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Abstract

Background: Dysfunctional immune responses character-
ize sarcoidosis, but the status of cathelicidin, a potent immu-
noregulatory and antimicrobial molecule, has not been
established in clinical disease activity. Methods: Alveolar
macrophage cathelicidin expression was determined in bi-
opsy-proven sarcoidosis patients classified clinically as ‘se-
vere’ (requiring systemic treatment) or ‘non-severe’ (never
requiring treatment). Bronchoalveolar lavage (BAL) cells
from sarcoidosis patients and healthy controls were ana-
lyzed for mRNA expression of cathelicidin, vitamin D recep-
tor (VDR) and the VDR coactivator steroid receptor coactiva-
tor-3 (SRC3) by quantitative PCR. Cathelicidin-derived pep-
tide LL-37 was determined by immunocytochemistry. Serum
calcidiol (25-hydroxyvitamin D2; vitD2) and calcitriol (1,25-di-
hydroxyvitamin D3; vitD3) were quantified. Results: The re-
sults indicated reduced BAL cell expression of cathelicidin
and SRC3in severe but not non-severe sarcoidosis compared
to controls. Serum levels of biologically active vitD3 in both

severe and non-severe patients were within the control
range even though vitD2 levels in both groups were below
the recommended level (30 ng/ml). Sarcoidosis and control
alveolar macrophages were studied in vitro to determine
cathelicidin responses to vitD3 and tumor necrosis factor-a
(TNFa), a vitD3 antagonist elevated in active sarcoidosis. Al-
veolar macrophage cathelicidin was stimulated by vitD3 but
repressed by TNFa, which also repressed SRC3. Conclusions:
These findings suggest that TNFa-mediated repression of
SRC3 contributes to alveolar macrophage cathelicidin defi-
ciency in severe sarcoidosis despite healthy vitD3 levels. De-
ficiency of cathelicidin, a multifunctional regulator of im-
mune cells and proinflammatory cytokines, may impede
resolution of inflammation in the lungs of patients with se-
vere sarcoidosis. Copyright © 2012 S. Karger AG, Basel

Introduction

Sarcoidosis is a relatively common systemic granulo-
matous disease producing significant morbidity. Howev-
er, its etiology remains elusive and is speculated to be the
result of complex interactions between environmental,
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genetic and epigenetic factors [1, 2]. The pathophysiology
of sarcoidosis is characterized by chronic T helper 1-type
inflammatory responses leading to granulomas and vari-
able degrees of fibrosis in several organs, especially the
lung. The cytokine milieu in sarcoidosis lung is extreme-
ly complex and includes overexpression of both interfer-
on-y (IFN-v) and tumor necrosis factor-a (TNFa) in
bronchoalveolar lavage (BAL)-derived cells and fluids
from patients with sarcoidosis. The clinical course is
highly variable, ranging from acute self-limited disease to
indolent progression terminating in significant morbid-
ity and mortality. The factors responsible for progressive
disease or, conversely, restoration of pulmonary homeo-
stasis are unknown.

Cathelicidin represents a component of the innate im-
mune system triggered by pattern recognition receptors
[3]. A cathelicidin family of cationic host defense peptides
is found in mammals, but the only human cathelicidin is
the 37-amino acid peptide LL-37 [4, 5]. LL-37 is stored
within the cell as a propeptide, hCAP18, which is pro-
cessed to LL-37 by cleavage with proteinase 3 [5]. Human
cathelicidin is directly induced by 1,25-dihydroxyvita-
min D3 (vitD3) [6] and is indirectly induced by Toll-like
receptor-2/1 activation of macrophages in the presence of
25-hydroxyvitamin D2 (vitD2) [7]. Cathelicidin is pres-
ent in neutrophils, keratinocytes, mucosal epithelium
and macrophages and has a broad spectrum of antimi-
crobial activity, including binding to endotoxin [4, 8].
Human alveolar macrophages infected in vitro with My-
cobacterium tuberculosis display enhanced cathelicidin
[9], and cathelicidin has been shown to be required for
vitD3-induced antimicrobial activity against M. tubercu-
losis [7].

