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Abstract

Heat-killed (HK) Mycobacterium obuense is a novel immunomodulator, currently
undergoing clinical evaluation as an immunotherapeutic agent in the treatment of cancer.
Here, we examined the effect of in vitro exposure to HK M. obuense on the expression of
different categories of surface receptors on human blood myeloid (m) and plasmacytoid
(p) DCs. Moreover, we have characterized the cytokine and chemokine secretion patterns
of purified total blood DCs stimulated with HK M. obuense. HK M. obuense significantly
up-regulated the expression of CD11c, CD80, CD83, CD86, CD274 and MHC class Il on
whole blood mDCs and CD80, CD123 and MHC class 1l on whole blood pDCs. Down-
regulation of CD195 expression on both DC subpopulations was also noted. Further
analysis showed that HK M. obuense up-regulated the expression of CD80, CD83 and
MHC class Il on purified blood DC subpopulations. TLR 2 and 1 were also identified to
be engaged in mediating the HK M. obuense-induced upregulation of surface receptor
expression on whole blood mDCs. In addition, our data demonstrated that HK M.
obuense augmented the secretion of CCL4, CCL5, CCL22, CXCLS, IL-6, IL-12p40 and
TNF-a by purified total blood DCs. Taken together, our data suggest that HK M. obuense
exerts potent differential immunomodulatory effects on human DC subpopulations.
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Introduction

Dendritic cells (DCs) are crucial modulators of the immune response whereby
they act as a bridge between the innate and adaptive immune systems.! DCs are potent
antigen presenting cells (APCs) that are in continuous surveillance for antigens while
being in an immature state. Upon exposure to an antigen (self/foreign) or to a pro-
inflammatory stimulus, DCs undergo a maturation process and migrate towards
secondary lymphoid organs where they interact with T cells, consequently inducing an
antigen-specific immune response or initiating immune tolerance.?® The hallmarks of DC
maturation include upregulation of co-stimulatory (CD80, CD86), antigen presentation
(MHC class I and 1) and maturation (CD83) receptors in addition to the release of pro-
inflammatory cytokines (IL-6, 1L-12).*® To date, DCs are broadly categorized into two
phenotypically and functionally distinct subpopulations defined as the conventional or
myeloid (m) and plasmacytoid (p) DCs. Both subpopulations exist in peripheral blood
and they comprise < 1% of peripheral blood mononuclear cells (PBMCs).>’

The vital requirement for an effective immunotherapeutic approach for the
treatment of various diseases has resulted in the development of novel strategies which
exploit the biological properties of DCs.*® DCs are equipped with a specialized set of
receptors known as pattern recognition receptors (PRRs) which identify specific microbe
or damage associated molecular patterns (MAMPs or DAMPs).'? Therefore, this unique
and pivotal characteristic of DCs makes them a potential target for bacteria-based
immunomodulatory agents which, upon binding to PRRs on DCs, trigger a chain of
events that leads to transcriptional activation, alterations in DC’s cytokine/chemokine
release, and a variation in surface receptor expression, thus affecting the interaction
between DCs and other immune cells.**** Among the bacteria-based immunomodulators,
heat killed (HK) Mycobacterium vaccae (M. vaccae) preparation has demonstrated
immunotherapeutic and vaccine potentials when evaluated in different disease settings.™*
" In recent years, there has been a growing interest in assessing additional HK
mycobacterial preparations, as potential immunotherapeutic agents, particularly in
cancer. HK M. obuense (NCTC13365) has been shown to be safe and well tolerated
among stage I11/IV melanoma patients.'® A recent randomized phase Il study has
demonstrated that the use of HK M. obuense as an adjunctive immunotherapeutic agent
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for treating advanced pancreatic cancer was well tolerated and led to a significant
extension in the overall and progression-free survival of patients with metastatic
disease.”® Research into the mode of action of HK M. vaccae and M. obuense has
demonstrated their abilities to directly affect the innate arm of the immune system. In a
study in allergic mice, M. vaccae was reported to promote the development of CD11c"
antigen presenting cells (APCs) demonstrating a possible regulatory role.?* Evidence
from in vitro studies on human blood cells clearly indicated that both HK M. vaccae and
M. obuense are able to modulate the expression of various cell surface receptors on
monocytes and neutrophils®* and to stimulate cytokine release from type-1 mDCs thus
leading to the enhancement of the anti-tumor activity of y& T cells.”? Moreover, priming
of monocyte-derived (Mo)-DCs with M. vaccae was reported to correlate with a
significant attenuation of T helper type 2 (Th2) responses.?

Despite the emerging clinical interest in HK M. obuense, little is known about the
outcome of its interaction with human innate immune cells, particularly primary blood
DCs. The purpose of our study was to analyze the effect of HK M. obuense stimulation
on the expression of different categories of surface receptors on whole blood and purified
blood DCs and to evaluate whether toll-like receptors (TLRs) are involved in the M.
obuense-induced upregulation of surface receptor expression on whole blood mDCs. In
addition, we examined the secretion of cytokines and chemokines by purified total blood
DCs stimulated with HK M. obuense. Our results showed that HK M. obuense
differentially regulates the expression of surface receptors related to antigen presentation,
co-stimulation and maturation on blood DCs. Furthermore, our data revealed that TLR-2
and TLR-1 contribute to the M. obuense-induced upregulation of CD11c, CD80 and
MHC class Il expression on whole blood mDCs. Finally, HK M. obuense demonstrated

an ability to induce cytokine and chemokine production by purified total blood DCs.

Materials and methods

Blood Sampling

Peripheral whole blood samples were drawn, at the clinical laboratory department,
Nini, hospital, Lebanon, from healthy donors and collected into K2 ethylene diamine

tetraacetic acid (K2-EDTA) vacutainer tubes (BD Biosciences). Written informed
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consents were obtained from all blood donors and the study procedure gained approval
from the institutional review board at the University of Balamand and from the research
ethics committee at the Faculty of Science, Engineering and Computing at Kingston
University.

TLR blocking antibodies and reagents

Anti-human monoclonal blocking antibodies against TLR-1 (clone H2G2), TLR-2
(clone B4H2), TLR-4 (clone W7C11), TLR-5 (clone Q2G4), TLR-6 (clone C5C8) and
matching isotype control mouse IgGl (clone T8E5) and human IgA2 (clone T9C6)
antibodies were purchased from Invivogen (Toulouse, France). Sterile vials of HK M.
obuense (NCTC13365) suspended in borate-buffered saline (BBS; pH 8.0) at 50 mg/mL
were manufactured by BioElpida (Lyon, France), whereby each 1 mg wet-weight of

bacilli is roughly equivalent to 10° HK organisms.

