The inducible T-cell co-stimulator molecule is expressed
on subsets of T cells and is a new marker of lymphomas
of T follicular helper cell-derivation.
Teresa Marafioti, Jennifer C. Paterson, Erica Ballabio, Andreas Chott,
Yasodha Natkunam, Manuel Rodriguez-Justo, Anne Plonquet, Socorro M.
Rodriguez-Pinilla, Wolfram Klapper, Martin-L Hansmann, et al.

To cite this version:
Teresa Marafioti, Jennifer C. Paterson, Erica Ballabio, Andreas Chott, Yasodha Natkunam, et al.. The
inducible T-cell co-stimulator molecule is expressed on subsets of T cells and is a new marker of lymphomas of T follicular helper cell-derivation.. Haematologica, 2010, 95 (3), pp.432-9. �10.3324/haematol.2009.010991�. �inserm-00477518�

HAL Id: inserm-00477518
https://www.hal.inserm.fr/inserm-00477518
Submitted on 29 Apr 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Original Articles

The inducible T-cell co-stimulator molecule is expressed on subsets
of T cells and is a new marker of lymphomas of T follicular helper cell-derivation
Teresa Marafioti,1 Jennifer C. Paterson,1 Erica Ballabio,1 Andreas Chott,2 Yasodha Natkunam,3
Manuel Rodriguez-Justo,4 Anne Plonquet,5 Socorro M. Rodriguez-Pinilla,6 Wolfram Klapper,7 Martin-L. Hansmann,8
Stefano A. Pileri,9 Peter G. Isaacson,4 Harald Stein,10 Miguel A. Piris,6 David Y. Mason,1 and Philippe Gaulard11
1
Leukaemia Research Immunodiagnostics Unit, Nuffield Department of Clinical Laboratory Sciences, John Radcliffe Hospital,
University of Oxford, Oxford, UK; 2Department of Pathology, General Hospital Vienna, Vienna, Austria; 3Department of Pathology,
Stanford University School of Medicine, Stanford, CA, USA; 4Department of Histopathology, University College London Medical
School, London, UK; 5Immunologie Biologique, INSERM U955, Hôpital Henri-Mondor, Créteil, France; 6Molecular Pathology
Programme, Spanish National Cancer Centre (CNIO), Madrid, Spain; 7Department of Hematopathology and Lymph Node Registry
Kiel, Schleswig-Holstein University Hospitals, Kiel, Germany; 8Department of Pathology, Goethe University School of Medicine,
University Clinic Frankfurt am Main, Frankfurt am Main, Germany; 9Department of Haematology and Clinical Oncology “L and A
Seràgnoli”, Bologna University School of Medicine, Bologna, Italy; 10Institute of Pathology, Campus Benjamin Franklin, Charité
University Medicine, Berlin, Germany; 11Department of Pathology, INSERM U955, Hôpital Henri Mondor, Créteil, France

