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Table 1 Non—-coding RNAs involved in cancer stem cell regulation
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Fig.1 Cross—talk between cancer stem cells and their immune niche
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A, UESE T Hz8CV2 A — R E AR YT 45 BV
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LS-7 BEGE/E T c-Met 1 STAT3, i 3540 i FL I s
Mgk THEREERE S . By T ZIKA G L
RIEE, ZMArT LS A2 (RiZh) HEEk,
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Table 2 Targeted therapeutics for CSCs and their immune niche

R2 ETHEMEEREBIMEERE T R

Byl e gy ThRe EE BTN
EIIRES BNC101 Lgrs R, RN PDXRY rh ST A A I /I B I A2 A7 (] [74-75]
EIIREN anti-RSPO3 RSPO3  Lgr5iARSPO3 A AL 75 S PTPRK-RSPO3 il & B A i /-t M1 2 [76]
ey FEHE— 2L R A K
ETIRL Hz8CV2 Progastrin [T Wnt/B-cateninfs 5 i@ H, Fi MR 4 A0 PR i A RZBBRE R [77]
PUAREEEZ5Y) hu8E11v2-ve-MMAE Lgr5 WAL R PDXAV/N RSB I s A MmER . B KRAKV/ANR I AAEn [78]
&), JHERIER N, Aty
PUARREICZ5Y)  hu8E11v2-NMS818 Lgr5 X R ANPDXA IR, A — 5 MmiE s EH [78]
LRI 2] ) MI130110 CD13  CDI3HUIRTEAUSHIBE I FIPMOS0489AH & 1M pl, TEFAPIAMSEEGH, B [79]
54 S M 5 S CD 13 8 41 i A AR A i, IR R A st T
U S M B AR MT110 EpCAM=CD3 {40 5 TANM K 45 &, A3 B0 IS bR 25 BV el g 40 M [80]
EQIN LS-7 CDI33 TR AR SCIG A, LS-78 25 4 7L IR A s 1 R R e 7. s [81]
I 52 S PCRAFNEE A i ENZEE 8, LS-74F - c-MetflIStat3
NI ELY) CD133 - Pyro CDI33  fREEROSAE AN i 20 M 1) B B PEAE T, ] e =i 1 ) 12k [82]
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Treg 5 H Al G2 41 At th REAS (1 28 A yeg 4 it A1
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PIE S P PD-VIRYF I r L 1 dmArEsk, s 4n it
H B REZ 2 T ORI Z 1 5aTE, fEmfest
o PE 5T e FLEES M T4, EoRriF s A
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Jiz-2,3-XUI4HE 1 (IDO1) #iA Ry M ia T h i
TR EEIRYT L 1, IDOL" Paneth 41 il 2 7 18
T AN FE L OB AN ISR, FE R fn
iR T4 A T R HEOCHEEVE R, IDOT 4K EE STAT1 il
il BT vb G e AN R A BTG L PR R B R R e
ki 1,

MORARZ (IR 2R, IR it S e et
INBE B A B AR 22 B Z R R N SN RBE I R 152
ALFGEHEN . AR . AR R R R R, A
IR R 22 5% g 1 200 M G SO i R A e T
TR 32 3] TRk i 2 i 0GE  XFF R AR
A FERIRNIE , BV RIBET R, PG 2.
Wi, 4= ML RBIF P53, HEPE/NRLD
Y A0 M 2 S AR IR A, ELPERE
Y] P )t O S (A [ N A 0 G 3
JHLJeE Y B 2 B LA e P R PR A, TR
SR 52 ) Jib R T A0 L R G G 5 R B Y 2 A
I AT, T YA T S AR
&, PURHERRET FRE, N2 pE it Re TR,
PR g AT i 255 B b it B e W T R R
BrERE S ARG RAE, ANLRENS FH AP fe
JERLNE , A RS H SA I T2 M A oA Y —
SETE R T AN RAE R, S et i n] Kot

FEARIFICICIRA , I RV s DK AT e 5 = AR ik
SENTa i Cl e [ = |4 @ = S NI N B
1 SO R PR R ZE A, S T S A e AR
A0 Zhe S5 L, M dE T AR A R
ZRHOREE M N R AR s, e & ERE,
PR M BRI R (IVA) fEH T g%
YL, SR 2N TE ML BT SR Al (5-HT),
1M 5-HT MBS FLHEAE 9 T4, 383 Wnt
15530 [ Joe 202 00 o 9 T A ML 1 1 3 O R A
B, BT IR 20 M R G A B BT R
W B X e AN AR OB B AT AR,, ok K
22 (10 8 1] R W8 ] T ek g 1 4 B S LR B 1 T
i

