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Cell-mediated immune (CMI) responses and tumor necrosis factor alpha (TNF-�) have been shown to be
essential in acquired protection against Cryptococcus neoformans. Induction of a protective anticryptococcal
CMI response includes increases in dendritic cells (DC) and activated CD4� T cells in draining lymph nodes
(DLN). During the expression phase, activated CD4� T cells accumulate at a peripheral site where crypto-
coccal antigen is injected, resulting in a classical delayed-type hypersensitivity (DTH) reaction. Induction of a
nonprotective anticryptococcal CMI response results in no significant increases in the numbers of DC or
activated CD4� T cells in DLN. This study focuses on examining the role of TNF-� in induction of protective
and nonprotective anticryptococcal CMI responses. We found that neutralization of TNF-� at the time of
immunization with the protective immunogen (i) reduces the numbers of Langerhans cells, myeloid and
lymphoid DC, and activated CD4� T cells in DLN and (ii) diminishes the total numbers of cells, the numbers
of activated CD4� T cells, and amount of gamma interferon at the DTH reaction site. Although TNF-�
neutralization during induction of the nonprotective CMI response had little effect on cellular and cytokine
parameters measured, it did cause a reduction in footpad swelling when mice received challenge in the footpad.
Our findings show that TNF-� functions during induction of the protective CMI response by influencing the
accumulation of all three DC subsets into DLN. Without antigen stimulated DC in DLN, activated CD4� T
cells are not induced and thus not available for the expression phase of the CMI response.

Frequently, fatal meningitis in immunocompetent and im-
munocompromised adults is caused by Cryptococcus neofor-
mans, a yeast-like organism (18). Protection against C. neofor-
mans is mediated by an anticryptococcal cell-mediated
immune (CMI) response (19). For this acquired immune re-
sponse to be protective, activated CD4� Th1 cells and gamma
interferon (IFN-�) must be present (1, 6, 12, 14, 17, 21, 29). In
addition, the proinflammatory cytokine tumor necrosis factor
alpha (TNF-�) has been shown to be required during the early
stages of infection with C. neoformans for mice to clear the
infection (15). Without a CMI response against C. neoformans,
as is the case in immunocompromised patients, the host is
unable to completely clear C. neoformans even when the best
antifungal drugs are being administered (5). Consequently,
immunoaugmenting and immunoreplacement therapy needs
to be developed; however, to do this, the complex cascade of
cell-cell and cytokine-cell interactions involved in the anticryp-
tococcal CMI response must be completely understood.

As a means of studying this complex cascade of cells and

cytokines, we have developed mouse immunization procedures
that induce either a protective anticryptococcal CMI response
or a nonprotective immune response. Both the protective and
nonprotective immune responses can be detected by delayed
footpad swelling in response to cryptococcal antigen (23). Nei-
ther immunogen induces measurable levels of anticryptococcal
antibody (23). Using this model, we have recently demon-
strated that the protective acquired response induced by im-
munization with cryptococcal culture filtrate (CneF) antigen in
complete Freund’s adjuvant (CneF-CFA) is a typical CMI re-
sponse giving a classical delayed-type hypersensitivity (DTH)
reaction consisting of mononuclear cell infiltrates and elevated
IFN-� levels at the DTH reaction site (25). In contrast, the
delayed-swelling reaction in mice immunized with the nonpro-
tective immunogen, heat-killed C. neoformans (HKC) in CFA
(HKC-CFA), has increased neutrophil, but not lymphocyte or
macrophage, numbers above control levels (25). Our previous
results demonstrate that during the expression phase of the
protective CMI response, cellular and cytokine responses are
clearly different from those observed during the expression
phase of the nonprotective response (25).

