- 348 - 2% %4 Acta Pharmaceutica Sinica 2025, 60(2): 348-358

TR AR O = B T E AKX R G AR TRIATT PRIN A

BRE, H#4, MWEE, #x", ME®"

clit

(R = 245 R 2 Th 25 22 B, R 301617)

FEE: 9Kk R GRS AR IT ST LAT R (0 S A1 357, (E G0 KA R ) 46 3o 2 o A7 8 A7 P ARG 3R I T 5
Gy ALK PO G R SR 0 T R 5 . 3T SR AR RO B e, E R AR AT T A 5 R 5 A K 3 0 R 4 RO T
FEHT o RARBE AN A 3 1% 22 G0 FTHTLAA P9 052 4T ot 0 A 3 A 3R THT B AT A B 4, 75 0 b oKe R SR ZE M B B 447
PR RN T Sl e R A (V0 I S5 i, VT 25 e S e o AT e S D I KA R SRR . E AT AR K% R
G O TR 97 G P IR O ML 05 4T e R S5 22 R o S SN R AR AT B S 00 285 () 07 AR oK 838 R S8 1 R IR
L5 ET RTE 72 RS AT AT, 538 7 T A SR 4T A0 I O 28 1 5 26 9K 36 R GRTE B R T U T S AT 9
TR JE T 2040 AR RS £ 25 1 0 A K 3o 3% R 1 X 240 8 T TR (0B A Y, ARk R JR AT LRI R, DU
ZRGMIRAT TS H RIS %,

KR LAMARNEL; 15 2E; 9RIHI% RS M

FE 525 R943 RRFRINAD: A X EHRS: 0513-4870(2025)02-0348-11

Biomimetic nanoparticle delivery systems b ased on red blood cell
membranes for disease treatment
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(School of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

Abstract: Nanoparticle delivery systems have good application prospects in the field of precision therapy, but
the preparation process of nanomaterial has problems such as short in vivo circulation time, easy recognition, and
clearance by the immune system in the body. In recent years, biomimetic nanoparticle delivery systems mediated
by natural cell membranes have become a research hotspot to address these issues. The natural membrane
biomimetic nanoparticle delivery system cleverly integrates the advantages of natural biofilm "autologous" and
"artificial" functional carriers by using endogenous cell membranes to modify the surface of nanocarriers,
endowing them with characteristics such as tumor targeting, low immunogenicity, and long blood circulation.
Currently, biomimetic nanoparticle delivery systems have been used in the treatment of malignant tumors,
cardiovascular diseases, bacterial infections, and other diseases. This paper analyzes the development status and
current research hotspots of natural cell membrane camouflaged biomimetic nanoparticle delivery systems mainly
reviews the latest research progress of red blood cell membrane camouflaged biomimetic nanoparticle delivery
systems in the field of disease treatment in recent years. It focuses on exploring the advantages, future development
prospects, and limitations of biomimetic nanoparticle delivery systems based on red blood cell membrane
camouflage in improving drug delivery, to provide a reference for the in-depth research and development of this
system.
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Figure 2 Construction and application of biomimetic nanodelivery system for erythrocyte membrane
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W5 T, Aol P O 7 T AR, SR T X b T v
R PR B ORL — B 22 o T AR F 2R ALV AR %
A E Y T 58 AR G, i g L 2% HA 1 R
(VSN ORESENEPS 42

TE 1) % 58 W, 0 R BEEE AT BEAL 1 5T I R AE,
BT E A H R H T R U (scanning electron
microscope, SEM). i% ¥ HL F & i %% (transmission
electron microscope, TEM) A1 &l 4 6 8 &) (dynamic
light scattering, DLS) 43 #, iX L84 AR W] DL 50 F0 LE 4

Table 1

HIERE TR B . R, 7l -+ e
T 198 B — 2% A M T Ji 2 Jle HL UK (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SDS-Page) 1 & [
Yo 9% BN IE (Western blot) &5 A 4k J7 125 5K A I A e 5 2
H b &8, CLEGUE L ThRe™,