Ve T A B B RO R R s AR, i
ML S — SRR T HISE R . BUMIRE 25,
WG/ NP 259 . W RARIT 25 . EYRIT
Yrag, X IheE T 20 A A HOAR B i 25 A EE R A
FHo Tape FIBA "2 Ry T Biogg R B s SR A0 b
JE-ATHE” R EILERIR R, GG 11MGIT
A (CEFEZFLYT FfE- 530 B IR 45 ), 3RS
TRk 2 500 R 2 A E A FRLAH LI R, &
IR ek T 20 BER A A IeR R T i R o B R AR
b, IR IAL R I DI B S B 1 ek A
JIRE AR G BLAT4EZM A (CAF) RESSF IR T-40Ha iy
HaGE AT 40 il (proCSCs) %75 Sy 42 1% 4 T 410 Jifg
(revCSCs) , JFf-DH b ARAS M 2541, X Fh 4l ffg 25 AU
SR TE PR A e R B ARAFTE . SusE M ik
M, FUIEAT i A AL C5a-GPR77-NFkB il
B AR UE T CD10'GPR77* 1% £F 4 41 g % 1 PR, i
CD10"GPR77" 18 £F 4t 24t jfu W] 53~ 0 4. 92 [A -F- IL-6 F1I
IL-8, fEdEME T4npany AR B ML Ikht, 2
TRyr g 5z B LR kR IR YT I e . BR T AT,
REVRIT 2 FEUME T A0 S AR ek As . i
JoE T UM AE MR s T e 2, RNz — 2 R
4 Xt Ao G AR BT, RIS, TFN-y /B K
JiIeg S 1A Y TR AL R T A0 A TR B S R T2
—, BERZIE L BCAT-1 848 B I T4t 2%
A RPN, SRR SR I 2 R, N
I BCAT-1 1] 70 1 B 28 9637 106 FH R 6% A7 PR JEL BT 47
REVRIT IS K B IR A, R ETRITRCR .
— TR AR, MRy AR — 1T
Yo (IFNs-1) o By b i TN 245 1% G, TFNs-I
fEf515 & KDMIB IR sh e i d v, ifF i gk sl ik
TR R AR Y = A T B4R



2024; 51 (10D

REF, % WRTARSRAMFERE 2553

8 B =

e 1 24 L R HC S SR A [ T ST A A
VFZ M, GHEHARZ T A RIME S A2 5 J vk
MR AR L, T T4 s i/ heRE
PR E E T A R i = e i, LB RA R
AE5EE, 1 RS T AR R BRI R SR AR
FEARTEE 2, I & RBIS FL S E G MR UL ik
THR RIS R R T2, Ak, A
— E MRS T (SR TNk 5 g
MR IERE SRR R, T TAk MR T 4 R G 22 40 g
Z I OC R P A SR AR RO AT (air-
liquid interface) &% F 5 AL 7E e Il A B8 v i 4 7
B AH EAEESE, R IUASE PD-1/PD-L1 %
925 o A i BEL VAT TT 3 o ek R 25 2% B b b e R R
TILs i " dE—B s B, o S LAk
HTEYIMTE Z Ky (PPARy) 5 PD-L1 BHErHTAFI
WREL P FROE R A0 (LAK) 1% 37 ] AR i
TR AR MRS FE ARG ), JF5 S MSS 4 1 g 40
HIPD-L1[FRIK ™ 5 —IFe &3, AR ik
CL 4 M RN A IR e s 75w LA I e 52 vy
P T 400, % S A0 PO RE A U BRI 2 AR
‘B ', TRAF2 fll NCK 4% & #  (TRAF2 and
NCK interacting kinase, TNIK) J& TCF4 #l
B-catenin sk B AW E ZRTE Ny, B4 H A
+ 41 M g g s s T G, BRI TNIK 90 41 5]
NCB-0846 A] 1l Apc™™ /N EL Wt 3K 511 i) iz 18 Jirh 774
KA B

e 240 i K AR S A A v R T S o PR A ]
IVE. AT wIA, S0 I AR, e 4
MIREAE 5o A BT B I A, 3 AT BTN
52 0, TR ) g T 240 0 f £ AR AR | 375 [ i
o ST BRI, AR B, Hn) LerS R A
S, 3 bR A R A 25 43 A R 1T 1 g 14
7o) e i 1111 L= A S 1 AP o Lo a7 |
T3 LA, BRI A A LA AR R O R
(38), FIHE LLAE o) b oRg 4 M sE i &k SEBR I,
I 93 T 240 P ) P 5 A A T e BBE Y S o P AT AT 9
P, ARSCHEARN 4 1 e T4 B GO B 1 22 Fh s
YA, XA A T Eh AR AR . i
RN, WA A2 A g 1) M1 2 AL AL
BRI AR E IR B M2 28780 (0 R 2T AR A B 5 B
AR R A S Y AT et s B AT i A
o, I T AR T B AT R R A A is i

A%, i CD10'GPR7T7 A 4edi i/, =531
Jges T AL A AE R RN AR T TR A2 12

I T 4 L S8k AF 5 T I 0 22 R,
I T ARG TR M AR B 5%, = AR FR A
F, ANEARIEAET; M T/ NR 28 -
JEA ML LR SRR B, ANREIR B SR N A BT
FHFI ARG TSR s Iivgd T2 A S e A B B
o P S ST R AT SR 5 SRR 7 24 i i RS v
ME IR EAL o HHRE AR R A AF 5T BE A2 fif PR3 6 1]
R A R T AR e I s A0 B A R
brRaEd, Ha 7 iR T4 i R U5 A A TR AL
il AT T AR A OSSR B e M T4
i K HAOA B 0 T Pk g, JE AR s T4, JA
Jigeg Je A, 2 R BB R A

2 % x #

[1] Fan M, Shi Y, Zhao J, et al. Cancer stem cell fate determination:
mito-nuclear communication. Cell Commun Signal, 2023,
21(1): 159