ABSTRACT
Background
T follicular helper (TFH) cells reside in the light zone of germinal centers and are considered
the cell of origin of angioimmunoblastic T-cell lymphoma. Recently, CXCL13, PD-1 and
SAP were described as useful markers for TFH cells and angioimmunoblastic T-cell lymphoma but also reported in some peripheral T-cell lymphomas, not otherwise specified.
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Design and Methods
In the present study the expression pattern of ICOS protein was investigated by immunohistochemistry-based techniques in routine sections of normal lymphoid tissues and 633
human lymphomas.
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Results
Cells strongly positive for ICOS were restricted to the light zone of germinal centers and
co-expressed TFH-associated molecules. In addition, weak to moderate ICOS expression
was observed in a small proportion of FOXP3-positive cells. In lymphomas, ICOS expression was confined to angioimmunoblastic T-cell lymphoma (85/86), peripheral T-cell lymphomas of follicular variant (18/18) and a proportion of peripheral T-cell lymphomas, not
otherwise specified (24/56) that also expressed other TFH-associated molecules.
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Conclusions
ICOS is a useful molecule for identifying TFH cells and its restricted expression to angioimmunoblastic T-cell lymphoma and a proportion of peripheral T-cell lymphomas, not otherwise specified (showing a TFH-like profile) suggests its inclusion in the antibody panel for
diagnosing TFH-derived lymphomas. Our findings provide further evidence that the histological spectrum of TFH-derived lymphomas is broader than previously assumed.
Key words: ICOS, TFH cells, angioimmunoblastic T-cell lymphoma.
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Introduction
Gene expression profiling studies have proven to be a
powerful approach to define the gene signature of distinct
subsets of leukocytes and consequently to identify the gene
profile associated with specific pools of B and T-cells. T follicular helper (TFH) cells are a specialized subpopulation of T
helper cells deputed to help B-cells in immune responses. TFH
are located in the apex of the light zone in germinal centers
of secondary B-cell follicles and are considered to represent
the putative cell of origin of an aggressive type of T-cell neoplasm, namely angioimmunoblastic T-cell lymphoma
(AITL).1-3 Compared to other T-cell subsets, TFH cells show a
unique transcript signature characterized by the expression
of CD4, CD10, CXCR5, BCL-6, and CD57 (which are also
present in B-cells and other types of T-cells) and by molecules
such as CXCL13, PD-1 and SAP that appear to be more consistently expressed by TFH cells.4,5 Immunohistochemical studies confirmed that CXCL13, PD-1 and SAP label TFH cells in
germinal centers6,7 and studies of human lymphomas indicated these molecules as useful markers for the diagnosis of
AITL.6-9 However, it was noticed that a proportion of peripheral T-cell lymphomas, not otherwise specified (PTCL, NOS)
could also express these TFH-associated proteins.6-10 The
results suggest that the histological criteria used to separate
AITL from PTCL, NOS need to be reviewed and that a search
for more TFH-associated markers in the delineation between
the two types of T-cell lymphomas is worthwhile.
A further relevant molecule that appears to be suitable for
identifying TFH cells is the inducible T-cell co-stimulator
(ICOS) protein. ICOS is a member of the CD28 co-stimulatory receptor family11,12 and its expression has been reported
to be restricted to certain subsets of T-cells, with the highest
expression being confined to the pool of CD4-positive Tcells.13-15 Functional studies demonstrated that ICOS is either
absent or expressed at low levels in naïve T-cells but that its
expression is up-regulated upon stimulation, suggesting that
ICOS co-stimulatory activity is important for effector and
memory T-cells.16-20 Furthermore, moderate levels of ICOS
were also found in a subset of T regulatory cells (Treg).21 It has
been shown that ICOS favors T-cell proliferation but also the
production of cytokines including interleukin (IL)-4 and IL1012,22-23 that are relevant for the regulation of B-cell response
in germinal centers. In keeping with these observations,
ICOS is highly expressed in TFH cells and studies in ICOSdeficient mice confirmed the importance of this molecule in
the maintenance of B-cell immune response since the animals
developed impaired germinal centers, defective isotype
switching, decreased numbers of TFH cells and reduced production of IL-4 and IL-10.22,24-27
Although several experimental studies (mainly based upon
flow cytometry) reported expression of ICOS associated
with TFH cells, to the best of our knowledge the expression of
ICOS has not been investigated in human lymphomas.
Moreover, its investigation in routine sections has been hampered by the lack of antibodies reacting with formalin-fixation resistant epitopes. Here we describe the reactivity of an
antibody raised against the human ICOS protein, which can
be used to label routine sections. This antibody was
employed with the aim of: (i) studying the distribution and
phenotypic characteristics of ICOS-positive cells in vivo by
applying multi-immunolabeling techniques in lymphoid tishaematologica | 2010; 95(3)

sues, and (ii) assessing the diagnostic relevance of ICOS protein in a survey of human lymphomas focusing in particular
on AITL and other subtypes of T-cell lymphomas.

