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Abstract
Recognition of nucleic acids by TLR9 expressed by human plasmacytoid dendritic cells (PDC) plays
a key role in the defense against viral infections. Upon microbial pathogen stimulation, PDC secret
large amounts of type I interferon and attend thereby both innate and adaptive immune mechanisms.
Unmethylated CpG motifs, which are an integral part of bacterial or viral DNA are used in vitro and
in vivo to activate the TLR9 pathway, while inhibitory oligodeoxynucleotide (iODN) are capable to
depress TLR9 signaling. In this study we show that TTAGGG motif containing iODN efficiently
block the TLR9 signaling in terms of herpes simplex virus (HSV) induced type I interferon production
by PDC. However, iODN as well as control ODN still promote PDC maturation with upregulated
expression of costimulatory molecules, major histocompatibility complex molecules and other signs
for PDC maturation. Furthermore, iODN and control ODN incubated PDC show increased T cell
stimulatory functions. Co-culture experiments with autologous T cells indicate that iODN treated
PDC induce more CD4+CD25+Foxp3+ T regulatory cells from naïve CD4+ T cells and preincubation
of HSV stimulated PDC with iODN upregulated T cells’ IFN-γ production. These data indicate that
iODN while blocking type I interferon production by PDC, modify PDC activation and maturation
as well as T cell priming and stimulation. The knowledge about the different functions of iODN on
PDC elucidated here might be crucial for immunotherapeutic strategies in which iODN motifs are
used to prevent the interaction of CpG-DNA with TLR9 to calm down specific immunological
responses, since our data show that iODN might not only have inhibitory functions but moreover be
effective activators of immune cells.
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Introduction
Human plasmacytoid dendritic cells (PDC), also known as interferon-producing cells {1–3},
release high amounts of type I interferon (IFN) after pathogen challenge {3–5}. PDC
selectively express Toll-like receptor (TLR)7 and TLR9 {1,2} and are capable to sense nucleic
acids of microbial pathogens via pathogen recognition receptors, which are an integral part of
the innate immune system. Upon stimulation with viral DNA, PDC secret high amounts of
IFN-α/β {6–8}, which directly links PDC from the innate to the adaptive immune system and
inhibits viral replication by activation of effector cells such as NK cells, macrophages and
cytotoxic T cells {9}. Furthermore, type I IFN secreted by PDC modulates the maturation of
bystander dendritic cells and promotes priming of CD4+ T cells toward Th1 immune responses
{10}. Following cytokine secretion, PDC differentiate into DC with high expression of
costimulatory- as well as surface molecules involved in antigen presentation {11–13}. Thus,
PDC are regarded as potential therapeutic target cells in the treatment of autoimmune,
neoplastic or infectious diseases.

Herpes simplex virus (HSV) triggers PDC type I IFN production with the help of TLR9
recognizing viral DNA in vivo and this can be mimicked in vitro using either ultraviolet (UV)
inactivated HSV or purified genomic HSV DNA {6,8}. Mainly, two types of DNA sequence
are able to modulate TLR9 signals in PDC. On one hand, immunostimulatory sequences (ISS),
existing in most pathogen DNA, activate the TLR9 pathway, induce strong Th1 responses and
are therefore used as adjuvants in different immunotherapeutic approaches {14}. On the other
hand inhibitory or immunoregulatory DNA sequences (IRS) {15} which neutralize ISS
activation via the TLR9 pathway. Inhibitory sequences exist in many species, such as viral
DNA, mutated CpG sequences and repeat TTAGGG motifs in mammalian telomeres {16–
19}. The most potent inhibitory sequence, 4 repeat (TTAGGG) sequence, is used in this study
to modulate HSV induced PDC TLR9 signaling activation {19}. The exact mode of action of
these IRS is unclear so far. Therefore, further investigations of IRS and their influence on
immune cells are indispensable to understand TLR9 modulation in order to target these
pathways for the treatment of diseases with inappropriate TLR9 signaling. However, studies
on the functional impact of inhibitory oligodeoxynucleotide so far available are mainly limited
to TLR9 signaling in murine models, while studies on inhibitory oligodeoxynucleotide induced
changes of human PDC are rare. Therefore we tended to investigate phenotypic and functional
changes induced by iODN on human PDC.

