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25 HEAERERDSHEZ S T W A BEI0BHEY (P4
HFIR 28 4E) TH Y. S SIELFMEO 8 B DML,
BALDIME BV - FHHRET) - OIRILIRBERE - MR
RO T ) 2R S FMERICAE ) FECHEO EH LD S
N, 285 % W2 2 BEE AR TR R REOMKT %
VRT AT YOk R EOMEEELSBDO LN DD
O, fH T TEE Sz 800 kD 78Iz BV THEER
IESER IR SN T Wiy [4), B4, BT
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WAE, TNNEGUHA P aOBREIC BV TT
0 45 —EiEESTHR SN Eos I REFOR
ETERLMARORESITHHBEL, FoTux7RICD
Wi, FREoKE S 3B RV &5 &
NTwb [7] [8]c 2011 4T ND T ) MMgzASE T Ly
ALY - DS AALTHYE IS D B BET- DWW L o9 Ic BT
BRI R R L D S iz [9]. 20955, 7
UxX5—¥ar7Ly 7 AD125TH5 TERFL IZBW
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FF EDALIRMEICES LTubhd Likwv, 352
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B+ % CEBPG ® 2 ¥ —Ho¥mHs ShTBh [10].
FONTIET R AT B LT/ L0 integrity % 12 Hi#
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AT/ AN %) S bl N S [ f N S A G gy i s
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Aging Research using the long-lived rodent, naked mole-rat.

Kyoko Miura
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Abstract

Naked mole-rat (NMR) is a subterranean mammal native to Africa. NMR lives in an

underground colony averaging 60-80 individuals, including a single breeding "queen", one-

to-three "king" and many sterile subordinates. Surprisingly, NMRs live up to around 30

years, 10 times longer than mice, and captured colonies almost never show tumor formation.

Understanding these animals’ anti-cancer and longevity mechanisms may lead to advances in

human treatments in the future. From 2010, we have studied the mechanisms of longevity,

cancer-resistance and sociality of NMR. Recently, we generated NMR-induced pluripotent stem

cells (NMR-iPSCs) and found that NMR-iPSCs do not exhibit teratoma-forming tumorigenicity

due to the species-specific activation of tumor-suppressor alternative reading frame (ARF)

and a disruption mutation of the oncogene ES cell-expressed Ras (ERAS). Here, I review the

recent progress in the NMR research field.

Keywords : naked mole-rat, heterocephalus glaber, iPS cell, longevity, cancer
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bCid, R A BRI 2 130 STV s,
FBRGEME R EDENZIEIDEHDEEZ LN,

T~ — Tty N ORTIZERISIEMIC, ML
ANDT IS NEERL-7TI0A N TIT—=7 % EHFR
D HND A, MREEMBHELEIRD SN TR [23,
24] TNFTY—FLy MRNICB-73I 8L FE25H
CHOREY 2 A= bEEALLZTVINA T —ET I
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EZ EH A LN TV D5, 103 ) e EAE 21 13
RO LN TV [23-25],

2) ETILERICDOVT
a) N—F TV UIFETFIV
ZALCHET ZRBEDO—D L LT/ =F Y VHFD
BIFHNLD, N=F 2V Uid, F—=233 VA
BOBEWIZEY F=RI VOEEBI LT, 552,
B, A, LERFEREE, HEE L CoERE B
THHEBTH D, £ MBEETH 505 REED
bOLHN, ZLOFERERFIHFESN TS, <
T ATIE, Mea BBEFREICL S —F VY VHE
FUDPERENTEY ., /=% vV VRO EEHERE
BEFFEOONTVED, F—=r33 VR0 ZEM I
OOLNTWaEWD, e MOEWERHZ W/
NW=F I VHETVRDOLNTWDS [26], ¥—F
+ v M TlE. 6-hydroxydopamine (6-OHDA) % L < i
1-methyl-4-phenyl-1,2,3,6-tetrahydro 1-methyl-4-phenyl-
1,2,3,6-Tetrahydropyridine (MPTP) #% #¢5-9 % 3E413%
BEFUAMER SN TEBY ., SRR SICHwHNRT
Wi, WIENRoOLES, AREHOKT (MEHOIEE).
Wik 70 &/X—F ¥V VIR ORI R REME DS RO SN B
6-OHDA &, EHEMHEO#EAIZL D 6-OHDA 25H
L3252 ICLDVMRBEENAELD LEZLNTW 5,
—J 1980 4RI F— X3 Vi FH L L CRA I
MPTP &, MMM % @8 L CE /7 3 v BILEESR
B IZ & 5 T I-methyl-4-phenylpyridinium ion (MPP+)
AL, F=83 Y bV AR=F AL CTEER
GO =8I VRN A, I PI Y FYTE
FREREEGR IOTEHPHESNE 2 EILD,
ATP EAERPIT LTRSS E LS EE 2 bh
Twb [27, 28]o 6-OHDA 2 & % & 7 AR & v B
FRALE O Ly MPTP I IEREN. T8 5 7%
ETETFT VORI RETH S [26, 29], Hikishima &
12, MPTP 512k A~ —Fty h)S—F UV VIFE
TVt ZEO~—Ft v MO MRI A 5/
N-EER L EF VY —Ft v b OIS kT 5 =
LIk o T BEOFRESHA LTSI ERRLT
[30]c LA, /S—F 0V VIFHEE TH AROMELZIT-
TBY. 4% MPTP EF V& HW =Rl RFE 2 H H
LBl L WFES B,
INSOEWHEEE T VL, N—=F vV VEROJER
OHIUHFERTH 20, EWFEIZL > TEWIT F—
NI VAR EERSETLE) 2D, N—=F Y ViR
DEZETROONDLW S ) LIREOLELT, /S —F
VY VIRORIERREEZ SN TS LT 1 /IMEDOF
W EIZOWTIEHHE IV, £ 2 CKirik 513, &
FBEE T DREW =% vV VRO BRK@EEETO—D
& 72 % a-synuclein BIZ 25T 57 7/ KitEr 4 v
AR =% HWT, ¥—TFty hOROBEIZBITS
a-synuclein ® IO BEEHET NV EER L2, £
OFER, BARMBETB L UOEREETOVWTRL VA
WARY & —DFEADAT b PO BT K —

