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Abstract
Rationale—Sarcoidosis is a granulomatous disease of unknown etiology. Many patients with
sarcoidosis demonstrate antigen-specific immunity to mycobacterial virulence factors. Th-17 cells
are crucial to the immune response in granulomatous inflammation, and have recently been shown
to be present in greater numbers in the peripheral blood and bronchoalveolar lavage (BAL) fluid
(BALF) of sarcoidosis patients than healthy controls. It is unclear whether Th-17 cells in
sarcoidosis are specific for mycobacterial antigens, or whether they have similar functionality to
control Th-17 cells.

Methods—Flow cytometry was used to determine the numbers of Th-17 cells present in the
peripheral blood and BALF of patients with sarcoidosis, the percentage of Th-17 cells that were
specific to the mycobacterial virulence factor ESAT-6, and as well as to assess IFN-γ expression
in Th-17 cells following polyclonal stimulation.
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Results—Patients with sarcoidosis had greater numbers of Th-17 cells in the peripheral blood
and BALF than controls and produced significantly more extracellular IL-17A (p=0.03 and
p=0.02, respectively). ESAT-6 specific Th-17 cells were present in both peripheral blood and
BALF of sarcoidosis patients (p<0.001 and p=0.03, respectively). After polyclonal stimulation,
Th-17 cells from sarcoidosis patients produced less IFN-γ than healthy controls.

Conclusions—Patients with sarcoidosis have mycobacterial antigen-specific Th-17 cells
peripherally and in sites of active sarcoidosis involvement. Despite the Th1 immunophenotype of
sarcoidosis immunology, the Th-17 cells have reduced IFN-γ expression, compared to healthy
controls. This reduction in immunity may contribute to sarcoidosis pathogenesis.
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Introduction
Sarcoidosis is an idiopathic granulomatous disease defined by the presence of localized
collections of activated macrophages and predominantly Th-1 CD4+ lymphocytes in
affected tissues [1]. While nearly any organ may be affected, most deaths are due to
progressive pulmonary disease [2]. Though most of the CD4+ cells within the sarcoidosis
granuloma have a Th-1 immunophenotype, Th-17 CD4+ cells, producing IL-17A, are also
present in sarcoidosis granulomas; it has been reported that these cells contribute to
sarcoidosis fibrotic disease [3]. Th-17 CD4+ lymphocytes are not the only potential source
of IL-17A; T cells expressing the γδ T-cell receptor produce IL-17A [4, 5] and γδ T-cell-
derived IL-17A has been shown to be necessary for mature granuloma formation and
sequestration in the lung [6, 7].

Multiple studies from independent laboratories have shown that mycobacterial antigens are
frequently targets of the CD4+ T cell response in sarcoidosis peripheral blood mononuclear
cells (PBMC) and bronchoalveolar lavage fluid (BALF) [8–10]. It is unclear whether the
Th-17 response in sarcoidosis patients is mycobacterial antigen-specific and if they possess
normal expression of IFN-γ upon T cell receptor (TCR) stimulation. This distinction may
have important diagnostic and pathologic implications, as Th-17 cells have been shown to
be involved in progression of fibrotic disease in an Italian cohort (7). Here we report that
mycobacterial antigen-specific Th-17 responses are present in the periphery and in BALF of
sarcoidosis subjects. Additionally, we report that sarcoidosis Th17 cells have reduced
expression of IFN-γ following TCR stimulation.

