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Abstract

A vaccine adjuvant that can effectively promote cell-mediated immunity is currently not available.
Because of the ability of a Candida skin test reagent injection to induce common wart regression,
our group is using it as a novel adjuvant in a clinical trial of a peptide-based human papillomavirus
therapeutic vaccine. The goal of this current study was to investigate the mechanisms of how
Candida enhances the vaccine immune responses. Maturation effects on Langerhans cells,
capacity to proliferate T-cells, expression of cytokines and pattern recognition receptors by
Langerhans cells, and ability to induce Th1, Th2, and Th17 responses were investigated in healthy
subjects. The vaccine, human papillomavirus peptides with Candida, demonstrated partial
maturation effects on Langerhans cells indicated by significantly up-regulated CD40 (p=0.00007)
and CD80 (p<0.00001) levels, and showed T-cell proliferative capacity (p<0.00001) when
presented by Langerhans cells in vitro. Interestingly, the maturation effects were due to the
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peptides while Candida was responsible for the T-cell proliferation. The cytokine profile (IL-1f,
IL-6, IL-8, IL-10, IL-12p40, IL-23Ap19, IFN-v, and TNF-a) of Langerhans cells treated with the
vaccine or Candida alone showed that IL-12p40 mMRNA was most frequently induced, and
IL-12p70 protein was detected in the supernatants. The presence of pattern recognition receptors
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) were demonstrated in all subjects. On the
other hand, the induction of Th1 response demonstrated by IFN-y secretion by CD4 cells
stimulated with the vaccine or Candida pulsed Langerhans cells was demonstrated only in one
subject. In summary, the Langerhans cell maturation effects of the vaccine were due to the
peptides while the T-cell proliferative capacity was derived from Candida, and the most
frequently induced cytokine was 1L-12.
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1. Introduction

The most widely used adjuvant in approved human vaccines is an alum-based adjuvant that
has been shown to elicit a predominantly Th2 immune response [1]. Therefore, the alum-
based adjuvant would be useful in a vaccine designed to boost antibody responses, but not
for a vaccine designed to stimulate cellular immune responses. Since successful clearance of
human papillomavirus (HPV) infection is believed to be induced by cell-mediated immunity
[2, 3], an adjuvant that would promote such an immunity is necessary, but not available.

Our group and others have shown that serial intra-lesional injections of common warts with
skin testing reagents such as Candida, mumps, and/or Trichophyton can induce regression
not only of treated warts but also of distant untreated warts [4-9]. In a Phase I clinical trial
(NCT00569231), our group used Candin® (Allermed, San Diego, CA), a colorless extract of
Candida albicans, to treat common warts. Resolution of treated warts occurred in 82% of
the subjects, and anti-HPV T-cell responses were demonstrated [8]. Given that Candin is
derived from C. albicans, it should contain numerous pathogen-associated molecular
patterns (PAMPs). We hypothesized that Candin would be an effective vaccine adjuvant
which would stimulate multiple pattern recognition receptors (PRRs) and induce innate as
well as adaptive immunity.

Cervical cancer is almost always caused by high-risk HPV infection, and is the 2"d most
common cancer among women in the world. Two very effective prophylactic HPV vaccines,
Gardasil® (Merck, NJ, USA) and Cervarix® (GlaxoSmithKline, Middlesex, UK), are
available, and they work by inducing high titers of neutralizing antibody [10-12]. However,
they are not effective for women with pre-existing HPV infection [10, 12, 13]. Therefore, a
therapeutic HPV vaccine that can be used for those already infected with HPV and/or have
developed HPV-associated neoplasia is not available. Our group studied naturally induced
immunity in women with HPV infection and/or cervical lesions, and have found that the
ability to induce T-cell responses against E6, one of the oncoproteins of high-risk HPVs, is
associated with HPV clearance and regression of cervical lesions [3, 14, 15]. Therefore, we
designed an HPV therapeutic vaccine which consists of four HPV type 16 E6 peptides and
Candin, and are conducting a Phase I clinical trial (NCT01653249).

In the current study, we examined the immune enhancing effects of Candin as a vaccine
adjuvant. Surprisingly, the E6 peptides were responsible for the partial maturation of
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Langerhans cells (LCs) while Candin was responsible for the T-cell proliferative effects.
The most commonly induced cytokine by the LCs was IL-12.

