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Supramolecular Nanovaccines for Melanoma Immunotherapy

CUI Yangi, FENG Wenjie, LIU Yi'
(State Key Laboratory of Supramolecular Structure and Materials , College of Chemistry ,
Jilin University, Changchun 130012, China)

Abstract As an important part of tumor immunotherapy, nanovaccines eradicate tumor mainly through activating
the body’ s immune system. However, the immunosuppressive microenvironment can largely reduce the therapeutic
effect of nanovaccines in tumor tissues. Therefore, the preparation of nanovaccines that can both reverse the
immunosuppressive microenvironment of tumor tissues and activate the antitumor immune response is of great
significance for the development of tumor immunotherapy. In this study, the Fe/Shik supramolecular nanostructures
were constructed by utilizing the coordination interaction between Fe’* and Shikonin(Shik). Furthermore,
OVA/R837@Fe/Shik nanovaccines were prepared by loading ovalbumin (OVA, B16-OVA tumor antigen) and R837
(TLR7 agonist, adjuvant) on the basis of Fe/Shik nanostructures. Thanks to the good colloidal stability and antitumor
activity, the nanovaccines can specifically disassemble and release Fe’ , Shik, OVA, R837 in the tumor
microenvironment, eliciting immunogenic cell death by ferroptosis and necroptosis of tumor cells. The released cell
lysates cooperate with OVA and adjuvants to stimulate dendritic cells maturation, promoting the activation and
infiltration of cytotoxic T-lymphocytes, repolarization of macrophage, thereby activating the antitumor immune
response. The study effectively overcames the inhibitory effect of the immunosuppressive microenvironment of tumor
tissues on the nanovaccines, and provide a new strategy for tumor immunotherapy.
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SEIE MR A G, JE B AR B | R R0 L Rk & & SR R B . B AT, 1Y R Y
WHTEFEA TR AT AT . (R S5 HA T AR ME AR B g, ELER A T i i gg 5 7% LA
RS2 R BABE. SEAER, B I | IR IR EE 2= PR 8, S IR TT %A ORI i R 22
B3 ST o PO s s LA S S AR BRI AR IR A . 5 L AR RN, e
PEIRIT FEAE T R MR MR A A B, HoA G RSN R s S R, fsssindr B
AR, YPUARTRR BRI, G R G0 e S U S A e 20 e, %o L I A R
AN FRIEREIN. B, SEERTT OB S5 MG Y7 S i 5T $A s 7,

Bl DK AR R SR, AOKPE B R IR S eI T W B840 30 e i R B A R 2
B e BURUEAERES AU R AR g A, T AE BRSSO A MR BT, AL R
AHEHUR (TAAs) | R R SR (TS As ) FlR 2412 AR R RE A A RE S 1 i AR Bl s ML A ]
PR B R SR N . R B A —280 58 . Toll BEZ A (TLRs ) 34 h 37 vl 1 FH N B 5o 5 5
00 e TR B S g, X IR v HA L R T TR S AL (DCs) R, 155
T DCs B, INEHTRE IS SCR R, SF e E A M R PE T itk 40 (CD8' T 40 i) TS 5120, SCxs
JiEE LA R BRI B 7 S5k, S T bR B A 6 DR ™ A A WA R g A2 kL SR, e
21 38 A7 AE R S e R FOR B S R KBRS By IR . IR, R SR R e 1, A0S
g% RGN R, 3307 e 20 2 ) S e I IO E  J v I S V07 R S

G R MR AT T (1CD ) & —Fh R T Mg i st -7 = Mg 4 B A 1CD b i Hh R A 3 49 R O 0
FAREAT LA 2 1R S 1% IR e e P TG LA () 0 e S 2 i [0 2022, 1CD A, W LAAS 500 s Jie g
AP NSRBI —F i PR s MR MR AR s A R P PR A A E T A . R R
TR PE SR U 1% e 4 B 2 B i LA 92 JL P A 53 45 A 06 2 AR 2, 15 S IR A L ICD 24, SR
(Shik) VE ky—Fh K AR 259, RE 0S4 HF 52 (A AH B /R F 8 (13806 1 (RIPK) A1 32 (A0 VR FH 28 1 3 3
(RIPK3) ATk, DI 8505 S AN MR R PEIRAE 2520 BT B — MR B A I dE TR, F R
TER R (Fe* ) FITE R 48 A B 25 (ROS) MR EE T+, 23 06 T kit S Ak Pl ( GPX4) ik /K- T M,
T IR Bt AR (LPO) R, 15 Al AR T FF Bl A A O 0 F B0 Shik HAT W FE 5L 45
¥, AT LAY & T B T RO M SR A JE 2 W I 45 . AR R T Shik 558k B T B 1 45 Fe/Shik 8 2T 48 K 25
g, ] LA Fe 53 A ] Shik FIEK B 1R AR M0tV 5 Iivgg 40 it A R R P PEIRBE AR IE T, T AR i i
TAANMLICD , PR Mg 2 2 G2 A T AR 5% 1) ) Bl AT LA Mo G2 v 1

