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Sarcoidosis is a granulomatous disease of unknown etiol-
ogy, characterized by a Th-1 immunophenotype. Although
humoral immune responses by sarcoidosis subjects to my-
cobacterial proteins have been detected, mycobacterial antigens
capable of inducing cellular immune responses in sarcoidosis
subjects have not been reported. We used the enzyme-linked
immunospot assay to assess for recognition of the Mycobac-
terium tuberculosis mycolyl transferase, Antigen 85A, by pe-
ripheral blood mononuclear cells from 25 sarcoidosis subjects,
22 PPD− (purified protein derivative) healthy volunteers, and
16 PPD+ healthy subjects. Reactivity to Ag85A whole protein
was observed in 15 of 25 sarcoidosis subjects compared to 2 of
22 PPD− subjects (p = 0.0006, Fisher’s exact test) and to 14 of
16 PPD+ subjects (p = 0.084, Fisher’s exact test). Monoclonal
antibody against HLA-DR inhibited recognition. In addition to
immune recognition of Ag85A whole protein, peptide-mapping
studies identified four immunogenic Ag85A peptides, which in-
duced Th-1 immune responses in individual sarcoidosis subjects,
suggesting that multiple epitopes from a mycobacterial protein
may have a role in sarcoidosis immunopathogenesis.
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INTRODUCTION

Sarcoidosis is a disease of unknown etiology, character-
ized pathologically by noncaseating granulomas, which
most commonly involve the lung, skin, lymph node, and
eyes (1). Syndromes with similar pathologic and immuno-
logic features to sarcoidosis such as chronic beryllium
disease (2), hypersensitivity pneumonitis (3), and tuber-
culosis (4) illustrate that granulomatous disease may or
may not have an infectious etiology. Studies of T cell
receptor gene expression in sarcoidosis subjects reveal
oligoclonal collections of αβ+ CD4 + T cells at sites
of granulomatous inflammation, consistent with a ma-
jor histocompatibility complex (MHC)-restricted antigen-
driven process (5–7). While the antigen(s) responsible for
eliciting these responses have not been identified, review
of sarcoidosis pathology, immunology, and epidemiology
suggest that Mycobacterium antigens may be important
(4, 8, 9). Recent studies of humoral immunity also imply
that mycobacteria may be important in sarcoidosis im-
munopathogenesis. Song et al. noted IgG antibodies to
recombinant Mycobacterium tuberculosis (MTB) katG in
sera from 48% of sarcoidosis subjects compared to 0% in
sera from PPD− controls (p = 0.0059) (10). Dubaniewicz
reported that 12 of 37 sarcoidosis subjects demonstrated
a humoral response to MTB heat-shock protein 70 com-
pared to none of 18 controls (p = 0.000) and to 6 of 29
tuberculosis subjects (p = 0.07). Nine of 23 Stage II sar-
coidosis subjects demonstrated a higher frequency of anti-
MTB heat-shock protein 70 antibodies compared to 3 of
14 Stage I sarcoidosis subjects (p = 0.005) (11).

The Antigen 85 complex is comprised of three abun-
dantly secreted proteins: Antigen 85A, B, and C. These
proteins, present in all Mycobacterium species, function
to transfer mycolic acids, leading to the formation of
cord factor (α-α′-trehalose dimycolate) (12). This com-
plex also has been shown to induce strong CD4 + T cell
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responses during infection with MTB. In patients infected
with MTB or M. leprae, MTB Antigen 85A (Ag85A) has
been shown to induce strong T cell proliferative responses
as well as generate the production of interferon-γ (13).
Disruption of the genes encoding the three Ag85 compo-
nents of MTB suggests that Ag85A may be the most essen-
tial component for bacterial survival within macrophages
(14). Due to the pathologic and immunologic similarities
of sarcoidosis to tuberculosis, we assessed for immune
recognition of Ag85A by sarcoidosis subjects, PPD−
healthy volunteers, and subjects with latent tuberculosis
infection.

