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with the phenotype and function of Treg cells

Marta Epeldeguil3, Bianca Blom®, and Christel H. Uittenbogaart12:3:4

1Department of Microbiology, Immunology, and Molecular Genetics, David E. Geffen School of
Medicine at UCLA, Los Angeles, California 2Department of Pediatrics, David E. Geffen School of
Medicine at UCLA, Los Angeles, California 3UCLA AIDS Institute, David E. Geffen School of
Medicine at UCLA, Los Angeles, California *Jonsson Comprehensive Cancer Center, David E.
Geffen School of Medicine at UCLA, Los Angeles, California SAcademic Medical Center,
University of Amsterdam, Amsterdam, The Netherlands

Abstract

In contrast to peripheral plasmacytoid dendritic cells (pDC), thymic pDC constitutively express
low levels of IFN-a. This leads to induction of ISG in medullary thymocytes, raising the question
whether IFN-a may play a role in T cell development. When characterizing further differences
between peripheral and thymic pDC, we found that thymic pDC have a phenotype consistent with
an “activated signature” including expression of TNF-a and BST2, but no expression of ILT7.
Given that BST2 is induced by IFN-a and IFN-a secretion is controlled by interaction between
ILT7 and BST2, this regulatory pathway is apparently lost in thymic pDC. Further, we also show
that BST2 is expressed constitutively on a subset of medullary thymocytes at the mRNA and
protein level reflecting a history of IFN-a transduced signals. The majority of BST2+ thymocytes
express CCR5 rendering them prevalent targets for R5-tropic HIV infection. Moreover, BST2+
thymocytes express Foxp3 and CD25, consistent with the phenotype of natural Treg cells, and
exert suppressive activity as they impair the proliferation of autologous CD3+ thymocytes.
Collectively, our results suggest that low levels of IFN-a secreted by thymic pDC play an
important role in the development of natural Treg cells.
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INTRODUCTION

Plasmacytoid dendritic cells (pDC) are the major source of Interferon-alpha (IFN-a) and
play an essential role in anti-viral immunity [1-2]. pDC are located in lymphoid tissues and
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activated by viral ssSRNA or DNA via toll like receptors (TLR) 7 and 9, respectively, to
secrete IFN-a [1-4]. pDC are also present in the thymus, but their function in the thymus
remains largely unexplained [5]. Thymic pDC are located in the medulla and at the cortico-
medullary junction and express co-stimulatory molecules CD40 and CD86 [6]. We have
shown that they constitutively produce IFN-a, which is likely triggered by LL-37/DNA
complexes, and induces Interferon secondary genes (ISG) in surrounding medullary
thymocytes [5]. It has been suggested that thymic pDC play a role in natural T regulatory
cell (Treg) development, although their exact function in this process is still unknown [7-8].

Activation of peripheral pDC after TLR7/9 engagement induces a mature immunophenotype
[9]. Depending on the cellular localization of TLR9 (early or late endosome) different
pathways are activated, leading to secretion of different cytokines [2]. Early endosomal
triggering of TLR7/9 activates the phosphatidylinositol-3 kinase (PI3K) pathway, which
leads to phosphorylation and nuclear translocation of Interferon Response Factor (IRF)7 and
subsequent induction of IFN-a production [2, 10]. On the other hand, when TLR9 triggering
occurs in the late endosome the NFkB pathway is predominantly activated leading to TNF-a
and IL-6 secretion, and upregulation of co-stimulatory and MHC-Class 1l molecules [2, 10].

Here we report that thymic pDC have a specific immunophenotype ex vivo which is
different from ex vivo peripheral pDC (blood and spleen). Thymic pDC constitutively
express IFN-a and TNF-a, but not I1L-6, and display cell surface markers consistent with the
phenotype of peripheral pDC that have been previously activated, thus show an “IFN-q
signature”. We show for the first time that constitutive production of IFN-a and TNF-a by
pDC may induce expression of Bone Marrow Stromal Cell Antigen 2 (BST2), also called
Tetherin or CD317, in the neighbouring thymocytes. The BST2+ thymocytes are not only
enriched in cells with an immunophenotype consistent with natural Treg, but more
importantly are functionally equipped to act as suppressor T cells. Collectively, our results
suggest that thymic pDC, as a consequence of their activated phenotype, have a role in the
development of Treg in the thymus.

