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BACKGROUND. The genitourinary tract is regarded as part of the mucosal immune system.
However, the structural and functional aspects of the human prostate-associated lymphoid
tissue (PALT) have never been extensively explored.
METHODS. This article describes our investigation of this issue by means of immunohisto-
logical, confocal, and ultrastructural examination of the normal human prostate.
RESULTS. PALT consists of two main components: (1) intraepithelial leukocytes, namely
CD3þT cells with prevalent CD8þ and CD45RA�CD45ROþ phenotype, sometimes CD69þ,
followed by CD94þNK, CD11cþDCs, some expressing CD86, DC-SIGNþDCs and a few B
lymphocytes; (2) lymphoid aggregates, frequently below the epithelia, arranged in B cell
follicles, endowed with a central ICAM-1þVCAM-1þCD21þFDCs network expressing BLC/
CXCL13, and parafollicular T cell areas crossed by PNAdþHEV-like vessels showing SLC/
CCL21 expression. Parafollicular areas were formed of prevalent CD4þT lymphocytes, both
CD45RA� and CD45ROþ, and intermingled with CD11cþDCs. Germinal-center-containing
follicles are few and their parafollicular areas are scantily infiltrated by Foxp3þCD69� highly
suppressive regulatory T cells. Most lymphoid follicles lack a distinct germinal center and their
parafollicular area harbor numerous Foxp3þCD69� cells.
CONCLUSIONS. Comparison with the tonsils shows that PALT displays immunomorpho-
logical features required for the onset of cellular and humoral immune responses, while its T
regulatory cells appear to function as suppressor-regulators of T and B cell responses. Prostate
67: 1070–1080, 2007. # 2007 Wiley-Liss, Inc.
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INTRODUCTION

Mucosal-associated lymphoid tissues are immuno-
logically active sites as the first line of defense against
exogenous antigens [1]. Their distribution, in fact,
reflects the risk of exposure to foreign materials or
microorganisms: the oropharynx and nasopharynx
contains Waldeyer’s tonsillar ring; the bronchi, in some
species, display follicle-associated epithelia (bronchus-
associated lymphoid tissue, BALT) [2]; the digestive
tract is endowed with scattered or grouped (Peyer’s
patches) lymphoid follicles (LFs) [3]. The genitourinary

tract is also part of the mucosal immune system [4–6].
Its lymphoid tissue and ability to mount an immune
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response, however, have not been investigated in
depth. The study described in this article, therefore,
examines the architectural, immunological, and func-
tional aspects of lymphoid tissue in the human
prostate. This gland, in fact, comprises both lympho-
cyte aggregates embedded in its fibro-muscular mesh-
work, frequently below the epithelia, and a mixed
population of intraepithelial leukocytes (IEL). Under-
standing of the immunological armamentarium of the
prostate is needed to assess its ability to mount a local
immune response against infections and tumors, and
may be of assistance in predicting the efficacy of
immunological anticancer strategies and the designing
of vaccines against prostate cancer [7].

In this article, a description of the immunological and
microarchitectural scenario of the prostate-associated
lymphoid tissue (PALT) is followed by consideration of
the question of its structural and functional similarity
to the tonsil, namely a secondary lymphoid organ also
endowed with an epithelial component and a para-
digm of mucosal immunity.

MATERIALSANDMETHODS

Patients,Histopathological and
Ultrastructural Analyses

We examined a total of 137 prostates from patients
who underwent prostatectomy for bladder cancer, and
selected 35 normal prostates of untreated patients aged
62–70, which were histologically negative for prostate
cancer or benign prostatic hyperplasia (BPH). Twenty-
five of these 35 prostate specimens were embedded in
paraffin and obtained from the archives of the Depart-
ment of Anatomic Pathology. Ten prostates, collected
during the last 5 years, were embedded in Killik frozen
section medium (Bio-Optica, Milano, Italy), snap-
frozen in liquid nitrogen and preserved at �808C, after
taking four or five 1 mm� 3 mm pieces that were fixed
in cacodylate-buffered 2.5% glutaraldehyde. For his-
tology, paraffin-embedded samples were sectioned at
4 mm and stained with hematoxylin-eosin. For electron
microscopy, cacodylate-fixed samples were post-fixed
in osmium tetroxide and embedded in Epon 812.
Ultrathin sections were then stained with uranyl
acetate-lead citrate.