Methods
Subjects and Samples

The study was approved by the Vanderbilt, Cleveland Clinic and University of Vermont
Institutional Review Boards, and informed consent was obtained from each study
participant. Peripheral blood mononuclear cells (PBMC) were collected from 37 sarcoidosis
subjects and 14 healthy controls (Table I). Thirty-four sarcoidosis subjects underwent
tuberculin skin testing at the discretion of their primary care physician; all were PPD
negative. The healthy control subjects were not screened for latent tuberculosis infection by
the placement of PPD. Bronchoalveolvar lavage fluid (BALF) was collected from 10
sarcoidosis subjects and five disease controls (Table II). Bacterial culture is the gold
standard for ruling out tuberculosis; all of the sarcoidosis and control BAL specimens were
culture negative for mycobacterial infection.
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RNA Purification and Quantitative Real-Time PCR for RORγt Expression
CD4+ T cells were sorted from sarcoidosis and healthy control PBMC. Total cellular RNA
was extracted from 1×106 sarcoid CD4+ T cells using RNeasy Mini Kit (Qiagen, Germany),
according to the manufacturer's protocol. First strand complementary DNA (cDNA) was
generated from 400 ng total RNA using oligo-dT primer and the AMV reverse transcriptase
(Reverse Transcription System, Promega Corporation, Madison, WI, USA). Quantitative
real-time PCR amplification reactions were carried out in a StepOnePlus Real Time PCR
System (Applied Biosystems, Foster City, CA) in a 10 μl volume. SYBR Green PCR Master
Mix was purchased from Applied Biosystems (P/N 4309155), containing AmpliTaq Gold
DNA Polymerase and optimized buffer components. A fraction of 5 μM primers and 2 μl of
cDNA were added to SYBR Green master mix to make a final 10 μl reaction volume.
Human β-actin and gylceraldehype-3-phosphate dehydrogenase (GAPDH) were used as
housekeeping genes. The primers used for RORγt amplifications were: 1) RORγt: Forward
5'- ATg TCCCgAgATgCTgTCAAgTTC -3', Reverse 5'- gTCgTCCCTCTgCTTCTTg -3'. β
actin: Forward 5'-ATCATGTTTGAGACCTTCAAC; Reverse 5'-
CAGGAAGGAAGGCTGGAAGAG and HuGAPDH: FORWARD 5'-
AATCCCATCACCATCTTCCA 3'; REVERSE 5'-TGGACTCCACGACGTACTCA3';
PCR reactions were performed under the following conditions: 10 min denaturation at 95 °C
followed by 95 °C 15 s, 60 °C 1 min cycled 50 times. Each quantitative target was amplified
in duplicate sample. A sample containing no template served as the negative control for each
master mix; three standard curves were generated for RORγt, β-actin, and GADPH using
total T cell cDNA in a serial dilution 1:1, 1:5, 1:25, and 1:125. The relative amounts of
mRNA were determined by comparison with standard curves. Each sample result was
normalized for β-actin and GADPH expression. To distinguish specific amplicons from non-
specific amplifications, a dissociation curve was generated.

Cytometric Bead Array for Extracellular IL-17A Production
For the extracellular cytokine assay, CD4+ Tcells were isolated from PBMC using
Dynabeads CD4+ isolation kit according to the manufacturer's protocol (Invitrogen). Sorted
CD4+ T cells were>95 % pure as measured by CD4+ expression via flow cytometry. 2×105

CD4+ T cells were then incubated in RPMI 1640 supplemented medium with anti-CD28 and
anti-CD3 Abs (1 μg/ml each; BD Biosciences) at 37 °C under 5 % CO2 for 24 h.
Supernatants were then collected and analyzed for extracellular cytokine by using cytokine
bead array according to the manufacturer's instructions (BD Biosciences).

Flow Cytometry
Intracellular staining was performed in order to identify IL-17A and IFN-γ secreting CD4+
T cells in response to polyclonal and mycobacterial ESAT-6 stimulation. For the
intracellular cytokine assay, 5×105 PBMC or BAL cells were incubated in RPMI 1640
supplemented medium with or without antigen (ESAT-6 peptide NNALQNLARTI-SEAG
[20 μg/ml]) and the anti-CD28 and anti-CD3 Abs (1 μg/ml each; BD Biosciences) at 37 °C
under 5 % CO2 for 30 min before addition of BD GolgiStop (BD Biosciences). After 6 h of
stimulation, the cells were then harvested and washed for surface and extracellular staining
to CD3, CD4, TCR γδ (peripheral blood only), IL-23R (peripheral blood only), and
intracellular IL-17A, IFN-γ, and FoxP3. All antibodies were from BD Biosciences,
excluding FoxP3 (eBioscience). Extracellular staining was performed at 4 °C for 30 min.
After washing, fixation, and permeabilization, using a Fix & Perm Kit according to the
manufacturer's instructions (BD Biosciences), intracellular antibodies were added at 4 °C for
45 min. Cells were washed and analyzed via flow cytometry. Cells were stained with
Fixable Viability Dye eFluor450 (eBioscience) to gate on live cells. For the gating strategy,
lymphocytes were gated by FSC/SSC, then doublets were gated out, then dead cells, then
cells were analyzed for CD3 and SSC. CD3+ cells were gated and subsequently analyzed for
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CD4 expression. CD3+CD4+ cells were gated and analyzed for surface expression of TCR
γδ, IL-23R, and intracellular IL-17A and IFN-γ. For some analyses, expression of surface
and intracellular markers was measured on CD3+CD4+IL-17A+cells. All flow cytometry
experiments were acquired with a FACSCalibur or LSR-II flow cytometer (BD
Biosciences). Analysis was performed using FlowJo software (Tree Star). A minimum of
200,000 events were acquired for each sample, and 5,000 events in all subgates to ensure
adequate numbers for statistical analysis. The cytokine frequencies were defined as the
subject's percentage of stimulated CD3+ CD4+ T cells minus their unstimulated background
frequency. A response was considered positive when the frequency of recognition was at
least twice that of background.

