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Antigen 85 (Ag85) complex proteins are major secretory products of Mycobacterium tuberculosis and induce
strong cellular and humoral immune responses in infected experimental animals and human beings. We have
previously shown that nanogram doses of these 30- to 32-kDa fibronectin-binding proteins inhibit local expres-
sion of delayed hypersensitivity by a T-cell fibronectin-dependent mechanism. Circulating levels of Ag85 might
be expected to be elevated in patients with active tuberculosis and possibly to play a role in systemic anergy in
these patients. To test this hypothesis, Ag85 was measured in serum and urine by a monoclonal antibody-based
dot immunobinding assay in 56 patients and controls with known skin test reactivity. Median serum Ag85
levels were 50- to 150-fold higher in patients with active tuberculosis than in patients with active M. avium-
intracellulare disease or other nontuberculous pulmonary disease or in healthy controls (P < 0.001). The me-
dian and range of serum Ag85 in patients with active tuberculosis was not significantly different between skin
test-positive and -negative subjects. Patients with active M. avium disease could be distinguished from those
with disease due to M. tuberculosis by monoclonal anti-Ag85 antibodies of appropriate specificities. No in-
creases in urinary Ag85 were detected in any patient, regardless of the Ag85 level in serum. Chromatographic
analysis and immunoprecipitation studies of serum revealed that Ag85 existed in the serum of these patients
complexed to either fibronectin or immunoglobulin G (IgG). Uncomplexed circulating Ag85 was demonstrable
in serum from fewer than 20% of patients with active tuberculosis. In patients with active tuberculosis, Ag85
is therefore likely to circulate primarily as complexes with plasma fibronectin and IgG rather than in unbound
form. The existence of Ag85 complexes with plasma proteins would account for its lack of urinary clearance.

Tuberculosis is a global public health problem. A third of the
world’s population is estimated to be infected with Mycobac-
terium tuberculosis, and tuberculosis is the most common cause
of death of adults from infectious disease throughout the world
(25). The recent increase in tuberculosis incidence in the
United States resulting in part from the human immunodefi-
ciency virus (HIV) epidemic has further focused interest on
immunity to this disease (5).

Only actively dividing mycobacteria efficiently generate pro-
tective cell-mediated immunity to M. tuberculosis (30). Much
recent research has therefore been focused on this organism’s
secreted proteins. Proteins of the antigen 85 complex (Ag85A,
Ag85B, and Ag85C) are major secretory proteins of actively
replicating M. tuberculosis (40). They share high sequence ho-
mology at the nucleotide and protein level both with each
other and with Ag85 from other mycobacterial species (41).
This high degree of homology results in a particular Ag85
protein containing common epitopes found in many Ag85, in
addition to unique species- and subtype-specific epitopes (11,
34). Ag85 complex proteins are mycolyltransferases (3). As
such, they play an essential role in the final stages of mycobac-
terial cell wall synthesis, since inhibitors of this activity inhibit
both the transfer and the deposition of mycolates into the
mycobacterial cell wall and cell growth (3). The function of

Ag85 complex proteins in mycobacterial physiology and patho-
genesis of tuberculosis is otherwise incompletely understood
(13, 17, 33).

Ag85 complex proteins induce delayed hypersensitivity, pro-
tective immune responses, and specific antibodies in infected
mice and guinea pigs (2, 9, 15, 18–20, 27). They also induce
readily elicitable cellular immune responses in cultured periph-
eral blood mononuclear cells of most healthy purified protein
derivative of tuberculin (PPD)-positive people and a few pa-
tients with clinically active tuberculosis (16, 22). While levels of
anti-Ag85 antibodies are often low in healthy PPD-positive
subjects, they increase in patients with active tuberculosis (16,
38). Similar patterns of response are exhibited by healthy lep-
romin-positive subjects and patients with lepromatous leprosy
(26).

