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Rationale: Approximately 60 to 70% of patients with pulmonary
sarcoidosis have disease that resolves spontaneously; the rest follow
a chronic course with varying levels of fibrosis. It is unclear why some
patients progress and if treatment affects outcome.
Objectives: To determine differential gene expression profile in lungs
of patients with self-limiting sarcoidosis compared to those with
progressive-fibrotic disease, and to analyze the biological relevance
of these differentially expressed genes.
Methods: We examined microarray expression of 26,626 genes in
transbronchial biopsies of granulomatous areas in lungs of patients
with active but self-limiting (n 5 8) versus those with active, pro-
gressive (6 fibrotic) pulmonary disease (n 5 7).
Measurements and Main Results: Three hundred thirty-four genes
were differentially expressed between the two groups (P , 0.01,
Bayesian moderated t test). Gene Set Enrichment Analysis showed
over-representation of gene-sets (defined by Gene Ontology) re-
lated to host immune activation, proliferation, and defense, among
genes up-regulated in the progressive-fibrotic group (FDR q ,

0.0001 for the top 43 gene sets), and a marked enrichment of, and
similarity in gene expression profiles between, progressive-fibrotic
sarcoidosis and hypersensitivity pneumonitis (HP), (q , 0.001), but
not idiopathic pulmonary fibrosis (IPF).
Conclusions: The findings suggest that patients with progressive/
fibrotic pulmonary sarcoidosis have intense immune activity related
to host defense in their lungs, with processes more similar to HP than
IPF. The study also demonstrates that transbronchial lung biopsy
samples canprovidegood-qualityRNAforgeneexpressionprofiling,
supporting its potential use as a prognostic classifier for pulmonary
sarcoidosis.
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Sarcoidosis is a disease of unknown etiology, characterized by
granulomatous deposits and an intense T cell activity. Almost any
organs can be affected, but the lungs are by far the most common;
approximately 95% of patients have computed tomographic
evidence of deposits in the lungs (1, 2). Significant advances
have been made to characterize the immunological features of
the condition, but the central immunological mechanisms remain
unclear. There is evidence pointing to overactivity of T helper
1–biased CD4 T cells as the initial abnormality leading to activa-

tion of macrophages and downstream formation of granuloma (2,
3). It is also possible that the macrophage is the primary cellular
abnormality, and that an inability to degrade an intracellular
antigen causes the formation and persistence of granuloma.
Overall, there is general agreement that the condition is caused
by a complex genetic susceptibility to granulomagenesis, trig-
gered by an unknown inhaled antigen. Recent genome-wide
association studies and directed single nucleotide polymorphism
(SNP) searches have identified BTNL-2 and ANXA11 (4, 5) as
susceptibility genes, both of which are related to control of T cell
activity (6, 7).

Most patients with pulmonary sarcoidosis have a good
prognosis: the immune disturbances and granulomatous de-
posits resolve spontaneously over 2 to 5 years (2, 8–10). How-
ever, about 30% of patients have progressive disease leading to
varying degrees of pulmonary fibrosis. Currently almost nothing
is known of the cause of this progression in disease. It is also
unclear whether early treatment in this group of patients could
prevent fibrosis.

In this study we obtained transbronchial biopsy samples
from granulomatous areas of lungs in two groups of patients
with different disease course, and we report the use of a power-
ful analytical procedure (Gene Set Enrichment Analysis) to
identify biological processes in the lungs associated with pro-
gressive, fibrotic disease. Some of the results of these studies
have been previously reported in the form of an abstract (11).

METHODS

Study Population

Fifteen patients with histology-proven pulmonary sarcoidosis were
recruited for the study. All patients were white, had never smoked,
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were not on any inhaled or oral medications at the point of sampling,
and did not present with Loefgren syndrome. Patients had only one
other organ of involvement (eye or skin). All patients had active dis-
ease at the point of sampling as characterized by presence of nodularity
on high-resolution thoracic computed tomography (HRCT) scan and at
least one of the following: respiratory or constitutive symptoms,
peripheral lymphopenia (12–14) or raised serum angiotensin-converting
enzyme (ACE). In some patients, mild fibrosis was evident on thoracic
HRCT. Transbronchial biopsy was performed at the point of pre-
sentation and patients were then followed up for 2 years. Biopsy was
targeted to areas of disease (nodularity or fibro-nodularity) using CT
images. Half the sample from each patient was sent for histologic
analysis for granuloma and the other half (two to three biopsies)
immediately transferred to RNA-later. Patients were classified into
nodular, self-limiting (N-SL) or progressive, fibrotic (P-F) pulmonary
disease groups on the basis of persistence of symptoms and changes on
chest X-ray over 2 years. In the former, patients had minor symptoms
(occasional cough), normal formal pulmonary function tests (FEV1,
FVC, and transfer factor of lungs for carbon monoxide or transfer
coefficient for carbon monoxide) but nodularity in typical distribution
in the lung interstitium on HRCT scanning; and no change in chest X-ray
or symptoms in the ensuing 2 years. In the P-F group, patients presented
with fibro-nodular changes on CT scans, an abnormal spirometry or KCO,
and showed persistent or progressive respiratory symptoms over 2 years.

