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In vivo Anti-tumor Efficacy of Polyethylene Glycol-modified Tumor Necrosis
Factor-a against Tumor Necrosis Factor-resistant Tumors
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We previously reported that the optimally PEGylated tumor necrosis factor-¢ (MPEG-TNF-¢), in
which 56% of the TNF-a-lysine amino groups were coupled with polyethylene glycol (PEG), had
about 100-fold greater anti-tumor effect than native TNF-a. Here, we assessed the usefulness of
MPEG-TNF-a as a systemic anti-tumor therapeutic drug, using B16-BL6 melanoma and colon-26
adenocarcinoma, which have been reported to be resistant to TNF-a in vivo, as compared with
Meth-A fibrosarcoma. MPEG-TNF-¢ markedly inhibited the growth of both tumors withont causing
any TNF-a-mediated side-effects, whereas native TNF-a had no anti-tumor effects and caused adverse
stde-effects. In addition, MPEG-TNF-¢ drastically inhibited the metastatic colony formation of B16-

BL6 melanoma. MPEG-TNF-& may, thus, be a potential systemic anti-tumor therapeutic agent.
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Tumor necrosis factor-a (TNF-g) exhibits strong
cytotoxicity to various kinds of tumor cells, but not to
normal cells in vitro, and causes hemorrhagic necrosis of
certain transplanted solid tumors.'™® Thus, TNF-¢ was
considered a promising new drug for cancer therapy.

However, continuous-infusion or frequent administra--

tion of high doses of TNF-« was required to sustain a
sufficient plasma TNF-g level for significant anti-tumor
effects, because of its short plasma half-life (2-20 min),
and TNF-a¢ was found to have unexpected toxic side-
effects in phase I studies.*® The severe toxicity of TNF-¢
precluded the administration of the dosages required for
the anti-tumor activity observed in preclinical studies.”
As a result, the clinical application of TNF-¢ as a sys-
temic anti-tumor agent has been limited, though intratu-
moral administration of TNF-¢ showed marked anti-
tumor effects in phase I studies.®®

We recently reported that chemical modification of
TNF-a with polyethylene glycol (PEG) drastically in-
creased its anti-tumor potency and reduced its adverse
side-effects in Meth-A fibrosarcoma and Sarcoma-180
murine solid tumor models."™' In particular, PEG-
modified TNF-a¢ (MPEG-TNF-a), in which 56% of the
lysine amino groups of TNF-a¢ were coupled with PEG,
had 100-fold greater anti-tumor activity than did native
TNF-¢.'” Plural intravenous administrations of MPEG-
TNF-¢ alone resulted in the complete regression of
Meth-A solid tumors in all treated mice without any

* To whom requests for reprints should be addressed.
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side-cffects, whereas native TNF-a had only a slight
life-prolonging effect even at a toxic dose. We found that
the marked increase in the anti-tumor potency of MPEG-
TNF-a was the result of enhanced blood-residency and
tumor-accumulation.' Thus, we suggested that MPEG-
TNF-a may be a potential candidate for a systemic
anti-tumor drug.

In this study, we evaluated the anti-tumor effects of
MPEG-TNF-¢ on tumors other than Meth-A fibrosar-

- coma and Sarcoma-180 to clarify its usefulness as a new

anti-cancer drug. Anti-tumor effects were assessed using
highly metastatic and invasive B16-BL6 melanoma and a
highly malignant colon-26 adenocarcinoma, which have
been reported to be resistant to TNF-u in vivo, compared
with Meth-A fibrosarcoma.'™™™

MATERIALS AND METHODS

Materials Natural human TNF-a was kindly supplied by
Hayashibara Biological Laboratories (Okayama)., N-
Succinimidyl succinate monomethoxy PEG [SS-PEG;
number-average molecular weight (Mn)=5,000] was
obtained from Sigma (St. Louis, MO). A typical proce-
dure for preparation of MPEG-TNF-¢ (Mn=108,000),
in which 569% of the lysine amino groups of TNF-a were
coupled with SS-PEG, was described elsewhere.'”? The
specific activities of native TNF-a and MPEG-TNF-«
are 2.18X10° and 1.14X10° Japan Reference Units
(JRU)}/mg, respectively. The specific activities of TNF-q
are measured in terms of the cytotoxic activity against
L-M cells, and expressed in terms of JRU defined previ-



ously by Yamazaki et al.® Other reagents and solvents
were of analytical grade.

