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a variety of human and munne tumors (7, 8). The antitumor effect of
TNF-a has been studied numerous times for murine tumors trans

planted into syngeneic mice (7) and for human tumors transplanted
into nude mice (9â€”11).As the result of progress in improved purifl
cation methods and recombinant DNA technologies in recent years,
many bioactive proteins, such as cytokines, have been provided for
drug therapy applications. Clinical applications of TNF-a have been
attempted as novel antineoplastic agents to tumors instead of tradi

tional antitumor drugs (12, 13). However, various side effects, such as
chills, tachycardia, hypertension, peripheral cyanosis, and headache,
have been observed (14). Accordingly, clinical applications are still
limited despite high expectations. In general, the plasma half-lives of
bioactive proteins in vivo are very short, so that frequent administra
tion at a high dosage is needed to induce a sufficient therapeutic
effect. This administration markedly destroys homeostasis, resulting
in unexpected side effects. To overcome this problem, bioactive
proteins have been conjugated with water-soluble polymers (15â€”17).
Chemical modification of water-soluble polymeric modifiers to the
surface of bioactive proteins has many advantages. The renal excre
tion rate is decreased due to the increased molecular size. In addition,
because polymeric modifiers cover the protein surface, attacks by
proteases are blocked due to steric hindrance. Many investigators have
tried to increase the biological activities of proteins such as asparag
inase and interleukin 2, based on bioconjugation (18, 19). Similarly,
PEG-ADA and poly(styrene-co-maleic acid)-conjugated neocarzinos
tatin have already been used in clinical applications, and dramatic
therapeutic effects have been reported (20, 21). PEG-ADA has been
applied in enzyme replacement therapy for immunodeficiency due to
ADA deficiency. Today, PEG-ADA is used as an â€œorphandrugâ€•in
combination with gene therapy. Poly(styrene-co-maleic acid)-conju
gated neocarzinostatin dissolved in lipiodol exhibits a marked antitu
mor effect when used in chemotherapy for targeting hepatomas (22).
These results suggested that chemical modification with a polymeric
modifier is a very pragmatic approach for successful therapies with
various drugs, such as enzymes and antitumor agents. Conjugated
drugs with a polymeric carrier should henceforth find more extensive
clinical application. However, conjugation with a polymeric modifier
inhibits tissue transport and receptor binding, thus offsetting its many
advantages. In addition, the specific activity of the bioactive protein is
decreased by attachment of polymeric modifiers to the active site.
Therefore, it is important to determine relationships among the degree
of modification, molecular size, and specific activity to increase the
therapeutic effect in vivo.

DIVEMA, which is a functional polymeric modifier, is known as a
biological response modifier that has antitumor activity against van
ous tumors (23). The biological activities of DIVEMA have been
attributed to its ability to induce IFN (24) and to activate immuno
competent cells, specifically macrophages and natural killer cells (25,

26). Recently, MVE-2, a DIVEMA of lower molecular weight
(12,000â€”15,000) and narrower molecular weight distribution, was
synthesized and used in clinical trials (27). Moreover, DIVEMA also
has been applied as a drug carrier to superoxide dismutase (28) and
various antineoplastic agents such as Adriamycin and methotrexate
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ABSTRACT

The purpose of this study is to further explore the usefulness of con
jugation with functional polymeric modifiers for clinical application of
bloactive proteins and to Increase the therapeutic efficacy of tumor ne

crosis factor a (TNF-a) by conjugation in vivo. We synthesized TNF-a
conjugated with the copolymer of divinyl ether and maleic anhydride
(DIVEMA), which has intrinsic antitumor activity as a synthetic biological
response modifier. The synthesis of DIVEMA-TNF-a could be controlled
by the addition of 2,3-dimethylmaleic anhydride (DMMAn), which binds
to or separates from amino groups when the pH is changed. The specific
activity of DIVEMA-TNF-a (+) synthesized with DMMAn was hardly
decreased in vitro. However, DIVEMA-TNF-a (â€”),which is conjugated

without blocking by DMMAn, had a markedly diminished specific activ
ity. DIVEMA..TNF-a (+) caused a dramatic hemorrhagic necrotic effect
on the tumor when compared to native TNF-a 24 h after l.v. injection into
mice bearing Sarcoma-iSO solid tumors. In addition, DIVEMA-TNF-a
(+) at a dose of only 100 Japan reference units per mouse revealed a
dramatic antitumor effect that Is approximately 100 times greater than
native TNF-a and that could induce complete regression in all five mice
bearing Meth-A solid tumors without any apparent side effects. Because