The characteristics of the patient groups from the study by Selman
and coworkers are as described in their article (15) and also provided in
the Supplementary Data.

The first eight patients fitting the description above were entered
into the study and processed as a set (Set 1; Patient 1–4, 9–12; Table 1).
The next eight patients fitting the same characteristics (Set 2) were
processed as a second set. All patients were followed up for 2 years
before final confirmation of groupings into N-SL or P-F.

All patients gave informed consent, and the study was approved by
the Oxfordshire Research Ethics Committee.

Gene Expression Profiling

Gene expression profiling was performed using the Affymetrix Gene ST
1.0 array (High Wycombe, UK), which provides probes for whole
transcript coverage, and therefore a more complete picture of gene
expression, for approximately 29,000 genes from the human genome.
Total RNA from the lung biopsies was extracted within 24 hours using the
Qiagen RNeasy Mini kit (Crawley, UK) according to manufacturer’s
instructions. RNA quality was assessed using a high-resolution electro-
phoresis bioanalyser system (Agilent Technologies, Wokingham, UK).
Isolated total RNA was then taken through the Affymetrix preparation
protocol (www.affymetrix.com; see also the online supplement).

Raw data were processed using Affymetrix Power Tools (www.
affymetrix.com/support/developer/powertools/changelog/index.html)
to generate RMA-normalized gene level intensities. Further analysis
was performed using the R statistical program (http://www.R-project.
org) and BioConductor packages (16). Quality control procedures
included a comparison of boxplots of RMA normalized expression
values between samples, and hierarchical clustering of all samples to
identify any potential outliers. Based on these and the assessment of
RNA quality, 15 of the 16 samples were deemed suitable for further
analysis. Raw microarray data has been deposited with GEO (Acces-
sion number GSE19976). All data collected and analyzed in the
experiments adhere to the Minimal Information About a Microarray
Experiment (MIAME) guidelines.

Statistical Analysis

Before statistical analysis, the mean intensity was computed for each
probeset and the lowest 20% were removed, leaving a total of 26,626
probesets (genes). A Bayesian moderated t test was applied to identify
differentially expressed genes between P-F and N-SL using the ‘‘limma’’
(linear models for microarray analysis) package (17) from BioConductor.
The Benjamini–Hochberg false discovery rate (FDR) procedure was
applied to correct for multiple testing (18). The inverse log of the absolute
log2 fold change (FC) generated by limma was used to determine the FC
between P-F and N-SL groups, with the direction of change indicated by
the sign. Further visualization of the data using heatmaps and hierarchical
clustering was performed using the TMeV4 software (19).

Gene set analysis methods (GSEA) are as described by Subrama-
niam and colleagues (20) and by Mootha and coworkers (21), and also
in the online supplement, and were performed using web-based
software (www.broad.mit.edu/gsea/).

qPCR Validation

For quantitative real-time PCR, cDNA was synthesized from 200 ng
DNA-free RNA using the random priming High-Capacity cDNA
Archive kit (Applied Biosystems) for all patients. Quantitative rt-PCR
(qPCR) was performed using the Applied Biosystems 7500 Fast Real-
Time PCR system following the manufacturer’s instructions. Five
random genes were selected for validation using SybrGreen gene
expression assays (Applied Biosystems), based on their relative ex-
pression in the groups. Two genes (TATA-binding protein [TBP] and
hypoxanthine phosphoribosyl-transferase 1 [HPRT]) were chosen as
endogenous controls for the normalization of all target genes, as they
were consistently expressed in microarray samples and not significantly
different between the groups. Samples were run in triplicate along with
a standard curve, to obtain reaction efficiency values. Data were then
analyzed using a method described by Pfaffl and colleagues (22).

