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Since the discovery of interferon (IF), in-
vestigators have sought to utilize this anti-
viral agent clinically. One potential use of IF
would be in treating or preventing viral res-
piratory tract infections, since it has been
implicated in recovery from such infections
(3). In addition, the antigenic diversity of
viral pathogens complicates control by con-
ventional vaccination approaches.

Most clinical trials with intranasally ap-
plied IF have failed to show efficacy (8).
However, Merigan er al. recently demon-
strated that clinical efficacy against a rhino-
virus challenge was achieved when large
quantities of human leukocyte IF were ad-
ministered (10).

Because several reports have indicated
that various body fluids are capable of in-
hibiting IF (4, 5, 14), we examined human
nasal secretions for the presence of an inhib-
itor that could account for the apparent
large dose requirement necessary for clinical
efficacy. The effect of human nasal secre-
tions on the antiviral activity of both human
fibroblast and leukocyte IF was investigated
because of the described antigenic and bio-
chemical differences between leukocyte and
fibroblast IF (1, 15).

Materials and methods. Nasal secretions.
Nasal secretions from healthy volunteers
were collected and concentrated 10-fold by
a previously described procedure (13). To-
tal protein concentrations were determined
by the technique of Lowry er al. (9).

Interferon preparations. Both human fi-
broblast and leukocyte IF were provided by
the Antiviral Substances Program of the Na-
tional Institute of Allergy and Infectious
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Diseases. Fibroblast IF was prepared by
Havell and Viléek (7) using human foreskin
fibroblasts and polyriboinosinic:polyribo-
cytidylic acid as the inducer. Leukocyte IF
was prepared from buffy coat leukocytes
stimulated with Sendai virus and purified
according to the technique of Cantell (2).

Cell cultures. Human foreskin fibroblasts
(cell strain HR-202) from HEM Research
Inc. (Rockville, Md.) were used to assay IF.
Mouse L-cells were used for plaque assays
of vesicular stomatitis virus (VSV). Both
cell lines were propagated in Eagle’s mini-
mum essential medium with Earle’s salts
(MEM) purchased from Grand Island Bio-
logical Co. (Grand Island, N.Y.}. MEM was
supplemented with 10 % heat inactivated fe-
tal bovine serum (FBS), penicillin (100
units/ml), streptomycin (100 pg/mi), and /-
glutamine (10 mM). Cells were cultured at
37° in an atmosphere of 5% CO, and 95%
air.

Interferon assay. A yield reduction assay
was used to measure IF activity. Samples for
assay were diluted in MEM containing 5%
FBS and 1-ml aliquots were added in dupli-
cate to HR-202 cell monolayers (1.0 X 10¢
cells) in 10 X 35-mm plastic petri dishes
(Lux Scientific Corp.). After incubation at
37° for 18-24 hr, the medium was removed
and the cells were washed once with phos-
phate-buffered saline (PBS) deficient in cal-
cium and magnesium ions (6). The HR-202
monolayers were then challenged with VSV
at a multiplicity of infection of at least 10.
After adsorption for 1 hr at 37°, the inocu-
lum was removed and the cells were washed
four times with PBS. The monolayers were
then refed with 2 ml of MEM containing
2% FBS and incubated at 37°. After 24 hr,
the fluid was collected and centrifuged at
1400g for 10 min, and the supernatant fluid
was frozen at —70° until assayed for VSV,
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Virus yields were determined by plaque as-
say in L-cells. One unit of IF was defined as
that dilution of the original sample which
reduced the VSV yield by 50% compared to
controls. In this system, 5 units of IF were
equivalent to 1 unit of the human IF re-
search standard 69/19 from the Medical Re-
search Council (Mill Hill, London, Eng-
land). An internal standard was included
with most assays and the titer did not vary
more than twofold.

