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Solid tumors are heterogeneous populations of multiple cell types. While the majority of the cells

that comprise cancer are unable to divide, cancer stem cells have self-renewal and differentiation
properties. Normal stem cell pathways that control self-renewal are overactivated in cancer stem cells,
making cancer stem cells important for cancer cell expansion and progression. Dick first proposed
the definition of cancer stem cells in acute myeloid leukemia, according to which cancer stem cells
can be classified based on the expression of cell surface markers. Cancer stem cells maintain their
potential in the tumor microenvironment. Multiple cell types in the tumor microenvironment maintain
quiescent cancer stem cells and serve as regulators of cancer growth. Since current cancer treatments
target proliferative cells, quiescent state cancer stem cells that are resistant to treatment increase the
risk of recurrence or metastasis. Various signals of the tumor microenvironment induce changes to
become a tumor-supportive environment by remodeling the vasculature and extracellular matrix. To
effectively treat cancer, cancer stem cells and the tumor microenvironment must be targeted. Therefore,
it is important to understand how the tumor microenvironment induces reprogramming of the immune
response to promote cancer growth, immune resistance, and metastasis. In this review, we discuss
the cellular and molecular mechanisms that can enhance immunosuppression in the tumor microenvi-

ronment.
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42 T4 Sxo A5 tig AFgA e Aol E Kol
+ ThERE o] H A A X Hojg = FAdn AA e
Ak, do] 9 X8 AFHLE & X859 T2 HA R do}

AT
olg)g A m AL Z Holo] A & EI|AE
(cancer stem cell, CSO)E Q1%+ Z o2 BTt & &7]
NZzE S7AZ BE4E 717 &5 AE FJaoz ¢
¥ Go7)el FH

7 E dR= AxF7]el So7HA] o
AEE FABE Yo A7 AL AW, A& A
A7} A AY (self-renewal)SFaL 312 M EZ E3}(differentia-
tion)dh= 58S 25l o] o A RS FE=3h

E71ME = Yl(niche)ZtaL 3t mIA|ZAH o A3}
), E7|A| 2] A7} AT E3)F Abo] o] HF -2 W Ag
el o3 =t w3 nAEE W AE 9 7] (ex-
tracellular matrix)2 7| EZE& AE AT ZHIES
u A2 Wl a8t E7) A 27t w3 A AT
ste R AER AT 9 A2 F USRS 18] B
71 Z} FASHA & EVAEE T RASA
(tumor microenvironment) W A XEo) o|&] ZH AT} FF
Aol = thFd WAME, A folAx, WIAE,
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Fig. 1. Cancer stem cells account for tumor growth and relapse.

B 79 AL, APAE 5 FF AT ZAS0 4
A QA D Aol ETRLS Fo o EVAES 45 A8

Sl & el $ag 4w do.
P4 M B g AR A o

AR WL B o}oq

5 249 + 980l WAL
MBS FAAE AN BFos e
A%k U B ZAA 02 B A2 AZ T
e b wa}xluq Fof v o

e 5, @Q & Aot wet

N EAES 5 1 197 Aole] B 45 %
§2 olaske o] EAQ @ A=W AR FasH
2 BEelA & B71AES B VA s ahs
4 @t
= 2

o BIIME

e F4o] ME AL, AolB FEshs AL, X80
W AL 7H AE 5 So) BE oldH A
2 T Aok & FAEE 34, AL AN, 23t
54 2%y glon 193 Hole| o]ty

00 L

19943 Dickell o8 o2 ¢ E71HxE2] 7de] &<l
HAW 34 Z54 B89 (acute myeloid leukemia, AML)
AZE MNEZ 34 nfAZ st % 53 WY 24
ul-g-220f o] Al5le] WY 71 A 2 (leukemia stem cell,
LSCO)E A8k tH22]. 1 §F B2 A7A7F L@ dolA
E & EVAEE SR AN EVIMMES e ¢
71N E AETH EAL dHs A