METHODS

Subject Population

This study was approved by the Vanderbilt University
Institutional Review Board for human studies, and in-
formed written consent was obtained from each study
participant. In this study, the following criteria were used
for patients with sarcoidosis: 1) clinical features had to be
consistent with sarcoidosis (i.e., acute respiratory illness
accompanied by erythema nodosum, hilar adenopathy,
and arthritis (Lofgren’s syndrome), or indolent progres-
sive pulmonary decompensation associated with radio-
graphic findings such as hilar adenopathy, reticulonodu-
lar infiltrates, or pulmonary fibrosis); 2) histopathologic
diagnosis of sarcoidosis had to be confirmed by a pathol-
ogist (i.e., specimens from each patient had confluent
noncaseating granulomas, well-circumscribed within the
surrounding tissue with a variable amount of peripheral
lymphocytic infiltration); and 3) known microbial causes
for granuloma formation had to be excluded by histo-
logic staining and culture for bacteria, fungi, and acid-fast
bacilli. Clinical information was obtained by chart review
and patient interviews. Healthy PPD negative (PPD−)
volunteers must have written documentation of a nega-
tive PPD test; PPD positive (PPD+) subjects had written
documentation of their PPD status through the Vanderbilt
employee health services and had no evidence of active
disease at the time of study enrollment. The PPD+ sub-
jects were those with latent tuberculosis, as defined by the
2000 American Thoracic Society/Center for Disease Con-
trol guidelines on Latent Tuberculosis using the criteria
of tuberculin skin testing, chest radiographs, and sputum
examination by acid-fast bacilli staining and culture (15).

Preparation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMC) were iso-
lated from blood drawn into tubes containing ethylenedi-

aminetetraacetic acid (EDTA) and separated by Ficoll–
Hypaque density gradient separation (Amersham Bio-
sciences) according to the manufacturer’s instructions.
The PBMC were cryopreserved in fetal calf serum with
10% dimethy sulfoxide (DMSO) and stored in liquid ni-
trogen until time of analysis.

Synthesis of Antigen 85A Whole Protein and Peptides

We acquired Ag85A whole protein from Colorado State
University through National Institutes of Health (NIH)
Contract HHSN266200400091c, “TB vaccine testing and
research materials.” Isolation of MTB Ag85A from cell
culture was performed as previously described in (16). Pu-
rity was confirmed by mass spectrophotometry. Twenty-
nine peptides, 20-mers, which overlap by 10, were de-
rived from the amino acid sequence of MTB Ag85A
(GenBank accession number NP218321) (Table I). Each
Ag85A peptide was synthesized by solid-phase F-moc
chemistry (Genscript Corporation, Scotch Plains, NJ) to
a purity of >70%. Identity was confirmed by mass spec-
troscopy, and purity was confirmed by high-performance
liquid chromatography.

Table I. Peptide Sequence and Amino Acid Position for MTB Ag85A

Peptide
name Sequence AA position

1 FSRPGLPVEYLQVPSPSMGR 1–20
2 LQVPSPSMGRDIKVQFQSGG 11–30
3 DIKVQFQSGGANSPALYLLD 21–40
4 ANSPALYLLDGLRAQDDFSG 31–50
5 GLRAQDDFSGWDINTPAFEW 41–60
6 WDINTPAFEWYDQSGLSVVM 51–70
7 YDQSGLSVVMPVGGQSSFYS 61–80
8 PVGGQSSFYSDWYQPACGKA 71–90
9 DWYQPACGKAGCQTYKWETL 81–100

