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Liposomes modified with polyethylene glycol (PEG) can stably exist in the bloodstream because the PEG on the
liposomes attracts a water shell to the liposomal surface. Since these liposomes are long circulating nanocarriers, they are
used as drug and gene delivery tools. Repeat injection of PEGylated liposomes, however, is known to induce the acceler-
ated blood clearance (ABC) phenomenon. In the ABC phenomenon, PEGylated liposomes that are injected subse-
quent to the first injection are cleared rapidly from the bloodstream and accumulate in the liver, resulting in loss of their
long-circulating characteristics. The induction of ABC phenomenon is related to the production of anti-PEG IgM from
splenic B cells. To elucidate the mechanism of the phenomenon, we firstly examined the relationship between the induc-
tion of ABC phenomenon and the concentration of PEGylated liposomes, and observed that the high dose of those did
not induce the phenomenon. Next, we investigated whether polymeric micelles trigger ABC phenomenon or not. Finally,
the size-dependency of ABC phenomenon was investigated by use of variously sized PEGylated liposomes and polymeric
micelles having PEG chains. Our data suggest that the initiation of ABC phenomenon would be size-dependent, and par-
ticles smaller than 30 nm did not induce ABC phenomenon. We anticipate that the elucidation of the ABC phenomenon
will be helpful for the development of DDS formulations.
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Fig. 1. Biodistribution of 3H-labeled PEGylated Liposomes
in Mice

BALB/c mice were intravenously injected with PBS, PEGylated lipo-
somes (2 umol phospholipids/kg), or PEG-Dox liposomes (2 umol phos-
pholipids/kg). Three days after the pretreatment, H-labeled PEGylated
liposomes were intravenously injected into these mice (5 umol phospholipids
/kg) . Twenty-four hours after the second injection, the mice were sacrificed,
and the radioactivity in the plasma and each organ (only liver data shown)
was determined. Data (n=5) are presented as a percentage of the injected
dose per tissue and S.D. Data represent PBS (open bar), PEGylated lipo-
somes (gray bar) and PEG-Dox liposomes (closed bar), respectively. Sig-
nificant differences against PBS group are shown with asterisks: **p<0.01.
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Fig. 2. No Induction of the ABC Phenomenon at High Dose
Priming of PEGylated Liposomes

BALB/c mice were intravenously injected with PBS, PEGylated lipo-
somes (100 umol phospholipids/kg) or PEG-Dox (100 umol phospholipids/
kg). Three days later, 3H-labeled PEGylated liposomes were intravenously
injected (100 umol phospholipids/kg) . Twenty-four hours after the second
injection, the mice were sacrificed, and the radioactivity in the plasma and
each organ (only liver data shown) was determined. Data in the graph
represent percentage of the injected dose per tissue and S.D. Data (n=5)
represent PBS (open bar) and PEGylated liposomes (gray bar) and PEG-
Dox (closed bar) respectively. Significant differences against PBS group are
shown with asterisks: ***p<0.001.
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Fig. 3. Time-course of the Biodistribution of 3H-labeled
PEGylated Liposomes

BALB/c mice (n=5) were intravenously injected with PBS or PEGylat-
ed liposomes (2 umol phospholipids/kg) . Three days after the pretreatment,
3H-labeled PEGylated liposomes were intravenously injected into these mice
(5 umol phospholipids/kg) . At 1, 3 and 6 h after the injection, the mice were
sacrificed, and the radioactivity in the plasma and each organ (only liver data
shown) was determined. Data are presented as a percentage of the injected
dose per plasma priming with PBS (opened square) or PEGylated liposomes
(closed square), and that per liver priming with PBS (opened circle) or
PEGylated liposomes (closed circle), respectively. Significant differences
against PBS group are shown with asterisks: *p<{0.05 and **p<{0.01.
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INET BT ETHIPEG-IgM fiilkDEES NS T &
HiERINZ. ZOZ &R, URY—ARI IV