In vivo amti-tumor effects against B16-BL6 melanoma
Highly metastatic and invasive B16-BL6 melanoma cells
were subcultured in RPMI 1640 supplemented with 109
fetal calf serum (FCS). B16-BL6 melanoma cells (4% 10°
cells/mouse)} were implanted intradermally into the ab-
domen of 5-week-old male CS57BL/6 mice (SLC,
Hamamatsu) on day 0. Native TNF-« or MPEG-TNF-
was given intravenously on days 7, 10, 14, 17, 21 and 24
(twice a week for 3 weeks; total 6 times). The drug
efficacy against B16-BL6 melanoma is expressed as mean
tumor volume and life span. Tumor volume was calcu-
lated by use of the formula described by Haranaka et
al_l?)

Inhibitory effects on pulmonary metastasis of B16-BL6
melanoma cells B16-BL6 melanoma cells were main-
tained as described above. B16-BL6 melanoma cells (4%
10° cells/mouse) were injected into the tail vein of 5-
week-old male C57BL./6 mice on day 0. Native TNF-a or
MPEG-TNF-¢ was given i,v. as a single injection on day
0, 3 or 6, The mice were killed on day 14. The lungs were
excised and their wet weight was recorded. They were
fixed in Bouin’s solution, and the pulmonary metastatic
colonies on the surface were counted microscopically.
Therapeutic effects on lung-colony formation of B16-BL6
melanoma cells Bl16-BL6 melanoma cells were main-
tained and intravenously injected as described above.
Native TNF-¢¢ or MPEG-TNF-2 was given i.v. on days
3, 6, 9 and 12 (total 4 times). The mice were killed 14
days after tumor inoculation. The lungs were excised and
their wet weight was recorded. They were fixed in
Bouin’s solution, and the pulmonary metastatic colonies
on the surface were counted microscopically.

In vive anti-tumor effects against colon-26 adenocarci-
noma Highly malignant colon-26 adenocarcinoma cells
were subcultured in RPMI 1640 supplemented with 10%
FCS. Colon-26 adenocarcinoma cells (4X10° cells/
mouse) were implanted intradermally into the abdomen
of 5-week-old female BALB/c mice (SLC) on day 0.
Native TNF-¢ or MPEG-TNF-a¢ was given intrave-
nously on days 7, 9, 11, 14, 16 and 18 (every 2 days for
2 weeks; total 6 times). The drug efficacy against colon-
26 adenocarcinoma is expressed in terms of the mean
tumor volume and life span.

Statistical analysis  Statistical evaluations of tumor
volume, survival time of mice and the number of lung
metastatic colonies were analyzed by using Student’s ¢
test.

RESULTS

Human natural TNF-¢ was covalently bioconjugated
with PEG via the formation of an amide bond between a
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Fig. 1. Anti-tumor effects of native TNF-a and MPEG-TNF-
a on Bl16-BL6 melanoma solid tumor. Native TNF-a¢ and
MPEG-TNF-«¢ were given by intravenous injection twice a
week for 3 weeks. Mice were used in groups of 5. Each value
is the mean=ESE. * Significant difference from the saline-
control group (P<(0.001). Control (< saline, ¢ PEGQG).
Native TNF-a (O 2,000 JRU, m 5,000 JRU, 2~ 10,000 JRU).
MPEG-TNF-z (® 200 JRU, O 500 JRU, 4 1,000 JRU).

lysine amino residue of TNF-a¢ and the succinimidyl
succinate group of PEG. The PEGylated TNF-o was
purified from unmodified TNF-a¢ (Mn=51,000) and sep-
arated into various Mn fractions by gel filtration chroma-
tography. Of the separated PEG-TNF-as, the MPEG-
TNF-¢¢ in which 56% of the lysine amino groups of
TNF-¢¢ were PEGylated had the most potent anti-tumor
activity. The Mn of this MPEG-TNF-¢ was 108,000, and
MPEG-TNF-a showed 52.3% of the in vitro bioactivity
of native TNF-a¢ as measured by cytotoxicity assay
against L-M cells.

To clarify the usefulness of MPEG-TNF-¢ as a new
anti-tumor agent, we assessed its effects on tumors re-
ported to be resistant to TNF-a in vivo, as compared with
Meth-A fibrosarcoma. First, highly metastatic and inva-
sive B16-BL6 melanoma was used to evaluate the anti-
tumor potency of MPEG-TNF-a. Native TNF-2 or
MPEG-TNF-¢¢ were given intravenously twice a week
for 3 weeks. Native TNF-x slightly inhibited tumor
growth (Fig. 1), and had a negligible life-prolonging
effect even at the maximum dose (10,000 JRU/mouse;
Table I). No case of complete regression was observed in
the case of native TNF-o treatment (Table I), and all
native TNF-a-treated mice died during the experimental
period (Table I). Two of the 5 mice administered native
TNF-a at a dose of 10,000 JRU/mouse (total 60,000
JRU/mouse) died within 24 h after injection, and the
remaining 3 mice developed piloerection, tissue inflam-
mation and a transient decrease in body weight during
the experimental period (Fig. 2). At the dose of 10,000
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Table I.  Anti-tumor Effects of Native TNF-¢ and MPEG-TNF-2¢ in Terms of Survival Days after

