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Abstract: Head and neck squamous cell carcinoma is one of the most common malignancies. Tumor-derived exosomes can partici-
pate in immune cell regulation through direct interaction with cell receptors or fusion with plasma membrane in immune cells, which
plays animportant role in the regulation of head and neck squamous cell carcinoma. Tumor-derived exosomes can not only inhibit the
effects of killing immune cells on tumors, but also negatively regulate immunosuppressive cell response to promote immune escape
of tumor cells, and thus regulate the process of tumorigenesis, development, and distant metastases. This review summarizes the lat-
est research on tumor-derived exosome functions in regulating different types of immune cells in the microenvironment of head and
neck squamous cell carcinoma. Through the exploration of tumor-derived exosome regulation of the tumor microenvironment, we
aim to realize new strategies of exosome drug delivery and tumor targeted therapy.

Key words: Head and neck squamous cell carcinoma; Tumor-derived exosomes; Killing immune cell; Inhibitory immune cells;

Tumor microenvironment

Sk IR 21 9 95 ( head and neck squamous cell £ ( tumor-derived exosomes, TDEs) 42 Hi il J83 41 fifg
carcinoma, HNSCC) & 3k 30 i J82 (1) 90% LA I, 2 1 b, BLAR A 30~ 150 nm A4 A2 B AT AR
B A EER M - RERIr T T TR TR v 1) B 5 200 R A T e R, S B b
AREAR AT 5 7 S T — & #F &, HNSCC /& R34 i 9 759 Jib %8 73 5 5% ( tumor microenvironment,
HEAR S FAEAFRICH BARE Y MR E SN TME) i TME 3] F g & 4 & R ok

Yr#m B3 :2022-12-28

E IR 1R EIREIHT T2 (2022CXPT023)

FE—1EE RYE RENILFH—EH

BIS1EE . RPU, E-mail ; drxchsong@ 163.com; I, E-mail : muykmd@ 126.com



INAR KA H R AR 2241 2024 4 1 H 45 38 45 27 1 1)

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024

ZWIEHE % W] TDEs 7 TME % % % & Z4E
TDEs A fi >~ i 88 5 5 1) T ZEHE 407 i
VB DRV LA R A ARSI A1 I A A Ry (R 3 2o 4 B
TDEs S48 4 Aiss H 2518 %, i is b BiUs
W BE 5 FLmly 0 AR SC 4, TDEs 783k SR 41 it
AR rh R A R A G e AN R T BRAR

1 TDEs 5 TME %/Z 40k

TDEs Al @145 TME N IfiL 4 A8 i, b Bz 8] 5
FEAL AN MG 6] A5 5 4% a4 F b R kR AR RS
TME G045 a8 40 1 Jis) 300 1) G 928 448 e | I 58 240 i
YA IE T 20 PR - R AR R -, AT o iR S Ak A
PEk % AT PRI | 4 45 s T 40 it 96 Y A1 20 il ]
SRV Ak Irh R 2 A T A R T TME HP G g
211 B = 243 Sy PR 28 A0 e 9 40 e AR A 2 00 i) 1 4
Ji o R A e e R A e B G AN e R T A

JL PR 2 A A SR ZH B ( dendritic Cell, DC) DA
T H SR A5 40 M ( natural Killer, NK) %%, 0] 7£ [ A
o P58 I P B g2 v 3] e 240 i A 4 A 800
ELAEE A BRI 40 . TDEs HA 5 i 2 4 i
AERLARHT R A3, P 5 2 v ggg 2% £ 1 92 240 P e
JeE G PE NS, I P o 43 A B i 0 o B £ M e 4
JiIed A& A PR e e M ( LR 1)

G I FU0 ) 4 LA 8 7 B2 ol A TR R A
Y A0, 32 A 4 i 54 10 7 40 I ( myeloid-derived
suppressor cells, MDSCs) #4754 T 4 ifl (regulatory
T cell, Treg) J Mifed #H 5 W5 41 2 ( tumor-associated
macrophage, TAM) , SRR AERFTR 2 At
JEE A LRI G BE A 1 1 20 S B AP, A fe s
AR B AR E 2 2 1 LA 403, S il
P20 A A AV P T b S LA B Gy )

(DI or 1 e
QT R

(WHEER 55 X ,
Q) HEN2 AL Neutr ophile (l)iFﬂfﬁﬂi"F.ﬁ'Eﬁ‘ iLA
v\ NK ()3l 2 B
/@ /
& V\fs, »IL-10 ®PGE2
©S100A9 © fI5 /iR
® HMGB1 ®HPS @ TGFJ-B yal
® PACRGL ®miR-212-3p -
~ S
CD8'T ok
Tumor / TAM
(DFEHERT.  — ! 74—2 B o— ®CMIMS @ )i S M2A Ak,
14 2 2 A5 \ ‘ oMIF | —p & } — (VAT M2
()it P A Ui O TDEs  gmkat " T@NF T feiskibit
. G/ Na &F
:m!g-(z)za ®miR-208b ® miR-891a
im}R:Zla ®miR-24-3p® miR-106a-5p
MDSC ‘/“ @ ® miR-20a-5p \ Treg
©"° 7 )
SSRGS T 5 S A ]

¥ PD-LI NK G2D (DPD-1/PD-L 1% 5 i % (5PTEN/PD-L 15 538 %11
W PD-1 O NK G2A (QFAS/FASL{ 5l ©Hbp]/cell cyclefs 5 #
A Fasl 8¢ NK p30 (BTLRA/NF-kBfi5 i 41 (DPrkar1a/PKA/p-STAT3 {5 53 i
& Fas 9 TL R2 @STAT-3{i5 53d 1

Kl 1 TDEs % TME 45 & &
Figure 1 Schematic diagram of TME regulation by TDEs

2 TDEs {ERTFR G EEHaiEE HNSCC

2.1 TDEs X CDS8'T ZHAtE T-FThEEAY 2N
CD8"T 2l 2 5 5 M S e O g ¥y 5t bk T
SR, 2k ek 4 T T i G T LA B I E Al 92 44
MBI AT DL R AR e AR . EAE
5 CDS8'T 4Hi I8 1= /& TDEs ¥4 15 50 58 41 fifd ity 1 %2
iR Z—, HNSCC FRiFHSMLA S CD8'T 4 ffutt