A A ZOAA & S7IHNEZE BEete A2 &
of ot ¢ EVMEE EEdte R

& STV EoA A EolH o= ds

Hals Aotk MY VA=

(hemat0p01et1c stem cell, HSC)9} &5 2.

entiation 34 (CD 34)5 LdSA|VH 28 ES7|A X9} g =

Al @Y 7|2 A= CD 38 Hdo] &HHET =3
o R 1F o EVIAIE v GA AL

T CD 1333 CD 44 2] & 714 24 235,
et E71A 2ol A= CD 90, H Y &7 M A= ATP-
binding cassette super-family G member 2 (ABCG2), t7<+
=71M A= CD 166°] 5o]2 o2 T HT47]. °]
23 ¢F VM E FH rfAE LEFEe AL ¢S A

=

g x FaskAW 1 9o o EH A2A AL L A

AF BrNE Fasteh

o SINE 54

3= )

WA o ABPOE S WA 8, 8 4ol
g QAo ASH glom YA AWt 5
2y grge

w2A FAte AZE FH 0= 3§t
A A= Wgolth. sHAT X & F & Adets A=
o] Bl &o] 7 Erh Z‘lffg/‘é At B2k 40%, 2-37]
b &AFO] 50%, F1E A 10%00 A Ado] A sk,
J-:ﬂo]' 3kALe] 50%«= oln] HolH Ael= TAEo] X857}

S0t ok ol g Aol Al WEA F25teE
H]:ﬁiﬁ: AAsE dAe A5 W vSHd Ee
=gA FSAste dAlZzE AAHA ot A= AEe
Aelo] =t}

& EVAEE NEF7 B A
(quiescence state) = FA AT FH FeHl= S71HE 75
S BESIE BHOoE 27 JAH EE é‘—’}}"ﬂ o3 5
T Al oAl AlZ2F712 & .
A= GO-Gl DA A AR =] of M_tﬂ Oluﬁ
Z83}+= cyclin-dependent kinases (CDK)2] &4S A
7] 913 CDK A A p279] &4 o] F7ignt Rt &
zZo] E4Eo B7t Bad Af AZF7|E wHEA
A3 T}H43]. G0712] AlEE= mammalian target of rapamy-
cin complex 1 (mTORC1) &4 3}ol] ols)] A A G
(alert) AR R YJ3te] 2E 2 200 414344 19H-3-3h

hal
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Fig. 2. Quiescence is essential for maintaining cancer stem
cell function. Cancer stem cell quiescence is com-
posed GO phase and the G (alert) phase. G (alert)
phase functions preparing for cell cycle entry, and
mTORCI activation is involved in this process. The
other way quiescent cells are arrested is by activation
of the CDK inhibitor p27.
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Notch

Notch 74 2+ Ttk A2 AA o YFE Foh Z75
=2 4719] Notch @A S 7}A 11 9,1 Delta®} Jagged
Y=o o) &3kt Notch 73 % ZIAZE v
3t B E fFAst 27]A 29 5 A gFH40].
AZA A Noteh 78 2+ ATH 29 243 £315 =4
3to] A= 417 IAS A g = =
Hlste MEe B4 ATLE E38tE8 fFEHTH 4
&7 M3 Notch &3}l oJaf A4 wAx= F3l8

fr H

o}.
fijo

o} T3 Notch Al&dZo] &= HEF AFA= T AlXE
B35 = v, Notch A5 A Eo] gl X = B A
A

o b

e WL
2 F3hdnh o213 Notch A= T4 +HAZ A
2 Atk =8 AFAHE A translocation associated
notch homolog 1 (TAN1) @& MHL T A 54 X
T4 W& (T-cell acute lymphoid leukemia, T-ALL)S &
A 713, e 7] M A Notchd &4 o] Z71gic,

Wnt/ 8 —catenin

Wnt/B-catenin 73 2+ Hjo} T H G FAlo g
stoh. wat 2]PE7F 9 F8&Ao] Ad et A stET
B-cateninS OB M3t A F2 gl £33} s}

