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ABSTRACT

We studied the mechanisms of resistance to interferon (IFN) in two
human melanoma cell lines, SK-MEL-28//3 cells resistant to human
recombinant jS-interferon (ReIFN-0) and SK-MEL-28/7 cells resistant
to human recombinant 7-interferon (ReIFN-7). SK-MEL-28//8 cells were
resistant to both ReIFN-0 and IFN-a, but not ReIFN-7 or natural y-
interferon (IFN-7), and SK-MEL-28/7 cells were resistant to both
ReIFN-7 and IFN-7, but not ReIFN-0 or IFN-a. SK-MEL-28/s cells,
sensitive to both ReIFN-/8 and ReIFN-7, had receptors for ReIFN-/J and
ReIFN-7. Furthermore ReIFN-/3 and IFN-a shared the common recep
tors as judged by competition assays, while the receptors for ReIFN-7
were independent in SK-MEL-28/s cells. The A'j values of binding of

both IFNs to SK-MEL-28//8 or SK-MEL-28/7 cells were essentially
equivalent to those to SK-MEL-28/s cells. Both labeled IFNs were
internalized rapidly into all cell lines at 37Â°C.No significant difference
in internalization was found between IFN-sensitive and -resistant cells.
Each cell line expressed HLA-AB and M, 97,000 protein antigens, the
expressions of which were enhanced by ReIFN-/8 and ReIFN-7. Partial
resistance to the enhancement of both antigens by both IFNs was seen
in the resistant cells. Finally ReIFN-7, but not ReIFN-0, induced a V/r
56,000 protein in SK-MEL-28/s cells. This effect of ReIFN-7 was also
detected in SK-MEL-28//ÃŽcells, but not SK-MEL-28/7 cells.

These results provide some information concerning the nature of IFN-
resistant cells. The receptors had no significant correlation with the
resistance, while the expression of HLA-AB or M, 97,000 protein
antigens or the induction of proteins had some correlation with the
resistance.

INTRODUCTION

It was reported previously that both ReIFN-/32 and natural
IFN-/3 were efficient at inhibiting the growth of human mela
noma cell lines in vitro and in vivo transplanted into nude mice
(1, 2). These results may correlate with the efficacy of IFN-/8
against human melanomas in a clinical trial (3). Among three
different types of natural IFNs, IFN-a, IFN-/3, and IFN-7, IFN-
7 was reported to be the most efficient at inhibiting the growth
of cultured cells and to be cytotoxic in some cases (4-7). Since
the in vitro anticellular activity of ReIFN-7 was more significant
than that of IFN-a or ReIFN-ÃŸagainst human carcinoma and
sarcoma cell lines and was almost equivalent to that of RelFN-
ÃŸagainst human melanoma cell lines (8), ReIFN-7 might be
also expected to exhibit antitumor activity against human mel
anomas in clinical trials.

The biological activities of IFNs are considered to be medi
ated through binding of IFN molecules to a specific receptor
on the cell surface (9-17). The receptor-bound IFNs are sub
sequently internalized and degraded (18-20). The interaction
of IFNs with the cells induces various events such as the
induction of 2'-5'-oligoadenylate activity (21,22), the induction

of characteristic and specific proteins (4, 23, 24), the activation

Received 3/17/86; revised 7/15/86; accepted 8/25/86.
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 requests for reprints should be addressed.
2The abbreviations used are: RelFN, human recombinant interferon; IFN,

interferon; JRU, Japanese reference units; PBS(â€”),phosphate-buffered saline
(Ca2+, Mg2+ free); p97, M, 97,000 protein; MEM, Eagle's minimal essential

medium.

of a protein kinase (22), and the modulation of expression of
cell surface antigens (25-29). However, the precise mechanisms
leading to the anticellular activities of IFNs are unknown.

One useful approach to the study of the mechanism of anti-
cellular activity of IFNs is to establish the IFN-resistant cell
lines and to examine the effect of IFNs on these cell lines. Such
an approach has been applied by other investigators (28, 30-
37) studying the receptors, 2'-5'-oligoadenylate and protein

kinase. However, the mechanisms of IFN resistance seem to
vary with the experimental conditions. With regard to the IFN
receptors, some reports described a decrease in receptor number
in IFN-resistant cells (30, 31), while others described no signif
icant difference (32, 33).

The present study was carried out in order to analyze the
nature of ReIFN-/3 and ReIFN-7 receptors and the effect of
both IFNs on the expression of HLA-AB or melanoma-associ
ated p97 antigens or on the induction of proteins, comparing
two IFN-resistant human melanoma cell lines.

