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ABSTRACT

A drug-containing protein-bonded liposome comprising
a liposome containing a drug and having maleimide
residues on its surface, and a protein and residues of a
compound having a polyalkylene glycol moiety, bonded via

respective thiol groups to the maleimide residues.
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DRUG"CONTAINING PROTEIN BONDED LIPOSOME

The present 1nventlon relates to selectlve

- chemotherapeutic drugs for various dlseases including

cancer. More partlcularly, it relates to a drug~
contalnlng protelnwbonded 11posome.
A m1831le therapeutlc agent whereby a drug can be -

concentrated at a requlred actlve srte utlllzlng a

. SpEBlflC react1v1ty of an antibody, 1s expected to be
duseful in varlous medlcal flelds 1nclud1ng a fleld of ”
-_oanoer treatment 1n v1ew of 1ts hlgh 1evel of

"-- ﬁf'effect1veness and low smde effeots.; For reallzatlon Of

TV.Suoh a m1531le therapeutlo agent,r 1t is 1mportant to '

15

20

?establlsh a technology for comblnlng an antlbody and a

drug.' Heretofore, 1t has been attempted to bond an K

antlbody and a drug by a method whereln a drug 1s }

.'chemlcally modlfled for bondlng 1. e.‘a method whereln an

‘antibody and ‘a drug are dlrectly bonded, or a method

wherein they are bonded via a ‘water- soluble polymer such
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as dextran. However, with these methods, problems have
been pointed out that the amount of a drug which can be
bonded per molecule of an antibody is small, and the
activities tend to be reduced by the modification of a
drug. On the other hand, as a means for transporting a
drug in a large amount without modifying the drug, a
method has been proposed wherein a drug is contained in a
lipogsome and an antibody is bonded to the surface of the
liposome. Namely, an antibody-bonded liposome has been
proposed.

Also in the field of cancer treatment, anti-cancer
drug-containing antibody-bonded liposomes have been
prepared, and many research institutes‘have reported
excellent antitumor effects thereof (Konno et al., Cancef
Res. 47, 4471 (1987), Hashimoto et al., Japanese ‘
Unexamined Patent Publidation No. 134032/1983).  Howéver,
at the same time, some problems'of_antibodyﬂbonded
liposomes have been pointed out. Namely, many of 
antibodyfbonded.1ip090mes adminiStetedare likely_to be

captured by organs of réticuloendothelial'system such.as

_liver’and spleen, whereby no adequate effects tend to be

obtained (Hashimoto et al., Cancer Res. 43 5328'(1983)).
On the other hand, it ﬁé§ beenproposed to bond e.g.

polyethyiene glycel to a 1iébsome“as a method of

improving the general propértiesof a liposome, such as

leakage of the contained subStance, agglomeration-and a

 nature of being captured by organs of reticuloendothelial
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system (Japanese Unexamined Patent Publications No.
249717/1989 and No. 149512/1990, Alexander L. Klibanov et
al, FEBS letters 268 235 (1990)).

However, in these methods, lipophilic derivatives of
polyethylene glycol and a compound such as a long chain
aliphatic acid are mixed with other liposome-constituting
lipids, and a polyethylene glycol layer is formed on the
liposome surface during the preparation of the liposomne,

or polyethylene glycol derivatives reactive with amino

groups are attached to amino groups introduced to the

liposome surface. When such methods are applied to an
antibody-bonded liposome, bonding of the antibody is
likely to be hindered by the polyethylene glycol layer
already formed on its surface, or deactivation of the
antibody is likely to result. Therefore, the

conventional method of incorporating-polyethylene glycol'

has not been primarily 1ntended for appllcatlon to an

antlbody-bonded liposome.

The present 1nventors have conducted exten51ve
studles to present a drug contalnlng ant1body~bonded

llposome haV1ng the nature of belng captured in the

”retlculoendothellal system 1mproved, and as a result,

have found it p0851ble to accompllsh th1s object by

firstly reactlng a proteln to whlch a th101 group is

imparted (a tthI"mOdlfled proteln) to a llposome haV1ng

maleimide groups and then reactlng a compound hav1ng a

moiety of a polyalkylene~glycol to which a thiol group is
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imparted (a thiol-modified polyalkylene glycol) to the
remaining maleimide groups.

