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Abstract
One of the most intriguing aspects of male reproductive physiology is the ability to generate
spermatogenic cells - which are “foreign” to the host - without triggering immune activation. After
leaving the testis, spermatozoa enter the epididymis where they mature and are stored. We report
here a previously unrecognized dense network of dendritic cells located at the base of the
epididymal epithelium. This network was detected in transgenic mice expressing CD11c-EYFP
and CX3CR1-GFP reporters. Epididymal dendritic cells (eDCs) establish intimate interactions
with the epithelium and project long dendrites between epithelial cells toward the lumen. We show
that isolated eDCs express numerous leukocyte markers described previously in other organs that
are in contact with the external environment, and present and cross-present ovalbumin to T cells in
vitro. eDCs are, therefore, strategically positioned to regulate the complex interplay between
immune tolerance and activation, a balance that is fundamental to male fertility.

Introduction
Although a significant proportion of male infertility cases are thought to have an
immunological cause (Stedronska & Hendry 1983, Pattinson & Mortimer 1987, McLachlan
2002, Meinhardt & Hedger 2010), the cellular and molecular basis of immune regulation in
the epididymis – the site of sperm maturation and storage - remains poorly understood. The
establishment and maintenance of male fertility requires close and tightly regulated
interactions between the reproductive, endocrine and immune systems. Spermatozoa acquire
motility and the ability to fertilize an egg during their transit in the epididymis, a single, long
and convoluted duct with a large epithelial-luminal interface located downstream of the
testis. Post-testicular sperm maturation involves numerous mechanisms mediated by the
pseudostratified epithelium that lines the epididymis, including protein secretion and
reabsorption, as well as fluid and ion exchanges (Da Silva et al. 2007, Cornwall 2009, Shum
et al. 2009). One of the most striking characteristics of spermatozoa is their immunological
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status: post-meiotic germ cells start expressing new surface and intracellular molecules at
puberty, long after the establishment of systemic immune tolerance. They are, therefore,
foreigners in the environment in which they were produced (Fijak & Meinhardt 2006,
Hedger & Hales 2006). Despite this apparent paradox, they are tolerated and even pampered
all along the excurrent duct (efferent ducts, epididymis, vas deferens and ejaculatory ducts),
as they are prepared to face the challenging environment of the female genital tract. The
immunological status of spermatozoa would not be particularly intriguing if the barriers
lining the male reproductive system were totally efficient, but the physical separation
between the immune system and germ cells is far from perfect (Pelletier 1994, Pollanen &
Cooper 1994, Levy & Robaire 1999, Hedger & Hales 2006). In addition, the male
reproductive tract is contiguous with the external environment and, therefore, continuously
challenged by potential pathogenic microorganisms and viruses. Inflammation of the
epididymis can cause obstruction or destruction of the duct leading to transient or permanent
infertility (Chan & Schlegel 2002, Cunningham & Beagley 2008). Yet the mechanisms that
prevent the development of an autoimmune response against millions of autoantigenic
spermatogenic cells and mature spermatozoa, while maintaining the ability to initiate
efficient immune responses against pathogenic microorganisms and cancer cells, are still
superficially understood. These mechanisms have been studied mostly in the testis
(Meinhardt & Hedger 2010), largely underestimating the immune function of the epididymis
and the post-testicular environment in general. Intraepithelial lymphocytes and other
immunocompetent cells have been observed in the epididymis (Ritchie et al. 1984, Nashan
et al. 1989, Barratt et al. 1990, Nashan et al. 1990, Tomlinson et al. 1992, Nashan et al.
1993, Yeung et al. 1994, Hooper et al. 1995, Flickinger et al. 1997, Rossi & Aitken 1997,
Serre & Robaire 1999), but the precise nature of these cells and their immunological
properties remain to be elucidated. Dendritic cells (DCs), the specialized antigen-presenting
cells (APCs) that are key regulators of immune responses in numerous organs (Banchereau
& Steinman 1998, Steinman et al. 2003, Steinman & Banchereau 2007, Helft et al. 2010),
are thought to be absent from the epididymal epithelium (Seiler et al. 2000). Here, we
describe a surprisingly extensive network of stellate cells visualized in the epididymis of
CD11c-EYFP (Lindquist et al. 2004) and CX3CR1-GFP (Jung et al. 2000) reporter mice.
Based on their striking dendriform morphology, their intimate interactions with the
epididymal epithelium, their phenotype and antigen-presenting capabilities, we named these
cells “epididymal dendritic cells” (eDCs). eDCs and other cells from the mononuclear
phagocyte system are ideally positioned to play a major role in male reproductive
physiology and pathophysiology. Unraveling their function in the unique environment
constituted by the epididymis may also help to better understand the mechanisms of
tolerance and autoimmunity in male reproductive function.

