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A he Department of Im-
munology and Oncology
(DIO) was created in 1996,
with three main objectives:
[
| * To contribute to the generation of scientific knowledge
~ N \\
\ \
\\ ! * To improve society’s wellbeing through biomedical research
\ I
\ /
S * To collaborate with Spanish biotech companies to increase their

competitiveness

Since its inception, the DIO has combined academic research and the establishment of
strategic alliances with pharmaceutical and technology-based companies to seek synergies
and to respond to the translational vocation of its scientists. The goal of DIO scientists is to
develop new agents for the treatment of some of the major diseases that affect humankind
in the 21st century, such as chronic inflammatory, infectious and autoimmune diseases, as

well as cancer.

In this report, we summarize the 19 research projects under way in the department. In many
of these projects, DIO researchers conjugate molecular analysis of the intracellular signal
transduction pathways that control cell migration, differentiation, survival, proliferation and
death, with the development of animal models that resemble human disease. The DIO has
extensive experience with mouse models of systemic lupus erythematosus, rheumatoid arthri-
tis, asthma, inflammatory bowel disease, multiple sclerosis, type | diabetes, and a number of

models for cancer (breast, colon, leukaemia, etc.).

Last, but not less important, is our commitment to the preparation of new generations of
scientists. Many DIO members participate in teaching activities, lectures and seminars
in national and international institutions. Fourteen PhD dissertations directed by

DIO scientists were defended in 2009-2010; most of these new young scientists

are now postdoctoral researchers in international institutions, spreading the /
DIO values beyond our doors. We are indebted to all of them as well as to I

the technical, editorial and administrative staff, whose contribution makes

possible the quality of work developed at the DIO. '
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CARLOS ARDAVIN
Diferentiation and Functional Specialization of Dendritic Cells during

Inflammatory, Infectious and Allergic Processes

DIMITRI BALOMENOS
Interplay of Activation, Apoptosis and Cell Regulators Monitors

Autoimmune T Cell Memory Responses and Inflammation

DOMINGO F. BARBER CASTANO
Lymphocytes in Physiological and Pathological Processes: Autoimmune

Inflammatory Diseases, Cancer Immunotherapy, and Nanomedicine

YOLANDA R. CARRASCO
B Cell Dynamics

ANA CLARA CARRERA

PI3K in Cancer and Inflammation

ANA CUENDA

Stress-Activated Protein Kinase: p38MAPK Signalling Pathways and their
Role in Human Diseases

THIERRY J. FISCHER

Chemokine-Mediated Cell Migration and Endocytosis

ANA GONZALEZ
The Role of Ras Effectors in Inflammation and Cancer

LEONOR KREMER

Chemokine Receptors in Cancer Biology

SANTOS MANES BROTON

Signalling Networks in Inflammation and Cancer
CARLOS MARTINEZ ALONSO & KAREL H.M. VAN WELY

Linking Centrosomal Aberrations to Chromosomal Instability

MARIO MELLADO
Chemokine Receptors: New Targets for Therapeutic Intervention

ISABEL MERIDA

Lipid Signalling

IGNACIO MORENO DE ALBORAN

Function of the c-Myc Proto-Oncogene in vivo

LOURDES PLANELLES

Function and Regulation of APRIL, a TNF Protein: Implications in Pathology

HUGH REYBURN
Receptor-Ligand Interactions in Immune Responses to Cancer and Viruses

JOSE MIGUEL RODRIGUEZ FRADE

Chemokine Signalling

JESUS MARIA SALVADOR
T cell Signalling in Autoimmune Diseases and Cancer

MAR VALES GOMEZ

Biochemical Characterization of the Ligands for the Immune Receptor NKG2D:

Implications of their Heterogeneity for Pathology and Therapy
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n particular our current research interests are focused

on the following topics, that reflect the developmental

and functional plasticity of monocytes and the relevance

of monocyte-derived dendritic cells during infectious
and allergic processes:

e Analysis of the effector functions of mouse monocytes in
innate and adaptive immunity.

¢ Analysis of the differential migratory properties of mouse
monocyte-derived dendritic cells and macrophages.

¢ Regulation of mouse monocyte differentiation into den-
dritic cells and macrophages during in vivo immune
response to Leishmania major.

isolation of defined cell populations from mouse bone
marrow, skin, lymph nodes and spleen, involv-
ing magnetic bead and FACS cell separation

methods. /

-~

e Analysis of monocytes, dendritic cells and |
macrophages from Leishmania- or Liste- \
ria- infected mice on cell suspensions or \
tissue sections, by electron microscopy or \
confocal microscopy after immunofluorescent \
staining.

* |n vitro differentiation of dendritic cells and macro-
phages on GM-CSF. IL-3 or FIt3L-driven cultures from
monocytes or bone marrow precursors.

¢ Analysis of gene expression profiles at the protein level by
flow cytometry, ELISA and electrophoresis.

e Analysis of gene expression at the mRNA level by real-
time quantitative PCR, whole mouse genome microarray
analyses and chromatin immunoprecipitation.

—-—

SELECTED PUBLICATIONS

Imaging of plasmacytoid dendritic cell interactions with
T cells.Mittelorunn M, Martinez del Hoyo G, Lopez-
Bravo M, Martin-Cofrades N, Scholer A, Hugues S,
Fetler L, Amigorena S, Ardavin C, Sanchez-Madrid F.
Blood 113:75-84 (2009).

Differentiation and function of mouse monocyte-
derived dendritic cells in steady state and
inflammation. Dominguez MP, Ardavin C
Immunological Reviews 234:90-104 (2010).
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POSTDOCTORAL SCIENTIST ~ p \
\ Alistair Ritcie poptosis is considered a basic mechanism for activated T cells we have established that Fas also N\
limiting T cell memory expansion known as plays a crucial attenuating role in the response of
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TECHNICIANS . L . ' - 11 Pags:191- itor:
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\ ‘\ ‘, Molecular and cellular mechanisms in au-
N W y toimmune disease: identifying strategies for
\ Isabela Alcazar Benjumea therapeutic intervention.
REDOCTORAL SCIENTISTS
‘ Raquel Mejias Laguna

Teresa M. Zotes Ciprés pproximately 5-10% of the population in the

Roberto Spada
l Laura Morillas Navas of >80 autoimmune disorders; these chronic,
Vladimir Mulens Arias debilitating diseases have an enormous social

and economic impact. To analyse the mechanisms that op-
TECHNICIANS

developed world is affected by at least one

erate in autoimmune diseases and identify new drug targets

Sonia Pérez-Yague and therapeutic strategies, we study intracellular signaling

I Maria Lozano Alonso pathways that induce autoimmunity or inflammation when
hyperactivated, as well as the mechanisms that maintain
VISITOR
' iallie G [t 2 peripheral tolerance in the immune system.

Our lab studies several aspects of the initiation and pro-
gression of autoimmune disease in murine models: 1) the
role of p110y PI3K in T cell activation and autoimmunity,
2) the role of p110y PISK in secondary lymphoid organs
and in the onset/ progression of immune responses and
autoimmunity, 3) how p85y PISK contributes to CD28 cos-
timulation in the activation of effector and regulatory T cells,
and how its absence affects rheumatoid arthritis onset and
development, and 4) crosstalk between negative regulators
of T cell activation that enforce T cell quiescence and PISK
isoforms, and how crosstalk affects autoimmunity.

