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T-bet is upregulated in pulmonary sarcoidosis
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ABSTRACT: Upregulation of genes for interferon (IFN)-c and CXC chemokine receptor (CXCR)3

expression, two crucial molecules in sarcoid inflammation and granuloma formation, is directly

controlled by the T-helper (Th)1 transcription factor T-bet (T-box, expressed in T-cells). However,

there is no information on T-bet expression in sarcoidosis or its relationship with ‘‘sarcoidosis-

associated’’ genes.

Therefore, we investigated expression of T-bet mRNA and, in parallel, a spectrum of genes

known to be involved in sarcoidosis pathogenesis. Transcripts were determined in bronchoal-

veolar lavage (BAL) cells from 62 sarcoidosis patients and 25 controls by quantitative RT-PCR;

T-bet protein was localised by immunohistochemistry.

Patient’s BAL cells expressed higher mRNA T-bet levels than those of controls (mean¡SD fold

change 3.64¡1.72; p50.00006). T-bet mRNA expression did not vary between clinical phenotypes

as assessed by chest radiography stage, presence/absence of Löfgren’s syndrome, extra-

pulmonary/pulmonary involvement or progressing/remitting disease (p.0.05). T-bet mRNA

expression correlated with expression of IFN-c, CC chemokine ligand 5, CXC chemokine ligand

(CXC)10, interleukin (IL)-2 receptor/IL-15 receptor b, CXCR3 and CXCR6 (p,0.01). T-bet protein

was localised to alveolar macrophages and lymphocytes, tissue multinucleated giant cells,

macrophages and lymphocytes.

In pulmonary sarcoidosis, T-bet upregulation is associated with changes in expression of IFN-c,

CXCR3 and chemokines/receptors involved in the pathogenesis of sarcoidosis, which suggests a

role for T-bet in this Th1 disease, including modulation of some sarcoidosis-associated genes.

KEYWORDS: CC chemokine ligand 5, chemokines, CXC chemokine receptor-3, CXC chemokine

receptor-6, interferon-c, lung inflammation

P
ulmonary sarcoidosis is an inflammatory
disorder characterised by the accumula-
tion of activated lymphocytes and macro-

phages in the lung, resulting in the formation
of granulomas [1, 2]. A key role in granuloma
formation is played by interferon (IFN)-c [3] and T-
helper (Th) type-1 cells accumulating in the sarcoid
lungs, which express chemokine receptor CXC
chemokine receptor (CXCR)3 [4]. There is evidence
that both CXCR3 and IFN-c are under the direct
control of a Th1 transcription factor, T-bet (T-box,
expressed in T-cells) [5–7]. Moreover, this key Th1
transcription factor, T-bet, directs Th1 lineage
commitment [8]. Although sarcoidosis is a predo-
minantly Th1 immune disease [9, 10], and CXCR3
and IFN-c are implicated in its pathogenesis, there
is currently no information about the involvement
of the Th1 transcription factor T-bet in this disorder.

In addition to T-bet controlling CXCR3 and IFN-c
expression, it has also been involved in the

regulation of numerous immune system genes.
In contrast to the direct requirement of T-bet for
CXCR3 and IFN-c expression irrespective of cell
type, regulation of other genes may be dependent
on the cell type and the extent of their regulation
may vary [5]. For example, T-bet induces modest
activation of interleukin (IL)-2 receptor (2R)b
(CD122) and CC chemokine ligand (CCL)3 de-
pending on the cell type [5]. The relationship
between T-bet and the expression of other chemo-
kines/receptors in different cell types/diseases has
also been reported, such as CCL5 in peripheral
blood from asthmatics [11], CCR5 and CXCR4 in
endometrial T-cells [12], and CCL5 and CXC
chemokine ligand (CXCL)9 in experimental cres-
centic glomerulonephritis [13]. However, knowl-
edge on T-bet targets, namely gene promoters
under its functional regulation and relevant
regulatory mechanisms, is far from complete. To
address the role for T-bet as a plausible regulator of
immune mediators in sarcoidosis, we studied its
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relationship with cytokines and their receptors that have been
previously implicated in the pathogenesis of sarcoidosis. Of
these ‘‘sarcoidosis-associated’’ genes we mainly focused on
chemokines directing the trafficking of activated T-cells into
sarcoid lungs, such as CCL2, CCL5, CXCL9, CXCL10 and
CXCL11 [14–19], and chemokine receptors, CC chemokine
ligand (CCR)5 [10] and CXCR6 [4] preferentially expressed on
activated lymphocytes.