283 U ARESHITIB N @ a-synuclein D E AKRD IR & Hllfig
BB X OBEARD ¥ =733 U HRSHE DR DR &
Nizo FBBRERERE S, YA VARY ¥ —540
6 MR 5D 5N 16 HEHE &, MPTP & 5-€ 7V
X0 BIEBEDOIIEDEN T &, a-synuclein D FE AR
ROLNIZZ S R=F v VHREE OB R R E
BRI B RTOFEREITIL N Z EATRBEN TV 5,

—Jiv ANBWITHER L 72 7V Tl % v s,
Kobayashi 5%, 6 /D~ —F+ty FOMIERIZB VT,
a-synuclein DEEERPR I N TwE I L EHWAZL
7z [31]e dAEE P D/X—F 2V VO] TIX LR
DEESNMREFEEIRESINTBY, ¥x—Fky T
b ABRDOIEGIC X 22 L2 R LTV LD TIE RV L
LT\,

b) BEFREETF N

2009 4EI2F 4 DR 7NV —T1E, x—Ftky FDOFZ
FOICL Y F 94 VWANRY ¥ —% T GFP #faT %
WAL, GFP ORIENRD SN RO A ERBO T
IR 5 2 & THHOBMRTFREY—F Ly MNET%E
. B 5 BEH 4 BHAER 4 AR T GFP 2% 33 %
Z & KOS D BEABBTFIEEL. BT 5
ZExRRL [32)e 720 FERICCMV 7HE—% 3
LY F Ty FaE—FDOTHIC, ity 8
2 (EGFP). ANVEY2Y ¥ (CaM). I+ ¥ VB
I A (MI3) AT LFEMISHE SV
YA V=5 —TdhHb GCaMP ZHlFEL 2L v F
ANANY F—BALL NG VAV =y 7w —Fky
FOBERLHE IR TWD [33]c GCaMP XKL
AN KREOEALZWHALT B 5 YT TH Y,
ZoOX—Ft vy MARNO MO E) % 2 6T B
FECBIZBEICT 2 L OT, MOBEmREREEHEL T
DANREIE S % PR 5 2D IS TH B s hTw
o TOLYFIANARY F—I2XB TV AV
—vr~<—EFty MBI, & L TERENE W
b, BELTCEANBBTIMBET S 200, 5.
AL A BT WVEIRICD EHITE 5 2 £ 2 %,
BETHRE~Y Y ZAEF VTR, EYEET /v 2 7Y
b 2924 VEFTANRELHOONTWS, B EE
FI79 77k vy YEFVOERIZIZ, FA b
ORI OZREINIEAT 5 & R A MK & AGi# R+ A
TR T BRI 2 F> ESHMIlLd L <& iPSHI (LT,
Wi % fF& T L et & m&3) s B2 & 72 % [34]
L2LadH~vw A 9y UM OBIMETIE, 25
TR RE % FE o 2 Re I B L S Ty, 2O F
A F e & RO L e MINE I, naive T % RE kA
o MfHIENTW5BE, ~—Fty MIBWTH ESHlll,
iPS ML OV I L2 2T [3540],
L2 LahsIh oo, 2 7 BkkEr
Flzhwv, ZOBHBHELTEF A IREREFHEOY Y A
ES Mg id. &R aT oM SE gl & Mo E % #¢
OH, T A, Ty MUSO T D% BEVE R I,
HRBOWESE LMl & BB oOWE 2 o7z, HIK
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M OMRERE FBMRICAECTETICF AT L b nE
FEZBNTWD, EBEIIY 7 ADFIREED & IS I
B R oMl (EpiSC) M35 L. 3RIE
SALT HHINIED O ODOF X TR Filz v &
A SN T 5 [4143] FEEZ @ EpiSC D Mg+
B CTH 2 KRS EMEFRICL B % FGF ¥ 7 F L R H—
HNE~NOTEEIZIITEA R W & X etk AT b &
. x—Ftvy FOALRLTE FOLhEERMEE X<
BTz [44, 451, BifE. %< onMilufisgeEs e &
T O R REH D naive O L iEIEEMTL OB LIS THE
ERAT > TV LA EBICATERF A TR ZH D,
RTAD L) EWEIZ T/ v 2T Vv oA VE
TN OVERD BE 7 Z Re MR F 72 S Tun e
WV, FD72S, FTI YAV oy r<—Fty MERE
B SN2 OOBENBIET /v 2T Vv oA
YETFIVOERIERTE T dh o,

COX)BRUESTH L7207 ) AmEHNTH
Bo &7 MRBIZE BEFIVEER T, TRV OE
ETFRHEEBIET 222D, FATITADLIHIC
RIEROFHe R TH, # 1RO ER THENER
T2 97T FOBHDBUEEE V) A Y b BB D —
15T\ 2 MBI LA D ZREIN T AREN R SN D L
v 7Ty b SNENBIET L BAROBET ORLE
(EFA Z7IRE) 2Ly, HWORBEEZ RS %225
THEMED & 5o FEBL 2014 4EI2, A=2AFURT H
TN DZREIN T ) DRk 2 AT o T RRRE(R T v o
77 MVOEERPHREENTWE A, Thbsot i
EFA ZIRETH L5720 HNORBMAIVRI N T iwn
(46, 471, FRFOYE. BHARIPRVI—FE Ly b
TORMREZ /D 720120, PR T MR & TR
W& E&D TR 24005720, Mt TEY S 7 %
i L CEBMZ R 2G2/H2 ZEPEETH L,
ZITHRAE, v—FEky bOZRINE T AET D
L CTENEET /v 2T b —Fty bOIEEH]
e EOICEYA ZIREBLLENE) DEWGET 5 ¥
AT B R L7,