EAL AT 330 CD8* T 4 ML 1=, CD4™ T 41 ffl 14 5 57
S G, P e T 40 G0 B8 B h RE R sRY
CD45 &) 3 T il SZ AR5 515 F 1 G4, CD45 it
Z O RECT R AN D B Y HNSCC g
CD45( —) FMMAMA FT #1 ] CD8" T 4 ML i 1% , 75
CD8'T ZH ML T . Razzo &' 3E52, /N B 3k #i
JilR 40 it 22 SCCVIT A JEAMNIA 5 A2 TDEs AL,
/NER TDEs #5 47 K i G 228 0 il 22 1, (2 4% FasL |



IR S H B R 224k 2024 4F 1 F 55 38 45 45 1 8]

- 94 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024

PD-L1.CD39,CD73 L)} COX-2 %%, [l /s Ui Ik
TSR TDEs AT 1 9o 1735 28 /1N BB Jof e sk
Ji&  JF 8/ CD8™ T 21 B 55 S i 4N i /e g 4 2R ) 3=
1%, TDEs n] i@ & Fas/FasL 8 % 5| & CD8' T
AT Y caspase-3 Tk AIME (L C B L K Lk
PRI LA %, 5177175 % CDS' T 4",

.4k, TDEs 1 i 3 PD-1/PD-L1 i % 41
CD8'T 4HMEIhAE, fiE #k HNSCC &A= oy kit , g
YA PD-L1 S500% T 4003518 PD-1 AH45 &40
T AR A T, DA 51 A PR A e fe i ki
HIEW AL, T 4141 CD8™ T 40 il % 1
PD-1 FAW & LA, )N HNSCC B # Ii2% H 4 5
235 PD-L1 A TDEs, 5 PD-1 i {1k CD8* T
AR IR IS, T A0St AR & 4> F CD69 ik /K
SERA i R R, 22 W] CDS8™ T 4 A 3% 1k 32 3 4 'S0
[}, TDEs 7] g2 CD8" T 4 fits I\ A% 5 1 F B 5% oy
TPE R A OGS T N 2, 2 BEHLH] AT e i
51 CD8" T 41 i v I i ¥ {5 5 4» ¥ CD27/CD28
FeikEE IS CDST 4= A= i Fe 7y 200
2.2 TDEs ¥ f 41 40 B 1R S FnEE 1L R 520

H P 20 A0 TG B T S v 1 A
BAWAEDT MR 5 e, PR A T B S R
TME , 5 4 F2 Ry ifed #H 5 k7 41 Y ( tumor associ-
ated neutrophils, TAN) , TAN EAFRAHYREEH A
P& AR YEEZ RIS TR) R AR A iR (N 2 Hpepr
20 ) AR ArbRE (N2 0 rp s 2 ) AR AR

TDEs T fig 1 b r 240 1t ) Jieh 923 S 24 1% SR 4 0
N TAN, AbJE I A v okz 40 38 & e 50% ~
70% , HMNEIAE I R A0 i -5 9K B 40 B L A 3 s mT
SEMIEA RS, AF5R R, k20 i 5 ik
ECL 240 L L 2 11 M bR 200 g A0 38 e R T f AN 7
AT KRR R SRR R BAG-6 HEIH (141
NG GRE Y vk IR AR 1 B S 2 oS Rl e 1 I i
Hhp R 4 4 B 2 MR B RS TR B B R N2 A
bR LSS, R RS R IE A B1 (high
mobility group box 1 protein, HMGBI1 ) X Hf 44 21 iy
PSR S HAA 245, TDEs 'H i) HMGB1 AJ
Wod STAT3 3@ FEIS I Mok 40 i %18 PD-L1, il 375
AN A 2 Y G e A R B I T 44
ek 71 TDEs i n] 25 4 v Mok 4 i 41
BF S48 SRR ARG AT B

TDEs Al fig i#f TAN 1t N2 KA K (L9
fEF, #hk HMGB1 1l #7% TLR4/NF-«B {555
I K PR AT M T A (R iR N2 AT cir-
cRNA PACRGL /& miR-142-3p/miR-506-3p [ i}

45, Al {2 F TGF-B1 3R ik, % ki 40 Jf 7 i 465 4
circRNA PACRGL 9 TDEs, iffi i miR-142-3p/miR-
506-3p-TGF-B1 flifig it N2 S>>
2.3 TDEs X} DC 4t | B¢ #4FA Th 8E B 52 i
DC B & A9 8 R Ik T 28 AH 40 i sl B A 2
B oAk TR | AT 2 5 2 M R N 4 e 88 )L, DC
AP S DIRE, AR R B, in T Ab 35 A58 52 41
Ji, A B T A, 55 g SiE I 25 4 DI AR OG
TDEs "] A %4 | DC 434k, MDSCs 134 fin &
DC JM BRI bR A o Sk B0 45 S AR H 3 o0 R Il
] L EE B R B DC B4 Z2 000 il 4 i vl
Jak2-STAT3 il #% 415 DC il MDSCs 431k, STAT3
S BEA0 M A 5 25 11 S100A9 -8, el 20 6 41 i 1i)
DC 7k, 3 fin MDSCs Jit 4 B R | 98 1 G 92 41 i) 24
B0 TDEs & & #UAK 558 1 (heat shock proteins,
HSP)HSP70 HSP72 % #9345 [ 1, HSP 5 DC/
MDSCs #1fii TLR2/TLR4 #HAEH , F8( pSTAT3 %
PRI IL-6 P e — A B i fese sy >
TDEs "4l DC i, Ba 0 K98 7 b s b R v
IR E] S100A9 | i, DC K1 1libr 54 CD83 |
CD86 7 5K, W] TDEs Al 4l DC w8,
IL-10 1E Ry —Fh G Bl 3, vl i it 2 5 A ik
STAT3 #%5% i DC i, 7R il A DC #0&
FHSEH TLR {5515 50, 5505 2 M il i 40 i+
Bl RS T s 20 ML A3 D S MR TR B A TR 2 TL-10, R
TDEs 7] fgi i 1l il DC % G e 4 sl , 9 55 1 1
IR 200 0 1) 8 b 5 e ) B E IR AR B A,
TDEs Wl 5 N5 i S DC R E g, i A1k
YA 5 BTG SZ K o 155 TDEs B8 115 R 1 J&
#1% % DC, 1N DC BRI FR 8, F: B 1n) 2ok
EALHERR AL, 51 DC T, 2 5 40 5 45 00 g2
IhfE & AR RSB bR A e A Y LR AR iR
TRERSE AT DC R FE LN 2| I b e it =
TR LR (i iy B A A0 S A O B = TL-12 1 R
P DC, TV B T 4055 TDEs & A fi
AR BT Ak Ay LR 1) LR B8 20 , PR 40N TDEs
AT LA R TME LK, ETTi0 ] DC i
ULk, TDEs i6 v I3t DC & DhRE., REA:HF
FERE R 51 R A6 A0 R P 5 A 1A A 8 AH O B B A
Rab27a Rll%, )55 DC . T 4L 85 3% | & Bl TDEs
A o X N NIV (A AN R
21 it AT 38 3 AN T DC B ThBE, A3 CD8*
T AARAYTE AL o 75 1T Mg 8 bR A G L £F
HEAN AT A AP IR miRNA 223K 1% v 75 o] 46 0 5]
miR-212-3p ik |4, TDEs Al ¥ miR-212-3p ¥iz



