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Abstract

Aging is a natural and irreversible phenomenon in the life process, with physiological functions of
organisms gradually declining over time, affecting cells, tissues, organs, and the entire organism.
Aging is closely linked to the occurrence of various diseases, such as cancer, cardiovascular dis-
eases, diabetes, sarcopenia, and Alzheimer’s disease. With the global trend of an aging population,
understanding the mechanisms of aging, delaying related pathological changes, and improving the
health levels of the elderly have become particularly important. Research on aging has progressed
from early observational and descriptive studies to in-depth investigations into the mechanisms
at the molecular and cellular levels. In recent years, with the development of molecular biology,
genetics, and bioinformatics, aging research has entered a new era. Scientists have discovered
numerous genes, proteins, metabolites, and signaling pathways closely related to aging, further
enriching our understanding of the mechanisms of aging. Currently, the focus of aging research is
gradually shifting towards systems biology and the integrative analysis of multi-omics data, aim-
ing to fully understand the complex nature of aging. With continuous technological advancements
and innovative research methods, the future holds the promise of revealing more knowledge and
strategies for delaying aging and enhancing health levels, bringing hope for improving human
health.

Keywords

Aging, Genomics, Transcriptomics, Proteomics, Metabolomics, Multi-Omics

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. Hl

BT A SE T AT BRME, FEEN AR, YRR A B REEET T,
KR, HR. WE, TR, SRR, BRAFEUET.. B2 REAE
MR EARN, ZELRS 2R RAEZEDIAE, GFEE. O R WIE.
BT IR 25 g BRIE SR (1] B ARG B H ] LIS BTS2 A2 b, (HEE 2 e A 5 B0 5 4% 10 77 R VPl 3
HERE[2].

B RN D2 H SR, PR 2 HUH] R EM AL & e R 1 K P
B T SR R ) R 3k DAk . PR, R 5 S I RR 0 5 40 AN A I 2 A B R 2
FURIE A, TG R TR A 2 EOR ] e A R = .

I 3 2 A D R AR TR AE SR SN PR T b, @ LR R R SR A i 2 A ) 22
FRAB R E IFFE . XL TR T 5iE . IR R DA TR R, N E R HLET 5T
B T Ak, 21 thed, BEE O TN BUEERAEDE BAAVE R R, BHEEA G AT R4 i
FEHERNR AL Z NG, KT 245322 % VMR & A R LS 5@, B FA Myc.
SIRT1. FOX03 %, %A Klotho. pl6. p53. p21 %, A EAMEHL. FE. FIiHE RS
[3], Tifs5@E¥ K mTOR {5 5@ . NF-xB @#. Sirtuins i1 AMPK IS5 [4]. ST KM
W R SRR 5, it T S AMRHEESE: BENAR e R SRR RIS E

][l

DOI: 10.12677/acm.2024.1441083 732 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441083
http://creativecommons.org/licenses/by/4.0/

hep A AY
S S

I

A, REKAEA. B WS, E IR R A RS AR . TANMREIE . 4N
TEES 18 4 A A TR 5]

W% RIF AT 42 8, 010 B B RE 7] T RG22 4 S M O SR B AT 6], RHFFA R
S A A IR R EARALE . QUL UL 2 A S S T A S, L 4 T B RS () o 2 A
5.

