254Kk  Acta Pharmaceutica Sinica 2026, 61(3): 887-895 - 887 -

B B AN F-SFLATEE R G R H AT YR
TN

FOER A KD KRBV EZRC IHAC K OB K OB

(1. 50T AR W8 25 G E 90 B, Wi 1M 324002; 2. 5 B2 22050, & B Ak 2 205 20 B A s %8
REWHF LA EE LK E, g 201203)

HE: F/%-15 (interleukin-15, TL-15) $# CD8" T ik L4 A3 5, BG4 83 0E TR A0 212 R B CDS T4
FEL AR 0 4 M 55, 72 IR S Ve T R B T K R BT R TL-1S 0 SR I M A R T AR 1) e R RS S AR
SHUHI, 7 E S 5 IL-15 a 3244k (IL-15 receptor alpha, IL-15Ra) &5 & & & &K IL-15/IL-15Ra J5, T35 #0840 1) TL-15
Bly 324k (IL-15 receptor beta/gamma, IL-15RA/y) &5-& KIELZJERAE o B IL-15 (rIL-15) 09I PR S FH T 15 2 50 0
WU E & IL-15Ra I 284 R Btk . A, Tl o e i 1 S A4t 2 55 rIL- 15 BBy T 2. A At IRk
5 NS 2 1 (human serum albumin, HSA) 5 IL-15Ra [f] sushi 45 #J45% (IL-15Ra-sushi) 4% ) IL-15Ra-sushi-HSA
G 8 E (rILR-HSA). I i fh & 8 B 3 HSA 5963457 4+ BPBBT 6K 45 &, F 8 id IL-15Ra-sushi 55 rIL-15 (1)
B G A, RSB T — PSS E 2 i % R 4 rILR-HSA/BPBBT/IL-15 49K ki . 5375 rIL-15 A bL, %08 3%
RABIEK IL-15 MIEF WA 2.6 % . RN, rILR-HSA/BPBBT/AIL-15 KB4 /N SR AT CT26-Luc J5 07 45 7 i &
8, SR FIR 2040 IR R R TR S I R e S R R o ASHIE SECR FH il A B 1 B A R4 3% o TL-15 Rk R Y
T2 SR, B T IL-15 (K92 AT R0 IR e I S s VR T SR TR g o BhA s IR 3RS A FUR 2R 2 S B S AR B
PG B2 2> L HE (1629 5 2018-09-YJ-LW-01).
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Abstract: Interleukin-15 (IL-15) stimulates the proliferation of CD8" T lymphocytes and activates cytotoxic T
lymphocytes, memory CD8" T cells, and natural killer cells, demonstrating broad application prospects in cancer
immunotherapy. The activation of effector cells by IL-15 relies on a unique trans-presentation signaling mechanism.
This process involves the initial binding of IL-15 to IL-15 receptor alpha (IL-15Ra) to form the IL-15/IL-15Ra
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complex, followed by binding of this complex to the IL-15 receptor beta/gamma (IL-15Rf/y) on target cells, thus
exerting its pharmacological effects. The clinical application of recombinant interleukin-15 (rIL-15) faces
challenges including its short half-life time and limited availability of endogenous IL-15 receptor alpha (IL-15Ra).
Additionally, the immunosuppressive tumor microenvironment impairs its anti-tumor efficacy. In this study, a
recombinant IL-15Ra -sushi-HSA fusion protein (rILR-HSA) is designed and expressed, which comprises the
IL-15Ra sushi domain fused to human serum albumin (HSA). The co-hitchhiking drug delivery system, rILR-HSA/
BPBBT/rIL-15 nanoparticles, prepared by the hydrophobic binding between the HSA component and the
photothermal agent molecule BPBBT, followed by the high-affinity binding between IL-15Ra-sushi and rIL-15.
Compared with free rIL-15, rILR-HSA/BPBBT/rIL-15 nanoparticles extend the serum half-life time of rIL-15 by
2.6-fold. Simultaneously, the tumor accumulation of rILR-HSA/BPBBT/rIL-15 nanoparticles in the orthotopic
CT26-Luc colon cancer-bearing mice facilitates intraoperative near-infrared window-II fluorescence image-guided
photothermal immunotherapy. The co-hitchhiking drug delivery strategy employs a fusion protein carrier to co-
deliver rIL-15 and photothermal agent, providing an approach for safe and effective IL-15-based photothermal
immunotherapy of tumor. Animal experiments were conducted with the approval of the Institutional Animal Care
and Use Committee of the School of Pharmacy, Fudan University (ethics number: 2018-09-YJ-LW-01).
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14> %-15 (interleukin-15, IL-15) /& —Ff 7 T i &
N 14~15 kDa AR ¥, J& T /> %-2 (interleukin-2,
IL-2) K. IL-15 5 IL-2 ThREAHBL, 7T 43 CD8' T ik
E 24 6 384 B, 5 5 VO A Y B 1 T 9k 2 4 PR O 4 R I
127 CD8" T 41 f e 2L, [l (2 0 E AR R A 40 s i 5
iGN, HE L2 AR, IL-15 BEA 2l S0 T 2 4k
BN T THMRIEE ST, BASEH T
A S 5 Dh e R 45 P TAIHE (regulatory T cells,
Tregs)™ o X Ml JHURE A G I8 8 715 45 MR A TL-15 75 R
REVRIT H BA R B R 5.