Ag85 proteins bind to plasma and cellular fibronectins (1,
13), high-molecular-weight glycoproteins found in plasma and
tissues that play important roles in cell motility and adhesion,
development, phagocytic function, wound healing, and inflam-
mation (23). Although microgram doses of Ag85 elicit delayed
hypersensitivity reactions in sensitized guinea pigs, nanogram
doses of these proteins inhibit local in vivo expression of de-
layed hypersensitivity by binding to and inactivating a special-
ized T-cell fibronectin produced after antigenic stimulation
(13). This latter activity led us to hypothesize that patients with
active tuberculosis might have high levels of circulating Ag85
proteins that could possibly play a role in the systemic anergy
these patients often exhibit.

To examine this hypothesis, we measured Ag85 concentra-
tions in serum and urine from patients and controls with known
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PPD skin test reactivity. We found serum Ag85 to be signifi-
cantly increased in patients with active tuberculosis indepen-
dent of skin test status. Ag85 in these patients circulates pri-
marily as complexes with immunoglobulin G (IgG) and plasma
fibronectin.

MATERIALS AND METHODS

Study population. The study population consisted of 56 patients and healthy
controls at Metropolitan Hospital Center (New York, N.Y.). It included white
(1 female, 4 males), black (10 females, 15 males), and Hispanic (11 females, 15
males) individuals. Diagnoses included bacteriologically and/or biopsy-confirmed
active tuberculosis (13), inactive tuberculosis (history of previously treated tu-
berculosis) (6), bacteriologically confirmed active M. avium-intracellulare disease
(5), nontuberculous lung disease (20), and no disease (healthy controls) (12).
Thirteen patients were HIV positive (eight males, five females). Of the patients
with tuberculosis, one had pleural tuberculosis, one had tuberculous lymphade-
nitis, four had disseminated tuberculosis (pulmonary and either bone marrow or
lymph node involvement) and seven had pulmonary tuberculosis (cavitary in one
patient, associated with pleural effusion in another). Seven patients with tuber-
culosis were smear positive and six were smear negative. Serum was collected
with informed consent from all 56 members of the study population, and urine
was collected from 53; samples were stored frozen at 280°C until analyzed.
Diagnoses of the three patients not providing a urine sample included active
tuberculosis (two subjects) and active M. avium-intracellulare disease (one sub-
ject). PPD skin tests were done in the course of standard medical treatment.
They were omitted in the case of two patients with active tuberculosis who
refused their placement. Serum and urine samples were coded, and the code was
not broken until all assay measurements had been completed.

Purified proteins and antibodies. Ag85 complex proteins were purified from
concentrated culture filtrates of M. bovis bacillus Calmette-Guérin (BCG) (8).
Purified Ag85 complex contained 90% Ag85A, 6% Ag85B, and 4% Ag85C as
judged by Western blotting against monoclonal anti-BCG Ag85 complex anti-
bodies (11) and was stored in sterile aliquots at 280°C. For use as an antigen
standard in dot blotting, the initial preparation of Ag85 used was arbitrarily
assigned an immunoreactive Ag85 content of 1 mU/mg. Unitage of subsequent
preparations was determined by parallel-line analysis of dot blots of initial and
subsequent materials (24). Aliquots from a single standard preparation were
used for these experiments; unitage was constant between the different aliquots
of this preparation. Purified human plasma fibronectin was purchased (New
York Blood Center, New York, N.Y.). Purified rabbit anti-fibronectin was a gift
from Mary Haak-Frendscho, Promega Corp. (Madison, Wis.). It recognized only
a 220- to 250-kDa dimer in human plasma and did not react with purified Ag85.
The following mouse monoclonal antibodies were used: IgG1 anti-BCG Ag85,
clone 240; IgG1 anti-BCG Ag85, clone 17/4 (11); and IgG1 anti-human fibronec-
tin, clone 248 (28). The antigen specificity of anti-Ag85 clone 240 is identical to
that of the previously reported clone 233 (11). It reacted equally strongly with
M. tuberculosis Ag85A and Ag85B, weakly with M. tuberculosis Ag85C, and
minimally with M. avium Ag85B. It delineated a 30- to 32-kDa doublet on
Western blots of the purified Ag85 complex standard. The specific Ag85 epitope
recognized by clone 240 is not known (21; unpublished observations). Anti-Ag85
clone 17/4 reacted strongly with M. tuberculosis Ag85A and Ag85C, weakly with
M. tuberculosis Ag85B, and strongly with M. avium Ag85B (11). It recognizes a
sequence spanning amino acids 261 to 280 in the C-terminal region of Ag85A
(21). The antifibronectin clone 248 did not react with Ag85. It recognizes an
epitope located on the major cell-binding domain of plasma fibronectin.

