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Abstract
Objective—Our group and others have shown that serial intra-lesional injections of common
warts with skin testing reagents such as Candida, mumps and Trichophyton are effective in
regressing injected and non-injected warts. Anti-HPV T-cell responses appear to be induced. The
goal of this study was to understand the mechanisms of how Candida skin testing reagent
enhances immune responses.

Methods—The following immunological features were studied to understand how Candida
induces immune responses in healthy subjects: (1) proliferative capacity of T-cells upon exposure
to Candida through monocyte-derived human Langerhans cells (LCs) measured using alamarBlue,
(2) cytokine (IL-1β, IL-6, IL-8, IL-10, IL-12p40, IL-23Ap19, IFN-γ, and TNF-α) expression upon
Candida stimulation of LCs by quantitative reverse transcription (qRT)-PCR and cytokine
secretion by ELISA, (3) expression of pattern recognition receptors (PRRs) known to associate
with Candida albicans (DC-SIGN, dectin-1, dectin-2, galectin-3, mincle, mannose receptor, Toll-
like receptors 1, 2, 4, 6, and 9) on LCs by qRT-PCR, (4) role of dectin-1 in IL-12 production by
antibody blocking, and (5) induction of Th1, Th2, and/or Th17 responses by intracellular cytokine
staining of CD4 cells exposed to Candida pulsed LCs for IFN-γ, IL-4, and IL-17A.

Results—T-cell proliferation upon stimulation with Candida-pulsed LCs was significantly
higher compared to proliferation in the absence of Candida (p=0.004). The most frequently
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expressed cytokine in stimulated LCs was IL-12p40 mRNA, and IL-12p40 and IL-12p70 were
also detected at protein levels. All other cytokine mRNAs examined were detected in the
following order of decreasing frequency: IL23Ap19, IFN-γ, IL-1 β, IL-6, IL-8, and IL-10. LCs
expressed all PRRs examined. Anti-dectin-1 inhibited IL-12p40 mRNA production upon Candida
stimulation of LCs from some healthy subjects. IFN-γ secretion was increased and IL-4 secretion
was decreased in CD4 cells of a few healthy subjects, but IL-17A was essentially unchanged upon
Candida treatment.

Conclusions—Proliferation of T-cells in a substantial majority of healthy subjects can be
demonstrated with Candida stimulation. We show Th1 promotion and dectin-1 stimulation of LCs
as potential mechanisms in some healthy subjects.

1. Introduction
Several studies have shown treatment of warts with Candida, mumps, and/or Trichophyton
skin test reagent injection to be effective in not only resolving treated warts but also distant
untreated warts [1–6]. Other studies have also shown the effectiveness of Candida skin test
reagent injection immunotherapy in the pediatric populations [1, 7]. In a recently completed
Phase I investigational new drug study (NCT00569231) in which the largest wart was
treated with Candin® (Allermed, San Diego, CA), a colorless extract of Candida albicans,
our group reported complete resolution of the treated warts in 82% (nine of 11) of the
subjects, and complete resolution of distant untreated warts in 75% (six of eight) of the
subjects [6]. Furthermore, T-cell responses to the HPV 57 L1 peptide were detected in 67%
(six of nine) of the complete responders. Because these recall antigens are derived from very
different organisms, cross-reactivity of their antigenic determinants with HPV would be
very unlikely. Several lines of evidence support the notion that Candida binds pattern
recognition receptors (PRRs) and activates innate and adaptive immune responses [8–17].
Candida albicans can activate multiple host PRRs including DC-SIGN [8], dectin-1 [9],
dectin-2 [15], galectin-3 [18], mannose receptor [8], mincle [17], and some Toll-like
receptors (TLRs) [12, 13, 16, 19, 20]. Dectin-1 is a particularly important candidate receptor
since its activation can mediate the differentiation of human monocytes into dendritic cells
[14].

More recently, Zielinski et al. have reported that Candida albicans-specific T helper cells
produced IL-17 and IFN-γ, and that IL-1β, IL-23, and IL-6 contributed to the induction of
Th17 differentiation [21]. Furthermore, most individuals have been shown to have skin
resident memory T-cells that can respond to Candida albicans through IL-17 and IFN-γ
production [22]. The goal of this study was to elucidate the mechanisms of how Candin
enhances immune responses by studying its ability to induce T-cell proliferation,
investigating cytokine secretions by LCs and CD4 T-cells, and examining involvement of
various PRRs.