Immunophenotyping of DCs

Whole blood cultures (total culture volume = 2 mL) were either left unstimulated
or were stimulated with 30, 100 or 300 pg/ml of HK M. obuense for 3 and 6 h at 37 °C in
a 5% CO2 humidified atmosphere. For purified total blood DCs, viable cells were
resuspended at 10° cells/ml in complete RPMI 1640 medium (Lonza) supplemented with
10% heat inactivated human AB serum and were stimulated with M. obuense for 6 h, as
mentioned above. Whole blood cultures or purified blood DCs incubated with equivalent
amounts of BBS served as unstimulated control. Both mDC and pDC subpopulations
were analyzed in whole blood and as purified cells for the expression of a group of cell
surface receptors. Whole blood (100 pl) was incubated for 25 min at room temperature
(RT) in the dark with optimized concentrations of antigen-specific or matching isotype
control monoclonal antibodies (Supplementary Table S1) and red blood cells were then
lysed by the addition of FACS lysing solution (BD Biosciences). After 15 min of
incubation at RT, cells were pelleted and washed once with Cell Wash solution (BD
Biosciences) and finally resuspended in Cell Fix solution (BD Biosciences). For the
immunophenotyping of purified blood DCs, a similar procedure was adopted; however,

the incubation and centrifugation steps were carried out at 4 °C and an Fc receptor



blocking step with 10% heat inactivated human AB serum (Lonza, Slough, UK) was
introduced (15 min incubation period) prior to incubating cells with antibodies. Fixed
cells were run on a FACSCalibur flow cytometer (BD Biosciences) and the generated
data was acquired and analyzed using Cell Quest Pro software (BD Biosciences). A total
of 2.5-3 x 10° leukocytes or 5 x 10° purified total blood DCs were acquired per sample.
Single-color stained controls were used to set compensation settings. Total blood
dendritic cells (DCs) were identified as Lineage/HLA-DR", while blood mDCs and
pDCs were identified as Lineage/HLA-DR'/CD11c’/CD123" and Lin/HLA-
DR*/CD123%/CD11c’, respectively. The expression of each cell surface receptor was
indicated as the percentage of cells positive or a particular surface receptor within a gated
cell population or as the raw geometric mean fluorescence intensity (MFI) of the
receptor-positive cell population.

Isolation of CD4" T cells and blood DCs

PBMCs were isolated from peripheral blood using the standard Ficoll-Paque
gradient method, as previously described.”> CD4* T cells and total blood DCs were
purified from PBMCs by negative selection using the Dynabeads untouched human CD4
T cells and human DC enrichment kits, respectively, and following the manufacturer's
instructions (Thermo Fisher Scientific, Waltham, MA, USA). For the depletion of
platelets, biotin-conjugated mouse anti-human CD41 antibody (clone M148; Leinco
Technologies, St. Louis, MO, USA) was added to the antibody cocktail present in the DC
enrichment Kkit. Isolated cells were checked for purity by flow cytometry and were
consistently found to be > 95% and ~ 80% for CD4" T cells and DCs, respectively. Cells
were routinely analyzed for viability with trypan blue exclusion method and showed >
90% viability.

Antigen presentation assay

Freshly purified total blood DCs were seeded in a 96-well flat-bottom plate at a
density of 1 x 10* viable cells/well in complete RPMI medium supplemented with 10%
heat inactivated human AB serum and were either left unstimulated or were stimulated

with 300 pg/ml of HK M. obuense in the presence or absence of 10 pug/ml Candida



albicans (C. albicans) soluble antigen (Greer Laboratories, Lenoir, NC USA), for 7 days
at 37 °C in a 5% CO2 humidified atmosphere. After 1 day in culture, DCs were co-
cultured with 1 x 10° purified autologous CD4" T cells to obtain a T-cell/DC ratio of
10:1. Co-cultures were maintained for a period of 6 days at 37 °C in a 5% CO2
humidified atmosphere. Cells were pulsed with 1 pCi/well tritiated thymidine (Perkin
Elmer, San Jose, CA, USA) during the last 16 h of co-culture period. Cells were then
harvested onto glass fiber filter disks (Connectorate AG, Dietikon, Switzerland) using a
cell harvester (Inotech Biotechnologies, Basel, Switzerland). Proliferation of CD4" T
cells was assessed by measuring the radioactivity of incorporated methyl-tritiated-
thymidine in a liquid scintillation counter (PerkinElmer) and which was obtained as
counts per minute (cpm). Unstimulated (containing equivalent amounts of BBS as
vehicle) DCs co-cultured with CD4" T cells as well as CD4" T cells, without DCs,
stimulated with HK M. obuense plus C. albicans served as negative controls. Stimulation
index (S1) was calculated by dividing the mean cpm value of DC-CD4" T cell co-cultures
(triplicate) stimulated with HK M. obuense and/or C. albicans over the mean cpm value
of unstimulated DC-CD4" T cell co-cultures (triplicate).

TLR blocking

Whole blood was incubated with 10 ug/mL of cell culture grade, azide-free
blocking monoclonal antibodies against TLR1, TLR2, TLR4, TLR5, TLR6 or isotype
control antibodies (mentioned above) for 1 h prior to stimulating whole blood with 300
pg/ml of HK M. obuense for 3 h. The efficiency of TLR blocking antibodies has been
previously validated.”*

Detection of chemokine and cytokine production

Purified total blood DCs (5 x 10* cells/ml) were either left unstimulated or were
stimulated with 300 pg/ml of HK M. obuense for 24 h at 37 °C in a 5% CO2 humidified
atmosphere. DC culture supernatants were collected after 24 h and were stored at —20°C
until further analysis. Levels of CCL4, CCL5, CCL22, CXCLS8, IFN-a, IL-6, IL-10, IL-

12p40 and TNF-o were determined in DC culture supernatants using commercially



available sandwich enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems,

Abingdon, UK) and performed according to the manufacturer’s protocol.

Statistical analysis

Statistical analysis of the data was carried out using GraphPad Prism software
(version 6; GraphPad Software, San Diego, CA, USA). Data are presented as mean
values = standard error of the mean (SEM). Statistical differences were determined by
paired t-test, Wilcoxon matched-pairs signed rank test or one-way ANOVA test followed
by the Dunn’s post-hoc test and were considered to be statistically significant at p-values
< 0.05.

Results

HK M. obuense modulates the expression of different surface
receptors on whole blood mDCs and pDCs

Flow cytometric analysis of DC subpopulations in whole blood was done initially
by gating viable leukocytes and excluding debris and dead cells on the basis of their
FSC/SSC characteristics at 3-, 6- and 24-h time points. Within this gate, total DCs were
recognized as Lineage/HLA-DR" and the mDC and pDC subpopulations were further
defined in the gated DC population as Lineage/HLA-DR*/CD11c*/CD123" and Lineage
/HLA-DR'/CD123*/CD11c, respectively (Figure 1a). Preliminary experiments over a 3-
, 6- and 24-h time course indicated that blood DCs tend to lose their phenotype as
Lineage /HLA-DR" cells in 24-h unstimulated and M. obuense-stimulated whole blood
cultures (Figure 1b). We performed a dose-response analysis to assess the effect of whole
blood stimulation with HK M. obuense for 3 and 6 h on the surface expression of MHC
class Il on blood DCs. HK M. obuense upregulated the surface expression of MHC class
Il on blood DCs in a dose-dependent manner and this increase was apparently more
prominent in mDCs than pDCs (Figure 1c). Based on these results, 300 ug/ml of HK M.
obuense was selected as an optimal concentration for regulating surface receptor
expression in blood DCs and was employed in subsequent experiments.

