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ABSTRACT

Three human melanoma cell lines (G-361, I IT-144. and SK-MEL-3)
that were highly sensitive to growth inhibition in vitro by recombinant
human Interferon (rHuIFN-f) were adapted to grow as s.c. xenografts in
athymic nude mice. Take rates were >90% for all three tumors, with in
vivo doubling times of 15, 4, and 15 days for G-361, HT-144, and SK-
MEL-3, respectively. Commencing 3 days posttumor implantation mice
were treated with daily s.c. injections of rHu!FN-> for 30 days over a
dose range of 2.4-326 megaunits/mouse/day at a site distinct from the
tumor implant. Tumors were measured twice weekly and mice were
observed daily for deaths and morbidity until day 60 postimplantation.
No apparent antitumor activity was observed in either the G-361 or HT-
144 tumors at any dose despite the achievement of high rl luÃI N--, blood
levels. Intralesional treatment of the HT-144 xenograft with rl lull V>
at 240 megaunits/mouse/day did not significantly retard tumor growth or
increase lifespan. However, the SK-MEL-3 tumor showed a significant
response at the 326-megaunit dose as noted by a tumor growth delay of
11.8 days in treated versus control animals and by an increased number
of 60-day survivors. The tumor growth suppression appeared to be greater
during the treatment period than during the subsequent observation
period. Other experiments employing 326, 530, and 860 megaunits
rHuIFN-7/mouse/day in mice bearing the SK-MEL-3 tumor demon
strated tumor growth delays of 4.2, 4.8, and 19.8 days, respectively,
suggesting a dose response. These data support the conclusions that (a)
in vitro antiproliferative activity of rl lull- N-7 is not necessarily predic
tive of in vivoefficacy; and (h) relatively high doses of rHuIFN--y appear

to be required for demonstrating an in vivo antitumor effect in this model.

INTRODUCTION

Three major classes of IIV exist that are distinguishable on
the basis of physicochemical and antigenic properties: a (or
leukocyte), ÃŸ(or fibroblast), and y (or immune) IFN. Based on
similarities in biochemical and antigenic properties, IFN-a and
-ÃŸare referred to as type I IFNs and IFN-^ as type II IFN.
IFN-a has demonstrated antitumor activity in animal models
(1,2) and has induced clinical responses in both hematological
malignancies and solid tumors (3). IFN â€¢->,which is the major
species produced by T-lymphocytes stimulated by specific an
tigens or mitogens, exhibits a variety of biological properties in
vitro that predict that it should also exhibit potent antitumor
activity in vivo [reviewed by Stewart II (4) and Trinchieri and
Perussia (5)]. These properties include both cytostatic (6) and
differentiating (7,8) effects on malignant cells in culture as well
as the ability to augment various immune functions, including
natural killer cell (9) and macrophage (10, 11) tumoricidal
activities. Thus, the antitumor activity of IFN-7 could be me
diated by both direct anticellular effects on the tumor and by
indirect effects on the host immune system. IFN--y has been
reported to exhibit under certain conditions more potent anti-
cellular and antitumor activity in animal models than type I

Received 1/30/87; revised 6/1/87; accepted 7/17/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1To whom all correspondence should be addressed, at Schering-Plough Cor

poration, 60 Orange Street, BloomfÃ¬eld,NJ 07003.
1Abbreviations used are: IFN, interferon; rl lui 1 \ -,, recombinant human -,-

interferon; rl lull N n. recombinant human a-interferon; megaunit, io " x inter

national antiviral units; ID, inhibitory dose.

IFNs (12-14). The availability of large quantities of purified
IFN through recombinant DNA technology has now permitted
the initiation of phase I/II clinical studies for both rHuIFN-a
(3)andrHuIFN-7(15-19).

