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Antigen 85C on Mycobacterium bovis, BCG and M. tuberculosis
promotes monocyte-CR3-mediated uptake of microbeads coated

with mycobacterial products

G. HETLAND & H. G. WIKER Institute ofImmunology and Rheumatology, The National Hospital,
University of Oslo, Oslo, Norway

SUMMARY

The uptake in monocytes of monodispersed latex microbeads precoated with whole bacillus
Calmette-Guerin (BCG) cells, Mycobacterium tuberculosis sonicate or culture fluid, or antigen
(Ag) from the culture fluid was examined by microscopy. There was a significantly higher cell
association of beads coated with whole BCG cells, the secreted 85C component of the Ag 85
complex or M. tuberculosis sonicate than of phosphate-buffered saline (PBS)-treated control
beads. Antibodies (Ab) to Ag 85 inhibited the uptake of BCG- and Ag 85C-treated beads. A
monoclonal antibody (mAb) to complement receptor type 3 (CR3), but not mAb to CR1, inhibited
the uptake of Ag 85C-coated beads, indicating that the mycobacterial Ag-dependent uptake of
particles was mediated via CR3 on the monocytes. This points to the existence of a ligand on Ag
85C which may promote monocyte uptake of M. bovis, BCG and M. tuberculosis.

INTRODUCTION

Mycobacterium tuberculosis is an intracellular parasite. Much
attention has been focused upon the bacilli's ability to evade
intracellular killing by monocytes,1-3 but the mechanism by
which the bacilli enter mononuclear phagocytes has been
obscure and not investigated until recently. These studies have
shown that complement coating of the bacilli that activate the
alternative complement pathway is important in parasite
uptake.4 This is mediated via complement receptor type 3
(CR3) on monocytes.5 Such experiments were performed with
whole bacilli in co-cultures with the cells.

Fibronectin and mannosyl-fucosyl receptors (R) are also
known to play a role in the interaction of M. avium-M.
intracellulare with macrophages6 and recently, this microbe was
found to bind to the vitronectin R on monocytes.7 Whether this
is also the case for M. tuberculosis has not yet been determined.
However, as it has been shown that intracellular pathogens
make use of more than one R to enter host cells,8 the R above
probably participate with CR3 in the monocyte uptake of M.
tuberculosis.

The objective of the present study was to examine whether
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mycobacterial antigen (Ag) per se promote monocyte uptake
of mycobacteria. To address this question we incubated
microbeads coated with whole bacillus Calmette-Guerin
(BCG) cells, M. tuberculosis derivates and secreted Ag with
monocyte cultures under serum-free conditions and studied the
uptake of the beads.

MATERIALS AND METHODS

Preparation ofmonocyte cultures
Mononuclear leucocytes were isolated from buffy coats of
venous blood from healthy blood donors by B6yum's method,9
with minor modifications.'0 Mononuclear cells (5 x 106) were
seeded per 16-mm Costar culture well (Costar, Cambridge,
MA) on plastic coverslips in RPMI-1640 with gentamicin (5 pg/
ml) containing NaHCO3 (2-0 g/l) and 20% serum from healthy
AB/Rh+ blood donors, and incubated at 370 in air with 5%
CO2. For the rosetting studies 2 x 107 cells were seeded per
35-mm Costar well. The cell cultures were washed thrice after
40 min (day 0) and after 24 hr in RPMI-1640 containing 20mm
HEPES buffer, pH 7-4, and further incubated in RPMI-1640
with 20% serum. The remaining attached cells consisted of over
90% monocytes as determined by staining with a-naphthyl
acetate esterase (Sigma Chemical Co., St Louis, MO). The
experiments were performed on day 3 in RPMI-1640 without
serum after thorough washing of the cells.

Mycobacterial antigens
Mycobacterium bovis, BCG Copenhagen (strain 1331) and M.
tuberculosis H37Rv (ATCC27294) were grown in the wholly
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synthetic Sauton medium for 3 and 5 weeks, respectively. The
bacilli were removed by centrifugation and the culture
supernatant concentrated by 80% saturated ammonium
sulphate precipitation. Tubercle bacilli were washed thrice in
phosphate-buffered saline (PBS), and then sonicated in a
rosette cooling cell with a Branson sonifer model B12 as
described previously."1 The individual components of the Ag 85
complex were purified from M. tuberculosis culture fluid by a
combination of ion-exchange chromatography on DEAE-
Sepharose and phenyl Sepharose and gel filtration on
Sephacryl S-200 as described previously.'2

Antibodies
Mouse IgG monoclonal antibodies (mAb) to human CR1
(CD35) and CR3 (CD1 ib) were purchased from Dako
Immunoglobulins (Copenhagen, Denmark), and normal
human serum IgG from Kabi Pharmacia (Stockholm,
Sweden). Ascites from a mouse containing the mAb (bH6)
specific for a C3 neoepitope expressed on C3b, iC3b and C3c'3
was a much appreciated gift from Dr P. Garred (The National
Hospital, Oslo, Norway). Rabbit anti-serum to secreted Ag of
M. tuberculosis, to the Ag 85 complex or to the 65,000MW heat-
shock protein are described in Wiker et al.'4"15 Rabbit anti-E
IgM was obtained from Cordis Laboratory (Miami, FL).