2. Methods
2.1 Subjects

Whole blood samples were collected from healthy volunteers (n = 12), and were centrifuged
to concentrate the buffy coat layer. Alternatively, source leukocytes were collected by
apheresis from blood donors (n = 9, Key Biologics, LLC, Memphis, TN). Peripheral blood
mononuclear cells (PBMCs) were isolated using ficoll-hypaque density gradient, and were
cryopreserved. The study was approved by the Institutional Review Board of the University
of Arkansas for Medical Sciences, and written informed consents were obtained.
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2.2 T-cell proliferation assay using alamarBlue
PBMCs were thawed and monocytes were negatively selected using a commercially
available kit (Monocyte Isolation Kit II, Miltenyi Biotec, Auburn, CA). Monocytes were
converted to Langerhans cells (LCs) using GM-CSF, IL-4 and TGF-β1 for 7 days as
described by Fahey and colleagues [23]. PBMCs from the same subjects were thawed on
day 7, and CD3+CD25− population was selected using a pan T-cell isolation kit II (Milenyi
Biotec) to which biotinylated anti-CD25 antibody (Miltenyi Biotec) was added to remove
regulatory T-cells. One hundred and fifty thousand T-cells and 3 × 103 LCs were plated per
well of a 96-well flat bottom plate in 100 μl of Yssel's media (Gemini Bioproducts Inc.,
Woodland, CA) containing 5% human serum. Wells with media only, cells only (T-cells and
LCs), cells and Candin at 150 μl/ml, and cells with tetanus toxoid (500 ng/ml, EMD
Milipore, Billerica, MA) were set up in 6 replicates. After 7 days of incubation, 10% of
volume in each well was replaced with alamarBlue (Life Technologies, Grand Island, NY),
and the plates were incubated for 6 hours. Mean fluorescence was measured (530 nm
excitation and 590 nm emission wavelengths) using Synergy-2 multi plate reader (US
BioTek, Seattle, WA).

In selected experiments, LC purity was determined with using anti-CD1a-FITC antibody
(eBioscience, San Diego, CA), anti-Langerin-PE antibody (Beckman-Coulter, Brea, CA),
anti-E-Cadherin-PerCP710 antibody (eBioscience), or relevant isotype controls. T-cells
were stained with anti-human CD3-FITC, anti-human CD25-PerCP-Cy5.5, or relevant
isotype controls (all from eBiosciences). Data were acquired using FACS Fortessa (BD
Biosciences, San Jose, CA), and were analyzed using FACS Diva and CellQuest Pro
softwares (BD Biosciences) at the University of Arkansas for Medical Sciences
Microbiology and Immunology Flow Cytometry Core Laboratory.

2.3 Quantitative reverse transcription (qRT)-PCR analysis of LCs treated with Candin
LCs were prepared as described above, and 1 × 106 LCs each were treated with Candin (10,
50, and 150 μl/ml). For each experiment, one or more PRR agonists were used as positive
controls: lipopolysaccharide (LPS, InvivoGen, San Diego, CA) at 100 ng/ml, zymosan
(InvivoGen) at 10 μg/ml, mannan (Sigma-Aldrich, St. Louis, MO) at 150 μg/ml, HIV-1
gp120 protein (MyBioSource, San Diego, CA) at 10 μg/ml, and/or lipoteichoic acid (LTA-
SA, InvivoGen) at 1 μg/ml. Wells with media only served as a negative control. Cells were
harvested at 8 and 24 hours for RNA extraction using RNeasy kit (Qiagen, Valencia, CA).
RNA samples were treated with RNase-free DNase I (Promega, Madison, WI), and were
reverse transcribed with SuperScript III enzyme (Life Technologies). RT reactions were
diluted to 200 μl and 2.5 μl used for quantitative PCR analysis. qRT-PCR was performed in
duplicate for IL-1β, IL-6, IL-8, IL-10, IL-12p40, IL-23Ap19, IFN-γ, and TNF-α using an
iQ-SYBR mix (Bio-Rad, Hercules, CA) in a CFX96 Real Time System (Bio-Rad). In some
experiments, the expressions of PRRs known to associate with Candida albicans (DC-
SIGN, dectin-1, dectin-2, galectin-3, mincle, mannose receptor, TLRs 1, 2, 4, 6, and 9) were
examined in addition to the cytokines. All primers were designed using Beacon Design
software (Bio-Rad, Table 1). The threshold cycles were normalized to human
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression, and were calculated as
fold change over untreated LCs at 8 hour.