MATERIALS AND METHODS
Inhibitory oligodexoxynucleotide and UV inactivation of HSV

Inhibitory TTAGGG motif containing phosphorothioate ODN was obtained from Invitrogen,
San Diego, USA. The sequence of the inhibitory oligodeoxynucleotide was: 5′-TTT AGG GTT
AGG GTT AGG GTT AGG G -3′ (25 mer). The sequence of phosphorothioate control ODN
to TTAGGG containing iODN was: 5′-TTC AAA TTC AAA TTC AAA TTC AAA-3′ (Sigma).
To examine different iODN efforts, iODN 2088 (5′-TCC TGG CGG GGA AGT-3′, Invivogen,
San Diego, USA) was also used in the study. The ODNs were dissolved in endotoxin free water
supplied by the company. HSV type 1 strain 17+ was propagated on Vero cells in maintenance
medium composed of Eagle’s Minimum Essential Medium (Biochrom, Berlin, Germany)
supplemented with 10% fetal calf serum (FCS) (Biochrom) with Earle’s balanced salts (MEM-
Earle). For virus stock preparation, Vero cells were infected with HSV at a multiplicity of
infection (MOI) of 0.1. Cell culture supernatant was harvested 72 hours after inoculation and
clarified by centrifugation at 1.931g for 10 min followed by 30 min-lasting centrifugation at
3.434g. Virus was inactivated in complete darkness by ultraviolet (UV) light at 254 nm.
Samples were irradiated for 30 min in sterile petri dishes containing a magnetic stir bar stirring
at low speed (thickness of virus suspension 1.5–2 mm, distance between virus suspension and

Peng et al. Page 2

Hum Immunol. Author manuscript; available in PMC 2009 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mercury vapor lamp 15 cm). Determination of viral titer before and after UV radiation was
performed by titration in microtiter plates using Vero cells starting with undiluted virus
suspension. Additionally, supernatants of mock infected Vero cells were prepared as controls.
Inactivated HSV and mock control was stored at −80°C before use. All materials in medium
with working concentration to stimulate PDC were analyzed for endotoxin and have been
shown to contain only very low endotoxin levels (<0.005 EU/ml) tested by Cambrex Bio
Science Verviers, Belgium.

Isolation and stimulation of PDC
Peripheral blood mononuclear cells (PBMC) were isolated as described previously {20} from
buffy coats of human healthy blood donors provided from the blood bank of the University of
Bonn. PDC were isolated using human BDCA-4 MicroBead isolation Kit (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) as described before {20}. PDC were >95%
BDCA2+CD123+ as measured by flow cytometry. PDC were diluted at 1 million cells/ml and
seeded at 0.2 million cells/well into 96-well round-bottomed plates in Dulbecco’s Modified
Eagle’s Medium medium supplemented with 10% heat-inactivated FCS, L-glutamine (2mmol/
L), penicillin (100U/ml), streptomycin (100μg/ml) and recombinant IL-3 (10ng/ml). PDC were
divided into four groups: PDC incubated with inactivated Vero cell supernatant (control group),
PDC stimulated with UvHSV(MOI=1) (UvHSV group), PDC stimulated with 4μM TTAGGG
containing iODN (iODN group) and PDC stimulated with UvHSV(MOI=1) combined with
iODN(4μM) (iODN+UvHSV group). Before adding UvHSV, PDC were preincubated 40min
with iODN to allow full uptake of iODN as described in the literature {21}. To examine
different ODN’s stimulatory effects to PDC, TTAGGG motif containing iODN (iODN), iODN
2088 (iODN 2088) and Control ODN (Con ODN) were added to PDC at final concentration
of 4μM, untreated PDC left as blank control. All PDC were cultured for 18 hours at 37°C, 5%
CO2.