neither DIVEMA alone nor a mixture of TNF-a and DIVEMA caused
antitumor activity with i.v. administration, the increase in antitumor
potency of TNF-a may be caused by the covalent conjugation with
DIVEMA. DIVEMA-TNF-a at low dose revealed dramatic antitumor
potency. Because TNF-a injected in vivo Is extremely low-dose, concen
tratlon ofintrinsic TNF-a in vivois not influenced. Therefore, the cytokine
network in vivo is not destroyed. These results suggest that DIVEMA is a
useful polymeric modifier for conjugation of TNF-a to increase its anti
tumor activity.

INTRODUCTION

TNF-a3 was first found in the serum of Bacillus Calmette-Guerin

(BCG)-infected mice after challenge by endotoxin ( 1). Recently, the
primary structures and biological activity in vitro and in vivo of
TNF-a have been identified (2â€”4). TNF-a shows a variable direct or

indirect biological activity in the cytokine network related to host
defense and immune response, and its biological role in homeostasis
seems to be extremely important. On the other hand, TNF-a causes a
hemorrhagic necrotic effect against implanted solid tumors and effects

a complete regression in mice bearing solid tumors (5). The species
specificity of TNF-a is complex; however, it was shown that Mr
55,000 TNF receptor (TNF receptor type 1) binds both mouse and
human TNF-a (6) and that human TNF-a reveals cytotoxic activity on
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ANTITUMOR ACTIVITY OF DIVEMA-CONJUGATED TNF-a

(29, 30). However, to optimize drug therapy based on chemical
modification, the selection of optimal modifiers specific to the pus
pose of conjugation (e.g., prolongation of plasma half-life, targeting a
specific tissue or organ, and biological response modification), as well
as the type of each protein, such as cytokine, enzyme, peptide, or
antineoplastic agent, become important.

We have already reported that chemical modification of TNF-a
with PEG enhanced its antitumor potency compared to native TNF-a
(31, 32). In addition, we found that an optimal modification of
cytokine with polymer (targeting molecular size, remaining activity in
vitro, and degree of modification) could increase the therapeutic effect
in vivo (31). These results suggest that optimal PEGylated TNF-a has
well-balanced pharmacokinetic characteristics (transport to tumors,
plasma clearance, and receptor binding; Ref. 33). Additionally, it is
well known that the pharmacokinetics of conjugated drugs are influ
enced by the physicochemical properties of polymeric modifiers at
taching to the surface of the drug (34). This indicates that the prop
cities and the function of polymeric modifiers are introduced into the
conjugated drug. In this report, we synthesized TNF-a conjugated
with DIVEMA with an intrinsic biological response modifier effect to
increase the antitumor activity in vivo. However, the conjugation
between DIVEMA and TNF-a seems to be complicated, because
DIVEMA has many reactive anhydride residues that form amide
bonds with lysine-amino groups of TNF-a. Therefore, we attempted
to establish a novel method for chemical modification of cytokines by
the use of DMMAn, which binds reversibly to amino groups when the
pH is changed, and to control the conjugation by protecting several
amino groups of TNF-a. DIVEMA-TNF-a was separated into frac
tions by gel filtration chromatography, after which, the remaining
activity and molecular size were determined by comparison with
protein standards. In addition, we attempted to optimize cancer ther
apy by DIVEMA-TNF-a and to assess the usefulness of DIVEMA for
chemical modification. This approach exploits the practice of conju
gation of various drugs, such as cytokines, enzymes, and peptides, and
enhances the therapeutic effectiveness of conjugated drugs suitable
for clinical use.

MATERIALS AND METHODS

Materials. Natural human TNF-a was generously provided by Hayash
ibara Biological Laboratories (Okayama, Japan). DIVEMA [Mr 3 X l0@;
Mw/Mn (weight average molecular weight/number average molecular weight),

1.7] was synthesized as we previously reported (29). DMMAn was purchased
from ACROS (NJ). Fluorescamine was purchased from Fluka (Tokyo, Japan).
All other chemicals were from commercial sources.