RESULTS

Patient Demographics

Clinical features of patients are demonstrated in Table 1.
Average age in the N-SL group was 45.1 (SD 8.5) years, and
52.0 (SD 11.6) years in P-F group; serum ACE was 64.1 (SD
10.8) and 85.1 (SD 41.5) U/l, respectively, P 5 0.2 (Student
t test); and circulating lymphocyte counts were 1.07 (SD 0.43) 3

109/l and 0.79 (SD 0.50) 3 109/l, respectively, P 5 0.2 (Student
t test). Although there was no statistical difference between the
two groups for serum ACE levels and lymphocyte count; the
trends in these parameters and the pulmonary function tests
between the P-F and N-SL groups (worse in the P-F group) are
in keeping with the clinical characteristic of symptomatic and
progressive disease.

Histology of all samples (paired with samples that were
submitted for RNA extraction) showed noncaseating granuloma,
indicating that lung tissue around active lesions was obtained.

Quality Control of Samples from Transbronchial Biopsies

We obtained between 0.6 to 3 mg of RNA per patient, with no
evidence of degradation (see Figure E1A in the online supple-
ment), or significant difference in quality between the eight
biopsy samples in the first set. In the second set, one patient had
a RIN value of less than 6.5, and this sample was excluded.
These findings are in keeping with those of one other study,
which has also examined gene expression from transbronchial
biopsy and shown good quality RNA extraction (23). There was
a strong positive correlation between mean gene intensity in
each group, as would be expected if the majority of genes are
not differentially expressed (Figure E1B), and there was no
systematic difference in the distribution of fluorescence in-
tensity on the Gene Chips used (Figure E1C). There was also
good concordance between qPCR and microarray data in the
trend of change between N-SL and P-F groups for our randomly
selected subset of genes (Figure E1D).

Since there were no systematic technical differences between
the two sets of patients, analyses were performed, first on the
two sets of patients independently (i.e., four N-SL versus four
P-F patients in Set 1; and four N-SL versus three P-F in Set 2),
then as a combined cohort of eight N-SL and seven P-F patients.
Analysis of the combined dataset of eight N-SL and seven P-F
patients is reported here; though highly similar results were
obtained when the two sets of patients were considered in-
dependently.
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Differentially Expressed Genes in Lungs from N-SL and P-F

Patient Groups

We found 334 differentially expressed genes between the two
groups of patients at a significance threshold of P , 0.01
(Bayesian moderated t test, unadjusted P value; Figure 1A).
The vast majority of these genes (279) were up-regulated in the
P-F group compared with the N-SL group. The presence of
a clear set of genes showing differential expression suggests the
possibility of using these genes as part of a signature profile to

discriminate between these two groups of patients and eventually
to predict patients that would fall into the P-F group. However,
this study was not designed to address this question.

Genes Overexpressed in Lungs of P-F Compared with N-SL

Pulmonary Sarcoidosis Comprise Predominantly Genes

Related to Immune Activation and Host Defense

Unrestricted comparisons of very large numbers of variables
between two groups introduce the problem of multiple testing,

TABLE 1. DEMOGRAPHIC OF PATIENTS IN N-SL AND P-F GROUPS AT THE POINT OF PRESENTATION AND SAMPLING

Patient

No.

Age

(yr) Sex HRCT Thorax

ACE

(normal

18–55 U/l)

Lymphocyte

Count (x109/L)

(normal 1–4)

FEV1/FVC (L)

(% predicted)

at point of

sampling

FEV1/FVC (L)

(% predicted)

at End of Study

KCO

(% predicted)

at Point of

Sampling

KCO (%

predicted)

at End of

Study

Disease Course

over 2 yr

Presenting

Symptoms

Nodular-

self

limiting

group

1 59 M Nodularity, subcarinal,

supraclavicular, and

mediastinal

lymphadenopathy.

One area of consolidation.

52 0.68 5.0/6.7

(116/122)

4.7/6.3

(109/115)

90% 98% Cough and lethargy.

No worsening in

disease or CXR.

Minor cough,

lethargy

2 36 F BHL, nodularity 65 1.60 3.3/3.9

(111/110)

3.4/3.9

(111/111)

106% 91% No symptoms apart

from occasional cough.

Nodularity on CXR

resolved.