ARSCIRFT T F T R IR0 M 15 A 255 1) 07 A6 44 oK 3 s
RGN R IR, T %880 e 0 i Je B A I 7t
. G T LA T 2T A O 25 1 0 AR gl oK
i R4t (RBCM-NPs) 7E 05 16 97 1 IR BE ), B 4R
T 1 4 SOy 2 (1) 477 AR oK s ik R G AE O 2 i
KT E AR R, R T R BR 1, DU 1%
RGWIRN TG T KRS %

1 RBCM-NPs 7E& %A TT  #9 5 F

1.1 EMME Hul, 24 AR 5 4iE
ST IR T S i T A 2 MR T T RS R
FH, H %t 2 B B AR D Re T 2007 A2 gl oK s 1k &
4t, 2 1291 a 457 RBCM-NPs 7535 4: i 87w 1 3 A

Application of RBCM-NPs in tumor therapy. CT: Chemotherapy; PTX: Paclitaxel; DOX: Doxorubicin; Tel: Telmisartan; Cur:

Curcumin; 5-FU: 5- Fluorouracil; OM: Obatoclax mesylate; GEF: Gefitinib; ICA: Icariin; UA: Ursolic acid; RSV: Resveratrol; PTT:
Photothermal therapy; SPN: Semiconducting conjugated polymer nanoparticles; HNP: Human black hair-derived nanoparticles; SDT:

Sonodynamic therapy; GET: Gene therapy; EPI: Epirubicin; ICG: Indocyanine green; GA: Gambogic acid; IND: Indomethacin; PDT:

Photodynamic therapy; CQP: Chloroquine phosphate; IMT: Immunotherapy; CDT: Chemodynamic therapy; HCPT: 10-Hydroxycamptothecin;

CST: Cancer starvation therapy; IIT: lon interference therapy; RT: Radio therapy

Therapy Application RBCM-NPs Therapeutic agent Function Ref.
CT Breast cancer iRGD-RM-(DOX/MSNs) DOX High drug content, targeted delivery 2]
PTX-NP-EM High drug content, long circulation [15]
RBC-4T1@DOX/CS-NPs DOX Targeted delivery [18]
ECM/Tel High drug content, long circulation, targeted [19]
delivery
Liver cancer GACS-Cur@RBCm Enhance immune escape ability, targeted delivery [20]
PDC@RBC-NPs DOX Enhance immune escape ability, long circulation [21]
5-FU-C-NPs-NEs 5-FU Long circulation [22]
Lung cancer RBCm-OM/PLGA Enhance immune escape ability, long circulation [23]
R-RBC@GEF-NPs Enhance immune escape ability, targeted delivery,  [24]
targeting imaging
iRINP Enhance immune escape ability, increasessolubility — [25]
REMAIN MiR-126-3p Enhance immune escape ability, long circulation [26]
UMNP Enhance immune escape ability, targeted delivery,  [27]
increases solubility
Colorectal cancer RSV-NPs@RBCm Enhance immune escape ability, enhanced tumor [28]
tissue penetration
PLGA/SK (+) @RBCm and Shikonin Long circulation, enhanced tumor tissue penetration [29]
PLGA/SK (-) @RBCm
Ervical cancer DOX@ZIF-8@eM-cRGD DOX Long circulation, enhanced tumor tissue penetration [30]
PTT Breast cancer SPN@RBCM Enhance immune escape ability, long circulation [16]
Liver cancer HNP@RBCM-cRGD HNP Long circulation, targeted delivery [31]
RHAuNCs-miRNA miRNA Long circulation, sustained-release [32]
CuS@RBCs Long circulation, enhanced tumor accumulation [33]
Lung cancer DRBCM-BNF Enhance immune escape ability, CT imaging [34]
Cyp-MNC@RBCs Enhanced tumor accumulation [35]
SDT Breast cancer RBC-mTNPs@AQ4N AQ4N Enhance immune escape ability [36]
GET Ervical cancer CM-PQDs/DNA Sustained-release effect [37]
CT/PTT Breast cancer DOX@IRP@RBC NPs DOX, IR780  Enhance immune escape ability, long circulation [38]