Thymic pDC constitutively express IFN-a and TNF-a, but not Interleukin-6

Previously we have shown that human thymic pDC are the likely source of the constitutive
production of IFN-a in the thymus as a result of TLR-induced activation [5]. Here we aimed
at extending our findings. It has been shown that peripheral blood pDC, in addition to IFN-
a, express TNF-a and IL-6 after stimulation with CpG or virus [11]. Hence, we tested
whether thymic pDC constitutively express these cytokines as well. Confirming our
previously published results [5], we observed IFN-a mRNA expression in 2 out of the 3
sorted pDC samples from 3 different thymus specimens (Figure 1A). The sorting and gating
strategy is depicted in Supplemental Figure 1. We have previously shown that the amount of
IFN-a produced by thymic pDC constitutively, or after stimulation with CpG or HIV,
greatly varies between donors [5, 12]. Further, as shown in Figure 1A, sorted thymic pDC
constitutively expressed TNF-a mRNA as well, but surprisingly no IL-6 mMRNA. TNF-a
MRNA was expressed constitutively in the same 2 out of 3 thymic pDC as IFN-a (Fig. 1A).
These results suggest that constitutive expression of TNF-a and IFN-a may be regulated
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differently than 1L-6 in thymic pDC as compared to peripheral pDC, which only express
TNF-a, IFN-a and 1L-6 mRNA upon activation with CpG or virus [11].

Given the fact that IFN-a and TNF-a are constitutively expressed in thymic pDC, this may
suggest that the signalling pathways that drive the induction of these cytokines is activated.
It has been described that the PI3K pathway is essential for IFN-a production, while NFxB
is essential for TNF-a production [10]. Hence, we measured phosphorylated p-AKT and p-
NFxB p65 in thymic pDC by intracellular flow cytometric analysis as described by Guiducci
et al. [10]. We observed both p-AKT and p-NFkB p65 expression in thymic pDC, but not in
CD3+CD1a+ thymocytes (Figure 1B). The constitutive activation of these pathways in ex
vivo thymic pDC lends further support to the continuous expression of IFN-a and TNF-a.

Thymic pDC have an “IFN-alpha signature”

Previously, we showed that the ISG, MxA, was highly expressed in thymic pDC, but not in
peripheral pDC [5]. This, together with the notion that IFN-a is constitutively expressed,
suggested that thymic pDC respond in a paracrine or autocrine manner to IFN-a. To gain
more insight into the consequences of this IFN-a signature, we compared the
immunophenotype of thymic pDC and peripheral pDC, including pDC isolated from fetal
spleen and blood, using flow cytometric analysis. The gating strategy of pDC is depicted in
Supplementary Figure 2. We observed that BST2, which is known to be upregulated by pDC
stimulated with IFN-a [13-14], was expressed at a higher percentage of thymic pDC as
compared to pDC from either spleen or blood (Figure 2B). Expression of ILT7, which is
known to be downregulated by IFN-a, and CD62L which decreases after stimulation with
HSYV after crosslinking of CD123 [9, 13-14], were hardly expressed on thymic pDC, but in
contrast expressed on a high percentage (> 80%) of peripheral pDC and half of the splenic
pDC (Figure 2A and 2B). Further, while all pDC irrespective of their origin expressed
BDCAZ2, a C-type lectin shown to be downregulated by TLR ligation [15], the level of
BDCAZ2 expression, i.e. mean fluorescence intensity (MFI), was clearly reduced on thymic
pDC as compared to peripheral blood pDC (Figure 2C). Similarly, the MFI of CD31, an
immunoglobulin-like receptor involved in regulation of immune responses [16], was higher
on peripheral blood pDC as compared to thymic pDC. Collectively, these findings suggest
that thymic pDC, but not peripheral pDC, have a phenotype that is reminiscent of an IFN-a
signature.