BARIIZIE, A v o —ua A F 0 2 2750 k300 y 81 (IL-
2rg) BIZFEBEMELAALRX 27 L7 — ¥ HiFiZinc
Finger Nuclease (HiFi-ZFN). eHiFi-ZFN 3 X ¥ platinum
Transcription Activator-Like Effector Nucleases
(TALEN) % <ZAEUBICiEA L. 8 MIfaWife)s & ohisE L
THBIRICHHEL 728, BIERBIZT ) 2UEOH S
JOULBETORIIFEN 21T 2 LI2LD, fieD
ZHREINNOEF A 7 REWLPIZT L HETH LD, 2
DFFFE L o THWEIZT TH 5 IL2 4RIk y 81
BETE /v 777 ML, RELSEY—FLy M ER/
LRI L7z (48]0 & D)1 Clustered Regularly
Interspaced Short Palindromic Repeats / CRISPR-
associated 9 (CRISPR/Cas9) (2 b IGHIWRETH %,

BHbHIC

~—%Fty MEFTNVOKBELHE~OFHEIL, F
TEFERERIME R T H, EWFHEME, SR T
EOEBTFT MR Z, BETUEETIVOMER L]
BEE o THBY, LIKRETELMIEETVE LTH L
ZERAPUSEINS, BE, ~—Tt vy MNOEERH
ZHIET [EHAHANC X 2 E REOMR SR
7Oy 2y b IZBWT, ¥—Ft vy b DOKIERE
Botik~y 7B X O~ Y 7OERI T b TB
0. OB A 1T% ) ETOXRMBEL L THS .
L —F =P ) ~v—Fty MRS 2 &1
N=FIUREOH S LR WA BAE, N O 4 4~ —
Tty MFgEAR Yy b =2 RBUT, MR T, B
FHMIL, cDNA 70— >R EBAFRZO T, &Ik
FIFHLTWAZE & 720w,

5FSCRR

1. Mansfield, K., Marmoset models commonly used in
biomedical research. Comp Med 53: 383-92, 2003.

2. Noguchi, H., Etiology of Yellow Fever : Tii.
Symptomatology and Pathological Findings in
Animals Experimentally Infected. ] Exp Med 29:
585-96, 1919.

3. Nishijima, K., et al.,, Life span of common marmoset

(Callithrix jacchus) at CLEA Japan breeding
colony. Biogerontology 13: 439-43, 2012.

4. Yaguchi, M., et al., Transplantation of dendritic
cells promotes functional recovery from spinal cord
injury in common marmoset. Neurosci Res 2009.

5. Picus, ], WR. Aldrich, and N.L. Letvin, A naturally
occurring bone-marrow-chimeric primate. I.
Integrity of its immune system. Transplantation 39:
297-303, 1985.

6. Mitchell, J.F. and D.A. Leopold, The marmoset
monkey as a model for visual neuroscience.
Neurosci Res 93: 20-46, 2015.

7. Chaplin, T.A., et al., A conserved pattern of
differential expansion of cortical areas in simian
primates. ] Neurosci 33: 15120-5, 2013.

8. Bendor, D. and X. Wang, The neuronal
representation of pitch in primate auditory cortex.
Nature 436: 1161-5, 2005.

9. Robbins, T.W. and A.C. Roberts, Differential
regulation of fronto-executive function by the
monoamines and acetylcholine. Cereb Cortex 17
Suppl 1: 1151-60, 2007.

10. Sato, K., et al., Resequencing of the common
marmoset genome improves genome assemblies
and gene-coding sequence analysis. Sci Rep 5:
16894, 2015.

11. Consortium, M.G.S.a.A., The common marmoset
genome provides insight into primate biology and

_13_



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

evolution. Nat Genet 46: 850-7, 2014.

Tatsumoto, S., et al., Development and
Characterization of cDNA Resources for the
Common Marmoset: One of the Experimental
Primate Models. DNA Research 20: 255-262, 2013.
Uno, Y., S. Uehara, and H. Yamazaki, Utility
of non-human primates in drug development:
Comparison of non-human primate and human
drug-metabolizing cytochrome P450 enzymes.
Biochemical Pharmacology In Press 2016.

Brok, H.P, et al,, An extensive monoclonal antibody
panel for the phenotyping of leukocyte subsets in
the common marmoset and the cotton-top tamarin.
Cytometry 45: 294-303, 2001.

Neubert, R., et al., Cross-reactivity of antihuman
monoclonal antibodies with cell surface receptors
in the common marmoset. Life Sci 58: 317-24, 1996.
Riecke, K., et al., Cross-reactivity of antibodies on
thymic epithelial cells from humans and marmosets
by flow-cytometry. ] Med Primatol 29: 343-9, 2000.
Izawa, K., et al., Hematopoietic activity of
common marmoset CD34 cells isolated by a novel
monoclonal antibody MA24. Exp Hematol 32: 843-
51, 2004.

Kametani, Y., et al., Development of monoclonal
antibodies for analyzing immune and hematopoietic
systems of common marmoset. Exp Hematol 37:
1318-1329, 2009.

Ross, C.N,, et al.,, Aging Phenotypes of Common
Marmosets (Callithrix jacchus) . ] Aging Res 2012:
567143, 2012.

Salmon, A.B., Moving toward 'common' use of the
marmoset as a non-human primate aging model.
Pathobiol Aging Age Relat Dis 6: 32758, 2016.
Tardif, S.D., et al.,, The marmoset as a model of
aging and age-related diseases. ILAR ] 52: 54-65,
2011.

Abbott, D.H., et al., Aspects of common marmoset
basic biology and life history important for
biomedical research. Comp Med 53: 339-50, 2003.
Maclean, C.]., et al., Naturally occurring and
experimentally induced beta-amyloid deposits in
the brains of marmosets (Callithrix jacchus). J
Neural Transm (Vienna) 107: 799-814, 2000.
Palazzi, X., R. Switzer, and C. George, Natural
occurrence of amyloid-Abeta deposits in the brain
of young common marmosets (Callithrix jacchus) :
a morphological and immunohistochemical
evaluation. Vet Pathol 43: 777-9, 2006.