In addition to a role in innate immunity, the cathelici-
din peptide LL-37 functions as a complex immunomodu-
lator of inflammatory responses [4]. LL-37 enhances pro-
duction of some immune mediators such as chemokines
(e.g. monocyte chemoattractant protein-1) but downreg-
ulates proinflammatory cytokines such as TNFa and in-
terleukin-12 [10]. In addition, LL-37 antagonizes many
responses of immune cells to IFN-v, a cytokine charac-
teristic of sarcoidosis [4]. Thus, cathelicidin plays a versa-
tile role in coordinating cellular responses to both micro-
bial and endogenous immune stimuli.

Both vitD and mycobacteria, factors that elevate cat-
helicidin, have been implicated in the etiology/patho-
physiology of sarcoidosis (reviewed by Brownell et al.
[11]). Mycobacterial DNA or proteins have been detected
in tissues of some sarcoidosis patients [12, 13], and sar-
coidosis lymphocytes display reactivity against myco-
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bacteria-associated antigens including mKATg, SOD
and ESAT-6 [12-15]. Abnormalities in vitD metabolism
have long been recognized in sarcoidosis. Reports of en-
dogenous overproduction of vitD in granulomatous dis-
eases [16] led to the recognition that IFN-y can augment
macrophage synthesis of vitD [17]. Cathelicidin LL-37
has been detected in sarcoidosis tissue and BAL fluids,
but comparative studies assessing the relationship to
clinical status or healthy controls have not been per-
formed [18].

Based upon such evidence, we hypothesized that cat-
helicidin might be elevated in sarcoidosis alveolar mac-
rophages. Surprisingly, the results presented here indi-
cate that in freshly obtained BAL cells from patients with
severe (treatment-requiring) pulmonary sarcoidosis, cat-
helicidin is deficient, as is expression of the vitamin D
receptor (VDR) coactivator steroid receptor coactivator-3
(SRC3). These data demonstrate for the first time that cat-
helicidin, a molecule critical to innate immunity, is defi-
cient in severe sarcoidosis in parallel with decreased
SRC3. Results from in vitro studies suggest that TNFa
antagonism of vitD transcription pathways may be in-
volved in cathelicidin deficiency in sarcoidosis alveolar
macrophages.

Methods

Study Population

Sarcoidosis subjects (n = 37) were recruited from patients un-
dergoing routine clinical evaluation for initial diagnosis (n = 21)
or confirmation (n = 16) of sarcoidosis (table 1). None had Lof-
gren’s syndrome [19]. All diagnoses were confirmed by pulmo-
nary histology demonstrating nonnecrotizing granulomas in the
absence of infection or other etiologies. Prior to analyses, patient
disease status was characterized as ‘severe’ or ‘non-severe’ based
on whether there was an indication for systemic treatment of pul-
monary disease at the time of bronchoscopy, as reported previ-
ously [20]. Nine sarcoidosis patients were receiving corticoste-
roids at the time of bronchoscopy; 2 patients were taking non-
steroidal anti-inflammatory drugs, and the remaining patients
were free of immunosuppressive drugs.

The healthy control group (n = 32) was composed of individu-
als with no history of lung disease and no medication usage at the
time of bronchoscopy. These healthy individuals volunteered to
undergo bronchoscopy as part of an institutional review board-
approved research program. The protocol was approved by the
East Carolina University Institutional Review Board, and written
informed consent was obtained from all patients and control sub-
jects. The mean = SD BAL cell counts for healthy controls were
as follows: macrophages 95.0 = 3.9%, lymphocytes 4.8 = 3.7%
and neutrophils 0.5 * 1.1% (table 1).
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Table 1. Demographics of patients and control subjects

Sarcoidosis patients

Healthy controls (n = 32)

non-severe (n = 14)

severe (n = 23)