IL-15 52t 3N HEZH A, A4S IL-15 o 5244 (IL-15
receptor alpha, IL-15Ra)+ IL-15 f 3% & (IL-15 receptor
beta, IL-15RB) 1 IL-15 y %2 44 (IL-15 receptor gamma,
IL-15Ry). IL-15 ff) 24 B 2% 4 A 3 i ad e X 2 i L
SEH, B TL-15 5540 S DR 20 A B0 A2 4 o S5 400 B 3R T 1) v
2% 77 IL-15Ra 45 & J5 T 52 A & (IL-15/IL-15Ra),
T 5 AR S0 i A 1 IL-15R By B &k S5 &, bR T
TS 5 15 3 IR P2 A AR S RN Rk, BB 4H TL-15
(recombinant TL-15, rTL-15) Il PR B2 TH] 11 1075 2 3%
WA AL B TL-15Ro B AL BBk R

FE PR TR 3 AR FH 50 IR rTL- 15 A AR 92 Fi L30T,
AL FE R rIL-15 FEAT 5& il AL B AL 228 1 DAL K 3
L 3 s 5 LI AL 22 rIL-15/1L-15R o 8 rIL-15/
IL-15Ra-sushi & &9 A3 i A5 e PE 5 25 2 v ¢, DL
ST R IR i PR B e I R i 2 LASR TR A P e AR,
ER rIL-15 58— 7 ik n] DU g, (E g o6 % 8 i
(1 R A= Al LA DL S 58 42 R At sl sl e L2720, g
FARIE, K rIL-15 56#IHIT (photothermal therapy, PTT)
SEETE R G RS T V2 AR T IR R T s R

YK IE RS (W RAR R R SE) BeE A A
NGy T G BT 1 VS A N AR 0 A s e Ak L AR O
MR R R R R ThREL BT 9K IE % R
Gun] S % 25 L3, N IR IR T IR 2 ThiRe th )
HITEEN . HHEAARIE T — R ET DUSE e R
I BTG T A, SR T SR 4 K rIL-15 I 57 20 #i)
(IR-780) [ 15| Wik fiéz 2,3 -0 hn 48 k4 ol 771, W7 LK rIL-15
T IR-780 32 325 Z2 i e S0 A6, 4 B R0 e oo R it
SR, &7 & T2 8 A%, B R EE 6 2 rIL-15 B
I T A 2 e TR AR

