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Abstract: The emerging nano-black phosphorus materials have created a new platform for biomedical
research. Nano-black phosphorus has the following advantages: black phosphorus can produce singlet oxygen under
near-infrared light irradiation, so it can be used as a photosensitizer for photodynamic therapy;black phosphorus
has extensive light absorption in the long wavelength region, and this near-infrared photothermal property can be
used in photothermal therapy. The high specific surface area and unique fold structure of the black phosphorus
nanosheet make it have very high drug loading.This paper mainly reviews the applications of black phosphorus in
biological imaging, photothermal therapy, photodynamic therapy, and as a drug carrier in recent years. Based on
the photoelectric properties of black phosphorus nanomaterials combined with intelligent drug delivery platform,
the synergistic effects of light/heat/chemistry, light/chemistry/gene, and light/chemistry/immunity can be produced,

which has a broad application prospect.
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(lactic-co-glycolic) acid, PLGA] & i Y] BPQDs HJ ) #
0 2005 A 28.4%, BP 7E I F LB 1 [R] I 34 2y FL 9
R IR S T T RE .

b 41, Shao %514 A ] B ik 74 3 B9 7% 1 % BPQDs,
[ BF FH PLGA & 1 Sk 4 iy FEAE 7K v 1) A2 7 1 A 43
PE, W 1lafrn. B 1b.c 25l v/ RF 4 BPQDs 24 h
Je BILTANR B ISR I RILTAMAMG I . LEARTRFEIRTh

T, RILSLE64 (BPQDS/PLGA 26.3 °C) (1R iR EAx 1k
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Figure 1 PLGA modified BP (a). Time-dependent temperature increase in the MCF7 breast tumor-bearing nude mice irradiated by the
808 nm laser (1 W-cm?) at 24 h after separate intravenous injection with 100 mL of PBS, PLGA NSs, BPQDs (1 mg-mL™?), and BPQDs/
PLGA NSs (1 mg-mL* BP) with the colour bar referring to the relative temperature (b) and infrared thermographic maps (c). PLGA: Poly

(lactic-co-glycolic acid); BP: Black phosphorus; PBS: Phosphate buffer saline; NSs: Nanosheets; BPQDs: Black phosphorus quantum dots.

(Adapted from Ref. 14 with permission. Copyright © 1997 the American Association for the Advancement of Science)
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Figure 2 PA signal values of PEG-modified BPNPs at different concentrations (a). In-vitro photoacoustic images of PEGylated BPNPs so-
lutions (first row), and in-vivo photoacoustic images of liver, kidney, and tumor obtained at different time intervals after intravenous injec-

tion of PEGylated BPNPs, in comparison with the corresponding pre-contrast images (b). PA: Photoacoustic imaging; PEG: Polyethylene
glycol; BPNPs: Black phosphorus nanoparticles. (Adapted from Ref. 12 with permission. Copyright © 1997 the American Association

for the Advancement of Science)
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Figure 3 In vivo PA imaging. a: The PA amplitudes of tumors treated with BPNVs-CpG, BPQDs and PBS at different post injection time
points; b: PA of tumors at different depths 24 h post-injection; c: The corresponding PA amplitudes. BPNVs-CpG: BPQDs nanovesicles for
encapsulating CpG; W/O: Without; NIR: Near infrared. (Adapted from Ref. 16 with permission. Copyright © 1997 the American Associa-

tion for the Advancement of Science)
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Figure 4 In vitro cell culture performance. a—c: Corresponding

fluorescence images of MCF7 cells incubated with PBS, bare BPs,
and NB@BPs, respectively. In vivo fluorescence bioimaging and
photothermal therapy; d: Fluorescence images of the MCF7 breast
tumor-bearing nude mice treated with the NB@BPs via the tail
vein at different time points post injection. (Adapted from Ref.
23 with permission. Copyright © 1997 the American Association
for the Advancement of Science)
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e 7 (Cyt7) K BPNPs 7€ 4T1 fif J8 /N B AR 9 s B 7 22
I NIR %6 529,