Written informed consent was obtained from
patients and the study was approved by the Ethical
Committee of the ‘‘SS. Annunziata’’ Hospital. This
investigation conformed with the principles outlined in
the Declaration of Helsinki.

We also used formalin-fixed, paraffin-embedded,
and frozen palatine tonsils excised in a non-inflamed
state from patients who underwent tonsillectomy and
were archived in the Anatomic Pathology Section of the
‘‘SS. Annunziata’’ Hospital of Chieti, Italy.

Antibodies and Immunohistochemistry

For immunohistochemistry on the formalin-fixed,
paraffin-embedded samples, sections were treated
with H2O2/3% for 5 min to inhibit endogenous
peroxidase and then washed in H2O. Antigen was
unmasked by treatment with EDTA at pH 9 (prior to
incubation with anti-CD8, anti-CD21, anti-CD68, anti-
CD83, and anti-Von Willebrand factor [vWF] antibody
[Ab]), or with citrate buffer at pH 6 (prior to incubation
with anti-CD20, anti-CD138, and anti-peripheral
lymph node addressin [PNAd] Abs) in a microwave
oven (two 5 min courses).

The slices were then held for 20 min at room
temperature. After washing in PBS/Tween-20, immu-
nohistochemical staining was performed, as previously
reported [8], with the primary Abs listed in Table I.
To test prostate samples for IgA production, single
immunofluorescent staining with FITC-conjugated Ab
was performed on paraffin sections as previously
reported [8].

For immunohistochemistry on the frozen samples,
cryostat sections were fixed in acetone for 10 min. After
washing in PBS/Tween-20, sections were stained, as
reported [8], with the primary Abs listed in Table I.

PALT LFs were as counted as the number of CD20þB
cell follicles encircled by a CD3þT cell ring (double
immunostaining with anti-CD20/anti-CD3) in prostate
sections obtained, from 25 formalin-fixed prostates, as
follows. Each prostate was divided into five parts: the
apex, the right-anterior quadrant, the right-posterior
quadrant, the left-posterior quadrant, and the left-
anterior quadrant. Each quadrant was sectioned at
three equidistant levels. A slide (tissue section) was
obtained from each level and one slide from the apex.
Values are represented as the mean� SD of LFs at 200�
field evaluated by light microscopy on formalin-fixed,
paraffin-embedded sections. Analyses of LFs and
evaluation of the percentages of lymphocyte subsets
(in LFs and inside the glandular epithelia) and of
activated intraepithelial CD11cþ and CD3þ cells were
performed (on double immunostained sections: anti-
CD11c/anti-CD86, anti-CD3/anti-CD69, respectively)
by two pathologists, E.D.C. and C.S, in a blind fashion.
There was a substantial agreement (kappa value¼ 0.78)
between their evaluations [9].

Double Immunohistochemicaland
ImmunofluorescentAnalyses

Double immunohistochemistry on paraffin-embedded
tissue sections was performed with anti-CD20, anti-
CD21, anti-CD8, anti-CD4, anti-CD3, anti-forkhead box
P3 (Foxp3), anti-CD45RA, anti-CD45RO, anti-CD57,
and anti-CD69 Abs by using the EnVisionTM G/2
Doublestain System, Rabbit/Mouse (Dako, Glostrup,
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Denmark) according to the manufacturer’s protocol
and analyzed under a Leica DMLB light microscope
(Leica, Wetzlar, Germany).