MATERIALS AND METHODS

Cells and Culture. IFN-sensitive human melanoma SK-MEL-28 cells
(38) (SK-MEL-28/s), ReIFN-0-resistant SK-MEL-28 cells (SK-MEL-
28/0), ReIFN-7-resistant SK-MEL-28 cells (SK-MEL-28/7), and
HeLa S3 cells (8) were passaged in vitro in MEM (Nissui Pharmaceu
tical Co., Tokyo, Japan) containing 10% fetal bovine serum (Grand
Island Biological Co., Grand Island, NY). SK-MEL-28/0 and SK-
MEL-28/7 cells were established by 20 in vitro passages of SK-MEL-
28/s cells in the presence of ReIFN-/3 (IO3 lU/ml) and ReIFN-7 (IO3

JRU/ml), respectively. For the experiments, monolayer cells in the
logarithmic phase were washed with PBS(-) and detached with 0.02%
EDTA. They were suspended in culture medium and maintained at
37Â°Cin a humidified atmosphere containing 5% CC<2in air.

IFNs. ReIFN-Â£f,a recombinant human /3-interferon produced by
Escherichia coli in our laboratories (39), had a purity of over 99.5%
and a specific activity of over 5 x IO7 lU/mg protein (1). ReIFN-7, a
recombinant human 7-interferon produced by E. coli in our laboratories
(40), had a purity of over 99% and a specific activity of over 5 x IO6
JRU/mg protein (8). IFN-7 and IFN-a (Interferon Sciences, New
Brunswick, NJ) had specific activities of 5.9-6.8 x 10s and 2.5 x IO8
lU/mg protein, respectively. The titer of ReIFN-/3 and '"I-ReIFN-/3

was determined by the 50% cytopathic effect reduction method using
FL cells and vesicular stomatitis virus (New Jersey strain) and that of
ReIFN-7 and l2SI-ReIFN-7 using FL cells and sindbis virus (8). The
titer of ReIFN-/3 was expressed as lU/ml of reference IFN-0 (J-Ref-02;
National Institute of Health, Tokyo, Japan), which had been established
based on the IU of WHO IFN-/8 reference (G023-902-527). The titer
of ReIFN-7 was expressed as JRU/ml of Japanese ReIFN-7 reference
(J-Rr40101; National Institute of Health), which had been established
based on the IU of WHO IFN-7 reference (Gg23-901-530). The titer
of IFN-7 was expressed as lU/ml of WHO IFN-7 reference (Gg23-
901-530).

Anticellular Activity. SK-MEL-28/s, SK-MEL-28//3, or SK-MEL-
28/7 cells (5 x 103/ml) were treated with IFNs 3 h after seeding in 24-

well muh Â¡dishes(Nunc, Roskilde, Denmark), and IFNs were further
replaced on days 2, 4, and 6. Cell numbers were counted on day 7
according to the method described previously (1). Briefly, monolayer
cells were washed with PBS(-), incubated with 0.05% trypsin (Difco
Laboratories, Detroit, MI)-0.02% EDTA, suspended by pipeting, and
counted with a Toa microcell counter (Toa Medical Electronics Co.,
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Hyogo, Japan). The Â¡unicellularactivity of IFNs was expressed as the
concentration required for 50% growth inhibition calculated from the
cell numbers of duplicate or triplicate cultures at each concentration by
the Reed-Munch method.

Antiviral Activity. The antiviral activities of IFNs were determined
by the yield reduction method (41) using sindbis virus. SK-MEL-28/s,
SK-MEL-28//3, or SK-MEL-28/7 cells (1.5 x 105/well) were cultured
in 24-well multidishes for 44 h, treated with IFNs for 4 h, and chal
lenged with 30 TCIDso (50% tissue culture infectious dose) of sindbis
virus. After virus adsorption at 37Â°Cfor 2 h, the cells were washed

twice with PBS(â€”)and incubated in MEM without fetal bovine serum.
After 24 h, the cells were frozen and thawed, and virus titers of culture
supernatant were measured by the cytopathic effect against HeLa Sj
cells, which were precultured at 1.5 x IO4 cells/well in 96-well flat

bottomed microplates (Nunc) for 2 days. Virus titer was expressed as
the magnification of virus dilution required for the 50% cytopathic
effect against HeLa S3 cells.

