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SUPPLEMENTAL METHODS 

 

Immunohistochemistry. Paraffin tissue sections were stained by immunohistochemistry 

(IHC) using antibodies specific for AA amyloid and SAA (clone mc1; Dako; Carpinteria, 

CA, USA), β-amyloid (Aβ) (clone 6F/3D, Dako), human prion protein (PrP27-30) (clone 

RDI-PRIONabG; Research Diagnostics Inc., Concord, MA, USA), or serum amyloid P 

(SAP) (clone NCL-PCOMp; Novocastra; Newcastle upon Tyne, United Kingdom). 

Briefly, for SAA and SAP, slides were de-paraffinized in xylene, hydrated through 

graded alcohols, incubated with trypsin (T7168; Sigma-Aldrich; St. Louis, MO, USA) or 

pronase (DAKO) for antigen retrieval, blocked with incubations in 0.3% H2O2 in 

methanol and in serum free block (X0909; Dako), and then incubated with primary 

antibody. For Aβ and PrP27-30, formic acid digestion was used for antigen retrieval. 

Negative control staining was performed using a matched concentration of the 

appropriate non-specific isotype control antibody for SAA (mouse IgG2a; clone X0943; 

Dako), Aβ (mouse IgG1; clone X0931; Dako), PrP27-30 (goat polyclonal Ig; clone sc-

2028; Santa Cruz Biotechnology; Santa Cruz, CA, USA), and SAP (rabbit polyclonal Ig; 

clone X0936; Dako). Detection of antibody staining was achieved using a biotinylated 

secondary antibody (Dako) followed by incubation with an avidin-biotin-horseradish 

peroxidase complex (PK6100; Vector Labs) and development with DAB (3,3-

diaminobenzidine) substrate (SK4100; Vector Labs; Burlingame, CA, USA); slides were 

then counterstained with hematoxylin (HT1079; Sigma). Slides were dehydrated with 

graded alcohols and xylene, and mounted with coverslips. IHC staining for CD3 (clone 

A0452; Dako) and CD68 (clone M0814; Dako) was performed by the Johns Hopkins 
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Hospital Department of Pathology using clinical laboratory accredited methods. Staining 

with Congo Red and Thioflavin T was performed on frozen or paraffin embedded 

archived tissues by the Johns Hopkins Hospital Department of Pathology using clinical 

laboratory accredited methods. The presence of amyloid was assessed using Nomarski 

differential interference contrast (DIC), fluorescence microscopy using a FITC filter, or 

brightfield microscopy with polarizing filters. 

All tissues were examined for SAA/AA staining (see Supplemental Table E1). 

The number of sarcoidosis tissues stained with other reagents include the following:  

thioflavin-T and Congo Red: lung (18), LN (12), skin (6), spleen (2); Aβ: lung (10), skin 

(2), spleen (2); SAP: lung (10); PrP27-30 lung (8); isotype controls for SAA: lung (15), 

LN (15). 

 

Morphometric analysis of human tissues. For quantitative histological analysis, at least 

20 digital images of representative high power fields were obtained from each tissue 

section, and quantification of IHC staining (DAB, brown) was determined using 

ImagePro software (Media Cybernetics; Bethesda, MD, USA) (E1, 2). To account for 

differences in tissue area and cellularity between samples, the area of nuclei staining by 

hematoxylin (blue-violet) for each corresponding high power field was also quantified by 

this method. For tissues from infectious granulomatous diseases, only areas of non-

caseating granulomatous inflammation located at least 1 high power field away from 

necrotic foci were imaged for analysis. 

To concomitantly analyze the extent of SAA and collagen deposition, six tissues 

that contained both the presence of cellular granulomas (>10 mononuclear cells per 
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granuloma to exclude acellular hyalinized granulomas) and visible extracellular matrix 

on initial H&E stained sections were stained by IHC for SAA as described above with 

the following changes: following incubation with biotinylated secondary antibody, slides 

were incubated with an avidin-biotin-alkaline phosphatase complex (AK5000; Vector 

Labs) and development with Vector Blue substrate (SK4100; Vector Labs). To detect 

collagen, slides were counterstained with Sirius Red (Sigma) in picric acid (E3). 

