
Introduction

Idiopathic pulmonary fibrosis (IPF) is a severe
and progressive disease limited to the lung with an
estimated prevalence ranging from 14.0 to 42.7 per
100,000 persons in the United States (1): it is char-
acterized by insidious onset of symptoms and by a
median survival of less than 3 years after diagnosis
(2, 3). IPF aetiology is unknown, and no therapy has
been shown to affect survival to date (4), although
some patients may respond to steroids and immuno-
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suppressors (3). One randomized trial on 18 IPF pa-
tients treated for 12 months with subcutaneous in-
terferon-gamma (IFN-γ) 1β and low dose pred-
nisone generated great enthusiasm; this study
showed a statistically significant improvement of
lung function and arterial oxygen in all the 9 patients
treated with IFN-γ and prednisone (5). Based on
these encouraging preliminary findings, patients
with a compatible clinical and radiological presenta-
tion and with a surgical lung biopsy showing a defi-
nite usual interstitial pneumonia (UIP) pattern can
be treated in Italy with subcutaneous IFN-γ 1β and
the cost of the drug is reimbursed by the Italian Na-
tional Health Service. The study by Ziesche and co-
workers also prompted the largest IPF trial ever per-
formed on 330 patients treated with either IFN-γ or
placebo: unexpectedly, this study failed to demon-
strate a significant effect on progression-free sur-
vival, although a statistical trend toward lower mor-
tality was observed in the treated group, as compared
with the placebo arm (6). Finally, a recent meta-
analysis of three studies pooling together 198 IPF
patients indicated that IFN-γ may improve survival
overall (7). A post-hoc sub-group analysis of the
Raghu study showed evidence for an effect of IFN-
γ in patients with less advanced disease, as measured
by a forced vital capacity (FVC) above 55% of pre-
dicted values and carbon monoxide transfer (DL-
CO) above 35%. A differential effect of IFN-γ in
IPF patients at different stages of diseases has been
therefore postulated, although other factors, such as
genetic susceptibility, might account for individual
response to treatment. Based on these analyses, a
randomized controlled trial in over 800 patients with
mild to moderate IPF treated with IFN-γ 1β or
placebo (the INSPIRE trial) has been stopped be-
cause data analyzed during a pre-defined interim
analysis excluded the possibility that treatment with
IFN-γ 1β might result in a significant reduction of
the risk of death. On the other hand, IFN-γ therapy
has been reported to have severe side effects and it
has been suggested that it may in fact worsen the
disease course in patients with lower FVC values and
possibly in those with a familial form of the disease
(8, 9).

To explore the reasons of these contrasting re-
sults, it might be relevant to note that in the Ziesche
study all patients were assessed for the level of ex-
pression of different inflammatory cytokines in lung

tissue samples before entering the study; in addition
to a significant down-regulation of the expression of
both transforming growth factor (TGF)-β1 and
connective-tissue growth factor (CTGF) after IFN-
γ therapy, all patients had virtually no transcription
signal for IFN-γ in lung biopsies before treatment
(5). A subsequent randomized trial on 32 IPF pa-
tients confirmed that IFN-γ therapy may modulate
at the protein level the lung expression of several
molecules related to fibrosis, angiogenesis, im-
munomodulation and cellular proliferation (10), but
no data were available on the lung cytokine profile
before IFN-γ therapy.

We applied the sensitive enzyme-linked im-
munospot (ELISpot) assay (11) for single cell IFN-
γ secretion to detect the frequencies of IFN-γ-pro-
ducing T cells freshly isolated from peripheral blood
samples in a group of patients with biopsy-proven
IPF treated in an open-label fashion with IFN-γ 1β.
The ELISpot assay detects secreted cytokine mole-
cules in the immediate vicinity of the cell from
which they are derived, while still at a high concen-
tration; each spot in the read-out represents a ‘foot-
print’ of the original cytokine-producing cell, or spot
forming cell (SFC). We hypothesized that in IPF in-
trinsic capacity to produce IFN-γ may influence the
clinical response to exogenous IFN-γ 1β therapy.