Dot immunobinding assay. For the determination of Ag85 levels in serum and
urine, fivefold serial dilutions of 100-ml aliquots of coded samples (diluted in
phosphate-buffered saline [PBS], pH 7.2; lowest dilution tested, 1:5) by dot blot
with a filtration manifold and monoclonal anti-Ag85 (13). Briefly, serum samples
and a half-log serial dilution series of purified Ag85 standard (range, 0.0003 to
1 mU) were adsorbed to nitrocellulose, and the nitrocellulose was dried for 15
min and blocked overnight at 4°C in PBS (pH 7.2) containing 5% nonfat dried
milk. Blots were developed with horseradish peroxidase-conjugated second an-
tibodies, enhanced chemiluminescence (ECL or ECL-Plus; Amersham Pharma-
cia Biotech, Arlington Heights, Ill.), and standard X-ray film (Kodak). Devel-
oped X-ray films were evaluated visually by comparison to Ag85 antigen standard
included on each blot. Previous studies have indicated that visual and densito-
metric quantitation yield equivalent results (39; unpublished observations). Re-
sults are reported as geometric means in Ag85 immunoreactive units of six to
nine determinations in duplicate. For purposes of statistical analysis, samples not
reactive at 0.1 mU/ml were assumed to react at 0.01 mU of Ag85 per ml.

Gel filtration chromatography. Aliquots of sera diluted 1:4 from six patients
with active tuberculosis (four PPD positive, two PPD negative), two patients with
treated inactive tuberculosis (one PPD positive, one PPD negative), three pa-
tients with nontuberculous pulmonary disease (two PPD positive, one PPD
negative), and six healthy controls (three PPD positive, three PPD negative) or
supernatants from immunoprecipitations were fractionated by high-pressure liq-
uid chromatography on Superose 12 (Amersham Pharmacia Biotech) with a
Perkin-Elmer series 400 Bio-pump (Wilton, Conn.). The column was eluted with
PBS–0.1 mM phenylmethylsulfonyl fluoride–3 mM NaN3 at a flow rate of 0.5

ml/min, and 0.5-ml fractions were collected. The A280 was continuously moni-
tored (Perkin-Elmer LC-95 UV/vis spectrophotometer) and was analyzed by
using Maxima 820 software (Millipore Corporation, Milford, Mass.). Columns
were calibrated with proteins of known molecular weights (Pharmacia) or with
purified plasma fibronectin. Immunoreactive Ag85 and fibronectin contents in
individual fractions were determined by dot blot with monoclonal anti-Ag85 or
monoclonal anti-human fibronectin, respectively, and a protocol similar to that
described above for the Ag85 dot blot, except that serial dilutions of antigen
standard were replaced by a single-dose positive antigen control of Ag85 or
plasma fibronectin. Dot blots were quantitated by transmission densitometry in
arbitrary units. Mr of fractionated materials were determined from a plot of Kav
against the log molecular weight.