NKG2D in autoimmunity and tumour immunotherapy

NKG2D is an activating receptor expressed by natural killer
(NK) cells and T cells; it is implicated in immune responses
to infections and tumours and in autoimmunity. NKG2D
ligands are not expressed by most normal cells but are
up-regulated on numerous tumor cell. In addition, their

inappropriate expression in certain tissues can trigger or

10

exacerbate autoimmune disease. In fact, implicating NKG2D and
its ligands in the pathogenesis of several autoimmune diseases.

Our projects study the role of NKG2D in autoimmunity and
tumour immunotherapy: 1) NKG2D associates with the adap-
tor protein DAP10, which binds and activates the PIBK p85
subunit. We are analyzing the specific contribution of each
PISK isoform to cell activation via NKG2D. 2) To study the
contribution of NKG2D to the initiation/progression of au-
toimmune processes, we analyse NKG2D ligand expres-
sion in several mouse models of autoimmune disease,
and study the correlation between ligand expression and
disease onset/severity.

Nanomedicine as a therapeutic approach for treating
cancer and autoimmune disease

Radiotherapy- and chemotherapy-based cancer treat-
ments affect both tumours and healthy tissue, leading to a
search for more specific ways to fight tumours. Tumour im-
munotherapy is a promising treatment strategy, as it could
enhance the immune system’s natural capacity to control
tumour development. Studies suggest IFN-y as effective in
tumour elimination, although it is difficult to deliver an appro-
priate cytokine dose to the tumour without causing toxicity
to surrounding tissues. Directed targeting to the tu-
mour could improve the efficiency of its delivery,
increasing local dosage without augmenting , -~

the systemic concentration. Nanotechnol-

ogy provides a means to target drugs /
using superparamagnetic iron oxide [
nanoparticles as drug delivery systems in \
conjunction with a magnetic field, applied \
externally or implanted internally. \
N\
In mouse models of cancer, we tested uniform \
dimercaptosuccinic acid (DMSA)-coated mono- \

disperse magnetic nanoparticles (MNP) as a delivery

system for IFN-y. IFN-y-adsorbed DMSA-coated MNP

were targeted to the tumour site by applying an external
magnetic field. We found nanoparticle accumulation and cy- \
tokine delivery at the tumour site, which led to increased T cell 1
and macrophage infiltration and promoted an antiangiogenic
effect, resulting in a notable reduction in tumour size. Our find-

ings show that these nanoparticles can be an efficient in vivo

drug delivery system for tumour immunotherapy. /
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This immunofluorescence
staining was performed
on spleen frozen sections
from p1108"7""T mice. It
shows a germinal center
in which p1106 PI3K is
stained in green, marginal
metallophilic macrophages
in blue and nuclei in red.

This immunofluorescence
staining was performed
on aortic sections from
LDLR” p110y” mouse
embedded in paraffin. A
fragment of an atheroscle-
rotic plaque is shown, as
well as part of the tunica
media and adventitia. T
cells are stained in green,
nucleous in blue (DAPI)
and nuclear proliferation
marker Ki67 as well as
some erythrocytes in red.

Staining a glomerulus

(in red) of a lupus

prone MRL/lpr mouse
showing expression and
co-localization of ult-1

(in green), a NaturalKiller
cell ligand. /

SELECTED PUBLICATIONS

Mejias, R., Pérez-Yagile, S., Gutiérrez, L., Cabrera, L.I., Spada, R., Acedo,

., Villanueva, A., Morales, M.P., and Barber, D.F.
(2011) “Dimercaptosuccinic acid-coated magnetite nanoparticles for
magnetically guided in vivo delivery of interferon-gamma for cancer therapy”.
Biomaterials 32, In press, doi:10.1016/j.biomaterials.2011.01.008.

Mejias, R., Pérez-Yagile, S., Roca, A.G., Pérez, N., Villanueva, A., Cafiete, M.,
Mafies, S., Ruiz-Cabello, J., Benito, M., Labarta, A., Batlle, X., Veintemillas-
Verdaguer, S., Morales, M.P., Barber, D.F., and Serna, C.J. (2010) “Liver

and brain imaging through dimercaptosuccinic acid-coated iron oxide
nanoparticles”. Nanomedicine (Lond) 5: 397-408.

Alcézar, ., Cortés, |., Zaballos, A., Hernandez, C., Fruman, D., Barber, D.F.*, and
Carrera, A.C*. (2009) “p85beta phosphoinositide 3-kinase regulates CD28

coreceptor function”. Blood 113:3198-3208. *Domingo F. Barber and Ana C.

/ Carrera are senior authors on this paper.
We are also developing and validating a nanoparticle-
based system for controlled, localized release PATENT
of small interfering RNA (siRNA), microRNA,
antagomirs and aptamers for specific gene
silencing and cell targeting. for treatment /

of cancer and autoimmunity. /7
7/ February 2th 2011.

Morales Herrero, M? del Puerto; Gomez Roca, Alejandro; Serna Pereda,
Carlos; Veintemillas Verdaguer, Sabino; Mejias Laguna, Raquel; Pérez
Yaglie, Sonia; y Barber Castafio, Domingo F. Magnetic Nanopatrticles to be
used in a pharmaceutical composition. P201030138, filled in Spain.Priority
Date: 2th February 2010. Consejo Superior de Investigaciones Cientificas.
Other countries where the patent has been extended to: Enering in PCT,