Baker, H.F., et al., Experimental induction of
beta-amyloid plaques and cerebral angiopathy in
primates. Ann N Y Acad Sci 695: 228-31, 1993.
Eslamboli, A., Marmoset monkey models of

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

_14_

Parkinson's disease: which model, when and why?
Brain Res Bull 68: 140-9, 2005.
Davis, G.C,, et al.,, Chronic Parkinsonism secondary
to intravenous injection of meperidine analogues.
Psychiatry Res 1: 249-54, 1979.
Langston, J.W.,, et al., Chronic Parkinsonism in
humans due to a product of meperidine-analog
synthesis. Science 219: 979-80, 1983.
Yun, J W, J.B. Ahn, and B.C. Kang, Modeling
Parkinson's disease in the common marmoset
(Callithrix jacchus) : overview of models, methods,
and animal care. Lab Anim Res 31: 155-65, 2015.
Hikishima, K., et al., Voxel-based morphometry of
the marmoset brain: In vivo detection of volume
loss in the substantia nigra of the MPTP-treated
Parkinson's disease model. Neuroscience 300: 585-
92, 2015.
Kobayashi, R., et al., alpha-Synuclein aggregation
in the olfactory bulb of middle-aged common
marmoset. Neurosci Res 106: 55-61, 2016.
Sasaki, E., et al., Generation of transgenic non-
human primates with germline transmission.
Nature 459: 523-7, 2009.
Park, J.E., et al., Generation of transgenic
marmosets expressing genetically encoded calcium
indicators. Sci Rep 6: 34931, 2016.
Zijlstra, M., et al., Germ-line transmission of a
disrupted beta 2-microglobulin gene produced by
homologous recombination in embryonic stem cells.
Nature 342: 435-8, 1989.
Debowski, K.,
marmoset monkey iPS cells by a six-factor-in-one-
vector approach. PLoS One 10: 0118424, 2015.
Muller, T., et al., A novel embryonic stem cell line

et al., Non-viral generation of

derived from the common marmoset monkey
(Callithrix jacchus) exhibiting germ cell-like
characteristics. Human Reproduction 24: 1359-1372,
2009.
Hanazawa, K., et al., Minimally invasive
transabdominal collection of preimplantation
embryos from the common marmoset monkey
(Callithrix jacchus) . Theriogenology 78: 811-816,
2012.
Sasaki, E., et al., Establishment of novel embryonic
stem cell lines derived from the common marmoset
(Callithrix jacchus) . Stem Cells 23: 1304-13, 2005.
Tomioka, I., et al., Generating induced pluripotent
stem cells from common marmoset (Callithrix
jacchus) fetal liver cells using defined factors,
including Lin28. Genes Cells 15: 959-69, 2010.
Thomson, J.A., et al., Pluripotent cell lines derived
from common marmoset (Callithrix jacchus)
blastocysts. Biol Reprod 55: 254-9, 1996.



41.

42.

43.

44.

45.

Tesar, PJ., et al., New cell lines from mouse epiblast

pluripotent states. Cell Stem Cell 4: 487-92, 2009.

share defining features with human embryonic 46. Liu, H., et al., TALEN-mediated gene mutagenesis
stem cells. Nature 448: 196-9, 2007. in rhesus and cynomolgus monkeys. Cell Stem Cell
Brons, 1.G., et al., Derivation of pluripotent epiblast 14: 323-8, 2014.

stem cells from mammalian embryos. Nature 448: 47. Niu, Y., et al., Generation of gene-modified
191-5, 2007. cynomolgus monkey via Cas9/RNA-mediated gene
Guo, G., et al., Klf4 reverts developmentally targeting in one-cell embryos. Cell 156: 836-43,
programmed restriction of ground state 2014.

pluripotency. Development 136: 1063-9, 2009. 48. Sato, K., et al., Generation of a Nonhuman Primate

Rossant, J., Stem cells and early lineage
development. Cell 132: 527-31, 2008.
Nichols, J. and A. Smith, Naive and primed

Model of Severe Combined Immunodeficiency
Using Highly Efficient Genome Editing. Cell Stem
Cell 19: 127-38, 2016.

Marmoset, disease model, genetic modification,

Erika Sasaki

Central Institute for Experimental Animals Department of Marmoset Research

Abstract
Non-human primates offer excellent, precise preclinical study systems for assessing the

safety and efficacy of new therapies and drugs. The common marmoset (Callithrix jacchus)
is a useful experimental animal in biomedical research because of its similarity to humans,
high reproductive efficiency, and easy handling. Currently, to produce disease model common
marmosets, drug inducible, surgical methods and genetically modified models are available for
not only brain and neuronal disease but also in regenerative medicine using iPS cells. In this
chapter, biological features of the common marmoset and several established disease models

using marmosets will be introduced to consider as a new model for biomedical gerontology.
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Reproductive technologies for artificial production of cynomolgus monkeys

Nobuhiro Shimozawa
Tsukuba Primate Research Center, National Institutes of Biomedical Innovation Health and

Nutrition

Abstract

The cynomolgus monkey (Macaca fascicularis) , which, like humans, belongs to the order
Primates, is a long-lived laboratory animal. Cynomolgus monkeys have been used for testing
of vaccines for official approval and infectious disease research for a long time and came
to be used for various medical research studies. In aged cynomolgus monkeys that are
also used for research on aging, senile plaques and neurofibrillary tangles were confirmed.
Large-scale indoor breeding has been conducted in the Tsukuba Primate Research
Center. However, the species may not propagate because of copulative failure or microbial
infection. Therefore, use of reproductive technologies is expected. On the other hand, many
animal species, including domestic animals, have been produced recently through genetic
modification with a genome-editing technology. In cynomolgus monkeys, effective production
of a disease model by applying the technology to the reproductive technologies is greatly
expected. This review discusses reproductive technologies for production of cynomolgus
monkeys.