None

3 48 M BHL and ML, nodularity 69 1.27 3.4/4.9

(92/108)

3.2/4.9

(90/109)

105% 104% Occasional cough,

nodularity on CXR

unchanged

Occasional cough

4 38 F BHL and ML; multifocal

consolidation, nodularity

69 0.94 2.4/3.1

(100/100)

2.5/3.2

(97/94)

98% 102% Persistent cough but

no worsening in CXR

Occasional cough

5 35 M BHL. Multiple tiny

nodules, mid and upper

zone predominance;

peribronchovascular

distribution. No fibrosis.

70 0.47 2.8/4.4

(85/100)

3.0/4.6

(72/92)

125% 128% Cough resolved, no

change in CXR

Occasional cough

6 43 M BHL and ML; a few

scattered nodules and

some fissural nodularity

43 1.30 4.3/5.5

(103/106)

4.3/5.5

(103/106)

102% 102% No symptoms, no

change in CXR

None

7 51 M Widespread nodularity in

bronchovascular and

fissural distribution,

most marked in

upper zones; small

lymphadenopathy

71 1.70 3.5/4.4

(86/94)

3.5/4.0

(94/86)

97% 97% Cough resolved,

nodularity resolved

Occasional cough

8 51 F Extensive ML, numerous

small nodules

74 0.96 2.6/3.6

(99/116)

2.7/3.6

(100/116)

92% 92% No symptoms,

nodules persist

None

Progressive-

fibrotic

group

9 41 F BHL and ML, nodularity 30 0.59 2.8/3.8

(96/110)

3.1/4.0

(106/118)

71% 71% Progressive breathlessness

requiring Prednisolone

but responsive;

nodularity reduced

Cough at sampling,

then progressive

breathlessness

10 51 M Extensive BHL and ML,

nodularity, conglomerate

consolidation and minor

fibrosis

52 0.47 3.2/3.8

(92/89)

2.3/3.0

(67/72)

125% 104% Progressive breathlessness,

unprovoked pulmonary

embolism; some

progression in fibrosis in

spite of Prednisolone

Breathless, lethargy,

progressive

symptoms

11 62 F Nodularity, conglomerate

masses, upper lobe

fibrosis, minor ML

134 1.90 1.4/1.7

(69/72)

1.9/2.4

(97/101)

112% 102% Symptoms worsened,

Prednisolone started

after sampling; stable

CXR abnormalities

Breathless

12 35 M Nodularity, ML, fibrosis 118 0.90 2.2/2.7

(50/62)

2.5/3.4

(57/65)

109% 97% Symptoms worsened,

Prednisolone started

after sampling; stable

nodularity and fibrosis

Breathless

13 51 M Innumerable nodules,

predominantly

mid-zone. BHL and ML.

107 0.46 2.9/4.1

(93/106)

2.9/3.9

(94/102)

127% 112% Symptoms worsened,

nodularity on CXR

increased; Prednisolone

started after sampling

and nodularity reduced

Lethargy and chest

pain

14 55 F BHL and ML with

calcification, bilateral

conglomerate masses

and nodules, perihilar

mainly upper lobes, no

fibrosis

110 0.57 1.2/2.5

(41/74)

1.9/3.2

(66/96)

76% 83% Symptoms worsened,

Prednisolone started

after sampling;

nodularity reduced

after Prednisolone

Progressive

breathlessness

15 69 F Fissural nodularity with

areas of fibrosis in lower

lobes; small BHL.

45 0.67 0.8/1.5

(48/71)

0.9/1.5

(54/71)

100% 93% Symptoms worsened,

Prednisolone started

after sampling; nodularity

improved, fibrosis stable

Breathlessness and

cough

Definition of abbreviations: ACE 5 angiotensin-converting enzyme; BHL 5 bilateral hilar lymphadenopathy; CXR 5 chest X-ray; KCO 5 transfer coefficient for carbon

monoxide; HRCT 5 high-resolution computed tomography; ML 5 mediastinal lymphadenopathy.
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where the chance of making a Type I error (falsely identifying
single genes as differentially expressed) is increased. In addi-
tion, relevant sets of genes can be lost to identification because
the differences are modest relative to the noise inherent to the
microarray technology. One method of overcoming these issues
is to compare the groups of genes using predefined, biologically
meaningful sets of genes. For this, we use Gene Set Enrichment
Analysis (GSEA) to evaluate whether sets of genes, grouped
together by biological processes, as defined in Gene Ontology
(GO) (24, 25), show enrichment among the genes ranked
according to differential expression between P-F and N-SL.
This allows determination of whether a gene set is correlated
with phenotypic distinction.

