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The application of nano-based drug delivery system in regulating
stem cell-like memory T cells in anti-tumor therapy
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Jinan 250012, China)

Abstract: Stem cell-like memory T cells (T,,,), a subpopulation of T cells that combines features of both
memory cells and stem cells, are capable of rapidly secreting immune cytokines and differentiating into effector T
cells with tumor-killing ability after antigenic stimulation, thereby providing a lasting impetus for the anti-tumor
immune response. Therefore, inducing T, generation to bolster T cells' resistance to exhaustion, thereby
improving tumor immunotherapy efficacy, has emerged as a major research focus. Nano-based drug delivery
system (NDDS) possesses the qualities of in vivo targeted delivery and facilitated drug penetration, which provides
the potential feasibility of inducing T, strategy for clinical application. Based on this, this paper systematically
describes the characteristics of Ty, reviews the current regulatory methods to induce and maintain T, function,
and summarizes the research progress of nano-based drug delivery system in regulating T, for anti-tumor therapy,
to provide reference and ideas for the application of induced T, generation strategies in the clinic.
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Figure 1 The tissue distribution and the migration patterns of the major memory T cell subsets. The individual organs are defined as the

circulation (red or green), of lymphoid origin (grey) or as peripheral tissues (yellow). T,,,: Tissue resident memory T cells; T,,,: Effector

memory T cells; T,,: Central memory T cells; T

lymphocyte antigen

Stem cell-like memory T cells; CCR: C-C chemokine receptor; CLA: Cutaneous
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Table 1 Characteristic surface markers of different T cell subsets.
+/=: Only a portion of the subsets; —: No expression; +: Very low
expression; T: Naive T cells; CD: Cluster of differentiation; LFA:
Lymphocyte function-associated antigen; FAS: Factor-related apop-

tosis; IL: Interleukin

Surface marker T, Teu Ty Ty
CDlla (LFA-1) +/- + + +
CD27 + + + +/-
CD28 + + + +/-
CD45RA + + - -
CD45RO - - + +
CD62L + + + -
CD69 - - + +/-
CD95 (FAS) - + + +
CD122 (IL-2Rp) - + + +
CD127 (IL-7Ra) + + + +

Table 2 Comparison among Ty Ty, Tey Tpy. ++: Low expres-

SCM,
sion; +++: Medium expression; ++++: High expression; IFN: Inter-
feron; TNF: Tumor necrosis factor; EOMES: Eomesodermin;
BCL: B cell lymphoma; ID: Inhibitor of DNA binding; STAT:

Signal transducer and activator of transcription

Feature Ty, Tew Tey  Tinw
Cytokines IL-2 +- A+ +/-
IFN-y - + o
TNF-a - + ot
Perforin - + 4+
Granzyme B - - - +
Transcription EOMES +++ ++ + +/-
factors BCL-6 +H+ + -
ID3 +++ ++ + +/—
STAT3 +++ ++ + +/—
T-bet +/- + F+
D2 +/- + o
STAT4 +/- + ot
Function Longevity A +
Memory cell potential ~— +++ ++ + /-
Multipotency +++ + -
Proliferative potential ~ ++++ +++ ++ +/—
Effector function - + ++
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Table3 Mechanism of signaling pathway modulators in regulating
Tsou- GSK: Glycogen synthase kinase; NF: Nuclear factor; mTOR:

Mammalian target of rapamycin; FAO: Fatty acid oxidation; ACD:

Asymmetric cell division

Strategy Mechanism Ref.
GSK-3f  Regulate stemness-related pathways such as [27-30]
inhibition ~Wnt-f-Catenin, Notch, NF-«B to block the
terminal differentiation of T cells
Reprogram T cell metabolism to FAO; maintain  [31,32]

mTOR
inhibition ACD; activate Wnt-f-Catenin signaling
Notch Up-regulate the expression of stemness-related ~ [33,34]
activation genes; inhibit the expression of differentiation-

related genes; reprogramming metabolism to

FAO

3.1 Ty, BXRBRBATGPESHERE
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5 5 8 %  NF-xB 15 5 @ 2% 55, V)[R 48 5 T 40 fg +
PERO R, GSK-341F Ay i 4% 48 A 14 5 4K = g
PR KR T R BT 540, LA T e 51 R SRS
AT AU R, DRI b 7 G e R A A A ) a2k 5
W77 RS 2 A