Methods

Seven Italian male patients (2 were brothers) di-
agnosed with IPF based on current diagnostic stan-
dards (12) and all with evidence of an UIP pattern
on surgical lung biopsy were treated with IFN-γ 1β
(Imukin, Boehringer Ingelheim, Germany) 200
µg/die subcutaneously three times a week, accord-
ingly to the indications of the Italian Drug Agency.
All patients had had already a course of at least 6
months of prednisone and azathioprine without im-
provement of lung function and were on low dose
prednisone (maximum 12.5 mg per day) at the time
of IFN-γ treatment start. Based on available studies
(5, 6) the response to treatment was pre-defined as
changes in either lung function (FVC and DLCO)
or oxygen arterial saturation. All patients consented
to provide a peripheral blood sample for endogenous
IFN-γ production measurement with the ELISpot
assay before IFN-γ treatment and 6 months there-
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after. Peripheral blood mononuclear cells (PBMC)
were separated from 15 mL of blood by standard
means and were suspended in RPMI with 10%
foetal calf serum, 1% ampicillin and 0.05% gentam-
icin (R10, Sigma Aldrich, St. Louis MO) at the fi-
nal concentration of 2.5x106 cells/ml. Non-specific
binding was blocked by incubation with R10 at
37°C, 5% CO2 for at least 30 minutes. After rinsing
the blocking solution, 250,000 PBMC were added
to each well and incubated overnight at 37°C, 5%
CO2 with medium alone and in presence of 10 µg/ml
of phytohemagglutinin (PHA, Sigma Aldrich) or
streptokinase-streptodornase (SKSD, Wyeth Farma
SA, Madrid, Spain). The next day, the plate was
washed with phosphate-buffered saline (PBS) and
biotin-conjugated anti-IFN-γ (1-D1K, Mabtech
AB, Nacka, Sweden) was added to each well for 2
hours at room temperature. After washing, plate was
incubated for 10 minutes at room temperature with
chromogen (BCIP/NBT Plus, Mabtech). When
spots became visible, a final rising was performed us-
ing tap water and SFCs were counted with an auto-
mated ELISpot reader (AID Systems, Strassberg,
Germany). Results are reported as mean values ±
standard deviation; the two-sample t test was used to
assess differences between groups and significance
was set at p values <0.05.

Results

All patients complained about one or more of
the following symptoms during IFN-γ treatment:
low grade fever, headache, chills, myalgia, fatigue,
nausea, arthralgia and injection site tenderness. The
effects of 6 months of IFN-γ treatment (i.e. the peri-
od with data available for all patients, since 2 of them

died soon after this time-point) are reported in the
Table 1. Three of the 7 patients deteriorated, based
on the reduction of the FVC (-16.7±2.5%), DLCO
(-23.0±1.0%) and arterial oxygen (PaO2 -23.0±7.9%)
values ; also respiratory symptoms were reported to
be worsened during treatment in these 3 patients,
with an increase in dry cough and dyspnoea on exer-
tion. However, the 4 other patients showed an im-
provement or little/no change of lung function and
respiratory symptoms after 6 months of IFN-γ treat-
ment (FVC +5.3±5.3%; DLCO +9.3±8.5%; PaO2

-5.0±1.0%). The results of the ELISpot assay showed
a very low IFN-γ production in basal condition, i.e.
without any stimulation (Table 1). Regarding maxi-
mal systemic endogenous production of IFN-γ using
the PHA as a non-specific T cell stimulator before
initiation of therapy, we observed significantly lower
levels in patients who deteriorated (91.3±49.6 SFC
vs 277.8±34.2 SFC in patients stabilized or im-
proved, p=0.023). No significant difference were ob-
served comparing endogenous IFN-γ production in
response to PHA at baseline (i.e. before starting
treatment) and after 6 months of IFN-γ therapy, both
in the “responder” (277.8±34.2 SFC vs 182.0±98.1,
p=0.11) and “non-responder” (91.3±49.6 SFC vs
94.3±86.0, p=0.344) groups. Similarly, the results of
endogenous IFN-γ production as measured by
ELISpot in response to the bacterial protein SKSD
showed a lower level among patients with poor out-
come, although the difference with patients improved
or stabilized did not reach statistical significance
(1.7±1.2 SFC vs 66.3±38.8 SFC, p=0.218). Compar-
ing IFN-γ production as measured by ELISpot in re-
sponse to the bacterial protein SKSD before starting
treatment and after 6 months of IFN-γ therapy both
in the “responder” (66.3±38.8 vs 44.0±47.3 SFC
p=0.74) and “non responder” (1.7±1.2 vs 1.0±1.0

Table 1. ELISpot responses in IPF patients before IFN-γ 1β treatment and after 6 months of therapy

Age* Nil PHA PHA SKSD SKSD FVC (% predicted) DLCO (% predicted) PaO2 (mmHg)
(before) (after) (before) (after) Before After Before After Before After

1¶ 52 0 70 97 4 0 64 53 42 33 66 45
2¶ 58 0 186 179 1 1 58 47 38 29 69 57
3 65 0 18 7 0 2 52 45 39 30 81 65
4 75 1 183 78 1 114 72 81 38 39 75 72
5 66 0 293 130 7 10 66 64 52 53 80 76
6 60 3 289 300 93 30 80 82 30 27 78 73
7 63 7 346 220 164 22 64 65 25 31 68 70

* At the time of IPF diagnosis
¶ Brothers
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SFC p=0.912) groups no statistical significant differ-
ences were observed.