(2]  UWEEE AR, B, A5 TR T A S e A G FE AR R
FEAE . A2 5 AR Y Ik, 2022, 49(6): 1075-1084
ShiY L, Yang S F, Tang L, ef al. Prog Biochem Biophys, 2022,
49(6): 1075-1084

[3] Lapidot T, Sirard C, Vormoor J, ef al. A cell initiating human acute
myeloid leukaemia after transplantation into SCID mice. Nature,
1994,367(6464): 645-648

[4]  Bonnet D, Dick J E. Human acute myeloid leukemia is organized
as a hierarchy that originates from a primitive hematopoietic cell.
NatMed, 1997,3(10): 730-737

[5] Reya T, Morrison S J, Clarke M F, et al. Stem cells, cancer, and
cancer stem cells. Nature, 2001,414: 105-111

[6] Al-Hajj M, Wicha M S, Benito-Hernandez A, et al. Prospective
identification of tumorigenic breast cancer cells. Proc Natl Acad
SciUSA,2003,100(7): 3983-3988

[71  Basakran N S. CD44 as a potential diagnostic tumor marker. Saudi
MedJ,2015,36(3):273-279

[8]  ChenC, Zhao S, Karnad A, et al. The biology and role of CD44 in
cancer progression: therapeutic implications. J Hematol Oncol,
2018,11(1): 64

9] Dalerba P, Dylla S J, Park I K, et al. Phenotypic characterization of
human colorectal cancer stem cells. Proc Natl Acad Sci USA,
2007,104(24):10158-10163

[10] Haraguchi N, Ishii H, Mimori K, et al. CD13 is a therapeutic target
in human liver cancer stem cells. J Clin Invest, 2010, 120(9): 3326~
3339

[11] Zheng Y B, Gong J H, Liu X J, et al. A CD13-targeting peptide
integrated protein inhibits human liver cancer growth by killing
cancer stem cells and suppressing angiogenesis. Mol Carcinog,
2017,56(5): 1395-1404

[12] Nio K, Yamashita T, Kaneko S. The evolving concept of liver



+2554-

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2024; 51 (10)

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

cancer stem cells. Mol Cancer, 2017,16(1): 4

Akbari M, Shomali N, Faraji A, et al. CDI133: an emerging
prognostic factor and therapeutic target in colorectal cancer. Cell
Biol Int,2020,44(2): 368-380

Liu M, Di J, Liu Y, ef al. Comparison of EpCAM(high)CD44"
cancer stem cells with EpCAM (high)CD44(-) tumor cells in colon
cancer by single-cell sequencing. Cancer Biol Ther, 2018, 19(10):
939-947

Trzpis M, McLaughlin PM J, de Leij LM F H, et al. Epithelial cell
adhesion molecule: more than a carcinoma marker and adhesion
molecule. AmJ Pathol, 2007,171(2): 386-395

Mani S K K, Zhang H, Diab A, et al. EpCAM-regulated
intramembrane proteolysis induces a cancer stem cell-like gene
signature in hepatitis B virus-infected hepatocytes. J Hepatol,
2016, 65(5): 888-898

Barker N, van Es J H, Kuipers J, e al. Identification of stem cells in
small intestine and colon by marker gene LgrS. Nature, 2007,
449(7165): 1003-1007

Leung C, Tan S H, Barker N. Recent advances in Lgr5(+) stem cell
research. Trends Cell Biol, 2018, 28(5): 380-391

Schepers A G, Snippert H J, Stange D E, et al. Lineage tracing
reveals Lgr5+ stem cell activity in mouse intestinal adenomas.
Science, 2012, 337(6095): 730-735

Wang Y, He L, Du Y, et al. The long noncoding RNA IncTCF7
promotes self-renewal of human liver cancer stem cells through
activation of Wnt signaling. Cell Stem Cell, 2015, 16(4): 413-425
Hirsch D, Barker N, McNeil N, et al. LGRS positivity defines stem-
like cells in colorectal cancer. Carcinogenesis, 2014, 35(4):
849-858

Barker N, Ridgway R A, van Es J H, et al. Crypt stem cells as the
cells-of-origin of intestinal cancer. Nature, 2009, 457(7229):
608-611

Beumer J, Clevers H. Cell fate specification and differentiation in
the adult mammalian intestine. Nat Rev Mol Cell Biol, 2021,
22(1):39-53

Yang Z, Li C, Fan Z, et al. Single-cell sequencing reveals variants
in ARIDIA, GPRC5A and MLL?2 driving self-renewal of human
bladder cancer stem cells. Eur Urol, 2017, 71(1): 8-12

Dawson M A, Kouzarides T. Cancer epigenetics: from mechanism
to therapy. Cell,2012,150(1): 12-27

Hwang J Y, Aromolaran K A, Zukin R S. The emerging field of
epigenetics in neurodegeneration and neuroprotection. Nat Rev
Neurosci, 2017, 18(6): 347-361

Parry A, Rulands S, Reik W. Active turnover of DNA methylation
during cell fate decisions. Nat Rev Genet, 2021, 22(1): 59-66
Esteller M. Epigenetic gene silencing in cancer: the DNA
hypermethylome. Hum Mol Genet, 2007, 16(R1): R50-R59

LuR, Wang P, Parton T, et al. Epigenetic perturbations by Arg882-
mutated DNMT3A potentiate aberrant stem cell gene-expression
program and acute leukemia development. Cancer Cell, 2016,
30(1):92-107