Quantification of SAA (blue) was performed by digital brightfield microscopy and 

analyzed by Image Pro software. Quantification of collagen stained by Sirius Red by 

digital microscopy was determined using both polarized and unpolarized light. 

The dynamic range of the anti-SAA/AA mc-1 antibody for quantitative 

immunohistochemistry was determined by dot-blot analysis using serial dilutions of SAA 

and serial dilutions of anti-SAA/AA antibodies (Supplemental Figure E5A). Serial 2-fold 

dilutions of recombinant SAA (Peprotech) in Tris buffered saline (TBS) were passively 

adsorbed onto nitrocellulose membrane (BioRad) using a BioDot apparatus. The 

amount of SAA loaded per well ranged from 0.0312ng to 16ng. To demonstrate 

specificity of SAA detection, wells were loaded with 0.500ng of transthyretin (TTR, 

amyloid precursor), human albumin (huAlb; Sigma), or S100A (a calgranulin; Sigma). 

The blot was blocked with 1% BSA in TBS, then exposed to 1:200 dilution of anti-

SAA/AA antibody (clone mc1). Detection of antibody staining was accomplished by 

subsequent incubations with 1:3000 dilution of secondary antibody (biotinylated anti-

mouse Ig) and avidin-biotin alkaline phosphatase complex (AK-5000; Vector Labs), and 

development with appropriate red substrate (SK-5100; Vector Labs). For each blotted 
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sample, the area of SAA staining was quantified by digital brightfield microscopy and 

expressed in pixels. 

To further characterize the operational characteristics of the anti-SAA/AA 

antibody, a second blot was constructed using a fixed amount of SAA per well (0.50 ng), 

which was the amount of SAA that was uniformly detected by the first analysis 

(Supplemental Figure E5B). The blot was then blocked, incubated with serial 2-fold 

dilutions of anti-SAA/AA antibody ranging from 1:25 to 1:1600, followed by incubations 

with 2° antibody, enzyme complex, and substrate as outlined above. Negative control 

conditions included wells incubated with either 1° antibody alone or 2° antibody alone, 

or wells not loaded with SAA. 

 

Human SAA measurement. Human SAA was measured by ELISA (KHA0012; 

Biosource). Frozen aliquots of undiluted BAL fluid were analyzed in duplicate using the 

standard protocol recommended by the manufacturer. A cohort of non-infected patients 

diagnosed with lymphoma at bronchoscopy, served as a positive non-infectious control 

group. Of four patients tested, three had elevated levels of SAA in BAL fluid (mean SAA 

level 158+/- 113 ng/ml, range 0-495). 

 

Chemicals and reagents. Recombinant human SAA (Peprotech; Rocky Hill, NJ, USA) 

was passed 3 times through an endotoxin-binding column (EndoTrap Red; Profos; 

Regensburg, Germany), to reduce the endotoxin content from an average of 250 

Endotoxin units per 1mg stock SAA (25 pg LPS / μg SAA) to <0.3 pg LPS / μg SAA for 

use in all experiments. Synthetic TLR2 agonist Pam3CSK (Pam3), TLR2 agonist M. 
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smegmatis lipomannan (LM), TLR4 agonist E. coli strain K12 lipopolysaccharide (LPS), 

or TLR8 agonist GU-rich single-stranded RNA 20-mer (ssRNA) were from Invivogen 

(San Diego, CA, USA). Polymyxin B (PMX) was from Sigma-Aldrich. Unfractionated cell 

wall free intracellular extracts from the lysates of Mycobacterium tuberculosis (whole 

cell lysate, WCL) and the anti-mKatG monoclonal antibody IT-57 (E4) were obtained 

from Colorado State University as part of NIH, NIAID Contract No. 

