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Materials and Methods 

Study population: 32 patients with sarcoidosis were included in this study (Table E1). In all 

cases the diagnosis was made by biopsy obtained either from the lungs or from lymph 

nodes and showing non-caseating epithelioid granulomas, with no evidence of inorganic 

material known to cause granulomatous diseases. According to our staging system for 

sarcoidosis, each patient  underwent BAL analysis (1). They were defined as having an 

active disease on the basis of the following characteristics: a) lymphocytic alveolitis (> than 

20 x 103 lymphocytes/ml); b) positivity to 67 Gallium scan; c) lung CD4/CD8 ratio more than 

5.0.  

On the basis of these criteria 18 BAL samples were obtained from patients with 

active sarcoidosis (mean BAL cell recovery 237,466 ±57,044; lymphocytes/mm3 62,962 

±11,082; CD4/CD8 ratio: 6.47 ±1.32). Apart from the BAL analysis, the assessment of 

disease activity included clinical features, chest radiograph, lung function tests, high 

resolution computed tomography and routine blood studies. Other 14 BAL samples were 

obtained by as many patients who were in the inactive phase of the disease either 

spontaneously or after therapy. Sequential BAL data performed during their clinic follow-up 

showed the regression of the lymphocyte alveolitis (mean BAL cell recovery 102,042 

±27,514; lymphocytes/mm3 8,343 ±1,469; CD4/CD8 ratio: 2.10 ±0.29). The average 

period of follow-up for this group of patients was 36  ± 15.3 (range from 18 to 46 months).  

Lung specimens were also obtained from the native lungs of 3 patients with 

refractory sarcoidosis and pulmonary fibrosis who underwent lung allograft transplantation. 

 Six  BAL healthy adult controls were selected (Table 1). 2 were nonsmoking, 

healthy subjects, and 4 evaluated for complaints of cough without lung disease subjects 

(Mean BAL cell recovery 125,393 ±20,594; lymphocytes/mm3 9,498 ±1,621; CD4/CD8 



ratio: 1,71  ±0.34). They showed normal physical examinations, chest X-rays and lung 

function tests. 

Preparation of cell suspensions: Following administration of local anesthesia, the BAL was 

performed as previously described (2). Briefly, a total of 150 to 200 ml of saline solution 

was injected via fiberoptic bronchoscopy in 25 ml aliquots, with immediate vacuum 

aspiration after each aliquot. The fluid was filtered through gauze and its volume 

measured: 55.1 ± 4.9 % of the injected fluid was recovered. Cells recovered from the BAL 

ware washed 3 times with PBS, resuspended in endotoxin tested RPMI 1640 (Sigma 

Chemical Co., St. Louis, MO) supplemented with nM HEPES and L-glutamine, 100 U/ml 

penicillin, 100 µg/ml streptomycin, and 10% FCS (ICN Flow, Costa Mesa, CA) and then 

counted. Alveolar macrophages (AMs), lymphocytes, neutrophils and eosinophils were 

differentially counted in a total count of 300 cells according to morphological criteria in 

cytocentrifuged smears stained with Wright-Giemsa. 

 AMs and BAL T cells were enriched from the entire mononuclear cell suspensions 

by rosetting with neuraminidase-treated SRBC followed by Ficoll-Hypaque gradient 

separations, as previously described. Following this multistep selection procedure, more 

than 95% of the above cells were viable, as judged by trypan blue exclusion. Staining with 

CD3 mAb (Caltag Laboratories Burlingame, CA) showed a percentage of CD3 T cells 

ranging from 98% to 100% in purified BAL T lymphocytes. 

Flow cytometry analysis: The commercially available conjugated or unconjugated mAbs 

used belonged to the Becton Dickinson, Immunotech and Pharmingen (San Diego, CA) 

series and included: CD3, CD4, CD8, CD45R0, IL-12Rβ2, isotype matched controls. Anti-

IL-4 and anti-IFN-γ mAbs were purchased from PharMingen. Purified or phicoerytrin (PE) -

conjugated anti-human CXCR6 mAb (clone 56811) (R&D Systems Inc, Minneapolis, MN) 



and a  purified goat anti-human CXCL16 (R&D Systems Inc) were also used for 

immunohistochemistry. 