Zhu P, Wang Y, Huang G, et al. Lnc-f-Catm elicits EZH2-

dependent B-catenin stabilization and sustains liver CSC self-

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

renewal. Nat Struct Mol Biol, 2016,23(7): 631-639

Zhu P, Wang Y, Wu J, et al. LncBRM initiates YAPI signalling
activation to drive self-renewal of liver cancer stem cells. Nat
Commun, 2016, 7: 13608

Wu J, Zhu P, Lu T, ef al. The long non-coding RNA LncHDAC2
drives the self-renewal of liver cancer stem cells via activation of
Hedgehog signaling. J Hepatol, 2019, 70(5): 918-929

Wang Y, Zhu P, Luo J, et al. LncRNA HAND2-AS1 promotes liver
cancer stem cell self-renewal via BMP signaling. EMBO J, 2019,
38(17):¢101110

Zhu P, Wu J, Wang Y, et al. LncGata6 maintains stemness of
intestinal stem cells and promotes intestinal tumorigenesis. Nat
Cell Biol,2018,20(10): 1134-1144

Chen Z, Lu T, Huang L, et al. Circular RNA cia-MAF drives self-
renewal and metastasis of liver tumor-initiating cells via
transcription factor MAFF. J Clin Invest, 2021, 131(19): 148020
Gu Y, Wang Y, He L, et al. Circular RNA circIPO11 drives self-
renewal of liver cancer initiating cells vie Hedgehog signaling.
Mol Cancer, 2021,20(1): 132

Chen Z, Wu J, Liu B, et al. 1dentification of cis-HOX-HOXC10
axis as a therapeutic target for colorectal tumor-initiating cells
without APC mutations. Cell Rep, 2021, 36(4): 109431

Kyriazi AA, Papiris E, Kitsos Kalyvianakis K, et a/. Dual effects of
non-coding RNAs (ncRNAs) in cancer stem cell biology. Int J Mol
Sci, 2020, 21(18): 6658

Zhu P, Liu B, Fan Z. Noncoding RNAs in tumorigenesis and tumor
therapy. Fundam Res, 2023, 3(5): 692-706

He Y, Jiang X, Duan L, ef al. LncRNA PKMYTIAR promotes
cancer stem cell maintenance in non-small cell lung cancer via
activating Wnt signaling pathway. Mol Cancer, 2021,20(1): 156
LiK, Peng ZY, Wang R, et al. Enhancement of TKI sensitivity in
lung adenocarcinoma through mo6A-dependent translational
repression of Wnt signaling by circ-FBXW7. Mol Cancer, 2023,
22(1): 103

Chen QY, XuK X, Huang X B, et al. Circ-0075305 hinders gastric
cancer stem cells by indirectly disrupting TCF,-B-catenin complex
and downregulation of SOX9. Commun Biol, 2024, 7(1): 545
HuiY, Yang Y, LiD, et al. LncRNA FEZF1-AS1 modulates cancer
stem cell properties of human gastric cancer through miR-363-3p/
HMGAZ2. Cell Transplant, 2020, 29: 963689720925059

Qin Y, Hou Y, Liu S, et al. A novel long non-coding RNA Inc030
maintains breast cancer stem cell stemness by stabilizing sqle
mRNA and increasing cholesterol synthesis. Adv Sci, 2021, 8(2):
2002232

Xia W, Chen W, Ni C, et al. Chemotherapy-induced exosomal
circBACH1 promotes breast cancer resistance and stemness via
miR-217/G3BP2 signaling pathway. Breast Cancer Res, 2023,
25(1):85

TSIk, EHRKAS, AL . e TR X T 1 240t i B 5
A AsE S5 AR Y B g, 2019, 46(7): 654-662

Shen W S, Han Q J, Zhang J. Prog Biochem Biophys, 2019, 46(7):
654-662

Raskov H, Orhan A, Christensen J P, e al. Cytotoxic CD8" T cells



2024; 51 (10D

STE, % WETRRS REMFEEE

<2555

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

in cancer and cancer immunotherapy. Br J Cancer, 2021, 124(2):
359-367

Volonté A, Di Tomaso T, Spinelli M, et al. Cancer-initiating cells
from colorectal cancer patients escape from T cell-mediated
immunosurveillance in vitro through membrane-bound IL-4. J
Immunol, 2014, 192(1): 523-532

Wu'Y, Chen M, Wu P, et al. Increased PD-L1 expression in breast
and colon cancer stem cells. Clin Exp Pharmacol Physiol, 2017,
44(5): 602-604

Hsu J M, Xia W, Hsu Y H, et al. STT3-dependent PD-L1
accumulation on cancer stem cells promotes immune evasion. Nat
Commun, 2018,9(1): 1908

Komura N, Mabuchi S, Shimura K, et a/. The role of myeloid-
derived suppressor cells in increasing cancer stem-like cells and
promoting PD-L1 expression in epithelial ovarian cancer. Cancer
Immunol Immunother, 2020, 69(12): 2477-2499

Miao Y, Yang H, Levorse J, ef al. Adaptive immune resistance
emerges from tumor-initiating stem cells. Cell, 2019, 177(5):
1172-1186.e14

