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MET S W REZR X AMRER

FE kKB

(WL TR, 252287, UM 310014; Wi KIRTT 5%, B2 55%, Fiit 310015)

WE BT 4a/(cancer stem cells, CSCs)Z M J& o fle b 69— B B . A &R LA
88T A R S ta kg e, CSCsHd g LA B IR G388, AP K A . KRR T A
EMAEZHER, CSCsty 7 b EAMBEIE LK. B A, MRM S R £, CSCsh
RHZ ) Kk BBV, KNG 0T 5 540 i CSCs, CSCs A 47T & 4 & % T AL, Mk 8 F £ 6
CSCshH e & A . KEMEA BIK A, EMBW AL AR I8 E% A €. Z L3 CSCstY
HEAE. CSCsh tfit % #04 * % R CSCsE LRI R F e —4238, Al RATEE A AR T AT
TBI6 7 # 7 R RAEHT Bk,

XBEIE MRTYEM 22 THEEHLSL; IR A SR

Research Progress in the Relationship between Cancer Stem Cells

and Cellular Senescence
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("School of Pharmacy, Zhejiang University of Technology, Hangzhou 310014, China;
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Abstract CSCs (cancer stem cells) are a subset of cancer cells that are carcinogenicity, self-renewal and
can produce. The abnormal differentiation and unlimited proliferation of CSCs play an extremely important role
in the occurrence and development of tumors, and the abnormal differentiation of CSCs can even promote cancer
recurrence. At present, an increasing number of studies have shown a close relationship between CSCs and senes-
cence. Senescence cancer cells can transdifferentiate into CSCs, which can also undergo senescence changes. These
senescence CSCs are closely related to the occurrence and development of tumors and play an important role in
tumor recurrence and metastasis. This article provides a review on the characteristics of CSCs, the relationship be-
tween CSCs and cellular senescence, and the research on the senescence regulation mechanism of CSCs, providing
new ideas for exploring new methods of tumor treatment from the perspective of senescence in clinical practice.

Keywords  cancer stem cells; senescence; regulation mechanism; tumor microenvironment
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fiE, tnAEXT & b THERHIDNAE E R4, BRI
B 5407 T 25 1S, T b il £ 1 i S B (acetalde-
hyde dehydrogenase, ALDH)?) 3k PL Je & 7% £ 77
TR BRI B e 37 Bl a, CEVE 22 I vl R
T CSCs [ ERIE o AH BRI 7 411

IR, CSCsHAE R S 2 Z AR R I T A
I Z k0. Bk, MR R IR R mE
R B ) I3 T A0 5 P e 4 o e 2 3 O
XL Bt CSCsr™ AL I R BL. HIR, CSCs ] HL
PRI 2RI, FF H X CSCsHITE UL T
i 52 77 T & 45 3 E M. T CSCs& S B H
KA ARG R OCERAN A, PR IR N BRI 32
2 5CSCs [a] 12 7 PA S CSCs & iR ML v gk
— 2 T AR R R AR AL, 3 T A AN R S A R
FHERREENHI CSCSHIYRYT F TR I FE I R

1 AT 2mpRxE X R 4FE

Jie 8 240 A b e A0 L P ) — S /NS,
oy BAJGIRIGTE . B 3R 68 77 0 R oM A,
FE AR KpHII RS A0 X ] Bl A 5E 1Y
T NP5 . CSCs B A B 3 R 1 40 A A 61 1)
Ae. B A DNAZ B R Gi(DNAK 25 U ) A1
FF S0 T PR AE DA S AR 20 A2 B8 J1 (7] B P11,
5IEH T G, B0 S R O TSRS 1 2
CSCs[X 7] T~ 1F T 40 B 1) e P19, 7E ALDHs 5%
H, ALDH1 3= ZE 5 CSCs ) M A4k I7 i 2443 k7
H A e g8 T 40 M %) 3R 1 bR R ) A CD44. CD133#1
CD24 V) K ALDHZ§US20,