b TR, SERFIIRE NSRS AR R RS I 2 AN T T . B R
A RGO IR, BATE B MG, oGS 2 RIMEIE, NEEEE, Him A%
fi HE k7
2. BEAF

SR AL T AR A SRR RAL . R/, DLUR BRI Z [ 25, L2
FRFARSH . e B EAMAIESE, UL EATEYIRRRm . 8 a5 R R 7T, #
RNV T 5 A RAFIE RV AL, XL U S e T 5 B2 A O I Rt R AR RS AR (7] . 22T
T 55 i PR 2 ) RO AR AL 238 A 5%, 4 DNA FEBEAR 413 B I AN e ¢ 5 = 50 DL K A1 9 65 RNA 8]
Wt 2 KR AL AR ic 2 DNA HIELL, Bl CpG A% R b I 3, 3052 — M QR < (2 WL A& 121,
I H S RSN 5. BEFLRM], A CpG A i B 82 1M H BB (A FH 24K [9] [10]{E A —£& CpG
i mi B FE 2 B TR [11] [12]. 534h, RV RAR A F A B ith 5 k. Wi S5 R
S SR R DA SR R B 1 RSE A AL 3 AR ELA R 4L 1 R A A e s 2 (0 2 N R R AR
A e G 5T S A R, IR ELAR R 2 AL s BT . R T A S L s R 4 i 3 2 A AR W A
A3 P O A O, R E I R A O 5 R R AR SRR [13]. AR TR 1R E AR T g
HABMPEERL, 4R KDM4 (—Fr& T8 HEE H3 125 ) /& VR 4% 52 8 A0 G 70 R Y
(SASP)IIRHERA 1 [14] . ZERIAH A 5B Z IR AL L TTHEN, W AEIHER MRS LHTZE. DNA it
173~ TEEAHSRIE R (9 A I B B S 2 A AL PR R S5 2N J7 T o IX MR FE AR 1 % ZEE ML R BR A,
WRNRRIFEZ T ISLHE T REA AR

3. HREF

e SR AR 2 — N A PR R 7 I TR)RH 25 8] 260 1 RE 8 % s (1) 43 RNA 73 TSRS, B PR 20
FerEAThRe ) oct TR . HEKNAAE, HRERAINEME, KINE AR R K I B alidh 5
T 2 BEUR RIS R IEE . 545 41 25 R E AR KT AP 58 200 B 256 R 2 3% 0 155 0 R s SR T
2% %L Vera Gorbunova 55 ATE 26 P [R5 a5 FEI RN o, &R 141 MM S R ZEH LT T
RNA W7 54 #7m T foK F i fopE DG KL PR 32 A 5 e B A Rl s A 9 il B AH D R 28 R, e K Ik
FHREER T Z A5 DNA BE .. A BMEE ALK& RNA Bia Mg M@ #E[15]. — Wit 58 s 7 A
7 A0 B N AR ARG, B2 k() PR i RNA U 25080, R 1 — A N 2 i B B o AR B il
THTAEHMRBRA R ZFNRBIEE, R T RKRZR ) T80, SR8 2ER B
5 bRz B R HAR DI R R W AR R B AN T R RFIE[16] . BT, 2 R PRAN AR B R AR R R
Ak, HBEFER KA ol . G SR B S b, R T R R R PR e R AL
SRS A A A [17] Joris Pothof AifF 70 /N I 45 4371248 RNA JILF AT RNA A 11 Jeta i 5%
DU T, 6T T 2/ R R AR TR R H, #8578 T DNA $i RV 2838 1) i,
I HIX —WUHITEAR R R AFAE[18] . Ja 2, FE3 2] DLFE Bh R 3055 2 32 A0 O (1) e s 2 TR Rk i X
TR A R B AP bRa, T e e 2 gk g, AT BRAE Ik % B % 3 2 (B (E VR T T 0 AL

DOI: 10.12677/acm.2024.1441083 733 I IR = =23t e


https://doi.org/10.12677/acm.2024.1441083

SESE

4, BEREF

B AR A HOME & B -1 Mare Wilkins 224 H1[19], H2 SRR AT R I B R AN T R,
W AR A2 B A A B 1 o 2 R S AR A FUARE (R . Thomas T Perls 24 BN iE i 85 1 2H S BR 43
a2 2 N ERMIEEARYA, W T 5KEMXREZEANBE, WTPE-y. mTOR. SASP
155, RN K75 7T A B/ B A P R 35 A0 25 DR 3 A8 A DK Bl [20] « 7 3HAR R 25 = 25 B (AT 9 A Bl it 2
FHSAEAR T TN E AR, RSP EAE )N AR el E, 14 7T
AR T RE IR A B [ 21] . Fabrisia Ambrosio Z$57 ]\ A# 25 B )& 2 S48 - 3K i AL ) B 2R 3 Sk =%
ML, R BN R BEAE R K R B A, 5 PISK/AKL {55 B B Il a-Klotho Rk T FEAHSE. R HCE AR
1055 A AN SR B2 SR B 1) Klotho JE[RISRIA ARG, $Ronag sk i e vt s 2 s m[22]. A4
AR OISR HTZ, s T AR T AL