10 GCQTYKWETFLTSELPGWLQ 91–110
11 LTSELPGWLQANRHVKPTGS 101–120
12 ANRHVKPTGSAVVGLSMAAS 111–130
13 AVVGLSMAASSALTLAIYHP 121–140
14 SALTLAIYHPQQFVYAGAMS 131–150
15 QQFVYAGAMSGLLDPSQAMG 141–160
16 GLLDPSQAMGPTLIGLAMGD 151–170
17 PTLIGLAMGDAGGYKASDMW 161–180
18 AGGYKASDMWGPKEDPAWQR 171–190
19 GPKEDPAWQRNDPLLNVGKL 181–200
20 NDPLLNVGKLIANNTRVWVY 191–210
21 IANNTRVWVYCGNGKPSDLG 201–220
22 CGNGKPSDLGGNNLPAKFLE 211–230
23 GNNLPAKFLEGFVRTSNIKF 221–240
24 GFVRTSNIKFQDAYNAGGGH 231–250
25 QDAYNAGGGHNGVFDFPDSG 241–260
26 NGVFDFPDSGTHSWEYWGAQ 251–270
27 THSWEYWGAQLNAMKPDLQR 261–280
28 LNAMKPDLQRALGATPNTG 271–290
29 PDLQRALGATPNTGPAPQGA 276–295
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ELISPOT Analysis for Interferon Gamma Production

ELISPOT assays were performed as described previ-
ously in (17). Briefly, prior to the addition of cells, 96-
well polyvinylidene difluoride-backed plates were coated
with anti-interferon-γ (IFN-γ ) mAb, 1-DIK (0.5 µg/ml;
Mabtech, Stockhlm, Sweden) at 4◦C overnight. The fol-
lowing day, PBMC were added directly at 105 cells/well
in R10 media (RPMI-1640 supplemented with 2 mM L-
glutamine, 50 IU/ml penicillin, 50 µg/ml streptomycin,
and 10% heat-inactivated fetal bovine serum (FBS) (In-
vitrogen Corporation, Irvine, CA), and then Antigen 85A
whole protein or a specific Ag85A peptide were added to
individual wells in duplicate (20 µg/ml final concentra-
tion). Phytohemagluttin A (PHA) or media alone served
as positive and negative controls, respectively. The plates
were incubated for 18 h at 37◦C in 5% CO2. After wash-
ing six times with phosphate buffered saline (PBS), the
plates were incubated for 2 h with biotinylated anti-IFN-
γ mAb, 7-B6-1 (0.5 µg/ml; Mabtech). After additional
washes, a 1:2000 dilution of streptavidin-alkaline phos-
phatase conjugate was added to each well for 2 h. The
plates were then washed, and IFN-γ -producing cells de-
tected after a 15 min color reaction using chromogenic
alkaline phosphatase substrate (BCIP/NBT Substrate Kit,
Vector Laboratories). Interferon-gamma- (IFN-γ ) pro-
ducing cells were counted using an IMMUNOSPOT 3 An-
alyzer (Cellular Technology Limited (C.T.L); Cleveland,
OH). Results were expressed as the number of spot-
forming cells (SFC) per 106 PBMC. The number of
antigen-specific IFN-γ -secreting cells was calculated by
subtracting the negative control value from the established
SFC count. Negative controls were always <50 SFC per
106 input cells. A positive response was defined as at
least 50 SFC/106 PBMC, and at least three times above
background. Assays using PBMC from PPD− , PPD+
and sarcoidosis subjects were performed simultaneously;
the technicians were blinded to the clinical diagnosis of
each study participant throughout the analysis.

Peptide Mapping

Due to limitations in the availability of PBMC of the
study participants, we screened the 29 Ag85A peptides
for immunogenic epitopes using PBMC from sarcoidosis,
PPD+ , and PPD− healthy volunteers. The immunogenic
epitopes for each group is described in the Results.