Double immunofluorescent staining on acetone-
fixed frozen sections was performed with anti-CD3,
anti-CD20, anti-CD21, anti-CD11c, anti-CD86, anti-
PNAd, anti-DC-SIGN, and anti-CCL21 Abs, as pre-
viously reported [8], and analyzed under a Zeiss LSM
510 Meta confocal microscope (Zeiss, Oberkochen,
Germany).

RESULTS

Structure and Immunophenotype of the PALT

PALT consists of two components: (1) a diffuse
collection of isolated lymphoid aggregates lying in the
fibromuscular stroma of the prostate and frequently
close to the double-layered glandular epithelium of the
acini and ducts, above the basement membrane and,

(2) a population of IEL infiltrating the epithelia and
endowed with a distinctive phenotype.

Lymphoid aggregates occasionally consisted of an
unorganized infiltrate of CD20þB and CD3þT lympho-
cytes (Fig. 1, panel A, a) (both CD8þT and CD4þT
including a small fraction of Foxp3þTreg cells) with
intermingled dendritic cell (DC)-specific, ICAM-3
grabbing, non-integrin (DC-SIGN)þDCs (Fig. 1, panel
A, b). Most aggregates (a mean of 5.3� 2.4 per
quadrant, including the apex), were scattered in the
whole of the prostatic stroma and were arranged in
well-defined CD20þB-lymphocyte follicles (B cells
constituting about 50% of the whole aggregate)
centered around networks of CD21þfollicular dendritic
cells (FDCs) (Fig. 1, panel A, c), usually expressing
intercellular adhesion molecule 1 (ICAM-1) and vas-
cular cell adhesion molecule 1 (VCAM-1), and sur-
rounded by parafollicular CD3þT lymphocyte areas
(Fig. 1, panel A, d). These were formed by naı̈ve
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TABLE I. AntibodiesUsedin Immunostaining

Antibody Clone Origin Source

Paraffin sections
PNAda MECA-79 Rat BD (Franklin Lakes, NJ)
Bcl-6 PG-B6p Mouse Dako
CD3a F7.2.38 Mouse Dako
CD4 MT310 Mouse Dako
CD8 C8/144B Mouse Dako
CD20a L26 Mouse Dako
CD21a 1F8 Mouse Dako
CD45RA 4KB5 Mouse Dako
CD45RO UCHL1 Mouse Dako
CD68 PG-M1 Mouse Dako
CD79a JCB117 Mouse Dako
CD138 MI15 Mouse Dako
IgA Rabbit Dako
Ki-67 MIB-1 Mouse Dako
vWF F8/86 Mouse Dako
DC-LAMP 104.G4 Mouse Beckman Coulter (Fullerton, CA)
CD69 CH11 Mouse Lab Vision (Fremont, CA)
CD83 1H4b Mouse Vision BioSystems (Newcastle Upon Tyne, UK)
Foxp3 mAbcam 22510 Mouse Abcam (Cambridge, UK)

Frozen sections
DC-SIGN DCN46 Mouse BD
CD94 HP-3D9 Mouse BD
TCRgd B1 Mouse BD
CD11c KB90 Mouse Dako
CD86 BU63 Mouse Dako
CCL21 Goat R&D (Minneapolis, MN)
CXCL13 53610.11 Mouse R&D
CXCR5 51505.111 Mouse R&D
CCR7 Goat Santa Cruz (Santa Cruz, CA)
CD69 MLR-3 Mouse Dr. S. Ferrini, Genova, Italy

