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RESEARCH ON ENGINEERING BACTERIAL
OUTER MEMBRANE VESICLES FOR ENHANCING
TUMOR RADIOIMMUNOTHERAPY

ABSTRACT

Internal radioisotope therapy (RIT) is a method for clinical
treatment of tumors. It can not only kill tumor cells directly, but
also enhance anti-tumor immune response by inducing tumor cell
immunogenic cell death (ICD). In order to achieve targeted
delivery of radionuclides in tumor sites, a variety of nano-carriers,
including inorganic and organic nanomaterials, have been
developed to improve therapeutic efficiency and minimize side
effects. However, the traditional radiolabeled nano-carriers face
the challenges of low radiolabeling efficiency and poor tumor
targeting, which greatly limit the efficacy of RIT. In recent years,
bacterial outer membrane vesicles (OMV) have attracted wide
attention 1in the treatment of cancer. OMV 1is a natural
nano-vesicle secreted by Gram-negative bacteria. Because of its
good tumor targeting, it is often used as a delivery carrier to

achieve targeted drug delivery. In addition, OMV has strong
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immunotherapeutic potential, which can promote the secretion of
interferon-gamma by immune cells, thus activating the anti-tumor
immune response. In view of the excellent characteristics of
OMV, OMV is expected to develop into a radionuclide labeled
tumor targeting nano-carrier, so as to achieve accurate
radionuclide therapy in the tumor site.

In this paper, a delivery platform based on attenuated
Salmonella typhimurium outer membrane vesicles
(VNP20009-OMV) was constructed to achieve efficient labeling
of radioactive iodine and improve tumor radioimmunotherapy
(B'I-STATH-OMV-PEG). The main research contents and results
are as follows:Firstly, bacterial outer membrane vesicles
(STATH-OMYV) expressing statherin (STATH) were constructed
by bioengineering technology. Tyrosine rich in STATH can
provide more radioactive labeling sites, thus improving the
labeling efficiency of radioactive iodine. In order to improve the
biocompatibility of STATH-OMV, we modified STATH-OMV
with polyethylene glycol (PEG), yielding STATH-OMV-PEG.
Then through the Iodogen tagging method, STATH-OMV-PEG
can realize '2°I/13' tagging. Compared with the traditional OMV,
STATH-OMV has higher labeling rate. In addition, '}'I-labeled

STATH-OMV-PEG showed a significant inhibitory effect on
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tumor growth. More importantly, 'I-STATH-OMV-PEG can
also induce maturation of dendritic cells (DCs) and promote the
secretion of anti-tumor cytokines by immune cells, thus
enhancing the systemic anti-tumor immune response induced by
RIT. In addition, *'I-STATH-OMV-PEG also has a significant
inhibitory effect on in situ colon cancer and induces immune
memory effect to prevent tumor re-invasion.

To sum up, this study proposes an OMV-centric RIT
delivery platform, which realizes the efficient labeling of '2°1/13']
and activates a strong anti-tumor immune response, which opens

up a new way for tumor radioimmunotherapy.

KEY WORDS: Bacterial outer membrane vesicles, Immune response,

Statherin, Radio-immunotherapy, Radiolabeling
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Breast
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Lung
2206771 (11.4%)

Other cancers

8275743 (42.9%) Colorectum

1931590 (10%)
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Oesophagus Stomach
604 100 (3.1%) 1089 103 (5.6%)
Cervix uteri Liver
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Total: 19 292 789 cases

Fig 1-1 Number of new cancer cases worldwide in 20201
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Fig 1-2 Nuclear imaging-guided radionuclide therapy for cancers!*’
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IR N IR AL 2R . 6.T 4 MR 50 3 %475 b I 4 S
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lymphocyte-associated antigen-4, CTLA-4 ) UL ¢ 2 7 4 40 f 3C T° % 18 1
(Programmed cell death-ligand 1, PD-1) /2 &4 21 T A S e i 25 i 71072 73,
B H CD4*AI CDS'T 4l g % 1 4 %Kik CTLA-4 40 F, CTLA-4 5Pi)5i% 2405
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BN G Bk 25 s A7) ¥ CTLA-4 B3 BE B4R CTLA-4 4374l 77 v] LV B
CTLA-4 %f T 40 AL FsIAE L, S T AR 2K, 3858 S R G4 i
FIRUNL . PD-1 7E T Wk EL A0 M 0SB0 3G 3R IR 20k, mT LA fiygs 4 it s F b e %8
Z0fE L% PD-L1. EWRZH MR SR M 11 PD-L2 454, $0HI 4 N (5 5 15
S, BRARRN. T #REANAS1E, % T REAMRET, Sy AU %
FEIN, B AT RN e 2B S e ki . (6P PD-1 B vgBEdLiA, AT LARHIT PD-1
Slcpags A, TLMRE NGO G R4 7, 2 b G B A s I 24 2
WAty bl B I PR RS 4 G2 VR 9T, 4045 CTLA-4 58 BEHUAA Ipilimumab, PD-1
B0 [% $ 48 Nivolumab . Pembrolizumab, PD-L1 #7553 f& Atezolizumab .
Avelumab Z576781, CTLA-4 F1 PD-1 {EHLIAR G 2 G0 HH R H5E A= 00 25 55 1 3l v A
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FHT AR S, (45 T 4R AR O R A i Be 77, Bs FRX
& T 41 M [0 AL A ) — 7T J g 7 5183841, CAR-T 4 [7) i LA 0 i S5 e
AMTE AR, REOSRE S A IR A A, A —E IR AR, R H ORI R
AR, 2 2 i RS B 10 SCRe . SEAAR MR bk = RS BN LA 0722 21 i
WA TAAs, BofEsr B9 3 AR e iy, BTz B EIRIR B2 AT
VR TR (1Y 7185 801, Tk A4k e A L G 5 YR T 1 IR FH 2 R AR I R 240 L R R
CROMEARN A BN, {3 FRE BRI R B Tocilizumab I E—EFEEE FEMAA R
S5 BRI, 2259 R ] 2 AU R AT e A1) 9% P e 1% 7 VR I R L e ) 3 2 PRl
R

1.4 BT X e & e T HI1E A

SR G IR T AR IR T N e 5 T B AR ORI 51 77, AR I PR Si2 o 8 A
RIS G I IT RO AN ERAR . oAb, B TR ek, B E. DU
TR BR Y, BRI TR 2 PR IT T BB TR T R IR ) S g,
HOBUEE T A B IR T AR S &, A MRS RIS . FAARRUL, JBURA YT AT EA
S BRI R A S e SR AR T, AR TR R B, T O A P PR R e
JS27- 881t A, bR 40 22 U R A JE SRR 0 AR SR 2 T (Damage
associated molecular patterns, DAMPs) . &iE# %% [ B1 (High mobility group
box 1 protein, HMGB1) FIARMEIA 1 H =R (ATP) %57, XU 71 Lk
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1% DCs!®¥), i 5 DCs [7] naive T 4% 3% g H1 5, {231 naive T 40 %164 CTLs,
MR 0 R 2R M kAT 2505 (& 1-4) o itbAh, ZRVEESTHmgni, HRm
() 2 B LU B E A 44-1 (Major histocompatibility complex-I, MHC-1) , 40/
[ 25 4> F-1 (Intercellular cell adhesion molecule-1, ICAM-1) FiEHN, Mt
58 CTLs (R R A e 310000, b4k, TR YT I8 AT DLS: UM G40 A PR )RR
M LE B o A 3BT 52 T 4. SRR, HRFURM, U AT i LA
DCs. 803 T 400 (Regulatory T cells, Treg) 8. [HAFKERE, %A
J7 (aPD-L1) BXETSUNIRTT AR RIA YT JE/ N0 it EEUS T 82 1 UR,
B TR IA B .

