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Abstract

Chromosomal instability (CIN), as one of the main features of solid tumors, affects the formation of
tumor immune microenvironment (TME) and its impact on immune response through various com-
plex mechanisms, such as driving genomic heterogeneity, micronucleus formation and cytoplasmic
double-stranded DNA (dsDNA) accumulation. Recent studies have revealed the “two sides” of CIN,
i.e., moderate levels of CIN enable tumors to better adapt to changes in the tumor microenvironment,
whereas excessive CIN leads to genetic catastrophe and cell death, triggers cellular paralysis and
releases damage-associated molecular patterns (DAMPs), and enhances anti-tumor immune recog-
nition. However, the relationship between CIN and the immune microenvironment currently re-
mains a complex network, especially in colorectal cancer (CRC), where CIN-associated molecular
mechanisms (e.g., the YY2/BUB1B axis) remodel the TME and overcome immunotherapeutic re-
sistance in microsatellite-stabilized (MSS)-type CRC through the release of tumor neoantigens and
pro-inflammatory factors (IL-1, IFNy). In addition, combining serine/threonine kinase (AURK) in-
hibitors with immune checkpoint blockade, or targeting glycolytic and DNA repair pathways
through metabolic reprogramming, provides new strategies to overcome CRC treatment resistance.
In this review, we integrate basic mechanisms and clinical translational perspectives to propose a
combination therapy strategy targeting the CIN-TME interaction network, which provides a theo-
retical basis and application prospect for optimizing colorectal cancer immunotherapy and expand-
ing indications.
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1. 5|

PetB R AT € 1 (Chromosomal instability, CIN)Z it g7 4 i (1) SRV RRAE 2 —[1], T2 AFAE T 45 B <
FLIRE S 2 P R, LAERRT R AE L R JR DR R S e SR B v S B T [2]-[5]. CIN i 454k
PR TR 2 AR, DUUEHE R 6 3E N [6]-[8], (HIRIRY CIN A Husbsa/E FH[9]-[12]. 5 F4MusET-[13]
[14]. FEZ[12] [15]-[171 LA S0 e 0% [ Ri[18]-[24] . ITAEK, BEE BB AR AT & &, CIN Xof g
H 9% F A 55 (Tumor Microenvironment, TME) (118 2 ML Z T BRI 7T 55 o — J7 T, Sl SRIE I w5t DNA
(dSDNA) e -8 G A A E R AR LR S0, TR FEDUI R e i #2[24]; 5 —TJiTH, CIN S
ff) cCGAS-STING 180G Al N5 S @ EFE, TR A BB RO S, (bR R [25], X Fh
LA R AE A L 7E 25 B e vh I SR PRI 90— — 1k T2 2 R i (MISS) 8 98 DRIAEG Ji 8 2R 74 47 1 1 B 28 947
KA PD-1/PD-L1 #iil i 25, 1 CIN AHOG(E 5 v] fe il B 8 h J5 A T AR hse wikRiX — /IR
UbAh, A 22y 2R 45 8 1 (1 Aurora B ZCR) 1) S 4 R X AU R CIN, 58 m]d ik AR U 2 4 F2 5 DNA $id
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173 % (DDR) [ % S R 4R T RE . XIS, #EM CIN MRS5S SBeih )T 1 A £ ) B Re
¥ MSS 1 CRC [ 52 32 -

2. CIN 95 FHLHI R H R B EE RN E

CIN Mo FHLRIE S, FEAFEBORE ST 25 2400 8 b ROSA HhoO R & e . a ok et
FARENE . YIRS A S EUGE 220 - T IR T [26] CIN B AR 8, Hb
TR ORI W ARG ZAAL2] [27]-[34]. HA R & A R SRR B AL A2 16 ) 32 1 e
AR B, BRI SEE o X PSS AT BE 2 S BUNEPE dSRNA 17242, AT 76 25 (R 55
PEVE YT AR OE HU R G2 ST o Ffb 75 JFE JBEA: 2 5 R TS A% 4 B (dSDINAA) RIS 4 57 DNA J8% 3
P& (U1 cGAS-STING), %S | BT K (FNa/B) s, {23 B S 2 35 4 A(APC) (¥ R CD8* T 4 il
S A[35] 0 FLAE e R R B v (1 TR 428 P 0L M 3 SR IR