Results
CD11c+ and CX3CR1+ DCs cells form a dense network localized at the base of the
epididymal epithelium

We examined 50-µm sections of epididymis from CD11c-YFP and CX3CR1-GFP adult
mice by fluorescence microscopy and generated large mosaic images representing complete
sections of the entire organ (Fig.1 and Supplementary Figures 1 and 2). The epididymis is a
continuous tubule, but a portion of the body (or corpus), which is very narrow, is often
absent from thick sections. The entire murine epididymis is heavily populated by a network
of CD11c-YFP+ and CX3CR1-GFP+ DCs (Fig. 1a, b, respectively), located mostly in the
peritubular region (Fig.1 c and d). In the proximal epididymis, eDCs exhibit numerous
ramifications that cover the basal side of the epithelium (Fig. 1d). To better examine the
distribution and the morphology of eDCs, we generated high magnification epifluorescence
and confocal pictures of live (examined within 15 min after dissection) and fixed tissue

Da Silva et al. Page 2

Reproduction. Author manuscript; available in PMC 2013 May 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



sections. Most, if not all, eDCs have a stellate / dendriform morphology and are located at
the base of the epithelium (Fig. 2). CD11c+ (Fig. 2a, b, h) and CX3CR1+ (Fig. c-g) cell
morphology and distribution appear very similar, but our microscopic analysis cannot rule
out that these transgenes may, in fact, highlight several overlapping subsets of cells in the
epididymis. In addition, eDCs are more ramified in the proximal epididymis (head, Fig. 2h)
than in the distal segment (tail, Fig. 2i).

eDCs project numerous intraepithelial processes in the proximal epididymis
High-resolution fluorescence cross-section images (Fig. 3a and Supplementary Movie 1)
revealed that eDCs project slender processes (diameter < 1µm) between epithelial cells,
toward the lumen. 3D reconstruction showed that the dendritic cell bodies lie on the basal
surface of the epithelium and send narrow projections that run along the basal axis of the
epithelium (Fig. 3b). Perpendicular dendritic processes arise from these projections
(Supplementary Movie 2) and plunge deeply between the epithelial cells. A single eDC can
survey a considerable region (up to 10,000 sq µm) (Fig. 2h and 3c) and can project up to 40
processes that penetrate the lateral compartment of the epithelium (Fig. 3d). Intraepithelial
dendrites that extend toward the tightjunction barrier of the epithelium (visualized using a
ZO-1 immunolabeling) are visible primarily in the initial segments (Fig. 3e). In the distal
epididymis (tail), eDCs are flat and interact with the basal surface of the epithelium, but they
do not project visible intraepithelial dendrites (Fig. 2i and 3f). Occasionally, some CD11c-
GFP+ and CX3CR1+ cells appear to be embedded within the epithelium rather than being
exclusively peritubular (not shown).