Of special importance with respect to the proci inÂ¡caievalua
tion of rHuIFN-7 is the development of a suitable animal model
for characterizing the antitumor activity. Due to the high spe
cies specificity of IFN of all classes (4), commonly employed
rodent tumor models (20) are inadequate for evaluating efficacy.
However, as an alternative model, a number of investigators
have demonstrated antitumor activity for type I human IFN
against human tumor xenografts implanted in immunodeficient
animals (21-35). In the present study we have established as
xenografts in athymic nude mice three human melanoma cell
lines that are highly sensitive to rHuIFN-f in vitro and have
treated these xenografts with a wide concentration range of
highly purified rHu!FN->. Antitumor activity could be dem
onstrated against one of the three melanomas. The data support
a potential application for the use of human xenografts in
evaluating antitumor activity of rHuIFN-f. It was also estab
lished that in vitro sensitivity to rHuIFN-7 does not necessarily
correlate with in vivo efficacy.

MATERIALS AND METHODS

Interferon. rHu!FN--y (Schering Corp., Bloomfield, NJ) was purified

from Escherichia coli to constant specific antiviral activity and greater
than 95% homogeneity as judged by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. It was stored at â€”20Â°Cin 50% glycerol and

was dialyzed prior to use in order to remove the glycerol. Prior to
injection the solution of rl lull N -, was diluted to an appropriate
concentration with RPMI 1640 containing 10% heat-inactivated fetal
calf serum (GIBCO, Grand Island, NY), which was added for protection
against losses due to adsorption or surface denaturation.

Mice. Female athymic nude mice (crl: nu/nu BR, 33-35 days old)
were obtained from either Charles River Kingston (Stone Ridge, NY)
or Frederick Cancer Research Facility (Frederick, MD). Animals were
housed in a barrier facility in sterile, filter-topped, isolator cages con
taining sterile hardwood bedding (Beta-Chip, Northeastern Products
Corp., Warrensburg, NY). Water supplemented with vitamins <MVI
Concentrate; Armour Pharmaceutical Co., Kanakee, IL) and Wayne
Sterilizable Rodent Blox (Continental Grain Co.) were sterilized and
provided ad libitum. Mice were permitted 2 weeks to acclimatize before
entry into an experiment. All manipulations of cages and mice within
the barrier facility were conducted under conditions of laminar air flow.

Cell Culture. Human melanoma cell lines (American Type Culture
Collection, Rockville, MD) were propagated at 37*C in a humidified
atmosphere of 5% CO2 in 75-cm2 culture flasks containing McCoy's

5A medium supplemented with 15% fetal calf serum. Cells were re-
seeded twice weekly at 3-5 x IO6 cells/flask in a total volume of 50

ml/flask. To provide cells for inoculation into mice, three to four Blake
bottles (170 cm2) were seeded with 7 x 10*-1 x 10' cells/bottle to
obtain a final cell density of 1-2 x 10* cells/ml. The final volume of
cell suspension was 1-5 ml.

Antitumor Trials. On Day 0 tumor fragments (20-30 mg) were
prepared from tumors exhibiting in vivo passage numbers ranging from
two to six and were implanted s.c. by trocar into the axillary region of
athymic nude mice. Mice were randomly assigned to each of the
indicated dosage groups. Mice were injected s.c. with 0.1 ml volumes
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once a day commencing on day 3 posttumor implantation for a total of
30 days. Control animals were treated with RPMI 1640. Daily injec
tions were alternated at sites distinct from the site of tumor implanta
tion. Mice were palpated twice weekly until tumors appeared, and each
tumor was measured by caliper (two dimensions) twice weekly there
after. These measurements were converted to an approximation of
tumor weight (mg) employing the formula: (a x t>-)/2. where a and h

are the length and width, respectively, expressed in millimeters. Mice
were observed daily for deaths or morbidity and body weights were
recorded weekly. On day 60 posttumor implantation all survivors were
euthanized.

Serum rl lull V-y Levels and Toxicity Evaluation. Six groups (30
mice/group) of nontumor-bearing nude mice were treated once daily
for 30 days with s.c. injections of 0.1 ml containing rHuIFN-7 at levels
of 0, 0.24, 2.4, 24, 120, 240, and 326 megaunits/mouse. Control
animals were treated with RPMI 1640. Subgroups of six mice for
control and treated animals at all dose levels were selected at random
and caged separately for evaluation of toxicity. These mice were weighed
once weekly and were observed daily for deaths and morbidity up to 45
days following the first treatment. The remaining animals (24/group)
provided serum samples for antiviral activity determination. One hour
after treatment on days 1, 7, 10, 14, 16, 22, 25, and 29, three mice/
group selected at random were anesthetized with ether, subjected to
thoracotomy, and exsanguinated by cardiac puncture. Blood was col
lected without anticoagulant in plastic syringes and transferred to 2-nil
polypropylene centrifuge tubes. After samples were allowed to clot 30
min at 0-4Â°C,clots were freed from tube walls with wooden toothpicks,