IR KA EE R AR 2441 2024 45 1 A 4 38 4 45 1 10

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024 - 95 -

ZARIEA DC, 14l REXAP 7=/ g/ MHC 11 255>
F#E, BT DC AT %, ks, TDEs K
TGF-B il 437w #4 in CD73 £ DC E iy &k, &
5 HNSCC i 8 A7 (%) 410 ] 44 B 7 7K SF- 184 o, A
B DC MBI
2.4 TDEs 3t NK ZHpaiE3E TR FIhsE AT 2500

NK 20T = AR 57 1 e 200 B A% 1 k4 T L4
T H 03 W 4 fLR IFN-y, 2 55 Fas/FasL il %
RAFANMI TR, 38 nT 3 o HL b s 4 e o gL
TDEs 1] L3 1k A [5] (4 AL 08 15 NK 20 J 3 14, ¢
NK 4ifag e E R e 5 SCHE . DR k8L, /)N
SR AR NI A b B NK 205 mT sk NKC 40 i e
AP 110 50 R 43 Bb, 2 T S 5 1 FA IR NKC 41 it
IL-23Z R 3R3E , NI IL-2 755 NK 4 M 58 ;
.41, TDEs 38 4:F BELIKT Jak3 F1J& W18 11 D3 03234410
Tl 2 FL R B, R0 NK 4 i i v vk, o NK 40
TR SR I R A A [ B mT
51 NK 4 3 7 0/ Jlyge 40 i 7E IE 4% F
FIEE SR AT AR B S IAMAR 34 1T 9 NK 40 Il
24 NK it 37 31 S S 0 3R, 7= A2 TRNy 19 RE 1 0k
551470 M8 S PR B R BT R A oG B 1k T,
CX3CL1 7&/NRB A Z b A4 &R (BI6F10) |
/0N B P i b B 2 M 3R (LTPA ) 45 4 i 5% 73 15 1Y)
MR R Ik, KT LS NK S5 e 4 i
CX3CRI 454 | 5 CX3CR1 AHEAEHA S 240
LR 5125

NK 4 il 2 MM EES 55, — Lt
5145352 TDEs 7/ A B % NK 40 it i i 42 2L
AR 2 AR SR 10 M 9o 200 - s A s v
A R NF-«B 3OS S AH G B A1, nT AR aE
NK 4 f 50028 1 2 AH 5% S A F IRF-3, [ B4R
FEP RN, BRSOk AN 2R FL R B, $E 5 NK 41
AIAATEPE D AL LN KS62 40 IR0l e
N, i R T 225K IL-15 IL-18 DL % 4-1BB ik,
L L K562 A AT A= 1 S A AL TDEs , 45
R IAMBMATTTE 4 h NIE NK 48, 3558 NK 4
I FE 1, FE K 2 48 h NI % NK 48 i 2% 11 375 P
ST % IR A, DT I ONK 40 AR A 20 i
PEO $R% TDEs J6 B[R] 330 NK 41 g 2% 7 40 il 75
PEMEF  (E K342 /il TDEs o] 41 ) NK 40 3h fig , S
H A REkiR, NKG2D 3Rk /KF-5 NK 4 fi /7
AR 20 M 7 1 2 TR AR OG 10 98 T 2 A A I IR 1) NK
i i % TGF-B1, n] Al 2] NK 2 g 3% il NKG2D |
NKp30 45 NK 4 J 505 52 44 32 35 7K 7 B 58 14 o, 41
HIRZ K NKG2A ik @ R0 | & S8 NK

AT BE TR, 55— TR SR IS Sk I
HNSCC 3% /M35 5 NK 435557 | A 90 i
Jeq 1% Sh AN A L 8 55 40 NKG2D 21K F 35 TR,
L3 5% 3l 1 A0 s A T A NK 20 i k9 T P A
Y. 4, TDEs il ¢ ULBP3 il NKG2D %
5, PO NK 4 i A0

3 TDEs {ERTFEIMHI 144 a1EE HNSCC

3.1 TDEs X MDSCs BJ &0

MDSCs HH i H 0 i 22 AHL 40 ™ A=, 45 g 20
i 43-0h i) A A TR 0 5 2 P i SR A7 S A B i EL
B, S5 w46 o A BA IS T 240 M A
NK 2 L 5 PR A5 R T, £ 2F b 78 4 i i v % 7%
A A Y TDEs i@ i3 22 Fh 41 i IR 775
MDSCs , 15 22 4% 38 %41 i At 56 52 20 i D R, 42
EE E g . TDEs 3% [f 1Y HSP72 A /5% MDSCs
FIY) STAT3 38 I , & H5 S 58 3035 2500, 4100 61
T 40 EhfE ™ . STAT3 #i% nl b ks E IR -1 %
RGP, 3G9 MDSCs 763k 81 TME & #5 592 411 i
PEFIPO s 36 20 /e IR SR AL B R n] P A
miR-21 AYSMNMA | S8 MDSCs # [fif PD-L1 # ik
Jin, #40% PTEN/PD-L1 #li #6355 253k PD-1 #Y yOT ik
UL 4 L, 300 MDSCs X ST 20 A 410 s 4 P 8%
et i & A g kot Bl SR AR 1 T SR O
TDEs P miR-29a Fl miR-92a 43 %3 i Hbpl 4 ity
PEPAIE B% A1 Prkarla/PKA/p-STAT3 18 %42 ik MD-
SCs Hy3 14 | 1458 MDSCs ekl hag™ |
3.2 TDEs Xf Treg 4R 892500