b4k, CSCsid B AR (1T 24 7, 1X 5 H Ak T 5
1EARZS T VA ¢, & b 2% — P gl AN TS 2R 7 22
A 7K A R 40 BRARHER, K50 4568 40 B FE % B 2 4%
TEBR, (H—30 0 4b T 5 1RSI CSCs 2 18 J5 2R iE
()R A R Fe i kS B — 8 IR Y. e B 5 3R
T 3L T R BN, AR A R AL B S, PR
A R BB D, (H /N BRAR A A TR BRIRZS 1CSCs
B A R AR, JhAt, F S % (Temo-
zolomide, TMZ)% Jist Jii 98 £8 38 HEAT AT ), 78 1 ot Jg
AN BT R BILE 22 (1) I 5 R T4 Bl (glioma stem cells,
GSCs), H 556 1F B 35X & 4344 i 988 48 i F GS Cs 2 [H]
TRV E AL 45 1P, B2, CSCsTEME I k& 4E
KRBV GG T W R EEEH, 225 ME
KA B SRR HEEMMIA.,

2 YRR

1 0 5 2 2 — ol K A 40 L B0 £ MR 2,
NBIAEAR [ SRR 2 R A e 22, 3T
KA 53 G0 1 AT &, #2321
T2, RO BB A A 2 7E — s R T s
B, B E IR TS . AR 4 IR0y
T 2 R A MR (078, s 2 AN A 8k, LL
1B 0 LA S TR, S TR AR 1

B FIOE PO KR AR R T B 2 W [ AR N B
77 Wb 2% 1 (senescence-associated secretory phenotype,
SASP) R % 32 AH ¢ (1) I 45 3L K anp53. p21LL Kepl6
HRIBACT TP, thah, 405 22 1 B R
A A7 0 A U R 2R 0 20 A% B g AR B AT R,
i 968 ZH 2 A A7 AN ) 2 B 1) 4T ff 3 22, AE ] 2
ESEP RGNl SN A B E PR S R e
i} (senescence-associated-B-galactosidase, SA-B-gal)
G0 S 4 e ] S 4 2 02

BT 3 2 A B o — P 20 IR H G 5 S 1 3
FEAS AR, P I 3 28 fe AP 2 — b 8 4
BU, AT T 200 DU 5 Mg 40 i 22 0 H 1)
I 2215 3 075 . BB BE A B R N, B
T R 53828 2 1A % R 2%, Al g% T
LTI P kW VA ol I B 3 - AN e S
R EERERZ —, BEFREK, YUEEZKT 5
T, R R A FGE I, R RIE T, 2
37 55 9% 2 e 3 e 40 ) 6 B0, S 2% B B 41
ML E T T B A R A . B, I
SRAE G IR LA K 254155 S I 78 i R B, 332 5 CSCs
FAEF VIR, IO 40 i 2 5 2 R IB Ot 5511k
FEPRCY, e FU B s PR 7T b A I, pl6FH 1 1
T 22 L 1 g 20 L5 Y 2% R IE Nanog %5 TV 5 K],
(] B AE B 5 Jee 438 b, — &AL B (cobalt chloride,
CoCly)Ab ¥ J5 B 5398 241 U SA-B-galify £ 3 5, [ B
BEA CD1 335543 IR 1) S8 R e, [R] B, v
AW FECSCs 5 & Z A B 5% R0 T FATRA R
R R AR R R, IRR A R MR iR T Tk A &

3 BT HpEz=EE
3.1 BT REERI
TSR0 RN, CSCs & 5% &2 % Y], CSCs



SRR IR T AR R 1 % AT T

1725

A B 23 R A R R I I S A R IR A O R Y
(Bl 1 W 7, B85 22 n 15 5 i T 20
(liver cancer stem cells, LCSCs)H Bl 3 Z 454, LCSCs
4 o B S AT K TEAS, SA-B-gal s 2 BH 4 41 i
B 80, FR, 3 ZMILCSCsH pl6. p21. p533E
Al 1, Sox2v KLF4%%5 T4 3E X 9 s, H EiE
HHSASPIH) 3 B A 43 IL-6 FITGF-B13E 1A /K ¥ 3 7,
DL 45 R EPERBT B R 15 FLCSCs & .  [FIFEAE
FHAFE 1 (etoposide, ETO)Ab 2 5 5 0y fif 77 41 i 5
PA- 141 (—FHCSCsHEAR)I, PA-14H i H BLAAFA AL
Ky RIS S, SA-B-gal 4 th $H 4 o £y 1
%, [FJ ST 40 0 A 38 (Rl Oct4 AN 58 28 AR S 3E [RIp2 1R
BACFI N, 125288 K WIETO R 15 3:PA-1 HH I 2
Ak

