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The humoral immune response of inbred mice to immunization with the glucuronoxylomannan (GXM) of
Cryptococcus neoformans was investigated both serologically and in plaque-forming cells (PFCs). The
T-helper-cell-independent quality of the GXM was demonstrated by using BALB/c nu/nu mice. Primary and
secondary dose responses to three antigenic forms of GXM, (i) the native antigen, (i) a GXM-bovine serum
albumin protein conjugate, and (iii) a cryptococcal whole-cell vaccine, revealed a lack of isotype class switching
and anamnestic responses. Both the levels of complement-fixing anti-GXM antibody in serum and the PFC
responses in the athymic mice showed no significant differences from those in the wild-type controls. However,
T cells are involved in the suppression of the primary response to GXM. When BALB/cBy mice were given
rabbit anti-mouse thymocyte serum along with 0.5 ng of GXM, both antibody levels in serum and PFC
responses were significantly increased over those of control mice that received GXM and normal rabbit serum.
In addition, T cells were also shown to enhance the primary immune response to GXM. BALB/cBy mice were
given GXM and anti-mouse thymocyte serum on day 1. On day 2, the experimental group was given anti-mouse
thymocyte serum and the control group was given saline. On day S, comparison of the PFC responses and
anti-GXM antibody titers of the two groups revealed a significant increase in the immune response of the
control over the experimental group. The type 2 T-cell-independent quality of GXM was also demonstrated in
CBA/cHN xid mice. These mice lack the Lyb* subset of B cells and are unable to respond to type 2
T-independent antigens but respond normally to type 1 T-independent antigens. Type III pneumococcal
polysaccharide, a type 2 T-independent antigen, was used as a negative control, and trinitrophenyl-
lipopolysaccharide, a type 1 T-independent antigen, was used as a positive control. The CBA/cHN xid mice
failed to respond to either type ITI pneumococcal polysaccharide or GXM but did respond to immunization with

trinitrophenyl-lipopolysaccharide. BALB/cBy mice responded normally to all three antigens.

Cryptococcus neoformans is an opportunistic pathogen
that can cause a fatal systemic mycosis in immunocompro-
mised hosts. Among persons with AIDS, cryptococcosis has
been reported to have a prevalence of 10% and to be the
fourth leading cause of death (49). The main virulence factor
of the yeast is its polysaccharide capsule. (CnCAP) (29),
which is tolerogenic and antiphagocytic (30, 35). CnCAP has
also been described as a T-independent (T;yp) antigen with
type 2 (T-2) characteristics (34). CnCAP is composed of at
least three serologically distinct antigens: a major antigen,
glucuronoxylomannan (GXM) (47), and two minor antigens,
a galactoxylomannan complex (25) and a mannoprotein (48).
Although all three antigens have been fractionated and
studied independently, most immunologic studies have been
performed with preparations consisting of a heterogeneous
mixture of these subcomponents in undefined proportions.
Therefore, the relative contributions of these three antigens
to the immune response to the capsular polysaccharide of C.
neoformans remain unclear.

To characterize the humoral response of BALB/c mice to
the major antigen of CnCAP, this investigation examined the
T-2 Tynp qualities of GXM. Tyyp antigens are defined by
their ability to induce a humoral response in the absence of
T-cell help and by their inability to induce B-cell memory or
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isotype class switching in secondary immune responses. T-2
Tinp antigens are distinguished by their inability to induce
humoral responses in CBA/N xid mice (33) and by their
ability to recruit regulatory T cells that both suppress (Tg
cells) and amplify (Tsnmp cells) the specific B-cell response
9).

To assess the T independence of GXM, we used splenic
plaque-forming cells (PFCs) and complement-fixing antibody
titers in serum to measure primary and secondary dose-
responses to three antigenic forms of GXM: the purified
native antigen, a GXM-bovine serum albumin (BSA) conju-
gate, and a C. neoformans whole-cell vaccine (CnVAC). The
PFC responses to GXM in BALB/c nu/nu and BALB/c ?/+
mice were also compared. T-2 T-cell independence was
evaluated by comparing the PFC responses of GXM to a T-2
Tnp antigen (type IIT pneumococcal polysaccharide [SSS-
II1]) and to a T-1 Tyyp antigen (trinitrophenyl-lipopolysac-
charide [TNP-LPS]) in CBA/cHN xid mice. PFC responses
to GXM in BALB/c mice coimmunized with rabbit anti-
mouse thymocyte serum (ATS) provided evidence for two
functionally separate subsets of T cells: one that suppresses
PFC responses (Ts), and one that amplifies the PFC re-
sponse (T anmp)-