aAbs used on both paraffin and cryostat sections.
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Fig. 1. PanelA:Laser scanningconfocal imagesoforganized (LF) andunorganizedlymphoidaggregates in PALT.Immunophenotypingof an
unorganized lymphoid infiltrate homing to the prostatic stroma reveals a mixed population of CD20þB and CD3þT lymphocytes (a) tightly
interacting with DC-SIGNþDCs (b).Most aggregates, however, are organized in CD20þB-lymphocyte follicles centered around a network
of CD21þFDCs (c) and surrounded by parafollicular CD3þT cell areas (d) usually infiltrated by CD11cþDCs (e). (a,c^e: 400�; b: 630�.)
Panel B:Histological and immunohistochemical features of primary and secondary LFs andunorganized lymphoid aggregates in PALT.Orga-
nizedlymphoidaggregatesmayshowthefeatureofa secondaryLFcontainingthetypicalGCwithcentroblastsandcentrocytes(a)andformedof
apoolofCD20þBlymphocyteswithintermingledCD21þFDCs (d) expressingVCAM-1 (e).GCs are characterizedbyCD69þThcells (f),while
theT cell area and T-B cellborder zone arebarely infiltratedby Foxp3þTreg cells (g),mostlyCD69� (f).More frequently LFs are devoid ofGC
(primaryLF)andareformedbysmalllymphocytes(b).TheyareusuallyinfiltratedbynumerousFoxp3þTregcells(h)similarly towhatisobserved
inunorganizedlymphoidaggregates (c,i).LF, lymphoid follicle;GC,germinalcenter. (a^d: 200�; f^i: 400�; e: 630�.)
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CD45RAþ and memory CD45ROþ lymphocytes (data
not shown) with CD4 (�25% of the aggregate) and CD8
(�15% of the aggregate) phenotype intermingled with
myeloid CD11cþDCs (�10% of the aggregate) (Fig. 1,
panel A, e).

A germinal center (GC), containing ICAM-
1þVCAM-1þCD21þFDCs and showing centroblasts,
centrocytes, and CD69þ cells (Fig. 1, panel B, a,d,e,f)
which co-localized with CD57þT helper (Th) cells (not
shown) [10], was detectable in some organized LFs (6
out of 25 prostates, i.e., �25%. Two prostates harbored
two and the other four only one GC-containing follicle).
The T cell zone up to the border with the B cell area
contained a scanty population of Foxp3þregulatory T
(Treg) lymphocytes lacking CD69 expression (Fig. 1,
panel B, g,f), some of which had infiltrated the GC. The
T cell zone also harbored numerous CD68þ macro-
phages, CD86þCD11cþDCs, some dendritic cell-
lysosomal associated membrane protein (DC-LAMP)þ

and CD83þ DCs. A few CD138þ plasma cells were
located at the LF periphery.

Most LFs lacked distinct GC (Fig. 1, panel B, b) and
CD57þ Th cells and usually contained numerous DC-
SIGNþDCs and Foxp3þTreg lymphocytes (Fig. 1, panel

B, h) negative for CD69 (not shown) as also observed in
the unorganized aggregates (Fig. 1, panel B, c,i).

IEL were basically composed of CD3þTCRab, with
rare TCRgd, both CD8þ, which prevailed (about 70% of
CD3þT cells), and CD4þ diffusely penetrating the
epithelium (Fig. 2a and inset). They also crowded the
stroma just below the basal membrane, particularly
when they expanded from the edge of periglandular
LFs. Lymphocytes, frequently CD45ROþ, may express
the CD69 early activation marker (from 10% to 30% of
the CD3þ cells) (Fig. 2b). The epithelium was also
penetrated by a discrete number of CD94þNK cells
(Fig. 2c) followed by CD11cþDCs which may express
the CD86 co-stimulatory molecule (from 10% to 50% of
the CD11cþ cells) (Fig. 2d,e). DC-SIGNþDCs (Fig. 2f)
and CD68þ macrophages (Fig. 2g) were less repre-
sented. They were mostly scattered in the stroma and
frequently crowded below the basal membrane. DC-
LAMPþ and CD83þ DCs were almost absent in the
epithelium and stroma. Lastly, CD20þ or CD79aþ B
cells were also more frequently crowded below the
basal membrane than present among the epithelial cells
(Fig. 2h), like the CD138þ plasma cells releasing IgA in
the epithelia (Fig. 2i).
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Fig. 2. Immunohistochemical characterization of leukocytepopulations infiltrating theprostatic glandular epithelium.Double immunohis-
tochemistry shows thatprostatic epithelia areusually fairly infiltratedby lymphocytes,mostlyCD8þ (red) rather thanCD4þ (brown) (a and
inset).Theymay express the CD69 early activationmarker (b).The epitheliumwas also penetrated by a discrete number of CD94þNK cells
(c) followedbyCD11cþDCs(d)whichmayexpress theCD86co-stimulatorymolecule (e).DC-SIGNþDCs(f)andCD68macrophages(g)barely
infiltrate theepitheliumandespecially the stroma.CD20þBlymphocytesmay sometimesbe foundunderneath thebasalmembraneandrarely
withinepithelialcells (h)as alsoplasmacellsproducing IgAevidencedbysingleimmunofluorescenceanalyses (i) (whitearrowsindicate thebasal
membrane). (a: 200�; b^g: 400�; h,i: 630�.)
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Expression ofHomingChemokine-Receptor
Systems in the PALT