Z AR EL4H i 41 i (polyploid giant cell cancer
cells, PGCCs) & — M i I T 40 B A 40 Vs i 70 %
I, SEAZE RT3 O LR AR PGCCs, IX 551 L
JEPGCCs i I3 2 3R A, [A] I 28 il H Oct4 . Nanog.
Sox2%45 T4 i % S IR 1 R IE K BT, Ab, Bl
HLP 10 AT F0 A R I 240X 2 2 5 1k 5 g A gk —
IR LR IR, 2RI ZE B HE, Wn4n Hu AR
TR BRFIIR, 400 SA-B-gal fH PR IEEEH,
3.2 REMIMESMET M

Ji I8 A 3% (tumor microenvironment, TME)AZ

Post-senescence

Normal cancer stem cells

A 308 H BN R IR R A ) B R R AL, TME R ]
CSCsZZ b 1) B B[] 21 A2 B S A I/ ) BB PR BE . i
W TR I, B MIAE 5 CSCs 2[R W AFAE 76 %5 U1k
AR, 1245 B o Fo s o, b8 240 g 23
(1% A5 ¥ D2(phospholipase D2, PLD2)#g% 55 5 5L
JE Rl 20 23 H Rl £ 4 24 i 1) 6 32 AR DG SASP IR 1)
ik, HAEFUIE K I 2 1) o968 20 B 43 Wk () SASP A
TR T 45 B %I CSCsifOct4. Nanog. Sox2%5:T
PERE DR ) IR, RS T 38 2 M B X CSCs R AL AN
s A A EEEN. EBR sl Kha R
510 3 22 B BE 41 i (multiple myeloma, MM)1s 77
TWAE R ARG TR, PV 25 35 SR MM R 3
T8 T 41 JFF 4 Bfd (cancer stem-like cells, CSLCs)%{
G, SIS R BICSLCsH H L 5 2 2 2 RIA 1
SASPH # VI R, 1% 48 3 2 40 it m] DL gk
G J2E S5k B /I B R eI o A, A 32 s i 400 L el S
T-4H MR AR (0 3 o0 A1, i — 2D R B, 22 AR
XFCSCs £ AA HEAE .

PERIE , YRR AL R (tumor necrosis factor,
TNF). IL-6%$SASPH F7E % FCSCs b R ¥ — & 1k
FHUSL AN W AR 58 1 50 2 20 i ] e e R TBOK B SASP A
T FEUMIE R IEI BT ik, HET R R T CSCs ik A=
HAERF )R, 72 50 Sl seie b, AL B s
SA-B-gal Jx {0 5 BH 14 1 52 22 0N S0 41 R 30 2, 1%

Senescence cancer stem cells
HZCSCsAMUATARE N, pS3. p2 153 A G N AIA E RGN, 40 i V& 1 FU(ROS) AT 1S I, G4 o ARDNAT5 384 0 (Bl Hh i Sk s ), RuList
A& 77 TR AR W A 1S N 45424k

Senescence CSCs have larger cell volumes, increased expression of senescence related proteins such as p53 and p21, increased levels of intracellular