PRGBRERDL: EIEH AN, JBH AL dsDNA, (524 R A Jeta R H5R 7 B, HOB KK dsDNA il
I #E STING-TBKI-IRF3 41, Hhn | BLF-HLE(IFN)AT MHC | 23 T-H0 i, il G2 JR R4 48 T (G =
T2), B AH 7 T U(DAMPS), WS Ju e RS0, M8 s bt s i ) N [36]. th4h, CIN BRENH]
L R 20 S5 o 1 T o e 3 B DR P 2 AR, BT B R Gkt R R R [37] . I H,  H ASKEE R 7L
44311 Shunsuke Kitajima [\ & I Jok 44 (8 R EE R 70 B T BN S5 » TR BRI 24 AN 3 350 5T dsDNA 1
s, M HSBUER dSRNA LR, BUSLRATUREE 55 5 (MAVS) T 1) dsRNA JEA1IE % Fl
cGAS/STING i #%; 7 NSCLC 4Hfi & it ik MAVS 53518 i1 MPS1 (&7 8 {4 41 28546 25 0 1) 25 B 4% K]
F)INHIFE T IR IR G B, ELHE(E T @1 TBKL A STATL MBi& 4 n, LA CXCL10 #1 IFN-
B AN, 3 R EIE R G g% 0 R R T A e ek 2 0 FE [24]

GRPEIPHI R : JR110, =/KF CIN 51K MR 41 N cGAS-STING JE % K WIEE, 5l &4t T4k
FESMMEK TME MERFE, Fif (et e iH e RIS R, a0, 181 STING Hufi@Eid i i
I 18 (ER stress)i 5 CCL2. CXCLI &5 42 skl v 40l IR 1 0 700, FR SRR 0E T 40 (Treg) A& VR 1
2 fL(MDSCs), Al T TP L R (1ISG) IZRE,  Hl G5 B o2 9 2 [25] -

3. CIN EBSH AR A MIFEHIREFRN

CIN fE4E H s h iz 4242 (2], (RAESS Ei T, A 7 kil dsSDNA /31 STING s I ik ik 52
W, cGASISTING i 7E 45 i de 40 M vh 485 2 2, Xt S BUMR S JRPEREAIK, I S BUNTE S
PG 2 A BT (ICB) TR 25 PE[24] . 7645 EL 7 (CRC)H, CIN 53 2R ZS(MSI/MSS) 48 B 152 520
PR TT R

MSI-H & CRC: it T & 7 A fa g (MSI-H) AL CRC H4S LS 2 5B (AMMR) RSN, HARAE A v s
FRAF AR fuf (TMB) FUET BT I 2 5, X PD-1/PD-L1 #1177 Usé[38]. #R1M, H RIHTF 2L MSI-H 24 g
(7 CIN FE % A%, HAEBGE £ BB PUE-MHC E45WA S/ T ARG, mEE CIN A< [
ARG

MSS & CRC: #i CRC Jifilf] 85%, &4t 0t G yrTii ey, BAR/EN “¥%” . InIRut ek
W, YY2 i RIESH PD-L1 EIT S A, 20 5% MSI AT MSS CRC 8 A KA1 FRAR T A3 4 {540 6
5o Mehh, S RIER) YY2 it 58 BUBLB Rk P EQL AR IR Ty, @88 1 bt PD-L1 $ifkia
YA SR EEYE T WM E4HI(CTL) A 1 MSI BE MSS CRC 4 i JF 1 i) iR s kb i . [R)RE, X Rbee
AHHNT Kie7 + CD8*. TNFa + CD8*Hl IFNy + CD8* T (T 413 {f (AR W) 40 Ml (i Ee 3]s I A T
PD-1 + CD8*All TIM-3 + CD8" T (T 41 ffl v 1 br &) M I o] . 7R3 Rk YY2 FRECE$T PD-L1 Hifk

DOI: 10.12677/acm.2025.1551504 1375 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1551504

w, WwEk

YBIT I MSIFIMSS g kb, B R 1 (IL-1) (R IAR S RIS FIA AT B3 N . IXe8gs iR
B, YY2 id Rkt PD-L1 BE&1RYT AT T Qe O R AN TIC 20 A v DL R ek Y G e O 5 IR 1, AN
Mifeidt CTL MBEEEANTEAL, [RINTpy IR . Rk, Z0PREEtE T AREY(CTLS) R PR R
(MSI) A TR A2 e (MSS) F g o 35 386 560 1 2% A3 e g 1 2 R [39]