B16-BL6 Melanoma Inoculation

Run Injection dose™ Survival time* Complete?
(JRU/mouse/day) (days) regression
Saline ¢ 30x£1.3 (27, 29, 30, 31, 35) 0/5
PEG 0 32%13 (28, 31, 32, 33, 36) 0/5
Native TNF-« 10,000 29+7.5 (8, 15, 37, 40, 46) 0/5
5,000 3815 (32, 37, 39, 39, 41) 0/3
2,000 36%1.5 (33, 33, 37, 39, 40) 0/5
MPEG-TNF-z 1,000 70£12.94 (37, 54, 59, 100<, 100<) 2/5
500 46330 (39, 41, 42, 49, 57) 0/5
200 42227 (36, 38, 41, 45, 48) 0/5

a) Native TNF-« and MPEG-TNF-2 were i.v. injected on days 7, 10, 14, 17, 21 and 24.

b) Days after tumor inoculation (mean=SE).

¢) Complete regression was defined as no tumor regrowth for more than 100 days.
d) Significant difference from the saline-control group (£<0.02).
e) Significant difference from the 10,000 JRU native TNF-a-treated group (P<0.03).
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Fig. 2. Body weight of B16-BL6 melanoma solid tumor-
bearing mice treated with native TNF-¢ and MPEG-TNF-z.
Mice were vsed in groups of 5. Each value is the meanTSE.
Data were expressed as relative body weight by using the
equation: (relative body weight) = (mean body weight at a
given time) / (mean body weight on day 7). Control (< saline,
+ PEG). Native TNF-« ( O 2,000JRU, m 5,000JRU, A 10,000
JRU). MPEG-TNF-¢ (® 200JRU, O 500JRU, & 1,000 JRU).

JRU/mouse of -native TNF-x, such sudden death and
side-effects are always observed, as they were in this
study. Thus, 10,000 JRU/mouse of native TNF-a was
the maximal achievable therapeutic dose. In contrast,
MPEG-TNF-a markedly suppressed tumor proliferation,
and completely inhibited tumor growth during the ad-
ministration period (Fig. 1). Complete cure was obtained
in 2 of 5 mice at the dose of 1,000 JRU/mouse of
MPEG-TNF-a (total 6,000 JRU/mouse; Table I).
During the experimental period, all doses of MPEG-
TNF-¢ were well tolerated and body weight reduction
was not observed (Fig. 2).
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TNF-o has been reported to promote metastasis of B16
melanoma by some investigators,” *® so we assessed the
inhibitory effects of MPEG-TNF-2 on pulmonary metas-
tasis of B16-BL6 melanoma. Native TNF-¢ or MPEG-
TNF-« were given i.v. as a single injection on day 0, 3 or
6. Native TNF-¢ and MPEG-TNF-¢ had no direct
cytotoxicity against B16-BL6 melanoma cells (data not
shown). The administration of 2,000 and 5,000 JRU/
mouse of native TNF-¢ resulted in a 3- to 3.5-fold
increase in the number of metastases over that in the
saline control, when administered immediately after i.v.
injection of B16-BL6 melanoma cells on day 0 (Fig. 3A).
An approximately 3.5-fold increase in the number of lung
metastases by MPEG-TNF-a at a dose of 200 JRU/
mouse was also observed. However, native TNF-2 at a
toxic dose of 10,000 JRU/mouse on day 0 did not
significantly promote pulmonary metastasis. MPEG-
TNF-a at a dose of 500 and 1,000 JRU/mouse also did
not enhance the experimental metastasis. A systemic
single administration of native TNF-« on day 3 after
tumor inoculation showed no effect on metastatic colony
formation (Fig. 3B). MPEG-TNF-2 did not enhance,
but rather reduced pulmonary metastasis. As shown in
Fig, 3C, the intravenous administration of native TNF-g
6 days after tumor inoculation did not significantly in-
hibit lung metastasis, Marked inhibitory effects of
MPEG-TNF-¢ on metastatic colony formation were ob-
served.