Treg #fi ffl 2 LAY i) ELAT S0 e S0 I Dh BE A T 48
ML, A T R 4 3 e T A 400 ) 2 4 X
LA e A M 58 TE Ak, SISk B
i e A B R A R A0 M RS Treg AU 5 L
e, Ho R 20 i Jes Tregs 20 Bt L 451] w5 - i 9 B
08 T A S R iR B ) TDEs Al {2 f Treg
AP FRSE A BUVLE , P45 TGF-B 1 IL-10 ik fie it
Treg 41 M 3% 78, 384 5 L 00 ) 2 581 25 W o
TDEs 43 miR-208b 1] # ] 72 F¥ P4 40 i S8 1=
T 4 {2 Treg ARG FH , S 2R A < 3 B2 3t LA
Fefsaimit 251 Sk SR 40 g B 2 A1 R 43
FRE ) FN AR AT 35 5 Treg 404 5, /i~ 5 CD4"
CD25-T 40 g %% # y CD4" CD25" FOXP3" Tregs 4f
Jitg, S f Treg e H FasL .IL-10 ' TGF-B1 ,CTLA-4,
WK B FNZEALER IR IR, Treg 2 HLXT R T 1Y
HPLAE S ) eAh , BFSEUE B SR 88 TDEs 1]
# miRNA ( miR-24-3p. miR-891a, miR-106a-5p .



IR S H B R 224k 2024 4F 1 F 55 38 45 45 1 8]

<96 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024

miR-20a-5p) % # & T 41 g, {2 #f ERK/STATL1/
STAT3 WAL T, IR T 4 Mu % ) Treg FAY,
RAFGIEMHIER
3.3 TDEs Xf TAM B0

TAM J {225 TEM Lk, KZHCh M2 KA,
"]y VEGF ,PDGF , TGF-B IL-10 5541 & L
+,¥35F Th2 Tregs 4, X e 152 118 1) ok L4 448 i 2
A G HIE A SRR A K R AR ZE . IR
WFFEUESE , M2 B [ 05 441 i 32 i 45 fe: 5 11 s otk 20
Jia g B TUG S A oG, M2 8 TAM B AL IR 1
AR T s R n g & AR A

TDEs A i3 £ miRNA 45 TAM [a142 i
M2 KA AL, T g U5 AP IR N =5 2R 35 miR-
29a-3p, & & miR-29a-3p A TDEs #iz 1% £ E 1k
(L W44 i 38 38 SOCS1/STATG i B4 E W5 2 fity
Wbl M2 AL N 2K Sk 2 R 20 i A0 i AR
Fadu i %35 snail J& P A] §13 = 4 miR-21 F & 1)
TDEs, % TDEs N M2 #r [+ MRC1,CD163 #1
IL-10 F£AWE L 5 S E W40 M2 B AL | 48 4
B R AR BRI AMIA miR-21 J& 15T F M4 i
M2 R Ak A TG

TDEs ] i i Z # 7 X I % TAM i PD-L1
Ik 5 FE VAL, (2 R S e ki, R
JeE AR P J5 0 1 384 PT f2 a2k TDEs 43, b 95 15 s 4
i PD-L1 3k, fi i 5 0k 4 B e £k ok M2 e s
PRAMAIEF B SR T A0 STAT3 %5tk 4%
IR A R A R PD-L1 Rk iR E g
A IL-10 23k, R S e M AR | 3K 2 Sz 4
FIFREE TR AN, e 40 i 4 s MR Y
CMTM6 rJ i i ERK1/2 155 # [ 14 PD-L1, i
5 M2 BEE EAN A AL A1 E 98 A ) 3 A A
ERERET

TDEs it 7] i i MIF %5 i £ 4 i B8 7 o 42
TAM ZUUE AR & R %, B gk
PR B PR BB AN R 4 kAR E
B2, EG A I A 0 X e 2 Jr A 5 A
BE/b o M B I 240 0 26 30 1 A0 0 Ak e ek ik
TEREYE 5 2 MR, M2 8 [ 0 41 i v 1) s 75 {3k
Bk AEIRE R R R R PE BB A 4
3k B2 M 3T #% 41 | Al F ( macrophage migration
inhibitory factor, MIF) , 5 E W40 e 1912 #2425 1)
KR, AT AN ARSI F LN, MIF Ak
W 4 L ) MI2 AUAR Ak A0 ] I 4 B RO
TR

M iR 7E HNSCC 28 i8r R RN A

HNSCC Biif FIA J5 W XERE K, 25 ek s ik &
LG CT \MRI %54% Gt 4 B i J7 =0 61 HLE
LA S A M) T 470 Jo R DRV P AR S5 A T A
PR EATToA | Sy W e T T IR rkogg i s B 1 | S
SN WA A, 2 TR A A T ) BRARAR S
HNSCC 75 MK H A MA miR-486-5p . miR-486-3p
F1 miR-10b-5p 7K F-BH dib i Tl 0T REZH A S 1 1)
MRV AP U6 /& miRNA AT AE b #R 5 9 F — 25 #h 58
HNSCC Z2Wii k™ i HLAS 2 2T 13K S A
I, 78 0 12 W il Ja Bt Tk B R G A A sk SR
(AUC=0.912) 7" il il fp F AR o5 A T8 6E
AHEE G 10 A1 I A YA 18 65z v ki 52 1 P~ A0 2
JRANGTTROR