ROS (reactive oxygen species), increased chromosomal DNA damage (as shown by the arrows in the image), and increased epigenetic methylation.
Ell RECSCsHITAS REFEARIES 2 SCHK[38] 1820
Fig.1 Morphology and characteristics of senescent CSCs (modified from reference [38])
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W78 R B, 3% 22 IV 98 4 70k O TL-6 DA s 4 4 1] b
EWIGPRTT/CDI0" 1 7 3 L8 A Bz A2 1
(vascular endothelial growth factor, VEGF)E i M 11
YEFRFCSCsH T 1EU . HoAh S 56 WUk S R 2
2 6 38 ok 55 4 WA A 1 N VR i b B A ) 50T A,
iR AL 2 Am R AT M B R 2, TR A X 2 b
ARG S A PR R AR F AN B SR R 22— FEd
FHE[H 155 5 3 ¥ (oncogenes induce senescence, OIS)H]
JEAR/IN BB 7T R R B, FENF-kB. IL-12:SASPH T3
I R [EIN, CD34. CD44 Hmga2%%— Lot 5
PRI 2 K- G N, 78 U IENF-«BJ5S, 4l CD34.
NestinSET-VERERIRIA T B, IXEFEU M 1 /E— R
JE - SASPH] AR T R A A, A6y
S HR) R A0 i 3 2 S L AR I SASPIR 1l e AR
CSCsHIRIA R, 1 4% 2: X i Jed 1) A e . anAE %A
PRI OR S, FEE AN W IIL-6 7K F- 3 I, A
M2k 7 CSCs ) & 4.
3.3 MfRESMETAMR~EZERXR
TEZ ST AN RO A ) E AR N FE SO, 40 i
TE S T TR AE IS A 4 g DLAS AT 38 1 Ty ARG B,
DA b 3 22 A3 N A 2 P JRE ) A AL #)Be BF 5 R B,
FETHDO PR AR . ARIT 25955 e ) 2% AR IS, 873 i
Jed 4 AT AR S B R B N SRS, (HA A
I A N F LB AARIRIR S, bR 40 B 0E A\ 222 B

& LIRS 5 40 N AR 1 B S 08 O
H xR, F k4 A (bone morphogenetic protein,
BMP)FITGF-B{5 5 it #% 11t 96 (2 2F /T 51 B 1 40 1
TN A% AR 2P 4 R 51 -1 55 [K] (nuclear re-
ceptor subfamily 2 group F member 1 gene, NR2F1)5
DA 5 B 2 L i gt 2 263 4 R N e L AR HEROIR AT
U4k, KOBAYASHIZE 2 B il it g -4t £
R, WA R LR, SR
e T 4 A7 AE 7] FLAROIR S AR 1R AT g, T X M e AR
Z 57, SRELR.

HASVE BRI, TR, i 3 22 n] 3 5 i
AN FPEE AR RE ) U BRI K, 1
KRR B R T CSCshr B CD133. LRGSHI
ALDHI15 R E K- £ I & H Y, o) — T
FRIL, FER 5 315 3 (10 5 22 bk E R0 A i vh 4
Bl (U1 Sca- 155 ) 25 3G TN, A% pS3 405 J5 , #87
TE 22 1A VAR TS 98 0 I R DS N A0 R ], X e
M IEE 22 R T8 FR) bR E2 99 4 i 4 2 R 3 0k i 4k
SEMGIN, JEEIN S BRI R AR BORE ), B A E
UCUEW] 1 41 32 22 ] DA E & b 15 3 i 6 40 e 1)+
PEE g2, R4 CSCs, #2278 CSCsh H 4 3
S Ty £ i 2 AR T SR, e ABIE SR R BN, TE B 8
B A PR S5 i ) SRR, S B 5 e 4 LT 35
F. SA-B-galif ME T, pS3 Kp21iE eI m, Hixsk

®1 REHEMEI E TR

Table 1 The role of aging microenvironment on cancer stem cells

AEFER /AR AR THEREE R R A iR 200 A

Handling factors/initial Aging cell type Changes in microenvironmental factors Tumor stem cell changes

changes

Phospholipase Fibroblasts Increased levels of macrophage MIF (migration Increased expression of Oct4, Naong,

inhibitory factor), HGF (hepatocyte growth factor),
and chemotactic factor

Adriamycin induction Multiple myeloma

- Fibroblasts

Paclitaxel Ovarian cancer

cells

Oncogene induction Epithelial cells

Interferon y induced increase in protein 10 and
cells chemokine (C-X-C motif) ligand 10

Elevated levels of IL-6, IL-8, and IL-27

Elevated levels of IL-6, VEGF

Elevated levels of NF-kB, IL-1, p38

42]

Sox2 dry genes !