5. {&ipLA %

BAZE A B4R T AR BTV MR 2R AL B AL . & B BB T DU A 27 S B U B
FR RIS AT RE, WIEREIRIL . AWAL. WHRALSE . B R 216 R 450 B9 Ja 10 & B kA7 3 pi i T
FRERE, B A AL B B A s N R IR RS L, W] LSRR R R B T, BE T RS 2R 5
M R G EVEIRAS . WA EN . rd AHARETED R E A AR XU AR T 1ESE
MEE A B, WRERIL. OB, WIS, R R TR R, i Be (23] FRBERR
55 [24]. David Vilchez HIR A BN BT o, BFA R 2k s AR R 08 1K i e 2 1 B PR A, B E
A S R E EARE KA, SR R R P IR LR [25]. BT EE B
i H A M BRIR A B 2L 22 7 T R DL 28 TR P B B T 58 R AR 8 G e i, X L4 e i o
TOURL S H 11T 75 3 R o 0 P8 R T A7 A RS SR A, 0 15 HE TR 475 2 11 (9 Zh BEVE 32 4 Plexin-B2,
7R T AR B R EHLAI[26] . 4 S ) BER AT T H B 2B MR 2 AR A 2 R, R
T REWTRRACHIAE - A B2 R P A Ak, S48 Hh I R XA 2R L 3 1 5 LA A A (2 a2 L A A
MppiEZ[27]. BRI R A T EY) R R AR, 7R Tl A BRI R s A 2
FEVE, A BT 385500 R AE AL A AR R T3S AL X T B 2 . TUS R DN 1) A e 5555
HE,

6. KA

AR 20— [ TR 9 AR A AE 52 B 5 B (5 R SO A B AR Ah) 5, e P R AR D ot R Rk
B LRI R, DR R A R B AR ARE 0 S H E B, DR R R A
HRAS . Yu SN AR AT T 2162 AR RS BN BRRE, R ILZR R TG D7 IR Ak DR 52
{LAH[28]: Michael P Snyder %5 A\ &5 7 AR = 2 -EA F 2@ At RIAARE A, KERHER .
B E RGN RIERRAILA . IRE . AR 2RE[29]. Menni 25 A%} 6055 X UM G 3T 1 JR#E
AR T, A C-aCBebifb (B &R S HEE M IE[30]. — T T e R T T HA 21 2 A 3 /N BRI
AR R DA B A R AN X 25 AR A, 888 S A S AR R LR H . 7R 1k X T Rg
FHSR AT AR AL B FEBE R #4 281K [31]. Alex Castro 25 A FHARIMH AL 220 1 138 44 4d BEAMAR LG
A, JEIE A (IR B AUIFFAE S RS OGR4 04 10 R M it L B e Vil = I A 71 260 B S AU 4
AFIERDR, H6ERR. 3-7ER TREKTFEFAMK, BEIMEAR. AWM 2R, RE
TEIRFIZAGIE 3 K [32] 0 I 73 BTk /N o T AR A AR Ak, A2 7 Re g 40 7 5 1B & AN S 2 I B
MAEYIEGER, XA MTEMMEEFERIEE, AR PNER A AR .

