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Receptor-type protein tyrosine phosphatase gamma (PTP�), a new identifier
for myeloid dendritic cells and specialized macrophages
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Francesca Gentili, Maria Grazia Ennas, Cristina Tecchio, and Claudio Sorio

Protein tyrosine phosphatase (PTP�) is a
receptor-like molecule with a known role
in murine hematopoiesis. We analyzed
the regulation of PTP� expression in the
human hematopoietic system, where it
was detected in human peripheral blood
monocytes and dendritic cells (DCs) of
myeloid and plasmacytoid phenotypes.
Its expression was maintained during in
vitro monocyte differentiation to den-
dritic cells (moDC) and was further in-
creased after maturation with bacterial
lipopolysaccharide (LPS), CD40L, and

TNF�. But PTP� was absent when mono-
cytes from the same donor were induced
to differentiate in macrophages. B and T
lymphocytes did not express PTP�.
Rather, PTP� mRNA was expressed in
primary and secondary lymphoid tissues,
and the highest expression was in the
spleen. PTP� was detected by immunohis-
tochemistry in subsets of myeloid-de-
rived DCs and specialized macrophages
(tingible bodies, sinus and alveolar mac-
rophages). Classic macrophages in infec-
tive or reactive granulomatous reactions

did not express PTP�. Increased PTP�

expression was associated with a de-
creased ability to induce proliferation and
interferon-� secretion in T cells by moDCs
from patients with advanced pancreatic
cancer. Taken together, these results indi-
cate that PTP� is a finely regulated pro-
tein in DC and macrophage subsets in
vitro and in vivo. (Blood. 2006;108:
4223-4231)

© 2006 by The American Society of Hematology

Introduction

Classical protein tyrosine phosphatases (PTPs) exist in transmem-
brane (receptor-type PTPs [RPTPs]) and nontransmembrane (non-
TM) forms and have phosphotyrosine as substrate.1 RPTPs can be
classified in 9 subtypes according to the different combinations of
the common motifs that compose their external segments. Receptor-
type protein tyrosine phosphatase gamma (PTP�) forms with PTP�
the subtype V of RPTPs, characterized by the presence of a
carbonic anhydrase-like domain and a fibronectin type III domain
in the N-terminal portion of the extracellular domain.2 Hematopoi-
etic cells express a number of RPTPs: CD45 is the prototype and is
known to play a role in leukocytes, influencing the lymphocyte
signaling process after antigen receptor engagement.3 Experimen-
tal evidence is now emerging concerning the involvement of a
number of other RPTPs in hematopoiesis and immune response.4-8

PTP� was previously shown to regulate hematopoietic differentia-
tion in a murine model of hemopoietic differentiation,9 but its role
in the human system is unknown.

Dendritic cells (DCs) represent a specific subset of bone
marrow–derived antigen-presenting cells (APCs) that have a
central role in the initiation and regulation of immune responses
in lymphoid and nonlymphoid tissues.10 They are ubiquitously
distributed within the body and share several common features,
in particular the expression of high levels of MHC class II
molecules in combination with the absence of lineage-specific
markers such as CD3, CD14, CD15, CD16, CD19, CD20, and
CD56 and are defined as lineage negative (lin�) cells.11 In

addition to myeloid DCs (MDCs), blood DCs also include
plasmacytoid DCs (PDCs). The morphology of PDCs resembles
that of plasma cells. In addition, they are devoid of myeloid
markers, and can be distinguished from myeloid DCs on the
basis of membrane markers such as CD123, BDCA-2, and
BDCA-4. After virus infection, PDCs migrate from the blood to
lymph nodes, where they produce high concentrations of IFN
type I.12,13 Several DC types with distinct biological features
have been identified in different tissues from mice and humans,
including Langerhans cells in the epidermis, interstitial DCs in
various parenchyma, thymic DCs, and DC populations found in
other lymphoid organs that differ in phenotype, morphology,
and function.10,14-18 After activation, DCs migrate from periph-
eral tissues to regional lymph nodes and present the processed
antigens to naive T cells.19,20 The presence of various maturation
stages21,22 further complicates the picture: for example, 5
distinct DC subsets within human tonsils have been character-
ized.23 Like DCs, tissue macrophages are widely distributed in
the human body, and they share the same microenvironmental
niches. Tissue macrophages acquire markedly heterogeneous
phenotypes, reflecting their specialized functions in different
microenvironments.24

Here we demonstrate PTP� expression in peripheral blood
monocytes, in in vitro–differentiated DCs, and in subsets of tissue
myeloid DCs and specialized macrophages. We also demonstrate
that increased PTP� expression associates with a DC phenotype
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characterized by a decreased capability to induce allogeneic T-cell
proliferation. This represents a novel finding in the field of myeloid
cell biology and might find application for the selection and
identification of specific DC/specialized macrophage subsets and
their activation status in vitro and in vivo with potentially relevant
clinical applications.

Materials and methods

Hematopoietic cells and tissues

Circulating human monocytes (greater than 70% pure, as assessed by CD14
expression), polymorphonuclear cells (greater than 95% pure, as assessed
by CD15 expression), and lymphocytes (greater than 95% pure, as assessed
by morphology and the lack of CD14) were purified by Percoll (Pharmacia,
Uppsala, Sweden) gradient centrifugation from leukocyte-rich buffy coats
obtained from human blood of healthy donors, as described elsewhere.25

Monocytes were cultured in RPMI 1640 (2 � 106 cells/well/mL) supple-
mented with 2 mM glutamine and 10% heat-inactivated FCS and were
maintained in a humidified atmosphere with 5% CO2 at 37°C for various
times with or without indicated stimuli. Immature monocyte-derived
dendritic cells (moDCs) were obtained in vitro, as previously described.26

Briefly, purified monocytes from independent donors were cultured in
RPMI 1640 (2 � 106 cells/well) containing 10% heat-inactivated FCS and
2 mM glutamine and were supplemented with 50 ng/mL recombinant
human GM-CSF and 20 ng/mL recombinant human IL-4 (PeproTech,
Rocky Hill, NJ) for 5 to 6 days. To induce maturation, immature moDCs
were treated for 24 hours with 100 ng/mL lipopolysaccharide (LPS;
Escherichia coli serotype 026:B6; Sigma, St Louis, MO) or soluble CD40L
(1 �g/mL) and enhancer (1 �g/mL) (Alexis Biochemical, Rome, Italy).
Some of the cells were subjected to flow cytometry analysis to assess
activation/maturation status.

Circulating human myeloid and plasmacytoid DCs were isolated by
magnetic cell sorting with the BDCA-1 and BDCA-4 Dendritic Cell
Miltenyi Biotec Isolation Kit (Miltenyi Biotec, Bologna, Italy), respec-
tively. In all experiments, greater than 95% of the isolated cells expressed
myeloid CD11c– or plasmacytoid CD123 DC–specific markers.