a small amount of serum separator (Sure-Sep II; General Diagnostics,
Morris Plains, NJ) was added to each tube, and the tubes were ceniri-
fuged 1 min at 12,000 x g. Supernatants were transferred to polypro
pylene tubes and stored at â€”18Â°Cuntil antiviral activity could be

evaluated.
Antiproliferative Activity. Activity was evaluated by vital staining of

viable cells in a 96-well microtiter plate similar to the procedure of
Oku et al. (36). rHuIFN-7 serially diluted in two-fold steps was added
to each well containing 3 x IO4 cells in a final volume of 200 Â¿/I
containing Dulbecco's minimal essential medium supplemented with
10% fetal bovine serum. The cells were incubated for 48-96 h at 37Â°C

in a humidified atmosphere containing 5% CO2. The cells were washed
with phosphate-buffered saline, pH 7.2, and stained with 0.05% Janus
green. After the stained cells were washed, stain was extracted by
treatment with ethylene glycol monomethyl ether for 10 min at 20Â°C,

and the optical density was read on a Dynatech Microdensitometer at
603 and 450 nm. The endpoint is defined as the rHuIFN-7 concentra
tion that produces a 10 or 50% reduction in cell number compared to
the untreated cell control.

Antiviral Activity. A cytopathic effect-inhibition assay was performed
in 96-well microtiter plates employing human foreskin cells (FS-71)
and encephalomyocarditis virus (ATCC-VR129). Samples were serially
diluted by 2-fold with Eagle's minimal essential medium. Plates stained

with crystal violet were visually inspected to obtain an endpoint corre
sponding to 50% protection against viral infectivity. International
antiviral units were determined by standardization against WHO inter
national natural, HuIFN-7 standard Gg23-901-530.

Statistical Analysis. Parameters evaluating in vivo antitumor activity
were tested for statistical significance using Student's t test. Results

were considered significant when p < 0.05.

RESULTS

Serum rHuIFN-7 Levels and Toxicity Evaluation

Prior to evaluation of the antitumor activity of rHuIFN-7 it
was important to establish bioavailability by measurement of
serum rHuIFN-7 blood levels. Assays of antiviral activity were
performed on sera obtained from animals receiving daily doses
ranging from 0.24 to 240 megaunits/day. Blood samples were
withdrawn at 60 min. following rHuIFN-7 administration since
preliminary studies indicated that peak serum antiviral activity
was obtained at approximately this time following a single s.c.

injection. Although serum antiviral activity could not generally
be detected at doses of 2.4 or 0.24 megaunits/mouse/day,
significant activity as high as 4,800 units/ml was observed at
doses between 24 and 240 megaunits/mouse/day (Table 1). It
is notable that an approximate dose response in the serum
levels appeared to exist over this range. Significantly higher
levels of antiviral activity were observed at 16, 22, and 29 days
compared to 1, 7, and 10 days. It has not yet been ascertained
whether these results support an rHuIFN-7 accumulation.

It was important to establish that the rHuIFN-7 doses that
were to be employed for antitumor evaluation did not exceed
the maximally tolerated dose in athymic nude mice. Observa
tions on animals receiving daily s.c. injections of the doses
indicated in Table 1 were limited to gross signs of morbidity,
body weight changes, and deaths. Utilizing the protocol de
scribed in "Materials and Methods," no evidence for deaths or

morbidity resulting from rHuIFN-7 administration was noted
at any of the indicated doses. Similarly, there were no remark
able changes among body weights. In another series of experi
ments employing s.c. implanted Alzet minipumps (Alza Corp.,
Palo Alto, CA) for continuous administration of rHuIFN-7
over a 30-day period, there was a similar lack of evidence for
toxicity. Thus, subsequent antitumor evaluations were per
formed over a dose range that was nontoxic.