Kryczek I, Lin Y, Nagarsheth N, e al. IL-22(+ )CD4" T cells
promote colorectal cancer stemness via STAT3 transcription factor
activation and induction of the methyltransferase DOTIL.
Immunity, 2014, 40(5): 772-784

YouY, LiY, LiM, et al. Ovarian cancer stem cells promote tumour
immune privilege and invasion via CCLS5 and regulatory T cells.
Clin Exp Immunol, 2018, 191(1): 60-73

Yang S, Wang B, Guan C, ef al. Foxp3+IL-17+ T cells promote
development of cancer-initiating cells in colorectal cancer. J
Leukoc Biol, 2011, 89(1): 85-91

Fan Q M, Jing Y'Y, Yu G F, et al. Tumor-associated macrophages
promote cancer stem cell-like properties via transforming growth
factor-betal-induced epithelial-mesenchymal transition in
hepatocellular carcinoma. Cancer Lett, 2014, 352(2): 160-168
Wan S, Zhao E, Kryczek 1, ef al. Tumor-associated macrophages
produce interleukin 6 and signal via STAT3 to promote expansion
of human hepatocellular carcinoma stem cells. Gastroenterology,
2014,147(6): 1393-1404

LuH, Clauser KR, Tam W L, et al. A breast cancer stem cell niche
supported by juxtacrine
macrophages. Nat Cell Biol,2014,16(11): 1105-1117

signalling from monocytes and

Shi Y, Ping Y F, Zhou W, et al. Tumour-associated macrophages
to promote PTPRZI
glioblastoma stem cells for tumour growth. Nat Commun, 2017,
8:15080

Zhang B, Ye H, Ren X, ef al. Macrophage-expressed CD51
promotes cancer stem cell properties via the TGF-p1/smad2/3 axis
in pancreatic cancer. Cancer Lett,2019,459:204-215

Tao W, Chu C, Zhou W, et al. Dual Role of WISP1 in maintaining

secrete  pleiotrophin signalling in

glioma stem cells and tumor-supportive macrophages in
glioblastoma. Nat Commun, 2020, 11(1): 3015

Liang X, Zhang H, Wang Z, et al. JMJD8 is an M2 macrophage
biomarker, and it associates with DNA damage repair to facilitate

stemness maintenance, chemoresistance, and immunosuppression

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

(73]

[74]

[75]

[76]

[77]

in pan-cancer. Front Immunol, 2022, 13: 875786

HsuY L, ChenY J, Chang W A, et al. Interaction between tumor-
associated dendritic cells and colon cancer cells contributes to
tumor progression via CXCL1. IntJ Mol Sci, 2018, 19(8): 2427
Wang D, Sun H, Wei J, et al. CXCL1 is critical for premetastatic
niche formation and metastasis in colorectal cancer. Cancer Res,
2017,77(13):3655-3665

HsuY L, HungJ Y, Tsai Y M, et al. 6-shogaol, an active constituent
of dietary ginger, impairs cancer development and lung metastasis
by inhibiting the secretion of CC-chemokine ligand 2 (CCL2) in
tumor-associated dendritic cells. J Agric Food Chem, 2015, 63(6):
1730-1738

Zhong M, Zhong C, Cui W, et al. Induction of tolerogenic dendritic
cells by activated TGF- p/Akt/Smad2 signaling in RIG-I-deficient
stemness-high human liver cancer cells. BMC Cancer, 2019,
19(1):439

Grange C, Tapparo M, Tritta S, et al. Role of HLA-G and
extracellular vesicles in renal cancer stem cell-induced inhibition
of dendritic cell differentiation. BMC Cancer, 2015, 15: 1009

Peng D, Tanikawa T, Li W, et al. Myeloid-derived suppressor cells
endow stem-like qualities to breast cancer cells through IL6/
STAT3 and NO/NOTCH cross-talk signaling. Cancer Res, 2016,
76(11):3156-3165

Cui T X, Kryczek I, Zhao L, et al. Myeloid-derived suppressor
cells enhance stemness of cancer cells by inducing microRNA101
and suppressing the corepressor CtBP2. Immunity, 2013, 39(3):
611-621

Panni R Z, Sanford D E, Belt B A, et al. Tumor-induced STAT3
activation in monocytic myeloid-derived suppressor cells
enhances stemness and mesenchymal properties in human
pancreatic cancer. Cancer Immunol Immunother, 2014, 63(5):
513-528

Hwang W L, Lan HY, Cheng W C, ef al. Tumor stem-like cell-
derived exosomal RNAs prime neutrophils for facilitating
tumorigenesis of colon cancer. J Hematol Oncol, 2019, 12(1): 10
Zhao Q, Zong H, Zhu P, et al. Crosstalk between colorectal CSCs
and immune cells in tumorigenesis, and strategies for targeting
colorectal CSCs. Exp Hematol Oncol, 2024,13(1): 6

Yang L, Shi P, Zhao G, et al. Targeting cancer stem cell pathways
for cancer therapy. Signal Transduct Target Ther, 2020, 5(1): 8

Chu P, Smith K, Shojaei F, et al. Preclinical evaluation and
biomarker identification for the anti-LGR5 mAb BNC101 in K-
Ras mutant CRC and other solid tumor indications. Cancer Res,
2015,75(15_Suplement): 2639

Inglis D, Licari J, Georgiou K, ef al. Characterization of BNC101 a
human specific monoclonal antibody targeting the GPCR LGRS5:
first-in-human evidence of target engagement. Cancer Res, 2018,
78(13_Supplement): 3910