The findings categorize GXM as a T-2 Tyyp antigen. This
classification of the purified major antigen of CnCAP may
make possible analytical comparisons between the mecha-
nisms of immune tolerance to GXM and the mechanisms of
tolerance to other, better-characterized T-2 Tyyp antigens.
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MATERIALS AND METHODS

Mice. Adult female mice, 8 to 16 weeks of age and certified
to be viral antigen free, were used exclusively. All inbred
normal and mutant strains of mice were obtained from
Jackson Laboratories (Bar Harbor, Maine). The normal
inbred strains used were BALB/c and BALB/cBy. Two
different athymic mutant strains were used, BALB/cBy
nu/nu and CBYBG6/F,; nu/nu. The X-linked immunodeficient
strain used was CBA/cHN xid. These mice have a mutation
linked to the X chromosome that results in the lack of a
subset of mature B lymphocytes expressing the LyB-3,
LyB-5, and LyB-7 surface antigens (40). They are also
unable to respond to T-2 Tyyp antigens (33). All mice were
maintained at the research animal facility at Georgia State
University. They were given food (Purina Lab Chow) and
water ad libitum. During the course of the experiments, all
mice remained healthy and showed no overt signs of disease.

Antigens. (i) GXM. Native GXM from a large-capsule
variant of C. neoformans serotype A (strain CDC 9759) was
isolated and purified by the method described by Cherniak et
al. (13). Working dilutions of 1 mg/ml were made up in 0.85%
(wtfvol) physiological saline (NS) by dissolving the antigen
overnight at 4°C with constant stirring. The GXM solution
was then used immediately or stored at —20°C for no longer
than 30 days.

(ii) GXM-BSA. A conjugate of GXM covalently bound to
BSA with an adipic acid dihydrazide linkage was prepared in
our laboratory by the following procedure. GXM (40 mg),
dried overnight at 78°C in vacuo over P,0s, was dissolved in
dry dimethyl sulfoxide (4 ml). 1-Cyano-4-dimethylaminopy-
ridinjum tetrafluoroborate (6 mg [Sigma Chemical Co.])
dissolved in dimethyl sulfoxide (4 ml) was added to the
polysaccharide solution, and anhydrous triethylamine (10 p.l)
was introduced immediately. After being stirred for 15 min at
23°C, the activated polysaccharide was ready for direct
coupling to protein. The solution of activated GXM was
mixed with a solution of BSA-adipic acid dihydrazide (80
mg) in anhydrous dimethyl sulfoxide (8 ml) (41); the mixture
was stirred overnight at 23°C. The precipitate that formed
after the reaction was completed was removed by centrifu-
gation. The supernatant fluid was dialyzed against 0.05 M
Tris-0.1 M NaCl buffer, pH 7.6. The retentate was chro-
matographed on a column of Sepharose CL-6B (1.6 by 86
cm; Pharmacia) previously equilibrated with 0.05 M Tris-
0.14 M NaCl (pH 7.6). The column was eluted at a flow rate
of 15 ml/h. The column eluates were monitored continuously
at 206 nm, and aliquots of the collected fractions were
assayed for protein (8) (Bio-Rad dye-binding assay) and
carbohydrate (20) content. The GXM-BSA conjugate eluted
in the void volume, whereas the carrier protein (BSA-adipic
acid dihydrazide) and unreacted GXM appeared in the
included volume of the column (Fig. 1). The yield of conju-
gate, based on the initial amount of GXM, was 61%. The
precipitate which formed during the coupling reaction was
composed mostly of protein (85%). Gel filtration chromatog-
raphy also showed the presence of some uncoupled polysac-
charide. Lyophilized conjugates could not be reconstituted
in buffer. However, conjugates could be concentrated by
dialysis against polyethylene glycol 20,000 and stored at
—20°C. The concentration of the conjugate (protein [8] plus
carbohydrate [20]) was 372 pg/ml. The protein/carbohydrate
ratio was 2.4 (wt/wt).