2. Materials and Methods

2.1 Generation of monocytes-derived LCs

Mononuclear cells were collected from healthy blood donors (n=10) by apheresis (Key
Biologics, LLC, Memphis, TN). The subjects were numbered in a chronological order.
Peripheral blood mononuclear cells (PBMCs) were purified using the ficoll gradient
centrifugation method. Monocytes were negatively isolated from PBMC using Monocyte
Isolation Kit Il (Miltenyi Biotec, Auburn, CA), and were converted to LCs using
granulocyte-macrophage colony-stimulating factor, IL-4, and transforming growth factor -1
as described by Fahey et al. [17]. The effectiveness of conversion to LCs was demonstrated
by detecting CD1a (eBioscience, San Diego, CA), Langerin (Beckman-Coulter, Brea, CA),
and E-cadherin (eBioscience) using FACS Fortessa (University of Arkansas for Medical
Sciences Microbiology and Immunology Flow Cytometry Core Laboratory) and CellQuest
Pro software (BD Biosciences, San Jose, CA) in selected experiments (Fig. 1). Sufficient
number of cells were available from all subjects except for subject 1 in whom the LC
maturation experiment could not be performed.

2.2 Maturation analysis of LCs treated with Candin and/or HPV peptides

Candin was dialyzed before use to remove a small amount of solvent (0.4% phenol) using
Slide-A-Lyzer G2 Dialysis Cassette (Thermo Scientific, Rockford, IL). LCs were prepared
as described above, and one million LCs each were treated with Candin (150 pl/ml), four
current good manufacturing practice-grade HPV16 E6 peptides [E6 1-45, E6 46-80, E6
81-115, and E6 116-158 (referred to as “peptides” hereafter); 10pg/ml/peptide; made by
CPC Scientific, Sunnyvale, CA and vialed by Integrity Bio, Camarillo, CA], or Candin/
“peptides”. Zymosan (10pg/ml, InvivoGen, San Diego, CA), a yeast cell wall particle
containing many polysaccharides including B-glucan and mannan [18], was used as a
positive control. After 48 hour incubation, cells were stained with anti-human CD40
phycoerythrin (PE)-Cy5.5, CD80 fluorescein isothiocyanate, CD86 PE-Cy5 and HLA-DR
PE (eBioscience, San Diego, CA). Ten thousand events were acquired, and the data were
analyzed using Flowjo software (BD Biosciences).

2.3 Analysis of T cell Proliferation induced by LCs treated with Candin and/or “peptides”

On day 7 of LCs conversion, CD3 T cells from the same subjects were negatively isolated
from PBMCs using Pan T-Cell Isolation Kit Il (Miltenyi Biotec). To remove CD25
regulatory T cells, human CD25 Antibody-Biotin (Miltenyi Biotec) was added. T cell
proliferation assay was performed in 6 replicate wells by co-culturing T cells (1.5x108cells/
ml) with autologous LCs (3x10%cells/ml) in 100 pl of complete Yssel's media (Gemini
Bioproducts Inc, Woodland, CA) containing 1% human serum in each well of a 96-well
plate. Wells containing cells only (T-cells and LCs), cells and Candin (150ul/ml), cells and
Candin/“peptides”, and cells and tetanus toxoid (500ng/ml, EMD Milipore, Billerica, MA)
were set up. After 7 days of incubation, 10ul of alamarBlue (Life Technologies, Grand
Island, NY) was used to replace the corresponding volume of media in each well, then the
plate was incubated at 37°C for 6 hours. Fluorescence was measured (530nm excitation
wavelength and 590nm emission wavelength) in media using BioTek Synergy-2 Multi Plate
Reader (US BioTek, Seattle, WA).

2.4 Cytokine and PRR analyses by quantitative real-time PCR (qRT-PCR)

One million LCs each were treated with Candin (50 pl/ml, 100 pl/ml, and 150 pl/ml) with or
without “peptides” (10p.g/ml/peptide) at each Candin concentration. Zymosan was used as a
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positive control at 10ug/ml and media only as a negative control. Cells were harvested for
RNA after 8 and 24 hours. RNA was extracted using RNeasy kit (Qiagen, Valencia, CA),
and treated with DNase | (Promega, Madison, WI). cDNA synthesis was carried out using
SuperScript 111 first-strand synthesis system (Life Technologies).