First, we determined the expression of T-bet in bronchoalveolar
lavage (BAL) cells obtained from 62 sarcoidosis patients and 25
control subjects and searched for differences in its expression
patterns in patient subgroups with distinct disease phenotypes.
Secondly, we aimed to address the question as to whether there is
evidence supporting the theory of T-bet modulation of CXCR3 and
IFN-c gene expression in sarcoid lungs by performing correlation
analyses of their mRNA expression profiles in BAL cells. Finally,
we investigated the relationship of T-bet with a range of
sarcoidosis-associated genes, namely: 1) ligands of CXCR3
receptor (CXCL9, CXCL10 and CXCL11) [14–17]; 2) chemokines
CCL2 and CCL5 [18, 19]; 3) chemokine receptors CCR2, CCR5 and
CXCR6 [4, 10, 20, 21]; and 4) b-chain subunit of IL-2R and IL-15R
receptors [10, 22]. Herein, we report upregulation of T-bet in
sarcoidosis and its relationship with some sarcoid-associated
molecules. Some of our data have been presented previously [23].

MATERIALS AND METHODS
Subjects
BAL was performed according to a standard protocol [24] in 62
patients with pulmonary sarcoidosis (chest radiograph (CXR)
stage I n517; stage II n533; stage III n58; stage IV n54) and 25
control subjects of Czech origin. The diagnosis of sarcoidosis was
determined in compliance with international criteria [25]. Because
radiographic staging provides limited information on prognosis
and no information on disease activity and in order to exclude the
influence of smoking on the gene expression, we further

subdivided 56 nonsmoking patients according to the duration
of symptoms as assessed by: follow-up at 2 yrs (remission n523,
progression persistence n526; in seven patients, data after 2 yrs
were not available); presence/absence of Löfgren’s syndrome
(LS; n58/48); and BAL cellular profile (patients with .11% BAL
lymphocytes n545; patients withf11% BAL lymphocytes n511;
patients with o85% BAL macrophages n511; patients with
,85% BAL macrophages n545). The reference values for BAL cell
counts (o85% macrophages, f11% lymphocytes, f2.5% neu-
trophils andf1% eosinophils) were based on our own laboratory
values and correspond to ZIEGENHAGEN et al. [26]. Further
subgroups were formed according to organ involvement (pul-
monary involvement only n537; extrapulmonary involvement
n519). For clinical and laboratory characteristics of the investi-
gated patients, see table 1. The control group consisted of 25
subjects (17 nonsmokers (nine males and eight females) and
eight smokers (seven males and one female); mean¡SD age
44.7¡16.2 yrs) undergoing BAL as part of clinical investigation
for psychogenic cough, cough associated with gastro-oesopha-
geal reflux disease or lung hypertension. In this group, three
patients with suspected pulmonary malignancy were included;
lavage was performed in an unaffected lobe. All had normal BAL
fluid cytology, immunology, microbiology and CD4+/CD8+
ratio. No patient received corticosteroid treatment before BAL.

All patients gave their informed consent for the use of BAL,
which was obtained primarily for diagnostic evaluation, for the
purpose of this study. The local ethical committee of Palacky
University and Faculty Hospital Olomouc (Olomouc, Czech
Republic) approved the study.

BAL sample processing and RNA isolation
BAL cells were separated from the fluid by centrifugation as
described previously [21]. Total RNA from unseparated BAL
cells was isolated with the mirVana miRNA kit (Ambion,
Austin, TX, USA). RNA quality and quantity was measured

TABLE 1 Clinical and laboratory data of investigated sarcoidosis patients

Characteristics Sarcoidosis CXR stage I CXR stage II CXR stage III CXR stage IV

Subjects 62 17 33 8 4

Age yrs 48¡12 (28–77) 45¡13 (28–71) 47¡11 (29–70) 52¡9 (32–63) 59¡14 (44–77)

Males/females 26/36 9/8 14/19 3/5 0/4

Smoking yes/no/ex 6/43/13 3/11/3 3/21/9 0/7/1 0/4/0

CXR stages I/II/III/IV 17/33/8/4 17 33 8 4

LS yes/no 11/51 7/10 4/29 0/8 0/4

BAL fluid differential count

Macrophages % 74.5¡13.0 (40.0–97.1) 75.1¡12.4 (49.4–91.1) 75.2¡12.6 (40.0–97.1) 73.3¡17.6 (44.4–92.1) 68.9¡13.4 (56.0–82.7)