/
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~ \\ \ tion and clearance through the production of B C \
\ \ \ antigen-specific antibodies. The prompt onset 1 80 um ‘
\\ I of the humoral immune response is thus crucial 1 10 ns waw
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signaling through its receptor, CXCR5. Specific / ing membranes coated with CXCL13. _ |
antigen recognition through the B cell receptor (B) Values for mean velocity and (C) - r
' . tracks of migratory B cells on CXCL13- /7
(BCR) alters steady-state B cell dynamics at coated ICAM-1-containing membranes. / |
. . . ‘ Each dot in (B) corresponds to a single
the follicle. B cells stop to gather antigen into cell: ns, not significant: **, p<0.0007. [ |
a central cluster at the site of contact with the \ — - =
. . - . - =\ I
antigen-presenting cell, establishing an immune \ - - \
synapse. Modulation of B cell dynamics thus S - . \ I
—
becomes critical for shaping the process of antigen N\ I
encounter and subsequent B cell activation. \ |
\
To dissect the interplay between the BCR and CXCR5 in membrane; CXCR5 signaling then promotes SELECTED PUBLICATIONS \
regulating B cell behavior, we established a two-dimensional membrane ruffling and LFA-1/ICAM-1 contacts \ Séez de Guinoa J, Barrio L., Mellado M. and Carrasco YR. CXCL13/CXCR5 \
. . ] : q ignaling enh B cell receptor-triggered B cell activation by shaping cell
model that allows study of CXCL13-mediated B cell migra- that increase antigen gathering near the synapse \ Zlygnn;%?g:go?%c?jnu:: r:’ciiz’ (;r riggered B cell activation by shaping ce N ‘
tion and antigen encounter in real time (Figure 1). Our results and thus, BCR signaling. Both mechanisms require | Rincon E, Saez de Guinoa J, Gharbi S, Sorzano C, Carrasco YR and Mérida
identify a costimulatory function for CXCL13/CXCR5 signaling a functional actin cytoskeleton and the activity of | 1. Dynamics of sorting nexin 27 traslocation in activated T cels. Journal of
in BCR-triggered B cell activation by shaping cell dynamics. the motor protein non-muscle myosin-Il. Based on / Gl Sclence, 2010 (i press)
R - . . .. . Carrasco YR. Molecular and cellular dynamics at the early stages of
Atlimiting conditions of antigeklidensbane kesicelisiesizis S G5, e SleD rejpeEe it (5 el omlet / antigen encounter: the B cell Inmunological Synapse. Gurrent Topics in
lish an LFA-1-supported kinapse with the target membrane both types of dynamic stages, kinapses and / Immunology and Microbiology, 2010, Vol 340: 51-63.
in response to CXCL13; through this migratory junction, synapses, to integrate BCR signals; the Carrasco YR. The missing link in the affinity maturation chain. Immunology
they encounter antigen and integrate BCR signals. When use of one or the other will be deter- and Cell Biology, 2009, Vol 87 (7): 505-506.
. o M . . . . . . Depoil D, Weber M, Treanor B, Fleire SJ, Carrasco YR, Harwood NE and
antigen density is sufficient to trigger a stop signal through minedimainly by antigen quality and Batista FD. Early events of B cell activation by antigen. Science Signaling,
the BCR, naive B cells establish a synapse with the target abundance. 2009, Vol 2 (63): pt1.
/
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\ . Activation of the PIBK/AKT pathway
,' I nﬂam mation in T cells from Systemic Lupus Erythematosus patients
T cell Control Individul T cell Systemic Lupus
Two biological problems that have occu- These studies contributed to show that PI3K is a target for
/ pied the activity of our team (~10 —to-12 systemic lupus erithematosus and for cancer treatment and
/ LEAD INVESTIGATOR N { b ) dinfl . revealed an unexpected nuclear function for PISKCB.
// Ana Clara Carrera ,/ mem ers). cancer and iflammation.
| e ! In Inflammation we previously showed that:
\ o e \
\ - P 7 N \
; \ \ \ ur recent work is based in the assumption (1) Activation of T cells in vivo (in the mouse) induced by
\ 3 \ that the same biological activities that control deregulated PISK activation triggers a Lupus-like dis-
\ I L - )
\ 4 physiological responses also control pathology ease similar to human Systemic Lupus Erythematosus
\ POSTDOCTORAL SRS N when deregulated. The team is currently work- (SLE) (FASEB J. 14,895-903, 2000).
Sus'ana Zuluaga Ro?rlguez ing in class | phosphoinositide 3-quinasa (PI3K) with special
JVE}VIEF REdgnld 0 Munioz emphasis in the examining the specific function of each of (2) Deletion or pharmacological inhibition of PIBKCG in the
‘ e the four class | PI3K isoforms in physiology and disease. mouse inhibit Lupus (J. Immunol76:589-593,2006,
Nature Medicine11:933-935, 2005).
PHD STUDENTS
l A L Reduced col interf ith PI3K activati 3) PISK activation | -~
Vicente Pérez Garacia educed colion cancer upon interrerence wi activation 3) activation is -~

Virginia Silio Castrejon frequent in human

I Isabel Cortés Lorenzo SLE (orelminary  /
results in Nature |
TECHNICIANS Medicine 11:933-
I Carmen Hernandez Agiiero 935, 2005). \

Lorena Sanz Gonzalez

We recently showed that: N
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N Stress-Activated Protein
i Kinase: p38MAPK Signalling
Pathways and their Role in
Human Diseases

/ LEAD INVESTIGATOR \ /£

y Ana Cuenda I
| '\ _p— “ The aim of our group is both to discover how
A S A\, \ members of the p38MAPK family regulate
\ A Y cell function in physiological conditions
A y and in response to environmental stresses,
Aol Nt infection and proinflammatory cytokines,
\ Q‘:al Sl\:; eRlls(,:cec: e(;;uz uisado and to understand how they are deregulated
Guadalupe Sabio in several human disease situations such as
‘ oncogenic transformation and inflammation.
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ur research is focused on (1) the discovery

of new substrates, interacting proteins and

inhibitors for these kinases, and the study

of their physiological roles using transgenic
mice for the different p38 isoforms, and (2) the study of
P38MAPK as a link between chronic inflammation and
cancer, and as mediators of chronic inflammatory diseases.
These studies utilize biochemical, cell biology as well as
whole animal model approaches.

There are four members of the p38MAPK family (p38a,
p38B, p38y and p38%), which are similar in amino acid
sequence but differ in expression patterns, substrate
specificities and sensitivities to inhibitors. In recent years,
our group has centred on elucidating the regulation and
roles of the p38MAPK family members p38y and p386. We
found that p38y interacts and is the physiological kinase of
several PDZ domain-containing proteins. In particular, p38y
interacts with and phosphorylates the tumour suppressor
protein hDIg, regulating its association to the cytoskeleton
and to nuclear protein-RNA complexes.

We are currently studying how p38y regulates the integrity
of nuclear and intercellular-junctional complexes, cell adhe-
sion, migration and polarity, as

well as cell cycle and prolif- -
eration in response to many 7

kinds of external stimuli. /

A large body of evidence |

indicated that p38a MAPK \

activity is critical for pro- \

duction of proinflammatory N\

cytokines, whose uncontrolled b \
production is a major cause of

chronic inflammatory diseases. None-

theless, little is known about the role of \
p38y and p386 isoforms in these proc- \
esses. We are currently undertaking further \

studies to study this, as well as their role in the
development of cancer associated to inflam-

mation, using the genetically modified mice
we have generated.
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Chemokine-Mediated Cell
Migration and Endocytosis

Chemokines are chemotactic cytokines
that act through plasma membrane-tethered
receptors.

hey are involved in cell functions that include

regulation of immune defense, as well as in

tumor growth, atherosclerosis and asthma.

Migration of immune cells from the blood into
tissues is crucial in immune surveillance and host defense.
In our group, we investigate the chemokine response of
monocytic cells using cell biology and knock out animal
models.

Cell migration is a complex biological function triggered
by integrins, growth factors and chemokines. In order
to evaluate the importance of membrane trafficking dur-
ing cell migration towards a chemokine gradient, we
monitored the number of the chemokine receptor CCR2
present at the cell surface. We found that cells that did not
migrate needed higher concentrations of the chemokine
CCL2 for the CCR2 internalization to occur. These data
suggest that internalization occurs during chemotaxis and
that non-migrating cells exhibit a reduced internalization.
We manipulated clathrin/dynamin-mediated endocytosis
to understand the molecular mechanisms implicated in
CCL2-stimulated cell migration. Sucrose treatment of
cells is described to interfere with endocytosis mediated
by clathrin, a protein involved in transfer of material be-
tween cell organelles. We found that sucrose treatment
impaired CCR2B internalization and migration of mono-
cytic cells. When RNA interference was used to knock
down clathrin, CCR2B internalization and transferrin up-
take were prevented, as was cell migration. Dynamin is an
endocytic pinchase implicated in the scission of vesicles.
This function can be inhibited with the help of dynasore.
When cells were treated with dynasore, we observed
a reduction in cell migration. Our findings indicate that
hindering membrane trafficking reflects in deficient cell
migration. The relevance of membrane trafficking in the
process of cell migration needs further evaluation using
model of chemokinesis (wound assay) and live imaging
techniques.

~

Cells expressing CCR2BmCherry (red)
were CCL2-treated (150 nM; 5 min) and
incubated on ice, then formaldehyde-fixed.
Cells were labeled with antibodies to
vesicular marker clathrin (green), the Golgi
marker giantin, (blue), followed by goat
anti-rabbit AMCA and anti-mouse Alexa
488 labeled secondary antibodies. Images
were obtained by confocal microscopy.
Colocalization of receptor and clathrin is
indicated (yellow), receptor and giantin
(magenta) and clathrin and giantin (cyan).
First panel represents the three labels. No
overlap (white) was detected.