Treatment of latex microbeads
Monodispersed magnetic latex microbeads (diameter 4 5,um)
(Dynal, Oslo, Norway) were incubated with either 1 mg/ml of
M. tuberculosis sonicate, M. tuberculosis culture fluid, whole
BCG cells (Statens Seruminstitut, Copenhagen, Denmark),
human serum albumin (HSA), 01 mg/ml M. tuberculosis
soluble Ag 85A, 85B or 85C, or PBS at 40 overnight and
washed twice in PBS. Some beads were then incubated with
appropriate dilutions of antibody (Ab) to M. tuberculosis, Ag
85 complex, anti-C3 neoepitope or the 65,000MW heat-shock
protein for 15min at 370 in volumes of 100,ul, and washed
again.

Incubation of microbeads with monocyte cultures
Pretreated microbeads (5 x 105) were added to each monocyte
culture well under serum-free conditions in the presence or
absence of mAb to CR1 or CR3, after saturation of the
monocyte FcR by addition ofhuman IgG (10 mg/ml) to the cell
cultures. Anti-Ag 85 F(ab')2 were usually used directly, but no
difference was found compared to experiments with the
corresponding whole antiserum and monocyte FcR saturation
(data not shown). Because initial control experiments with
HSA-treated beads showed a similar uptake of these (mean
10-2%) and PBS-treated beads (mean 10 6%), the latter were
used as controls. After 1 hr incubation the plastic coverslips
were taken out of the wells and washed vigorously in warm PBS
to remove beads that were not attached or ingested by the cells.
The monocytes on plastic coverslips were fixed in 2 5%
glutaraldehyde with 0-1 M cacodylate buffer for 20 min,
washed with this buffer and mounted in AquamontR
(Polysciences Ltd, Eppelheim, Germany) on object slides. The
number of monocytes with 1, 2, 3, 4 and > 5 beads was
determined by phase-contrast microscopy of a cross-section of
each coverslip (approx. 300 cells) and recorded as
a percentage. One-third of the experiments in which the
monocyte uptake of PBS control beads exceeded 10% and

the uptake of M. tuberculosis-treated beads was very high, were
excluded from Figs 1 and 2 because the particular cells were
believed to be in a higher state of activation than those with
PBS beads uptake < 10%. The data for uptake represent total
cell-associated beads including both those attached to and
those internalized by the cells. In Fig. 3 each experiment with
Ab was compared to its corresponding non-inhibited control
and the data given as per cent inhibition of uptake observed in
control wells.

Opsonization ofsheep erythrocytes (E) and rosette formation
with monocytes
Sheep erythrocytes stored in Elsevier's solution were incubated
with anti-E Ab in PBS, giving EAb and further incubated with
a 1/20 dilution of C5-deficient human serum (Sigma) to obtain
EAbC3bi.'6 EAb or EAbC3bi (108 cells) were then incubated at
370 for 1 hr with 3-day-old monocyte cultures in the presence or
absence of 10mg/ml normal serum IgG, anti-C3 neoepitope
IgG mAb or anti-CR3 (CD llb) IgG mAb. The culture wells
were washed, the cells fixed with 2-5% glutaraldehyde and the
percentage of monocytes that formed rosettes (i.e. binding of
> 3 erythrocytes/monocyte) with EAb or EAbC3bi determined
by microscopy of a cross-section of the wells.

Statistics
The significance of the results was tested by paired two-tailed
t-test, and P values < 0 05 were considered to be statistically
significant.

RESULTS

Monocyte uptake of M. tuberculosis Ag-pretreated microbeads

The uptake by monocytes of microbeads pretreated with
different M. tuberculosis Ag or BCG was assessed by
microscopy after 1 hr incubation of the beads with serum-free
cell cultures (Fig. 1). The highest monocyte uptake was
observed with beads preincubated with whole BCG cells
(P < 0-05). There was a lower, but significant number of

2 3 4
No. of cell-associated beads per cell

Figure 1. Beads preincubated with whole BCG cells ([1) (n = 3), M.
tuberculosis sonicate (0) (n = 5) or culture fluid (A) (n = 5), or PBS
(K) (controls; n = 8) were further incubated with monocyte culture for
1 hr. The coverslips in the wells were washed to remove unbound beads
and fixed. The number of monocytes that had bound and/or
phagocytosed 1-4, or 5 and more beads was examined by microscopy
of 300 cells. The results are given as means + 1 SD.
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Figure 2. Beads preincubated with Ag 85C (OI) (n = 5), Ag 85A (A)
(n = 2), Ag 85B (V) (n = 3) from M. tuberculosis culture fluid or with
PBS (O) (n = 5) were further treated as in Fig. 1.

monocytes that took up one of the beads pretreated with M.
tuberculosis sonicate (P < 0 01). A similar quantity of cells was
associated with M. tuberculosis culture fluid-treated beads
(0.05 < P < 0 1).

