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N ERAMFER RS SASRER T At
QRS EANA S TAFIGER B AR RS
R RS . VAR EHZE T AR EER RN
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FLFEDNAH FEAL ek As . 21 8 B A Y el AR A E s
RNA(non noding RNAs, ncRNAs)F*) B AR X 5 PR e 5k 1Y)
PN KeEIE4ASRNA (long non-coding RNA,
IncRNA)Z KR T200 ML HRAIIRNA, BTG
HEHET, BA—E s R R sk, 5 DIRNARIE
XS G A IR L 2% . 5 ok S s TR 42,
TE AW 21 SV A 58 2 R rp e 2 T
fn, k% EARE T TRNA-seqill 0T K3, 3
o R P DR RN ) Inc RIN A 52 88 i 3 118 X3
PENFAE RS ik 22 5Pk, FIHICAGE-seqXfIncRNAF
mRNA J& 3l DA TP Ao B A, Kl e )22 X
kR 5 2R A 1 IneRN A s FTmRN A s 22 (8] 1) 671 R4 i
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bR B J2 2 T R TR OSSR A 2T Th R AR AL B
K] 2R R, eah, — SRS GE0) AL AT
IncRNAVH T F 2 1) 43 F AL Filn, 3% E 5w e 3
It s T — AR R R IA W IncRNA-LoNA. X Ff
LoNA A L [R] B 3 45 A% BE AR RN A 19 5 5% DL S ¢ I
RNA)H BB SE S R . 4 S ml B 1 /N BRI
X AULoNA, A DL 3546 /)N B TR 5 DX 2 fish o 980 K
/NEB2E 2R R8T, BEARBAT /R P06 R 95 (Alzheimer s
disease, AD)FEAU/NE A AILONA, A LL[G] Pk &2 4% 1
TRRNARI KL R R S 2 ez e ™ i
ZAHN, AETF Fl i 2 i i o & B—FF 4% A Hnscr i
IncRNA, B LU 5YB- 1B A4S ZEYB-1EH
RS, DETTI0 ] 5 E AR K IE R p 1 6INK4A T 3K,
RAGER . A, ARG N Ll e a5k o, % th
—Fh A RTF2AR ISR R, 128 i e] DI Hnscri 1)
AE, PHIYB-109FEfE, DEMiRE(IRREZ LR p I 6INK4AM
Fik, BN LRI T—E M E Y, Y
FER SRR T — PR R I N S L], O
BB AR AERE T G T AR B IS Ny T2, R
FEZE N T RS A OB « BT NS R 75 it ] 47
SRR

5lncRNAZE, FRIEZIFIRNA (circular RNA,
circRNA)WLIZ 5 i N RNABFFE 45 g # 5 1° Ciir-
cRNAE— A HA S A i M 4546 13 A v 2 L 454,
I AL 8 08 R E 854 AR dn i RNA. - BFE
T, B A AR T KRR S IR AR SRS RN AT
FIRRIRE I S B X PR ANAE RS 25 5, R
BT, circRNAFIMRNA ZZ [8] 9 E SCAE7E 2 B A IEAH
SRR G R, KBRS ER, 5T ncRNARY
FEWAB AL 78 AU ST T A5 40 S D RE AR AL R X 45 1) T
B Ry, BRI IR LASD, A8 I 40 i
RIS 07 WIS 2T 5 mt. pFoe kB, 48
H 25 AL EESIRT /645 A 41 8 (A8 X 3= sh ik
R0 MBI A B ER, e R BhE 4l
HHFH3K9 L LB ALSEEUN T L R s, B i
SIRT1/6 7] > 3= Sl kg s i i e Tt 7, i
A e /K A B L (ECHS 1) RE RS 14 fin 25 (B Gk Ak & i 7k
-, TR HUIRE, ST SIRT 338 14 3 i 8 (118
i R IR 32 B o e A kS LR AL TR g R
E%[IX]'