Immunoprecipitation. Sera from the six patients with active tuberculosis, two
patients with treated inactive tuberculosis, three patients with nontuberculous
pulmonary disease, and six healthy controls analyzed by gel filtration chroma-
tography were analyzed by immunoprecipitation. Sera from an additional two
patients with treated tuberculosis (both PPD positive) and from four patients
with nontuberculous pulmonary disease (two PPD positive, two PPD negative)
were also analyzed by immunoprecipitation. IgG was precipitated from aliquots
of diluted samples by overnight incubation at 4°C with an excess of protein
A-conjugated agarose beads (Sigma Chemical Co., St. Louis, Mo.), followed by
centrifugation and washing of the pellet, which was then dissolved in sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer.
The completeness of IgG removal was confirmed by Western blotting of the
immunoprecipitate supernatants. Aliquots of dissolved pellets, purified Ag85
and human IgG (Miles Laboratories, Tarrytown, N.Y.), were analyzed for im-
munoreactive Ag85 and IgG by Western blotting (SDS–15% PAGE) (12) with
monoclonal anti-Ag85, clone 240, and horseradish peroxidase-conjugated second
antibodies (Jackson ImmunoResearch, West Grove, Pa.) or with horseradish
peroxidase-conjugated goat anti-human IgG with minimal cross-reactivity to
bovine, horse, and mouse IgG. Bound antibodies were visualized by using ECL
technology (Amersham Pharmacia Biotech).

Fibronectin was precipitated from the supernatant remaining after IgG re-
moval by incubation for 3 h at 23°C with an aliquot of rabbit anti-fibronectin or
normal rabbit serum, followed by incubation overnight at 4°C with protein A/G
Plus-agarose beads (Santa Cruz Labs, Santa Cruz, Calif.), centrifugation, and
washing of the pellet. Fibronectin-Ag85 complexes were generated in vitro by
incubating 2 mg of purified human plasma fibronectin and 4.5 mU of purified
Ag85 in PBS (pH 7.2) for 2 h at 23°C; they were then immunoprecipitated in
parallel with other samples. Dissolved pellets were analyzed by SDS-PAGE and
Western blotting with mouse monoclonal anti-Ag85 or with rabbit anti-fibronec-
tin with appropriate horseradish peroxidase-conjugated second antibodies and
ECL as described above.

Statistical analysis. Significance of differences in medians was determined
by Kruskal-Wallis one-way analysis of variance by ranks and a Dunn multiple
comparison post test (7).

RESULTS

Circulating Ag85 in patients with active tuberculosis. Me-
dian levels of circulating Ag85 proteins measured with clone
240 anti-Ag85 were 50- to 150-fold higher in patients with ac-
tive tuberculosis than in patients with active M. avium-intracel-
lulare disease or other nontuberculous pulmonary disease or in
healthy controls (P , 0.001, Dunn multiple comparison test)
(Fig. 1). Median increases in Ag85 in patients with active
tuberculosis were independent of PPD skin reactivity, acid-fast
bacilli smear positivity, or stage of disease. There was also
no significant relationship between circulating Ag85 levels
and skin test reactivity in patients without tuberculosis. All 13
patients with active tuberculosis had serum Ag85 levels of
.30 mU/ml. Only 5 of 43 patients without active tuberculo-
sis (three with treated tuberculosis, one with PPD-positive
and HIV-positive nontuberculous pulmonary disease, and
one with sarcoidosis) had serum Ag85 levels above this level
(Fig. 1A).

Immunoassay specificity was critically dependent on the an-
tibody used. Even though clone 240 anti-BCG Ag85 showed
weak reactivity with M. avium Ag85 in a previous study (11), it
detected serum Ag85 in none of the five patients with active
M. avium-intracellulare disease (Fig. 1A). When the remaining
serum aliquots from eight patients with active tuberculosis and
three patients with active M. avium-intracellulare disease were
reassayed with an anti-BCG Ag85 monoclonal antibody (clone
17/4) that was strongly cross-reactive with M. avium Ag85 in
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vitro (11), elevated levels of serum Ag85 were detected in both
groups of patients (data not shown). The difference in median
serum Ag85 levels detected by clones 240 and 17/4 in sera from
patients with M. avium disease was significant (P , 0.01,

Dunn’s multiple comparison test), while the difference in me-
dian Ag85 levels detected by these two antibodies in patients
with M. tuberculosis disease was not (P . 0.05).