A SCH FH Fe Tl Shik 22 [] B BE AL AE R ST T Fe/Shik #8530 T84 454, 38 1o 07 2800 09 (1 5% 1
(OVA, B16-OVA i %83 40 Jit ) F1 R837 (TLR7 ¥ 8h /1 , 5 ) il %8¢ T OVA/R837@Fe/Shik 44 K % 1 .
OV A/R837@Fe/Shik 44 K% 1 7E 9% B16-OVA g 4l f s I 2 J5 , S e s A H K (GSHTER T &
A PR R, BRI Fe, Shik, OVA Fl1R837. i Fe? il Shik A L1755 i e 2 Mo 2R 0 T AR e 3R
B, TR AR 1CD FFRE— RN AE G B, 4% 55 & 11 (CRT) 28R . =il B3840 & 1 Bl
(HMGBD) Wi, VIR —BERR AR AT (ATP) (703 . X e AH /0 FREUAT OVA | R837 —I[Fl 4% DCs $%
B, 23 DCs B FIPL R A A58, 0% CD8 T4, SCIlEL X B16-OVA I () 3897 . T
OVA/R837@Fe/Shik 44 K52 P BAT AT LE & Ak, ASBIER Ry i o 16y T 3 it 1o o g .

1 SLIGES

1.1 K 5{=E

BPYE & 11 (OVA) I [ Sigma-Aldrich ( ) 57 5 A FRA F] 3 $2HER | BRMEBLEE(R837) . — HI AL TEAN
(DMSO) . 7K A A4 (FeCly- 6H,0) A H AR (GSH) | SR FRER . ZRELAR | 7 H L1 (MB) DR
R A CTPA) Y 1 BT TR A i 5 3 UL 2 (L0, 0 13 [ 258 AL 2 AT B s Bl
S it (PBS) . 1640 155 JEA F1 B3R/ RHEE (ot ) BRLZA 5 A L0 (FBS) W 1 D 524
Cell Counting Kit-8 il (CCK-8) 1 | GlpBio 24 7l ; BODIPY®"'.C11 fl2',7'- ~ — I K — L WMk
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(DCFH-DA) 4 [ R« /R B (D A BRA 1l 5 Ferro Orange W4 F H ARG {4k~ ; BCA 25 IR 0
) & FN i i B K A A 1 B1 (HMGBL) iR & 0 3 FE 35 A4E W) 28wl 5 3 J R0 2% o T JOR I 35
Hoechst33342 Fl ATP #0400 F 25 = KA Al 5 45 8 P10 (Anti-CRT) Fl sy i B R 8 1 BL BT
& (Anti-HMGB1) 31 [ Abcam 37123 7 5 CD11c-FITC Hi& . CD8O-PE #i {4 . CD86-PE-Cyanine5 HifA |
CD3-FITC Hi /4 . CD4-PE Hii{A& . CD8a-PE-Cyanine5 Fi{A . F4/80-FITC /& . Foxp3-PE-Cyanine5 47 {4 Fll
CD206-PE HAE NG T eBioscience 2y H] .