Phenotype of eDCs
Next, we phenotyped eDCs with antibodies against surface markers typically used for the
characterization of leukocytes and APCs (Choi et al. 2009, Ginhoux et al. 2009, Miloud et
al. 2010). Our preliminary flow cytometry analyses showed that most epididymal CX3XR1-
GFP+ cells express CD11c (Supplementary Figure 3). To exclude any possible abnormality
of the phenotype and/or number of DCs in transgenic animals, we performed all the
subsequent analyses with wild type C57BL/6 mice. We identified two major populations of
eDCs: CD11c+ CD103+ eDCs and CD11c+ CD103− eDCs (Fig. 4a). Both populations of
eDCs express CX3CR1 and MHC class II molecules, similar to DCs in the small intestine
(Niess et al. 2005). Epididymal CD11c+ cells share numerous similarities with the so-called
“classical” DCs (tissue-resident steady-state DCs) described in other non-lymphoid organs
such as the gut, lung, skin and aorta (Choi et al. 2009, Helft et al. 2010). As such, CD11c+

CD103+ cells express CD11b and the co-stimulatory molecules CD40, CD80 and CD86, as
well as CD1d and the macrophage marker F4/80 (Fig. 4a and 4b). They also express Ly6C,
the C-type lectins langerin and DC-SIGN, as well as the signal regulatory protein alpha,
Sirp-α, which interacts with CD47 to regulate immune homeostasis (Barclay 2009,
Matozaki et al. 2009). In contrast, CD11c+ CD103− eDCs express lower or undetectable
levels of co-stimulatory molecules, Ly6C, DC SIGN, langerin, F4/80 and Sirp-α, but
express CD1d, MHC class II and, surprisingly, CD11b (Fig. 4a and 4b). Splenic DCs (Fig.
4b, bottom row) express lower levels of co-stimulatory molecules when compared with
CD103+ eDCs, indicating their less mature status, and insignificant levels of Ly6C, F4/80,
DC-SIGN and langerin.

Expression of macrophage markers in the epididymis
DCs and macrophages belong to the notably heterogeneous mononuclear phagocyte system
(MPS), and the distinction between these two cell types is still controversial (Geissmann et
al. 2010). The expression of F4/80 (a macrophage marker involved in the induction of
peripheral tolerance (Lin et al. 2005)) in CD11c-positive cells led us to refine the analysis of
macrophage markers in the epididymis by immunofluorescence microscopy. CD11c-EYFP
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and the F4/80 antibody revealed three distinct populations of cells that express one marker
or both (Fig 5a-e). In addition, the mannose receptor (CD206) is expressed exclusively by a
population of CD11c-negative cells that are located in the interstitium and are
morphologically distinct from the peritubular eDCs (Fig. 5f). Higher magnification pictures
clearly showed that CD11c+ and CD206+ cells are distinct populations (Fig. 5g, h). Thus,
the epididymal tubule and interstitium are populated by several subsets of mononuclear
phagocytes that express a complex combination of markers traditionally described as
“dendritic cell” or “macrophage” markers.

eDCs are effective antigen-presenting cells in vitro
A prerequisite for any putative role in reproductive immunophysiology is the ability of eDCs
to present antigens to T cells. Therefore, we determined the antigen presentation capabilities
of isolated eDCs in vitro by culturing them with chicken ovalbumin (OVA) -specific OT-I
and OT-II transgenic T cells, in the presence or absence of OVA, and by assessing for T cell
proliferation. In the presence of OVA, CD11c+ CD11b+ eDCs induced strong proliferation
of CD4+ (82% proliferating cells) and CD8+ (53%) OVA-specific T cells (Fig. 6, left
panels). As control, the effect of splenic DC on T cell proliferation was examined. Splenic
DCs induced CD4+ and CD8+ T cell proliferation by 90 and 80%, respectively (Fig. 6, right
panels). Thus, isolated eDCs appear to be very effective at processing and presenting
antigens to CD4+ and CD8+ T cells in vitro.