Urinary levels of Ag85 were uniformly lower than serum

FIG. 1. Levels of serum (A) and urine (B) Ag85 complex proteins in patients with active tuberculosis (F, E, ), inactive treated tuberculosis (■, h), active infection
with M. avium-intracellulare (MAI) (Œ), other pulmonary disease (�, ƒ), or healthy controls (}, {), as well as positive (1), negative (2), or unknown (?) skin test
reactivities to PPD. (Two patients with active tuberculosis with unknown PPD reactivity refused placement of a skin test). Ag85 measured by dot blot immunobinding
with clone 240 anti-M. bovis BCG Ag85 and evaluated by comparison to a purified native BCG Ag85 complex standard arbitrarily defined as containing 1 mU of
immunoreactive Ag85 complex/mg of protein. Geometric means of six to nine determinations in duplicate (median is indicated by solid line). For purposes of statistical
analysis, samples not reactive at 0.1 mU/ml were assumed to react at 0.01 mU of Ag85 per ml. See Materials and Methods for details of this assay. The dotted line
indicates the Ag85 concentration (30 mU/ml). Mean serum Ag85 levels were significantly higher in patients with active tuberculosis than in patients with M. avium
disease or other nontuberculosis pulmonary disease or in healthy controls (P , 0.001, Dunn multiple comparison test). There was no statistical difference in urinary
Ag85 means between any group. p, HIV-positive patient with nontuberculous pulmonary disease; pp, patient with pulmonary sarcoidosis.

VOL. 67, 1999 CIRCULATING Ag85 IN TUBERCULOSIS 583



levels in all patients (Fig. 1B). They did not correlate with se-
rum Ag85 concentration, patient diagnosis, or skin test reac-
tivity.

Physical nature of circulating Ag85 in patients with active
tuberculosis. Proteins of the Ag85 complex are small enough
(30 to 32 kDa) to be cleared from the circulation by the kidney.
The lack of urinary Ag85 in patients with active tuberculosis in
the face of high levels of serum Ag85 suggested that Ag85
circulated as complexes with plasma proteins. To confirm this
hypothesis, sera from six patients with active tuberculosis, two
patients with treated inactive tuberculosis, three patients with
nontuberculous pulmonary disease, and six healthy controls
were fractionated by gel filtration chromatography, and the
Ag85 content of each fraction was determined by immunoassay
with clone 240 anti-Ag85. Sera from all patients with tubercu-
losis contained immunoreactive Ag85 associated with 440- to
580-kDa and 200-kDa materials, regardless of skin test reac-
tivity. Figure 2A shows the results obtained with one such
serum. These Mr values correspond to complexes of Ag85 with
plasma fibronectin and IgG, respectively. In one of six patients,
Ag85 was also reproducibly demonstrable in the 30-kDa region
corresponding to unbound (“free”) Ag85 (data not shown).
The presence of free Ag85 could not be related to an unusually
high concentration of Ag85, as this particular serum contained
only 210 mU of Ag85 per ml, which is slightly less than the
median level of 300 mU/ml for this group. No Ag85 immuno-
reactivity was present in any serum fraction from healthy con-
trols (Fig. 2) or from patients with treated inactive tuberculosis
(not shown) or nontuberculous pulmonary disease (not shown).

Removal of IgG from the serum of tuberculosis patients
with insolubilized protein A caused the disappearance of the
200-kDa but not the 440- to 580-kDa peak of Ag85 immu-
noreactivity on gel filtration chromatography of the residual
supernatant (Fig. 2B). This remaining high Mr peak of Ag85
coeluted with immunoreactive fibronectin (Fig. 2B). IgG im-
mune complexes precipitated by protein A contained large
amounts of immunoreactive material with Mr values identical
to those for purified Ag85 complex (Fig. 3A, lane 6) only in
patients with active tuberculosis regardless of skin test status
(Fig. 3A, lanes 1, 2). No immunoreactive Ag85 was present in
the IgG immune complexes from other patient groups or from
healthy controls (Fig. 3A, lanes 3 to 5).