JEM-2100F #4375 §f i, 7 2 73458 ( H A JEOL /A H] ) 5 Bruker VERTEX 80V 7 {é H M- AR 2 21 S 35X
(£ Bruker A A]) 5 RF-6000 BYZ¢ G ( H AR HA F] ) 5 Zetasizer Nano ZS B0 KL B FEL A7 A (H [
R SCIA R AR 2 |) ) 5 2R 40-01 WL 2 66 FE i1 ( H AR B H 2 ) 5 Infinite 200 PRO 7 iff A7 4%
(P [E Tecan |52 5 A BR 23 F]l ) 3 OLYMPUS FV1000 7 38 5% 4 58 £ 1§ 3308% ( H AS Olympus 23 7] ) ;
BD FACSCalibur B35 40 M4 (2 [#] BD Biosciences 23] ).
1.2 SCIEFE
1.2.1 OVA/R837@Fe/Shik t #| & 7E 60 “CH 5 414 T , F R837 i T DMSO H 1% #I| R837 ¥ ik
(2mg/mL), & H. EERZMAET, B30 mg OVAFMAE 15 mLAKTFE] OVAZKIEW . Bl 1 OVA K
WA = AL BRI (10 mg/mL) . R837 I LA K Shik M (5 mg/mL). 1490 min J5 , ZZ2UGH
PEELPRSS, WWAEAS RIS L RIS OV A/R837@Fe/Shik.
1.2.2  OVA/R837@Fe/Shik #7 GSH " i 4 X B f1 & 4 Rl B OVA/R837@Fe/Shik (50 pg/mL) 5 GSH
(10 mmol/L) HEATILIEE , SO 1 hJe, X RN IR AT B0 F I B 2B, k1) 1 mL B 23 o
AH0 . B (1 mg/mL) LS E AL (1 mg/mL) , #8 — BN E)S , WEERI RS 4L . kb,
AR T 238 P AR O A MB ETRURT L0, T 37 “CKIR AT B 30 min Ji5 , T FH 28 40- 1T LI
L (UV-Vis) %A MB AOAFAE % . A, X328 — R 48 (TPA) FF - OH UK, 5 MB 1 72
AHIA], A PSS SO R A Tl
123 @il B, ¥ B16-OVA 4 M FZ R0 7E 96 fLAR h , JFfH & 10% FBS 1) 1640 15 5%
FEXT BI6-OVA Al f dEA 735 5% . W 24 him, P40 0 S5 AN [ FE 9 OVA, Fe/Shik, OVA@Fe/ShikFl
OVA/R837@Fe/Shik 733555 . 24 h)m, MEFLIIANA 10 pL Cell Counting Kit-8, F7E85 7244 N 4k4k
T 30 min. e, (AR (SO 41 A AR X9 2 A
124 40 W ROS AF . Fe* KF . LPO A& DL & GSHA MR —J7 i, it O a4 B s
(CLSM) UL 43 Hr 4 i N 1 ROS ZKF- . 1458, K5 B16-OVA AIIEHERNE &4 1 mL B5 - 3L LR Az rpr
W% F 24 hJ5 4> 5 fin A OVA, R837, Fe/Shik, OVA@Fe/Shik 1 OVA/R837@Fe/Shik (40 wg/mL
OVA/R837@Fe/Shik ' F 255050 ) X 4 MO 0EA T4 B . 50, il A DCFH-DA & GHRE Ik Fis,, 15
CLSM EU& . J5— 7T, 32 3t =X 20 B A 2 2 A A PN B ROS 7KK . % B16-OV A 2t it LA 21 B 2% 15
LS. OX10° BRI AE 6 FLARH . AR AR BRANA S , (8 A A A SR Tl

LN Fer K . LPO & . GSH & 5 410 N ROS ZK I Al 3 REAR TR . e J ol I 4k 8 12
FeHR4ET Ferro Orange M3 Fe* /K- . i I BODIPY*"'-C 11 340 4 1) LPO & & . 4K 4% GSH A&l 571
Er UL A X A0 N GSH A& i A
1.2.5 RIPKI A2 RIPK3 &AM fd 1 ELISA 3050 &0 & ZH 4H it v RIPK 1 AT RIPK3 (1) 3R A5 A il
BB AE 6 FLANARES FRA P A TS 5%, R E S A PR AR S MK ROS A iyt BEAH R . Bl IR BE 4
TS, ot FH R 75 I 20 MR A A SO A R AN, XoF 4 M A 7 00 I BRI R, o) Ak ELISA iU £
Vi X 4% 2H 40 i 4 RIPK 1 A RTIPK 3 #5381 B0 gEA RG]
1.2.6 CRT %k, HMGB1 35 fn = 85 B B2 4 (ATP) ACF M B LR £ A, AR A 44
B FRALS , RSR[5 B DL R B AL . B, ) CRT (8 HMGB1)—3t . 3 B
B, fJe, #FH Hoechst33342 AL BRAN i , f# F CLSM X 41 P CRT A HMGB1 ()2 3515 L k47 43
Br. kb, it ELISA 30 £ 50T B16-OVA il HMGB1 AYRIEIKF- . K i IRl 7E 6 FLAN ML K:
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RN, S5ONFEARNSEF TSR & . AR A0 B2 W, JF KA HMGB 327 & 150 B 45 43 B 48 A Y
HMGB1 555 /KF- .