We have also studied the induction phase of the anticrypto-
coccal CMI response and found that within 18 h after immu-
nizing mice with the protective immunogen, the numbers of
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dendritic cells (DC) and activated CD4� T cells are increased
significantly in the draining lymph nodes (DLN), but not after
immunizing with the nonprotective immunogen (1). Consider-
ing (i) that TNF-� is necessary early in a cryptococcal infection
for protection to be observed (15) and (ii) that TNF-� has been
shown to be needed for the migration of DC into lymph nodes
after stimulation with contact sensitins and for expression of a
DTH response to the sensitins (7, 26), we hypothesized that
TNF-� influences the induction phase of the protective but
not the nonprotective anticryptococcal acquired immune re-
sponse by affecting the numbers and possibly the pheno-
type(s) of DC infiltrating into lymph nodes draining the
immunization site. If this hypothesis is true, then neutral-
ization of TNF-� with anti-TNF-� antibody in vivo at the
time of immunization with the protective cryptococcal im-
munogen, CneF-CFA, would affect the whole anticryptococ-
cal CMI cascade, beginning with a reduction in the number
of DC in the DLN. A domino effect would follow, resulting
in diminished numbers of activated CD4� T cells in the
DLN, fewer activated CD4� T cells available to cause a
strong DTH reaction, diminished numbers of activated
CD4� T cells at the DTH reaction site, and low levels of
IFN-� at the DTH reaction site. In contrast, neutralization
of TNF-� during the induction phase of the nonprotective
anticryptococcal response would be expected to have little
effect, because significant numbers of DC and activated
CD4� T cells do not accumulate in the DLN. The purpose of
this study was to test these predictions.

MATERIALS AND METHODS

Mice. Female CBA/J mice were purchased from Jackson Laboratory (Bar
Harbor, Maine) and maintained in the animal facility at the University of Okla-
homa Health Sciences Center. Three to five mice per group were used in all
experiments. The mice were 7 to 10 weeks of age at the beginning of each
experiment.

Maintenance of endotoxin-free conditions. All reagents for injection into an-
imals were tested for endotoxin content and were not used if the endotoxin level
was detectable by the Limulus amebocyte chromogenic assay (BioWhittaker)
(the minimal detectable level of endotoxin was 0.1 ng of endotoxin/ml). Sterile
tissue culture plasticware was used whenever possible. All glassware was baked
at 180°C for 3 h to destroy endotoxin.

Cryptococcal antigens and immunization. CneF from C. neoformans isolate
184A was prepared as previously described (2). HKC were prepared by incubat-
ing C. neoformans isolate 184A for 1 h at 60°C (24). Mice received subcutaneous
injections at two sites at the base of the tail with 0.2 ml of either a 1:1 emulsion
of CneF in CFA or 107 HKC in CFA or sterile physiological saline in CFA (24).
In experiments in which DTH reaction measurements were not the primary
reason for the experiments, five additional mice were immunized with each of the
immunogens to confirm that appropriate induction of DTH responses had been
accomplished.

Detection of anticryptococcal DTH responsiveness. At 7 days after immuni-
zation, the hind footpads of the mice were measured, and then mice received
injections with 30 �l of saline in the left footpad and 30 �l of CneF in the right
footpad. The footpads were measured 24 h after the challenge injection. The
increase in footpad thickness was calculated by subtracting the difference in
swelling in the 0- and 24-h measurements of the saline-injected footpad from the
difference in swelling between the 0- and 24-h measurements of the CneF-
injected footpads.

TNF-� neutralization. To neutralize TNF-� during the induction phase stud-
ies, 8 h before immunization mice received intraperitoneal (i.p.) injections with
250 �g of anti-TNF-� monoclonal antibody (MAb) (MP6-XT3; kindly provided
by R. Coffman, DNAX) (15) or rat immunoglobulin G (IgG) (Cappell). To
neutralize TNF-� during the expression phase, mice received injections with 250
�g of anti-TNF-� MAb or rat IgG 8 h before footpad challenge on day 7 after
immunization.