. i
| | @

® ™ =
Granzyme ?TCR { -
®e ®LMHC J

Cancer cell Dying cancer cell

B © _class| P
© g ®ate ® S -
P i N Calreticulin g~ ® ® QQ R A
/ § | ® . , by | ® IFNy
{ i ) ® © 09 o Type linterferon { @
N 200G CRCA : J
| [
< HMGB1 ® Pal 2 |
@@@@‘ B [N
[ I - ® Neoantigenic e ’:';
® 2 epitope .
® e gcxclio
Antigenicity Adjuvanticity Susceptibility
Upregulation of genes = |CD-related DAMP ermnission « Increased MHC expression
encoding necantigens = Cytokine secretion

Fig 1-4 Immunostimulatory effects of radiotherapy!®?
P 1-4 T80T R G N 1)
SR, SRBUBURNG T A e ia iy MBS T B fE— @R E Lrah 7 % H
[ B, TSI T B R RE 5710395,

1.5 HEIMEER

M SMETENL (OMV) 2 HHH =2 IRIAPE B 0 W I K B2 1001, OMV R JE T
YN AN, R KN Y 20-250 nm. OMV B £ R B K UE R 7, 540
TR AR S PRI DL S T JE AR AR DG 7 T8 (PAMPs) , AR W, e A Ik
M. DNA. RNA % ([ 1-5) 17981,
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RNA,DNA b
s toxicity factor _.‘_'
' peptid ido oglyca

eeeeeeee

lipopolysa Pd

Fig 1-5 Structure and components of OMVs secreted by Gram-negative bacterial®!
B 1-5 22 FIPEGH TS 70 WA ) OMV (1) 25 44 1 ZH 53 )

1967 4, Chatterjee F1 Das fEA/ 78 SLINE BHMEIR KL OMV HIFELE. Bl )5,
TSR 22 1 o =2 PR M R L ABIE S 0] L 230 OMYV,  J FLTE JE 6 A5 22 [ BH 14 41 B
SR TR UBRRIROI S . L LR LFEE, OMV CRAAFAEYE
N B R BEIR T . OMV B H L HSR AW /M 2, M H i T HA AT Z
PET, OMV LUSEAYHE BA & EY 2 atk. HT OMV S A RAHEEZ
G JFE My, BB AT AT AV AN 1 3 1 e R G

SORAME ML, OMV BoR i miF M AN PR, Bk, BiTaHE
FSCN PR B )3k ) Bk o AL, ST B — TR AR B, BRI S OMV AT DL
BES AN W R -y, ANTTEGE SRR BT R (S . 4T OMV AL 57 B
OMV H B IF R 8 — Pl PR A% 2 b 10 (0 b Jeg 32wy i oK ik . 21 H Ak,
OMV M RIT HIWFFEHARBARIE, W2 IR AR ELAL I AN R . AHIT 9818 SCHE
HeT 2 R AR BRI b, PRTT T U AR 36 T IR 4 T AN S A R
IT J7 T I 77

L6 RERITEMRAS

FE X A AT b, AT B TR TR R B TRV 1T IR B AN IR A
(VNP20009-OMV) HJi#ik~F &, SEHL B PR = R0k 5 AR o A o s
U R (B 1-6) o HAARMUE, FRATBT T Rk S B E R A 5D
ITIKHE MERES (STATH-OMV-PEG) , ©& SEARIER], N BUPTHRA T
FEMRCALA, TSI T 1283 mRhsid. BI-STATH-OMV-PEG R A H
Fe i 5 s A B AT TRk ICD (RUE AR, T a3k I 4 (1 e P e e 38 i 2%
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thAh, OMV B o[ {E R G e 715 T DCs s, F= AR a1, 5k RIT
ST B N . HEAh, BI-STATH-OMV-PEG 415 RIT A DA & G
WA, B R . EEENR, RS A IR T
BI-STATH-OMV-PEG RUFHIHNATT ROR « 25 Bk, AT 73T TR
T 4/ I Y M T S 1251/ 30 T 25 b A0 R B B0 FEUR S B VR T I T, TR
T FAE R B S BN T R TR MR RO e B R ST T RRE A ) A
BT UL RN, RRERSERESINT: (D AT E BT EY TR

TR Rk W E A ) AR AR TR MR ZE, I — R AT Bod LBk AT RAE
(2) HUFIH Idogen AR HUAR S, SEBLT STATH-OMV-PEG ] '21/1' 51t
A% 7 1PYBI-STATH-OMV-PEG, B 5 & HArid % S brid e, (3) f&
A Z T EIIE T OMV A 224 BL R P Al BTT-STATH-OMV-PEG X I8 4
MEHIAAGERT . (4) K 12T ARid KA R A S (11-STATH-OMV-PEG) X fif
T /N BREEAT B BKVE S, AREE TR R RE /), i SPECT/CT, %k OMV
R Jl 988 BE ) BE 1. (5D FE L CT26 B R bR R A, R Al ER KO A
PI-STATH-OMV-PEG J5 M V6 97 97 2« (6 ) XF 4 98 /N B & Bk i 4
BI-STATH-OMV-PEG, 3 KJGALAE/NER, HUH BB ANk E2 45, R Ik L 5 ) Rl B
M EBOF AT O, e R AR A o BTtk E2 45 Hh DCs Ao LAk,
I PO Y R TR 2L 2 ICD AH R AR IR IA R L. (7) 1@id ELISA
A EAR I I35 P BB AR I 1 TNF-0f% IEN-yZK P (8) EEN A ic 21,
Pl 31-STATH-OMV-PEG X il Jifed 52 A BT &% (90 BESLJFA 45 g AR,
Pl B-STATH-OMV-PEG X 5 {7 45 [l (1197 R4 -

11
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a (O STATH oMV -y ®
. extraction - e
_C) > ';: 125"131'
VNP20009  STATH-VNP20009 STATH-OMV STATH-OMV-PEG  S'.STATH-OMV-PEG

Tumor
3 neoantigens
& . \
- Immature
DCs

.
" PAMPs
L 0@
e %
@ \ /Mature DCs
Immune memory ;
Memory T cells Tumor-specific CTLs

Fig 1-6 Schematic illustration of engineered bacterial outer membrane vesicles
(STATH-OMV-PEG) for 21 /3'] labeling (a) and enhanced tumor radioimmunotherapy (b)
B 1-6 HIT 120/B ARie (a) NG SRR e iy (b) M AR AL A T AR e

(STATH-OMV-PEG) ~i= K

12
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" E B-STATH-OMV-PEG BIHI& K H MK FIRR
21518

REES AN ARY D WS PAWNE N (35 2 A Aas N = AP NE S (9= S AL TSP
J&F o RIT 2 IKIMIERIT I EETB, Oy 1 SCITBUR TR AZ 21 AL I A 1) B 1)
ik, HATCEMR T & FhaREds, aRETFIANLGURARL, SEIUREH P
B L IR AR TR TT