In order to determine whether in vitro whole blood stimulation with HK M.,

obuense would influence the phenotype of whole blood mDC and pDC subpopulations,
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we measured the expression level of different categories of surface receptors on both DC
subpopulations following a 3- and/or 6-h stimulation period. Representative flow
cytometry figures of the percentage or MFI of receptor-positive mDCs are shown in
Supplementary Figure S1. Among the antigen presentation receptors, only the MFI of
MHC class II" cells was significantly elevated (p < 0.05) on mDCs with a 1.75- and ~2.5-
fold change at 3 and 6 h after stimulation with HK M.obuense, respectively (Figure 2).
mDCs responded to stimulation with HK M. obuense by significantly upregulating (p <
0.05) the expression of the B7 family receptors where the percentages of CD80" and
CD86" mDCs were significantly increased 7- and 2-fold, respectively, after 3 h of
stimulation as well as 38- and 2.5-fold, respectively, after 6 h of stimulation. However, a
significant increase in the MFIs of CD80" and CD86" mDCs was noted only after 6 h of
mycobacterial stimulation (Figure 2). The percentage and MFI of CD274" mDCs were
significantly induced (p < 0.05) after 3 h of stimulation and these were even more evident
at the 6-h time point (Figure 2). The expression of complement receptors was
significantly enhanced on mDCs following stimulation with HK M. obuense. A
significant upregulation (p < 0.05) in the percentage of CD11b* mDCs and in the MFI of
CD11c* mDCs was observed at 3 h and at both incubation time points after M. obuense
stimulation, respectively (Figure 2). Analysis of the expression of cytokine and
chemokine receptors revealed that in response to HK M. obuense stimulation, the MFI of
CD116" mDCs and the percentage of CD253" mDCs were significantly upregulated (p <
0.05) at 3 and 6 h, respectively (Figure 2). On the other hand, the expression of CD195
was significantly (p < 0.05) downregulated on mDCs at 3 and 6 h. Members of the PRRs
demonstrated an enhanced expression on mDCs after stimulation with HK M. obuense.
The percentages of CD282" and CD284" mDCs were significantly enhanced at both
stimulation time points, whereas only the percentage of CD206™ mDCs and the MFI of
CD282" mDCs were significantly enhanced at the 3-h time point (Figure 2). Whole blood
stimulation with HK M. obuense for 3 and 6 h also resulted in a marked increase (p <
0.05) in the expression of the DC maturation marker, CD83, on mDCs (Figure 2).

In response to whole blood stimulation with HK M. obuense, pDCs exhibited a
modest but statistically significant regulation in the expression of a restricted number of

receptors belonging to the antigen presentation, B7 family and cytokine and chemokine



families of receptors, while no significant regulation in the expression of the studied
complement receptor and PRR families was detected (Figure 3). A mild but significant (p
< 0.05) increase in the MF1 of MHC class II" pDCs was observed after stimulation with
HK M. obuense for 3 and 6 h (Figure 3). The percentage of CD80" pDCs was slightly but
significantly (p < 0.05) upregulated at 6 h after stimulation with HK M. obuense (Figure
3). Moreover, 3- and 6-h M. obuense-stimulated pDCs demonstrated a slight but
significant increase in the MFI of CD123" cells and a significant decrease in the
percentage and MFI of CD195" cells as compared to unstimulated pDCs (Figure 3). We
could not detect any spontaneous or HK M. obuense-induced expression of CD1d, CD83
CD91, CD282, CD284, and CD274 on pDCs (Figure 3).

Additional receptors (CD40, CD197, CD209, CD273, CD275, and CD276) were
also studied on both DC subpopulations and under similar conditions; however, their
expression was neither constitutively expressed nor induced following mycobacterial
stimulation. Taken together, our data reveal that whole blood stimulation with HK M.
obuense resulted in significant variations in the expression of receptors on mDC and pDC
subpopulations; however, these variations were more prominent on mDCs. Based on the
significant upregulated expression of CD80, CD83, CD86 and MHC class Il and
downregulated expression of CD195 on M. obuense-stimulated mDCs, it can be inferred

that HK M. obuense might drive mDCs towards acquiring a mature DC phenotype.

TLR-2 and TLR-1 blocking reduces the HK M. obuense-induced
upregulation of CD11c, CD80 and MHC class Il expression on
whole blood mDCs

We have previously reported that TLR-2 and TLR-1 contribute to the M. obuense-
induced upregulation of surface receptor expression of CD11c and MHC class Il on
monocytes in whole blood.?! We therefore attempted to determine whether TLR-2 and
TLR-1 in addition to other TLRs (TLR-4, 5 and 6) are also involved in mediating the M.
obuense-induced expression of surface receptors on whole blood mDCs. TLR blocking
experiments were carried out using specific blocking antibodies against TLR-1, 2, 4, 5
and 6 whereby the effect of TLR blocking on the M. obuense-induced expression of

selected receptors was studied. The selected receptors included: CD11c, CD80 and MHC
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class 1l which represented three categories of surface receptors that demonstrated
significant variations in expression (% or MFI) on mDCs following whole blood
stimulation with HK M. obuense (Figure 2). Both single and simultaneous blocking of
TLR-2 and TLR-1 led to a significant reduction (p < 0.05) in the M. obuense-induced
expression of CD80 (% of CD80" cells) and MHC class Il (MFI of MHC class 11" cells)
on mDCs, whereas blocking of TLR-2 and TLR-2/1 resulted in a significant reduction (p
< 0.05) in the M. obuense-induced expression of CD11c¢ (MFI of CD11c" cells) on mDCs
(Figure 4). We did observe a trend of an enhanced blocking effect with combined TLR-
2/1 blocking versus separate TLR blocking; however, this effect achieved statistical
significance (p < 0.05) only against single TLR-2 blocking in the case of MHC class II.
Although there was a trend towards a decrease in the M. obuense-induced expression of
CD11c and MHC class Il in response to TLR-1 and TLR-2/6 blocking, respectively, this
decrease did not attain statistical significance (Figure 4). Simultaneous blocking of TLR-
2 and TLR-6 significantly reversed the M. obuense-induced expression of CD11c and
CD80, an effect comparable to that observed with blocking TLR-2 alone (Figure 4).
Blocking of TLR-4, 5 and 6 resulted in no significant reduction in the M. obuense-

induced upregulation of the three surface receptors (Figure 4).

HK M. obuense modulates surface expression of different
receptors on purified blood DCs

Our results have shown that whole blood stimulation with HK M. obuense
induced significant variations in the expression of different surface receptors on mDCs
and pDCs in whole blood. This finding has prompted us to investigate whether the
detected variations in receptor expression were merely related to a direct stimulatory
effect induced by HK M. obuense on DCs or due to an indirect stimulatory effect induced
by the whole blood milieu (other blood cells, pro-inflammatory cytokines, etc.). To
answer this question, we examined the effect of stimulating purified blood DCs with HK
M. obuense on the expression of different receptors that were selected to represent those
which showed significant variations on whole blood DCs upon stimulation with HK M.
obuense. Following 6 h stimulation with HK M. obuense, purified blood mDC and pDC
subpopulations significantly upregulated (p < 0.05) the MFI of MHC class 11" cells
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(Figure 5). A significant (p < 0.05) ~8.5- and 16.5-fold increase in the percentage of
CD80" cells was observed on M. obuense-stimulated purified blood mDCs and pDCs,
respectively; however, only M. obuense-stimulated purified blood pDCs showed a
significant 2.8-fold increase in the MFI of CD80" cells (Figure 5). Unlike pDCs, M.
obuense-stimulated purified blood mDCs revealed a significant elevation in the
expression of CD274" cells. M. obuense-stimulated purified blood mDCs and pDCs
demonstrated, respectively, a significant upregulation (p < 0.05) in the percentage of
CD253" cells and in the MFI of CD123" cells (Figure 5). Both mDCs and pDCs

enhanced the percentage of CD83" cells in response to stimulation with HK M. obuense.