(iii) CnVAC. A C. neoformans whole-cell vaccine was
made by first growing a 1-liter culture of strain 9759 as
described by Cherniak et al. (13) and then adding Formalin
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FIG. 1. Gel filtration chromatography of GXM-BSA conjugate
on a column (1.6 by 86 cm) of Sepharose CL-6B. The GXM-BSA
conjugate is found in the void volume (V,), as shown. The protein
(®) and carbohydrate (O) concentrations were determined colori-
metrically. BSA-AH, BSA-adipic acid dihydrazide carrier protein.

to a final concentration of 0.5%. A dry-weight determination
of the Formalin-treated yeast culture was made in the
following manner. Three tared glass tubes (12 by 75 mm)
were filled with 500 pl of well-suspended, precounted yeast
cell suspension. The tubes were dried to a constant weight in
a heat block at 100°C. The mean net weight of the three tubes
along with the yeast cell concentration was then used to
calculate the average number of yeast cells per milligram
(2.81 x 107). With this value, dose equivalents of CnVAC
were made for use in the PFC dose-response studies de-
scribed below.

(iv) SSS-III. SSS-III was a gift from Phillip J. Baker. The
chemical purity of SSS-III was confirmed by *C-nuclear
magnetic resonance spectroscopy (46). The storage arrange-
ments and working dilutions for this antigen were the same
as those for GXM.

(v) TNP-LPS. TNP hapten-conjugated LPS from Esche-
richia coli 055:B5 was obtained from Sigma. This antigen
was stored in aliquots at —20°C until used.

Immunizations. All antigens were injected intraperitone-
ally. Antigens were diluted in NS so that the appropriate
amount could be delivered in a total of 0.2 ml. In some
experiments involving ATS, 0.3 ml of ATS, normal rabbit
serum, or NS was injected along with 0.2 ml of antigen. In no
instances were mice given an injection containing more than
0.5 ml.

Serological techniques. (i) Passive labeling of SRBC with
purified antigens. The serological assays and the PFC assays
relied on antibody-dependent complement-mediated lysis of
antigen-labeled sheep erythrocyte (SRBC) targets. TNP
groups were covalently bound to SRBC by using cacodylic
acid and trinitrophenyl chloride (38). SRBC were passively
labeled with the polysaccharide antigens GXM and SSS-II1
by using chromic chloride (6). Briefty, 1 ml of a 1-mg/ml
solution of GXM or SSS-III was added to a 15-ml conical
centrifuge tube. In this volume, 600 .l of packed SRBC were
suspended and then washed twice at 4°C in modified borate
buffer (39). The suspension was then vortexed and incubated
at 24°C for 15 min. Next, 1 ml of a freshly prepared chromic
chloride solution (1 mg/ml in modified borate buffer) was
added dropwise with constant vortexing. This mixture was
then incubated for another 15 min with constant agitation at
24°C. The treated SRBC were then washed twice in modified
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borate buffer and tested in a hemagglutination assay for
specific labeling. Mock-labeled SRBC were prepared in
exactly the same way except that modified borate buffer was
substituted for polysaccharide solution and only 0.5 ml of
chromic chloride solution was added to the SRBC.

Detection of complement-fixing antibodies. Passively la-
beled SRBC were tested in a complement-mediated lysis
assay with guinea pig serum complement (Sigma) and spe-
cific antisera. GXM was tested with rabbit anti-GXM-BSA
serum; SSS-III was tested with mouse anti-SSS-III serum.
TNP-labeled SRBC were tested with goat antidinitrophenyl
serum, which cross-reacts with TNP (44). The specificity of
the antigen labeling was demonstrated by inhibition of spe-
cific lysis after addition of the free antigen. Passive hemag-
glutination titers for antidinitrophenyl, anti-GXM, and anti-
SSS-III could be reduced from 512 to 4 with the addition of
10 pg of free antigen.

Hemolytic plaque assay. The Cunningham and Szenberg
variation (15) of the hemolytic plaque assay (26) was used to
enumerate the number of PFC in the spleen. Mice were
killed by CO, asphyxiation; their spleens were removed, and
their splenocytes were teased into RPMI medium. Direct
PFC responses were measured, in triplicate for each mouse,
for both antigen-labeled and mock-labeled SRBC. The
mock-labeled PFC response values (background number of
nonspecific plaques) were subtracted from the mean antigen-
specific response values (see below). Indirect plaques were
developed in a similar manner except that goat anti-mouse
immunoglobulin G (IgG) (whole molecule) diluted 1:400 in
RPMI was used.

Statistical methods. Experimental and control groups rou-
tinely consisted of five randomly selected, female inbred
mice of the same strain and age. Three spleen cell samples
were measured for each mouse. Since PFC data have been
shown to be log-normally distributed (24), all tests for
statistical significance were performed on log-transformed
data (50). The geometric net mean PFC responses were
computed by subtracting the mean PFC responses obtained
with mock-labeled cells from the antigen-specific PFC re-
sponses. Confidence intervals for geometric means were
derived by using variances computed by model II analysis of
variance (43). Back-transformed means represent the anti-In
of the geometric means. Levels of statistical significance
between experimental and control groups were calculated by
using a one-way mixed-model analysis of variance.