Thus, the present invention provides a- drug-
containing protein-bonded liposome comprising a liposome
containing a drug and having maleimide residues on its
surface, and a protein'and residues of a compound having
a polyalkylene glycol moiety, bonded via respective thiol
groups to the maleimide residues.

In the accompanying drawings:

Figure 1 shows the reactivities of antibody-bonded
liposbmes to human gastric cancer cell line MKN 45, with
respect to polyethylene glycol (PEG)-modified and non-
modified liposomes. '

The ordinate represents the amount bOnded to MKN 45 in
terms of the amount of 6~carboxyf1uores¢ein (CF). In
this Figure, lip represents the CF-loaded liposome, and
antibody~bonded;lip.represents.the CF*loaded antibOdy¥
bonded liposomne. - . .

Figure 2 shows the.antitumor activities of the

.adriamycinécontaining antibodyﬂbonded PEGmedified.

‘liposome against cancer transplanted to nude mouse.

The absciSSa-representS'the humber of'days after
initiation of the therapeutig téSt; and-the ordinate
represéhts the assumed tumor weight. _in this Figure, @
represents the day'on which the,drugwaé administered;
PBS represents a phOSphate.bUffer physiological saline;

ADR represents adriamycin alone; PM represents the
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adriamycin-containing PEG-modified liposome, and PM(GAH)
represents the adriamycin-containing human monoclonal
antibody-bonded PEG-modified liposome.

Now, the present invention will be described in
detail with reference to the preferred embodimehts.

(1) Liposome

O The liposome is composed essentially of
phosphatidyl choline, cholesterol and maleimide-modified
phosphatidyl ethanolamine. However, a phosphatidic acid
such as dipalmitoylphosphatidic acid (DPPA) or the like
may be incorporated as e substance imparting an electric
charge.

As a preferred liposome, a liposome composed of
dipalmitoylphosphatidyl choline (DPPC), cholesterol
(Chol) and maleimide-modified dipalmitoylphsophetidyl
ethanolamine (maleimide-modified DPPE), may be mentioned.
. (),The maleimide~modified phosphatidyl ethaﬁOlamine
can be obteined bythe reaetionof a maleimide—~containing

compound reactive with an'amino group, with an amino

‘group of phosphatldyl ethanolamlne (PE) ' The maleimide-

' contalnlng compound may be N;(s~'

malelmldocaproyloxy)su001nim1de, N“SUCCiﬁlmldyl 4~(p~
malelmldophenyl)butyrate; N~su001n1m1dyl 4- (p~
malelmldophenyl)p:oplonate-Q; Ne(ye_ '
maleimidobutylyley)suCCinimide;_’PE may be
dlpalmltoylphosphatldyl ethanolamlne

@ The respectlve components are used in such
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proportions that per mol of the phosphatidyl choline,
cholesterol is used in an amount of from 0.3 to 1 mol,
preferably from 0.4 to 0.6 mol, the maleimide-modified
phosphatidyl ethanolamine is used in an amount of from
0.01 to 0.2 mol, preferably from 0.02 to 0.1 mol, and the
phosphatidic acid is used in an amount of from 0 to 0.4
mol, preferably from 0 to 0.15 mol. .

@ For the preparation of the liposome, a
conventional method can be used. For example, a lipid
mixture having a solvent removed, is hydrated and
emulsified by a homogenizer, followed by freezing-thawing
to obtain a multilamella liposome. To further adjust it
to a proper particle size, it may be subjected to
supersonic treatment, high speed homogenizing or press-
filtration by a membrane having uniform pores (Hope M. J.
et al., Biochimica et Biophysica Acta 812, 55 (1985)).

A preferred siZe of\the:iiposome is-not'larger than

300 nm, more'preferably'from-30[to 200 nm.