¥ B16-OVA il e Fh e 6 FLANR KT 20, FFxF ot 7 EaR MR AL P . 24 h 54 B2,
e el FE ATP ASI 9] 65 % 4 it ATP 7K S 1E T3k
127 HRANE 56 SR B B ROk 40 MR N MERE CSTBL/6 /N UNEUARTE 19~21 o, JEIIS 6~8 Ji) Iy [ L
YEE ARSI S HRABRA W) . I S S e Y B AR5 — R Be Se e sh ) vho O i SR kA
KT

M CSTBL6 /1N BRI i IR rh 4 BB R PR S8R 40 (BMDCs ). 546, HUT C57BL/6 /N A
HGHR, IFTE70% CRER R EHEE , B — Bt RS, {6 3 222 09 85 71 RS-/ BRUS R (% L IR 531
BT . ARG A/ INE IR I — S B 1, TR 1 mL HBSS (5 5% FBS) B 912 25 1 S 2 % /)N BR B 64 7
vk, HEELBAO A AA. Kot NEE 9 HBSS #E 7R AEH B0, 7F 800 v/min Z51F T B0
10 min Ji, WCHE BSOS ROARME, FF w40 B i A S 2 2T AN A, B 24 5 min J5 FRUCGE D IFIR
LM . BeJa, FHTUCECHIAr (35 IR 385 IR ANME . FEARBEEE IR EE =K, M AN EE SR P A 10 mL
IR 1640 55570, . TEAMMREE RS /SR, I A R SR BT Ak S 5% . TR RIS /UK, 4 B16-OVA
Y LR AE 6 FLAR N, FH %A 10% FBS [ 1640 15 77 3L X 40 M E 4785 9%, 24 h J5 il A OVA, R837,
Fe/Shik, OVA@Fe/Shik il OVA/R837@Fe/Shik (40 pg/mlL () OVA/R837@Fe/Shik H it 25 54 5] i ) 4b #HL 41
M. 24 hi, # B16-OVA 2L 5 /N RER IERT SR AR ML (BMDCs ) A THEIE & . IE T 24 h 5 W20
e AR , SR 8 anti-CD11c-FITC, anti-CD80-PE L) }% anti-CD86-PE-Cyanine5 Xt 4 il 1 74 (1,
38 S Y S AR R 143 B AN [R] Ak 38 4 A PN 241 BMDCs.
128 (R R R R B, AR BERSAEE CSTBL/6 /N AT A F Bk, R)G R
B16-OVA 4iiffl, HJEH B16-OVA IRl . 4 2 T i SE MR K/, 2R AR A K 29 50 mm* B, 8
frdgd/INERBE AL A 6 41, B 5 HAnrfd/NRL . BfE , X ERdl /N R T R ke S 45 24, 20 i1 5 PBS,
OVA, R837, Fe/Shik, OVA@Fe/Shik A F2 OVA/R837@Fe/Shik (435Xt W 140 | TI4H | T4 . IV4L . V4L LA
FVIAL). B2 R0 s/ BB AR TR DL R /N R TR . 3RS0 58 14 d IS 45 RS0 5, R 45 41/ BRI i
R AT | 0 SRR (RRRURT i ot . 3B X b A /N R g RN, E A 25 e e iR
129 AT E R ERIE /RBP4 A, i AR - (H&E) | S vt
DA 3t 2 B AT PR e i S BE AL 2EA TRIFSE

(1) Mg 2L S e o Y A H&E Je o . (P4 e H ikt S0 fb 41 4 (GPX4) , RIPK1, RIPK3,
CRT LA} HMGB1 B—Hi A —H A FE B16-OVA WM Y1 |, il g 9B R  Mri i 3Rk . @ ad
H&E Y e B8 5% Mg 1 2 i BRAB A EA T 0B

(2) /INEUBLIIE DCs BUVIE GL AR . 15 5, R ISCAR 14 45 A/ BRURBLIE B - P 7 D) ok 0, A5 3800 4 iz
(2 RSB, AR 5 24t B AE 800 v/min 4514 B 5.0 5 min. f#f CD11c-FITCHL{A . CD8O-PEHLiA |
CD86-PE-Cyanine5 HLIAAN FRANAE , #E 40 M5 246 NI 30 min J5, BOUEEIFIUEEAIE . ), @it
T AR 3 HT DCs B G E I .