2.4 ELISA assays for IL-12p40 and IL-12p70 proteins
Selected culture supernatants from experiments with LCs treated with Candin were analyzed
for the presence of IL-12p40 protein using the OptEIA™ kit (BD, Franklin Lakes, NJ) and/
or IL-12p70 protein using the IL-12p70 High Sensitivity ELISA kit (eBioscience).

Nakagawa et al. Page 3

Cytokine. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.5 Antibody blocking using anti-dectin-1 antibody
The role of dectin-1 in IL-12p40 mRNA production was evaluated by performing antibody
blocking of LCs treated with Candin. LCs were prepared, and qRT-PCR assays for IL-12p40
were performed as described above. To demonstrate the antibody's ability to block, anti-
dectin-1 antibody at 20 μg/ml (R&D Systems, Minneapolis, MN) or an isotype control
antibody (mouse IgG2b) was added to zymosan treated LCs and LCs were harvested 5 hours
later. Candin (150 μl/ml) treated LCs were harvested at 24 hours along with those treated
with anti-dectin-1 antibody and the isotype control antibody. The threshold cycles were
normalized to GAPDH expression, and fold changes over untreated LCs at 5 or 8 hours were
calculated.

2.6 Intracellular cytokine staining
The methods were adapted from those described by Zielinski et al. [21]. LCs were prepared
as described above. On day 7, PBMCs from the same subjects were thawed and negatively
selected for CD4 T-cells (CD4 T-cell isolation kit II, Miltenyi Biotec). Five hundred
thousand CD4 T-cells and 1 × 104 LCs were plated per well of a 24-well flat bottom plate in
500 μl of Yssel's media containing 5% human serum with or without Candin (150 μl/ml).
After a 6 day incubation, phorbol 12-myristate 13-acetate (PMA, 200 nM, Sigma-Aldrich)
and ionomycin (1 μg/ml, Sigma-Aldrich) were added. After 2 hours, Brefeldin A (10 μg/ml,
eBiosciences, San Diego, CA) was added. After an additional 2 hours, the CD4 T-cells were
permeabilized/fixed, and stained intracellularly with fixable viability dye eFluor 450®, anti-
human IFN-γ phycoerythrin, anti-human IL-17A PerCP-Cy5.5, and anti-human IL-4
allophycocyanin (all reagents and antibodies from eBioscience). Cells stained with isotype
control antibodies served as a negative control. Ten thousand events were acquired using
FACS Fortessa (BD Bioscience), and percentages of CD4 T-cells producing IFN- γ, IL-17A,
and IL-4 were enumerated using FACS Diva software (BD Biosciences).

3. Results
3.1 T-cell proliferation induced by Candin

Successful conversion to a LC phenotype was demonstrated by the expression of CD1a,
Langerin, and E-cadherin using FACS analysis (Fig. 1A). Of nine subjects examined, CD3
T-cells (Fig. 1B) from seven (78%) demonstrated measurable proliferation (≥ 5,000
increases in mean fluorescence) when treated with Candin-pulsed LCs (increases in mean
fluorescence of 11,811-, 10,419-, 5,770-, 11,638-, 19,218-, 6,283-, and 23,033 respectively).
CD3 T-cells from two subjects (22%) demonstrated proliferation when stimulated with
tetanus toxoid-pulsed LCs (10,003 and 7,255)(Fig. 1C). Mean fluorescence for the Candin
group (32,753) was significantly higher than that of media control (22606)(paired t-test,
p=0.004).

3.2 Multiple cytokines are expressed by LCs exposed to Candin with IL-12 being the most
frequently detected

PBMC samples from 8 subjects were obtained twice at least one month apart (i.e., 2
experiments per subject), and mRNA expression of cytokines (Table 1) upon Candin
stimulation was examined by qRT-PCR (Fig. 2, Table 2). The amplifications of the intended
cDNAs were confirmed by DNA sequencing of gel-purified products from selected
experiments. The mean number of cytokines expressed per experiment was 3.2, and
IL-12p40 was the most commonly induced cytokine (≥ 5 fold over untreated), and was
detected in 15 of 16 experiments. The next most commonly expressed cytokine was
IL23Ap19 (10 experiments) followed by IFN-γ (9 experiments), IL-qβ (7 experiments), IL-6
(2 experiments), IL-8 (2 experiments), and IL-10 (2 experiments).
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Supernatants from above experiments were analyzed by ELISA for the presence of IL12p40
protein. The amounts detected in media only wells was subtracted from Candin treated (10,
50 or 150 μl/ml) wells. IL12p40 protein was detected in 13 of 46 samples tested and ranged
from 2.4 to 932.4 pg/ml. IL12p70 protein was analyzed only in samples treated with Candin
at 150 μl/ml, and the amount in corresponding untreated samples were also subtracted.
IL12p70 was detected in 5 of 14 samples treated with Candin (range 3 to 62 ng/ml).