Discussion
In order to perpetuate the species, all male amniotes have developed an epididymis, a small
organ located downstream of the testis that is responsible for making gametes able to
fertilize an oocyte and storing them (Da Silva et al. 2007, Cornwall 2009, Shum et al. 2009).
Sperm maturation and proper storage involve complex mechanisms, which are regulated by
the pseudostratified epithelium that lines the entire excurrent ductal system and is under the
control of the endocrine system (Ezer & Robaire 2002, Hess et al. 2002, Robaire et al. 2007,
Cornwall 2009, Shum et al. 2009). Surprisingly, one of the most understudied aspects of
epididymal physiology is its interaction with the immune system (Hedger & Hales 2006).
The epididymal mucosal system must protect autoantigen-coated spermatozoa from
destruction by the immune system as well as invading pathogens. Dendritic cells (DCs), the
specialized antigen-presenting cells (APCs) that are key regulators of immune responses in
numerous organs (Banchereau & Steinman 1998, Steinman et al. 2003, Steinman &
Banchereau 2007, Helft et al. 2010), had been thought to be absent from the epididymal
epithelium in order to prevent immune activation (Seiler et al. 2000). However, we describe
here an extensive network of dendritic cells and macrophages that populate the entire organ
and seem to be strategically positioned to actively regulate the interactions between the
reproductive and immune systems. Two transgenic mouse models, which have been widely
used to characterize DCs in numerous organs, revealed the presence of CD11c+ and
CX3CR1+ cells that establish close contact with the epididymal epithelium.

The mouse epididymis is a continuous but segmented organ that has at least two clearly
distinct functions: spermatozoa mature mostly in the most proximal segments (head), while
the distal regions (body and tail) are also sites of storage. Although all epididymal DCs
express the markers CD11c and CX3CR1, we show here that intraepithelial dendrites are
particularly abundant in the initial segments. These cells resemble the F4/80+ cells observed
by Mullen et al., although all the epididymal leukocytes described by this group were
CD11b-negative (Mullen et al. 2003). In the initial segments, most, if not all, epithelial cells
seem to be in direct contact with an eDC, and we determined that each eDC extends dozens
of intraepithelial dendrites toward the tight junctions that constitute the so-called blood-
epididymis barrier. This portion of the tubule is the first segment encountered by
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spermatozoa after their short transit in the efferent ducts. The initial segments are, therefore,
likely to play a primary role in the acceptance of maturing sperm cells by the immune
system. Interestingly, the initial segments are also the most vascularized region of the
epididymis (Suzuki 1982, Abe et al. 1984) and, consequently, the most readily accessible
region for blood-borne differentiated cells and/or progenitors. In addition, the lumen in these
segments is relatively narrow (its diameter represents about one tenth of the tubular diameter
in the distal epididymis tail), which increases the probability of direct interactions between
spermatozoa, epithelial cells, and any cell type capable of projecting intraluminal extensions
such as basal cells (Shum et al. 2008) and, possibly, DCs (Niess et al. 2005) and other
leukocytes (Mullen et al. 2003). Finally, the initial segments are the region of the epididymis
that is least likely to be infected by ascending pathogens. It has been suggested that the
CX3CR1-expressing intestinal DCs with transepithelial sampling capabilities are essentially
macrophages involved in maintaining the mucosa rather than initiating T cell responses
(Geissmann et al. 2010). If scavenging activity is necessary in the male excurrent duct, it
should occur all along the epididymal duct and particularly in the distal region, which is the
site where sperm are stored for a long period of time (several days to several weeks). Thus,
we believe that intraepithelial dendrites are present in the initial segments because it is the
region where they are the most likely to interact with sperm and/or luminal components
released by spermatozoa very early in the post-testicular maturation process. In doing so,
eDCs could be involved in the establishment and maintenance of immune tolerance to
maturating spermatozoa that express new autoantigens, which is a critical step in the
establishment of male fertility. In contrast, the exclusively peritubular DCs observed in the
steady-state cauda epididymidis might be “sentinels” that regulate, when necessary,
inflammation and immune responses against ascending pathogens. eDCs could complement
the action of testicular DCs, which have been detected in the normal and inflamed testis but
are, by definition, never in contact with fully mature spermatozoa (Fijak & Meinhardt 2006,
Rival et al. 2006, Rival et al. 2007, Guazzone et al. 2010).