BST2 is expressed on a subset of thymocytes that resemble mature, medullary T cells

In addition to the IFN-a signature of thymic pDC, we have previously described that
medullary thymocytes express the ISG MxA as a result of constitutive secretion of IFN-a
[5]. To further assess the result of IFN-a exposure on thymocytes, we examined expression
of other ISG in thymocytes. We observed that both 1SG15 and BST2 mRNA were present in
thymocytes (not shown). As shown in Figure 3A, BST2 was expressed constitutively on the
cell surface of both CD3- and CD3+ thymocytes ex vivo. The majority of CD3-BST2+ cells
were pDC, but also included a small number of thymic B cells and monocytes (data not
shown). In contrast to the subset of CD3+ thymocytes, <1% of T lymphocytes in peripheral
blood, cord blood or spleen expressed BST2 (Fig. 3A).
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To examine whether exogenous IFN-a can increase the level of BST2 that is constitutively
expressed on thymocytes, we cultured total thymocytes for 5 days with 1000U of IFN-a. As
shown in Supplemental Figure 3 the percentage of BST2+ cells increased from a mean of
8% on day 0 to a mean of 30% in the presence of IFN-a with mean of 11% BST2+ cells in
the thymocytes cultured without IFN-a (mock). Thus, exogenous IFN-a induces BST2
expression on thymocytes above the level of in vivo constitutive BST2 expression. These
data are in accordance with studies showing that IFN-a induces BST2 expression on human
peripheral blood leukocytes and cell lines [13, 17].

To identify the maturation stage of the CD3+ thymocyte population that expressed BST2,
we performed multicolor flow cytometric analysis. We observed that BST2+CD3+
thymocytes consisted mainly of mature CD4+ or CD8+ single positive T cells, and only few
CD4+CD8+ double positive immature thymocytes (Fig. 3B, upper panel), indicating that
CD3+BST2+ cells have a mature phenotype. This notion is strengthened by the observation
that all BST2+CD3+ thymocytes expressed CD27, which is a marker of mature positively
selected thymocytes located in the medulla (Fig. 3B). Relative lack of CD1a expression,
which is a marker expressed in the cortex where the immature thymocytes are located,
further supports their mature phenotype (Fig. 3B). Absence of CD45RA and low CD31
expression on CD3+BST2+ thymocytes, however, suggested that these cells have not yet
prepared for emigration out of the thymus [5, 18]. In contrast to CD3+BST2+ cells, the
CD3+BST2- cells have a mixed phenotype consisting of both mature and immature
thymocytes (Fig. 3B, lower panel).

BST2+CD3+CD4+ thymocytes are enriched in cells with a Treg phenotype

Our data lend support to the notion that pDC interact with a subset of the medulary
thymocytes based on the observation that they express the ISG BST2. In line with this we
observed that all CD3+BST2+ thymocytes expressed the IFN-a receptor CD118 (Figure 4).
As pDC have been shown to play a role in the development of natural Treg in the thymus
[7-8], this prompted us to further characterize the BST2 expressing thymocytes using
multicolor flow cytometry. We found that Treg cells were greatly enriched among
CD3+CD4+BST2+ cells (Fig. 4A, upper panel), but not in CD3+CD4+BST2- cells (Fig.
4A, lower panel), as more than 70% and 55% CD3+CD4+BST2+ cells expressed CD25 and
Foxp3, respectively, which are typical markers expressed by Treg cells. Furthermore, we
found that a large percentage (>40%) of the CD3+CD4+BST2+ thymocytes expressed
CCRS5 (Fig. 4A, upper panel) in contrast to none of the CD3+CD4+ thymocytes that lacked
BST2 expression (Figure 4A, lower panel). More interestingly >80% of CCR5+ thymocytes
expressed BST2 (Figure 4C). These results are in accordance with findings by others that
IFN-a may induce CCR5 expression on thymocytes [19]. Interestingly, the large majority of
BST2+CCR5+ express CD25+ and Foxp3+ (Figure 4C), suggesting that the thymic Treg
that are CCR5+ also express BST2. Moreover, as shown in Figure 4B, the percentages of
CD25 and CCRS5 are more than 20-fold higher in CD3+CD4+BST2+ thymocytes than in
total thymocytes. It is important to note that all Foxp3+ cells were CD25+ (data not shown).
Taken together, we conclude that Treg cells are enriched in the CD3+CD4+BST2+
thymocytes and show an increase in expression of CCR5 as compared to the total thymocyte
population (Fig. 4B).
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BST2+CD3+CD4+ thymocytes have suppressor activity