G R B s (SAC) =& 22 73 ZLAR LR I B AR AL, 24T 23 CIN, i 3R5% YY2/BUB3
Refigim i s SAC A T%5 CIN, &K CIN ff CRC 4l xf Byb FIEA R AZ BE B 5 BURK,  BRAIKITY 24
PE[40]. AR 2O AR PR EEAE N S — MR AR L E BRI 2 BRI (Aurora i, AURK), [
F4 3 (L RIE) AT AR TS B b, 550 B2 28 PR 00 6 5% 1 IR R0 407 T 24 1 (A W) A 9% [41] .
AURKA (Aurora ¥ A) 1235 I PEAESH M A 1™ 4% 1O 4%, WlEE AURKA-BODIL1-PP2A HlifE4ERF
etk “OREE” REZ/EM[42], —HRMK2 33 CIN. AURKA 72K 2 HUMR o 57 s Rk,
5N RS S ARG, HmRik SRR A s . R R, R, BT
YA E PR SE, AURKA (130 225 5 2 Fh Mg 40 i 00 A KA AJE 10 B FE I AURKA i 5
AR R A A RE A M PD-LL (3R, FRIRHUMIR A i697[43]. AURKB (Aurora Wil B)i it 42
] AURKB-MAD2L2 fili il 15 b B fig A1 DNA 45147 S22 (DDR), T 15 45 B s (1) 2k g [44], LAk, 0]
AURKB 1] 381145 B 79 XF 580K W8 I 1) s o7 14 [45]

4. $¥8[8) CIN-TME 32 E 4BV EX & 18 T R Ig

et A TR M (CIN)-S IR S s A SR (TME) I A2 BLAE FUA B BT IRt T 24 E TR . T
CIN M5 AR, DUR SRBSE R SR B v] DAHES) I PR 10 T

(1) CIN 35 %A 2 s BEL W [F

B AE 22y RIS (W AURK. BUBLB)A] A N35% CIN, e HE SR T i G2 SR PR A5 5 R TR
filtr,  Alisertib (AURKA #1i7) 54t PD-L1 BRHEAR KA T FEMHT 5, AR T Alisertib i 24 1) v &,
W PD-1 SfiayT rUEME. thah, mid [ AURKB-MAD2L2 fli IR CRC H LA ]
DNA &ML Bk VF A2 — R i 5 A0VA T S 383 YY2 (15 A 75 S i e R eB il 70 B 51 R A eE T,
AJ g MSS 1 CRC X} PD-1 HUARIAIT W R SET:, NGBS Bl 1CHIRYT RS 1 — Pk 50

(2) RIWERESRZEIREDFE

TR B S AR LS, R 2 2 il A g R R R R LA RE R AR, LR AR
T S 7 2, TR 200 )0k 2 S5 AR 2 ] G 3 4 M B R T, AT S MR B e YRy T AR . TESS B
FEANAR L AURKB JE R & S BURAGROM 58 . 4495 LA R g oot Sk e, AT #0145 0 M 1)
BEFE[A4]. TRAENIAEAE T 2 FhiiRg b, 385 2 FF AR AU = 4 ) e R 4 b g 4 B R AR A . R AT 24 . LL
WA AR P R R R . R R AVLER T Dhd i iy AT A R AR W R 04 i A0 4, b T A 4 g
TR S R A0 B (0 2E A i B [46] 5 BRAt, TAEIa g i Ik 22 oy 2 B 42 T I 0ot e e A A 35 A0 8 40 Bl = 2
TR, b st B FE B 5 XS DNA 845, X G2 i i r= A AR AR A, AT 52 0 G2 Y6 7 1)
RUR[AT].
5. Pk SRE

U I [ et A AN R T (CINY 5 iR G2 SO 355 (TME) 1) 38 JHL X 2 Dy &5 B 98 (CRC) YR T $2 41t 137
Jial, AHFIGREA G 2 EPR. &5, CIN [R5t I shZ I HLE] AR 52 ST AN H R