We characterized distinct populations of CD11c+ CD103+ and CD11c+ CD103− DCs in the
epididymis. In this respect, eDCs resemble resident DCs described in other non-lymphoid
tissues such as the skin, liver, kidney and intestine (Helft et al. 2010). CD103+ DCs exhibit
tolerogenic properties in the gut (Coombes et al. 2007, Coombes & Powrie 2008, Matteoli et
al. 2010) and they are also functionally specialized in the skin and in the lung (Ginhoux et
al. 2009). Although the epididymis and the gut are functionally unrelated, the DCs that
populate their mucosae may have to face similar challenges. Epididymal and intestinal
mucosa survey a luminal environment in which they have to make the distinction between
pathogens and hundred of millions of spermatozoa, or pathogens and the very abundant and
heterogeneous commensal flora, respectively (Niess & Reinecker 2005, Niess & Reinecker
2006). In both organs, the “sentinels” of the immune system must sample the luminal
environment without disrupting the barrier function of the epithelium. Any alteration of the
fragile balance between tolerance and immunogenicity has the potential to trigger
autoimmune or inflammatory disorders such as autoimmune infertility in the testis and the
epididymis, and inflammatory bowel disease in the gastrointestinal tract (Niess & Reinecker
2005, Niess & Reinecker 2006). Peripheral tolerance involves complex mechanisms aiming
at selecting negatively autoreactive T cells, controlling locally the T cells that escape thymic
selection, and separating these cells from the autoantigens (Mueller 2010). The density of
the eDC network described here is such that low-avidity T cells that express self-peptide
MHC are likely to react, causing a failure of peripheral tolerance and, ultimately,
autoimmune infertility. In the gut, a population of CD11c+ CD103+ DCs exhibit tolerogenic
(Steinman et al. 2003) properties via indoleamine2,3-dioxygenase (IDO) –dependent
mechanisms and play, therefore, a critical role in the establishment of oral tolerance to food
antigens (Iliev et al. 2009, Matteoli et al. 2010). Interestingly, IDO is abundantly expressed
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in the epididymis (Britan et al. 2006, Drevet 2006, Jrad-Lamine et al. 2010), but its potential
roles in adaptive immunity in this organ remain to be elucidated.

The microscopic analysis of three markers (CD11c, F4/80 and CD206 / mannose receptor)
revealed the presence of at least four distinguishable cell types in the epididymis. CD206-
positive cells do not express CD11c, they are exclusively interstitial and do not exhibit the
stellate morphology of CD11c+ cells. F4/80 is expressed by a subset of CD11c+ cells as well
as some CD11c− cells. In fact, flow cytometry and microscopic analyses are snapshots that
are not sufficient to reveal the dynamics and phenotypical modulation of DCs and
macrophages. In the absence of inflammation, the epididymis is heavily populated by the
“infamously heterogeneous” (Geissmann et al. 2010) mononuclear phagocyte system and
this heterogeneity might reflect, at least in part, the dual function of this organ. The
maturation, storage and perhaps selection (Sutovsky et al. 2001, Cooper et al. 2002)
processes that occur in the epididymis are likely to involve phenotypically and functionally
distinct subsets of cells with antigen-presenting capabilities, including “immunogenic” and
“tolerogenic” DCs. A region-specific characterization of eDCs will help to better understand
the heterogeneity observed in the whole organ. Interestingly, the CD103+ eDCs expressed
relatively high levels of DC-SIGN (CD209) and langerin (CD207). These markers, which
are C-type lectins that bind mannose-containing glycoproteins, are involved in infection by
viruses such as human immunodeficiency virus (HIV) (de Witte et al. 2007, de Witte et al.
2008). The role of DC-SIGN- and langerin-positive eDCs during HIV infection should be
further investigated, as the epididymis is a major target and reservoir of HIV (Mullen et al.
2003, Shehu-Xhilaga et al. 2007).