Design and Methods
Tissue samples
A series of normal paraffin-embedded human lymphoid tissues
comprising samples of tonsil (n=10), thymus (n=2), spleen (n=3),
lymph node (n=3) and bone marrow (n=2) were obtained from the
routine diagnostic service of the authors’ institutions. Histologically, the lymph nodes, which were removed as part of surgical resection for benign diseases (e.g., diverticular disease) showed
reactive changes without signs of a specific lymphadenitis or viral
infection (Epstein-Barr virus infection was investigated by
immunohistochemistry for the detection of latent membrane protein-1). Examples of lymph nodes with follicular hyperplasia from
patients with human immunodeficiency virus infection and
autoimmune disease (n=4) were also included. Cryostat sections
of human tonsils (n=3) from the same sources were used for this
study which also included a total of 633 human lymphoid neoplasms covering almost all the subcategories of B-, T- and Hodgkin

Table 1. ICOS expression in human lymphomas.

Lymphoma/leukemia type

ICOS

B-cell non Hodgkin
B-cell non Hodgkin
Lymphoblastic (B)
0/1
Chronic lymphocytic leukemia (CLL)/lymphoma 0/18
Mantle cell lymphoma
0/51
Follicular center Grade 1
0/32
Follicular center Grade 2
0/28
Follicular center Grade 3
0/71
Marginal zone
Nodal
0/3
0/5
Splenic
MALT
0/16
Hairy cell
0/6
Diffuse large B-cell
0/110
Primary mediastinal
0/8
T-cell/histiocyte rich B-cell
0/7
Burkitt
0/14
Myeloma/Plasmacytoma
0/10
T/NK-cell non Hodgkin
T/NK-cell non Hodgkin
0/12
Lymphoblastic (T)
PTCL, NOS
24/56
PTCL, follicular variant
18/18
AITL
85/86
0/6
Extranodal NK/T-cell
Enteropathy-associated
0/13
Subcutaneous panniculitis-like
0/3
0/6
ALK–ALCL
0/18
ALK+ALCL
Hodgkin
Hodgkin
Classical
0/21
0/14
Nodular lymphocyte predominant
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lymphomas. The lymphoma samples analyzed were mainly in the
form of 0.6-1 mm core tissue-arrays28 and were constructed under
the supervision of expert hematopathologists who are co-authors
of this manuscript (YN, SMRP, WK, MLH, SAP, MAP, PG) by
choosing representative and tumor cell-rich areas of lymphoma
entities. In addition, whole tissue sections were available for cases
of MALT lymphoma (n=10), Burkitt lymphoma (n=4), T-cell/histiocyte-rich large B-cell lymphoma (n=5), hairy cell leukemia (n=3),
multiple myeloma (n=8), classical Hodgkin lymphoma (n=8),
nodular lymphocyte-predominant Hodgkin lymphoma (n=8),
AITL (n=20), and PTCL, NOS (n=6) (Table 1). We also examined
whole tissue sections from 18 cases of PTCL of follicular variant29
(Table 1).
The diagnosis of all lymphoid and myeloid neoplasms was
based on the criteria of the World Health Organization (WHO)
classification.30 Approval for this study was obtained from the
Oxford Research Ethics Committee B (Research Ethics Committee
reference number: C02.162).

bone marrow and in cytospins and smears of peripheral
blood obtained from three healthy donors (Figure 1).
Endothelial cells were variably ICOS-positive.

Immunoprofiling ICOS-positive cells in normal lymphoid
samples
By carrying out double and triple immunoenzymatic labeling we were able to demonstrate the consistent presence of
ICOS primarily in cells with the phenotype of TFH cells but
also occasionally in other cell subsets (Figures 2 and 3).