FCIN P25 . BREHFE K (40 AURK. BUBI1B. BUB3)) AR DL R SO S5 IR T (LI 4 M IR 7« S A= E) 1
P [EVE AT RE 2 2 52 ya 7 OR, (H H AT Z RS HER 2 70 B T U AR bia . HIR, CIN F5
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) B O 5 AT P A X DA . e dn, B A AURK BT 39 s Mol B B E 0% cGAS-STING %, 1H
KA AT e R R AR M, EE A I AR g R (B A L) B DNA 454473 3% (DDR) 5 [7]
PR e ik . bk, BRAVRIT SREE (1 AURK #175) 5 PD-L1 BHET) BIE R AT ALY 5 A AR RS 25 R AT
TEZESE, #0503 AT R AR 58 Hh G RE A AR D E (0 Treg. MDSCs) B AL R 78 0 NG 1A &R

M FE T R LL T J7 1)

1. FEUERRT CIN-TME XSS EIE. 455 a2 415 58 S A0, T CIN T2 . M
KL RE RO 26 5 G P 40 LR I RFAE R DG TBE, BB SGBEETT 3520 7 (0 YY 2. MAVS) R BIE, LARLEE S e 4
1l RS o

2 MRACER B IR TT SRIE O BE ) M 5 22 2tk T R 6 AURK 2 4 01 1) 571) 8 25 (8] 4 T2 (1 CRISPR-
Cas9), 7EM45H CIN FS e EvEFINT, &R R R AR IR T (e R .
S IR P B AR IA ) 5 e R A S BTV IO, DA R BB .

3. MBI RFEN S ETRRL . TF R FEReH A T IR ARRE S B CIN W5 T A R RHE
Go e A FE S bR B (A0 PD-1+. TIM-3+. CD8* T 4lfit), @ L HG )2 R4, Tik(Esas N#E. shab,
I B 5 AN/ BB MSS B! CRC 1 S e M A B8, T A8 BLIR YT 23 A7 I AR 72
NEE RS UL IT TR, SO B TS .

&2, CIN-TME 22 H. W% (IR 7 A9 CRC Gy i T iR it 7 A8, (B R vk EoREs %
BHIME S HARBIH . @R CIN B “ BTG 08, ARAG B S0 IR HL A 2 1 A F 1
Pk, Ny MSS CRC E# 7 KAEFIR

SE

[1] Bach, D., Zhang, W. and Sood, A.K. (2019) Chromosomal Instability in Tumor Initiation and Development. Cancer
Research, 79, 3995-4002. https://doi.org/10.1158/0008-5472.can-18-3235

[2] Bolhaqueiro, A.C.F., Ponsioen, B., Bakker, B., Klaasen, S.J., Kucukkose, E., van Jaarsveld, R.H., et al. (2019) Ongoing
Chromosomal Instability and Karyotype Evolution in Human Colorectal Cancer Organoids. Nature Genetics, 51, 824-
834. https://doi.org/10.1038/s41588-019-0399-6

[8] X755, sk¥atfr, PLFH4E, &, S5 BB Lynch Z5A1E MMR & EFIGE T E A Fa g M 2 A [0]. Hh A 2 27 Ak
£, 2014, 43(9): 577-580.

[4] Hanahan, D. (2022) Hallmarks of Cancer: New Dimensions. Cancer Discovery, 12, 31-46.
https://doi.org/10.1158/2159-8290.cd-21-1059

[5] DiCosimo, S., Silvestri, M., De Marco, C., Calzoni, A., De Santis, M.C., Carnevale, M.G., et al. (2024) Low-Pass Whole
Genome Sequencing of Circulating Tumor Cells to Evaluate Chromosomal Instability in Triple-Negative Breast Cancer.
Scientific Reports, 14, Article No. 20479. https://doi.org/10.1038/s41598-024-71378-3

[6] Rancati, G. and Pavelka, N. (2013) Karyotypic Changes as Drivers and Catalyzers of Cellular Evolvability: A Perspective
from Non-Pathogenic Yeasts. Seminars in Cell & Developmental Biology, 24, 332-338.
https://doi.org/10.1016/j.semcdb.2013.01.009