Lymphocytes % 22.8¡12.3 (2.0–54.0) 24.0¡12.1 (8.0–49.0) 21.7¡11.7 (2.0–47.0) 24.6¡17.9 (7.6–54.0) 22.7¡5.7 (16.7–28.0)

Neutrophils % 2.0¡3.6 (0.0–18.0) 0.6¡0.7 (0.0–2.3) 2.1¡3.7 (0.0–18.0) 2.0¡3.4 (0.0–10.0) 7.1¡6.4 (0.6–14.0)

Eosinophils % 0.7¡2.3 (0.0–17.0) 0.3¡0.4 (0.0–1.3) 1.0¡3.0 (0.0–17.0) 0.2¡0.4 (0.0–1.0) 1.8¡2.8 (0.0–5.0)

CD3+ % 86.1¡11.8 (36.0–98.0) 91.1¡4.9# (79.0–97.0) 85.1¡11.4 (51.0–98.0) 87.4¡9.7 (67.0–96.0) 72.5¡25.0 (36.0–92.0)

CD4+ % 67.8¡17.9 (23.0–92.0) 78.7¡9.4# (54.0–92.0) 64.7¡18.5 (23.0–87.0) 66.6¡19.6 (33.0–90.0) 52.5¡19.7 (30.0–74.0)

CD8+ % 16.5¡13.4 (2.0–74.0) 11.8¡8.9# (2.0–42.0) 18.8¡16.0 (4.0–74.0) 18.5¡10.5 (4.7–36.0) 11.5¡4.4 (8.0–18.0)

CD19+ % 0.6¡1.0 (0.0–6.0) 0.6¡1.1# (0.0–4.0) 0.6¡1.1 (0.0–6.0) 0.5¡0.7 (0.0–2.0) 0.5¡1.0 (0.0–2.0)

BAL fluid CD4+/CD8+ ratio 7.6¡7.3 (0.3–46.0) 10.3¡10.0# (1.3–46.0) 6.8¡6.0 (0.3–21.3) 6.8¡7.3 (1.3–19.1) 5.0¡2.3 (2.4–7.4)

Data are presented as n or mean¡SD (range). CXR: chest radiograph; LS: Löfgren’s syndrome; BAL: bronchoalveolar lavage. #: T-cell population data were not available

for one subject.
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using the 2100 Bioanalyzer with RNA 6000 Nano assays
(Agilent Technologies, Palo Alto, CA, USA). Reverse transcrip-
tion was performed with Reverse-iTTM RTase Blend using
anchored deoxythymidine primers (ABgene, Epsom, UK)
according to the manufacturer’s instructions.

Measurement of mRNA expression profiles by quantitative
RT-PCR
The primer sequences, probes and amplicon sizes for investi-
gated genes are listed in table 2. PCR reactions were performed
on RotorGene3000 system (Corbett Research, Sydney, Australia)
as described previously [27]. The relative expression was
calculated by a second-derivative method (RotorGene Software
6.1.81; Corbett Research). cDNA from human universal reference
RNA (Stratagene, La Jolla, CA, USA) was used as a calibrator and
PSMB2 as a reference gene [27]. Changes in expression levels are
presented as a mean¡SD fold change of relative expression
compared to control subjects (normalised to 1.0) [28, 29].

Determination of cell-associated T-bet protein by
immunohistochemistry
The cryostat slices of paraffin-embedded lung tissues obtained
by transbronchial biopsy (n55), video-assisted thoracoscopic

surgery (n53) and lymph node sample (n51) were processed
by immunohistochemistry. Briefly, after microwave antigen
retrieval in a citrate buffer (pH 6.0), the slides were incubated
with anti-human T-bet monoclonal antibody (clone 525803,
dilution 1:50; R&D Systems Inc., Minneapolis, MN, USA) and
visualised using a standard indirect avidin–biotin horseradish
peroxidase method (EnVision+ System-HRP; Dako, Glostrup,
Denmark). Sections were counterstained with haematoxylin. T-
bet staining was compared with that of mouse immunoglobu-
lin (Ig)G isotype control antibody (clone DAK-GO1, dilution
1:50; Dako) for all cases studied to confirm staining specificity.
The type of lymphocytes expressing T-bet was identified by
subpopulation-specific antibodies (CD3, clone F7238; CD 20,
clone L26; dilution 1:50; Dako).