Cell surface and intracellular phenotyping of PDC by flow cytometry
After 18 hours of stimulation, supernatants of PDC were centrifuged and collected. Afterwards
intracellular and extracellular staining has been performed as reported in detail elsewhere
{20}. Monoclonal antibodies (mAb) used for flow cytometric stainings included: mAb against
TLR9 (clone: 26C593.2) purchased from Imgenex Corp, San Diego, USA, mAb against CD83
(clone:HB15e), mAb against CD80 (clone:L307.4), mAb against CD86 (Clone:2331), mAb
against HLA-A,B,C (clone:G46-2.6), mAb against HLA-DR (clone:G46-6), Phycoerythrin-
Cy5 (PE-Cy5) labeled mAb against CD123 (clone:9F5) and respective isotype-matched
control IgG were purchased from BD Biosciences, Heidelberg, Germany. The phycoerythrin
(PE) labeled mAb against the blood-dendritic-cell antigen (BDCA)-2 (clone:AC144) was from
Miltenyi Biotec GmbH. The anti-human FcεRIα chain mAb (clone: 22E7) was kindly provided
by Dr. J. Kochan (Hoffmann-La Roche Inc., Nutley, NJ). After washing with PBS, the cells
were measured with the help of a FACSCanto Flow Cytometer (BD Biosciences, San Jose,
USA) and data were analyzed with BD FACSDiva software version 5.0.1. The antigen
expression level was stated as Relative Fluorescence Index (RFI), RFI=
(MFIantigen−MFIisotype control)/MFIisotype control.

Co-culture of PDCs with autologous naïve CD4+ T cell
After PDC isolation, naïve CD4+ T cells were isolated from the same PBMC. Briefly, naïve
CD4+ T cells were enriched using a two-step approach with the help of magnetic microbead
labeled antibodies (Miltenyi Biotec). Briefly, CD8+, CD14+, CD16+, CD19+, CD56+,
CD36+, CD45RO+, CD123+, TCRγ/δ+, and CD235a+ cells were labeled with biotin-
conjugated antibodies first and subsequently labeled with anti-biotin microbeads for magnetic
depletion. Purity was assessed by staining with CD4 (Clone: RPA-T4) (BD Biosciences) and
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CD45RA (Clone: HI100) (BD Biosciences) antibodies and was about 99%. After 18 hours of
stimulation, supernatants of PDC were collected and stored at −80°C, PDC were washed three
times and co-cultured with autologous naïve CD4+ T cells at a ratio of 1:10 PDC/T cells in a
96-well round-bottomed plate. After 5–6 days of culture, cells were harvested, supernatants
were collected and stored at −80 °C.

Forkhead box protein p3 (Foxp3) staining of T cells
At day 7 of co-culture, the cells were fixed and intracellularly stained for Forkhead box protein
p3 (Foxp3) expression with FITC anti-human Foxp3 staining Set (eBiosciences, San Diego,
USA) as described in the manufacture’s instruction. Briefly, T cells were stained with FITC
labeled mAb against Foxp3 (clone: PCH101, eBiosciences), followed by extracellular staining
with PE-Cy5 labeled mAb against CD4 and PE-labeled mAb against CD25 (clone:M-A25)
(BD Biosciences). The percentage of Foxp3+CD4+CD25+ regulatory T cells was measured
with the FACSCanto Flow Cytometer.

Mixed leukocyte reaction (MLR)
To assess the ability of differentially treated PDC to stimulate naïve autologous CD4+ T cells,
mixed leukocyte reactions (MLR) have been performed. Autologous T cells (2×105) were
cultured alone or with differentially treated PDC as described above at PDC/T cell ratios 1:10,
1:100, and 1:1000 for a total of 96 hours in 96-well round-bottomed plate. After 72 hours of
co-culture 0.5 Ci (3H)thymidine (3HTdR, 5.0Ci/mM, Amersham Corp., UK) was added to the
cells. Culture plates were frozen at −20°C for several days, harvested and counted in a Wallac
Microbeta Jet 1450 Microplate Scintillation/Luminescence Counter (Long Island Scientific,
NY, USA). Proliferation data were quantified as counts per minute (cpm).