RESULTS

Primary immune dose-responses to GXM antigens. The
primary immune responses to purified GXM, GXM-BSA,
and CnVAC were investigated by measuring mean PFC
responses and complement-fixing antibody titers in serum
for groups of five BALB/c mice for a series of antigen doses
(or dose equivalents) ranging from 0.005 to 500 pg (Table 1,
Fig. 2). The responses in BALB/c mice were measured 5
days after immunization with the antigen, since this had been
experimentally predetermined to be the optimal time for
measurement of the PFC response (data not shown). The
principal influence of the carrier in the primary response to
GXM was on the immunogenic dose. The immunogenic dose
was clearly defined for each antigen form: 0.5 pg for GXM,
5.0 pg for GXM-BSA, and 0.05 pg for CnVAC. Otherwise,
the patterns of the primary responses to all three antigen
forms of GXM had several common features. In each case,
the serological dose-response paralleled the PFC response;
the distribution of the data presented a single mode with a

INFECT. IMMUN.

TABLE 1. Primary 5-day PFC dose-responses

Antigen and immunizing Geometric mean® no. of Back-transformed

dose (ng) PFCs/spleen geometric mean
GXM
0.005 6.69 * 0.65 802
0.05 8.92 + 0.27 7,500
0.5 10.47 + 0.22 35,384
5.0 9.56 + 0.55 14,194
50.0 7.13 £ 0.24 1,247
GXM-BSA
0.005 3.32 £ 1.02 28
0.05 7.43 = 0.47 1,686
0.5 8.26 = 0.21 3,868
5.0 9.82 = 0.27 18,313
50.0 8.12 + 0.16 3,368
500.0 7.51 + 0.44 1,829
CnVAC
0.005 7.14 + 0.33 1,257
0.05 9.63 + 0.21 15,142
0.5 1.17 + 0.66 3
5.0 2.17 £ 0.89 9
50.0 3.60 + 0.53 38
500.0 3.20 = 0.52 25

“ Geometric means are given = their corresponding 95% confidence limits.

peak at the immunogenic dose; and there was pronounced
unresponsiveness to antigen concentrations on either side of
the immunogenic dose.

Secondary immune dose-responses to GXM antigens. These
experiments used the same series of antigen doses; however,
groups of eight BALB/c mice were immunized on day 0. On
day 21, five mice from each experimental group were
boosted with the same dose of antigen, while the remaining
three mice, designated the primary controls, were given an
equal volume of NS (0.2 ml). Five days later, all the mice
were killed, serum samples were collected, and the mean
number of PFCs per spleen was determined. Direct and
indirect plaque assays were performed for all eight mice in
each group on day 26. The mean IgG versus IgM anti-GXM
responses in serum were determined by measuring comple-
ment-fixing antibodies in sera with and without reduction by
2-mercaptoethanol.

(i) Measurement of B-cell memory. Anamnestic responses
to the GXM antigens were measured by comparing second-
ary and primary PFC and serological responses. In the
normal immune response to a Tyyp antigen, B memory cells
are not produced; the immune response does not increase
upon a second exposure to the antigen. In this study, the
secondary (boosted)-response and primary-response control
groups for each antigen had similar dose-response patterns.
A single immunogenic dose was determined, with general
unresponsiveness to higher or lower antigen concentrations
(Table 2). However, there were no significant differences in
the magnitude of the direct PFC responses to antigen be-
tween the secondary-response groups and the primary-
response control groups. The antigenic forms, or carrier
effects, were not able to override the T independence of
GXM. A significant difference between the two experimental
groups is that while the secondary-response group received
antigen 5 days before the plaque assay, the control group
was last exposed to antigen 26 days before the assay was
performed. When the PFC responses to the antigens in these
two groups were compared with those of the 5-day primary-
response groups (Table 1), the maximum response after 26
days was 4 to 18 times lower. This result suggests that a
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FIG. 2. Primary 5-day responses to GXM antigens. PFC re-
sponses and antibody (Ab) titers in serum are expressed as back-
transformed geometric means on the left and right Y axes, respec-
tively. Primary responses to GXM, GXM-BSA, and CnVAC are
shown in separate panels.

second exposure to immunogenic doses suppresses the
specific B-cell response.