In Vitro Sensitivity

Selection of human melanoma cell lines to be implanted in
nude mice was based upon sensitivity to rHuIFN-7 in vitro
(Table 2). Out of five cell lines tested, G-361, SK-MEL-3, and
HT-144 demonstrated growth inhibition (ID,0) at rHuIFN-7
concentrations of 16 units/ml or less whereas the growth of cell
lines MALME-3M and RPMI-7951 was not inhibited by
rHuIFN-7 concentrations as high as 4200 units/ml. The order
of sensitivity based on ID,0 was G-361>SK-MEL-3>HT-144.
The in vitro dose response appeared to be different among these
cell lines since the order of sensitivity based on ID50 (i.e., G-

Table 1 Serum levels ofrHulFN-y following single daily s.c. injections in
athymic nude mice

One hour following treatment with rHuIl- V->. the mice were anesthetized
with ether and exsanguinated by cardiac puncture. Serum was frozen at -18'C

until antiviral activity was determined by the cytopathic died inhibition assay,
as described in "Materials and Methods." Data represent the mean of individual

determinations on sera obtained from three mice.

Dose
(megaunits)0.24

2.4
24.0

120.0
240.0Serum

antiviral activityÂ°(units/ml)1Â»<19

<19
<19

63
ISO
4007<19

125
<38

38
150

1,20010<19

<19
<19

38
75

50016<38

<19
<19
200

2,400
4,80022<75

<75
<75
200

2,000
1,60029<150<75

<75
<150
2,200
3,200

" <, no detectable activity at the lowest dilution tested.
* Days.

Table 2 In vitro antiproliferative activity ofrHulFN-y against human
melanoma cell lines

Antiproliferative activity was determined by vital staining of viable cells in :
microtiter assay system as described in "Materials and Methods."

StainG-361

SK-MEL-3
HT- 144
MALME-3M
RPMI-7951ID,,'

(units/ml)0.4

1.0
16.0NA*NAIDÂ»"

(units/ml)2.0

150.0
80.0NA

NA
" ID,,, and IDÂ»,represent the concentrations in antiviral units required to

inhibit cellular proliferation by 10% and 50%, respectively.
* NA, not active at the highest concentration tested (4200 units/ml).
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361>HT-144>SL-MEL-3) was different than observed for the
ID10value. Similar experiments performed with natural IFN-7
(Interferon Sciences) confirmed the antiproliferative effect on
the three indicated cell lines and indicated the same relative
differences in sensitivity. Interestingly, although the growth of
the G-361 cell line was initially inhibited by < 1.0 unit/ml of
rHuIFN-7, we have observed a 30-fold loss in sensitivity follow
ing six passages in the nude mouse. This result was obtained
for tumors derived from either untreated mice or mice treated
i.v. with 120 megaunits/mouse/day every other day for 30 days.

Establishment and Characterization of Human Xenografts

The three human melanoma cell lines responsive to rHuIFN-
7 were propagated in tissue culture as described in "Materials
and Methods" in order to provide cells for inoculation into
athymic nude mice. The mean in vitro doubling times for G-
361 and HT-144 were comparable (30-36 h) whereas the in
vitro doubling time for SK-MEL-3 was 2- to 3-fold longer (72-
96 h). Following three to four in vivopassages of these cells in
nude mice, an experiment was designed to assess take rates and
growth characteristics. Based on a group of 20 animals, tumor
take rates of 100, 90, and 90% were determined for G-361,
HT-144, and SK-MEL-3, respectively. However, as shown in
Fig. 1 and Table 3, differences in growth rate were observed.
Frequent measurements of tumor size volumes resulted in
estimates of doubling times of 15, 4, and 15 days for G-361,
HT-144, and SK-MEL-3, respectively, in the tumor range of
0.1 to 1.0 g. At 80 days postimplantation, tumors of 1-2 g
weights were observed in G-361 and SK-MEL-3 compared to
weights of 9-10 g for HT-144 at 60 days postimplantation.
Thus, the order of doubling times in vivo(G-361 = SK-MEL-
3>HT-144) was clearly distinguishable. Due to the slow-grow
ing characteristics of the implanted tumors, the median life-

Table3 Growthcharacteristicsofhumanmelanomacelllinesinvitroand
implantedasxenograftsinathymicnudemice

MelanomaG-361

HT- 144
SK-MEL-3No.

of
in vivo

generations"2

2
3Doubling

timeTumor

takerate*100%

90%
90%In

vitro
(h)30-36

30-36
72-96Xenografts'

(days)15

4
15

"Refers to the number of passages in athymic nude mice prior to initiation of
the experiments described in Table 4. Passage was performed at a tumor weight
of approximately 100 mg.