HK M. obuense induces cytokine and chemokine secretion by
purified total blood DCs

We next examined the cytokine and chemokine secretion patterns of purified total
blood DCs stimulated with HK M. obuense. Stimulation of DCs with HK M. obuense for
24 h was shown to substantially induce the release of CCL22 (1248 + 324 pg/ml) and
CXCLS8 (2703 * 443 pg/ml) (Figure 6). Moreover, M. obuense-stimulated DCs exhibited
a significant (p < 0.05) ~18- and ~2-fold increase in the production of CCL4 and CCLS5,
respectively, as compared to unstimulated DCs (Figure 6). Stimulation with HK M.
obuense also resulted in a weak, but significant (p < 0.05) secretion of IL-6, IL-12p40
and TNF-a by DCs (Figure 6). On the other hand, levels of IFN-o and IL-10 were not

detected in supernatants of either unstimulated or M. obuense-stimulated DC cultures.

Effect of DC stimulation with HK M. obuense and/or C. albicans
on CD4" T-cell antigen-specific responses

We investigated the ability of purified total blood DCs to present HK M. obuense
antigens and/or C. albicans soluble antigen to autologous purified CD4" T cells. DCs
stimulated with HK M. obuense or C. albicans induced comparable autologous CD4" T-
cell proliferation with SIs of 24 + 14 and 25 + 14, respectively. However, concomitant
stimulation of DCs with HK M. obuense and C. albicans antigens elicited significantly (p
< 0.05) higher CD4" T-cell proliferative responses (Sl = 51+ 26) than DCs stimulated

separately with HK M. obuense or with C. albicans alone (Supplementary Figure S2).
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Further analysis of our CD4" T-cell proliferation data clearly demonstrated that the
autologous CD4" T-cell proliferative responses induced by DCs stimulated with HK M.
obuense and C. albicans were not statistically different (p > 0.05) from the additive
proliferative responses to each antigen separately. As expected, low CD4" T cell
proliferation was noted when these lymphocytes were stimulated with both antigens, but
without the presence of DCs (280 + 66 cpm), or when co-cultured with DCs, but without

the presence of antigens (504 + 107 cpm).

Discussion

Shedding light on the outcome of interaction of an immunomodulator with
immune cells is a vital step towards understanding the immunomodulator’s mode of
action. Over the past few years, HK M. obuense, a novel systemic immunomodulator, has
attracted the attention of cancer researchers;'®* however, little is known about the
consequences of its interaction with human innate immune cells. In this study we
investigated the effect of HK M. obuense on the phenotype and cytokine/chemokine
secretion profile of human blood DCs, which are limited in number,* and represent a
challenge in the study of human DC biology. To the best of our knowledge, this is the
first study to describe the effect of HK M. obuense on human whole blood and purified
primary blood DCs.

Our first approach was aimed at examining the effect of in vitro exposure to HK
M. obuense on the expression of a group of receptors belonging to six different categories
on mDC and pDC subpopulations in a human whole blood model which represents a
physiologically relevant system that has been used extensively to assess the effect of
several immunomodulators on the phenotype, function and responses of blood DCs.*>*
During initial time-course studies, we could not identify DCs either in unstimulated or in
M. obuense-stimulated 24 h whole blood cultures due to the loss of their unique flow
cytometric profile as Lineage/HLA-DR™ cells. A previous study has also failed to
measure intracellular cytokine production by human DC subpopulations in 24 h-whole
blood cultures due to an inability to reliably detect different DC subpopulations.?® On the

contrary, other studies have reported the detection of human DC subpopulations after 20-
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24 h culture period of whole blood and were able to assess DC’s phenotype and
function.?”?® The reasons behind this discrepancy with our data are not clear.

In response to whole blood stimulation with HK M. obuense, mDCs demonstrated
a considerable increase in the expression of CD11c, CD80, CD83, CD86, CD274, CD282
(TLR-2), CD284 (TLR-4) and MHC class Il with a concomitant decrease in the
expression of CD195 (CCR5). On the other hand, pDCs showed a slight but significant
increase in the expression of CD80 and MHC class Il and a decrease in the expression of
CD195. Based on the screened battery of surface receptors on mDCs, it was evident that
whole blood stimulation with HK M. obuense favored the upregulation of a specific set of
receptors (CD80, CD83, CD86, MHC class I1) which are signature receptors correlating
with the maturation status of DCs.* Similar induction of phenotypic maturation receptors
has been reported on human Mo-DCs, phenotypically identical to mDCs,* by some
mycobacterial species such as live or HK M. bovis, HK M. vaccae, and live, HK or -
irradiated M. tuberculosis,?**2*¢ but not by HK M. leprae.®* Moreover, our data showed a
significant downregulation of CD195 (CCR5) expression on M. obuense-stimulated
whole blood mDCs and pDCs. A similar rapid downregulation of CCR5 surface
expression has been previously noted on Mo-DCs that are undergoing maturation.®’
Furthermore, HK M. obuense showed an ability to upregulate the expression of CD274
(PDL-1) on whole blood mDCs, a phenomenon which has been observed following
stimulation of Mo-DCs with whole cell lysates of M. tuberculosis.®

The critical role of TLRs in mediating the recognition and response to
mycobacterial antigens in innate immune cells has been emphasized in several studies.
TLR-2 (as a heterodimer with either TLR-1 or TLR-6), TLR-4 and TLR-9 have been
demonstrated to be engaged in sensing various mycobacterial cell wall components such
as glyoclipids, glycoproteins, diacylated and triacylated lipoproteins, heat-shock proteins
as well as unmethylated CpG motifs in mycobacterial DNA.**° An earlier study from
our group has suggested a role for TLR-2 and TLR-1 in mediating HK M. obuense-
induced upregulation of CD11c and HLA-DR expression on monocytes in whole blood
culture system.? The data presented here indicated that the M. obuense-induced
upregulation of CD11c, CD80 and MHC class Il expression on whole blood mDCs was

mediated, at least in part, through the interaction of HK M. obuense with both TLR-2 and
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TLR-1. Using a panel of HEK293 cells expressing different human TLRs, previous
studies have shown that cellular activation of HEK293 cells by HK M. vaccae or HK M.
indicus pranii was mediated through interaction with TLR-2 alone, with TLR-2/TLR-6
heterodimer and more potently with TLR-2/TLR-1 heterodimer.?**! Our data also point
to a putative interaction between HK M. obuense and surface TLR-2/TLR-1 and which
could be mediated by interaction with triacylated lipoproteins, known to constitute part of
the mycobacterial cell wall components.**** Moreover, mycobacterial triacylated
lipoproteins have been reported to activate and to promote the maturation of human Mo-
DCS.45'46