HHSN266200400091C, entitled "Tuberculosis Vaccine Testing and Research 

Materials," www.cvmbs.colostate.edu/mip/tb/cellysate.htm. 

 

Cell culture experiments. THP-1 cells transfected with an NFκB-inducible reporter 

plasmid expressing a secreted embryonic alkaline phosphatase (SEAP) and selectable 

by the antibiotic zeocin (100μg/ml) (THP-1 Blue™, Invivogen) were differentiated 

overnight with PMA (10μg/ml), then incubated with media alone, SAA (10μg/ml), Pam3 

(100ng/ml) or LPS (100ng/ml) in the presence of PMX (10μg/ml). After 18-22hrs of 

incubation, NFκB induction was quantified by the determination of SEAP activity in the 

resulting conditioned media using a colorimetric assay (QUANTI-Blue™; Invivogen) 

read at 650nm. Selected experiments were performed in the presence of blocking 

antibodies to TLR2 (clone T2.5, 40μg/ml; eBioscience) or equal amount of nonspecific 

isotype control antibody (clone MOPC-21; BD Biosciences; San Jose, CA, USA). 

Human embryonic kidney cell lines (HEK-293) that had been transfected with 

either an expression plasmid for human TLR2 (293-TLR2; Invivogen) or an empty 

plasmid (293-null cells; Invivogen) were grown in media (DMEM + 10% FCS) in the 

presence of the antibiotic blasticidin (10μg/ml) to maintain selection for these 



 

 E7

transfectants. To detect the induction of NFκB, 293-TLR2 or 293-null cells were 

transiently transfected overnight with pNiFty™ and then incubated with media alone, 

SAA (10μg/ml), Pam3 (100ng/ml), LM (100ng/ml), LPS (100ng/ml), or ssRNA (10μg/ml). 

After 18-22hrs of incubation, NFκB signal transduction was determined by quantifying 

SEAP activity in the conditioned media using a colorimetric assay as outlined above. 

 

Animal experiments. Animal studies were approved by the Johns Hopkins Animal Care 

and Use Committee. Experiments followed the basic design of rodent models of 

granulomatous lung inflammation previously described by other investigators (E5-10). 

Using female Lewis rats (Charles River Laboratories), animals were immunized by 

intraperitoneal injection with 10μg of M. tuberculosis whole cell lysate (Mtb-WCL) or 

recombinant M. tuberculosis catalase-peroxidase (mKatG) in 200μl of a 1:1 mixture of 

PBS and complete Freund’s adjuvant (Sigma) or for experiments testing the effects of 

SAA, incomplete Freund’s adjuvant (Sigma). Sepharose 4B CNBr beads were coupled 

to mKatG, WCL, or no antigen (uncoated, sham reacted) according to the 

manufacturer’s recommendations (GE Amersham). 14d after immunization, rats 

received by tail vein IV injection either 500μg of blocking antibodies to TLR2 (clone 

T2.5; eBioscience) or equal amount of non-specific control antibody 10min before SAA 

(1mg), which was given 5min before sepharose beads. In other experiments, 

neutralizing antibodies to rat-specific TNFα (500μg; BioLegend) or IL10 (500μg; R&D 

Systems), or equal amount of isotype control Ab were used to block the effects of these 

cytokines. For comparison, other groups of rats received transthyretin (TTR, 1mg) as a 

control (amyloid precursor) human protein, or a dose of 50ng LPS. Rats were sacrificed 
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at 1 day, 4 days, or 3 weeks after bead administration. Experiments were performed on 

the same shipment lot (n=2-4 rats per group) for individual comparisons. 

