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Besides the fact that inte1ferons were identifzed as factors capable of i11hibiting vira! infections, they 

have proved to be antiproliferative, immunomodulatory and differentiation-inducing factors. On the 

basis of these activities, they have been employecl clinically far treatment of various tumors. The 

stucly was performed to determine whether there was dtjferent antitumor effect of recombinant human 

inte1jeron-a A/D (rHulFN-a A/D) when it was given as a local or systemic therapeutical agent. 

Two clijferent tumor models, i.e. subcutaneous (s.c.) ancl intraperitoneal (i.p.) B-16 melanoma on 

C57Bl/6 mice, were employed in these experiments. Experimental mice were treated locally or 

systemically with different doses of rHuIFN-a AID; the treatment was begun 24 hours afier tumor 

cel! inoculation and continued through five consecutive days. lntraperitoneal treatment of animals 

with i.p. tumors resulted in significantly longer survival time in c:omparison with c:ontrol group or 

with subc:utaneously treated animals (p<0.001). Similarly, the delay of tumor detection and tumor 

growth in mice with s.c. tumors treated subc:utaneously with rHu!FN-a AID was signific:antly greater 

than in intraperitoneally treated animals (p<0.01). According to these results we c:an conclude that 

rHuIFN-a AID is muc:h more patent antitumor agent when it is used locally. However, systemic 

treatment with higher doses was effec:tive in both tumor model.\' ancl it is stil! more convenient for 

treatment of some tumor lesions which are not ac:c:essible for local treatment. 
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Introduction 

Interferons are glycoproteins which were iden

tified as factors capable of inhibiting vira! infec

tions. 1 · 2 Besides, interferons have proved to be 
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antiproliferative, immunomodulatory and diffe

rentiation inducing factors.3· 
4

· 
5 Other putative 

functions include antioncogene activity and mo

bilisation of energy stores during sickness. 6•
7 

Three subtypes of interferons (IFN a, � and 

y) have been identified, differing in terms of

their celi surface receptors, their acid stability,

their primary sequence and their chromosomal

Iocation and organisation.3
· 

8 Interferon-a and

interferon-� produced by leukocytes and fibro

blasts, respectively, are acid stable and share

the same receptor, while interferon-y is produ-
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ced by T lymphocytes, is acid labile and has a 
different receptor.4· 8 

The precise mechanisms of action for the 
antitumor effects of interferons are not fully 
explained. They involve both direct (antiprolife
rative effects, cytotoxic effects and enhance
ment of celi surface antigen expression on tu
mor cells) and indirect antitumor action (activa
tion of macrophages/monocytes, activation of T 
cells, activation of NK cells and modulation of 
antibody production).9• 10 

More then 20 subtypes of interferon-a are 
known, but only few of them are used systemi
cally or locally in the treatment of neoplasms 
as hairy celi leukemia, AIDS - related Kaposi 
sarcoma, Hodgkin's disease, 11011 - Hodgkin's 
lymphomas, oral cancer, malignant melanoma, 
renal celi carcinoma and bladder cancer. 11-16 

In our experiments we investigated the rela
tive capability of local versus systemic treatment 
with rHuIFN-a A/D as an antitumor agent 
against B-16 melanoma. To address this que
stion we used two different tumor models: i.p. 
and s.c. B-16 melanoma tumors. 

Materials and methods 

Animals 

Six to eight weeks old female C57Bl/6 mice 
were used in the experiments. Mice were pur
chased from Jackson Laboratories (Bar Harbor, 
USA) and held in a pathogen free animal 
colony. The adaptation period before use was 
two to three weeks. At least nine healthy 
animals with normal body weight were included 
in each experimental group. 

Tumor model,1· 

Subcutaneous (s.c.) and intraperitoneal (i.p.) 
tumors were employed as tumor models. Subcu
taneous tumors were induced subcutaneously in 
the left lower abdomen with 106 B-16 melanoma 
cells in 0.1 ml EMEM (Eagle's minimal essen
tial medium) supplemented with 2 % fetal calf 
serum (FCS), while mice for i.p. tumors were 

inoculated with the same number of viable cells 
intraperitoneally. In the experiments with s.c. 
tumors the day of tumor detection was monito
red and tumor growth was followed by measu
ring two tumor diameters with a vernier caliper. 
The tumor burden was calculated by the stan
dard formula for a prolate sphere V= ni 
6xd1xd} (d2<c1 1 ). Mice with i.p. tumors were 
monitored for the day of death and the increa
sed life span (ILS) was calculated. Also, mice 
with s.c. tumors were monitored for the day of 
tumor development and the increased tumor 
detection span (ITDS) was determined as 
shown below. 