Quantitative PCR analysis was performed in duplicate for cytokines including IL-1f, IL-6,
IL-8, IL-10, IL-12p40, IL-23Ap19, IFN-y and TNF-a using an iQ-SYBR mix (Bio-Rad,
Hercules, CA). In addition, expressions of PRRs (DC-SIGN, dectin-1, dectin-2, galectin-3,
mincle, mannose receptor, TLR-1, TLR-2, TLR-4, TLR-6, and TLR-9) known to associate
with C. albicans[19-28] were examined. The primers used to detect 1L-12 were previously
reported by Vernal et al. [29]. All other primers were designed using Beacon Design
software (Bio-Rad, Table 1). The threshold cycles were normalized to a human
housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase, and were calculated as fold
change over untreated LCs at 8 hours. mRNA was considered to be detected when
amplification of cDNA was demonstrated.

2.51L-12p70 protein analysis by ELISA

Supernants from LCs treated with Candin (50pl/ml, 200pl/ml and 150p1/ml) with or without
“peptides” (10pg/ml/peptide) from the gRT-PCR experiments at 24 hours were collected
and tested using the IL-12p70 High Sensitivity ELISA kit (eBioscience). Values from media
only wells were subtracted from experimental wells.

2.6 Intracellular Cytokine Staining

The methods were adapted according to those described by Zielinski et al. [30]. CD4 T-cells
were negatively isolated from PBMCs using CD4 T Cell Isolation Kit Il (Miltenyi Biotec)
and were co-cultured with autologous LCs at a ratio of 50:1 (CD4 T-cells : LCs). Candin
(150 1/ml) with or without “peptides” (10pg/ml/peptide) were added to stimulate cells.
Media alone was used as a negative control. After 6 days of co-culture, the cells were
stimulated with phorbol 12- myristate 13-acetate (200nM, Sigma, St. Louis, MO), and
ionomycin (1pg/ml, Sigma) for 2 hours. Then, Brefeldin A (10pg/ml, eBioscience) was
added for additional 2 hours. After being stained using fixable viability dye eFluor 450®
(eBioscience), the cells were permeabilized/fixed and stained with anti-human IFN-y PE,
IL-17A peridinin chlorophyll protein-Cy5.5, IL-4 allophycocyanin, or relevant isotype
controls (eBioscience). Ten thousand events were acquired using FACS Fortessa. Live
lymphocytes were gated, and the percentages of IFN-y, IL-17A and IL-4 positive CD4 T-
cells were analyzed using FACS Diva (BD Biosciences) and Flowjo softwares.

2.7 Statistical analysis

3. Results

A mixed effects ANOVA was used to compare the groups while accounting for the

dependence between groups. Tukey's multiple comparison procedure was used to perform
all pairwise comparisons for maturation markers (Fig. 2B) while Dunnet's test was used to
compare the media control values to the remaining groups for T-cell proliferation (Fig. 3).

3.1 Phenotypic maturation of LCs

We evaluated the maturation effects of Candin, and/or “peptides” on LCs (Figs. 1-2). For
CDA0, statistically significant increases in mean fluorescence intensity (MFI) were observed
with LCs treated with zymosan (p<0.00001), “peptides” (p=0.00003) and Candin/“peptides”
(p=0.00007) compared to untreated LCs. In addition, MFIs of LCs treated with “peptides”
and Candin/“peptides” were significantly higher than the MFI of LCs treated with Candin
alone (p=0.001 and 0.003 respectively). For CD80, significant increases in MFIs were
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observed with LCs treated with “peptides” (p<0.00001) and Candin/“peptides” (p<0.00001)
over media. Compared to Candin treated LCs, CD80 expression was significantly higher in
“peptide” and Candin/“peptide” treated LCs (p<0.00001 for both). Only zymosan increased
the MFI for CD86 significantly (p<0.00001). No significant increases were observed for
HLA-DR. In summary, the “peptides” exerted partial LC maturation effects while Candin
did not. Endotoxin levels for the “peptides” tested individually were all undetectable (< 1.0
EU/mg).

3.2 T-cell proliferation measured with alamarBlue

Proliferation was significantly increased with Candin (p<0.00001) and Candin/“peptides”
(p<0.00001) over media (Fig. 3). “Peptides” did not induce measureable proliferation.
Measurable proliferation with tetanus toxoid (increased fluorescence of =5000) was
demonstrated in subjects 2 and 5, but overall no significant increase over media was
observed (Fig. 3). Though unlikely, a possibility that LCs may have proliferated in addition
to T-cells cannot be ruled out.