R 7EncRN A JE 15 -2 4l s 250 iR 2 46, 3%
E2E AR A F WL R NRRE Y, 458 A
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. BIFFEN DR SR 75 T e e A= A R IR R AR R, AR
F5 IR B4 FE PR 2H /K R4 s 2 i B PR R AT T
e, IR T 59N 5L RN . B,
TIFFE N D138 3 g Aok S f 9 5 PR 22 [ A A A T I 245,
RPN TAZ A5 28 1 GBS RO R R G
FEFRIR R A5 45 [H - BAZ-2(bromodomain  adja-
cent to zinc finger domain, 2A/2B, homolog)HISET-6
(SET(trithorax/polycomb) domain containing). BAZ-27
SET-6 A1 [l JF 3 (5 43531 S BAZ2BFIEHMT 1 (euchro-
matic histone lysine methyltransferase 1). ffF5% A b1 fc2
KB, BAZ-2/BAZ2BHISET-6/EHMT1A] LA 3 X ki
PRI REDEAT 42 AT 028 g 2 E e, SRBIBAZ2BAI
EHMT L KRR i o P A B . ks
WAL~ LR BT R B, itk — AR S
AL AL TRHENE . B, IR E A
AN GBI 53T BT R ML TR 7 ).
112 28 et A AL

ar B E IR TS AR h AR A 20T
R T2 B A 0 . DR R, M #iEE HE
(ApoE) 5t & 5 B /i 25 Vi BRG 11 K 0L R 5 A O,
ApoEVEN—FhZASVER 1, 75N A 3 2 H e o 40
A, S E S IEERE R RE A E S YA,
PAApoEUR: A TE 338 i Apo B Y SZ /4Bl 1 22 T HRH. 4
2800 H B U R [ BEAR /D, S AR T e JoT 4t e
TR ApoE 2 15 20 iz iy Fr B L A IR [T . i i —
TS A B, R I ot 200 R U5 ) ApoE AT L d 25 4 1
2 T8 P JIEL T 5 e s rh OGS IR Y 268, AT
P 2T AR B A . IR e B, ApoEil
i H A B BT I miRN A XS #2800 0 AR 1 T 4%,
) S 440 R Y ) A po Bl ik 1R s i 22 0T 1 R AR
AU A S5 R A 4 25 2D AT BT AIL R, TR
L1 T ApoE4 42 B /R P 1 BRI & o R R BT AL
il S TR T SRR AR S B AL A B
BRAH [E 2 A, A AR DG 10 18 B HE B i 491
0, BIFFE IR, A1 e FE 5 HRE P LA 2 i oA JB 5 2R K
STk, SRR 20T A R R KT (insulin resis-
tance, IR). IR0 S0 %M QI A0 OC S ol ORI
fiti2(hexokinase 2, HK2)/KF Tk, BlIdEHIZ oz
FEREANZETL. HK I P35 /K PR B0 4 A
W HIAECDKS, 75 B 50 U GSK 3beta ) S I3
1%, % beta-cateninf R, MG 2T 1) 40 5
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), TR 2T T R R AR
i S0 R A 1A AN A 2 P S P o R B 28T
EWPFHILTL, X BRAR pf 2R AT RS 1Y PR B A
L
1.1.3 40 % 5 A 4= AL

i E S E R TR S B E AR
PERGE, H D) Z B RAEWIE, Bl 2Rz AR
SEVE . WFFEERM, LLA SR Pi(natural killer, NK)ZH
L Ay AR ) B 5 200 L 2 A 1 14 R A A il A e 30K
BTG AN, XL AN A 2 A T P TR S AR
I, JESM bR fmt 4R, [FeF, R A, =R/
PR 2 BRI A 2 7(IL-27) Y e 3k BH I v T4
BONE, o H R ) AL AR T
(major histocompatibility complex I, MHC-I) . 3% F ),
T RPN 2 R, 3 AR A e 24 T O I o 2 1Y i
PEWL. TS8R T I RE 0 S Wa R, 43
SRR S e AL, BRD T S A R
MIOCER, AR AL i o 2 1) SR R ME DL B AL 1o
B Ak, BHEA G & T GLSEEKH N & Fpoly(A)
AL 1 X 101 757 248 L 2 1 5 i) B R R AR T B P R 4
It X H 5 N - CPSFOR2 I N & T-poly(A)7 A
TEREAIBLE R ORSF A TIR AR S, WER T 7E 25
YR RGN T P poly(A)YRL i K HEh 2528
BT, NG SAZ IR AN S AR R AR AR B
R AT T T 1890 mh ),
1.1.4 3% ki (telomeres) £ & P = HLH