Results. Effect of nasal secretions on vary-
ing doses of human fibroblast IF. To deter-
mine the effect of nasal secretions on fibro-
blast IF, 0.15 ml of concentrated nasal se-
cretions from 10 individuals was each mixed
well with an equal volume of MEM (without
serum) containing 75, 750, or 7500 units of
fibroblast IF. As controls, the same quanti-
ties of IF were mixed with MEM. All mix-
tures were incubated for 4 hr at 34°, to
simulate the temperature of the upper respi-
ratory tract. The volume of each sample was
then increased to 3.0 ml to yield final IF
concentrations of 25, 250, or 2500 units/ml,
and 1.0-ml aliquots were assayed for IF ac-
tivity. Twenty-five units of fibroblast IF in-
cubated with MEM reduced the virus yield
from 7.0 X 108 plaque forming units (PFU)/
ml (control) to 1.1 X 10® PFU/ml (Fig. 1).
However, when the same amount of IF was
incubated with nasal secretions from 10 in-
dividuals, an equivalent reduction in virus
yield did not occur. Yields of VSV varied
from 6.6 X 10°t0 9.4 x 107 PFU/ml, repre-
senting a 6- to 85-fold increase in virus yield
and a loss of 38 to 91% of the IF activity.
The mean virus yield from cells treated with
IF and nasal secretions was increased by
more than 2 standard deviations over the IF
control virus yield. The loss of IF activity
was attributable to interaction with nasal
secretions, since nasal secretions alone in
this assay system increased the virus yield by
an average of only 1.7-fold. The inhibition
of IF activity was overcome when the same
nasal secretions were incubated with 250 or
2500 units of fibroblast IF (Fig. 1).

Comparison of the effect of nasal secre-
tions on human fibroblast and leukocyte IF.
Six nasal secretion specimens were incu-
bated with approximately 25 units of human
fibroblast or leukocyte IF (Fig. 2). Three of
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Fic. 1. Effect of human nasal secretions on the
antiviral activity of human fibroblast interferon (IF).
The results following incubation of 10 individual nasal
secretions (NS) with 25, 250, or 2500 units of IF are
represented by dots; geometric means are represented
by open bars.
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the nasal secretions incubated with fibro-
blast IF did not significantly increase virus
yields and therefore did not inhibit IF. How-
ever, three other nasal secretions did in-
crease virus yields by 13- to 18-fold. In this
experiment the mean increase in virus yield
was also 2 standard deviations greater than
the IF control. In contrast to the results
obtained with fibroblast IF, five of these six
nasal secretions did not significantly en-
hance virus yields when incubated with leu-
kocyte IF.

Similar experiments have been repeated
with a total of 28 nasal secretions from dif-
ferent individuals. Using a fourfold increase
in virus yield as evidence of inhibition of IF
activity, 57.1% of the nasal secretions
tested inhibited fibroblast IF, whereas only
10.7% of the same nasal secretions in-
hibited leukocyte IF (Table I). Moreover, a
4.6-fold increase in virus yield was the
greatest increase noted with leukocyte IF,
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Fi1c. 2. Effect of human nasal secretions on the
antiviral activity of human fibroblast and leukocyte
interferon. The results following incubation of six indi-
vidual nasal secretions (NS) with approximately 25
units of fibroblast or leukocyte interferon are repre-
sented by dots; geometric means are represented by
open bars.

whereas nasal secretions showing inhibitory
activity toward fibroblast IF caused an aver-
age virus yield increase of 15.7-fold.

To rule out the possibility that leukocyte
IF was simply less sensitive than fibroblast
IF to the inhibitor in nasal secretions, in-
creasing amounts of nasal secretions were
Incubated with fibroblast or leukocyte IF.
To conduct this and subsequent experi-
ments, a nasal secretion pool was prepared
by combining the secretions obtained from
25 volunteers.

Fifty units of fibroblast or leukocyte IF in
a constant volume (0.15 ml) were incubated
with 0.075, 0.15, 0.3, or 0.6 ml of the nasal
secretion pool. This gave a ratio (volume of
nasal secretion to volume of IF) of 0.5:1,
1:1, 2:1, or 4:1, respectively. Neither IF
preparation was noticeably affected by incu-
bation with increasing volumes of MEM
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(Fig. 3). In addition, the increase in nasal
secretion volume did not result in a concom-
itant increase in virus production in the ab-
sence of IF. However, when increasing vol-
umes of the nasal secretion pool were incu-
bated with fibroblast IF, a linear increase in
virus yield (decrease in IF activity) was
noted; a 4:1 volume ratio of nasal secretion
to IF resulted in total inhibition of 50 units
of fibroblast IF. In contrast, leukocyte IF
was not inhibited by increasing amounts of
nasal secretions.

Preliminary characterization of the IF in-
hibitor(s) in nasal secretions. In three sepa-

TABLE I. NuMBER OF NAsaL SECRETIONS (NS)
SHOWING INHIBITION OF INTERFERON ACTIVITY.