Promote the emergence, maintenance, and
migration of tumor stem cell like cells **!
Oct4, Naong stem cell gene expression
increases, enhancing tumorigenicity of
tumor stem cell-like cells 4

Increased expression of Oct4, Naong, Sox2
dry genes 47

Increased expression of CD34, CD44,

Hmga2, Nestin dry genes **)

Platinum Ovarian cancer Elevated levels of IL-6 Promote the enrichment and formation of
cells ovarian cancer stem cells, and upregulate
ALDH ¥
— JohbEE,

—: no treatment.
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Y1 2 TT 4 2 3k - 41 i IR 7 Nanog LA St ALDHZ: T
FEIRBS, LE G g 1 5 — W5, I S-FU R Mg
b2 S E, RIS SA-B-galih 438 0,
Nanog T4 i K 7 R L K34 2, HCD24. CD44,
CD133%:CSCs br 9 L1 I 25 48 e, i dE Aff
FIHRTR, A5 2 vl R T A AR S
CSCsi=4:

4 MIETHEMREZEE AT
4.1 RIEREFE

WL TR 45 0T 4R IR T A A O
B, TEDNAR JEAb . 41 85 118 1 45 38 00 38 4% 1)
PR N, T-40 fn] DUZE R 4 o A= A2, (B 57
IR AL 2 B EUE T M A
CSCsP, £ il et (4 4% 38 % L3 1 fit FRDNA H
FEEEFL 1 (DNA methyltransferase 1, DNMT1), A JH
BRIL-61 5 1 52 22 AH QL [RIp 53 ip2 1y H 24k, A
M P It CSCs ) ‘& AR #40% . IxX Le it 5 1) 3R B,
— /N 53 SR 2 )RR 4 i AT O O A A i T
e CSCsITE o

Nucleus

4.2 DNA%15 & R(DNA damage response, DDR)

DNAT A [ B %F T 4 35 5 R A e 1 B
TR F, 2 R 2 i JRe 200 i 0 41 i 5 2 1) 5 B L)
22—, W &I, DDR#Z 5 T CSCsiFEE T,
1E ETOWS 3 PA-1(Wi G 40 i 32 ) 2 1 sE8e K
3 [FIPA- 141 i # 2= R IAyH2 AX(DDR ¥ 45 57 P A
B ZAR L AT 5 2 T 7L R R B DDRUK
SR, PA-140 8 Octa Mp21 43 3L 2615060, thah,
CHITIKOVA %25k 2 3 /E DDR IS F2 5 %2 52 1 4
2R iENanog s T NI B K. 4k, DDRIE 255 i
2R G i %) 1 Dy R, T A 3 S A0 R A R i
HECSCs A4, DL R S AR $E~DDR I EE 2 5
T CSCsEZ .
43 FECSCREERIESEEE

FHIRH TR, 25618 I ECSCs = i H
RAFFHEENEH(E2). ERTER A HELCSCsTEE 5K
46 R, CTNNBI1. AXIN2Z:Wntf5 5B CEE 0 T-RIA
TN, 2R S e A R A BRI T % IE
Bt 5 {8 FHTWR-1410 1| Wnt/B-catenin{E 5 18 % 4% T Ja &
B, LCSCSEEZ ARG T BARE, (HIH TP RILGRS.

Witf5 58 TGF-BI5 5l Bl 1 BT p3 855 M N 70 1, L iip2 1S5 B MR IR NFRIE, SRR Z . NAD-Sirtid B @ i Brs NF-«B&E i
AEHESASPIA T (3R 1%, SEUMRTAINRTE L, AW, MR TA0Nbs M CDI33. ALDHARIE R % .

Wnt signaling pathway, TGF-B signaling pathway can promote the expression of senescence related genes such as p2/ by activating intracellular mol-

ecules such as p38, leading to cellular senescence. The NAD-Sirt pathway can promote the expression of SASP factors by activating NF-xB and other

pathways, leading to senescent of tumor stem cells. At the same time, the expression of tumor stem cell markers such as CD/33 and ALDH increases.
B2 iFECSCsREMESIBE
Fig.2 Signal pathways regulating the senescence of CSCs
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Gk -