Since the architectural and immunological features
of the prostate LFs were very similar to those of LFs in
secondary lymphoid organs, we set out to determine
whether they were also associated with the expression
of lymphocyte homing molecules playing key roles in
lymphoid neogenesis and homeostasis [11–14].

The B-lymphocyte chemoattractant (BLC) also
called BCA-1 (B-cell-attracting chemokine-1) or
CXCL13, could be expressed inside LFs, with or
without GC, probably by FDCs (as revealed by the
reticular-shaped immunostaining in the follicle center)
(Fig. 3a) typically endowed with branched cytoplasmic
processes. In some of the less organized aggregates,
it was more frequently expressed by fibroblast-like
mesenchymal cells (Fig. 3b) that were also tightly
intermingled (like the FDCs) within B lymphocytes.
The BLC receptor, CXCR5 (Burkitt lymphoma receptor-
1, BLR1), was usually detected on the surface of round
cells, mostly B lymphocytes, resident in the innermost
area of LFs (Fig. 3c).

LFs were supplied by a poorly developed micro-
vascular network, of which some lengths displayed a
constant expression of PNAd (Fig. 3d) and typical
feature of high endothelial venules (HEV) appearing as
plumped vessels formed of cubical endothelial cells,
located in the parafollicular T cell area, frequently at the
edge of the B cell follicle (Fig. 3e).

Production of the potent T cell attractant secondary
lymphoid-tissue chemokine (SLC) also known as TCA-

4, Exodus-2, 6Ckine or CCL21, was evidenced in
endothelial cells forming HEV-like vessels (Fig. 3f).
The CCL21 receptor, namely CCR7, was expressed by
lymphocytes (small round cells), but particularly by
cells with DC morphology (endowed with elongated or
ramified cytoplasm processes) homing to the parafolli-
cular T cell areas (Fig. 3g).

Comparisons Between PALT andTonsil
Microarchitecture

PALT includes immune cell aggregates mostly
homing close to the glandular epithelium and mimick-
ing a few structural and functional aspects typical of
secondary lymphoid tissues. We therefore set out to
determine whether its immunological and microarch-
itectural features are comparable with those of the
tonsil, in other words a lymphoepithelial organ
representative of mucosa-associated lymphoid tissue
(MALT). (Findings are summarized in Table II.)

PALT and tonsil are mostly composed of round,
primary LFs (usually smaller in PALT) and secondary
GC-containing LFs which develop after antigenic
stimulation [15]. They are more frequent in the tonsil
and very occasional in the prostate.