Animals and Cells. Female BALB/c mice (5 weeks old) and male ddY
mice (5 weeks old) were obtained from SLC (Hamamatsu, Japan). Meth-A
fibrosarcoma cells and S-180 cells were maintained i.p. in both mice strains.
L-M cells were culturedin Eagle's MEMsupplementedwith 1%fetal bovine
scram.

Conjugation of TNF-a with DIVEMA. TNF-a was conjugated with
DIVEMA by allowing formation of amido bonds between Lys amino groups
of TNF-a and maleic anhydride of DIVEMA. TNF-a with a 10-fold molar
excess of Lys amino groups in phosphate buffer, pH 8.5, was reacted with
DMMAn at room temperature. After a 45-mm reaction, DIVEMA (which was
present in twice the quantity ofTNF-a) in DMSO was dripped into the solution
for 60 mm. The reaction mixture was adjusted to pH 6.0 by 0.1 N NaOH to
detach DMMAn from TNF-a. The degree of modification was monitored by
the fluorescamine method, in which fluorescamine reacts with primary amino
groups (35). At the indicated times, 5 @1of reaction mixture were collected in
595 @lof borate buffer, pH 8.5. The solution was admixed with 500 @lof
fluorescamine solution, and the fluorescent intensity (excitation, 390 nm;

emission, 475 nm) was measured. DIVEMA-TNF-a was separated into frac
tions by gel filtration chromatography (Superose 12 HR. Pharmacia Biotech,

Uppsala, Sweden) in 0.1 M phosphate buffer containing 0.1 M NaCl (pH 7.2).

The protein concentration of DIVEMA-TNF-a was determined by absorbency
at 280 nm. The average molecular weight of native TNF-a and of DIVEMA
TNF-a was estimated by gel filtration chromatography with standard proteins.
The specific activities of TNF-a and DIVEMA-TNF-a were estimated by the
L-M cell cytotoxicity assay according to the method described by Yamazaki et
a!. (36) and expressed in terms of JRUs.

Antitumor Effect of Native TNF-a and DIVEMA-TNF-a. The antitu
mor effect of native TNF-ct and DIVEMA-TNF-a in vivo was assessed on
mice bearing S-I 80 solid tumors or meth-A solid tumors. S-l80 cells were

implanted intradermally (5 X l0@/200 @tl/site) in male ddY mice. On day 11,

when diameter of tumor nodule exceeded 7 mm, native TNF-a or DIVEMA
TNF-a was administered iv. as a single injection. Meth-A cells were also
implanted (5 X l0@/200s.d/site)intradermally in female BALB/Cmice. In this
tumor model, native TNF-a or DIVEMA-TNF-a was administered i.v. twice
a week for 2 weeks starting 11 days after tumor inoculation. Mice were used
in groups of five. The antitumor potency of native TNF-a and DIVEMA
TNF-a was evaluated by tumor volume, scores of tumor hemorrhagic necrosis,
and survival time. The tumor volume was calculated from the formula de
scribed by Haranaka et a!. (9). Tumor hemorrhagic necrosis was scored
according to the method described by Carswell et a!. (1). Sudden death was
defined as death that occurred within 24 h after iv. injection of native TNF-a
or DIVEMA-TNF-a. Complete regression was considered to occur when
tumors did not regrow after more than 150 days. The side effects of DIVEMA

TNF-a in vivo were assessed by body weight change. The body weight after
iv. treatment was recorded over a 25-day period for comparison with the

weight before administration.

Statistical Analysis. The hemorrhagic necrotic scores, tumor volume, and
survival time were statistically evaluated by the Student t test.

RESULTS

Synthesis of DIVEMA-TNF-a with DMMAn. TNF-a was con
jugated to DIVEMA as shown Fig. 1. To control the percentage of
modification with DIVEMA, we compared the cytokine bioconjuga
tion with and without DMMAn. Fig. 2 shows the percentage of
modification of Lys amino groups of TNF-a determined by the
fluorescamine method. About 50% of the total Lys amino groups of