AU AT AR Ay 38 3% BT 9 245 W0 1 A e s 240 i
SR S A PR HEAG 2 2104 SE 68 ) SE AT R T 1)
o928 0 A, B T S A e 4 L B, 4 s e s o
TRIT o AU E 245 38 0 B sed e e IR kA, BT e
Ty tb i B0 G 28 200 M A7 A B2 FSC7E b e A e
TDEs %%%% CRISPR/Cas9 JFi4 iJ 5 Ly #1 ] B 5258 41
JitL, 4% PARP-1 263k 175 T 0P S AN M 8 1~ 5 BL b,
CRISPR/Cas9 Gk il PARP-1 21525 1 Mivss xt
AR B fEOREES  Yong 2PN IF & T — il T
TDEs 11 Z fLfit: 44 >K J ki ( porous silicon nanoparti-
cles, PSiNPs) ff Bl (n] 12 246 J7 259, PSiNPs 7E 4}
WA JE LR LR AP B, — e R A K 48 24 A WA A7
TG IFE], IR R A AME | 1) b e SR A b g 41 21
BAERREERGIN SR, AnAn) R S 06 58 R 1] it R
AR R/ INE BRI, B B 17 FH 0 B 000 REER T S e
PR BN ARIBCRAR AR 2 AR AR,
I 0 S A R =

5 B 2

VLAE3K , TEM H TDEs 5 %58 21 fifd 2 1] %) #H B
YER S 72 B9 % 1, TDEs R H B A 5 040 e
ALY N, PTARE Sy P g e D o 93 A P e 4
i A SR 28 BV FH T S i A i 4 M 5 |
JREREAR O I5E A L AF OC 1 A0 0 A ) 2
K AN IR ST A SR I A R ) —
B, AR SN AT FRA T AY)
AHZS I MG G g2 SR | 7 S B0 v 50O I 1) 2 ) 3 2%
A, AT 2 v b 22 PEVE T AR
G IAAR 7 e T RN 20 2 2 B A EL ) i DR 4 1y 2 2
B, 3 2 4 A AU AR () B BRUR 24k 1k 2 i Ui



IR KA EE R AR 2441 2024 45 1 A 4 38 4 45 1 10

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024 - 97 -

[F) R AT A5G, T e s 2 RAOR I8 B e A ROk
i — PO BT ), PRGN 73 3k
Gl SN RSP EST AW Ao 32 E 20 Ehe il 7SIl
B LA,

Sk

[ 1] Johnson DE, Burtness B, Leemans CR, et al. Head and
neck squamous cell carcinoma[ J]. Nat Rev Dis Primers,
2020, 6(1): 92. doi:10.1038/s41572-020-00224-3

[2] Sun Z, Sun XD, Chen ZW, et al. Head and neck squa-
mous cell carcinoma; risk factors, molecular alterations,
immunology and peptide vaccines[ J]. Int J Pept Res T-
her, 2022, 28(1): 19. doi:10.1007/s10989-021-10334-5

[3] Yang DB, Zhang WH, Zhang HY , et al. Progress, oppor-
tunity, and perspective on exosome isolation —efforts for
efficient exosome-based theranostics [ J |. Theranostics,
2020, 10(8) ; 3684-3707. doi10.7150/thno.41580

[4] Li Y, Gao ST, Hu Q, et al. Functional properties of
cancer epithelium and stroma-derived exosomes in head
and neck squamous cell carcinoma [ J]. Life ( Basel),
2022, 12(5) . 757. doi;10.3390/1ife12050757

[5] Shao JT, Zaro J, Shen YX. Advances in exosome-based
drug delivery and tumor targeting: from tissue distribution
to intracellular fate[ J]. Int J Nanomedicine, 2020, 15.
9355-9371. doi.10.2147/1IN.S281890

[6] Mashouri L, Yousefi H, Aref AR, et al. Exosomes:
composition, biogenesis, and mechanisms in cancer me-
tastasis and drug resistance [ J]. Mol Cancer, 2019, 18
(1) 75. doi;10.1186/s12943-019-0991-5

[7] Dai J, Su YZ, Zhong SY, et al. Exosomes: key players
in cancer and potential therapeutic strategy [ J ]. Signal
Transduct Target Ther, 2020, 5(1): 145. doi;10.1038/
$41392-020-00261-0

[8] Li BW, Cao Y, Sun MJ, et al. Expression, regulation,
and function of exosome-derived miRNAs in cancer pro-
gression and therapy [ J]. FASEB J, 2021, 35(10):
€21916. doi:10.1096/1j.202100294RR

[9] Wang HB, Lu ZM, Zhao XX. Tumorigenesis, diagnosis,
and therapeutic potential of exosomes in liver cancer[J]. J
Hematol Oncol, 2019, 12 (1). 133. doi: 10. 1186/
$13045-019-0806-6

[10] Jing Z, Chen K, Gong L. The significance of exosomes

in pathogenesis, diagnosis, and treatment of esophageal
cancer[ J]. Int J Nanomed, 2021, 16; 6115-6127. doi:
10.2147/1IN.S321555

[11] Jin MZ, Jin WL. The updated landscape of tumor micro-

environment and drug repurposing[ J]. Signal Transduct
Target Ther, 2020, 5(1). 166. doi: 10. 1038/s41392-
020-00280-x

[ 12] Khalaf K, Hana D, Chou JT, et al. Aspects of the tumor
microenvironment involved in immune resistance and
drug resistance[ J |. Front Immunol, 2021, 12; 656364.
doi ; 10.3389/fimmu.2021.656364

[13] Wieckowski EU, Visus C, Szajnik M, et al. Tumor-de-
rived microvesicles promote regulatory T cell expansion
and induce apoptosis in tumor-reactive activated CD8" T
lymphocytes[ J]. J Immunol, 2009, 183 (6): 3720-
3730. doi; 10.4049/jimmunol.0900970

[14] Rheinlinder A, Schraven B, Bommhardt U. CD45 in hu-
man physiology and clinical medicine[ J]. Immunol Lett,
2018, 196 22-32. doi;10.1016/j.imlet.2018.01.009

[15] Beccard 1IJ, Hofmann L, Schroeder JC, et al. Immune
suppressive effects of plasma-derived exosome popula-
tions in head and neck cancer [ J]. Cancers ( Basel),
2020, 12(7): 1997. doi:10.3390/cancers12071997

[16] Razzo BM, Ludwig N, Hong CS, et al. Tumor-derived
exosomes promote carcinogenesis of murine oral squa-
mous cell carcinoma[ J]. Carcinogenesis, 2020, 41(5) :
625-633. doi;10.1093/ carcin/bgz124

[17] Kim JW, Wieckowski E, Taylor DD, et al. Fas ligand-pos-
itive membranous vesicles isolated from sera of patients
with oral cancer induce apoptosis of activated T lympho-
cytes[ J]. Clin Cancer Res, 2005, 11(3): 1010-1020