Preparation of single-cell suspensions. Lymph nodes (superficial inguinal,
lumbar, and popliteal) were removed at 18 h after immunization and pushed
through a wire mesh screen to prepare single-cell suspensions. The screens and
cell suspensions were incubated for 30 min on ice in collagenase D (100 U/ml;
Boehringer Mannheim) in Hanks balanced salt solution (HBSS)–5% fetal calf
serum. The cell suspensions were washed and resuspended in HBSS–5% fetal
calf serum. This method of cell isolation was selected because it is considered
best for extracting all populations of DC (1, 27, 28), and DC populations were the
cells of primary interest in this study. Furthermore, in the preparation of the cell
suspensions we avoided culture steps that might change the DC to a mature
phenotype.

Sponge implantation and injection with antigen. To have DTH reaction sites
for which the infiltrating cell populations and cytokines can be studied, gelatin
sponges (Gelfoam sterile absorbable gelatin sponge; Upjohn Co., Kalamazoo,
Mich.) were surgically implanted under aseptic conditions on either side of the
backs of the mice (2). The sponge blocks (17 by 18 by 10 mm) hydrated with
sterile HBSS containing 100 U of penicillin/ml and 100 mg of streptomycin/ml
were implanted subcutaneously. through an incision on the animals’ shaved
backs on day 3 after immunization with CneF-CFA or HKC-CFA or control
treatment. Four days after implantation, one sponge was injected with 0.1 ml of
CneF and the other was injected with 0.1 ml of saline. The sponges were removed
at 24 h after injection.

Sponge retrieval and disaggregation. Mice were euthanized before surgical
removal of sponges. Fluid was expressed from the sponges and stored at �70°C
until used to determine IFN-� levels. Sponges were put into Stomacher bags
(Tekmar Co., Cincinnati, Ohio) with enzyme cocktail (400 U of collagenase/ml;
Sigma Co., St. Louis, Mo.) and then homogenized with three 10-s pulses on a
Stomacher 80 Lab Blender (Tekmar Co.) at 15-min intervals (8). During the
15-min intervals, the sponge homogenates were incubated at 37°C. Following the
disaggregation step, the sponge homogenates were filtered through 390-�m-
pore-size nylon screens followed by passage through 140 �m nylon screens, and
washed with HBSS. The erythrocytes in the sponge homogenates were lysed by
treatment with Tris-NH4Cl (17 mM Tris, 139.7 mM NH4Cl), and the remaining
cells were washed once with HBSS. Viable cell counts were made using trypan
blue dye exclusion and a hemacytometer.

Flow cytometric analysis. Portions of the lymph node single-cell suspensions
from individual mice (three mice per group) were immunolabeled with the
designated MAbs. For the isotype control, another portion of each cell suspen-
sion was pooled within a treatment group before being carried through the
staining procedure. Individual cell suspensions and pooled cell suspensions were
treated with anti-CD16/32 (HB197; American Type Culture Collection [ATCC])
for 30 min at 4°C to block Fc receptors and thereby reduce nonspecific staining of
cells. After centrifugation, cells were incubated for 30 min at 4°C in wash
buffer (phosphate-buffered saline, 0.1% NaN3, 0.1% bovine serum albumin)
containing fluorochrome-labeled MAbs or isotype control MAbs. After washing,
the cells were fixed with 1% paraformaldehyde. The antibodies used in these
studies included DEC205-fluorescein isothiocyanate (NLDC-145; ATCC),
CD8�-allophycocyanin (CT-CD8a; Caltag), CD4-fluorescein isothiocyanate
(CT-CD4; Caltag), CD45RB-phycoerythrin (16A; Pharmingen), and fluoro-
chrome-labeled isotype control MAbs(Caltag). After fixing, 100,000 to 150,000
cells were analyzed using a FACSCalibur flow cytometer and WinMidi 2.8
software. Identification of the three DC subsets—Langerhans cells, myeloid DC
(MDC), and lymphoid DC (LDC)–was done on the basis of the criteria previ-
ously described (1). Briefly, the forward scatter high (FSChi) cells were divided
into FSChi DEC205hi and FSChi DEC205low. The Langerhans cells were the
FSChi DEC205low cells (1). The FSChi DEC205hi cells were further divided into
FSChi DEC205hi CD8�low, representing the MDC, and FSChiDEC205hiCD8�hi,
representing the LDC (1). The percent positive cells were the percentage of the
designated cell population with fluorescent intensity above the fluorescent in-
tensity of cells treated with isotype control MAbs. The total number of positive
cells in each sample was determined by multiplying the percent positive cells for
the sample by the total number of leukocytes in the sample, which was assessed
by hemocytometer counts.