To determine whether the CD3+CD4+BST2+ population, in which the natural Treg
population is enriched has suppressive functions we sorted BST2+CD3+ and BST2-CD3+
mature (CD27+) thymocytes to perform a suppression assay. The percentage of CD25+ Treg
cells in the sorted BST2+CD3+ was 40-60% as determined by post-sort analysis (data not
shown). Our results show that BST2 expressing mature thymocytes suppress proliferation of
Violet Tracer labeled mature CD3+BST2- thymocytes that were stimulated with anti-CD3
and anti-CD28 in the presence of IL-2 and IL-4 in three out of three experiments (Figure 5).
We observed that proliferation is reduced by 36% (mean value of 3 experiments) in the first
cell division when CD3+BST2+ and CD3+BST2- cells were cultured at a 1:1 ratio (Figure
5). We did not observe reduced proliferation at other ratios likely due to the fact that the
CD3+BST2+ thymocytes were not a pure, but only an enriched Treg population, and that
thymocytes do not show high levels of proliferation [20]. Altogether, our results show that
BST2+CD3+ thymocytes are enriched in cells with a natural Treg phenotype, which have
suppressive functions.

DISCUSSION

Here we show that thymic pDC present an activated signature lacking expression of CD62L
and ILT7 (BST2/Tetherin receptor) in combination with low levels of CD31 and BDCA2,
which is consistent with their constitutive expression of IFN-a. Another novel finding is that
TNF-a is constitutively expressed at the mRNA level in thymic pDC. However we could not
detect constitutive expression of TNF-a in peripheral pDC without stimulation (data not
shown), consistent with data reported in the literature [11]. We observed that BST2, which is
an ISG, is not only expressed on pDC, but also on medullary CD3+CD27+CD4+
thymocytes. Notably, these BST2+ thymocytes are enriched in cells with a Treg phenotype
and have suppressive activity. As a subset of these BST2+ thymocytes express CCR5 and
virtually all CCR5+ medullary thymocytes are BST2+ (Figure 4C) they are prevalent targets
for HIV.

Based on the notion that BST2 expression is regulated by type | IFNs [13] we consider that
the expression of BST2 on medullary thymocytes is likely the result of IFN-a secretion by
thymic pDC as we reported previously for the ISG, MxA [5]. Other cytokines such as IFN-f
may be contributing to BST2 expression in the thymus as it has been reported that
exogenous IFN-a as well as IFN- increased BST2 expression on human peripheral blood
pDC [21]. A low level of constitutive IFN-f mRNA expression was found in human thymic
epithelial cells [22].

In contrast to peripheral blood pDC, we observed that neither thymic pDC nor thymocytes
express ILT7, which is the receptor that ligates BST2. Cao et al. reported that BST2/ILT7
interaction is a negative feedback for IFN-a, TNF-a and IL-6 production by peripheral pDC
[13]. Hence, constitutive production of IFN-a and TNF-a by pDC in the thymus may be the
consequence of the observed lack of ILT7 expression in the thymus. Tavano et al. reasoned
in a recent publication that the interaction of BST2 and ILT7 functions as a homeostatic
mechanism for pDC rather than a negative feedback loop for activated mature pDC [17].
The contradictory results between the studies of Cao et al. and Tavano et al. may be due in
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part that Tavano et al. used total PBMC while Cao et al. used pDC isolated by negative
selection. Importantly, in both reports data were obtained in vitro hence more studies in vivo
or ex vivo are needed to shed light on the implications of BST2/ILT7 interactions. The study
we present here was done ex vivo and is more supportive of BST2/ILT7 interaction
functioning as a negative feedback loop for the expression of IFN-a and TNF-a.
Furthermore, our observation that thymic pDC express only low levels of BDCA2, which
also functions as a negative regulator of IFN-a production [23], may contribute to the
constitutive production of IFN-a in the thymus.

We found that thymic pDC, in contrast to peripheral blood pDC, do not express CD62L (L-
Selectin). As it is known that CD62L is shed from the cell surface upon activation [14, 24],
this enforces our observation that thymic pDC have an activated phenotype. Moreover, since
CD62L is important for trafficking of pDC to different organs [25], this suggests that thymic
pDC may not leave the thymus and remain in the same location, i.e. the thymic medulla.
Alternatively, pDC may emigrate from the thymus in a CD62L independent way, but this
remains to be investigated.