[7] Suijkerbuijk, S.J.E., van Osch, M.H.J., Bos, F.L., Hanks, S., Rahman, N. and Kops, G.J.P.L. (2010) Molecular Causes
for BUBR1 Dysfunction in the Human Cancer Predisposition Syndrome Mosaic Variegated Aneuploidy. Cancer Re-
search, 70, 4891-4900. https://doi.org/10.1158/0008-5472.can-09-4319

[8] Hanks, S., Coleman, K., Reid, S., Plaja, A., Firth, H., FitzPatrick, D., et al. (2004) Constitutional Aneuploidy and Cancer
Predisposition Caused by Biallelic Mutations in Bublb. Nature Genetics, 36, 1159-1161. https://doi.org/10.1038/ng1449

[9] Stingele, S., Stoehr, G., Peplowska, K., Cox, J., Mann, M. and Storchova, Z. (2012) Global Analysis of Genome, Tran-
scriptome and Proteome Reveals the Response to Aneuploidy in Human Cells. Molecular Systems Biology, 8, Article
No. 608. https://doi.org/10.1038/msb.2012.40

[10] Williams, B.R., Prabhu, V.R., Hunter, K.E., Glazier, C.M., Whittaker, C.A., Housman, D.E., et al. (2008) Aneuploidy

Affects Proliferation and Spontaneous Immortalization in Mammalian Cells. Science, 322, 703-709.
https://doi.org/10.1126/science.1160058

[11] Torres, E.M., Sokolsky, T., Tucker, C.M., Chan, L.Y., Boselli, M., Dunham, M.J., et al. (2007) Effects of Aneuploidy

DOI: 10.12677/acm.2025.1551504 1377 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1551504
https://doi.org/10.1158/0008-5472.can-18-3235
https://doi.org/10.1038/s41588-019-0399-6
https://doi.org/10.1158/2159-8290.cd-21-1059
https://doi.org/10.1038/s41598-024-71378-3
https://doi.org/10.1016/j.semcdb.2013.01.009
https://doi.org/10.1158/0008-5472.can-09-4319
https://doi.org/10.1038/ng1449
https://doi.org/10.1038/msb.2012.40
https://doi.org/10.1126/science.1160058

w, WwEk

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]
[26]
[27]

(28]

[29]

[30]

[31]

on Cellular Physiology and Cell Division in Haploid Yeast. Science, 317, 916-924.
https://doi.org/10.1126/science.1142210

Hervé, S., Scelfo, A., Bersano Marchisio, G., Grison, M., Vaidziulyté, K., Dumont, M., et al. (2025) Chromosome Mis-
Segregation Triggers Cell Cycle Arrest through a Mechanosensitive Nuclear Envelope Checkpoint. Nature Cell Biology,
27, 73-86. https://doi.org/10.1038/s41556-024-01565-x

Lopez-Garcia, C., Sansregret, L., Domingo, E., McGranahan, N., Hobor, S., Birkbak, N.J., et al. (2017) BCLIL Dys-
function Impairs Caspase-2 Expression Permitting Aneuploidy Tolerance in Colorectal Cancer. Cancer Cell, 31, 79-93.
https://doi.org/10.1016/j.ccell.2016.11.001

Ohashi, A., Ohori, M., lwai, K., Nakayama, Y., Nambu, T., Morishita, D., et al. (2015) Aneuploidy Generates Proteo-
toxic Stress and DNA Damage Concurrently with P53-Mediated Post-Mitotic Apoptosis in Sac-Impaired Cells. Nature
Communications, 6, Article No. 7668. https://doi.org/10.1038/ncomms8668

Meena, J.K., Cerutti, A., Beichler, C., Morita, Y., Bruhn, C., Kumar, M., et al. (2015) Telomerase Abrogates Aneuploidy-
induced Telomere Replication Stress, Senescence and Cell Depletion. The EMBO Journal, 34, 1371-1384.
https://doi.org/10.15252/embj.201490070

Andriani, G.A., Almeida, V.P., Faggioli, F., Mauro, M., Tsai, W.L., Santambrogio, L., et al. (2016) Whole Chromosome
Instability Induces Senescence and Promotes SASP. Scientific Reports, 6, Article No. 35218.
https://doi.org/10.1038/srep35218

Wu, Z., Qu, J. and Liu, G. (2024) Roles of Chromatin and Genome Instability in Cellular Senescence and Their Rele-
vance to Ageing and Related Diseases. Nature Reviews Molecular Cell Biology, 25, 979-1000.
https://doi.org/10.1038/s41580-024-00775-3

