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Plasma proteins regulating in vivo performance of liposomes
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Abstract: Liposomes have been widely exploited in clinics. After entry into blood stream, liposomes absorb
a large number of plasma proteins to form protein corona, which severely regulates in vivo performance of
liposomes. It is of high importance to study the relationships among liposome surface properties, plasma protein
components and liposome in vivo performance for clinical translation. In this review, we will summarize the fac-
tors affecting liposome protein corona, the effects of protein corona on liposome performance and the rational de-

sign of liposomes, aiming to accelerate clinical translation of liposome-based therapeutics.
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Figure 1 Dynamics of protein corona formation on liposome surface. Initially attached plasma proteins are subsequently exchanged by

lower-abundance plasma proteins harboring higher affinity to achieve equilibrium
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Figure 2  Effects of protein corona on in vivo performance of liposomes. Absorption of esoponins (such as albumin and apolipoproteins)

would prolong the blood circulation time of liposomes, while opsonins (such as complements and immunoglobulins) reduce the circulation

time. The absorption of protein corona also affects the interaction between liposomes and immune cells to induce immunogenicity. Protein

corona would also reduce the targeting capability of liposomes, and affect burst release and biodegradation of liposomes
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Figure 3  Strategies for development of liposomes enabled by mechanistic understanding of protein corona-liposome interactions. Lipo-

somes inserted with stealth polymers (such as PEG) or coated by leukocyte-membrane reduce the opsonin absorption and increase the apoli-

poprotein coating, significantly prolonging circulation time of liposomes. To enhance targeting capability, liposomes can be modified to

absorb more endogenous proteins with targeting capability. Disease-related proteins can be enriched on certain liposome surface and can be

explored for early detection of diseases, such as specific IgA or IgG absorption in pancreatic cancer. PEG: Polyethylene glycol
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Table 1

Clinically used liposome-based products. US: United states; EU: European Union; HSPC: Hydrogenated soy phosphatidylcholine;

PEG: Polyethylene glycol; DSPE: Distearoyl-sn-glycero-phosphoethanolamine; DSPC: Distearoylphosphatidylcholine; DOPC: Dio-

leoylphosphatidylcholine; DPPG: Dipalmitoylphosphatidylglycerol; EPC: Egg phosphatidylcholine; DOPS: Dioleoylphosphatidylserine;

POPC: Palmitoyloleoylphosphatidylcholine; SM: Sphingomyelin; MPEG: Methoxy polyethylene glycol; DMPC: Dimyristoyl phosphatidyl-
choline; DMPG: Dimyristoyl phosphatidylglycerol; DSPG: Distearoylphosphatidylglycerol; DEPC: Dierucoylphosphatidylcholine; DOPE:

Dioleoly-sn-glycero-phophoethanolamine

Serial

Approval

Clinical product Active agent Indication Lipid Reference
number year
1 Doxil Doxorubicine 1995-US, Ovarian, breast cancer, HSPC, CHOL, DSPE-mPEG200 [80]
1997-EU Kaposi's sarcoma
2 Myocet Doxorubicine 2001-EU Metastatic breast cancer, EPC, CHOL [81]
Kaposi's sarcoma
3 Lip-Dox Doxorubicine 2002-TW Metastatic ovarian cancer, HSPC, CHO, DSPE-mPEG2000 [82]
metastatic breast cancer
4 DaunoXome Daunorubicin 1995-EU, Kaposi's sarcoma DSPC, CHOL [83]
1996-US
5 AmBisome Amphotericin B 1990-EU,  Deep fungal infection HSPC, DSPE, CHOL [84]
1997-US
6  Abelcet Amphotericin B 1995-US Deep fungal infection DMPC, DMPG [85]
7 Amphotec Amphotericin B 1996-US Deep fungal infection CHOL sulphate [86-88]
8  DepoCyte Cytarabine 1999-US Lymphocytic meningitis DOPC, DPPG, CHOL, triglyceride [89, 90]
9  DepoDur Morphine sulfate 2004-US Postoperative analgesia DOPC, DPPG, CHOL, triglyceride [91-95]
10 EXPAREL Bupivacaine 2011-US Postoperative analgesia DOPC, DPPG, CHOL, triglyceride [96-113]
11 Visudyne Veteporfin 2000-US Choroidal neovascularisation DMPC, EPG [114]
12 Epaxal Inactived hepatitis A virus  1994-EU Hepatitis A DOPC, DOPE [115, 116]
13 Inflexal V Inactivated hemaglutinine 1997-EU Influenza DOPC, DOPE [117-119]
of influenza virus strains A
and B
14 Margibo Vincristine 2012-US Acute lymphoblastic leukemia SM, CHOL [120-123]
15 NecLip-pdFVIII Clotting factor VIII 2012-Russis Hemophilia Unknown
16  Mepact Mifamurtide 2004-EU Non-metastatic osteosarcoma DOPS, POPC
17 Onivyde Irinotecan 2015-US Terminal stage of metastatic ~ DSPC, CHOL, DSPE-mPEG2000 [124-126]
pancreatic cancer
18  Vyxeos Daunorubicin, cytarabine  2017-US Acute myeloid leukemia DSPC, DSPG, CHOL
19 Onpattro Patisiran 2018-US Heredofamilial amyloidoses ~ DSPC, CHOL, Dlin-MC3-DMA,
PEG2000-C-DMG
20 Arikavce Amikacin 2018-US Pulmonary infection DPPC, CHOL

TLAR FIMLA, F0 ARERE AR, #3630 g B A
LI I PREZAL o

Bogt: Bl AR AR A R S Rt B

DV EPSERSE
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