GCs are typically surrounded by a mantle of small B
cells (the mantle zone) and formed by follicular center B
cells (centroblasts and centrocytes) (Fig. 4, panel A, a,b),
macrophages and CD21þFDCs (Fig. 4, panel A, c,d).
The expression of B-cell lymphoma 6 protein (bcl-6),
the proto-oncogene encoding for a POZ/zinc finger
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Fig. 3. Immunohistochemical evidences of lymphocyte homing chemokine-receptor system and PNAd expression in PALT LFs.The inner
zone ofLF shows adistinctCXCL13expressionclosely following the typical shape anddistributionofFDCs (a) andof fibroblast-like cells in less
organizedlymphoidaggregates (b).The expressionof theCXCR5receptor is localizedon the surface ofroundcells,mostprobablyB lympho-
cytes, alsohoming theinnerLF (c). Smallvessels formedbyhighendothelialcells andpassing throughtheTcellarea (d), frequentlyat theedgeof
theBcell follicle(asassessedbydoubleimmunofluorescenceandconfocalanalyses)expressedPNAd(e).Thesevesselsappear toexpressCCL21
(asassessedbydoubleimmunofluorescenceandconfocalanalyses)(f).Expressionof theCCR7receptorislocalizedonsmallroundcells,probably
lymphocytes, andparticularlyonDC-like cellshoming to theparafollicularTcellareasofLFs (g). (a,b,e,f,g: 400�; c,d: 630�.)
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transcriptional repressor and necessary for GC forma-
tion [16,17], highlighted the nuclei of centroblasts,
centrocytes and possibly occasional T cells (Fig. 4,
panel A, e,f).

GC proliferation is indicative of ongoing humoral
Ab production [18]. It was revealed by Ki-67 positivity
of GC B cells in both PALT and tonsil (Fig. 4, panel A,
g,h). Ultrastructural features of apoptosis (chromatin
hypercondensation and apoptotic bodies) were observ-
ed in PALT LFs (Fig. 4, panel B, a) and tonsil LFs (not
shown).

The FDC-B cell-rich compartment of PALT LFs
expressed, albeit inconstantly or sometimes barely
detectably, the chemokine-receptor system CXCL13-
CXCR5 regularly observed in the B cell-rich follicular
compartment of the tonsil [19].

As assessed by vWF immunostaining, the tonsil and
PALT LFs lacked a well-developed microvascular
network (Fig. 4, panel B, b). Expression of CCL21 in
PNAdþHEV vessels was usual in the tonsil, but less
frequent in PALT LFs.

Both the stratified squamous epithelium covering
the tonsil’s lymphoid tissue and the double-layered
epithelium of prostatic acini and ducts house moderate
leukocyte infiltrates, though their component popula-
tions were dissimilar. By contrast with the prostatic
epithelium, in the tonsilar epithelium CD3þ T cells
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TABLE II. ComparisonoftheMainStructuralandFunctional Featuresof PALTandTonsil

Immunomorphological featuresa PALT Tonsil

LFs with organized B and T cell areas þ þþ
CD20þB-lymphocyte follicle centered

around FDC network
þ þþ

GCs development � þþ
Ki-67þ and bcl-6þ GC cells þ þ
Follicular CXCL13-CXCR5 expression þ þþ
Microvascularization of LFs � �
HEV-PNAd expression þþ þþ
HEV-CCL21 expression þ þþ
Presence of IEL þþ þþ

aThe presence of immunomorphological features was scored as absent (�), low (�), moderate (þ),
or frequent (þþ).

Fig. 4. PanelA:Comparisonsof thehistologicalandimmunohis-
tochemical features of PALTand tonsil secondary LFs.GCs in PALT
LFs (a) are similar to those in tonsil LFs (b) and typically formedby
centroblasts and centrocytes. Both are centered by a network
of CD21þFDCs as shown by double immunohistochemistry
(c,d; CD21brown,CD20 red) and typically show the expression of
bcl-6 (e,f), fundamental forGCdevelopment and functionality, and
Ki-67 (g,h) indicating GC cell proliferation. (a^h: 400�) Panel B:
Evidences of apoptotic features and defective microvascular net-
work inPALTLFs.Apoptotic events takeplace inGCsdevelopingin
PALT LFs, as shown by ultrastructural images of chromatin hyper-
condensation and the appearance of apoptotic bodies (blue arrows
in a).PALTLFs show a poorly developedmicrovascular network, as
assessedby vWFimmunostaining (b). (b: 400�.)
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(rarely TCRgd) were mainly CD4þ as opposed to CD8þ

cells. The tonsilar epithelium was fairly infiltrated,
especially its basal layers, by immature CD1aþ and
DC-SIGNþ DCs, whereas DC-LAMPþ and CD83þ DCs
were almost completely absent. CD20þB were almost
absent, CD79aþB lymphocytes and CD94þNK cells
were few.