EH T BP R AR A R A Gk, & nhyy e6
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(9 mg-L™Y) IR 23 il Tt T 12.6.9.9F1 6.5 °C, Ja vt
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I, R E IR T2 A BP YK BHA R, i HAENIR
ek N EE A ROS. # i #% HL A B R AE
A B AR I _E 2L 9K oki (upconversion nanoparticles,
UCNPs) %% #% 3 BPNSs |- #il % % ThBE 94k & & 4 8,
A AN NIR e/ 5 59 PDT 711, 1£75 808 nm K 1%
BE AN T A K, I 4 BPNSs WU = 42 ROSEI, it
A, BT B R A S BE RIS R 2 BB ROS = AR I
FIEBLRAE . AL, Lin AR T 29228 nm )
AR YORRL, AR E T — B RXAEN LA
trESE )2, 3 B FE AL A AR 1 B e gk

(mesoporous-silica-coated upconversion nanoparticles,
UCMSs) 7£ 980 nm it '~ 6E 9% 7£ 523,541 F1 655 nm
Ab 7= A . UCMSSs & 3d FRRIURL K /N A T 40 g £5%
HURE i, IF HORFLAR A AL I = S A ik A 45 0 e
T A7 gy B S 2 M N, DR L 6 R 3 W DA T 4 i
A E A, IR B AP PDT 208 . 4k, 72
e ¥ UKL b A7 AR T GRE 540 SR BRI, 45 B 6 BT
RSN 1 A 2 50 ORI FR) R S D' B AW 4, 3K 15t
980 nm B U T R 5 6 SE IR BE B # A% RE 98 LT
WORGEGR 7 42 ROS, SEHNIR J6 /- 1 B A 8w 1)
NG BRI  PDT RN,

PDT RS AMY 32 T Mg a7, i T 567
1897 o Pan ZEHONKE BPNSs Al 76 6 E S M K i B &
YT R ARG R IR YT - BPNSSTEMLZLAMEHT
F2AE [ ROS A BAIE B 38 Ae (0 IR AH 21, 58 SR ik
TR AN AT BAAE g 9% 757 B A 8 711, 3 A A3 o)
BPNS [ = MR, i AR SR i e 2 i JEkL
4 WHETTE

AP BE 25 1) T7 TR VE, K BP BN L B4R K4 KL
B T gmias T BARZ S . w56, Mg &
LR R, XA T 1 R N ML AR S5 R A b i ik
B, o B AU I P P R 40 R R ABOR, X A4
PR 23R MR 25 5 Wil i EPR 2508 28 3 1L A R
2 i E) B, JEAE R 2 R . AR RS B R
S, G TR DI Nl L R R S R, e A T
R R o KA 5 gk N 8 A 2R A T 24 3y il . ot
G, BT GOK BRI S (0 B, A8 15 FLAEAB M 5 )
LA 22 A5 2URAR TR 12 W AR 1) a8 . % BP 4
KAPEFBEAT Th B A A2 1 BE 42 5 BP 94 K A4 K} A2 7€ 1t
AR Jir e 200 B ) B8 1) E A2 B8 3. A Il R VR 9T T
T, A7 B A R A B AT B B EL B IR0 VR T SR o SR,
253 FAEA WK I BERL 23 A7 0 TR #4228 B
K R B R B B, o5 — D7 T, O 18 B AR IR I 2L
R, BEMAATREESZ KRG, RGN T BFHNE
Troat. FETHORMEIIE A2 R R, R — 1%
W78 o AT, 5125 0 T ik s AR SRAE T AL Y,
B PR TR T A R B B, 9
KPR S L HURRPE, I BB RRLR 25T &, X950
A P [FG ST AR FHRe,