Class II HLA Restriction Analysis by Intracellular
Cytokine Staining of T Cells and by ELISPOT Analysis

The presenting MHC class II molecules were deter-
mined by the addition of monoclonal antibodies (mAb)

against HLA-DR, HLA-DP, or HLA-DQ (kindly pro-
vided as a gift from Dr. Andrew Fontenot (University
of Colorado Health Sciences Center, Denver, CO) at a
concentration of 3 µg/ml 1 h prior to the addition of
the Ag85A to 0.5–1.0 × 106 PBMC. To identify IFN-γ
and IL-2-secreting T cells in response to Ag85A, staining
with a combination of T cell surface markers, and intra-
cellular staining was performed as previously described
in (18). Briefly, 0.5–1.0 × 106 PBMC were incubated
with 10-µM Ag85A and the anti-CD28 and anti-CD49d
mAbs (1 µg/ml each; Becton Dickinson) at 37◦C under
5% CO2 for 2 h before addition of 10 µg of brefeldin A
(Sigma). Following a 13-h incubation at 37◦C under 5%
CO2, cells were washed and stained with the surface anti-
bodies anti-CD8 + and anti-CD4 + (Becton Dickinson)
at 4◦C for 30 min. After washing, fixation, and permeabi-
lization using Fix&Perm Kit, according to the manufac-
turer’s instructions (Caltag, Burlingame, CA), anti-IFN-γ
mAb (Becton Dickinson) was added at 4◦C for 30 min.
The lymphocyte population was identified using forward
and 90◦ light scatter patterns, and fluorescence intensity
was analyzed using a LSR II Multiparameter Cytometer
(Becton Dickinson Immunocytometry Systems). In the
case of inhibition assays by ELISPOT analysis, PBMC
were preincubated with anti-HLA-DR, anti-HLA-DP, or
anti-HLA-DQ mAb (3 ug/ml final concentration) at 37◦C
for 1 h before adding Ag85A to the wells. ELISPOT assay
was then performed as outlined above.

Statistical Analysis

Comparisons of the distribution of T cell frequencies
were performed using Kruskal–Wallis test. Categorical
comparisons, such as immune reactivity to mycobacterial
antigens by individuals within a group, were analyzed
using Fisher’s exact test. All performed comparisons are
reported, all p-values are two-sided, and all analyses were
performed using R (version 2.1.1) (19).

RESULTS

Study Participant Demographics, Clinical Site
of Involvement and Immunosuppression

Sixty-three subjects were recruited for participation
in the study: 25 sarcoidosis subjects, 22 PPD− healthy
volunteers, and 16 subjects with latent tuberculosis in-
fection. Of the sarcoidosis subjects, 32% were African-
American, 28% were male, and 56% were less than
50 years of age. Of the PPD− control patients, 50%
were African-American, 18% were male, and 78% were
less than 50 years of age (Table II). Among the PPD+
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Table II. Study Participant Demographics and Clinical Characteristics