The complete removal of IgG from each protein A-immu-
noprecipitated supernatant was confirmed by Western blot-
ting; no residual IgG heavy and light chains were observed in
any sample after protein A immunoprecipitation (data not
shown). Subsequent immunoprecipitation of these IgG-de-
pleted supernatants with anti-plasma fibronectin produced (i)
supernatants in which the previously seen 440- to 580-kDa
peak of immunoreactive Ag85 on gel filtration chromatogra-
phy was absent (Fig. 2C) and (ii) immunoprecipitates contain-
ing large amounts of immunoreactive material with Mr values
identical to those for purified Ag85 complex (Fig. 3B1, lane 8)
in all patients with active tuberculosis regardless of their PPD
skin reactivity (Fig. 3B1, lanes 1 and 2). Fibronectin immuno-
precipitates from all patients who did not have active tubercu-
losis contained either no immunoreactive material with Mr
values identical to those for Ag85 complex (Fig. 3B1, lanes 3 to
5) or, in the case of 2 of 6 healthy control subjects (one PPD
positive, one PPD negative), small amounts of immunoreactive
material with Mr values identical to those for Ag85. Figure
3B1, lane 6, shows a fibronectin immunoprecipitate from a
healthy, PPD-negative subject.

Ag85 could also be demonstrated in Ag85-fibronectin com-
plexes generated in vitro (Fig. 3B1, lane 7). All fibronectin
immunoprecipitates contained large amounts of immunoreac-

tive fibronectin (Fig. 3B2, lanes 1 to 7). No Ag85 or fibronectin
was precipitated by normal rabbit serum (Fig. 3B1, lanes 1 to
7) or if anti-fibronectin antibodies were omitted from the re-
action mixture (data not shown).

Complexes of Ag85 with IgG and fibronectin were stable to
repeated freeze-thaw cycles. IgG-Ag85 complexes could be
demonstrated by immunoprecipitation even after three freeze-
thaw cycles, and fibronectin-Ag85 complexes were demonstra-
ble by immunoprecipitation even after six freeze-thaw cycles
(data not shown). Thus, Ag85 proteins circulate in patients
with tuberculosis in relatively stable complexes with IgG and
fibronectin.

DISCUSSION

The pathophysiology of Ag85 proteins in patients with tu-
berculosis is complex. Median serum Ag85 levels were signif-
icantly higher in patients with active tuberculosis than in pa-
tients with active M. avium disease or other pulmonary diseases
or with no disease, regardless of skin test reactivity or stage of
disease. Although nanogram doses of Ag85 were previously
shown to inhibit the local expression of delayed hypersensitiv-
ity in vivo (13), much higher serum levels in patients with active
tuberculosis bore no relationship to PPD responsiveness. More-
over, high levels of Ag85 antigenemia in tuberculosis patients
were not associated with appreciable Ag85 antigenuria. Ag85
is a small enough protein to expect that it would be readily
cleared by the kidney from the circulation, much as other small
secreted mycobacterial proteins are (36). The discovery that
circulating Ag85 in patients with active tuberculosis existed
primarily as complexes with fibronectin and IgG provided a
reasonable explanation for its low renal clearance. Ag85 anti-
genuria in the presence of Ag85 complexes could of course oc-
cur if rapid dissociation of the circulating complexes led to
the release of free antigen at some point in time (37). The rel-
ative stability of the complexes to freeze-thaw cycles, as well as
their low dissociation constants (likely to be in the range of
1025 to .10210 M for Ag85-IgG by analogy with other poly-
clonal antibodies generated in response to repeated anti-
genic stimulation [27] and 1027 M for Ag85-fibronectin [28])
makes rapid complex dissociation in the circulation appear
unlikely.