* Based on the appearance of palpable subcutaneous tumors in a group of 20

mice.
' Volume doubling times were estimated from caliper measurements in the

tumor size range of 0.1 to 1.0 g.

spans of mice bearing G-361 and SK-MEL-3 tumors were >60
days compared to 59 days (range, 41->60 days) for animals
bearing the more aggressivelygrowing HT-144 tumor.

Antitumor Evaluation

Melanoma SK-MEL-3. The effect of s.c. administration of
rHuIFN-7 on tumor growth and host survival of melanoma
SK-MEL-3 in its third in vivopassage is summarized in Table
4. In experiment 1 an 11.8-day tumor growth delay, which was
calculated on the days required to reach 125 and 250 mg
weights, was noted at the highest dose administered (326 mega-
units/mouse). This result was of borderline statistical signifi
cance (Student's t test, 0.1 < P < 0.5). No apparent delay in
growth was observable at any of the lower doses. The 326-
megaunit dose also appeared to confer an increase in 60-day
survivors since 10/10 (100%) tumor-bearing animals survived
at this dose compared to 16/20 (80%) in the control group.
However, since the animals were sacrificed at 60 days following
initiation of treatment, the slow growth of the tumor precluded
the use of median survival as an endpoint for efficacy. No
apparent effect on either 60-day survivors or tumor-free survi
vors was noted for doses lower than 326 megaunits/mouse.

Tumor weights for individual animals in experiment 1 are
plotted in Fig. 2 as a function of days postimplantation for
control animals (Fig. 2A) and animals treated with the highest
dose of rHuIFN-7 (Fig. IB). Of interest was the observation
that the apparent tumor growth delay was related to the dura
tion of treatment. Thus, during the first 30 days of treatment a
greater percentage of control animals developed tumors com
pared to treated animals than was observed after an additional
30 days of observation with no treatment. For example, at 30
days postimplantation 14/20 (70%) of the control animals
developed palpable tumors compared to 3/10 (30%) in the
group treated with rHuIFN-7. It was also notable that an
apparent synchronization of tumor growth within the range of
approximately 170-250 mg occurred in the treated animals.
This phenomenon was distinct from that observed with the
control animals, among which a range of tumor weights from
approximately 60 to 1300 mg was recorded at the same time
point. Neither a dependence of tumor growth delay on duration
of treatment nor a synchronization of growth was observed at
rHuIFN-7 doses less than 326 megaunits/mouse/day.

An experiment was designed to confirm the sensitivity of SK-
MEL-3 to a high dose of rHuIFN-7. In addition to a repetition
of the 326-megaunit/mouse/day regimen, additional higher
doses of 530 and 860 megaunits/mouse/day were also included.
The apparent efficacyof rHuIFN-7 was confirmed since median

Fig. 1. Growth of human melanoma xeno
grafts in athymic nude mice. Following three
to four in vivo passages fragments of each
tumor were transplanted s.c. into groups of 10
mice and permitted to grow for at least 60
days. Caliper measurements were performed
on individual tumors twice weekly in two di
mensions. Further details are described in
"Materials and Methods."
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Table 4 Subcutaneous treatment of human melanoma xenografls in athymic nude mice with rHuIFN-y
Athymic nude mice implanted s.c. with tumor fragments (20-30 mg) prepared from tumors in passage in vivo were treated with daily s.c. injections of ri lui I N

commencing 3 days postimplantation. Treatment was continued for 30 days; the animals were observed daily and tumor weights were recorded for an additional 30
days. Further details are described in "Materials and Methods."