SR, ARG BRI AL L2, S FEARNTEEINGATT RCE, AMHER T &R
AR L PR EME AR R LIS, A% 2R 2 A B i L 2R,
18 AN EE RS AT o IR AME G AR BRI TBOR PR IC SRR T o BRI AR
PN SRS AT A R R MR (1) a6 43 HAT D0 57 Mo e 3 ) 4 ) 90 K 2Bk DA Sl
JECEHEAZ B AT R AL BB RO () KG9 KRER AT TRE AL 84 LA iR a0
KBRS ARG R - OMV . H T B AT B0 58 14 Jr e 308 ) e R 4 A7 700 09 7,
H ATEREREIRTT TP A2 BT 2 63k Rk, OMV A SBAENBUR M R 7 2% 131 SEal
Jit 58 05 7 B8 1) 308 (1) R FARAR o AR TR 48 OMIV HIJBURH PE BRI AT s/, 3X A5
PRIC R R B AR . FELIEA b, FRATES TR SRS I & 7RI E R A
MESMETEN, EREASHFEENRER, X4 B 7 RERARICA S,
M A A3 K AR I PR R B E S s . AT E BT PI-STATH-OMV-PEG
I & S HL a5 /R AE, LU BU-STATH-OMV-PEG U Aric . Aric ket
WMo FEAEARANN K AR FT BI-STATH-OMV-PEG [IEY) £ RN o

2.2 KRR ST

2.2.1 KGR

IR R FEVPTTIRE (VNP20009) M ATCC 3K1%. Cy5.5-NHS JWH LR E
JGIGRAEVRIEA IR AT BERHERY), @A, RN, BRI E LigEZ
B SEMBANEL T FIBRTRL T AR . Jo/K CEEW H T il E 2555 . lodogen
I H 3% [F Sigma-Aldrich 2 7] . Na'2T Al Na'>'T #7004 H L GMS Zi kA IR A .
AR E FilgE 2R . CT26 41L& HUVECs 4 ) T4 40 5 20 B fr o
PR R%E (Hyclone) S4-IMiE (Gibeo) WL TF R MAZFRAEMIBIEA R A A .

13
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T EREERWT MR RIBATIR A

2.2.2 LEIUER

YU ESCRYE T8 [E Berthold Ao & B TFRIE T AL st iH 2 AR A R] o XL
NTEHE R TAE G (ESCO) \ bt U L zeta HAAL 43 HTX (Zetasizer Nano ZS90).
i% B T B (Tecnai G2 spirit BioTwin) « 4li/K R4 (Direct Q5) 4 IhREHG
HRA (Synergy NEO) Sk H T 75 M R EAX IR ILZ T &

23 XWH*E
23.1 ERIEEHEANREDIIKRE

¥ 9miS AIDA-1 B & #4512 5 A 4589 380F1 STATH 1) DNA J B \ B al fpa R
X ) pET28a # A4, 28 J5 4 3% 05 #0445 4L 2 98 7 1 VNP20009 H .
STATH-VNP20009 £ K5 £ (50 pg/mL ) LB 15 7£ 3 H7E 37°C 1200 rpm
TR

232 BREERINAEEINEER

iR TFEAL VNP20009 7E 37°C. 200 rpm ) LB WAk R R b 55 . M9H
BIFRE) OD600 IEE] 0.8 1, [FFEFREEHFAAN 0.5 mM 5 74 2E-B-d- B AL IR 2 L
BELF (IPTG) JH7E 16°C TF4k4:H59% 14 h, %5 AIDA-I-STATH A XL, FE)E
P B LA 4000%g 25200 10 min PABR 40, S5 185 0.45 pm P8 MR 84 18
R . T RAH 100 kDa B JEEXT ISR AT IR . KR8 HAE 4°C, 150000%g
AT FESG 2h, 345 STATH-OMV. Fifi 541X 2 OMV HE & T 500 uL JG1H PBS
H, JFAE-80°C Mi#fr, LLEATHE— P,

2.3.3 WB i&MIEEREARIE
T BCA EAFRFEXN T OMV TR AR, MEELEDR
ENiEyE (Western Blot) #&3ll OMV H STATH HIRiE.

2.3.4 STATH-OMV HJ PEG &1f
N T % STATH-OMV-PEG, ¥4 2 mg DSPE-PEG2000 5 1 mL STATH-OMV

(200 pg) VBA o KHZIR S WE A AP 30 min, SR PR B . B 58 100

14
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kDa Y€ B .00 B 2t B 1 DSPE-PEG2000, 753 STATH-OMV-PEG.

2.3.5 STATH-OMN-PEG F$E3A{E
i1 25 47 (1] STATH-OMV-PEG [y B 2138 580, B fa i n 2047 M L,

37°C N AT, H/EHEN BT EHE: (TEM) X STATH-OMV-PEG [1JE
BEEM AT EE .

2.3.6 STATH-OMN-PEG K12 % ¢ B4
¥ STATH-OMV-PEG # B 72 2 b b, 181 3 6 B A2 (DLS)
1 Zeta HLAZAX ST STATH-OMV-PEG [HA% A0 A 45 ) 3047 &

2.3.7 STATH-OMV-PEG K Bl #rie R EAFICIRE M
¥ H Todogen ZEAL1%:%F STATH-OMV-PEG #EAT U BT ARIC, 1 %64 20 uL

STATH-OMV-PEG & (1 mg/mL) fIAE A 1mg lodogen 1] Eppendorf & 1,
SRJ5 5 0.3 mCi ¥ Na®' TR 4. #R% 20 min Ji5, 4 BRGE T S (100 kDa)
B0 NI 22 BRARAE AR B BEJSAERIN S1H 2038 (PerkinElmer) P& J8UH 14
FRidE ., N T AU PR L R e P, B BI-STATH-OMV-PEG (20pg, 100 pCi)
737 PBS 1 10%FBS ¥ & . EARMBEE A (1. 2. 6. 12 1 24h) ]
HEJEE (100 kDa) B0 (4000 r/min) JE¥E. BESEAEH] v v1 20 hon s o i 1
B HIEE T ERE P O S IR RO, I R
STATH-OMV-PEG FIhric fa e 1 .

2.3.8 STATH-OMV-PEG 454 5016
B NI b 4iie (HUVECs) M4 sl (CT26) LAREFLZ) 8000 /N

W MBUEAE] 96 FLIKF, IFAE 37°C, 5% “SEALBRAAE N R IR FR40 M 5 42 G B
5, ¥ EAAFEWE STATH-OMV-PEG (0. 2.5. 5. 10. 20 1 40 pg/mL) 3%
FREINF] 96 FLIR I SN E 24 he fFE 52, I PBS i 96 FLIR A%
B3GR EE, LN 10 uL CCK-8 K (B4 3 AN FATHED , 37TCHIE NS
2 h, 55 FBEAR ORI 450nm AbFMRISCIE . IR F: 100% X (AR IR
AR -2 AR AR /Ot HEZEL IR SO -2 IR

2.3.9 {HEIZEYSCIS

15
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¥ CT26 42 i LLAEAL 8000 £ H I 24 FLARH, 5540 0 72 4 I BE A
Ja, ¥ CT26 &ilgiE S Cys.5 B STATH-OMV-PEG (20 pug/mL) 435
H 0. 4. 12 M124 h, BE/EWCEE N IEE S R A MR AGHAT 70 0. A, # CT26
25 7 A LARE L 5> 104 A BB AR B L R ARG R I ey, S5 20 M0 58 UG BE /S
¥ CT26 457l 5 Cy5.5 B STATH-OMV-PEG (20 pg/mL) §% & 24 h.
S8JE F PBS Welrdnifl, H 4%Z RHWEERE E, JFH DAPI 4+t% 10 min. #)5, &
o e 5 T WL % A PR I VO