Statistical Analysis
All statistical tests were performed using a Mann–Whitney U test. Differences were
considered significant with P values less than 0.05.

Results
Subjects

The sarcoidosis subjects met American Thoracic Society/World Association of Sarcoidosis
and Other Granulomatous Diseases (ATS/WASOG) criteria for diagnosis of sarcoidosis
[11]. Of the 37 sarcoidosis patients, 38 % were African-Americans; 70 % of the subjects
were female. The median age was 51.7 years. Of the 14 healthy control subjects, 50 % were
African American; 86 % were female. The median age was 42.7 years. There was no
significant difference according to age, race or sex among the sarcoidosis or healthy control
subjects (Table I).

Patients with Sarcoidosis have a Greater Frequency of Th-17 Cells in the Peripheral Blood
Compared to Healthy Controls

We began by comparing the numbers of Th-17 CD4+ T cells present in sarcoidosis patients
to healthy controls. CD4+ T cells were isolated from PBMC from healthy controls and
sarcoidosis patients. We assessed for the master transcription factor, retinoic acid-related
receptor (RORγt), which has a central role in Th17 cell development. Real-time PCR (RT-
PCR) evaluation of RORγt revealed higher expression in CD4+ T cells from sarcoidosis
patients (29.3±9.3) than in CD4+ T cells from healthy controls (0.75±.33) (p=0.04) (Fig.
1a). Moreover, extracellular IL-17A release in sorted CD4+ T cells was higher in patients
with sarcoidosis (421±507 pg/ml) than healthy controls (170±198 pg/ml) (p=0.03) (Fig. 1b)
following polyclonal stimulation with anti-CD3 and anti-CD28 antibodies. Finally, we
stimulated total PBMC to assess intracellular production of IL-17A and surface expression
of IL-23R on CD4+ T cells of sarcoidosis patients and healthy controls. The frequency of
CD4+ T cells expressing IL-17A was greater in patients with sarcoidosis (1.5 %±1.86 %)
than healthy controls (0.173 %±0.235 %) (p=0.001) (Fig. 1c). Sarcoidosis CD4+ T cells
expressed similar levels of IL-23R as compared to healthy controls (p=0.9) (Fig. 1d).

Patients with Sarcoidosis have a Greater Frequency of IL-17A+and IFN-γ+TCR γδ Cells in
the Peripheral Blood Compared to Healthy Controls

In addition to Th-17 cells, TCR γδ cells are known to produce IL-17. Though it has
previously been reported that patients with sarcoidosis have increased numbers of TCR γδ
cells in the peripheral blood and BALF [12, 13] it is has not been demonstrated whether
these cells produce IL-17. Therefore we assessed IL-17 production of peripheral blood TCR
γδ cells from sarcoidosis patients. We found a higher frequency of IL-17A+TCR γδ cells in
the peripheral blood of patients with sarcoidosis as compared to healthy controls (p=0.05)
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(Fig. 2a and b). Additionally, we found significantly more IFN-γ+TCR γδ cells in
sarcoidosis patients compared to healthy controls (p=0.04) (Fig. 2b).

Patients with Sarcoidosis Exhibit ESAT-6 Specific Th-1/Th-17 Responses
Prior reports of antigen-specific Th-1 CD4+ responses in sarcoidosis patients prompted us to
investigate whether mycobacterial ESAT-6 specific Th-17 responses were also present
systemically and in bronchoalveolar lavage. PBMC were stimulated with ESAT-6, then
CD4+ T cell responses were measured. While no increase in IL-17A expression above
baseline levels was seen in CD4+ T cells from healthy controls, following ESAT-6
stimulation (0.3 %±0.3 %), there was a robust expression of IL-17A in ESAT-6 stimulated
CD4+ T cells from sarcoidosis subjects (1.8 %±0.9 %) (p<0.001) (Fig. 3a and b).
Additionally, sarcoidosis ESAT-6 stimulated CD4+ T cells had a greater frequency of
IL-23R+ cells (3.9 %±2.1 %) than healthy controls (2.2 %±1.7 %) (p=0.02) (Fig. 3a and b).
Similar to previous reports, CD4+ Tcells from the peripheral blood of sarcoidosis patients
produced significantly more IFN-γ (1.9 %±0.9 %) in response to ESAT-6 stimulation than
healthy controls (0.4 %±0.7 %) (p<0.001) (Fig. 3c and d).