DOI: 10.12677/acm.2024.1441083 734 I IR = =23t e


https://doi.org/10.12677/acm.2024.1441083

T
b
Bl

7. ZEFHETH

WM RERE . EAFAREEZ AN R SRR, aREaER.
R~ BES LB TR Bl S48 1[33] [34]. A —H 207 vE R BEHB R IX — IR — 300y, 1 2 4H A
AR IR — AN TE TS . SHFEE N ORERR AT, Ay, AT ARG H =55
Z M EnE R AR 256 M A - Thomas A Rando #8248 i 2 4226 177753878 T NF-xB Fl NRF2 2 [H]
FHEFE TR e H AR B0 2L, (FT B 3 1 48 JOR b PR U 1 UL 40 B e 2 A () T A
FA[35]. X HEBER HBMEH 2 450735, Ui T R E g 2 2 4ein SR . ERHAZ TR
AT T LM R Z R THRHE, FEOUR T A 1 &E T A Lot R G s 2 IR [36] o 7R A FIA HE
ERITRIAR, ZHETEN TR E 2GR R CHEE, R EER T 5 HECMRE . BEAES
fEIEBRAT RIS A, SR TR 2 R AEMbR ST LR G T B, DL [ 2R iE. 456
SRR G R AR DUIIRBATTN 25 B T R Lo FL R A 1) 48 4k () BRAR , 3 e HES G PR AN S50 01K R e
P N JExt 222 R AR [37] -

8. IMNESRE

FEBIEAR, NEHREEE . L OIERAE I [0 R FE T LG A (B DhRE T B 00, FEE A
EeAC IR, BT R D WA A R ) T S e R TR, BT e .
PRI EM AR, 2D RER. Eak. R EEAEERNE . B4l
DL 7 X S R A ELAE AR AL, T 2 H2 W PO AR R 2N T C SR i BRI, B
B AIRA S, B Eadse. A2 S8E, RIVITI S EMCH AR sy,
PN IR R XL I BAF I SR L], IR T 3T 2 AW A B AR . JE T IXEEOR, T APFA AN
PACS I T IS A RCR, IF48 S AL AT Tskng, s 259, R i st i N 2
BRIEZFHEELTE.

B2, ZAFINECERNEE UM EZ TH, ARRITEZH TR IR T il BB E
BEDNHREN, BT RGUEN M2 A 28R AR, N TR BERPLES 2 S I 51 R A5 0F 7T 5
IRSHERASTEAL, DU B E R AT . BEE B AN A B SR AR D, A TR &
BUEZ AR SN, WITREZIME, REFOTITBL I RSS2 B . X8
AU BT E RN T fr, HEINE, REMRTHEFEANNEFE, MR A RS . 1Ak,
IR FEEEHS], A A BAERTIA S E M T 7 AT T, T S ERVE A $2TH A S
REAIAEAL .

E&WmE

Ex @ RE IS EH (985 : 81570356, 81700725): L4 4 B AW &R H (%5 -
2017GSF218014, 2017GSF218101).

P
[ AL, SO, L NURIAIREE T HUOT ST AT R HIL). o ST 24 S TAR), 2023, 15(10):
26-27.

[2] Kudryashova, K.S., Burka, K., Kulaga, A.Y., Vorobyeva, N.S. and Kennedy, B.K. (2020) Aging Biomarkers: From
Functional Tests to Multi-Omics Approaches. Proteomics, 20, E1900408. https://doi.org/10.1002/pmic.201900408

[3] Gomes, A.P., llter, D., Low, V., Endress, J.E., Fernandez-Garcia, J., Rosenzweig, A., et al. (2020) Age-Induced Ac-
cumulation of Methylmalonic Acid Promotes Tumour Progression. Nature, 585, 283-287.
https://doi.org/10.1038/s41586-020-2630-0

DOI: 10.12677/acm.2024.1441083 735 I IR = =23t e


https://doi.org/10.12677/acm.2024.1441083
https://doi.org/10.1002/pmic.201900408
https://doi.org/10.1038/s41586-020-2630-0

SESE

(4]
(5]

(6]
[7]

(8]
[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Tabibzadeh, S. (2021) Signaling Pathways and Effectors of Aging. Frontiers in Bioscience (Landmark Ed), 26, 50-96.
https://doi.org/10.2741/4889

Lopez-Otin, C., Blasco, M.A., Partridge, L., Serrano, M. and Kroemer, G. (2023) Hallmarks of Aging: An Expanding
Universe. Cell, 186, 243-278. https://doi.org/10.1016/j.cell.2022.11.001

Francis, R.C. (2011) Epigenetics: The Ultimate Mystery of Inheritance. W. W. Norton & Company, New York.