In this study, we also examined the effect of stimulating purified blood DCs with
HK M. obuense for 6 h on the expression of surface receptors on purified mDC and pDC
subpopulations. Similar to the observed effects on whole blood DCs, M. obuense
stimulation of purified blood DCs induced a significant upregulation in the expression of
CD80 and MHC class Il on both subpopulations of DCs and of CD83 and CD253 only on
mDCs. Unlike whole blood pDCs, purified blood pDCs expressed low but detectable
levels of CD83 and CD274 and upregulated CD83 expression upon stimulation with HK
M. obuense. Furthermore, in contrast to whole blood mDCs, purified blood mDCs
displayed no significant change in the expression of CD11c upon stimulation with HK M.
obuense. These observed variations in M. obuense-induced surface receptor expression
between whole blood and purified blood DCs might be a consequence of the DC
enrichment process which eliminated other immune cells with potential contribution to
the immunomodulatory effects of HK M. obuense on DCs. The differential regulation in
expression of surface receptors between the two major DC subpopulations might be
attributed to variations in the expression pattern of TLRs thus leading to differential
recognition of HK M. obuense by mDCs and pDCs. Findings from this study as well as
from previous studies have clearly indicated that human blood mDCs express TLR-2
while blood pDCs lack TLR-2 expression.*”*® Therefore, the absence of surface TLR-2
on pDCs might explain the differential regulation in surface receptors between mDCs and
pDCs in response to whole blood stimulation with HK M. obuense. Despite the lack of
TLR-2 surface expression on blood pDCs, the involvement of other receptor(s) such as

Dectin-2,*° and nucleotide-binding oligomerization domain-containing protein 2
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(NOD2)***! in mediating the above mentioned effects of HK M. obuense on blood pDCs
should not be neglected. A putative role for human blood mDC-pDC cross-talk in
mediating the observed pDCs responses to HK M. obuense, despite the absence of TLR-2
expression, should be also taken into consideration. This mDC-pDC cross-talk has been
reported to reverse the absence of responsiveness of purified human blood pDCs to
recombinant bacillus Calmette-Guerin (rBCG) infection when cultured alone, but to
allow the upregulation of MHC class I, Il, CD86 and CD123 expression when co-
cultured with rBCG-infected mDCs.>*>*

Cytokines and chemokines produced by DCs are critically essential in developing
subsequent immune responses.>*® In this study, we found that purified total blood DCs
stimulated with HK M. obuense mostly exhibited increased levels of secretion of several
proinflammatory cytokines and chemokines including IL-6, IL-12p40, TNF-a, CCL4,
CCL5 and CXCLS8. Our observation is in accordance with a previous report whereby
treating Mo-DCs with HK BCG or HK M. bovis for 24 h stimulated their production of
CCL5 and TNF-0.>” Given our data showing that TLR-1 and TLR-2 are involved in
mediating DC responses to HK M. obuense, a previous study has also demonstrated the
ability of the specific TLR1/2 ligand, Pam3CSK4, to enhance the production of CXCLS,
IL-6 and TNF-o by purified total blood DCs.*® IFN-a, a cytokine reported to be mainly
released in high amounts by pDCs upon activation of their TLRs,*® was not detectable in
supernatants from both unstimulated and M. obuense-stimulated purified total blood DC
cultures. This observation may suggest a lack of pDC’s cytokine response to stimulation
with HK M. obuense.

Our finding that HK M. obuense induces DC phenotypic changes consistent with
a mature-like phenotype suggests that priming purified blood DCs with HK M. obuense
might also result in an enhanced ability of DCs to present antigens and to activate T-cells.
Mo-DCs primed with HK M. vaccae have been shown to enhance autologous CD4" T-
cell responses to the recall antigen tetanus toxoid.?® To address this hypothesis, we
attempted to study the effect of priming purified blood DCs with HK M. obuense on the
autologous CD4" T cell proliferative responses to the soluble recall antigen, C. albicans;
however, our attempt was unsuccessful due to the following technical difficulties. First,

the number of purified blood DCs from 50 ml of peripheral blood was low and not
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achieving > 5 x 10° cells. This prohibited the ability of performing adequate bulk DC
priming and comparing with unprimed DCs due to cell loss upon centrifugation and
washing. Second, the continued presence of HK M. obuense organisms with DCs even
after bulk stimulation, centrifugation and washing. Third, the continued presence of HK
M. obuense organisms in wells of cultured DCs (1 x 10* cells/well) due to an inability to
carry out vigorous washing dictated by the non-adherent nature of the purified blood
DCs. Despite the above-mentioned limitations, we assessed the ability of purified blood
DCs to present mycobacterial antigens and/or C. albicans antigen to autologous CD4" T
cells. We noted significant proliferation of the CD4" T cells that were induced by M.
obuense-stimulated DCs. This is in line with our previous report where we observed
strong PBMC proliferative responses against HK M. obuense in healthy non-BCG-
vaccinated individuals in Lebanon.?! Our results also suggest no interference between the
mycobacterial antigens and C. albicans antigen presentation mechanisms as evidenced by
the additive CD4" T cell responses induced by purified blood DCs simultaneously
stimulated with HK M. obuense and C. albicans.

Collectively our data provide a new insight into the outcome of interaction
between HK M. obuense and human DCs and uncover the immunomodulatory effects of
this mycobacterial preparation on DCs. Our findings might have significant implications
in the design of immunotherapy protocols that could exploit the immunomodulatory
properties of HK M. obuense to augment DC-mediated immune responses.

Acknowledgments

We would like to thank Miss Maha Said for her technical assistance.

Declaration of Conflicting Interests

SM and CA are unsalaried directors and shareholders of Immodulon Therapeutics, Ltd,
UK. GMB is a member of the Scientific Advisory Board for Immodulon Therapeutics,
Ltd, UK. The remaining authors declare no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

This work was supported by a special grant from the University of Balamand to GMB
and by a grant from Immodulon Therapeutics Ltd, UK.

17



Authors’ contribution

SB and GMB conceived and designed the experiments. SB performed the experiments.
SB, HM, SM, CA and GMB analyzed the data. HM, SM, MA and CA contributed
reagents, materials, and analysis tools. SB and GMB wrote the paper.

References

1. Mellman I (2013) Dendritic cells: master regulators of the immune response. Cancer
Immunol Res 1: 145-149.

2. Schraml BU, Reis e Sousa C (2015) Defining dendritic cells. Curr Opin Immunol 32:
13-20.

3. Waisman A, Lukas D, Clausen BE, et al. (2016) Dendritic cells as gatekeepers of
tolerance. Semin Immunopathol

4. Dudek AM, Martin S, Garg AD, et al. (2013) Immature, Semi-Mature, and Fully
Mature Dendritic Cells: Toward a DC-Cancer Cells Interface That Augments Anticancer
Immunity. Front Immunol 4: 438.

5. Reis e Sousa C (2006) Dendritic cells in a mature age. Nat Rev Immunol 6: 476-483.

6. Collin M, McGovern N, Haniffa M (2013) Human dendritic cell subsets. Immunology
140: 22-30.

7. Ziegler-Heitbrock L, Ancuta P, Crowe S, et al. (2010) Nomenclature of monocytes and
dendritic cells in blood. Blood 116: e74-80.

