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Abstract

HumanT lymphocytes sensitized to Candida aibicans (CA) were

shown to proliferate in cultures induced with mannan, a ramified
polysaccharide extracted from the cell well of CA. Wepresently
describe that, when we used strongly labeled i3Hlmannan, an-

tigen-specific T blast cells were able to bind the labeled mannan

on their membrane. The observations that irrelevant blast cells
did not bind I3Himannan, and that mannan-specific blast cells
did not bind tritiated pneumococcal polysaccharide SiL indicate
the specificity of mannan binding. Mannan binding was reversible
and saturable. Mannan binding on T blast cells was inhibited by
preincubation with monoclonal antibodies to T3 but not to other
T cell-related molecules. The characteristics of this receptor

suggest its identity with the T cell receptor for antigen. The
direct binding of mannan could be either due to a cross-linking
of the receptor by multivalent mannan or to a recognition of
mannan in association with HLA-DQ molecules, as suggested
by partial blocking of mannan binding using anti-HLA-DQ
monoclonal antibodies.

Introduction

Many studies have attempted to identify directly the membrane
receptors for the binding of antigen onto specifically activated
T cells. Research performed on murine or human models has
suggested direct binding of antigen alone onto primed T cells
(1-7). However, most reports have shown that T lymphocytes
recognize the antigen in association with a major histocompat-
ibility complex (MHC)' product, and not alone (8-12).

Wehave previously described a specific in vitro system of
antibody production to mannan of Candida albicans by sensi-
tized human lymphocytes (13). This system provided the op-

portunity for studying the membrane expression of structures
able to bind specifically this polysaccharidic antigen. Weused
labeled [3H]mannan, which provided a sensitive method for de-
tecting mannan binding on activated T and B blast cells obtained
in specifically stimulated cultures. Westudied the relationship
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1. Abbreviations used in this paper: Ab, antibody; ACC, antibody-con-
taining cells; CA, Candida albicans; ELISA, enzyme-linked immuno-
sorbent assay; ICC, immunoglobulin-containing cells; IL-2, interleukin
2; MAb, monoclonal antibody; MBSA, methylated bovine serum al-
bumin; MHC, major histocompatibility complex; PHA, phytohemag-
glutinin; PWM,pokeweed mitogen; sIg, surface immunoglobulin; S111,
pneumococcal polysaccharide S511; TdR, thymidine.

between mannan binding to T blast cells and glycoproteins ex-
pressed on T lymphocyte membranes, such as the T3 complex,
which has been previously shown to be associated with the re-
ceptor for antigen on proliferative, helper, and cytotoxic T cell
clones (1 1, 12, 14). The results presently reported indicate the
existence on mannan-activated T lymphocytes of a mannan
specific-receptor associated with the T3 complex.

Methods

Polysaccharide antigens. The antigen used was extracted from Candida
albicans (CA) strain A, by a technique previously described (13) and
modified from that described by Summers et al. (15). It contained, after
purification, 3.4% protein, traces of glucan, and >96% mannan. Its mo-
lecular weight was -8,000. Mannan composed of o-mannose residues
ramified with al-2, al-3, al-4, and al-6 linkages (16). This preparation
will henceforth be called mannan because the polysaccharide was the
main component of the antigen preparation. Mannose was obtained
from Sigma Chemical Co., St. Louis, MO). Oligomannosides (two to
four mannose residues with al-2, al-3 linkages) were prepared by Dr.
J. Montreuil (Lille, France). Purified linear mannan from Klebsiella KI
strain Kasuya (03:Kl) composed of al-2, al-3 linkages was kindly pro-
vided by Dr. V. Kato (Osaka, Japan). Another unrelated polysaccharide,
the pneumococcal polysaccharide SIII (SIII) (350,000 mol wt) purified
as described by Felton et al. ( 17) was used as a check.

Mannan was tritiated by L. Pichat (Commissariat a l'Energie Ato-
mique, France) by catalytic exchange in solution with tritium (3H) as
described by Evans et al. (18). Analysis of [3H]mannan by acid hydrolysis
and paper chromatography revealed that any and all radioactivity was
bound to mannose, with a specific activity of 2 mCi/pg. SIIl was similarly
labeled (1.5 mCi/tg).