LA R A B LR Z —, 2R
FHOCE I AR AT A0 Mo b i T A IR 2. i b2 FLAZ 4
Mg AR FAEAER) B B Y S TTAGGGHIsmAL 45 &
I — R B “RRRIE 2548, A R IR e (A AR Y
SEACPERIRREE. Ui RIDNA LS il 5 2E K St (1 HL ]
HPFR, o AR08 A 50 A0 K 2485 % 1) i g
11 0 30 ok A T . PRI, ] s e S
Frompi i S 0% R AERk, T ETRmRR e S
WV AT T — R SVR L. BN, A4 ik
TP A TRE2Z2 S5 E HI AT D 6e, 421 TRE2Ef (R sk
Fa BEDR 4H S e B AR e LRI, A AR o 2 R i
I, X seden i X2 A AF e AR AR Al g, e
Yo ST AR A TE— L R AR AL T B e
2 E B WAHGE T EAZA WA 2257 54 R v i 95 R
KK i BUB3-BUB 1 1152 5 1A 1T LA 7E S 42 i ki
DNA I, [ %3, BUB3-BUBLE & AT

s A2 1] Y D BE AR T 5 BUB3 (1 3 45 45 BE ) A1
BUBIAY % M, BUB 1@ i B R Ak sk 45 &5 5 M
TRF1#9S2964 i, Mt iR BLMAYFASE, M sE st
XoF SR DNASE G557, SRR S N 22k I
BRI AY YR ISR, ki DNA
BRI 1. Bz AN, e K,
RNAZE A H HHuRRESAEIETERC C10647 1Y H He4k,
i H 5 TERTE Be A 15 R (R s ity, 0 i 5 v 14
TEYE. ZAIE IS T 5 e A AR RAC TERC
U100A %€ 7% 3@ 1t $2 i HuR 5 TER CHYAH HAE FH §: 3%
TERC C1064v F AT, (A5 il 140 stk
Bl TR PR A, RIS i 25 R B R R RE ), el
I R 4 THLH Y,