(2) Drug

| () As the drug, an antitumor drug such as adriamycin,
daunomycin,mitomycin,.CiSplatin, vincristine;
epirubicin, méthotrexaté,'SFU'or aclécinOmyCin;an
aminoglucoside such as gentégicin,:a ﬁﬁlaCtam ahtibiotic
such as sulpeniéillin;a tokin such as tiéin A or
diphtheria toxin,antisenseRNA-against HIV or ras gene,
or actinoplane (Pochyclic xahthones produced from

actinoplane R-304 (K. KobayaShi‘et'al., J. Antibiotics
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41, 741 (1988)), may be employed.
@ Loading of the drug into the liposome can be
conducted by hydrating the lipid with an aqueous drug
solution in the case of a water-soluble drug, or by

mixing the drug and the lipid in a volatile organic

solvent, followed by distilling the solvent off and
hydrating the mixture of the drug and the lipid to embed

the drug in the liposome, in the case of a fat-soluble

‘drug. Further, in the case of adriamycin, daunomycin or
‘epirubicin, loading can be conducted by a remote loading

- method utilizing a pH gradient (Lawrence D. Mayer et

al., Cancer Res. 49, 5922 (1989)).
(3) Thiol-modified protein

® Aas the'protein bonded to the liposome, various

physiologically active substances including an antibody,
FGF and EGF, may'be employed. Preferred is_an-antibody.

'The.entibOdy is aﬁ-antibody.reactive'with the virus,

bacteria,ecells'OrGtiSSue to beftreeted, 'For-eXample;

polyclonal antibodies of various animals, a mouse

monoclonal antibody,'a humanemouse~chimeric antibody and

a human monoclonal antlbody may be employed Among them,

‘a human monoclonal antlbody is preferred 1n the sense

that it is not a.proteln_ofgg forelgn animal.

@ Introduetioniof thidingrOups to the protein can be
conducted by a method'wherein'a'compoundis employed
which is commonly used for thiol—modifidation of a

protein and which is reactive with an amino group of the
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protein, such as N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP) (Carlsson, J. et al.,
Biochem. J. 173, 723 {(1978)) or iminothiolane,
mercaptoalkylimidate (Traut, R. R. et al., Biochemistory
12, 3266 (1973)), or the like. In the case of an
antibody, a method may be employed wherein endogenous
dithiol groups are reduced to thiol groups. For bonding
an antibody and a liposome, the latter method utilizing
endogenous thiol groups is'preferred'from the viewpoint

of the maintenance of the activities. When IgG is

~employed, it is subjected to F(ab'), modification with an

enzyme such as pepSin, followed by reduction with e.g.
dithiothreitol to obtain Fab', whereupon thiol groups
formed in Fab' are subjected to the bcnding'reaction with
the'liposome (Martin, F. J..et al., Biochemistcry, 20,
4229 (1981)). In.the case-cf IgM, J-chain is reduced
under a mild condltlon in accordance w1th a method of

Miller et al. (J. BlOl Chem. 257, 286 (1965))r whereupon

'thicl groups of Fc m01ety of Ing thereby obtalned, are

subjected to the bondlng reactlon Wlth ‘the 11posome.-

€ Bondlng of the malelmlde groupﬂcontalnlng llposome

- and the thlol“mOdlfled proteln can be accompllshed by

reactlng them in a neutral,hgffer solutlon (pHG.S to,7.5)

for from 2 to 16 hours;

{4) Compound contalnlng a thlol-modlfled polyalkylene

glycol moiety
@ As the polyalkylene glycol moiety'of the compound,
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polyethylene glycol or polypropylene glycol may, for
example, be mentioned. Preferred is polyethylene glycol,
and its degree of polymerization is preferably from 20 to
400.

@ To introduce thiol groups to polyalkylene glycols,
various thiol-modification reactions which are commonly
used for hydroxyl groups, amino groups, carboxyl groups
and triazine, may be employed. Specific examples will be
given below with respect to the case of polyvethylene
glycol, but it should be understood that the preseht
invention is by no means restricted by such specific
examples.