ELISA assays of human IFN-α/β and IFN-γ
The amount of IFN-α and -β in the supernatant of PDC was measured with human IFN-α and
IFN-β ELISA kit (PBL Biomedical Laboratories, Piscataway, USA). IFN-γ concentration in
the cell culture supernatants was assessed with human IFN-γ ELISA kit (R&D Systems,
Wiesbaden, Germany). ELISA assays were performed according to the manufacturer’s
instruction.

Statistical analysis
Statistical analysis was performed using Wilcoxon-Test and SPSS 12.0 software (SPSS Inc,
Chicago, USA). A p-value<0.05 was considered as statistically significant.

RESULTS
The inhibitory oligodeoxynucleotide blocks type I IFN production of PDC upon HSV
stimulation

TLR9 signaling in PDC can be activated by viral challenge, including UvHSV {7} which leads
to the production of type I IFN. Using a similar approach, we tended to evaluate PDC IFN
secretion upon UvHSV (MOI=1) stimulation and the effect of iODN on UvHSV mediated
TLR9 activation. After 18 hours of culture, PDC activated with UvHSV secreted high amounts
of type I IFN (IFN-α/β) (Fig. 1A, B). In contrast, pre-incubation of PDC with iODN before
UvHSV stimulation significantly suppressed both, UvHSV induced IFN-α and IFN-β secretion
of PDC. Furthermore, addition of iODN alone induced slight IFN-α production by PDC (Fig.
1A). Together these data indicate that the iODN impedes type I interferon production by PDC
upon viral TLR9 stimulation.
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Incubation of PDC with inhibitory oligodeoxynucleotide promotes PDC activation and
maturation

Viral challenge has been shown to induce PDC activation and maturation, mirrored by the up-
regulation of major histocompatibility complex (MHC) molecules as well as costimulatory
molecules on the surface of PDC. To examine both, the activation and maturation state of PDC
under the different treatment conditions, phenotyping of PDC has been performed by flow
cytometric staining. After UvHSV stimulation, PDC significantly upregulated costimulatory
molecules, such as CD80 and CD86, and MHC molecules such as HLA-DR and HLA-A,B,C,
as well as CD83, a typical DC maturation marker. Furthermore, the high affinity receptor for
IgE, FcεRI was down-regulated after challenge with UvHSV, according to previous reports
about a reciprocal counter-regulation of the TLR9 and FcεRI expression of PDC {22} (Fig.
2A). At the same time, BDCA-2, a PDC marker known to decrease its expression during PDC
maturation, was significantly down-regulated after PDC activation with UvHSV {23} (Fig.
2B). Most interestingly, incubation of PDC with iODN with or without UvHSV promoted PDC
activation and maturation of PDC with significantly higher expression of CD80, CD86 and
CD83, HLA-DR and HLA-A,B,C, as well as significantly stronger down-regulation of
BDCA-2 and FcεRI from the cell surface (Fig. 2A and 2B). In addition, we could show that
another iODN (2088) with a GGGG motif as well as control ODN were able to induce
upregulated CD80, CD86, CD83 and MHC I expression by PDC (Fig. 2C).

