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Lipoarabinomannan (LAM) is a component of the mycobacterial surface which has been associated with a
variety of deleterious effects on immune system function. Despite the importance of LAM to the pathogenesis
of mycobacterial infection, there is no information available on its fate in vivo. In this study, we determined the
pharmacokinetics and tissue distribution of exogenously administered LAM in mice. For measurements of
serum and tissue LAM concentrations, we developed an enzyme-linked immunosorbent assay which used
monoclonal antibodies of different isotypes to capture and detect LAM at concentrations of =0.4 pg/ml.
Intravenous administration of LAM to mice resulted in transient serum levels with organ deposition in the
spleen and in the liver. Inmunohistochemical studies localized LAM to the spleen marginal zone macrophages
and, to a lesser degree, to liver macrophages. When LAM was administered to mice previously given a
LAM-binding immunoglobulin M (IgM), LAM was very rapidly cleared from circulation. In those mice,
deposition of LAM in the spleen was significantly reduced while LAM deposition in the liver increased.
Administration of LAM-binding IgM resulted in significant levels of IgM to LAM in bile consistent with an
increased hepatobiliary excretion of LAM in the presence of specific antibody. Bile, liver extracts, and bile salts
were found to rapidly inactivate the immunoreactivity of LAM. The results indicate that serum clearance and
organ deposition of LAM in mice are affected by the presence of LAM-binding antibody and suggest a

mechanism by which antibody could modify the course of mycobacterial infection.

Lipoarabinomannan (LAM) is a mycobacterial envelope gly-
colipid (3) that has been implicated in the virulence and patho-
genesis of Mycobacterium tuberculosis infection. In vitro LAM
has been shown to inhibit the proliferation of human T cells
(20), scavenge oxygen free radicals, block the transcriptional
activation of gamma interferon-inducible genes, inhibit protein
kinase C activity (4), and alter cytokine expression by macro-
phages (2). LAM has also been implicated in fever induction,
tissue necrosis (24), and lung cavity formation (5). Despite con-
siderable evidence that LAM can function as an immunomodu-
lator, there is no information available on the fate of LAM in
vivo. Another unexplored question is the role, if any, of LAM-
binding antibody in altering the fate and tissue distribution in
vivo. LAM is immunogenic and elicits antibody responses dur-
ing natural mycobacterial infection (14, 29). There is evidence
that some antibodies to M. tuberculosis may contribute to host
defense (9). In this regard, a serum immunoglobulin G (IgG)
response to LAM has been associated with reduced likelihood
of M. tuberculosis dissemination in children (8).

The liver and the spleen are important organs in the clear-
ance of microbial products, and the presence of specific anti-
body can have profound effects on antigen clearance in vivo.
For example, Cryptococcus neoformans glucuronoxylomannan
(GXM) is deposited primarily in the spleen in naive rodents,
but antibody administration results in rapid serum clearance
with deposition in liver (11, 18). Pneumococcal type III cap-
sular polysaccharide and C carbohydrate are cleared by hepa-
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tobiliary transport when specific IgA is present (25). In this
study, we evaluated the fate and organ deposition of LAM in
mice in the presence and absence of LAM-binding IgM. The
results indicate a role for LAM-binding antibody and the hepa-
tobiliary system in the elimination of this mycobacterial glyco-
lipid.

(This work was presented in part at the 36th IDSA annual
meeting in Denver, Colo., November 1998, and at the 4th In-
ternational Conference on the Pathogenesis of Mycobacterial
Infections, Stockholm, Sweden, July 1999.)

MATERIALS AND METHODS

Lipoarabinomannan. LAM from M. tuberculosis H37Rv was kindly provided
by J. T. Belisle and P. J. Brennan (Department of Microbiology, Colorado State
University, Fort Collins) and was suspended in sterile phosphate-buffered saline
(PBS) prior to injection.

MAbs. The murine LAM-binding monoclonal antibody (MADb) 5c11 (IgM) was
previously described (10). MAb 12A1, an IgM to Cryptococcus neoformans GXM
(21), was used as an irrelevant isotype-matched control. MAb CS-40, a LAM-
binding IgG1 (6), was kindly provided by J. T. Belisle and P. J. Brennan. MAbs
injected into mice (5c11 and 12A1) were in ascites. MAbs used for enzyme-linked
immunosorbent assay (ELISA) were in cell supernatant (5c11 and 12A1) or in a
purified form suspended in PBS (CS-40).