 The frequency of BAL cells positive for the above reagents was determined by flow 

cytometry as previously described (2). Briefly, 10 µg/ml of mAbs were added to 106 cells, 

the mixture was incubated for 30 min at 4° C. The cells were then washed twice and 

resuspended in 0.5 ml of PBS for fluorescence-activated cell sorting (FACS) analysis. For 

direct fluorescence analysis, FITC- or PE-conjugated control isotype-matched mouse 

mAbs were used to set the fluorescence background (IgG1, IgG2a and IgG2b; Becton 

Dickinson). 

 For FACS analysis, 104 cells were acquired, and the expression was determined by 

overlaying the histograms of the sample stained with the different reagents. BAL fluid 

lymphocytes were gated in flow cytometry analysis with two different approaches: 1) 

physical characteristic of cells and 2) expression of the T cell-associated CD3 in the area 

of lymphocytes. The purity of the gates was always >98% of cells. 

 Cells were scored with a FACSCalibur analyzer (Becton Dickinson), and processed 

with the Macintoch Cell-Quest software program (Becton Dickinson). Expression of 

cytoplasmic cytokines was evaluated after fixing and permeabilization of the cell 

membranes with 100 µl of Fix&Perm reagent (Caltag Laboratories, Burlingame, CA) for 20 

min. After fixing and permeabilization procedures, anti-IL2Rβ2, anti-IFN-γ and anti-IL-4 

was added. 

Confocal microscopy: Purified T cells from BAL of patients with active sarcoidosis were 

stained at 4° C both with purified anti-CXCR6 (1:150) and FITC conjugated anti-CXCR3 

antibodies (1:150). Secondary staining for CXCR6 was with Texas-Red conjugated goat 

anti-mouse Ig (1:200). After incubation at 4° C for 15 min is followed a fixation with 4% 



formaldehyde. Cells were cytospun onto poly-D-lysine-coated glass coverslips. Then 

samples were analyzed by confocal microscope (Biorad 2100  Multiphoton; Hercules, CA) 

with X 60  objective lens (Nikon), using laser excitation at 488 nm. Signals for FITC and 

Texas-Red were collected sequentially to avoid bleed through. Images were analyzed 

using the Adobe Photoshop 7.0 program. 

RNA extraction, cDNA synthesis and SYBR Green real time PCR: Total cellular RNA was 

extracted from 5-10x106 sarcoid T lymphocytes using Rneasy Mini Kit (Qiagen, Germany), 

according to the manufacturer's protocol and treated with DNase (Qiagen, Germany). First 

strand complementary DNA (cDNA) was generated from 1 µg total RNA using oligo-dT 

primer and the AMV reverse transcriptase (Reverse Transcription System, Promega 

Corporation, Madison, WI, USA). 

Real-time quantitative PCR amplification reactions were carried out in an ABI Prism 

7000 sequence detection system (Applied Biosystems, Foster City, CA) in a 15 µl volume. 

SYBR Green PCR Master Mix was purchased from Appplied Biosystems (P/N 4309155), 

containing AmpliTaq Gold DNA Polymerase and optimized buffer components. A fraction 

of 5 µM primers and 1,5 µl of cDNA were added to SYBR Green master mix to make a 

final 15 µl reaction volume. The primers used for CXCL16, CXCR6 and GAPDH 

amplifications were: CXCL16: Forward 5’- ggC CCA CCA gAA GCA TTT AC -3’ Reverse 

5’- CTg AAg ATg CCC CCT CTg Ag -3’; CXCR6: Forward 5’- ATg CCA TgA CCA gCT 

TTC ACT-3’ Reverse 5’- TTA Agg CAg gCC CTC Agg TA -3’; GAPDH: Forward 5’- AAT 

ggA AAT CCC ATC ACC ATC T -3’  Reverse 5’- CgC CCC ACT TgA TTT Tgg -3’. PCR 

reactions were performed under the following conditions: 10 minutes denaturation at 95 °C 

followed by 95 °C 15 seconds, 60 °C 1 seconds cycled 50 times. Each quantitation target 

was amplified in triplicate sample. A no template control for each master mix and three 



standard curves were generated for GAPDH, CXCL16 and CXCR6 using total T cell cDNA 

in a serial dilution 1:1, 1:10, 1:100, and 1:1000. The relative amounts of mRNA were 

determined by comparison with standard curves. Each sample results were normalized for 

GAPDH expression. To distinguish specific amplicons from non-specific amplifications, a 

dissociation curve was generated. 