TNF-a were first protected by addition of DMMAn (Fig. 2). The
percentage of protection could be controlled by the amount of
DMMAn (data not shown). DIVEMA was applied to a 10-fold molar
excess of total Lys amino groups of TNF-a, and 15% of the amino
groups remaining free after the binding of DMMAn were conjugated
by the anhydride residues of DIVEMA (Fig. 2). On the contrary,
without DMMAn addition, about 30% of the amino groups were
conjugated to anhydride residues of DIVEMA. After adjustment to pH
6.0, free amino groups were increased by removal of DMMAn. The
reaction mixture was purified and separated by gel filtration chroma
tography to study the relationship between the molecular size and the
specific activity. Table 1 shows the characterization of DIVEMA
TNF-as. Fraction 2 of DIVEMA-TNF-a had one TNF-a moiety per
unit of DIVEMA-TNF-a. The specific activity of DIVEMA-TNF-a
fraction 1, which contained the complex conjugates, was extremely
reduced whether or not DMMAn was used. Similarly, the remaining
activity of DIVEMA-TNF-a (â€”)fraction 2 was markedly decreased
when compared with native TNF-a. However, DIVEMA-TNF-a (+)
fraction 2, which was conjugated with DIVEMA under the condition
that about 50% of Lys amino groups were blocked by DMMAn,
retained 95% of the specific activity.

Antitumor Effect of Native TNF-a and DIVEMA-TNF-a on

S-iso SolidTumors.Theantitumoreffectsof a singlei.v.adminis
tration of native TNF-a and DIVEMA-TNF-a was examined on mice
bearing S-l80 solid tumors as a first screening model. Administration
of 5,000 or 10,000 JRU of native TNF-a caused dramatic hemor
rhagic necrotic effects 24 h after i.v. injection (Fig. 3). However, three
of the five mice treated with native TNF-a at a dose of 10,000 JRU
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Table 1Characterization ofDIVEMA-TNF-aMolecular

si@Specific
activity

( X lO@JRU/mg)â€•Remainingactivity(%)Native

TNF-a32223.2100.0DIVEMA-TNF-a(-)

Fraction 1
Fraction 292 6334.2 51.015.322.8DIVEMA-TNF-a(+)

Fraction 1
Fraction 292 6337.5 213.216.8 95.5

ANTITUMOR ACFIV1TY OF DIVEMA-CONJUGATEDTNF-a

A

pHa8
ThF@x

Fig. 1. Chemical modification of TNF-a with DIVEMA.
TNF-a was conjugated with DIVEMA (average molecular
weight, 30,000) by permitting amido bonds to form between the
Lys amino groups of TNF-a and maleic anhydride (top). To
block the complicated reactions between TNF-a and DIVEMA,
the pH-reversible agent DMMAn, which binds amino groups at
basic pH. was reacted with Lys amino groups of TNF-a in pH
8.5 buffer. After the conjugation of TNF-a with DIVEMA, the
reactionmixturewas adjustedto pH 6.0 to detachDMMAn
fromTNF-a (bottom).

B

pHal

died within 24 h after injection (Table 2), and the remaining mice
showed toxic side effects, such as tremors and piloerection. In con
trast, DIVEMA-TNF-a (+) caused a marked hemorrhagic necrotic
effect at a dose of only 1,000 JRU per mouse; thus, it was as potent
as 10,000 JRU of native TNF-a (Fig. 3). Sudden death and toxic side
effects were not observed with administration of DIVEMA-TNF-a
(+). By comparison, DIVEMA-TNF-a (â€”) fraction 2 caused slight

hemorrhagic necrosis, but fraction I had no antitumor effect. In
addition, a mixture of 1000 JRU of TNF-a and 3 p.g of DIVEMA did
not cause hemorrhagic necrotic effects. Native TNF-a did not induce
complete regression at the lethal dose of 10,000 JRU (Table 2). In
contrast, DIVEMA-TNF-a (+) fraction 2, which had one TNF-a
moiety per unit of DIVEMA-TNF-a, achieved complete tumor re
gression in one of five mice. However, DIVEMA-TNF-a (+) fraction
1, which caused a hemorrhagic necrotic effect as potent as DIVEMA
1'NF-a (+) fraction 2, did not induce complete regression (Table 2).

a

addifion
ofDIVEMA rig.

Tim. (mm)

Fig. 2. Monitoring of the conjugation of TNF-a with DIVEMA by the fluorescamine
method. The reaction mixture (5 p.1) and 595 @lof pH 8.5 borate buffer were admixed
with 500 ,.d offluorescamine solution at the indicated times, and the fluorescence intensity
(excitation, 390 nm; emission, 475 nm) was measured. The degree of modification was
estimated by comparing the free amino groups of native TNF-a (EJ) with those of
DIVEMA-TNF-a synthesized with DMMAn (0) or those of DIVEMA-TNF-a synthe
sized without DMMAn (â€¢).

a The molecular size was determined by comparison with protein standards.
b The specific activities of native TNF-a and DIVEMA-TNF-a were measured by

cytotoxicity activity against L-M cells. DIVEMA-TNF-a (+) and DIVEMA-TNF-a (â€”)
represent the modification with and without blocking by DMMAn, respectively.