o A ZLLZ M T O R [ 7 AL A Kt 12 B AR R VR 9T A -+ 351 -
Continued
Therapy Application RBCM-NPs Therapeutic agent Function Ref.
MoS,-RBC-DOX DOX Enhance immune escape ability [39]
Fe-PDA-EPI@FA-RBCm EPI Targeted delivery [40]
MSNR@DOX&ICG@RBCM DOX, ICG Enhance immune escape ability [41]
Liver cancer DIRNPs DOX, ICG Long circulation, targeted delivery [42]
Cervical cancer ~ WID@M-FA NPs DOX, ICG Long circulation [43]
RmGIB NPs GA, ICG Long circulation [44]
GID@RF NPs DOX, ICG Enhance immune escape ability, long circulation [45]
PCDI@M Cs-6, IND Targeted delivery [46]
PTT/PDT Breast cancer Ce6@DiR-M NPs Ce6, DiR Long circulation [47]
cRGD-RBC@mTHPC/TAT-IR820 Long circulation, targeted delivery [48]
PMRCR NPs Targeted delivery [49]
Cervical cancer ZNPC-ICG@RBC ZNPC, ICG Enhance immune escape ability, long circulation, [50]
enhanced tumor accumulation
CT/PDT Breast cancer ARISP ICG, Sal Enhance immune escape ability, long circulation [51]
Lung cancer HA &RBCm-LCNPs PTX, IR780 Long circulation, enhanced tumor accumulation [52]
Colorectal cancer HNPOC Oxa Long circulation, targeted delivery [53]
PLGA/GCC@FR CQPp Long circulation, targeted delivery [54]
IMT/PTT Breast cancer RBCm/PAAV-SNO/IR1061+ IR1061, I-MT  Long circulation, controlled-release [17]
1-MT NPs
RDIR1048 Enhance immune escape ability, long circulation, [55]
targeted delivery
CDT/CT/PTT Breast cancer HCPT@Cu/ZIF@PDA HCPT Enhance immune escape ability, long circulation [56]
RM-Cu/P@DOX DOX Long circulation, targeted delivery [57]
CDT/PTT Liver cancer FGIR Long circulation [58]
IMT/CT Melanoma RBC-NPs Hgp Long circulation [59]
ICUR-DOX@RBC NPs DOX Enhance immune escape ability, enhanced tumor [60]
accumulation
Breast cancer HR-UCAD DOX Enhance immune escape ability, targeted delivery [61]
CST/PTT Breast cancer AMS+-Gox@TSL@[RBC-CC- Enhance immune escape ability [62]
TSLIM
IIT/CDT/CST Breast cancer Cu-CaO2/GOx@FRs Targeted delivery [63]
PTT/RT Lung cancer RBCM-BNF Improved biocompatibility [64]
IMT/PDT Melanoma M@AP NPs P2-PPh3, Enhanced tumor accumulation [65]
poly (I:C)
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ST RN H B . f51hn, Wang 55244 2 1) PDC@RBC-NPs
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7, 753G 58 Y6 T7 FF i 25056 1 [F) B O Re % BRI 25 P 1 0
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B 1R B 5% Ak . 1 EE T EE (resveratrol, RSV) AT
LA 25040 1) 45 i 9 40 i 1 A= K, {2 RSV B A K 1
ZE AW FE AR S5 1)/, Zhang 250544 & — R 2k
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[EJR L 7] B S AV S AE M B M S e k. EAh,
LAY IND BE 9% A 2008 /D PTT 512 ) 98 8E [ M, &
I P38 400 B % Cs-6 (TR 25 1« Lin 5% 2 7 HA@
RBC@PB@CS-6 NPs 44 K £ 1) 11X R 4, % RAAE
RBCM &1 T 8% 5 7L M6 40 Ml R 1H CDAA 52 f&
FES VRS G 0B A RIR 4y T, K13 7 MR e A aE /g, AT
HE— 5 5 PTT/ALIT (chemotherapy, CT) X5 & 254
(A 2 Ak