To model the effects of repeated SAA administration in experimental Th1 driven 

granulomatous lung inflammation, female C57BL/6J mice (Jackson Laboratories) were 

immunized by intraperitoneal injection with 5μg of recombinant mKatG in 100μl of a 1:1 

mixture of PBS and incomplete Freund’s adjuvant (Sigma). Fourteen days later, mice 

received an intraperitoneal injection of SAA (200μg) or saline alone (negative control) 

prior to exposure to mKatG-coated sepharose beads administered by orotracheal 

instillation (E3, 11) that induced pulmonary granulomatous inflammation associated with 

upregulation of Th1 cytokines (unpublished data). Mice were sacrificed at 4 days or 2 

weeks following bead administration. Animals in the 2-week group received a second 

dose of SAA or saline at 1 week for a total of 2 doses. Experiments were conducted 

with animals from the same shipment lot (n=5 mice per group) for individual 

comparisons. 

For quantitative histological analysis of granulomatous inflammation in the lung, 

an index of granuloma size was estimated from the mean radii taken at perpendicular 

axes from the bead wall. Briefly, for each animal, the left upper lobe was identified by 

open chest dissection and isolated by tying off the right mainstem bronchus and the 

other lobes removed and immediately frozen for other studies. The trachea was 

intubated with a 20 gauge IV catheter, and the left upper lobe inflated with zinc formalin 

(Fisher Scientific). The lung was preserved 24-48 hours in zinc formalin, sectioned 

across the long axis into 4-5 slices, then imbedded in toto in paraffin for sectioning. 

Slides were stained with H&E and examined by digital brightfield microscopy. 
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Measurements of granulomatous inflammation were determined around all beads 

visualized (ImageJ; NIH, http://rsbweb.nih.gov/ij/). Approximately 30-120 granulomas 

were analyzed in each rat lung, and 20-50 granulomas were analyzed in each mouse 

lung. The percent inhibition of the SAA effect on mean granuloma size by anti-TNF or 

anti-IL10 was calculated as the difference between mean granuloma size in animals 

receiving blocking antibodies and mean granuloma size in animals receiving isotype 

control antibodies, divided by the mean granuloma size in animals receiving isotype 

control antibodies (reference condition). 

Splenocytes were harvested from mKatG-sensitized animals and cleared by 

differential centrifugation over Ficoll gradient. For stimulation experiments, cells were 

incubated overnight in media alone (HBSS with 5% FBS, 1% pyruvate, 1% non-

essential amino acids, 1% pen-strep antibiotics, 50μM 2-mercaptoethanol), SAA 

(10μg/ml), Pam3 (100ng/ml), mKatG (10μg/ml), or human albumin (10μg/ml; Sigma), 

with or without the addition of 20μg/ml anti-TLR2 antibodies or equal amount of isotype 

control Ab. Cytokine measurements were determined by ELISA (R&D Systems) from 

cell free supernatants. Antigen-specific proliferation was determined after 6d incubation 

with mKatG by CFSE dilution as previously described (E12). 

 

Mycobacterial extracts from mkatG modified M.tuberculosis.  M. tuberculosis isoniazid-

resistant strain B1453 with katG deletion (E13) and the complemented strain (E14) were 

grown to late-log phase (14 days) in Middlebrook 7H9 liquid medium supplemented with 

10% albumin-dextrose-catalase. Cells were harvested by centrifugation at 4,000 RPM 

for 15 min, and cell pellets were washed and resuspended in the same volume of 50 
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mM Tris-HCl pH 7.5, 1 mM EDTA and 0.1mm glass beads. Cells were disrupted by 

vigorous bead-beating in a bead-beater for two cycles of 30 seconds each with cooling 

of the samples in between the two cycles for 10 min on ice. Clear cell lysate was 

separated from cell debris and glass beads by centrifugation (12,000g for 10 min) at 

4°C and filtered with 0.22 µM filter before use. Protein concentration was determined by 

Bradford protein assay. 

 

Recombinant mKatG preparation. Recombinant Mtb KatG protein was isolated and 

prepared using an E. coli UM255 strain overexpression system carrying a plasmid 

construct pYZ56 containing the wild-type M. tuberculosis katG gene in a 2.9 kD EcoRV-

KpnI fragment in pUC19 vector as previously described (E12, 13). Protein extracts were 

prepared by sonication on ice, and the purification of the KatG protein performed by 

purification by size exclusion chromatography following the methods previously 

described (E15). The purified KatG protein was at least 95% pure. 