Mononuclear cells were isolated from nonpathologic bone marrow
(provided by the Hematology Section, Verona University) by centrifugation
on density gradient (Lymphoprep-Nycomed Pharma AS, Oslo, Norway).

We analyzed surgical specimens from human normal skin (obtained
from plastic surgery), thymus (obtained from cardiac surgery), spleen
(obtained from post-traumatic splenectomy), reactive palatine tonsils, and
reactive lymph nodes (foreign body reaction to oil-based contrast media and
mycobacterial lymphadenitis).

This work was conducted in accordance with a protocol approved by the
Spedali Civili di Brescia, Institutional Ethical Board, and informed consent
was obtained from all patients.

From each specimen, a portion was frozen in liquid nitrogen and then
stored at �80°C; the remaining tissue block was formalin fixed and paraffin
embedded. Cryostat sections were air dried overnight at room temperature
and were fixed in acetone for 10 minutes before staining.

Twenty-four patients with inoperable or metastatic pancreatic cancer
carcinoma (14 men and 10 women; median age, 68 years; range, 54-85
years) and no prior chemotherapy were enrolled in this study, which was
conducted under strict observance of the principles of the Declaration of
Helsinki. The diagnosis of pancreatic carcinoma was based on typical
radiographic findings at ultrasonography, computed tomography, endo-
scopic retrograde cholangiopancreatography, or endoscopic ultrasonog-
raphy. After informed consent, peripheral blood samples were obtained
from patients and, for comparison, from 15 age- and sex-matched
healthy donors.

RNA was extracted with TRIzol from frozen (�70°C) tissue specimens
derived from a minimum of 2 spleens (trauma), thymus (cardiac surgery),
tonsils (hyperplastic), lymph nodes (hyperplastic), and bone marrow (from
healthy donors). RNA was treated as described for QPCR analysis.

Preparation of opsonized particles

Heat-killed Saccharomyces cerevisiae (boiled in a water bath for 30
minutes) were incubated with anti–yeast IgG, as described,27 washed twice
in PBS, and stored at 4°C for 2 to 3 days.

Cytofluorometry

The following antibodies were used for the phenotyping of peripheral blood
samples and DCs: mouse IgG1 anti–human CD1a, CD3, CD14, CD15,
CD20, CD56, CD80, CD83, and CD86 FITC-labeled and anti-CD16,
-CD11c, and -CD123 PE-labeled (BD Biosciences Pharmingen, San Diego,
CA). Briefly, cells were first blocked with 10% vol/vol normal human
serum (Invitrogen, Milan, Italy) for 15 minutes at room temperature and
then were stained with mAb for 30 minutes at room temperature. Cells were
also incubated with isotype-matched immunoglobulins (BD Biosciences
PharMingen) as negative controls. Flow cytometry was performed on a
Becton Dickinson FACScan flow cytometer. Analysis of flow cytometry
data was performed with FCS Express V3 software (De Novo Software,
Thornhill, ON, Canada).

Immunostaining of cells and tissues

Tissue blocks were cut on a cryostat into 5-�m–thick sections, mounted
onto poly-L-lysine slides, air dried overnight, postfixed for 10 minutes in
acetone, and stained. Primary antibodies used included PTP� goat poly-
clonal IgG, C-18 (Santa Cruz Biotechnology, Santa Cruz, CA; dilution
1:20), CD3 (rabbit; Dako, Glostrup, Denmark; dilution 1:200), CD11c
(LeuM5, 1:10; Becton Dickinson), CD21 (1F8, dilution 1:20; Bio-optica,
Milan, Italy), CD35 (Ber-MAC-DRC, dilution 1:20; Dako), CD123 (7G3,
dilution 1:40; BD Biosciences PharMingen, San Diego, CA), DC-SIGN
(1:5; BD Biosciences PharMingen), DC-LAMP (104.G4, dilution, 1:100;
Immunotech), and CD68 (clone PG-M1, working dilution 1:40; Dako). For
immunohistochemical staining, PTP� was incubated for 2 hours, followed
by biotinylated antigoat secondary antibody (Biogenex, San Ramon, CA)
and streptavidin-HRP (Biogenex). For double-immunofluorescence stain-
ing, primary antibodies were revealed using Texas red– or FITC-conjugated
isotype-specific secondary antibodies (dilutions 1:75 and 1:50, respec-
tively; Vector Laboratories, Burlingame, CA). Sections were examined with
an Olympus BX60 fluorescence microscope and objectives with numeric
apertures of 0.40 (10�), 0.70 (20�), 0.85 (40�), and 0.90 (60�) equipped
with a DP-70 Olympus digital camera (Olympus, Melville, NY). Images
were acquired using analySIS Image Processing software (Soft Imaging
System, Münster, Germany). For paraffin-embedded tissue, the staining
was developed with the NovoLink Polymer Detection System (Novocastra
Laboratories, Newcastle, United Kingdom) according to the manufacturer’s
instructions.

For confocal microscopy analysis, cells were washed in PBS and
centrifuged on polylysinated slides, fixed with 4% paraformaldehyde, and
permeabilized in PBS containing 0.2% Tween 20. Rabbit polyclonal
antibody specific for the PTP� extracellular domain28 was used at 10
�g/mL concentration in 0.1% Tween 20-PBS and was incubated for 2 hours
at room temperature. Other FITC-conjugated monoclonal antibodies (anti-
CD83 [Immunotech, Marseille, France], anti–HLA DR [BD Biosciences,
Milan, Italy]) were incubated for 1 hour at 4°C, together with secondary
Cy3-conjugated goat antirabbit antibody (1:1000 dilution; Amersham,
Milan, Italy). After final washes in PBS, preparations were mounted on the
antifading 1,4-diazabicyclo[2,2,2] octane (Sigma) in PBS containing 50%
glycerol. All preparations were viewed with a Zeiss LSM 510 confocal
microscope equipped with argon (488 nm) and helium/neon (543 nm)
excitation beams. Results were analyzed with MetaMorph software (Univer-
sal Imaging, Downingtown, PA).