Age, years 50*14.6 447%*11.4 31%£83
Female/male 9/5 16/7 19/13
Self-reported race
African-American 11 18 13
Caucasian 3 5 16
American Indian 1
Asian 2
Smokers 5 (5 ex) 6 (3 ex) 7 (1 ex)
FVC, % predicted 82.9%16.2 70.8 *+ 20.2
CXR stage
0-1 5 3
2-4 8 15
BAL macrophages, % 849=x11.6 84.7%10.3 95.0%£3.9
BAL lymphocytes, % 14.0+£9.6 11.3+£7.7 48+3.7
BAL PMNs, % 1.3%£25 40x73 0.5%1.1
Main treatment indication(s) not treated (13) not treated (13)
at time of bronchoscopy skin (1) pulmonary (7)
ocular (1)
other! (2)
Organ involvement lung (14) lung (23)
ocular (1) ocular (1)
skin (1) central nervous system (1)

multiorgan (3)

multiorgan (3)

Values represent means *
PMNs = polymorphonuclear leukocytes.
! Central nervous system (1), hypercalcemia (1).

SD or number of subjects, as appropriate. FVC = Forced vital capacity; CXR = chest X-ray;

Cell Collection and Culture

BAL cells were collected by fiberoptic bronchoscopy as previ-
ously described [21]. Differential cell counts were obtained from
cytospins stained with a modified Wright’s stain. Mean viability
of lavage cells was greater than 95% as determined by trypan blue
dye exclusion. For culture, BAL cells were plated into 24-well
plates (300,000 alveolar macrophages per well) or chamber slides
(60,000 cells/well) in RPMI 1640 medium supplemented with 5%
human AB serum (Gemini, Calabasas, Calif., USA), L-glutamine
and antibiotics, as described previously [20]. Adherence-purified
alveolar macrophages (60 min) were cultured for 24 h in medium
alone or medium supplemented with lipopolysaccharide (Salmo-
nella typhimurium, Sigma; 500 ng/ml), calcitriol (vitamin Dj,
EMD-Calbiochem; 10-25 nM) or TNFa (250-500 units/ml; R &
D Systems, Minneapolis, Minn., USA). Yields of patient or control
BAL cells were not sufficient to allow performance of all experi-
ments on each individual specimen. Bronchial epithelial cells
were obtained as described previously [22].

Immunocytochemistry

Expression of cathelicidin-derived proteins and SRC3 was an-
alyzed in cytospins of freshly obtained BAL-derived cells. Pri-
mary antibodies used were as follows: (1) murine monoclonal an-
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ti-CAP-18 (sc-130552; 1:50), (2) goat polyclonal antibody directed
against the LL-37 peptide (sc-21578; 1:50) and (3) goat polyclonal
anti-SRC3 (sc-14605; 1:100; all from Santa Cruz Biotechnology,
Santa Cruz, Calif.,, USA). Alexa 488-conjugated antibodies anti-
murine (1) and antigoat (2) and (3) (Invitrogen, Grand Island,
N.Y., USA) were used as secondary antibodies (1:1,000). Slides
were examined by fluorescent microscopy. Chambers receiving
only secondary antibody were used to verify the specificity of pri-
mary antibody staining. Epithelial cells were characterized by the
presence of cytokeratin (Abcam, Cambridge, Mass., USA; 1:50).

Gene Array

Analysis was carried out by the Gene Expression Array Core
Facility at the Comprehensive Cancer Center at Case Western Re-
serve University. Total RNA was extracted from whole BAL cells
from 5 subjects with non-severe sarcoidosis and 4 subjects with
severe sarcoidosis; RNA integrity was confirmed using an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, Calif.,
USA). Amplified labeled cRNA was generated from 5-8 g of to-
tal RNA by a SuperScript kit (Invitrogen, Carlsbad, Calif., USA)
and processed using high-density oligonucleotide HG-U133A ar-
rays (Affymetrix, Santa Clara, Calif., USA). The probe intensities
were analyzed using Microarray suite 5.0 software (Affymetrix).
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For analysis, the samples were matched for the percentage of BAL
lymphocytes to account for variances in cell populations and
compared by paired t test, with a corrected p value of <0.05.