ILS 

ITDS 

av. day of clcath for IFN trcatcd micc -
av. clay of clcath for control 

- - - - ----------X 100 
avcragc day of dcath for control 

av. day of tu. det. for IFN trcatcd 
micc - av. day of tu. det. for control 

x 100 
avcragc day of tumor dctcction for 

control 

Tumor cel/s 

Murine B-16 melanoma cells (done Fl)17 were 
grown in EMEM supplemented with 10 % FCS, 
penicillin (100 units/ml), streptomycin (100 ftg/ 
ml) and gentamycin (11 µg/ml). The fina! celi
suspension for inoculation (106 viable tumor
cells per 0.1 ml) was prepared with EMEM
supplemented with 2 % FCS and antibiotics as
indicated above.

Inte1f'eron 

Recombinant human interferon-a A/D 
(rHulFN-a A/D) used in this study was gene
rously provided by Dr. Michael Brunda of 
Hoffman-La Roche (Nutley, New Jersey) and 
had a specific activity of 6.4x107 U/mg of 
protein. Recombinant human IFN-a A/D is a 
recombinant molecular hybrid of two subtypes 
of HuIFN-a which exerts antiviral, antitumor 
and myelotoxic activities in mice.18

•
19 The inter

feron was diluted in phosphate buffered saline 
(PBS) supplemented with 0.3 % bovine serum 
albumin (BSA, Sigma Chemical Company) and 
frozen at -70°C until used for treatment. 
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Treatment 

Interferon treatment was started 24 hours after 

tumor cell inoculation and continued daily 

through five consecutive days. Animals with 

i.p. tumors were treated with different IFN

doses (3000 U/0.2ml, 10000 U/0.2ml or 30000

U/0.2ml per animal per day) intraperitoneally

(locally) or subcutaneously (systemically). Sub

cutaneous tumor bearing animals were treated

with the same doses as mentioned above, but

in this case subcutaneous treatrnent was perfor

med as Jocal and intraperitoneal as systemic

treatment. The animals in the control group

were injected subcutaneously or intraperito

neally with 0.2 ml of PBS supplemented with

0.3% BSA.

Statistical analysis 

The data were evaluated for significance using 

Student's T-test. 

Results 

Experiments were performed to determine 

whether the antitumor effect of rHuIFN-a AJD 

was different when the agent was administered 

Iocally or systemically. Two different tumor 

models were employed: s.c. B-16 melanoma 

and i.p. B-16 melanoma. 

Antitumor effect on s.c. tumors 

Mice were inoculated s.c. with B-16 melanoma 

tumor cells and randomly divided in eight 

groups: 

control group treated subcutaneously with 

PBS/BSA; 

- control group treated intraperitoneally with

PBS/BSA; 

- group treated subcutaneously with 3000 U

(3 KU) of rHuIFN-a A/D; 

group treated intraperitoneally with 3000 

U (3 KU) of rHuIFN-a AJD; 

- group treated subcutaneously with 10000

U (10 KU) of rHuIFN-a A/D; 

- group treated intraperitoneally with 10000

U (10 KU) of rHulFN-a AJD; 

- group treated subcutaneously with 30000

U (30 KU) of rHuIFN-a A/D and 

- group treated intraperitoneally with 30000

U (30 KU) of rHuIFN-a A/D. 

Table l. Avcragc day of tumor dctcction for s.c. B-16 
melanoma bcaring micc trcatcd subcutancously or 
intrapcritoncaly with rl-lulFN-a A/D. 

Averagc SD* p-valuc p-value 

day of ( comparing ( comparing

tumor to thc the same 

dctection control) closes) 

i.p. control 9.9 2.1 
i.p. 3 KU 12.7 2.9 0.0039 

i.p. l0KU 12.2 2.5 0.0087 

i.p. 30 KU 14.7 4.8 0.001 

s.c. control 10.4 2.2 
S.C. 3 KU 16.9 5.2 0.0001 0.005 

S.C. lO KU 19.9 3.9 0.0001 0.0001 

S.C. 30 KU 20.2 3.8 0.0001 0.001 

*SD - Standard dcviation
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Figure l. Increasc in tumor detection span (ITDS) for 
subcutaneous B-16 melanoma tumors. Tumors wcre 
implantcd using 106 viable tumor cclls, and 24 hours 
latcr treated subcutaneously or intrapcritoncally with 
different coneentrations of rHu!FN-a A/D during five 
consccutivc days. 