3.3 Expression of cytokines by LCs pulsed with Candin or Candin/“peptides”

LCs from ten subjects were treated with Candin or Candin/“peptides”, and mRNA
expression of 8 cytokines (Table 1) were examined by qRT-PCR (Fig. 4, Table 2). The
amplifications of the intended products were confirmed by DNA sequencing after gel-
purification from selected experiments. Overall, the cytokine expression profiles of LCs
treated with Candin and Candin/“peptide” were similar. IL-12p40 was the most commonly
enhanced cytokine (= 5 fold over untreated), and expression was detected in 5 subjects with
Candin and in 7 subjects with Candin/“peptides”. IFN- y was the 29 most commonly
induced cytokine (6 subjects), and was detected in 5 subjects with Candin and in 4 subjects
with Candin/“peptides”. IL-1 was also induced in 6 subjects: 4 subjects with Candin and 6
subjects with Candin/“peptide”. IL-6 and IL-23p19 were induced only with Candin (2
subjects for IL-6 and 1 subject for 1L-23p19.) TNF-a was expressed only with Candin/
“peptide” in 1 subject. IL-8 and IL-10 were not expressed in any subjects.

Supernatants from LCs treated with Candin or Candin/“peptides” for 24 hours were
analyzed for the presence of IL12p70 protein. 1L12p70 was detected in 27 of 30 samples
treated with Candin (range 38 to 177 ng/ml) and in 27 of 30 samples treated with Candin/
“peptides” (range 38 to 299 ng/ml).

3.4 Expression of PRRs on LCs

All 11 PRRs examined were detectable in untreated LCs of all subjects (data not shown).
Upon stimulation with Candin or Candin/“peptides”, few PRRs showed increased
expression (= 5 fold over untreated). No obvious differences were observed in PRRs
expressed between Candin and Candin/“peptide” treated LCs. The expression of TLR-9 was
increased in 3 subjects (5 to 18 fold with Candin and 9 to 16 fold with Candin/“peptides”),
mincle in 2 subjects (5 fold with Candin and Candin/“peptides”), mannose receptor in 2
subjects (5 to 9 fold with Candin and 5 to 11 fold with Candin/“peptides”), dectin-2 in 2
subjects (5 to 54 fold with Candin and 5 to 8 fold with Candin/“peptides”), and DC-SIGN in
1 subject (5 to 22 fold with Candin). In 5 subjects with increased expression of PRRs, 3 of
them showed the increased expressions of two or more PRRs in LCs.

3.5 Intracellular cytokine expression of CD4 T-cells stimulated with Candin-pulsed LCs or
Candin/*peptides”-pulsed LCs

CDA4 T-cells stimulated with Candin or Candin/“peptides”-treated LCs from ten subjects
were stained for intracellular secretion of IFN-y (Th1), IL-4 (Th2) and IL-17A (Th17) (Fig.
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5). Increased IFN- vy secretions (>5%) were observed in CD4 T-cells exposed to Candin or
Candin/“peptides”-treated LCs over media in subject 4 (9.5% and 6.9% respectively).
Overall, no differences were seen in the secretion of IFN-y, IL-4 and IL-17A between CD4
T-cells treated with LCs alone and LCs treated with Candin as well as between LCs alone
and LCs treated with Candin/*“peptides”.

4. Discussion

“Adjuvant” is derived from a Latin word, adjuvare, and means to help or to enhance. An
effective vaccine adjuvant should be able to promote a strong immune response against the
vaccine antigen in terms of size and durability. Antigen presenting cells (APCs) play a
critical role in the initiation of immune responses. One of the desired features of an adjuvant
is the ability to enhance maturation of APCs and the consequent priming of effective T-cell
responses. CD40 and CD80 have been demonstrated to be critical for the activation of
antigen-specific T-helper cells [31] and cytotoxic T-cells [32]. Our results have shown that
the “peptides” can induce significantly higher expression of CD40 and CD80. This HPV
therapeutic vaccine may be a rare vaccine in that the peptide antigens rather than the
adjuvant are more able to mature APCs. These results are different from those reported by
Romagnoli et al. who showed up-regulation of CD40, CD80, CD86 and HLA-DR on
dendritic cells by C. albicans [33]. Since endotoxin was undetectable in “peptides”, it is
unlikely that contamination may have contributed to the unexpected partial maturation
effects on the LCs. We focused on examining maturation effects of LCs because our vaccine
was formulated for intradermal route in order to take advantage of abundant LCs in
epidermis. Studying maturation effects on other APCs such as dendritic cells and monocytes
would be important in the future.