Quantitative mRNA Expression

Total RNA was extracted from BAL cells or cultured alveolar
macrophages by an RNeasy protocol (Qiagen, Valencia, Calif.,
USA). Expression of mRNA was determined by real-time RT-PCR
using the ABI Prism 7300 Detection System (TaqgMan, Applied
Biosystems, Foster City, Calif., USA) described previously [22,
23]. RNA specimens were analyzed in duplicate using primer-
probe sets for a housekeeping gene (GAPDH, Cat. No. 4333764T),
cathelicidin (Cat. No. Hs00189038), VDR (Cat. No. Hs01045840;
ABI) or SRC-3 (Cat. No. Hs00180722). Raw changes in threshold
cycle values for genes of interest were used in statistical analyses
after normalization to GAPDH. These data were also utilized to
calculate the relative quantity (expressed as fold change) of mRNA
expression in sarcoidosis patients compared to healthy controls or
for in vitro studies in which vitD-treated or TNFa-treated cells
were compared to untreated cells (medium alone).

Quantitation of LL-37

Levels of LL-37 peptide were determined in BAL fluids and
conditioned media from alveolar macrophages cultured with or
without calcitriol (10 nM) by ELISA according to the manufac-
turer’s instructions (Cell Sciences, Canton, Mass., USA). Results
were expressed as nanograms of LL-37 per milliliter.

Measurement of VitD

Serum samples from sarcoidosis patients were precipitated
with acetonitrile and analyzed by a liquid chromatography-tan-
dem mass spectrometry assay as described elsewhere [24]. Results
were expressed as nanograms of vitD2 per milliliter or picograms
of vitD3 per milliliter.

Statistical Analyses

Intrinsic data from control and patient cells were analyzed for
significance by analysis of variance and Tukey’s test using Prism
software (Graph Pad, San Diego, Calif., USA). Data from in vitro
studies were evaluated by Student’s t test.

Results

Alveolar Macrophage Cathelicidin Deficiency

Parallels Disease Severity

Initial studies were carried out to determine whether
global gene expression would reveal significant differenc-
es between groups of severe (n = 4) and non-severe (n =
5) sarcoidosis patients. Data indicated that compared to
non-severe patients, BAL cells from severe sarcoidosis pa-
tients exhibited an 8-fold decrease in cathelicidin gene
expression. To validate microarray results, freshly ob-
tained BAL cells from sarcoidosis patients and healthy
controls were analyzed by quantitative PCR for intrinsic
expression of cathelicidin mRNA. Compared to healthy
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controls (n = 21), intrinsic cathelicidin mRNA expression
was significantly reduced (p < 0.05) by 4-fold in BAL cells
of sarcoidosis patients (n = 17) characterized as having
severe, treatment-requiring disease (fig. 1a). Cathelicidin
was also decreased in patients with non-severe sarcoid-
osis (n = 12), but to a lesser extent (2-fold) and did not
differ significantly from controls (fig. la). Prednisone
treatment did not appear to affect cathelicidin expression
in severe sarcoidosis. Cathelicidin expression was com-
parably reduced by 4-fold in either prednisone-treated
(n = 7) or non-prednisone-treated severe sarcoidosis pa-
tients (n = 12), with no statistically significant difference
between these groups. Immunocytochemistry of alveolar
macrophages from severe sarcoidosis patients (n = 2) also
indicated reduced levels of the cathelicidin peptide LL-37
compared to healthy controls (n = 2; fig. 1b, c).

We also examined cathelicidin expression in epithe-
lial cells from sarcoidosis lung because pulmonary epi-
thelial cells have been shown to process hCAP-18 protein
to active LL-37 peptide [25, 26]. Interestingly, quantitative
analysis of cathelicidin mRNA in epithelial cell brush-
ings from severe sarcoidosis patients (n = 4) indicated sig-
nificantly (p <0.05) reduced cathelicidin mRNA expres-
sion compared to brushings from healthy controls (n = 6;
fig. 1d). Epithelial cells were characterized by cytokeratin
expression as reported previously [22]. Cathelicidin pro-
teins were not detectable in BAL fluids (below 0.6 ng/ml).

