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Human Leukocyte Interferon Purified to Homogeneity

Abstract. One of the species of human interferon produced by incubation of leuko-
cytes with Newcastle disease virus was purified to homogeneity. It exhibited one
peak of activity coinciding with a single protein band on sodium dodecyl sulfate-

polyacrylamide gel electrophoresis.

The purification of interferon has been
a continuous challenge since its discov-
ery by Isaacs and Lindenmann (/) and
Nagano and Kojima (2). Numerous at-
tempts have been made to purify it by
conventional techniques (3-6) as well as
by affinity chromatography with anti-
bodies (5-7) and other methods (6, 8). So
far, it has been reported that human fi-
broblast interferon (¢) and mouse L-cell
interferon were purified to homogeneity,
but no characterization of these mole-
cules has yet been provided. Although
much information is available on the
physical and chemical properties of in-
terferons as estimated by effects on anti-
viral activity, such indirect results are in-
herently only approximate. Complete
physical and chemical characterization
of the molecules depend on obtaining
homogeneous interferon in sufficient
amounts for characterization.

We have purified one species of hu-
man leukocyte interferon to homogene-
ity in amounts sufficient for physical and
chemical characterization. Details of the
purification and initial characterization,
including amino acid analysis, of the ho-
mogeneous species have been described
©).

Leukocytes were isolated from blood
of normal donors and incubated with
Newcastle disease virus in a serum-free
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medium supplemented with casein (/0).
Interferon titers of 5000 to 20,000 U/ml
were obtained. The purification proce-
dure consisted of selective precipi-
tations, gel filtration in 4M urea, and sev-
eral steps of high performance liquid
partition chromatography (9). Several
species of human leukocyte interferon
activity were obtained. One of the major
species was purified 80,000-fold to a spe-
cific activity of 4 x 108 U/mg with bo-
vine serum albumin as a standard (9).

A sample of the homogeneous inter-
feron, treated with 2-mercaptoethanol
and sodium dodecyl sulfate, was ana-
lyzed by sodium dodecyl sulfate-poly-
acrylamide slab gel electrophoresis (Fig.
1). A single protein band of molecular
weight 17,500 was obtained upon stain-
ing with Coomassie blue. After being
stained, the gel was cut into 1-mm slices,
each slice was homogenized in 0.4 ml of
a solution containing 0.5M NaHCO; and
0.1 percent sodium dodecyl sulfate, and
each fraction was assayed for interferon
activity. A single peak of activity coin-
ciding with the protein band was ob-
tained.

In addition, a duplicate of the stained
band was excised from the polyacrylam-
ide gel and subjected to hydrolysis.
Amino acid analysis was performed with
the fluorescamine analyzer (//). The

Fig. 1. Sodium dodecyl sulfate-polyacrylam-
ide slab gel electrophoresis of human leuko-
cyte interferon. Two samples (150,000 units
each) were dissolved in 7 ul of a solution con-
taining 1 percent (weight to volume) sodium
dodecyl sulfate and 2 percent (by volume) 2-
mercaptoethanol. After 60 minutes at 25°C, 7
wl of a solution containing 15.6 mM tris-HCl
(pH 6.8), 40 percent (weight to volume) su-
crose, and 0.1 percent (weight to volume)
bromphenol blue was then added and the sam-
ples were applied to a 12.5 percent poly-
acrylamide slab gel in a tris-glycine (pH 8.4)
buffer containing 0.1 percent sodium dodecyl
sulfate (12). After electrophoresis and staining
with Coomassie blue, one strip of the poly-
acrylamide gel was cut into 1-mm slices. Each

slice was homogenized in 0.5 ml of a solution of 0.5M NaHCO; and 0.1 percent sodium dodecyl
sulfate. Gel fragments were removed by centrifugation at low speed, and the supernatant from
each homogenate was assayed for interferon activity (9). Interferon titers on the ordinate are
expressed in terms of reference units per milliliter, calibrated against the reference standard for
human leukocyte interferon (G-023-901-527) (I3). Low recovery of interferon activity was ex-
pected after treatment of human leukocyte interferon with 2-mercaptoethanol and sodium dode-
cyl sulfate (14). The total activity recovered was 4 percent of the activity applied to the gel. The
duplicate interferon band (not shown) was used for amino acid analysis and measurement of
protein recovery (20 percent). Thus, 80 percent of the interferon protein was lost during elec-
trophoresis or during staining and destaining of the polyacrylamide gel. When adjusted for this
factor, the interferon activity recovered represents 20 percent of the material retained in the gel

after staining and fixation.
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amino acid analysis of the interferon in
the gel band was virtually identical to
that obtained directly on the purified
sample of human leukocyte interferon (9)
that was applied to the gel.