Enhanced ability of PDC to prime naïve CD4+CD45RA+ into CD4+CD25+Foxp3+ expressing T
cells after inhibitory oligodeoxynucleotide incubation

Activated PDC have a distinct ability to derive naïve T cells into CD4+CD25+Foxp3+

regulatory T (Treg) cells {24}. To examine the capability of PDC to promote the outcome of
CD4+CD25+ Foxp3+ Treg cells from naïve T cells, co-culture experiments of autologous PDC
treated as previously described with naïve CD4+ T cell have been performed. As a result, iODN
treated PDC induced more CD4+CD25+ expressing T cells compared to UvHSV activated PDC
(Fig. 3 on the left side). Similarly, within CD4+CD25high T cells, iODN treated PDC induced
more Foxp3 expressing CD4+CD25high T cells than PDC stimulated with UvHSV (MOI=1)
(Fig. 3 on the right side). The mean percentage of CD4+CD25highFoxp3+ T cells within
CD4+CD25high T cells co-cultured with differentially treated PDC was 22.80±2.57% for
control PDC, 22.87±2.82% for PDC stimulated with UvHSV, 32.23±4.88% for PDC incubated
with iODN combined with UvHSV and 32.1±5.04% for PDC incubated with iODN alone.
Together these data indicate higher induction of Foxp3 expressing T cell subsets by incubation
of PDC with iODN. Increased number of Foxp3+CD4+CD25high T cells was also observable
after preincubation of PDC with iODN (2088) with a GGGG motif as well as control ODN
(data not shown).

Enhanced stimulatory capacity of inhibitory oligodeoxynucleotide treated PDC towards
autologous T cells

Stimulation of T cells is a characteristic and important feature of DC. Therefore in the next
step, MLR assays have been performed to investigate the capacity of differentially treated PDC
to stimulate autologous T cells. PDC did not exert any stimulatory functions towards naïve T
cells at the ratio of 1:1000 since no T cell proliferation was observed among different groups.
PDC stimulated with iODN, UvHSV, iODN and UvHSV exerted moderate stimulatory
function toward naïve T cells at PDC/T cell ratio of 1:100. Interestingly, at the ratio of 1:10,
PDC incubated with UvHSV depressed naive T cell proliferation while PDC stimulated with
iODN maintained or increased their stimulatory ability (Fig. 4). Taken together, PDC cultured
with iODN alone can promote CD4+ T cell proliferation. Further on, incubation of PDC with
iODN (2088) with a GGGG motif as well as control ODN also profoundly increased the
stimulatory capacity of PDC toward T cells (Fig. 4B).
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PDC incubated with inhibitory oligodeoxynucleotide and UvHSV prime naïve T cells into IFN-
γ producing T cells

An important feature of PDC is their capacity to prime naïve T cells, virus stimulated PDC can
prime naive CD4+ T cells to produce IFN-γ {11}. In order to assess in which way the different
conditions modulate the T cell priming capacities of PDC, we performed co-culture
experiments with autologous naïve T cells and measured IFN-γ secretion of co-cultured T cells
in the cell culture supernatant. As a result incubation of PDC with iODN alone did not
profoundly influence the priming of T cells into IFN-γ producing T cells, while the highest
amount of IFN-γ releasing T cells could be achieved by PDC pre-incubated with iODN and
subsequent activation via UvHSV (Fig. 5).

DISCUSSION
PDC are regarded as important facilitators between innate and adaptive immune responses due
to their ability to secrete type I IFN upon microbial pathogen stimulation and their antigen
presenting and T cell priming capacity {11–13}. TLR9 signaling induced by virus stimulation
in PDC leads to the activation of signal transduction mechanisms which involve NF-κB and
the adaptor protein MyD88 to orchestrate inflammatory cytokine production {25,26}.
Accumulating data suggest that increased levels of IFN-α/β based on inappropriate TLR9
signaling in PDC play a significant role in the pathogenesis of autoimmune disorders such as
Lupus Erythematosus (SLE) and Insulin-dependent diabetes mellitus (IDDM) {25}. Recent
studies report further that PDC are critically involved in the initiation of psoriasis, a chronic
inflammatory skin disorder through IFN-α production, while on the other hand blockage of
IFN-α signaling with BDCA-2 antibody prevented the development of psoriasis in animal
models {27}. Thus PDC represent promising cellular targets to modulate type I IFN induced
immune disorders.