[ 18] Theodoraki MN, Yerneni SS, Hoffmann TK, et al.
Clinical significance of PD-L1" exosomes in plasma of
head and neck cancer patients [ J]. Clin Cancer Res,
2018, 24 (4) . 896-905. doi: 10.1158/1078-0432. CCR-
17-2664

[19] Gao Q, Liu HT, Xu YQ, et al. Serum-derived exosomes
promote CD8" T cells to overexpress PD-1, affecting the
prognosis of hypopharyngeal carcinomal J]. Cancer Cell
Int, 2021, 21 (1):. 584. doi: 10. 1186/512935-021-
02294-7

[20] Maybruck BT, Pfannenstiel LW, Diaz-Montero M, et al.
Tumor-derived exosomes induce CD8" T cell suppressors
[J]. J Immunother Cancer, 2017, 5(1):. 65. doi: 10.
1186/540425-017-0269-7

[21] Masucci MT, Minopoli M, Carriero MV. Tumor associ-
ated neutrophils. their role in tumorigenesis, metastasis,
prognosis and therapy[ J]. Front Oncol, 2019, 9. 1146.
doi ; 10.3389/fonc.2019.01146

[22] Takenaka Y, Oya R, Kitamiura T, et al. Prognostic role
of neutrophil-to-lymphocyte ratio in head and neck canc-
er: a meta-analysis[ J]. Head Neck, 2018, 40(3) ; 647-
655. doi;10.1002/hed.24986

[23] Schuldner M, Dérsam B, Shatnyeva O, et al. Exosome-
dependent immune surveillance at the metastatic niche
requires BAG6 and CBP/p300-dependent acetylation of
p33[ J]. Theranostics, 2019, 9(21) . 6047-6062. doi:



.08 .

(24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

IR H BRI 2245 2024 4F 1 A 4538 45 45 1 1

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024

10.7150/thno.36378

Liu YD, Li CF, Lu YP, et al. Tumor microenviron-
ment-mediated immune tolerance in development and
treatment of gastric cancer[J]. Front Immunol, 2022,
13 1016817. doi:10.3389/fimmu.2022.1016817

Leal AC, Mizurini DM, Gomes T, et al. Tumor-derived
exosomes induce the formation of neutrophil extracellular
traps ; implications for the establishment of cancer-associ-
ated thrombosis[ J]. Sci Rep, 2017, 7(1): 6438. doi:
10.1038/541598-017-06893-7

Zhang X, Shi H, Yuan X, et al. Tumor-derived exo-
somes induce N2 polarization of neutrophils to promote
gastric cancer cell migration[ J]. Mol Cancer, 2018, 17
(1): 146. doi;10.1186/512943-018-0898-6

Tuo BJ, Chen Z, Dang Q, et al. Roles of exosomal cir-
cRNAs in tumour immunity and cancer progression[ J].
Cell Death Dis, 2022, 13 (6). 539. doi: 10. 1038/
$41419-022-04949-9

Shang AQ, Gu CZ, Wang WW, et al. Exosomal cir-
cPACRGL promotes progression of colorectal cancer via
the miR-142-3p/miR-506-3p- TGF-B1 axis [ J]. Mol
Cancer, 2020, 19(1). 117. doi: 10.1186/512943-020-
01235-0

Yang M, Shurin GV, Zhu PY, et al. Dendritic cells in
the cancer microenvironment [ J]. J Cancer, 2013, 4
(1) 36-44. doi:10.7150/jca.5046

Cheng PY, Corzo CA, Luetteke N, et al. Inhibition of
dendritic cell differentiation and accumulation of mye-
loid-derived suppressor cells in cancer is regulated by
S100A9 protein[ J]. J Exp Med, 2008, 205(10) ; 2235-
2249. doi:10.1084/jem.20080132

Farren MR, Carlson LM, Netherby CS, et al. Tumor-in-
duced STATS3 signaling in myeloid cells impairs dendritic
cell generation by decreasing PKCBII abundance[ J]. Sci
Signal, 2014, 7 (313):. ral6. doi: 10. 1126/scisignal.
2004656

Lopatina T, Sarcinella A, Brizzi MF. Tumour derived
extracellular vesicles: challenging target to blunt tumour
immune evasion [ J |. Cancers, 2022, 14 (16): 4020.
doi:10.3390/cancers14164020

Maus RLG, Jakub JW, Hieken TJ, et al. Identification
of novel, immune-mediating extracellular vesicles in hu-
man lymphatic effluent draining primary cutaneous mela-
noma| J]. Oncoimmunology, 2019, 8(12): el667742.
doi;10.1080/2162402X.2019.1667742

Mittal SK, Roche PA. Suppression of antigen presenta-
tion by IL-10[ J]. Curr Opin Immunol, 2015, 34 22-
27. doi:10.1016/j.c0i.2014.12.009

Wang YZ, Yi J, Chen XG, et al. The regulation of

cancer cell migration by lung cancer cell-derived exo-

[36]

somes through TGF-B and IL-10[J]. Oncol Lett, 2016,
11(2): 1527-1530. doi:10.3892/01.2015.4044

Sim WJ, Ahl PJ, Connolly JE. Metabolism is central to
tolerogenic dendritic cell function [ J ]. Mediators In-
flamm, 2016; 2636701. doi:10.1155/2016/2636701
Yin XZ, Zeng WF, Wu BW, et al. PPAR« inhibition o-
vercomes tumor-derived exosomal lipid-induced dendritic
cell dysfunction[ J]. Cell Rep, 2020, 33(3) . 108278.
doi:10.1016/].celrep.2020.108278

Zong JB, Keskinov AA, Shurin GV, et al. Tumor-de-
rived factors modulating dendritic cell function [ J].
Cancer Immunol Immunother, 2016, 65(7) . 821-833.
doi:10.1007/500262-016-1820-y

[39] Gottfried E, Kunz-Schughart LA, Ebner S, et al.