Circulating VitD3 Levels Are within the Healthy

Range in Sarcoidosis Patients

Levels of vitD metabolites were examined because
vitD is known to be essential to cathelicidin expression.
As afirst step, intrinsic expression of the VDR was exam-
ined, and results indicated no differences between sar-
coidosis and healthy control BAL cells (data not shown).
Next, both vitD2 and vitD3 were quantified in sera and
BAL fluid specimens from severe and non-severe sar-
coidosis patients. Neither vitD2 nor vitD3 were detectable
in BAL fluids (data not shown). Median levels of serum
vitD2 in severe patients (5.7 ng/ml; n = 11) were signifi-
cantly (p < 0.05) lower than levels in non-severe patients
(13.8 ng/ml; n = 10; fig. 2a). VitD2 results from both
groups of patients were well below the recommended lev-
el for healthy individuals (30 ng/ml; fig. 2a). However,
analyses of vitD3 levels revealed no significant difference
between groups (severe: median 49.0 pg/ml; non-severe:
39.5 pg/ml), and the majority of sarcoidosis values were
within the healthy range (fig. 2b). Thus, the presence of
healthy levels of vitD3 could not account for the deficien-
cy of cathelicidin expression in alveolar macrophages.
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Fig. 1. Deficiency in cathelicidin mRNA expression correlates
with clinical disease severity of sarcoidosis. a Samples of cDNA
derived from BAL cells of sarcoidosis patients with severe (n = 16)
or non-severe (n = 12) disease and healthy controls (n = 21) were
evaluated for cathelicidin expression by quantitative PCR. Data
represent the relative fold change in cathelicidin expression after
subtraction of raw GAPDH cycle values and normalization to
healthy control threshold cycle values. Means and SEMs are

VitD Responsiveness Is Not Deficient in Sarcoidosis

To ascertain whether sarcoidosis alveolar macro-
phages were capable of responding to VitD, we examined
cathelicidin expression in cultures of alveolar macro-
phages exposed to vitD3. In vitro culture of alveolar mac-
rophages with vitD3 (10-25 nM) yielded comparable up-
regulation of cathelicidin mRNA (fig. 3a) and LL-37 pep-
tide (fig. 3b) in sarcoidosis patients and healthy controls.
Results suggested that sarcoidosis alveolar macrophages
were not refractory to vitD stimulation.

Cathelicidin Deficiency in Sarcoidosis

Healthy control

0.5 4

Relative fold change in
cathelicidin mRNA expression

*

0 [ |

Controls Severe
d sarcoidosis

Non-severe
sarcoidosis

shown. ¥ p <0.05. b, c Immunocytochemistry of alveolar macro-
phage cytospins illustrates cathelicidin peptide LL-37 levels in a
healthy control (b) and reduced cathelicidin peptide LL-37 in a
severe sarcoidosis patient (c) (n = 2). d Cathelicidin mRNA ex-
pression is also significantly decreased in sarcoidosis pulmonary
epithelial cells. Means and SEMs are shown. Controls: n = 6; se-
vere sarcoidosis patients: n = 4; non-severe sarcoidosis patients:
n=2.%*p<0.05.

TNFa Is a Repressor of Cathelicidin Expression

Because results indicated that intrinsic expression of
cathelicidin in sarcoidosis alveolar macrophages cells
was deficient despite healthy VDR levels and vitD re-
sponsiveness, we hypothesized that repressive factors
might be responsible. Previously, we reported that the
transcription factor nuclear factor (NF)-kBis activated in
sarcoidosis BAL cells, indicating ongoing inflammatory
transcriptional activity [21]. NF-«kB activation has been
shown to inhibit vitD-stimulated transcription [27]. Fur-
ther, elevated TNFa production has been reported in al-
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Fig. 3. Cathelicidin expression is upregulated by vitD3 and down-
regulated by TNFa in sarcoidosis and healthy control alveolar
macrophages. a Quantitative PCR analysis of cDONA samples from
sarcoidosis and healthy control alveolar macrophages cultured
for 24 h in medium with or without vitD3 (10 nM). Values for
cathelicidin mRNA were determined after normalization to
GAPDH. Data are expressed as the fold change in cathelicidin
mRNA expression relative to untreated cells (medium alone).
n =5 per group. * p < 0.05. b Cathelicidin-derived LL-37 peptide
synthesis in supernatant fluids from sarcoidosis and healthy con-
trol alveolar macrophages cultured in vitro with or without vitD3.
Data are normalized to untreated (medium) cultured cells. Con-
trols: n = 4; sarcoidosis patients: n = 3. * p < 0.05. ¢ A dot plot il-
lustrates repression of alveolar macrophage cathelicidin mRNA
expression by TNFa (250-500 units/ml) in sarcoidosis patients
(n = 3) and healthy controls (n = 5). * p < 0.05.
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veolar macrophages from patients with severe sarcoidosis
[28], and TNFa has been shown to decrease vitD-medi-
ated transcription via NF-kB [29]. To determine whether
TNFa antagonized cathelicidin expression, alveolar mac-
rophages from healthy controls and sarcoidosis patients
were cultured in vitro with or without TNFa (250-500
U/ml) for 24 h (fig. 3¢). Results indicated significant (p <
0.05) repression of cathelicidin mRNA by TNFa com-
pared to culture in medium alone (fig. 3c), suggesting a
potential role for TNFa in sarcoidosis-associated cathe-
licidin deficiency.