(3) JrIeg ZH 2 rb T bk UL 24 B P ARSI . 8 9 2L 4% B 200 B BB CD3-FITCHTAA . CD4-PEHT
{A&FN1 CD8a-PE-Cyanine5 HUARLLFRAMNEL , SR J5 38 12 it A A 2 S I Arfig 2 2 rb ) T 4

(4) MeisRg 4120 rb M T 20 BRI . S8 e B2 e A (il 5 P2 55 Tk R A A AR ] ), I
g1 AR 444 (anti-CD3-FITC,, anti-CD4-PE Fl anti-Foxp3-PE-Cyanine5 ) Zb B2, 7640 M35 3246 NI &
30 minJi7 , BROVRERITCER NN . {7 P A B A XT iig ZH 2L A3 P T R REAEA T s A

(5) Jiyg 21 2 e [ s 2 2 2 g AN ) 8 I g P A R (Tl 5 i R 5 TR L 4 A A DU AR D)
JF181 i F4/80-FITC /& . CD206-PE $i 44 Fil PE-CD86-Cyanine5 i /4 40 340 It , 76 40 i 55 2 48 NS &
30 minJi7 , B OVRRITICER AN . Fefim, 38 3 I 20 B A ARSI e 2 21 v [ e L e 7
1.2.10 RN E A A EE, R/ BARAIBE CSTBL/6 /N A T B R, RGN HH
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B16-OVA4ilfitd, #J#E B16-OVA FRIHERL . AF 2 FWLM I S MR K/, 24 AL K 224 50 mm* A,
TR/ NER AL AT R 6 20, B340 3 HU/INEL. 439 T4E | T4 . T4H . IVA . VAL R VIZE (5 FiR4 4G
FHIED. FELR25IRTT AR IU R, 4 B16-OVA A i i3 4 B farfd /N AR IN . 21 dJE , B/ NREEA TSR IE, T
BIERCH /N BRI B . LA 2 /N B A AR A DA R il 2579 OB - 4r 8 F . e, 5 H&E Y (axt
/N AT HEA P BREE AT

1211 A% 2 K ER CSTBL/6 /INREENL M 6 4, f41 3 FU/NEL. B, /N 43501
347 PBS, OVA, R837, Fe/Shik, OVA@Fe/Shik ) J2 OVA/R837@Fe/Shik ( B Xf Wi 140 . 1140 . III4H . TV4H .
VA LI VIAD). TES-LR, XA/ TR, FRURAE AL/ B et g oRnC o L B L i e
IESE B AR, IR/ R R B BRI 2 R P (4% ) R4 T 181502 DA 5 22 H&E Y 0 5250 1 T e ok
SSUEAT RO A e . — 7T, XN R AT B0, AR /DS BRI 38 o A= Al i B A I - 8 A
B hfetebs. B— M, X FEEIRE YR T HE e fh

2 Z#HREITE

2.1 OVA/R837@Fe/Shik K% A RAE

X} OVA/R837@Fe/Shik KA B AT T FRAE. HHE 1A AT, GOKFEE T EHAZ N 44. 8 nm, KA HiE
J786.7 nm[ & 1(B)]. & 1(C) R OVA/R837@Fe/Shik 4K ¥4 1 (9 L2 41-n] WSO 1% 18] . 5 Fe/Shik A0
Et, OVA/R837@Fe/Shik 7£ 270 #1317 nm &b H 38 S8 SR I UG, FRHH OVA FIR837 LM 4. Jisb, i
XoF oK S AT A B AR SR £T AR (FTIR) SRAE [ 1(D) |. 5 Shik 3 F#H L, Fe/Shik 1 Shik )
O—H 4 4R shE M 3250 em™ #8115 T 3450 em™, P60 Shik Al Fe** Z [M A 7EFLAAEH . OVA@Fe/Shik
() FTIR L35 7E 1120 F1980 cm™ &b H BURHAE U , BEBHA7AE Fe/Shik, J£4E 1650 em™ ZbHBL T C=01Y
hgaiRshig, UERH T OVA 3. L E25 KB, OVA/R837@Fe/Shik 44 KT H OVA, R837 DL K&
Fe/Shik A . fe e, MR AsARE il 2 07 31 5015 51 OVA/R837@Fe/Shik 44 K i it R837 1y {4y
4. 6% 1(E)FI(F) ].