No. 12

1449

z

Injected dose/tissue (%)
S~
(=}

Plasma Liver

®
03 r
_ *okk
E
=02 F
(=)
I
5
g
2
30.1 |
=
1
0
PBS Micelles

Fig. 4. Induction of the ABC Phenomenon Priming with Polymeric Micelles

BALB/c mice were intravenously injected with PBS or PEG-PBLA (2.9 mg/kg). (A) Biodistribution of the test-dose *H-labeled PEGylated liposomes: Three
days after the pretreatment, *H-labeled PEGylated liposomes were intravenously injected into these mice (5 umol phospholipids/mouse) . Twenty-four hours after
the second injection, the mice were sacrificed, and the radioactivity in the plasma and each organ (only liver data shown) was determined. Data (n=35) are presented
as a percentage of the injected dose per tissue and S.D. (B) Anti-PEG IgM in the serum collected at day 3 after the pretreatment with PBS (open bar) or PEG-PB-
LA (closed bar), respectively. Each value represents the mean+S.D. of 3 separate experiments. Significant differences against PBS group are shown with asterisks:

*p<0.05 and ***p<0.001.
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Fig. 5. Biodistribution of Test-dose PEGylated Liposomes
after the Preadministration of Various Sized Ones

BALB/c mice (n=35) were intravenously injected with PEGylated lipo-
somes (2.0 umol phospholipids/kg) with 119, 261 or 795 nm sizes. Three
days later, *H-labeled test-dose PEGylated liposomes (5.0 umol phos-
pholipids/kg) were administered via a tail vein. Twenty-four hours later, the
mice were sacrificed and the radioactivity in the plasma and liver was deter-
mined. Data are presented as a percentage of the injected dose per tissue and
S.D. priming with PBS (open bar), 119 nm (gray bar), 261 nm (hatched
bar), and 795 nm (closed bar) PEGylated liposomes, respectively. Sig-
nificant differences against PBS group are shown with asterisks: ***p<
0.001.

nm (PEG-P (Asp (pentyl) )), 9.7 nm (PEG-P (Asp
(nonyl))) OFEHFI IV ZEHW TR ZTo 72
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Fig. 6. Biodistribution of Test-dose PEGylated Liposomes
after Preadministration of Polymeric Micelles with Various
Sizes

BALB/c mice (n=5) were intravenously injected with polymeric
micelles (2.9 mg/kg) having 9.7, 31.5 or 50.2 nm sizes. Three days later,
3H-labeled PEGylated test-dose liposomes (5.0 umol phospholipids/kg)
were administered viag a tail vein. Twenty-four hours later, the mice were
sacrificed and the radioactivity in the plasma and each organ was determined.

Data are presented as a percentage of the injected dose per tissue and S.D.

priming with PBS (open bar), 9.7 nm (closed bar), 31.5 nm (hatched bar),

and 50.2 nm (gray bar) polymeric micelles, respectively. Significant differ-
ences against PBS group are shown with asterisks: **p<{0.01 and ***p<C

0.001.
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7. &HYIC

A B~ U 7=& D12, ABC 413 PEG &
iR —LADHAIE 5T, PEGﬁééﬁbf:%ﬁ%i
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7ZEHAWDSEGE, BEERGIZE> TIRIRICZEDE
SZEIFEAHL, BORLEGNHLEARRIR ETR
%. Doxil®D & 572 DDS i AFID#ED R L5
DHZAHEITE, NEHINTWBHEPOFFIZELST
ABC HHIRIIFE I N WD, FDENDEY DR

CH3<<O CH,~ CHz%CHz NH‘%C CH—NH%H
CH2

COOCH,

PEG-P(Asp(pentyl))
and PEG-P(Asp(nonyl))

),

CHy{0 CHonQ}—CH2 NH-—{c— iH NH%—%}C CHy— CH NH%—H

Hy

OOR

COOR

~{CHy ), CHy (pentyl ester residue) or ~{CH, JCH; (nonyl ester residue)
2 (

H (aspartic acid residue)

Molecular

— weight M.W. of Number of Asp Esteriﬁlc;ation Diameter”
MW) PEGblock  Units (a+b)  degree” (%) (nm)

PEG-PBLA 15000 12000 14 100 50.2
PEG-P(Asp(pentyl)) 9000 5000 2 75 315
PEG-P(Asp(nonyl)) 10000 5000 2 g 9.7

Fig. 7. Composition of Block Copolymers

1) BEsterification degree = (number of ester residues) / (number of ester residues +number of aspartic acid residues) X 100 (%) . This degree was determined by
'H-NMR measurement. 2) Weighed average diameter determined by dynamic light scattering.
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