Quantitation of IFN-� levels in sponge supernatants. An enzyme-linked im-
munosorbent assay (ELISA) for the detection of IFN-� in expressed sponge fluid
was constructed using commercially available paired monoclonal antibodies for
IFN-� (PharMingen) according to our previously described method (20). The
minimal level of detection for the IFN-� ELISA was 62.5 pg/ml.

Statistical analysis. Means and standard error of the means (SEM) were
determined for each group. Analysis of variance with a Newman-Keuls posttest
was used to analyze the data. A P of �0.05 was considered to be significant.
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RESULTS

Effect of TNF-� neutralization on lymph node cellularity,
DC populations, and activated CD4� T cells in mice immu-
nized with the protective or nonprotective cryptococcal im-
munogen or saline-CFA. We neutralized TNF-� with anti-
TNF-� MAb at the time of immunization with the protective
cryptococcal immunogen, CneF-CFA, and found that the total
numbers of leukocytes in the DLN 18 h after immunization
were significantly reduced compared to numbers in DLN of
mice given rat IgG in place of the TNF-�-neutralizing MAb
(Fig. 1A). Furthermore, CneF-CFA-immunized mice that had
TNF-� neutralized had significantly fewer Langerhans cells
(Fig. 1B), MDC (Fig. 1C), and LDC (Fig. 1D) in DLN than
were seen in DLN of mice immunized with CneF-CFA and
given rat IgG.

TNF-� neutralization had no effect on the numbers of leu-
kocytes or DC subsets in DLN of mice immunized with the
nonprotective cryptococcal immunogen, HKC-CFA. This was
evident because the total number of leukocytes and DC subsets
in the mice immunized with HKC-CFA and treated with neu-
tralizing anti-TNF-� MAb were similar to numbers of the
respective cell population in DLN of mice immunized with
HKC-CFA and treated with rat IgG (Fig. 1).

Our data show that TNF-� neutralization in mice immu-
nized with saline-CFA results in significantly reduced numbers
of total leukocytes (Fig. 1A), Langerhans cells (Fig. 1B), and
LDC (Fig. 1D) in DLN compared to equivalent cell popula-
tions in DLN of mice immunized with saline-CFA and given
rat IgG as a control for the anti-TNF-� MAb. The numbers of
leukocytes in DLN of mice immunized with CneF-CFA or
saline-CFA and given anti-TNF-� MAb (Fig. 1A) were similar
to the number of leukocytes in DLN of naïve mice (3.2 � 106

� 0.2 � 106). Furthermore, the number of leukocytes in DLN
from rat IgG-injected, immunized mice (Fig. 1A) were similar
to our previously reported results on the total numbers of
leukocytes in DLN of immunized mice not treated with rat IgG
(1).

Our previous experience with these immunizations has
shown that if an immunization protocol induces increases in
the DC populations in DLN then the numbers of activated
CD4� T cells are increased above control levels (1). Conse-
quently, the reduction in DC influx into DLN after immuniza-
tion with the protective cryptococcal antigen and neutraliza-
tion of TNF-� would be expected to result in reduced T cell
activation. In fact, we observed that TNF-� neutralization in
CneF-CFA-immunized mice significantly reduced the number