In line with our results that thymic pDC constitutively express IFN-a is our observation that
the pAkt and NFkB pathways are constitutively activated in thymic pDC. It has been
reported that TLR-induced IFN-a expression is regulated by the pAkt pathway, while TNF-
a and IL-6 are regulated by NFkB [10]. While we detected also constitutive expression of
TNF-a in thymic pDC, we did not observe constitutive IL-6 expression. This may suggest
that IL-6 expression is regulated differently than TNF-a at least in pDC in the thymus.
Notably, lack of IL-6 expression by thymic pDC may be important to promote Treg
development in the thymus as IL-6 negatively affects this process at least in the mouse [26].
The presence of receptors of the TNF receptor superfamily, including TNF-R2, on murine
Treg has been recently reported to specifically promote Treg development and repertoire
[27], indicating that the constitutive production of TNF-a by pDC in the human thymus may
also play a role in Treg differentiation. Thymic pDC have been described to play an
important role in human Treg development in two different studies, both of which suggest
that pDC activated either by CD40 ligand (CD40L) and IL-3 or by thymic stromal
lymphoprotein (TSLP) induce Foxp3+ Treg in CD4+CD8+ thymocytes [7-8]. However, the
role of IL-6 has not been investigated in these studies. Our results suggest that IFN-a may
play a role in Treg development as thymocytes expressing BST2, likely as a result of
constitutive expression of IFN-a by pDC, are mature medullary thymocytes enriched in cells
with a Treg phenotype and function. It is of interest that in particular low IFN-a levels
produced by pDC have been shown to positively contribute to Treg expansion, which was
impaired in the presence of high levels of IFN-a [28]. This, together with our data shown
here and in our previous study [5] that thymic pDC produce only low levels of IFN-a in the
absence of IL-6, reinforce the notion that pDC play an important role in the generation of
natural Treg.

It is interesting to note that both BST2 and 1SG15, which we found to be constitutively
expressed in the thymus, have been previously described to have anti-HIV properties [29-
30]. Moreover, we found that a subset of the BST2+ Treg express CCR5, which in the
context of HIV infection has been reported to be increased in the thymus [19]. Vice versa,

Eur J Immunol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epeldegui et al.

Page 7

all CCR5+ thymocytes express BST2 and the majority of natural Treg express CCR5 on
their surface. This correlation of BST2 expression and CCR5 expression and the results
from others showing that IFN-a induced CCR5 in HIV infection [19], suggests that IFN-a
may play an important role in inducing CCR5 expression on thymocytes even in the absence
of a viral threat.

Interaction of BST2 with HIV induces the expression of pro-inflammatory genes, possibly
through activation of NFxB [31]. This suggests that BST2 in addition to being an anti-HIV
protein may have a signalling role during T cell development. Our data that BST2 is
preferentially expressed on natural Treg cells suggest that BST2 may play a role in their
development. As Foxp3 expression requires NFxB activation [32], IFN-a may be
contributing to Treg development by inducing BST2 and thereby activation of NFxB [33].
TNF-a has also been described to be important in boosting Treg in the periphery [34], thus
TNF-a similar to IFN-a may be favoring selection and proliferation of Treg in the thymus.

Altogether our data suggest that thymic pDC, which have been described to be important in
natural Treg development through CD40:CD40L interactions or exposure to TSLP, may
additionally support thymic Treg development by secreting low levels of IFN-a and TNF-a.

METHODS

Cell cultures

Fetal tissues were obtained from UCLA CFAR Gene and Cellular Therapy Core laboratory;
adult peripheral blood mononuclear cells (PBMC) from the UCLA CFAR Virology Core
laboratory; normal human postnatal thymus specimens from children undergoing corrective
cardiac surgery at UCLA. Thymocytes were prepared and cultured, as previously described,
in serum-free medium consisting of IMDM (Omega Scientific) supplemented with
delipidated BSA (Sigma-Aldrich) at 1100 pg/ml, transferrin (Sigma-Aldrich) at 85 pg/ml, 2
mM glutamine, and penicillin/streptomycin at 25 U/25 ug/ml [12]. Thymocytes were
cultured in serum-free medium as pellet cultures at 1-2x107 cells/ml in round-bottom tissue
culture tubes at 37°C and 5% CO,. To examine the effect of exogenous IFN-a on BST2
expression on thymocytes, the cells were cultured for 5 days in serum-free medium in the
presence or absence of 1000U/ml of exogenous IFN-a (InVitrogen).