In accordance with their high level of expression of MHC and co-stimulatory molecules, we
show that isolated CD11c+ eDCs have strong antigen-presenting and cross-presenting
capabilities in vitro. The antigen-presenting capabilities of eDCs, as well as their migratory
properties, should be established in vivo in future studies. However the results described
here leave little doubt that the abundant eDCs play a critical immunological role in the male
excurrent duct, in close relationship with epithelial cells, which may regulate the delivery of
antigens to peritubular DCs as well as the dynamics of DC processes as they extend towards
the lumen (possibly via a CX3CR1-dependent mechanism). In addition, we cannot exclude
complementary direct antigen-presenting capabilities of epithelial cells during inflammation,
as was described in the gut (Shale & Ghosh 2009). The influence of sex hormones on eDC
distribution and function should also be investigated. Indeed, female sex steroids directly
regulate the function of DCs (Hughes & Clark 2007) and, surprisingly, estrogens are
abundant in the epididymis (Hess et al. 2002). Finally, the abundance of DCs in the
epididymis in the absence of infection / inflammation also raises the possibility of additional
and non-immune roles for these cells. In the steady-state brain, CD11c+ DCs are particularly
abundant in the regions where the blood-brain barrier is weak or absent, and a possible role
of DCs in neurogenesis and regulation of central nervous system plasticity was suggested
(Bulloch et al. 2008). Similarly, eDCs could be actively involved in the maintenance of the
complex epididymal epithelium. In contrast with immunologically privileged sites such as
the anterior chamber of the eye (Streilein 1993, Stein-Streilein 2008) and the brain, which
are partially isolated from the immune system by a deficient lymphatic drainage, the
epididymis contains abundant lymphatic channels (Kazeem 1983, Kazeem 1988). Therefore,
immunological information gathered by eDCs could be processed in local lymph nodes to
generate regulatory T cells and T effector cells. The functions of DCs and other antigen-
presenting cells in reproductive biology have been studied mostly in the female genital tract
and in the testis (Bizargity & Bonney 2009, Guazzone et al. 2010, Ivanisevic et al. 2010).
Their role in the post-testicular environment must be unraveled, and studying the cellular
mechanisms of mucosal immunity in the epididymis will require massive efforts aiming at
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adapting intravital imaging and in vivo antigen stimulation protocols to this small but
relatively accessible organ.

Materials and methods
Mice

CD11c-EYFP mice (Lindquist et al. 2004) are a gift from the laboratory of M.C.
Nussenzweig (The Rockefeller University, New York, NY). CX3CR1-GFP mice (Jung et al.
2000) are a gift from D.R. Littman (Skirball Institute, New York, NY). The mice referred as
“CX3CR1-GFP” in this manuscript are exclusively Cx3cr1gfp/+ mice, obtained by breeding
Cx3cr1gfp/gfp males with wild type females (C57BL/6, Jackson Laboratories). Transgenic
and wild type mice were maintained free of common rodent pathogens and on a standard
diet. Mouse protocols were approved by the Massachusetts General Hospital Institutional
Animal Care and Use Committee.

eDC isolation
For eDC isolation, we modified a protocol used previously to prepare epididymal single cell
suspensions (Da Silva et al. 2010). Briefly, epididymides were dissected and cut into small
pieces with scissors in dissociation medium (RPMI 1640 with 0.5 mg/ml collagenase type I
and 0.5 mg/ml collagenase type II, 1 ml per epididymis pair). Tissues were incubated for 30
min at 37°C with gentle shaking. After enzymatic digestion, cells were passed through a 70-
µm nylon mesh strainer, washed in PBS with 1% bovine serum albumin, and stored on ice
until processing.

Antibodies, negative selection of eDCs and flow cytometry
For negative selection of eDCs, cell suspensions were incubated with a cocktail of mAbs
against T cells (CD90-PE, 53-2.1), B cells (B220-PE, RA3-6B2), NK cells (CD49b-PE,
DX5 and NK1.1-PE, PK136), and granulocytes (Ly- 6G-PE, 1A8). After washing, the cells
were incubated with anti-PE microbeads as indicated by the manufacturer’s protocol
(Miltenyi Biotec, Auburn, CA) and pass thereafter through a MACS LD column. eDCs were
then labeled with CD11c-FITC (HL3), CD11c-Alexa 700 (HL3), CD11b- APC-Cy7
(M1/70), Ly-6C-biotin (AL-21), MHC class II-APC (M5/114.15.2), CD86-PE (GL1),
CD1d-biotin (CD1.1, Ly-38), CD40-APC (3/23), DC-SIGN-biotin (5H10), CD80-APC
(16-10A1), langerin-biotin (eBioL31), Sirp alpha-FITC (P84), CD206-biotin. Antibodies
were purchased from BD Biosciences (San Jose, CA) or eBioscience (San Diego, CA). Data
were acquired on an LSRII flow cytometer (BD Biosciences) and analyzed with FlowJo 8 or
9 (Tree Star, Ashland, OR). For in vitro proliferation assays, DCs and T cells were sorted on
a BD FACSAria (BD Biosciences) based on CD11b and CD11c expression.