FIG. 1. Effect of TNF-� neutralization on numbers of leukocytes, Langerhans cells, MDC, and LDC in DLN in response to cryptococcal
immunization. Mice received i.p. injections with 250 �g of either anti-TNF-� MAb or rat IgG 8 h before immunization. DLN were removed from
mice at 18 h after immunization with CneF-CFA or HKC-CFA or treatment with saline-CFA. After collagenase digestion of the lymph nodes, the
numbers of leukocytes were assessed by hemocytometer counts (A), and cells were stained for Langerhans cells (DEC205low FSChi) (B), MDC
(DEC205hi FSChi CD8�low) (C), and LDC (DEC205hi FSChi CD8�hi) (D) as described previously (1). The stained cells were analyzed by
three-color flow cytometric analysis of 100,000 to 150,000 events. Error bars represent SEM. NS, no significant difference.
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of CD45RBlow (activated phenotype) CD4� T cells in DLN
compared to the number of CD45RBlow CD4� T cells in rat-
IgG-treated, CneF-CFA-immunized mice (Fig. 2). In contrast,
TNF-� neutralization did not affect the number of activated
CD4� T cells in DLN from HKC-CFA-immunized mice (Fig.
2) in which there had been no reduction in DC due to TNF-�
neutralization (Fig. 1B to D). The number of activated CD4�

T cells was significantly reduced in anti-TNF-� MAb-injected,
saline-CFA-treated mice compared to rat-IgG-injected, saline-
CFA-treated mice (Fig. 2). The number of activated CD4� T
cells in DLN of rat-IgG-injected, immunized mice (Fig. 2) was
similar to the numbers of activated CD4� T cells found in
immunized mice not treated with rat IgG (1).

Effects of neutralizing TNF-� either at the time of induction
or time of expression of the anticryptococcal CMI response.

Considering that TNF-� neutralization in CneF-CFA-immu-
nized, but not in HKC-CFA-immunized, mice reduced the
number of activated CD4� T cells produced in DLN, there
would be fewer activated CD4� T cells in circulation in CneF-
CFA immunized mice in which TNF-� was neutralized than in
mice given control IgG. Reduced numbers of activated CD4�

T cells in DLN after protective immunization have correlated
with reduced DTH reactivity (1). When we gave anti-TNF-�
MAb at the time of immunization, a significant reduction in
footpad swelling at 24 h after CneF injection into the footpads
was observed in mice immunized with CneF-CFA and in mice
immunized with HKC-CFA (Fig. 3A). Footpads did not show
positive delayed swelling in response to CneF in mice immu-
nized with saline-CFA, and treatment of saline-CFA-immu-
nized mice with anti-TNF-� MAb at the time of immunization
did not change the negative results, i.e., little or no footpad
swelling (Fig. 3A).

Mice immunized with CneF-CFA produce TNF-� within the
DTH reaction site during the expression phase of an anticryp-
tococcal CMI response (3). Therefore, we anticipated that
TNF-� neutralization during the expression phase of the anti-
cryptococcal DTH response would also reduce the DTH re-
sponse. Contrary to our expectations, there was no reduction
in the anticryptococcal DTH response in either the CneF-
CFA-immunized or HKC-CFA-immunized mice when anti-
TNF-� was injected during the expression phase of the im-
mune response (Fig. 3B).

Neutralization of TNF-� at the time of immunization affects
cells and cytokines during the expression phase of the anti-
cryptococcal CMI response. From our earlier studies, we know
that activated CD4� T cells and IFN-� are significantly in-
creased at the DTH reaction site in mice immunized with the
protective immunogen but not in mice immunized with the
nonprotective immunogen (25). Having found that neutraliza-
tion of TNF-� during the induction phase of the anticrypto-
coccal CMI response reduced the production of activated
CD4� T cells in DLN and reduced the level of the anticryp-
tococcal DTH response, we expected to find a reduction in
numbers of leukocytes, numbers of activated CD4� T cells,

FIG. 2. Effect of TNF-� neutralization on numbers of activated
CD4� T cells in lymph nodes of mice immunized with the protective or
nonprotective cryptococcal immunogen. Mice received i.p. injections
with 250 �g of either anti-TNF-� MAb or rat IgG 8 h before immu-
nization. DLN were removed from mice at 18 h after immunization
with CneF-CFA or HKC-CFA or treatment with saline-CFA. After
collagenase digestion of the lymph nodes, cells were stained for acti-
vated CD4� T cells. The stained cells were analyzed by two-color flow
cytometric analysis of 100,000 to 150,000 events. Activated CD4� T
cells were defined by light scatter and CD4� CD45RBlow. Error bars
represent SEM. NS, no significant difference.