We examined the therapeutic effects of MPEG-TNF-g
on metastatic colony formation produced by highly
metastatic and invasive B16-BL6 melanoma cells by
using systemic plural administrations (Fig. 4). Native
TNF-« had a slight inhibitory effect on pulmonary colo-
nization of B16-BL6 melanoma, but MPEG-TNF-«
nearly completely inhibited colony formation.
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Fig. 3. Inhibitory effect of native TNF-o and MPEG-TNF-2 on pﬁlmonary metastasis of B16-BL6 melanoma. Native TNF-a
and MPEG-TNF-a were i.v. injected on day 0 (A), 3 (B), or 6 (C). Mice were killed 2 weeks later and colonies on the lung were
counted microscopically. The data are mean®=8E (#=35). % Significant difference from the saline-control group (P<0.02).
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Fig. 4. Anti-tumor effects of native TNF-@ and MPEG-TNF-
o on experimental lung metastasis. Native TNF-¢ and MPEG-
TNF-« were iv. injected on days 3, 6, 9 and 12 after Bl6-
BL6 melanoma inoculation. Lung metastasis was counted
microscopically on day 14. * Significant difference from the
saline-control group (P<0.002). (mean=SE, n=4)

The anti-tumor effects of MPEG-TNF-@ was also eval-
uated using the highly malignant colon-26 adenocarci-
noma, which is resistant to TNF-a in vivo (Figs. 5 and 6,
Table 11). Native TNF-a had a negligible life-prolonging
effect, even at the dose of 10,000 JRU/mouse that caused
death from shock due to side-effects in 60% (3/5) of the
treated mice. In contrast, MPEG-TNF-a¢ significantly
prolonged the survival time, and complete cure was
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Fig. 5. Anti-tumor effects of native TNF-@ and MPEG-TNEF-
a on colon-26 adenocarcinoma solid tumor. Native TNF-q
and MPEG-TNF-a were given by intravenous injection every
2 days for 2 weeks. Mice were used in groups of 5. Each
value is the mean +8E. % Significant difference from the saline-
control group (P<0.001). Control (< saline, ¢ PEG).
Native TNF-¢ (O 2,000 JRU, m 5,000 JRU, & 10,000 JRU).
MPEG-TNF-2 (@ 200 JRU, O 500 JRU, & 1,000 JRU).

observed in 1 of the 5 mice at the dose of 1,000 JRU/
mouse. In colon-26 adenocarcinoma, tumor proliferation
was completely inhibited during the administration
period of MPEG-TNF-«. The colon-26 adenocarcinoma-
bearing mice showed a profound body weight loss by 14
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Table IT.  Anti-tumor Effects of MPEG-TNF-a in Terms of Survival Days after Colon-26 Adenocar-
cinoma Inoculation
Run Injection dose™ Survival time® Comple.te"
(FRU/mouse/day) (days) regression
Saline 0 28+1.6 (24, 26, 28, 29, 34) 0/3
PEG 0 28+1.4 (25, 26, 27, 28, 33) 0/5
Native TNF-a 10,000 23+7.1 (8, 11, 17, 39, 42) 0/5
5,000 33+20 (27, 29, 34, 36, 37) 0/5
2,000 3118 (28, 29, 34, 36, 37) 0/5
MPEG-TNF« 1,000 58T 11.2%9 (37, 43, 49, 59, 100<) 1/5
500 4414249 (29, 42, 45, 49, 54) 0/5
200 4243.3% (31, 39, 43, 48, 49) 0/5

a) Native TNF-2 and MPEG-TNF-¢ were i.v, injected on days 7, 9, 11, 14, 16 and 18.

b) Days after tumor inoculation (mean=*SE).

¢) Complete regression was defined as no tumor regrowth for more than 100 days.
d) Significant difference from the saline-control group (£ <0.04).
¢) Significant difference from the 10,000 JRU native TNF-z-treated group (P<0.05).
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Fig. 6. Body weight of colon-26 adenocarcinoma solid tumor-
bearing mice treated with native TNF-¢ and MPEG-TNF-a.
Mice were used in groups of 5. Each value is the mean=SE.
Control (< saline, ¢ PEG). Native TNF-« (O 2,000 JRU,
m 5,000 JRU, 2~ 10,000 JRU). MPEG-TNF-¢ (® 200 JRU,
O 500 JRU, 4 1,000 JRU).

days after inoculation, probably due to the cachexia
induced by colon-26 adenocarcinoma. MPEG-TNF-¢
effectively suppressed this loss of body weight,