Reverse transcription–polymerase chain reaction

Total RNA from 5 � 106 cells/point was prepared using TRIzol extraction
kit (Invitrogen, Life Technologies, Rockville, MD) according to the
manufacturer’s instructions. Total RNA (1 �g) was reverse transcribed in a
volume of 20 �L using oligo (dT)20 1 �M and 200 U SuperScript II
(Invitrogen, Milan, Italy) at 42°C for 1 hour, as described by the
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manufacturer. Polymerase chain reaction (PCR) was performed in a
GeneAmp PCR System 9700 (PE Applied Biosystems, Milan, Italy) for 35
cycles (30 seconds of denaturation at 94°C, 30 seconds of annealing at
60°C, and 30 seconds of elongation at 72°C) in a volume of 25 �L reaction
buffer containing 0.75 U AmpliTaq (PE Applied Biosystems), 0.4 �M each
primer, and 0.2 mM dNTPs (Roche, Milan, Italy). �-Actin mRNA
amplification was performed for 22 cycles on the cDNA as positive control
of reaction efficiency. The same procedure for RNA extraction and PCR
was applied to frozen tissue samples. In this case, 10 to 20 cryostat tissue
sections (20 �m each) were resuspended in TRIzol and treated as
previously described. Primers used were: ACTB 170F, 5�-ATC AAG ATC
ATT GCT CCT CCT G-3�; ACTB 170R, 5�-GCA ACT AAG TCA TAG
TCC GCC-3�; PTPRG 958F, 5�-CGT CAC CAG TCT CCT ATT GA-3�;
PTPRG 1694R, 5�-GTC TGT CAT GTC GTG GTT CC-3�; PTPRJ F,
5�-ATG CCA CCG TTT ATT CCC AAG C-3�; PTPRJ R, 5�-GAC TCG
TTA TCG CTG ACT TTC C-3�; PTPRC F, 5�-CTT AGG GAC ACG GCT
GAC TTC-3�; PTPRC R, 5�-GAG TGG TTG TTT CAG AGG CAT TA-3�;
PTPRE F, 5�-CCG ACA GCA ACG AGA CAA CC-3�; PTPRE R, 5�-ATT
CCG TTG GGC ATC TTC TTG T-3�; PTPRU F, 5�-GCT TGC TGT CCT
CAT CCT TCT- 3�; and PTPRU R, 5�-CAC CAT ACG CCA GAA GTC
ATA G-3�.

Real-time quantitative reverse transcriptase (RT)–PCR

cDNA was analyzed for the expression of target genes by the SYBR
Green I double-stranded DNA binding dye assay, using a SYBR green
PCR master mix (PE Applied Biosystems) and tested in a DNA Engine
Opticon 2 Continuous Fluorescence Detector (MJ Research, Ramsey,
MN). Reactions were denatured for 10 minutes at 95°C and then
subjected to 50 two-step amplification cycles with denaturation at 95°C
for 15 seconds followed by annealing/extension at 60°C for 1 minute.
Values are expressed as number of copies of specific transcript/�-actin.
Cloned �-ACT and PTP� cDNA were used as reference for cDNA
quantification. Primers used were ACTB 170F; ACTB 170R (170 bp);
PTP�1 F, 5�-GCC TTT ACC GTC ACC CTT ATC -3�; and PTP�1 R,
5�-AAA GGT ACT ACT TAT GGG GGC -3� (171 bp).

Data were obtained with Optical monitor version 2.02.24 (MJ Re-
search) software and were analyzed with GraphPad Prism version 4.00 and
GraphPad InStat version 3.05 (GraphPad Software, San Diego, CA).

Allogeneic T-cell proliferation assay

moDCs were used in primary MLR to stimulate allogeneic responder T
cells. T cells were isolated by negative immunomagnetic depletion of
nonadherent peripheral blood mononuclear cells (PBMCs) from healthy
volunteers using a monoclonal antibody mixture containing anti-CD14,
-CD19, -CD20, -CD16, and -CD36 (BD PharMingen) and MACS separa-
tion columns (Miltenyi Biotec; Bergisch Gladbach, Germany). Graded

numbers of irradiated (30 Gy) moDC from healthy subjects or patients were
mixed with allogeneic T cells (2 � 105/200 �L) in 96-well U-bottom
culture plates in RPMI 1640 containing 10% heat-inactivated FCS. To
determine DNA synthesis, cells were pulsed with 18.5 KBq [3H]-TdR
(GBq/mmol; Du Pont-New England Nuclear, Wilmington, DE) for the last
5 hours of a 5-day culture. Cellular DNA was collected on glass fiber filters,
and [3H]-TdR incorporation was measured in a �-counter. Results are
expressed as mean � SD counts per minute (cpm) in triplicate. To measure
IFN-� production, 100 �L supernatant was harvested and frozen at �70°C.

IFN-� detection

IFN-� was measured using a commercially available ELISA kit (Bender
MedSystems, Vienna, Austria) in cell free-supernatants collected from
primary MLR before the addition of [3H]-TdR. The minimum detectable
dose was smaller than 1.5 pg/mL. All samples were assayed in duplicate.

Results

PTP� mRNA expression in hematopoietic cells, tissues,
and differentiated monocytes

We quantitatively measured the presence of PTP� transcript in
purified peripheral blood cells from healthy donors, where it was
readily detected in monocytes (Figure 1A). The low level of
expression in lymphocytes was likely caused by residual monocyte
contamination (average, 5%) in the preparation, as judged by FACS
analysis with anti-CD14 antibody (not shown). A similar amount of
transcript was detected in MDCs and PDCs isolated from periph-
eral blood, whereas PTP� transcript was nearly undetectable in
Ficoll-purified polymorphonuclear cells (PMNs). Of the primary
and secondary hemopoietic tissues examined (spleen, thymus,
lymph nodes, tonsils, and Ficoll-purified bone marrow cells),
spleen appeared to express the highest mRNA levels (Figure 1B).
When monocytes were driven to differentiate into macrophages
(moM	) or moDC by the addition of cytokines (see “Materials and
methods”), PTP� was lost in the former case but was maintained,
or even increased, when monocytes differentiated into immature
moDCs. Maturation induced by bacterial LPS and CD40L was
associated with variable increases of PTP� expression (Figure 1C).

PTP�-expressing cells in spleen and other tissues

To identify the cell type expressing PTP� in situ, immunohisto-
chemical and double-immunofluorescence staining was performed

Figure 1. Expression of PTP� in peripheral blood,
hematopoietic tissues, and differentiated mono-
cytes. Number of copies of PTPRG mRNA per 106

copies of ACTB estimated by QPCR analysis in periph-
eral blood cells of individual donors (monocytes, n 
 8;
PBL, n 
 6; PMN, n 
 5; MDCs, n 
 4; plasmacytoid
DCs, n 
 4) (A) and in primary and secondary hematopoi-
etic tissue (spleen, n 
 3 subjects; thymus, n 
 2 sub-
jects; tonsil, n 
 2 subjects; lymph nodes, n 
 3 sub-
jects; bone marrow, n 
 8 subjects) (B). QPCR analysis
of PTP� expression in monocytes (n 
 8 subjects) in-
duced to differentiate to macrophages (moM	, n 
 5
subjects) or dendritic cells (moDC, n 
 9 subjects) in the
presence or absence of LPS (n 
 7 subjects) and CD40L
(n 
 9 subjects) (C). Statistically meaningful P values are
indicated for panels A and C (calculated with unpaired t
test with Welch correction). Graphs A and C are box plots
in which median, 25th percentiles, 75th percentiles,
minimum values, and maximum values are presented as
vertical boxes and lines. In panel B, error bars represent
standard deviation (SD).
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on frozen and formalin-fixed tissue sections from lymphoid organs
and normal skin.