We found almost no enrichment of gene sets in genes up-
regulated in the N-SL group (only two: histone modification
gene set and covalent chromatin modification gene set), but
a very large number of gene sets were highly significantly
enriched among genes up-regulated in the P-F group (114 sets
with FDR q value , 0.01; and top 43 sets q , 0.0001) (Table
E2). In a higher level of evaluation, the genes within the gene
set that contribute most highly to the enrichment are extracted,
since these are the genes most likely to participate in the
biological process within that gene set. This subset is known
as the ‘‘leading-edge’’ genes. A graphical representation of
GSEA results for the five most significant GO-based gene sets
is shown in Figure 2A. Due to the hierarchical nature of the
gene ontology, GSEA results can include several closely related
categories. Based on the overlap among leading edge genes and
the GO hierarchy, the 114 gene sets with FDR q values , 0.01
were grouped into 10 major categories (Figure 2B and Table
E3). This analysis showed that specific genes predominantly
associated with immune activity are induced in the P-F group
compared with the N-SL group. This is also the case when the
two sets of patients are analyzed sequentially (independent of
each other) (shown in Figure E2). In particular, genes involved
in leukocyte activation and differentiation, and cytokine pro-
duction, were overexpressed in P-F patients compared with the
N-SL group. Other major processes that were found to be
up-regulated in the P-F group included intracellular signaling
(NF-kB and JAK-STAT cascades) and categories related to cell
life (apoptosis, cell cycle, cell proliferation, and homeostasis)
(Figure 2B and Table E3). Together, these results suggest that
immune activation is stronger in the P-F group relative to N-SL
patients; and that the differentially regulated genes shown in
Figure 1A belong to biologically relevant gene sets.

Genes Up-Regulated in the P-F Group of Patients Are

Significantly Enriched for Genes Up-Regulated in

Hypersensitivity Pneumonitis

Since one cause of disease progression to fibrosis in patients
with pulmonary sarcoidosis is the possession of genes that
predispose to pulmonary fibrosis, we hypothesized that genes
up-regulated in lungs of patients with pulmonary fibrosis might
be enriched in this group of patients. To test this, we created
two additional gene sets based on genes identified by Selman
and colleagues when they compared gene expression profile in
lungs of patients with idiopathic pulmonary fibrosis (IPF) and

hypersensitivity pneumonitis (HP) (15). The IPF gene set
consisted of 355 genes found up-regulated in IPF compared
with HP and the HP gene set consisted of 598 genes found up-
regulated in HP compared with IPF. Using GSEA, we ques-
tioned whether either of these gene sets was enriched at the
extreme ends of the list of all genes ranked to correlate gene
intensity with phenotype (N-SL and P-F) in our patients with
sarcoidosis. We found no enrichment of the IPF gene set among
the genes up-regulated in either group (Normalized Enrichment
Score [NES] 5 21.06 q 5 0.48). Unexpectedly, the HP gene set
was highly significantly enriched among genes that show higher
expression in the P-F group (NES 5 22.47, q , 0.0001) (Figure
3A). This result shows that a similar set of genes are overex-
pressed in HP relative to IPF, as are overexpressed in P-F
compared with N-SL. These genes could be overexpressed in
HP and P-F as a result of specific induction as part of the disease
process, or as a result of down-regulation in the comparison
disease (IPF or N-SL). However, the fact that immune response
genes are enriched among the genes up-regulated in both HP
and P-F suggests that an active immune response is common to
both diseases. A heatmap showing expression of the differen-
tially regulated genes between IPF and HP in the N-SL and P-F
groups (and in the patients with IPF and HP) demonstrates
similarity in profile in P-F group to HP (Figure 3B, upper
section). No correlation to either HP or IPF was observed for
the N-SL group (Figure 3B).

DISCUSSION

In this article, we show that (1) genes up-regulated in lung
samples obtained from patients with progressive-fibrotic sar-
coidosis, compared with self-limiting disease, comprised pre-
dominantly genes involved in host defense and immune
responses; and (2) these genes are enriched with genes up-
regulated in HP in relation to IPF. Although the number of
patients in the study was relatively small (though not so for
microarray studies), one strength is the reproducibility of the
findings in two separate and independent studies performed
sequentially (Figure E2).