lodination of IFNs. According to the method of Yonehara et al.,3 50
ni of RelFN-/} or ReIFN-7 at 0.1 mg/ml in PBS(-) were adjusted to
pH 8.5 with l M sodium borate and were reacted for 30 min at 4Â°C
with 150 /Â¿Ciof 125I-Bolton-Hunter reagent (Amersham, Buckingham

shire, United Kingdom). The reaction was stopped by the addition of
glycine borate to a final concentration of l M and applied to a PD-10
column (Pharmacia, Uppsala, Sweden) equilibrated with 0.5 M NaCl
containing 0.2% gelatin. The fractions containing 125I-ReIFN-/3or 125I-

RelFN-7 were pooled and diluted with 3 volumes of culture medium
and stored at â€”80Â°C.The recovery of antiviral activity after the iodi-
nation and fractionation was about 20% for l25I-ReIFN-/3and over 80%
for '"I-ReIFN-7. The specific activity of '"I-RelFN-ÃŸ was 511-529
cpm/IU, and that of 125I-ReIFN-T was 224 cpm/JRU.

Binding Assay. After the cells (IO6) were cultured in 1 ml of the
culture medium in 6-well multidishes (Costar, Cambridge, MA) at 37Â°C
for 18-20 h, various concentrations of l25I-ReIFN-/3 or 125I-ReIFN-7
were added and the cells were incubated at 4Â°Cor 37Â°C.At the indicated

time, the cells were washed with 3 ml of ice-cold PBS(-), treated with
0.02% EDTA at 37Â°Cfor 5 min, suspended in 3 ml of cold PBS(-),

and centrifuged at 180 x g for 5 min. The cell pellets were counted in
a well-type gamma counter (Aloka Co., Tokyo, Japan). The nonspecific
binding of labeled IFNs was assessed by measuring the binding of
labeled IFNs in the presence of a 400-fold excess of each unlabeled
IFN. The Kt (dissociation constant) value and the number of receptor
sites were calculated by Scatchard analysis (42).

Internalization of Labeled IFNs. The internalization of 125I-ReIFN-0
or l25I-ReIFN-7 was determined according to the method described
previously (19) with a small modification. Cells treated with either I25I-
ReIFN-/3 (50 lU/ml) or l25I-ReIFN-7 (50 JRU/ml) at 4Â°Cfor 1 h were

washed with cold PBS(-) and resuspended in fresh medium. Then the
temperature was shifted to 37Â°C.At the indicated time, the cells were
washed with cold PBS(-), treated with 0.25% trypsin at 37Â°Cfor 15

min, and centrifuged at 180 x g for 5 min, and trypsin-resistant cell-

associated radioactivity was counted.
Cell Surface Antigens. The expression of HLA-AB (43) and mela

noma-associated p97 antigens (44) were determined by enzyme immu-
noassay. The cells (3.1-6.3 x 103/well) were cultured in 96-well flat
bottomed microplates at 37Â°Cfor 24 h and treated with IFNs. After 22

h, the cells were incubated with anti-HLA-AB monoclonal antibody
(Hybritech, San Diego, CA) (43) or anti-p97 melanoma-associated
antigen monoclonal antibody (Hybritech) (44) at 4Â°Cfor 1 h and then
with /i-galactosidase-linked anti-mouse immunoglobulin F(ab')2 frag
ment (Amersham) at 4Â°Cfor 1 h. The enzyme reaction was performed
at 37Â°Cfor 1 h using 0-nitrophenyM-D-galactopyranoside as a sub

strate, and the absorbance of released o-nitrophenol was measured at

405 nm.
Labeling of Cell Proteins with [35S]Methionine and Analysis by Sodium

Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis. The cells (1.5 x
106/30 ml) were cultured in plastic flasks (Nunc), and IFNs were added
on day 1. On day 4, the cells were washed with PBS(-) and further
incubated with ["Sjmethionine (IO Â¿Â¿Ci/mi,1131 Ci/mmol; New Eng
land Nuclear, Boston, MA) in methionine-free MEM (Flow Laborato

ries, McLean, VA) containing 10% fetal bovine serum at 37Â°Cfor 4 h.

The labeled cells were lysed with 1.5-3 volumes of 0.5% Nonidet P-
40-90 mivipotassium chloride-1.0 mM magnesium acetate-10 mM 4-(2-
hydroxyethyl)-l-piperazineethanesulfonicacid, pH 7.6 (21), and super
natant fractions free of mitochondria were prepared by centrifuga-
tion at 10,000 x g for 20 min at 4Â°C.Protein concentrations were

assayed by the Bio-Rad method (45). The cell proteins were heated at
95Â°Cfor 10 min in electrophoresis sample buffer [0.063 M Tris-HCl

(pH 6.8)-10% glycerol-2% sodium dodecyl sulfate-5% 2-mercaptoeth-
anol-0.001% (w/v) bromophenol blue] and separated electrophoreti-
cally in 10% polyacrylamide slab gels as described by Laemmli (46).