Keywords : cynomolgus monkey, long-lived laboratory animal, indoor breeding, genetically

modified animals, reproductive technology
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AD : Alzheimer s disease

FAD : familial Alzheimer’ s disease

APP : Amyloid precorsor protein

PSEN1/2 : presenilin 1 and presenilin 2

A f: Amyloid-beta

pE : pyroglutamate

NFTs : neurofibrillary tangles

MAPT : microtuble associated protein tau

PDGFp : platelet-derived growth factor beta

AMD : age-related macular degeneration

NMDA : N-methyl-D-aspartate

AMPA : DL-a-amino-3-hydroxy-5-methylisoxazole-4-pro-
pionic acid

ABR : auditory brainstem response

Establishment of new mouse model for the study of Alzheimer’s disease

Leo Tsuda

National Center for Geriatrics and Gerontology, Center for Development of Advanced Medicine

for Dementia

Abstract

Growing numbers of evidence have shown that the defect of sensory system is highly

correlated with the age-related neurodegenerative diseases including Alzheimer’ s disease
(AD) . Those raise the possibility that the sensory cells contain some commonalities with
neuron, and provide a tool to access AD. The sensory system, especially auditory system,

has advantages that can easily measure their dysfunction over time by electrophysiological
way. To establish a new mouse AD model that takes benefits of auditory system, we
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produced transgenic mouse, which express amyloid-beta (AB) , a causative element for
AD, in mouse auditory hair cells. Electrophysiological assessment indicated that those mice
showed hearing impairment specifically against high frequency sounds stimulation (>32
kHz) at 4 month from birth. Furthermore, hair cells loss at the basal region of the cochlear
seem to be involved in the hearing defect against high frequency sound stimulation, those
of which are easily hampered with age. Interestingly, over expression of MAPT (human
Tau) , which is another player for AD formation, synergistically enhanced AB-inducing
hearing defects. These results suggest that our new system might reflect, if not all, some
aspect of AD progression, and compensate for the traditional AD mouse model to monitor
the effect (s) of AB-induced neuronal dysfunction.

Keywords : Alzheimer’s disease, Amyloid-beta, Tau, age-related hearing defect,

transgenic mouse
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LA 54D SASP (senescence-associated secretory phenotype) DI 6. Ml
1LifZeiz kK& SR L, B3 TFOREWEI WD TE# SN, AfTld, &k
RRINTMBEALRE S 7 ALSHONTMAEZ S 212, MEEMERTE O TEZE LR AL

ML EALD BAT TR OV TR L. S S ICHIls B L 2R & L22BIZR ORI DWW T
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F—7— K ! Senescence, Aging, Mouse model, Senolytic drug
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WHALENY O F AL %2 SR E N TR T D L. H D
BEORREZEY R L5, R THEAN 285 kIR
BICK5. ZoBLE [HileEit (cellular senescence
F 721 replicative senescence £\ )] EFEi, 50
AEDL 1 AN Hayflick Sk > THR sz [1]. Ml
N LD BB 2 ZENC O W TIIRWHAHTH - 72
A5 1990 A D 53 TF-MARYT: - 5 T HEMF ORI %2 5%
BAZX D, MIBEALICIE p5S3 R pRB 21X L & L7
BoOBEZLIEIH 5 X7 BAEREREEH L, A%
N CHIREE LA 8 T BB 2 Jm BIHIRERE & L CHERES %
ZERHL N7 2]

—J5. Mg b Zke 2 L/ ORR Clas b &
IPEAR) (& e & b Ik x Al ol s g
ED20 DL BB ANCHEE SN Twizas [3]. Mo
W2 L (aging) & DOBGIZOWTIIHERNTH 572,
Mg, AN ZLIEHIRRF = v 7 R4 ¥ RO
BIZ X DR AL L2720 o/MBERISNTEY,
RO MM ICBIZE S N5 BALMTL O &KV 72
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B (2% FEE) . BB ORE B oML % k% 7t
FL. MRS 238 BEhweEZ N, L
LR, BLHIED S IEKEEY A b A U< b
Yy AAsuarar7—¥ (MMP) #&thks 24
MR E AW S RO IEE ORI R L
H2BZEMEERBENL 4], 20 X9 %ELM
JieL e B 7 43 WA B IE SASP (senescence-associated
secretory phenotype) & Zfhi) &4, SASP Z 4L 72
MR I B A 20 AL O BERE DS, IS AE O At
DLEALR I B OIRE I S-$ 2 EBUETIIE RS
nTws [5],

2. fhiaE{bDHIEEE

M ELAHE & 2 T oMM (H2HFa) (e
FoTHEZRY, EHFACMITH->TH DNA T A=
RIFBIETOBEALE, MBIZESTAMN VAL L AHE
EVL VRIS REEFIIEL kb Lo T, 5
FFE T E A O A b L AWK 5 EEY (tolerance)
WEYHZEShAZbDEELZOND,

AL ZBI&RIT A ML AT 7 FIVIE, RIS
PRB. p53 @ 2 O DI & vy HANEGEE N D,
ZLTCINS DI E VN HNEAXA MLV AY T F IV
BAGET Bk & 7 B DH CDKN2A BA5FHETH 5
(1) CDKN2A #AGFHEIZIZE A B 2 D DI &
Y87 8 pletE pl19FF (b b TIE pl4™T) HEH L
Ta— F&ENTw5b (INK4: inhibitor of CDK4/6, ARF:
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CDKN2AEEFEE

INK4a
ARF

>

1. HEfRE LD

alternative reading frame). M I ZNENHEA DK 1
IV UHHIEEINGD, LHMLAE2 HF3rY
UNEATTAREND, L Laedis Il Tl
ROBICHABD TN D720, 7 3 BRECH I AH [
FH SN, ple™Fe, pl9*F 1Z# N Z N pRB & p53
DOIEYEE AT % CDK4/6, Mdm2 % ¥ 73 7 21
BRAELTCENOo@E 2 MET S LT BENIC
pRB & p53 AL L. Ml O#EITEZIED 5 [6],
E MZBWTARF & /87 Bl S AL S 580
fELARwZ &5, b MilloMzEg i ixsEsEES L
ZweEzZohTws (7] L2LARF /v 777 b
(KO) =7 AOMMIZGRAFmE RS, A%EEDN
ZIFIE 100% 95 2 T8 hET B 2wt L [8]. INK4a KO <
v 203 EALIC B L CIIRE A KRB L 2R & 72
W2k Ehs [9 101, <7 A DOMINESZLT 6 o HIH
2B\ Tid ARF-p53 #%#% )7 %% INK4a-RB #%# & 0 &
WMELBEEEF->TVWD LEZ LND, ERMFRICB W
ThH. CDKN2A #AZFOFBULmEIc - T EA L.
EALMBLOEREZ T 2L F~v—F—L %&b [11,
12]o L2 L CDKN2A 38 {51 HE 0 % Bl B A 1345 2k
THY., KBB L7 a<wF UREOELEE) EE2 5
NTWBED, ZOLEFUIOVTIEISLNIZIE Lo TV
W [13]c — i SASPICBI L Tid. EFLd CDKN2A #
R & BRI AR & 2, BRI % DNA
FRA—=T 37 F VK BEGHT NF-kB OiEHALE A
% [14].