41 FBRWFFTE TR R RUIR T 5, H
Fe B v B 1) RN 24 PR PR ) 1 IR T ROR . B
FR 245 s 22 Gt AT DA ) 25 R T . 8 25 b A R
B2, FEHR e Gl 2T I IT R N, DR RAEZ
Wik RGN 76T 23 A 5L IT T 3. BP
LA JHURE R B 45 1 ORI U SR T AR R4 14 D' i
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NEREPE, 45 AR 25 Wik R 07 A BRI TT R &
1o HK BPTEEEAT] WL XS B A2 i, R
SR S B NIR S JA P fEl244, 25 & BP gh K A4 ROk
PRRPE I FL Be 2503 % D e, R A AT IR i
IR A A B AT PR I T R VR T R B .
1T BPNSs & [ ) T D R 4k A5 K 1) e R T A4,
AT 259 43— [ K 2 W B B9 5 it A0 R ) O
O BEL AL 1 5 A LA 808 nm Ot FR B T RE WL 4 A SR
HE A, w7 LR TR RO RGE T, tBEEREIK S 25
RS, 4K BP 697 It A s AT 2R v AR By [
HIBER VR IT SRBEEeAT, gl 4% (1ICG) (35 1H FDA L
HE I PR AT FH e #4G1)) A EL, BP BB i 57 e e e 14 .
4 BPNSs /A gk #iik, i id #% f A FH i DOX, JE &
BP-DOX[M¥, BPNSs %} DOX ] 1 # i /7 &1 ik 950%,
176 vy T H A AR 1 2D 9K R, a0 f 2R 0 W MoS, & .
808 nm 6 I S 20 min, BEAkH 90% LA L1 DOX, #*
HH Ot SN, RESE B 2 W IR TBUAT o A P SR 56 &5 SRIF
B, B0 8 5 (660 71808 nm) 757> ) T BP-DOX
[F) 66BN T T I 3, B B 2 4 8 2 AR
[FBT, & 288 B AR =D T A KIUET 54 .
FESC AR 27 i 3R b B AT DL & g B A
25 24555 B X BP 3R AT 35 2 & 10 AT 42 =1 1297 R
Tao ZEUT e Y BP 4K A4 kLN H T 255 ik R4, &
1F T —A%F 2D BP NSs [ £ g2 97 ik &, W
Kl 5a B~ . B Seid i LRI B2l £ T BP NSs, LL#f
FL R 1 P 2 1T & 4 b 5 1F B (K PEG-NH,, DL i 2L
WA 2 PE AR B RS E . BP-PEG NSs fit 7 27 3k
1 I7 24 DOX A1 Cy7 25 S BT 41 40 ¢ Y iR 25 o )
I, FHE2 (folic acid, FA) b i 47 8 fm) 5o, FFH FA
A5 VT 2 9 4 I E 1 52 PR RE S 1 45 IR R M SR A S

PR SR )18 56 3 G T B R VR 97 AU o SEIG &5 AR
SET H R A AR RUR . LR R R IRA
12 Fig (fluoresceine isothiocyanate, FITC) #z it BP-PEG
NSs B ¥ H Al e () N ik 1t . 45 R, BP-PEG-
FITC NSsdi /I 53 25 AR Y i flas A 74 FH e 4
W, S8 5 32 i B S AR PN AR e R AR, B AR TR
PR B AR, B BRI 5 00 AR P A 4 R R W P
18 5 B W R AR, B A AEVE TR B (&1 Bb).

BPNSs A AT A 9K Hiddk, Fk 2040 G TR
WA R TE G 25 P 3 R0, 455 BP I NIR S #ARK
N, .25 DOX f # i 5 1 BP@ /K ik 48 K #4 k), i1 T
NIR 6 FR0REAsE 7K B Fis 45 A AT 5 B0 DOX B T, it
YT NIR D' 58 B2 ARG I 8], AT DUORS A 4% i DOX A
BP@ 7K # Ji HhoR TR i) R 22 B, i B -BPQDs WL 4r )=
PN AL DOX A2 ) —F NIR #4525 R 404, 1E
BOGH ST, BPQDs TR U NIR 67 A5 F) #v i i 3K i I
i, 55/l B -BPQDs 2 ¢ it DOX

XFEHK BP BEATAE AN 7] LA 58 6 R, 38
AetC BB AE . Yang 5550 Fe,O, 91K Fi L & 40K
$i 5 BPNSs & & #1 % 7 BPs@Au@Fe,0, 91K & & 41
BE, Hod BPs A & B IR, &40k kL B A R 5
B TR IEHRAONE, TT DA ISCAT AR 6 B NIR 63k 7= AR #4
Lo BEAR, FesO, 4 K ki AN AT BAAE Jy b 1 33 52 741,
A LR WU, K MR Fh sl f% 5 205 PTT 45
A1 B e R R R 1 E