Mice. Adult female BALB/c mice aged 7 to 30 weeks were purchased from
either the Jackson Laboratories (Bar Harbor, Maine) or the National Cancer
Institute (Frederick, Md.).

Capture ELISA for the detection of LAM. Microtiter plate wells (Corning,
Corning, N.Y.) were coated with 50 ul of goat anti-mouse IgG1 (Southern
Biotechnology Associates, Inc., Birmingham, Ala.) at 1 wg/ml in Tris-buffered
saline (TBS). The plates were incubated for 1.5 h at 37°C and blocked with 1%
bovine serum albumin (BSA) in TBS. After incubation at 37°C for 1.5 h, the
plates were washed three times with 0.05% Tween 20 in TBS. MAb CS-40 was
added to the wells at a concentration of 1 pg/ml in 1% BSA in TBS and
incubated for 1 h. The wells were then washed, and a sample of body fluid or
organ homogenate supernatant (described below) was added to the wells and
serially diluted in 1% BSA in TBS. After incubation for 1.5 h at 37°C and
washing, 1 wg of MAD Scl1/per ml in 1% BSA was added and the plates were
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incubated for 1 h, followed by washing. Alkaline phosphatase-conjugated goat
anti-mouse IgM (Southern Biotechnology Associates, Inc.) was then added at 1
pg/ml in 1% BSA and incubated for 1 h at 37°C. After washing five times, p-
nitrophenylphosphate (Southern Biotechnology Associates, Inc.) at 1 mg/ml and
in substrate buffer (0.001 M MgCl,, 0.05 M Na,Co; [pH 9.8]) was added to the
plates, and the absorbance at 405 nm was read with a Ceres 900 Hdi reader
(Bio-Tek Instruments Inc., Winooski, Vt.). LAM concentrations were calculated
relative to a standard solution in which a known amount of LAM was dissolved
in 1% BSA in TBS and serially diluted as above.

Preparation of samples for the detection of LAM. The methodology for pre-
paring tissue samples for LAM detection was adopted from protocols used to
detect C. neoformans polysaccharide in vivo. Serum and bile were diluted in PBS
with proteinase K (1.25 mg/ml) (Boehringer Mannheim, Indianapolis, Ind.) and
incubated overnight at 37°C. The samples were then boiled for 15 min to inac-
tivate proteinase K, diluted in 1% BSA, and used in the capture ELISA for LAM
detection. Organs were homogenized for 2 min (Ultra Turrax T25 homogenizer;
Janke and Kunkel, Staufen, Germany), and the homogenate was digested with
proteinase K (1 mg/ml) overnight at 37°C. After proteinase K digestion, the
samples were boiled, cell debris was removed by centrifugation, and the organ
supernatants were analyzed for LAM by capture ELISA. This process was val-
idated by demonstrating that there was no reduction in the recovery of LAM
from serum containing MAb 5c11 and LAM processed with proteinase K and
subjected to boiling relative to that of serum containing LAM without MAb 5c11.
Hence, proteinase K treatment and boiling dissociated LAM-protein complexes.

Immunohistochemistry. Localization of LAM in tissue was done by immuno-
histochemistry. Organs were fixed in 10% buffered formalin, embedded in par-
affin, sectioned into 4-pm slices, and placed on glass slides. Tissue sections were
treated with 3% H,O, for 30 min and blocked with 2% BSA in PBS for 1 h. MAb
to LAM 5c11 (IgM) or CS-40 (IgG1) was added as the primary antibody at 1 pg/
ml, and the slide was incubated for 2 h at room temperature or overnight at 4°C.
After washing, the slides were incubated with horseradish peroxidase-conjugated
goat anti-mouse IgM or IgG1 (Southern Biotechnology Associates, Inc.) diluted
in 2% BSA at a ratio of 1:200 for 2 h at room temperature. After additional
washing, color was developed with diaminobenzidine. Negative controls con-
sisted of tissue sections from a mouse that received no LAM that was treated as
described above, as well as tissue sections from a LAM-treated mouse incubated
with MAb 12A1 (isotype-matched control). To confirm the localization of LAM
in spleen cells, 10-um frozen sections of splenic tissue from a mouse treated with
LAM were incubated with MAb ER-TRY, a rat anti-mouse IgM (32) specific for
marginal zone macrophages (Accurate Chemical and Scientific Corp., Westbury,
N.Y.), followed by horseradish peroxidase-conjugated goat anti-rat IgM (South-
ern Biotechnology Associates, Inc.). Color was developed with diaminobenzi-
dine. The frozen sections were further incubated with MAb CS-40 at 37°C for 1 h,
followed by fluorescein isothiocyanate (FITC)-labeled anti-mouse IgG (Southern
Biotechnology Associates, Inc.) for 45 min at room temperature. Each step was
followed by washing with PBS. Negative controls consisted of frozen sections of
splenic tissue treated as described above, with the exception of MAb CS-40.
Additional controls consisted of frozen sections of spleen from a mouse receiving
no LAM treated as described above (with and without MAb CS-40).