The VitD Coactivator SRC3 Is Repressed by TNFa

VitD-mediated stimulation of cathelicidin requires
VDR recruitment of SRC3 in order to initiate transcrip-
tional activity in human keratinocytes [30, 31]. We hy-
pothesized that this mechanism might also be active in
human alveolar macrophages and susceptible to TNFa
repression. Data from in vitro culture of alveolar macro-
phages with and without TNFa (500 units/ml) supported
this concept. TNFa significantly (p < 0.05) repressed al-
veolar macrophage expression of SRC3 mRNA in both
healthy controls and sarcoidosis patients (fig. 4a). To de-
termine if intrinsic expression of SRC3 was impaired in
sarcoidosis, SRC3 mRNA was evaluated in freshly de-
rived, noncultured sarcoidosis and control BAL cells.
Compared to healthy control values, SRC3 mRNA ex-
pression was significantly (p <0.05) reduced in BAL cells
from sarcoidosis patients with severe disease, but values
in BAL cells from patients with non-severe disease were
comparable to controls (fig. 4b). Regression analysis of
intrinsic mRNA expression in healthy controls and sar-
coidosis patients indicated a significant correlation (r* =
0.58; p = 0.028) between SRC3 and cathelicidin values
(fig. 4¢). SRC3 protein expression was also diminished in
alveolar macrophages of patients with severe sarcoidosis
compared to healthy controls (n = 2; fig. 4d, ). Investiga-
tion of SRCI, a coactivator not implicated in vitD regula-
tion of cathelicidin [32, 33], did not yield any differences
between control and sarcoidosis groups (data not shown).

Discussion

VitD and Sarcoidosis

Data presented here are the first to show an association
between alveolar macrophage cathelicidin deficiency and
clinical disease status in sarcoidosis. Reduced cathelici-
din mRNA expression was apparent in patients with se-
vere sarcoidosis by global gene analysis. These results

Cathelicidin Deficiency in Sarcoidosis

were verified by quantitative TagMan assays indicating
significantly depressed cathelicidin expression in pa-
tients with severe sarcoidosis. Systemic levels of vitD2 but
not vitD3 were decreased in sarcoidosis patients, with se-
vere patients showing marked reduction. These results
suggest that circulating vitD2 is rapidly metabolized in
severe sarcoidosis for extrarenal synthesis of vitD3 by
macrophages and other cells. The systemic vitD levels re-
ported here for sarcoidosis patients are consistent with
those reported previously [34, 35], although comparative
studies of vitD levels and clinical disease status were not
carried out in those earlier studies.

VitD exerts a potent regulatory effect on the immune
system [summarized in 36]. Dysregulation of vitD syn-
thesis is well recognized in sarcoidosis, a disease charac-
terized by hyperproduction of proinflammatory immune
mediators. Alveolar macrophages from sarcoidosis pa-
tients with active disease are known to constitutively con-
vert vitD2 to vitD3, unlike alveolar macrophages from
healthy donors [37, 38]. These findings support the con-
cept of extrarenal sources of vitD3 in sarcoidosis as con-
tributors to disordered calcium metabolism [17]. In vitro
studies demonstrating IFN-vy promotion of vitD3 synthe-
sis in differentiated THP-1 cells [17, 38, 39] led to the rec-
ognition that proinflammatory cytokine-mediated acti-
vation of macrophages contributed to vitD3 synthesis.
Our data suggest that proinflammatory cytokines (e.g.
TNFa) also antagonize vitD3 pathways in sarcoidosis,
thus generating a deficiency of cathelicidin despite ongo-
ing metabolism of vitD in activated alveolar macrophages.