(ii) Measurement of isotype class switching. Comparison of
direct and indirect PFC responses revealed no class switch-
ing in the secondary responses to any of the three antigens.
The PFC responses in the indirect assays that measured both
IgG and IgM were no greater than those in the direct assays
that measured only IgM responses. These results were
confirmed by serological analysis. Treatment of the sera
from the secondary-response groups with 2-mercaptoethanol
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resulted in complete elimination of detectable antibody
titers, indicating that the anti-GXM antibodies in serum were
mainly IgM.

PFC responses to GXM in athymic mice. The T-helper-cell-
independent quality of GXM was also examined in two
strains of athymic mice, CBYB6/F, and BALB/cBy. The
mean PFC responses to 0.5 pg of GXM were measured in
both homozygous nu/nu (athymic) mutants and ?/+ strains
(Table 3). In the BALB/cBYy strain, the PFC responses were
higher. Also, the responses in the BALB/cBy ?/+ mice were
higher than those in the BALB/cBy nu/nu mice. However,
statistical analysis by analysis of variance showed that this
difference was not significant at the P = 0.05 level (data not
shown).

PFC responses in CBA/cHN xid mice. The PFC responses
to 0.5 pg of GXM were compared with the responses to 10
ng of TNP-LPS (a T-1 Tyyp antigen), 0.5 pg of SSS-III (a T-2
Tinp antigen), and 0.2 ml of NS (negative control) in
CBA/cHN xid female mice. The inclusion of the NS negative
control was necessary because it has been shown that
murine antibodies formed against enteric E. coli B-galactosi-
dase cross-react with TNP (23). Since it was expected that
responses to T-2 Ty antigens would be negative, the PFC
responses to 0.5 pg of GXM and 0.5 pg of SSS-III were also
measured in BALB/c mice as a positive control (data not
shown).

There was virtually no PFC response to either GXM or the
T-2 Tinp antigen SSS-III in the CBA/cHN xid mice (Table
4), whereas the PFC responses to these antigens in BALB/c
mice were normal. The PFC response to 10 ug of the T-1
Tinp antigen TNP-LPS was strong, as expected. The num-
ber of background plaques formed after TNP-LPS treatment
measured in the NS-primed mice was measurable but insig-
nificant.

PFC responses to GXM with ATS. Evidence for the exist-
ence of antigen-specific Tg and T, \p cells in the primary
immune response to GXM was obtained in the following
manner. Three groups of five BALB/cBy mice were immu-
nized with 0.5 pg of GXM on day 0. Simultaneously, each
mouse in two of the groups received 0.3 ml of ATS, while
five mice in the third group received 0.3 ml of NS. On day 1,
the mice in one of the two groups receiving ATS on day 0
were treated with another 0.3 ml of ATS; the mice in the
remaining two groups received NS. On day 5, plaque assays
were performed for all 15 mice. A separate control experi-
ment was performed by comparing the PFC responses of
BALB/cBy mice coimmunized with 0.5 pg of GXM and 0.3
ml of either normal rabbit serum that had been adsorbed with
agarose (14) or NS. There was no significant difference
between the mean PFC responses of the two groups (data
not shown). Therefore, it was concluded that specific ATS
antibody and not nonspecific serum effects was responsible
for the modulation of the PFC response.

The rationale behind this experimental design was that
ATS given on day 0 would eliminate putative Tg cells,
resulting in a derepression (or amplification) of the immune
response above the normal PFC response. ATS given again
24 h later should have eliminated putative T 5y cells, which
would not be ATS sensitive on day 0. The mean PFC
response of the experimental group receiving ATS on day 0
was significantly greater than the mean PFC response of the
control group (Table 5). On the other hand, the anti-GXM
PFC response of the experimental group receiving ATS on
days 0 and 1 was significantly lower than the response of the
control group. Thus, these results provided evidence for at
least two functionally distinct T-cell subsets involved in the
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TABLE 2. Secondary versus primary 26-day direct and indirect PFC dose-responses