Immunofluorescence and microscopy analyses
Mice were anesthetized with nembutal (50 mg/kg, intraperitoneal). Epididymides were fixed
by perfusion through the left ventricle with PLP fixative (periodate-lysine-
paraformaldehyde), as we have described previously (Da Silva et al. 2006), or PBS with 4%
paraformaldehyde. Cryoprotected tissues were sectioned (10 to 50 µm) in a cryostat.
Immunolabeling was performed as described previously (Da Silva et al. 2006) with the
following antibodies: ZO-1 (R40.76, kindly provided by Dr. Eveline Schneeberger), CD206
(MR5D3, AbD Serotec, Raleigh, NC), Cy3 goat anti-rat IgG (Invitrogen, Eugene, OR,),
DyLight 649 goat anti-rat IgG (Jackson ImmunoResearch, West Grove, PA). F4/80 labeling
was performed using the tyramide signal amplification system (Perkin Elmer, Waltham,
MA), anti- F4/80 IgG (BM8, eBioscience) and a horseradish peroxidase-coupled donkey
anti-rat IgG (Jackson ImmunoResearch). Microscopic images were acquired using Eclipse
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80i and 90i epifluorescence microscopes (Nikon Instruments, Melville, NY), a Radiance
2000 confocal microscope (Zeiss and Bio-Rad), and an Olympus FV1000 multiphoton
microscope. Digital images were processed with IPLab (Scanalytics), NIS Elements (Nikon
Instruments), Volocity 5 (Perkin Elmer), ImageJ or Matlab (MathWorks).