RESULTS

Anticellular Activity of IFNs against IFN-sensitive and -re
sistant Cells. The sensitivity of SK-MEL-28/0 or SK-MEL-28/
7 cells to various types of IFNs was compared with that of SK-
MEL-28/S cells (Table 1). ReIFN-,0, ReIFN-7, and IFN-7
exhibited significant anticellular activity against SK-MEL-28/
s cells, as did IFN-a to a lesser extent. SK-MEL-28/0 cells,
which had a resistance ratio of over 43 against ReIFN-/3, were
also resistant to IFN-a, although the sensitivity to ReIFN-7 or
IFN-7 was almost equivalent to that of SK-MEL-28/s cells. On
the other hand, SK-MEL-28/7 cells, which had a resistance
ratio of over 167 against ReIFN-7 and were also resistant to
IFN-7, were as sensitive to IFN-a or ReIFN-/3 as SK-MEL-28/
s cells. Thus SK-MEL-28/0 cells exhibited the cross-resistance
with IFN-a, but not ReIFN-7 or IFN-7, and SK-MEL-28/7
cells with IFN-7, but not IFN-a or ReIFN-0.

Binding of 125I-ReIFN-0 or 125I-ReIFN-7 to Receptors in SK-

MEL-28/S Cells. To investigate the mechanisms of the IFN
resistance in these cells, we first studied the binding of IFNs to
these cells.

The time course of binding of 125I-ReIFN-j3or 125I-ReIFN-7
to SK-MEL-28/s cells was examined at 4Â°Cor 37'C (Fig. 1).
125I-ReIFN-ÃŸbound to the cells rapidly at 4Â°Cand the specific

binding reached the maximum level after 180 min (Fig. \A). At
37Â°C,125I-ReIFN-ÃŸbound to the cells more rapidly, and specific

binding reached the maximum after 60 min and thereafter
decreased rapidly, suggesting that the binding, internalization,
degradation, and excretion of 125I-ReIFN-/3occurred rapidly in
SK-MEL-28/s cells. l25I-ReIFN-7 also bound to the cells rap
idly at 4Â°Cand the specific binding reached the maximum level
after 60 min, earlier than l25I-ReIFN-/3 (Fig. IB). At 37Â°C,125I-
ReIFN-7 also bound to the cells more rapidly than at 4Â°C,and

specific binding reached the maximum after 60 min and there
after decreased gradually. The difference in binding kinetics of
l25I-ReIFN-7 between 4Â°Cand 37Â°Cwas not as marked as that
of 125I-ReIFN-,3.

Considering these results, we chose to measure binding to
the receptors at 4Â°Cfor 180 min by 125I-ReIFN-0 and 60 min
by l25I-ReIFN-7, respectively.

Competition binding assays were also performed (Fig. 2).

Table I Anticellular activity of IFNs against IFN-sensitive and -resistant cells
IFNs, added to the culture medium 3 h after seeding of 5 x IO3 cells/ml on

day 0, were replaced on days 2, 4, and 6. Cell number was counted on day 7.
ICÂ»"(IU or JRU/ml)

IFNsIFN-a

ReIFN-/3
ReIFN-7
IFN-7SK-MEL-28/s173

Â±241*

12 Â±146Â±55Â±2SK-MEL-28/0>103

(>5.8)c

>516(>43)
7 Â±3(1.2)

11 Â±4(2.2)SK-MEL-28/7209

+ 336(1.2)
14 + 9(1.2)
>103(>I67)

191 Â±27 (38)

3S. Yonehara el al., manuscript in preparation.

" 1CÂ»,concentration required for 50% growth inhibition.
* Mean Â±SD of 3 experiments.
' The ratio of ICM against that of SK-MEL-28/s cells.
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Fig. 1. Time course of binding of 125I-ReIFN-/3or 125I-ReIFN-x to SK-MEL-
28/s cells. The binding assays were performed as described in "Materials and
Methods' at 50-IU/ml doses of 125I-ReIFN-0 (A) or 50-JRU/ml doses of '"!-
ReIFN-i (B) at 4'C (â€¢)or 37'C (O). Nonspecific binding was about 30% of

specific binding.