Storm E E, Durinck S, de Sousa e Melo F, et al. Targeting PTPRK-
RSPO3 colon tumours promotes differentiation and loss of stem-
cell function. Nature, 2016, 529(7584): 97-100

Prieur A, Cappellini M, Habif G, et al. Targeting the Wnt pathway

and cancer stem cells with anti-progastrin humanized antibodies as



+2556°

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2024; 51 (10)

[78]

[79]

[80]

[81]

[82]

[83]

(84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

a potential treatment for K-RAS-mutated colorectal cancer. Clin
Cancer Res, 2017,23(17): 5267-5280

JunttilaM R, Mao W, Wang X, et al. Targeting LGR5+ cells with an
antibody-drug conjugate for the treatment of colon cancer. Sci
TranslMed, 2015,7(314): 314ral86

Dominguez J M, Pérez-Chacon G, Guillén M J, et al. CDI13 as a
new tumor target for antibody-drug conjugates: validation with the
conjugate MI130110. J Hematol Oncol, 2020, 13(1): 32

Herrmann 1, Baeuerle P A, Friedrich M, et al. Highly efficient
elimination of colorectal tumor-initiating cells by an EpCAM/
CD3-bispecific antibody engaging human T cells. PLoS One,
2010,5(10):e13474

Sun J, Zhang C, Liu G, et al. A novel mouse CD133 binding-
peptide screened by phage display inhibits cancer cell motility in
vitro. Clin Exp Metastasis, 2012,29(3): 185-196

Yan S, Tang D, Hong Z, et al. CDI133 peptide-conjugated
pyropheophorbide-a as a novel photosensitizer for targeted
photodynamic therapy in colorectal cancer stem cells. Biomater
Sci, 2021,9(6):2020-2031

Brocks D, Schmidt C R, Daskalakis M, et al. DNMT and HDAC
inhibitors induce cryptic transcription start sites encoded in long
terminal repeats. Nat Genet, 2017,49(7): 1052-1060

Hogg S J, Beavis PA, Dawson M A, et al. Targeting the epigenetic
regulation of antitumour immunity. Nat Rev Drug Discov, 2020,
19(11): 776-800

Kaminskas E, Farrell A T, Wang Y C, ef al. FDA drug approval
summary: azacitidine (5-azacytidine, Vidaza) for injectable
suspension. Oncologist, 2005, 10(3): 176-182

Gore S D, Jones C, Kirkpatrick P. Decitabine. Nat Rev Drug
Discov, 2006, 5: 891-892

Muvarak N E, Chowdhury K, Xia L, et a/. Enhancing the cytotoxic
effects of PARP inhibitors with DNA demethylating agents - A
potential therapy for cancer. Cancer Cell, 2016,30(4): 637-650
Thummuri D, Kumar S, Surapaneni S K, et al. Epigenetic
regulation of protein tyrosine phosphatase PTPN12 in triple-
negative breast cancer. Life Sci, 2015, 130: 73-80

Belinsky S A, Klinge D M, Stidley C A, et al. Inhibition of DNA
methylation and histone deacetylation prevents murine lung
cancer. Cancer Res, 2003,63(21): 7089-7093

Segovia C, José-Enériz E, Munera-Maravilla E, et a/. Inhibition of
a G9a/DNMT network triggers immune-mediated bladder cancer
regression. Nat Med, 2019, 25(7): 1073-1081

Odunsi K, Matsuzaki J, James S R, et al. Epigenetic potentiation of
NY-ESO-1 vaccine therapy in human ovarian cancer. Cancer
Immunol Res, 2014, 2(1):37-49

Ali I, Conrad R J, Verdin E, et al. Lysine acetylation goes global:
from epigenetics to metabolism and therapeutics. Chem Rev,
2018,118(3): 1216-1252

Pan P, Oshima K, Huang Y W, et a/. Loss of FFAR2 promotes colon
cancer by epigenetic dysregulation of inflammation suppressors.
IntJ Cancer, 2018, 143(4): 886-896

Kikuchi J, Wada T, Shimizu R, et al. Histone deacetylases are

critical targets of bortezomib-induced cytotoxicity in multiple

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

myeloma. Blood, 2010, 116(3): 406-417

Kanno K, Kanno S, Nitta H, er al. Overexpression of histone
deacetylase 6 contributes to accelerated migration and invasion
activity of hepatocellular carcinoma cells. Oncol Rep, 2012, 28(3):
867-873

LuoJ, SuF, Chen D, et al. Deacetylation of p5S3 modulates its effect
on cell growth and apoptosis. Nature, 2000, 408(6810): 377-381
JuF, Atyah M M, Horstmann N, et al. Characteristics of the cancer
stem cell niche and therapeutic strategies. Stem Cell Res Ther,
2022,13(1):233

Ang WX, LiZ, ChiZ, et al. Intraperitoneal immunotherapy with T
cells stably and transiently expressing anti-EpCAM CAR in
xenograft models of peritoneal carcinomatosis. Oncotarget, 2017,
8(8):13545-13559

Zhang B L, Li D, Gong Y L, et al. Preclinical evaluation of
chimeric antigen receptor-modified T cells specific to epithelial
cell adhesion molecule for treating colorectal cancer. Hum Gene
Ther,2019,30(4): 402-412

