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ABSTRACT:  Interferon-α (IFN-α) is a leucocyte-derived cytokine with pleiotropic
effects on the cells of the immune system, including the ability to promote viral and
microbial killing.  This study was designed to evaluate the biologically active dosage
of aerosolized lymphoblastoid IFN-α, in normal subjects and patients with chron-
ic bronchitis, using serum 2'-5' oligoadenylate synthetase (OAS) as a marker of
IFN-α actitivity. 

Three groups of subjects were included: two healthy groups and one of patients
with chronic bronchitis.  Group A (controls, n=5) was studied in order to deter-
mine the minimal IFN-α dose able to induce biological effects without side-effects.
IFN-α was given in a dose escalation trial including 0, 0.3×106, 1.0×106 and 3.0×106

IU·day-1 (5 day administration).  Only the administration of 3.0×106 IU·day-1 of IFN-
α induced a significant biological activity, increasing serum levels of OAS.  Group
B (controls, n=5) and C (chronic bronchitis, n=5) were given 3.0×106 IU·day-1 (10 day
administration) in order to study serum, bronchoalveolar lavage fluid (BALF) and
BALF cell modifications, after treatment.  OAS serum levels and nitroblue tetra-
zolium (NBT) reduction tests, the latter used as a measure of phagocyte cell activ-
ity, increased both in normal subjects and in patients with chronic bronchitis.  No
significant change of serum IFN-α levels was found.

It is concluded that aerosolized IFN-α administration to the lung is well-tolerated
at biologically active doses.  The activity can be monitored by quantifying OAS
serum levels through a simple blood test.
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The lung deals with inhaled particles by removing them
through its clearance system and, eventually, by destroy-
ing them by means of the resident immune cells, which
include alveolar macrophages and lymphocytes [1].  In
vitro evaluation of immune cells recovered from the epi-
thelial surface of the lower respiratory tract of normal
individuals has shown that they are "compartmentalized"
to the alveolar epithelial surface from the systemic immune
effector cells [2].

All interferons (IFNs) exert powerful immunomodu-
latory effects over the cells of the immune system; there-
fore, IFNs could represent a useful therapeutic approach
to control respiratory tract diseases, such as neoplasms
or infections, by boosting the local lung immune system
[3].  In addition to the immunostimulating effect, IFNs
exert antiviral [4] and antibacterial [5] activities, thus rep-
resenting a potentially powerful drug to be used in sev-
eral infections, such as viral pneumonias or relapses of
chronic bronchitis.

Results obtained in IFN-α clinical trials aimed to treat
primary or metastatic lung tumours have shown that, in
order to attain therapeutic lung levels by intravenous or

intramuscular administration, it is necessary to give very
high doses of IFN-α, generally with an augmented risk
of severe side-effects.

IFN-α may also be administered as an aerosol, a route
employed since 1984 [6, 7].  This route may be advan-
tageous because IFN-α may locally activate the spectrum
of immunocompetent bronchoalveolar cells producing
only mild if any side-effects, being inactivated during
the transalveolar passage [8].  Previous studies using
inhaled IFNs, generally aimed to treat neoplasm, have
been described in the literature, [9–12].  Knowledge of
the local effect of IFN-α could support its therapeutic
use, especially when low dosing could reduce or avoid
systemic side-effects [8, 13].

This study was designed to evaluate the biologically
active dose of aerosolized IFN-α. A dose escalation
study of lymphoblastoid IFN-α inhalation was performed,
with the aim of determining the minimal inhaled dose
able to induce biological effects without side-effects.  For
this purpose, as a marker of IFN-α activity, the 2'-
5'oligoadenylate synthetase (OAS) was selected.  In fact,
it is known that the cells treated with IFNs synthetize



different amounts of various forms of OAS [14].  Some
of these forms confer resistance to picornavirus infec-
tion, probably through ribonuclease (RNase) activation
[14].  Although the involvement of OAS in viral inhi-
bition needs further clarification, a relationship between
OAS synthesis and IFN induction is definitely accepted
[14].