1.2 RKEZ A LM ) g

YRR IS R S 2 2R I S e R A e
UG, JEANRIHSES T i h 2 A
YA B Ay R B . TR E 25 R A S o
BN B VISP, it 3 A R MAZ (T2
JRUASETRY, 1 P BA T T A ) s A PR i s () S
HMFHA, BT SR T84 B W
MO, fEdr T RO M4 B PR,
O R G SE AR AL R P A . 4.
I TEERRZ R B ACERE: (1) FEBR EEREH T e
T A DD SR B s [ A S 2 RT3, [RIBHRHE A
KON ARG 7, BB A i v R B 1 4
PrAfLRE T T REE R KIS PP i & 10—~ B2y
fiE, £ AN K -5 BB 5 0 4 i T A R 12
SR ELE I FALR, B T AR R HAb R K
S OR SRR A bR Y, WIDHIFPRDX4™. (2)
T RHRE T A R AT R 5 1) SR 23 (] 5 S
I, A R T AN RSP ) A4 o4 A
BAN AL N Z Fh A BT 2 1) 7 FREAE, 2 4RR T
20 i P R P RS R A B B AN R 1 T
BHL, Al PR I JE 2% 1 i 1) 4R AL TR R, [R)Rs Sy
AR AR PR RAGHRAL T Hr1m5. (3) BRI
e G BN A LRI 22 T sk KRR sl ik
MR IS ST, Qi s A F- 3 LA I A
RN S Rt e R VR A IE N Bk R [, R
EA K2 T I LI, BETE R RN, KA
R FOXO3 A V85 58 2 148 3L PR 3 ik 22 5 () Qo+
L, FOXO3AMZRIR K LERATIN i BT A 6 R 1Y
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M EEAR M 32 I B R 9, 2 RSk A FE 2 /Y
—AEEREER. (4) 0 T AR AR KIS B 1Y
e N R SRR e SR AL P, T 1 o A L R R
FIPKES 2 I 2 AN ML 2 B 5 5 1, BB T
WL T2 5 Bk 2% 52 ) 52 A AR AR BIL ], K B
AN S22 1) S A i 42 A B R o (5, 2R B 4
Jl—— PR 245 HR = e e SR A R HE T2 R SIS A
[ EF A FAFE™. (5) B TR IRIAE I B e B i
S MIE M 2 2 ) B2 A 2 [ S AL RT3, W 2 i
RSP ) JEE I 1 5 AR 2 L 2 ) 7 Zh RE Y S 2
FEANRK IOl ZEE B HZAFAL,  [R]I45 5060 A
14 3= 2l Jk B A i 2 T S AL B, X PR AL 4 2R
G B AL o AR AU HEAT 1 Az AT, S
BRI RERE Y, < L ML AR 7R B AR AR
(150 2 9 23 e T SR A L B A1 T A B e,
PA_E RSB FEAMNGE T AT R AR LA
E LS R AR, b ER TR K
RTINS TR 57 (0 5 2 701 s W) R A T AL
PR, BRAE T TR A5, QB /R A
AR o 0 L AEP 0 R A e 2 e R ol A ) L
R R TR SE R HH SRII 14 THURIINE o) SR B BRI LA

2 AR SR EIR TV S Y
MErEA

2.1 FEEHEEHOEHRI PR S

TEAEYIESAGT T, SR o, JRih, A2
1EH R FRE A OGN B R A R R R R A H R 2,
AL FE /N PR N B 15 28 SR s W i s i AR 5N 22
FEACR, KT AR LA A — HfGE 2
AR E PR, Pk, At AR KR EY)
R SR A AT 4 B 8 AN B AR AT R AR Ak ) 43 F HIL .
UTAER, TR A AT 3 AN K S s Ry i U T
35 B L.
2.1.1 # K % 3 HSIRT6w b Mt A

SIRT 6B Bl AL 12 N E e — Fh 2 L < K 55 8
F7, HATE 2 A RRE R 5T AR R A Ty
TS, SR, ST SIRTOE Ry K758 1 1 T iF5%
B ORI T 2 sh ), /N AR S AR )
KR R HAT, CTSIRT6E B Res e R K h
EE A RIVE A I R AR A e, TR E 2R H &t 240
R FANREE S1, EE PR E R ESEE T SIRToFEIE AR
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KB m b i S mls, sRE TR By
T SIRT 62, [ il Bk Ay e BE DAl Er A Y. i e A
WA ) 2 TG0 o5 26 BH, SIRT6ZE [ w5 oY & e A I oA
PN 5 B AR, R T E 2B
KEFRE. W E kR TAFRAD A IR K
NG U 28 Bl YA 3 2 AR K R B IR O TH R[],
FIFRE R KAEY) B 21 o FHLRIT s g it 1
PSSR,
212 AT FFEHER

JL# B 320E (Hutchinson-Gilford progeria syndrome,
HGPS) 2 A IR b — i Ay 2 DL A R i 25 A,
LR B B L ST 06 I A, X
PP FAar RA 134, 230 T hilikok R A0 T 20m .0
AR, XA AR KA I NI 3 e, I RsE
ANEZ PR T T EEmih R, REHRES 7§
ML RS ATHGPS BB AR, AR AF ML T
JLEE R T (G R R IR AL 5341, A K HES)
TR pLRI RS
213 BEUTFEWEFABNEHA