DISCUSSION

When TNF-¢ is used as a systemic anti-tumor drug, its
dose must be restricted to only 1/5 to 1/25 of the amount
necessary to obtain sufficient anti-tumor activity, due to
its adverse side-effects.” Thus, TNF-¢ is clinically ad-
ministered only into the tumor or the artery leading to
the cancer in current cancer chemotherapy.®* The anti-
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tumor effects of TNF-a result not only from its direct
cytotoxic action against various tumor cells, but also
from activation of anti-tumor effector immune cells and
specific damage to the tumor vessels.” Additionally, in
the process of bleeding necrosis in the tumor vessels, the
vascular permeability of the tumor vessels is selectively
increased, promoting transport from blood to the tumor
tissue.*” Therefore, improvement in blood stasis may
enhance all the anti~tumor action mechanisms of TNF-¢,
increasing its bioavailability. The increase in blood-
residency would lead to a decrease in the distribution of
TNF-«¢ in the liver and spleen, which are the major sites
of the unfavorable side-effects.”*® More recently, we
attempted to improve the blood stasis by PEGylation, to
bring about a selective increase in the anti-tumor activity
of TNF-a and an effective decrease in its other biological
activities."*'” As mentioned in the introduction, we
found that optimal PEGylation of TNF-a selectively
increased its anti-tumor potency in vivo, and the marked
increase in the anti-tumor potency of PEGylated TNF-as
resulted from the enhanced blood-residency and tumor-
accumulation.'"'>'" In this study, we evaluated its
effects on TNF-resistant solid tumors other than Meth-A
fibrosarcoma and Sarcoma-180, to assess the usefulness
of MPEG-TNF-¢ as a new anti-tumor agent,

In the present study, we examined the anti-tumor
effects of MPEG-TNF-¢ against highly metastatic and
highly invasive B16-BL6 melanoma, which shows ex-
tremely strong resistance to TNF-a in vivo.'® As shown
in Figs. 1 and 2, Table I, little prolongation of the
survival was observed by the administration of native
TNF-a even at the highest possible dose (10,000 JRU/
mouse). In contrast, not only was tumor growth mark-



edly inhibited, but also complete cure was achieved in 2
of 5 mice without side-effects by the administration of
MPEG-TNF-¢ at 1,000 JRU/mouse. We next assessed
the anti-tumor effects of MPEG-TNF-¢ against colon-26
adenocarcinoma, which shows resistance to TNF-¢ in
vive (Figs. 5 and 6, Table IT).'” Little prolongation of
survival was observed with native TNF-& even at 10,000
JRU/mouse, at which dose about half the animals died
due to toxic shock. MPEG-TNF-a, however, prolonged
the survival period, and complete cure was achieved in 1
of 5 mice administered MPEG-TNF-a at only 1,000
JRU/mouse. Although the complete cure rate is appar-
ently very low with the two TNF-q-resistant tumors, it is
of note that intravenous administration of MPEG-TNF-
« alone was effective against tumors which are unaffected
by systemic administration of TNF-a. In colon-26 ad-
enocarcinoma and B16-BL6 melanoma, tumor prolifera-
tion was completely inhibited by MPEG-TNF-a during
the administration period. Therefore, complete cure of
all mice may be possible by additional administration of
MPEG-TNF-¢, as was observed in the case of Meth-A
fibrosarcoma.

It is of interest to discuss why MPEG-TNF-a showed
marked anti-tumor effects against TNF-resistant solid
tumors. We have found through our past investigations
that vascular endothelial cells possess and retain proper-
ties intrinsic to the tissue owing to the effects of humoral
factors and extracellular matrix of surrounding cells, and
this tissue-specificity can be reproduced in vitro by cell
cultures of endothelium with conditioned medium of
tissue cells and by co-cultures between endothelial cells
and various tissue-cells.”” *® Therefore, we evaluated the
sensitivity of vascular endothelial cells to TNF-¢ in a
tumor environment by culturing them in conditioned
media of various tumor cells.* When vascular endothe-
lial cells were cultured under normal conditions (DMEM
medium containing 15% FCS) or conditioned medium
of normal vascular endothelial cells, no damage was
observed in vascular endothelial cells even at a TNF-z
concentration of 1,000 JRU/ml. However, marked cyto-
toxicity was observed in vascular endothelial cells cul-
tured in conditioned medium of Meth-A fibrosarcoma
even at a TNF-a¢ concentration of only 10 JRU/ml. A
similar increase in the sensitivity of vascular endothelial
cells to TNF-a was also observed in conditioned media of
other tumors, such as B16-BL6 melanoma and colon-26
adenocarcinoma. We speculate that this increase in the
sensitivity of endothelial cells to TNF-2 may be caused
by up-regulation of TNF-receptor. Therefore, we
thought that TNF-a¢ may exhibit anti-tumor effects
against almost alt solid tumors. So, frequent administra-
tion of native TNF-g¢ at an excessively high dose could
induce dramatic anti-tumor activity against almost all
solid tumors, if native TNF-¢ shows no adverse toxic