To assess an active site of sarcoidosis involvement, BAL was collected and analyzed for
Th-17 responses to both polyclonal and mycobacterial stimulation among sarcoidosis and
control subjects. There was no correlation with the degree of alveolitis and Th-17 cell
frequency within the subjects (Table II). None of the subjects had evidence of infection.
Sarcoidosis patients demonstrated increased production of IL-17A as compared to disease
controls (p=0.03) (Fig. 4a). One of the sarcoidosis patient (Sarcoidosis 10) had significant
neutrophilia within the BAL, which could reflect IL-17A expression. The results were
unchanged whether this subject was included or not. Conversely, BAL CD4+ T cells
produced significantly less IFN-γ as compared to disease controls (p=0.01) (Fig. 4b).
Furthermore, mycobacterial ESAT-6 stimulation induced both IL-17A and IFN-γ from
sarcoidosis CD4+ T cells (p=0.03; p=0.03, respectively) (Fig. 4c and d).

Prior reports have indicated that regulatory T cells (Tregs) may also produce IL-17A [14].
Therefore BAL CD4+ T cells were subgated into Tregs by high FoxP3 expression and
analyzed for IL-17A production. Tregs did not produce significant amounts of IL-17A upon
polyclonal or mycobacterial ESAT-6 stimulation (P=0.8) (Figure (Fig. 5a and b). However,
sarcoidosis Tregs produced increased IFN-γ upon ESAT-6 stimulation as compared to
disease controls (p=0.02) (Fig. 5b), while control Tregs produced significantly more IFN-γ
upon polyclonal stimulation (p=0.004) (Fig. 5a).

Th-17 Cells Demonstrate Reduced IFN-γ Expression
The effectiveness of the Th-1 immune response in granulomatous diseases such as
tuberculosis and coccidiomycosis is an important component to disease resolution or
progression [15, 16]. Though patients with sarcoidosis develop inflammation at sites of
active involvement, an anergic phenotype characterized by reduced recognition of recall
antigens dominates peripherally [17]. Proposed mechanisms to explain this anergic
phenotype include increased numbers of regulatory T cells (Tregs) [18], defective CD4+ T
cell signaling [19], and impaired dendritic cell function [20]. To our knowledge no studies
have examined IFN-γ expression in Th-17 cells in sarcoidosis. We stimulated PBMC with
anti-CD3 and anti-CD28 for 6 h then measured the dual expression of IL-17A and IFN-γ in
CD4+ T cells. Though patients with sarcoidosis had higher total numbers of CD4+IL-17A
+IFN-γ+cells than controls (p=0.006) (Fig. 6a/b), the median fluorescent intensity (MFI) of
IFN-γ expression in the CD4+IL-17A+cells was significantly lower in sarcoidosis patients
(p=0.03) (Fig. 6c), indicating that sarcoidosis CD4+IL-17A+cells produced less IFN-γ per
cell.
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Discussion
T cells, specifically CD4+ T cells, are core contributors to adaptive immunity within
sarcoidosis subjects; sarcoidosis Th17 cells have been associated with sarcoidosis
pathogenesis. This is the first report of mycobacterial ESAT-6-specific Th-17 cells within
sarcoidosis periphery and BALF. In addition, this study demonstrates for the first time that
peripheral blood Th-17 cells demonstrate reduced IFNγ expression.

Th-17 cells produce IL-17A [21], IL-17F [22], IL-21 [23, 24] and IL-22 [25] and mediate
recruitment of CXCR3+ T cells to the lung by production of the chemokines CXCL9,
CXCL10, and CXCL11 [26]. In tuberculosis models, Th-17 cells coordinate a rapid
protective immune response via neutrophil and macrophage recruitment and aid in tissue
repair [27]. Antigen specific Th-17 cells have been described in other chronic lung diseases,
such as tularemia and tuberculosis, and are associated with protective functions [28, 29].
ESAT-6 antigen-specific Th-17 cells have been demonstrated to provide surveillance
function within tuberculosis peripheral tissues such that when mycobacterial antigens are
detected, they respond rapidly and recruit other effector recall responses, which effectively
stop pathogen growth [26]. Mass spectrometry analysis revealed signals consistent with
ESAT-6 in sarcoidosis granulomas [30]. The presence of ESAT-6 specific Th17 cells within
sarcoidosis BAL (Fig. 4) suggests that antigen-specific Th17 immune responses are present
within a site of active sarcoidosis involvement.