3. EftHEREY DA

M ZAL DM BB D 2 T REEE IO W TIEED S
kim SN T & 720 FUIBAUERZ HROMIIE, A
DY D ERTHRIFamHHEL <AL [15]. 72 p53
DIFEAMEF NS = 7 2Tl iz oMila it &
EDIThEA R BALMERBIM B SN D [16] S 51
ALAE D SASP D FE R, Mg E L & ML O B 2
MORIBT b DE oz, TR MRl e

L
L

S TNCHRRELO RIS R V15 & LT, SIZEw
TEAR DA & BALANE 2 FIRIZHEBR 35 2 12X D
MR ZESIELZ L, 2F 0 FHRD' IWEET
BHHIDP?ZOMVICEZ IR, RAD T V—T %
ORI 3ODOELMEE N v AV 2=y 7 (Ty)
SRTAPERINZ, LTI, o< A0 E,
BoNTAHRIZOWTRRAT B,

1) INK-ATTAC (apoptosis through targeted
activation of caspase) ¥ X

Bk B BALMN & B R e e~ 7 A & LTINS
HEN/=DH, Mayo Clinic @ van Deursen ® 7V —7
PEHE L 72 INK-ATTACY VA ThHbH, THDTg~vww
213 HVREETE LTINK4a O 7aE—% —Hl#T
C FKBP-Caspase8 it &5+ % ~ 7827 4 & GFP # 388§ %
(B 2)o L72A%o THBKBIE T 358 8L L 72 &AL T i,
FK506 7 F 9 7 %512 & 1) Caspase8 281G PEAL & 1,
BRI T RN =Y ADBFHFEEIND,

WiskERF = v 7 R4 ¥ MAT BubR1 OFEREAL T I %
B 2T FAEORZELIC X Y AL Lo
LRk A e BALREIRAS R W 22 S Bl S B Z & LIRS W
LNV —=Th oG SN T2 [17]. INK-ATTAC
DY AT AR L TR 2 #IRICHER 5 &\
BubR1 BEREIC T RIZE <~ X TR & W7z B bR D fER
AR - BIEE NG Z EAURE NIz [18], BKROZ L
IS Z OB IZIE. 21 S BubR1 BRAEAL T
RIS~ A THZE SN L LD RIIEIDS, RYBIE
ILERKBL72bDTH D020 TIiEm DD - 720
L 2L 2016 412 van Deursen Hix. ¥ AHHIRIZE
It BETORETHEINDLSDTIERL) L2k &
WKHONLIERD D b4 L ANE, DR, Bk
BRREAL 22 &1%. INK-ATTAC 12 & 0 B AL 2 PERR
FTHZELICLDMEMS L IIFIEDRIES NS Z L 23,
H L7 [19]e 2ok Z2 i gt
BED LD LN LTHEST 200> T, 4
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EFILTYR bR —Y

ZlHRERREIC K D HE

O BN, BREEEL, DIBRDREM -
O FHEmOER
O BfHERE DFER - JAR

=V

1 O BREE(L DFEFN - JaR

A RIS R DEIE

O fitkren EliE

INK-ATTAC o

115.20]
INKAai?;?E 5 3

p2116-233MR [— B

22

ARF-DTR - . W A2 A3

[24] ] r rl | [ 1 ]

2. EtaREY IR

BOESSRLMITTHLMZENL D LHFEN S
A TOMXTIEE BT REZ LT, LMz Bk
BRIk )~y ADFEYHFGILERTETH S S
LRtk S Twb (C57BL/6-129Sv-FVB 3 v 7 2%
MBI TR RFEMDERINSL Z L2REN
TwWb),

% 72 2017 4E 12 1. Mayo Clinic ® Bl & 7 )y — 778
INK-ATTAC VYW Z% W, 7Lt~ A ¥ r#%512k
BERR MM SHERE (IPF) EFMICBWT, &tz
PR3 2 2 LIS X VERBEZHENT 52 A MEETH 5
CEaRWE L [20], MiluElt~—F —oRHize b
IPF 3% OIRE A CHINT %A%, REBRICOW T
AHTH o720 IPFEFNTH BT L AL ¥ ¥l
D=y AMMHEIE IS B CHBBLIZITE L, fx i
SASP HFoOFRBLWIMNT %, TOIPFETFTNVIZBW
Tid. BILMRROPERRZITY) 2 Lick b, EEE AL
DHLZEPURETH DI EIRENT VWS, TDT LR
547 { &b IPF OEHEHIC BV I B SR 2
B L 75 2 IS, EBICH P ClRBR T %
senolytic FDOHRMEIZ OV THRIEZ T TV 5,

INFETIZINKATTC =7 A% 513 % L IR
b Twb, LA L. INK-ATTAC =7 A Tldabskis
ZFEEHT LD L0 HT 5 26kb D
INK4a 70— % —#BTH Y (K2), @ik L7zL)
\Z CDEN2A &z 058id 7 a~<F v LAV KB
GHEEZEALZE) EEZEZBNTVWELD, SOOI TAT
AR EACRINL T OB O E % L Tn 2 D2 I2Dwn
TIIHEEICHRLILENHLTHS ) Tl EEBT
5% C57BL/6 ~ ™7 A3 LB L AYE %2 FFES 5 78
[(21]. Bt ZE < A TIEBILMIL & R
LERDPSHREND Z XM ENL 720, Fi~D
HBOFHMI OV TIIEE L TR 26555 5,