KA FAY R T — OB HE B rIL-15 FHBE /K kT 40 4k
X (near-infrared window-II, NIR-II) Y # 7] 4, 8- X}
(4-(N,N- L (4~ 51 0 B ik O 5 ) B ) R ) 2R (1, 2-¢:
4,5-c")bis([1,2,5] € — M) (BPBBT) [ 2543 i% R 4
F T I 6 A 8 16 97 - Hodb, BPBBT aff B ¢ 6 il
GRS ALE RE, SR LIS (185 (1 (human serum
albumin, HSA) 52 45 & 5, T SEELA H e 53 14 8 1 ik
INJRE Kk F F 5 R e R T s A S AR R T
FEH R % 1F Jf 323X HSA 5 IL-15Ra-sushi 3% £ 1] IL-
15Ra-sushi-HSA fill & 2 A (rILR-HSA) 1E k. %
fih & 4 [ o HSA it 5 BPBBT Bi /K 45 & H 20 25 1 i 4h
KL (NPs), Bl rILR-HSA/BPBBT NPs, it — 5 Fi| F IL-
15Ra-sushi 5 IL-15 /&5 32 A1 348 4% rIL-15, i £ XS %
2 Wi % & 4, B rILR-HSA/BPBBT/rIL-15 NPs. i%
WP ARG AE K T rIL-15 M W, B 7
0 BPBBT 4 fift 14, 38 n il o 160 & 48, S8R
NIR-11 % 515 48 3 I M A iR 9T« AR L%
THI 23835 R G0k F A B A 38R 3 1% fIL-15 AN
FE AT, A2 PR 2 WA ) [ A PN 33k 75 0K, SR B
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S AT R IR B VR ST IR L TR SR

mRIE %
A5 BPBBT. 2% % & 41 £ Al A U5 rIL-

150772 i S L BR R A T G TRAR R A HIR) HH i =
il % 5 e R ¥ Pk GS115. i FL pPICOK-AH Al
pPICOK-rILR-Fc Hi 52 45 % ff 47 ; A UF rIL-15-wt. Anti-
IL-15-Pab (10360-HO7E. 10360-T16, 4t 5% S5 4 4N &}
BB AR AT PR 7)), BR i1 N VT8 Sac I-HF (R3156V, 3
New England Biolabs 2 w]); = & 3 5 4 B 55 2R
N (PCR) fiff (KOD-401, i R £ VIR B R 2
), Jog% v BT & (C5891, db i i LR MM H A
A PR 2> 7@1); Diamond MMC JZ #1 A [EI315351, 18 4% [%
() AW H R A R 2 A]; Anti-HSA . Anti-his tag
(16475-1-AP.66005-1-Ig, 3£ [ Proteintech A &); 1,1"-X{
+ )\ e k-3,3,37,3"-PU F k5| Wk — ik 5 SRR £ (DiD)
b2 K & AR 7 (MB6190-1.MAO0186-T, Ki%EZE 4
WA A BR 2> 7]); Anti-mouse IgG- B AR i & 1L )
(horseradish peroxidase, HRP). Anti-rabbit IgG-HRP
(33201ES60- 34850ES60, & £ A=W R L ilgH R 2
#]); Anti-IL-15-mab  F 4H Jitd — 5 1 41 A 4 7% 4 3 8 1
(GM-CSF) (MA5-23729. 300-03, 3 [E Thermo Fisher
Scientific 2> #]); /K ¥ P4 UM 2L -1 (water-soluble tetrazo-
lium salt-1, WST-1). U F & BL R 1% (3,37,5,5'-tetrameth-
ylbenzidine, TMB) & &3 (C0035.P0209, [ifF3H =K
EVHARERAF).

YHREANENY 45 B A AR (CT26-Luc) T
Imanis Life Sciences 2 7 ; /N f M iR BR £F 4E 40 i #%
(NIH-3T3) T 36 [ B 5 2 A7 i, NE i
I A FL ik (M-07e) 1T P v 8 A dn BHECA IR A
Fl. f# ) BALB/c /N A1 C57BL/6 /N R T _EifF R
AR A IR A, VFATHIES : SCXK (F7) 2018-0003,
TSR 55 BK 5 24 5 B 3l ) 2 56 o 0 TR R s S5 A4 2
SEIENYIG . BRI 4 E BOK R B S R B e
HZ RS AL (RS 5 2018-09-YI-LW-01).