Determination of cell-associated T-bet protein by
immunocytochemistry
T-bet protein was detected on the acetone–chloroform fixed
cytocentrifuge preparations of BAL cells using the streptavi-
din–biotin/horseradish peroxidase method using an anti-T-bet
antibody (clone 525803, dilution 1:50; R&D Systems Inc.) and a
negative control mouse IgG1 (clone DAK-GO1, dilution 1:50;
Dako) as described previously [16].

TABLE 2 Description of investigated genes, used primers, locked nucleic acid (LNA) probes and amplicon sizes in RT-PCR

Gene name Synonyms GenBank# accession

number

Amplicon size

bp

Primers LNA

probe"

T-bet T-box 21, T-cell-specific T-box tran-

scription factor

NM_013351.1 119 Hs00894392_m1+

IFNG Interferon-c NM_000619.2 117 Hs99999041_m1+

IL-2R Interleukin-2 receptor b NM_000878.2 90 59-TTGAAAGACACCTGGAGTTCG-39

59-CCTGCTTCTGCTTGAGAGTCA-39

52

CCL2 Chemokine (C-C motif) ligand 2/MCP-1 NM_002982.3 93 59-AGTCTCTGCCGCCCTTCT-39

59-GTGACTGGGGCATTGATTG-39

40

CCL5 Chemokine (C-C motif) ligand 5/

RANTES

NM_002985.2 63 59-CCTCATTGCTACTGCCCTCT-39

59-GGTGTGGTGTCCGAGGAATA-39

16

CXCL9 Chemokine (C-X-C motif) ligand 9/MIG NM_002416.1 73 59-CCTTAAACAATTTGCCCCAAG-39

59-TTGAACTCCATTCTTCAGTGTAGC-39

04

CXCL10 Chemokine (C-X-C motif) ligand

10/IP-10

NM_001565.1 132 59-GAAAGCAGTTAGCAAGGAAATGT-39

59-GACATATACTCCATGTAGGGAAGTGA-39

34

CXCL11 Chemokine (C-X-C motif) ligand

11/I-TAC

NM_005409.3 71 59-TTGGCTGTGATATTGTGTGCT-39

59-ATGCAAAGACAGCGTCCTCT-39

60

CCR2-var.A Chemokine (C-C motif) receptor 2,

transcript variant A

NM_000647.4 72 59-CCCATCATCTATGCCTTCGT-39

59-GGCAATCCTACAGCCAAGAG-39

07

CCR2-var.B Chemokine (C-C motif) receptor 2,

transcript variant B

NM_000648.2 104 59-TGAGACAAGCCACAAGCTGA-39

59-TTCTGATAAACCGAGAACGAGAT-39

56

CCR5 Chemokine (C-C motif) receptor 5 NM_001100168.1

NM_000579.3

98 Hs00152917_m1+

CXCR3 Chemokine (C-X-C motif) receptor 3 NM_001504.1 111 Hs00171041_m1+

CXCR6 Chemokine (C-X-C motif) receptor 6 NM_006564.1 74 59-GCAAAGCATCTCTGCTGGT-39

59-GAACCCATAGTCTTCATGGTAATCA-39

53

PSMB2 Proteasome (prosome, macropain)

subunit, b type, 2

NM_002794.3 72 59-AGAGGGCAGTGGAACTCCTT-39

59-AGGTTGGCAGATTCAGGATG-39

50

RANTES: regulated on activation, normal T-cell expressed and secreted. #: gene sequences available online at www.ncbi.nlm.nih.gov; ": numbers of LNA probes

according to the commercially available library (www.universalprobelibrary.com), primers were designed using ProbeFinder assay design tool (Roche Applied Science,

Indianapolis, IN, USA); +: primers/probe sets (Assays-on-Demand) were from Life Technologies Corporation (Carlsbad, CA, USA).
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Statistical analysis
Comparisons of mRNA expression among two groups were
performed using the nonparametric Mann–Whitney U-test
and for three or more groups by the Kruskal–Wallis test.
Spearman’s rank correlation was used to assess the relation-
ships between T-bet and chemokine/receptor mRNA expres-
sions, cellular profile of BAL fluid and the clinical course of
sarcoidosis. All calculations were performed by software SPSS
16.0 (SPSS Inc., Chicago, IL, USA). A p-value ,0.05 was
considered as significant.