T follicular helper cells
We selected a series of TFH-associated molecules and investigated them by their individual combination with ICOS by

Peripheral blood samples
Peripheral blood mononuclear cells obtained from a healthy
donor after informed consent were isolated from 10 mL of human
ethylenediaminetetraacetic acid (EDTA)-anticoagulated peripheral
blood by a conventional gradient centrifugation technique using
Lymphoprep (Axis-Shield UK, Kimbolton, Cambridgeshire, UK).
The isolated peripheral blood mononuclear cells were added to
100 µL of the original sample and used to prepare lymphocyteenriched peripheral blood smears in the conventional manner.31,32
Cytospin preparations were also made from whole peripheral
blood of three additional healthy donors.
Flow cytometry was performed on samples from five healthy
donors and two patients with AITL using an FC500 cytometer
(Beckman-Coulter, Paris, France), run by CXP software (BeckmanCoulter, Paris, France). Expression of ICOS was assessed on fresh
CD4-positive T cells using a whole-blood staining technique.
Briefly, 100 µL of whole blood were incubated with a combination
of directly conjugated monoclonal antibodies including anti-CD3ECD (Beckman-Coulter, Paris, France), -CD4-TRI (Caltag, Paris,
France), and -ICOS-FITC (R&D Systems, Paris, France) for 15 min
at 4°C, then lysed and fixed using the MultiQPrep BeckmanCoulter lysis device.
Details regarding cell lines, antibodies, immunostaining and image
acquisition are given in the Online Supplementary Appendix.

Results
ICOS and normal lymphoid samples
Strong membrane-associated staining was found in lymphoid cells lying at the periphery of the light zone of follicular germinal centers of tonsils (Figure 1), contrasting with the
weak labeling of a proportion of lymphocytes in the interfollicular area (Figure 1). Similar findings were reported for
lymph node samples with florid follicular hyperplasia
(including autoimmune diseases and human immunodeficiency virus-associated lymphadenopathy) showing strong
ICOS staining in scattered cells in germinal centers and weak
staining in occasional T-cells in the interfollicular compartments.33 In sections of human thymus, the majority of ICOSpositive cells were localized in the medulla (whereas only
rare positive cells were scattered in the cortex) (Figure 1).
Rare scattered small to medium-sized ICOS-positive cells
were found in both the red and white pulp of spleen, in the
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Figure 1. Immunostaining of ICOS in normal human lymphoid tissues. (A) In tonsil, strong ICOS labeling is seen in a population of
lymphoid cells lying at the periphery of the light zone of a germinal
center (boxed area). In the interfollicular area, many T-cells (circled
area) weakly express ICOS (GC: germinal center; MC: mantle cells)
(X200). (B) The image illustrates, at higher magnification, strong
membrane and cytoplasmic associated ICOS staining of a group of
intra-germinal center cells (X600). (C) T-cells in the interfollicular
area, shown at higher magnification, are weakly ICOS-positive
(X400). (D) In the spleen rare scattered ICOS-positive cells are usually seen in both the red and white pulp. Note the presence of two
germinal centers containing many ICOS-positive cells (X100). (E)
Many cells in the thymic medulla are ICOS-positive and only rare
scattered ICOS-positive cells can be seen in the thymic cortex (M:
medulla; C: cortex; HC: Hassal’s corpuscle) (X200). Rare ICOS-positive cells can also be seen in (F) a bone marrow trephine section
(X600) and (G) cytospin preparations of peripheral blood from
healthy donors (X600). Staining was performed by the immunoperoxidase technique in paraffin-embedded tissue sections or fresh
peripheral blood samples using a polyclonal ICOS antibody and
hematoxylin counterstain.
haematologica | 2010; 95(3)
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double staining. The great majority of ICOS-positive intragerminal center cells co-expressed CD4, PD-1 and SAP (data
for SAP not shown) (Figure 2), whereas only a proportion of
these cells co-expressed BCL-6, CD57 and c-maf (Figure 2).
The results confirmed that our ICOS antibody labeled virtually all germinal center TFH cells (as shown by single
immunostaining in Figure 1). Furthermore, we demonstrated
by triple immunostaining that the ICOS-positive cells, preferentially localized at the periphery of the light zone, were in
intimate contact with CD23-positive follicular dendritic cells
and CD20-positive B-cells (Figure 2).