2.3.10 B'I-STATH-OMV-PEG ZBBf 555206

Xf ¥ BI-STATH-OMV-PEG M40 A58, R CCK-8 iAHEAT VAL : K
CT2 45 ¥ 40 i LUREFL 8000 140 %L H inF 96 FLERH, Fratifse &NhEE S, #
ANFEEU R (0. 6.25. 12.5. 25, 50 1 100 uCi) fJ 3'1-STATH-OMV-PEG (20
pg/mL) AIAZE] 96 LI HIF & 24 h, 5Tk PBS IEUER R MG -5, BEE&
FLIIA 10 uL CCK-8 ¥ (F34H 3 MFATHE) , 37CHMHTWE 2h, H&JaHME
PRI 450 nm AR FIRIAE . AHAAETE R : 100%x (b B2 R SUE -7 2
WCAED /- ORI A IR SO -2 A AR

2.3.11 v-H2AX Bt 5is

N7 PG BI-STATH-OMV-PEG % CT26 41U f\] DNA #i5FE %, K CT26
25 N A0 LARE L Sx 104 20 B AR B SL IR BB 7R L, 455 CT26 45 1 4H
SEAMGEES, BRI RSN 20 pCi [ B1-STATH-OMV-PEG (20 pug/mL) A
JERAEMPEE 120, B 541047 y-H2AX F1 DAPI 44t . VRN D IR: K
JE B IR AL B IF A PBS T VE =, 8T 4% T RS E E 10 min, )5 H
PBS & 3 8, B 5 SRS M (5% FBS/0.3% Triton-100/PBS ) AbFE A .
P RR SRR IR LA I N y-H2AX U (1: 2000 FRLE 4°CIF BT -
5 RH PBS J#¥t 3 %, B e EREAILRERFFM AP IMA ZHiMRR (1: 200,
fERBAL TS 2h, WE Y PBS iEVe, B 541 DAPI Yerl kT
Gett, Ge AL 15 min 5 H PBS iR 2 X UL R 2 R Gk} 55 H] Olympus
SR AE BB EE CT26 U DNA 4547 15 B2 H 3 4T 1F A o

16
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24 KWHERS5TIR
2.4.1 BI-STATH-OMV-PEG Hy%I& R KIE

OMV A& MR RSB F) 1, DARCBCRI AR 222, Bl iz T
FARNRITHE S At OMV & — RVKIE TSR AR E 157, A FEH B RS 1k
PUR  EE B LA PAMPs. OMV A] DU A S e 714G 5 05 16 £ 1 S sZ R4t
PAS AR LR = A= R 4 R 7 BT DL RAR 2, OMV RTBE T R s —F A 57
HIBRS PERRIC KR, K OMV 5 RIT IS4, A BRI —IRIT R ER .
OMV JiE 4 1 24 (s R PT ASE LU R (125131 FRid. N T IR m Ui An
WA, WATELAY) TESARK ERHEE (Statherin, STATH) 5] A\ OMV %
[fl. STATH &A F & MR, 7 DU PR AL 2 bridfn e, A6
EARILAE (K 2-D .

., His-Tag

ol
STATH

)
AIDA-I

Fig 2-1 Schematic diagram of the bacterial surface display technique

B 2-1 ZH R T R R HOR
HAKM S, Kt AIDA-1 B & iz 8 B 45 M 380 & 18 85 F ) DNA v Bedd
AN BT FFEERIE ) pET28a B, R J5 4 28 B ik B 3 4L 3] VNP20009 H .
STATH-VNP20009 7£ &7 £ 85 2 (50 ug/mL) Y LB B3 373 H 7E 37°C #1200 rpm
NEFFE. BfiJ5, JEIHEE B0k N STATH-VNP20009 F 55 77 b1 i U sE %
STATH-OMV (& 2-2) . #2 1 R¥$2HUH STATH-OMV i@ i £ [ % 9% B 25
(Western Blot) &l STATH 7E4H & 4MEFE 1 4 (1 R IE T Ul

4°C 4000xg,10min 0.45 ym 4000xg,30 min 150000xg,2 h
i 5 = = mm
L= .
- \ —* . — > —
= ) o ! ; a
STATH-VNP20009 100kDa STATH-OMV

Fig 2-2 Bacterial outer membrane vesicle extraction
Pl 2-2 2T M 2 L $ TR

EOAREREREFH, STATH-OMV RIIEIEEHED (K 2-332) . A
T #15 STATH-OMV A2k, 18 ] DSPE-PEG %} STATH-OMV #4745 .
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EH A RN, STATH-OMV-PEG EHLH N KIERE S5/ (& 2-3b) , it
4k DLS 23 #7578, STATH-OMV-PEG [ F B A% 30 nm (& 2-3¢) .

30
\\\‘Q p‘tl“ — STATH-OMV — STATH-OMV-PEG
A A 3
\a N3 \s N £ 20
é‘ \\\\ ;5‘ 0@ =
-}
55 [
KDa |, = —-— 2 104
£ 0 T T
1 10 100 1000
d TEM £ Size (nm)
e 100 =120
E = M—Q— Z 1009,
E 5 % = omv-rec v 3 —
8 .10 E =3 STATH-OMV-PEG I 804
= T 60 7]
e = 2 6o "¥".TATH-OMV-PEG in PBS
° = 0 =
.20 . z 2 401~ "'.STATH-OMV-PEG in 10% FBS
z ° S 50 =
] =3 STATH-OMV — o 20
N al® = 5
=1 STATH-OMV-PEG e 4
30 S e r . : T
0 5 10 15 20 25

Time (h)

Fig 2-3 (a) The expression of AIDA-I-STATH in STATH-VNP20009 and STATH-OMV
was detected by western blot. (b) TEM image of STATH-OMV-PEG. (c¢) Dynamic light scattering
of STATH-OMV-PEG nanoparticles. (d) Zeta potential of STATH-OMYV and STATH-OMV-PEG
nanoparticles. (e) "3'I labeling rate of OMV-PEG and STATH-OMV-PEG nanoparticles. ()
Radiolabeling stability of '3'[-STATH-OMV-PEG in PBS and FBS solution. Error bars represent
mean £ SD (n = 3). P values were calculated via one-way ANOVA test (****P < (.0001)

Kl 2-3 (a) Western blot fll STATH-VNP20009 1 STATH-OMV H' AIDA-I-STATH [
#is. (b) STATH-OMV-PEG ] TEM Elff. (c¢) STATH-OMV-PEG & . (d)
STATH-OMV £ STATH-OMV-PEG ] Zeta 1. (e) OMV-PEG Al STATH-OMV-PEG ]
BIFRIC®E.  (f) PI-STATH-OMV-PEG 7£ PBS il FBS il U bRic A e . iR 2%

REEMEFRHERZE (n=3) o PALELRREZERTTZ 0 Co+*P <0.0001)

23t PEG 215, STATH-OMV HICHLAZM-20.4 mV [ Z-24.5 mV, ESE
PEG fE STATH-OMV L Ihigifi (B 2-3d) o U ER P 2 IRKIATT R
Jides H RO A% =, AER S AU E T 2 R o BIURSIIB. yiT 2] i
TR AN DNA $54, 51 B4 #EEH . STATH-OMV-PEG &6 &
MRS EIR, P LCATBON R 2 PR R R bR IC AL i, O TR IL % (82%)
i T A ik STATH () OMV-PEG (12%) ([ 2-3e) . # Fk, HAWIR
T BII-STATH-OMV-PEG 7£ PBS Fl 10%FBS ¥ F iU e bric ke tE, i
2-3f ffizn, MI-STATH-OMV-PEG FEHLH L IFric e .