Chen Z:B0. 45 5 /v FL — S L i 671 % £ BPNSs |
3 B AL = A - 8 49 K i (mesoporous-silica
black phosphorus nanosheet, BP@MS). frFL % fbHE
IS A, AUAT LA & BP 1 4 e, 1 B FL =5
HE 1) 22 FL 1A BT ) 4% 1) BP@MS 25 3 DOX 2R K

a Va0, b Clathrin-dependent
m Macropinacytonls Caveclsn indeperdent Caveolar dependent
. . . €aid2 Dynamin  Dynamin
A Exfoliation PEGylatio Ade  Flotilly  Cdeaz  Rhod Sy
[P — Sha
- @ P
Bulk BP BP NSs BP-PEG NSs
i Agents 4 A lotillin dod2 Hhod L Dynamin
lLonding spinaame a Clat
E B .-») (g s
- » o©wv
; %3 Early tubsslowesicutar
ay Py sy o = .
BP-PEGJty? NSs ‘4 Iste endorome o SEEEE [ndoplasmk
BP-PEG/DOX NSs BP-PEG-FITC NSs FA-BP-PEG NSs Py
. _ )\
2 R ‘s & {roctes
llllllllll \\‘_

Figure 5 Schematic representation of the PEGylated BP theranostic delivery platform (a). 1: PEG-NH, (surface modification); 2: DOX

(therapeutic agents); 3: Cy7-NH, (NIR imaging agents); 4: FA-PEG-NH, (targeting agents); 5: FITC-PEG-NH, (fluorescent imaging agents).

Screening and summary of the endocytosis pathways and biological activities of PEGylated BP NSs in cancer cells (b). (Adapted from Ref.

50 with permission. Copyright © 1997 the American Association for the Advancement of Science)
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KA . BP@MS &5t PEG B 1fi Ji, 5% s it
23K 1) memHsp70 52 4 45 5 P 45 A (1 i A&k TKD ik 3%
£ (BPNSs with the MS coating and PEG-TKD modifi-
cation, BSPT)®4591, $: 4% DOX )5 4 £ ) BSPTD (DOX-
loaded BSPT) S8 1A ROGHAL 69T, TG %
F A T ) R G 2 BROOS S g, T DL 2 0 o) e g il
%@[SS}O

YK BP [ T 0 LAYAYT IR 4b, 75 A (1 125 F skl
A Z N TSR, gk BPE n] LU S F4E . Yang
ZE0 ] BP 4i 2K F 45 1 3D 4T B A= 4 3% 35 (bioglass,
BG) S48, # 4 T BP-BG 3 4¢ (&1 6a). 4 BP-BG 3L 4¢
RN AR IR /N BCE R 2 2 0y, ANSEBIL T X R R
)6 R R, T B T B S 1 A2 . BPNSs R 47
FIFEHN S I T E A S R R T Al . A R
&, BPNSs [ 4 ¥ B¢ filt 7= A2 7 K& PO, B 4R Vi HA 5%
B AR P A R N e B R £ (calcium phos-
phate, CAP) 4l KL T Bl Fl Fl CAP 9l Ko it K
BCE AR, SEEL TS S0 B AR (Eleb). i CT B4
i CT EE ) = 4 8 22 1E B, BP-BG S 42 i 4li BG ¢
B SRAG A A o K0 1Y T SrCl, A1 BPNSs
454 3 PLGA T £ I NIR 6/ S 254 F & 1
AT TE B AR BRI, 4% 1K) BP-SrCL/PLGA
B AT R AF 1 NIR SR I RE e # s . Jd i
NIRJEXT PLGA 7¢ /2 IR IR, fil & 1 Sr2* BB 1%, AT
K EFRE A B EAERIT . K RUBCE B A HE N BP-
SrCL/PLGA T Bk, £ NIR GGG T, xR 4F i) 40
U MM FAERE 1. A, 3k DU 35 5 A ] 4
PE NIR %5 5 58 A7 25 b 02 33 R e 8 ) B, e
HEAR N AN B R AR,

YK BP B 1 n] DU #E B4R, IERE R T 4ih
7. BP YUK KR L 51 5 7 (Cu?) 4 & fe 1 &
S FA AR 388 i e o o i B B PR B8 7, T A R — ol
P22 ORI G OK 25 ), AT TP A 42 AR AT 1 9
BPNSs 5 Cu 1R 5 (1) 25 &, nl B35/ b aAa s ki 5
A 1) 44 B 14 ROS R4 B, AT DR 4 4 2 240 i 4 52 45
o oe F B A, R A I 0 5 e S R R4k P S 56 SR
[ 2 SCHT I e €y 30 IE 512, BPNSs ) NIR it #4485 v i
16 o 7 BPNSs il ik Ifi i 5f B (1) 68 77, 18 BPNSs {E
YR 250t T A & 1 iRy R AR LU (B 7).