Flow cytometry and Cell sorting

For cell surface staining 1x108 cells were stained with antibodies to CD123, BDCA2,
BDCA4 (Miltenyi), CD3, CD45RA, ILT7, BST2, CD62L, CD31, CD25, CD1a, CD8
(eBioscience), CD4 and CD27 (Becton Dickenson, BD), CD118 (PBL Medical
Laboratories), CCR5 (BD Pharmingen), or their control IgG, conjugated with FITC, PE,
PerCP-Cy5.5, PE-Cy7, APC, APC-Alexa750, Pacific Blue, 605 eFluor or 650 eFluor (Nano-
crystals). Cells were then fixed in 1% paraformaldehyde (PF), washed with Nano Crystal
(NC) buffer (eBiosciences), and incubated for 20 min at 4°C. Cells were washed again in
NC buffer and resuspended in NC buffer before acquisition on a High Throughput (HT)
LSRII flow cytometer (BD). To calculate the mean fold difference in the Mean fluorescence
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intensity (MFI) (Geometric mean), the MFI of the cell surface antigen divided by the MFI of
the 1gG control was used [35].

For combined cell surface and intracellular staining with the antibody to Foxp3
(eBioscience) cells were first surface stained, then fixed with Fix/Perm buffer (eBioscience)
for 30 minutes at 4°C and washed two times with the Fix/Perm buffer. After resuspending
the cells in 25ul of Human AB serum Foxp3 antibody or rat IgG2a was added for 30 minutes
at 4°C. Cells were then washed with NC buffer and acquired on HT LSRII flow cytometer
(BD).

For combined cell surface and intracellular staining to detect phosphorylated Akt and NFkB
1x106 cells were cells were first surface stained with the desired antibodies, then fixed with
1% paraformaldehyde (PF) for 10 min and permeabilized with 0.2% Tween-20 for 15 min.
at 37°C. After washing with 0.5% PBS, 0.5% BSA in NC buffer, the cells were stained
intracellularly with p-Akt or NFkB-p65/RelA antibody (BD) for 30 min at room
temperature, washed with 0.5% PBS, 0.5% BSA in NC buffer and acquired on HT LSRII
flow cytometer.

To obtain purified populations of pDC and BST2+CD3+ and BST2negCD3+ cells,
thymocytes were washed in serum-free medium. 100ul of HAB was added to pelleted cells
and the cells were stained with antibodies to BST2, CD3, CD123 and CD45RA in a total
volume of 500ul serum free medium and incubated for 20min at 4°C, washed, resuspended
in 1.5ml serum free medium followed by cell sorting of CD123*CD45RA* (pDC) and
BST2+CD3+ and BST2negCD3+ thymocytes using a FACSAria Il cell sorter (BD).

Real-time quantitative PCR (Tagman)

RNA was extracted from sorted cells with TriReagent (Trizol) (Invitrogen), as previously
described [5]. Tagman gene expression assays were used to measure gene expression
(Applied Biosystems). Real-time PCR measurements were done in duplicate for analysis of
TNF-a, IFN-a and IL-6 mRNA levels following manufacturer’s instructions. 96 well plates
were run on an ABI 7300 and analyzed with the 7300 system software. Values of TNF-q,
IFN-a and IL-6 mMRNA were normalized for total RNA content by dividing by GAPDH
mRNA.

Treg assays

Sorted BST2+CD3+ thymocytes, which are enriched in natural Treg, were tested for their
suppressive effect on the proliferation of autologous BST2negCD3+ thymocytes labeled
with Violet Tracer (Invitrogen) in round bottom 96 well plates (Falcon) coated with T3
antibody (Coulter) at 1.25 pg/ml. Briefly 1x10° sorted BST2negCD3+ thymocytes were
stained with 1pl of 5nM Violet Tracer (Invitrogen) at 37°C for 20 min., washed in 5ml of
serum free medium, and 50pl at 5x10° cells/ml was added to each well. BST2+CD3+ Treg
at 5x10°cells/ml were serially 1:2 diluted and 50pl of the diluted cells was added to the
Violet Tracer labeled BST2negCD3+ thymocytes. 100ul of serum free medium containing
IL-2 (20u/ml), IL-4 (20ng/ml) and anti-CD28 (10ng/ml) was added to a total volume of
200pl/well and the cells were cultured for 5 days at 37°C. at which time the cells were
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washed and run on an HT LSRII to determine the amount of proliferation of Violet Tracer
labeled cells.