We have also found that the nuclear receptor RXR (Retinoid X
Receptor) regulates the transcription of the chemokines CCL6
and CCL9 in vivo and in vitro. In the blood of mice lacking RXR in
macrophages, we found lower levels of CCL6 and CCL9. When
these mice suffer from peritonitis, they showed less inflammation

and fewer leukocytes were attracted. In addition, these mice were
less prone to sepsis and therefore our results put forward RXR as ,
a target for treatment of inflammatory processes. /

Our studies established CCR2 endocytic 7
routes and their importance in monocytic /
cell migration. These insights into the |
molecular mechanisms of desensitization \
and signaling define potential targets for \
therapeutic intervention in diseases such as N

asthma and allergic inflammation. \
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In another collaborative work, we devised a method

that assigns the topology of the membrane proteins us-
ing fluorescent proteins (FP). This so-called pH exchange
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or confocal microscope, its applicability to live, undis-
turbed cells, and the ability to quantify the propor-

tion of inside/outside orientation for proteins
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with multiple topologies. We believe that this
assay will be of interest to many groups
working with membrane proteins. )
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a The Role of Ras

\ a .
i Effectors in Inflammation
//
and Cancer
y A INVESTIEATOR 4 The Ras GTPase is mutated in approxi-
/ Ana Gonzalez

{ mately 15% of human tumours, and these
A o . i mutations are especially frequent in lung,
colon and pancreatic carcinomas.
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\ Jeslis Sanchez Ruiz —
Verdnica Sanchez Alon

n normal cells, Ras participates in several biological
responses, regulating cell cycle progression, mi-
gration, differentiation and cell survival as well as
‘ TECHNICIAN immune system development and function. Ras
Maria Garcia Belando mediates these functions through the activation of three

effector pathways, Raf/MAPK, PI3K and the Ral GTPases.

l The focus of our research is to analyse the contribution of
these Ras effectors to several aspects of inflammation and

I tumour development.

We analyse the role of Ral GTPases in the immune system
I using genetically modified mice and biochemical tools to
knock down the expression of these GTPases. In cyto-
' toxic cells, both Ral isoforms, RalA and RalB, are activated
rapidly after target cell recognition, and translocate to the
cell-cell contact zone (Fig. 1). A critical step in cell-mediated
cytotoxicity is the directed secretion of lytic granules at
the immunological synapse, by which lytic molecules are
delivered specifically to the target cell, and neighbouring
cells are protected from damage. Ral GTPases have been
shown to participate in polarized secretion in different cell
types; we therefore study Ral function in the regulation of
cell-mediated cytotoxicity.

A large body of evidence now supports a correlation be-
tween inflammation and cancer, although the molecular
mechanisms that govern this process are poorly under-
stood. This correlation is particularly clear in patients with
inflanmatory bowel disease, who have an increased risk
of developing colorectal cancer. We use a murine model of
inflammatory bowel disease to dissect the contribution of a
PI3K isoform, PI3Ky, to inflammation-associated colorec-
tal cancer. We found that PI3Ky-deficient mice had lower

20
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incidence and multiplicity of tumours than control mice

(Fig. 2). PIBKy” animals also showed a reduction in colon

inflammation levels, with defective activation and infiltration

of myeloid cells and, in consequence, defective recruitment
of T cells to the colon. These data suggest that PISKy amel-
iorates inflammation-associated cancer by modulating the
immune response.

By understanding the molecular mechanisms that regulate
different steps during tumour formation, we can contribute
to finding potential targets for the development of new can-
cer treatment therapies.
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n Chemokine Receptors in
\ .
i Cancer Biology
/
Our main research interest is to understand
’ . ) how chemokines mediate the interaction
// Leonor Kremer 'I between tumor cells and their microenvi-
\ I i ronment, and how they participate in the
N 7 ™, ‘\ control of tumor growth and progression.
\ L
\ I
PREDOCTORAL s \ N P / e study the contribution of chemokine
\ Maria Vela — receptors to cancer cell physiology, and
evaluate their potential as antitumor
COLLABORATORS targets.
‘ Mercedes Llorente
Ménica Garcia-Gallo
l Left, CCL25-stimulates the T cell adhesion

mediated by a431 integrin. BCECF-AM- -
labeled MOLT-4 T cells were treated with
I anti-a4, anti-human CCR9 or control mAb,

incubated for the stated times alone or with
soluble human CCL25, and tested in adhe-

sion assays to VCAM-1. Right, Anti-human
CCR9 mAb blocks migration of MOLT-4

WICAM-1
I T cells in response to CCL25. Chemo- !
taxis assays were performed in transwell a
chambers, control or mAb-treated cells were l -
) .

added to the transwell inserts and placed in

' wells containing 200 nM CCL25. Following f ,\" < 7 I{ ,é' f'
rre

Calls bound mm!
i

Migrated cails

a 2 h incubation, cells migrating through
the membranes into the lower wells were
harvested and counted by flow cytometry.

coLs [CIET] T coas
08 min

Chemokines are small proteins that bind to G protein-coupled
receptors and regulate leukocyte migration during homeos-
tasis, inflammation and infection. Chemokine action extend
to all cell types, however, and appears to be important in
defining organ-specific metastatic destinations during cancer
spread. In some solid tumors, levels of the chemokine recep-
tors CCR7 and CXCR4 correlate with cell dissemination in
lymph nodes or other sites; CCR6 and CX3CR1 expression
is related to cancer cell homing to specific organs, suggesting
chemokine receptors as promising therapeutic targets. The
chemokine receptor CCR9 is expressed primarily on thymo-
cytes and in a small subset of intragpithelial lymphocytes; its
only natural ligand, CCL25, is expressed mainly in thymus and
the small bowel. Recent reports showed that CCR9 overex-
pression increases the migratory and invasive capacity of
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Left, phagocytosis and killing of Candida albicans by human monocyte-
derived dendritic cells (hDC). Confocal microscopy images of dendritic
cells showing extracellular yeast cells (blue), internalized yeast cells (green),
and actin (red). Right, the fungal phagocytic indices of hDC exposed
to wt CAF2 and the cek1 deletion mutant were measured by
differential immunofluorescence labeling. The phagocytic - =~
index was assessed by counting the number of internalized / \N ‘ ‘ B ) /
yeast cells per 100 phagocytes, after nontreatment or Anti CCR9 mAb recognize specifically the CCR9 chemokine
treatment of primary cells with isotype control mAb or / \ receptor in stably transfected HEK 293 cells. Human
the anti-dectin-1 MGD3 mAb. CCR4, CCR5, CCR9 or empty vector transfected /
\ cells were stained with anti-hCCR9 mAb,
I followed by PE-conjugated anti-mouse
\ immunoglobulin - antibodies and
analyzed by flow cytometry. /7
prostate cancer cells, directs ovarian cancer | N s
and melanoma cell metastases to the small ~ -~ -~
— —

intestine, and increases proliferation of and
resistance to apoptosis by acute lymphoblas- \
tic leukemia-derived cell lines. CCR9-mediated
intracellular signaling activates the anti-apoptotic
PI3K, Akt, PTEN, mTOR, ERK1/2 and GSK-3(

pathways, and downregulates activation of caspase-3, \ SELECTED PUBLICATIONS

Cuesta AM, Sanchez-Martin D, Sanz L, Bonet J, Compte M, Kremer
L, Blanco FJ, Oliva B, Alvarez-Vallina L (2009) In vivo tumor targeting
and imaging with engineered trivalent antibody fragments containing
collagen-derived sequences. PLoS One 4:¢5381.

leading to survival and increased cell proliferation. \

Our group is focused in determining the role of CCR9 in \
tumor physiopathology. We have generated anti-human \
. . . Pérez de la Lastra JM, Kremer L, de la Fuente J (2009) Recent
CCR9 monoclonal antibodies (MADb) to characterize and fol- advances in the development of immunoadhesins for immune therapy
and as anti-infective agents. Recent Pat Antiinfect Drug Discov

low CCR9 expression by flow cytometry, Western blot and \
4:183-189.

immunomicroscopy, and for blocking receptor signaling. Our

- ) . \ Greciano PG, Ruiz MF, Kremer L, Goday C (2009) Two new
neutralizing anti-CCRI mAb are being used to evaluate the CCR9 chromodomain-containing proteins that associate with heterochromatin
participation in tumor cell cycling, survival, migratory and inva- I in Sciara coprophila chromosomes. Chromosoma 118:361-376.