In normal spleen, lymph node, and tonsil, PTP� reactivity was
dominantly observed in the germinal center. Most PTP�-
expressing cells were tingible body macrophages represented by
large cells with abundant cytoplasm (Figure 2A) containing
phagocytosed debris (not shown). The identity of this cell popula-
tion was confirmed by double immunofluorescence demonstrating
coexpression of CD11c (Figure 2B) and lack of CD21/CD35 (data
not shown), the latter excluding a follicular DC phenotype. Of note,
double-immunofluorescence analysis revealed a preferential local-
ization of germinal center T-lymphocytes around PTP�� cells
(Figure 2B, inset). PTP� expression was not restricted to the B-cell
compartment. In the spleen, it was observed in macrophages and
sinus-lining cells of the red pulp (Figure 2A and Figure S1, which is
available on the Blood website; see the Supplemental Figure link at
the top of the online article). In addition, PTP�-positive cells with
dendritic morphology were found in the interfollicular area of
lymph nodes and tonsils (Figure 2C) and in nodal DC-SIGN� sinus
macrophages29 (Figure 2D). No expression of PTP� was detected
in mature interdigitating DCs of the nodal T-cell area or in
plasmacytoid DCs (data not shown).

The expression of PTP� was evaluated in normal skin by
immunohistochemistry. In addition to diffuse PTP� reactivity
on epidermal keratinocytes, PTP�-positive cells were found in
the upper dermis. These cells were characterized by fusate/
dendritic morphology and coexpressed DC-SIGN (Figure 2E),
corresponding to dermal DCs.30,31 In normal thymus, immunohis-
tochemistry confirmed anti-PTP� reactivity on sparse cells in
the medulla and in the cortex (Figure 2F). Positive cells
displayed abundant cytoplasm and irregular morphology (Figure
2F-H) but did not coexpress pancytokeratin, thus excluding
thymic epithelial cell identity (not shown). Significantly, some
PTP�� cells coexpressed DC-SIGN (Figure 2F, inset); in
contrast, no reactivity was found on the 2 major thymic DC

subsets, namely CD123� plasmacytoid DCs (Figure 2G) and
DC-LAMP� mature DCs (Figure 2H). Altogether these data
indicated that PTP� expression was retained in primary and
secondary lymphoid organs by subsets of DCs and some
specialized macrophages.

PTP� expression is associated with moDC but not moM�

differentiation: a key role for IL-4

Peripheral blood monocytes can differentiate into macrophages or
DCs in vitro,32,33 and regulation of PTP� expression during
monocyte differentiation along these 2 pathways was investigated.
When monocytes were cultured in vitro in the absence of exog-
enous cytokines, PTP� was down-regulated within 2 hours (not
shown) and remained absent in moM	 obtained after 5-day
culture. Under these experimental conditions, monocytes differen-
tiated into large adherent cells that represented macrophagic
elements, as determined by morphology and by the expression of
specific surface markers (Figure 3). Activation of moM	 by
various cytokines known to regulate macrophage functions, includ-
ing IL-1�, TNF�, IL-4, GM-CSF, IFN�, IL-10, LPS, and CD40L,
did not restore PTP� expression. Furthermore, given that PTP�-
positive tingible body macrophages of the germinal center exert
phagocytic activity,34 we tested the hypothesis that phagocytosis
can trigger PTP� expression in in vitro–cultured macrophages.
However, the induction of phagocytosis by yeast-IgG did not lead
to PTP� expression (data not shown).

When monocytes from the same donors were differentiated into
DCs in the presence of IL-4 and GM-CSF, PTP� expression was
maintained throughout the 5-day culture. Even though PTP�
expression was rapidly lost in cultured monocytes (within 2 hours;
data not shown), its expression could be restored by the addition of
GM-CSF and IL-4 in the medium. GM-CSF alone was ineffective,
but if IL-4 was added after 3 days of culture with the sole GM-CSF,
PTP� transcript was re-expressed (Figure 3). In this case, the

Figure 2. PTP� expression in lymphoid organs and skin. Sections were obtained from spleen (A), human tonsil (B), lymph node (C-D), skin (E), and thymus (F-H). In the
spleen, PTP�� stained tingible body macrophages of a B-cell follicle and macrophages (white arrowhead) and sinus lining cells (black arrowheads) in the red pulp (A; Gc
indicates germinal center; Mz: marginal zone). Double immunofluorescence staining shows that all PTP�� found in the B-cell follicle coexpressed CD11c on the plasma
membrane (B), and some of them clustered with CD3� germinal center T-cells (B, inset). PTP�� cells with dendritic morphology are obvious in the interfollicular (IF) area,
highlighted by the presence of high endothelial venules (C, black arrowhead) and in most DC-SIGN� sinus macrophages (D, yellow cells). In normal skin, PTP��� positivity
was diffuse in the epidermis; in the dermis, scattered PTP��� cells were observed, most of which showed an irregular morphology and coexpressed DC-SIGN (E, yellow cells).
In normal thymus, scattered PTP��� cells were observed in the cortex (Tc) and in the medulla (Tm) (F), highlighted by the presence of Hassal bodies (arrowhead); no reactivity
was observed on most thymocytes (F-H). PTP��� cells were irregular in morphology and showed abundant cytoplasm (F-H), and some of them coexpressed DC-SIGN (F,
inset). PTP� positivity was absent on CD123� plasmacytoid dendritic cells (G) and in DC-LAMP� mature dendritic cells (H) populating the thymic medulla. Indirect
immunoperoxidase technique was applied, and nuclei were counterstained with hematoxylin (A, C, F). Double immunofluorescence was performed using FITC- and Texas
red–conjugated secondary antibodies, as labeled (B, D-E, G-H).
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resultant phenotype was mixed, as suggested by the expression of
the CD64 antigen. When monocytes were cultured in the absence
of cytokine for 5 days, they acquired the macrophagic phenotype
described. Adding IL-4 alone or in combination with GM-CSF did
not induce PTP� expression anymore (data not shown). These data
indicated a critical and differentiation-dependent role for IL-4 in
the induction and maintenance of PTP� expression.

PTP� colocalizes with MHC class II on DC plasma membrane

Confocal microscopy analysis of PTP� expression was performed
on moDCs using an antibody, anti-P4, that can detect PTP� only in
cells fixed and treated with detergents. It is well known that DC
maturation induced by stimuli such as LPS is associated with
increased MHC class II and CD83 expression on the cell surface.
Analysis of immature and LPS-mature moDCs confirmed the
membrane expression of PTP� and its increased expression after
LPS stimulation (Figure 4). The confocal image also suggested

colocalization of PTP� with MHC class II. The specificity of these
results was supported by the observation that CD83, another cell
surface marker of mature DCs, did not appear to colocalize with
PTP� (Figure 4).