Two sided Wilcoxon-Mann-Whitney test was used to compare mean total expression of
pDC markers and to compare mean fluorescence intensity of the pDC markers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. pDC in the thymus are constitutively activated
A) Tagman RT-PCR was performed in sorted pDC (CD123+CD45RA+CD3-BST2+) for

their expression of IFN-a, TNF-a and IL-6 mRNA. Relative expression is normalized to
GAPDH expression. The RT-PCR was performed in pDC from three different thymus
specimens and each of them was run in duplicate. PHA stimulated peripheral blood
mononuclear cells from four different donors served as controls for TNF-a and IL-6 RT-
PCR. B) The intracellular expression of p-Akt and NFkB-p65 in thymic pDC was
determined by flow cytometry after gating on CD123+CD45RA+CD3-CD1a- (pDC) and
CD123+CD45RA+CD3+CD1a+ thymocytes. Filled histograms (gray) represent unstained
controls. The percentage indicated is the difference between cells staining with the p-Akt
and NFkB-p65 antibodies and their respective controls.
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Figure 2. pDC in the thymus present an activated “IFN-a signature” phenotype
A) Multicolor flow cytometry was performed on total thymocytes, fetal splenocytes and

PBMC. pDC were gated as CD123+CD45RA+CD3-CD1a—-CD4+ cells, and assessed for
the expression of: ILT7, CD62L, BST2, CD31, BDCA2 and BDCAA4. B) Mean percentages
of positive cells + SD from independent donors analyzed as in A. Thymus, n = 11; spleen, n
=4; PBMC, n = 4. C) Mean fold difference in MFI + SD that were calculated as: MFI of
antigen/MFI of 1gG control [35] from: 11 thymus, 4 fetal spleen and 4 PBMC from
independent donors analyzed as in A. *p<0.05, **p<0.01 as calculated using the Mann
Whitney test.
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Figure 3. BST2 protein is expressed on the surface of medullary thymocytes, but not on T cells
from peripheral or cord blood

Multicolor flow cytometry was performed on thymocytes, peripheral blood, cord blood, and
fetal spleen. A) Analysis of BST2 and CD3 expression. B) Thymocytes were analyzed for
expression of CD4, CD8, CD1a, CD45RA, CD27 and CD31 after electronic gating on
CD3+BST2+ or CD3+BST2- cells. Numbers in the plot indicate percentages of cells in
each quadrant in a representative experiment.
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Figure 4. BST2+ thymocytes present a phenotype consistent with natural Treg
A) Multicolor flow cytometry was performed of thymocytes to measure expression of: CD3,

BST2, CD4, CD8, CD118, CCR5, CD25, and Foxp3. Shown are the results in a
representative experiment after electronic gating on CD3+BST2+ cells as indicated in
Figure 3A. B) The relative fold difference in the percentages of the expression of the

Eur J Immunol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Epeldegui et al.

Page 17

different markers on CD3+BST2+ thymocytes as compared to total thymocytes for: CD3,
BST2, CD4, CD8, CCR5, CD25 (n=9) and FoxP3, CD118, CD31 (n =4). C) Multicolor
flow cytometry was performed of thymocytes to measure expression of: CD3, BST2, CD4,
CD8, CCR5, CD25, and Foxp3. Shown are the results after electronic gating on
CD3+CCR5+ cells. n is the number of specimens.
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Figure 5. BST2+CD3+ thymocytes suppress proliferation of autologous BST2negCD3+

thymocytes

A suppressor assay was performed by co-culture of different ratios of sorted BST2+CD3+
cells with BST2negCD3+ cells, or without BST2+CD3+ cells. BST2negCD3+ cells were
labeled with the dye Violet Tracer. Proliferation was induced by anti-CD3, anti-CD28 in the
presence of IL-2 and IL-4. After 5 days, cells were stained with antibodies to CD3, BST2,
CCRS5, CD45RA, CD4, CD25, CD8 and CD27 and flow cytometry was performed to
analyze the loss of the Violet Tracer as a measure of proliferation. Results are shown for the
co-culture of BST2negCD3+ cells with BST2+CD3+ cells at a one to one ratio as compared
to no BST2+CD3+ thymocytes in three experiments performed in cells from three different

tissues.
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