Regulatory T-cells
The expression of ICOS and FOXP3 (a Treg-associated transcription factor) was studied by double immunostaining. In
reactive tonsils and lymph nodes, a small proportion (less
than 5%) of all FOXP3-positive cells co-expressed ICOS
(with its expression in these cells being weaker than in TFH
cells): these cells were mainly located in the interfollicular
areas and only rarely within germinal centers (Figure 3). The
majority of the ICOS/FOXP3-positive cells were also PD-1
positive, as revealed by double immunostaining for PD-1 and
FOXP3 on parallel tissue sections of lymph node and tonsil
(data not shown).
The greatest number of ICOS/FOXP3 double-positive cells
was observed in the thymus (Figure 3), being mainly localized in the medulla, frequently in close vicinity of Hassal’s
corpuscles and showing negativity for the B-cell associated
molecule CD79a (Figure 3). Only rare scattered double-positive cells were found in the cortex.
The observation of cells positive only for FOXP3 in the
examined normal lymphoid tissues prompted us to investigate the expression pattern of ICOS, FOXP3 and CD25 by
triple immunostaining. Besides the presence of cells coexpressing FOXP3 and CD25 only (representing the classical
pool of Treg), we also detected a small population of
FOXP3+/ICOS+/CD25– cells located in the interfollicular area
of lymph nodes and tonsils as well as in the thymic medulla.
The latter findings were in agreement with a recent report
describing the presence of ICOS in a subset of FOXP3 Treg.21

SMRP, PG and TM) and subsequently together by TM and
PG. ICOS staining was easy to score since cases that were
considered positive showed reactivity in almost all tumor
cells. To score cases of AITL, we focused primarily on the
atypical cells with clear cytoplasm that were usually lying
around vessels and residual follicles. Cases that did not contain a positive internal control (represented by either small
lymphocytes or endothelial cells) were excluded. NonHodgkin B-cell lymphomas were ICOS-negative (Table 1)
(including three cases of diffuse large B-cell lymphoma that
we previously demonstrated to be PD-1-positive7) and ICOS
expression was restricted to a certain type of T-cell neoplasm
(Table 1). Among T-cell lymphomas, the most consistent
expression of ICOS was observed in AITL (85/86 samples)
(Table 1 and Figure 4) and in PTCL of follicular variant (18/18
cases), a recently described variant of PTCL showing phenotypic features in common with AITL29 (Table 1). ICOS
expression was also found in a significant proportion (24/56

Minor subsets of ICOS-positive cells
Following data on variable levels of expression of ICOS in
cytotoxic T cells, we carried out double immunostaining for
ICOS with CD8 or granzyme B. In normal peripheral lymphoid tissues, only rare CD8- and granzyme B-positive cells
showed weak expression of ICOS (Figure 3), but the number
of these double-positive cells increased when sections of
lymph nodes with histological changes due to Epstein-Barr
virus infection were examined (data not shown). Similarly,
only rare ICOS (weak) and CD30 double-positive cells were
found in normal tonsils and lymph nodes (Figure 3).

B-cells
Double immunostaining for the B-cell associated molecules CD79a and PAX5 revealed that B-cells in normal lymphoid tissues were consistently ICOS-negative (data not
shown).

ICOS and human lymphomas
Staining was reviewed independently by four expert
hematopathologists who are co-authors of this paper (MRJ,
haematologica | 2010; 95(3)