2) p168-BMR~YYX
2014 4E 2 Buck Wf 32t @ Campisi 5 @ 77V — 7 i,
INK4 BiZFHEZ VY 7 =5 —+F, RFP B X " HSV-TK

(NVRZAHMT 4 VAF IV FF—F) BIFALL
AT g ENREET & LTS 2 Te w7 2 %5
FL7& [22] 2O Y R INK-ATTAC v 7 2 & B

0. A EE TR O 72912 INK4a 8151 %2 584012
S ANTROAEZEHLTVWS (W2), LdsTH
VORI TR W T, HEREIE T O S B AT
b b Z ENWETE %, pl6-3MR ¥ 7 ATl #1b
MB2SHSV-TK @38Ick v, v raen (GCV)
X LTS Z/RT L9125, GCV IZ HSV-TK 12
Iy UEMbIh D & DNA G ZEHET 5. ELHl
AR 2 S BB L CTB Y, 7/ A DNA OHH%E
ToTVRWIZORMER L VDO TIZE BEZ LML,
WX THEE SIE. GCV A7/ 4 DNA IZHHE & 13l
MLTirbNa I ba vy FY 7oRBERETLZ LI
L0, BAGIIRARRIN R T L ERL T b,

Campisi 512D~ 7 2% H W2 OHMEIZHB W
T, A B AR B 2 E Lok ENcEYT 5
RN %2 4T > 72 [22]0 BE 8 4R FBAL C & M A 2 A &
IEN A PEEOMIBOB XX ). BOsML %,
AL Tl Z LA FHE S N5 25, pl6-3MR ¥ 7 A
TEAHINE 2 B3 % L BIGHARANEBIE S 5 2 L AUR S
NTW5, L7zht s TERALHIIIEAG RIS IC B W T
. BHZE L CBET L v ERICE > THIER
WA RO Z LIl b, P TIZZOREE LT, &
(LA O F ) 2 4808 (I B ALEFEIC X 2 Al
RLOBHEAL DI . B X MK IE B A e ak (B1L
M2 & 53 S B M/ SR BRI F AA WX 57
FRHEEF ML O /ML) oM HELL T b 2 EAVR
BENTW5b,

2016 4E121%. van Deursen & Campisi ® 7V — 7 ®
FEFEMIEICE D, pl6-3MR ¥ & & INK-ATTC ¥ &
ZHWT, 77U — AWEHRELO IR - T
AL S35 T LR S e (23] SRATRAL O
E (79 —=2) \ZidMiiagit~— 7 —oRIED 5
BH T OHETIIIRE I O BALMIEA 55w s 7z
MMP-12/13 (ZEALKINE 2> 5 13 88D MMP 2355 & h
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5% [24), BYIRAEALRZ HAL C AR IS MMP-12/13 @
BEAE) D TI—7 OARREL BELPTL R
%) LIRS Z EAVR SN, BB IR (LI
BOWTOHARERENE R DED T LR RBEN
TWh, FZ0@mTITBWTL, Ko senolytic 3
W MEESFERRIZAT DTV 5,

X 512 2017 412 Campisi ® 7 Vv — 7%, pl6-3MR %
7= & D b3 X o TH L S MilaE1t
BFHRICHEZ RG22 WHEMEICOWTHE L2
[25]. PifiaslZe & oMBakEEESEANL, Mlaelbr Ui
LIZFHET 225N TWAS [26], Campisi 5 1&
FSCHICB VT, B 2 R 5 L BUEAIC X o C
T U7z S RBERE - AERIRBES T 5 2 &, S 6T
DFFE - EEIIH SN Z 2R L TVDE, TR
DRI S PUEHIAE & R ICELE 2 95 5 &
I LB EATH S LT XD BUEH ORIVE AR RE
ThbIEPYEFTE 5,

3) ARF-DTRYD X

FREoEBMBEREY 2 LS EE0ME
ZV— T 3B L Tg~ 7 X 2B L7z
[27]c Z®»< YA (ARF-DTR <7 Z) &, pl6-3MR <
A L) HIREP O CDKN2A #inFEE w4l at A
THEkE P VAV - E LTHRFFL, PSS AY—
VWO ARF BIETOH—T 7 v 2 V7T THHRS
&k (DTR) ®IETFENVY 7 25— EH#EIET OB
—y MCEHRLTH L0, SRBEET ORI ARF
BT ORBAMKAET L (K2), v 7 20T b
MRy o779y 7HEEK (DT) W% RO D5
DTR #FH &5 2 L2k ), b MBHEAZ DT (2
BRI D 2 LD TH D BT LTHI
JAPICRA L7 DT &, X7 F FEMENT% ADP Y
RIYMETHZ LD Y U7 BoaKEHEL, +
DG RMNEIE S FESND, 2D Y AT A (TRECK :
toxin receptor-mediated cell knockout) (X, =7 AT
FEDOMNLEPERT 272012 DT AEFT NV THiD
nTwb [28 29]c ARF-DTR ~ 7 A2 Tld. ZitHifns
DT I3 L CEZMEZFEO L ) ISk D720, DT 25
T 52 LI LD AN S ELHIRE & R R L HERR T B
ThrHI EVMFESING,

ARFDTR XY AZBWVWTL Y 725 —E¥RNLY 7+
VAZ, IS ISHE o THi R IR AR C B LM O 38 2
e L CHEEISIINT % [27]. E#i ARF-DTR ¥ 7 A1
DT #5325 &, ik Cl@me oy 7295 -+
36y 7 F v ENTEHE ORIl E L~ — 7 — OFEBUKT 28
RohZ &H 5. ARF-DTR < 7 A Tl 5%
LA HERRTTRE T 5 2 E DR S Nz B R
2 OMiFARE L. INEIC e - TRtk & & b I
BB DIRT (2754 7 v A0 RS
N5[30,31]e L22L%AAS ARF-DTR ¥ 7 ZI2B W T,
LA % ARk SB35 & BERHEO M L b
VZHLIR AR O TR b BHEE 72 AL ATE S, Tk
BRI IR ZAL AT C B S- LT B 2 &%l <R