8. Apostolopoulos V, Thalhammer T, Tzakos AG, et al. (2013) Targeting antigens to
dendritic cell receptors for vaccine development. J Drug Deliv 2013: 869718.

9. Steinman RM, Banchereau J (2007) Taking dendritic cells into medicine. Nature 449:
419-426.

10. Lundberg K, Rydnert F, Greiff L, et al. (2014) Human blood dendritic cell subsets
exhibit discriminative pattern recognition receptor profiles. Immunology 142: 279-288.

11. Joffre O, Nolte MA, Sporri R, et al. (2009) Inflammatory signals in dendritic cell
activation and the induction of adaptive immunity. Immunol Rev 227: 234-247.

12. Oth T, Vanderlocht J, Van Elssen CH, et al. (2016) Pathogen-Associated Molecular
Patterns Induced Crosstalk between Dendritic Cells, T Helper Cells, and Natural Killer
Helper Cells Can Improve Dendritic Cell Vaccination. Mediators Inflamm 2016:
5740373.

18



13. Grange JM, Bottasso O, Stanford CA, et al. (2008) The use of mycobacterial
adjuvant-based agents for immunotherapy of cancer. Vaccine 26: 4984-4990.

14. Reber SO, Siebler PH, Donner NC, et al. (2016) Immunization with a heat-killed
preparation of the environmental bacterium Mycobacterium vaccae promotes stress
resilience in mice. Proc Natl Acad Sci U S A 113: E3130-9.

15. Stanford J, Stanford C, Stanshy G, et al. (2009) The common mycobacterial antigens
and their importance in the treatment of disease. Curr Pharm Des 15: 1248-1260.

16. Stanford J, Stanford C (2012) Mycobacteria and their world. Int J Mycobacteriol 1: 3-
12.

17. von Reyn CF, Mtei L, Arbeit RD, et al. (2010) Prevention of tuberculosis in Bacille
Calmette-Guerin-primed, HIV-infected adults boosted with an inactivated whole-cell
mycobacterial vaccine. AIDS 24: 675-685.

18. Stebbing J, Dalgleish A, Gifford-Moore A, et al. (2012) An intra-patient placebo-
controlled phase | trial to evaluate the safety and tolerability of intradermal IMM-101 in
melanoma. Ann Oncol 23: 1314-13109.

19. Dalgleish AG, Stebbing J, Adamson DJ, et al. (2016) Randomised, open-label, phase
Il study of gemcitabine with and without IMM-101 for advanced pancreatic cancer. Br J
Cancer 115: 789-796.

20. Adams VC, Hunt JR, Martinelli R, et al. (2004) Mycobacterium vaccae induces a
population of pulmonary CD11c+ cells with regulatory potential in allergic mice. Eur J
Immunol 34: 631-638.

21. Bazzi S, Modjtahedi H, Mudan S, et al. (2015) Analysis of the immunomodulatory
properties of two heat-killed mycobacterial preparations in a human whole blood model.
Immunobiology 220: 1293-1304.

22. Fowler DW, Copier J, Wilson N, et al. (2012) Mycobacteria activate gammadelta T-
cell anti-tumour responses via cytokines from type 1 myeloid dendritic cells: a
mechanism of action for cancer immunotherapy. Cancer Immunol Immunother 61: 535-
547.

23. Le Bert N, Chain BM, Rook G, et al. (2011) DC priming by M. vaccae inhibits Th2
responses in contrast to specific TLR2 priming and is associated with selective activation
of the CREB pathway. PL0oS One 6: e18346.

24. Schakel K (2009) Dendritic cells--why can they help and hurt us. Exp Dermatol 18:
264-273.

19



25. Demoulins T, Bassi I, Thomann-Harwood L, et al. (2013) Alginate-coated chitosan
nanogel capacity to modulate the effect of TLR ligands on blood dendritic cells.
Nanomedicine 9: 806-817.

26. Ida JA, Shrestha N, Desai S, et al. (2006) A whole blood assay to assess peripheral
blood dendritic cell function in response to Toll-like receptor stimulation. J Immunol
Methods 310: 86-99.

27. Pichyangkul S, Yongvanitchit K, Kum-arb U, et al. (2001) Whole blood cultures to
assess the immunostimulatory activities of CpG oligodeoxynucleotides. J Immunol
Methods 247: 83-94.

28. Bueno C, Almeida J, Alguero MC, et al. (2001) Flow cytometric analysis of cytokine
production by normal human peripheral blood dendritic cells and monocytes:
comparative analysis of different stimuli, secretion-blocking agents and incubation
periods. Cytometry 46: 33-40.

29. Della Bella S, Giannelli S, Taddeo A, et al. (2008) Application of six-color flow
cytometry for the assessment of dendritic cell responses in whole blood assays. J
Immunol Methods 339: 153-164.

30. Fancke B, O'Keeffe M (2013) Monitoring dendritic cell activation and maturation.
Methods Mol Biol 960: 359-370.

31. Andersson LI, Cirkic E, Hellman P, et al. (2012) Myeloid blood dendritic cells and
monocyte-derived dendritic cells differ in their endocytosing capability. Hum Immunol
73:1073-1081.

32. Geijtenbeek TB, Van Vliet SJ, Koppel EA, et al. (2003) Mycobacteria target DC-
SIGN to suppress dendritic cell function. J Exp Med 197: 7-17.

33. Giacomini E, lona E, Ferroni L, et al. (2001) Infection of human macrophages and
dendritic cells with Mycobacterium tuberculosis induces a differential cytokine gene
expression that modulates T cell response. J Immunol 166: 7033-7041.

34. Murray RA, Siddiqui MR, Mendillo M, et al. (2007) Mycobacterium leprae inhibits
dendritic cell activation and maturation. J Immunol 178: 338-344.

35. Angerami M, Suarez G, Pascutti MF, et al. (2013) Modulation of the phenotype and
function of Mycobacterium tuberculosis-stimulated dendritic cells by adrenal steroids. Int
Immunol 25: 405-411.

36. Romero MM, Basile JI, Corra Feo L, et al. (2016) Reactive oxygen species

production by human dendritic cells involves TLR2 and dectin-1 and is essential for
efficient immune response against Mycobacteria. Cell Microbiol 18: 875-886.

20



37. Sallusto F, Schaerli P, Loetscher P, et al. (1998) Rapid and coordinated switch in
chemokine receptor expression during dendritic cell maturation. Eur J Immunol 28: 2760-
27609.

38. Trinath J, Maddur MS, Kaveri SV, et al. (2012) Mycobacterium tuberculosis
promotes regulatory T-cell expansion via induction of programmed death-1 ligand 1 (PD-
L1, CD274) on dendritic cells. J Infect Dis 205: 694-696.

39. Basu J, Shin DM, Jo EK (2012) Mycobacterial signaling through toll-like receptors.
Front Cell Infect Microbiol 2: 145.

40. Kleinnijenhuis J, Oosting M, Joosten LA, et al. (2011) Innate immune recognition of
Mycobacterium tuberculosis. Clin Dev Immunol 2011: 405310.