Here we demonstrated TTAGGG motif containing iODN could decrease type I IFN production
but not decrease other cellular stimulatory functions of PDC in adaptive immunity in vitro.
Furthermore inhibitory effect on TLR9 signaling did not result from degradation of TLR9 since
TLR9 expression of PDC did not decrease and is rather slightly up-regulated (data not shown).
The TTAGGG containing iODN dampens stronger IFN-β (about 90%) than IFN-α (about 40%)
secretion, which might be related to the specific sequence of iODN used in this study.
Interestingly, despite inhibition of TLR9 activation in UvHSV stimulated PDC preincubated
with iODN, PDC still upregulated functional cell surface molecules and showed improved
stimulatory properties toward T cells. These effects were reproducible by using another more
potent iODN, which contains a GGGG motif indicating that the mechanism is not limited to a
particular type of iODN. Further on, using phosphotioate control ODN, we could show that
the stimulatory properties of iODN driven on PDC result most likely from the phosphotioate
backbone and the DNA itself. Furthermore, PDC still can be stimulated to maturation by lose
dose of iODNs (400nM) with upregulation of cell surface markor CD83, CD80, CD86, MHC
I and II (data not shown). The higher induction of Foxp3+CD4+CD25+ T cell subset by iODN
shown here might be of clinical relevance for diseases treated with iODN, such as autoimmune
disorders, in which Foxp3-expressing T cells are critically involved in the underlying
pathophysiologic mechanisms{28}. Therefore, potential changes in the induction of regulatory
T cells by iODN or the activation stage of T cells, which might impact positively or negatively
on the disease state should be evaluated further in murine models and additional futural studies.
Together, our data strongly suggest that iODN might have bivalent effects on human PDC
mirrored by suppressive capacities in terms of type I interferon production and via the induction
of CD4+CD25+Foxp3+ T cell subtypes.

In recent years iODN have attracted much attention of researchers from different fields due to
their remarkable attribute to neutralize CpG DNA stimulatory effects and the resulting potential
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of iODN to be therapeutically used for the treatment of autoimmune and inflammatory diseases
{29}. The first iODN were identified as poly(GC)-rich sequences with ability to competitively
inhibit the interaction of CpG with TLR9.16,30–32 In general, two types of inhibitory ODN
exist {33}: GC-rich iCpG and poly(G) motifs such as the TTAGGG motifs containing iODN
used in this study. The GC-rich iODN suppress TLR9 signaling in PDC and B cells and reduces
CpG dependent activation of the signal transcription factors NF-κB and AP-1 {33,34}. The
latter iODN has broader immunosuppressive activities, leading to the suppression of
proinflammatory signals and Th1 cytokines, including tumor-necrosis factor (TNF)-γ, IL-12,
IL-6, and IL-18, with blockage of the phosphorylation of STAT1 and STAT4 {33,34}. Several
reports have demonstrated that TTAGGG motif containing iODN can effectively prevent or
slow down the progression of autoimmune or inflammatory diseases in murine models {29}.
Therefore much attention has been paid to TTAGGG motif containing iODN, which hold
promise to represent useful therapeutic tools. However, in comparison to the rising knowledge
about the signaling pathways affected by iODN, iODN related changes of the phenotype and
functional characteristics of PDC and B cells have been less often investigated in the human
system. In this study we showed that TTAGGG motif containing iODN were capable to block
TLR9 signaling mediated via UvHSV. Most importantly, the possibility of concomitant
activation of PDC and other immunocompetent cells by iODN requires further investigations
to exclude or minimize the risk for unwanted side effects. The knowledge about the different
specific and unspecific functions of iODN on PDC elucidated here might be crucial for
immunotherapeutic strategies in which iODN motifs are used to prevent the disorder of TLR9
signaling to calm down specific immunological responses.

