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Research progress in micro/nanobubbles for ultrasound
diagnosis or treatment
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Abstract: In the past few decades, microbubbles were widely used as ultrasound contrast agents in the field of
tumor imaging. With the development of research, ultrasound targeted microbubble destruction technology
combined with drug-loaded microbubbles can achieve precise drug release and play a therapeutic role. As a micron-
scale carrier, microbubbles are difficult to penetrate the endothelial cell space of tumors, and nano-scale drug
delivery system—nanobubbles came into being. The structure of the two is similar, but the difference in size
highlights the unique advantages of nanobubbles in drug delivery. Based on the classification principle of shell
materials, this review summarized micro/nanobubbles used for ultrasound diagnosis or treatment and discussed the
possible development directions, providing references for the subsequent development.
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B A AN R R REAE, DR G R AR AR A 2 &= T g
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RSk Je AL (1) 75 AR AN 25 3k o R S I I L N
#9 B K (ultrasound targeted microbubble/nanobubble
destruction, UTMD/UTND) £ 4§ 5 3 A7 FH2 P 1o/ 40 7
HEATARAIGER 75 HEAT, SO0 7= AR S A R T, BRIk 2y
Py LA R IR YT /E Y, UTMD/UTND A 5 A2 A1
R [ 38 25 M AR AT 20 2 N

/406 35 B A0 SE AR A S0 P AR 4 A, B
SR FH W KA VE R P VR R O A% R 55 AT 1) 1),
i F 5 2. — ¥ (polyethylene glycol, PEG) 4% ik —
J A B AR 2 - A O A B AR R S I Ty U E R
THI 32 2 T Ak, {68 1) 43 1 1/ 4 v EL A S 1) 1, FE 250
18R v B 8 R AR o0f A 28 B B AH 2R F (B 1),
BT, /g st e B st i LR s 2, A RS
Y Ui A BRI R A A 5. IR BRA R4 AE P AR
A, WG A B 23 Bl B B, 7 AR
FIMTK 7, ATR BB E MRUaET;, REWAN TR
A LW A] AR R AL LEAR N R FEE RS AT R S
A, XF NARTC T 7 A2 40 M R B AT R A AR A
K OR BE T (8] R R SR BE 0] e /7, WIAE N 22 Mo (IR 97
RG. BRI 10 4 3CHR, 42 A Fe R A 7 22 3
REEIASTRL, % FH T2 97 B0 Sy a0 i 9T 50 BIOIR 36 47 2508,
CAI 938 (T SRS S i 2%
1 R
1.1 BERUSMNE
111 EHARE BREMEMEEZ, G EE
I G AN [ g A4 LR /5 MBs fI A8 52 . van Rooij 25
S ) A T e BE &L Bk AR BE PH B (1, 2-distearoyl-
sn-glycero-3-phosphocholine, DSPC) F1 — 45 Aii I fif Hg
ik AH B (1, 2-dipalmitoyl-sn-glycero-3-phosphocholine,
DPPC) % i Ji Jifi 1] £ MBs, i ik 25 52 /5 2 fa e % LR
AT N AR, kB DSPC 115 1) MBs S 2 5E, 5%
SR TG, RSt 5, AR TR R . S,

Figure 1 The structure diagram of micro/nanobubble

Maruyama 55 P & " Jig Jit f4 ¥2 (lipid microbubble,
LMB) H 1 Jig B 73 % M9 B AR ) 5 i, 45 R 3% W AR
LMB 4 5% o i 0 60% F) = f# fis Fok % A5 /E H ol (1,
2-distearoyl-sn-glycero-3-phospho-glycerol, DSPG) HJ
&8 LMB B A2 € 1, JF 28 K v sAR I 8] o f otk Ay
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% 7 B HE It 22 & % (phosphatidylserine, PS) & 1fi [
MBs, PS 15y 4b 576 i o3 AN A1 58 5 (10 £ € 1, L fE
MBs B A #8 1) {4, @i 5 UTMD 4 & 7] % 4 4T JF
BBB, Jy it — 5 7 i fif 1L X 38 55 it 412 1) 245 47 38 126 A1 58
i AR 3 i FE filt; Burns 281204 3% W] J5ii 1R (hyaluronic
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MBs Ji, 15 £ 3T Bk 10 5 A7 U 5¢ 3 4R 98 1 2 615 5,
WL MBs JE ) SR AL AL AL AR L«
112 GHAFHWMEORE  Ren SR T 1R
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251 . iR 240 AR A ) 2 S R W 245 ) JR) A A 1
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BARIBIL 25, (B B A P, 259 0V SR AL R
TS BURS HEVR T o Feng S8V 2% 1 A B0 H A HEH &R
(triptolide, T,;) F1& 1 A #r ki 1% 4% 2 11 (recombinant
desmoyokin, AHNAK) (1] 4 7] MBs F - 2% fift 01 5 2%
)12 3k fg, AHNAK {2 3 MBs 75 i I8 B i 1 5%,
S S B R 51 R SR S T [R5 3 2R TORT
BBB I, W& 45 & & S T, IR R I o