FIG. 3. Effect of TNF-� neutralization on the anticryptococcal DTH response in mice immunized with CneF-CFA or HKC-CFA or treated with
saline-CFA. TNF-� neutralization was done by injecting 250 �g of anti-TNF-� MAb i.p., or as a control, mice were given rat IgG i.p. at 8 h before
immunization (A) or at 8 h before footpad challenge (B). Error bars represent SEM. NS, no significant difference.

VOL. 71, 2003 TNF-� AND DC IN CMI RESPONSES 71



and IFN-� levels in the anticryptococcal DTH reaction site. To
assess this, the gelatin sponge model was used as had been
done previously to define the cells and cytokines at the DTH
reaction site (1–4, 9, 10, 25). When injected with recall antigen,
the sponges implanted into the backs of immunized mice act as
surrogate DTH reaction sites (1–4, 9, 10, 25). Using the sponge
model, we found that TNF-� neutralization at the time of
immunization of mice with CneF-CFA dramatically reduced
the leukocyte influx into the anticryptococcal DTH reaction
site, but not into the DTH reaction site in HKC-CFA-immu-
nized mice (Fig. 4A). The reduction in cellularity in the anti-
TNF-�-treated mice, in part, could be attributed to the re-
duced number of activated CD4� T cells that we observed had
migrated into the anticryptococcal DTH reaction site in mice
that had been given anti-TNF-� at the time of immunization
with CneF-CFA (Fig. 4B). In contrast, TNF-� neutralization
had no measurable effect on the minimal influx of CD4� T
cells into DTH reactive sponges in HKC-CFA-immunized or
saline-CFA-treated mice (Fig. 4B). Because activated CD4� T
cells are the most likely source of IFN-� at the DTH reaction
site and TNF-� neutralization significantly reduced the num-
ber of activated CD4� T cells at the DTH reaction site in
CneF-CFA-immunized mice, but not in HKC-CFA-immu-
nized mice (Fig. 4B), we expected TNF-� neutralization to
reduce the amount of IFN-� at the DTH reaction site in mice
immunized with CneF-CFA, but not in mice immunized with
HKC-CFA. Indeed, TNF-� neutralization at the time of im-
munization significantly reduced the amount of IFN-� at the
anticryptococcal DTH reaction site in CneF-CFA-immunized
mice, but not at the DTH reaction site in HKC-CFA-immu-
nized or saline-CFA-treated mice (Fig. 4C), confirming our
predictions.

DISCUSSION

TNF-� is a proinflammatory cytokine necessary for induc-
tion of a protective response during a cryptococcal infection
(15). Here we show that TNF-� is also necessary for induction
of the protective anticryptococcal CMI response induced by
the soluble cryptococcal antigen, CneF, in CFA. Furthermore,
we have demonstrated that the mechanism by which TNF-�
affects the protective anticryptococcal CMI responses is via the
accumulation of DC in the lymph nodes draining the site of
immunization with the protective immunogen. All three of the
DC subsets—which are Langerhans cells, MDC, and LDC—
are influenced by TNF-� in our protection model. Thus, the
effects of TNF-� on DC in the DLN are quantitative rather
than qualitative. It is also clear from our data that activated
CD4�-T-cell numbers do not increase in the DLN when DC do
not accumulate in the DLN due to neutralization of TNF-�.
Induction of a CMI response is a cascade of events including
cell-cytokine and cell-cell interactions, resulting in production
of activated T cells that recognized the cognate antigen (16).
When a cytokine such as TNF-�, which is a required element
early in the CMI cascade, is eliminated, the impact on all
downstream events can be observed. We have demonstrated
this is indeed the case in the cascade of events leading to the
induction and expression of the protective anticryptococcal
CMI response. Neutralization of TNF-� at the time of immu-
nization not only blocked accumulation of DC in DLN at 18 h

after immunization, but also eliminated the increased produc-
tion of activated CD4� T cells in the DLN. In accord with this
concept, Herring et al. (13) showed that neutralization of
TNF-� at the time of infecting mice with C. neoformans via the
lungs resulted in diminished levels of TNF-�, interleukin-12,
and IFN-� in lungs. The same group of investigators had pre-
viously shown that neutralization of TNF-� at the time of