51] ] s Wnt/ﬁ catenin ﬂi/] Zx‘j_ 78—0}]% QN E
&3 A 27 A A E"“E Boysle] oF AL =235

A 2
M, A& AFAHE ZEEF 3t A7 AFE AT
APES F7HAIZITH3]. Wat/B-catenin 74 20| ot &4
A3l thxEH o2 ool HAYEH H el Alo]
o}

B-lymphoma Moloney nurine leukemia virus
insertion region-1 (BMI1)

BMI12 =3}¢} A% polycomb repressive complex 1
(PRCI)QI TAYEem oA x2o 7|4z A7t AHA
frA sk v Aot shARE BMINS] HLHES F
F Z2l9] ¥clo] Hh BMIIS 28 Z7|H XA Td
st A7 e At AL 28-S FASARE,
Y 7N EZAAE TRE 54 =54 HE@y S
w323, 38]. E3E i 1;_; ZF AAA A BMIL&
13 &7 Z] A7 A& 3} , At Weke)] 4
o| AWk AAA O Z XA ;(] om AlA W —‘—(ghoma)
o g o]ojzth24, 33]. 11 fJoll= HY, AHAYL, 7+
iAot 74 |1 A o 5o kgl oF EU)AME
I =, F E7IAE A7F A B Eo] o
g e A5 58 #-o] ATH29, 45].

o2 ﬂJ[

|

/‘1] _-_(endothehal cell), @3 5
(adipocyte), 417 A Z(neuron)

W oE 18

9 Al Z(pericyte), RFA|

BMI1 HIF
Whnt ‘ CD:S NF-kB
| " 4
Notch STAT3
‘ CD4a4 ‘
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Cancer stem cell
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Fig. 3. Normal stem cell pathways that control self-renewal
are excessively activated in cancer stem cells, so can-
cer stem cells important for the expansion of cancer
cells and cancer progression.
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™ stromal cell-derived factor 1 (SDF1), vascular endothelial
growth factor (VEGF), platelet derived growth factor (PDGF)
o e A EFRRIS wHISte] o Az o A A9
71% W3S FE3oH42]. =3 AFolAZo A FHd
hepatocyte growth factor (HGF)7} <841 mesen-
chymal-epitelial transition (MET)S A3 AA o A= A
A HolE FE3tH A5 WS 7HAA St v
A8 5o Aol ATH19].

o o]FA S UERATH10]. & T T A4tAaF
A oA d3 W3 447U R (vascular endothelial growth
factor A, VEGFA)E &#¥]sto] @3 AAS S306].
o] YL F+E VEGFA7} ASH 082 FH|FH o] T 1
Aol A di A o] Al&H 02 o] FojA FH A8t
I FEFTES o] AP, /It LEA Fot A

AaFol WAT 5 YT oFE o] AW HA gho
¢ AT A5G PaATL) T W Az o] E3}
Y NABHOE BolE & UES 2FSE o 3]
AES] RARAe] o] FF vIATA | B WA
wo) A Zasol B AEe] FEE sHethle). Mol

E 8o HHe F7ste] Wel oA B
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—

¥ ALY 75E ol E3AL MARe] Ay AZE
3 ojASke] grel AYol freldtA WET FF
AASAE TS ke AZ 58 48 2
7

Yol met A 7]50] oBA Mst=A &7t

2
of

A A e A E (natural killer cell, NK cell)

AL A ZE A HES S93te MERE A%
M ZA EulEes ARl o8] EF°] e FAY
& =2 o=F 0|53 major histocompatibility complex
(MHC) class IS 1218l A Y NZE AAS= 7
Sk gt 58S A Ak A RE oF 3ol W A
Z W wslel ofsiA A EZY )50 EebitH4]
& 27)ole GAEE AES I A A HolE A}
A RH14], ol B A FF v A B A prostaglandin
E2 (PGE) 2@ < S7HAA ArddeiAl o] 2435 <
A gt} 21]. PGE 9]°| = interleukin 10 (IL10), transforming
growth factor-beta (TGF-B)E & 1B]5te] A}Aatal| M= &
S A T27]. HFH R AAMIAMEE S35
FEA R A FEAE LA Ho] o FAPS F3
skoi[14].