Cell cultures. Blood samples were obtained from healthy adult vol-
unteers, newborn infants, and X-linked agammaglobulinemic patients.
Blood donors were considered as sensitized to Candida albicans when
acandidin (Institut Pasteur, Paris, France; 50 ;g/ml)-induced proliferation
was observed. In normal sensitized donors, specific serum antibodies to
mannan were also found when using an enzyme-linked immunosorbent
assay (ELISA). Peripheral blood lymphocytes (PBL) were isolated on a
Ficoll-Hypaque (Pharmacia Fine Chemicals, Uppsala, Sweden) density
gradient and washed twice in Hanks' solution. PBL were cultured in
flat-bottomed microtiter wells (Falcon Plastics, Becton, Dickinson &Co,
Oxnard, CA) at 2 X 10' in 0.2 ml of RPMI 1640 (Gibco, Glasgow,
Scotland) culture medium supplemented with 10% heat-inactivated fetal
calf serum (Microbiological Associates, Bethesda, MD), antibiotics (pen-
icillin 100 IU/ml, streptomycin 0.1 mg/ml), amphotericin B (4 Ag/ml),
and glutamine (0.3 gg/ml, Institut Merieux, Lyon, France). Cultures
were incubated with 40 Ag/ml of mannan extemporaneously absorbed
on methylated bovine serum albumin (MBSA, Sigma Chemical Co.) at
a ratio of 4:1 (13) or coupled on latex beads as described by Gettner and
Mackenzie (19). Coupling of mannan was required to obtain specific T
cell activation, suggesting a need for high epitopic concentration not
provided by soluble mannan (13). Cultures were also initiated with
pokeweed mitogen ([PWM] Gibco, 5 /d/ml) or antigens (SIII 100 ;Lg/
ml, tetanus toxoid 100 Ml/ml, or Toxoplasma gondii 10 gg/ml) using
PBL from sensitized subjects. Cultures were harvested at days 3, 5, and
7. In cultures maintained longer than 3 d, medium was removed at day
3 and replaced by fresh medium without addition of antigen. The har-
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vested cells were then washed, and viable cells were counted by trypan
blue exclusion and tested in suspension for several membrane markers.
They were then cytocentrifuged (200 X I03 per slide) and fixed in ethanol.
Examination of the smears after staining by methyl green pyronine al-
lowed the evaluation of the percentage of recovered blast cells. Blast cells
were defined under microscopic examination as large pyroninophilic
cells (>30 Mm)and/or as cells incorporating tritiated thymidine ([3H]TdR)
in a 1-h incubation (2 ACi/ml, specific activity I mCi/mmol) on radioau-
tographic smears (K5, Ilford, Essex, England). The immunoglobulin-
containing cells (ICC) were detected by intracytoplasmic immunofluo-
rescence using fluorescein-labeled anti-,u, --y, -a, or -6 human heavy-
chain antisera (Nordic Laboratories, Tilburg, The Netherlands). The
antimannan antibody-containing cells (ACC) were revealed as previously
described (13) by radioautography after specific intracytoplasmic binding
of [3H]mannan. Fixation of labeled mannan was observed after an 8-d
exposure. In most experiments, immunofluorescence and radioautog-
raphy techniques were used on the same smears, allowing an analysis of
the antibody-producing cells. Supernatant antibodies were detected by
an ELISA using specific alkaline phosphatase-coupled goat anti-human
IgM or IgG (Miles Laboratories, Yeda, Israel). Antibody concentrations
were expressed as log 2 dilution of a reference serum from a CA-sensitized
subject. A straight line was observed when logit transformed OD405
was plotted against log 2 of dilution. One unit was arbitrarily defined as
the amount of antimannan-specific IgM or IgG present in a 1:10,000
dilution of the reference serum (13).

Cell separation. Monocytes were prepared by a 1-h incubation at
370C of PBL on plasma-coated petri dishes (Nunclon, Gibco), removed
by scratching off the plates with a rubber policeman and irradiated to
4,000 rads. This monocyte-enriched preparation contained >80% of
OKMI(+) cells. Nonadherent cells were filtered on a Sephadex GO0
column, then allowed to form E rosettes with neuraminidase-treated
sheep red blood cells. E(+) T-enriched preparations contained 93.1±6.5%
OKT3(+) cells and E(-) B-enriched preparations contained 70.5±11.9%
surface Ig (sIgX+) lymphocytes (20). The complete depletion of T lym-
phocytes (<0.1%) in these B-enriched preparations was achieved by a
cytotoxicity assay, using OKT3 and rabbit complement (Sera Labora-
tories, Sussex, England).

Tcell lines. PBL from sensitized donors were cultured with mannan-
MBSA(50 yg/ml) or influenza virus (5 Atg/ml). After 7 d, the cells were
recultured at a concentration of I X 105/ml in RPMI 1640 containing
10% fetal calf serum supplemented with interleukin 2 (IL-2)-containing
medium diluted to an optimal concentration. IL-2 medium was prepared
by culturing I X 106 pooled human PBL from different donors with 2
gg/ml phytohemagglutinin (PHA) in RPMI 1640 + 5% human serum
for 48 h. PHAwas removed from IL-2 medium by passage over a column
of Sepharose 4B to which rabbit anti-PHA antibodies had been coupled
(21). IL-2 medium was filtered and stored at -20°C. Every 3-4 d, medium
was removed by centrifugation and cells were reseeded at I X 10'/ml in
fresh IL-2 medium, and every week 4,000 rad-irradiated autologous PBL
and antigen were added. All T cell lines were tested 4-8 wk after having
been initiated. The phenotype of these T cells was >90% T3(+), T4(+),
and >75% HLA class II(+). Antigen-specific proliferation of T cell lines
was performed as followed: I X 104 T cells were cultured with 5 X 10W
4,000 rad-irradiated autologous PBL in presence of influenza virus A/
Bangkok (0.5 ug/ml) or mannan-MBSA (50 ,ug/ml) in flat-bottomed
microtiter wells for 3 d at 37°C in 5% CO2 incubator. [3H]TdR was
added 18 h before harvest. [3H]TdR uptake was counted in a scintillation
counter. A positive control of proliferation consisted in the addition of
IL-2 medium alone.