2.4.2 STATH-OMV-PEG 14 it 75 14 J% 35 EY

18
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BTk, BATVEE T STATH-OMV-PEG 40l 1%. ¥ HUVECs Al CT26
A5 AR EE () STATH-OMV-PEG W7 & 24 ho &l 2-4 o, BIE SR E T K
STATH-OMV-PEG (40 pg/mL) , HUVECs fl CT26 140 fE A7 id R oK 57 31| i 3
20, 38 STATH-OMV-PEG X 1F % 4 M (1) 473 A%, BA R I A AE A .

3?120

e — HUVEC
E‘wo-ll I[I ICECWG
a 11 : 1 3
.E 804 »l o . o s - L ! ‘t
-

© 60

8 40

g

S 20

=

@

& 0

NI
Concentration of STATH-OMV-PEG (ug/mL)

Fig 2-4 Relative cell viability of HUVEC human umbilical vein endothelial and CT26 colon
cancer cells after incubation with different concentrations of STATH-OMV-PEG for 24 h
B 2-4 NSk P B 400 HUVEC R CT26 45 i 40 il 5 AN R % STATH-OMV-PEG
YR 24 /NI R RO AR 4 i

BTk, #—PER CT26 41iu%} STATH-OMV-PEG 4l EL . ] Cys.5
FriCH STATH-OMV-PEG (20 pg/mL) 5 CT26 ZHffifEaE 4. 12 f1 24 h. BE)S,
WA 20 it - 3 3 R 4B B R 20 # Cy5.5-STATH-OMV-PEG 4% 4 i 35 BRI 0 2
Kl 2-5a, 2-5b Ftz, CT26 45 i 40 2 v 1) 25 't s 8 b A T 1) B RS T 34 o
Y] CT26 A ] LLEF S5 STATH-OMV-PEG.

a b
800
A conral rrEE
2600 =3 Control m*_!_
g E‘ = 4h L]
3 w4001 22120
2004 [T
T T T 0
101 102 103 104

Fig 2-5 Evaluation of CT26 cells treated with Cy5.5-STATH-OMV-PEG (concentration: 20
pug/mL) using flow cytometry (a) and the Cy5.5 fluorescence intensity of CT26 colon cancer cells
at various time points (b)

K 2-5 (a) FHR G ARIEAE L Cy5.5-STATH-OMV-PEG 4P () CT26 4l G JE
20ug/mL) FE & A [F I 8] 55 CT26 400 R i) Cy5.5 % 65mE (b)
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AR, K CT26 U In AR AR SR, Frdife e ENEEEY J5, LR A
REFR M4 M TCH PBS F1 Cy5.5-STATH-OMV-PEG JLi% & 24 h, )5 F PBS
EPE, FH 4%Z% BRI SE 10 min, B85 A DAPL 42kl 440 10 min, &)5
I Olympus 5 £ BT ML %% CT26 41 %L Cy5.5-STATH-OMV-PEG 1%
o MW 2-6 \TLLE R, JLWFE 24 h 5, EEMMMZ AL EMEER, U

Cy5.5-STATH-OMV-PEG 7ERZNA] LA CT26 i 25 (5 t2: DAPI, 21 €0
Cy5.5) .

DAPI Cy 5.5 Merged

Fig 2-6 Confocal microscopic visualization of CT26 cells after 24 h of incubation with
Cy5.5-STATH-OMV-PEG at a concentration of 20 pg/mL of OMV

2-6 Cy5.5-STATH-OMV-PEG (JJ: 20 pg/mL) 5 CT26 40 & 24 h L AR5

Control

STATH-OMV
-PEG

2.4.3 BI-STATH-OMV-PEG H4H i1 55455 S DNA W 2248
bt fGid it CCK-8 1At T BI-STATH-OMV-PEG X /83 41 ffo 1) A1, i

2-7 Fi7n. BU-STATH-OMV-PEG 7] PAX} CT26 gifiur=E—E IR ER, HA
113 350 B B8 T 70 & 3G 0 T 38 5
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Fig 2-7 Assessment of the relative survival rate of CT26 cells following a 24-hour exposure to
varying concentrations of free '3'I and ¥'I-STATH-OMV-PEG
Bl 2-7 CT26 4S5 AS IR BE 7 25 121 Al BII-STATH-OMV-PEG % & 24 h Ji5 ¥ 41 il AH X A7
R

BEAh, A TEAL T BI-STATH-OMV-PEG 40 F 5 CT26 ) DNA 5475155 -
U 2-8a y-H2AX Yeft iR, B-STATH-OMV-PEG 4bF ) CT26 40 R
BENGOEE, HEVW DNA B . 50F 8 P01 4 MLt,
BI-STATH-OMV-PEG &b F 25 1) 5 5t 5 5 B8 vy o 3 M B ot 1K) 5 Ot 5 & T I [R5
BI-STATH-OMV-PEG f£ CT26 A i HAI R B, 730 DNA $ifji 58 (

2-8b) .

Qa  Control STATHOMV  preetyy "'-STATH-OMV |
-PEG -PEG
CT26 Cell

% 2%,

< g

n &

1M.sTATH-OMV-PEG
s

g‘ e T /‘-’é

s ““Nucleus 3y

B-ray and y-ray

% CEF I"\.
i '-_-' g L )
DNA Damaga; /]

Fig 2-8 (a) Confocal microscopy images showcasing the response of CT26 cells 24 hours post

Merge

various treatment protocols (blue: DAPI staining for nuclei; green: y-H2AX indicating DNA
damage). Illustrative diagram depicting the DNA damage in CT26 cells induced by 3'I-
STATH-OMV-PEG (b)
2-8 (a) CT26 45 & Fiib B )7 R & J5 24 h L RAE BB EER CEf: MM
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DAPI #effy; Zfh: y-H2AX 37K DNA $iffi) o BU-STATH-OMV-PEG %3 (1) CT26 41
") DNA #if f7s =K (b)

2.5 REBING

ARETEY T BI-STATH-OMV-PEG (1)l 2% FI AR I 72 40 J K - b PPAili 2 i
FIAMIRE . EE, WA TRET BRI E T STATH-OMV-PEG, fEi#EH
AT, AT BN SRR . BRI T, % STATH-OMV-PEG FJ
R HEAT T 8804, PR A 30 nm. R 5 STATH-OMV-PEG & & B & R
Mode v, 15 B FRid F o 19 BI-STATH-OMV-PEG . 38 i 4 A A% 145 52 56 36 4iF
BI-STATH-OMV-PEG A%} CT26 it BeA R0 547, Hoes 40 i i 4 1 80R
I 45 TS 77 R 0 T B 58« e A by-H2AX 4 58 % i, 13 I-STATH-OMV-PEG
A Y CT26 i &2 2 1f) DNA $if). 4% EPrik, B'1-STATH-OMV-PEG A R
TR ARSI A IR AR M AR, wT AR D IR TR e e ¥R 7 I T B B AR I 245400
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=% BI-STATH-OMV-PEG 5 T E##{EH

3.1518

BII-STATH-OMV-PEG fe 8% X} 25 iz 40 it i DNA 453005 AT A7 s R A3
7] I STATH-OMV-PEG H # e %5 B E FH AT 189 58 44 A B i 8g 280 8, DALk
BI-STATH-OMV-PEG ] FIE U 9% V67 - SPECT & — FhoR| I 5% 7 R G ik
ITYRAR IS8 A, AT Sy i R TSR T 7 I R S S M, AR5 o
3L SPECT A% ¥4l T STATH-OMV-PEG 7E 4 P ) Ji 8 S 1) B /7 . Bt Js LA
BI-STATH-OMV-PEG NS S i6077 71\ LL Balb/e /N B9 TE AR SEIG X 5, KT
S AZ R A 10 I AR A 1 M SR 1Y) B2 R TBUR VR T RO AT VA