A E(Macrophage)

F #8 o) 2] Al Z(tumor associated macrophage, TAM)
Zhgo 2 QAEE A AASAY T AA
< &A4sgtt AR go] JPHEFE A=
1S £X3ta, @3 A4, 9N =Z 9§

oF 2@} Mool 7]ei i3], th4A
o

18 5 o &
l(“f; (L Ji 0% X
oo W o
o|N
1>

fo Ho
brt
P.L
£

N
B>
o

2
S 7N Yo T mAIEAE ] A5
SR xdgow B3 4= g
[31]. -C chemokine receptor type 2 (CCR2)°ll &+
M| EZ o A EH] == C-C motif chemokine ligand 2 (CCL2)
7V Agste] A xR EolE, B3td 9 34 o
A ZE AAAFT 8 A hypoxia-inducible factor,
HIF)E &Hlste] ¢ 7o 3 A4S S8t By

Ao E 23 VEGFA, IL10, Arginase-1-S 1|3 [34].
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F2]| A E (Dendritic cell)

FAFNEE T MAEAEANA FaE LS 04
g 3 T Ao AAE A-gAH AA-&S B45A7
+ &9 AA Axo|tt. FA A EE conventional type
1 dendritic cell (¢cDC1) % conventional type 2 dendritic cell
(cDC2)<} plasmacytoid DC (pDC)Z Yt} cDC1-S A X
W Zde Aesta A e T Fae FYL-& MHC
1 225 F3)] CD8+ T M=ol AAIFO =N HIRES-S
& A3 tH44]. ¢cDC2E MHC 11 &3 98 CD4+ T Al E
ol A AI8ed T helper type 1 cell (Thl), T helper type 2 cell
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(Th2), T helper type 17 cell (Th17)E £33} =2 &35}
H, pDCE type I IEJH &9 FQ AJ2bAtolth39]. et
TF HASE L WY RS 3tr] 8] WY 339 v
AUEZES &A%t o Al E+= C-C motif chemokine li-
gand 4 (CCL4) H& S TAaAA FAGAE7} FF v A
34 W= oA RsteE sta46], A ZAE e
I S F4ZA <0 FMS-like tyrosine kinase 3 ligand
(FLT3L) 84S A3 th36]. =3+ T nA|@H S &+
A FAE] £2ZA] 2EH2E 2384 MHC class 1 &
FAZF AE FHOE olFdte AL JAlst] T A=
GBS A 7131[49], type T QJIEIHIE A HA] A
S 7]

=5 il 9A AlE(Myeloid-derived suppressor

AA Alze WA Aol el M H=
T AZ7F S48 daEo] HAgdEos

dol EXH o] HAPHEE vds Ax Hdoln
[12]. &5 Fd JAAzE FE G Mxe} 55T
MEZZ F4HEY52]. CXC motif chemokine receptor 2
(CXCR2)9} CXC motif chemokine receptor 4 (CXCR4)ll
3] 4 ME U2 ZAE 7 78l A AEES matrix
metalloproteinase-8 (MMP8) % matrix metalloproteinase-9
(MMP9)E AJAgste] E S 33t o Al Az
S HFEUH48 =3 T nAISE W = ol JAAME
= T AlE &43ste] g ofr ikl tA| 2=ElQ1S Al ghs)
i, PD-L1& 2@t T A2 SA3E AAIH =3
TGF-pE EH)&te] BAE, NK AlE T T2 H Ax

o

A5 A st SAlExe] WY 39 W3& SXAZT
[52].