3.1.2 iN#HI mTORBE mTOR 1E 5 1) 22 J R/
TR RN, 8L 2 A1 mTORCI 1 mTORC2 ¥4 £
HAF 5@ DY, HAM G RE 18 5 g AR T, AR 7 2 K
YERF AR R 2, BETT % Ty TN RERFIE . W T

KW, Ty TR T S T, M FAO 3458 4R i =
B2 B £ (adenosine triphosphate, ATP) L4k £5 & EOR
A, TME A T 200 i 00 38 1o A 22000 1 e DR ok A 1 DA SCHF
58 5 2RI BE .« Scholz 555 WIE 52, mTOR #1177
M55 3% PIH T 4 A 2 28 MK % i =2 9 12 D9 FAO 2
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Figure 2 The application of NDDS in regulating T, in anti-tumor therapy. NDDS: Nano-based drug delivery system

Table 4 NDDS for regulating T,

v in anti-tumor therapy. FCM: Flow cytometry; CDN: Cyclic dinucleotide; LNP: Lipid nanoparticle;

LNP-CDN: FCM, LNP-CDN was labelled with DiR; C-N-LNPs-vax”'®: FCM, LNP was labelled with DiR; DNR: FCM, DNR contained
CyS5-labeled non-functional siRNA; ICP: Inhibitory immune checkpoint; ICP-MS: Inductively coupled plasma-mass spectrometry; PX-+CS-
J@CM/6: ICP-MS, each mouse was injected with 200 uL of CS-J@CM/6 NPs solution; PS: Phosphatidylserine; MPE: Malignant pleural

effusion; TDLNs: Tumor-draining lymph nodes; TCF: Transcription factor; Vax: Vaccine; DC: Dendritic cell; TCR: T cell receptor; TAM:

Tumor-associated macrophage; APC: Antigen-presenting cell; PLNs: Popliteal lymph nodes; ILNs: Inguinal lymph nodes; CS: Copper

selenides

Type Strategy Target  Delivery efficiency

Mechanism Challenge of clinical translation Ref.

Liposomes CDN-loaded, PS- MPE
coated liposomes
(LNP-CDN)
Liposome-

DiR " cells%: MPE,
60-80; tumor, 50-80;
TDLNSs, 60-80

neoantigen vaccine tumor DC, 5-10;
(C-N-LNPs-vax”'®) tissues macrophage, 5-10;
T cells, 5-10

Increase the expression of TCF1

Poor blood stability; short cycle [58,59,61]
life; special storage conditions

Spleen; DiR" cells in spleen%: Add neoantigen peptide to
improve tumor immunogenicity
and TCR signaling; activate
splenic DCs and increase the

population of M1-TAMs to
provide more suitable APC niche

Self- Spatiotemporal TDLNs Cy5°CDllc" cellsin  Alleviate DC tolerance to In vivo stability limited by self- [60,62]
assembled nano-regulator TDLNs%: 10-30 promote T cell activation and assembly forces; unclear
NDDS (DNR) expansion; reduce the expression mechanism of self-assembly
of ICP to prevent T cell formation
exhaustion
Biomimetic Tumor cell Tumor Cu concentrations in  Inhibit T cell differentiation to Cumbersome preparation; [63,64]
NDDS membrane-coated  tissues the tumor tissue: promote Ty, production; reduce limited characterization
nanoparticles 2-3ug-g’ the expression of ICP to improve methods; special storage

(CS-J@CM/6)

the exhaustion of T cells

conditions

H I NDDS LA R B TME H 2 5 42 W) B b ok S22 =
BRIk LR AL 7 B 5 R R R DA G, —
TH] Jih 96 2T 4 Ak g b e 3 B 4 BRI M B SR, S — T
T 21 4 A3 i 2 5 M S e 4 IR TR AN 25 iE . B
A W I B A 4 A 0GB @ ¥ TGF-B 15 5 5%
ST ] B R A 9 B T 4E 41 B (cancer-associated
fibroblasts, CAFs) % 1418 B 2 7% 175 CAFs2E 5 g ok

FUAR £ L AR 7 e 5K B B 20 o 24 D A ROk S B2
WAE iR A O R AR B TME H I 45 38 325 14 189
S B 5] B2 45 5] AL 1) JR) 38 vy 18] 5T Hs (elevated inter-
stitial fluid pressure, IFP) & 55 — &k, X 1 259 b6
V) Jo2 948 ) i R 2L 2R P 2, ) B A 3 51 A ) BT D) 8L g
TRk g 12 22 AL 72 . A NDDS 3 it 4 FH 7K A i
BJRE P 2 ARIBART Y I TR AT SO K BURL P9 AE
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R T A AR TR 0 K R TV e X — Bk . TR fE
% 7 8 TME 24 Bt [ 11 87 2 NDDS H A K32 51 Ty
4.1 BERR{K