Santaguida, S., Richardson, A., lyer, D.R., M'Saad, O., Zasadil, L., Knouse, K.A,, et al. (2017) Chromosome Mis-Seg-
regation Generates Cell-Cycle-Arrested Cells with Complex Karyotypes That Are Eliminated by the Immune System.
Developmental Cell, 41, 638-651.€5. https://doi.org/10.1016/j.devcel.2017.05.022

Krivega, M., Stiefel, C.M., Karbassi, S., Andersen, L.L., Chunduri, N.K., Donnelly, N., et al. (2021) Genotoxic Stress
in Constitutive Trisomies Induces Autophagy and the Innate Immune Response via the cGAS-STING Pathway. Com-
munications Biology, 4, Article No. 831. https://doi.org/10.1038/s42003-021-02278-9

Hosea, R., Hillary, S., Naqvi, S., Wu, S. and Kasim, V. (2024) The Two Sides of Chromosomal Instability: Drivers and
Brakes in Cancer. Signal Transduction and Targeted Therapy, 9, Article No. 75.
https://doi.org/10.1038/s41392-024-01767-7

Senovilla, L., Vitale, 1., Martins, 1., Tailler, M., Pailleret, C., Michaud, M., et al. (2012) An Immunosurveillance Mech-
anism Controls Cancer Cell Ploidy. Science, 337, 1678-1684. https://doi.org/10.1126/science.1224922

Mackenzie, K.J., Carroll, P., Martin, C., Murina, O., Fluteau, A., Simpson, D.J., et al. (2017) cGAS Surveillance of
Micronuclei Links Genome Instability to Innate Immunity. Nature, 548, 461-465. https://doi.org/10.1038/nature23449

Ahn, J., Xia, T., Rabasa Capote, A., Betancourt, D. and Barber, G.N. (2018) Extrinsic Phagocyte-Dependent STING
Signaling Dictates the Immunogenicity of Dying Cells. Cancer Cell, 33, 862-873.€5.
https://doi.org/10.1016/j.ccell.2018.03.027

Sasaki, N., Homme, M., Murayama, T., Osaki, T., Tenma, T., An, T., et al. (2025) RNA Sensing Induced by Chromo-
some Missegregation Augments Anti-Tumor Immunity. Molecular Cell, 85, 770-786.e7.
https://doi.org/10.1016/j.molcel.2024.11.025

Li, J., Hubisz, M.J., Earlie, E.M., Duran, M.A., Hong, C., Varela, A.A., et al. (2023) Non-Cell-Autonomous Cancer
Progression from Chromosomal Instability. Nature, 620, 1080-1088. https://doi.org/10.1038/s41586-023-06464-z

Bakhoum, S.F. and Cantley, L.C. (2018) The Multifaceted Role of Chromosomal Instability in Cancer and Its Microen-
vironment. Cell, 174, 1347-1360. https://doi.org/10.1016/j.cell.2018.08.027

Bakhoum, S.F., Silkworth, W.T., Nardi, I.K., Nicholson, J.M., Compton, D.A. and Cimini, D. (2014) The Mitotic Origin
of Chromosomal Instability. Current Biology, 24, R148-R149. https://doi.org/10.1016/j.cub.2014.01.019

He, B., Gnawali, N., Hinman, A.W., Mattingly, A.J., Osimani, A. and Cimini, D. (2019) Chromosomes Missegregated
into Micronuclei Contribute to Chromosomal Instability by Missegregating at the Next Division. Oncotarget, 10, 2660-
2674. https://doi.org/10.18632/oncotarget.26853

Krupina, K., Goginashvili, A. and Cleveland, D.W. (2021) Causes and Consequences of Micronuclei. Current Opinion
in Cell Biology, 70, 91-99. https://doi.org/10.1016/j.ceb.2021.01.004

Fenech, M., Knasmueller, S., Bolognesi, C., Holland, N., Bonassi, S. and Kirsch-Volders, M. (2020) Micronuclei as
Biomarkers of DNA Damage, Aneuploidy, Inducers of Chromosomal Hypermutation and as Sources of Pro-Inflamma-
tory DNA in Humans. Mutation Research—Reviews in Mutation Research, 786, Article ID: 108342.
https://doi.org/10.1016/j.mrrev.2020.108342