) 1 5 20 100 0 1 5 20 100
Unlabeled IFNa

Fig. 2. Competition of binding of 125I-ReIFN-0 or 12*I-ReIFN-T by unlabeled
IFNs. The binding of 12!I-ReIFN-0 (50 lU/ml) (A) or '"I-RelFN-T (50 JRU/ml)
(B) to SK-MEL-28/S cells was examined in the presence of increasing concentra
tions of unlabeled IFN-Â«(T), ReIFN-0 (â€¢).or ReIFN-7 (â€¢)for 3 h (A) or l h (B)
at 4'C. Specific binding of 12!I-ReIFN-0 or 12!I-ReIFN-f in the absence (D) of

unlabeled IFNs was expressed as 100%. a, magnification of concentrations of
unlabeled IFNs against those of labeled IFN.

While over 5-fold excess of unlabeled ReIFN-/3 against I25I-
ReIFN-j8 gave a significant competition with the binding of
l25I-ReIFN-/3, no significant competition was observed even
after the addition of 100-fold excess of unlabeled ReIFN-7 (Fig.
2A). Unlabeled IFN-a also competed with the binding of I25I-
ReIFN-(3, although this competition could not be driven to
completion. Similar experiments were performed using I25I-
ReIFN-7 (Fig. 2B). While equal amounts of unlabeled RelFN-
7 could compete with binding of l25I-ReIFN-7, no significant
competition was observed by unlabeled IFN-Â«or ReIFN-/3 even
after the addition of a 100-fold excess. These suggest that IFN-
a and ReIFN-0 share common receptors while ReIFN-7 binds
to a different receptor on SK-MEL-28/s cells.

Comparison of ReIFN-/8 and ReIFN-7 Receptors in IFN-
sensitive and -resistant Cells. In order to compare the receptors
for ReIFN-j3 or ReIFN-7 between IFN-sensitive and -resistant
cells, Scatchard analysis was performed (Fig. 3; Table 2). Scat-
chard plots of binding of '"I-RelFN-ÃŸ and 125I-ReIFN-7 were
linear with each gradient, indicating that SK-MEL-28/s, SK-
MEL-28//3, and SK-MEL-28/7 cells had receptors for both
RelFN-ÃŸand ReIFN-7, respectively (Fig. 3). The calculated Ka
values of ReIFN-0 receptors were 422, 581, and 559 pM, and
the numbers of receptors for RelFN-ÃŸwere 7,959, 2,126, and
4,626 per cell in SK-MEL-28/s, SK-MEL-28//3, and SK-MEL-
28/7 cells, respectively (Table 2). The KAvalues of ReIFN-7

1005

Bound (fmoles)

10 15

Fig. 3. Scatchard plot of ReIFN-/3 and ReIFN--y receptors. SK-MEL-28/s (O),
SK-MEL-28/0 (â€¢),or SK-MEL-28/i cells (â€¢)(106/ml) were incubated at 4'C
for 3 h (A) and l h (B) with increasing concentrations of l25I-ReIFN-/3 (A) or '"l-
ReIFN--y (B). Nonspecific binding was about 30% of specific binding.

100

30 60 120 0 30 60

Incubationtime(min)

120

Fig. 4. Internalizaron of 125I-ReIFN-/3or 125I-ReIFN--y into the cells. SK-
MEL-28/S (O), SK-MEL-28/0 (â€¢),or SK-MEL-28/T (â€¢)cells were incubated
with 12!I-ReIFN-/3(50 IU/ml) (A) or 125I-ReIFN--y(50 JRU/ml) (B) at 4'C for 1
h, washed with cold PBS(-), and shifted to the incubation in the fresh culture
medium at 37Â°C.At the indicated time after the shift, the cells were washed with
cold PBS(-) and treated with 0.25% trypsin at 37'C for 15 min, and trypsin-
resistant cell-associated radioactivity was counted, a, the specific binding of I25I-
ReIFN-/3 or 125I-ReIFN--yto each cell line at 4'C for l h expressed as 100%.

Table 2 Scatchard analysis ofReIFN-ÃŸand ReIFN-7 receptors

Data were calculated from Scatchard plots in Fig. 3.