Pharmacokinetics studies. To determine the kinetics of LAM in mice, 50 pg
of LAM was dissolved in sterile PBS and injected into the tail vein. Blood was
obtained from the retroorbital plexus at various times after injection, and serum
was separated by centrifugation and stored at —20°C. The mice were killed by
cervical dislocation, and the liver, spleen, kidney, lung, brain, and gallbladder
were removed. Organs were weighed, and a small portion of each was placed in
10% buffered formalin for immunohistochemical analysis. The bulk of the organs
as well as the serum and bile were used in the LAM capture ELISA as described
above. To determine the effects of MAbs on the kinetics of LAM, 1 mg of MAb
5c11 or MAb 12A1 was administered to mice intraperitoneally (i.p.) 2 h prior to
the injection of LAM.

Measurement of IgM to LAM in biological fluids. The titers of LAM-binding
IgM in serum, gallbladder bile, and urine were determined by ELISA. Serum was
obtained as described above. The gallbladder was removed, placed in a 1-ml
tube, perforated with a 23-gauge needle, and centrifuged to separate bile from
the gallbladder sac, and the bile was transferred into a clean tube. Urine was
collected by placing the mice in a plastic dish. Microtiter plate wells were coated
with 1 pg of LAM solution in carbonate buffer (pH 9.6) per ml, incubated at 37°C
for 1.5 h, and blocked with 3% BSA in TBS. After washing, serum, bile, and urine
samples were diluted in 1% BSA in TBS and added to the plates, and the plates
were incubated for 1 h at 37°C or overnight at 4°C, followed by additional
washing. Alkaline phosphatase-conjugated goat anti-mouse IgM (Southern Bio-
technology Associates, Inc.) was added to each well at a concentration of 1 pg/ml
in 1% BSA, and the plates were incubated for 1 h at 37°C. The wells were then
washed five times, p-nitrophenylphosphate (Southern Biotechnology Associates,
Inc.) was added at a concentration of 1 mg/ml in substrate buffer (0.001 M
MgCl,, 0.05 M Na,Cos [pH 9.8]), and the absorbance at 405 nm was read with
a Ceres 900 Hdi reader (Bio-Tek Instruments Inc.). The titers of LAM-binding
IgM were calculated.

Stability of LAM in liver extract. Liver extract was prepared by homogenizing
the liver from a naive BALB/c mouse. The homogenate was filtered through a
2-wm membrane to remove cell debris. LAM was added to the extract and to a
PBS control, and the mixtures were incubated for 1 h at 37°C. After proteinase
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FIG. 1. Capture ELISA for the detection of LAM with two LAM-binding
MAUDs of different isotypes. Shown is the absorbance dose-response curve for the
ELISA used in this study. LAM was diluted in 1% BSA in TBS. Symbols indicate
average of four measurements. Error bars indicate standard deviation from the
mean. LAM was detected by ELISA at concentrations of =0.4 pg/ml. Applica-
tion of this ELISA to the determination of LAM concentration after dilution in
serum or spleen homogenate resulted in similar curves.

K digestion, the samples were boiled, cell debris was removed by centrifugation,
and LAM concentration in the organ supernatant was measured by ELISA.

Stability of LAM in bile and bile salts. LAM was added to gallbladder bile
(collected as described above) or to a bile salts solution consisting of 11 mM
taurocholic acid sodium salt (Calbiochem, La Jolla, Calif.) and 2 mM taurode-
oxycholic acid sodium salt (Calbiochem). LAM in PBS was used as a control. Bile
was incubated for 1 h, bile salts solutions were incubated for various times at
37°C, and the LAM concentration was measured by ELISA.

Statistical analysis. Results were analyzed by the Kruskal-Wallis test. A
P value of =0.05 was considered significant.

RESULTS

Development of a capture ELISA for the detection of LAM.
Using MAbs of different isotypes to capture and detect LAM,
we were able to measure LAM immunoreactivity in serum,
bile, and organ homogenates. LAM suspended in 1% BSA in
TBS was used as the standard and was detected at concentra-
tions of =0.4 pg/ml (Fig. 1). The detectability of LAM by
capture ELISA was not affected by the dilution of LAM in
serum or spleen homogenate samples.