41. Kumar P, Tyagi R, Das G, et al. (2014) Mycobacterium indicus pranii and
Mycobacterium bovis BCG lead to differential macrophage activation in Toll-like
receptor-dependent manner. Immunology 143: 258-268.

42. Brulle JK, Tschumi A, Sander P (2013) Lipoproteins of slow-growing Mycobacteria
carry three fatty acids and are N-acylated by apolipoprotein N-acyltransferase
BCG_2070c. BMC Microbiol 13: 223-2180-13-223.

43. Gilleron M, Nigou J, Nicolle D, et al. (2006) The acylation state of mycobacterial
lipomannans modulates innate immunity response through toll-like receptor 2. Chem Biol
13: 39-47.

44. Takeuchi O, Sato S, Horiuchi T, et al. (2002) Cutting edge: role of Toll-like receptor
1 in mediating immune response to microbial lipoproteins. J Immunol 169: 10-14.

45. Hertz CJ, Kiertscher SM, Godowski PJ, et al. (2001) Microbial lipopeptides stimulate
dendritic cell maturation via Toll-like receptor 2. J Immunol 166: 2444-2450.

46. Krutzik SR, Ochoa MT, Sieling PA, et al. (2003) Activation and regulation of Toll-
like receptors 2 and 1 in human leprosy. Nat Med 9: 525-532.

47. Hemont C, Neel A, Heslan M, et al. (2013) Human blood mDC subsets exhibit
distinct TLR repertoire and responsiveness. J Leukoc Biol 93: 599-609.

48. Schreibelt G, Tel J, Sliepen KH, et al. (2010) Toll-like receptor expression and
function in human dendritic cell subsets: implications for dendritic cell-based anti-cancer
immunotherapy. Cancer Immunol Immunother 59: 1573-1582.

49. Geijtenbeek TB, Gringhuis SI (2009) Signalling through C-type lectin receptors:
shaping immune responses. Nat Rev Immunol 9: 465-479.

21



50. Yu SL, Wong CK, Wong PT, et al. (2011) Down-regulated NOD2 by
immunosuppressants in peripheral blood cells in patients with SLE reduces the muramyl
dipeptide-induced IL-10 production. PLoS One 6: €23855.

51. Behr MA, Divangahi M (2015) Freund's adjuvant, NOD2 and mycobacteria. Curr
Opin Microbiol 23: 126-132.

52. Lozza L, Farinacci M, Bechtle M, et al. (2014) Communication between Human
Dendritic Cell Subsets in Tuberculosis: Requirements for Naive CD4(+) T Cell
Stimulation. Front Immunol 5: 324.

53. Lozza L, Farinacci M, Fae K, et al. (2014) Crosstalk between human DC subsets
promotes antibacterial activity and CD8+ T-cell stimulation in response to bacille
Calmette-Guerin. Eur J Immunol 44: 80-92.

54. Piccioli D, Sammicheli C, Tavarini S, et al. (2009) Human plasmacytoid dendritic
cells are unresponsive to bacterial stimulation and require a novel type of cooperation
with myeloid dendritic cells for maturation. Blood 113: 4232-4239.

55. McColl SR (2002) Chemokines and dendritic cells: a crucial alliance. Immunol Cell
Biol 80: 489-496.

56. Banchereau J, Steinman RM (1998) Dendritic cells and the control of immunity.
Nature 392: 245-252.

57. Zhang X, Li S, Luo Y, et al. (2013) Mycobacterium bovis and BCG induce different
patterns of cytokine and chemokine production in dendritic cells and differentiation
patterns in CD4+ T cells. Microbiology 159: 366-379.

58. Nohmi K, Tokuhara D, Tachibana D, et al. (2015) Zymosan Induces Immune
Responses Comparable with Those of Adults in Monocytes, Dendritic Cells, and
Monocyte-Derived Dendritic Cells from Cord Blood. J Pediatr 167: 155-62.e1-2.

59. Kadowaki N, Liu YJ (2002) Natural type I interferon-producing cells as a link
between innate and adaptive immunity. Hum Immunol 63: 1126-1132.

22



a b
(a) g (b) 3h 6h o
0 . i
0 Unstimulated = 3
(] o |
O 2| wl
3 %) ?
(] |
% e % o
m il
=} ® :
< I .
= % &
T
- a
O T T T T ™ e e e}
o Lineage-FITC
©
[
.
E (c) MHC Class |l Expression
;
<
= mDCs pDCs
T 1200 350 .
e 1000 ¥ 300
800 250
™ T 200
3h = e00 = 150
400 100
200 50
‘_ ",. c 1 1 1 ] c L 1 1 I
il 30 100 300 30100 300
O - pg/mli pg/mli
E i 1200 350
x 1000 x 300
=} 250
& 800 o W
< oy [
2 ° 6h = 600 E e
= 400
104 S0 10! 102 10° 104 100
CD11¢-APC CD123-PE 200 o
030 100 300 030 100 300
png/mi pg/mi