Receptors for

ReIFN-/3 ReIFN-7

CellsSK-MEL-28/s

SK-MEL-28//3
SK-MEL-28/7No./cell7,959

2,126
4,626Kt

(PM)422

581
559No./cell13,003

7,585
10,354Ka

(pM)348

437
403

receptors were 348, 437, and 403 pM, and the numbers of
receptors for ReIFN-7 were 13,003, 7,585, and 10,354 per cell
in SK-MEL-28/s, SK-MEL-28//3, and SK-MEL-28/7 cells,
respectively. These results indicate that each cell line possessed
approximately equal numbers of IFN receptors with similar
binding affinities. Thus alterations in IFN receptors are appar
ently not responsible for the mechanisms of IFN resistance in
SK-MEL-28//3 or SK-MEL-28/7 cells.

IFN-sensitive and -resistant cells were further compared in
terms of internalization of labeled IFNs (Fig. 4). After the cells
were exposed to 125I-ReIFN-/3 or l25I-ReIFN-7 at 4Â°Cfor 1 h,
the temperature was shifted to 37Â°Cto allow internalization.
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Then the cells were treated with trypsin to destroy any extra
cellular IFNs. The internalization was determined by measuring
the trypsin-resistant cell-associated radioactivity. Before the
temperature shift to 37Â°C,the cell-associated radioactivity of
125I-ReIFN-,3 (Fig. 4A) or l25I-ReIFN-7 (Fig. 4Ã„)decreased by
about 10-20% in each cell line after the treatment by trypsin,
suggesting that most of the labeled IFNs were still external.
After the shift to 37Â°C,the trypsin-resistant cell-associated

radioactivity increased, suggesting that both labeled IFNs were
internalized. l25I-ReIFN-/3 was internalized more rapidly than
l25I-ReIFN-7, since trypsin-resistant binding in 125I-ReIFN-/3-
treated cells reached the plateau after 30 min at 37Â°Cwhile
that in cells treated with 125I-ReIFN-7 reached the plateau after
60 min at 37Â°C.No significant difference in internalization was

found between IFN-sensitive and -resistant cells. These data
suggest that the IFN receptors on the IFN-resistant cells are
functional in that they are capable of internalizing IFNs.

Antiviral Activity of IFNs in IFN-sensitive and -resistant Cells.
The sensitivity of SK-MEL-28//3 or SK-MEL-28/7 cells to the
antiviral activity of IFNs was compared with that of SK-MEL-
28/s cells using sindbis virus (Table 3). SK-MEL-28/s cells
treated with ReIFN-/3 (1 ID/ml) or ReIFN-7 (1 JRU/ml) ex
hibited significant antiviral activity against sindbis virus, so
much so that the proliferation of virus was not detected. SK-
MEL-28//3 cells treated with ReIFN-0 (10 lU/ml) or ReIFN-7
(10 JRU/ml) or SK-MEL-28/7 cells treated with ReIFN-/3
(1 lU/ml) or ReIFN-7 (10 JRU/ml) also exhibited the signifi
cant antiviral activity. This information demonstrates that the
IFN receptors are indeed intact and further indicates that the
mechanism of anticellular activity can be separated from that
of antiviral activity.

Effect of ReIFN-0 or ReIFN-7 on the Expression of HLA-AB
and Melanoma-associated p97 Antigens. The effect of ReIFN-0
or ReIFN-7 on the induction of the cell surface antigens, HLA-
AB and the melanoma-associated p97 antigens, was measured
by enzyme immunoassay (Fig. 5). SK-MEL-28/s cells were
found to express both HLA-AB (Fig. 5A) and p97 (Fig. 5D)
antigens. The expression of these two antigens was slightly
lower in SK-MEL-28/7 (Fig. 5, B and E) and SK-MEL-28/0
(Fig. 5, C and F) cells, suggesting a possible correlation between
the numbers of receptors for ReIFN-/3 or ReIFN-7 (Table 2)
and the expression of HLA-AB or p97 antigens. In SK-MEL-
28/s cells, both ReIFN-/3 and ReIFN-7 enhanced the expression
of both antigens in a dose-dependent manner, and at H)1IU or

JRU per ml, both antigens resulted in almost twice as much

Table 3 Antiviral activity of IFNs against sindbis virus in IFN-sensitive and
-resistant cells

SK-MEL-28/s, SK-MEL-28/0, or SK-MEL-28/y cells (1.5 x 105/ml) were

cultured for 44 h and then treated with each concentration of IFNs for 4 h and
challenged with sindbis virus. After 24 h, titers of sindbis virus were determined
using HeLa S3 cells as described in "Materials and Methods."