Namely, there are a method wherein monomethoxypolyoxy

. ethyleneamine and various thioloarboxylio acids are

dehydrated and condensed, a method wherein pyridyl

dltthpIOplOﬂYl group is 1ntroduced into
monomethoxypolyoxy ethyleneamlne by SPDP, followed by .

reductlon, a method whereln thlol is 1ntroduced lnto

'!monomethoxypolyoxy ethyleneamlne by 1m1nothlorane, a
-method whereln varlous thlolamlnes are bonded to aotlve
}esters of monomethoxypolyoxy ethylenecarboxyllc a01d, and

 a method whereln a polyethylene glycol tr1a21ne -

derlvatlve is bonded to thlolamlne.

More spe01flcally,;as shoeo'ln thefollowingExample,
2, 4-bls(polyethy1ene glycol) 6 chloro-s tr1az1ne
(activated PEGII, manufactured by Selkagaku Kogyo K. K )

is reacted with cystelne, followed by reductlon to obtain
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a cysteine-bonded activated PEGII.
(5) Supporting the thiol-modified protein and the
compound containing the thiol-modified polyalkylene
glycol moiety on the surface of the liposome

To bond the thiol-modified protein and the compound
containing the thiol-modified polyalkylene glycol moiety
to the surface of the liposome, firstly, the thiol-
modified protein is added and reacted in a neutral buffer

solution to the liposome having an excess amount of

- maleimide groups. For example, in the case of a thiol-

modified antibody, the thiol-modified antibody is
employed in an amount of from 0.1% mol to 20% mol per mol
of maleimide groups. Then, to the remaining maleimide
groups, an excess amount of the thiol-modified
polyalkylene glycol, preferably in an amount of at least
twice in equivalent, is added to obtain an antibody-
bonded polyalkylene glycol~modified'liPOSOme. By this
process, it is possible to accomplish theblocking
effects of excess remaining maleimide groups.
(6)Method‘of'useof the.drugécontaining protein—bonded
liposome. ' .
The'drug~containing protein—bonded liposome thus
obtained, such as ah adriamigin~containing antibody—
bonded PEG-modified liposomé} may be formulated into a
drug by a conventional method suchaé a dehydration
mnethod (Japanese PCT Publication No. 502348/1990), a

method wherein a stabilizer is added to form a ligquid



L0

15

2069244

- 11 -

formulation (Japanese Unexamined Patent Publication No.
9331/1989) or a freeze-drying method (Japanese Unexamined
Patent Publication No. 9931/1989).

The drug thus formulated can be used by e.g.
intravascular administration or local administration such
as intravesical or intraperitoneal administration against
various diseases including cancer. The administration
amount may be optionally selected depending on the drug
contained in liposome.

In the case of an adriamycin-containing liposome, as
an example, the dose is usually at most 50 mg/kg,
preferably at most 10 mg/kg, more preferably at most 5
mg/kg, as the amount of adriamycin. '

Now, the present.invention will be described in
further detail with reference to Examples. However, it
should be understdod thét the'present-invention is_by no

means restricted to such specific Examples.

 EXAMPLE 1

20

25

Confirmation of'the.effect whéréb' PEG-modified

adriamycin-containing liposome avoids the

reticulOendothelial'SXStem'
Preparation of thiolfmodified.oléthyléné glycol
48 mg of L~Cysteine-was diSsolved-in a 0.4M boric

acid buffer solution. Then, 200 mg of 2,4-

bis(polyethyleneglycol)f6~Chloro-S—triazine (activated

PEGII, manufactured by Seikagaku Kbgyo K.K.) was added

thereto, and the_mixtu:é was reacted at room temperature
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overnight. To the cysteine-bonded PEG thus obtained, 62
mg of dithiothreitol (DTT) was added, and the mixture was
reacted at 37°C for‘6 hours to obtain a solution
containing a cysteine-bonded PEG. The reaction solution
was further desalted by gel filtration on GH-25 column
(manufactured by Seikagaku Kogyo K.K.), and the solvent
was replaced by 10 mM phosphate buffer solution pH7.4 and
0.15M NaCl (PBS). Then, the solution was added to 7 ml
of ThioprOpylSepharose*GB (Pharmacia) equilibrated with
PBS. Non-bonded substance was removed by washing with
PBS. The cysteine—-bonded PEG bonded to the gel was

eluted with PBS containing S0 mM DTT. Then, excess DTT

was removed by gel filtration to obtain the above-
identified product.