Material and methods

Patients

Three groups of subjects were included in the study:
two healthy groups (A and B) and a third group con-
sisting of patients with chronic bronchitis (C).

Group A.  Five nonsmoking healthy volunteers (median
age 29, range 25–48 yrs), 4 males and 1 female, with
normal respiratory function tests and without history of
chronic respiratory diseases.

Group B.  Five nonsmoking healthy volunteers (median
age 50, range 46–57 yrs), 4 males and 1 female, with
normal respiratory function tests and without history of
chronic respiratory diseases.

Group C.  Five nonsmoking patients with chronic bron-
chitis in a disease period far from relapse (median age
52, range 47–57 yrs) 4 males and 1 female, with pul-
monary function adequate for effective inhalation forced
expiratory volume in one second (FEV1) >70% of pre-
dicted value.  Chronic bronchitis was defined according
to ECSC (European Coal and Steel Community) [15, 16].  

Neither the healthy controls nor the patients complained
of concurrent diseases.  Informed consent was obtained
from all subjects and the study was approved by the
Ethics Committee of the C. Forlanini Hospital.

IFN-α inhalation

Lymphoblastoid IFN-α (Wellferon, Wellcome) was
given by an IS-2 jet nebulizer operating on compressed
air (Pari, Starnberg, Germany), generating a total output
of 0.32 g·min-1, at an inspiratory flow of 20 L·min-1,
delivery time 4 min and 1 mL volume delivered, 90%
droplets <4.8 µ in size. To dilute IFN-α 0.9% NaCl solu-
tion was employed.

IFN-α was given in a solution of 1 mg·mL-1 human
albumin (Human Albumin Alone, Immuno, Italy).  The
IFN-α amounts administered are not comparable to those
received. Throughout this text, the definition of the
administered dose is equivalent to the aerosolized dose.

Group A was employed to determine the minimal IFN-
α dosage able to induce biological effects without side-
effects.  IFN-α was given in a dose escalation trial at 0
(placebo), 0.3×106, 1.0×106 and 3.0×106 IU·day-1 (5 day
administration).  Two subsequent cycles were separated
by a 48 h interval.  Blood samples were taken to be test-
ed 24 h after the fifth dose of each cycle.

Groups B and C were given 3.0×106 IU·day-1 (10 day
administration).  Blood samples were taken 24 h after
treatment with the 10th dose. B and C groups were em-
ployed to study the effects of the treatment on serum,
bronchoalveolar lavage fluid (BALF) and BALF cells.
Group A was not employed for BALF collection.

Bronchoalveolar lavage fluid

BALF was collected during fibreoptic bronchoscopy
under local anaesthesia.

The bronchoscope was inserted in a subsegment of the
lung middle lobe.  A standard lavage protocol was per-
formed by infusing five times 20 mL aliquots (a total of
100 mL) of sterile 0.9% saline, at body temperature,
through the aspiration port.  After each aliquot, lavage
was collected via the same port into a plastic trap using
wall suction [17].

Portions of BALF were used to determine the total cell
number and cell differential count, after cytocentrifuge
preparations.

BALF cell preparation

After BALF centrifugation at 1,200×g·min-1 ×10 min,
cells were washed and resuspended in RPMI (2.5 mil-
lion·mL-1).  An aliquot of BALF cell preparation was
stored in liquid nitrogen.

Serum determinations

IFN-α (or lymphoblastoid IFN or leucocyte IFN) was
determined by means of a commercially available enzyme
immunoassay kit (IFN-alpha EIA, Anawa SA, Zurich,
Switzerland) following the manufacturer's indications.
The test measures all subtypes of IFN-α through a stan-
dard curve generated using recombinant IFN-alpha2b.
Method sensitivity is 0.2 U of IFN-alpha2b.  One U of
this interferon type is equivalent to 2.8 U of leucocyte
interferons.  IFN-alpha2b U have been used in this study.