Specificity of PTP� expression in moM� and moDCs

To determine the specificity of PTP� modulation within the RPTP
family, we evaluated the expression profile of 4 RPTPs known to be
expressed by hematopoietic cells. PTPRC (CD45), PTPRJ (CD148),
and PTPRE (PTP) transcripts were found in moM	 cells and
moDCs and were down-regulated in mature DCs. PTPRU (PTP�)
was not expressed by any cell type, whereas PTP� was always
absent in moM	 cells but was expressed and further induced by
LPS treatment in moDCs (Figure 5). These data further indicated
that PTP� is an moDC-associated phosphatase and is regulated
during differentiation and maturation.

Figure 3. PTP� expression is differentially modulated by IL-4 and GM-CSF. IL-4 and GM-CSF were added, either individually or in combination, at the beginning of
incubation. *IL-4 was added after 3 days of GM-CSF treatment. Some of the cells were stained with May-Grunwald; the remaining cells were analyzed by cytofluorometry with a
combination of myeloid markers. Large cells with large, vacuolated cytoplasm are shown in the absence of cytokines. These cells did not express PTP� and were characterized
by a macrophage phenotype (CD14�CD64�CD1a�CD80�). PTP� began to be expressed only when IL-4 was added, but in the absence of GM-CSF the number of cells
obtained in culture was decreased and the phenotype was macrophagic. When both cytokines were added, PTP� was expressed, and both the morphology and the surface
markers shifted to those of a typical DC phenotype (CD14�CD64�CD1a�CD80�). If IL-4 addition was delayed (*), the phenotype was intermediate because CD64 was still
expressed and the cytoplasmic processes typical of DCs were less apparent. ACTB expression demonstrated the specificity of the signal. Results of 1 of 3 representative
experiments are shown. Shaded areas represent isotype control; open areas, the specific marker.

Figure 4. PTP� expression was increased by LPS and appeared
to colocalize with MHC class II on DC plasma membrane. moDCs
were left untreated (top panels) or were treated with LPS for 24 hours
(bottom panels) and then were stained with control antibody (rabbit
[Rbt] IgG), anti-PTP� affinity-purified polyclonal antibody P4, followed
by anti–Rbt IgG-Cy3 (red), FITC-conjugated anti–MHC class II, and
anti-CD83 antibodies (green). Insets show the double staining of
PTP�-expressing cells (red) with MHC class II (third column) and
CD83 (last column), both in green. PTP�, MHC class II, and CD83
signals all increased at the cell surface on LPS treatment. MHC class
II, and especially CD83, also appeared as a bright green spot in a
perinuclear localization. Yellow indicates colocalization of the selected
proteins that is particularly evident at the cell surface (inset, third
column from left, bottom panel) corresponding to LPS-treated moDCs
stained with anti–MHC class II and -PTP� antibodies.
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PTP� expression in specialized and reactive tissue M�

PTP� expression was also investigated in tissue macrophages in
the normal lung or was recruited at the site of inflammation.
Alveolar macrophages appeared to strongly express PTP� in their
cytoplasm (Figure 6A); in contrast, PTP� expression was not
observed in multinucleated cells that accumulated at the site of
inflammation in a patient with lymphadenitis caused by foreign
body reaction (Figure 6B). In mycobacteria-induced lymphadeni-
tis, granuloma lesions are mostly composed by a collection of
specialized monocyte-derived macrophages called epithelioid cells
admixed to a variable amount of T-lymphocytes. PTP� expression
was completely absent in all the cells that participated in the
granuloma reaction, including epithelioid cells (Figure 6C). These
data confirmed that the lack of PTP� expression we observed in in
vitro–differentiated macrophages also occurred in vivo and that
PTP� expression was a feature of selected macrophage
subpopulations.

PTP� expression correlates with a tolerogenic phenotype

We recently demonstrated that in patients with pancreatic cancer,
DCs acquire a tolerogenic phenotype35 associated with a reduced
capability to induce an allogeneic response and to release IFN-�.
We measured the level of PTP� expression in moDCs derived from
sex- and age-matched controls and from patients with advanced
pancreatic cancer. The latter had diminished ability to induce T-cell
proliferation (Figure 7A). Immature moDCs induced significantly
higher IFN-� production by T cells than did immature moDCs
generated from patients (median, 1784 pg/mL; range, 1028-3425
pg/mL vs median, 1045 pg/mL; range, 521-1507 pg/mL; P 
 .006;
Figure 7B). This feature is associated with an increased expression
of PTP� (P 
 .01; Figure 7C).

Discussion

PTP� transcript is detected in a variety of human tissues, including
lung, stomach, esophagus, colon, liver, spleen, and kidney.36 Aside
from the reported expression in the spleen, the pattern of expres-
sion and the nature of the cells expressing PTP� in the human

hematopoietic system is unknown. A role for PTP� in hematopoi-
etic differentiation was described in a murine model of hematopoi-
esis using embryonic stem cells.9 In the present study, PTP�
mRNA expression was readily detectable in peripheral blood
monocytes and, at lower levels, in circulating myeloid and
plasmacytoid DCs. In addition, quantitative measurement of mRNA
levels in hemopoietic and lymphoid tissues confirmed the spleen as
a major PTP�-expressing organ, followed by tonsil, lymph nodes,
thymus, and Ficoll-purified bone marrow cells. Accordingly, immu-
nohistochemical analysis of tissue sections from lymphoid organs
revealed PTP� protein expression in DCs and macrophages. In
particular, PTP� reactivity was observed in tissue-localized DCs of
immature phenotype, in specialized macrophages such as alveolar
and sinus macrophages, and in tingible body macrophages of the
germinal center. In the spleen, PTP� reactivity was also observed in
macrophages and sinus lining cells of the red pulp, a major
component of the spleen structure, thus providing a possible
explanation for the abundance of PTP� mRNA found in this organ.

In addition, a subset of PTP�-expressing cells that exhibited DC
morphology was observed in the interfollicular area of tonsil and
lymph nodes. These cells have been recently characterized as
immature DCs expressing DC-SIGN.37 We also found PTP��/DC-
SIGN� dendritic cells in the thymus and skin, in agreement with

Figure 6. Variability of PTP� expression in tissue macrophages. Sections were
obtained from normal lung (A), a patient with foreign body reaction to oil-based
contrast media (B), and a patient with mycobacterial lymphadenitis (C). In normal
lung, strong PTP� reactivity was observed in the cytoplasm of alveolar macrophages,
some of them showing obvious anthracosis (arrowheads). In nodal foreign body
reaction, numerous PTP�� sinus macrophages were present; no PTP� reactivity was
observed in numerous multinucleated giant cells surrounding lipidic drops (B,
arrowheads). In mycobacterial lymphadenitis, only rare PTP� cells were found
outside the granuloma, and no staining was observed in epithelioid macrophages (C,
asterisks). Indirect immunoperoxidase technique was applied, and nuclei were
counterstained with hematoxylin.