B8 BER RS R % PCRAX . 3 B HLIKAX (Bio-
Rad Chem Doc MP. Bio-Rad C1000 Touch+ Mini-PRO-
TEAN, 3£ [E Bio-Rad A 7)); £ Uj e #r X (Synergy 2,
% [H BioTek A wl); WO KL EEAX (Zetasizer Nano ZS90,
35 [E Malvern 4 7); 3& 4 7 R BE (HT7800, H A H
SEA D), WO AR VOB T 4T (808 nm. TS35+LP100,
KEH G E ARG R AR, KIE s 5 (1 000 nm,
2% [# Thorlabs A &]); #HHL (InGaAs, 782 K &6 R
HIRA ), A=) WA-iT 2455 e FE 1T (Lambda
365, F [ PerkinElmer A ).

BRI pPICIK-rILR-HSA B3 LUK pPICIK -
AH AR, S 519 HSA-F F1 HSA-R, i#id PCR 41
LK F B HSA (NM_000 477.7).  LASZ I == {5 75 1) J5
KL pPICOK-rILR-Fe Jy AR, SR ] PCR £ AR 471 3 Al
Jr BEIL-15R-sushi (5147: ILR-F fTILR-R). 3|45 %1 W,
#1, HEEET AR, RAESLEMPCRK HIAKER
F BUPH N HSA-IL-15R-sushi J& , 1| F [ Y 5 20 8 571
£ HSA-IL-15R-sushi /i BORE A& P %, Bt J5 5 A\ DHSa
T2 S AL, BEAT O 0% %, SRR T A IR A 0 BTRL
pPIC9K-rILR-HSA

Table 1 The sequence of primer. HSA-F: Human serum albumin-
forward; HSA-R: Human serum albumin-reverse; ILR-F: Inter-
leukin-15 receptor alpha-sushi-forward; ILR-R: Interleukin-15

receptor alpha-sushi-reverse

Primer Sequence (5'-3")

HSA-F TCTGATGCACACAAGAGTGAGGTTGCTCATCGGTT
CCGAGG

HSA-R AGGGTAAAAAACTTGTTGCTGCAAGTCAAGCTGC
CTTAGCTTACATCACCATCACCACCATTGTTAAGGC
CGCGAATTAATTCGCCTTA

ILR-F  AAAAGAGAGGCTGAAGCTTACGTAGATCACGTGC
CCTCCCCCCATGTC

ILR-R AAAAGAGAGGCTGAAGCTTACGTAGATCACGTGC
CCTCCCCCCATGTC

rILR-HSA BYFRIA R 4ifk  F) R &)1 A U1 g
Sac I-HF %} J5i #i pPICOK-rILR-HS A 347 i 1) £k ¥4 4k 4b
B, B 5 5 ON PRI B TR PR GS115 AT m LT
J i RN LB (1 SRk . IR BRI BB, 8
i Diamond MMC JZ #r #1: %) 8 41 & (1 iF 47 41k, W e
A HEMEARGERR . Yol Z 100 kDa HJEE K
g5, WL £k 2% ph ER VAW (PBS) WEiX B R RAE.
ot 7 T 0 — 5 TR 0 T i g s LK (SDS-PAGE) AR
5 E[13ZF (Western blot) X 44k, 5 1) 25 FH %5 52 -

rILR-HSA 5rIL-15 0B E 8 o4 K Anti-IL-
15-Mab (0.5 pg-mL", £ 4L 100 puL) I BEFFRIT, 4 °CHL
Wt B, VRIS, N 1% I 8 (A AT 37 °C 1A
2ho PSS IAAFIR R IL-15 (0.5 pg-mL", 100 L)
5 H 2 he BESEIMARIEE A (0.5 pg'mL™, 100 pL) 5%
H 2 ho VEESEIAKMPLA (Anti-HSA-Pab, 1:7 000)
WEE 2 he VEEREMABGARHIIE (Anti-rabbit [gG-HRP,
1:8 000). FEiJEHMA 100 uL TMB 5L )4, 37 °CHE &
A, IO 2 mol L B R W £¢ 11 (50 pL), M3E 450 nm
AL TRIRSCE (Ays,) 1H -