Aunti-tumor Potency of PEGylated TNF-a

side-effects. In fact, native TNF-a at a toxic dose of
10,000 JRU/mouse induced marked hemorrhagic necro-
sis in both solid tumors ir vive (data not shown). MPEG-
TNF-a can reduce the dose to 1/100 or less as compared
with native TNF-x, and side-effects of TNF-¢, such as
weight loss, sudden death, platelet reduction, piloerec-
tion, and tissue inflammation, were not observed in the
MPEG-TNF-a group even at a dose that would be toxic
in the case of native TNF-¢ (data not shown), Thus, an
increase in the dose of MPEG-TNF-a may lead to
marked anti-tumor effects against TNF-resistant tumors.
However, to clarify the mechanisms of the anti-tumor
activity of MPEG-TNF-x against TNF-resistant tumors,
more detailed studies, e.g., on host anti-tumor immune-
response and vascular permeability of tumor tissue, are
necessary.

It is important to note that MPEG-TNF-a at a dose of
more than 500 JRU/mouse did not enhance, but rather
reduced pulmonary metastasis of B16-BL6 melanoma
(Fig. 3} and nearly completely inhibited lung-cclony
formation (Fig. 4). TNF-¢ has been reported to promote
metastasis of B16 melanoma by some investigators.?"*»
Indeed, native TNF-a at a dose of 2,000 or 5,000 JRU/
mouse drastically increased pulmonary metastasis of
B16-BL6 melanoma, when intravenously administered
on day O (Fig. 3). Okahara et al. reported that adminis-
tration of 50-5,000 JRU/mouse of TNF-¢t increased the
number of metastatic lung colonies of B16-BL6 mela-
noma.?”” Flow cytometric analysis demonstrated a high
expression of very late activation antigen 4 (VLA-4) on
the surface of B16-BL6 melanoma cells. Immunoperoxi-
dase staining demonstrated that a ligand for VLA-4
(VCAM-1) was expressed on lung vascular endothelium
4 h after administration of TNF-z. Thus, the enhance-
ment of metastasis by TNF-a¢ treatment is probably
caused by the interaction between VLA-4 on tumor cells
and VCAM-1 on activated endothelial cells. However,
we observed that native TNF-¢ at a toxic dose of 10,000
JRU/mouse did not enhance the metastasis. We specu-
late that an extremely high dose of native TNF-2 may
not promote tumor metastasis, Saito et al. reported sim-
ilar results.*® MPEG-TNF-« at a dose of more than 500
JRU/mouse did not enhance metastasis. In addition,
MPEG-TNF-a nearly completely inhibited colony for-
mation of B16-BL6 melanoma. Thus, MPEG-TNF-¢
may be a useful derivative as a potential anti-tumor
therapeutic agent. It is unclear, however, why MPEG-
TNF-a showed anti-metastatic effects. Studies of this
phenomenon are under way.

To clarify the usefulness of MPEG-TNF-o as a sys-
temic anti-tumor drug, we evaluated its anti-tumor
effects on TNF-resistant tumors other than Meth-A fibro-
sarcoma. MPEG-TNF-a¢ markedly inhibited the growth
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of the two tumors studied and inhibited metastasis with-
out causing any TNF-a-type side-effects upon systemic
administration, whereas native TNF-@ had only slight
anti-tumor effects and cauvsed adverse side-effects. Until
now, cancer therapy with TNF-z has been limited to
intratumoral administration against specified tumors.
MPEG-TNF-a¢ may be a potential systemic anti-tumor
therapeutic agent.

REFERENCES

1) Nobuhara, M., Kanamori, T., Ashida, Y., Ogino, H,,
Horisawa, Y., Nakayama, K., Asami, T., Iketani, M.,
Noda, K., Andoh, 8. and Kurimoto, M. The inhibition of
neoplastic cell proliferation with human natural tumor
necrosis factor. Jpn. J. Cancer Res., 78, 193-201 (1987).

2) Manda, T., Shimomura, K., Mukumoto, 8., Kobayashi,
K., Mizota, T., Hirai, O., Matsumoto, S., Oku, T.,
Nishigaki, F., Mori, J. and Kikushi, H. Recombinant
tumor necrosis factor-a: evidence of an indirect mode of
antitumor activity. Cancer Res., 47, 3707-3711 (1987).

3) Debs, R. J., Fuchs, H. J., Philip, R., Bruneite, E. N.,
Duzgunes, N., Shellito, J. E., Liggitt, D. and Patton, J. R.
Immunomodulatory and toxic effects of free and liposome-
encapsulated tumor necrosis factor @ in rats. Cancer Res.,
50, 375-380 (1990).

4) Blick, M., Sherwin, 8. A., Rosenblum, M. and Gutterman,
J. Phase I study of recombinant human tumor necrosis
factor in cancer patients. Cancer Res., 47, 2986-2989
(1987).