DISCUSSION

Interest in the mucosal immunity has been chiefly
renewed for three reasons: (a) peripheral lymphoid
organs are not absolutely required for the initiation of
immune responses that could take place in the mucosa
[20,21], (b) the emerging concept of a common mucosal
recirculation system [22] by which immune cells
activated (e.g., by vaccination) at certain mucosal sites
are able to migrate to distant mucosal surfaces [23–25],
(c) the possibility of developing new anti-cancer
vaccines by exploiting the mucosal immune system
potential [26]. Prostate cancer is the most common non-
cutaneous tumor in humans [27] and the human
prostate is endowed with a lympho-epithelial compo-
nent which is part of the genito-urinary mucosal
immunity. Thus, understanding of its structural and
functional features has become a pressing need. Till
now, only a few studies have been focused on immune
cell populations and mediators characterizing the
normal human prostate tissue [28,29]. Our immuno-
morphological investigation of the prostate lymphoid
tissue equipment namely PALT, aims to shed light on
this issue. The main points emerging from our data may
be summarized as follow:

(a) The human prostate harbors a variety of immune
cell populations at various activation and
differentiation stages that either infiltrate the
glandular epithelia, or are scattered or aggregated
in the stroma. Therefore, immune effector
elements are directly integrated in both the stromal
and the epithelial compartments and establish an
intimate relationship with them.

(b) In the stroma, often close to the epithelium,
lymphocyte aggregates may be arranged in
distinct B cell follicles, sometimes developing
GCs, and parafollicular T cell areas giving rise to
LFs. These LFs share structural and functional
features with LFs in lymphoid organs (Ki-67 and
bcl-6 positivity together with apoptotic features
characterize GC cells of both PALT and tonsil).
Therefore, it may be inferred that the prostate,
like secondary lymphoid organs, can mount B and
T adaptive immune responses.

(c) Foxp3þTreg cells are scattered in the prostatic
stroma intermingled with other leukocyte subsets.

They infiltrate lymphoid aggregates and may also
be found in primary or secondary LFs. Therefore,
in the prostate, as in secondary lymphoid organs,
Treg cells could inhibit T cell activation and T cell-
mediated immune responses [30,31], but also B cell
Ig production [32,33].

The genitourinary tract functions in close proximity
to the outside environment, yet must remain free of
microbial colonization to avoid disease [34]. The
urethra appears to be the sole site of antigen entry in
the prostate, but curiously, all the prostate tubulo-
alveolar glands are more or less housed by leukocytes
which may be, at least in part, functionally activated
as revealed by co-stimulatory molecule, CD86,
and activation antigen, CD69, expression by intra-
epithelial CD11cþDCs and CD3þT lymphocytes,
respectively.

The variable CD11cþCD86þ/CD11cþCD86� ratio
depicts the balance between immunogenic and tolero-
genic intra-epithelial DCs [35], while the activated
(CD69þ) memory (CD45ROþ) phenotype of intrae-
pithelial lymphocytes may result from intra-epithelial
accumulation of lymphocytes previously primed in
conventional lymphoid organ or, in accordance
with the concept of ‘‘a common mucosal recirculation
system,’’ by their migration from other mucosal
sites were they have experienced antigen and been
activated.

The steady ‘‘permeation’’ of glandular epithelia
by T lymphocytes, DCs, macrophages, and NK
cells strongly suggests the possibility that selective
epithelial-derived mediators account for the epithelial
tropism of these immune cells and probably affect
their functional state [36,37].