Antitunior Effect ofDIVEMA-TNF-a on Meth-A Solid Tumors
with Scheduled i.v. Administration. To more comprehensively es
timate the usefulness of DIVEMA-TNF-a (+) fraction 2, we exam
med its antitumor effects with scheduled i.v. injection on meth-A solid
tumors. Native TNF-a caused hemorrhagic necrotic effects in a dose
dependent manner (Fig. 4). However, DIVEMA alone or a mixture of
DIVEMA and 500 JRU of native TNF-a did not caused hemorrhagic
necrosis. At a dosage of 5,000 JRU or 10,000 JRU, native TNF-a
completely inhibited tumor growth up to day 24 after tumor inocula
tion, but tumor growth was observed after that (data not shown). On
the other hand, only 100 JRU of DIVEMA-TNF-a caused a marked
antitumor potency (Fig. 4), and tumor growth was completely inhib
ited for the observation period (data not shown). Complete regression
was obtained in only one of five mice at a dose of 5,000 or 10,000
JRU of native TNF-a. However, sudden death was observed in two of
five mice at 10,000 JRU and in one of five mice at 5,000 JRU (Table
3). In contrast, DIVEMA-TNF-a caused complete tumor regression in
all mice at a dose of only 100 JRU without sudden death (Table 3 and
Fig. 5). The antitumor effect triggered by DIVEMA-TNF-a at a dose
of 100 JRU was as potent as that of native TNF-a at a dose of 10,000
JRU (Fig. 4). In addition, a body weight reduction was observed
during the administration period at a dose of 10,000 JRU (Fig. 5).
However, DIVEMA-TNF-a did not induce a body weight reduction
during the observation period.

DISCUSSION

In recent yeas, improved purification methods and recombinant
DNA technologies have been providing adequate quantities of many
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Table 2 Survival time for mice bearing5-180 solidtumorsSingle

iv.injection
doseSurvivalSuddenComplete(JRU/mouse)timec@deathregressionSaline53

Â±70/50/5DIVEMA
(3 @.Lg)59 Â±120/50/5DIVEMA
(3 ,.sg) + native TNF-a 1,00053 Â±70/50/5Native

TNF-a 10,00038 Â±213/50/55,00059
Â±50/50/52,00047
Â±60/50/5DIVEMA-TNF-a

(-)Fraction
1 1,00055 Â±60/50/5Fraction
2 1,00052 Â±90/50/5DIVEMA-TNF-a

(+)Fraction
1 1,00067 Â±180/50/5Fraction
2 1,00081 Â±200/51/5a

Days after tumor inoculation (mean Â±SE).

ANTITUMOR ACTIVITY OF DIVEMA-CONJUGATEDTNF-a

( JRUlmouse)
SalIne

DIVEMA( 3 pg)

1,000

5,000Native TNF- a

FractIon 1 1,000

DIVEMA-TNF-a (-) [ Fraction2 1,000

N.D.

N.D.

N.D._ii.-..--@Fig. 3. Tumor necrotic effects of native TNF-a
and DIVEMA-TNF-a on 5-180 solid tumors. Mice
were used in groups of five. Columns, mean; bars,
SE. A maximalnecroticresponse(a score of 3)
indicates that 50% or more of the tumor mass is
necrotic; a moderate response (a score of 2) mdi
cates that 25â€”50%is necrotic; a minimal response
(a score of 1) indicates less than 25% is necrotic;
and no response (a score of 0) indicates that there
was no visible necrosis. Statistical significance
compared with saline control was as follows: a,
p < 0.01; **, P < 0.001. ND., not detected.

r FractIon1 1,000
DIVEMA-TNF-a(+) I

L FractIon2 1,000

DIVEMA(3pg)+NatIveTNF-a 1,000

0 1 2 3

therapeutically useful bioactive proteins, such as cytokines. TNF-a,
IFN-'y, and interleukin 2, which have a number ofbiological activities,
such as modulation of the immune system, have been produced to use
as novel drugs (12â€”14, 19, 37). TNF-a, in particular, has been
expected to be a specific antineoplastic agent for tumors, and clinical
application has been attempted (12â€”14).However, TNF-a at a dosage
sufficient for an antitumor effect induces various side effects resulting
in a breakdown in the balance of the cytokine network. Therefore, we

have been attempting to optimize cytokine therapy using TNF-a
based on bioconjugation with polymeric modifiers (3 1â€”33).