Wang Y, Chen M, Wu Z, et al. CD133-directed CAR T cells for
advanced
Oncoimmunology, 2018, 7(7): 1440169

metastasis  malignancies: a phase [ trial.
DesaiJ, Iglesias J L, Jablonskis LT, et al. A phase 1/2a, multicenter,
open-label study of CNA3103 (LGR5-targeted, autologous CAR-
T cells) in patients with metastatic colorectal cancer (mCRC). J
ClinOncol, 2023, 41(16_suppl): TPS3632

Sureban S M, Berahovich R, Zhou H, ef al. DCLK1 monoclonal
antibody-based CAR-T cells as a novel treatment strategy against
human colorectal cancers. Cancers, 2019, 12(1): 54

Jinushi M, Chiba S, Yoshiyama H, et a/. Tumor-associated
macrophages regulate tumorigenicity and anticancer drug
responses of cancer stem/initiating cells. Proc Natl Acad Sci USA,
2011,108(30): 12425-12430

Raghavan S, Mehta P, Xie Y, et al. Ovarian cancer stem cells and
macrophages reciprocally interact through the WNT pathway to
promote pro-tumoral and malignant phenotypes in 3D engineered
microenvironments. J Immunother Cancer, 2019, 7(1): 190

XuY, Dong X, Qi P, ef al. Sox2 communicates with tregs through
CCLI to promote the stemness property of breast cancer cells.
Stem Cells, 2017,35(12): 2351-2365

Dj Inglis D B, Tc Lavranos. Targeting the LGRS complex with
BNC101 to improve checkpoint inhibitor therapy in colorectal
cancer. Cancer Res, 2017, 77(13 Sup): 4695

Di Stefano A B, Iovino F, Lombardo Y, ef al. Survivin is regulated
by interleukin-4 in colon cancer stem cells. J Cell Physiol, 2010,
225(2):555-561

Naseri M, Zoller M, Hadjati J, et al. Dendritic cells loaded with
exosomes derived from cancer stem cell-enriched spheroids as a
potential immunotherapeutic option. J Cell Mol Med, 2021, 25(7):
3312-3326

Saha S, Aranda E, Hayakawa Y, et al. Macrophage-derived
extracellular vesicle-packaged WNTs rescue intestinal stem cells
and enhance survival after radiation injury. Nat Commun, 2016,
7:13096



2024;

51 (10

STE, % WETRRS REMFEEE

+2557-

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Zhang Y, Yan Y, Meng J, et al. Immune modulation mediated by
extracellular vesicles of intestinal organoids is disrupted by
opioids. Mucosal Immunol, 2021, 14(4): 887-898

Siddiqui I, Schaeuble K, Chennupati V, ez al. Intratumoral Tcf1(+)
PD-1(+)CDS8" T cells with stem-like properties promote tumor
control in response to vaccination and checkpoint blockade
immunotherapy. Immunity, 2019, 50(1): 195-211.e10

Held W, Siddiqui I, Schaeuble K, ef al. Intratumoral CD8" T cells
with stem for

cell-like properties: cancer

immunotherapy. Sci Transl Med, 2019, 11(515): eaay6863

implications

Guo A, Huang H, Zhu Z, et al. cBAF complex components and
MYC cooperate early in CD8" T cell fate. Nature, 2022,
607(7917): 135-141

Li F, Zhang R, Li S, et al. IDOL: an important immunotherapy
target in cancer treatment. Int Immunopharmacol, 2017,47: 70-77
Pfliigler S, Svinka J, Scharf I, et al. IDO1" Paneth cells promote
immune escape of colorectal cancer. Commun Biol, 2020,
3(1):252

Bayik D, Lathia J D. Cancer stem cell-immune cell crosstalk in
tumour progression. Nat Rev Cancer, 2021,21(8): 526-536

Sun T, Warrington N M, Luo J, et al. Sexually dimorphic RB
inactivation underlies mesenchymal glioblastoma prevalence in
males. J Clin Invest, 2014, 124(9): 4123-4133

Bayik D, Zhou Y, Park C, et al. Myeloid-derived suppressor cell
subsets drive glioblastoma growth in a sex-specific manner.
Cancer Discov, 2020, 10(8): 1210-1225

Agudo J, Park E S, Rose S A, ef al. Quiescent tissue stem cells
evade immune surveillance. Immunity, 2018, 48(2):271-285.e5
Kalamakis G, Briine D, Ravichandran S, et al. Quiescence
modulates stem cell maintenance and regenerative capacity in the
aging brain. Cell, 2019,176(6): 1407-1419.e14

DuanY, Zeng L, Zheng C, et al. Inflammatory links between high
fat diets and diseases. Front Immunol, 2018, 9: 2649

Li X F, Chen C, Xiang D M, et al. Chronic inflammation-elicited
liver progenitor cell conversion to liver cancer stem cell with
clinical significance. Hepatology, 2017, 66(6): 1934-1951

Naik S, Larsen S B, Gomez N C, et al. Inflammatory memory
sensitizes skin epithelial stem cells to tissue damage. Nature, 2017,
550(7677):475-480

David L A, Maurice C F, Carmody R N, ez al. Diet rapidly and
reproducibly alters the human gut microbiome. Nature, 2014,
505(7484): 559-563