3.3 Candin induced expression of PRRs by LCs
RNAs extracted from samples treated with Candin (n = 6) were also analyzed for the
expression of PRRs (Table 1). All PRRs examined were amplified at 24 hours in all 6
individuals. When expression over untreated (≥ 5 fold over untreated) was analyzed,
expression of DC-SIGN and TLR 9 was upregulated in 2 subjects (5 to 67 fold and 7 to 13
fold respectively), and expression of mincle and mannose receptor was upregulated in 1
subject (9 fold and 5 fold respectively).

3.4 Dectin-1 is utilized in some subjects in IL-12 production
We proceeded to investigate the role of dectin-1 since zymosan was the only positive control
reagent which almost always resulted in IL-12p40 production by qRT-PCR (data not
shown), and IL-12p40 was the most commonly expressed cytokines in Candin-treated LCs.
Of 11 subjects examined, all showed ≥ 5 fold increase over untreated (range 6 to 5,282 fold)
with zymosan all of which were blocked by the anti-dectin-1 antibody [≥ 50% blocking in 9
subjects, 40% in one, and 33% in one[24]]. Six of 11 subjects (55%) demonstrated IL-12p40
production with Candin treatment (Fig. 3), and more than 50% blocking by anti-dectin-1
was shown in three subjects (Fig. 3A) indicating that dectin-1 has a role in IL-12 production
upon Candin stimulation in some individuals.

3.5 Intracellular cytokine expression in Candin treated LCs
In seven healthy subjects, intracellular secretion of IFN-γ (Th1), IL-4 (Th2), and IL-17A
(Th17) after stimulation of CD4 T-cells with Candin exposed LCs were examined (Fig. 4).
Small increases in IFN- γ in Candin treated cells compared to media control were seen in
two subjects (D and F in the top panel of Fig. 4). A decrease in IL-4 secretion was also seen
in D. Minimal changes were observed in the IL-17A levels. Therefore, in some subjects a
small increase in Th1 response, and a decrease in Th2 response were observed in response to
Candin stimulation of LCs.

4. Discussion
Traditionally, recall antigens which typically include a panel of Candida, mumps, and
Trichophyton were used as a control to indicate an intact cellular immunity when patients
were being tested for Tuberculosis by placement of PPD intradermally. T-cell mediated
inflammation would become evident in 24 to 48 hours [25]. A number of studies have
demonstrated that recall antigen injections can also be used to treat common warts [1–5, 7].
When proliferative capacity of T-cells exposed to Candin was examined in this study,
proliferation was observed in seven of nine (78%) of healthy subjects. This proportion is
similar to the percentage of people known to be skin test positive for Candida (75%) [25],
and similar to the proportion of subjects who demonstrated complete resolution of Candin-
treated common warts (82%) [6]. Therefore, it is tempting to speculate that Candin would
have immune-enhancing effects in 70 to 80% of the population.

In recent years, numerous PRRs, including TLRs [26, 27], retinoic acid inducible gene-I like
receptors [28], C-type lectin receptors [29, 30], nucleotide-binding and oligomerization-like
receptors [28], and scavenger receptors [31], have been described, and their role in inducing
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innate and potentially adaptive immunity has been studied. A number of unrelated findings
support the notion that recall antigens may work through PRRs to impart immune enhancing
effects. When challenged with Candida albicans, mice deficient in myeloid differentiation
factor 88, a universal TLR adaptor protein, demonstrated impaired survival compared to
wild-type mice [16]. Such impairment corresponded not only with deficient production of
Th1 cytokines, but also with greatly diminished frequencies of IFN-γ–producing CD4 and
CD8 T-cells. A particular polymorphism in TLR 1 has been associated with impaired TLR 1
function, and predisposition to candidemia in humans suggesting that TLR 1 has an
important role in fighting Candida infection [20]. Also, some evidence suggests that
Candida albicans may work through TLR 2 [16], TLR 4 [13], and TLR 6 [12]. Mice
deficient in TLR 2 or TLR 4 had impaired defense against Candida albicans infection. In
TLR 2-deficient mice (TLR2−/−), in vitro production of TNF-α and macrophage inhibitory
protein-2 (MIP-2) by macrophages was reduced. In TLR 4-defective C3H/HeJ mice,
production of CXC chemokines KC and MIP-2 were decreased. The defects in both mouse
strains resulted in decreased neutrophil recruitment. On the other hand, TLR 6-deficient
mice (TLR6−/−) did not have increased susceptibility to Candida infections; rather, these
mice demonstrated defective production of IL-10 and increased production of IFN-γ,
resulting in imbalanced Th1 and Th2 responses. Involvement of TLR 9 has also been studied
with results suggesting the DNA from Candida albicans activates TLR 9-mediated signaling
pathways in a manner independent of the unmethylated CpG motif [19].