Preparation of maleimide-modified dipalmitovliphosphatidvl

ethanolamine

127 mg of dipalmitoylphosphatidyl ethanolamine, 80 mg
of N-(e-maleimidocarproyloxy)succinimide (EMCS) and 44 ul
of triethylamine were added to a chloroform solution
containing 1/5 of methanol and reacted under a nitrogen
stream. Three hours later, 20 mg of EMCS was further
added, and the mixture was further reacted at room
temperature for 3 hours.

After confirming that the ninhydrin reaction of the
reaction solution became negative, the reaction solution
was evaporated to dryness under reduced pressure, and the

product was dissolved again in a small amount of

*Trademark
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chloroform.

The maleimide-modified dipalmitoylphosphatidyl
ethanolamine was purified by chromatography using UNISIL*
(manufactured by Gaschro Kogyo K.K.). Namely, the

product was added to the column equilibrated with

chloroform and developed with an eluting solution of

chloroform/methanol = 10/1 to obtain the desired

sﬁbstance.
Preparation of maleimide-containing adriamycin-loaded
liposome

1l ml of a 0.3M citric acid buffer solution pH4 was
added to 100 mg of a solid lipid mixture of
DPPC/chol/DPPA/maleimide-modified DPPE = 18/10/2/0.5 (mol
ratio) (manufactured by Nippon Seika K.K.), and the

mixture was stirred. Then, freezing-thawing was repeated

five times for hydration to obtain a multi-lamella
liposome. Then, the multi-lamella liposome was subjected
to press—-filtration ten times while heating at 60°C by a
press apparatus (extruder, manufactured by Lipex
Biomembranes) provided with a polycarbonate membrane
having a pore size of 200 nm (nucleopore, Microscience),
to obtain a liposome having a regulated particle size.
This liposome solution was neutralized with a 1M NaOH
solution. While heating the liposome solution at 60°C,
adriamycin (manufactured by Kyowa Hakko) was added in an
amount of 1/10 by weight of the lipid. At least 97% of

adriamycin was actively loaded to the liposome in

*Trademark
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accordance with the pH gradient between the interior and

exterior of the liposome, to obtain a maleimide-
containing adriamycin-loaded liposome.
Introduction of thiol-modified PEG to the maleimide-

containing liposome

To the above maleimide-containing liposome, 5 umol of
thiol-modified PEG was added, and the mixture was reacted

in PBS at room temperature for 6 hours to obtain a PEG-
modified adriamycin-loaded liposome. Further, the
liposome was subjected to gel filtration by Sepharose™
CL6B (pharmacia) to separate unreacted cysteine-bonded
PEG, followed by evaluation test.
Study of intracorporeal behavior

The prepared liposome was 1intravenously administered

to a mouse from the tail in an amount of 5 mg/kg as

adriamycin, and 30 minutes later, the mouse was killed,
and adriamycin in each of the extracted organs was
extracted and quantitatively analyzed in accordance with
the method of Konno et al.

Namely, each organ was homogenized in a 0.3M
hydrochloric acid, 50% ethanol, heated and centrifugally
separated, whereupon the supernatant was measured by
fluorescence of Ex 490 nm and Em 590 nm.

As shown in Table 1, a decrease in the amount of
adriamycin in the liver and spleen was observed, and
maintenance of a high concentration in the blood was

observed.

*Trademark
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Table 1

Concentration of adrlamy01n in the respective organs

upon expiration of 30 minutes from the administration
(ug/g tissue)

free ADR lip = ADR PEG-lip = ADR

Blood 0.2 8.7 17.8
Liver 18.2 31.8 17.2
Spleen 7.2 110.1 90.6
Lung 7.9 4.2 . 5.5
Heart 3.2 1.5 3.5
Reu 1.4 0.3 0.5

Brain 0 0.1 | 0.3

e e ——
EXBAMPLE 2 | |

Confirmation of the'reactivity of the antibody-bonded
PEG-modified 1igosome |

Ll ml of a 0.1M 6—carboxyfluorescein as a fluorescent
marker was added to 100 mg of a solid llpld mlxture '