[41]

[42]

[43]

[44]

Tumor-derived lactic acid modulates dendritic cell activa-
tion and antigen expression[ J]. Blood, 2006, 107(5) :
2013-2021. doi 10.1182/blood-2005-05-1795

Hosseini R, Asef-Kabiri L, Yousefi H, et al. The roles of
tumor-derived exosomes in altered differentiation, matura-
tion and function of dendritic cells [ J]. Mol Cancer,
2021, 20(1) ; 83. doi:10.1186/512943-021-01376-w
Salimu J, Webber J, Gurney M, et al. Dominant immu-
nosuppression of dendritic cell function by prostate-canc-
er-derived exosomes| J |. J Extracell Vesicles, 2017, 6
(1) 1368823. doi:10.1080/20013078.2017.1368823
Wu CP, Wang M, Huang Q, et al. Aberrant expression
profiles and bioinformatic analysis of CAF-derived exo-
somal miRNAs from three moderately differentiated su-
praglottic LSCC patients[ J]. J Clin Lab Anal, 2022, 36
(1): e24108. doi:10.1002/jcla.24108

Allard B, Longhi MS, Robson SC, et al. The ectonucle-
otidases CD39 and CD73 . novel checkpoint inhibitor tar-
gets[ J]. Immunol Rev, 2017, 276 (1) 121-144. doi;
10.1111/imr.12528

Sun YY, Guo MF, Feng YJ, et al. Effect of ginseng
polysaccharides on NK cell cytotoxicity in immunosup-
pressed mice[ J]. Exp Ther Med, 2016, 12(6): 3773-
3777. doi:10.3892/etm.2016.3840

Liu CR, Yu SH, Zinn K, et al. Murine mammary carci-
noma exosomes promote tumor growth by suppression of
NK cell function[ J]. J Immunol, 2006, 176(3) ; 1375-
1385. doi:10.4049/jimmunol.176.3.1375

Hong CS, Sharma P, Yerneni SS, et al. Circulating exo-
somes carrying an immunosuppressive cargo interfere with
cellular immunotherapy in acute myeloid leukemia [ J ].
Sci Rep, 2017, 7(1): 14684. doi; 10.1038/s41598-017-
14661-w

Berchem G, Noman MZ, Bosseler M, et al. Hypoxic
tumor-derived microvesicles negatively regulate NK cell

function by a mechanism involving TGF- and miR23a



IR KA EE R AR 2441 2024 45 1 A 4 38 4 45 1 10
Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024 - 99 -

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

transfer[ J]. Oncoimmunology, 2016, 5(4) : €1062968.
doi;10.1080/2162402X.2015.1062968

Park EJ, Myint PK, Appiah MG, et al. Ligand-compe-
tent fractalkine receptor is expressed on exosomes|[ J].
Biochem Biophys Rep, 2021, 26: 100932. doi: 10.
1016/j.bbrep.2021.100932

Wang YN, Qin X, Zhu XQ, et al. Oral cancer-derived
exosomal NAP1 enhances cytotoxicity of natural killer
cells via the IRF-3 pathway[J]. Oral Oncol, 2018, 76:
34-41. doi:10.1016/j.oraloncology.2017.11.024

Li Q, Huang QP, Huyan T, et al. Bifacial effects of en-
gineering tumour cell-derived exosomes on human natu-
ral killer cells[ J]. Exp Cell Res, 2018, 363(2): 141-
150. doi;10.1016/j.yexcr.2017.12.005

Zhu XQ, Qin X, Wang XN, et al. Oral cancer cell-
derived exosomes modulate natural killer cell activity by
regulating the receptors on these cells [ J]. Int J Mol
Med, 2020, 46 (6): 2115-2125. doi: 10. 3892/ijmm.
2020.4736

Ludwig S, Floros T, Theodoraki MN, et al. Suppression
of lymphocyte functions by plasma exosomes correlates
with disease activity in patients with head and neck canc-
er[ J]. Clin Cancer Res, 2017, 23 (16) . 4843-4854.
doi;10.1158/1078-0432.CCR-16-2819

Hosseini R, Sarvnaz H, Arabpour M, et al. Cancer exo-
somes and natural killer cells dysfunction: biological
roles, clinical significance and implications for immuno-
therapy[ J ]. Mol Cancer, 2022, 21 (1) 15. doi; 10.
1186/512943-021-01492-7

Dysthe M, Parihar R. Myeloid-derived suppressor cells in
the tumor microenvironment [ J ]. Adv Exp Med Biol,
2020, 1224; 117-140. doi:10.1007/978-3-030-35723-8_8

Chalmin F, Ladoire S, Mignot G, et al. Membrane-as-
sociated Hsp72 from tumor-derived exosomes mediates
STAT3-dependent immunosuppressive function of mouse
and human myeloid-derived suppressor cells[ J]. J Clin
Invest, 2010, 120(2) . 457-471. doi:10.1172/JCI40483
Vasquez-Dunddel D, Pan F, Zeng Q, et al. STAT3 reg-
ulates arginase-I in myeloid-derived suppressor cells from
cancer patients[ J]. J Clin Invest, 2013, 123(4) . 1580-
1589. doi: 10.1172/JCI60083

Shiah SG, Chou ST, Chang JY. microRNAs: their role
in metabolism, tumor microenvironment, and therapeutic
implications in head and neck squamous cell carcinoma
[J]. Cancers, 2021, 13(22): 5604. doi:10.3390/ canc-
ers13225604

Guo XF, Qiu W, Wang J, et al. Glioma exosomes me-
diate the expansion and function of myeloid-derived sup-
pressor cells through microRNA-29a/Hbpl and microR-
NA-92a/Prkarla pathways[ J]. Int J Cancer, 2019, 144

[59]

[62]

[65]

[66]

[67]

(12): 3111-3126. doi: 10.1002/ijc.32052

Kamigaki T, Ibe H, Okada S, et al. Improvement of im-
paired immunological status of patients with various
types of advanced cancers by autologous immune cell
therapy[ J]. Anticancer Res, 2015, 35(8) ; 4535-4543
Chen WZ, Jiang JX, Xia WJ, et al. Tumor-related exo-
somes contribute to tumor-promoting microenvironment :
an immunological perspective [ J]. J Immunol Res,
2017, 2017 1073947. doi.10.1155/2017/1073947
Muller L, Simms P, Hong CS, et al. Human tumor-de-
rived exosomes ( TEX) regulate Treg functions via cell
surface signaling rather than uptake mechanisms[ J]. On-
coimmunology, 2017, 6(8): e1261243. doi. 10.1080/
2162402X.2016.1261243