Geometric mean® no. of PFCs/spleen

Back-transformed mean

Antigen and
immunizin, Boost* : i
dose (ug). (Iga“;f,'&) ""}‘g‘g’}g&"s‘; + Direct Indirect
GXM
0.005 Same 4.40 = 0.78 3.40 = 0.80 81 30
NS 3.62 = 1.09 3.50 + 1.26 38 33
0.05 Same 5.20 = 0.70 5.11 = 0.63 181 166
NS 4.65 £ 141 3.36 + 1.86 105 29
0.5 Same 7.55 = 0.46 7.19 = 0.44 1,891 1,325
NS 7.36 = 1.45 7.51 = 1.02 1,569 1,826
5.0 Same 5.20 = 0.59 4.72 *+ 0.64 181 113
NS 5.72 £ 0.71 5.58 + 0.53 306 264
50.0 Same 4.43 = 0.47 4.91 + 0.43 84 136
NS 4.32 = 0.80 NR¢ 75
500.0 Same 3.87 = 0.82 2.67 + 0.66 48 14
NS 3.09 £ 151 NR 22
GXM-BSA
0.005 Same 4.17 + 1.04 3.00 = 0.61 65 20
NS 3.19 = 1.42 3.03 + 1.81 24 21
0.05 Same NR NR
NS NR NR
0.5 Same 6.26 + 0.29 4.54 + 0.78 523 94
: NS 5.47 = 1.38 4.32 = 1.49 238 75
5.0 Same 7.65 = 0.31 7.54 = 0.37 2,093 1,875
NS 6.26 + 1.62 4.83 = 1.70 522 125
50.0 Same 6.21 = 0.59 5.77 £ 0.73 500 320
NS 437 175 3.97 +1.51 79 53
CnVAC
0.005 Same 5.78 £ 0.53 5.20 + 0.58 324 182
NS 4.99 = 1.70 5.38 = 1.02 147 216
0.05 Same 6.00 = 0.50 5.71 = 0.46 402 301
NS 6.93 + 1.64 5.77 = 1.06 1,025 320
0.5 Same 7.69 = 0.19 7.70 = 0.29 2,185 2,199
NS 8.34 = 0.35 8.15 = 0.52 4,195 3,453
5.0 Same 7.50 = 0.59 7.20 + 0.64 1,810 1,345
NS 7.33 £ 0.32 7.22 £ 0.52 1,519 1,361
50.0 Same 3.11 = 0.58 NR 23
NS 1.23 £ 1.14 1.61 = 1.45 3 5
500.0 Same 2.42 = 0.97 3.67 £ 0.73 11 39
NS 4.60 = 1.64 4.23 + 1.62 99 69

“ The boost consisted of either a second immunization with the same dose and antigen used for the first immunization (same) or mock immunization with 0.2
ml of NS. For each immunizing dose, the “same”” row data are for the secondary response (5 days after the day 21 boost) and the “NS*’ row data are for the

primary response (26 days after initial immunization).

® Gepmetric means are given * their corresponding 95% confidence limits.

€ NR, no response.

regulation of the PFC response to GXM: T cells that
suppress the B-cell response (Tg) and that are ATS sensitive
at the time of immunization with antigen, and T cells that
amplify the B-cell response (T o\p) and that are ATS sensi-
tive 24 h after immunization with antigen.

TABLE 3. Five-day PFC responses to 0.5 pg of GXM in

athymic mice
' . Geometric mean® Back-transformed
Mouse strain no. of PFCs/spleen mean
BALB/c nu/nu 8.07 + 0.14 3,188
BALB/c /+ 8.85 = 0.37 7,008
CBYBG6/F, nu/nu 7.52 = 0.37 1,846
CBYB6/F, ?/+ 7.19 = 0.46 1,326

4 See Table 2, fdotnote b.

DISCUSSION

Previous studies have shown the importance of antibody
against the capsular polysaccharide of C. neoformans in
defining serotypes (7, 27, 42), in monitoring the course of
disease (28), in antibody-dependent cellular cytotoxicity
(32), and in protection against experimental infection (17).
The antigenic heterogeneity of the capsular polysaccharide
is a major problem in studying the humoral response, since
preparations of CnCAP of known composition have not been
standardized. The isolation and purification of the three
antigenic components of CnCAP provide the opportunity to
measure the humoral response to these antigens indepen-
dently. This approach has led to the assignment of some of
the immunologic properties of CnCAP to specific subcom-
ponent antigens. For instance, the delayed-type hypersensi-
tivity response of mice to CnCAP, which has been investi-
gated extensively (34), is now known to be due exclusively
to the mannoprotein antigen (36), whereas CnCAP serotype
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TABLE 4. Five-day PFC response to Tyyp antigens in

CBA/cHN xid mice
Target Geometric mean® no. of Back-transformed

Immunogen antigen”® PFCs/ spleen mean
TNP-LPS TNP 10.51 = 0.35 36,858
SSS-1I1 SSS-IIT NR¢
GXM GXM NR
None TNP 6.95 + 0.41 1,046

2 Antigen (or hapten) used to label target SRBC in the hemolytic plaque
assay.

% See Table 2, footnote b.

€ NR, no PFC response detected with the appropriately labeled SRBC;
however, normal PFC responses to this antigen were detected in BALB/c
mice (data not shown).

specificities reside in the GXM (18, 21, 45). Our interest in
understanding the molecular structures of epitopes that
determine C. neoformans serotype specificities led to our
selection of GXM for this investigation.