(manufactured by Nlppon Selka) of DPPC/chol/male1m1de~

-modlfled DPPE = 18/10/0 5 (mol ratlo), and the mlxture

was hydrated and the partlcle 91ze adjusted in the same
manner as in Example 1 to obtaln a male1m1de~conta1n1ng
fluorescent dye loaded llposome.-

Pregaratlon of a thlol—modlfled-antibOdz'

To au antitumor.mouse mouoolonal,antibody (IgG),

'1/40 mol amount of;pepsin'(Cooper Biomedical)'in 0,1M'

acetic acid buffer.901ution”pﬂ3.5;'easdadded, and the

mixture was-reacted_at-37°c overnight for digestion to
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obtain F(ab'),. Further, by chromatography separation

with a cationic exchange resin(Mono s* manufactured by

Pharmacia), F(ab'), was igsolated. The separation was

conducted by a linear gradient of from OM to 1.0M NaCl 1in
s a 0.1M acetic acid buffer solution pH4.0.

7o reduce it to Fab', 12 ul of 10% DTT was added per

mg of the antibody 1n a 0.1M acetic acid buffer solution

containing 0.15M NaCl (pH4.5), and the mixture was left
to stand at room temperature for 80 minutes. After

10 completion of the reaction, demineralization was
conducted by gel filtration on PD-10 column (manufactured
by Pharmacia) equilibrated with PBS to obtain Fab'. To
the liposome obtained from 100 mg of the above 1lipid, 5
mg of Fb' was added, and the mixture was reacted at 37°C

15 £for 8 hours, and further 5 umol of thiol-modified

polyethylene glycol was added to react it with excess

maleimide, to obtain an ant ibody-bonded PEG-modified

liposome.

confirmation of the bonding activity of the PEG-modified

20 antibody-bonded liposome

Using human gastoric cancer cell line MKN 45, of

which the reactivity of the used monoclonal antibody had
been confirmed, the reactivity of the PEG-modified

antibody-bonded liposome was confirmed in vitro.

25 The above carboxyfluorescein-loaded antibody-bonded

PEG-modified liposome was added to 8 x 10° cells of MKN

45 floated in trypcin, and the mixture was reacted in 90%

*Trademark
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human inactivated serum at 37°C for 230 minutes. The

centrifugal pellet of cells was washed with PBS, and then
carboxyfluorescein was freed at 60°C with 10% Triton X~

100, and the amount bonded to the cells was calculated by
a fluorescence measurement.

As shown in Figure 1, a high reactivity with the
objective cells was observed also in the case of the
antibody-bonded PEG-modified liposome.

EXAMPLE 3

Confirmation of the pharmacological activities of the
adriamvcin-loaded monoclonal antibody-bonded PEG-modified
liposome

A solid lipid mixture of DPPC/chol/maleimide-modified
DPPE = 18/10/0.5 (mol ratio) was treated 1n the same
manner as in Example 1 to obtain an adriamycin-loaded
maleimide—containing liposome.

Using a human monoclonal antibody (IgG), Fab'-
modified antibody was obtained in the same manner as 1in
Example 2 except that the pH for the pepsin digestion was
changed to 4.0, and it was subjected to the bonding with
the liposome. Further, it was modified by thiol-modified
PEG in the same manner to obtain an adriamycin-loaded
human monoclonal antibody-bonded PEG-modified liposome.

Evaluation of the pharmacological activities using a

human gastric cancer cell line—-transplanted nude mouse

system

Using human cancer cell line MKN 45 of which the

*Trademark
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reactivity with the antibody was observed in vitro, and
accumulation was observed in vivo with respect to the
nude mouse-transplanted system, the antitumor activities
were studied.