Agea/Raceb/Sexc Site of involvementd Immunosuppression Ag85Ae 2 3 6 9

Sarcoidosis 1 34CF P None < 50 135 300 290 440
Sarcoidosis 2 41CF P, C None 330
Sarcoidosis 3 47CF P Steroids < 50 150 160 160
Sarcoidosis 4 56CF P None 66
Sarcoidosis 5 55CF P Steroids 86
Sarcoidosis 6 64CF P None 120 0 0 0 0
Sarcoidosis 7 55AAF P None 150 50 0 70 0
Sarcoidosis 8 48CF P None < 50 0 115 0 0
Sarcoidosis 9 51AAF C Steroids < 50
Sarcoidosis 10 42CM P None 160
Sarcoidosis 11 49AAF P, CNS Steroids 130 75 90 95 0
Sarcoidosis 12 51AAF P Steroids, pentoxifylline 110
Sarcoidosis 13 31AAM P, C, CNS Steroids 275
Sarcoidosis 14 53CF P, C Steroids 60
Sarcoidosis 15 61CF P Pentoxifylline 50
Sarcoidosis 16 37CM P None 120 0 0 0 0
Sarcoidosis 17 45AAF P None 200 75 60
Sarcoidosis 18 45CM P, C None 120 0 0 0 0
Sarcoidosis 19 22AAF C Steroids 180 0 0 0 125
Sarcoidosis 20 43AAF P None < 50 0 0 0 0
Sarcoidosis 21 56CM P Steroids < 50 0 0 0 0
Sarcoidosis 22 49CF P None < 50
Sarcoidosis 23 54CF P Humera < 50
Sarcoidosis 24 63CM P None < 50 0 0 0 0
Sarcoidosis 25 34CM P Steroids < 50 0 0 0 0
Control 1 23CM None None 120
Control 2 27AAF None None 200 0 0 50
Control 3 32AAF None None < 50 0 0 0 0
Control 4 24CF None None < 50
Control 5 37CF None None < 50
Control 6 25CF None None < 50
Control 7 31AAM None None < 50
Control 8 52CF None None < 50
Control 9 35CF None None < 50 0 0 0 0
Control 10 53CF None None < 50
Control 11 58CF None None < 50 0 0 0 70
Control 12 34AAF None None < 50
Control 13 31CM None None < 50
Control 14 43AAF None None < 50 0 0 0 0
Control 15 57CF None None < 50 0 0 0 0
Control 16 32CF None None < 50 0 0 0 0
Control 17 55AAF None None < 50 0 0 0 0
Control 18 35AAM None None < 50 0 0 0 0
Control 19 32AAF None None < 50 0 0 0 0
Control 20 42AAF None None < 50 0 0 0 0
Control 21 27AAF None None < 50
Control 22 33AAF None None < 50
PPD+ 1 34CF Latent None 75 240 0 0 140
PPD+ 2 41AAF Latent None 200 0 0 0 0
PPD+ 3 45CF Latent None 605 0 75 0 0
PPD+ 4 50CF Latent None 475 0 0 0 0
PPD+ 5 38CF Latent None < 50 0 0 0 0
PPD+ 6 63CF Latent None 500 0 0 0 0
PPD+ 7 58AAF Latent None 50 0 75 0 0
PPD+ 8 30CM Latent None 110 0 0 0 75
PPD+ 9 57AAM Latent None 1400
PPD+ 10 49CF Latent None 285 0 0 0 0
PPD+ 11 64CF Latent None 190 0 0 0 0
PPD+ 12 47CF Latent None 172
PPD+ 13 46CF Latent None 212
PPD+ 14 60AAF Latent None 70 0 0 0 0
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Table II. Continued

Agea/Raceb/Sexc Site of involvementd Immunosuppression Ag85Ae 2 3 6 9

PPD+ 15 49CF Latent None 630 0 0
PPD+ 16 49CF Latent None < 50 0 0 0 0

aAge in years.
bAA, African-American; C, Caucasian.
cF, female, M, male.
dP, Pulmonary; C, Cutaneous, CNS; Central nervous system.
eInteferon-γ producing spot-forming cells per million PBMC.

subjects, 25% were African-American, 13% were male,
and 62% were less than 50 years of age. Seventy-two per-
cent of the sarcoidosis subjects had pulmonary involve-
ment alone; 8% had cutaneous involvement alone; 20%
had pulmonary, cutaneous, and/or central nervous system
involvement (Table II). Forty-four percent of the 25 sar-
coidosis subjects were immune suppressed at the time of
study participation: one due to use of Humera, two due to
pentoxifylline with or without steroids, and eight due to
steroids alone. Neither the PPD− control subjects nor the
PPD+ subjects were on immunosuppressants or had any
evidence of active disease at the time of study enrollment
(Table II).

Identification of Immunogenic Ag85A Peptides
Among Study Participants

Screening analysis of Ag85A peptides identified a dis-
tinct pattern of recognition among the sarcoidosis and
PPD+ subjects. We tested 29 Ag85A peptides and as-
sessed for immune recognition among PPD+ , PPD− ,
and sarcoidosis subjects. While there was recognition of
multiple Ag85A peptides among the PPD+ subjects, the
greatest percentage of subjects responded to peptides 9,
14, 15, and 21 of the 29 Ag85A peptides (Fig. 1). Among
the sarcoidosis subjects, peptides 2, 3, 6, and 9 were most
frequently recognized of the 29 Ag85A peptides (Fig. 1).
There was no recognition of these four peptides among
the PPD− healthy volunteers tested (data not shown).
Due to the strong response to peptides 2, 3, 6, and 9 by the
sarcoidosis subjects, they were chosen for further analysis
in all study participants in whom PBMC were available
(Tables I and II).