In addition to glandular epithelia, the stromal
component of the prostate does not appear to shirk
the building of PALT. Together with FDCs in LFs, in
fact, mesenchymal elements, in the form of fibroblast-
like cells, in less organized lymphoid aggregates both
express ICAM-1 and VCAM-1 as FDCs and cooperate
in the production of CXCL13 which control B cell
migration and thus the organization of B cell follicles
[38,39]. Involvement of mesenchymal cells in lym-
phoid tissue organogenesis has been demonstrated
[40,41]. The question of whether, in the prostate
microenvironment, these cells also express lympho-
toxin b receptor (LTbR) or TNF receptors (TNFRs) and
may respond to lymphotoxin, which may trigger
adhesion molecule and CXCL13 expression [42,41],
remains to be investigated.

The prostatic stroma also harbors two key elements
of the PALT structure, namely FDCs and HEV-like
vessels. The former, usually arranged in a center-
follicular network, are probably needed to support GC
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germinal center reactions and regulate B cell response
in the prostate as in lymphoid organs [43], while the
latter, morphologically (cuboidal feature) and func-
tionally (PNAd and CCL21 expression) mimicking
lymphoid tissue HEV, may be crucial for naı̈ve
lymphocyte recruitment and enter [44–46] the T cell
zone of prostate LFs. Our confocal analyses localize
CCL21 near PNAd expression, but do not provide any
definite information about its direct production by
HEV-like vessels. Thus the possibility that, as in the
human tonsil, the expression of CCL21 by prostate
HEV-like vessels is consequent to transcytosis of
the chemokine [47] cannot be ruled out.

The presence of CXCL13-CXCR5 and CCL21-CCR7
homing chemokine-receptor systems together with
PNAdþHEV-like vessels respectively in the B and T
cell zones of prostate LFs is consistent with the
classical lymphoid architecture [10,11] also detectable
at mucosal sites [1] where they provide signals for
lymphocyte migration and the building of organized
lymphoid structures. The great variability in the
number and stage of development of LFs contained
in such structures (tonsil, BALT or others) closely
depends on the frequency and type of antigenic
stimuli they receive. The relatively few LFs usually
detectable in the normal prostate may thus be
presumed to undergo quantitative and morphological
changes when inflammatory or malignant lesions
occur. The main aim of this study was to depict the
immunological features of the normal adult prostate,
whereas the question whether these features may
change during prostatitis, BPH or carcinoma was not
addressed.

Importantly, within both organized and unorga-
nized lymphoid structures and within leukocytes
scattered in the stroma, we found Foxp3þTreg cells.
Recently, it has been shown that benign prostate tissue
is barely infiltrated by CD4þCD25þFoxp3þ lympho-
cytes [48]. We here report that the highly suppressive
Foxp3þCD69�Treg cell subset [33] penetrates lym-
phoid aggregates. It is well represented in those
not organized or those lacking a distinct GC and
less numerous in GC-containing follicles typically
endowed with CD57þCD69þ Th cells and where the
B cell response is going on. As recently observed in the
tonsil [33], in these reactive follicles Foxp3þTreg cells
are located in the T cell zone up to the border with the
B cell area and some of them infiltrate the latter as far
as the GC. This feature strongly suggests that, as
in lymphoid tissues, in the PALT Treg cells suppress
GC-Th cells and the B cell Ig response.

In conclusion, this study provides the first demon-
stration that the human prostate is endowed with a
lymphoid component, namely PALT, whose structural
and functional features may enable the gland to mount

and/or expand other site-triggered immune respons-
es. An intriguing question is whether PALT is
inducible by external factors such as high antigen
load, infection and inflammation, as in the case of
BALT (which occurs in only 40% of healthy adoles-
cents and children) [49] or, alternatively, its develop-
ment is genetically predetermined as observed for
other compartments of the human mucosal immune
system (which appear before birth at predictable sites)
[50]. This is an important research area since definition
of the immunological tools in the human prostate is an
essential step towards the elaboration of vaccines and
forms of immunotherapy to prevent and treat prostate
cancer.
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