These findings are derived from a powerful analytical ap-
proach, which assesses the differential expression of sets of
biologically relevant genes rather than individual transcripts.
This is an important distinction in all studies, but particularly
relevant where smaller sample sizes are involved, since the signal
to noise ratio of the array data may lead to false conclusions
about individual gene expression values (26). In addition, very
few genes act in isolation, and complex genetic diseases like
sarcoidosis are likely to be caused by groups of functionally
related genes that affect immunological processes or pathways.

In our study, we compared the differential expression to data
from the study by Selman and colleagues because this was a well-
characterized group of patients and one of very few studies that
examined gene expression in the lungs. HP can be a heteroge-
neous disease; however, in the Selman study, this was a well-
defined group of patients where the hypersensitivity was to avian
antigens (pigeons) and the diagnosis established according to
criteria that include known exposure to pigeon antigens prior to

Figure 1. Gene expression profile for progressive, fibrotic (P-F) and self-limiting (N-SL) patients. (A) Expression profile for the two groups of patients
showing 334 differentially expressed genes (P , 0.01, Bayesian moderated t test). Red areas indicate increased gene expression relative to mean of

all samples, and green areas indicate decreased expression. Each column represents one patient, and each row a gene. Hierarchical clustering was

used to show the degree of similarity of overall gene expression profile between each patient (top dendogram), and the left dendogram shows the

degree of similarity between the genes. (B) Top 50 genes with increased expression in P-F compared with N-SL group, ranked by fold change (top
panel), and all 51 down-regulated genes in P-F compared with N-SL by fold change (bottom panel); P values from Bayesian moderated t test. The full

list of differentially expressed genes is given in Table E1.

b
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the onset of the disease, and positive serum antibodies to avian
antigens, as detected by ELISA (see supplementary data from the
study by Selman and coworkers, included in the online supple-
ment to this article). The median duration of disease was 18

months, making these patients likely those with active disease
and persistent exposure to the antigens.

Strong enrichment of genes from the HP gene set with genes
up-regulated in the P-F group suggests greater similarity in gene

Figure 2. Gene set enrichment analysis (GSEA) of microarray gene signals between N-SL and P-F groups, using Gene Ontology (GO)-defined gene

sets. A shows the top 5 GO-defined gene sets that were significantly enriched among genes up-regulated in the P-F group (FDR q , 0.001). The red-

blue strip represents the 26,626 genes expressed in the samples ranked according to differential expression between the N-SL and P-F groups (hence
phenotype). Each line in the ‘‘bar code’’ represents presence of a gene from the GO-defined gene set (e.g., immune system process gene set) within

the ranked genes. The enrichment score (y axis) is a running-sum statistic which increases when the gene in that particular gene set is found in the

ranked gene list and decreases otherwise. The changes are weighted such that the magnitude is greater if there is a strong correlation of the gene

from the defined gene set with phenotype (i.e., found toward the extreme ends of the ranked list)� The leading edge subset is defined as genes
appearing at or before the running sum reaches maximum deviation from zero. (B) Mean intensity of expression of leading edge genes from gene

sets with FDR q , 0.01 for each patient. Each row represents a gene set and shows the mean expression of leading genes from that gene set, and

each column is a patient, clustered by hierarchical method to reflect degree of similarity. The gene sets are grouped according to biological

categories, and the panel shows the 10 main categories for these gene sets (composition of these categories can be found in Table E3).
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expression in the lungs of P-F patients to genes over-expressed in
HP when compared to IPF. Since bronchoalveolar lavage of
patients with HP show marked and primarily T cell response with
secondary immune granuloma formation in the lungs (27), it is
perhaps not surprising that patients with sarcoidosis would have a
similar profile. The interesting observation is that it was only noted
in the P-F disease in spite of nodularity on HRCT scans in patients
from the N-SL group. One possible explanation is that patients
with progressive disease are persistently exposed to an aeroaller-
gen which stimulates a brisk and persistent T cell response. The
other is that polymorphisms in immune genes responsible for
control of T cell activity to an aeroallergen are responsible for this
unbridled activity. The latter is supported by findings of defects in
the BTNL-2 and ANXA-11 genes alluded to earlier (4, 5).