Polyclonal or monoclonal antibodies. Monoclonal antibodies (MAbs)
to T3, T4, T8, and Tl 1 molecules expressed by T lymphocytes (22) were
obtained from Ortho Pharmaceutical (Raritan, NJ) as well as OKMI
MAbrecognizing nonlymphoid leukocytes (23). One other MAbagainst
T3 molecule (UCHTl) was a generous gift of P. Beverley (24). Seven
MAbsdirected against MHCclass II products were also used: MAbanti-
HLA-DR, OKlal from Ortho Pharmaceutical (25), and DI-12, orF(aby2
fragments of Dl-12, and two MAbsanti-HLA-DQWl (BT 3/4 and SDR1)
and one MAbanti-HLR-DQ from Becton, Dickinson & Co., leulO (26).

MAbs to 02-microglobulin (0.18) and to HLA class I antigens (W-6/32)
were obtained from Sera Laboratories and used as controls (27).

Leukocyte markers. Membrane leukocyte markers were studied on
suspensions of live cells. B lymphocyte markers were detected by surface
immunofluorescence using rhodamine-labeled goat F(abY2 fragments to
human F(ab) IgG or to human heavy chains (ju, 'y, or a) (Nordic Lab-
oratories). Membrane IgD-bearing cells were detected by a fluorescein-
labeled goat antiserum against human 6-chains (Nordic Laboratories).
T lymphocytes were enumerated by using anti-T cell MAbin an indirect
immunofluorescence test requiring a tetramethyl rhodamine isothiocy-
anate (TRITC)-labeled antiserum goat anti-mouse immunoglobulin
(GAMIg) (Nordic Laboratories). Membrane HLA antigens and 02-mi-
croglobulin were detected by an indirect immunofluorescence assay using
the MAbagainst HLA antigens or #2-microglobulin. The receptors for
FC fragments of IgG were detected by rosetting with ox red blood cells
sensitized with specific rabbit IgG antibodies (28) and by immunofluo-
rescence using rabbit or mouse heat-aggregated (30 min, 630C) IgG.
Monocytes were revealed by OKMI and by phagocytosis of latex beads.

Mannan-binding to cell membranes. Membrane antigen fixation was
studied on cells in suspension by incubation for 1 h at 4VC with
[3Hjmannan (0.1 g/I05 cells). Cells were then washed three times and
cytocentrifuged for radioautography. The percentage of membrane-la-
beled cells was established after an 8-d exposure in emulsion. Cells were
considered as positive when labeled with more than 50 silver grains.

In order to characterize the membrane phenotypes of mannan-binding
blast cells, microscopic immunofluorescence was coupled with radioau-
tography on the same cell smears. An extra smear was stained with methyl
green pyronine. In some experiments, [3Hlmannan fixation was evaluated
by counting the radioactivity associated with the cells: I X I0O cells were
collected onto a filter and then counted by liquid scintillation spectrom-
etry.

In certain experiments, medium was removed at day 5 from tetanus
toxoid-, Toxoplasma gondii-, SIII-, or PWM-stimulated cultures, and
replaced for the last 24 h by supernatants from mannan-stimulated cul-
tures, in which both IgM and IgG antimannan antibody contents were
known (respectively, 35 and 42 U/ml).

Inhibition studies. In numerous experiments, before adding
[3Hlmannan, cultured cells were preincubated for 1 h at 4VC or 370C
with different carbohydrates: unlabeled mannan from Candida albicans,
mannan from Klebsiella, mannose, a-methyl-mannoside, oligoman-
nosides, or SIII at concentrations varying from 0.01 to 1 mg/ml per I05
cells. Several monoclonal antibodies, i.e., MAbto HLA antigens, anti-
(2 microglobulin, OKT3, or UCHT1, OKT4, OKT8, and OKT11, were
added at various concentrations (0.1-10 Mg/ml), to harvested cells before
incubation with [3H]mannan.

Results

In vitro response of sensitized PBL to mannan of Candida al-
bicans. Wehave previously shown that PBL from CA-sensitized
donors are able to mature into specific antimannan ACCwhen
stimulated with mannan absorbed with MBSAor mannan cou-
pled on latex beads. Supernatants of these cultures contain an-
timannan antibodies (ABs) as detected with an ELISA method.
This Ab response is T cell-dependent (13 and Table I).