RESULTS
mRNA expression profiles of T-bet and selected mediators
as a whole and in specific sarcoid clinical phenotypes
In order to investigate the mRNA expression levels of T-
bet, IFN-c, IL-2R/IL-15Rb, CCL2, CCL5, CXCL9, CXCL10,
CXCL11, CCR2, CCR5, CXCR3 and CXCR6 in sarcoidosis, the
relative mRNA expression levels in BAL cells were determined
in control subjects, sarcoidosis patients and patient subgroups.
All RNA samples from patients and controls were of good
quality (relative integrity number .5).

mRNA expression profiles of transcription factor T-bet as a whole
and sarcoid clinical phenotypes
The relative expression level of T-bet was higher in sarcoidosis
patients than in control subjects (mean¡SD fold change
3.64¡1.72; p50.00006) (fig. 1a). When we compared T-bet
expression in smoking and nonsmoking (ex-smokers and
nonsmokers) patients and controls, we observed trend to lower
T-bet expression in smoking controls (p50.06) and smoking
patients (p50.12) than in corresponding nonsmoking controls
and patients, respectively (fig. 1b). Therefore, to exclude the
influence of smoking, we only compared nonsmoking patients
subdivided by the sarcoid clinical phenotypes.

When the expression level of T-bet was compared within
specific CXR stages (I, II, III and IV), T-bet expression did not
vary between stages: 4.00¡1.87, 3.00¡1.40, 2.22¡1.04 and
5.68¡2.65, respectively (p.0.05) (fig. 1c). When T-bet expres-
sion levels were compared in subgroups according to the
presence/absence of LS (phenotype characterised by an acute
onset, fever, erythema nodosum, arthralgias and bilateral hilar
lymphadenopathy), no difference was observed between LS
(2.68¡1.22) and non-LS patients (3.44¡1.57; p.0.05) (fig. 1d).
Similarly, when patients were subdivided according to the
involved organs, the difference between T-bet expression in
patients with only lung involvement (3.86¡1.76) and in those
who also had extrapulmonary involvement (2.30¡1.05) was
not significant (p.0.05) (fig. 1e). Also, in patients subgrouped
according to disease outcome after 2-yr follow-up, we did not
observe any difference in the number of T-bet transcripts
(disease remission 2.71¡1.23, progressive/persistent sarcoi-
dosis 3.24¡1.47; p.0.05) (fig. 1f).

Further patient subgroups were formed according to the
cellular profile of the BAL. In subgroups based on BAL
macrophage counts (cut-off 85% macrophages), patients with
BAL macrophages within the normal range expressed lower
levels of T-bet (1.73¡0.79) than patients with ,85% BAL
macrophages (3.72¡1.69, p50.05) (fig. 1g). Also, in subgroups
based on BAL lymphocyte counts (cut-off 11% lymphocytes), T-
bet expression in patients with high BAL lymphocytes tended to

exhibit higher T-bet expression (3.66¡1.66) than those with
lower BAL lymphocytes (1.98¡0.90, p50.15) (fig. 1h).

Correlation of T-bet mRNA expression with gene expression of
selected sarcoidosis-relevant genes

Because T-bet was identified as a potent modulator of the mRNA
expression of numerous genes, we investigated its possible
relationship with the mRNA expression of IFN-c, IL-2R/IL-
15Rb, CCL2, CCL5, CXCL9, CXCL10, CXCL11, CCR2, CCR5,
CXCR3 and CXCR6 in BAL cells from sarcoidosis patients.

Expression of T-bet mRNA correlated with elevated expres-
sion of IFN-c (p,0.001), CCL5 (p,0.001), CXCL9 (p5

0.033), CXCL10 (p50.006), IL-2R/IL-15Rb (p,0.001), CXCR3
(p,0.001) and CXCR6 (p50.001) (table 3). Although we also
observed a positive correlation with CCR2-variant B (p50.003),
this transcript variant is not upregulated in sarcoidosis when
compared with controls. The expression of CCR2-variant A,
which was found to be upregulated in our sarcoid patients, did
not correlate with T-bet (p.0.05). Similarly, our correlation
analysis showed that expression of CCL2, CXCL11 and CCR5
(p.0.05) were not associated with T-bet. Spearman’s coeffi-
cients for all studied genes are listed in table 3.