 

Protein immunoblot. Protein immunoblotting using the anti-mKatG monoclonal antibody 

IT-57 was performed as previously described (E15). 

 

Human lung cell preparation. Lung mononuclear cells were obtained from BAL and 

prepared as previously described (E16). BAL supernatant was separated from cells by 

centrifugation, stored at -80°C, and levels of SAA were determined by ELISA 

(Biosource; Carlsbad, CA, USA). BAL cells were washed with PBS, resuspended in 

complete media (RPMI, 10% pooled human AB serum (Sigma), 1% penicillin-
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streptomycin (Biosource) and incubated (1 x 106 cells/ml) for 24 hrs with media alone or 

SAA (10μg/ml) in the presence of PMX (10μg/ml), or LPS (100ng/ml). Selected 

experiments were performed in the presence of blocking antibodies to TLR2 (clone 

T2.5, 20μg/ml; eBioscience; San Diego, CA, USA) or equal amount of nonspecific 

isotype control antibody (clone MOPC-21; BD Bioscience). Cell-free supernatants were 

collected and cytokine levels were measured by ELISA (TNF, IL10 BD Biosciences; 

IL18 R&D Systems). 

 

Flow cytometry. Data was obtained using a FACSCalibur flow cytometer (BD 

Bioscienes), with 200-300x103 events acquired for each sample as previously described 

(E12). Subsets of BAL cells were identified using monoclonal antibodies against 

monocyte (CD14 clone M5E2) and lymphocyte (CD3 clone UCHT1) surface markers 

from BD Biosciences. Surface expression of TLR2 expression was determined using a 

monoclonal antibody against human TLR2 (clone 11G7) with comparison made using a 

non-specific isotype control antibody (clone MOPC-21) labeled with the same 

fluorochrome. The mean fluorescence intensity (MFI) of surface TLR2 expression on 

CD14+ cells was calculated using FlowJo software (Tree Star; Ashland, OR, USA). 
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 SUPPLEMENTAL FIGURE LEGENDS 

 

Supplemental Figure E1. 

Representative photomicrographs of lung and lymph node tissue sections stained by 

IHC with non-specific isotype control antibody (top row) corresponding to representative 

sections stained for SAA/AA from Fig. 1A (bottom row). 

 

Supplemental Figure E2. 

Representative IHC staining for serum amyloid P (SAP) (top row) or SAA/AA (second 

row) in consecutive sections of sarcoidosis lung tissue or positive control staining for AA 

amyloid; representative staining of positive control tissues for SAA, SAP (kidney tissue 

affected by AA amyloid), or for Aβ (brain affected by Alzheimer’s disease) (third row); 

representative staining of sarcoidosis granulomas with Congo Red visualized with 

standard bright field microscopy (left) or polarized light (center) with SAA/AA staining by 

IHC (right) (bottom row). 

 

Supplemental Figure E3. SAA staining in additional tissues with non-

granulomatous lung disease. 

Representative photomicrographs of SAA/AA staining of tissues representing normal 

lung, emphysema, constrictive bronchiolitis, cryptic organizing pneumonia (COP), 

cellular non-specific interstitial pneumonia (NSIP), fibrotic NSIP, hypersensitivity 

pneumonitis, non-small cell lung cancer (NSCLC), pulmonary lymphoma, lymphocytic 

interstitial pneumonia (LIP) and LN tissues from smokers and non-smokers. 
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Supplemental Figure E4. Tissue expression of serum amyloid A correlates with 

surrounding fibrosis. 