CD8+ T Ax

CD8+ T M= THIEZ &A(T cell receptor, TCR)S

AZA o) SUAE MEC ATl SR A
] i*‘] Eo)A o7 Qalste] gEoFH
Folt}, FAFAZ7T e A
3tH CD8+ TAIXE+ interleukin-2 (IL-2), interleukin-12
(IL-12) ¥ interferon gamma (IFN-y)E A§/d 3}, tumor ne-
crosis factor-related apoptosis-inducing ligand (TRAIL)S] Aj
Ao Bl Alx=A s8S Ad AxE 24382 + 3
13]'[32]. CD8+ T A== granzymeﬂ]- perforin 2 FAS li-
gand-FAS tj7]e] AXAIE S B3 EHMNEE T3St
[ AR FF el 715 Zellvt 238 T8 P | CDs+
T M 3= Lymphocyte-activation gene 3 (LAG-3), T-cell
immunoglobulin and nucin domain-3 (TIM-3), programmed
cell death protein 1 (PD-1)¥} 22 WY A IXZJE EXE
A B, Al ZdA B st= PD-LIF A8

‘8}-0:];%]}6]—341_ O O O h o O o
< FAAZ 5 AT17].

CD4+ T A=

CD4+ T M EE 4 vAZ oA FFF HY-g&
Gshs CD8+ T Ao EA3stE A4 =& -

2 FEt 3439 CD4+ T AZE IL25 &3l
CD8+ T A5 23 &332 CD4+ T AlZ2= 54
FAEE 2 9 FX35e] CD8+ T Al X9] Hk-g-of 7+
Ao g T29 AF3te] CD4+ T AHE2] CD 40 gzt=9}
FAGAE EHAA FHEE CD 409 485 3

CD8+ T A|Z9] IFN-y &4 A5 HAE2E FE3TH15). =
St CD4+ T AlX+= IFN-y ¥ tumor necrosis factor alpha
(TNF-a)&} 28 Ao EFLQIS A SF=T), CD4+ T Al=E
o] 3}¢] Thl TP o2 B35 51 AHAQA &g WY
44 S ZF=TH20]

Z3 T AlE([Regulatory T cell)
ZA T M2+ CD4+ T AlZ9 8k fF3 ol Aprtakdd
of sl Ud@'f)rﬂ W& ZH3Y IS AT
ANA 5-10%8 =2 &S FASHL
S e WA T xﬂ;u 50%% AA
T A= Fd2A Yol FAATRs). TE N Adta
Ao 2 3 uAGAA A AL FF BH
A M A A C-C motif chemokine ligand 22 (CCL22) &
C-C motif chemokine ligand 28 (CCL28)2] ¥td-& =714
7 248 T A2 Z34& FEITHE) =3 =4 T Alxe
IL-10, TGF-B, interleukin-35 (IL-35)Z 53l CD4+ T A%
9 CD8+ T A|l29] 7|5 9 &35 JAste] F HY
1&g w3l g rh25].

B A=
B AlZ& $F U] A g7l A B Al EH o &3

[¢

tAl Z3tAl | CD4+ T Al_ﬁ&r CD8+ T xﬂ oﬂ A B A=
£ 2A3s= ﬂ]E?]—OJ 2l CXC motif chemokine ligand 13
(CXCL13)& Tdsta B MEVF T AEE 5 985
FTH50]. 18l A vEH% S J& B AZE By
AA S Al EFFRIQD IL-10 ¥ TGF-39] o] F71= o
AA[11] ol dFa& F YA = granulocyte colony stim-
ulating factor (GM-CSF), IFN-y, IL-12, CXC motif chemo-
kine ligand 10 (CXCL10)2] £H]Z E—éﬂ EHNHLXL; FA A
AZ, T AZE A=SstaL SF=3 e

o)
CCL3, CCL4, CCL5%9] A =7}l %ﬂl% B3 =

N oox
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SAE /Ndsta 3o H, Wnt/B-catenin
AAZ Maste] F4A oA 2ok
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Ao A A = iwr% glsta Aot =g T v AgE
e AR FHOZ e AEA MY AFE FYHL
Ak TG vAEE Rl EAlste g AlxES T
&5 As AGE FEste A A= 9 71dE A
zate] WY ¥k3-& 3]ueta, o dojot At H3ls)
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