W3 7197 7% (photodynamic therapy, PDT) & — F
S5 ORBOR DR R T, SRS ) R BB IT
7. Zhang FEPF R T — M 2 DR 9K iE % &
4 ——HA&RBCm-LCNPs, 1% 3 4t [7] I} 6t 5 5% 42 fiZ
(paclitaxel, PTX) 5 IR780 /& ¥ CT/PDT ) [l 76 J7 E
. W52 B, RBCm-LCNPs 7£ /)5 A Py (1) °F 23 B4
IS [A] 2y LCNPs 1) 3 fis, G5 5 G075 bR 38 0 30 35 I
HA&RBCm-LCNPs £ [} 967 {5 A7 () B 24 5 2 9 LCNPs
() 4 1%, 102 3 = F RBCm-LCNPs. I H I8 AAS -4
et 45 5 7R LCNPsRBCm-LCNPs 255t /s i, % 35 3
Wi 28 A EVE A FIFEE 52, {H HA&RBCm-LCNPs ¢ B
LA, IE % R R AL BT S 2 PR T AL, i A
A RIFHAEY .

ST PTT # PDT W ¥6 97 ML 5 4 52 40 B 52 44 1
FIBTCR, ST WO NIRRT AR 5 &, H g,
BPTT 78 R 41 23 P DR BE 25 [8) o0 A AN, ANRg e 42
T8 BRI R 40 M, B PDT 7R 1R K2 AR+ <,
Ik, BT IR IT BRI AR, 454 T LSRR
S AN, BRI RIR T R, Liu &Rt — 5 R T
Cu,, Se NPs £ A 657 FIHEiE 7697 ROR, £ R M
£ 4 RBCM #4 2 Hf RBC@Cu, Se NPs. WA £W, 5
Cu, Se NPs #iLt, RBC@Cu,  Se NPs 4 5 i [ Fa s 1
Jo BT (AR 251, B A 20k /b [ 4 1 £ HL,
J HLAE ML 806 24 18] 18] /& Cu, Se NPs 1 4.43 i,
Jiga F & fe SR, A R T4 FF PTT/PDT i[RI VE 97 2L
K, Zhang ZYHF K 1] Ce6@DiR-M NPs 44k & 41 %
L R & PDT/PTT # [RVGITAEH, 5 Ce6@DIiR NPs
FH L, Ce6@DiR-M NPs 74 Il 7 - 145 58 KA B4 B[] I
14 o L vy 08 3B M AN i B UM (enhanced permeability
and retention effect, EPR), 5 F] T-$2 FHIG 77 %5 .

Bt 2 41, Zhu S5 2 (1) ZGAM G K Bk [7]
A % %) BE A AL (glucose oxidase, GOx) 5 4 4K
¥& (gold nanorods, AuNRs) , E.& 5 i 8 #E n) g
FEEWAR 220, AANAT L I B i GOx A R0 10 4

B SE A SR A ] iR A, I R 8 0 ) AR b R A R R
K DLIG 98 PTT R, 27 R AF UL VR /PTT #3 [
TBIT AR . Dai S K M@AP 449 K JURL A {6 e
Jo A ELEAMIE L, 38 RERE WO B IR o8 S, X fib
R A RIFIRIT ROR, TR e 52 5 R # S 41t
TETEIR YT TN .
1.2 ZHERRSE 0w R G U N A e 2 A
24 (R PR HE L, B0 2R 3% 1 L 30 AS 4 7 SRR e R4S T
AROAIT BN R, KEE A PR R 2 B
TR 245 1 AN W 385 58 AT B8 41K Bt A2 3197 28, 369 I v o7 X
TN BRI R T BT 0B TT SR SR AT e PG 24 4
BRI PRIG ST BI3E D) 75 k727, RBCM I J2 44 K kL
WSR2, SRR IR, (H H-I8 A R 40 B R AU Bl B
W 73 RSO H A SE A T 7T BE 2 A RUB T 4 T R 1Y
— M B i R AR T AR B 55 %) BR B (methicillin-
resistant Staphylococcus aureus, MRSA) 1} 5 {2 # 2
UG T 78 TR LR A0 G Ay 0 A 2 o 1Y) 3 BT 24 99
JR A, 57 % & (vancomycin, Van) J2& A% I J& &1 1K) XF
PTMRSA KL 1 B Jo — T8 B £, B Ha 7 ROR H1Z
R BEYY. Chen S RIE A7 AR AT [R] U 44 oK KL
RBC@Fe,0, 7] LIMENHLE M . i 1 35 3 WG LT,
TZYN KRR 38 XL 3 2L AP 6 IR R B0 AR R T
TSR0 BE I RE /o PR I7 % MRSA B 445 /)
B AR T AR B IIE T AR . RBC@Fe, O, 41 K JiURL 7]
DA LA T B 1) 75 2K BT, T AN 23 B2 Wi o7 TSR . RBCM-
NPs 75X 504 P 5 )7 T 7w g 77 Ran S5 2%
i) RBCM-NW-G 1/ 4= 41 K 5 Gt th 0] 41 1 [ 38 I Hy
RIF BT AR o 1% R 50 0L AuAg 49 K Uk A 48 4
BERRKEFR, R LI (polydopamine, PDA) i )2
B AuAg R i 259 7133, i i RBCM P 2 4 <
LA PRI T) AT RICR B T IR Aor, #E PTT 205
Agt RHUAE R I ERIE R 3845 w80 P e O 1 22
THUERT MR R A