W BTG AR 6 MBs HEAT A& 11 A1, 385 K 3 24 40 oK
Fi 5 MBs 81, B 2 5 MBs 13024 B8 /7 35 18 o 48 7 15
5o Moon 2" AL A IE (paclitaxel, PTX) B ML
B AR BORL 5 MBs JEAT MBI, bk iz m0e
HRBTEATHPNREAESNFAER. WHY
FHUIF R AR 2 F LA (doxorubicin, DOX) [ 1 2 11
YK RS MBs L5852 G4, DR A7 ZE B 2L 57/ 5
W 24 MBs EIIA R AL, 38 kR A Ak R 7 AR K A
TRITROR, FOREIICH B G212, R 25D AE G P A 4 o it
B, KA RS B B AR
1.1.3 SiERBRZAYIRIROE B4R B
PERIPDJGT, FEAR Ao ad B A, X A AR B B L
No ML RVEZ S E K ERN Y5 MBs 45 & DL S
JERE 1297 — M« Kopechek 250 — M 55 H R 15
THTE MBs K 1HI, 1% 5 4% 1 B 215 5 5 5 R0 0 [

Table 1

¥ 3 (signal transducer and activator of transcription 3,
STAT3) 5 1H, HE WS kA% R 6 (14 B4 22 S LA vt 2% A 70 25
5 STAT3 & [, FH1EHAZ 5 4% 5, AT 0] i 96 40 1
A K, RIS )4 SE I 52 UTMD 55 MBs 45 45 B % i i
STAT3 i {HAE B A AL IR S AR AR TR

e 1BPI0 3 b AN 7] S8 B 19 B 0T 4b 5 0 3k 4T
M.
1.2 fFEMRISNE

5 R0 1) £ A AR L, 2 R 5 07 A A R R
24 G B SRR A, W I g R IR A TR A A
NANGE, SE TR AR AL . A R A
RO A fi ok o A 4 Y 55 0 5 B — e PR R
15 3 (AR AR P9 R R 1 AR A 2 M AN EE ) B8 D 3L
I o Xu S5 /MR 5 58 5 W BHIE & 1 2% 08,
M) FH AL /N A R AR 1) U SR LA L BE 1mg € 0, T
S Do AL SR L PR A5 4%
1.3 HAtsh=

EAER, EER S REMI T MBs it Fii b . F
S 1 3R LRS- 980 DK W U ) 4 MBs, 3 A Ay
3 PR A, 2 A 1 o 4 e e o M, R T2 W ) 1 n
HEN i 20 B A RE 2 A I AL S - KA
ekl & BAT A E 1 = 2 450 & B AR SR i,

Lipid microbubbles. DSPC: 1,2-Distearoyl-sn-glycero-3-phosphocholine; DPPC: 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine;

DSPG: 1,2-Distearoyl-sn-glycero-3-phospho-glycerol; DSPE: 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine; PEG: Polyethylene glycol;

DBPC: 1,2-Dibehenoyl-sn-glycero-3-phosphocholine; PEG40: Polyethylene glycol 40; DPPS: 1,2-Dipalmitoyl-sn-glycero-3-phospho-L-
serine; DOC: Docetaxel; HSPC: 1,2-Diacyl-sn-glycerol-3-phosphocholine; T : Triptolide; AHNAK: Recombinant desmoyokin; PEG2000:
Polyethylene glycol 2000; NHS: N-Hydroxy succinimide; PTX: Paclitaxel; DOX: Doxorubicin; STAT3: Signal transducer and activator of

transcription 3

Shell material Medicine Ligand  Synthesis method Connection Size/um Application Ref.
DSPC/DPPC - - Sonication - 2-10  Ultrasonic imaging [8]
DSPC, DSPG, DSPE-PEG- - - Thin-film hydration - 2.5 Ultrasonic imaging [9]
2000
DBPC, PEG40 - - Mechanical shaking - - Enhance ultrasound-mediated [10]
BBB breakdown