Zasadil, L.M., Britigan, E.M.C. and Weaver, B.A. (2013) 2n or Not 2n: Aneuploidy, Polyploidy and Chromosomal

DOI: 10.12677/acm.2025.1551504 1378 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1551504
https://doi.org/10.1126/science.1142210
https://doi.org/10.1038/s41556-024-01565-x
https://doi.org/10.1016/j.ccell.2016.11.001
https://doi.org/10.1038/ncomms8668
https://doi.org/10.15252/embj.201490070
https://doi.org/10.1038/srep35218
https://doi.org/10.1038/s41580-024-00775-3
https://doi.org/10.1016/j.devcel.2017.05.022
https://doi.org/10.1038/s42003-021-02278-9
https://doi.org/10.1038/s41392-024-01767-7
https://doi.org/10.1126/science.1224922
https://doi.org/10.1038/nature23449
https://doi.org/10.1016/j.ccell.2018.03.027
https://doi.org/10.1016/j.molcel.2024.11.025
https://doi.org/10.1038/s41586-023-06464-z
https://doi.org/10.1016/j.cell.2018.08.027
https://doi.org/10.1016/j.cub.2014.01.019
https://doi.org/10.18632/oncotarget.26853
https://doi.org/10.1016/j.ceb.2021.01.004
https://doi.org/10.1016/j.mrrev.2020.108342

Ak, wEk

[32]

[33]

[34]

[35]

[36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Instability in Primary and Tumor Cells. Seminars in Cell & Developmental Biology, 24, 370-379.
https://doi.org/10.1016/j.semcdb.2013.02.001

Nicholson, J.M., Macedo, J.C., Mattingly, A.J., Wangsa, D., Camps, J., Lima, V., et al. (2015) Chromosome Mis-Seg-
regation and Cytokinesis Failure in Trisomic Human Cells. eLife, 4, e05068. https://doi.org/10.7554/elife.05068

Passerini, V., Ozeri-Galai, E., de Pagter, M.S., Donnelly, N., Schmalbrock, S., Kloosterman, W.P., et al. (2016) The
Presence of Extra Chromosomes Leads to Genomic Instability. Nature Communications, 7, Article No. 10754.
https://doi.org/10.1038/ncomms10754

Fujiwara, T., Bandi, M., Nitta, M., Ivanova, E.V., Bronson, R.T. and Pellman, D. (2005) Cytokinesis Failure Generating
Tetraploids Promotes Tumorigenesis in P53-Null Cells. Nature, 437, 1043-1047. https://doi.org/10.1038/nature04217

Harding, S.M., Benci, J.L., Irianto, J., Discher, D.E., Minn, A.J. and Greenberg, R.A. (2017) Mitotic Progression Fol-
lowing DNA Damage Enables Pattern Recognition within Micronuclei. Nature, 548, 466-470.
https://doi.org/10.1038/nature23470

Bakhoum, S.F., Ngo, B., Laughney, A.M., Cavallo, J., Murphy, C.J., Ly, P., et al. (2018) Chromosomal Instability Drives
Metastasis through a Cytosolic DNA Response. Nature, 553, 467-472. https://doi.org/10.1038/nature25432

McGranahan, N. and Swanton, C. (2017) Clonal Heterogeneity and Tumor Evolution: Past, Present, and the Future. Cell,
168, 613-628. https://doi.org/10.1016/j.cell.2017.01.018

André, T., Shiu, K., Kim, T.W., Jensen, B.V., Jensen, L.H., Punt, C., et al. (2020) Pembrolizumab in Microsatellite-
Instability-High Advanced Colorectal Cancer. New England Journal of Medicine, 383, 2207-2218.
https://doi.org/10.1056/nejmoa2017699

Duan, W., Hosea, R., Wang, L., Ruan, C., Zhao, F., Liu, J., et al. (2025) Chromosome Missegregation Triggers Tumor
Cell Pyroptosis and Enhances Anti-Tumor Immunotherapy in Colorectal Cancer. Advanced Science, 12, e2409769.
https://doi.org/10.1002/advs.202409769