Antitumor effect of i11te1j'eron-a administered by different routes ol treatment 289 

Starting 24 hours after tumor celi inoculation 

and continuing for five days, mice were injected 

s.c. or i.p. with either rHuIFN-a A/D (different

concentrations) or PBS/BSA.

The day of tumor detection and tumor growth 

were monitored. Table 1 presents the average 
results of two identical experiments that gave 

similar results. Both subcutaneous (local) and 

intraperitoneal (systemic) treatments caused a 

significant antitumor effect at ali interferon 

concentrations employed. However, it can be 

seen that local treatment was more effective 

than systemic treatment. 

Locally treated mice with 3 KU of rHuIFN-a 

A/D developed tumors in 16.9 days on average, 

with 10 KU in 19.9 days, and with 30 KU in 

20.2 days; these periods being 62.5 % , 91.3 % 

and 94.2 % longer than those in the control 

group (Table l, Figure 1). 

Systemically treated mice with 3 KU develo

ped tumors in 12.7 days in average, with 10 

KU in 12.2 days, and with 30 KU in 14.7 days; 

those periods being 28.3 % , 23.2 % and 48.5 % 

longer than those in the control group (Table 

1, Figure 1). Tumor growth kinetics was the 

same as in the control group, while local treat

ment slowed down the tumor growth in ali 

treated groups (Figure 2). 

Statistically significant differences in the day 

of tumor detection were observed between the 

two routes of interferon administration for ali 

treatment doses (p 0.005 with 3 KU, 

p = 0.0001 for 10 KU, and p = 0.001 for 30 KU 

of rHuIFN-a A/D). 

Antitumor effects 011 i.p. tumors 

It was important to consider previous data from 

s.c. tumor model in order to asses whether the

differential responsiveness of the tumors would

be observed on i.p. tumor model after different

routes of treatment with rHuIFN-a A/D. To

address this point, mice were inoculated i.p.

with B-16 melanoma tumor cells and randomly

distributed (as mice with s.c. tumors), into

eight groups. Mice were also treated locally

(intraperitoneally) and systemically (subcuta-
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Figure 2. Growth kinetics of subcutaneous B-16 mela
noma implanted in the left lower abdomen using 106 

viablc tumor cells, and treatecl subcutaneously or 
intraperitoneally with rHuIFN-a A/D. 

neously) with different doses of rHulFN-a A/D 

or PBS/BSA. Treatment schedule was the same 

as the one described above for s.c. tumors. 

Mice were monitored for the day of death. 

Table 2 presents the average results of two 

identical experiments which gave similar results. 

It ean be seen that also in i.p. tumors local 

treatment was more effective than systemic 

Table 2. Average day of death for i.p. B-16 melanoma 
bearing mice treated subcutaneously or intraperito
nealy with rHulFN-a A/D. 

Avcrage SD* p-valuc p-valuc
clay of (comparing (comparing
clcath to the thc same 

control) closes) 

s.c. control 19.9 1.8 
S.C. 3 KU 19.6 1.7 0.5688 
S.C. 10 KU 20.9 l.7 0.0714 
S.C. 30 KU 21.5 1.8 0.0098 

control 19.3 1.3 
3KU 22.6 2.5 0.0001 0.0001 

i.p. 10 KU 23.3 l.9 0.0001 0.0004 
i.p. 30KU 24.8 3.1 0.0001 0.0002 

*SD - Standard deviation

.H) 



290 Novakovic S. and Fleischmann R. Ir. 

treatment (Table 2, Figure 3). Percent of in
crease in life span ( % ILS±SE) for locally trea
ted mice .with rHuIFN-a A/D was 17.3±2.99 
(3 KU), 20.5±2.27 (10 KU) and 28.7±3.68 (30 
KU); for systemically treated mice the %ILS 
was -1.7±1.96 (3 KU), 5.2El.98 (10 KU) and 
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Figure 3. Survival curves for intraperitoneal B-16 
melanoma bearing mice (C57BI/6); tumors werc indu
ced intraperitoneally with 106 viablc tumor cclls and 
24 hours la ter treatcd intraperitoneally ( upper figure) 
or subcutaneously (lower figure) with different conccn
trations of rHuIFN-a A/D during five consecutive 
days. 
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Figure 4. Increasc in life span (ILS) for intraperitoneal 
B-16 melanoma bearing micc treated systemically or
locally with rHuIFN-a A/D.