Migration activity of pulmonary T cells in response to CXCL16: T cell migration was 

measured in a 48-well modified Boyden chamber (AC48 Neuro Probe Inc.) (2). The 

chamber is made of two sections: different chemotactic stimuli were loaded in the bottom 

section while cells were added in the top compartment. Polyvinylpyrrolidone-free 

polycarbonate membranes with 3 µm pores (for lung T cells obtained from sarcoid patients 

Osmonics, Livermore, CA) and coated with fibronectin were placed between the two 

chamber parts. Only the bottom face of filters was pre-treated with fibronectin; the 

fibronectin pre-treatment maximises attachment of migrating cells to filters, avoiding the 

possibility that they may not adhere. Using this procedure in preliminary experiments we 

demonstrated that only a trivial number of cells may be recovered in the bottoms of the 

wells. To avoid the shedding of fibronectin, fibronectin-treated filters were extensively 

washed. In preliminary experiments, fibronectin-treated filters did not induce spontaneous 

chemotaxis in absence of chemokines.   

 To evaluate the migratory properties of pulmonary T lymphocytes, rhIP-10/CXCL10 

(200 ng/ml) and rhCXCL16 (120 ng/ml) were used. Thirty µl of chemokines or control 

medium were added to the bottom wells, and 50 µl of 5.0 x 106 cells/ml T cells 

resuspended in RPMI 1640 were added to the top wells. The chamber was incubated at 

37°C with 5% CO2 for 2 hours. The membranes were then removed, washed with PBS on 

the upper side, fixed, and stained with DiffQuik (Dade AG, Düdingen, Switzerland). Cells 



were counted in three fields per well at X 800 magnification. All assays were performed in 

triplicate.  

Immunohistochemical Analysis of CXCR6+ Cells and CXCL16-Producing Cells: 

Expression of CXCR6 and CXCL16 was measured by permanent section 

immunohistochemistry with anti-CXCR6 and anti-CXCL16 antibodies (R&D Systems Inc.) 

(2). Four-µm thick paraffin-embedded sections were used for immunostaining using the 

standard avidin-biotin complex method (Vectastain ABC Kit; Vector Laboratories, 

Burlingame, CA). The reliability of both antibodies in paraffin sections was compared with 

cryostatic (frozen) lung sections of two patients with active sarcoidosis. Sections were 

deparaffinized in xylene (5 min for 3 times) and rehydrated through graded ethanol (twice 

for 5 min in 100% ethanol, 3 min in 95% ethanol, 3 min in 70% ethanol, and 5 min in 

distilled H20). For the microwave antigen retrieval procedure, slides were placed in a 2-L 

glass beaker containing 0.01 mol/L citrate buffer, pH 5.9, and microwaved at full power 

(800 W for 5 min for 3 times) before cooling and equilibration in PBS.  

To neutralize endogenous peroxidase activity, slides were pretreated with 3% 

hydrogen peroxide for 5 min. Primary antibodies were applied at the following 

concentrations: anti-hCXCR6 mAb 1:100 and anti-hCXCL16 polyclonal 1:100 for 1 hr in a 

humidified chamber at 37°C. Immunoreactivity was detected using biotinylated secondary 

antibodies (1:1,000 goat anti-mouse and 1:50 rabbit anti-goat dilution in PBS-bovine 

serum albumin buffer) incubated for 45 minutes followed by a 30 min incubation with 

avidin-peroxidase (1:200) and visualized by a 7-minute incubation with the use of 0.1% 

3,3'-diaminobenzidene tetrahydrochloride as the chromogen. The intensity of antibody 

staining was classified in two groups: strong and weak. Parallel control slides were 

prepared either lacking primary antibody or lacking primary and secondary antibodies, or 

stained with normal sera to control for background reactivity. 