Mannan-MBSA or mannan-latex is also able to induce a
specific T and B cell proliferation as shown by the analysis of
cell surface markers. The proliferation specificity was evidenced
by the observation that PBL from unsensitized donors neither
proliferate nor mature into antimannan ACC(Table I). Blast
cells, as recognized as large pyroninophilic cells, first observed
on day 3 of cultures, peaked at day 5. From day 5 to 7 around
50%of the harvested cells were blast cells. Analysis of cell surface
markers showed that T cell proliferation preceded the prolifer-
ation of B lymphocytes. Throughout the incubation period of
the cultures, the majority of blast cells were labeled with OKT3
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Table I. T Cell Dependency and Allogeneic Restriction of In Vitro Antimannan Antibody Production

Antimannan antibody in supernatant4 in experiments

Antimannan ACC* in experiments 1 2 3

Cultured cells 1 2 3 1gM IgG 1gM IgG IgM IgG

U/ml U/mi U/mi U/mi U/mi U/mi

PBL from unsensitized donors <100 <100 <100 <1 <I <1 <1 <1 <I
PBL from sensitized donors 11,400 5,700 3,600 23 25 15 15 14 5
E(+) from sensitized donors <100 <100 <100 <1 <1 <1 <1 <1 <1
E(-) from sensitized donors§ 110 125 <100 3 2 1 <1 <1 <1
E(+) from sensitized donors + autologous E(-)§"'l 8,500 6,800 5,100 17 19 25 16 30 7
E(+) from sensitized donors + allogeneic E(-)

from sensitized donors§l' 205 <100 105 5 2 <1 <1 2 1

Three out of eight experiments yielding similar results are shown. CA-sensitized donors' PBL were cultured for 7 d in presence of mannan-MBSA
(50 ug/ml). Specific response was measured either by: * Enumeration of antimannan ACCrevealed by intracytoplasmic radioautography after
fixation of ['H]mannan (for 1 X 106 input cells). t Determination of antimannan antibody concentrations by an ELISA in culture supernatants
(U/ml) as compared to the 1:10,000 dilution of a reference serum. § E(-) populations were depleted of T lymphocytes by sheep red blood cell
rosetting followed by cytotoxicity with OKT3 plus complement (<1% OKT3(+) lymphocytes). Depletion of the excess of monocytes by three
successive steps of adherence on plastic did not modify the results. 11 Cocultures were performed at a ratio of 1:1.

monoclonal antibodies and belonged to T4 and T8 subsets,
(Fig. I A). SIg(+) blast cells increased progressively from day 3
and bore membrane IgM or IgG, but not IgA or IgD. Antiman-
nan ACCwere detected only at day 7 and represented -4% of
blast cells. An important proportion of blast cells bore HLA
class II antigens as revealed by two anti-DR MAbsor the F(abY2
fragments of one of them (D1-12) (Fig. 1 A).

Membrane binding of [3H]mannan on mannan-MBSA-
induced blast cells. A proportion of blast cells obtained in stim-
ulated cultures of sensitized PBL, but not of unsensitized PBL
including those of newborn infants, was shown to bind
['Himannan. Mannan-binding blasts were already observed on
day 3 of cultures; at day 5, they represented 4% of harvested
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Figure 1. Membrane markers of mannan-induced blast cells. The
number of blast cells (A), of mannan-binding blast cells (B) and,
among them, the number of cells bearing T3 (-), T4 (i), T8 (-), DR
(si), sIg (*), or containing Ig (o), observed at days 3, 5, and 7 of man-
nan-MBSA (50 jg/ml)-stimulated cultures of CA-sensitized donors'
leukocytes.

cells and 10-20% of total blast cells, i.e., around 30-40 X 103
cells for 106 input cells (Table II and Fig. 1 B). As shown in Fig.
2 A, the silver grains (50-200 per cell) were scattered equally
over the whole cell surface. The binding of [3H]mannan on
mannan-stimulated cells was further confirmed by direct eval-
uation of radioactive counts associated to cells by liquid scin-
tillation (Table II).

Incubation of cultured cells with an excess of CAcold man-
nan (10 jg to 1 mg) inhibited the binding of (3Himannan on
blast cell membranes. In contrast, incubation with mannose, a-
methyl-mannoside, oligomannosides, mannan from Klebsiella,
or SIII had no effect, even at high concentrations (1 mg)
(Fig. 3). The inhibition observed with CAmannan was likewise
observed when added before or after the labeled mannan.

As shown on Fig. 4 A, a plateau of mannan-binding con-
centration was reached when >10 ng of [3H]mannan was added
to 1 X 10' T cells indicating the saturability of the receptor.
Using a scatchard plot analysis, we have been able to estimate
the number of receptors per cell, that is around 38,000, with a
KD of 1.9 X 10-6 M-' (Fig. 4 B).