For a therapeutic test, 1 x 10% cells of MKN 45
cultured, were subcutaneously transplanted to a nude
mouse, and the therapeutic test was initiated when the
weight of the tumor became'about 100 mg ten days later.
On the first day, the fourth day and the ninth day from
the initiation of the therapy, the liposome was
intravenously administered to the mouse from the tail in
an amount of 5 mg/kg as adriamycin. To measure the
change with time of the proliferation of the tumor, an
assumed tumor weight was obtained by a calculation
formula of short diameter x short diameter x long
diameter/2 of the tumor in accordance with a Batte;le

Columbus method, and the'change_with.time was shown using

as a,reference'the weight of the:tumor at the initiation

of the therapy;

As areSult,aSshown.in:Figuré 2, strOng antitumor
activities of the adriamycin-loaded monoclonal antibody-
bonded PEG-modified liposome were shown. ”

With the liposome obtaiégd-by the'preSent invention,

it is possible to'suppreSS the non—-specific capture in

 the reticuloendothelial-system such-QS'liver or spleen as

observed with thé conventiona1 liposomes, and thus the

liposome of the present invention is effective for use as
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a selective chemotherapeutic drug, particularly as a

cancer treating drug.



10

15

20

25

CA 02069244 2002-01-03

71416-35

20
CLAIMS:
1. A drug-containing protein-bonded liposome
comprising:

(a) a liposome containing a drug and having

maleimide residues on its surface, and

(b) a protein to which a thiol group is imparted

and

(c) a compound having a polyalkylene glycol moiety

and to which a thiol group is imparted,

wherein the protein (b) and the compound (c) are
bonded via their thiol groups to the liposome (a) by

reaction with the maleimide residues of the liposome (a).

2. The drug-containing protein-bonded liposome

according to claim 1, wherein the protein is an antibody.

3. The drug-containing protein-bonded liposome
according to claim 1 or 2, wherein the liposome is composed
of dipalmitoylphosphatidyl choline, cholesterol and
maleimide-modified dipalmitoylphosphatidyl ethanolamine.

4, The drug-containing protein-bonded liposome
according to claim 3, wherein the maleimide-modified
dipalmitoylphosphatidyl ethanolamine is obtained by reacting
N-(e-maleimidocaproyloxy) succinimide and

dipalmitoylphosphatidyl ethanolamine.

5. A drug-containing protein-bonded liposome,

comprising:

(a) a liposome containing a drug and being composed

essentially of phosphatidyl choline, cholesterol and
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maleimide-modified phosphatidyl ethanolamine, where the

liposome has on its surface maleimide residues contained in

the maleimide-modified phosphatidyl ethanolamine;

(b) an antibody to which a thiol group has been

introduced;

(c) a compound having a polyethylene glycol or
polypropylene glycol moeity with a degree of polymerization
of 20 to 400 to which a thiol group has been introduced,

wherein the liposome (a) is bonded to the antibody
(b) and the compound (c¢) by reactions of the maleimide
residues of the liposome (a) with the thiol groups of the

antibody (b) and the compound (c).

6 . The drug containing protein-bonded liposome

according to claim 5, wherein the compound (c) 1s

(1) a monomethoxypolyoxyethyleneamine which has

been condensed with a thiol carboxylic acid,

(2) a monomethoxypolyoxyethyleneamine into which a
pyridyl dithiopropionyl group has been introduced and which

has then been reduced,

(3) a monomethoxypolyoxyethyleneamine into which a

thiol group has been introduced by iminothlorane,

(4) a monomethoxypolyoxyethylenecarboxylic acid

whose active ester has been treated with a thiol amine or,

(5) a polyethylene glycol triazine bonded to a

thiolamine.
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7. The drug-containing protein-bonded liposome
according to claim 5, wherein the compound (c) is a

cysteine-bonded polyethylene glycol.

8 . The drug-containing protein-bonded liposome
according to claims 5, 6 or 7, wherein the thiol group of

the antibody (b) has been introduced by reducing an

endogenous dithiol group.

9. The drug-containing protein-bonded liposome

according to claim 8, wherein the antibody (b) is Fab’ of

1gG.

10. The drug-containing protein-bonded liposome

according to anyone of claims 5 to 9, wherein the drug is an

antitumor agent.
11. An antitumor drug comprising:

(a) a liposome internally containing an antitumor

drug and having maleimide residues on its surface,

(b) an antibody to which a thiol group is imparted

and

(c) a polyalkylene glycol residue to which a thiol

group 1s 1mparted,

wherein the antibody (b) and the polyalkylene
glycol residue (c) are bonded via their thiol groups to the

maleimide residues of the liposome.
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