Mycobacterial antigens or signals consistent with mycobacterial antigens have been detected
within sarcoidosis granulomas [30, 31]. The detection of antigen-specific Th17 cells may
reflect immune responses against the antigens; the clearance of these antigens leads to
clinical recovery, and down-regulation of the antigen-specific Th17 cells. In addition,
inferior expression of IFN-γ from Th17 and Th1 CD4+ T cells Figs. 4 and 6) could
contribute to sarcoidosis pathology by ineffective activation of macrophages or poor
recruitment of effector cells, which also leads to microbial antigen persistence. In the murine
model of hypersensitivity pneumonitis, chronic inhaled microbial antigen leads to the
development of pulmonary fibrosis. Decreased collagen content is halted in the presence of
Th17 cells through their capacity to eliminate infectious antigens [32]. It is possible that
reduced secretion of IFN-γ by Th17 cells inhibit the capacity of Th17 cells to clear foreign
antigen, leading to pulmonary fibrosis.

The observation that reduced IFN-γ expression in Th-17 cells, from sarcoidosis peripheral
blood and BAL following TCR stimulation is noteworthy (Fig. 6), as this could be an
important contributor to sarcoidosis immunopathogenesis. Adequate expression of IFN-γ is
important for macrophage activation and cellular cytotoxicity [33]. Inferior production of
IFN-γ in Th17 cells has been previously reported in tuberculosis subjects co-infected with
filariasis [34]. This reduced expression is associated with inhibitory effects on protective
immunity against microbial virulence factors. We noted restoration of the T cell response
with IFN-γ expression similar to healthy controls among sarcoidosis subjects who
spontaneously resolved their disease; subjects with progressive disease continued to have
diminished IFN-γ expression (manuscript under review). IFN-γ is a key mediator in the
adaptive immune response. The observation of reduced expression in Th1 and Th17 cells
suggests that while sarcoidosis immunopathogenesis is characterized by enhanced Th1
immune responses, IFN-γ expression following TCR stimulation is inferior to healthy
controls. The expression of IFN-γ may not be sufficient to support immunologic clearance
of antigenic perpetuators of sarcoidosis pathogenesis.

There was increased production of IFN-γ in the sarcoidosis IL-17A+TCR γδ cells, compared
to healthy controls (Fig. 2). This demonstrates that not every IL-17 secreting cell population

Richmond et al. Page 6

J Clin Immunol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



demonstrates reduced IFN- expression upon TCR stimulation. This population of IL-17
secreting cells has been noted to be important protectors against collagen deposition in the
murine lung model of hypersensitivity pneumonitis [35]. This was the smaller population of
IL-17 secreting cells within sarcoidosis PBMC. Future studies to assess for distinctions in
the IL-17 secreting populations of sarcoidosis subjects with and without fibrosis is
warranted, as it could provide new therapeutic targets. We will also determine if distinctions
in the effector memory Th17 population are present between sarcoidosis and control
subjects.