Figure 2 (left). Immunolabeling of ICOS-positive cells in normal human
tonsil. (A) Triple immunoenzymatic labeling shows that ICOS-positive
cells (brown) are in close contact with CD23-positive follicular dendritic cells (blue) and CD20-positive B-cells (pink) (X400). Double immunoenzymatic labeling demonstrates that (B) the great majority of
ICOS-positive (brown) intra-germinal center cells express the T helper
cell marker CD4 (blue) (X200) and (C) the TFH-associated molecule PD1 (blue) (X200). (D) Only a subset of ICOS-positive (brown) intra-germinal center cells co-express the CD57 antigen (blue) (X200). (E-F) The
transcription factors BCL-6 (X400) and c-maf (brown, nuclear) (X200)
are found in a proportion of ICOS-positive intra-germinal center cells.
The insets show examples of the respective staining at higher magnification (all X600). All staining was performed on paraffin-embedded
tissue sections and hematoxylin counterstain was omitted.
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cases) of PTCL, NOS (Table 1 and Figure 4). The expression
pattern of CXCL13, PD-1 and SAP was retrospectively investigated in the majority of these 24 ICOS-positive cases, and
in most instances the neoplastic cells showed expression of at
least one other TFH marker in addition to that of BCL-6 and/or
CD10 in 16 and 10 cases, respectively (Online Supplementary
Table S1). Among the cases the highest correlation was found
between ICOS and PD-1 (Online Supplementary Table S1).
CXCL13 and SAP staining was only available in a limited
number of cases and showed positivity in 63% and 91%
respectively. None of the ICOS-positive PTCL, NOS were
CD8-positive.
Furthermore, ICOS was revealed to be a useful molecule
to distinguish cases of AITL with hyperplastic follicles
(ICOS strongly labeled the neoplastic cells highlighting a
perifollicular pattern) from cases of reactive hyperplasia
where the strongest ICOS staining was found in cells in
germinal centers.33

Morphological and clinical data for 11 cases
of ICOS-positive peripheral T-cell lymphomas
Morphological and clinical data were available for 11 out
of the 24 cases of PTCL showing ICOS positivity. These 11
cases were included in a previous study10 reporting on the
presence of PTCL with a TFH phenotype as revealed by their
expression of the TFH-associated marker PD-1. Online
Supplementary Table S2 summarizes the pathological and clinical characteristics of these 11 cases.
A review of the pathological data showed that in the
majority of cases the criteria used for the diagnosis of AITL
(i.e. a hyperplastic meshwork of follicular dendritic cells surrounding epithelioid venules, monomorphous infiltrate composed of tumor cells with a clear cytoplasm, presence of vascular proliferation) (Online Supplementary Table S2) were not
fulfilled but the phenotype of the tumor cells was that of TFH
cells (Online Supplementary Table S1).

The clinical characteristics of the 11 cases were similar to
those of PTCL but also presented some features in common
with AITL (i.e. polyclonal hypergammaglobulinemia) (Online
Supplementary Table S2).

ICOS and lymphoma-derived cell lines
The analysis of ICOS in a series of B- and T-cell lymphoma-derived cell lines showed negative results in almost
all lines with the exception of some positive cells found in
Karpas 299 (an ALK-positive lymphoma-derived cell line).

ICOS and peripheral blood lymphocytes from patients with
angioimmunoblastic T-cell lymphoma
ICOS expression was measured at diagnosis in two
patients with AITL. These two patients did not have either
lymphocytosis or atypical cells on cytological analysis of
peripheral blood smears. They did, however, both have a significant proportion (11% and 26%) of CD4-positive T cells
with a CD4+highsCD3–CD7+CD5+CD2+ phenotype expressing
ICOS. The analysis of peripheral blood from five healthy
donors revealed that the proportion of ICOS-positive cells
within the population of sCD3+CD4+ cells was very low,
varying from 1% to 2.5%. The rare presence of normal
ICOS-positive cells observed by the flow cytometric analysis
confirmed the detection of these cells by immunostaining of
peripheral blood cytospins from three additional healthy
donors (Figure 1).

Discussion
T-cell co-stimulatory molecules are important regulators of
activation and tolerance in T-cell immunity; they modulate
signaling pathways that can positively initiate, increase,
maintain or negatively limit, attenuate/terminate T-cell
responses. Co-stimulatory proteins do not act on their own
favoring amplification or down-regulation of T-cell signaling
but are part of a “multisignal integration” process initiated by