Earlier studies have reported that CnCAP is a Tpyp, antigen
(12). Considering the antigenic complexity of CnCAP, this T
independence could be due to any or all of the subcomponent
antigens. We examined the T independence of GXM by
comparing the primary and secondary PFC dose-responses
to three forms of the antigen: the native antigen, a GXM-
BSA protein conjugate, and a whole-cell vaccine. This
comparison provided the opportunity to observe the relative
contributions of the different carriers to two of the Typ
characteristics that were evaluated, induction of B-cell mem-
ory and isotype class switching.

First, primary dose-responses to the GXM antigens were
measured. The PFC response pattern parallels that of the
complement-fixing antibody titers in serum for all three
antigenic forms (Fig. 2). This finding indicates that the
splenic PFC response can be used as an estimate of the
general humoral response to these antigens in the mouse.
Also, with each antigen, there was a spike at a single
immunogenic dose that was flanked by relative unrespon-
siveness at lower or higher doses. This result was similar to
the dose-response pattern reported for SSS-IIT (5). How-
ever, the fact that GXM-BSA had a 10-fold-higher immuno-
genic dose and CnVAC had a 10-fold-lower immunogenic
dose than GXM may only reflect minor stoichiometric dif-
ferences in the GXM content of these antigens. These
similarities in the primary dose-responses for the three
antigens suggest weak carrier influences.

To determine whether isotype class switching and B-cell
memory could be induced, mice were initially immunized
with the same panel of doses for all three antigens and were
then boosted with identical reinforcing doses 21 days later.
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On day 26, when the secondary responses of these mice
were compared with the primary responses of the control
groups of mice, which were secondarily challenged with NS
instead, no difference was observed in the magnitude of the
responses. This result was unexpected. The PFC responses
of both the secondary-response and the 26-day primary-
response control groups were 4 to 18 times lower than those
of the primary-response groups measured 5 days postimmu-
nization. These results suggested that a secondary immuni-
zation at 21 days results in suppression of the anti-GXM PFC
response, regardless of the form or dose of the antigen. This
finding differs from the results obtained by Murphy and
Cozad (35), whose studies of the PFC responses to C.
neoformans soluble culture filtrate antigen in CBA mice
showed recovery from high-dose tolerance 14 days after
initial immunization. However, the specific anti-GXM PFC
response was not measured, nor was the GXM content of the
soluble culture filtrate antigen determined.

Consistent with the lack of an anamnestic response, no
isotype class switching was detected in the secondary re-
sponses to any of the three GXM antigens. There were no
significant differences between direct and indirect PFC re-
sponses to GXM, even with the protein-conjugated form of
the antigen (GXM-BSA). These results are in accord with
the serological data obtained after 2-mercaptoethanol treat-
ment of the serum. Mild reduction of the mouse serum with
2-mercaptoethanol effectively reduced the complement-fix-
ing antibody titers to below detectable levels. Thus, IgM
appeared to be the main isotype in the secondary response to
GXM. Nevertheless, Devi et al. have been able to produce
significant IgG responses by multiple subcutaneous injec-
tions of GXM-tetanus toxoid and complete Freund’s adju-
vant (16). Also, IgG-secreting hybridomas have been pro-
duced by Dromer et al. (18) and Eckert and Kozel (21) by
using GXM conjugated to SRBC. Thus, the antigenic form
and route of immunization are important considerations for
creating the appropriate circumstances under which IgG
responses to GXM can be elicited.

The Tynp qualities of GXM observed in the primary and
secondary dose-responses to the antigens were confirmed by
the PFC responses to the native GXM antigen in athymic
mice. The PFC responses of the athymic and wild-type
CBYB6/F, mice were comparable (Table 3). These mice
express both H-2¢ and H-2‘P major histocompatibility com-
plex haplotypes. However, the PFC responses in the
BALB/c wild-type controls were much higher than those in
the BALB/c nu/nu mice. Although this difference seems
large, it was not statistically significant at the P = 0.05 level.
Nevertheless, the fact that this difference was observed in
BALB/c mice, which have been shown to be high responders
to GXM (19), and not in the F; hybrid strain raises the

TABLE 5. Evidence for amplification and suppression of PFC responses to GXM by T cells

ATS Geometric mean® Back-trans- MS
Observed effect treatment no. of PFCs/107 formed e o, Py
(day) splenocytes mean subgroups
Suppression 0+1 4.62 = 0.47 101 16.07 0.01 > P > 0.005
Amplification 0 7.67 £ 0.37 2,137 8.08 0.05 > P > 0.02
Normal (control) None 6.61 + 0.43 742 —a

4 See Table 2, footnote b.

® The ratio of the mean squares for the experimental treatment groups to the mean squares for the subgroups (individual mice within groups [43]).
¢ Probability that the null hypothesis, Hy, (that there is no difference between experimental groups), is true (= P of committing a type I error) as measured by

the statistic F5); .