C. albicans as a component of the normal flora often colonizes the skin and the mucosal
surfaces of healthy individuals. Underlying acquired immunity to C. albicansis usually
present in immunocompetent individuals [34]. In this study, Candin and Candin/“peptides”,
but not “peptides”, induced significant T-cell proliferation. The results are consistent with
the observations showing that C. albicans is capable of triggering an expansion of specific
or naive T-cells [33]. Similar to our results, Gordon et al. demonstrated skin test positive
reactions to C. albicans in 92% of healthy subjects [35], and Bauerle et al. demonstrated
Candida-specific T-cell responses in 71% of healthy subjects [36]. It is expected for Candin,
which is an extract derived from C. albicans, to have a T-cell proliferative effect. After all
Candin is being used clinically to assess the intactness of cell-mediated immunity.
Unfortunately, the maturation effects of C. albicans [33] are lost in the extract. On the other
hand, the “peptides” exert some maturation effects. In creating this vaccine, an obstacle was
encountered in being able to develop a formulation in which the “peptides” were soluble as
the E6 protein is known to be hydrophobic. While they remain soluble in acidic pH of the
formulation, they are insoluble and form microparticles at a neutral pH (unpublished data).
This unusual property may be contributing to the maturation effects by stimulating LCs to
phagocytose these microparticles.

PRR signaling can induce APCs to express co-stimulatory molecules and cytokines
necessary for activation and differentiation of T lymphocytes [37]. The cooperation of
different PRRs in APCs by stimulating multiple PRRs leads to synergistic Thl [20, 38] and
cytotoxic T-lymphocyte responses [39]. C. albicans has been shown to activate many PRRs
including DC-SIGN [19], dectin-1 [20], dectin-2 [21], galectin-3 [22], mannose receptor
[19], mincle [40], and some TLRs [25-27, 41, 42]. Since some PRRs are increased during
activation [43, 44], we investigated the presence and amplified expression of these PRRs. In
this study, all PRRs examined were expressed by Candin and Candin/“peptide” pulsed LCs,
and increased expressions of certain PRRs (DC-SIGN, dectin-2, mincle, monocyte receptor
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and TLR-9) were demonstrated in 5 of 10 subjects. Further investigations are necessary to
determine which PRRs may have a role in transducing the signals from this HPV therapeutic
vaccine. Dectin-1 in conjunction with TLR-2 can activate NF-xB [20], and dectin-1 can also
independently mediate NFAT activation in dendritic cells leading to expression of
inflammatory mediators such as 1L-12p70 [45]. Therefore, it would be interesting to
investigate whether Candin or Candin/”peptide” has any role in NF-xB and NFAT
activation in the future.

Cytokines secreted by APCs play important roles in the process of differentiation of T-
helper cells into Th1, Th2, or Th17 cells. IL-12p70 directs Thl response while I1L-1f and
IL-6 direct the Th17 response [37, 46]. The cytokine profile in treated LCs showed
IL-12p40 was the most commonly enhanced cytokine and 1L-12p70 was also detected at a
protein level. Published studies showed that C. albicans can induce the differentiation of
specific Th1l and Th17 cells [30, 33], and Candida-specific Th1 immune responses can be
detected in healthy subjects [47, 48]. These data lead us to anticipate the extract of C.
albicans, Candin, to induce a Thl and Th17 skewing effect. Though an increased Thl
response (IFN-vy secretion >5%) was observed in one subject, the overall results from ten
subjects showed no skewing towards Th1 and Th17 responses. It may be that Candida exerts
Th1 and Th17 effects through multiple mechanisms. There exist other subsets of APCs in
dermis, like dermal DCs [49], which may play roles in the process of antigen presentation
and T-cell activation. Furthermore, it would be important to assess the ability of this HPV
therapeutic vaccine to induce HPV-specific T-cell responses. This is being investigated in
the context of the ongoing clinical trial.

In summary, “peptides” (antigens) are responsible for the LC maturation effects while
Candin (adjuvant) induces significant T-cell proliferation for this HPV therapeutic vaccine.
Therefore, the antigens and the adjuvant have complementary immune enhancing effects.
With time, the ongoing clinical trial will reveal whether these complementing effects will
translate into effective clinical responses.
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Fig. 1.