Rosoff, D.B., Mavromatis, L.A., Bell, A.S., Wagner, J., Jung, J., Marioni, R.E., et al. (2023) Multivariate Genome-Wide
Analysis of Aging-Related Traits Identifies Novel Loci and New Drug Targets for Healthy Aging. Nature Aging, 3,
1020-1035. https://doi.org/10.1038/s43587-023-00455-5

Zhang, W., Qu, J., Liu, G.-H. and Belmonte, J.C.I. (2020) The Ageing Epigenome and Its Rejuvenation. Nature Re-
views Molecular Cell Biology, 21, 137-150. https://doi.org/10.1038/s41580-019-0204-5

Hannum, G., Guinney, J., Zhao, L., Zhang, L., Hughes, G., Sadda, S., et al. (2013) Genome-Wide Methylation Profiles
Reveal Quantitative Views of Human Aging Rates. Molecular Cell, 49, 359-367.
https://doi.org/10.1016/j.molcel.2012.10.016

Horvath, S. (2013) DNA Methylation Age of Human Tissues and Cell Types. Genome Biology, 14, R115.
https://doi.org/10.1186/gb-2013-14-10-r115

Benayoun, B.A., Pollina, E.A. and Brunet, A. (2015) Epigenetic Regulation of Ageing: Linking Environmental Inputs
to Genomic Stability. Nature Reviews Molecular Cell Biology, 16, 593-610. https://doi.org/10.1038/nrm4048

Day, K., Waite, L.L., Thalacker-Mercer, A., West, A., Bamman, M.M., Brooks, J.D., et al. (2013) Differential DNA
Methylation with Age Displays both Common and Dynamic Features across Human Tissues That Are Influenced by
CpG Landscape. Genome Biology, 14, R102. https://doi.org/10.1186/gb-2013-14-9-r102

Greer, E.L. and Shi, Y. (2012) Histone Methylation: A Dynamic Mark in Health, Disease and Inheritance. Nature Re-
views Genetics, 13, 343-357. https://doi.org/10.1038/nrg3173

Zhang, B., Long, Q., Wu, S., Xu, Q., Song, S., Han, L., et al. (2021) KDM4 Orchestrates Epigenomic Remodeling of
Senescent Cells and Potentiates the Senescence-Associated Secretory Phenotype. Nature Aging, 1, 454-472.
https://doi.org/10.1038/s43587-021-00063-1

Lu, J.Y., Simon, M., Zhao, Y., Ablaeva, J., Corson, N., Choi, Y., et al. (2022) Comparative Transcriptomics Reveals
Circadian and Pluripotency Networks as Two Pillars of Longevity Regulation. Cell Metabolism, 34, 836-856.E5.
https://doi.org/10.1016/j.cmet.2022.04.011

Zou, Z., Long, X., Zhao, Q., Zheng, Y., Song, M., Ma, S., et al. (2021) A Single-Cell Transcriptomic Atlas of Human
Skin Aging. Developmental Cell, 56, 383-397.E8. https://doi.org/10.1016/j.devcel.2020.11.002

The Tabula Muris Consortium (2020) A Single-Cell Transcriptomic Atlas Characterizes Ageing Tissues in the Mouse.
Nature, 583, 590-595.

Gyenis, A., Chang, J., Demmers, J., Bruens, S.T., Barnhoorn, S., Brandt, R.M.C., et al. (2023) Genome-Wide RNA
Polymerase Stalling Shapes the Transcriptome during Aging. Nature Genetics, 55, 268-279.
https://doi.org/10.1038/s41588-022-01279-6

Wasinger, V.C., Cordwell, S.J., Cerpa-Poljak, A., Yan, J.X., Gooley, A.A., Wilkins, M.R., et al. (1995) Progress with
Gene-Product Mapping of the Mollicutes: Mycoplasma Genitalium. Electrophoresis, 16, 1090-1094.
https://doi.org/10.1002/elps.11501601185