Galan-Diez M, Arana DM, Serrano-Gémez D, Kremer L, Casasnovas
, JM, Ortega M, Cuesta-Dominguez A, Corbi AL, Pla J, Fernandez-Ruiz

E (2010) Candida albicans beta-glucan exposure is controlled by the

fungal CEK1-mediated mitogen-activated protein kinase pathway that

. . . . modulates immune responses triggered through dectin-1. Infect
antibody action produces changes in mRNA and protein lev- Immun 78:1426-1436.

siveness using human tumor lines, and in tumor progression and
metastasis in xenogeneic mouse models. We use quantitative
real-time PCR and immunohistochemistry to determine whether I

els. CCR9-expressing human carcinoma cell lines and RNA I Koduru S, Kumar L, Massaad MJ, Ramesh N, Le Bras S, Ozcan E,

Oyoshi MK, Kaku M, Fujiwara Y, Kremer L, King S, Fuhlbrigge R, Rodig

/ S, Sage P, Carman C, Alcaide P, Luscinskas FW, Geha RS (2010) Cdc42
interacting protein 4 (CIP4) is essential for integrin-dependent T-cell
trafficking. Proc Natl Acad Sci USA 107:16252-16256.

interference approaches are also used to study the molecular
mechanisms that underlie CCR9-mediated effects. In addi-

tion, we will test the usefulnes of these mAb for diagnostic /
imaging and for antagonist screening of low molecular / PATENTS
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i Inflammation and Cancer
/

Inflammation is a complex stereotypical re-
sponse that is essential for effective defence
of the organism against harmful stimuli such

| P | as pathogens, irritants or tissue damage.

l \ P o e \
N o N\ N \
\ \
\ \\ \, iscovery of the detailed processes of inflam-
\ / mation has revealed a close relationship
POSTDOCTORAL SCIENTISTS ~ y”

.- . . S between the inflammatory reaction and the
Emilia Miggl s immune response. Indeed, a hallmark of

Rosa Ana Lacalle Blanco - ion is the di tpd - ' h id) of |
‘ Concepcién Gémez Moutén inflammation is the directed migration (chemotaxis) of in-
Alicia Gonzalez Martin flammatory cells (mostly leukocytes) through blood vessel

walls to the site of injury. Once wound healing is complete,

l PREDOCTORAL SCIENTISTS infammation resolves and tissue homeostasis returns.

Manuel Tardaguila Sancho
Araceli Garcia Castro

I Juan Carlos de Karam Francisco
Andrea Diaz Alderete

Nonetheless, a deregulated response to tissue damage
might lead to autoimmunity and chronic inflammatory dis-
eases, and can also promote cancer.

Recent clinical and experimental evidence indicates that

I feeren , . solid tumours exacerbate inflammation to promote their own
Rosa Maria Peregil Alcocer _ , , ,

progression. This leads to a tumour microenvironment largely
orchestrated by inflammatory cells, altering the metabolic
needs of the tissue and fostering neoangiogenesis, prolifera-
tion, survival, mutagenesis, migration and metastasis of ma-
lignant cells. Tumour-induced inflammation usually leads to
immunosuppression, impeding the immune system surveil-
lance function and clearance of the tumour; indeed, breaking
immunosuppression has been demonstrated as a useful,
efficient way to eradicate cancers. Immune cells might there-

fore provide both anti- and protumourigenic signals, which

could be harnessed or attacked for therapeutic purposes.

24

Bioluminescence images showing the

differential growth of pancreatic tumours

in wild-type and CCR5-deficient mice.

Luciferase activity was measured and
transformed to a pseudocoloured image;
red represents maximal light intensity.

We aim to identify and understand key molecules/pathways
responsible for the aberrant inflammatory reaction involved
in the development or outcome of inflammation-associated
pathologies. Our research projects focus on distinct steps
of this reaction:
(i) Study at the cellular level of key signalling pathways that — __C._.(;E?Ko
regulate acquisition of a motile phenotype in leukocytes i
(i) Understand the role of specific chemokines/chemokine o
receptors in orchestrating the activation of the adaptive
immune response
(ili) Identify key regulators of terminal
differentiation in innate immune -
cells within the inflammatory
environment
(iv) Examine the relevance I
of the vascular system
in controlling inflamma-
tory migration of specific \
leukocyte subtypes \

\

lar, molecular, and chemical mediators \

We hope to understand critical cellu-

through which tumours promote inflam- \
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N < . |_| n k| n g Centro SOMm al minus. A similar mechanism might govern the distribution
\ \ of Dido3 between the nucleus and centromeres in mitotic
‘\ I Ab errations to C h romosom al cells. After having identified of the determinants for Dido3
| 4 b A l localization, we plan to elucidate the mechanism by which
/ o |nSta I Ity Dido3 regulates target proteins in the centrosome and
/' N “ synaptonemal complex.
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y Carlos Martinez Alonso & Our group studies the link between cell di- In addition to the role of Dido proteins in cell division, we
I’ Karel H.M. van Wely | vision and genomic instability, with a spe- are interested in the origins of genomic instability in spo-
- = 1 P . . . i ; ;
A - " 1 cial interest in the death inducer obliterator radic carcinomas. The most common type of genomic
N P N . . . instability in solid tumors is chromosomal instability (CIN),
e \ A (Dido) protein family. netebiy y(Gh)
\ in which chromosome number changes occur together
\
\ \\ I with segmental defects. This means that changes involv-
\ / ing intact chromosomes accompany breakage-induced Cillogeness in Dido mutant cells.
POSTDOCTORAL SCIENTISTS N P
L . B alterations in CIN tumors. Whereas numerical alterations
Cristina Pacios Bras , . . .
Julio Gutiérrez Hermnandez — are attributed to chromosome missegregation, the origins
Ricardo Villares Garcia Loss Arm translocation of breakage in CIN tumors remain disputed. Recently,
‘ "‘ we proposed a model of chromosome breakage based
TECHNICIANS on spindle defects and kinetochore distortion [2]. Using
l Agnes Fltterer Dido gene mutants, we obtained the first evidence of
Astrid Alonso Guerrero spindle-generated chromosome breakage [3]. Our data

Ainhoa Sanchez de Diego ‘ / showed that reduced control over the mitotic spindle not

only causes losses and gains of intact chromosomes,
but also produces kinetochore distortion and shearing of

AAA

kinetochore-associated chromatin.

U\ >

' . associated chromatin, a phenomenon we Lagging chromosomes in

. , Dido mutant cells.
. Replication

4 ing mitotic chromosome segregation.