Surface expressions of CD1a (top), Langerin (middle), and E-cadherin (bottom) show
successful conversion to LCs (solid lines). The dotted lines represent the relevant isotype
controls.
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Maturation effects on LCs examined by surface expression of CD40, CD80, CD86, and
HLA-DR. (A) Representative FACS histograms from subject 2. The shaded gray area, the
black dotted line, the black solid line, the short dashed line and the long dashed line
represent the isotype control, media, Candin, “peptides” and Candin/“peptides” respectively.
(B) Summary of results from all subjects examined.
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Fig. 3.

T-cell proliferation measured using alamarBlue. Candin and Candin/“peptides” pulsed LCs
induce significantly increased T-cell proliferation compared to media. All wells contained
CD3 T-cells (1.5 x 10° cells) and autologous LCs (3 x 103 cells).
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Fig. 4.
Representative results of cytokine expression by LCs treated with Candin (150u1/ml) or
Candin/“peptides” from subject 4 are shown. The bars represent SD of the replicates.
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Fig. 5.

Intracellular cytokine staining for IFN-y, IL-4 and IL-17A of CD4 T-cells stimulated with
LCs pulsed with Candin or Candin/“peptides”. (A) A representative dot plot for subject 1
showing the gating on lymphocytes. (B) A representative dot plot for subject 1 showing
gating on live cells discriminated using eFluor 450. (C) A representative dot plot for subject
1 showing IL-4 secreting CD4 cells that were exposed to LCs pulsed with Candin/
“peptides”. (D) Corresponding isotype control for IL-4. (E) A representative dot plot for
subject 1 showing IFN-y secreting CD4 cells that were exposed to LCs pulsed with Candin/
“peptides”. (F) Corresponding isotype control for IFN- vy. (G) A representative dot plot
showing IL-17A secreting CD4 cells that were exposed to LCs pulsed with Candin/
“peptides”. (H) Corresponding isotype control for IL-17A. (1) Diagrams summarizing the
results from all subjects.
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Table 1
Primersused for gRT-PCR

Description Gene name Accession no. Forward primer sequence Reverse primer sequence
Interleukin 1 beta hIL-18 NM_000576.2 S A SRS oAT S LA SonEAG
Interleukin 6 (interferon, beta 2) hIL-6 NM_000600.3 G AGTCACS AAC SO Bt paneeT
Interleukin 8 hiL-8 NM_000584.3 S SasacTece e et e e
Interleukin 10 hIL-10 NM_000572.2 SoC LIS COAAGE cocceraeecte
Interleukin 12B hiL-12p40 NM_002187.2 OCC RGACATITCTGCG 286 16 L oL Sol
Interleukin 23 alpha subunit p19 (IL23A)  hIL23A p19 NM_016584.2 A SIE SASATE o A an e
interferon, gamma hIFN-y NM_000619.2 Ei; %GGAA'GA%CA%AT -éi(é LTIII.%%GATGTG
Tumor Necrosis Factor alpha hTNF-a NM_000594.3 fgi g;?. fﬁg gTG ’é.lc.:g 21(':((35 ATG CGG
DC-SIGN, CD 209 hDCSIGN NM_001144899.1 I Vs cat el res eI s
?étalgg;eAc;in domain family 7, member A hDectin1 NM_197947.2 '(2(13_8 LL(;%TA ATACTG ??g‘-rrgﬁTCTG TGG
T RS- mescacmoon  Tecacanonc
I(_fétm,_g;:llactoside—binding, soluble, 3 hGalectin3 NM_001177388.1 I;((;;E (_.‘F_(I;_(I; (TS(T:é TAA CCT $£((:; T(-BG(’:T'I'TI'TCGACCAC-ES
Capeps s B TS s s racmzce  omcaccer
Mannose receptor, C type2 hMRC2 NM_006039.4 ﬁf‘g\ éAAi i&%%%% ’é.lc.aé AAgg Eg'lc'; 'I(':CC ;
Toll-Like Receptor 1/6" hTLR1or TLR6 NM_003263.3 or NM_006068.4 713 (ac Ao =1l el
Toll-Like Receptor 2 hTLR2 NM_003264 TS TECCATTCTCAT - CAC TCCAGG TAG
Toll-Like Receptor 4 hTLR4 NM_138557 COTOCTGGETATCATC  GoT AaSeTTee
Toll-Like Receptor 9 hTLR9 NM_017442.3 G B T T A O s A,
Glyceraldehyde-3-phosphate dehydrogenase  hGAPDH NM_002046.4 g((:;é .(I.:g;- Eéc CTG gzé g%c.: gﬁG GAT

The same primers were used to analyze TLR 1 and 6 amplifying a 100% homologous region between the two genes.
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