Expression of mRNA for genes (expressed as a fold change)
found to be associated with T-bet in patient subgroups
presenting with/without LS are shown in figure 2a. Out of the
genes correlated with T-bet, mRNA expression of CCL5
(p50.033), CXCL9 (p50.041) and IL2-R/IL-15Rb (p50.042)
was higher in our patients presenting without LS in comparison
to those with LS. Expression of chemokine CXCL10 tended to be
higher in patients without LS (p50.08); for IFN-c (p50.25) and
the receptors CXCR3 (p50.12) and CXCR6 (p50.22), the
difference between both groups did not reach significance.

Based on the significant differences in mRNA expression
profile of T-bet in patient subgroups according to BAL
macrophages (cut-off 85%), we also compared mRNA expres-
sion of chemokines CCL5 and CXCL10, produced mainly by
macrophages, in these subgroups. A higher number of CCL5
transcripts was detected in patient subgroups with low BAL
macrophages in comparison to patients with high BAL
macrophages (p50.003); the difference between the number
of CXCL10 transcripts between both subgroups did not reach
significance (p50.17) (fig. 2b).

Correlation of T-bet mRNA expression with BAL cellular
profile
In order to find out whether T-bet mRNA expression correlates
with the BAL cellular profile, we performed correlation
analysis. T-bet mRNA expression correlated with relative
(Spearman’s rho (rs)50.427, p,0.001), but not with absolute
(rs50.008, p.0.05), BAL lymphocyte count. Moreover, T-bet
negatively correlated with relative (rs5 -0.381, p,0.002), and
tended to correlate with absolute (rs5 -0.236, p50.07), BAL
macrophages. No association was observed with BAL neu-
trophils or eosinophils (p.0.05).

Determination of cell-associated T-bet protein
To identify the cellular source of T-bet, cytocentrifuge pre-
parations of BAL cells, lung and lymph node biopsies from
patients with sarcoidosis were immunostained for T-bet
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FIGURE 1. Distribution of relative T-bet (T-box, expressed in T-cells) mRNA expressions (ratio target gene/reference PSMB2 gene) in unseparated bronchoalveolar

lavage (BAL) cells in a) 62 sarcoidosis patients (S) and 25 control subjects (C) and in b) subgroups based on smoking status. Further subanalysis was performed in

nonsmoking sarcoidosis patients divided according to: c) chest radiograph stages (I, II, III or IV); d) the presence or absence of Löfgren’s syndrome (LS); e) involved organs

(pulmonary versus extrapulmonary); f) disease outcome after 2 yrs (regression versus progression); g) BAL macrophage counts (cut-off 85%); and h) BAL lymphocyte counts

(cut-off 11%). Group medians are indicated by horizontal bars. For more details on quantitative RT-PCR conditions and calculation of relative expression see Materials and

Methods section. NS: nonsignificant. #: p50.00006; ": p50.06; +: p50.12; 1: p50.02; e: p50.001; ##: p50.05; "": p50.0003; ++: p50.008; 11: p50.002.
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protein. On lung biopsies, T-bet was expressed by macro-
phages, multinucleated giant cells, epithelioid macrophages of
the granuloma and lymphocytes infiltrating the biopsy speci-
men of sarcoidosis patients (fig. 3a–d). Of lymphocytes, T-bet
was only expressed in T-cells. In the lymph node of one
sarcoidosis patient, T-bet was highly expressed in T-cells
(fig. 3e and l). In cytocentrifuge preparations of BAL cells from
patients with sarcoidosis, T-bet protein was detected in
alveolar macrophages and alveolar lymphocytes (fig. 3f).

DISCUSSION
Because the Th1 transcription factor T-bet has been shown
to play a pivotal role in controlling Th1 responses and in
the transcription of CXCR3 and IFN-c, two crucial genes for
sarcoidosis pathogenesis, we analysed T-bet mRNA and protein
expression in BAL cells from sarcoidosis patients. In comparison
with control subjects, T-bet mRNA expression was elevated in
sarcoidosis, thus, suggesting a role for this transcription factor in

the immunopathogenesis of this Th1 disease. T-bet protein
expression was localised to alveolar macrophages and lympho-
cytes, and tissue multinucleated giant cells, epithelioid macro-
phages and lymphocytes. Finally, our experiments investigating
possible relationships between T-bet and a range of genes
involved in the pathogenesis of sarcoidosis showed that T-bet is
associated with the increased mRNA expression of IFN-c,
CCL5, CXCL10, CXCR3, CXCR6 and IL-2R/15Rb.