Pharmacokinetics of LAM in serum and organs by capture
ELISA. Mice were injected with 50 pg of LAM, and serum
LAM concentrations were determined at various times. LAM
was detected in a serum sample obtained 10 min after its
administration, decreased rapidly, and was not detectable in
serum samples 2 to 3 h later. To establish the site of LAM
tissue localization, various organs were examined 6.5 h after
LAM administration. LAM was detected primarily in the
spleen, with a smaller amount detected in the liver. No LAM
was detected in kidney, lung, or brain. In a mouse studied on
day 13 after LAM injection, small amounts of LAM were
detected only in the spleen. Hence, LAM injected intrave-
nously (i.v.) into mice is rapidly cleared from serum and de-
posited in spleen and liver tissues.

Tissue deposition by immunohistochemistry. Immunohisto-
chemical stains for LAM demonstrated LAM in the marginal
zone of the spleen 6.5 h after injection of LAM (Fig. 2). Within
the marginal zone, LAM appeared to localize within large
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FIG. 2. Detection of LAM in mouse spleen by immunohistochemistry 6.5 h after administration of LAM. A follicle with staining of the marginal zone (magnifi-
cation, X150) (A); staining is localized to macrophage-like cells in the marginal zone (magnification, X800) (B).

cells. LAM was also detected in the liver, mainly in macro-
phages. No staining was observed in kidney, lung, brain, or
control tissue sections.

To further identify the target cells for LAM deposition in the
spleen, a double staining procedure was performed with MAb
ER-TRY, which is specific for mouse marginal zone macro-
phages, and MAb CS-40, which is specific for LAM. Colocal-
ization of staining was observed in the marginal zone of the
spleen (Fig. 3), indicating that LAM was associated with mar-
ginal zone macrophages. Control mice demonstrated staining
of marginal zone cells but no staining for LAM.

Pharmacokinetics of LAM in the presence and absence of
LAM-binding antibody. Administration of MADb 5c11 2 h prior

to injection of LAM altered the distribution of LAM. Mice
given MADb 5cl1 had significantly lower LAM serum levels
than mice given the control IgM, MAb 12A1 (Fig. 4). The
difference was statistically significant at 10 min and at 30 min
(P < 0.01) and 1.5 h (P < 0.05) (Fig. 4).

Organ distribution in the presence and absence of LAM-
binding antibody as measured by capture ELISA. Administra-
tion of MADb 5cl1 also affected the organ distribution of LAM.
Significantly lower levels of LAM were detected at 6.5 h in
the spleens of mice that received MAb 5cll (P < 0.01)
relative to those in mice that received the control, MAb
12A1 (Fig. 5). The level of LAM in the liver was greater in
mice receiving MAb 5cll than in controls (P = 0.045).
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FIG. 3. Double staining of frozen spleen sections with MAb ER-TRY specific for mouse marginal zone macrophages (A and C) and MAb CS-40 specific for LAM
(B and D). Shown is an immunofluorescence image of LAM (B and D) colocalized to cells stained by immunohistochemistry with MAb ER-TR9 (A and C). The picture
was generated with a Kodak RFS 2035 scanner and Adobe Photoshop 6.5 for Macintosh. Magnification, X250.

(Mice were killed 6.5 to 9.5 h after LAM administration, Organ distribution in the presence and absence of LAM-
alternating control and experimental mice to avoid timing binding antibody as detected by immunohistochemistry. Im-
bias.) LAM was not detected in other organs nor was it munohistochemistry confirmed the results obtained by capture

detected in gallbladder bile. ELISA in tissues of mice sacrificed at 6.5 h, demonstrating a
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FIG. 4. Serum LAM concentration in the presence of LAM-binding MAb (5c11) or control. Mice were given 50 wg of LAM 2 h after administration of 1 mg of MAbD.
Symbols indicate means of LAM concentration, and error bars represent 1 standard deviation from the mean. Numbers of mice receiving MAb 5c11 or control MAb 12A1
were 5, 8, 5, 3, and 5 for 10-min, 30-min, 1.5-h, 2.5-h, and 5-h times, respectively. P values were calculated with the Kruskal-Wallis test. *, P < 0.01; #*, P < 0.05.
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FIG. 5. LAM concentrations in organs of mice given MAb 5¢11 (LAM bind-
ing) or control mice 6.5 h after injection of LAM. No LAM was detected in liver,
brain, kidney, or lung. Error bars represent one standard deviation of the mean.
Control mice received MADb 12A1 (n = 5) or no MAD (n = 1). Error bars denote
standard deviation from the mean. P values were calculated with the Kruskal-
Wallis test. *, P < 0.01; s, P < 0.05.

reduced staining in the spleens of mice receiving MAb 5cl1
relative to those of controls receiving MAb 12A1. In the liver,
LAM was detected mainly in macrophages from both experi-
mental and control groups. LAM was not detected in other
organs.