FIEGTR (18 FRFEEIE ) & — i Yo (K 1 PRt %
PEMZRATHEGEN, B HT ISR RIRYT i,
HSIPERJC T 2. R CasOFi R S5 SR 4N
FEH AR (somatic cell nuclear transfer, SCNT), F[E &7
B ) A e PR AR, ARG AR, T
N R A A T R RRIE. T EREA NG AR
KR By BBk, nl R 250k SRRy T He it 2
SR ShAYIRERY, Ry SR A W R 2 P AL B T
fil, LA HE S AL IR P B . DA AR . L
IR A AL 2B A TR B A e 5 .

22 FEEHEEHOR RSB A

BT I A 55 A h—A S ] U A 5T
BARMEZ, R ARRS™ =LA T 8B T E L
AT IR, R, T 8 B L2 B ag XURFSE 7 i Fi
AR, XPIPRIR E A S R R, Ak, FRE
T 3 RN A B BT 7 12 5 B B AR (A 43,
BUS T — 250008 R
221 2MELHERBEIA

A B B EH T BT LR R R E A,
MEAFESR, TR A v T e S ST . R
LRI, BIEMAEEE (B amyloid, AB)FIIMAE 5
e BT A T TIRARRSE, SCBL T /R4
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G PN A BIAE RO AE A R v e e bmid, AR T
P ASEME . MATTESEE SRS, &
IR T RSP BUGH AL, 1esh, IEIF K
RE 2 BAOEEU) e W2 15 3R (high-definition
fluorescent micro-optical sectioning tomography, HD-
fMOST) K22 ik 27 AR i 73 e it — A 5 T3
TR TR, AR HAR = 1 A BUR A S
Jote, 7L Ay i A0 T i ) RS0 A X R AR T
MfIT ik, WS TR . ARy
Pragir MReR, TEARSREN . BRI w2 )
SERPSTH A T AR
222 EWBEHEFRA

TANEHAR M R IR R 5 3D T4 i
BRIk, B T A S A — 2R B A N
HZHE2REE . MRS TR 028 48 B 2 5 AN
LM IR SRR R . R EDITEIESE, EMias
HREBSAR A MBI 22 0 A K e PR TTHE N 1Y
IR K IR R 2K R ST SR N . D80, ST
NiFESZEE T 41 (induced pluripotent stem cells,
siPSCs) A RIARHUYE, ZEMRAS B AT LU iz B H] Tl
RGAHSCEAR I, B4, s peie e B H a5
AR, FREZERG T/ 2R & B AR MY 7 2.
X PP AT DUESE BRI T 54 2 A48 10 /N B 2 i
B, [RIR R A 2 S e /N B R B )2, #A
S E R AR BIRE A, IS/ EoTE
RIS, B T /N STz e . S
B B E BOR BN AT DU g B S AL B0 RS M
DA B2 A B 2R 2 B BAR IR T S T AR
223 RAERHFIETERA

FAEGGREG R _F—FhIE AR5 3 D B R AR R
W, BT U IGRAT R 2 —, 50 PR R i
(huntingtin protein, HTT) 4514 58 . W58 &I, 28 519
HTTR A —Bod KN ZRA @Al 5, HAK BT
— & BEIHME 23175k R 1. A8 S HT TR Y R
MR HAN 2R 2 WA RO, e A S
HTTH F 2ol iR A 2R 2B 4,
TS A LRI BN &, e & E e
FRHLEI . B, S50 A s AMOEE AR
ST AT FRORS AN S R, T H ISR E A A A R
Z ez, Y LR R R i (1 (mHTT)
HRFSERS G, HENL T — M T p A s A AR ) 23
PG AR B A A< )5 : CH-chase. X7k

A LA EA [Rlpoly QP LR T IR A A [RIAS S mHT T A]
VR PR B R R ISR B BB R T 2B AT
PR B LI MR R I RAEAE 2, R TRk
FF 2 AEWR AL AR, BEAE T A R IR YT
BT LR,