We conclude that we have purified one
species of human leukocyte interferon to
homogeneity. The precise relation of this
species to the others, to the secreted ma-
terial, and to the primary gene product
requires further study.
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Design of Liposomes for Enhanced Local Release

of Drugs by Hyperthermia

Abstract. Liposomes can be designed to release an entrapped drug preferentially
at temperatures attainable by mild local hyperthermia. In a test system in vitro,
protein synthesis by Escherichia coli is inhibited and killing of the cells is enhanced
by heating neomycin-containing liposomes to their phase transition temperature to
maximize drug release. In the presence of serum the ratio of release at 44°C to that at
37°C can be made greater than 100:1, suggesting possible applications in the treat-

ment of tumors or local infection.

Liposomes are microscopic particles
consisting of one lipid bilayer enclosing a
single aqueous compartment (unilamel-
lar vesicles) or a number of concentric
bilayers enclosing an equal number of
aqueous spaces (multilamellar vesicles).
They are currently being studied as vehi-
cles for delivery of pharmaceutical
agents (/), but a major barrier to their
use is the difficulty of directing them to
specific target sites. The distribution of
liposomes in vivo can be influenced
somewhat by varying such nonspecific
factors as the size, charge, fluidity, and
route of administration, but not to a de-
gree permitting flexible control of the site
of delivery.

More specific ‘‘targeting’’ has been at-
tempted by use of a ‘‘recognition macro-
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molecule’’ to bind liposomes selectively
to particular cells. Antibodies (2-4),
plant lectins (5), and desialylated glyco-
proteins (3) have been tried, most often
in model systems in vitro. This type of
targeting faces special problems: the
paucity of appropriate cell surface mark-
ers potentially useful for therapy; the
possibility of immune sensitization of the
host to the targeting moiety; the require-
ment in most cases that liposomes cross
endothelial barriers; and the difficulty
that bound liposomes do not always de-
liver their contents into the cells (2, 4). In
this report we suggest a different ap-
proach, the use of local hyperthermia to
promote selective delivery of liposome-
encapsulated drugs to target areas.
Local hyperthermia is currently re-
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ceiving increased attention as a thera-
peutic tool, for use either alone or in con-
junction with radiation (6) or drugs (7, 8).
Since many normal mammalian cells be-
gin to show damage at about 42°C (9) the
aim has been to achieve therapeutic re-
sults just a few degrees above physiolog-
ical temperature. In addition to older
methods of heating (for instance, in a
warm bath or with warmed perfusate),
microwaves and ultrasonic energy are
now being investigated, especially for
the local heating of deeper structures (6).
We can distinguish five ways in which
local hyperthermia might increase the
therapeutic effectiveness of drug-con-
taining liposomes, for example in the
treatment of neoplasms: (i) by promoting
selective drug release at temperatures
near that of the lipid phase transition of
the liposomes; (ii) by increasing local
blood flow; (iii) by increasing endothelial
permeability to particles, thereby en-
hancing accumulation of liposomes in
the target tissues; (iv) by increasing the
permeability or susceptibility of target
cells to the drug released from the lipo-
somes; and (v) by increasing direct trans-
fer of drug from vesicles to cells—for ex-
ample, by fusion or endocytosis (10).
This study focuses primarily on the
first of these possibilities. Near their lig-
uid-crystalline transition temperatures
(T.), liposomes become highly leaky to
water-soluble contents (//), a phenome-
non generally attributed to disorder at
the boundaries between solid and fluid
domains in the lipid. Our basic strategy
was to design liposomes with T, above
physiological temperature but in a range
attainable by mild local hyperthermia.
On passing through the heated area in
the circulation, the liposomes would be
expected to release their contents at a
greater rate than elsewhere and thus to
develop higher local concentrations.
Dipalmitoyl phosphatidylcholine (DPPC)
appears to be a reasonable choice for
the primary liposomal lipid. It has 16-
carbon saturated fatty acid chains and a
T. of 41°C (/2). By adding various pro-
portions of distearoyl phosphatidylcho-
line (DSPC; 18-carbon chains; 7T, =
54°C), it is then possible to obtain any
desired T, between 41° and 54°C. Since
the two lipids are miscible in all propor-
tions (in both ‘‘solid’’ and ‘‘fluid’’ states)
only a single broad transition is observed
(13). Small, primarily unilamellar vesicles
of these lipids were prepared by a proce-
dure involving sonication, Millipore fil-
tration, and gel chromatography, essen-
tially as described elsewhere (/4) but
with two important changes necessitated
by the high T, of the lipids: vortex mixing
and sonication were done at 50° to 55°C,
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