PDT C By — MRl 56T fa 196 97 5%, Zhuge
FEUNE A T — FhFLBR BB & (pore-forming toxins,
PFTs) M % 8 A= ) 7 A 9 oK A0, 3 ek 6 40 40 B JBE
FE [7) 355 2% 4 IR 40 K LA 6 B8R A 2 7 A oK R
. Z TG R PFTs T4 9K SR Al el 7
A, AR R TG B LB AT AL I A A 40 K FL
Hh ) 85 DG BB — A d R T, AT 3 RO 3 0 A
MRBRCR o BRI b, AP 25 1t AT 4 A 1) B
JBE G KSR AT LA g 60, 358 45 T 70 F A 455 T 2 P 86 T8 )
AL HAR . RBCM-NPs 75 41 1 J8& e o (1) LA
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Table 2 Application of RBCM-NPs in the treatment of bacterial infection. PMB: Polymyxin B; DAPT: Daptomycin; AM: Antibiotics

amikacin

RBCM-NPs Application Core material Function Ref.
RBC@Fe,0, Anti-bacterial infection Fe,0,, RBCM Adsorption of bacterial toxins [75]
RBCM-NW-G Anti-bacterial infection AuAg-G, PDA, RBCM Drug delivery [76]

RBC(IR780)-PFC(02) Anti-bacterial infection

PFC, IR780, RBCM

Neutralization of pore-forming toxins  [77]

P-RL Anti-Escherichia coli infection Lip, RBCM, PMB Neutralize internal and external toxins  [78]

RPTR-701Ns Methicillin-resistant Staphylococcus PTR-701Ns, RBCM Neutralization of exotoxins [79]
aureus infection

RBCDVL Methicillin-resistant Staphylococcus VAN, Lip, DAPT, RBCM Targeted delivery [80]
aureus infection

RM-PL Broad-spectrum detoxification PL, RBCM Neutralization of pore-forming toxins  [81]

PEM-ARM Prevention of Plasmodium infection Lip-ARM, RBCM, CLIPPKF Blockade of CDP-Cho mediated [82]

Phosphatidylcholine synthesis
AB@LRM NPs Anti-Pseudomonas aeruginosa infection ~ BPQD, AM, RBCM Targeted delivery [83]