rILR-HSA/BPBBT/rIL-15 NPs #1 rILR-HSA/
BPBBT NPsali#l# % BPBBT (0.14 umol) i1 100 pL
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A, K BE R L A 1016 (HSATILR-HSA) 1
T (0.046 7 pmol) i 42 900 uL. K AR A,
P RN 7 S R T PR TR A MLV R, PR 3 K
(100 kDa i3 € %) 4% rILR-HSA/BPBBT NPs. 2 J&fil
N TIL-15 73 (0.000 33 pmol) 7E 37 °CH¥ & 30 min, ¥
%5 75 3 rILR-HSA/BPBBT/rIL-15 NPs. % 0t ki
FEEASCI B g KRR A%, I % G L 7 B AU X fILR-
HSA/BPBBT/rIL-15 NPs #E47 JE 28 #AE .

rILR-HSA/BPBBT/rIL-15 NPs (L3R 4
K ¥k % 1 rILR-HSA/BPBBT/rIL-15 NPs & T 100 kDa
AR O, IR BER . iF S BPBBT & EEE £
I B T A 4SO S DE VAR 780 nim Ak f WY B Bl E .
i 6 A 28 WY B 923 (enzyme-linked immunosorbent assay,
ELISA) K61 95 % v o7 B9 ) rIL- 15 ¥ £, Anti-IL-15-Mab
(0.5 pg-mL™") GHEEE RS, INASF DUFE AR, 5 35 5 1k
PSR (Anti-IL-15-Pab, 1:7 000) Al i b5 4t
& (Anti-rabbit IgG-HRP, 1:8 000). J1A 100 uL TMB
K, 37 °CHE H W, I 2 mol- L i R ¥ il ¢
1E (50 pL), Wl 5E A, 1A -

MARIESESEIE  UCEE M-07e 41, 1A GM-
CSF [1) RPMI-1640 $% 77 5= 5 B P i 5 IR, 50 22 96 fL
B (CREFL 1x10%N)0 K BEZR BE D 101 ) 1IL-15 B rIL-15-
wt 5 rILR-HSA R4, BT 37 °CHi 74657 & 30 min.
BN AN RV 2 ) rTL-15 ) rILR-HS A/rIL-15-wt rILR-
HSA/rIL-15 8 rILR-HSA/BPBBT/rIL-15 NPs, 3% 72 h
Je, N WST-1 ¥ (5L 10 pL), k825597 4 h, fHH
Z I REREAR I E A 5 15

NN FE S R E KIS (ILR-HSA/BPBBT/
rIL-15 NPs (rIL-15 77 & 4 0.3 mg-kg") & C57BL/6 /)
o AL TE] 554 5.10.20.30.60.90. 120 180240,
300 #1360 min. H44= 1% T 4 °Cid A, 3 000 rrmin” &
10 min 73 5 MLIE o 2 B 1) 77) €0 35 200 b ik ELISA
55, R LS P eIL-15 9 . 8 PKSolver EF 43 4T
Ak =R 2R B )15 S50, A FE 2 (elimina-
tion half-life time, 7,,) — B %5 24 i fili 2 5 [ A (area
under the moment curve, AUMC). Zj i g 28 N TR (area
under the concentration-time curve, AUC, , )~ & M 7 fii
2 (steady state volume of distribution, V)~ V3 ¥
f5f 8] (mean residence time, MRT) F1JE Bk % (clearance,
CL).

NIR-I 5% S 7E R B 45 3h 7S 5 BPBBT 7£ Fp i 4
DD S SCEREE T CT26-Luc B2 F iR,
JE #5 Jk 7E S rILR-HSA/BPBBT/rIL-15 NPs (V4 7 &
8 mg-kg"' BPBBT + 0.3 mg-kg"' rIL-15), F 7~ R i 8] A5,
/N2 S ST R 5, W iR 32 BPBBT 126 615

T AR R B InGaAs AL ZH B IR NIR-11 %€ %
A% G 808 nm PG (100 mW-em™) A, i Rg 34
R 562 UK E B 4 AT 1 000 nm K38 B 6 B £
Ja, HAENLUEE . KB4 Image T AL PR, 51715
PR .