C-type lectin receptors include mannose receptors [32], mannose-binding lectins [33], DC-
SIGN and related receptors [33], and β-glucan receptors (such as dectin-1) [34, 35]. Dectin-1
has an important role in the recognition of pathogenic fungi (Candida albicans, Aspergillus
fumigatus, Pneumocystis carinii) and also has been shown to collaborate with TLR2 in the
activation of NF-κB [9]. The extracellular domain of dectin-2 has been shown to bind to the
hyphal components of Candida albicans, Microsporum audouinii, and Trichophyton rubrum
[15]. Galectin-3, a lectin, interacts with β-1,2 mannosides on Candida albicans [36]. Cambi
et al. have demonstrated that DC-SIGN and mannose receptors specifically mediate the
binding and internalization of Candida albicans by human dendritic cells [8]. Another C-
type lectin, mincle, plays an essential and non-redundant role in Candida-induced TNF-α
induction in mouse macrophages [17]. In order to obtain a clue as to which PRR(s) may be
working to transmit the signals from Candin, the presence of PRRs known to bind to
components of Candida albicans were studied. All PRRs examined were detected. In
addition, we examined the amplification of these PRRs upon Candin stimulation since
increased PRR expression is sometimes associated with activation [37, 38]. A few receptors
(DC-SIGN, mincle, monocyte receptor, and TLR-9) were increased in expression upon
Candin treatment in very few healthy subjects. Therefore, this exercise was not helpful in
identifying the relevant PRR(s). Among the number of PRR agonists used in qRT-PCR
analyses, zymosan was the only agonist which resulted in the expression of IL-12p40 from
LCs of almost all individuals. Thus, we proceeded to investigate the role of dectin-1.
Blocking with anti-dectin-1 antibody demonstrated that dectin-1 seems to be utilized in
some (three of six) individuals who responded to Candin with increased IL-12p40 (Fig. 3).
Dectin-1 and TLR 2 collaborate in the activation of NF-κB [9], and dectin-1 can also
independently mediate NFAT activation in dendritic cells leading to induction of key
inflammatory mediators including IL-12p70 [39]. Therefore, it would be interesting to
investigate whether Candin has any role in NF-κB and NFAT activation in the future.

IL-12p40 and IL-12p70 were also detected at a protein level, which would suggest that
dectin-1-mediated effect of Candin is Th1 promoting. Candida albicans has been shown to
have both Th1 and Th17 promoting effects [21, 22]; however, we did not observe expression
of cytokines such as IL-1b, IL-6, and IL-23 by Candin-treated LCs that have been shown to
lead to IL-17 secretion [21].
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When common warts were treated with Candin, the largest wart was injected every three
weeks. In addition to the treated warts which completely regressed in 82% of the patients
(nine of 11), 75% of first distant warts (six of eight) and 100% of second distant warts (six
of six) completely resolved suggesting the induction of HPV-specific immunity [6]. Indeed,
T-cell responses to HPV 57 L1 peptide 380–412 were detected in 67% of complete
responders. In this study, we further characterized the T-cell responses to Candin by staining
CD4 T-cells intracellularly for IFN-γ, IL-4, and IL-17A. IFN-γ was detected in higher
percentages of CD4 T-cells in two of seven healthy subjects examined upon Candin
treatment, and the percentage of IL-4 secreting CD4 T-cells was decreased in one subject.
Although we may anticipate Candin treatment of common warts to be effective in 70% to
80% of individuals, there may be multiple underlying mechanisms for its effectiveness. In
some individuals, promotion of Th1 response possibly through a pathway involving dectin-1
may have an important role.