Virus titer0

IFNs IU or JRU/ml SK-MEL-28/s SK-MEL-28/0 SK-MEL-28/y

RelFN-iiReIFN-70.1110I0!0.1110IO21.3

x10*1.4

xIO4<2<2NT6.3

x10*<2<2NT3.3

x10-NTÂ»1.1

xIO3<2<25.9

xIO46.4
xIO4<2NT3.3

xIO34.7

XIO3<2<2NTNT3.0

xIO3<2<2

" Magnification of virus dilution required for the 50% cytopathic effect against

HeLa S3 cells.
* NT, not tested.
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Fig. 5. Effect of ReIFN-,8 or ReIFN--y on the expression of HLA-AB and
melanoma-associated p97 antigens. SK-MEL-28/s (A, D), SK-MEL-28/f (B, E),
or SK-MEL-28//3 (C, F) cells (3.1-6.3 x I03/well) were cultured at 37"C for 24
h and thereafter treated with ReIFN-/3 (â€¢)or ReIFN--y (â€¢).After 22 h, the
expression of HLA-AB (A-Q and melanoma-associated p97 antigens (D-F) was
determined as described in "Materials and Methods." O, untreated cells.

expression as those of untreated cells. The effect of ReIFN-0
was almost equivalent to that of ReIFN-7. Partial resistance to
the induction of HLA-AB and p97 antigens was seen in the
resistant cells. Namely, SK-MEL-28//3 cells were less sensitive
to the induction of both antigens by ReIFN-0 than by RelFN-
7 although some induction was seen. SK-MEL-28/7 cells were
also less sensitive to the induction of both antigens by RelFN-
7 than by RelFN-/? although again insignificant induction was
seen.

Effect of ReIFN-0 or ReIFN-7 on the Induction of M, 56,000
Proteins. The effect of ReIFN-/3 or ReIFN-7 on the induction
of proteins was examined in IFN-sensitive and -resistant cells
(Fig. 6). ReIFN-7 induced a M, 56,000 protein in SK-MEL-
28/s cells and SK-MEL-28//3 cells (Fig. 6, Lanes 2 and 8), but
not SK-MEL-28/7 cells (Fig. 6, Lane 5), suggesting that the
resistance of SK-MEL-28/7 cells was linked to the absence of
induction of the M, 56,000 proteins.

DISCUSSION

In this paper, we examined the nature of ReIFN-/3- and
ReIFN-7-resistant cells in terms of IFN receptors, the expres
sion of HLA-AB or melanoma-associated p97 antigens, and
the induction of proteins. Some reports described the decrease
of IFN receptors in IFN-resistant cells (30, 31), while others
described no significant difference (32, 33). There seems to be
a possibility that this discrepancy was attributed to the experi
ments comparing only two cell lines, the IFN-sensitive one and
the IFN-resistant one. Namely, IFN-resistant cell lines, which
had been established in many cases after the serial in vitro
passage of IFN-sensitive cell lines under the presence of each
IFN, were possibly able to receive a selection during the in vitro
passage independently of the mechanisms of anticellular activ
ity of each IFN. In this regard, because SK-MEL-28/0 cells
were sensitive to ReIFN-7 and SK-MEL-28/7 cells were sen-
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ReIFN-ÃŸ

Y Y Y

Fig. 6. Sodium dodecyl sulfate-polyacrylamide gel eleclrophoresis of [3*SJ-
melhionine-labeled proteins. The labeled cell extracts were prepared from SK-
MEL-28/S (Lanes 1-3), SK-MEL-28/-y (Lanes 4-6). or SK-MEL-28/,8 (Lanes 7-
9) cells untreated (Lanes 1, 4, and 7) or treated with RelFN-f (IO3 JRU/ml)
(Lanes 2, 5, and Â«)or ReIFN-/3 (IO3 lU/ml) (Lanes 3, 6, and 9) for 3 days. The
molecular weight standards are shown on the left. K, thousands. An autoradi-
ograph of the dried 10% polyacrylamide gel is shown.

sitive to RelFN-ÃŸ(Table 1), the comparison of these two IFN-
resistant cell lines for the analysis of receptors was supposed to
be worthwhile. Mouse L1210R cells, resistant to the anticellular
activity of mouse IFN-a/0, were reported to be sensitive to
mouse IFN-7, suggesting that IFN-a/0, and -7 have different
mechanisms of interaction with their target cells (35). However,
it was also reported that human F-IFr cells resistant to IFN-/3
were also resistant to IFN-7 (31) or human RSa IFr cells
resistant to IFN-a were also resistant to IFN-0 or IFN-7 (36).
Our result in Table 1 was clearly consistent with the former
report, since SK-MEL-28//3 cells were resistant to both RelFN-
ÃŸand IFN-a, but not ReIFN-7 or IFN-7, and SK-MEL-28/7
cells were resistant to both ReIFN-7 and IFN-7, but not RelFN-
ÃŸor IFN-a, suggesting that IFN-Â«//3and -7 exhibited their
biological activities by different mechanisms. Although the
resistance of SK-MEL-28/7 cells to IFN-7 was slightly weaker
than that to ReIFN-7, it is not clear why this difference was
caused.