Characterization of Ag85A Immune Reactivity
in Sarcoidosis Subjects

Among the 25 sarcoidosis subjects, 15 demonstrated
immune reactivity to Ag85A whole protein compared to
2 of 22 PPD− healthy volunteers (p = 0.0006, Fisher’s
exact test), and to 14 of 16 subjects (p = 0.084) with
latent tuberculosis infection (Table II). There were no

significant associations by sex, race, or site of involve-
ment and recognition of Ag85A. There were no associ-
ations between immune recognition and the presence of
immunosuppressants. Of the 11 sarcoidosis subjects who
were immune suppressed, 7 recognized Ag85A whole
protein, compared to 8 of 14 subjects who were not on
immune suppressants (p = 1.0). In order to determine
whether race had affected the findings, we performed a
multivariable logistic regression analysis, comparing ex-
pression of Ag85A among sarcoid and controls, and sar-
coid and PPD+ subjects, adjusting for race. Results were
consistent with the univariate analysis: sarcoid and con-
trols differed (odds ratio (OR) = 0.07; 95% confidence
interval (CI) = 0.013,0.36; p = 0.002), and sarcoid and
PPD+ appeared to differ, but this was not statistically
significant (OR = 4.6; 95% CI = 0.86, 25.0; p = 0.075).
The location of involvement by sarcoidosis also did not
alter the findings.

Comparison of the three groups also revealed a signifi-
cant difference in the distribution of the Ag85A-specific T
cell frequencies. The lack of reactivity in the PPD− group
is expected, considering that these subjects are healthy
volunteers with a negative skin test; likewise, the observa-
tion of a strong immune response to Ag85A protein among
the subjects with latent tuberculosis infection is consis-
tent with prior reports. The PPD+ subjects demonstrated
the largest percentage of subjects recognizing Ag85A
and also possessed the greatest median T cell frequency
(Fig. 2). Only two PPD− healthy volunteers responded
to Ag85A; the magnitude of recognition detected by these
two subjects was similar to that observed in the responding
sarcoidosis and PPD+ subjects. Although the sarcoido-
sis subjects possessed no histologic or culture evidence
to support infection with mycobacteria, immune recog-
nition of Ag85A whole protein was observed. The mag-
nitude of recognition in sarcoidosis subjects was lower
than that observed in the PPD+ subjects (p = 0.008), but
higher than that observed in PPD− subjects (p = 0.0008)
(Fig. 2).

Results of the peptide-mapping studies identified
Ag85A peptides 2, 3, 6, and 9 as the most immunogenic
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Fig. 1. Identification of immunogenic Ag85A peptides among sarcoidosis and PPD+ subjects. Both the sarcoidosis and
latent tuberculosis subjects recognized numerous Ag85A peptides, although distinct patterns of peptide recognition were
noted between both groups. Of the 29 Ag85A peptides, peptides 14 and 15 were recognized most frequently among the
subjects with latent tuberculosis. There was no recognition of these two peptides among the sarcoidosis subjects. Both groups
recognized peptides 2, 3, 6, and 9, but these peptides were detected at a higher frequency among the sarcoidosis subjects.

among the sarcoidosis subjects (Fig. 1; Table I). We as-
sessed for immune recognition of these four peptides
among 38 study participants from whom sufficient PBMC
were available (14 sarcoidosis, 11 PPD− control and 13
PPD+ control subjects). While 14 of the PPD+ subjects
recognized Ag85A whole protein, only four demonstrated
immune recognition to any of the four peptides (Table II).
Of the 11 PPD− healthy volunteers tested, nine lacked
recognition of Ag85A whole protein or any of the four
peptides. Seven of the 14 sarcoidosis subjects recognized
peptides 2, 3, 6, or 9; of these seven, five subjects recog-
nized two or more peptides (Table II). Peptides 3 and 6
were the most frequently immunogenic peptides among
the sarcoidosis subjects (Fig. 3).