Speci'ficity of the mannan binding on blast cell membranes.
In order to study mannan-binding specificity, we performed cul-
tures of CA-sensitized PBL stimulated by PWMor by different
antigens to which donors were also sensitized. PWM-induced
T3(+) blast cells as well as tetanus toxoid (Fig. 2 B), Toxoplasma
gondii, or SIII-induced T3(+) blast cells did not bind
[3Hmannan (Table III). Conversely, mannan-induced blast cells
did not bind tritiated SIII (Fig. 2 C).

Several experiments were designed in order to examine the
hypothesis that the binding of mannan might be secondary to
the fixation of antimannan antibodies (secreted during the cul-
ture) on Fc receptors expressed on blast cells. Only a low per-
centage of blast cells harvested on day 3, 5, or 7 had detectable
Fc y receptors, as studied by immunofluorescence with heat-
aggregated IgG or by rosetting with IgG-sensitized erythrocytes.
In addition, the proportion of mannan-binding blast cells was

similar both before and after incubation (24 h, 37°C) of cultured
(3, 5, or 7 d) cells in the presence of a supernatant containing
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Table II. Mannan Binding onto Blast Cells

Number (X 10-')* of Surface markers of mannan-binding celis§

Days of culture Recovered cells Blast cells Mannan-binding cells Count boundt slg T3 T4 T8 DR"

cpm % % % % %

Exp. 1
3 110 37 3 500 1 85 62 20 98
5 575 237 27 4,540 5 80 58 15 75
7 450 175 15 3,950 17 42 20 21 87

Exp. 2
3 143 29 6 450 2 79 64 19 89
5 632 240 37 8,940 4 71 50 24 83
7 590 182 12 2,700 15 44 10 32 68

Cells were harvested at different times of mannan-MBSA stimulated cultures and studied for their membrane markers by coupling surface immu-
nofluorescence and radioautography. Two experiments, out of six that gave comparable results, are shown. * Total number for 106 input cells.
t Counts per minute for 105 cells. § Results are expressed as the percentage of total mannan-binding cells. 1l DR(+) cells were revealed with the
F(ab)Y2 fragment of MAbDI-12.

antimannan antibodies: IgM, 35 U/ml and IgG, 42 U/ml. Sim-
ilarly, PWMor unrelated antigen (tetanus toxoid, Toxoplasma
gondii, SIII)-induced blast cels (harvested on day 3, 5, or 7)
incubated in the same supernatant remained unable to bind
[3H]mannan.

Nature of the mannan-binding blast cells. In order to analyze
the nature of mannan-binding blast cells, studies were performed
by coupling membrane or intracytoplasmic immunofluorescence
and radioautography on the same smears observed by micros-
copy (Table II). The number of mannan-binding blast B cells,
detected by membrane staining with an F(ab)'2 fragment to hu-
man F(ab) IgG, gradually increased to reach a level of 15-20%
of blasts on day 7 of the culture. Both sIgM(+) and sIgG(+)

'1 kA

.. . ^e

Figure 2. Mannan-binding blast cells. (A) Mannan-binding blast cells
observed at day 5 of mannan-MBSA-stimulated cultures by radioau-
tography after a 1-h incubation at 4VC with [3H]mannan. (B) Blast
cells observed at day 5 of tetanus toxoid-stimulated cultures after a 1-h

bearing blast cells were observed (data not shown). The intra-
cytoplasmic ICC were not detected as [3H]mannan-binding cells.
A large majority, -80%, of mannan-binding blast cells analyzed
on days 3 and 5 of cultures were T3(+). Their T cell nature was
confirmed by the large reduction (from 27,000±9,000 to
4,000±1,800) of the number of mannan-binding blast cells in
T-depleted populations (by E resetting and/or by lysis with
OKT3MAbin presence of complement). The mannan-binding
T blast cells were found to be predominantly T4(+) on days 3
and 5 while blasts bearing T4 or T8 antigens were found in equal
number on day 7. The mannan-binding cells were not stained
by an antimonocyte monoclonal antibody (OKM1) and were
not able to phagocytose latex beads.

II :'

incubation at 40C with [3H]mannan. (C) Blast cells observed at day 5
of mannan-MBSA-stimulated cultures and incubated for 1 h with triti-
ated SULl
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Figure 3. Specificity of mannan binding. Inhibition of the binding of
[3Hlmannan (0.1 sg/ml) on the membrane of 5-d mannan-MBSA-in-
duced blast cells after an incubation with different saccharides (o) SIll,
(.) mannan from Klebsiella, (A) D-mannose, (A) oligomannosides, (*)
CA unlabeled mannan. Results (of one experiment out of three that
gave similar results) are expressed as the absolute number of mannan-
binding cells for I X 106 input cells.