5} Moritz, T., Niederle, N., Baumann, J., May, D., Kurschel,
E., Osiek, R., Kempeni, J., Schlickl, E. and Schmidt, C. G.
Phase I study of recombinant human tumor necrosis factor
alpha in advanced malignant disease. Cancer Immunol.
Immunother., 29, 144-150 (1989).

6) Noguchi, K., Inagawa, H., Tsuji, Y., Morikawa, A.,
Mizuno, I. and Soma, G. Antitumor activity of a novel
chimera tumeor necrosis factor (TNF-STH) constructed by
connecting rTNF-S with thymosin beta 4 against murine
syngeneic tumors. J. Immunother., 10, 105-111 (1991).

7} Spriggs, D. R., Sherman, M, L., Michie, H., Arthur,
K. A., Imamura, K., Wilmore, D., Frei, E. and Xufe,
D. W, Recombinant hnman tumor necrosis factor admin-
istered as a 24-hour intravenous infusion. A phase 1 and
pharmacologic study. J. Natl Cancer Inst.,, 80, 1039-1044
(1988).

8) Lienard, D., Ewalenko, P., Delmotte, J. J,, Renard, N. and
Lejeune, F. J. High-dose recombinant tumor necrosis
factor alpha in combination with interferon gamma and
melphalan in isolation perfusion of the limbs for melanoma
and sarcoma. J. Clin. Oncol., 10, 52-60 (1992).

9) Pfreundschuh, M. G., Steinmetz, H. T., Tuschen, R.,
Schenk, V., Diehl, V. and Schaadt, M. Phase I study of
intratumoral application of recombinant human tumor
necrosis factor. Fur. J. Cancer Clin. Oncol,, 25, 379-388

1084

ACKNOWLEDGMENTS

This study was supported in part by a grant from Uehara
Memorial Foundation, and in part by Granis-in-Aid for Cancer
Research (No. 08266235) and for Scientific Research (No.
08672511) from the Ministry of Education, Science and Cul-
ture of Japan.

(Received June 13, 1996/ Accepted July 31, 1996)

{1989).

10) Tsutsumi, Y., Kihira, T., Yamamoto, 8., Kubo, K,,
Nakagawa, S., Miyake, M., Horisawa, Y., Kanamori, T.,
Ikegami, H. and Mayumi, T. Chemical modification of
natural human tumor necrosis factor-o with polyethylene
glycol increases its anti-tumor potency. Jpn. J. Cancer
Res., 85, 9-12 (1994).

1) Tsutsemi, Y., Kihira, T., Tsunoda, 8., Kube, K., Miyake,
M., Kanamori, T., Nakagawa, S. and Mayumi, T. Intrave-
nous administration of polyethylene glycol-modified tumor
necrosis factor-a completely regressed solid tumor in the
Meth-A murine sarcoma model. Jpr. J. Cancer Res., 85,
1185-1188 (1994).

12) Tsutsumi, Y., Kihira, T., Tsuncda, 8., Kanamori, T.,
Nakagawa, 8. and Mayumi, T. Molecular design of hybrid
tumour necrosis factor alpha with polyethylene glycol
increases its anti-tumour potency. Br. J. Cancer, 71, 963—
968 (1995).

13) Tsutsumi, Y., Tsunoda, 8., Kamada, H., Kihira, T.,
Kaneda, Y., Kanamori, T., Nakagawa, S. and Mayumi, T.
Molecular design of hybrid tumour necrosis factor-o II:
the molecular size of polyethylene glycol-modified tumour
necrosis factor-a affect its anti-tumour potency. Br. J.
Cancer, 74, (1996) in press.

14) Tsutsumi, Y., Kihira, T., Tsunoda, 8., Kamada, H.,
Kanamori, T., Nakagawa, S., Kaneda, Y. and Mayumi, T.
Molecular design of hybrid tumor necrosis factor-o¢ III:
polyethylene glycol-modified tumor necrosis factor-@ has
markedly enhanced anti-tumor potency due to longer
plasma half-life and higher tumor-accumulation. .J.
Pharmacol. Exp. Ther., 278, (1996) in press.

15) Nishihara, K., Barth, R. F., Wilkie, N_, Lang, J. C,, Oda,
Y., Kikuchi, H., Everson, M. P. and Lotze, M. T.
Increased in vitro and in vivo tumoricidal activity of a
macrophage cell line genetically engineered to express
IFN-gamma, IL-4, IL-6, or TNF-alpha. Cancer Gene
Ther., 2, 113-124 (1995).