Hosea, R., Duan, W., Meliala, I.T.S., Li, W., Wei, M., Hillary, S., et al. (2024) YY2/BUB3 Axis Promotes SAC Hyper-
activation and Inhibits Colorectal Cancer Progression via Regulating Chromosomal Instability. Advanced Science, 11,
€2308690. https://doi.org/10.1002/advs.202308690

Gupta, D., Kumar, M., Saifi, S., Rawat, S., Ethayathulla, A.S. and Kaur, P. (2024) A Comprehensive Review on Role of
Aurora Kinase Inhibitors (AKIs) in Cancer Therapeutics. International Journal of Biological Macromolecules, 265, Ar-
ticle ID: 130913. https://doi.org/10.1016/j.ijbiomac.2024.130913

Kucharski, T.J., Vlasac, I.M., Lyalina, T., Higgs, M.R., Christensen, B.C., Bechstedt, S., et al. (2025) An Aurora Kinase
A-BOD1L1-PP2A B56 Axis Promotes Chromosome Segregation Fidelity. Cell Reports, 44, Article ID: 115317.
https://doi.org/10.1016/j.celrep.2025.115317

Wang, X., Huang, J., Liu, F., Yu, Q., Wang, R., Wang, J., et al. (2023) Aurora a Kinase Inhibition Compromises Its
Antitumor Efficacy by Elevating PD-L1 Expression. Journal of Clinical Investigation, 133, €161929.
https://doi.org/10.1172/jci161929

Li, S., Ye, J, Yang, K., Xu, C., Qin, Z., Xue, Y., et al. (2025) Targeting the AURKB-MAD2L2 Axis Disrupts the DNA
Damage Response and Glycolysis to Inhibit Colorectal Cancer Progression. Frontiers in Bioscience-Landmark, 30, Ar-
ticle No. 26532. https://doi.org/10.31083/fbl26532

Shah, E.T., Molloy, C., Gough, M., Kryza, T., Samuel, S.G., Tucker, A., et al. (2024) Inhibition of Aurora B Kinase
(AURKB) Enhances the Effectiveness of 5-Fluorouracil Chemotherapy against Colorectal Cancer Cells. British Journal
of Cancer, 130, 1196-1205. https://doi.org/10.1038/s41416-024-02584-z

Ma, J., Huang, L., Hu, D., Zeng, S., Han, Y. and Shen, H. (2021) The Role of the Tumor Microbe Microenvironment in
the Tumor Immune Microenvironment: Bystander, Activator, or Inhibitor? Journal of Experimental & Clinical Cancer
Research, 40, Article No. 327. https://doi.org/10.1186/s13046-021-02128-w

Peng, Y.M., Luo, X.M. and Chen, J.Y. (2023) Research Progress and New Immunotherapy Strategies of Tumor Micro-
environment Metabolism. Journal of Sichuan University. Medical Science Edition, 54, 505-5009.

DOI: 10.12677/acm.2025.1551504 1379 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1551504
https://doi.org/10.1016/j.semcdb.2013.02.001
https://doi.org/10.7554/elife.05068
https://doi.org/10.1038/ncomms10754
https://doi.org/10.1038/nature04217
https://doi.org/10.1038/nature23470
https://doi.org/10.1038/nature25432
https://doi.org/10.1016/j.cell.2017.01.018
https://doi.org/10.1056/nejmoa2017699
https://doi.org/10.1002/advs.202409769
https://doi.org/10.1002/advs.202308690
https://doi.org/10.1016/j.ijbiomac.2024.130913
https://doi.org/10.1016/j.celrep.2025.115317
https://doi.org/10.1172/jci161929
https://doi.org/10.31083/fbl26532
https://doi.org/10.1038/s41416-024-02584-z
https://doi.org/10.1186/s13046-021-02128-w

	染色体不稳定性调控肿瘤免疫微环境：从基础机制到结直肠癌治疗突破
	摘  要
	关键词
	Chromosomal Instability Regulates the Tumor Immune Microenvironment: From Fundamental Mechanisms to Therapeutic Breakthroughs in Colorectal Cancer Treatment
	Abstract
	Keywords
	1. 引言
	2. CIN的分子机制及其免疫调控的双重性
	3. CIN重塑结直肠癌免疫微环境的独特模式
	4. 靶向CIN-TME交互网络的联合治疗策略
	5. 挑战与展望
	参考文献