BT BP Gk MR e ik e sh Ak W R iR T
FWE N Z DR 9K R 22T 6 I A A 18 Al 5=,
o T RE I R L F A 5. 492K BP AMUTE Y #uAk
ALY MR T T A T2 N, G I RN A 1 5
Yh2K BP [ I i J57 2 2375 B 7, 6 4 48 1 5 T AR i 502
JRIRIT T A ETE N AT 5. 99K BPTEAR AR

4 Design BG BP-BG
-
lV f.’
3D pnnting BP modification
b Microscopic scale
.l{/rl”,ﬁ'“ 200-400 nm
* - Y

2D BP panosheets

Osteosarcoma cells ablation

Physiological ek B"’"““‘;“a’f"‘ "
microenvironment < =

roS

P40 4HO —s  H+PO]
Step 1 Bromuineralization

. Ca*
.

- ll |
PO +Ca® +HO —+ CAP
Step 3 Broregenstation
Osteoconduction Y
. \
Osmomducnon -u

Macroscopic level

3D BP-BG scaffold
Reactions for " '

Osleogenesis

Figure 6 Schematic illustration of the fabrication process for BP-
BG scaffold (a) and the stepwise therapeutic strategy for the elimi-
nation of osteosarcoma followed by osteogenesis by BP-BG (b).
BG: Bioglass. (Adapted from Ref. 57 with permission. Copyright
© 1997 the American Association for the Advancement of Science)
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Control NIR{-) NIR(+)

Figure 7 The in vitro BBB crossing ability of BP nanosheets pro-
moted by photothermal effect (a). Insert: Schematic illustration of
in vitro BBB model. The photographs of representative brains of
mice after the treatments, using Evans blue as BBB integrity indi-
cator (b). The NIR fluorescence imaging of brains after different
treatments(c). 1: Cy5-PEG-BP; 2: Cy5-PEG + NIR; 3: Cy5-PEG-
BP + NIR; BBB:Blood brain barrier. (Adapted from Ref. 60 with
permission. Copyright © 1997 the American Association for the
Advancement of Science)

W B A AN 2D AT 1 CAP 9K KL B AT AL R B 1k
HPERE, R4S & 99K BP G # RS A& 2R RE
FE IR 9 AN 8 S IR 7 3 T A R A0 %4

42 KMEFERMERTT  FERIGITR UE SO
i EEMARRESWIENGILIT . DT
RNA (siRNA) 15 3 ) 2 (A 0K & 5 DR 7 (1 3 25
HEeATl, SR, e F5 TR AR P KRR SIRNA T I 7 i
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PRI R RN A0 BB SRR T 1Pk . B 45 24 SR
N BB ) AR T ORTAT R U7 R0, BT PEG AN
% 0 W (PEI) XY B8 k. BPNSs (PPBP) (1) siRNA
& 33 8 40 0] DLRE S 1 b N o A7 i 30 4% S I (human
telomerase reverse transcriptase, hTERT) [f] SIRNA 1% i
SRIRAMAELZ, BPNSs Iy 1E HL I PELR 2 s 5 B Al
(1) SIRNA SR T KB 45 607 £, 7 15 sIRNA R .
73 PEME i { PPBP-siRNA N 4k 241 g F, I 51 5 BP-
PEI-siRNA MIA Ak B0 b, B8 1 PPBP-
SIRNA [ % Je 2 %2 . sSLig R B, & 200x10° mol-L?
SiRNA [f] BP-PEI-siRNA & & ) %} MCF-7 & 4l i 17
T AR I R H R L8 80%, 1M siRNA 41354 B &
(KA 4F FH . B PPBP-siRNA % & HelLa 41 i1 48 h, 4%
J&i FH1 808 11660 nm ¥4 't & 5, Western blot 43 #T & 7~
hTERT & [l mRNA 1A B#A%, Hsp70 FRak 34, iESE T
hTERT-siRNA £ PPBP 1% i £ 4t 1 (1) 5 DR 70 2R 2% 5 J
PPBP {2 3t AN . R IEIE R A BB RS T
PPBP /5 5 {1 41 i 19 ROS A il 5 BIME 75 7 & 10 2
PPBP ] LA 7E A% pH {E il & & ROS 1R & ¥ 55 1 1%
VT P i, M T 2 B PPBP-SiRNA [ I [ 4% 33 A1 sSiRNA
I J28 200 B B R i . A A R P S 56 2% B, 7 808 A
660 nm % IR SR, PPBP AP i) Hela 21 it J LT 4= &6
B R E, PPBP-siRNA b 2 1 fuf 987 /) B 22 PR th B¢ B {2
R E R, B BA RN, A3 T Rk
IR B [ 96 77 250 091, 3T BPNSs [ RIL 387 & N
P 58 HE RE ST BRI PR B FH 68 18 AL A