DSPC, DSPE-PEG-2000, - - Sonication - 43+ 1.1 Enhance ultrasound-mediated [11]

DPPS BBB breakdown

Lipids - - Thin-film hydration - 3.02 £ 0.28 Diagnosis of malignant cervi- [12]
cal cancer

DSPC, DSPE-PEG-2000 - - Thin-film hydration - 2.55+0.14 Ultrasonic imaging [13]

DPPC-Na, DSPC DOC - Sonication - 3.39 £ 0.01 Diagnosis and treatment of ~ [14]
cancer

HSPC, DSPC Heparin sodium - Sonication - 3.46 £ 0.12 Treatment of acute pancreatic [15]
cancer

Dipalmitoyl phosphatidyl- T, AHNAK Thin-film hydration Biotin-streptavidin 1.67 + 0.24 Alleviating motor deficit of  [16]

choline, DSPE-PEG-2000 conjugation Parkinson's disease

DSPC, DSPE-PEG2000- PTX - Reversed-phase Carbodiimide 1.1£0.5 Diagnosis and treatment of  [17]

NHS evaporation conjugation cancer

DSPE-PEG2000-NHS, DOX - Thin-film hydration ~Carbodiimide 1.24 + 0.17 Diagnosis and treatment of ~ [18]

DSPC

DSPC, DSPE-PEG2000 STAT3 decoy -

Thin-film hydration

conjugation
- 22+1.1

cancer
Diagnosis and treatment of ~ [19]
cancer
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FUAS B JAEAAR PN Ahit 75 U R 598 SonoVue A2 Y,

Delaney 25>/l 4 % 2 AL R AR A 7o
PG i (gemcitabine, GEM) ] MBs ] T A J7 JB i )2 o
T VAR T Bk e R FE Y AR 2 R, B MR A
MBs [F IR, 2 W] MBs f¢ % 38 1o 8 75 fih 2 3 3% GEM ..
(L8 A= K A B 082, 2% [T BAHE U 3 24 MBss 36 3%
FI MR LN 2 RA R, J5 B 8 i 3 R 2 2 9N
REFRLIE N GEM ) 6 8k i, 32 e s VR o7 80k
2 il

MBs B2 5K, ikt N BN & (1085 5 5L
R, T NI B ARIE W LE 1000 nm LAR, BT R AT
/0N, REAE I8 I PR I/ P R TR B, L MR I P R AL
f) /51 5 3% 1 R0 i B 20N (enhanced permeability and
retention, EPR) T #% &)y #18 1) 21 il J8q 350 107 K 45 AR S i
SRR,
2.1 BERINE
2.1.1 FEHHAANE  PEG A SFATAY BT REME 4
B AR 72 1 R T 5K 1) 12 N FH 78 NBs 1 il 5 i3 72
Khan %5238 i3 4 4% 8 i A1 PEG (¥ EL 4510 BIF 78 48490 2 1)
K/NF A5, B PEG L5139, S 4 ELAR 9D, S5 il
Jo 1) EPR B8 2 #8584 8% 5 A PEG 1 L 451 Oy 8515,
NBs H A R U7 HIF20E 1, 75 w505 1 5 BUg 2o
R I L . Perera S5 N, N-— £ T4 M T Jig Al
N, N-XU (PRIt 38 ) ol e 22 BT R AR 25 44, &85 4 38
JRAFEH . A BEF B NN BE A $2 iR NBs Fa e P X g AR
FRRE IR S, Dl SR 1. Ak PR A A o A S
R W] NBs 88105 S0 0 i (1975 55 1, 88 AR AR 3
5 2 M5 o Liu 55 ok U 5 1k 24 A0 IR B B B 451 R 4
NBs ), AT #3 NBs (1)K /Il ek 2% 4k i Jo 22 19 9 2> i
. RS TS RS SRR AR B, BEE 1T K NBs 2 3
P VA IERZRE T .