* \\\ / Broken chromosomes generated by I

Self ligation centromere fission are therefore sepa-

Spindle-controlled shearing of kinetochore-

termed centromere fission, occurs dur- 7

Propagation rated from their counterparts, frequently
end up in micronuclei, and are repaired

Model of centromere fission in chromosomal instability.

when recombination is nearly inactive. As
a consequence, chromosome arms contain-
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Chemokine Receptors: New
Targets for Therapeutic
Intervention

Since the first reports on chemokine func-
tion, much information has been generated
on the implications of these molecules in
numerous physiological and pathological
processes, as well as on the signaling events
activated through their binding to receptors.

espite these extensive studies, no chemokine-
related drugs have yet been approved for use
in patients with inflammatory or autoimmune
diseases. This discrepancy between efforts
and results has forced a re-evaluation of the chemokine field.

Using classic biochemical techniques and new method-
ologies based on energy transfer between fluorophores
(FRET), we have explored chemokine receptor conforma-
tions at the cell surface and found that, as is the case for
other G protein-coupled receptors, chemokine receptors
are not isolated entities that are activated following ligand
binding; rather, they are found as dimers and/or higher
order oligomers at the cell surface, even in the absence
of ligands. These complexes form organized arrays that
can be modified by receptor expression and ligand levels,
indicating that they are dynamic structures.

Clusters of chemokine receptors are expressed at the cell
surface. It is thus plausible that receptor dimers organ-
ize in such clusters, like bundles of cigars. Ligands then
modulate and stabilize specific receptor conformation to
trigger functional responses without disrupting cell surface
receptor arrays. Ligand-mediated internalization of a given
receptor pair does not necessarily alter the levels of other
receptors in the ‘bundle’. It is nonetheless possible that
the conformation of resting receptors in an array might be
affected by ligand binding to a responding receptor. Such
‘allosteric’ conformational changes might not be restricted

~

= sl arvE Lovement
Neural stem movement.

Anaphase detail in BLM cells.

CXCR2 homodimerization showed by
photobleching FRET.

to neighboring dimers, but might extend through the array
in a domino effect.

The chemokines also activate a tyrosine kinase pathway
that shares many components with the biochemical path-
way activated by the cytokine receptors. We have reported
that chemokines activate the JANUS kinases (JAK), which
associate to the chemokine receptor
and promote its rapid tyrosine
phosphorylation.  Through -
the JAK/STAT pathway, the
chemokines trigger sup-
pressor of cytokine sign-
aling (SOCS) expression.
The SOCS intracellular pro-
teins are thus key physiological \
regulators of cytokine and chem- \
okine responses, SOCS proteins
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X Lipid Signalling

Diacylglycerol (DAG) is a lipid with unique

functions as a basic membrane component,

as a lipid metabolism intermediate and as a
signaling molecule.

Dinciiglyceral-requinted protein
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n eukaryotes, a host of proteins have evolved the

ability to bind to DAG and are thus modulated by

this lipid, creating additional levels of control to meet

the complex needs of multicellular organisms. DAG-
regulated proteins participate in neuronal and vascular
patterning, synapse transmission, glucose transport and
are critical for the correct immune response. Altered DAG
functions are related to transplant rejection, inflammation,
diabetes, allergy and autoimmune disease. Sustained DAG
generation, on the other hand, is associated with malignant
transformation. The complexity of DAG-regulated proc-
esses emphasizes the need for studies aimed to evaluate
the potential therapeutic manipulation of DAG generation
and clearance.

Our group studies the contribution of DAG-regulated
mechanisms to T cell activation and oncogenic transforma-

~

tion, so that steps of these processes can be manipulated
for possible therapeutic benefit. Our final goal is to demon-
strate that modification of DAG metabolism represents a
novel and understudied strategy directed to the manage-
ment of a more effective immune response and/or treat-
ment of cancer.

We investigate the mechanisms by which DAG binds and

regulate C1 domain-containing proteins. In addition to

the well characterized PKC family, vertebrates express six

additional families of DAG regulated proteins: chimaerins,

DGK (beta and gamma), PKD, Munc13, RasGRP and
MRCK. The specific expression in T cells of C1-containing
GEFS and GAPS for small GTPases of the Ras and Rho
family has uncovered new and strategic functions for DAG
in the regulation of Ras and Rac. We study the spatial
generation of DAG using fluorescent DAG sensors. Stud-
ies from our laboratory have also provided new insight into
the mechanisms that govern DAG-mediated regulation of
RasGRP1 and (2 chimaerin during T cell activation.

Another important area is -
the study of Diacylg- /7
lycerol kinases (DGK), /

which transform DAG into |
phosphatidic acid, and \
represent important modu- \

lators of DAG-dependent \
functions We use biochemical \
and genetic approaches to bet-

ter understand how antigen medi-
ated stimulation determines membrane
localization/activation of DGKa and (a,

their site of activation and the nature of the )
interacting partners. We also explore the

role of these isoforms in the mantainance |
of transformed state through regulation of /
the PIBK/MTOR pathway. We expect /

that our findings will contribute to as-
sess the therapeutic potential of
the DGK enzyme family as tools
for a better and more effec-
tive management of the

immune response and / ’
treatment of cancer. /7

/

I
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:EAD 'NV_EST‘(;\/:ITOR | Alb . A At present, with 1.7 million deaths each
nacio Moreno de oran .
g ! year, cancer represents the second most im-
-— == \ .
- . i portant cause of death in Europe.
o . \
\ \
\ \
\\ /' n up to 50% of all human cancers, constitutively en-
POSTDOCTORAL St N hanced expression of proto-oncogenes of the myc

Lorena ROdr'gueZ Novoa family is a characteristic signature. Myc deregulation

is due to rearrangements or other mutations in either
PREDOCTORAL SCIENTISTS

David Fernandez
Maitane Ortiz

one of the three myc genes. Myc proteins are members
of a basic region/helix-loop-helix/leucine zipper (bHLHZip)
transcription factor family (N-, L- and c-Myc) that can either
activate or repress expression of their target genes. The
study of Myc function is a complex task. Myc members
have been shown to bind to several thousand loci in the ge-
nome of humans and mice and regulate a variety of differ-
ent genes. This large number of Myc targets affects a wide
range of biological processes such as cell cycle control,
apoptosis, protein synthesis, energetic metabolism, se-
nescence, cell polarity and cell differentiation, which all are
known to play a role in human cancer development. How-
ever, it remains to be determined which of these functions
are the most relevant in Myc-dependent tumourigenesis.
Among all these Myc functions, the role of c-Myc in cell dif-
ferentiation is poorly understood. In this context, our group
is interested in understanding the molecular mechanisms
that mediate the action of the proto-oncogene c-myc in
cell differentiation. With this aim in mind, we have focused
our efforts to address this question in a well-defined
setting in vivo such us B lymphocyte differentia-
tion. In recent years, we have developed several
conditional mouse models to inactivate c-Myc at
different developmental stages in B lymphocytes.

These models have proved to be very useful to

place c-Myc in the context of the transcription
factors necessary for B lymphocyte differentiation.
Finally, we expect to translate all this knowledge to
pathological situations caused by deregulation of c-Myc

expression in B lymphocytes.

SELECTED PUBLICATIONS

Masuda K, Ishikawa Y, Onoyama I, Unno M, de Alboran IM, Nakayama K,
Nakayama K (2010) Complex regulation of cell-cycle inhibitors by Foxw7 in
mouse embryonic fibroblasts. Oncogene 29:1798-809.