FIG. 4. Effect of TNF-� neutralization on the numbers of leuko-
cytes and activated CD4� T cells and level of IFN-� at the anticryp-
tococcal DTH reaction site in mice immunized with CneF-CFA or
HKC-CFA or treated with saline-CFA. TNF-� neutralization was
done by injecting 250 �g of anti-TNF-� MAb i.p., or as a control, mice
were given rat IgG i.p. at 8 h before injection with CneF-CFA, HKC-
CFA, or saline-CFA. Three days after immunization, two sponges were
implanted in the backs of each mouse, and 4 days later one sponge was
injected with saline and the other sponge was injected with CneF.
Twenty-four hours after sponge injection, sponges were removed, fluid
was collected, and single-cell suspensions were made. (A) Total num-
ber of cells determined by hemocytometer counts. (B) Number of
activated CD4� (CD4� CD45RBlow) T cells as determined by flow
cytometry. (C) Level of IFN-� as shown by ELISA run on the fluid
from the sponges. Error bars represent SEM. NS indicates no signif-
icant difference.
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infection reduced the acquired protective response (15). Con-
sidering interleukin-12 and IFN-� are needed for the induction
of activated CD4� Th1 cells and those two cytokines are down-
stream from accumulation of DC in the cascade of events (16),
the combined data from Huffnagle’s group fit the consensus
scheme of Th1 induction (13, 15). Based on the fact that
activated CD4� T cells were not made in the DLN after neu-
tralization of TNF-�, one would predict that there would be
few if any activated CD4� T cells in circulation in the blood-
stream to initiate a DTH reaction. Our findings support these
predictions. When TNF-� was neutralized at the time of im-
munization with CneF-CFA, there was little accumulation of
activated CD4� T cells at the DTH reaction site; the level of
IFN-�, a cytokine produced by activated CD4� T cells, was
near control levels; and weak DTH responses to cryptococcal
antigen were observed. When TNF-� was neutralized during
the expression phase of the anticryptococcal CMI response,
the anticryptococcal DTH response was unaffected. Taken to-
gether, our data indicate that TNF-� is essential during induc-
tion but not expression of the protective anticryptococcal CMI
response, and TNF-� functions by supporting the accumula-
tion of DC, the predominant antigen-presenting cells, in the
DLN. Without TNF-� at this very early step in acquisition of
an anticryptococcal CMI response, all down-stream events in
the response are altered.

From the data we have acquired thus far, we cannot deter-
mine whether TNF-� is directly or indirectly causing accumu-
lation of DC in lymph nodes draining the CneF-CFA immu-
nization site. Furthermore, we do not know if the action on DC
is in the tissues containing antigen or in the lymph nodes.
Based on what is known about DC and TNF-� (7, 26), we
speculate that TNF-� is produced in the tissue due to stimu-
lation with CneF. After immature DC in the subcutaneous
tissue take up the CneF-CFA, the immature DC are stimulated
by TNF-� binding to TNF receptor I (TNFR-I) and/or
TNFR-II to mature and to migrate into the regional lymph
nodes. We predict that CneF injection into the subcutaneous
tissue induces local TNF-� production, because when CneF is
injected into gelatin sponges implanted into the backs of mice,
TNF-� is produced in the sponges within 6 h after injection (3).
It is also possible that some TNF-� production is induced by
the CFA. In vitro studies have shown that human monocyte-
derived DC are activated to a high level of T-cell-stimulating
activity by TNF-� (11), so it is possible that TNF-� has a
similar effect on murine DC. If these predictions are correct,
then TNF-� would most likely be mediating its effect on the
subset(s) of DC expressing TNFR near the injection site of the
immunogen. Even though the scenario just discussed seems
the most feasible, there are numerous possibilities as to pre-
cisely how TNF-� is having its effect on accumulation of the
DC in our model, so further studies must be done to address
the mode of action of TNF-� on the various DC subsets that
accumulate in DLN after immunization with CneF-CFA.