LIRS 2 R T L MR, A2 A L T R 1 T R
Z =P N R A KK F %2 K 2 (human epidermal
growth factor receptor 2, HER2) fll CXC itafk K 1 52 f4&
4 (CXC chemokine receptor type 4, CXCR4) 7t F, JIif &8
i ggg poed SR A, HAE N A S G I AL, Jiang 250
il & Herceptin 18 X (1) 8 JIg 52 NBs H T 42 17 3L I8 9
HER?2 PH 40, B8 A R0 5% R 4 21, 18 KAk P AR
BB IR], KK o35l S R &, i & od #E b DSPE-
PEG2000-COOH 1 3% #5 I Jot, A7 28 B IS 40 i 2 1,
B BB RN R/ LR RGBS 5
A 22 KB Y E AL T ErbB2 Affibody® %) 1 45 4 5| fig
Jii NBs 2 [f F T #1 [5] HER2 i 5 3 a2k 1) 7L i 8 400 fte
SRS A IO I R AR BB IE ST T NBs [ $ 7]
PERY. S E B A R WS (1 V (annexin V,

AV) THIRFE NI F 1] % 13 3] AV-NBs, il id AV X PS 5
R BRI AN DD AT 1A P 20 ML A T AR

HI A7) J 68 8 2 B e, o S MR A 1 DL,
i P AR FR B X 11 41 e HEAT B2 W i v R
A7 2 A A ) T8 R S P R IR B T AR
B (prostate specific membrane antigen scFv, PSMA
scFv) 4% ) NBs, PSMA scFv 73 1 &5/, T A 58 1)
NBs A7 80N ¥ B A% 2 3 Jil 8 ik 8 38 48 9 38 2k b g 4
JER. PEG HIINANA RUSE A NBs 7E i 88 &5 A7 I8 75 A
8] . Fan %P9 AV R -BEE R AR KRG E
T A PT PSMA 40K K 1 & 19 NBs, 7] Ry 7 1 & b
B 510 Bt e 40 b U (L B T B, R AR IR SR A
Wang 5P il £ 1 4% 7 15| Bk 75 %% (indocyanine green,
ICG) H 3R % #: PSMA 45 & BK 0 483, #E 7] PSMA,
5 1T 2 e R R O A B . ICG IS
ARE N F G 5 S 75 R, T HE v ORI B &
M € 5 T 9O R, i NBs B £ T g BB A
H, KEHA2 Wl 51 e o

i L s AT ) s 2 4, NBs 3 T JHAth e i
B [ A2 W . A ] CA-125 Bk [a)
NBs H T2 W7 5 #9805, 1Z NBs B 42/ T 100 nm, 7E
G 55 e ik 6 4 B P9 DO AR B, BE A R8CHE A i R I 1D
M A . B B2 I IX (carbonic anhydrase IX, CA 1X)
E i A S AT 1) A BB o B Ak, AT AR g
WEG ) RIFH S . Zhu P & T CAIXZ Ik
1 i) NBs HI 158 0] 2 Bl e, HoRiAR 4 5) (24
Vg HAZSE . Zhang S50 0 A B 40 AR KB
SAR-2 C A 5 NBs 5 15¢ F T+ 30 Jik o R B A0 ke e ) o
FA&, NBs 385 4 3 #E [ea A 2l B 1) 213 4 FH AL, R
A AE 2 5y R VE AR B s 45 & 20 . Liu
SECI] £ 45 5 BT CD3 P (1 4 1 3 7] T bk L2 48 M,
DCo JE A% 1 P 1) S e SO
212 DN FURTAPHIMNE A NBsL S
UTND £ AR B¢ [A i 52 B #7512 W MG y7 /E AT . Lan
SEMOLE g T 40 %k ICG AT PTX ) % Th g 443, 3 it
UTND SEH 25 P B 48 1) BT, I 2 A/ FT T 19 5 2
I JIBE ) 1, ST 24 R N e A0 P R FE R T AR
[F IS TCG 1) 96 G AT ) T Jee I (R HE i 12 W o L e
Jo3 41 B 1 = ¥ 75 CXCR4, AMDO70 1E iy CXCR4
RSB, AEAR A T S8 A 1 SR 4R 7E CXCRA4 [H
P Jie B S5, BEL BT PR ) A= K R F% . Shen S50V %
f4% i AMDO70 1 ICG 2 7] NBs FI T 3L i g 1)
Z Ty fe BB, G I B 75 S 0 S R 4 B ) e 0
TR AMDO70, A R4 1) 5 BEL W7 5 o7 40 i 177 22 DS 1
1 (stromal cell-derived factor-1, SDF-1)/CXCR4 i % [t
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WEPE, (R MR AN T . Peng M & T A PTX
() NBs, Jf7£ % [ 1% # AMD070, AMDO70 B F 47 ¥ [+
PR, SCRE 8 78 8 5 B TR 5 PTX K 35 XU Bt J e F
F - Hamarat 5504 55 52 il Z€ A0 72 01 JE P9 Fh 254 25
B AERENVE DN KRL T b, I T ) 4% 1 me B 44 NBs
TEARAEAEIS, /N BRAR Y 102 Ol SR BEAE IR AL, 2k 75
W, RO Fh 254, B [E6 T7 RN Y e . B
R R R BLKE o E R BEKEEY e, B R4
BT A A R —Fh 454 . Chung SR 2 %
70 I ME H R K 29 DOC, I HARERAE
NBs [l JE Bt NBs 55477, i 75 N6 B 5 o, NBs il
) 7 78 R 80 RE ] J 3E SE BRAZ A DI A Ak, AT B 5