Ning T, Li JL, He Y, et al. Exosomal miR-208b related
with oxaliplatin resistance promotes Treg expansion in
colorectal cancer[ J]. Mol Ther, 2021, 29(9). 2723-
2736. doi:10.1016/j.ymthe.2021.04.028

Szajnik M, Czystowska M, Szczepanski MJ, et al. Tumor-
derived microvesicles induce, expand and up-regulate bio-
logical activities of human regulatory T cells (Treg) [J].
PLoS One, 2010, 5(7) : e11469. doi;10.1371/journal.pone.
0011469

Reale A, Khong T, Spencer A. Extracellular vesicles
and their roles in the tumor immune microenvironment
[J].J Clin Med, 2022, 11(23); 6892. doi: 10.3390/
jem11236892

Liu ZX, Rui T, Lin ZY, et al. Tumor-associated macro-
phages promote metastasis of oral squamous cell carcino-
ma via CCL13 regulated by stress granule[ J]. Cancers
(Basel), 2022, 14 (20): 5081. doi: 10. 3390/ canc-
ers14205081

Cai JH, Qiao B, Gao N, et al. Oral squamous cell carci-
noma-derived exosomes promote M2 subtype macro-
phage polarization mediated by exosome-enclosed miR-
29a-3p[ J]. Am J Physiol Cell Physiol, 2019, 316(5) :
C731-C740. doi; 10.1152/ajpcell.00366.2018

Hsieh CH, Tai SK, Yang MH. Snail-overexpressing
cancer cells promote M2-like polarization of tumor-asso-
ciated macrophages by delivering miR-21-abundant exo-
somes[ J]. Neoplasia, 2018, 20(8): 775-788. doi: 10.
1016/j.ne0.2018.06.004

Yuan Y, Jiao PF, Wang ZY, et al. Endoplasmic reticu-
lum stress promotes the release of exosomal PD-L1 from
head and neck cancer cells and facilitates M2 macro-
phage polarization[ J]. Cell Commun Signal, 2022, 20
(1) 12. doi:10.1186/512964-021-00810-2

Bellmunt aM, Loépez-Puerto L, Lorente J, et al. In-
volvement of extracellular vesicles in the macrophage-

tumor cell communication in head and neck squamous



- 100 -

[70]

[71]

[72]

(73]

[74]

[75]

IR S H B R 224k 2024 4F 1 F 55 38 45 45 1 8]

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.38, No.1, 2024

cell carcinoma [ J]. PLoS One, 2019,

€0224710. doi:10.1371/journal.pone.0224710
Pang X, Wang SS, Zhang M, et al. OSCC cell-secreted
exosomal CMTM6 induced M2-like macrophages polari-

14 (11):

zation via ERK1/2 signaling pathway[ J |. Cancer Immu-
nol Immunother, 2021, 70 (4). 1015-1029. doi: 10.
1007/500262-020-02741-2

Zhou Y, Que KT, Zhang Z, et al. Iron overloaded polari-
zes macrophage to proinflammation phenotype through
ROS/acetyl-p53 pathway[ J|. Cancer Med, 2018, 7(8) :
4012-4022. doi:10.1002/cam4.1670

Soh J, Lim ZX, Lim EH, et al. Ironing out exercise on
immuno-oncological outcomes[ J]. J Immunother Cancer,
2022, 10(9) : e002976. doi:10.1136/jitc-2021-002976
Chen WH, Zuo F, Zhang KW, et al. Exosomal MIF de-
rived from nasopharyngeal carcinoma promotes metasta-
sis by repressing ferroptosis of macrophages [ J]. Front
Cell Dev Biol, 2021, 9. 791187. doi: 10. 3389/fcell.
2021.791187

G, whOCLL. A0 A A Sk SR AR A IS
PERELT]. IZR R EH BRI 740, 2020, 34(1): 99-
104. doi; 10.6040/j.issn.1673-3770.0.2019.370

BIAN Xiaomin, HAN Guanghong. Recent advances re-
garding extracellular vesicles in head and neck cancers
[J]. Journal of Otolaryngology and Ophthalmology of
Shandong University, 2020, 34(1). 99-104. doi: 10.
6040/j.issn.1673-3770.0.2019.370

Yu D, Li Y, Wang M, et al. Exosomes as a new fron-
tier of cancer liquid biopsy[J]. Mol Cancer. 2022, 21
(1) 56. doi: 10.1186/s12943-022-01509-9

[76] Zhang L, Yu DH. Exosomes in cancer development,

[79]

metastasis, and immunity [ J ]. Biochim Biophys Acta
Rev Cancer, 2019, 1871(2) . 455-468. doi. 10.1016/]j.
bbcan.2019.04.004
Pathania AS, Prathipati P, Challagundla KB. New in-
sights into exosome mediated tumor-immune escape:
clinical perspectives and therapeutic strategies [ J]. Bio-
chim Biophys Acta BBA Rev Cancer, 2021, 1876(2) .
188624. doi:10.1016/j.bbcan.2021.188624
Kim SM, Yang Y, Oh SJ, et al. Cancer-derived exo-
somes as a delivery platform of CRISPR/Cas9 confer
cancer cell tropism-dependent targeting [ J]. J Control
Release, 2017, 266. 8-16. doi: 10.1016/j.jconrel.2017.
09.013
Yong TY, Zhang XQ, Bie NN, et al. Tumor exosome-
based nanoparticles are efficient drug carriers for chemo-
therapy[ J]. Nat Commun, 2019, 10(1) ; 3838. doi:10.
1038/s41467-019-11718-4
BF:, XUV, A A5 5 I s o 5
HERE[T]. INAR R H SRR 2441, 2021, 35(2) : 136-
140. doi:10.6040/j.issn.1673-3770.0.2020.285
ZHANG Xuping, LIU Xuexia. Current progress of exo-
some research in allergic diseases[J]. Journal of Otolar-
yngology and Ophthalmology of Shandong University,
2021, 35(2) : 136-140. doi: 10.6040/j.issn. 1673-3770.
0.2020.285
Hu SC, Ma JH, Su C, et al. Engineered exosome-like
nanovesicles suppress tumor growth by reprogramming
tumor microenvironment and promoting tumor ferroptosis
[J]. Acta Biomater, 2021, 135; 567-581. doi;10.1016/
j-actbio.2021.09.003

(4R35 B4E)