3.2 LM RSN
3.2.1 KRR

PBS (RN LAFD) , NRMEE (FEEFEN AR , 4%2 RHRE
W GRYIERRE AR o Balb/e MEPE/NE (6~8 J#) , W H Viton Lever SL40 5]
YA E . CT26 FN IR ST : B 50 ul & 2x100 ™ CT26 4 1) 2R
R BN RO B T o MR AR RN 75 mm? I AT S S ES . R ik
FAR/NEF] 1000 mm? I, BRINFFIRE/NERBETS, I Xh /N BR STt 22 SR A8 . BhA sk
R LR s O AHER) T 5

3.2.2 LU R
SPECT-CT (fif % MILabs A#]) , JHHEE T (b EGEEREAF)

Febr R R CTEEARED , iR (RIS TSRS .

&l

3.3 KR E
3.3.1 SPECT/CT F{f&
W 5T M E BE A 200 pCi Y '5I-STATH-OMV-PEG (2T : 200 uCi;

STATH-OMV-PEG : 20 png) , il #lkes 245177 3 5 2] CT26 e /N AR N,
TIHESES 1. 6. 18+ 36+ 50 h #4T SPECT-CT /%1% (g B 1% 4 U-SPECT+/CT
2% R4 -MILABS 4#b3) .
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332 £
W 5 M E BE N 20 pCi () '5I-STATH-OMV-PEG ('] : 20 pCi;

STATH-OMV-PEG : 20 pg) , il #lkes 24577 3 5 2] CT26 e /N AR N,
TEVES G EE 24 h BB/, URER/NER G, JHF, BB, W, B RIRZHZR, {6
FH TSS9 s 0 4 A 2% B 0 e 2EL 2 PR TSR

3.3.3 RS R IZIRTT

FERHAT PR IR TT 2 00, B e CT26 SR i FALAL, 4 R R A
/NZY 75 mm?, BN RBEAL SN 4 4H: G1: PBS (iv.) « G2: Free"3'I (200 puCi;
iv.) . G3: STATH-OMV-PEG (20 pg; iv.) « G4: BU-STATH-OMV-PEG (20
ng, 200 uCis iv.) (n=5) , R FIARAR R /N RE — R IEAT I & B 28 /N BRAE T2 BK
R AR A K F) 1000 mm? B o FEIRYTINEE 14 K, TE&/MAYT A P REATIE
ANERIFHEAT 2 IR AE, R MR 2H 2 9F 54T TUNEL (AR i i B B AR i A
M H&E (FRARRG-RLL) JetbBl, o 0 ¢ ) e I 42 el 2 23 (R 45 17
o

3.3.4 FAREYPR TN

FEAR AT IR T R, TR /N A AT . A4k, AEVRIT IS AR
14 K, K% PBS 41. B-STATH-OMV-PEG ZH /)N S I i 3647 ofn 5 A0 A A 4
W, FAEEITIEHE 14 K, UdE PBS 41, B'I-STATH-OMV-PEG 41/ f ) 3=
FH AT H&E Jett, i aidiid 50Ot W Wl gE £ E 28 B AR 15 . .

3.3.5 #HEALIE
1T GraphPad Prism 7 BT 508 A3, B 10 5HE 45 SR DL IME £ b il =

R (n>3) o HE A EE M2 Rl K R 7 Z 017k (One way ANOVA) 3t
AT Hr. *P<<0.05, **P<<0.01, ***P<<0.001,

34 SHRERSIHE
3.4.1 SPECT-CT RRi&RE N
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78 N FH RO A AR I STATH-OMV-PEG 1458 88 iU % 15 VA 7 2 11
AT R R T B kS STATH-OMV-PEG J&, HAEKNKIITA. ATH 121
#71ic i) STATH-OMV-PEG it 17 SPECT/CT Jf% . i i & ik 45 25 i 7 204
I51.STATH-OMV-PEG (4 H/NR 20 pg, 200 uCi) VESFH CT26 s /N R AR,
HAEE G FIAFIRF A 5 (1. 64 18+ 36 A1 50 h) HEAT SPECT/CT % . il
3-1 iz, '2I-STATH-OMV-PEG 7E#fIk45 245 J5 1 18 h 7E e B AR S . B
2, E/NRA AR FARIRAE, R 121-STATH-OMV-PEG fE/4& N H
A RAF U AR e R e 1

Low

Fig 3-1 SPECT/CT images of the mouse with CT26 tumors at various time
points after i.v. injection of '>I-STATH-OMV-PEG
3-1 CT26 iR/ B ik 5 135I-STATH-OMV-PEG Ji5 /S [F I ] £ /) SPECT/CT %

)5, X 12I-STATH-OMV-PEG fEMR N AW 3 AT dEAT T VP4l KT S
24h f5, WEBTEONE. FFAE. BEAE. B SAERRELE N EEEE, RE,
FEAE AN S T s A TR . Al 3-2 Fiow, '2I-STATH-OMV-PEG 7E /it 8 3
A, (HEFMIRAE (RES) RAEMEWEIEH, FFETH —SE4E,
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Fig 3-2 Analysis of the biodistribution of '>’I-STATH-OMV-PEG in the mice after injection of
24 h
3-2 PI-STATH-OMV-PEG 7Ei3:5% 24 h Ja /)y BRAK A IR ZE W90 Afi 73 B

3.4.2 BI-STATH-OMV-PEG BY{K A R ST 8 7
523 STATH-OMV-PEG 7t SPECT/CT % & i A= 0 A i s %, Al

Ak ZEVFAl 131-STATH-OMV-PEG fE B 16T H TR ST RUR 4t CT26 g i
Balb/c /MR BENL 7 WU (BF2 5 R/NRD « Gl XM (PBS) , G2: Jif&
1BI] (200 uCi) , G3: STATH-OMV-PEG (20 pug) , G4: '3'I-STATH-OMV-PEG
(OMV: 20 pg, ': 200 pCi) , Fkd: 524590 5 B b — R0 & g K. o
K 3-3a Froas ., 5 0F B 31 M1 STATH-OMV-PEG ¥& j7 4 M b,

BI-STATH-OMV-PEG & Z ] |/ A <. tk4h, BU-STATH-OMV-PEG
I 33 K T AR /N BRI AR AE I 1] (BT 3-3b)

a b
1200
- G1 100
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- = —= 804 — G1
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Fig 3-3 The progression of tumor size (a) and survival time (b) of mice with different
treatments (n=5)

K 3-3 ANBRAEASFENRTT N IR RN (a) FIAEERSTEL (b)) (n=5)
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N TP A TBOT I RCR, AR T A AT AN R L2, I
{81l H&E A1 TUNEL B 3k T e 40 P iR B 475 R B RN 2R B PR VR YT ISR 14 K,
ATBENLIERE TR 1 H/NREET T B2 240 H&E Al TUNEL 3¢
. £ 3-4a, BU-STATH-OMV-PEG 677 MR U1 4 b ARG K&
TUNEL FHPEDX I, 2 B Jiboeg 4 3 2 i 207 s08 T . H5ukEr, 721K 3-4b
H1, BI-STATH-OMV-PEG 411 H&E 4Lt o | R4 iz i R AR B2k, %
B i JR8 4 i K BB SR B8, 31X 5 TUNEL ) B Yt A4 — . Mk,
BI-STATH-OMV-PEG fEA—M I G N7 A RL, Refg 75 3o gniui o, 3
T S 35 10 1) i 8 4 i P 384