% YL RGN % 2T 25 MR BRI R AL T A1
HE BB R . P-gp SIRNA TR IE @ L T 18 ik 783 4
JE iR LB S R B (P-gp) HIRIL, DO 5T P-gp /&
(12 251 25 . # P-gp-siRNA 5 DOX 1 N XA 7 254
RN £ 2 BPNSs |, 2 BGHE [ 4L T7 S R D67 1 2
2530 R 404, T PDA 1&4ffi it BPNSs 1) 4= ¥ k4
5E MR A B E— 2D 3 5, b AN 15 5 DOX M
P-gp SiRNA [ 25 W8 it X P-gp SIRNA i} fiif 24 (1) 40 1
(Rl it 22 24 381k R 40 o H s e 0 R i PR Re . H
Be AT L, 24697 & T8 m R R 40 ) R0 YE T 7
HEAEKE 7.
43 KMEFIRBEWEETT RIEIEIT S HATRZ R
00 SRR VR TT SR, ANSORT DA R R 1 e e 4 M, F
IEH HLTATFIA BB, 38 AT DL e e 4240 i,
JE A T i s R B AR iR A R I XU S). - Toraya-
Brown 58 g i (1) 0 FL 3R B, JR) E6 HGT AT LR R TE
TP RA WG - HIZIEIT 5 BP KM B G ST AH 45
A, PEm TR R IR T R

Ou 7145 i — i 3 3o B 44 B FH 989 K Ak 1 7 50K

BP {8} il £ BORL A% 40 A1 321 50 (1) BPNSs.  FT 18 19 Bl 4
R FH 2 9 G0 46 B0 A0 75 SR L BP B IR R 4
AR I ER BB AE B UREL (Ar) T AR SRR 1 FE R B
B G I i R R S 4 oK 9 BP 2 [ (1) 41 25%) LA
72 AL A [ 409 K 22 B9 BPNSs, il % 7 <25 40 nm 1)
¥)%1 BPNSs (& 8a). )7 PESE T L 44 1 (programmed
death ligand 1, PL1).siRNA (s).DOX (D) 1 i & (F)
LA [ 52 76 BP L JE il — N EE X 45 B s VA T 4k 2
I 4 6 97 °F &, BP-DcF@sPL (K 8b). 45 R K B,
BP-DcF@sPL £H - 5 [A YT BR R0 S Je #2714 A0 T A4 1
17N F 3t RNA (programmed death ligand 1 and small
interfering RNA, sPL) frIBH#, {40 i ) PL R IA B &
P X5 T MC-381arf& /N B, BP-DcF@sPL FINIR J it
SRS AT A T 41 TG AL 2R IA 37%, A BL#E T3 44.1% ~
52.8% (1) 4H it BF T~ F1 28.8%~36.3% [ ZH LA T~ BP-
DcF@sPL 47 R = iy T3 & (interferon-y, IFN-y) &
KT, TP PL A% 1) CD8* T 4 it 1) 4 78 i 52 1 410
il FTAE 2 () BP-DCF@SPL A% S Ak 27 67 1 7] 5%
A 968 4 B, 3R PL BELWT 40 T 0 PL A 8 1 S 2 it 52,
N BUEIT RE SR AL T — PR G SR