30

(B) Hydrated diameter: 86.7 nm © — Fe/Shik
PDI: 0.384 — OVA@Fe/Shik

< — OVA/R837@Fe/Shik

< 201 — R837

2y

|

S

: B 1or
200 nm
0 1 10 100 1000 200 300 400 500 600 700 800
Hydrated diameter/nm Amm
() =
OVA-Fe/shik ® )
Fe/Shik
Shikonin W 1=35.6961x+0.01415
W« \/\/ 317 nm R*=0.99597
w \/\/
4000 35003000 2500 2000 1500 1000 500 280 300 320 340 0 1 2 3 4 5 6 7
Pem! A/nm Concentration/(pug-mL-1)

Fig.1 TEM image of OVA/R837@Fe/Shik(A), DLS hydrodynamic diameter of OVA/R837 @Fe/Shik(B),
UV-Vis absorption spectra of R837, Fe/Shik, OVA @Fe/Shik and OVA/R837@Fe/Shik(C), FTIR
spectra of OVA, Shik, Fe/Shik and OVA/R837 @Fe/Shik(D), UV -Vis absorption spectra of R837
(E) and the standard absorption curve of R837(F)

2.2 OVA/R837@Fe/Shik i) GSH Iz 1437 #% & ROS 4 A 14 B8
AN T A I R AR LR TR AR T RO ET R . R, DU T OVA/R837@Fe/Shik 44K P2 1

Chem. J. Chinese Universities, 2025, 46(1), 20240245 20240245(5/12)
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[ GSH i o PR A A S ROS A= il MERE . AnIEI 2(A) i7s , OVA/R837@Fe/Shik 40K ¥ 1 4 GSH b B
VS0 A s . AR 5, VBt 2 (8 A S i 2t T I A B SRR 1 L 2R
WA KA BSOS F2(A) ] L R4S, OVA/R837@Fe/Shik 4N K 1 76 GSH 444 F
Fe WA R Fe 1 & AEVRAR . BRI Fe S AL 2500 2 i A 7= KL - OH. OVA/R837@Fe/Shik 44K 1y
28 GSH J H,0, A0 FRS , MB (128 SN W SO AR 555 , 156 BH MIB 250 i 1o A= B A9 - OH Ak [ 1 2(B) .

FAN, TPA W A] LI - OH S A 7= HA s et BB e, R A A TPA /M43 ET K6 - OH (4=
. FEPOEEIE T, HA 2 OVA/R837@Fe/Shik 49K ¥ 14 5 GSH LA K HL0, [R] IS 778 1) A4 RE 7™ A 5 A
F, UL TPA 5 -OH &4 T ROV [ 2(C) 1. L ESSIRULE, OVA/R837@Fe/Shik 44 K5 1 76 ilRd il R 5%
th 2T FE GSH, Bl Fe™, Ffaiad 2505 5 07 77 4 - OH. 540, OVA/R837@Fe/Shik 44K 1 18 22 Ffr A= FHER
BE A AT R A AR E M, KB R AR AN Bt ) ) 42K T A BH S A ks [ 1R 2(D) ~(F) 1.

A ————I —_

A) (B) AN (©) o
:I(}'Izs% —GSH+H:0: B
=orr— L R .
— 37(@Fe/Shik-+ - i
— OVA/R837(@Fe/Shik+H02 %VA/R837@Fe/Shlk+
— QVA/R837(@Fe/Shik+  OVA/R837(@Fe/Shik+

GSH+H0:

GSHAH0:

1 1 1 1 1 1 1
400 500 600 700 800 900 350 400 450 500 550

A/nm
A/nm 250
- _ (F)
(D)L — pesenngey (B) EoEIBESC & = 200 FHO
0 RPMI 1640 H,0 PBS RPMI 1640 RPMI 1640 —PBS
medmm medium medium medium ——RPMI 1640 medium with 10% FBS

(10% FBS) (102 S)

E
g m
& 100
| e—
‘ 501

00122436486072

Time/h

Fig. 2 Color changes of the supernatant(A), UV-Vis absorption spectra of MB solution under different
treatments(B), fluorescence spectra of disodium terephthalate under different treatments(C),
physiological stability of OVA/R837@Fe/Shik in H,O, PBS, and RPMI 1640 medium with or
without 10% FBS before(D) and after(E) 72 h, time-dependent hydrated diameter of OVA/
R837 @Fe/Shik in H,O, PBS and RPMI 1640 medium with 10% FBS(F)

Inset of (A): color changes of the supernatant with the addition of water(a), potassium thiocyanate(b), and potassium
ferricyanide(c). Inset of (B) : photographs of MB solution under different treatments, I—VI: OVA/R837@Fe/Shik+
GSH+H,0,, OVA/R837@Fe/Shik+H,0,, OVA/R837@Fe/Shik+GSH, GSH+H,0,, GSH, H,0,.

2.3 OVA/R837@Fe/Shik 2K & By 1E A HLHI

H T ARGEA R WVE FHALE , 5% %8 T OVA/R837@Fe/Shik 44K 4 i % B16-OVA 4 Jifd (1) 44
JesE . i 3(A) TR, OVA XS B16-OVA 4 i A5 Bl B i dn g #% . i E 3(B)~(D) AT LLE
OVA/R837@Fe/Shik 4K FE T B16-OV A (AL 851 =285k H T Fe/Shik. OVA/R837@Fe/Shik 4 KHE iy
FEIEH A0 B PEARARS, 24 2 58 78 GSH i 6 38 1 IR I IR 55 Hh B, S BRI Fe? T Shik, 155 B16-
OVA 4l a3t .