16) Novotny, 8. C. and Gallick, G. E. Growth inhibition of
human colorectal carcinoma cell lines by tumor necrosis
factor-alpha correlates with reduced activity of pp60c-src.
J. Immunother., 11, 159-168 (1992).

17) Haranaka, K., Satomi, N. and Sakurai, A. Antitumor
activity of murine tumor necrosis factor (TNF) against
transplanted murine tumors and heterotransplanted



18)

19)

20)

21)

22)

23)

24)

human tumors in nude mice. Int. J. Cancer, 34, 263-267
(1984).

Lasek, W., Wankowicz, A., Kuc, K., Feleszko, W., Golab,
J., Giermasz, A., Wiktor, J. W. and Jakobisiak, M.
Potentiation of antitumor effects of tumor necrosis factor
alpha and interferon gamma by macrophage-colony-
stimulating factor in a MmB16 melanoma model in mice.
Cancer Immunol. Immunother., 40, 315-321 (1995).
Manda, T., Shimomura, K., Mukumoto, S., Kobayashi,
K., Mizota, T., Hirai, Q., Matsumote, S., Oku, T.,
Nishigaki, F. and Mori, J. Recombinant human tumor
necrosis factor-alpha: evidence of an indirect mode of
antitumor activity. Cancer Res., 47, 3707-3711 (1987).
Yamazaki, 8., Onishi, E., Enami, K., Natori, K., Kohase,
M., S8akamoto, H., Tanouchi, M. and Hayashi, H. Pro-
posal of standardized methods and reference for assaying
recombinant human tumor necrosis factor. Jpn. J Med.
Sci. Biol., 39, 105-118 (1986)

Okahara, H., Yagita, H., Miyake, K. and Okumura, K.
Involvement of very late activation antigen 4 (VLA-4) and
vascular cell adhesion molecule 1 (VCAM-1) in tumor
necrosis factor alpha enhancement of experimental metas-
tasis. Cancer Res., 54, 3233-3236 (1994).

Parhar, R. 8., Shi, Y., Zou, M., Farid, N. R., Ernst, P. and
al-Sedairy, 8. T. Effects of cytokine-mediated modulation
of nm23 expression on the invasion and metastatic behav-
ior of B16F10 melanoma cells. Iut. J. Cancer, 60, 204-210
(1995).

Kawakami, M. and Fujiwara, T. TNF (tumor necrosis
factor-) and LT (lymphotoxin). Rirshoi, 19, 1887-1890
(1993).

Okada, N., Yamamoto, Y., Kaneda, Y., Miyamoto, H.,

25)

26)

27)

28)

29)

30)

Anti-tumor Potency of PEGylated TNF-a

Mizuguchi, H., Tsutsumi, Y., Nakagawa, 8. and Mayumi,
T. Selective enhancement by tumor necrosis factor-«¢ of
vascular permeability of new blood vessels induced with
agarose hydrogel-entrapped Meth-A fibrosarcoma cells.
Jpn. J. Cancer Res., 87, 831-836 (1996). ‘

Ghezzi, P., Saccardo, B. and Bianchi, M. Recombinant
tumor necrosis factor depresses cytochrome P450-depen-
dent microsomal drug metabolism in mice. Biochem.
Biophys. Res. Commun., 136, 316-321 (1986).

del Giglio, A., Zukiwski, A. A., Ali, M. K., Mavligit, G.
M. Severe, symptomatic, dose-limiting hypophosphatemia
induced by hepatic arterial infusion of recombinant tumor
necrosis factor in patients with liver metastases. Cancer,
67, 2459-2461 (1991).

Mizuguchi, H., Hashioka, Y., Fujii, A., Utoguchi, N.,
Kubo, K., Nakagawa, S., Baba, A. and Mayumi, T. Glial
extracellular matrix modulates y-glutamyl transpeptidase
activity in cultured bovine brain capillary and bovine
aortic endothelial cells. Brain Res., 651, 135-159 (1994).
Utoguchi, N., Tkeda, K., Saeki, K., Oka, N., Mizuguchi,
H., Xubo, K., Nakagawa, S. and Mayumi, T. Ascorbic
acid stimulates barrier function of cultured endothelial cell
monolayer. J, Cell. Physiol., 163, 393-399 (1995).
Tsutsumi, Y., Nakagawa, S. and Mayumi, T. Bioconju-
gate of biological-active proteins with water-soluble poly-
mers for the clinical application. Drug Delivery Systems,
10, 75-84 (1995).

Saito, M., Fan, D. and Lachman, L. B. Antitumor effects
of liposomal IL1 alpha and TNF alpha against the pulmo-
nary metastases of the B16F10 murine melanoma in synge-
neic mice, Clin. Exp. Metastasis, 13, 249-259 (1995).

1085