In this study, we attempted to increase the antitumor potency of
TNF-a by conjugation of DIVEMA, which is known to be a synthetic
biological response modifier. The synthesis of DIVEMA-TNF-a,
which retains high activity in vitro, could be accomplished by first
protecting the amino groups with DMMAn (Table 1). We speculate
that modification percentage ofTNF-a with DIVEMA is decreased by
addition of DMMAn. These mechanisms need further study, but it is
possible that this method may be applied to another polymer conju
gation of various bioactive proteins.

DIVEMA-TNF-a (+) fraction 2 was highly active in vitro and
clearly caused a antitumor effect on mice bearing 5-180 solid tumors
(Table 1 and Fig. 3). Although the remaining activity of DIVEMA
TNF-a (+) fraction 1 was low, it also had a hemorrhagic necrotic
effect on S-180 solid tumors (Fig. 3). The reason was not clear, but it
was predicted that a small portion of the active form of DIVEMA
TNF-a (+) was contained in fraction 1. To assess the therapeutic
index of DIVEMA-TNF-a (+) fraction 2 in detail, we next studied its
antitumor effects on mice bearing meth-A solid tumors with sched
uled administration. Native TNF-a at a dose of 10,000 JRU caused
sudden death and body weight reduction during the observation pe
riod, but complete regression was achieved in only one of five mice
(Fig. 5 and Table 3). By contrast, 100 JRU of DIVEMA-TNF-a (+)
fraction 2 induced complete regression in all mice without any ap

__________________________________________________-I

I 2 3
Necrotic score

SalIne

DIVEMA(3pg)

Native TNF-a

DIVEMA-TNF-a(+)Fraction 2

DIVEMA(3pg)+ NativeTNF-cs@[N;

IND.
r@EH
I@ F

ElÂ®

L200

500 [N.D.H

*1H*

@*

H*..

Fig. 4. Antitumor effect of native TNF-a and DIVEMA-TNF-a on
meth-Asolidtumorsin mice.Micewereusedin groupsof five.Col
janus. mean; bars, SE. The necrotic response scores are the same as for
Fig. 3. Statistical significance compared with saline control was as
follows: *, P < 0.001. ND., not detected.
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Table 3 Survival time for mice bearing meth-AsolidtwnorsSingle

i.v. injectiondoseSurvivalSuddenComplete(JRU/mouse)ti@regressionSaline50

Â±30/50/5DIVEMA
(3 ILg)51 Â±60/50/5DIVEMA
(3@ + native50053 Â±20/50/5TNF-aNative

TNF-a10,000
5,000
2,000

200
10056

Â±28
64 Â±16
50Â±6

>150â€•
>150b2/5

1/5
0/5

0/5
a's1/5

1/5
0/5

5/5
5/5

ANTITSJMORACTIVITY OF DIvEMA-CONJuGATED ThF-a

IFig. 5. Body weight changes in mice with
meth-A solid tumors treated with native TNF-a
(left) or DIVEMA-TNF-a (right). Mice were used
in groups of five. Data points. mean; bars, SE. a,
P < 0.01; **, P < 0.005; *a*, P < 0.001 compared
to that for the intact animal. Intact, mice without
treatment of meth-A tumors.

â€”0â€” SalIns
. OIVEMA-TNF-u(+)FractIon2 @0JRU

â€”6-â€” DIVEMA-ThF-u (+) FractIon 2 100 JRU
Â£

. DIVEMA(31,9)+NatlvsThF-a500JRU
-D- Mad

â€”0--- SalIm
. NativeThF-uZO@JRU

â€”A NaUVSTNF-u 5,000 JRU

. NatlveThF-a10,000JRU
â€”0-- lnth@

parent side effects such as body weight reduction or piloerection (Fig.
5 and Table 3). These antitumor effects were not revealed by admin
istration of DIVEMA alone or a mixture of DIVEMA and 500 JRU of
native TNF-a (Fig. 4). In general, DIVEMA causes antitumor activity
in tumors transplanted i.p. by i.p. administration at a dose of 50
mg/kg. Additionally, i.v. administration of DIVEMA alone (3 mg/
mouse) did not inhibit tumor growth.@ Thus, we speculated that
DWEMA alone had no antitumor activity in this study. These results
indicate that chemical modification of TNF-a with DIVEMA is
needed to increase the antitumor potency of TNF-a. However, the
antitumor mechanism triggered by DWEMA-TNF-a was not clear.
For instance, several mechanisms could be relied upon: (a) plasma