Most of the mannan-binding blast cells bore HLA-class II
antigens as revealed by several anti-DR MAbor their F(ab)'2
fragments (Table II, Fig. 1 B).

The T cell nature of mannan-binding T3(+) cells was further
shown by two lines of evidence. Mannan-induced T3(+) blast
cells obtained from PBL of three CA-sensitized patients with
X-linked agammaglobulinemia (characterized by a complete
absence of B lymphocytes) were shown to bind [3H]mannan on
their membranes, although no specific antibodies could be de-
tected in the corresponding supernatants (Table I1I). The binding
of [3H]mannan to mannan-specific or influenza virus-specific
IL-2-dependent T cell lines has been tested. As studied by both
radioautography and liquid scintillation count, the mannan-in-
duced T cell line only bound [3H]mannan consistently, whereas
the influenza specific T cell line did not (Table IV).

In order to know whether mannan binding to its specific
receptor needed processing, experiments were performed in
which blast cells were fixed with paraformaldehyde (1%) before
incubation with [3H]mannan. This procedure did not result in
a decrease of mannan binding (data not shown).

AB

30 - /60

3 0 ,,

o 0

20-4

0.5 2 4 6 8 10 50 0 20 30
M [nfl] BMW(Cpu 10X-3)

Figure 4. Saturability of mannan binding onto T blast cells. (A) Spe-
cific binding of [3H]mannan to mannan-specific IL-2-dependent T cell
lines. (B) Scatchard plot of [3H]mannan binding. 1 X I05 T cells were
incubated for I h in 100 Ml of phosphate-buffered saline with the indi-
cated concentration of I3H]mannan. The data shown in the Scatchard
plot are derived from A. The slope has been determined by the least
square method. One of two similar experiments is herein shown.

Anti-T3 monoclonal antibodies block mannan binding to T
cells. Experiments were performed in order to define the rela-
tionship between known membrane glycoproteins and the man-
nan binding structure of blast cells. As shown in Fig. 5, MAbs
to T cell antigen T3 (OKT3 or UCHT1) were shown to inhibit
the membrane binding of [3H]mannan on T3(+) and not on
sIg(+) blast cells when preincubated at 370C but not at 4VC.
The inhibition was complete at a concentration of 2 ,sg/ml of
MAb(OKT3, or UCHT1) and was dependent upon the amount
of MAbadded. In contrast, MAbOKT4, OKT8, and OKT11
did not inhibit the mannan binding (neither at 4VC nor at 37QC),
even at concentrations up to 10 tg/ml). Similarly, MAbanti-
HLA class I molecules (W-6/32), anti-#2-microglobulin (0.18)
(data not shown), or anti-HLA-DR molecules (Dl-12 or OKIal)
did not alter mannan binding on blasts. Somedegree of inhibition
was observed using HLA-DQ MAb(SDRI-BT 3/4) (Fig. 5).

Consequences of mannan binding onto T cells. In order to
evaluate the possible functional effect of mannan binding onto
T cells, we attempted to determine whether mannan binding to
T cells can induce either T cell proliferation or conversely an
unresponsiveness to mannan. As shown in Table V, mannan-
specific IL-2-dependent T cells able to bind mannan on their
membranes (Table IV) did not proliferate when cultured in
presence of mannan in the absence of monocytes. Furthermore,
after a similar incubation, these T cells were unable to proliferate
when further stimulated with mannan in the presence of mono-
cytes, whereas the same T cells not previously incubated with
mannan kept a strong proliferative ability (Table V).

Discussion

Wehave shown that mannan-stimulated blast T cells obtained
in short- or long-term cultures were able to specifically bind
[3Hlmannan. A pulse of unlabeled mannan completely inhibited
the mannan binding on blast cells, indicating that the labeling
procedure of mannan did not alter its structure. A combined
radioautography-immunofluorescence technique permitted the
identification of blast subsets able to bind labeled manfan on
their membranes. [3H]mannan-binding T blast cells were de-
tected early in short-term-stimulated cultures and peaked at
day 5. Whether the short-term T blast cells that do not bind
mannan are unspecifically activated or whether they express a

smaller number of membrane receptors or, alternatively, express
receptors with a weaker affinity for the antigen, remains
unelucidated. In contrast, most of the long-term-cultured, man-

nan-specific proliferative T blasts bound mannan. Although in
vitro induction of antigen-binding T blast cells has been described
in several different systems (1-7), it has given rise to much con-

troversy. However, a direct binding of antigen to a human T
cell clone specific for a peptide of influenza hemagglutinin has
been recently shown (29). Wetherefore focused our attention
on the specificity of mannan binding. Short-term blasts or an-
tigen-specific long-term IL-2-dependent T lymphocytes induced
by different antigens unrelated to mannan, did not bind
[3H]mannan. These observations, together with the absence of
inhibition of the [3H]mannan binding by mannose, excludes a

nonspecific binding of mannan on a cell surface lectin (30). One
could have envisaged that mannan interacts nonspecifically with
the T3 molecule, which would have explained the blocking effect
of anti-T3 MAb, in that lectins such as concanavalin A bind the
T3 molecule (31). However, the specific binding of mannan to
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Table III. Specificity of the Mannan Binding on T Blast Cells