FERE 5 A S50 b, At CLSM ., i A AR D 2 ELISA I 24858 T OVA/R837@Fe/Shik 44K
EE IVERIALE . 425 W T RS2 2H B16-OVA 4 il 1Y CLSM &% . B 5(A)~(D) A LLE 5],
OVA/R837@Fe/Shik H 1) Fe™*£x 4 GSH it J5 N Fe® , 1ETFELN LN GSH (1) [R5 Fe /K F- . i
EI’J Fe* 231 1 2500 K2 0 7 A= Kodk - OH , J2 HEAR AN LPO 1 2R, M-S 4k 56T . BRIk 4,

% OVA/R837@Fe/Shik 4L #E Z J5 , B16-OVA 4 fifd A RIPK1 F1 RIPK3 19 3 15 7K *F- 43 51| J& Control ZH [

2.91%%[1 7.31%, Ui OVA/R837@Fe/Shik 44 ACHE 1 T LA S g 4 it & AE AR e PESRSE L 5 (B) A (E) 1.
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Fig.3 Relative cell viability of B16-OVA cells after 24 h incubation with different concentrations of
OVA(A), Fe/Shik(B), OVA @Fe/Shik(C) and OVA/R837 @Fe/Shik(D)
Data are shown as mean+SD. n represents the number of biologically independent samples. Statistical significance

was calculated by Student’s ¢-test and designated as *P<0. 05, *#P<0. 01, *#*P<0. 001, **+*P<0. 0001.
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Fig. 4 CLSM images of ROS, Fe** and LPO levels in B16-OVA cells after different treatments
Group: I(control), IIIOVA), ITI(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik).

BRAET- MR P PESRFE 0] LIS | & ICD, 2RI N CRT 25 . HMGB1 BRI LA K ATP 11 53 .
FE6(A) 25 H T AR S5 4 B16-OVA 21 L) CLSM Elf5 . 45K B, OVA/R837@Fe/Shik nf LI CRT
7% L HMGB1 BB [ B 6(B) 1. [AlINt, £83: OVA/R837@Fe/Shik Zb 35 , B16-OVA 4 () ATP 43
W Control 411 7.3 1% , ULHH OVA/R837@Fe/Shik 44 AP 14 ] LA B S H2 55 ATP i3I /K- 6(C) .
DL EgERFRI . OVA/R837@Fe/Shik 44K 1 AT LI 1 #RFET- AR PR YRFES | & 1CD. 4 s 241 it 2 3]
T8 % A2 1CD I, BT B4 200 0 2 1 v LAARE 1 DCs 8 . 18 6 (D) 45 T A ] 5236 2H DCs B 22
(CD11¢'CD80'CDY6" ) L. 42 OVA/R837@Fe/Shik AbH 5 DCs A ALK B 7 , 1A% (38. 9+0. 8)%. Uil
OVA. ZHIEZL#YI L) B R837 HAFETE 1T LA B R #E DCs B LRI I A4 A2 USR8 , 0% B A S 2 vl )3
2.4 OVA/R837@Fe/Shik 20K & E ik N R R REERVLE

FIH C57BL/6 /IR S T /N UGS SR IR AR, #7981 OVA/R837@Fe/Shik 4 KFEHT RN iR
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Fig. 5 Quantification of ROS(A), Fe**(B) and LPO(C) levels by flow cytometry in B16-OVA cells after
different treatments, GSH content of B16-OVA cells after different treatments by GSH assay
kid(D), the expression of RIPK1(E) and RIPK3(F) analyzed by ELISA assay kit after different

Group: I(OVA), TI(OVA), I1I(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik). Data are shown as

mean=SD. n represents the number of biologically independent samples. Statistical significance was calculated by

Student’s t-test and designated as *P<0. 05, **P<0. 01, ***P<(. 001, ****P<0. 0001.
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CLSM images of CRT and HMGB1 expression in B16-OVA cells after different treatments(A),
the expression of HMGB1(B) and ATP(C) analyzed by ELISA assay kit after different treatments,

corresponding quantification DCs maturation(CD11¢"CD80"CD86%) by flow cytometry(D)