3 2] NBs 2 [f] 7 52 A #2715 F 19 82 (folic acid,
FA) B AR R K32 = 25097 3. FA 2 WIRTEY) o, Bk
Z o35 JEE, Be % 5 IR 20 i 2 T R IR 1) FA 2 AR K
Az n B AH ELAE R, AT T NBs #0514 P . Gao
S £ TR T i DR IR 1Y FA MR EEAR 5 NBs, H T %
1B MR L IR AT o /N BRAA A BB S 7 T SR I T
WK, R R S 15 5 B R OR, R BIZ NBs il A A
TRET SEI B BR G WIEAR N B G O . A F 8 f g
TR AL FEIZEWEER (low molecular weight
hyaluronic acid, LMW-HA) f] FA £ & 997", FA 5 if
I8 FH G B W 41 . (tumor-associated macrophages, TAMs)
N R 2 AR A B R SR AR IR LMW-HA J5 g
% {2 1 TAMs 2 B )\ M2 %548 Jg M1 R 00l fir g 4 ff
R, R H RS B RS2 IR 12 %8 Shen 517
FF R FA T IR-780 73 & 11 (1) NBs, i it 18§ 506) Lt i
JSAG NI 2140 75 56 AR LIRS B A DU firk 98, 72 808 nm HEE
SRR AR TR SRR DG RGAR YT, B ARSI ik — AR s,
FA-NBs-IR780 £ 24 75 3 Ji & 4 12 47 T JF 30 ff i 788
Ak

BRI BR AN, B v B AR L 22 K S W A R AR D A
S5RN S S R T LA . Chen 254 T HAY
B SR M M0 NBs, DL 8RR 7 1 0 T B Ak
1 555 % HU AR (programmed death ligand 1 monoclonal
antibody, PD-L1mAb) 1L 77 7] DOX, DOX i {E 2 —
o e ), AR R B2 S R Y i b A R A 45140,
R AR T, PR s T 5 B 1 TR
RO IT HHE . Guo S5 A B AL FH K21 /71 4 DOX
R 4N L, FH T I il R AH G R 4T 4E 48 i (cancer-
associated fibroblasts, CAFs) I /& & R i& 1 UL & A
C, 8 8 75 VR AR F S22 DOX A #E ) R T8, T R B
CAFs Jf E MR ORI F 22 E Hl & T Bl
W ELH] (temsirolimus, TEM) ] NBs, B 2EY) & -5 7 0%

A M B BT G250 91K AR TE NBs R 1, 2 1) 15 J& K04
G250 Ll (1) B s 40 Y, 45 & UTND 4 NBs £ 47 € AL
TR, B T3 TEM Ji 400 s 240 i A= A A A% 75 00
213 RAHEMRIFAYRMNE  BERAD ANk
(RRF oE 2B A8 B B PR S, SR R 25 1)
NBs 5 7 U 254 e i el 25 M B0 ) 0% . Su 26 0Y
1] 4% 368 7 UK ¥ PDLIMS siRNA NBs F T4 3k /48
o R fiti s ) i 24 M o R 7S BEU R, NBs iR H siRNA
(R P R TICRE 71, 5 35 3R v siRNA FE LR, BH W 41
268 5 e LR T, TE AR AR H AR P SR
Liufu 557K H I K A2 ) & 8 & Z1E-SS-5 4 )
P K BRL 1 3 DNA I NBs Fl -T2 i RA 97 2L,
PEG 1k I¥) — #i B8 Bt i 5 2 0% W% (polyethylenimines,
PEI) [ 1F FL A7 DA i i DA % L 203, EPR {# NBs 7E
A PN 20 R g 1 SR 40 P, 4 PR e R AR AE A B
Jk IR 3H )] PEG, 18 75 9 /E R, PEU/DNA 94K i
T AT DAE Ik 75 5 LA P A 3 4 N 6 4T R i DNA