Mannan-binding T blast cell* in experiments Antimannan ACCt in experiments
Cultures stimulated

Lymphocytes from with 1 2 3 1 2 3

Unsensitized donors Mannan-MBSA <100 <100 <100 <100 <100 <100
CA sensitized donors Mannan-MBSA 27,000 37,000 17,000 11,400 5,700 3,600
CAsensitized donors PWM <100 <100 <100 <100 <100 <100
CAsensitized donors Tetanus toxoid <100 <100 <100 <100 <100 <100
CA sensitized donors Toxoplasma <100 <100 <100 <100 <100 <100
CA sensitized donors SIll <100 <100 <100 <100 <100 <100
Agammaglobulinemic patients§ Mannan-MBSA 18,000 17,000 19,000 <100 <100 <100

Cells were harvested in order to study both, the mannan binding on T (OKT3(+)) blast cells and the antimannan ACC. Results are the number of
harvested cells for 1 X 106 input cells. * Number of mannan-binding blast T cells recovered at day 5 of the culture. t Number of antimannan
ACCrecovered at day 7 of the culture. § These three patients were affected with an X-linked agammaglobulinemia (without B cells).

cells previously activated by the same antigen rule out this hy-
pothesis. Wewere able to demonstrate that the mannan binding
on T blast cells was not mediated through the fixation of anti-
mannan antibodies to Fc u or y membrane receptors.

Several data strongly support the notion of the existence of
a true specific receptor for mannan onto specifically activated
T cells. First, binding has been shown to be reversible. Second,
it is possible to saturate the binding ability of membrane receptors
allowing an evaluation of the number of mannan-binding re-
ceptors per cell, as well as the avidity of the receptors. Attempts
at blocking the mannan binding using oligomannosides sharing
two types of covalent linkages with CA mannan (a 1-2, a 1-3)
failed. These results suggest that other part(s) of the molecule
may be seen by the T cells. Further experiments using other
oligomannosides are thus required to define precisely the epitopic
structure recognized by mannan-specific T cells. Finally, we have
shown that mannan binding onto specifically activated T cells
results in further unresponsiveness to mannan. These results are
very similar to those observed in the tolerance-induction experi-
ment of influenza peptide-specific T cell clones by Zanders et
al. (14). In addition, mannan binding alone did not induce T
cell proliferation, either because accessory cells are required or
because of tolerance induction in the absence of monocytes.

It is likely that the observation of a specific binding of antigen
to T blast cells was made possible, as in the study reported by
Zanders et al. (29), through the use of a highly labeled antigen.

It is a somewhat unexpected finding that free mannan alone
could specifically bind T lymphocyte membranes because it has
previously been demonstrated that the T cell receptor is specific
for antigen associated with a MHCproduct (8-12). Such an
association is indeed required for mannan inasmuch as mono-
cyte-T lymphocyte interactions in mannan-induced T cell re-
sponses are HLA class II-restricted (32). The probable multi-
valence of mannan epitope(s) recognized by T cells may permit
a sufficient cross-linking of the antigen receptor, allowing its
direct visualization with [3H]mannan, despite a likely low affinity
in the absence of HLAclass II molecules, as suggested in a mouse
model in which T cell clones can bind hapten fluorescein iso-
thiocyanate (33). An alternative hypothesis could be that specific
T lymphocytes recognize mannan in association with HLAclass
II molecules expressed by the activated T lymphocytes as sug-
gested by others (29). The fact that anti-HLA-DQ monoclonal
antibodies did partially inhibit the binding of mannan to T cells
is in accordance with this suggestion. Indeed, we have previously
shown that mannan-induced specific T cell proliferation and
specific B cell maturation are HLA-DQ-restricted (32). The in-
hibition of mannan-binding by anti-DQ antibodies could suggest
a cross-reactivity between mannan determinants and HLA-DQ.
This is not the case since two anti-HLA-DQ (SDR 1 and leu 10)
monoclonal antibodies were shown not to react with mannan
in an inhibition ELISA assay of the binding of antimannan an-
tibodies to mannan (data not shown). One could thus envisage

Table IV. Mannan Binding on IL-2-dependent T Cell Lines

Mannan binding
Proliferation tot

Cells (+) Count bound*
T cell lines Mannan Influenza
initiated with Week 4 Week 8 Week 4 Week 8 IL-2 (week 8) virus

% % cpm cpm cpmX 10' cpmX 10 cpmX 10'

Mannan-MBSA 75 98 19,990+2,800 27,450±3,500 17±2 22±2 0.8±0.6
Influenza virus <1 <1 516±90 450±73 10.5±2 0.6±3 9.5±1