Group: I(control), TI(OVA), ITI(Shik), TV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik). Data are shown as

mean+SD. n represents the number of biologically independent samples. Statistical significance was calculated by

Student’s t-test and designated as *P<0. 05, **P<0. 01, ***P<0. 001, ****P<0. 0001.
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Fig.7 Average tumor growth curves(A), average body weight of mice(B) and average tumor weight(C)
with various treatments, H&E-stained images of tumor and immunofluorescence staining images
(GPX4, RIPK1, RIPK3, CRT and HMGBJ1) of tumor tissue slices after different treatments(D)
Group: I(control), II(OVA), II(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik). Data are shown as
mean+SD. n represents the number of biologically independent samples. Statistical significance was calculated by

Student s ¢-test and designated as *P<0. 05, **P<0. 01, ***P<0. 001, ****P<0. 0001.

BEJS , X} OVA/R837@Fe/Shik 44 K S5 i A4 N S 2 A AL AT 1 20 A . WO/ IN BB fif JALIE LA A
g 2H 21 1) 45 BRI LR, ik I SRR ST OV A/R837@Fe/Shik 4 K28 B IO AL g2 I v 1 3k
. EI8(A) A H T HRE $ZEH@E—¥4&E’\J‘{”LWEH@7KWU REE R, OVA/R837@Fe/Shik i) 2H H i DCs F
Bildc i, 55 (24, 120. 4)%. X FEZE 0 1CD B4 24P 5 OVA LI R837 12751 2 ] i P [R) /F
FH, B80AES DCs EN . MENDCs 7] DAE— 0% CD8* T, B faem iy . [FInt, 5 sem 4140

b, OVA/R837@Fe/Shik 4K W REAS AL CD8* T A 32 [ K 8(B), (C), (G)~(1)].
PR A S v, IR A G B W 2 L RE A% 401k SR ELAT T 10 sk 4 FH 1 ML R TR0 TR 65 02 2F o9 4
Jf & A e R Wb A M2 78 . DRI, I A O I 2 i A A M2 e AU I ML AU Ak, el e Jieel 4 32
PO TR BT | 4 = WL A G s e 7 9 S B . 3 A 9 AN R 43 AT 45 2L i 98 A rh I 4 i ) 2% Y
[E8(D)FI(E)]. —JsHi, ¥ Fe/Shik nf DLEad ZRAET-FFE P IRFES | & 1CD, 355 e 20 23 g
TERES . S — 51, @ ARBERE A . OVA K R837 =[] A BRIk v af LAGE #E DCs M, (45 e o ss
R CER 15 23— 2P 0% . I, 28 OVA/R837@Fe/Shik b FH (1 Jifdig , M1 0 5 ok — b8 &
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Fig.8 Corresponding quantification DCs maturation(CD11¢*CD80*CD86" ) by flow cytometry in spleen(A),
flow cytometric statistical analysis of the percentages of T helper cells(CD3"CD4%)(B), cytotoxic T lym-
phocytes(CD3*CD8)(C), M1 macrophage(D), M2 macrophage(E) and Tregs(F) in tumors after different
treatments, fluorescence intensity measured by Image J(G, H) and corresponding immunofluorescence
staining images(I) of CD4" and CD8" T cells in tumor tissue slices after different treatments
Group: I(control), II(OVA), II(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik). Data are shown as mean+SD.
n represents the number of biologically independent samples. Statistical significance was calculated by Student’s ¢-test and

designated as *P<0. 05, **P<0. 01, ***P<0. 001, ****P<0. 0001.
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Fig. 9 Representative images(A) and H&E-stained images(B) of lungs of mice after different treatments
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Fig. 10 Main indexes of liver and renal functions tests of mice in each group
(A) Total bile acid(TBA); (B) total bilirubin(TBIL); (C) direct bilirubin(DBIL); (D) creatinine(CREA); (E) uric acid(UA); (F) alanine
aminotransferase(ALT); (G) aspartate transaminase(AST); (H) alkaline phosphatase(ALP); (I) y-glutamyl transpeptidase; (J) albumin
(ALB); (K) urea. Group: I(OVA), II(OVA), ITI(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik). Data are shown
as mean=SD. n represents the number of biologically independent samples. Statistical significance was calculated by Student’ s

i-test and designated as *P<0. 05, **P<0. 01, ***P<0. 001, ****P<0. 0001.
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H&E-stained splanchnic slices of heart, liver, spleen, lungs and kidneys of mice after different treatments
Group: I(OVA), II(OVA), T11(Shik), IV(Fe/Shik), V(OVA@Fe/Shik), VI(OVA/R837@Fe/Shik).
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