In view of the crucial role of T-bet in Th1 differentiation [8] and
its requirement for CXCR3 and IFN-c upregulation [5–7], we
hypothesised that T-bet is involved in the pathogenesis of the
Th1-polarised inflammation in sarcoidosis. In line with this
hypothesis, our data showed that T-bet mRNA expression is
elevated in sarcoidosis patients when compared to control
subjects. Increased levels of T-bet have also been reported in
other Th1 diseases, such as Crohn’s disease [32] and coeliac
disease [33, 34], where T-bet expression paralleled the disease

TABLE 3 Correlation analysis of T-bet (T-box, expressed in T-cell) expression with mRNA expression of selected sarcoidosis-
associated genes

Gene Sarcoidosis versus controls p-value Correlation with T-bet expression [Ref.]#

Spearman’s coefficient p-value

IFNG 0.00002** 0.660 ,0.001** [3, 30, 31]

IL-2R/IL-15Rb 0.01** 0.753 ,0.001** [10, 22]

CCL2 0.410 0.169 0.200 [18]

CCL5 0.0002** 0.627 ,0.001** [18, 19]

CXCL9 0.0007** 0.278 0.033* [14, 15]

CXCL10 0.0006** 0.353 0.006** [14, 16, 17]

CXCL11 0.013* 0.259 0.052 [14, 15]

CCR2-variant A 0.003** 0.232 0.116 [20]

CCR2-variant B 0.210 0.406 0.003*

CCR5 0.001** 0.209 0.149 [10, 21]

CXCR3 0.0007** 0.738 ,0.001** [4, 10, 14]

CXCR6 0.00004** 0.455 0.001** [4]

#: selected references about the association of corresponding molecules with sarcoidosis. *: p,0.05; **: p,0.01.
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FIGURE 2. Comparison between the relative mRNA expression of genes interferon (IFN)-c, interleukin-2 receptor (IL-2R)b, CCL5, CXCL9, CXCL10, CXCR3 and CXCR6

associated with T-bet (ratio target gene/reference PSMB2 gene) in unseparated bronchoalveolar (BAL) cells in a) patients presenting with (&) and without (&) Löfgren’s

syndrome and b) patients with ,85% BAL macrophages (&) and o85% BAL macrophages (&). Data are presented as a mean fold-change of relative expression in the

patients related to the expression in control subjects set as 1.0 (h). Whiskers represent the SD values. *: p,0.05 for levels between patient subgroups.
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course. In line with the observation by NIZRI et al. [35], we
observed a trend to lower expression of T-bet in smokers when
compared to nonsmokers in control and patient groups. For
this reason, we further subanalysed the T-bet expression
only in nonsmoking subjects (90% of patients). In the case
of sarcoidosis phenotypes assessed by CXR staging, we did
not observe any difference with individual CXR stages.
Furthermore, we did not detect any difference between
patients presenting with/without LS, with extrapulmonary/
pulmonary involvement and progressing/remitting disease.
This allowed us to speculate that T-bet might not have an
influence on the clinical phenotype, but it may act as a
‘‘sarcoidosis-predisposing’’ molecule, thus, explaining the
relatively lower incidence of sarcoidosis in smokers [36].

Based on observations in T-bet-deficient mice and transfected
cell lines that T-bet is an absolute requirement for the induction
of transcription of CXCR3 and IFN-c in Th1 cells [5–7],
we proposed that T-bet may also modulate CXCR3 and IFN-c
gene expression in sarcoidosis. The T-bet control of CXCR3
expression is of particular interest in sarcoidosis because this

chemokine receptor plays a pivotal role in recruiting T-cells to
the lungs with subsequent granuloma formation [4]. In this
study, we observed a strong correlation between T-bet and
CXCR3 and IFN-c expression in BAL cells obtained from sarcoid
lungs. Our correlation analysis, therefore, supports the concept
of T-bet modulation of CXCR3 and IFN-c gene expression in
sarcoid lung. Further functional studies are needed to confirm
the direct control of CXCR3 and IFN-c expression by T-bet in
sarcoid lung.