£ Unstimulated &~ M. ob




Figure 1. (a) Gating scheme for identification of myeloid (m) and plasmacytoid (p)
dendritic cells (DCs) in whole blood. Viable leukocytes were gated based on forward and
side scatter (FSC and SSC) properties. Among the gated leukocyte population, DCs were
identified as Lineage/HLA-DR" and within this DC population, mDC and pDC
subpopulations were identified as Lineage/HLA-DR*/CD11c*/CD123  and Lineage’
/HLA-DR'/CD123*/CD11c’, respectively. (b) Loss of flow cytometric profile of total
DCs (Lineage/HLA-DR") in 24 h whole blood cultures. Total DCs were identified in
whole blood cultures that were either left unstimulated or were stimulated with 300 pg/ml
of heat killed (HK) M. obuense for 3, 6 and 24 h. Flow cytometry graphs are
representative of three independent experiments. (c) Dose-response assessment for the
effect of whole blood stimulation with HK M. obuense for 3 and 6 h on the expression
level of MHC class Il on mDCs and pDCs. Whole blood was stimulated with various
concentrations of HK M. obuense (30, 100 and 300 pg/ml) for 3 and 6 h and the
expression level of MHC class Il, presented as geometric mean fluorescence intensity
(MFI) of MHC class II" DCs, was measured on mDC and pDC subpopulations. Symbols
and error bars indicate mean values and SEM, respectively (n=4). Statistically significant
differences were determined by one-way ANOVA test followed by the Dunn’s post-hoc
test (*p < 0.05 versus unstimulated).
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Figure 2. Whole blood stimulation with heat-killed (HK) M. obuense modulates surface
expression of different receptors on myeloid (m) dendritic cells (DCs). Whole blood
cultures were either left unstimulated or were stimulated with 300 pg/ml of HK M.
obuense for 3 and 6 h and the expression level of different categories of cell surface
receptors was measured on mDCs. Column bars represent mean values of the percentage
(%) and geometric mean fluorescence intensity (MFI) of receptor-positive mDCs of at
least 3 donors. Error bars represent SEM. Statistically significant differences were
determined by paired t-test (*p < 0.05 versus unstimulated). NT: not tested.
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Figure 3. Whole blood stimulation with heat-killed (HK) M. obuense modulates surface
expression of different receptors on plasmacytoid (p) dendritic cells (DCs). Whole blood
cultures were either left unstimulated or were stimulated with 300 pg/ml of HK M.
obuense for 3 and 6 h and the expression level of different categories of cell surface
receptors was measured on pDCs. Column bars represent mean values of the percentage
(%) and geometric mean fluorescence intensity (MFI) of receptor-positive pDCs of at
least 3 donors. Error bars represent SEM. Statistically significant differences were
determined by paired t-test (*p < 0.05 versus unstimulated). NT: not tested.
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Figure 4. Blocking of toll-like receptor (TLR)-2 and/or TLR-1 reduces the M. obuense-
induced upregulation of CD11c, CD80 and MHC class Il expression on myeloid (m)
dendritic cells (DCs) in whole blood. Whole blood cultures were pre-incubated with anti
(0)-TLR-1, a-TLR-2, a-TLR-1/2, a-TLR6, a-TLR-2/6, a-TLR-4, a-TLR-5 or isotype-
matched control antibodies: IgA (for a-TLR-2 and 5) or IgG (for a-TLR-1, 4 and 6) for 1
h and then stimulated with 300 pg/ml of heat-killed (HK) M. obuense (Mob) for 3 h
followed by the analysis of the expression level of CD11c, CD80 and MHC class Il on
mDCs. Column bars represent mean values of the percentage (%) of CD80" mDCs or the
geometric mean fluorescence intensity (MFI) of CD11c¢™ and MHC class II" mDCs of 3
donors. Error bars represent SEM. Statistically significant differences were determined
by Wilcoxon matched-pairs signed rank test (*p < 0.05 versus Mab).
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Figure 5. Heat-killed (HK) M. obuense modulates surface expression of different
receptors on purified dendritic cells (DCs). Purified total blood DCs were either left
unstimulated or were stimulated with 300 pg/ml of HK M. obuense for 6 h and the
expression level of different categories of cell surface receptors was measured on the
mDC and pDC subpopulations. Column bars represent mean values of the percentage (%)
and geometric mean fluorescence intensity (MFI) of receptor-positive mDCs and pDCs
of 5 donors. Error bars represent SEM. Statistically significant differences were
determined by paired t-test (*p < 0.05 versus unstimulated).
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Figure 6. Heat-killed (HK) M. obuense induces the secretion of cytokines and
chemokines by purified dendritic cells (DCs). Purified total blood DCs were either left
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unstimulated or were stimulated with 300 ug/ml of HK M. obuense for 24 h. Levels of

CCL4, CCL5, CCL22, CXCLS8, IFN-a, IL-6, IL-10, IL-12p40 and TNF-o were measured
in DC culture supernatants. Column bars represent mean values of cytokine or chemokine
concentration in DC culture supernatants of 7 donors. Error bars represent SEM.
Statistically significant differences were determined by paired t-test (*p < 0.05 versus

unstimulated).
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Supplementary Table S1. List of antigen-specific and isotype control antibodies used
for immunophenotyping of DCs

Antigen-Specific | Name Clone Conjugate Manufacturer
Antibody
CD1a T6/Leu-6 H1149 APC
CD1d R3G1 CD1d42 PE
CD4 T-cell RPA-T4 PE
surface
glycoprotein
CD11b CR3 ICRF44 PE
CDl11ic CR4 B-ly6 APC
CD32 FcyRII FL18.26 APC
CD40 TNFRSF5 5C3 APC
CD80 B7-1 L307.4 PE BD
CD83 HB15 HB15e APC Biosciences
CD86 B7-2 2331 APC
CD91 HSPR A2MR-02 PE
CD116 GM-CSFRa | hGMCSFR-M1 | PE
CD123 IL23R 9F5 PE
CD184 CXCR4 12G5 APC
CD195 CCR5 2D7/CCR5 APC
CD197 CCR? 3D12 Alexa Fluor-
647
CD205 DEC-205 MG38 PE
CD206 MMR 19.2 PE
CD209 DC-SIGN DCN46 APC
CD253 TRAIL RIK-2 PE

30




CD273 B7-DC/PD- | MIH18 APC
L2
CD274 B7H1/PD-L1 | MIH1 PE
CD275 B7H2 2D3/B7-H2 PE
CD276 B7-H3 185504 APC R&D
Systems
CD282 TLR-2 TL2.1 PE
eBioscience
CD284 TLR-4 HTA125 PE
HLA-ABC MHC | G46-2.6 PE
Lin 1 antibody
cocktail: CD3; SK7; M@P9; BD
CD14; CD16; Lineage 1 3G8; SJ25C1; FITC Biosciences
CD19; CD20; L27;
CD56 NCAM16.2
HLA-DR MHC Il L243 PerCP
Isotype Control .
Antibody Name Clone Conjugate Manufacturer
Mouse 1gG1 NA MOPC-21 PE
Mouse IgG1 NA MOPC-21 APC
Mouse 1gG2a NA X39 PerCP
BD
Mouse 1gG2a NA G155-178 APC Biosciences
Mouse 1gG2b NA clone 27-35 PE
Mouse 1gG2b NA 27-35 APC
Rat 19G2a NA R35-95 Alexa Fluor-
647
Mouse IgG1 NA 11711 APC R&D
Systems
Mouse IgG2a NA eBM2a PE eBioscience

NA: not applicable
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Supplementary Figure S1. Whole blood stimulation with heat killed (HK) M. obuense
modulates surface expression of various receptors on myeloid (m) dendritic cells (DCs).
Representative flow cytometry graphs demonstrating the expression of CD11c, MHC
class Il (presented as histogram plots), CD80, CD83, CD195 and CD284 (presented as
dot plots) on whole blood mDCs that were left unstimulated or stimulated with 300 pg/mi
of HK M. obuense for 3 and 6 h. Numbers in histogram plots correspond to the geometric
mean fluorescence intensity (MFI) of receptor-positive mDCs in each condition (black
line histogram: isotype control; green line histogram: unstimulated; red line histogram:
M. obuense). Numbers within lower right quadrant of dot plots indicate the percentage of
receptor-positive mDCs out of the total mDC population. SSC-H: side scatter height.
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Supplementary Figure S2. Effect of stimulating DCs with heat-killed (HK) M. obuense
and/or C. albicans on CD4" T cell antigen- specific responses. Purified total blood
dendritic cells (DCs) were either left unstimulated or were stimulated with 300 pg/ml of
HK M. obuense and/or 10 pg/ml of the soluble recall antigen C. albicans for 7 days. After
1 day in culture, DCs were co-cultured with autologous CD4" T cells at a T cell/DC ratio
of 10:1 for 6 days. Tritiated-thymidine incorporation, expressed as counts per minute
(cpm), was measured after 6 days of co-culture. Unstimulated DCs co-cultured with
CD4" T cells as well as CD4" T cells, without DCs, stimulated with HK M. obuense and
C. albicans served as negative controls. Stimulation index (SI) was calculated by dividing
the mean cpm value of DC-CD4" T cell co-cultures stimulated with HK M. obuense
and/or C. albicans over the mean cpm value of unstimulated DC-CD4" T cell co-cultures.
Column bars represent mean Sl of 6 donors. Error bars represent SEM. Statistically
significant differences were determined by Wilcoxon matched-pairs signed rank test (*p
<0.05).

33



34