Discussion

Despite the recent increase in the number of
randomized controlled trials in IPF, this deadly dis-
ease is still untreatable. Until now, subcutaneous
IFN-γ 1β is the therapeutic option that has been
used in the largest group of patients; nonetheless, its
efficacy remains controversial, although a differential
effect in specific subgroups of patients has been pos-
tulated. We report here that in a group of clinically
homogeneous, biopsy-proven IPF patients treated
with IFN-γ 1β for a period of 6 months, about half
of them did show some benefit based on functional
parameters; this does not necessarily imply that a
significant fraction of IPF patients benefit from
IFN-γ treatment. However, these findings from an
uncontrolled small study suggest that some IPF pa-
tients may have at least a short-term benefit from
therapy with IFN-γ 1β. These results lend further
support to the effect of a “susceptibility factor” in the
response to IFN-γ treatment in IPF, suggesting that
the results of large randomized trials may have been
influenced by the coexistence of “responder” and
“non-responder” patients. In the small group of pa-
tients reported here, those who either stabilized or
improved after 6 months of treatment had signifi-
cantly more blood IFN-γ-producing T cells after
maximal stimulation, as measured by mean of the
sensitive ELISpot assay, immediately before starting
therapy, but not after 6 months of treatment. Since
IPF is a disease of unknown origin, we decided to
perform both a non antigen-specific (PHA) and an
antigen-specific (SKSD) PBMC stimulation. How-
ever, maximal PHA stimulation is likely to represent
more accurately the effective cellular capacity (large-
ly innate) of producing IFN-γ in vitro and the dis-
crepancy between PHA and SKSD data might be
well explained by the different nature of these two
antigens.

Although with the limitations of the small sam-
ple size, these findings provide a further step to in-
terpret the discordant results obtained in different
IPF clinical trials with IFN-γ. Since the measure-
ment of systemic IFN-γ production has not been in-
cluded in any of these studies, it’s impossible to as-

sess retrospectively the role of this single factor on
the response to treatment. Interestingly however, pa-
tients included in the original study on IFN-γ treat-
ment did not show any expression of IFN-γ in lung
samples at enrolment (5) and all improved after 12
months treatment. However, any comparison be-
tween the latter and the present study is elusive,
since the lack of IFN-γ expression in the Ziesche
study has been observed at the lung tissue level; in
contrast, we observed a positive clinical response to
IFN-γ 1β treatment by measuring IFN-γ production
(both in basal condition and after stimulation with
PHA and SKSD) in peripheral blood. On the other
hand, the finding of a low endogenous IFN-γ pro-
duction in IPF patients which do not benefit from
administration of exogenous IFN-γ 1β is somewhat
counterintuitive. However, this finding might be ex-
plained in the context of the so-called “paradoxical”
function of IFN-γ (13): in addition to its role in es-
tablishing a Th1-type immune reaction, IFN-γ re-
leased by regulatory T cells can indirectly prevent
further T cell activation by modulating the function
of antigen-presenting cells. Since circulating IFN-γ
levels are not easily detectable in vivo, most conclu-
sions on the presence or the absence of this cytokine
in disease states rely on data obtained from the stim-
ulation of T cells in vitro (14). However, some data
support the hypothesis that patients presenting with
a high degree of systemic immune activation in vivo
show a severely diminished functional response of
their peripheral blood mononuclear cells after in vit-
ro stimulation; as an example, HIV infected patients
produce low levels of interleukin-2 and IFN-γ after
stimulation with soluble antigens or mitogens (15,
16). Therefore, the inability of cells to produce IFN-
γ following stimulation in vitro may be seen as a con-
sequence of the overwhelming production of the cy-
tokine in vivo. In this context, as in other disorders,
“footprints” of IFN-γ activity, like neopterin produc-
tion (17) and tryptophan degradation (18) might
have a role as surrogate markers for detecting IFN-γ
production in vivo in IPF patients and to monitor
response to therapy. Interestingly, it has been report-
ed that about one third of IPF patients have elevat-
ed serum neopterin levels (19).

The main limitation of our study resides in the
small population, and for this reason a definite evi-
dence for intrinsic IFN-γ production as a prognostic
factor for response to treatment in IPF is still lack-
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ing. However, as for any rare disease, large random-
ized studies (unless adequately supported and coor-
dinated by industry) are problematic (20). Our re-
sults reflect common clinical practice in the treat-
ment of a rare disease like IPF, showing that some
patients may benefit from treatment with IFN-γ 1β
and that an already available immunologic test might
help to identify these individuals.
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