Although T-bet has been involved in the regulation of
numerous immune system-associated genes, knowledge about
its targets, promoter motives and regulatory mechanisms is far
from complete. In contrast to the direct requirement of T-bet
for CXCR3 and IFN-c expression irrespective of cell type,
regulation of other genes may be highly ‘‘context’’ dependent
[5]. To address the role for T-bet in sarcoidosis from this aspect,
we studied its relationship with selected cytokines/receptors
implicated in disease pathogenesis. Of the studied chemokine
receptors, we observed a strong correlation between T-bet and
CXCR6, a receptor co-expressed on CXCR3 T-cells in sarcoi-
dosis [4]. Furthermore, a strong correlation was observed
between T-bet and CCL5 and CXCL10, two chemokines that
play an important role in the recruitment of T-cells to the
sarcoid lungs [4, 15–17, 19]. Additionally, we observed a strong
association between T-bet and IL-2R/IL-15Rb (CD122) in our
sarcoidosis patients; this association has been already reported
in animal cell cultures [5, 7]. The IL-2R/IL-15Rb subunit is
shared by two sarcoidosis-related receptors [37]: activation
marker IL-2R and IL-15R, a receptor involved in the growth of
sarcoid T-cells [10, 22].

We were also interested to investigate which cell type(s)
express T-bet. Because the chemokines/receptors, expression
of which has been shown to be modulated by T-bet, were
detected either in alveolar lymphocytes (IL-2R, CXCR3 and
CXCR6) [4, 10, 22] or in macrophages (CCL5 and CXCL10) [17,
19], we hypothesised that the same cell types may express T-
bet. In our immunochemistry experiments, T-bet was localised
to alveolar macrophages and lymphocytes and on lung
biopsies to macrophages, multinucleated giant cells, epithe-
lioid macrophages of the granuloma and lymphocytes. T-bet
expression has been already detected in various cell types,
such as natural killer, dendritic, and T- and B-cells [5]; hereby
we report T-bet expression also in lung macrophages.
Interestingly, we noted enhanced production of T-bet in
sarcoidosis patients with low BAL macrophages. Because we
also detected upregulated CCL5 in these patients, we speculate
that this fact may be a compensatory response to maintain the
chemokine gradient of CCL5 in sarcoid lung. The dynamics of
T-bet expression in alveolar macrophages during the disease
course should be investigated in the future studies.

This study has limitations. First, we assessed only four patients
with the fibrotic stage of sarcoidosis because of the limited
number of patients available with this phenotype. Secondly,
we used RT-PCR measurement of T-bet and chemokines/
receptors ex vivo to provide information about their possible
relationship in sarcoidosis, but we did not prove the mechan-
ism of interaction between T-bet and related genes by
functional studies. Thirdly, this study only focused on the T-
bet mRNA expression profiles in BAL cells and not in lung and

a)

c)

e) f)

d)

b)g)

i)

k)

l)

m)

j)

h)

FIGURE 3. Detection of T-bet protein in lung and lymph node sections and in

bronchoalveolar lavage (BAL) cells from patients with sarcoidosis. a–d) In four

representative patients with sarcoidosis, T-bet protein was expressed by epithelioid

macrophages of the granuloma, macrophages, multinucleated giant cells and

lymphocytes in lung tissues. e) In the lymph node specimen obtained from a

sarcoidosis patient, T-bet was expressed in high intensity by T-cells (insert l) (CD3

antibody staining). g–k) Serum isotype controls with haematoxylin counterstain. On

BAL cytospins (representative example), positively stained cells were observed after

incubation with f) anti-T-bet-antibody, but not with m) the irrelevant antibody. T-bet

protein expression was localised predominantly to the cytoplasm of BAL

macrophages (black arrows) and lymphocytes (grey arrows). a, e, f) Scale

bars5100 mm; b–d) scale bars5200 mm.
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lymph node tissues and peripheral blood cells. However,
based on our immunohistochemistry experiments, it is evident
that T-bet is also expressed in sarcoidosis-associated cells
infiltrating sarcoid lung tissues and it should be investigated
in future studies to obtain the complete picture of T-bet
expression cells in sarcoidosis.

In conclusion, our data showed that expression of the Th1
transcription factor T-bet is upregulated in pulmonary sarcoi-
dosis. A strong positive correlation was observed between T-
bet and gene expression of IFN-c and CXCR3 in sarcoid BAL
cells, suggesting previously reported direct control of these
genes by T-bet also occurs in the lung compartment in
sarcoidosis. Moreover, our correlation analysis revealed a
relationship between T-bet and sarcoidosis-associated chemo-
kines CCL5 and CXCL10, and receptors IL-2R/IL-15R and
CXCR6 in sarcoid BAL cells. Further functional studies are
needed to prove the mechanism of interaction between T-bet
and related genes.
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