Class II HLA-DR is Important in Immune Recognition
of Ag85A Whole Protein by Sarcoidosis Subjects

Prior reports have demonstrated the importance of
HLA-DR alleles in immune recognition of MTB and M.
leprae antigens (20, 21). Flow cytometry revealed that
immune recognition of Ag85A whole protein was con-
ducted primarily by CD4 + T cells and could be inhib-

ited by monoclonal antibody against HLA-DR, but not
with monoclonal antibody against HLA-DP or HLA-DQ
(Fig. 4a). Results from the flow cytometric analysis of
a representative subject are shown in Fig. 4b. Using
ELISPOT, we again assessed for Class II antigens im-
portant in presentation of Ag85A whole protein. Among
the sarcoidosis subjects, we observed partial or complete
inhibition of immune recognition of Ag85A whole protein
by monoclonal antibody against HLA-DR. Monoclonal
antibody against HLA-DP or HLA-DQ had little or no
effect on immune recognition by ELISPOT (Fig. 4b).

DISCUSSION

Previous reports have utilized immune recognition of
microbial antigens to identify potential infectious agents
(22). This work demonstrates a Th-1 immune response
to Ag85A whole protein and peptides from PBMC of
sarcoidosis subjects. Sarcoidosis immunology, epidemi-
ology, and pathology suggest that mycobacteria may be
important in its pathogenesis. Because there were immune
responses to Ag85A whole protein among subjects with
sarcoidosis, two PPD− healthy volunteers as well as the
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Fig. 2. Distribution of T cell frequencies for immune recognition of Ag85A by PPD− ,
sarcoidosis, and PPD+ subjects. The bars represent the 25th, 50th, and 75th percentile of each
group of study participants. The greatest percentage of subjects, as well as the highest T cell
frequencies, was noted in subjects with latent tuberculosis infection. The two PPD− control
subjects who recognized Ag85A whole protein did so at a frequency similar to that observed
in the sarcoidosis and PPD+ subjects. Despite negative histology and culture for mycobacteria
among the sarcoidosis subjects, the response observed more closely paralleled than that of the
PPD+ group.
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Fig. 3. Epitope maps of Ag85A in sarcoidosis subjects. In addition to immune recognition
of Ag85A whole protein, we were able to assess for reactivity to four Ag85A peptides among
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immune recognition of two or more peptides. Despite the lack of reactivity to Ag85A whole
protein, sarcoidosis subjects 1 and 3 demonstrated significant recognition to three of four Ag85A
peptides.
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Fig. 4. Inhibition of Ag85A whole protein by HLA-DR. Flow cytometry revealed primarily a CD4 + T cell response among
sarcoidosis subjects to Ag85A whole protein, which could be inhibited completely by anti-HLA-DR monoclonal antibody.
ELISPOT analysis confirmed that HLA-DR was important in recognition of Ag85A whole protein among sarcoidosis subjects,
whereas HLA-DQ and HLA-DP did not appear to have a role in antigen presentation.
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Fig. 4. Continued.