Although TNF-� has a major impact on cells and cytokines
either directly or indirectly in the cascade leading to the pro-
tective anticryptococcal CMI response, TNF-� does not have a
measurable effect on cellularity and DC accumulation in DLN
after immunization with the nonprotective cryptococcal im-
munogen. We have previously shown that after immunization
with HKC-CFA, the nonprotective cryptococcal immunogen,

DLN cellularity does not change significantly from the control
(1). DC and activated CD4� T cells do not accumulate in the
DLN in mice immunized with HKC-CFA (1), so the fact that
neutralization of TNF-� had no measurable effect on cellular-
ity and accumulation of DC and activated CD4� T cells in the
DLN in this situation is not surprising. We did observe a
significant reduction in footpad swelling after neutralization of
TNF-� at the time of immunization with HKC-CFA, but not
after neutralization of TNF-� at the time of expression of this
response. These findings suggest that TNF-� does play a role in
the induction but not the expression phase of the footpad
swelling response induced by immunization with HKC-CFA. If
the effect of TNF-� is on DC populations or induction of
CD4� T cells in the DLN, it is not a measurable effect. It
should be noted that the delayed footpad swelling in response
to cryptococcal antigen in mice immunized with HKC-CFA is
not a classical DTH response with a mononuclear cell infiltra-
tion but rather is a response that is comprised of infiltration of
polymorphonuclear lymphocytes (25). The cascade of cellular
and cytokine events leading to this nonprotective acquired
response to cryptococcal antigen has not been fully defined,
but here we show TNF-� has a role during the induction phase
of the cascade of events leading to the delayed footpad swell-
ing.

In the experiments in this study, we were able to detect some
effects of TNF-� neutralization in mice treated with saline-
CFA, and these findings need some explanation. Neutraliza-
tion of TNF-� significantly reduces the cellularity of the DLN
and significantly reduces accumulation of Langerhans cells and
LDC in lymph nodes draining the site of saline-CFA injection.
Although MDC numbers are reduced also when TNF-� is
neutralized, the difference from the control level was not sig-
nificant at the 95% confidence level. Immunization with saline-
CFA induces a classical CMI response to Mycobacterium spp.
that can be detected by footpad testing with PPD, a mycobac-
terial antigen (22). Although we did not evaluate the anti-
Mycobacterium DTH response in this study, one can see from
our results that TNF-� has a role in the anti-Mycobacterium
CMI response similar to that in the induction of the protective
anticryptococcal CMI response. Absence of a DTH response
to CneF in the saline-CFA-treated mice demonstrates the
specificity of the CneF for detection of the anticryptococcal
CMI response.

In summary, using an in vivo cryptococcal immunization
model, we have shown that TNF-� is necessary for accumula-
tion of Langerhans cells, MDC, and LDC in the DLN after
immunization with a cryptococcal antigen that will induce a
classical CMI response and protection against a challenge with
C. neoformans (23). Neutralization of TNF-� prevents accu-
mulation of these antigen-presenting cells in the DLN, and this
results in little to no induction of activated CD4� T cells that
trigger the anticryptococcal DTH response and that are re-
sponsible for IFN-� being at the DTH reaction site. Induction
by HKC-CFA of the nonprotective anticryptococcal acquired
response, which is detected by delayed footpad swelling to the
cryptococcal antigen, is affected by TNF-�, but the mechanism
does not appear to be through DC accumulation in DLN as we
observe in the case of immunization with the protective cryp-
tococcal immunogen.
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