SK-MEL-28/S cells had receptors for both ReIFN-/3 and
ReIFN-7 (Figs. 1-4). As previously reported (11, 12, 14-17),
ReIFN-ÃŸand IFN-a also shared common receptors in SK-
MEL-28/S cells, while ReIFN-7 bound to a different receptor
(Fig. 2). The results of Table 1 and Fig. 2 indicate that RelFN-
.>'and ReIFN-7 exhibited the anticellular activity through the
different process in SK-MEL-28/s cells.

The results of Scatchard analysis indicate that each cell line
possessed approximately equal numbers of IFN receptors with
similar binding affinities (Fig. 3; Table 2). Thus alterations in
IFN receptors are apparently not responsible for the mecha
nisms of IFN resistance in SK-MEL-28/0 or SK-MEL-28/7
cells. No significant difference was also found in internalization
between IFN-sensitive and -resistant cells (Fig. 4), suggesting
that IFN receptors on the IFN-resistant cells were functional

in that they were capable of internalizing IFNs. SK-MEL-28//3
cells were sensitive to the antiviral activity of ReIFN-ÃŸ,and
SK-MEL-28/7 cells were also sensitive to that of ReIFN-7
(Table 3). This information demonstrates that the IFN recep
tors are indeed intact and further indicates that the mechanisms
of anticellular activity can be separated from that of antiviral
activity.

HLA-AB (HLA class I) antigens were reported to be ex
pressed in human melanoma cell lines and to be augmented by
the IFNs (25, 26, 28). Since the expression of H-2 antigens in

â€¢56K mouse melanoma cells was reported to control the metastasis
of these cells to the lung (29), HLA antigens are suggested to
have a possible ability to control the metastasis of human
melanoma cells. The expression of melanoma-associated anti
gens was also reported to be augmented by IFNs (26, 28).
Human melanoma cells resistant to the anticellular activity of
IFN-a or IFN-7 were shown to be also resistant to the augmen
tative activity of each IFN on the expression of HLA (28, 37)
or melanoma-associated antigens (28). Our result exhibited that
ReIFN-(9- or ReIFN-7-resistant SK-MEL-28 cells were also
resistant to the augmentative activity of each IFN on the
expression of HLA-AB and melanoma-associated p97 antigens
(Fig. 5). Furthermore the cross-resistance between ReIFN-/3
and ReIFN-7 was not detected, since SK-MEL-28//3 cells were
sensitive to ReIFN-7 and SK-MEL-28/7 cells were sensitive to
ReIFN-/3. It is remarkable that all of the number of ReIFN-0
receptors, the number of ReIFN-7 receptors, the expression of
HLA-AB antigens, and that of p97 antigens were most abun
dant in SK-MEL-28/s cells, moderate in SK-MEL-28/7 cells,
and least in SK-MEL-28/0 cells (Table 2; Fig. 5), suggesting
that plural changes had been induced in the cell surface during
the establishment of resistance to ReIFN-ÃŸor ReIFN-7.

One of the significant intracellular responses to IFNs was
reported to be the induction of synthesis of proteins (4, 23, 24,
28). Because IFN-7 was reported to induce unique proteins as
compared with IFN-a or -ÃŸ(4, 23), our result indicates that
ReIFN-7, but not ReIFN-/3, induced a M, 56,000 protein not
only in SK-MEL-28/s cells but also in SK-MEL-28//3 cells (Fig.
6). Although the biological functions of IFN-induced proteins
are unknown (4, 23, 24, 28), our result strongly suggests that
some of the proteins induced by ReIFN-7 are involved in the
mechanisms of its anticellular activity, since ReIFN-7 did not
induce M, 56,000 proteins in SK-MEL-28/7 cells.

In conclusion, these two IFN-resistant cell lines both pos
sessed functional receptors to IFNs. No significant differences
were seen with respect to binding affinity, number of receptors,
or antiviral effect of IFNs between the resistant and sensitive
cell lines. However, the enhancement of HLA-AB or p97 anti
gens or the induction of proteins by IFNs had some correlation
with the resistance.
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