Experiments with soluble Ag 85A, 85B and 85C purified
from M. tuberculosis culture fluid revealed a substantial uptake
of single Ag 85C-treated beads (P < 0 02), in contrast with Ag
85A (P > 0-2) and 85B (P > 0 1) (Fig. 2). Moreover, the cell
association of Ag 85C-treated beads was significantly higher
than that of Ag 85B-treated beads (P < 0-02). This indicates
that 85C is the Ag responsible for the observed uptake of beads
pretreated with whole BCG cells or M. tuberculosis sonicate.
The trend in the cell association of the different beads was also
seen when cells with 2 or more beads were examined (Figs 1

and 2).

Inhibition by anti-CR3 mAb of EAbC3bi binding to monocytes

Firstly, to examine whether monocyte FcR is blocked by
addition of IgG to the cells, EAb were incubated with

Table 1. Effect of IgG, anti-C3 neoepitope and anti-CR3 mAb on

rosette formation of opsonized E (EAb and EAbC3bi) with monocytes

% rosette-forming
Red cells Addition of monocytes

EAb 810 ± 2-8
EAb IgG 37 0 + 7.1*
EAbC3bi IgG 90-8 ± 3-3
EAbC3bi IgG, anti-C3 neoepitope 72-8 i 6.2**
EAbC3bi IgG, anti-CR3 66-3 + 41**

The results are means i SD of two to four experiments. Three-day-
old monocytes were incubated for 1 hr at 370 with opsonized E under
serum-free conditions. Normal human serum IgG (10mg/ml) was
added to the cell cultures prior to incubation with EAb or EAbC3bi.
Anti-C3 neoepitope was added to EAbC3bi before incubation with
monocytes, whereas anti-CR3 was added to the cultures before
incubation of EAbC3bi with the monocytes. *P < 0 05; **P < 0-02,
compared with control. The per cent value for E rosetting to monocytes
was 10 ± 14.

monocyte cultures with or without prior addition of normal
serum IgG. Table 1 shows over 50% inhibition of monocyte
rosetting with EAb in the presence of 10 mg/ml IgG (P < 0-05).
Secondly, to examine the ability of mAb to CR3 or a C3
neoepitope to block EAbC3bi rosette formation with mono-
cytes, EAbC3bi were incubated with IgG-treated monocyte
cultures in the presence or absence of these mAb. There was a
small, but statistically significant inhibition (P < 0 02) of the
EAbC3bi binding to monocytes by both the mAb (Table 1).
This finding suggests that anti-CR3 and may be also anti-C3
neoepitope may interfere with CR3-dependent binding of
particles to monocytes.

Inhibition of monocyte uptake of BCG or M. tuberculosis Ag
pretreated beads by Ab to M. tuberculosis Ag and CR3

In another experiment polyclonal F(ab')2 Ab to the Ag 85
complex were incubated with beads treated with whole BCG
cells or Ag 85C prior to the addition of the beads to monocyte
cultures. The uptake of BCG-coated beads was inhibited by
F(ab')2 anti-Ag 85 (P < 0 01) (Fig. 3), which supports partici-
pation of an Ag in this complex in monocyte uptake of the
mycobacteria. In duplicate experiments with Ag 85C-coated
beads F(ab')2, anti-Ag 85 and anti-M. tuberculosis inhibited the
cell association of the beads by 66-0% and 84-3%, respectively
(data not shown). In control experiments with BCG-treated
beads and anti-65,000MW the uptake was not reduced
(23-4 ± 10-7% increase). The FcR of the cells were blocked
with IgG in advance in the latter experiments and those below
utilizing whole Ab.