Zhu P, Lu T, Chen Z, et al. 5-hydroxytryptamine produced by
enteric serotonergic neurons initiates colorectal cancer stem cell

self-renewal and tumorigenesis. Neuron, 2022, 110(14): 2268-

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

2282.¢4

Qin X, Cardoso Rodriguez F, Sufi J, et al. An oncogenic
phenoscape of colonic stem cell polarization. Cell, 2023, 186(25):
5554-5568.¢18

Ramos Zapatero M, Tong A, Opzoomer J W, et al. Trellis tree-
based analysis reveals stromal regulation of patient-derived
organoid drug responses. Cell, 2023, 186(25): 5606-5619.e24

Su S, Chen J, Yao H, et al. CD10°*GPR77(+) cancer-associated
fibroblasts promote cancer formation and chemoresistance by
sustaining cancer stemness. Cell, 2018, 172(4): 841-856.e16
Beziaud L, Young C M, Alonso AM, et al. IFNy-induced stem-like
state of cancer cells as a driver of metastatic progression following
immunotherapy. Cell Stem Cell, 2023,30(6): 818-831.e6

Musella M, Guarracino A, Manduca N, et al. Type I IFNs promote
cancer cell stemness by triggering the epigenetic regulator
KDM1B. Nat Immunol, 2022,23(9): 1379-1392

Noel G, BaetzN'W, Staab J F, et al. A primary human macrophage-
enteroid co-culture model to investigate mucosal gut physiology
and host-pathogen interactions. SciRep, 2017, 7:45270

Cattaneo C M, Dijkstra K K, Fanchi L F, et al. Tumor organoid-T-
cell coculture systems. Nat Protoc, 2020, 15(1): 15-39

Neal J T, Li X, Zhu J, et al. Organoid modeling of the tumor
immune microenvironment. Cell, 2018, 175(7): 1972-1988.¢16
Gutting T, Hauber V, Pahl J, et al. PPARy induces PD-LI1
expression in MSS+ colorectal cancer cells. Oncoimmunology,
2021,10(1): 1906500

Dijkstra K K, Cattaneo C M, Weeber F, et al. Generation of tumor-
reactive T cells by co-culture of peripheral blood lymphocytes and
tumor organoids. Cell, 2018, 174(6): 1586-1598.e12

Masuda M, Uno Y, Ohbayashi N, et a/. TNIK inhibition abrogates
colorectal cancer stemness. Nat Commun, 2016, 7: 12586

Kreso A, Dick J E. Evolution of the cancer stem cell model. Cell
Stem Cell, 2014, 14(3): 275-291

Shimokawa M, Ohta Y, Nishikori S, et al. Visualization and
targeting of LGRS™ human colon cancer stem cells. Nature, 2017,
545(7653): 187-192

de Sousa e Melo F, Kurtova AV, Harnoss J M, et al. A distinct role
for Lgr5(+) stem cells in primary and metastatic colon cancer.
Nature, 2017,543(7647): 676-680

Pan Y, Yu Y, Wang X, et al. Tumor-associated macrophages in
tumor immunity. Front Immunol, 2020, 11: 583084

Chen Y, McAndrews K M, Kalluri R. Clinical and therapeutic
relevance of cancer-associated fibroblasts. Nat Rev Clin Oncol,
2021,18(12): 792-804



<2558 EMHESEMYIEHRE Prog. Biochem. Biophys. 2024; 51 (10)

Cancer Stem Cells and Immune Microenvironment Regulation®

ZHU Ping-Ping"”, JIN Shui-Ling?, ZHAO Qi”, FAN Zu-Sen””
(VSchool of Life Sciences, Zhengzhou University, Zhengzhou 450001, China;
DDepartment of Oncology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China;
Dnstitute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

Graphical abstract

Surface markers:

CD44, CDI13, CD133
T EpCAM, Lgr5

Targeting strategy:
antibody, ADC
peptide, CAR-T

Niche targeting

o I ls CSC targeting ~ BMDC
mmune escape

/

N

Tumor propagation & metastasis

Abstract Cancer stem cells (CSCs), a small subset of cells in the tumor bulk with the ability of self-renewal and
differentiation, are the key to tumor occurrence, metastasis, drug resistance and relapse. CSCs are resided in a
specific microenvironment, and their number maintenance, self-renewal and differentiation are precisely regulated
by the microenvironment, and the immune microenvironment is one of the most critical microenvironments for
CSCs. In recent years, tumor immunotherapy has achieved great success, but drug resistance and recurrence are
frequently occurred after immunotherapy. Compared with non-CSC tumor cells, CSCs harbor stronger immune
escape ability, and their roles in tumor immune escape are increasingly followed. In this review, we described the
discovery history and lineage sources of CSCs, focused on immune cells in the CSC microenvironment, such as
tumor-infiltrating lymphocytes, tumor-associated macrophages, and tumor-associated dendritic cells, and analyzed

the mechanism of CSC-immune cell interaction. Intervention strategies targeting CSCs and their immune
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microenvironment are also described. With the development and application of advanced technologies such as
CSC-immune cell co-culture, single-cell sequencing and lineage tracing, the immune escape of CSCs can be
suppressed by targeting the interaction between CSCs and immune cells or reversing the immunosuppressive
microenvironment, which is expected to provide potential solutions to the problems of drug resistance and relapse

in tumor immunotherapy.
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