It has been recognized for some time that mycobacterial
growth products are detectable in tissues and tissue fluids of
patients with active infections (6, 10, 29, 32, 35, 36, 42). Anal-
ysis of the pathophysiological interaction of growth products
such as Ag85 with the host has previously focused on analyzing
immune responses (16, 22, 26, 38) or the composition of cir-
culating immune complexes (31). The availability of an immu-
noassay able to detect both unbound and complexed Ag85 has
permitted the examination of other aspects of Ag85 pathophys-
iology. This ability to detect complexed Ag85 by immunoassay
confirms an earlier report of detection of mycobacterial anti-
genemia by immunoassay in the presence of circulating im-
mune complexes (35).

Large amounts of Ag85 proteins were demonstrable in plas-
ma protein complexes only in sera from patients with active
tuberculosis. No Ag85 was present in plasma fibronectin-Ag85
and IgG immune complexes in sera from patients with inactive
tuberculosis or other pulmonary diseases. While no Ag85 was
present in IgG immune complexes in sera from healthy con-
trols, small amounts of Ag85 proteins were present in fibronec-
tin-Ag85 complexes in sera from two of six healthy controls.
The reason(s) for the presence of immunoreactive 32-kDa
material associated with fibronectin detected by immunopre-
cipitation in the sera from normal individuals may reflect dif-
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ferences in sensitivity between dot blotting and immunopre-
cipitation. They are, however, also consistent with the low
levels of circulating Ag85 detected by dot blot in individuals
not suffering from active tuberculosis. Incomplete removal of

human IgG immune complexes from these samples is highly
unlikely, since complete IgG removal was confirmed on each
sample by Western blotting. Clone 240 anti-Ag85 is variably
cross-reactive with Ag85 from many nonpathogenic mycobac-

FIG. 2. Chromatographic characterization of Ag85 in serum from a PPD-positive patient with active tuberculosis (F) and a PPD-positive healthy control (Œ). (A)
Ag85 determined by dot immunobinding and densitometry in serum from a PPD-positive patient with active tuberculosis. Ag85 was detected in association with 440-
and 200-kDa materials. (B) The supernatant from protein A immunoprecipitation of serum from the PPD-positive patient shown in panel A no longer contains 200-kDa
Ag85 but still contains 440-kDa Ag85. Ag85 coelutes with plasma fibronectin, as determined by dot immunobinding and densitometry, in patient serum (E) but not
in the control serum (‚). (C) Ag85 is no longer present in the IgG-depleted supernatant shown in panel B following further immunoprecipitation with anti-human
plasma fibronectin. Ag85 was not demonstrable in fractionated sera or supernatant from any healthy control either before or after the immunoprecipitations. The
molecular sizes and the elution time of protein standards (in kilodaltons) and the units of plasma fibronectin (plasma FN) used to calibrate the column are indicated.
See Materials and Methods for more details.
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teria (11), and the low levels of immunoreactive Ag85 bound to
plasma fibronectin and measured in sera from patients not
diagnosed as having active tuberculosis could reflect this cross-
reactivity, which perhaps results from transient or chronic col-
onization by nonpathogenic mycobacteria. The occurrence of
immunoreactive Ag85 in healthy controls could even be a re-
sult of a normally silent initial infection with M. tuberculosis
itself. Ag85 bound to fibronectin might be detectable for an ex-
tended period of time after it was generated, since such com-
plexes, unlike IgG immune complexes, are not known to be pre-
ferentially removed from the circulation.

The Ag85 complex of M. tuberculosis consists of two bands
seen in SDS-PAGE, one at 32 kDa containing Ag85A and
Ag85C and the other at 30 kDa containing Ag85B (11, 14).
Because clone 240 anti-Ag85 reacts equally well with Ag85A
and Ag85B (11) and can recognize a 30- to 32-kDa doublet on
Western blots of the purified Ag85 complex standard, the
single band in Western blots of immunoprecipitates or purified
Ag85 complex proteins is not simply due to lack of antibody
specificity. While it could be indicative of large amounts of
Ag85B not being present in the circulation of patients with
active tuberculosis, it could also merely reflect assay variability
that leads to a loss of resolution as a result of the particular
doses of Ag85 complex proteins applied to the SDS-PAGE
gel.