Figure 3. Immunolabeling of ICOS-positive cells in normal
human lymphoid tissues. (A) Double immunoenzymatic labeling of tonsil shows, in a germinal center (GC), rare ICOS-positive (brown) cells co-expressing the regulatory T-cell associated transcription factor FOXP3 (blue, nuclear) (x400). (B) In
contrast, a higher number of ICOS/FOXP3 double-positive
cells are observed in the interfollicular area (X400). (A-B) The
insets show examples of double-positive cells at a higher
magnification (X600). (C) Triple staining for ICOS (blue),
FOXP3 (brown) and the B-cell associated molecule CD79a
(pink) in tissue sections of thymus reveals the presence of
numerous ICOS/FOXP3 double-positive, CD79a-negative cells
(as also shown at higher magnification in the inset, X600)
which are mainly localized in the medulla (X200). Double
immunoenzymatic labeling in tonsil (D-E) shows that rare
ICOS-positive cells (brown) co-express the cytotoxic T-cell molecules CD8 (blue) (X600) and granzyme B (blue) (X600). The
arrows indicate double-positive cells; (F) rare CD30-positive
(blue) cells (mainly localized in the interfollicular area) coexpress ICOS (brown) (X200) as also illustrated at higher
magnification in the inset (X600). All staining was performed
on paraffin-embedded tissue sections and hematoxylin counterstain was omitted.
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T-cell receptor engagement.14 In the last decade several new
co-stimulatory molecules have been identified and assigned
to two major groups: the CD28-superfamily – including
BTLA, CD28, CTLA4 and ICOS receptors – and the tumor
necrosis factor-family including CD27, CD30, HVEM, OX40
and 4-1BB proteins. The members of each family have been
described to have structural and functional similarities, but
also unique features.12,34 Some of these molecules are constitutively expressed (e.g. CD28 is present in naïve T cells but
also in early activated T cells) whereas others such as ICOS
and CTLA4, are more inducible upon activation, linking their
expression to a specific stage of T-cell differentiation.14
In the last 10 years we have focused on performing highthroughput screening of signaling molecules in routine sections of human tissue aiming to contribute to the field of
diagnostic pathology by identifying new biomarkers.
Recently, we have detected an antibody raised against the
human ICOS that reacts in routine sections. We describe here
the expression pattern of ICOS in human lymphoid samples
and its utility in typing and diagnosing some T-cell lymphomas.
ICOS was identified in 1999 by Krocek’s group12 by the
generation of monoclonal antibodies against activated
human T-cells. The F44 anti-ICOS antibody reacted only in
frozen sections of human tonsils and labeled a population of
cells located in the apical light zone of germinal centers, suggestive of TFH cells.
The increased scientific interest for ICOS resulted from
the generation of ICOS knock-out mice that showed
impaired B-cell responses, a deficit in immunoglobulin class
switching and absence of germinal centers in secondary
lymphoid follicles.22,25,26 It was, consequently, suggested that
ICOS had a relevant role in the T-cell-dependent immune
response. Functional studies demonstrated that, in T-cells,
the appearance of ICOS is associated with T-cell activation
and differentiation. T-cells activated through T-cell receptor
engagement up-regulate ICOS so favoring T-cell proliferation and the production of cytokines such as IL-4 and IL10.22,24-27 IL-10 plays an important role in B-cell responses and

its presence correlates with ICOS. In both humans and
mice, ICOS deficiency is associated with impaired IL-10
production and decreased numbers of TFH cells35 suggesting
the crucial role of ICOS for the maintenance of B-cell
responses and TFH growth.
In terms of transcript and protein levels, TFH cells (located
within the light zone of germinal centers) contain the highest
amount of ICOS compared to other subsets of T-cells.4,5 The
role of ICOS in supporting TFH cell development and maintenance was further evidenced by molecular studies in
Sanroque mice bearing a single recessive mutation in the
Roquin gene, a ubiquitin ligase present in many cells.36 As a
consequence of the mutated Roquin, Sanroque mice develop
severe autoimmune disease and form spontaneous germinal
centers enriched in mature T cells that resemble human TFH
cells (high levels of ICOS, CD200, CXCR5, and PD-1).36 It has
been proposed that Roquin promotes the degradation of Icos
mRNA so explaining its repressor activity on ICOS expression in T-cells.37
Using a multi-labeling immunoenzymatic technique (a
powerful approach for studying co-expression of several
molecules in distinct subsets of cells in routine sections) we
confirmed that our anti-ICOS antibody labeled TFH cells in
germinal centers since these cells co-expressed the TFH-associated markers BCL-6, CD4, c-maf, PD-1 and SAP.
Furthermore, in the interfollicular areas of lymph nodes and
tonsils we noted the presence of a proportion of moderately
ICOS-positive cells that double immunostaining revealed to
co-express FOXP3 and were most likely Treg cells. Many of
these FOXP3-positive cells also expressed PD-1 (unpublished
data). Similarly, in the medulla of the thymus we found a
larger number of ICOS/FOXP3-positive T-cells supporting
the view that the thymus is the natural reservoir for generation of Treg cells.38
These findings are in keeping with recent studies reporting
the presence of a subset of Treg cells characterized by the
expression of ICOS.21,38
Two scenarios can by hypothesized regarding the expression of ICOS in FOXP3-positive cells. One possibility is that