The presence of a mAb to CR3 in co-cultures of monocytes
and microbeads treated with Ag 85C, resulted in significant
inhibition (P < 0-02) of the uptake of beads (Fig. 3). In
contrast, no effect was observed with anti-CRl (P > 0 5).
When the effect of anti-CR3 on Ag 85C-treated beads was
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Figure 3. Inhibition of binding and/or uptake (cell association) of one
or more beads per cell by Ab. Beads coated with whole BCG cells (Ol)
were incubated with or without polyclonal anti-85 Ag F(ab')2
fragments. Beads coated with Ag 85C (-) were either incubated with
anti-C3 neoepitope mAb or without the mAb and added to FcR-
blocked monocyte cultures in the presence or absence of mAb to CR1
or CR3. The degree ofAb inhibition of cell association is calculated as

per cent inhibition of uptake observed in controls without Ab. In two of
the experiments in the second column the cell association was increased
rather than inhibited. The results are given as mean + 1 SD. No. of
experiments in parentheses.
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compared with that of anti-CRI using paired t-tests, it was
significantly greater at the 0 05 < P < 0-1 level. A mAb to a C3
neoepitope inhibited neither the cell association of Ag 85C-
treated beads (P > 0.2) (Fig. 3) nor the cell association of
BCG-treated beads (31-0 ± 8-5% reduction, P > 0'5) (data not
shown).

DISCUSSION

Based on the present results we conclude that: (1) whole BCG
cells promote monocyte uptake of microbeads coated with
BCG; (2) blocking experiments with anti-Ag 85 complex
indicate that an Ag in this complex is responsible for the
uptake of BCG-coated beads; (3) this Ag is the secreted soluble
mycobacterial Ag 85C as shown by the increased uptake of
beads coated with Ag 85C; (4) blocking experiments with mAb
indicate that the Ag 85C-dependent uptake of the beads is
mediated via CR3 on the cells and probably occurs via a non-
C3-like structure on Ag 85C.

Obviously, secreted soluble Ag are not able to take part
directly in the uptake of mycobacteria which must be mediated
by a ligand on the surface of the bacilli and via CR3. In
addition to C3bi CR3 also has binding affinity for other
ligands, including fibrinogen, factor X and components of
bacteria like LPS and /-glucan. 17 Thus, the lack of evidence for
a C3-like epitope on Ag 85C does not disagree with the
literature on ligand specificities for CR3. The experiments with
E rosetting to monocytes illustrated that anti-C3 neoepitope
mAb was able to inhibit monocyte binding of C3bi-coated
particles, although poorly. Even though other ligand speci-
ficities on Ag 85C were not excluded, the possibility exists that
Ag 85C itself may represent a novel ligand for CR3.

Mycobacterium bovis, BCG and M. tuberculosis share the
Ag 85 complex'2'15 and the extensive cross-reactivity between
mycobacteria is well known.""18 In the present study this is
demonstrated by the reactivity of anti-85 Ag with Ag 85C
beads. The Ag 85 complex occurs in much lower concentrations
in sonicate of M. bovis, BCG and M. tuberculosis than in
culture fluid'4"15 from which component 85C is purified.'2 The
greater uptake of beads treated with whole BCG cells and Ag
85C than with M. tuberculosis sonicate or culture fluid is
probably the result of greater similarity to native mycobacteria
infection and higher concentrations of the functionally active
ligand, respectively, in the former experiments.

Because fibronectin binds to the BCG85 complex'9 and
causes complement R activation in monocytes,20 fibronectin
binding to Ag 85C may induce stimulation of CR3-mediated
monocyte uptake of mycobacteria. Fibronectin is secreted by
mononuclear phagocytes after some days in vitro2l 22 and was
most probably also present in our cell cultures. Hence, a ligand
in Ag 85C on M. bovis, BCG and M. tuberculosis may serve as a
vehicle for the uptake of mycobacteria. The inhibition by anti-
CR3 of the cell association of mycobacterial Ag-coated beads
supports such an hypothesis. Serum-containing cell cultures
would contain even higher amounts of fibronectin and would
thus enhance CR3-mediated uptake of the bacilli. This could
also occur through possible serum complement activation as
shown for both M. tuberculosis5 and M. aviumn.4 In contrast, our
experiments were performed under serum-free conditions and
the mycobacteria used had been cultivated in the absence of a
complement source. Cell-derived complement on complement-

activating particles also promotes their binding to monocytes in
serum-free cultures.10'23 However, the latex beads, which do not
activate complement, were co-incubated with monocytes for 1 hr
only, which is too short a time to give any significant
opsonization and uptake of agarose beads by 3-day-old
monocytes.'0 This is supported by the insignificant inhibition
of uptake of coated beads by C3 neoepitope mAb. Thus, the
possible participation of serum- or monocyte-derived C3 in our
study is highly unlikely. Studies with C3bi-coated whole bacilli,
after activation of serum complement,4'5 may have disguised the
possible detection of a bacilli-derived CR3 ligand. Our results do
not contradict these reports, but indicate that M. bovis, BCG and
M. tuberculosis have serum-independent means of their own by
which they can enter monocytes.
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