Neopterin (NEO, ng·mL-1), a macrophage activation
marker, sensitive to IFN activity [18], was detected by
using a radioimmunoassay (RIA) kit produced by Sorin,
Saluggia, Italy (sensitivity=0.4 ng·mL-1).  Beta2-microglob-
ulin (β2M, µg·L-1), a soluble membrane component
induced by all interferons [19], was measured using the
β2-microglobulin MEIA kit, produced by Abbott Laborat-
ories, Chicago, USA (sensitivity=6 µg·L-1).   Finally, the
2'-5' oligoadenylate synthetase (OAS, pmol·dL-1), an
enzyme induced by IFN-α, was evaluated by the RIA
kit 2'-5' AS produced by EIKEN Chemicals, Japan (sen-
sitivity=10 pmol·dL-1) [20].

Nitroblue tetrazolium (NBT) reduction

NBT is a clear, yellow, water soluble compound; on
reduction it forms formazan, a deep blue-dye.
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Washed BALF cells were incubated with NBT solution
and the NBT reduction could be quantitated by reading
the optical density (OD) at 570 nm.  This measure may
be considered an overall metabolic index of integrity of
phagocytosing cells [21].

Phagocytosis determination

Phagocytosis analysis was performed by using plastic
beads.  After 2 h incubation at 37°C, 5% CO2, freshly
sonicated and opsonized plastic beads, resuspended in
foetal calf serum free medium (RPMI 1640), added to
1×105 BAL cells, were washed and reincubated for 1 h.
After additional washing, cells were microscopically
observed and phagocytosed beads counted.  The results
were expressed as mean bead number per cell [21].

Safety of treatment

Vital signs (blood pressure, heart rate, respiratory rate,
temperature), blood cell counts (BCC), erythrocyte sedi-
mentation rate (ESR) and pulmonary function, vital cap-
acity (VC), forced expiratory flow in one second (FEV1),
and transfer factor of the lungs for carbon monoxide
(TL,CO), evaluated by MasterLab Transfer Spirometer,
Jaeger, Germany, were measured before and after the
treatment.

Statistical analysis

Due to the limited number of subjects included in each
group and to the lack of knowledge regarding the dis-
tribution of individual variables studied, only nonpara-
metric statistical tests were used.

Comparisons between two paired groups (pre- versus
post-IFN-α treatment) were performed by using the
Wilcoxon rank test. When more than two groups were
compared, the Friedman one-way analysis of variance
(ANOVA) test was employed. To compare unpaired
groups, the Mann-Whitney test was used, whilst the
Wilcoxon rank test was used to compare paired groups.
Frequency analysis was obtained by using the chi-squared
test.

Results 

Safety monitoring

Neither healthy controls (Groups A and B) nor the
patients (Group C) showed significant changes regard-
ing blood pressure, respiratory rate, temperature, ESR,
BCC, VC, FEV1 and TL,CO (data not shown).

IFN-α biological effect

Figure 1 shows serum modifications determined by all
the IFN-α doses (0.3×106, 1.0×106 and 3.0×106 IU·day-1)
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Fig. 1.  –  Effect of different doses of interferon-α (IFN-α) treat-
ment administered daily for 5 days in serum of normal subjects.
Individual points with bar indicating median are shown.  a) OAS: 2'-
5' oligoadenylate synthetase;  b) NEO:  neopterin;  c) β2-M: β2-
microglobulin.  Blood samples were obtained 24 h before (BL: baseline)
and 24 h after the end of treatment (PL: placebo, 0.3 MU IFN-α).
Statistical analysis was performed by the Friedman test.  Serum OAS
levels found in subjects treated with 3 MU of IFN-α were statisti-
cally different (Wilcoxon rank test) as compared to those found in
all the other groups (baseline + placebo + 0.3 MU + 1 MU; p<0.05).
A significant trend was also noted for β2-M (Friedman test; p<0.05);
MU: million units.