Figure 5. PTP� regulation is unique among other RPTPs. Expression of PTP�
mRNA in comparison with a selection of RPTPs in resting and activated moM	 and
moDCs. Lane 1, marker; lane 2, resting macrophages; lane 3, macrophages
activated with 100 ng/mL LPS for 24 hours; lane 4, resting DCs; lane 5, DCs activated
with 100 ng/mL LPS for 24 hours. Names of the genes analyzed appear on the left
side of the picture.
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the previously reported identification of a distinct DC-SIGN�

dendritic cell subset in these organs.38 Given the selective expres-
sion of PTP� in these myeloid cell subsets, we investigated the
expression of this phosphatase and its regulation in an in vitro
model of moDCs and macrophages (moM	). In vitro–cultured
moDCs expressed PTP� transcript and protein, and this expression
was increased by maturation induced by LPS, CD40L, and TNF�.
Circulating PDCs and MDCs expressed low levels of PTP�
transcript, whereas tissue PDCs and lymph node–interdigitating
mature DCs did not express detectable levels of PTP� protein.
Despite the fact that MDCs and PDCs differed in their lineage of
origin (for reviews, see Colonna13 and Galibert39), they shared
PTP� expression. Therefore, it was likely that PTP� was finely
regulated in different DC populations, mostly reflecting their
degree of differentiation, function, and tissue location.

In addition to DCs, we observed PTP� expression in lymph
node sinus macrophages. Although these cells are considered
macrophages, the sinus conduit system in mice is known to contain
both CD11b�/CD11c� and CD11b�/CD11c� mononuclear cells.40

Interestingly, some authors proposed to consider marginal sinus
macrophages “sinus DCs” based on the selective expression of the
Ki-M9 antigen.41 Lung alveolar M	 also expressed PTP�. It is of
note that PTP�� DCs coexpressed DC-SIGN, a feature shared by
sinus and alveolar M	,38 suggesting that the PTP��/DC-SIGN�

phenotype may identify specific subsets of tissue macrophages that
share functional features with DCs in terms of high-level antigen
presentation.

Tingible body macrophages are CD11c� myeloid cells with
poorly characterized function. Their main role in germinal center
reaction is related to the scavenger function of apoptotic germinal
center B cells (for reviews, see MacLennan42 and Smith et al43).
We found that they expressed PTP� and physically interacted
with germinal center T cells. Taken together, these data suggest a
more complex role of these cells in the generation of the germinal
center reaction.

In contrast, in the interfollicular area, PTP�� DCs can interact
with and instruct a mixture of lymphoid cells recently immigrated
from the peripheral blood through the high endothelial venules. In
keeping with this hypothesis, the specific colocalization of PTP�
and MHC class II, in association with its tyrosine phosphatase
activity, might suggest its involvement in the regulation of the
“immunologic synapse.”44,45

Little is known about factors that modulate PTP� mRNA
expression. Human astrocytoma cells express this phosphatase

under the influence of IL-1�/IL-1� or TNF�. 17�-Estradiol, which
down-regulates PTP� expression in normal cells and breast cancer
cells, is the only other molecule known to modulate its expres-
sion.46 Based on the data reported here and on the fact that
cytokines represent important factors for myeloid cell differentiation/
activation, we attempted to identify in vitro conditions that could
modulate PTP� expression. IL-4 is a critical cytokine that prevents
PTP� down-modulation induced by in vitro culture of monocytes.
Under these experimental conditions, PTP� expression is up-
regulated by proinflammatory stimuli such as LPS, CD40L, and
TNF�. We observed that specialized macrophage populations
expressed PTP� in vivo, and we wondered whether PTP� could
also be induced in moM	 in vitro. However, moM	 failed to
express PTP� in vitro in any of the experimental conditions
investigated, such as IL-1�, TNF�, IL-4, IFN�, IL-10, and
GM-CSF, alone or in combination. The same cells did not express
PTP� after LPS and CD40L stimulation or after the ingestion of
IgG-coated yeast particles. These results mimic the absence of
PTP� expression by foreign body–reactive M	 and by epithelioid
cells from granulomatous lymphadenitis in vivo, which are as-
sumed to derive from circulating monocytes.47-49

In addition, it must be considered that PTP� expression in
moDC and moM	 is unique within the members of the transmem-
brane PTP family expressed in hemopoietic cells. It also appeared
to be the only one whose expression was increased after maturation.

PTP� can be considered an in vitro marker of the DC
differentiation pathway, whereas in vivo its expression is present in
a subset of immature DC SIGN� DC and in certain subsets of
specialized macrophages, namely those localized in the lung,
germinal center, and sinus conduit in the lymph node. In parallel
with the in vitro data, in vivo inflammatory macrophages do not
express PTP�. Interestingly, IL-4, the key cytokine for the expres-
sion of PTP� in vitro, is also known to increase the expression of
DC-SIGN.50 Given that PTP� expression in vivo is restricted to
certain subsets of DCs and macrophages, it is likely that this protein
might play a role in determining the functional heterogeneity that
characterizes these populations. In keeping with this hypothesis,
the results of our investigation strongly suggest that pancreatic
carcinoma–associated cytokines lead to the development of a
predominant tolerogenic DC2 phenotype, characterized by low
expression levels of costimulatory molecules35 and poor T-cell
allostimulatory capacity. We observed that these features associ-
ated with higher PTP� expression. DC capability to induce
tolerance has been demonstrated in immature and mature DCs.51

Figure 7. Tolerogenic phenotype of moDCs derived from patients with pancreatic cancer is associated with decreased PTP� expression. (A) Allostimulatory function
(MLR) of immature moDCs generated from patients with advanced or metastatic pancreatic carcinoma (n 
 24, F) compared with control immature moDCs (n 
 15, E).
Results are expressed as mean � SD of [3H-TdR] uptake after 5 days of MLR culture in triplicate and show a reduced capability to stimulate T-cell proliferation by the former.
CPM for T cells alone was 3963 � 984. (B) IFN-� production by allogeneic T cells stimulated by immature moDC from healthy donors (n 
 15) and patients with advanced or
metastatic pancreatic carcinoma (n 
 15). Cytokine levels were detected by ELISA in cell-free supernatants collected from primary MLR before the addition of 3H-TdR. (C)
PTP� expression was increased in patients with metastatic pancreatic carcinoma (n 
 9) compared with healthy donors (n 
 11). (B-C) Median, 25th percentiles, 75th
percentiles, minimum values, and maximum values are presented as vertical boxes and lines.
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Therefore, the evidence that PTP� expression is observed in
immature DCs in vitro and in vivo, is induced by LPS and CD40L
in moDCs, and characterizes a subset of tolerogenic moDCs in
cancer patients is in keeping with the possibility that PTP� levels
could represent a crucial event that defines or modulates the
function of specific DCs and other myeloid cells.