JIZEOR T 5 — ALY ) PTT 5 3 M B fiL i
Ji AT B TSI SRS, HEER R T — B0 A BPQD- 41 4H i i
94K FE 3 (BPQD-RMNV) H T )6 # AL IR 9 e 9% 16
70, AR T LR AR T, R R
GBI A IR, R, Rt &
H 1huik (apPD-1) i fs H 3k — 22 £ 4 CD8* T 4 i A
VR . FET BPQD-RMNV (] PTT 5 apPD-1 [ 4 % f6:
A s BEL T 0 [0 11 T A Py S 22 okt 2L IR ek 8 F AR

W SR AN (DC) & A A HH B A R bt 5 42 2 4
Jte, Xt G s ZR G KOG 25 O B, DC 4 M A T A 2K
S CDA AN CD8* T 4 Mu 3 14, in i DC 48 A (1) ¥%
P B % 358 55 b IR0 2 1 51 R 1) g AU, Ye 2O
FH 98 41 Ji9 5 %€ 9 (cancer cell membrane nanovesicle,
CCNVs) i 5z BPQDs il % 15 21| £ 1 2B & 1 25 1)
o fifd 5 € 9 (BPQD-CCNVS), 24 DC 2 il 7 W )5, 38 ik
2L A HE S 51 A PR 5 A28 S SR SRR 24 i ) el 84, g
BRI S LR 1) 0 % R G0 BUAE

L BPQDs H £H %% ¥ il 6 NIR/ROS #/# [t BPNVS,
A AT FHF PA A, LRI A) 41 38 4 % 12 71 CpG 5
Jiit % #% 17 R (CpG oligodeoxynucleotides, CpG ODNS),
NIR #0' U J&, BPNVs 7= 4 5 7K P 1f1 ROS, 5 & i
IK AP PPS B5 78 it K R A, I A 3 30 4 fift
BPQDs. i T [F] i B 5 H A i 8 IR B 5 & R I I
BPQDs F1LE A 14 5 G52 ¥ 97 7 F 1 CpG, BPNVs &
S A B 7 Y RV 97 R0,
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Figure 8 Preparation of BP nanosheets by ultrasonic bubble bursting method (a). Schematic diagram of the construction of BP-DcF@sPL

and chemo-photoimmunotherapy (b). (Adapted from Ref. 68 with permission. Copyright © 1997 the American Association for the Advance-

ment of Science)

SEGH TR AT IR RO T 2 AN, S
Yo B TT VR R OR T MR ) G M BRBOE T T E B
I8 G988 I N, TG H 1) 7 i gRe A i P 3 B . 5 T R
YNRIT FRL G, IE = R PUR RO . BT B
BRI SR TT A2 W ia I7 I Rl b, 45 99K BP
EH 2 LRI e R EEH .
5 REERZE

YK BP MR LR TE AR e 245 07 TN UAS T — e 3k
Je, JLHAE H At AN 28w B iEBOw f R Uk . TEf
BB HIFIE T, H46 BP B A UK, T HAG
) ' B 7 DY e T K P L R T AR R 1 O 2
Wi S 4P, 45 9K BP 78 A= P A% 7 THI 7w H B K
5775 BP R E A a8 ) 2 W B, e BB IT 40 9T
12 3% Z 9 kL 7, BPNSs 2 24 7F Rk N H T PTTiR97
B O B R I Bk BP T LA S AT e v
TSR TT F B R SRIE B RVR ST I AR . BV
YK BP 75 AW = 5 S O TH B0 FR LA T Al K [ gk
J&, R & TE I PR IR FH 22 1 AT A7 A — 16 o] RAT AR5 it o

H T 9K BP il & 25 A 57 %1, ROT R 20 AT 280 BOR

SO, DR ) 4 RSTE B, T R 4K BP B G B,
I A X6} R R R T 9K BP RS 1 AN B YR T
RS, DA SR 1k B0/ 1) 53 AR AN S B (96 77 08

EZ MK I LB ST LR 34 RS, 4
AT 1255 85, WA T 30 [ STk R, 3L
R TR R H LRk TN S5 S SCER TR
2T B L 6 P4 T 0 P AN SR E 4 B ER X A 3.4 B4 AN
1.2 885y W7 REAT Hr S AE B, VLR IR .

FEEMs: P Ve 4 B R s v R .
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