Pharmacokinetics of MAb 5cl1. To further substantiate that
MADb 5c11 may be transporting LAM to the hepatobiliary
system as an antigen-antibody complex, the titer of LAM-
binding IgM was measured in serum, bile, and urine following
i.p. administration of 1 mg of MAb 5c11. LAM-binding IgM
was detected in serum 30 min after its administration, and high
titers in serum were measured up to 24 h later. High titers of
LAM-binding IgM were also detected in bile 30 min after i.p.
administration of MADb 5cl11. Serial measurements demon-
strated LAM-binding IgM in gallbladder bile up to 14 h after
its administration. LAM-binding IgM was not detected in the
urine except for a titer of 1:18 at 30 min, which may reflect
excretion of IgM light chains. To exclude the possibility that
LAM-binding IgM detected in the gallbladder was the result of
contamination after i.p. administration, we measured LAM-
binding IgM in bile following i.v. injection of 0.5 mg of MAb
5c11. LAM-binding IgM was detected in gallbladder bile 10
min after i.v. administration, increased rapidly, and reached
high titers 30 min after administration (Fig. 6).

Effect of liver extract, bile, and bile salts on LAM immuno-
reactivity. Failure to detect LAM in bile and the smaller mag-
nitude of difference in liver LAM concentrations between
MAD-treated and control groups as compared to those in the
spleen (Fig. 5) led us to hypothesize that hepatobiliary sub-
stances may reduce the immunoreactivity of LAM. A solution
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of LAM was mixed with liver extract, bile, and bile salts and
incubated for various times. Incubation of LAM with liver ex-
tract, bile, or bile salts resulted in a rapid loss of immunore-
activity relative to that of untreated LAM (Fig. 7). The reduced
reactivity of LAM was not due to the interference of bile salts
with the ELISA, since the reactivity of MAb 5c11 and MAb
CS-40 was unaffected by the addition of bile salts. Bile salts re-
duced the immunoreactivity of LAM at various concentrations
(ranging from 2 to 50 pg/ml), and their effect was very rapid.
For example, approximately one-half of the original concen-
tration was detected after incubation for 5 min. Longer incuba-
tions resulted in even greater reductions in reactivity (Fig. 7C).

DISCUSSION

Despite many studies on the in vitro effects of LAM on
immune cells, the fate of LAM in vivo has not been studied.
This information is important because LAM is a major con-
stituent of the mycobacterial cell surface (approximately 15 mg
are generated from 1 g of bacteria) (4) and has been shown to
cause biological effects by interacting with immune system
cells. The ability of the body to eliminate LAM may determine
how long LAM can exert its effects on the immune system. Our
studies show that in the absence of a LAM-binding MAD,
LAM is cleared from the serum within 3 h and is taken up by
the spleen, where it localizes to the marginal zone, and by the
liver, where it is found in macrophages. The marginal zone in
mice is composed of reticular cells, macrophages, and B lym-
phocytes (16). Staining with antibody specific to marginal zone
macrophages demonstrates that the distribution of LAM
within the marginal zone is consistent with uptake by macro-
phages (Fig. 3). Some uptake of LAM by B lymphocytes, how-
ever, could not be ruled out. Previous studies have reported
that marginal zone macrophages avidly take up microbial an-
tigens, especially T-cell-independent polysaccharides (11, 17),
presumably as a result of specialized carbohydrate receptors
on marginal zone macrophages. The uptake of LAM by mac-
rophages has been shown to occur through mannose receptors
(23, 28). Furthermore, LAM from virulent M. tuberculosis has
been demonstrated to serve as a ligand to the mannose recep-
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FIG. 6. Titer of LAM-binding IgM in gallbladder bile after i.v. administra-
tion of 0.5 mg of MADb 5c11. Symbols denote antibody titers and horizontal lines
represent the median for each time.
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FIG. 7. LAM immunoreactivity determined by ELISA after incubation with liver extract (A), bile (B), or bile salts (C). In each experiment, the initial concentration
of LAM was 25 pg/ml. In each group, open symbols correspond to the treated group. Each point was calculated based on four (A) or two (B and C) measurements
and expressed as absorbance (A and B) or as a percentage of the absorbance of LAM in PBS (C).

tor (27). Localization of LAM to the phagocytic cells may
result in immunomodulatory effects. It is also of interest that
mannose receptor-mediated uptake of mycobacteria by human
macrophages (1, 26) has been recently reported to result in
evasion of macrophage bactericidal response (1).