AH NIR-II KKK G S OB & 37 CT26-
Luc AL A AL, R4 70 5 56 3 R, 2 & ki 4 rILR-
HSA/BPBBT/rIL-15 NPs (734477l &: 8 mg-kg"' BPBBT +
0.3 mg-kg' rIL-15), 24 h 5, ¥4 4b T BREFARZS 19/ B
BInH L #5E, RENIR-IT KL

BB RGBT HE 57 CT26-Luc JR AR A7 (1)
53K, KN RBENL N 4 HHAT 25T TR )T . PBS
HF % 3.6.9.12 KiE 5 PBS; rILR-HSA/BPBBT/1IL-
15 NPs 21 F 55 3 K33 4} rILR-HSA/BPBBT/rIL-15 NPs
(8 mg'kg' BPBBT + 0.3 mg-kg" rIL-15), £ 6,912 KiE
F rILR-HSA/rIL-15 (0.3 mg-kg" rIL-15); rILR-HSA/
BPBBT NPs + PTT 4.+ %8 3 K i+ i rILR-HSA/BPBBT
NPs (8 mg-kg' BPBBT), 24 h J5 i#: 47 PTT 4t #; rILR-
HSA/BPBBT/tIL-15 NPs + PTT 41 F %5 3 KV 4 rILR-
HSA/BPBBT/rIL-15 NPs (8 mg-kg" BPBBT + 0.3 mg kg’
rIL-15), 24 h j5 3647 PTT &b 2, 3 T 28 6.9 12 KiE 4
rILR-HSA/IL-15 (0.3 mg-kg" rIL-15). PTT AbFEF, FR
fie /N B 3% 2 B M, JE LR NIR-TT % 6 S AR 5 98 14
H VB PEE 35 IR, WOt (3.7 Weem™) B G 4EHE IR
AL 51 °CCHRFSE 100 s, LURA £ M Rg 20 23452 52 J2 % (1) #4
B ARRGE,

it ¥ 7535 ¥ H GraphPad Prism 8 #1441t
oAl LTI £ bRl 2 (£5) M RER. Git#
7 A AR K 5% A A7 B i 42 1 4 v 2 22 i
S BRRAG I . 24 P < 0.05 B, WA BT B S A 28 T 1 %
WEAREEER.

&
1 rILR-HSA B33 . FRIERFRIE

i RE pPICOK-rILR-HSA (B 1A) 14k )E, S A
EEJREEREEL R4, 016 159 21 5 3R A rILR-HS A FR Bk
MMC % #2 2 HTHE R R B35 77 E I8 W A4k )5 3545 R
4% A rILR-HSA. SDS-PAGE (& 1B) 1 Western blot
(B10) s RIEL H M E A s FiE 580 T
JF & (77 kDa) $23 .

fill 5 2 [ rILR-HSA 5 rIL-15 fi# 2 % % (dissocia-
tion constant, K,)) 24 0.333 nmol-L" (95% CI: 0.196~
0.564 nmol-L™") (K ID.E). X —4£5 R 5/E& i ikiE
() kA N % BR B 1 Fe 45 #3001 IL-15Ra & [ (rIL-
15Ra-Fe) *F rIL-15 [f155% A1 3 #1484 (0.115 nmol-L™)!7,



2 P LA B AREEE AN 15 MR GHIE % R G IR TR IT SCR IS T - 891 -
A ILR-HSA B M 025 05 g C 025 05 g
______Labsa. T
HSA
70 kDa —
pPICOK
M: Protein molecular Anti-his tag
weight markers
D Anti-rabbit [gG-HRP  E 3 HILR-HSA F 025 HLR-HSA/IL-15-wt
5 2
S Anti-HSA 2 8
Fusion protein < < 020
1
0+ - - y 0.15 4 T . T : : !
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Concentration of rIL-15 /ng:mL™!
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Figure 1 Characterization of the recombinant fusion protein. A: Scheme of the secretive expression vector (HSA: Human serum albumin;
IL-15Ra -sushi: Interleukin-15 receptor alpha-sushi; ILR-HSA: IL-15Ra -sushi-HSA); B, C: Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (B) and Western blot (C) analysis of recombinant IL-15Ra-sushi-HSA fusion protein (rILR-HSA) purified from the Pichia