Chronic Inflammation and Cathelicidin Deficiency

The specific mechanisms by which chronic inflamma-
tion alters alveolar macrophage cathelicidin expression
levels in sarcoidosis remain to be elucidated. Sarcoidosis
is associated with persistent hyperproduction of IFN-y
and other cytokines related to T helper 1 cell activity in
BAL fluids, lymph nodes, granulomas and blood [re-
viewed in 1]. IFN-vy has been shown to antagonize vitD-
mediated transcription [40] and to repress cathelicidin
promoter activity in A549 cells [41]. Interestingly, the cat-
helicidin peptide LL-37 blocks macrophage and dendrit-
ic cell responses to IFN-vy [42]; thus, the deficiency of cat-
helicidin in sarcoidosis may impede resolution of inflam-
matory activity.

Our data also suggest that TNFa, the production of
which is reported to be elevated in severe sarcoidosis [28],
may be another candidate antagonist for cathelicidin.
TNFa is known to antagonize VDR transcriptional ac-
tivity via the NF-kB p65 subunit [27, 29]. After associa-
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Fig. 4. Expression of SRC3 is repressed by TNFa and decreased in
severe sarcoidosis. a Quantitative PCR analysis of SRC3 expres-
sion was performed in cDNA samples from healthy control and
sarcoidosis alveolar macrophages cultured for 24 h in medium
with or without TNFa (500 units/ml). Means and SEMs are given.
Controls: n = 4; sarcoidosis patients: n = 2. * p < 0.05. b SRC3
mRNA expression was quantitated in BAL cells derived from
healthy controls (n = 3) and patients with severe (n = 4) or non-
severe (n = 3) sarcoidosis. Data were normalized to healthy con-
trols. * p < 0.05. ¢ Intrinsic alveolar macrophage SRC3 and cathe-
licidin mRNA values show significant correlation by regression
analysis. ACt = Change in threshold cycle values. d, e Immuno-
cytochemistry illustrates marked SRC3 protein expression in al-
veolar macrophages from a healthy control (d) and reduced SRC3
in a patient with severe sarcoidosis (e) (n = 2).
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tion with proteins in the VDR complex, p65 impedes
binding of the VDR to coactivators such as SRC3, thus
preventing VDR binding to vitD response elements in
cathelicidin and other target genes [27,29]. SRC3 is known
to be required for VDR-mediated transcription of cathe-
licidin [31]. Interestingly, alveolar macrophage cathelici-
din deficiency in severe sarcoidosis did not appear to be
affected by steroid therapy since expression levels did not
differ among patients on or off prednisone treatment.
More recently, anti-TNFa therapy such as infliximab has
shown promise in sarcoidosis [43]. In light of our current
findings suggesting TNFa involvement in cathelicidin
deficiency, investigation of alveolar macrophages from
sarcoidosis patients before and after anti-TNFa therapy

studies indicating that mice deficient in SRC3 display
reduced expression of VDR target genes [32]. Thus, our
studies suggest that overproduction of TNFa in severe
sarcoidosis blocks vitD-mediated cathelicidin tran-
scription via downregulatory effects on SRC3 despite
the presence of localized vitD3 synthesis. Although the
precise mechanisms of action of TNFa on cathelicidin
and SRC3 remain to be determined, findings suggest
that TNFa-mediated repression of SRC3 may constitute
one pathway by which cathelicidin expression remains
deficient in severe sarcoidosis. Moreover, deficiency of
cathelicidin, a source of immunoregulatory proteins,
may retard resolution of sarcoidosis inflammatory path-
ways.

may provide helpful data.

Conclusion

Data indicate that both intrinsic cathelicidin and
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