half-life of DIVEMA-TNF-a was prolonged compared to native
TNF-a; (b) tissue distribution (especially transport to tumors) of
DIVEMA-TNF-a was improved; (c) the combined antitumor effect of
TNF-a and IFN produced by DIVEMA was revealed; and (d) immu
nocompetent cells, specifically macrophages and natural killer cells,

were activated. Our previous study showed that low modified TNF-a
(LPEG-TNF-a), which has a molecular weight of 84,000, was cleared
from the circulation more rapidly and accumulated to a lesser extent
in the tumor than medium modified TNF-a (MPEG-TNF-a; Mr
108,000) in which 56% of the lysine residues were coupled to PEG
(33). DIVEMA-TNF-a fraction 2 has a molecular weight of 63,000,
which is lower than that of LPEG-TNF-a. Therefore, because LPEG
TNF-a was cleared rapidly from the blood circulation, we speculated
that DIVEMA-TNF-a fraction 2 also was cleared rapidly from the
blood circulation. Moreover, because our preliminary data showed

that IFN-y was produced from spleen cells by addition of DIVEMA,
we favor the indirect antitumor mechanisms, such as (c) and (d),
above. Combination treatment with TNF-a and IFN-y caused a dra
matic antitumor effect in vivo (37); accordingly, it would be expected
that DIVEMA-TNF-cv is a potential antitumor agent for therapeutic
use. These antitumor mechanisms remain to be proved. Until now,
cancer therapy with TNF-a has been limited by unexpected side
effects caused by frequent administration at high dosages. However,
the i.v. administration of DIVEMA-TNF-a alone markedly inhibited

tumor growth at a markedly low dosage and induced complete regres
sion. These results strongly suggest that a novel cancer therapy using
TNF-a conjugated with polymeric modifier can be applied clinically
by modifying the administration schedule and the therapeutic dose. In
addition, additional experiments such as plasma clearance or biodis
tribution will enable us to treat ideally for DIVEMA-TNF-a without
breakdown in the balance of the cytokine network.

We have designed TNF-a conjugated with PEG to increase the
therapeutic efficacy against tumors (31â€”33).This approach aims at
increasing the stability in vivo and altering the pharmacokinetics by
considering molecular size, remaining activity in vitro, and degree of
modification. In general, cytokines have various properties, including
the following: (a) various cells produce cytokines; (b) cytokines react
with various target cells; (c) cytokines have various biological activ
ities; and (d) interaction in the balance ofthe cytokine network occurs.
Therefore, to optimize cytokine therapy, the targeted properties must
be emphasized and undesirable properties must be excluded. In addi
tion, strict control of the pharmacokinetics to targeting specific tissues
and cells is needed. Our approach enables us to use various cytokines
that incus undesirable side effects for drug therapy; chemical modi
fication of such cytokines with a functional polymeric modifier, such
as DIVEMA, may allow us to realize a ideal cytokine therapy. From
this viewpoint, we think that chemical modification of cytokines is
one way to fine-tune selection of properties and control of pharma
cokinetics.

DIVEMA-TNF-a
(+) Fraction 2

a Days after tumor inoculation (mean Â±SE).

b Statistical significance compared with native TNF-a 10,000 JRU: P < 0.001.4 Unpublished data.
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In conclusion, we found that DIVEMA-TNF-a was a potentiated
antitumor agent for therapeutic use and that DIVEMA is an optimal
polymeric modifier for antitumor cytokine therapy. Although addi

tional experiments are necessary to optimize the antitumor cytokine
therapy, the approach described in this study could represent a novel
strategy for increasing the antitumor effect of TNF-a conjugated with
a polymeric modifier with an intrinsic biological response modifier
effect. Cytokines modified with a multifunctional polymeric modifier
should henceforth find more extensive clinical application.
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