These data also suggest that patients in the P-F group are
likely to have arrived at this phase of the disease via persistent

immune activity rather than the presence of fibrogenic pre-
disposition. In recent years, research in the area of pulmonary
fibrogenesis has suggested that although inflammation typically
precedes fibrosis, the central mechanisms at the severe end of
the spectrum (e.g., in IPF) are likely to be distinct from those
that drive persistent inflammation (28). These mechanisms
involve those that govern myofibroblast recruitment, prolifera-
tion, differentiation, and activity, and may explain why this
condition is resistant to immunosuppression (28, 29). The
suggestion that P-F sarcoidosis is more similar to HP than to
IPF is significant because one issue with identifying patients
with P-F disease is whether early recognition will make a
difference to management, since many fibrotic pulmonary lung
diseases are unresponsive to treatment. In IPF, subpleural
reticulation, honeycombing, and fibroblastic foci on histopa-
thology portend a poor prognosis: most patients do not respond

Figure 3. Analysis of genes differentially expressed between idiopathic pulmonary fibrosis (IPF) and hypersensitivity pneumonitis (HP) in N-SL and P-F

patient groups. (A) GSEA analysis of HP and IPF gene sets (i.e., up-regulated in HP versus IPF, and up-regulated in IPF versus HP, respectively) derived

from comparison between IPF and HP (15). Genes from the HP gene set were markedly enriched among genes upregulated in P-F group. No
enrichment was observed for the IPF gene set. (B) Heatmaps showing genes comprising the HP and IPF gene sets in the four groups of patients. The IPF

and HP heat maps were derived from data obtained from the author’s website (www.dom.pitt.edu/paccm/genomics/index.htm) and are normalized

gene intensity values relative to the average expression across all samples in their study. Expression data for these genes in N-SL and P-F samples were

used to generate a similar heatmap showing expression relative to all 15 samples. The heatmap shows that genes up-regulated in HP also tended to be
up-regulated in P-F compared with N-SL (top part of heatmap is predominantly yellow in the P-F group). In contrast, genes induced in IPF do not show

any pattern between P-F and N-SL samples, as indicated by the mixture of yellow/blue in these groups in the lower part of the heatmap.
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to treatment, and the median survival is 3 to 5 years (30, 31). On
the other hand, HP (without evidence of usual interstitial
pneumonitis), is very sensitive to corticosteroid treatment and
the disease can be treated successfully with allergen removal or/
and corticosteroids. The inference from our data is that it is
possible that, if they can be identified early, patients with
progressive pulmonary sarcoidosis are likely to benefit from
prompt corticosteroid treatment.

One potential limitation to interpretation of the data is that,
although patients from both groups were bronchoscoped at
active phases of their disease (the N-SL group had nodularity on
HRCT and in five of the eight patients, lymphopenia), the P-F
group may have been sampled at a more active point. This is
a consequence of our attempt to capture and compare two
divergent groups of patients with different disease severity, and
patients with more severe disease may also have presented with
more active disease. Thus, the comparison may encapsulate
both disease severity (intended) and disease activity (unin-
tended). This could explain the up-regulation of immune re-
sponse genes observed in the P-F group, though not the
similarity of gene profile to HP rather than IPF.

In this study, we also do not have the full composition of the
cellular infiltrate to the respiratory tract. Routine clinical analyses
indicated that bronchoalveolar fluid from all patients showed
a lymphocytosis, but comprehensive flow cytometry phenotyping
of cells and their proportions were not undertaken. In retrospect,
this may have been a useful adjunct to the study, since it would
further characterize the patients and their lung disease.

The next challenge is to derive a gene signature profile to
identify these patients. This study was small and not designed
(nor statistically powered) to test the predictive value of the
expression profile. However, we have shown is that it is possible
to use standard clinical procedures to obtain high-quality RNA
suitable for microarray analysis from lung biopsies, and these
results set a precedent and platform for translation via a valida-
tion study to a clinical practice–enhancing tool.

In summary, this study provides insight into the etiopathol-
ogy of P-F sarcoidosis, pointing to a persistent T cell response as
the cause of chronic disease rather than genes involved in
fibrogenesis in IPF. It also shows that gene array expression
profiling of samples obtained using a routine clinical tool can
detect a set of genes that differentiate two classes of patients
with pulmonary sarcoidosis, which stands up to testing using
biologically relevant categories of genes. It offers impetus to
refine the treatment of sarcoidosis, particularly because the
similarity of the P-F subset of patients to HP suggests that they
are likely to respond to early treatment.
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