




SLBs used immunohistochemical approaches to identify
interstitial areas that were positive either for IL-4 or
IFNc.14 16 Other previous studies showing a Th2 bias in
patients with IPF/UIP reached this conclusion using isolated
monocytes, lymphocytes, or alveolar macrophages.15 33 47

Although the difference did not reach significance, we found
that IFNc protein values were lower in UIP than in NSIP and
RBILD upper and lower SLBs. It should also be noted that
there are several concerns about the measurement of
cytokine proteins in whole lung homogenates, such as the
presence of soluble decoy receptors and post-translational
modifications to cytokine proteins, which render them
undetectable by the ELISAs used in our study.

UIP is the most common histological pattern seen in cases
of IIP.48 The disease is characterised by a rapid progression to
death, with an average survival of approximately three years

after diagnosis. An important histological feature of UIP is
the localised areas of fibroblastic proliferation referred to as
fibroblastic foci.42 49 These foci are thought to be sites where
repeated and chronic lung damage has occurred. The major
finding of our study was that fibroblastic foci stained
intensely for IL-4Ra and IL-13Ra2. Although it has been
shown that fibroblastic foci tend to be more abundant in the
lower lobes of UIP biopsies, we found that focal staining for
the IL-13Ra2 and IL-4Ra subunits was equally abundant in
both the upper and lower lobes, suggesting that staining for
these receptor subunits may assist in the identification of
these unique histological features. However, this finding may
reflect the fact that our UIP group almost entirely comprised
patients with concordant disease. At present, it is not clear
why the greatly increased expression of the IL-13Ra2 receptor
subunit gene and protein, particularly in UIP SLBs, fails to

Figure 6 Immunohistochemical analysis of (B, E, H, K) interleukin 4 receptor a (IL-4Ra) and (C, F, I, L) IL-13Ra2 in upper lobe surgical lung biopsies
(SLBs) from patients with (B, C) usual interstitial pneumonia (UIP), (E, F) non-specific interstitial pneumonia (NSIP), (H, I) respiratory bronchiolitic
interstitial lung disease (RBILD), and (K, L) normal controls. Representative positive (purple) staining for IL-4Ra and IL-13Ra2 was detected in distinct foci
in UIP SLBs (B, C), and IL-4Ra was also detected in distinct foci in NSIP SLBs (E). (H) Only mononuclear cells expressed IL-4Ra protein in upper SLBs from
patients with RBILD. (I) Staining of mononuclear and interstitial cells for IL-13 Ra2 was seen in upper SLBs from patients with RBILD. (C) IL-13Ra2 was
lightly stained in interstitial areas in SLBs from patients with NSIP. Rare IL-4Ra (K) and IL-13Ra2 (L) positive mononuclear cells were seen in SLBs from
the normal controls. (A, D, G, J) Negative controls for each patient group. Black material (D, E, F) may be deposits as a result of cigarette smoke.
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curtail the profibrotic actions of IL-13. However, it is possible
that the natural antagonism of IL-13Ra2 is lost in patients
with IIP as a result of post-translational modifications of
this decoy receptor. It is also possible that, as a result of
these modifications, the IL-13Ra2 subunit takes on an
abnormal cell signalling role in UIP. Ongoing studies with
fibroblasts grown from IIP and normal SLBs are now
directed at characterising the expression of and the regula-
tory roles of IL-4 and IL-13 receptor subunits on these cells.
The increase in IL-13Ra2 receptor subunit expression by
primary pulmonary fibroblasts from IIP SLBs appears to
make these cells remain responsive to the exogenous
presence of IL-4 and IL-13 compared with normal primary
fibroblast lines.

‘‘The most surprising finding in our study was the
pronounced expression of IL-13 protein, and the IL-4
and IL-13 receptor subunits in surgical lung biopsies from
patients with respiratory bronchiolitic interstitial lung
disease, which is a lung disease found predominately in
heavy smokers’’

NSIPs form a group of interstitial pneumonias that are
generally associated with a better prognosis than UIP.8 11–13 In
our study, we noted distinct differences between SLBs from
the NSIP and UIP patient groups. Molecular analysis of upper
and lower SLBs showed that IL-4 and IFNc gene expression
was significantly higher in patients with NSIP compared with
those with UIP, yet IL-13 gene expression was lower.
Although higher IFNc protein values were detected in NSIP
SLBs compared with UIP SLBs, this increase was not
significant. Expression of the IL-4 and IL-13 receptor genes
was lower in the NSIP group than in normal controls. The
immunohistochemical analysis of NSIP SLBs confirmed, in
part, these molecular findings—less IL-4 and IL-13 receptor
subunit staining was seen in NSIP biopsies than in UIP
biopsies. However, it was interesting to note similar focal
expression of the IL-4Ra protein in biopsies from the NSIP
and UIP patient groups. This focal expression of the IL-4
receptor subunit has never been seen in patients with RBILD
or normal controls. Thus, our study revealed clear differences
and similarities between UIP and NSIP, which support the
notion that NSIP represents a separate clinical IIP entity.

The most surprising finding in our study was the
pronounced expression of IL-13 protein, and the IL-4 and
IL-13 receptor subunits in SLBs from the patients with
RBILD, which is a lung disease found predominately in heavy
smokers. The alveolar walls of patients with RBILD are often

mildly thickened by fibrous tissue, and the degree of
interstitial inflammation is often mild to moderate in SLBs
from these patients.8 50 The accumulation of alveolar macro-
phages is often another feature of this disease. Among all
patient groups, both upper and lower SLBs from the patients
with RBILD showed the highest expression of the IL-13
protein, and this increase was significant for both sites
compared with the respective lobe from the normal controls.
The cellular source of IL-13 in RBILD is not presently known,
although alveolar macrophages are an important source of
this cytokine in IIP.33 Molecular and immunohistochemical
analysis confirmed that IL-4Ra, IL-13Ra1, and IL-13Ra2 were
present in SLBs from this group, but we noted a clear
discrepancy between IL-13 receptor subunit expression in
upper versus lower lobes. In fact, the IL-13Ra1 and IL-13Ra2
proteins were absent from the lower lobes, but were
expressed abundantly in upper lobes in this patient group.
The lack of IL-13Ra2 expression in the lower lobes may have
accounted for the grossly increased IL-13 values in the SLBs
from this patient group.

In conclusion, we found a pronounced increase in the
expression of receptors that respond to IL-4 and IL-13 in SLBs
from patients with UIP relative to patients with other forms
of IIP and normal controls. The implications of this increased
IL-4 and IL-13 receptor expression in IIP remain to be
explored, but it is possible that increased receptor expression
facilitates increased tissue responsiveness to the presence of
both cytokines. In light of recent clinical observations that
the administration of IFNc to patients with IIP results in
substantial improvement,51 it is conceivable that new drugs
directed towards receptors that bind IL-4 and IL-13 may also
have therapeutic effects in these patients. This therapeutic
approach has already shown promise in experimental models
of fibrosis through the use of a soluble version of IL-13Ra252

or an IL-13–immunotoxin chimaeric protein, which specifi-
cally targets and kills IL-4 and IL-13 responsive cells in the
lung.27 53 Additional studies are currently under way to
determine whether fibroblasts cultured from SLBs also
exhibit differential IL-4 and IL-13 receptor expression, and
to explore the synthetic and proliferative consequences of this
expression.
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