Effect of sarcoid cytokines on the expression of CXCR3 and CXCR6 in peripheral T 

lymphocytes from patient with sarcoidosis: To test the effects of cytokines that are known 

to be released in sarcoid microenvironment on the expression of CXCR3 and CXCR6 a 

time-course experiment was performed using highly purified T cells. T cells enriched as 

above described were cultured in 24-well plates at the concentration of 2 x 106 cells/ml 

(Corning, Corning, NY) with medium alone, IL-2 (400 IU/ml), IL-12  (10 ng/ml), IL-15 

(100 ng/ml), IL-18 (100 ng/ml), IFN-γ (10 ng/ml) for 2, 18, 24 hrs and 8 days  at 37°C in a 

5% CO2 atmosphere. Cells were collected at different time incubations, washed twice with 

PBS and the frequency of T cells expressing CXCR3 and CXCR6 was determined by flow 

cytometry as above described. Log mean fluorescence intensity (MFI) was obtained by 

subtracting the MFI of the isotype control sample from the MFI of the positively stained 

sample. In this way, the values of MFI represent the relative increase in fluorescence over 

the background value, reported as zero. Furthermore, to evaluate whether the differences 

between the peaks of the cells were significant with respect to the control values, the 

Kolmogorov-Smirnov test for analysis of histograms was used according to the 

CELLQuest software user's guide (Becton Dickinson).  

 

Statistical Analysis: Data were analysed with the assistance of the Statistical Analysis 

System. Data are expressed as mean ± SE. Mean values were compared using the 

analysis of variance test. A P value <0.05 was considered as significant. 
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Table E1: Demographic characteristics, BAL findings and disease activity in 32 
patients with histologically-proven sarcoidosis  
 

BAL findings 
 

 
Case 

 

 
Gender 

 
Age 

 
Smoking 
habitus Cell 

recovery 
Lymphocytes/

mm3 
CD4/CD8 

ratio 

Disease 

Activity* 

#1 M 37 NS 316148 62453 7.5 active 
#2 F 36 NS 189725 76943 8.5 active 
#3 F 50 NS 310963 52921 5.3 active 
#4 F 46 NS 81645 10027 1.8 inactive 
#5 M 35 S 200198 55087 4.9 active 
#6 F 29 NS 70969 9045 2.0 inactive 
#7 F 50 S 137298 7531 2.6 inactive 
#8 F 39 NS 245987 72590 7.8 active 
#9 F 43 S 121734 10625 1.6 inactive 

#10 M 38 NS 67009 8132 1.9 inactive 
#11 F 46 NS 153000 45691 5.3 active 
#12 M 36 NS 237987 57987 6.7 active 
#13 F 47 NS 210876 45907 6.9 active 
#14 M 33 S 183078 65043 6.4 active 
#15 M 27 NS 109402 5085 2.5 inactive 
#16 F 44 NS 337946 79665 7.9 active 
#17 F 47 NS 135104 8901 2.5 inactive 
#18 F 39 S 86310 8702 1.8 inactive 
#19 M 34 NS 175990 67844 6.9 active 
#20 F 50 NS 199490 71345 8.5 active 
#21 F 72 S 322000 69283 5.3 active 
#22 F 52 S 105311 9180 2.2 inactive 
#23 M 29 NS 112073 7090 2.1 inactive 
#24 M 30 NS 68972 9230 2.1 inactive 
#25 F 50 NS 131955 7524 1.9 inactive 
#26 M 36 NS 239746 46843 4.8 active 
#27 M 31 NS 195987 71900 7.2 active 
#28 F 55 NS 132743 9200 1.9 inactive 
#29 F 30 S 68058 6532 2.2 inactive 
#30 F 35 NS 198671 50500 7.5 active 
#31 F 51 NS 269456 71211 8.5 active 
#32 M 33 NS 287146 69456 5.3 active 

#Nor1 M 35 S 138453 9318 1.8 Nor 
#Nor2 F 33 NS 102792 6981 3.9 Nor 
#Nor3 M 26 S 122911 11344 2.0 Nor 
#Nor4 M 32 S 159420 8840 2.6 Nor 
#Nor5 F 24 NS 110327 11201 1.8 Nor 
#Nor6 M 36 NS 118453 9304 1.6 Nor 

*Patients were defined as having an active disease on the basis of the following characteristics: 
a) lymphocytic alveolitis (> than 20 x 103 lymphocytes/ml); b) positivity to 67 Gallium scan; c) lung 
CD4/CD8 ratio more than 5.0. 



Abbreviations used in the Table:  M: Male; F: Female; S: smoker; NS: no smokers; Nor: 
normal physical examinations, chest X-rays, lung function tests and BAL cell numbers. 