(A) Photomicrographs of SAA staining in sarcoidosis lung tissue samples determined by 

immunohistochemistry (IHC, blue staining), quantified using computer assisted 

microscopy (see online Supplemental Methods). Sections were counter-stained with 

Sirius Red. Quantification of Sirius Red staining was determined using both unpolarized 

light (top row) and polarized light (bottom row). (B) Plots showing correlation analysis of 

SAA staining and the detection of collagen by Sirius Red staining per high power field 

visualized both by unpolarized and polarized light. 

 

Supplemental Figure E5. Dynamic range of SAA detection by protein immunoblot. 

(A) Serial dilutions of SAA (total amount per well indicated in nanograms) or control 

proteins (S100A, transthyretin (TTR), human albumin (huAlb)) were adsorbed onto 

nitrocellulose membrane using a dot blot format (BioRad) (see online Supplemental 

Methods). The blot was incubated with 1° antibody (1:200 dilution of anti-SAA/AA) 

followed by 2° antibody (1:3000 dilution of biotinylated goat anti-mouse). SAA staining 

was quantified using ImagePro; area of positive SAA staining was detected by 

ImagePro indicated in blue outline, with quantification results as shown. (B) Detection of 

SAA (0.5ng per well) using serial dilutions of anti-SAA/AA 1° antibody. Control wells 

contained either 1° antibody alone, 2° antibody alone, or no SAA. 
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 Supplemental TABLE EI— Tissues Analyzed by Immunohistochemistry 

Pathology  Tissue  n 
     

Sarcoidosis  lung  18 
  lymph node  12 
  pleura  2 
  skin  8 
  spleen  2 
  brain (dura mater)  1 
  liver  2 
     

Hypersensitivity pneumonitis  lung  2 
Cryptogenic organizing pneumonia  lung  5 
Lymphocytic interstitial pneumonia  lung  1 

Usual interstitial pneumonia  lung  6 
Non-specific interstitial pneumonia  lung  6 

Constrictive bronchiolitis  lung  1 
     

Wegener granulomatosis  lung  4 
Crohn’s disease  colon  6 

     
M. tuberculosis infection  lung, lymph node  2 

M. avium-intracellulare infection  lung  2 
Histoplasma infection  lung  1 
Aspergillus infection  lung  3 

     
Chronic beryllium disease  lung  4 

     
No pathology  lung  5 

  lymph node  8 
     

Smoker / COPD /emphysema  lung  5 
  lymph node  6 
     

Hyalinized lymph node  lymph node  3 
     

Lung cancer  lung  6 
Pulmonary lymphoma  lung  1 
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Supplemental Figure E5 
 
A 

 

c d e f g h i 

SAA 0.5 SAA 1 SAA 2 SAA 4 SAA 0.06 SAA 0.12 SAA 0.25

j k l m n 

S100A TTR huAlb SAA 8 SAA 16 

a b 

SAA 0.03 SAA 0 

 
dot Protein Amount (ng) SAA area 
a SAA 0 0 
b SAA 0.0312 0 
c SAA 0.0625 0 
d SAA 0.125 286 
e SAA 0.250 553 
f SAA 0.500 1780 
g SAA 1 1828 
h SAA 2 1884 
i SAA 4 2387 
j SAA 8 2103 
k SAA 16 2398 
l S100A 0.500 0 

m Transthyretin (TTR) 0.500 0 
n Human albumin (huAlb) 0.500 0 

 
B 

 

a b c d e f g h i j 

1:1600 no 1°Ab no SAA no 2°Ab 1:400 1:800 1:100 1:200 1:25 1:50 

 
dot SAA (ng) 1° anti-SAA/AA Ab (dilution) 2° Ab (dilution) SAA area 
a 0.500 1:25 1:3000 2579 
b 0.500 1:50 1:3000 2567 
c 0.500 1:100 1:3000 2393 
d 0.500 1:200 1:3000 1780 
e 0.500 1:400 1:3000 1584 
f 0.500 1:800 1:3000 0 
g 0.500 1:1600 1:3000 0 
h 0.500 0 1:3000 0 
i 0.500 1:200 0 0 
j 0 1:200 1:3000 0 

 