Nanog?& 11735 7K- T %, 22 B Wnt/B-catenin{ 5 185 7]
MR CSCsI L RIZRIAPT, PIBK/mTORYE 518
PEXTCSCsTVEGERe . Y5 S o0 A 55 RE T R 2 K45
HEEAEA . TERT 5 BRI SVR P SIS R T 3K
IPI3K/mTORAE 5 i A CSCs 14 1 15 & 5 ¢ B
WHYER, 7T FWCD117. ALDHZ:F 1R R ik K
Vo [EAERME, PBK/mTORME Sl#iLE 5T
Y 3E 2 IR, WS %G 5 0 S T 5 R A
e, R R R 4 P R R Rk KT, R i
o R e 1) R A R BT, i Abh, TGF-BAS 5 38 % n] i
TR R R R T 2 5 A AR K P PR 108, i
2 i 98 20 i 3 220, Wt Ak R, TGF-BAs 58 %
EAECSCsEZ Rt RE T — & fEH. 1
U2 R F 75 Hh, B 2 5 40 D ) 9 (I BMIP7 AT LLJd
T W p38 22 24 5N A B 1 TR AN 1 2 A4 ) A
i 5 7 p2 1 )R IK R 72, 1) 2 K N-myc ™ R 7 8 55
R 1(N-myc downstream regulator gene 1, NDRGI)
ERI5, 175 5050 5 IE CSCs 2.

NAD-Sirt 15 538 % 7] E R 2 Flv A (176 97 418
R Tt e 1ol IR 4% B % 7 8 (nicotinamide phospho-
ribosyl transferase, NAMPT) & JH i fi& i N2 % — 4%
HZ (nicotinamide adenine dinucleotide, NAD)#hk{
BRI PR, 8 NF-xBi& 4275 SASPA 1)
FIEIO, AE b 7 UF HL 9 (epithelial ovarian cancer,
EOC)MikiEH, M5 3 EOCHfEZ )5, SA-
B-gal BH M 21 g #0482, 1L-6. IL-8%:SASPIH 1 & T
PR EYICDI33. ALDHES R IE B 2, SR 24 I
HIS5NAMPTHIH FIFK8664 Fl 5, K BN AL B j5
EOCHH il () A Kl 34 i 35 IS, 4B rhIL-6. IL-
8, ALDHZ: 3k 3552 2|40, R BANAMPTIE 1L 1 75
SASPIA F R CSCsH 2, [AI Ui BINAMPT 15
[ISASPLENT 17 T MIEOCHH i %2 22 #E 1 7= 2ECSCs
ORISR BN AR,

B RIE I, 2 CSCs T 4EHE 5B Ik 7E
Mgl fE p R I R P R, T — e R
5 IE A AT g T IR R R R, X E S B A
2N A AR X B, 7ERFECSCsH, mTOR
I % O TR I 2 AR A R, O
T CD44. CD6475FVEFE R RIEA . 1 bk B8
FUR I, CSCsTPEYERF ) (5 53 #% Wntf5 518
PR T, R T R AR ORI R p2 I R IE 3K
S35 U B, X T-CSCsT &, W& s S T iHEE

T EAFAEE VIR AR, XX AR R ST
SR BNt — b W CSCs % 2 I HL 3R 1t
ER SIS

5 RESERE

B & Bt AN B ER N, R SR B 22 A 9T N B9
BRGNS 2 BAAEEY LR, diEE
— 7 THD T LA ) e 8 4 B P ot B I B, S — DT T
A e A a3 IR A PRI o AL FNCSCs IR 7= AR
i CSCsTE R () & A B A K A i S R
H, BRI EEER T CSCs 5 3522 A B Rk A Bh T
IR NINTRCSCsHEP 2 RFAE, 3201 K #E 1] CSCs )
YRR S, NTHBRCSCsTIT R BB A R 7. MAh,
BT 72 3R WA AE — L 54088 Fh, CSCsX 8 JIL R va 7
JPERA T2, TAEZMEVIN, A8 K HE
X IR B it 2] CSCs FIMAFIR YT J71%, NIRRT 8
EITE RS2 B . (HCSCs 5 4N il 322 2 A1 1)
KRANIRIE E IR, A RGE bR J7 1A BRI [R] 47
T B — D ) S0 SRR 2R AN B
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