Future identification of PTP� ligand and better understanding of
the role of this protein in cell function will contribute to our
understanding of the biological role of DC and macrophage
subpopulations.
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2004); and Fondazione Beretta (Brescia, Italy).

The authors thank Brian Weaver (Department of Pathology and
Immunology, Washington University, St Louis, MO) and Martin
Pelletier (Department of Pathology, University of Verona) for
careful review of the manuscript.

This article is dedicated to Daniele Lissandrini, a serious
scientist who, despite troubles, never lost his interest in life science,
and a deeply caring person with an irrepressible sense of humor.

Authorship

Conflict-of-interest disclosure: The authors declare no competing
financial interests.

D.L., W.V., and M.V. equally contributed to this study. Daniele
Lissandrini died on September 4, 2004.

Correspondence: Claudio Sorio, Department of Pathology,
General Pathology Section, University of Verona, Strada Le Grazie
37134 Verona, Italy; e-mail: claudio.sorio@univr.it.

References

1. Novo Nordisk Science. A Web-accessible re-
source of information on protein tyrosine phos-
phatases. http://ptp.cshl.edu/. Accessed May
2006.

2. Barnea G, Silvennoinen O, Shaanan B, et al.
Identification of a carbonic anhydrase-like domain
in the extracellular region of RPTP gamma de-
fines a new subfamily of receptor tyrosine phos-
phatases. Mol Cell Biol. 1993;13:1497-1506.

3. Frearson JA, Alexander DR. Protein tyrosine
phosphatases in T-cell development, apoptosis
and signalling. Immunol Today. 1996;17:385-391.

4. de la Fuente-Garcia MA, Nicolas JM, Freed JH,
et al. CD148 is a membrane protein tyrosine
phosphatase present in all hematopoietic lin-
eages and is involved in signal transduction on
lymphocytes. Blood. 1998;91:2800-2809.

5. Autschbach F, Palou E, Mechtersheimer G, et al.
Expression of the membrane protein tyrosine
phosphatase CD148 in human tissues. Tissue
Antigens. 1999;54:485-498.

6. Taniguchi Y, London R, Schinkmann K, Jiang S,
Avraham H. The receptor protein tyrosine phos-
phatase, PTP-RO, is upregulated during
megakaryocyte differentiation and is associated
with the c-Kit receptor. Blood. 1999;94:539-549.

7. Aguiar RC, Yakushijin Y, Kharbanda S, Tiwari S,
Freeman GJ, Shipp MA. PTPROt: an alternatively
spliced and developmentally regulated B- lym-
phoid phosphatase that promotes G0/G1 arrest.
Blood. 1999;94:2403-2413.

8. Mustelin T, Vang T, Bottini N. Protein tyrosine
phosphatases and the immune response. Nat
Rev Immunol. 2005;5:43-57.

9. Sorio C, Melotti P, D’Arcangelo D, et al. Receptor
protein tyrosine phosphatase gamma, Ptp
gamma, regulates hematopoietic differentiation.
Blood. 1997;90:49-57.

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

11. Hart DNJ, MacDonald K, Vuckovic S, Clark GJ.
Phenotypic characterization of dendritic cells. In:
Lotze MT, Thomson AW, eds. Dendritic Cells, Bi-
ology and Clinical Applications. 2nd ed. San Di-
ego, CA: Academic Press; 2001:97-118.

12. Facchetti F, Vermi W, Mason D, Colonna M. The
plasmacytoid monocyte/interferon producing
cells. Virchows Arch. 2003;443:703-717.

13. Colonna M, Trinchieri G, Liu YJ. Plasmacytoid
dendritic cells in immunity. Nat Immunol. 2004;5:
1219-1226.

14. Pulendran B, Palucka K, Bancherau J. Dendritic
cells in the spleen and lymph nodes. In: Lotze
MT, Thomson AW, eds. Dendritic Cells, Biology
and Clinical Applications. 2nd ed. San Diego, CA:
Academic Press; 2001:357-370.

15. Maldonado-Lopez R, De Smedt T, Michel P, et al.
CD8alpha� and CD8alpha� subclasses of den-
dritic cells direct the development of distinct T
helper cells in vivo. J Exp Med. 1999;189:587-
592.

16. Pulendran B, Smith JL, Caspary G, et al. Distinct
dendritic cell subsets differentially regulate the
class of immune response in vivo. Proc Natl Acad
Sci U S A. 1999;96:1036-1041.

17. Res P, Martinez-Caceres E, Cristina Jaleco A, et
al. CD34�CD38dim cells in the human thymus can
differentiate into T, natural killer, and dendritic
cells but are distinct from pluripotent stem cells.
Blood. 1996;87:5196-5206.

18. Rissoan MC, Soumelis V, Kadowaki N, et al. Re-
ciprocal control of T helper cell and dendritic cell
differentiation. Science. 1999;283:1183-1186.

19. Sozzani S, Allavena P, Mantovani A. Chemokines
and dendritic cells. In: Thomas GM, Lotze M, eds.
Dendritic Cells: Biology and Clinical Applications.
Vol 203. London, United Kingdom: Academic
Press; 2001.

20. Sallusto F, Mackay CR, Lanzavecchia A. The role
of chemokine receptors in primary, effector, and
memory immune responses. Annu Rev Immunol.
2000;18:593-620.

21. O’Doherty U, Peng M, Gezelter S, et al. Human
blood contains two subsets of dendritic cells, one
immunologically mature and the other immature.
Immunology. 1994;82:487-493.

22. Thomas R, Lipsky PE. Human peripheral blood
dendritic cell subsets: isolation and characteriza-
tion of precursor and mature antigen-presenting
cells. J Immunol. 1994;153:4016-4028.

23. Summers KL, Hock BD, McKenzie JL, Hart DN.
Phenotypic characterization of five dendritic cell
subsets in human tonsils. Am J Pathol. 2001;159:
285-295.

24. Taylor PR, Martinez-Pomares L, Stacey M, Lin
HH, Brown GD, Gordon S. Macrophage receptors
and immune recognition. Annu Rev Immunol.
2005;23:901-944.

25. Muzio M, Re F, Sironi M, et al. Interleukin-13 in-
duces the production of interleukin-1 receptor an-
tagonist (IL-1ra) and the expression of the mRNA
for the intracellular (keratinocyte) form of IL-1ra in

human myelomonocytic cells. Blood. 1994;83:
1738-1743.