Table 1.  –  Bronchoalveolar lavage fluid (BALF) cells
pre- and post-IFN-α treatment (3×106 IU·day-1)

Normal subjects Patients 
(Group B) (Group C)

Pre- Post- Pre- Post-
IFN-α IFN-α IFN-α IFN-α

Recovery  mL 61±2 60±3 59±3 58±2
Total cells ×104·mL-1 2.15±0.3 2.24±0.35 2.28±0.3 2.3±0.3
Macrophages  % 87±3.5 88±4.1 85±3.8 84±4.7
Lymphocytes  % 10±1.2 9±1.5 8±0.9 8±1
Neutrophil  % 3±0.2 3±0.4 7±0.8 8±0.9
Eosinophils  % 0 0 0 0

Values are presented as mean±SD.  For characteristics of the
groups see "Patients and methods".  Wilcoxon rank test was
used to compare the two groups.  No significant differences
were found between pre- and post-IFN-α treatment both in
Groups B and C.  Comparing Group B vs C, only neutrophil
levels were significantly different both in pre- and post-IFN-α
treatment (p<0.05)  IFN-α:  interferon-α.



compared both to pretreatment condition and to placebo,
regarding NEO, β2M and OAS.  One subject in Group
A had no OAS induction, increasing the interindividual
variability of this group. No significant change was
observed for NEO, but an increasing trend for β2M
(Friedman test; p<0.05) and a significant difference for
OAS at the highest IFN-α dose (Wilcoxon Rank test;
p<0.05) were seen. 

No BALF collection was performed in Group A. In
contrast, both Groups B and C were employed for serum
and BALF collection. Since only 3.0×106 IU·day-1 of
IFN-α was able to induce a significant OAS increase,
this amount was used through the subsequent experi-
ments.

Table 1 reports the BALF cell numbers observed in
normal subjects (Group B) and chronic bronchitis patients
(Group C) before and after treatment with 3×106 IU·day-1

of IFN-α.  Neutrophil percentages were significantly
higher in Group C vs B, both before and after IFN-α
treatment (Wilcoxon rank test; p<0.05).  No changes
in BALF cells were observed after treatment.

Table 2 shows the individual values of OAS (BALF
and serum), serum IFN-α and NBT (BAL cells) deter-
mined both in normal subjects and in patients with
chronic bronchitis (Groups B and C).  IFN-α levels in
sera were, in general, not detectable. NBT values showed
increased median levels both in Groups B and C after
treatment (Wilcoxon rank test; p<0.05). OAS showed
significant increases in serum levels in controls and in
patients with chronic bronchitis after treatment (Wilcoxon
rank test; p<0.05).  In constrast, OAS levels in the
BALF were significantly elevated after IFN-α treat-
ment only in the patients with chronic bronchitis (Wil-
coxon rank test; p<0.05) (table 2).  No differences were
found for phagocytic activity of BALF cells (data not
shown).

Discussion

The administration of aerosolized IFN-α, within the
range considered, was well-tolerated, without significant
vital sign alterations (see methods).  Pulmonary function
remained unchanged both in normal subjects and chronic
bronchitis patients, as expected from the literature.  Severe
side-effects have previously been noted only at very high
doses, such as those given for control of lung cancer.
The aim of this research was to determine the lowest
inhaled IFN-α dosage able to induce a detectable bio-
logical effect. For this purpose, increasing IFN-α doses,
between 0 to 3.0×106 IU·day-1, were administered to five
normal subjects.

Only at the highest dose (3.0×106 IU·day-1) was one
of three serum markers of IFN activity, namely OAS,
significantly increased by the treatment (placebo vs 3.0×106

IU·day-1; Wilcoxon rank test; p<0.05).  A progressively
increasing trend was also observed for β2M (Friedman
test; p<0.05), another marker enhanced by IFN [19].  As
shown in figure 1, one of the subjects receiving inhaled
IFN-α, did not show a response.  This finding may be
explained by the already reported IFN-α resistance.  It
must be noted that the method used in this study to mea-
sure the OAS levels is a functional system which ensures
that OAS is an active enzyme.  