Dose (megaunits/
mouse/day)Melanoma

SK-MEL-3Control'326240120242.4Melanoma

G-361Control'326240120242.4Melanoma

HT-144Control'326240120242.4Lifespan

(dayspostimplant)"Median>62.0>62.0>62.0>62.0>62.0>51.0>60.0>60.0>60.0>60.0>60.0>60.059.042.057.056.057.048.0Range36->6262->6245->6248->6246->6230->6260->6027->6060->6060->6060->6060->6041->6030->6044->6016->6032->6016-55ILS>0>0>0>0>-18>0>0X)>0>o-29-4-6-4-19Daystoreach250

mg26.939.521.726.327.823.028.618.233.828.722.436.217.320.219.018.319.019.8500mg40.851.930.142.428.034.838.331.040.542.332.840.520.621.821.020.221.025.0Days
delay(7--Q*11.8-8.00.5-6.0-5.0-8.93.72.0-5.94.92.01.00.31.03.4Tumor-free

survivors'1/163/102/71/70/60/50/190/100/100/100/100/100/200/100/100/100/100/1060-Daysurvivors'*16/2010/107/107/106/105/1019/1910/1010/1010/1010/1010/108/201/104/104/103/100/10

The median lifespan, range of lifespans, and median percentage of increase in lifespan (%ILS), exclude tumor-free survivors.
' Days of delay [treated (T) - control Â«'i|. unweighted average of the differences of the median days of postimplantation for the treated and control animals to

attain each of the two evaluation sizes (i.e., 250 and 500 mg). Tumors that failed to reach the evaluation sizes were excluded from the calculation.
' Expressed relative to the total number of 60-day survivors.
'' Expressed relative to the initial number of animals per group.
'Control mice were treated with RPMI 1640 culture medium containing 10% heat-inactivated fetal calf serum on the same schedule as rHu!FN--y administration.

tumor growth delays of 19.6, 4.8, and 4.2 days were observed
at doses of 860, 530, and 326 megaunits/mouse/day, respec
tively. These data suggest a dose response and provide further
support for the efficacy of high doses of rHuIFN-7 in this
model. It was noted that no rHu!FN--y-related toxicity was

observed at any of these high doses. Mean tumor weights as a
function of days postimplantation are presented in Fig. 3 for
the period during which rHuIFN-7 was injected s.c. Significant
differences between control animals and the group treated with
860 megaunits/mouse/day were observed during this period,
while marginally significant differences were noted at the two
lower doses. The difference in mean tumor weights between the
control and group treated with 860 megaunits/mouse/day ap
peared to increase with time of treatment, further supporting
effects of rHuIFN-7 in diminishing tumor growth rate.

Melanoma G-361. As shown in Table 4, treatment with s.c.
doses of rHuIFN-7 as high as 326 megaunits/mouse/day did
not result in a significant dose-related delay in tumor growth
rate. Due to the fact that this tumor is slow growing and not
aggressively invasive, 20 out of 20 mice in the control group
survived the 60-day observation period. Consequently, no effect
of administration of rHuIFN-7 on host lifespan could be ob
served. However, body weight data for tumor-bearing mice
suggested that the highest rHuIFN-7 dosage (326 megaunits/
mouse/day) may have been beneficial since animals in this
group maintained consistently higher weights (approximately
1-2 g) throughout the course of the experiment.

Melanoma HT-144. Treatment s.c. with rHuIFN-7 resulted
in a marginal tumor growth delay at each of the doses admin
istered (Table 4). However, these tumor-growth delays were not
dose dependent. One apparent partial response in tumor growth
delay was noted in each of two dosage groups (326 and 120
megaunits/mouse/day). Although these animals survived at
least 50 days, each animal developed tumors of less than 250

mg, compared to a mean time of approximately 17 days for the
development of a similar size tumor in control animals. No
significant treatment-related increases in host lifespan were
noted, nor was there an increase in the percentage of 60-day
survivors. In contrast to observations on the G-361 melanoma
xenograft, no treatment-related effects on body weight data
were noted.