JIE BT A 2 4 25 W 0, 35 T SRR B XL 43 )= N T T ik
M B . s R B A4 B 2% T, VHH% 25 W0 i % 38 0
AR &M, [F I AT AR AR Ky 7 e 32 A% TR I B
WG RAR . Ak b 25 Wk 0 e i s AR 1 2 1 Tl
2% i He 22 B B 4 ) It OR B, Liu S T H —Fl 47
% STING I8 % 30 73 A% 7L (cyclic dinucleotide,
CDN) I gk 22 2R (phosphatidylserine, PS) 4% ]
JI§ J5i #x LNP-CDN, H. ' PS A S PE T2 15 S5 {2 it 4%
I A4 e ) £ X, 5 R 45 2 5 J5 CDN Re % 1 B pH
AR AN R R ORI A B o R B R HEAE . BAROR U,
CDN Refig k3 18 IFN A5 ‘55 7, i 3 i TCF1 &Ik
TEHEVIUR T AL AN Too, WAE . BAA0 A 45 5 2
7, LNP-CDN AR K FE FE B4 14 TCF7'CCR7 Pdedl”
Scal ‘Hoxal Lpxn'l12rb'Cxer3'CD8" Ty, W #f , I /b
Pdcd1'Lag3'Ctlad CD8" #E 35 T 41 g, /2 {f F4/80"Argl”
M2 Ff B 40 il 5 i) 4L N F4/80INOS™ M1 #F [ I 41
fd, [F] B ELISA 3l 5% ‘& 78 TME H IL-2.IL-15 . IFN-y %
K7 & & ETE, X R H T Toe A O 4ESRR . 4K
N 27, LNP-CDN BE 4 A 2 #0012 15 1 248 =
FE AR 98 3 AL I 3 % MPE H 1) G0 8 500, 3k ) R 451
PofhdEg 5 .

BBk, RR AR 5 A P AT v BEAH AL 2854, A
L P 20 PR S AN AN AR AR A, RR S AR M AR
HIEENFE G E LM Ty (IR T, XuZEPE
i AR ) 7R %% A Ay LB R R T — AR B BH B IR R
A, B 2449 B — T G 75 A0 A ME 4 C A4 R R A 1) JI A A
JitJeg S8 AL APC ()RR 5T 44, R 8% 4 b Jed 87 B SR %2 B e 2
i3 22 AF R ) APC I 1 5 APC 87 5L 1 £ L .
Toon 718 5 M98 G092 7 1 DL K2 TCRAS 5 58 2 %5 1)
FHOG, T B T JE A F) T TCF-1'CD8' T, 41 il 2E
R, R I i SR R o 2K Toll £ 52 44 9 3l 71 CpG-
ODN 1 #F 5 4% 40 g & i P #0480 f2 (monocytic
myeloid-derived suppressor cells, MDSCs) 4 4k i M1
0[5 5 2 i I S O 5 IR 4 i (dendritic cell, DC) 1)
B 55, N T, B3G5 70 10 52 it & & (1) APC 4=
Ao PRI Al AR B B RN T R A
IFN-y"CD8" T 4f ffl #1 TCF1°CD8" Ty, = ¥4 CD11b’
CD80'CD86" M1 #f:E Wz 4 ffl, i CD11b'CD206" M2
B W 40 H S I8 75 1 T 41 B8 (regulatory T cell, Treg),
oA G R A PR ROR R, RR NS B3 R A K IR
A S R AR

4.2 BHENKRBYEERS

H ARGk 2508 0% R G0 fr B o T IEH 4
WniB KA TAT A SR B A P S5 O B B R B 2
Yo+ B REA 7 Ak S5 i Ik ik R g, 5 o
IR F RN 25 H, 24035 NDDS 2 8 Re P L B A7,
& v AT B E Ak e AV i R ok ik, L RE A% L 3k 2 Bl
RNA 2 H At T g 4 5> 7 DLSE IR R VA 97 . Wang 551
FE R — Fofr p IR P v R T 24 R A o G A A A
SIRNA [ 2H $E 44 2 Bl 1 ) 2 49 K 15 771 DNR, Ak
B H 57 SR BE (L 33 DNR & ke S 5 8l A s 4
R EL S 2 TDLN, B J5 Toll £ 52 #A ik 12 il 1 4k £F
DC 1 Ll i, siRNA T i #10 il 14 %0 9% & 5 21 TIM-3 Al
PD-L1 VL2 fi# DC i 32 1%, iX 22 /i 1 T 40 FE 35 I A
CD8' Ty, JEFFIR LA . P4 SL56 K B, DNR )
3% 7 CD8" T 40 i 1) 39 5 & 4k, 34 00 1 & 16 DC
MR I 20 i F B g [R] B 235 % R I MDSC, H
T SRR I A 1 B 0 A R e R I ST K
FIRCER S TR VA
43 FERKAYEE RS