majority of subjects with latent tuberculosis, MTB Ag85A
is unlikely to be “the sarcoidosis antigen.” However, the
demonstration of immune recognition of this antigen at
a significantly higher frequency in sarcoidosis subjects
compared to skin test negative healthy volunteers from
the same region suggests these responses do not repre-
sent reactivity to environmental mycobacteria (Fig. 2).
It is interesting that recent molecular and immunologic
studies from independent laboratories around the world
have also reported an association between mycobacteria
and sarcoidosis, again suggesting that immune recogni-
tion secondary to environmental mycobacteria is unlikely
(10, 11, 23). More recently, there are reports of the detec-
tion of MTB heat-shock protein antigens in sarcoidosis
granulomas as well as Th-1 cellular immune responses
to mycobacterial antigens ESAT-6 and katG among sar-
coidosis subjects (24, 25). Mycobacteria has not been
found in all sarcoidosis specimens tested, which suggests
that sarcoidosis may be a common pathologic phenotype
secondary to different etiologies, one of which is my-
cobacteria. The detection of Th-1 immune responses to
mycobacterial Ag85A antigens provides another strong
immunologic link of mycobacteria to sarcoidosis im-
munopathogenesis.

A unique pattern of recognition for MTB Ag85A pep-
tides between subjects with tuberculosis and leprosy has
also been described. Tuberculosis subjects are reported to
recognize MTB Ag85A peptides 6, 13, 14, 15, 20, and 21;
lepromatous patients recognize MTB Ag85A peptides 1,
2, 5, 6, 25, and 28 (13). It is thought that the dual recogni-
tion of MTB Ag85A observed between tuberculosis and

leprosy patients is due to the close genetic homology of M.
tuberculosis and M. leprae; the unique pattern of recogni-
tion reflects that they are distinct. In this study, the PPD+
subjects recognized peptides 14 and 15 most frequently,
which was not recognized at all by the sarcoidosis subjects
during the initial screening; recognition of peptides 2, 3,
6, and 9 occurred among the PPD+ subjects, but much
less frequently than peptides 14 and 15 (Fig. 1). Test-
ing of the four peptides in the 13 PPD+ subjects from
whom PBMC were available revealed that only four of 13
recognized peptides 2, 3, 6, or 9. Among the sarcoidosis
subjects, peptides 2, 3, 6, and 9 were recognized in seven
of 14 sarcoidosis subjects with many of them recognizing
two or more peptides (Table II, Fig. 3). Prior molecular
analysis of sarcoidosis granulomas suggests the presence
of Mycobacterium species identical to MTB complex as
well as species, which are genetically distinct (23). It
is beyond the capabilities of this study to determine the
exact mycobacterial specie(s) the sarcoidosis subjects are
responding. Future investigations involving molecular and
immunologic analysis for the same mycobacterial protein
in a cohort of sarcoidosis subjects is warranted.

It is interesting to note that we detected immune recog-
nition to either Ag85A whole protein or its peptides in sub-
jects of varying clinical phenotypes, including pulmonary
and extrapulmonary disease (central nervous system or
cutaneous). Five of the six sarcoidosis subjects with cu-
taneous involvement recognized Ag85A as well as both
of the subjects with central nervous system involvement
(Table II). Because we are assessing for systemic re-
sponses, we cannot comment on the role of mycobacterial
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antigens in specific sites of sarcoidosis involvement. In
addition to recognition of Ag85A whole protein, Th-1
immune responses by individual sarcoidosis subjects to
multiple Ag85A peptides were detected. This suggests
that consistent with tuberculosis infections, sarcoidosis
subjects do not recognize a single dominant epitope(s)
but generate a Th-1 immune response to multiple epitopes.
Multiple epitopes from mycobacterial protein(s) may be
associated with sarcoidosis immunopathogenesis.

The demonstration of immune recognition of Ag85A
by sarcoidosis PBMC suggests that mycobacterial anti-
gens may be important in sarcoidosis immunopathogen-
esis. This study does not purport to identify which My-
cobacterium antigen(s) may be important in sarcoidosis
pathogenesis, but does provide an immunologic link to
mycobacteria with sarcoidosis pathogenesis. Mycobac-
terial antigens may serve as an inciting stimulus to the
immune system, or possible establishment of a persistent
infection. Ag85A is the most essential portion of Ag85
complex that facilitates survival of the bacterium within
the host macrophage (14). These findings warrant further
investigation of the role of mycobacteria in sarcoidosis
pathogenesis.
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