In vitro OVA presentation
Single-cell suspensions pooled from mesenteric lymph nodes and spleen of OT-I and OT-II
C57BL/6 mice were flow sorted for the isolation of CD4+ and CD8+ T cells obtaining a
purity >98% for each T cell population. Purified T cells were labeled with
carboxyfluorescein succinimidyl ester (CFSE, 5 µM) and then stimulated in vitro in
complete medium (RPMI medium 1640 with sodium 1 mM pyruvate, 10 mM Hepes, 2 mM
glutamin, 1% penicillin-streptomycin, 50 µM mercaptoethanol and 10% heat-inactivated
FCS) for 5 days in the presence or absence of eDCs (4-5:1 ratio respectively) and/or 200 µg/
ml ovalbumin (OVA, Sigma Aldrich), and maintained at 37°C. Cells were harvested and
proliferation was measured based on CFSE dilution by flow cytometry.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The epididymis is densely populated by CD11c+ and CX3CR1+ cells. (a and b) “mosaic”
pictures of whole CD11c-EYFP and CX3CR1-GFP mouse epididymis sections,
respectively. IS: initial segments, H: head (caput), B: body (corpus), T: tail (cauda), VD: vas
deferens. (c and d) higher magnification pictures of the initial segments, showing numerous
CD11c-EYFP+ cells located at the periphery of the epididymal tubule. Bars = 2 mm (a and
b), 250 µm (c) and 50 µm (d). High-resolution pictures for panels a and b are available
online (online material S1 and S2).
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Figure 2.
Epididymal CD11c+ and CX3CR1+ cells are peritubular and have stellate/dendriform
morphology. (a-d) Visualization of CX3CR1-GFP+ and CD11c-EYFP+ eDCs using live cell
confocal microscopy. Unfixed tissue slices were observed within 15 minutes after
dissection. (a and b) and (c and d) represent 2 confocal planes of the same field in CD11c-
EYFP and CX3CR1-GFP tissues, respectively. The lumen (L) is populated by spermatozoa
that are invisible in these pictures; eDCs are located at the periphery of the epididymal
tubule (e-g). Conventional fluorescence microscopy visualization of CX3CR1-GFP-positive
eDCs (20, 40 and 60X objectives, respectively). Nuclei were stained (red) to better
appreciate the organization of the tissue. (h and i) High magnification pictures of CD11c-
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EYFP+ cells in caput and cauda epididymidis, respectively, showing the distinctive
morphology of eDCs in these regions. Cells are more ramified in the head compared to the
tail. Bars = 100 (a-e), 50 (f) and 10 µm (g-i).
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Figure 3.
In the proximal epididymidis, eDCs project thin processes toward the epididymal lumen. (a)
Cross section of the epididymal duct of a CD11c-EYFP mouse (initial segments) showing
numerous intraepithelial dendrites converging toward the lumen (L). (b) Three-dimensional
view of a CD11c-EYFP+ eDC, showing the bright cellular body, long lateral extensions
(arrows) and slender transepithelial processes (arrowheads). (c and d) Two optical sections
of epididymal CD11c-EYFP+ DCs taken at different depths. (c) The section runs through
the cellular body of one DC (arrow), which has numerous lateral extensions. (d) The
perpendicular intraepithelial processes appear as circular dots (arrowheads) in this section
taken closer to the lumen. (e) Cross-section of the epididymal duct (initial segments)
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showing CX3CR1-GFP+ eDCs (green) projecting processes toward the tight junctions
labeled with ZO-1 (red). In contrast, DC do not project visible intraepithelial dendrites in the
epididymis tail (f). E: epithelium. Blue = DAPI. Bars = 10 µm (a-e) and 20 µm (f).
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Figure 4.
Flow cytometry analysis of cell surface markers in epididymal and splenic DCs isolated
from C57BL/6 mice. Cell suspensions were prepared from C57BL/6 mouse whole
epididymis and spleen and stained with monoclonal antibodies to 13 markers. (a)
Recapitulation of the phenotype of 2 major CD11c+ eDC populations that express or do not
express CD103 (gated from the histogram shown on the left). (b) Representative histograms
of the phenotype of epididymal and splenic DCs. The percentage represents the mean of at
least two independent experiments. Red histograms represent isotype controls
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Figure 5.
Expression of macrophage markers in the epididymis. F4/80 immunolabeling of CD11c-
EYFP mouse epididymis revealed 3 subsets of cells that express CD11c (green), F4/80 (red),
or both markers (yellow). CD11c-F4/80+ cells (a, c, e, arrowheads) tend to be more
interstitial than CD11c+F4/80− cells. However, high magnification pictures d and e show
that cells positive for both markers are also present in the peritubular region. (f-h): the
macrophage marker CD206 (mannose receptor) is expressed exclusively by interstitial cells.
Sections of CD11c-EYFP (green) mouse epididymis were immunolabeled with an anti-
CD206 antibody (red). While CD11c+ cells are located mostly in the peritubular region, the
CD206+ macrophages are exclusively interstitial. Higher magnification (h) reveals the non-
stellate morphology of interstitial CD206+ cells, contrasting with eDCs (green). DNA
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staining (in a, blue) helps to appreciate the structure of the tissue, with rows of nuclei from
epithelial cells (E) and luminal nuclei from spermatozoa. Bars = 50 (a-c, f), 25 (g) and 10
µm (d, e, h). L = lumen.
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Figure 6.
In vitro antigen presentation to T cells by epididymal and splenic DCs. CD11b+ CD11c+

DCs were isolated from C57BL/6 epididymis and spleen by FACS, as well as CD4+ OTII
and CD8+ OT-I T cells. DCs and CFSE-labeled T cells were cocultured for 5 days in the
presence (blue) or absence (red) of OVA protein. Proliferation of T cells was assessed by
flow cytometry. The percentage of proliferating cells is indicated in blue. Histograms are
representative of two independent experiments.
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