¢ —, probability of type II error was not computed when H,, was rejected.
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possibility that T cells are involved in regulating the re-
sponse to GXM in a genetically restricted fashion.

Having established the T-cell independence of GXM, its
T-2 Tinp characteristics were demonstrated in two lines of
investigation. A comparison of the immune responses of
CBA/cHN xid mice to GXM, SSS-III, and TNP-LPS re-
vealed that, similar to the known T-2 Ty, antigen SSS-III
and unlike the T-1 Tyyp antigen TNP-LPS, GXM was unable
to induce a PFC response (Table 4). An examination of the
second T-2 Tyyp quality showed that the primary PFC
response to GXM is regulated both positively and negatively
by T cells. It has been demonstrated that in the immune
response to pneumococcal polysaccharide, the PFC counts
increase dramatically when ATS is given along with antigen.
The fact that no such amplification occurs in nude mice has
led Baker et al. to propose functional T,y and Tg cell
subsets that regulate the immune response to SSS-III (4).
The same type of regulation has been observed with other
T-2 Tinp antigens, e.g., polyvinylpyrrolidone and TNP-
Ficoll (9). We observed a significant increase in the PFC
response to GXM when ATS was given in vivo on day 0
(Table 5). These data are represented as PFC per splenocyte
rather than PFC per spleen to compensate for splenomegaly
caused by ATS treatment (31). In an earlier study by Breen
et al. (11), ATS was used to demonstrate Tg cells in the
primary response to GXM. However, since these observa-
tions were reported as PFC counts per spleen, it is unclear
whether the enhancement was due to derepression or an
increased number of lymphocytes.

This study presents evidence for both Tg and T spp cell
regulation of the response to GXM. The Tg cell influence
was ATS sensitive on day 0 (at the same time as immuniza-
tion with antigen). However, the T,\p cell effect was ATS
sensitive on day 1 but not on day 0 or day 2 (data not shown).
Elimination of Tg cells resulted in a significant increase in
the PFC response. Elimination of Tg and T,y cells by
consecutive ATS treatments on days 0 and 1 resulted in the
basal PFC response. Some have proposed that T,y cells
are actually T contrasuppressor (Tcg) cells (10). Both Teg
and T, cells bind to the plant lectin from Vicia villosa.
However, V. villosa-adherent T cells induced in BALB/c
nu/+ mice with SSS-III can transfer their amplifier effect to
BALB/c nu/nu mice (2). Tcg cells influence only T cells, not
B cells. Thus, it has been concluded that amplification in the
response to SSS-III is due to amplification of B-cell re-
sponses, not to contrasuppression by T-suppressor effects.
However, identification of the specific targets of these reg-
ulatory T cells in the GXM system awaits further functional
and phenotypic analyses.

This investigation presents evidence for the formal classi-
fication of the biochemically and structurally well defined
GXM from C. neoformans serotype A with the group of T-2
Tynp antigens. However, growing evidence for the involve-
ment of T cells and T-cell products in modulating the
immune response to Tyyp antigens may make the classifica-
tion of these antigens as T-1 or T-2 an oversimplification (22,
37). Indeed, in our laboratory, we have discovered that T
cells are involved not only in regulating the primary response
to GXM at immunogenic doses but also in mediating low-
dose antigen-specific tolerance to GXM (unpublished data).
These findings parallel those reported for another well-
characterized T-2 Tyyp antigen, SSS-III (1). Nevertheless,
the classification of GXM as a T-2 Tyyp antigen may provide
a basis for comparison of immune responses to these anti-
gens at the cellular and molecular level. This new informa-
tion can lead to the creation of improved protein conjugate
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or anti-idiotypic vaccines as well as to new strategies for the
use of adjuvants for an improved directed immune response
(3). The limiting size of the polysaccharide for the maximum
immune response or the molecular structure of immunodom-
inant groups can now be studied, as can the molecular
structures of the antigenic determinants that define C. neo-
formans serotype specificities. Also, the mechanisms by
which T cells specifically influence the immune response to
this polysaccharide can be explored.
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