100 Pl P S50 11 2 R IR, 7 R R AR R R, OF AL
AR R R CEURE R — HAR R LT
HN, W TG R GO B R AL, SRR 7 A
(Y6 IT 77 32 H Al e B8 70 0 oS 5 07 . H
B I 57 B (blood brain barrier, BBB) s& HHX 1 £8 &
4 (central nervous dystem, CNS) ffJ — A FE A K5 IE
BBB [Ril] 1 46k 2 Bk 249 5 3\ ONS, A #fh 2
Y5 AN CNS Ak 25 5K, LLERIE CNS ) IE 7 Th g,
Itk BBB 2 ¥ 24 W i & 0 KM 1) e K e 300, Th g ik
TGNYKALHPHN (TGN) Ref#F| H A 7 1E F A S L
il % ik BBB, 7E 41 i i 12 4 50K 7 A B K 77,
Gu I 7 —Fh i F TGN ik /E v AC 4438 i3 BBB [
oG 8 v 25 ) 33 1% R G, %0615 R G AE AR AN RITR N S 5
PJUE 55 TGN-RBC-NPs H A %%k BBB [ g /7 I R I
18 A I L ) KR o Liu 26 B RBCM ) 255 i B
¥ £ (carbon quantum dots, CQD) 1 PDA [¥J 44, 1fij 7=
gk 5 &4 K PDA-CQD/RBC. Z48KE &Mk 5
LA S G F T Bl IR 2596 2R (Alzheimer's disease,
AD) 8T o YKL -3 THIAS U 2140 Jf L A LA s
WEIR B TT, DKL T ROk A A B AR AT, B Lk B-iE
MFEEE A (B-amyloid, AB) K. BRILZ AT /MO
HE S 175 5 ) 90 m A R T DL BCR T BI) A 41 4 I 3 i
oG 7 5% 1) 335 1 o 2% 1 R R RR TR ASOYA T R PR
P, TE I8 2% 95073 1k 1 [l It v 7 YR 9T AR . Liu %™
# 1) RVG29-RBCm/Cur-NCs B A5 B UF R R 5
AR AR, REAE A R0H A G AR/ D RIAT R EE,
2B i) RVG29-RBCm AN ZE & T 47 4 7 iy ik B
4 244 B e 2 I P, S R T O O B, R v T 2
VAR DR 28, A 4 AR S A M 2 1R AT MR IR
I G RO TE SR

O LA 9 A 4 IR Rl P9 A0 T 1 i A, A 2
F IR N 2 —, SRR AR AR S A

B FH 25 2 o 1L A8 2 95 12 7 T R v O R AR R ) S
B2 Zhao 25115 37 ) T-RBC-DTC NPs B A5 R4
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Table 3  Application of RBCM-NPs in the treatment of other diseases. PBNP: Prussian blue nanoparticles. RAPA: Rapamycin; UK:

Urokinase; LFP: Lipid-specific fluorophore

Application RBCM-NPs Therapeutic agent Function Ref.
Alzheimer's discase TGN-RBC-NPs-Cur Cur Overcoming the blood-brain barrier, targeted delivery [87]
PDA-CQD/RBC Overcoming the blood-brain barrier, enhance immune escape ability, [88]
targeted delivery
RVG/TPP-RSV NPs RSV Overcoming the blood-brain barrier, targeted delivery [94]
T807/TPP-RBC-NP Cur Overcoming the blood-brain barrier, targeted delivery [95]
Cu,O@EM-K Cu,O Enhance immune escape ability, long circulation, targeted delivery [96]
AFPS/CTAB@RBC H,S Enhance drug stability [97]
TR-ZRA Overcoming the blood-brain barrier [98]
CQD-Ce-RBC Overcoming the blood-brain barrier, enhance immune escape ability [99]
PB/RBC PBNP Overcoming the blood-brain barrier [100]
Parkinson's discase RVG29-RBCm/Cur-NCs  Cur Overcoming the blood-brain barrier, long circulation, targeted delivery ~ [89]
RBCM/UCMG Overcoming the blood-brain barrier, enhance immune escape ability,  [101]
targeted delivery
Traumatic brain C3/SS31-RBCNLCs Ola Targeted delivery [102]
injury
Autism spectrum SCM@RAPA RAPA Overcoming the blood-brain barrier [103]
disorder
Thrombus T-RBC-DTC NPs Tirofiban Long circulation, targeted delivery [93]
PM/RM@PLGA@P/R Rgl Enhance immune escape ability, targeted delivery [104]
RGD-RBCM@PPUNPs UK Enhance immune escape ability [105]
USIO/UK@EM UK Extended half-life [106]
Atherosclerosis RBC/LFP@PMMP Prednisolone, LFP  Long circulation [107]
RBC@P-LVTNPs Enhance immune escape ability [108]
CXCR2 [RBC-P] NPs CXCR2 Long circulation [109]
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