An experiment was also designed to evaluate whether direct
intralesional treatment offered an advantage in efficacy to sys
temic administration of rHuIFN-7. HT-144 appeared to be the
best choice for this treatment since it provided the use of host
lifespan as an additional endpoint in evaluating efficacy. HT-
144 xenografts were permitted to grow to an average size of
approximately 500 mg. After exclusion of xenografts of 63 mg
or less, the remaining animals were randomized into two groups
receiving intralesional injections of 240 megaunits/day/mouse
or diluent for 30 consecutive days. As shown in Table 5, the
median lifespans of control (40.0 days) and treated animals
(36.0 days) were similar as were the tumor doubling times. The
percentage increase in tumor weight (day 27 versus day 1
following initiation of therapy) was less for treated animals, but
the difference was not statistically significant.

DISCUSSION

The in vitro biological properties of IFN-7 as a differentiating
and antiproliferative agent as well as an immunoregulator have
suggested utility as an antineoplastic agent. The data presented
here demons-rale a significant tumor growth delay and in
creased number of 60-day survivors for one of three human
melanoma xenografts following s.c. administration of a high
dose of purified rHuIFN-7. Adjustment of dose or the sched
uling of treatments might be expected to increase further the
magnitude of the response. The fact that the tumor growth
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Fig. 2. Effect of rllull N - administration on individual tumor weights in
athymic nude mice bearing the SK-MEL-3 melanoma. Mice were treated with
daily s.c. injections of rHuIFN-7 or diluent for 30 days commencing 3 days
following s.c. tumor implantation. Lines, each individual animal, obtained by
twice weekly measurements of tumor dimensions. The limit of palpation is 60-
65 mg. Further details are described in "Materials and Methods."

suppression observed for SK-MEL-3 appeared to be greater
during the administration of rHuIFN-7 than during the 30-day
posttreatment observation period suggests that a more pro
longed treatment might have produced a more significant an
lhumor effect. Similarly, the highest dose employed (860 me-
gaunits/day) was well tolerated in these animals and might
conceivably be escalated even further with potentially beneficial
therapeutic effects. However, it is important to note that the
dose of 860 megaunits/mouse is already significantly higher
than doses of rHuIFN-7 currently employed in clinical trials.
Based on the assumptions and constants of Freireich et al. (37)
this dose is equivalent to 2 x io* ir administered to a 60-kg
human or approximately 1 x IO8IU/m2. In distinction, clinical

doses that have resulted in objective evidence of tumor regres
sion have generally ranged from IO5 to IO7 IU/day (15, 38).
This comparison suggests that indirect host-mediated effects
may be more important factors in the observed clinical re
sponses than direct cytostatic or cytotoxic effects. Interestingly,
rHuIFN-7 administered to cancer patients has been reported
to activate monocytes (39) and natural killer cell activity (40).

The requirement of a high dose of rHuIFN-7 for efficacy
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Fig. 3. Effect of rl In11â€¢N -, administration on mean tumor weights in athymic

nude mice bearing the SK-MEL-3 melanoma. Mice were treated with s.c. daily
injections oÃr̄l lull \ - or diluent for 30 days commencing 3 days following s.c.
tumor implantation. Bars, mean Â±SD for tumor weights obtained by caliper
measurements on groups of 20 (control) or 10 (treated) animals. Further details
are described in "Materials and Methods." â€¢,D, A, and O indicate mice treated

with diluent, 326, 530, and 860 megaunits/mouse/day, respectively.

Table 5 Intratumor treatment of human melanoma HT-144 xenografts in
athymic nude mice with rHulFN-y

Melanoma HT-144 xenografts were subjected to five in vivo passages and
xenografts Â£63mg were excluded, and the remaining mice were randomized into
two groups (II mice/group) to receive intratumor injections of rHuIFN--y or
diluent daily for 30 days.

Dose
(megaunits/
mouse/day)Control

240Lifespan

(dayspostimplant)Median

Range40.0

28->70
36.0 0->70%ILS-10Increase

in
tumor

weight"343

Â±178*

252 Â±107Doubling

time
(days)12.5

Â±4.4
10.1 Â±3.6

" Percentage increase in tumor weight at day 27 compared to day 1.
* Mean Â±SD.