G3 G4

TUNEL

o

HE

Fig 3-4 Microscopic images of H&E and TUNEL staining of tumor tissues from mice in
different treatment cohorts. G1: Control (PBS), G2: Free '3'I (200 uCi), G3: STATH-OMV-PEG
(20 pg of OMVs), and G4: ¥'I-STATH-OMV-PEG (20 pg of OMVs corresponding to 200 uCi of

1317
Kl 3-4 REATT LN R 414 H&E R TUNEL G 855 KR . Gl: i (PBS) ,
G2: J#2 (200 uCi) , G3: STATH-OMV-PEG (20 ug) ,» LK G4: B'I-STATHOMV-PEG
(OMV: 20 pg, B: 200 uCi)

Ak, fEWNBSHEIT I RS, SR /NR AR E AT TR, i 3-5 As,
Ext AL, PI-STATH-OMV-PEG 1897 201/ BRAR B 1% A 0 2 A8 4k, #Em
PEBH 7 BU-STATH-OMV-PEG EL GBI Y2 4k
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Fig 3-5 Body weight of mice after different treatments. G1: Control (PBS), G2: Free '3'T (200
uCi), G3: STATH-OMV-PEG (20 pg), and G4: ¥'1-STATH-OMV-PEG (20 pg, 200 uCi). Error
bars represent mean +SD (n = 5)

3-5 ANEALE RN REAE . Gl: XfH& (PBS) , G2: JFE ' (200 uCi) , G3:
STATH-OMV-PEG (20 ug) , G4: 'I-STATH-OMV-PEG (20 pg, 200 uCi) . #ZE%ER
FHMELSD (n=5)

Beah, N T E— B P-STATH-OMV-PEG KRN A 2 4 . 1EIRTT 56
14 K, % PBS 411 ' I-STATH-OMV-PEG 7677 419/ BRI 32847 1 % JAS: 000 5
MAEACTR L ALSS, Rl 45 3R, 7 PBS 415 PII-STATH-OMV-PEG 64740
Z (8], EEERIE R L S S REFEAR ALT. AST. ALP. UREA %A W &1
Wsh (B 3-6) , AESE BU-STATH-OMV-PEG {E AT HIN &4t

200 1600
1 Control = .S TATH-OMV-PEG = Control = 3.3 TATH-OMV-PEG

12004
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Fig 3-6 Blood parameters of CT26 tumor-bearing mice on day 14 after PBS or
BII.STATH-OMV-PEG treatment. Error bars represent mean = SD (n = 3)
3-6 PBS ¢ P'I-STATH-OMV-PEG ¥fJ7 J5 5 14 KH CT26 /N A MRS K. %
Z %R THHEESD (n=3)

FEWTEHRTT 85, RAIBENLESE 1 PBS 4441 31-STATH-OMV-PEG A
FPLA A — RUNREAT 22 R 58, TR B AR 31T H&E Jefh. 45 R EIR,
L PBS 4iAHLL, B'I-STATH-OMV-PEG V&7 40k IR PRAE. A
R M 522, d3E—BiEse T BI-STATH-OMV-PEG I R iF A 24k . %%
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Control

131.8TATH-OMV
PEG

Fig 3-7 H&E stained sections of the heart, liver, spleen, lung, and kidney of mice after 14 days of
different treatments

K 3-7 ANEALER 14 RN C . BFS B8 ATVE ) H&E et A

3.5 KE/NG

AR BRI B ARV SO PEBURC 19 STATH-OMV-PEG £ N BURHA T FH T
M. 1o, i SPECT/CT BUARIESE T '»I-STATH-OMV-PEG B A K 47 1) M8
¥R W Ae 7). B S, # LT Balb/e /b BRI CT26 far AR AL, PEAL T
BI-STATH-OMV-PEG 7E 1k W B IS S %97 2. &R BoR, #kE 2
BI-STATH-OMV-PEG Ji&, M8 A& B i, s AUl 45 R H 3=
TOE AR T MR A AE T S Ah, AN BRI AR L YR YT I ) e
b DA RVR IT 5 R N B E S B A H&E BB U] S B Ut T
BI-STATH-OMV-PEG 1F Ny —Ff %2 4= B N TBCRG T T AR 7
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HFIOE BI-STATH-OMV-PEG BY{A A 6 5 80 i K% b
B ST R B IaTT
41 3|5

BUEHGETT P LA T ICD, AR BERLAA G % RG R . OMV 1E @ &L
G BT, P LAKE 58 A TEOTT A R R G B S B o A T BVl AR /N BRAE
itk 45 25 S-STATH-OMV-PEG 5 14 A 7 A 1 G 5 57 B8O, DA S A% SRS AE 22 Ff /s
BRI S TP (T R WEFE N DUR s B IR U (R e o et B S LR
ICD A F8hr R IE S B (CRT A1 HSP-70) « 43 H7 far 8 /I R IA 7 5 kB2 45 7R DCs
05N WAL e i S RN 9 1 PO i S VAR N A L TRR VAL B S 7N
# 31-STATH-OMV-PEG % /)N 65 JJ 988 2R BRI BOR o e 9 T IR I SRS AE
G PRIETT 45 M R, BRATESE T IR S i AL, VPl T AR 16T AL 45
Jodie BT R

42 SERFRSILEE
4.2.1 SLLutfHy
FF G Y .11 2% 6 P # CD3-FITC. CD4-APC. CDS8-PE. CD80-APC.

CD86-PE. CD11c-FITC [ T -2 [H eBioscience A . JRET R ZE BT IWH FifF
JRRHNEZI B R AT . 4%% 5B E TIRYIE R E AT o

4.2.2 LIS
AN (faf == MILabs A , HOLIHEREEME (HA OLYMPUS A
H) o, NENTERAGA (3EE Perkinelmer A H])

43 KWH*E
431 HRY R RBRRARE

YRR Balb/e /N (6-8 JEWS) “F¥73 R 4 H, I /NS i e
U 50 uL AL F K2 2x10° 40 CT26 45 g 41 i ¥ PBS, f5 g A K /N 75 mm?,
[F1) - 20 1K) /) B3B8 ik 45 24 1 07 203 VRS 50 pL () BUI-STATH-OMV-PEG #
W (P: 200 uCi, OMV: 20 ug) % B (200 uCi) « STATH-OMV-PEG
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(20 pg) M PBS il 0I7 = RIGASE/N, BUNREC N4, JFtT e
HOKED) Frab 3, B8 CRT, HSP-70 S 5OGHUARK g UK UL Jeth, &
JEAE PO SR AR S A BT L R 4 23 ICD AR B FH RIS DL o

4.3.2 DCs RRERSMHF

FARKUE, #{EM Balb/e /MR (6-8 FEIWE) , TP N4 H. NTENY
bR R, 1A N U B TS 50 pl AL K4 2108 CT26 4R f1f) PBS.
IR AR ANZ) 75 mm?, ks 25 LU T 2549): B11-STATH-OMV-PEG (200 pCi,
OMV 20 ug) « 5 1T (200 uCi) ~ STATH-OMV-PEG (20 pg) 1 PBS. V47
JG =R, BRI SRR A VAR B s, i) R B 4 B B I AR R AR AT e B, B
Je B A BAEAT DCs B A