LAM was cleared from serum significantly faster in mice
given LAM-binding IgM. Our data further suggests that the
administration of LAM-specific IgM also affected organ distri-
bution by reducing LAM deposition in the spleen and directing
it to the liver. Immune complexes have been described to be
eliminated via the liver (15, 19). To further explore the role of
MADs in directing LAM to the hepatobiliary system, we stud-
ied the pharmacokinetics of MADb 5cl1 in serum, gallbladder
bile, and urine. High titers of MAb 5cl11 were detected in
gallbladder bile shortly after administration, suggesting a rapid
passage of this IlgM MADb from serum to bile. These results are
consistent with a previous report that passive administration of
IgM resulted in its detection in rat bile within 30 min (13) and
suggest that 5c11-LAM complexes may be eliminated via the
bile in addition to the deposition of LAM in liver cells. How-
ever, we were unable to detect LAM in bile after MADb 5c11
administration, and we noticed that the differences in liver
LAM levels between the treatment and control groups were
smaller than the differences observed in the spleen LAM levels
(P < 0.05vs. P < 0.01) (Fig. 5). We hypothesized that these
observations were due to inactivation or chemical modification
by bile salts. A precedent for this has been reported for lipo-
polysaccharide (LPS) which is inactivated by bile (31). To
explore this possibility, we incubated LAM with liver extract
and gallbladder bile and demonstrated with capture ELISA
that both rapidly reduced the reactivity of LAM. Furthermore,
LAM was mixed with bile salts in concentrations similar to
those found in rodent bile (7) and at a ratio previously de-
scribed by others (30). Like bile and liver extract, bile salts
rapidly reduced the reactivity of LAM by ELISA. This result
strongly suggests a mechanism for the rapid disappearance of
LAM from serum whereby IgM promotes liver uptake and
biliary excretion with inactivation of LAM by bile salts. Similar
(antibody-independent) biliary effects have been reported for
LPS (31). LAM is structurally similar to LPS from gram-neg-
ative bacteria inasmuch as both are composed of sugar and
lipid components. LPS is also involved in virulence, causing the
hemodynamic, hematologic, and metabolic changes that are seen
in sepsis caused by gram-negative bacteria (33). Our results
suggest that MADb 5cl11 prevents the uptake of LAM by spleen
cells and shunts it toward the hepatobiliary system, where it
may undergo inactivation by bile salts and elimination via the
bile system. Bile salts-LAM interaction may also result in the

masking of the epitope recognized by MAb 5cl11. Either mech-
anism could prevent the recognition of LAM by the capture
ELISA and by receptors on spleen cells. The ability of MAb
5cl11 to modify the serum clearance and tissue distribution of
LAM is similar to observations made previously with C. neo-
formans GXM, which showed that IgM promoted liver uptake
(11, 18). However, GXM-binding IgM promoted spleen uptake
as opposed to MAb 5c11, which prevented uptake of LAM by
the spleen. Hence, LAM-binding antibody can alter the phar-
macokinetics and tissue distribution of LAM, and this suggests
a mechanism by which antibody to LAM could affect the
course of infection.

In summary, in the absence of LAM-binding antibody, LAM
is taken up by marginal zone macrophages and liver cells. In
the presence of LAM-binding antibody, uptake of LAM by the
spleen is reduced and LAM appears to be rapidly shunted to
the hepatobiliary system for uptake, clearance, and inactiva-
tion by bile. The exact mechanism by which the liver partici-
pates in the MAb-mediated clearance of LAM and the nature
of the alteration of LAM by liver extract, bile, and bile salts
remain to be determined. It is of interest that bacilli in the liver
grow at a lower rate than those in the spleen (22) and that
BCG was originally selected after repeated passages of virulent
Mycobacterium bovis in media supplemented with ox bile (12).

This study is a first step in understanding the kinetics of
LAM in vivo. Additional studies are necessary to determine
the clearance and organ distribution of LAM during mycobac-
terial infection and the role, if any, of MAb 5c11 during infec-
tion.
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