pastoris GS115 strains, respectively; D: Schematic illustration of the binding affinity analysis by enzyme-linked immunosorbent assay
(ELISA); E: The binding of recombinant interleukin-15 (rIL-15) to rILR-HSA was determined by ELISA; F: The bioactivity of rILR-HSA

detected by cell proliferation assay. 4,,,: Absorbance reading at 450 nm; rIL-15-wt: The recombinant wild type interleukin-15. n = 3, x£s

F W rILR-HSA 5 rIL-15 E3E M 1454

7EM-07e N B4 A 4, #5007 rILR-HSA
S B A B IL-15 (eIL-15-wt) 25 B8 IR TS 3 41 2%
) & 4 W) rILR-HSA/rIL-15-wt 175 5 41 it 48 5 1) 2% 7
A H0H 0K (median effective concentration, EC,,)
4156 nmol-L™" (95% CI: 1.04~2.34 nmol-L"), /& i il
ZH T B 4% 38 (9 rIL-15-wt (EC,, = 3.26 nmol-L™")"" [
0.5 1%, U6 W rILR-HSA/rIL-15-wt A DL i iz 20 5 38 11
77 2R M-07e 4 H 38 5E (B 1F).
2 rILR-HSA/BPBBT/rIL-15 NPs 89 & 5 3R AE

BPBBT 5 rILR-HSA H 24T s KL 5, #E—
T ok 37 A FIC A4 7R AH ELAE FH 0 4% # rIL-15 J% J rILR-
HSA/BPBBT/IL-15 NPs (/& 2A). rILR-HSA/BPBBT/
rIL-15 NPs [ KL 4% A 108.7 + 4.2 nm (& 2B), zeta FL {7
HN-18.4 + 1.1 mV, H: BPBBT M rIL-15 160, 3 243 51
N (77.4% + 3.8)%A1 (98.2 + 0.2)%.

AW A T 45 SR R fILR-HSA/BPBBT/rIL-15
NPs ] EC,, 5 rILR-HSA/rIL-15 [f] EC,, #:3L, 4 %l N
1.797 nmol-L" (95% CI: 1.604~2.014 nmol-L") Fl
0.670 nmol-L" (95% CI: 0.570~0.788 nmol-L™"), i}
TEXUFE #2305 R R 1) 2 R R BE T rIL-15 1
AW iEYE (E2C). 1 2DE Fros, $ & A [FI B
BPBBT f#JrILR-HSA/BPBBT NPs flrILR-HSA/BPBBT/
rIL-15 NPs 5 NIH-3T3 40 fg % &, 7E BPBBT 19K [ ik
100 pg-mL™" i, ByFe |5 o B FEEH, R R

WAz et
3 rILR-HSA/BPBBT/rIL-15 NPs (0255 HF 5

/N LR i ik E 5 rILR-HSA/BPBBT/rIL-15 NPs i,
WE T AR ] SLE T 259 & &, IFRHAER =
B A 1 25 9 B2 it 215 3] 2 3 2 2 4 (R 3.3 2).
/£ rILR-HSA/BPBBT/IL-15 NPs 41 7, rIL-15 [{] ¢, Al
AUC, /3 51°552.62 min 189 600 ng'-mL"-min. AH#T
AT A R IR 957 28 rIL-15 14 ¢, , (20.24 £ 1.170 min)
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Figure 2 Preparation and characterization of the co-hitchhiking drug delivery system. A: The schematic of the preparation of the co-
hitchhiking drug delivery system. rILR-HSA by fusing the IL-15Ra-sushi domain with HSA, assembles with the hydrophobic near-infrared-
1T (NIR-II) photothermal molecules (BPBBT) to form rILR-HSA/BPBBT nanoparticles (NPs), followed by loading rIL-15 onto these NPs to
formulate rILR-HSA/BPBBT/rIL-15 NPs; B: Size distribution and transmission electron micrograph of rILR-HSA/BPBBT/rIL-15 NPs;
C: The bioactivity of rILR-HSA/rIL-15 and rILR-HSA/BPBBT/tIL-15 NPs detected by cell proliferation assays, respectively (n = 3, x % s);
D, E: Cell viability of CT26-Luc cells incubated with either rILR-HSA/BPBBT NPs (D) or rILR-HSA/BPBBT/rIL-15 NPs (E) for 2 h,