BEAh, e ELSR AL S 2 B AR I & 5 0 40
W, B T —ERP R, BN, dsr T —Asm g
OB i) H 3 R——ProTracer. %45 A% T Dre-rox il
Cre-loxP I Al 5 T2 A T it A4 R B R,
| F Dre-rox )i 8l Cre [R] 5 5 BE /- T A0 40 U4 58 7R B &R
ST AGRRIC,  AE T L U S I ARG DU 4T i
BH. ProTraceritf§ e— & )0 s TAERISHEHL, AT LASEEL
TERCA H: 2 B0AE N A T8 W 1 X6 290 i 3 5 175 190 R A 7T
S ZHORTT LA 12 # 8 TS [ 4 208 4 g
BRI, RAp e Bbaf . A R A R 27 S A 22 40
S e I N U E o N

R EFH TR T 28 H T8 5 2R A
BT, NABERNG IR — A BR(NAD ) A A N
HEMGE, 22500 . whe R,
NAD " #Y7KFH H P BEHLAA 52 2% 100 A%, 1 4h 72
NAD Fi A ] $E2E 782 (O E AR, (K, ZEANAD A
TRIELE 2 Y R . RSB INENAD K1 L
BAFRATT 0 = S b BOM AL 0 3 2 R R SR, AEAAR
NAD 7K S 5 — G388 14 4 1 A ik 2
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Rapid development of population aging has already become a major problem in China, and it is also the China’s basic
national condition for a considerable period of time in the future. The continuous aggravation of aging population and the
rapid increase in the incidence of chronic diseases in the elderly have greatly promoted the research on the mechanism and
intervention of organ aging and related diseases in China. Organ aging causes progressive functional decline and increases
the risk of related diseases, which is the common pathogenic basis of many chronic diseases in the elderly. During aging,
specific genetic and environmental factors cause progressive organ failure such as loss of nerve conductive function,
vascular endothelial degeneration, increase in tube wall hardness, muscle atrophy, protein and lipid metabolism disorders,
reduced production and secretion of hormones, reproductive dysfunction, osteoporosis, and structural and functional
changes in other tissues. Without effective intervention, the above organ dysfunction will further induce a series of chronic
diseases, including cardiovascular diseases, lung diseases, neurodegenerative diseases, metabolic syndrome and
reproductive endocrine diseases. Therefore, the intervention of organ aging and its gradually development into organ
degeneration is the key to prevent age-related diseases. In addition, the molecular mechanism of organ aging and
degeneration is complicated, which is mainly manifested as damage accumulation and homeostasis disequilibrium, such as
(1) chromosome damage, gene mutation and epigenetic abnormality, (2) accumulation of lipid peroxidation products and
lipofuscin caused by mitochondrial damage and reactive oxygen species, (3) diabetes caused by hyperglycemia and
accumulation of glycosylation end products in various cells and tissues, (4) aggregation of misfolded protein and
denaturized and insoluble polymers, 4) abnormal transport of small molecules, (5) disturbed removal or recycling of
damaged cells, organelles, proteins and other large molecules, (6) tissue inflammation and imbalance of cell interaction and
homeostasis, and (7) decline in body homeostasis caused by imbalanced hormone and immune cells. Therefore, it is
necessary to systematically study the changes in the genome, proteome, metabolome, structural and functional changes of
organelles and cellular signal transduction network during the aging process for elucidating the mechanism of the
deterioration from organ aging to degeneration. Since 2016, the National Natural Science Foundation of China has adopted
a series of funding strategies to rapidly develop and improve basic and clinical research in the field of organ aging and
organ degeneration in China, which lead to a series of remarkable scientific and technological achievements. This review
summarizes the recent progress in the field of organ aging and neurodegenerative diseases in China, including the
mechanisms, the biomarkers and the intervention strategies. We also briefly prospect the direction and trend of future
research on organ aging and the related degenerative diseases.

organ aging, organ degeneration, chronic diseases, biomarkers, early warning and intervention strategies, novel
animal models and new technologies
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