Figure 4. Immunostaining of ICOS and PD-1 in human T-cell lymphomas. (A) Tumor cells of two cases of angioimmunoblastic T-cell
lymphoma (AITL) express the co-stimulatory molecule ICOS and the
TFH-associated marker PD-1 (X200). (B) Tumor cells in a case of
peripheral T-cell lymphoma not otherwise specified (NOS) show
strong expression of ICOS and PD-1 (X400). The insets illustrate, at
lower magnification (X100) the staining pattern of ICOS and PD-1.
Staining of paraffin-embedded whole or tissue-array sections was
performed by the immunoperoxidase technique and counterstained
with hematoxylin.
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expression of ICOS in the FOXP3-positive cells (located in
the interfollicular area and regarded to be Treg cells) is induced
by the presence of plasmacytoid dendritic cells that are
known to express ICOS-ligand. It has been recently demonstrated that plasmacytoid dendritic cells can promote the proliferation of ICOS-expressing Treg cells.38 The second possibility involves the concept of plasticity of lymphoid cells.
Recent studies in mice have shown that FOXP3-positive cells
have the ability to convert into TFH cells through the modulation of the expression of FOXP3 and some cytokines.39 It is,
therefore, possible that the ICOS/FOXP3-positive cells that
we observed in the interfollicular area represent “pre-TFH
cells” which, depending on specific stimuli, will lose FOXP3
and migrate to germinal centers to carry out their “conventional” function of TFH cells.
It is postulated that TFH cells represent the normal cell counterpart of AITL, one of the most common T-cell lymphomas
accounting for approximately 20% of cases.40,41 In the last few
years, three molecules: CXCL13, PD-1 and SAP6,7,9 have been
proposed to be relevant markers for the diagnosis of AITL.
However, these proteins have also been reported to be present in other T-cell lymphomas.7,10 Similar results were
observed at the level of gene expression profiling level,42 with
the detection of a few PTCL, NOS with an AITL-like gene
signature. In our study, the expression of ICOS was restricted to T-cell lymphomas, specifically to AITL and PTCL of follicular variant. This latter variant has only recently been
described43,44 and shows some morphological and many phenotypic features in common with AITL.29,31 Overall, ICOS
expression showed a close correlation with PD-1, but in contrast to PD-1, which was detected in some cases of B-cell
lymphomas,45 none of the investigated cases of B-cell neoplasms was ICOS-positive (Table 1) including three cases of
diffuse large B-cell lymphoma that we previously reported to
express PD-1.7 However, as for the recently described TFHassociated molecules, ICOS was found in a number of T-cell
lymphomas (24/56) whose primary diagnosis was that of
PTCL, NOS (Table 1). Re-investigating these ICOS-positive
cases and analyzing them for CXCL13, PD-1 and SAP expression, we found that the majority had some features in common with AITL (i.e. the tumor cells expressed at least one of
the three investigated TFH-associated proteins (Online
Supplementary Table S1) and in addition, over half of the cases
showed BCL-6, CD10, CD57 expression and expanded follicular dendtritic cells (Online Supplementary Table S1). The
morphological and clinical data obtained for 11 out of the 24
cases were not fully suggestive of AITL, although in some
instances there were some clinical features in common (e.g.
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