HAGPER: (1) #E4 FACs IWHRAAHZUHAGES: (2) ¥4 E T 54 PBS
W) EP BB (3) HALS KB (1800 r/min, 5Smin) , ZFR HIGH,
7E EP B IIANAZUELEE, =R FHEM 1h (4 FHBRIEMISIE, KiER
B9 (1800 r/min, 5min) , ZBR BIEW, MA FACs H&, FfJ5E0%6K LG,
HE 3, &M FACs & (5 HMEMSMA CD11c-FITC. CD80-APC.
CD86-PE %5 1 h, & 10 min Bk (6) Jetigfi s f5 250> (1800 r/min, Smin),
2Br BIEW, DO\ FACs Peidill, BEREVEE 3 K, /oM FACs B2 I id i
AT 23 1T

4.3.3 ELISA #0055 % % & F
HU 9697 4N RIS, F ke G AR HE BLISA 571 & it B A I if 375 5 TNF-a.
IFN-y/K-F

4.3.4 RRICICEBATT KL

T VAL PI-STATH-OMV-PEG F=AE ) i /23008, 1 Ja i CT26 R
IR, MR AR FA R /NS 75mmd I, FF CT26 farfid /N RBENL 04 (G1: T+
AR, G2: PI-STATH-OMV-PEG ('3'1:200 uCi, OMV:20 ug) , 415 X, &
i EIRVETT FBOEBR NI, 9T S5 40 R, E/NERE A CT26 it
AN, WIS MR AR KGO BhAh, TEVRITES 40 K, BURFNAITAR)

31



R IBARFWMEFEAILI

AN BROBE T 2H 2, JF A 4 B ik (B FE anti-CD3-FITC . anti-CDS8-PE .
anti-CD62L-PE-cyanine7 Al anti-CD44-APC) o I IF o ) e 028 40 M 3 AT Gt B¢
i 308 3 9 4 AR SN JER P e 2k R S Z T 48 M CTEMD ATebtic4Z T 48 (TCMD
A

4.3.5 R A REEATT K
TATVESL T CT26 JR A7 25 g IR A8, i g A R R e R IA 5 K UL R,
M T 5AE B-STATH-OMV-PEG /15 W8T A RO o X S 45 iz I R A RS /)
R R ST DL R 2590 G1: PBSL G2: %25 19 1311(200 pCi) «G3: STATH-OMV-PEG
(OMV:20 ug) + G4: BI-STATH-OMV-PEG (13'1:200 uCi, OMV:20 ug ) -
e, A VIS /NS EAGACH I EAL Rs 2R, IR0 3%/ BRI A A7 AR
I SHIA] AR S AR A

4.3.6 BRI
i3 GraphPad Prism 7 AT BdE AR, Py (K0 8dE 25 R 2 LTS 4H £ et 2=

Fon (n>3) o B¥E A B2 RIE I A N R 5 20 ik (One way ANOVA)
AT T * P<<0.05, **P<<0.01, ***P<<0.001, **** P<0.0001.

44 HFER5VHL
4.4.1 BT S PR S 5 R TE T 5 B B RIK ST
AT PRAE IROT 2 S5 MR ICD M HRFR I IA B (CRT, HSP-70) , i

bk es 21077 W4 CT26 i/ IESS BLU R 25%) G1: PBS. G2: Free 1 (200
uCi) . G3: STATH-OMV-PEG (20 pg) « G4: B'I-STATH-OMV-PEG (3'I: 200
uCi, OMV:20 pg) , ¥AJ7 = RJGAEFEN I NI, FFEAT S KR Y
Wo3E, BEJS R CRT, HSP-70 S5 GHi s g vk U v Gett, a0
LR A B ZE R 41431 CRT 5 HSP-70 IRA ML, W 4-1 Fiows, W
BRI A RoR HED ) CRT 5 HSP-70 (55 (55405 %) , XEH
TR B B AS B 1) B g S AL TGV R ICD . (EAFE IR, By
OMYV ] LL5 3 ICD AT 30 HH 855 1) 0% 5406« 5 » 1*'I-STATH-OMV-PEG
AEFEZH ) CRT 5 HSP-70 Rk, XAl g2 HT OMV 5 RIT M EAEH S8
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Figure 4-1 Immunofluorescent staining of HSP70 (a) and calreticulin (CRT) (¢)in CT26 tumors at
3 day post treatment. Immunofluorescence quantitative statistics of HSP70 (b) and calreticulin
(CRT) (d)

Kl 4-1 CT26 MR AEIRIT Ja 3 RE) HSP70 ()45 HEH (CRT) ()M g5ttt . HSP70
O)AEERE H (CRT) (AR5 5% 6 E RE S

4.4.2 HWELERIKZEAE (DCs) ALER

WEIOIRGHNL (DCs) £ JA B AT 5 G2 e B HH 1) B 2 FH R T e AT T R s
W BJE, BATEA TARNGTT A/ Rtk 45 it DCs BURES . BRI
B R RG, WM /N BRI LS, s o R e H AT B
i, BmEid AR AT . W 4-2 Fos, SEXTRZE. s B BLK
STATH-OMV-PEG /7 #itL, BU-STATH-OMV-PEG 577 i DCs FI IR &
L. PI-STATH-OMV-PEG HH 8 [ g 7 L35 (22 1 e A IR i B 9 155
FHRZEEVEAMIET . RIS, OMV ¥ e i URR MEAE WOE S R G R IE Tk
BEVER . X FEGE A BT DCs B IETEE Bad,  ATTT Dame ie G 5

o

=T o
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Figure 4-2 Representative flow cytometry plots of DCs maturation in tumor-adjacent lymph nodes
after 3 days of varied treatments

K 4-2 ANRIALEE 3 K Ji v Jeg <R3 ik EL 45 v DCs e A ARR PR AU AH I A K]

443 MBEREERFIH
PR IAFE A Fro (TNF-a) BB BEERAG MR i mtE. TRy

(IFN-y)  JUIR] A5 3 ot 24 e o) 1 0P B 28 7 = o) Je e 4 M ) AR . 8
T TNF-ofl IFN-y7EST R G g8 SN H B EAE T, PR GEAS [R1 6 97 24 ) A o 4
MR T oK AT o b . BRI &, AERITIE-EOR, JRATTE FHHR BRI /N B 5
EREC A, Ry B i, i ELISA 70 & kA I % o TNF-affl IFN-y
(7K o (A R )42, TNF-ofll IFN-y P Bl 4 K] -1- 24 7€ 3'1-STATH-OMV-PEG
BT KT (B 4-32,4-3b) o L, I-STATH-OMV-PEG A B N—Fh
FuE SR, A ShIEROK R RIT A5 P0Gl 2
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Figure 4-3 The anti-tumor cytokines TNF-a (a)and IFN-y (b) levels were measured in mice serum
on day 7 after different treatments
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Figure 4-5 (a) Characteristic flow cytometry illustrations and corresponding quantitative
data(b) of effector memory T cells (TEM) in the spleen, assessed on day 40, just prior to the

secondary tumor challenge in mice (n = 3)
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Figure 4-6 Data showing the tumor development in mice during secondary tumor trials, 40 days
after initial tumor clearance by '3'I-STATH-OMV-PEG
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Figure 4-7 Bioluminescence in vivo imaging for monitoring the progression of CT26-Luc
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Figure 4-8 (a)Survival rate of in situ colon cancer mice after treatment. (b) Weight changes in
mice with in situ colon cancer after treatment
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