X NTze FABBREW S &2, FidlkoEiE 7388 %
HEREMIIRAT L7z L 2 AL st > TR SN2 BT
FHOZEACD L5 L EASBALMIBARAE I TH 2 2 & AW
BN T o 72e MiFLERH OB O BIZIEF 12D v
b, BB Z 5 < SASP %4 L CHlNadE
HAWI B O HRELEEI LTwiwy) Ml
FaOBZTHRBUCKRECEELX 525 LE2 5N 5,
ZALHIRL ORI B ALY e BEREAS, HLRR o Ik 221t
WKHET 0w ok, BEL oMk Td LT
HoHEMMEND, LA LadS, ARF-DTR Y7 AT
39 RTONESE TWAEYE ARF O3B % VK B85 1R
MTETWHWnD, 2O A% FH L TRITCTE %
MBI ONT VWD, TOVATLZELIIEMNT A7
DI, MONEEE T b B OB & PRk 250 8 %
ARFDTR Tg X7 A 54 Y2 RETHLEND 5,

4. E{HllaZzEN & UIcRIEOTREM

Lo Tg=y A 6N MRII. 2 0% (A
BHRBEOBIL B2 DT, §XTTIEL) IZBWTAERK
POEALIBEHR T2 2 EDEETHAH I E 2 RIEL
T 5o MRBEALEEIZAEMRIC & o TR fE b 21
ez PR T 572D AN R TH B, L7zdi-> Tixd HAH
B2 oid, MREEPIEFICRI ), Z0%ER,IE
THrSPBRINLZETHELHEZOND, TiETg
RYARLHONIAMREZRNICE FNSHT A E
ZRIEZ . APRRIZ TS TP T T e —F I &
0. AL 2 AR & FEE I ICHERR 37 5 2 &I REZS
HIM?

ZALAIE Z RN & L7236 A & v o iE, £ < ofge
BOEPOEZ TN, ZOBER TEBICH]D 7
V— TS EAL N B A K PE % 3535 9 % senolytic
3% (Senolytic 1% seno + lysis, seno (& senescence M)
IZOWTOHTEZIT>TWw5b, Mayo Clinic @ Kirkland
DTNV — T3, BALMINL T PI3K % Bel-2 % LD
RHOWEENITCHE L, CHICAEFEZKRET S L1
GAZEEHM L [32] CoRkEz ML, BEIC
PUERIE LTHA SR TWwWEFay v ¥ - —BHEA
dasatinib £ 79K/ 4 FO—MTPI3 ¥+ —¥E&T
RO F - — itz HE S 525 % %2 quercetin %
BT 81280, =7 AR 5L L7/ 2
PEBR L. R LRE DO RBIR 2 29 5 Erccl 2%~ v
ABWTIEREORIES AL NS Z &, F-E#~ Y
A REIRAEALE 7V = 7 A2 B\ T B B Ak b
MREHT % 2 LR S Twb [33],

% 7z Kirkland ® 7 )V — 7%, Bi7 H b — ¥ 2%
FoBc2773I)—% "7 EDOMHEAD. senolytic
WELLTHITHAZ e WmE L Twb [34, 35].
ABT-263 ICBJ L TIE I N E TIBEICHBD 7 v — TH
ZALHEHER O R 2 MR L TH Y. Zhou D7V —7
3~ AN TEALHIIE 2 HEBR 4 5 2 &2 & 0 s il
fa il oG EZ RE S ® 5 2 &Il L [36].
Eak® Campisi & van Deursen ® 7 )V — 713 pl6-3MR
<7 A THIEE S N BACHNEBHRRIC X 2 BRI LRI
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BED, ABT-263 D512 & Y FBkICBigE s &
PHEL TS [23]0

& 512 piperlongumine (PL) &IFEN 5 70V h oA
F3d senolytic & & LTHRTH W EEME2HE S
Tw3 [37]c PLEINVSFH VS bF UV AT2T—
YEZHEST S LK D IEERREE 2 U S, Al
WaFETLHEEZLND,

ERo X H1T, ThF TIIEZEDEHA]D senolytic 3
ELTHENTHLIEDRBENT WS, LA LD
5. EBIZIN S OFEAZ senolytic L LT bNb
M 270123 7L 0REZFEY R 2T %
5 7% W Td S 9, Dasanitib/quercetin, B X OF ABT-
26313, AL L 72D ic &8 % 1T L. ABT-
263 IZEIMRMNE 2 ETlREEEZRT I EdbroTw
% [38, 390 F 7 MliiMESE € 7V AC BT b BALKAE S
M2 B W Tid, ABT-263 1% 437 <, dasanitib/
quercetin S RITHh 5 72 &, HFAHEIZ X 5 T senolytic
BT B EEZML B AL WESh TS [20],
Senolytic ORI RZHEZLTH Y. TORRR
AHZ AL L CTIREEISGARZLENH S, Lo L.
HIHLEAL A A 70 L & b — DI B O REICH S L
TV I EIZOWTEVIE R L, 4k X EER 2
2 D ORIFD E senolytic DO BHFD G205,
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Senescent cell ablation and senolytic drugs

Ryuta Mikawa', Masataka Sugimoto"*
'Section of Immunology, National Center for Geriatrics and Gerontology

“Department of Aging Research, Nagoya University Graduate School of Medicine

Abstract

More than half century has passed since cellular senescence was discovered, and it s
now making a breakthrough in the aging research. While there is no doubt that cellular
senescence has critical and essential roles in tumor suppression in mammal, its involvement
in tissue aging has been obscure. Discovery of cell non-autonomous function of senescent
cells through SASP (senescence-associated secretory phenotype) as unveiled the roles of
cellular senescence in the tissue aging, and increasing evidences now suggest that cellular
senescence underlies in aging and aging-associated pathologies. In this review, we describe
recent advances in cellular senescence by senescent cell ablation mouse models as well as
the drugs targeting senescent cells, namely, senolytic drugs.
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