Overall, these studies enhance current understanding of sarcoidosis Th17 cells by
demonstrating their antigen-specific nature with sarcoidosis BAL, as well as the reduced
cytokine expression. Further investigation of the mediators of IFN-γ expression within
Th-17 cells and Th1 CD4+ T cells is necessary in order to better understand their
contribution to sarcoidosis pulmonary fibrosis and clinical outcome.
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Fig. 1. Patients with sarcoidosis have a greater frequency of Th-17 cells in the peripheral blood
compared to healthy controls
a Analysis of the mRNA expression of the master transcription factor retinoic acid-related
orphan receptor RORγt from CD4+ T cells isolated from the peripheral blood of healthy
controls, (n=6) and sarcoidosis patients (n=10). b CBA analysis of IL-17A production from
polyclonally activated CD4+ T cells isolated from the peripheral blood of healthy controls
(diamonds, n=11) and patients with sarcoidosis (squares, n=28). c Representative plots of
flow cytometric detection of intracellular IL-17A and surface expression of IL-23R on
CD4+ T cells from polyclonally activated PBMC. d Frequencies of IL-17A+CD4+ and
IL-23R+CD4+ from polyclonally activated PBMC of healthy controls (diamonds, n=11) and
patients with sarcoidosis (square, n=25). P values are indicated
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Fig. 2. Patients with sarcoidosis have a greater frequency of IL-17A+and IFN-γ+TCR γδ cells in
the peripheral blood as compared to healthy controls
a Representative plots of intracellular IL-17A and IFN-γ in TCR γδ cells from polyclonally
activated PBMC of healthy controls and patients with sarcoidosis. b Frequencies of IL-17A
+TCR γδ+and IFN-γ+TCR γδ+from polyclonally activated PBMC of healthy controls
(diamonds, n=9) and patients with sarcoidosis (squares, n=16). P values are indicated
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Fig. 3. Patients with sarcoidosis exhibit an ESAT-6 specific Th-1/Th-17 response
a Representative plots of flow cytometric detection of production of intracellular IL-17A,
surface expression of IL-23R and production of intracellular IFN-γ in CD4+ T cells from
ESAT-6 stimulated PBMC of healthy controls and patients with sarcoidosis. b Frequencies
of IL-17A+CD4+ and IL-23R+CD4+ from ESAT-6 stimulated PBMC of healthy controls
(diamonds, n=9) and patients with sarcoidosis (squares, n=24). c Representative plots of
flow cytometric detection of production of intracellular IFN-γ in CD4+ T cells from
ESAT-6 stimulated PBMC of healthy controls and patients with sarcoidosis. d Frequencies
of CD4+ T cells expressing IFN-γ from ESAT-6 stimulated PBMC of healthy controls
(diamonds, n=9) and patients with sarcoidosis (squares, n=24). P values are indicated
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Fig. 4. Sarcoidosis BAL cells exhibit an ESAT-6 specific Th-1/Th-17 response
a Representative plots of flow cytometric detection of production of intracellular IL-17A
and production of intracellular IFN-γ in BAL CD4+ T cells from polyclonally activated
BAL cells of disease controls and patients with sarcoidosis. b Frequencies of IL-17A+CD4+
and IFN-γ+ CD4+ T cells from polyclonally activated BAL of disease controls (diamonds,
n=5) and patients with sarcoidosis (square, n=10). c Representative plots of flow cytometric
detection of production of intracellular IL-17A and production of intracellular IFN-γ in BAL
CD4+ T cells from ESAT-6 stimulated BAL cells of disease controls and patients with
sarcoidosis. d Frequencies of IL-17A+CD4+ and IFN-γ+CD4+ from ESAT-6 stimulated
BAL cells of disease controls (diamonds, n=5) and patients with sarcoidosis (squares,
n=10). P values are indicated
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Fig. 5. Sarcoidosis BAL Tregs do not produce IL-17
a Frequencies of IL-17A+CD4+FoxP3+ and IFN-γ+CD4+FoxP3+ cells from polyclonally
activated BAL of disease controls (diamonds, n=5) and patients with sarcoidosis (square,
n=10). FoxP3 used a marker for Tregs. b Frequencies of IL-17A+CD4+FoxP3+ and IFN-γ
+CD4+FoxP3+ cells from ESAT-6 stimulated BAL from disease controls (diamonds, n=5)
and patients with sarcoidosis (squares, n=10). P values are indicated
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Fig. 6. Sarcoidosis Th-17 cells demonstrate reduced IFNγ expression
a Representative gating strategy used for identification of the IFN-γ producing CD4+IL-17A
+cells. b Percent of Th-17 cells producing IFN-γ following polyclonal activation of PBMC
from healthy controls (triangles, n=9) and sarcoidosis patients (squares, n=24). c Median
fluorescent intensity (MFI) of IFN-γ expression on CD4+IL-17A+cells following polyclonal
activation of PBMC of healthy controls (triangles, n=9) and sarcoidosis patients (circles,
n=24). P values are indicated
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Table I

Demographics of sarcoidosis and control population

Sarcoidosis (37) Healthy Control (14) P value

Sex (M/F) 11/26 2/12 NS

Age (yrs) 51.7±9.4 42.4±11.4 NS

Race (C/AA) 23/14 7/7 NS

Site of involvement 19 Lung/18 Skin NA NA

Scadding Stage
a
 0/I/II/III/IV 0/1/6/2/1 NA NA

Immunosuppression (Yes/No) 11/26 NA NA

M Male, F Female, Yrs years, C Caucasian, AA African American

a
Chest X-rays at the time of study entry were not available on all pulmonary subjects
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