To confirm the OAS increase, another group of healthy
volunteers (Group B) and a group of patients with chronic
bronchitis (Group C) received 3.0×106 IU·day-1 IFN-α
to study in greater detail both serum OAS and IFN-α
modifications as well as the variation of the cellular spec-
trum found in BALF.  In these last two groups, serum
OAS levels clearly increased following treatment.  No
significant change of serum IFN-α levels was found after
aerosolized IFN-α administration, suggesting that the
serum levels of IFN-α were not correlated to the amount
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Table 2.  –  Median serum and BALF values of OAS, IFN-α and NBT in normal subjects (Group B), chronic bronchitic
patients 24 h before (Pre), the first and 24 h after (Post) the last dose of IFN-α treatment (3×106 IU·day-1)

OAS  pmol·dL-1 IFN-α NBT

Pre Post Pre Post Pre Post

BALF Serum BALF Serum Serum Serum BALF BALF

Group B
Subject 1 <10 28 <10 180 0.23 <0.2 0.05 0.128

2 <10 160 <10 170 <0.2 <0.2 0.104 0.146
3 <10 15 <10 33 0.28 0.34 0.02 0.452
4 <10 13 <10 41 <0.2 <0.2 0.002 0.037
5 <10 <10 <10 43 <0.2 <0.2 0.044 0.089

Group C
Patient  1 17.3 37 35.7 462 <0.2 0.26 0.104 0.146

2 13.9 112 17.9 214 0.45 0.47 0.05 0.128
3 <10 100 20.6 147 <0.2 <0.2 0.05 0.037
4 <10 20 15.2 118 <0.2 <0.2 0.016 0.049
5 <10 <10 15.0 130 0.37 0.34 0.044 0.089

OAS:  2'-5' oligoadenylate synthetase;  NBT: nirtoblue tetrazolium reduction (OD 570); BALF: bronchoalveolar lavage fluid;  OD:
optical density; IFN-α: interferon-α (IFN-α2b) U.  For characteristics of the group see "Patients and methods".  Wilcoxon rank
test was used to compare the two groups.  Significances are reported in the text.



of IFN-α administered, but may be due to IFN-α inac-
tivation at the alveolar level, as reported previously [7].
Alternatively, we cannot rule out that the sensitivity of
the test used for IFN-α detection was not sufficient to
evaluate very small serum IFN-α changes.  It is also
important to remember that the IFN-α half-life is very
short [22].

When the BALF OAS levels were determined, a
signigicant OAS increase was observed only in Group
C.  This finding may possibly be explained by the high
BALF dilution rate.  In fact, as previously reported [23],
a mean epithelial lung fluid/BAL ratio of 1:100 has
been observed when a standard BAL collection was
performed. Thus, is it not suprising that the BALF OAS
levels are lower than serum OAS levels.  In fact the
BALF OAS levels must be multiplied by 100 on aver-
age, as evaluated by urea method [23], in accordance
with literature data.

In the case of Group B (healthy subjects) possible
increases in the OAS levels may have been below the
detection limit. By contrast, in Group C (bronchitis
patients) the BALF OAS levels were sufficiently high to
be measured, and significant changes could be observed
between pre- and post-IFN-α treatment.

OAS production has been reported to be linked both
to cell synthesis and to cell lysis.  The present study can-
not differentiate between these two mechanisms, although
the lack of significant differences between the BALF cell
numbers before and after IFN-α administration suggests
that cell lysis does not represent a major event.

Although many questions remain unresolved concern-
ing OAS production, an association between IFN-α
induction and OAS synthesis is now well-documented,
indicating that serum and BALF OAS changes are strictly
dependend on IFN-α activity [14].

In conclusion, these data provide the rationale for
designing clinical trials on aerosolized IFN-α therapy in
chronic lung disorders, using serum OAS to monitor IFN-
α activity.
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