IL-2 dependent specific T cell lines were analyzed 4-8 wks after their initiation. Membrane markers studies revealed that >90% of cells were T3
(+) T4(+). * For 1 X 10' T blast cells. t I04 T cells were cultured for 3 d with 4,000-rad-irradiated autologous PBL in presence of either medium
alone, IL-2 medium, mannan-MBSA (50 jug/ml), influenza virus (0.5 ,g/ml). [3H]TdR uptake in cultures performed in medium alone was below
1,000 cpm.
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Figure 5. Relationship of mannan binding with T cell glycoproteins.
Inhibition of the mannan binding on the membrane of 5-d mannan-
MBSA-induced blast cells from a HLA-DQWI homozygous subjects
after an incubation with different MAbs performed (A) at 370C, (B) at
40C. Results of one experiment out of six that gave similar results are

that the specific receptor sees mannan associated with an HLA-
DQmolecule at the surface of monocytes or B lymphocytes in
short-term cultures or activated T cells in long-term cultures.
The ability of fixed blast T cells to bind [3H]mannan clearly
indicates that binding to the specific receptor does not need
mannan processing. Whether the direct detection of the specific
antigen receptor through the use of a labeled antigen can be
observed for other antigens with repetitive units is not yet known.
Preliminary experiments using tritiated pneumococcal polysac-
charide with a repetitive glucose-glucuronic acid sequence have
shown specific binding to SIII-activated T cells (unpublished
data).

The relationship between the specific antigen-binding struc-
tures and well-defined glycoproteins expressed on T cell mem-
branes was studied by inhibition experiments with several specific
antisera. Recent works have strongly suggested a role of the
membrane glycoprotein recognized by the OKT3and UCHTI
monoclonal antibodies in the induction of T cell responses. It
has been demonstrated first that OKT3 is a potent mitogen for
T cells (31), and secondly that there is a close relationship be-
tween the 20,000-28,000-mol wt glycoprotein complex recog-

L
_-- 00-- a - 0

0.1 0.5 1 1.5
MAb concentration (pg/ml)

2 10

expressed as the total number of labeled cells for 1 X 106 input cells.
MAbs: (.) OKT3, (o) OKT4, (A) OKT8, (*) OKTl 1, (A) anti-DR
D 1- 12 (similar results were obtained with OKIa 1), (o) anti-DQ SDR
1 (similar results with BT 3-4).

nized by OKT3 or UCHTI and the antigen-specific T cell re-
ceptor (12-14). Bensussan et al. have shown that there is a com-
mon modulation of both receptors (1 1), and Zanders et al. have
shown the direct inhibitory activity of antibody to T3 molecule
on antigen-induced proliferation of T cell clones (14). In accor-
dance with these results, we observed an inhibitory activity of
OKT3 and UCHTI (but not of OKT4, OKT8, or OKTl 1)
monoclonal antibodies on mannan binding to T blast cell mem-
branes. Because the inhibitory effect occurred at 370C, but not
at 4VC, it is more likely due to a modulation of the mannan-
binding material than to a steric hindrance.

The level of [3H]mannan binding to T cells was found around
6.1 X 10-"5 mol for 1 X 105 mannan-specific T cells, which
corresponds to 1-3.8 X 104 mannan molecules bound per cell.
Although corresponding to a minimal evaluation of the number
of receptors for mannan because of the possible multivalence
of this molecule, this figure appears to be within the range of
the number of antigen receptors on T cells found in humans
(5 X 104) (29) or in mice (4 X 104) (10).

Our results give evidence of a membrane structure on man-
nan-induced T blast cells that specifically binds the antigen. The

Table V. Consequences of the Mannan Binding onto T Cells

Cell proliferation induced by

Mannan IL-2
Monocytes added

Cultured cells during the culture Exp. I Exp. 2 Exp. I Exp. 2

T cell lines 703 188 10,058 8,220
T cell lines + 8,542 4,390 18,899 10,790

T cell lines preincubated with
0 + 6,840 4,900 12,500 12,290
Mannan I ug + 1,800 945 10,903 16,375
Mannan 10 Ag + 544 980 12,079 16,450
Mannan 100 Ag + 547 660 12,460 10,360

Mannan-specific T cell lines (I04) were cultured for 3 d with (or without) 4,000-rad-irradiated autologous PBL (5 X 104) in presence of mannan-

MBSA(50 /Ag/ml) or IL-2 medium. In the second group of experiments, T cell lines had been preincubated for 24 h at 370C with (or without)
mannan at different concentrations, then extensively washed and cultured again with antigen or IL-2 medium. In each experiment, background
proliferation (without antigen or IL-2) was below 300 cpm.
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detection of this membrane structure provides a useful model
for studying the regulation of its expression by various reagents
and immunoregulatory products.
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