Since Candida albicans is known to contain multiple PRR agonists [8–19], at least their
subset is expected to be contained in Candin. Synergic effects of use of multiple agonists in
inducing T-cell responses have been reported [40, 41]. Ahonen et al. reported CD8 T-cell
responses that were 10 to 20 times greater with TLR 7 and CD40 agonists combined as a
vaccine adjuvant. Synergy with CD40 agonist was also shown with agonists for TLR 2/6, 3,
4, and 9. The CD8 T-cell expansion was dependent on B7-mediated co-stimulation and on
type I IFN [40]. Further investigation by the same group showed that regulated expression of
CD70 on dendritic cells was behind the CD8 T-cell expansion [41]. It is difficult to obtain
an FDA approval for a vaccine using a novel adjuvant. Candida skin test reagents such as
Candin are already FDA approved, and they have been in clinical use for decades.
Therefore, the use of such reagents as vaccine adjuvants is expected to gain more
expeditious FDA approval. We are now investigating the potential of Candin to enhance
immune response as a vaccine adjuvant for a peptide-based human papillomavirus
therapeutic vaccine, and have opened enrollment (NCT01653249). The results of the current
study suggest that Candin may also work well as a vaccine adjuvant since T-cell
proliferative activity was shown in 78% of healthy subjects tested, and since promotion of
Th1 response appeared to be the mechanism in at least some individuals.
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Highlights

• Most healthy subjects showed T-cell proliferation with Candid-pulsed
Langerhans cells.

• Interleukin 12 was the most frequently secreted cytokine by Candida-pulsed
Langerhans cells.

• Dectin-1 appears to be utilized in IL-12 expression in some individuals.
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Fig. 1.
A, Surface expressions of CD1a, Langerin, and E-cadherin (solid lines) demonstrate
successful conversion of monocytes into LCs. Dotted lines represent staining with isotype
controls. B, A representative example of purified CD3+CD25−T-cell population in Q4 with
purity of 95.1%. C, T-cell proliferation measured using alamarBlue. The mean of six
replicates from each individual subject is plotted. The bar represents the mean of the group.
P values were calculated using paired t-test.
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Fig. 2.
A representative example of qRT-PCR results of monocyte-derived human Langerhans cells
treated with Candin (150 μl/ml). The bars represent SD.
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Fig. 3.
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A, In three healthy subjects with positive Candin responses, antibody blocking with anti-
dectin-1 antibody was demonstrated suggesting the role of dectin-1 in the signaling pathway
resulting in IL-12 production by LCs. B, In three other healthy subjects with positive Candin
responses, no blocking with anti-dectin-1 antibody was observed suggesting that dectin-1
does not have a role in IL-12 secretion in these individuals. The values are IL-12p40 fold
increase over untreated ± SD.

Nakagawa et al. Page 15

Cytokine. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Intracellular cytokine staining examining expressions of IFN-γ, IL-4, and IL-17A by CD4 T-
cells from six healthy subjects stimulated with LCs exposed to Candin.
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Table 3A

IL-12p40 Protein Expressed by LCs upon Candin Stimulation

Subject-Blood Draw # Candin dose (μl/ml) IL12p40 (pg/ml)

1-1 50 18.2

150 75.6

1-2 50 37.2

150 11.6

2-1 10

50

150

2-2 10

50

150 47.6

3-1 10

50

150

3-2 10

50 2.4

150

4-1 10

50

150

4-2 10

50

150

5-1 10

50 57.9

150

5-2 10 932.4

50 746.9

150

6-1 10

50

150

6-2 10

50

150

7-1 10

50 22.6

150
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Subject-Blood Draw # Candin dose (μl/ml) IL12p40 (pg/ml)

7-2 10

50

150

8-1 10

50

150

8-2 10 20.2

50 34.7

150 36.7

Any detectable amounts at 24 hours are shown.

Values from untreated wells have been subtracted from Candin treated wells.
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Table 3B

IL-12p70 Protein Expressed by LCs upon Candin Stimulation

Subject-Blood Draw # Candin dose (μl/ml) IL12p70 (pg/ml)

2-1 150

2-2 150 0.055

3-1 150

3-2 150 0.062

4-1 150 0.003

4-2 150 0.049

5-1 150

5-2 150 0.057

6-1 150

6-2 150

7-1 150

7-2 150

8-1 150

8-2 150

Any detectable amounts at 8 hours are shown.

Values from untreated wells have been subtracted from Candin treated wells.
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