followed by fresh medium replacement and incubation for another 24 h for 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide

(MTT) assay. n=3,x+s
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Figure 3 Serum levels of rIL-15 were assessed by ELISA following
i.v. administration of rILR-HSA/BPBBT/rIL-15 NPs (0.3 mg-kg

of rIL-15) into mice. n =3, x+ s

Table 2 Pharmacokinetic parameters of rIL-15 after i.v. adminis-
tration of rILR-HSA/BPBBT/rIL-15 NPs (0.3 mg-kg"' of rIL-15)
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moment curve; MRT: Mean residence time; CL: Clearance; V_:
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Figure 4 Intraoperative NIR-II fluorescence imaging of colorectal cancer. A, B: In vivo NIR-II fluorescence imaging (A) and quantitative
fluorescence analysis (B) of tumor regions in mice bearing s.c. CT26-Luc tumor at various time points post i.v. administration of rILR-HSA/
BPBBT/rIL-15 NPs (8 mg-kg" of BPBBT and 0.3 mg-kg™ rIL-15) (Red circle, the NIR-II imaging area, n = 3, x £ 5); C: Intraoperative NIR-
II fluorescence imaging of tumor sites was performed in orthotopic colon carcinoma-bearing mice at 24 hours post i.v. administration of
rILR-HSA/BPBBT/(IL-15 NPs (8 mg-kg"' of BPBBT and 0.3 mg-kg"' rIL-15). DiD-CT26-Luc: CT26-Luc tumor cells were labeled with

1,1'-dioctadecyl-3,3,3’,3'-tetramethylindodicarbocyanine, 4-chlorobenzenesulfonate salt; Green arrow: The tumor region
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Figure 5 In vivo photothermal effect. A: Infrared thermal images of the orthotopic colon carcinoma-bearing mice after intraoperative NIR-
II fluorescence imaging guided tumor localization and photothermal therapy (PTT) at 24 h post i.v. administration of rILR-HSA/BPBBT/rIL-
15 NPs (8 mg-kg"' BPBBT, 0.3 mg-kg"' rIL-15), with tumor site irradiation using an 808 nm laser (3.7 W-cm™) (White arrows: The tumor

region); B: The plots of temperature over time at the irradiated tumor site
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Figure 6 The therapeutic effect of rILR-HSA/BPBBT/rIL-15 NPs on mice bearing orthotopic CT26-Luc tumor. A: The therapeutic
regimen included the phosphate buffered saline (PBS) group, the rITLR-HSA/BPBBT/IL-15 NPs group (8 mg-kg' BPBBT, 0.3 mg-kg'
tIL-15), the rILR-HSA/BPBBT NPs + PTT group (8 mg-kg" of BPBBT), and the rILR-HSA/BPBBT/rIL-15 NPs + PTT group (8 mg-kg"
BPBBT, 0.3 mg-kg"' rIL-15); B, C: Bioluminescence images (B) and Kaplan-Meier survival plots (C) of the CT26-Luc-bearing mice after

different treatment. Significance was determined by log-rank (Mantel-Cox) test. n =6, x 5. "P < 0.01, P < 0.001 vs the PBS group; P <
0.01 vs the rILR-HSA/BPBBT/fIL-15 NPs group; ““P < 0.01 vs the rILR-HSA/BPBBT NPs + PTT group; D: Body weight changes of the

CT26-Luc-bearing mice after different treatment. n =6, x £ s
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