Acknowledgments
This study was supported in part by the NIH/NIAID contract N01 AI40029, grants from the DFG NO 454/1-3,
NO454/2-3 and BONFOR. N.N. is supported by a Heisenberg-Fellowship of the DFG NO454/3-1.

ABBREVIATIONS
PDC  

Plasmacytoid dendritic cells

ISS  
Immunostimulatory oligonucleotide sequence

IRS  
Immunoregulatory oligonucleotide sequence

MOI  
Multiplicity of infection

iODN  
Inhibitory oligodeoxynucleotide

RFI  
Relative fluorescence index

MFI  
Mean fluorescence intensity
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Figure 1. inhibitory oligodeoxynucleotide impaired type I IFN production of UvHSV treated PDC
PDC were stimulated with Uv-activated Vero cell supernatant as mock control (Con), UvHSV
alone (UvHSV), UvHSV in combination with iODN (iODN+UvHSV), or with iODN alone
(iODN). 18 hours later, supernatants were harvested and the amount of type I IFN (IFN-α/β)
in the cell culture supernatant was measured by ELISA. (A) IFN-α concentration in PDC
supernatants is depicted on the y-axis (data from 12 different donors). (B) IFN-β concentration
in PDC supernatants is depicted on the y-axis (data from 12 different donors). Error bars
indicate the standard error of the mean (SEM). (*: p<0.05).
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Figure 2. inhibitory oligodeoxynucleotide induces PDC activation and maturation
After 18 hours of treatment, extracellular staining of mock (Con), UvHSV, iODN+UvHSV
and iODN treated PDC has been performed. (A). Data were shown as mean value of the relative
fluorescence index (RFI) depicted on the y-axis, data from 8 different donors, Error bars
indicate SEM (B) BDCA-2 expression of differentially treated PDC is depicted as fluorescence
intensity on the x-axis. This is one representative experiment of 9 independent experiments.
Mean of the RFI of surface expression of CD80, CD86, CD83, MHC I and II of unstimulated
PDC (Con), PDC incubated with iODN 2088 with GGGG-motif, iODN with TTAGGG motif
and control ODN ± SEM of n=4 is shown (C).
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Figure 3. PDC stimulated with inhibitory oligodeoxynucleotide generate more
CD4+CD25+Foxp3+ T regulatory cells from autologous naïve T cells
After stimulation with iODN, UvHSV, iODN and UvHSV combination or mock infection
(Con) for 18 hours, PDC subgroups were co-cultured at a ratio of 1:10 (PDC/T cells) with
autologous naïve CD4+CD45RA+ T cells. 7 days later, the percentage of
CD4+CD25highFoxp3+ T regulatory cells (right side of the figure) within the CD4+CD25high

T cell fraction (left side of the figure) was measured by flow cytometry. One representative
experiment of 5 independent experiments is shown.
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Figure 4. inhibitory oligodeoxynucleotide incubated PDC induce high T cell proliferation
After 3 days of co-culture with differentially treated PDC, T cell proliferation was measured
by MLR. PDC were co-cultured with T cells at PDC/T cell ratios of 1:10, 1:100 and 1:1000.
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The incorporation of (3H)thymidine of proliferating T cells was indicated as counts per minute
(cpm) on the y-axis. Average data from 6 independent experiments were shown. Error bars
indicate SEM. (*p<0.05) (A). Mean of cpm values ± SEM of unstimulated PDC (Con), PDC
incubated with iODN 2088 with GGGG-motif, iODN with TTAGGGG motif and control ODN
(n=3, every experiment was triplicate) is shown, APC/T-cell ratio is depicted on the x-axis (B).
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Figure 5. inhibitory oligodeoxynucleotide and HSV combination stimulated PDC prime naïve
CD4+CD45RA+ T cells into IFN-γ producing T cells
After 6 days of co-culture, the amount of IFN-γ in the supernatant of PDC co-cultured with T
cells at a ratio of 1:10 was measured and indicated as pg/ml on the y-axis (data from 10 different
donors). Error bars indicate SEM.
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