The increased circulating levels of Ag85 displayed by pa-
tients with active tuberculosis were similar in PPD-positive and
PPD-negative (anergic) patients, and there was no significant
difference in median serum levels of Ag85 between these two
patient groups. Ag85 inhibits local expression of delayed hy-
persensitivity by binding to T-cell fibronectin (13), and in-
creased levels of this secretory product might be expected to
modify local host effector response at tissue sites of mycobac-
terial growth (32). However, elevated circulating levels of Ag85
had no apparent effect on systemic reactivity to PPD. This lack
of effect of Ag85 on systemic expression of delayed-type hy-
persensitivity in these patients might reflect inhibition of its
activity after formation of complexes with plasma proteins.
Studies to confirm this hypothesis are currently in progress in
our laboratory.

Although the numbers of tuberculosis patients examined
were small, increases in serum Ag85 appeared to be indepen-
dent of the stage of tuberculosis disease or the presence of
acid-fast bacilli on sputum smears. Monoclonal anti-Ag85 an-
tibodies of appropriate specificity distinguished patients with
active tuberculosis from those with active M. avium disease.
Elevated levels of serum Ag85 were also detected in a single pa-
tient with sarcoidosis, a disease of unknown etiology which has
been suggested to be due to mycobacterial infection (4). These
results suggest that measurement of circulating Ag85 might

FIG. 3. Immunoprecipitation characterization of Ag85 in sera from patients with active tuberculosis and from controls. (A) Western blot analysis (SDS–10% PAGE
gel) of protein A immunoprecipitates of serum from a PPD-positive patient with active tuberculosis (lane 1), a PPD-negative patient with active tuberculosis (lane 2),
a PPD-positive patient with treated tuberculosis (lane 3), a PPD-positive patient with nontuberculous lung disease (lane 4), and a PPD-positive healthy control (lane
5). Lane 6 contains 10 mU of immunoreactive purified M. bovis BCG Ag85 complex proteins. Samples separated on SDS-PAGE, electroblotted to nitrocellulose, and
developed with mouse clone 240 anti-Ag85 and ECL. Ag85 is present in circulating immune complexes only in patients with active tuberculosis. (B) Western blot
analysis (SDS–10% PAGE gel) of rabbit anti-plasma fibronectin (anti-FN) or normal rabbit serum (NRS) immunoprecipitates of serum previously immunoprecipitated
with protein A from a PPD-positive patient with active tuberculosis (lane 1), a PPD-negative patient with active tuberculosis (lane 2), a PPD-positive patient with treated
tuberculosis (lane 3), a PPD-positive patient with nontuberculous lung disease (lane 4), a PPD-positive healthy control (lane 5), and a PPD-negative healthy control
(lane 6) or of a mixture of purified human plasma fibronectin and purified M. bovis BCG Ag85 complex proteins (lane 7). Double arrows indicate the positions
of the 32- and 30-kDa components of the Ag85 complex. Lane 8 contains 4.5 mU of immunoreactive purified M. bovis BCG Ag85 complex proteins. After removal
of IgG, sera were incubated with monospecific rabbit anti-FN or NRS and then immunoprecipitated with protein A/G. The immunoprecipitates were separated
by SDS-PAGE, electroblotted to nitrocellulose, and developed with either mouse clone 240 anti-Ag85 or rabbit anti-FN and ECL. See Materials and Methods for more
details.
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be developed into a diagnostic test for active mycobacterial
infection that was independent of host immune response.
Studies on larger numbers of patients with different stages
of tuberculosis to examine this possibility are currently in
progress.

In sum, median levels of circulating Ag85 are significantly
higher in patients with active tuberculosis than in patients with
other diseases or healthy controls. No increases in urinary
Ag85 were detected in any patient, regardless of the serum
Ag85 level. In patients with active tuberculosis, Ag85 circulates
primarily as complexes with immunoglobulins and plasma fi-
bronectin rather than in unbound form. The existence of Ag85
complexes with plasma proteins accounts for its lack of urinary
clearance.
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