7.9±2.08 (30 KU) (Figure 4). Owing to a 
higher agressivness of i.p. tumors, systemic 
(subcutaneous) treatment did not statistically 
significantly affect the average day of death in 
comparison with control mice, except when the 
mice were treated with the highest dose (30 
KU) (Table 2, Figure 3). 

However, statistically significant increase in 
life span was observed when we compared 
locally (intraperitoneally) treated animals to 
the ones treated systemically (subcutaneously) 
with the same dose of rHuIFN-a A/D; the 
p-value for mice treated with 3 KU was 0.0001,
for mice treated with 10 KU 0.0004 and for
mice treated with 30 KU 0.0002. Moreover, the
animals that received a threefold lower dose
(10 KU) of rHuIFN-a A/D locally (intraperito
neally) survived significantly longer than those
treated systemically (subcutaneously) with 30
KU (p = 0.005).

Based on the results obtained in both tumor 
models, it is clear that maximal antitumor acti
vity occurred when rHuIFN-a A/D was given 
locally. Systemic treatment was moderately ef
fective: more effective in s.c. tumors when 
rHuIFN-a A/D was administered intraperito
neally than on i.p. tumors when it was admini
stered subcutaneously. 
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Discussion 

Previous experimental findings clemonstrated 
that IFN-a has reproducible antiproliferative 
effects in vitro20-22 and in vivo. 

23 On the basis
of these findings, IFN-a has been employed 
clinically for treatment of various tumors. 

Toclay, IFN-a is approvecl as an antiprolifera
tive agent for the treatment of hairy celi teuke
mia ancl AIDS related Kaposi sarcoma.5•

10 Ne
vertheles, IFN-a as a single agent has been 
reported to induce clinical remission in many 
hematological malignancies and solid tu
mors.16·24·25 Moreover, IFN-a has reproclucible 
activity against malignant melanoma, a tumor 
for which conventional chemotherapy has poor 
efficacy. 10•25 

The present stucly was unclertaken to assess 
which route of administration is more suitable · 
for IFN-a treatment. Therefore, we chose s.c. 
and i.p. B-16 melanoma tumor models. Mice 
were treatecl locally and systemically for five 
consecutive days with different doses of 
rHuIFN-a AJD. Systemic treatment of s.c. tu
mors was performed in the form of intraperito
neal injection, while locally treated animals 
were injected subcutaneously. In contrast, in 
the i.p. tumor model intraperitoneal aclministra
tion was performecl as a local ancl subcutaneous 
as a systemic treatment. In both cases local 
treatment proved to be significantly superior to 
systemic. An interesting observation was that 
systemic (intraperitoneal) treatment of s.c. tu
mors resultecl in a statistically significant delay 
in tumor detection at all interferon concentra
tions examinecl, while systemic treatment (sub
cutaneous) of i.p. tumors clicl not significantly 
increase the life span of treatecl animals (except 
30 KU). The fact that developecl tumors in 
systemically treated animals continued growing 
at the same rate as tumors in control mice, 
suggests that systemically administered 
rHuIFN-a A/D exerts antitumor effect only on 
a very small tumor burden. 

In accordance with our observations, 
rHulFN-a AJD is more effective when given as 
a local therapeutical agent. Nevertheless, when 
we have to use rHuIFN-a AJD systemically, it 

is much more aclvisable to administer it intrape
ritoneally than subcutaneously. This is also in 
agreement with previous pharmacokinetic fin
clings that intraperitoneal administration of 
IFN-a has good bioavailability (30 times higher) 
comparecl to the intravenous route.26 

The role of IFN-a in the treatment of malig
nancies has not yet been fully established. Many 
questions remain to be answered concerning 
the optimal strategy for incorporating IFN-a 
into anticancer therapy, ancl one of them is the 
optimal route of its aclministration. However, 
the future of IFN-a usage in oncology seems 
to be in its local ( ancl also systemical) use as 
acljuvant therapy after the tumor burden has 
been reduced by other therapeutic modalities. 
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