Duy C, Yu JJ, Nahar R, Swaminathan S, Kweon SM, Polo JM, Valls E,

Klemm L, Shojaee S, Cerchietti L, Schuh W, Jack HM, Hurtz C, Ramezani-
Rad P, Herzog S, Jumaa H, Koeffler HP, de Alboran IM, Melnick AM, Ye BH,
Miischen M (2010) BCL6 is critical for the development of a diverse primary
B cell repertoire. J Exp Med 207:1209-21




Centro Nacional de Biotecnologia CNB | Scientific Report 0g9-10 /

-

= T

n Function and Regulation
of APRIL, a TNF Protein:
Implications in Pathology

/ LEAD INVESTIGATOR N ! /

Lourdes Planelles We focus on the study of APRIL (a prolif-

eration-inducing ligand), a member of the
TNF family proteins named for its ability
to stimulate the proliferation of tumour

cells in vitro.
POSTDOCTORAL SCIENTIST AN 7
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PRIL binds to two known TNF receptors,
TACI and BCMA. In addition, APRIL binds
to heparan sulphate proteoglycans (HSPG),
although the biological significance is not yet

Araceli Garcia Castro
Manuela Zonca
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clear. APRIL is expressed by several cell types (dendritic
cells, macrophages, epithelial cells, osteoclasts) and se-
I creted as a soluble factor.

Douglas Florindo Pinheiro

APRIL is known to enhance B cell proliferation and cell sur-
vival; it also enhances T-independent humoural responses
and promotes immunoglobulin class-switch recombination
to IgG and IgA. Altered APRIL expression has been de-
tected in pathological situations such as autoimmunity and
cancer. We described that APRIL transgenic mice develop
lymphoid tumours that originate from the expansion of
peritoneal B cells. Tumours in these mice resemble human
chronic lymphocytic leukaemia (CLL), and our analysis of
CLL patient sera shows an increase in circulating APRIL
levels that correlates with reduced overall survival. In these

Human breast cancer cells express APRIL protein. APRIL expression
(green) and DAPI (blue) by confocal microscopy in a panel of breast cancer
cell lines (MDA-MB213, MDA-MB468, T47D and MCF7) and control cells
(MCF10A).

T47-D MDA-MB-4E68 MDA-MB-231 MCF-7 MCF10-A
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B cell malignancies, APRIL activates NFkB transcription
factor, promotes tumour cell survival and protects cells from
apoptosis.

Our main goal is to dissect APRIL function in the immune
system and in pathological conditions. One research line
studies the relevance of APRIL in epithelial breast cancer,
using cell lines and mouse models. We detected high APRIL
mRNA levels in 30% of the human primary breast tumours

analysed and found that APRIL protein is expressed in

various human breast cancer cell lines and promotes

their proliferation. We identified molecules that stimulate

APRIL secretion in these cancer cells and characterised

the signalling transduction pathways activated by the cy-

tokine. We also generated the MMTV-neu/APRIL double

transgenic mouse and used syngeneic tumour transplant
models in APRIL-Tg and APRIL-KO mice to study the influ-
ence of APRIL in epithelial tumour development in vivo. We
are also exploring the potential clinical use of APRIL and
analysing its expression in human solid primary tumours.

Another line of research uses mouse models and human
samples to focus on autoimmune diseases (RA, SLE) and B
cell deficiencies (XLA). We
are examining the

cell types respon- p -
sible for APRIL/ /
BAFF secretion |

% of control (cpm)
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APRIL promotes proliferation of breast cancer cells.
Control and cancer cells were cultured with APRIL
(black) or alone (white) and a thymidine incorpora-
tion assay was performed. Graphic shows the
percentages of proliferation normalized to the com of
unstimulated cells (100%).

and the factors \ I
that regulate it, \ I
the effects medi- N e -
ated by APRIL/BAFF, N i
the target cells involved \
and the signallin ath-
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generation of APRIL antagonist
molecules that effectively block
this cytokine as a strategy
for blocking tumour de-
velopment.

systemic lupus erythematosus. Ann Rheum Dis 68:997-1002.

Stem cell culture medium and effects. Lombardo E, Zonca M &
Planelles L. Application number: EP10382244.1

~
- - -_ F
35



~
~

/ LEAD INVESTIGATOR y:
/ /
y Hugh Reyburn |
| e \
g S 1
N - o AN N \
\ \
\ \ |
\ I
\ /
POSTDOCTORAL SCIENTIST N p”
\ Gloria Esteso Tornero
PREDOCTORAL SCIENTISTS
‘ Gema Romera Cardenas

Miriam Aglndez Llaca
l Daniela Dukovska

' Deposition of NKG2D
containing lytic granules

from an NK cell onto a

tumour cell induced to

express ligands of NKG2D.
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Receptor-ligand interactions
In Immune responses to
cancer and viruses

Current research in the laboratory addresses
various issues related to the biology of NK
cells and in particular the receptor NKG2D.

ome of topics of investigation represent the con-
tinuation of projects ongoing in the lab, before
the move from Cambridge in October 2008,
while others are new projects begun in the CNB:

Turmour call

a tumour cell

f MEKG2D

Matural Kille

Traffic and function of the NKG2D receptor
We have identified amino acids in the cytoplasmic tail of
NKG2D and DAP10 that regulate internalisation of the
receptor complex, and are now analysing how receptor
recycling alters the threshold for signalling.

We have described how NKG2D/DAP10 receptor com-
plexes polarise to the cytotoxic immune synapse in secre-
tory lysosomes/lytic granules. We are now studying how
the presence of this receptor complex in the Iytic granules
affects the fusion of the granules with the target cell mem-
brane for delivery of the lethal hit.

We, and others, have described that chronic interactions
with NKG2D-ligand-expressing target cells produces NK
cell exhaustion/anergy. We are now analysing the molecular
basis of this defect.

~
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cytomegalovirus (HCMV) induces high levels of shed-
ding of NKG2D ligands, and are characterising the
biochemical basis of this effect in vitro. We have
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levels of NKG2D receptor expression
in vivo, and are now working to un-
derstand the mechanisms underlying
this phenomenon. These experiments
are being done in collaboration with
groups in the university teaching hospi- ~
tals Gregorio Marafion and 12 de Octubre

in Madrid, and we are beginning to collaborate

with investigators in other regions of Spain.

The roles of NKG2D in regulation of the

\ immune response
b N
N
N .
N I) Immune surveillance of tumours
N\
\ 2) Autoimmune disease
\
\ e.g. Coeliac disease,
‘| rheumatoid arthritis, diabetes
' 3) Transplant rejection
,' 4) Immune recognition of pathogens
/ (e.g. HCMV, HIV)
/
/
/
/
/
/
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Chemokine Signaling

Chemokines are a family of proinflammatory
cytokines that, through interaction with seven
transmembrane G protein-coupled receptors,
play a key role in numerous biological proc-
esses, from organogenesis and leukocyte
trafficking to host immune responses.

ignalling through chemokine receptors involves
ligand-induced conformational changes in the
receptor, allowing binding of JAK kinases and
interaction with G proteins, initiating signalling
cascades that lead to cytoskeletal rearrangement, gene

expression, and receptor desensitization via internalization.

Melanoma cell adhesion to Fibronectin under flow conditions.