Sebastiani, P., Federico, A., Morris, M., Gurinovich, A., Tanaka, T., Chandler, K.B., et al. (2021) Protein Signatures of
Centenarians and Their Offspring Suggest Centenarians Age Slower than Other Humans. Aging Cell, 20, E13290.
https://doi.org/10.1111/acel.13290

Liu, X., Pan, S., Xanthakis, V., Vasan, R.S., Psaty, B.M., Austin, T.R., et al. (2022) Plasma Proteomic Signature of
Decline in Gait Speed and Grip Strength. Aging Cell, 21, E13736. https://doi.org/10.1111/acel. 13736

lijima, H., Gilmer, G., Wang, K., Bean, A.C., He, Y., Lin, H., et al. (2023) Age-Related Matrix Stiffening Epigeneti-
cally Regulates a-Klotho Expression and Compromises Chondrocyte Integrity. Nature Communications, 14, Article No.
18. https://doi.org/10.1038/s41467-022-35359-2

Wang, L., Cai, J., Zhao, X., Ma, L., Zeng, P., Zhou, L., et al. (2023) Palmitoylation Prevents Sustained Inflammation by
Limiting NLRP3 Inflammasome Activation through Chaperone-Mediated Autophagy. Molecular Cell, 83, 281-297.E10.
https://doi.org/10.1016/j.molcel.2022.12.002

Yang, S., Jin, S., Xian, H., Zhao, Z., Wang, L., Wu, Y., et al. (2023) Metabolic Enzyme UAP1 Mediates IRF3 Pyro-
phosphorylation to Facilitate Innate Immune Response. Molecular Cell, 83, 298-313.E8.
https://doi.org/10.1016/j.molcel.2022.12.007

Koyuncu, S., Loureiro, R., Lee, H.J., Wagle, P., Krueger, M. and Vilchez, D. (2021) Rewiring of the Ubiquitinated
Proteome Determines Ageing in C. elegans. Nature, 596, 285-290. https://doi.org/10.1038/s41586-021-03781-z

DOI: 10.12677/acm.2024.1441083 736 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441083
https://doi.org/10.2741/4889
https://doi.org/10.1016/j.cell.2022.11.001
https://doi.org/10.1038/s43587-023-00455-5
https://doi.org/10.1038/s41580-019-0204-5
https://doi.org/10.1016/j.molcel.2012.10.016
https://doi.org/10.1186/gb-2013-14-10-r115
https://doi.org/10.1038/nrm4048
https://doi.org/10.1186/gb-2013-14-9-r102
https://doi.org/10.1038/nrg3173
https://doi.org/10.1038/s43587-021-00063-1
https://doi.org/10.1016/j.cmet.2022.04.011
https://doi.org/10.1016/j.devcel.2020.11.002
https://doi.org/10.1038/s41588-022-01279-6
https://doi.org/10.1002/elps.11501601185
https://doi.org/10.1111/acel.13290
https://doi.org/10.1111/acel.13736
https://doi.org/10.1038/s41467-022-35359-2
https://doi.org/10.1016/j.molcel.2022.12.002
https://doi.org/10.1016/j.molcel.2022.12.007
https://doi.org/10.1038/s41586-021-03781-z

hep A AY
S S

I

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

Li, C.J, Xiao, Y., Sun, Y.C., He, W.Z,, Liu, L., Huang, M., et al. (2021) Senescent Immune Cells Release Grancalcin
to Promote Skeletal Aging. Cell Metabolism, 33, 1957-1973.E6. https://doi.org/10.1016/j.cmet.2021.08.009

Lin, T., Yang, W.Q., Luo, W.W., Zhang, L.L., Mai, Y.Q., Li, Z.Q., et al. (2022) Disturbance of Fatty Acid Metabolism
Promoted Vascular Endothelial Cell Senescence via Acetyl-CoA-Induced Protein Acetylation Modification. Oxidative
Medicine and Cellular Longevity, 2022, Article 1D: 1198607. https://doi.org/10.1155/2022/1198607