26. Sozzani S, Luini W, Borsatti A, et al. Receptor
expression and responsiveness of human den-
dritic cells to a defined set of CC and CXC che-
mokines. J Immunol. 1997;159:1993-2000.

27. Della Bianca V, Grzeskowiak M, Rossi F. Studies
on molecular regulation of phagocytosis and acti-
vation of the NADPH oxidase in neutrophils: IgG-
and C3b-mediated ingestion and associated
respiratory burst independent of phospholipid
turnover and Ca2� transients. J Immunol. 1990;
144:1411-1417.

28. Sorio C, Mendrola J, Lou Z, LaForgia S, Croce
CM, Huebner K. Characterization of the receptor
protein tyrosine phosphatase gene product PTP
gamma: binding and activation by triphosphory-
lated nucleosides. Cancer Res. 1995;55:4855-
4864.

29. Granelli-Piperno A, Pritsker A, Pack M, et al. Den-
dritic cell-specific intercellular adhesion molecule
3-grabbing nonintegrin/CD209 is abundant on
macrophages in the normal human lymph node
and is not required for dendritic cell stimulation of
the mixed leukocyte reaction. J Immunol. 2005;
175:4265-4273.

30. Turville SG, Cameron PU, Handley A, et al. Diver-
sity of receptors binding HIV on dendritic cell sub-
sets. Nat Immunol. 2002;3:975-983.

31. Vermi W, Bonecchi R, Facchetti F, et al. Recruit-
ment of immature plasmacytoid dendritic cells
(plasmacytoid monocytes) and myeloid dendritic
cells in primary cutaneous melanomas. J Pathol.
2003;200:255-268.

32. Andreesen R, Brugger W, Scheibenbogen C, et
al. Surface phenotype analysis of human mono-
cyte to macrophage maturation. J Leukoc Biol.
1990;47:490-497.

33. Sallusto F, Lanzavecchia A. Efficient presentation
of soluble antigen by cultured human dendritic
cells is maintained by granulocyte/macrophage
colony-stimulating factor plus interleukin 4 and
downregulated by tumor necrosis factor alpha. J
Exp Med. 1994;179:1109-1118.

34. Baumann I, Kolowos W, Voll RE, et al. Impaired
uptake of apoptotic cells into tingible body macro-
phages in germinal centers of patients with sys-
temic lupus erythematosus. Arthritis Rheum.
2002;46:191-201.

4230 LISSANDRINI et al BLOOD, 15 DECEMBER 2006 � VOLUME 108, NUMBER 13

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/108/13/4223/1454984/zh802406004223.pdf by guest on 18 M

ay 2024



35. Bellone G, Carbone A, Smirne C, et al. Coopera-
tive induction of a tolerogenic dendritic cell phe-
notype by cytokines secreted by pancreatic carci-
noma cells. J Immunol. 2006;177:3448-3460.

36. Tsukamoto T, Takahashi T, Ueda R, Hibi K, Saito
H. Molecular analysis of the protein tyrosine
phosphatase gamma gene in human lung cancer
cell lines. Cancer Res. 1992;52:3506-3509.

37. Engering A, van Vliet SJ, Hebeda K, et al. Dy-
namic populations of dendritic cell-specific
ICAM-3 grabbing nonintegrin-positive immature
dendritic cells and liver/lymph node-specific
ICAM-3 grabbing nonintegrin-positive endothelial
cells in the outer zones of the paracortex of hu-
man lymph nodes. Am J Pathol. 2004;164:1587-
1595.

38. Soilleux EJ, Morris LS, Leslie G, et al. Constitu-
tive and induced expression of DC-SIGN on den-
dritic cell and macrophage subpopulations in situ
and in vitro. J Leukoc Biol. 2002;71:445-457.

39. Galibert L, Maliszewski CR, Vandenabeele S.
Plasmacytoid monocytes/T cells: a dendritic cell
lineage? Semin Immunol. 2001;13:283-289.

40. Sixt M, Kanazawa N, Selg M, et al. The conduit
system transports soluble antigens from the affer-

ent lymph to resident dendritic cells in the T cell
area of the lymph node. Immunity. 2005;22:19-
29.

41. Wacker HH, Frahm SO, Heidebrecht HJ, Par-
waresch R. Sinus-lining cells of the lymph nodes
recognized as a dendritic cell type by the new
monoclonal antibody Ki-M9. Am J Pathol. 1997;
151:423-434.

42. MacLennan IC. Germinal centers. Annu Rev Im-
munol. 1994;12:117-139.

43. Smith JP, Burton GF, Tew JG, Szakal AK. Tingible
body macrophages in regulation of germinal cen-
ter reactions. Dev Immunol. 1998;6:285-294.

44. Trautmann A, Valitutti S. The diversity of immuno-
logical synapses. Curr Opin Immunol. 2003;15:
249-254.

45. Krummel MF, Davis MM. Dynamics of the immu-
nological synapse: finding, establishing and so-
lidifying a connection. Curr Opin Immunol. 2002;
14:66-74.

46. Zheng J, Kulp SK, Zhang Y, et al. 17�-Estradiol-
regulated expression of protein tyrosine phospha-
tase gamma gene in cultured human normal
breast and breast cancer cells. Anticancer Res.
2000;20:11-19.

47. Gasser A, Most J. Generation of multinucleated
giant cells in vitro by culture of human monocytes
with Mycobacterium bovis BCG in combination
with cytokine-containing supernatants. Infect Im-
mun. 1999;67:395-402.

48. McNally AK, Anderson JM. Interleukin-4 induces
foreign body giant cells from human monocytes/
macrophages: differential lymphokine regulation
of macrophage fusion leads to morphological
variants of multinucleated giant cells. Am J
Pathol. 1995;147:1487-1499.

49. Most J, Spotl L, Mayr G, Gasser A, Sarti A,
Dierich MP. Formation of multinucleated giant
cells in vitro is dependent on the stage of mono-
cyte to macrophage maturation. Blood. 1997;89:
662-671.

50. Relloso M, Puig-Kroger A, Pello OM, et al. DC-
SIGN (CD209) expression is IL-4 dependent and
is negatively regulated by IFN, TGF-beta, and
anti-inflammatory agents. J Immunol. 2002;168:
2634-2643.

51. Rutella S, Danese S, Leone G. Tolerogenic den-
dritic cells: cytokine modulation comes of age.
Blood. 2006;108:1435-1440.

PTP� IN THE HEMATOPOIETIC SYSTEM 4231BLOOD, 15 DECEMBER 2006 � VOLUME 108, NUMBER 13

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/108/13/4223/1454984/zh802406004223.pdf by guest on 18 M

ay 2024