Number of nasal secretions
showing inhibitory activity

against®
Experi- Num-
ment  ber of Fibroblast Leukocyte
NS IF IF

1 6 6 0

2 6 3 1

3 7 3 1

4 7 3 1

S 2 1 0
Totals 28 16 (57.1%) 3(10.7%)

@ Defined as an increase in virus yield of fourfold or
greater compared to the interferon control.
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Fic. 3. Effect of increasing volumes of nasal secre-
tions (NS) on the antiviral activity of human fibroblast
and leukocyte interferon (IF).
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rate experiments, the inhibitory activity was
greatest in those nasal secretions with the
highest total protein determinations. Initial
attempts to identify this inhibitor in nasal
secretions were carried out by incubating
fibroblast IF with pure preparations of three
of the major proteins [i.e., albumin, lyso-
zyme and IgA (11, 12)] found in nasal se-
cretions. A range of physiological concen-
trations of albumin (0.1, 1.0, and 10.0 mg/
ml, Behring Diagnostics), lysozyme (0.1,
1.0, and 10.0 mg/ml, Miles Laboratories),
and 7S IgA (0.15, 1.5, and 15.0 mg/ml,
Behring Diagnostics) did not possess inhibi-
tory activity. Therefore, to characterize the
properties of the inhibitor in nasal secre-
tions, portions of the nasal secretion pool
were subjected to the following treatments
and then tested for inhibitory activity. Nasal
secretions were dialyzed for 3 hr against
three changes of 400 ml of PBS. The inhibi-
tor was nondialyzable. Heating at 56° for 1
hr did not deplete nasal secretions of inhibi-
tory activity. Portions of the nasal secretion
pool were incubated at 37° for 1 hr with
trypsin (5 mg/ml, Flow Laboratories, Inc.).
The reaction was stopped by the addition of
FBS at a final concentration of 33%. The
inhibitor was not destroyed and the pres-
ence of the increased serum concentration
did not appear to influence the IF assay.

The nasal secretion pool was also mixed
continuously with 10 vol of ether for 5 min.
The aqueous phase was dialyzed against
PBS and tested for inhibitory activity. Fol-
lowing this treatment, the nasal secretion
pool did not inhibit IF. Portions of the nasal
secretion pool were subjected to 100,000g
for 2 hr in a Beckman Model L3-50 ultra-
centrifuge using a Type 40 rotor. After cen-
trifugation, the top two-thirds of the fluid
was recentrifuged at 100,000g for 2 hr. The
inhibitory activity was found in the upper
two-thirds of the fluid following the second
centrifugation.

Discussion. We have examined human
nasal secretions for the presence of an inhib-
itor of human fibroblast or leukocyte IF.
The presence of such an inhibitor might ex-
plain the need for such large doses of leuko-
cyte IF to show in vivo efficacy (10). The
antiviral activity of small quantities of hu-
man fibroblast IF was partially inhibited
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when mixed with human nasal secretions.
This inhibition was overcome with increased
concentrations of fibroblast IF. Human leu-
kocyte IF, however, was not inhibited by
human nasal secretions.

In view of the described antigenic (1) and
biochemical (15) differences between fibro-
blast and leukocyte IF, it is not surprising
that biological differences, such as sensitiv-
ity to an inhibitor, do exist. Other body
fluids which have been shown to inhibit fi-
broblast IF are serum (4, 14), saliva, cere-
brospinal fluid, bile, an extract of feces 4),
and urine (5). The same body fluids were
not tested against leukocyte IF. However,
an inhibitor of leukocyte IF in serum has
been demonstrated (Stanton and May, per-
sonal communication).

Nasal secretions are a complex mixture of
substances which include at least 12 of the
proteins found in plasma (12) as well as six
components which cannot be detected in
plasma (11). Although our results do not
allow a definitive identification of the inhibi-
tor, three of the major proteins intrinsic to
nasal secretions (i.e., albumin, lysozyme,
and 7S IgA) do not appear to be responsi-
ble. The characteristics of the inhibitor
found in nasal secretions resemble those of
an inhibitor found in fetal bovine and hu-
man serum (14). These investigators sug-
gested that the inhibitor they described
might be associated with a lipoprotein. Our
results concerning the properties of the in-
hibitor described in this report are not in-
consistent with a similar interpretation.

Although an inhibitor of human fibroblast
IF was found in the present study, it does
not explain the results obtained in clinical
trials with human leukocyte IF, since no
inactivation or inhibition of leukocyte IF by
human nasal secretions could be demon-
strated. The inhibitor of fibroblast IF, how-
ever, could be of significance if this prepara-
tion were to be considered for clinical use.

Summary. Many normal human nasal se-
cretions contain an inhibitor of human fibro-
blast IF. This inhibitor had no effect on
human leukocyte IF. The amount of inhibi-
tion of fibroblast IF increased with increas-
ing quantities of nasal secretions. Also, the
inhibition could be overcome with increas-
ing concentrations of IF.
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