Yu, Z., Zhai, G., Singmann, P., He, Y., Xu, T., Prehn, C., et al. (2012) Human Serum Metabolic Profiles Are Age De-
pendent. Aging Cell, 11, 960-967. https://doi.org/10.1111/j.1474-9726.2012.00865.x

Panyard, D.J., Yu, B. and Snyder, M.P. (2022) The Metabolomics of Human Aging: Advances, Challenges, and Op-
portunities. Science Advances, 8, Eadd6155. https://doi.org/10.1126/sciadv.add6155

Menni, C., Kastenmiiller, G., Petersen, A.K., Bell, J.T., Psatha, M., Tsai, P.C., et al. (2013) Metabolomic Markers Re-
veal Novel Pathways of Ageing and Early Development in Human Populations. International Journal of Epidemiology,
42,1111-1119. https://doi.org/10.1093/ije/dyt094

Ding, J., Ji, J., Rabow, Z., Shen, T., Folz, J., Brydges, C.R., et al. (2021) A Metabolome Atlas of the Aging Mouse
Brain. Nature Communications, 12, Article No. 6021. https://doi.org/10.1038/s41467-021-26310-y

Castro, A., Signini, E.F., De Oliveira, J.M., Di Medeiros Leal, M.C.B., Rehder-Santos, P., Millan-Mattos, J.C., et al.
(2022) The Aging Process: A Metabolomics Perspective. Molecules, 27, Article No. 8656.
https://doi.org/10.3390/molecules27248656

Srivastava, S. (2019) Emerging Insights into the Metabolic Alterations in Aging Using Metabolomics. Metabolites, 9,
Article No. 301. https://doi.org/10.3390/metab09120301

Houtkooper, R.H., Argmann, C., Houten, S.M., Cantd, C., Jeninga, E.H., Andreux, P.A., et al. (2011) The Metabolic
Footprint of Aging in Mice. Scientific Reports, 1, Article No. 134. https://doi.org/10.1038/srep00134

Benjamin, D.1., Brett, J.O., Both, P., Benjamin, J.S., Ishak, H.L., Kang, J., et al. (2023) Multiomics Reveals Glutathione
Metabolism as a Driver of Bimodality during Stem Cell Aging. Cell Metabolism, 35, 472-486.E®6.
https://doi.org/10.1016/j.cmet.2023.02.001

Li, J., Xiong, M., Fu, X.H., Fan, Y., Dong, C., Sun, X., et al. (2023) Determining a Multimodal Aging Clock in a Co-
hort of Chinese Women. Med, 4, 825-848.E13. https://doi.org/10.1016/j.med].2023.06.010

Wu, L., Xie, X., Liang, T., Ma, J., Yang, L., Yang, J., et al. (2021) Integrated Multi-Omics for Novel Aging Biomark-
ers and Antiaging Targets. Biomolecules, 12, Article No. 39. https://doi.org/10.3390/biom12010039

DOI: 10.12677/acm.2024.1441083 737 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441083
https://doi.org/10.1016/j.cmet.2021.08.009
https://doi.org/10.1155/2022/1198607
https://doi.org/10.1111/j.1474-9726.2012.00865.x
https://doi.org/10.1126/sciadv.add6155
https://doi.org/10.1093/ije/dyt094
https://doi.org/10.1038/s41467-021-26310-y
https://doi.org/10.3390/molecules27248656
https://doi.org/10.3390/metabo9120301
https://doi.org/10.1038/srep00134
https://doi.org/10.1016/j.cmet.2023.02.001
https://doi.org/10.1016/j.medj.2023.06.010
https://doi.org/10.3390/biom12010039

	多组学视角下的衰老研究 
	摘  要
	关键词
	Aging Research from a Multi-Omics Perspective
	Abstract
	Keywords
	1. 前言
	2. 基因组学
	3. 转录组学
	4. 蛋白组学
	5. 修饰组学
	6. 代谢组学
	7. 多组学联合分析
	8. 小结与展望
	基金项目
	参考文献