5 HE 9K 25 i 1k R G — R FH RAR A= oy
B A BT AR P R S 1 0 K 16 A, S8 I AL AR A
A IR S5 K6 TR BRAT R P S Dl 25 W 7 50 2 A B3R S
HH ) 1R R 3% SR TR R, L I AT R e 2 4 i
i i T8 4T R P R SRR P I AT 356 R T oA R 4% T 48
HL Th B LAIA B0 R H 1. Wang 25K 7 —Fh i
CD6 Ty RE Ak 117 it 983 24t o Ji €, 5% 1Y) NDDS, #g % i i [F)
Y5 g B R GPCR 4| 771 i 27 P VT (paroxetine, PX)
A IQU 1y R ik a2 & PR A B3 . v PXCAE 38 o b s
H T 40 IR, JQ1 W i) BATF SR A2 # T, 242 1,
FE[RI 22 T U8 T 48 i 2 1 4 ) 14 32 44 PD-1 A TIM-3 1)
KIE, ARG T A M 0 DhRe FEvRIR A, B e Ht
PR v o A P A R RS K B, % R G e 1Y
B TME = it i 83 41 ffd 4 CD8™ T.CD4™ T Al T, 3% 1,
IR/ Treg, Wn R I BUITIE ThaL . Wang 2504 1807
755 10 2 Do 1 0 D R S R T A ) A A A i SR U
(1) DC VR & DL 236 4 iR Pu 5, [l Js 32 0% 400 it i
B TE G KR A LA £ 07 AR 9K T o % R BERERS 4E
KBt 5 TE % R G0 TP I RE SR T IR) B A 5E 2
TCR &5 Hll 4, B R T Ty, FIBCR RN 18 o 200 fifa 1
¥ & B, HybridDC RE % 5 ¥ TME, {5 3 # il CD8 X b
BICZ T 40 B Fn M1 E W41 A, [F]BFJsk 2> CD8 A€ T 4
JH M2 20 i DA & PD-L1 5 W 4 i, 36 %% 4 2% 00 )
ORISR . A PN S 36 S5 7S 1% 2R G 7E G092 M 22 1 B I T
B v R I 3 (YR T VR, BE 84 5 1CB I RIUF
53 02 1 T 20 PR A B DR B 1 28
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5 RESERE

Bt 5 T T g WF T AN TR N, T 7E B0 IR 0928
YRIT I BRI ) COBIE B2, 15 5 B R T, TG DA
SRR TUMIRE T AR B K T R e AR T Ty A
VR R T RERFIE, £50R T 15 S I B A T R 4 B R
LS NDDS L3 AN [F 29 4% Ty, OB ST fE . 2
72 B TR 2 HUG 7T e AL T BT KB B, Il IR 5%
5 Pl Al R SR AT AETEAR 2 ) @777 NDDS 4 £ 5
H A=A 232 F SR, TR 5 F W
A A A REAR O, BB A G B ) 4R K o Rt 2 5 B
A 1), K] O AR T T R RT AR ) B R AR R A M R
I P A K 368 38 A 5 S [i) S5 3 g A O I A 43 A < 18]
JE 7 pH- S B 41 IR T 5 TMAF1E 2 57, L ZTF R fig
% 1y FE A H A0 R0 2 il 46 1Y) NDDS; NDDS oW 1) i A&
PR %, w % EE M E, L g —hniE, WSLIR =
/N R ) A B R RIS oMb A A 7 R R LA kR, Aot
PR R I R R T R AR | A S R B AT R s
IS8 — I BT S ARE SN 7. AR BE B 9K
T 2% 20 AN W 56 35 S B A U P L AT B S R
BRI K&, R Ty, IBIEFT RN R F 4 2E — 2B IR 4K, A
Tsen M FH T 15 R R 28 V6 97 $R B v 20

2 Bk T 4R T BB G5 DO SO
TR A S5 7 5T 10 SO B A S E AR
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