ARG YA T 9B 50 Tan 55|
% T A T R T M A S8 D & A 1 (soluble
programmed cell death protein 1, sPD-1) Fl &1}y e6
(chlorin e6, Ce6) 1% THREANIE, 94 24 #E R4 J5 FR
J¥ sPD-1 5 Ce6, sPD-1 78 4 % 2 4 25 s #1041 571, B
N bR 40 B R PD-L 3Kk, B PD-1/PD-L1 {55
T, O R B0 AR B B80S Ce6 i 3 5 B J19T I,
P[5 G B 16 7 A FH LA 5 e 16 97 RO

2508 3 B A TR 2 BY [ R B Ak e iR AT T
B,
22 fAEMRINE

R, W FLE AT 22 DAL /AR A R £ g7,
% THI R ARATTE 19 B 1 C A T 20 ik e 5 B e B e ) I 4%
153 1 AT TG E SR A g, NBs Bifi s 1] f HERS AR R &
FE R RS0, TR 12 W = AR RS S, A
FIF B G 8697 i AR BRI AE N — P BUA k)
AT CAFAE NBs I 4h 56 . A 53 5 5 W6 35 78 15 A2 X
JZHE A, TR S IR AGER A 45 B NBs, /£ NBs %
T &4 %5 8 1 (mucinl, MUCT) Bt 44, 88 [ & %94
MUCT ¥ M8 40 . 55 R 38 1) 4890 AH EE, 1% NBs X
MUCT BH 1 1) e 200 1 B AT 8 fey ) 400 L 50 B e ) A0 5 it
1) 24 o 5 1
23 Hfs=

AW - £ B R [poly(lactide-co-glycolic acid),
PLGA] 72 H Hil FDA #t#E 7] H T+l % NBs #F 52 ) R &
PP, PLGA & =R BRAG I AU IS F= 4 Kk fl — Ak
W, S ANARTEHE . LLPLGA ATl & 483, /6 H R m
N A10-3.20% 5 i 2 4 20 i A= K R 7 2157 S5 fid Ak g
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Table 2 Lipid nanobubbles. DPPA: 1,2-Dipalmitoyl-sn-glycero-3-phosphate; DPPE: 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine;
mPEG-DSPE: 1,2-Distearoyl-phosphatidylethanol amine-methyl-poly ethylene glycol conjugate-2000; AV: Annexin V; PSMA scFv: Prostate
specific membrane antigen scFv; CAIX: Carbonic anhydrase IX ; DMPC: 1, 2-Dimyristoyl-sn-glycero-3-phosphocholine; VEGFR-2:
Vascular endothelial growth factor receptor 2; DPPG: 1,2-Dipalmitoyl-sn-glycero-3-phosphorylglycerol; DOPC: 1,2-Dioleyl-sn-glycero-3-
phosphatidyl choline; FA: Folic acid; LMW-HA: Low molecular weight hyaluronic acid; PD-L1 mAb: Programmed death ligand 1

monoclonal antibody; FITC: Fluorescein isothiocyanate; TEM: Temsirolimus; DPTAP: 1, 2-Dipalmitoyl-3-trimethylammonium-propane;

Ce6: Chlorin e6; sPD-1: Soluble programmed cell death protein 1

Shell material Medicine Ligand Synthesis method Connection Size / pm Application Ref.
DSPC, DSPE-PEG-2000 - - Thin-film hydration - 0.173 + 0.025 Ultrasonic imaging [26]
DPPC, DPPA, DPPE, - - Thin-film hydration - 0.095 + 0.025 Ultrasonic imaging [27]
mPEG-DSPE
DSPC, DSPE-PEG-2000 - - Thin-film hydration - 0.523 + 0.046 Ultrasonic imaging [28]
DPPE, DSPE-PEG-2000 - Herceptin Thin-film hydration Carbodiimide 0.613 + 0.025 Diagnosis of breast [30]