Chemokine receptors were thought to exist as isolated
entities, allowing a 1:1 interaction with the corresponding
ligand as the basic unit that triggers signalling and func-
tional consequences. Chemokine biology is nonetheless
more complex than initially predicted, as several studies
suggest that chemokines can dimerise and that their recep-
tors are found as dimers and/or higher order oligomers at
the cell surface. Receptor oligomerisation might alter G pro-
tein specificity, coupling to signalling pathways, attenuate
signalling, facilitating synergism between chemokine pairs
and allowing GPCR crosstalk. The potential of chemokine
receptor oligomerisation greatly increases the number of
potential phenotypes, with implications for physiology and
pharmacological intervention.

~

In recent years, we have studied chemokine-induced signal-
ling pathways, including changes in receptor conformation,
activation of tyrosine kinases and the various possibilities of
chemokine signalling dependent on the cell microenviron-
ment. Using the chemokine receptors CXCR4 and CCRY7,
we observed differences in coupling to distinct signalling
pathways depending on the cell type analyzed. JAK ki-
nases, G proteins and PI3 kinases are essential for some
functions but dispensable for others. These effects are not
only cell-type specific, but also chemokine receptor-spe-
cific; in some cases, there are also differences depending
on the chemokine that activates a given receptor.

In previous work, we showed that the ligands for CXCR4
and CCR7 can couple to distinct signalling pathways in tu-
mours and lymphoid cells. Our current research program is
related to analysis of chemokine receptor conformations in
different cell microenvironments. Using classical biochemical
technigues and resonance energy transfer, we are analyzing
interactions between chemokine
receptors, which can indicate _ -
novel, specific  activities /
triggered by chemokines. /

The main objective is to |
envisage new ways of \
modulating chemokine re- \
sponses that could be thera- \
peutically relevant by promoting \
or disrupting specific chemokine
receptor complexes that indicate
specific signalling events and therefore,
cell-specific chemokine functions.

Matrigel invasion of BLM cells in response to
CXCL12 in the presence or not of CCL21.
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arrest and DNA damage-inducible genes)

and p38 MAPK (mitogen-activated pro-

tein kinase) families in suppression of
autoimmunity and cancer. In mammalian cells, the best-
characterised mechanism for p38 activation is via a phos-
phorylation cascade termed the classical MAPK pathway,
in which a MAPK kinase kinase (MAPKKK) phosphorylates
MKKS3, MKK4 and MKK®6. These kinases then phosphor-
ylate p38 on the Thr180-Tyr182 motif, enhancing substrate
access to the catalytic site and increasing its activity. We
found that in T cells, p38 is activated by an alternative
mechanism in response to antigen T cell receptor (TCR)
signalling. TCR ligation increases activity of the Src kinase
Lck, which phosphorylates Zap70. This tyrosine kinase
phosphorylates p38 on Tyr323, which in turn induces au-
tophosphorylation at Thr180, resulting in p38 activation.
Gadd4ba is a negative regulator of the alternative pathway.
Gadd45a binds to p38, preventing Zap70-mediated p38
phosphorylation at Tyr323.

p38 MAPK is important in the pathogenic immune response
in rheumatoid arthritis (RA). We addressed the function of
the Tyr323-dependent and the classical MAPKK pathways
in T cells from patients with distinct types of inflammatory
arthropathies. We quantified phosphorylation of Tyr323p38
and (Thr180-Tyr182)p38 on T cells from healthy controls
and patients with RA or ankylosing spondylitis (AS) to
identify variables associated with p38 phosphorylation and
disease activity.

In a cross-sectional study, we measured p38 phosphoryla-
tion on Tyr323 and Thr180-Tyr182 on T cells from 30 control
individuals, 33 patients with AS, 30 with RA in remission and
79 with active RA. We collected clinical characteristics and

analysed the correlation between clinical variables,
disease activity score (DAS) and p38 phosphoryla-
tion levels. Multivariate regression analysis was used to
identify variables associated with p38 phosphorylation on
Tyr323 and Thr180-Tyr182. We found that p38 phospho-
rylation on Tyr323 was higher in T cells from patients with
active RA than in patients with RA in remission or with AS.
Tyr323p38 phosphorylation was associated with disease
activity as determined by the DAS28. Enhanced p38
phosphorylation was linked to Lck-mediated activation
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p38 activation in RA patients and cor- |
relates with disease activity, suggesting \
selective inhibition of this pathway as an \
attractive target for specific downregula- N -

tion of p38 activity in RA patients.

Gadd45a regulation of p38 activity in response to stress and TCR signalling. (A)
In T cells, stress signals and cytokines induce dual phosphorylation of the Thr-X- \
Tyr motif (Thr180, Tyr182) and activation of all p38 MAPK isoforms, by triggering
an upstream MAPK kinase kinase (MKKK) that activates MAPK kinases MKK3, 4 \
and 6. (B) Stimulation through the T cell receptor (TCR) activates Lck and ZAP70. \ /
ZAP70 phosphorylates p38a and p38p3 on the non-canonical Tyr323 residue; this
induces autophosphorylation of Thr180 and p38 activation. Gadd45a binds p38 ~ -~
and blocks Tyr323 phosphorylation, Thr180 autophosphorylation, p38 activation, and
alters p38 substrate specificity.
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I r.— NKG2D is an activating immune receptor
P constitutively expressed in humans in most
— cytotoxic lymphocytes including NK and

CD8+ T cells; in mice it is expressed on NK
cells, but on T cells only after activation.

fter binding of its ligands, NKG2D activates
the mechanisms that lead to lysis and cy-
tokine secretion by immune effector cells. It
thus seems reasonable that NKG2D ligands
are not expressed constitutively on all cell types. Instead,
their pattern of expression is affected by cell stress. In
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MHC Class I-related protein
(MIC)

MICA, MICE
Polymorphic

humans,NKG2D ligands (NKG2D-L) belong to two families of
“stress-inducible” proteins: the polymorphic family of MHC-I
related chain A/B (MICA/B) and the multi-gene family of
UL16-binding proteins (ULBP, now termed RAET1A-E). The

NKG2D ligands

existence of such a large number of ligands for a single belong to two families
receptor is not fully understood, but might reflect a differ- of st essﬁ;iﬁigii

ential role for distinct ligands in immune surveillance or an
evolutionary response to selective pressures exerted by
pathogens or cancer. Our hypothesis is that the different
biochemical properties of NKG2D ligands could lead them
to follow distinct cellular pathways, and that these biologi-
cal features would allow the cell to adapt to a variety of

stress stimuli (pathogen, tumour transformation).

UL16-Binding Proteins (ULBPs)
Retinoic acid early transcript (RAET1)

Interestingly, NKG2D ligands can also be shed as soluble

molecules and induce a state of unresponsiveness in T

and NK cells. This phenomenon is of particular importance
in immune recognition of cancer, since the presence of
soluble ligands for NKG2D in serum of cancer patients has
been linked to poor disease prognosis.

ULEP-1,2,3and 6 ULBP-4, 5
RAET1LH,N,L RAETIE. G

RAET1E2, G2

Recent work from the laboratory, initiated at the University of
Cambridge, focuses on studying the cellular and molecular dif-
ferences that would explain the heterogeneity among NKG2D
ligands. Our data demonstrate that release of NKG2D ligands
occurs through several cellular mechanisms, including metallopro-
tease cleavage and release in exosomes.

Tumour release of proteins is a vehicle -~ ~

of communication with the im- 7 \
mune system that can 4 |
lead either to activa- -
tion of the response

and elimination of

the tumour, or to

suppression  and

immune escape. In \
the case of NKG2D \
ligands, the presence N
of soluble protein leads to
inhibition of NK cell cytotoxicity,
and exosomes containing NKG2D
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