMEI] W P, et
al. Different responses to DNA damage determine ageing
differences between organs [J]. Aging Cell, 2022, 21(4) :
e13562.

WU H, WANG Y, ZHANG H, et al. An investigation into
the health status of the elderly population in China and the
obstacles to achieving healthy aging [ J]. Sci Rep, 2024, 14
(1):31123.
BORREGO-RUIZ A, BORREGO J J. Epigenetic
mechanisms in aging: extrinsic factors and gut microbiome
[J]. Genes (Basel), 2024, 15(12): 1599.

GUAN Q, ZHANG Y, WANG Z K, et al. Skeletal
phenotypes and molecular mechanisms in aging mice [ J].
Zool Res, 2024, 45(4) . 724-746.

DU X J. Gender modulates cardiac phenotype development
in genetically modified mice [ J]. Cardiovasc Res, 2004, 63
(3): 510-519.

HARRISON D E, STRONG R, ALLISON D B, et al.
Acarbose, 17-a-estradiol, and nordihydroguaiaretic acid
extend mouse lifespan preferentially in males [ J]. Aging
Cell, 2014, 13(2) . 273-282.

MILLER R A, HARRISON D E, ASTLE C M, et al.
Rapamycin-mediated lifespan increase in mice is dose and
and metabolically distinct from dietary
restriction [ J]. Aging Cell, 2014, 13(3); 468-477.
YOUSEFZADEH M J, ZHAO J, BUKATA C, et al. Tissue

specificity of senescent cell accumulation during physiologic

sex dependent

and accelerated aging of mice [ J]. Aging Cell, 2020, 19
(3): el3094.

[WFEHHE] 2024-12-27