conjugation cancer
DSPE-PEG-2000, DPPC - Biotinylated anti- Thin-film hydration Biotin-streptavidin 0.478 = 0.030 Diagnosis of breast [31]
ErbB2 affibody conjugation cancer
DSPC, DSPE-PEG-2000 - AV Thin-film hydration Biotin-streptavidin 0.636 + 0.025 Diagnosis of breast [32]
conjugation cancer
DPPC, DSPE-PEG-2000 - PSMA scFv Thin-film hydration Biotin-streptavidin 0.485 + 0.028 Diagnosis of prostate [33]
conjugation cancer
DPPC, DSPE, DPPA - Anti-PSMA Thin-film hydration Biotin-streptavidin 0.488 + 0.034 Diagnosis of prostate [34]
nanobody conjugation cancer
DSPE-PEG-2000, DSPC - PSMA-binding  Thin-film hydration Biotin-streptavidin 0.192 + 0.005 Diagnosis of prostate [35]
peptides conjugation cancer
DPPC, DPPE, DPPA, - CA-125 Thin-film hydration Carbodiimide 0.075 + 0.017 Diagnosis of ovarian [36]
DSPE-PEG conjugation cancer
DPPC, DPPG, DPPA - CAIX Mechanical shaking Biotin-streptavidin  0.504 + 0.785 Ultrasonic imaging [37]
polypeptides conjugation
DPPC, DSPE-PEG-2000, - VEGFR-2 Ultrasonic emulsion Biotin-streptavidin  0.320 + 0.020 Ultrasound imaging of  [38]
DMPC conjugation atherosclerotic plaque
DSPC, DSPE-PEG-2000 - CD3 antibody Thin-film hydration Biotin-streptavidin 0.457 + 0.053 Detecting T lymphocyte [39]
conjugation infiltration in acute
rejection
DPPC, DPPE, DPPG, PTX - Mechanical shaking - 0.470 + 0.033 Diagnosis and treatment [40]
DPPA, DSPE-PEG-2000 of cancer
DSPE-PEG-2000 AMDO070 - Mechanical shaking - 0.497 +£ 0.029 Diagnosis and treatment [41]
of cancer
DPPA, DPPC, DPPE, PTX AMDO070 Mechanical shaking PEG conjugation ~ 0.494 + 0.061 Treatment of breast [42]
DPPG, DSPE-PEG-2000 cancer
DPPC, DOPC, cholesterol Pemetrexed, - Thin-film hydration - 0.491 £ 0.130 Treatment of none-small [43]
pazopanib cell lung cancer
DSPC, DSPE-PEG-2000- DOC - Sonication Carbodiimide 0.323 + 0.027 Diagnosis and treatment [44]
NHS conjugation of cancer
DSPC, DSPE-PEG-2000  Artesunate FA Mechanical shaking PEG conjugation ~ 0.781 = 0.005 Diagnosis and treatment [45]
of cancer
DSPE-PEG-2000, DPPC  LMW-HA FA Mechanical shaking PEG conjugation  0.342 Inhibiting tumor cell [46]
infiltration
DPPC, DSPE-PEG-2000  IR-780 FA Thin-film hydration PEG conjugation  0.591 = 0.052 Diagnosis and treatment [47]
of cancer
DPPC, DSPE-PEG-2000, DOX PD-L1mAb Thin-film hydration Biotin-streptavidin 0.457 + 0.023 Inducing apoptosis [48]
cholesterol conjugation
DPPC, DSPE-PEG-2000, DOX FH peptide Mechanical shaking PEG conjugation  0.208 Reshaping the tumor [49]
DSPE-PEG-FITC microenvironment
DPPC, DPPE, DPPG, TEM Anti-G250 Thin-film hydration Biotin-streptavidin 0.369 + 0.043 Diagnosis and treatment [50]
DPPA, DSPE-PEG-2000 nanobodies conjugation of cancer
DSPE-PEG-2000, DSPC ~ PDLIMS- - Thin-film hydration - 0.192 £ 0.005 Treatment of non-small [51]
siRNA cell lung cancer
DPPC, DPTAP, DSPE- pDNA - Thin-film hydration Biotin-streptavidin 0.502 + 0.075 Treatment of breast [52]
PEG-2000 conjugation cancer
DPPC, PEG-2000, Ceb sPD-1 Thin-film hydration PEG conjugation  0.283 £ 0.022 Immunotherapy of hepa- [53]

cholesterol

tocellular carcinoma
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