against SK-MEL-3 appears to be inconsistent with the obser
vation that relatively low concentrations were required to dem
onstrate in vitro sensitivity (Table 2). The serum rHuIFN--y

concentrations achieved at 240 megaunits/day (Table 1) are
approximately three orders of magnitude greater than required
for an antiproliferative effect in vitro. Although this measure
ment was performed at only one time point (1 h postinjection),
other experiments conducted in our laboratories have indicated
that 10% of this amount still remains in the circulation at 10 h
postinjection. One possible conclusion from these data is that
the serum IFN levels may not indicate the true bioavailability
of rHuIFN-7 within the tumor. It may be speculated that the
tumonserum IFN ratios are low even at serum IFN levels that
should exert a virtually complete tumor stasis. A similar lack
of correlation of human serum rHuIFN-7 levels and clinical
efficacy has been reported (41). One explanation is that
rHuIFN-7 may not penetrate the tumor effectively. In order to
explore this possibility, lissamine green, a dye that is blood
borne but does not enter intact cells (42), was injected i.p. into
animals bearing the SK-MEL-3 tumor. Tumonplasma ratios of
dye ranging from 0.5 to 0.8 were observed, suggesting an
adequate blood supply. The latter result is consistent with the
apparently good vascularization of the tumor noted on ne
cropsy. It may also be speculated that the SK-MEL-3 cell line
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may have displayed a decreased sensitivity to rHuIFN-7 in the 2-

process of adaptation to growth and passage in vivo. 3.
The similar question arises as to why two cell lines (i.e., G-

361 and HT-144) that are highly sensitive to rHuIFN-7 in vitro *'

are completely insensitive in vivo. The failure of intralesional
treatment to demonstrate a significant antitumor activity 6-
against HT-144 suggests that neither poor vascularization nor
the existence of a blood-tumor barrier is a probable explanation i.
for the lack of response to systemic administration. The ques
tion arises as to whether during passage of these cell lines in
vivo there has been a selection of subpopulations resistant to 8.
growth inhibition by rHuIFN-7. We have noted that growth
inhibition of the G-361 tumor cells by rHuIFN-7 in vitro was 9.
approximately 30-fold diminished following six passages in the
nude mouse. However, based on the high sensitivity of this cell
line to growth inhibition by rHuIFN-7 in vitro prior to implan- io.

talion in athymic nude mice (Table 2), it is unlikely that
diminished sensitivity can completely explain the observed lack
of response. Alternatively, rHuIFN-7 may be inactivated within 11.
the tumor; as, e.g., by proteolysis. It may be relevant that the
carboxyl terminal of both rHuIFN-7 (43) and natural human 12.
IFN-7 (44) is sensitive to proteolytic cleavage and that such
degradation results in significant inactivation of biological ac
tivity (43, 45). It is yet to be established that this degradation
occurs within the malignant melanoma xenografts. 13-

The results reported here are consistent with reports indicat
ing that relatively low doses of rHuIFN-7 were ineffective as 14.
monotherapy against human tumor xenografts (46-49). Such
doses, however, may be sufficient to activate the host immune 15.
system (e.g., monocytes or natural killer cells) or enhance the
expression of cell surface antigens on the tumor that may be
involved in tumor rejection. Interestingly, it has been reported 16.
(49) that despite a lack of antitumor activity rHuIFN-7 was
able to induce expression of histocompatibility antigens on s.c.
tumors. These results in combination with the data presented 17.
here suggest that an antitumor response in humans may be
observed at both low and high doses of rHuIFN-7 depending
on whether indirect host-mediated or direct antiproliferative 18

effects are predominant. It is notable that high doses of
rHuIFN-7 may also actually suppress immune function (16). 19.
Thus, a thorough evaluation of the clinical response to rHuIFN-
7 over a wide dose range appears warranted.

Although two of the melanoma xenograft models described 20.
here lack responsiveness to rHuIFN-7, it is possible that the
third (SK-MEL-3) can still be effectively employed for studying 21.
the potential interaction of rHuIFN-7 and standard cytotoxic
agents or other biological response modifiers. For example, 22.
synergistic interactions have been demonstrated for rHuIFN-7
and adriamycin (21, 22) and between rHuIFN-7 and tumor
necrosis factor (50, 51) in human xenograft models. It will be 23.
important to establish in future studies whether these mela
noma xenografts will be rendered sensitive to rHuIFN-7 as a 24

consequence of such combinations.
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