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Speakers & Abstracts
Fibroblast activation protein alpha
expressing stromal cells mediate immune
suppression in a spontaneous model of
pancreatic ductal adenocarcinoma
James O. Jones1*, Christine Feig2*, Edward W. Roberts1,
David A. Tuveson2, Douglas T. Fearon1

Exploring the role of stromal cells in the
persistence of inflammation
Professor Chris Buckley
University of Birmingham
In 1985 Chris Buckley obtained his first degree in Biochemistry
from the University of Oxford. Chris subsequently carried out
undergraduate training in Medicine MBBS at the Royal Free Hospital
in London in 1990. He gained postgraduate Medical training MRCP
in General Medicine at Hammersmith Hospital in 1993 training with
Mark Walport and Dorian Haskard, and later the John Radcliffe
Hospital, Oxford where Chris obtained a DPhil in 1996. This was
courtesy of a Wellcome Training Fellowship with Professor J Bell and
Dr D Simmons at the Institute of Molecular Medicine, Oxford.
In 1996, funded by a Wellcome Clinician Scientist Fellowship, Chris
joined the Department of Rheumatology in Birmingham. In 2001 he
was awarded an MRC Senior Clinical Fellowship and in October 2002
became ARUK Professor of Rheumatology, Division of Immunity and
Infection in Birmingham.

Fearon Laboratory, Department of Medicine, University
of Cambridge
1

Tuveson Laboratory, Cancer Research UK Cambridge
Research Institute

2

*Authors contributed equally to this work
Local immune suppression is a barrier to immune based cancer
therapies. A stromal cell marked by Fibroblast Activation Protein
Alpha (FAP) is present in 90% of human adenocarcinomas. To
determine whether this cell is immune suppressive, a BAC transgenic
mouse was generated placing the primate diphtheria toxin receptor
under the FAP promoter (FAP-DTR mouse), allowing depletion of
FAP+ cells by administration of diphtheria toxin. FAP+ cell depletion
resulted in immune control of established transplanted tumours
(Kraman et al. Science 2010). Such tumours do not always reflect the
biology of spontaneous tumours; we therefore investigated the FAP+
cell in a spontaneous model of pancreatic cancer.
The KPC mouse uses the Cre recombinase system to target
expression of mutations common in human pancreatic cancer
(KrasG12D and p53R172H) to pancreatic ductal cells. The mouse
develops ductal adenocarcinoma accurately modelling the human
disease, including the presence of FAP+ stromal cells.
We crossed the KPC mouse with the FAP-DTR mouse to study the
effects of FAP+ cell depletion. Tumour growth is arrested during one
week of depletion (p=0.0260). The percentage of neutrophils in the
tumour doubles within 72 hours of depletion (p=0.0411), suggesting
necrosis. We administered depleting antibodies to CD4 and CD8
concurrently with FAP+ cell depletion. This prevented tumour growth
arrest (p=0.0079), demonstrating that control is T lymphocyte
dependent. This extends the finding that FAP+ cells are immune
suppressive to a more physiologically relevant model of cancer.
As we do not vaccinate prior to FAP+ cell depletion, our findings imply
that there is a pre-existing immune response to tumour antigens.
Vaccination directed at specific tumour antigens might therefore
not be required in humans. Rather, a therapy that neutralised local
immune suppression, potentially directed at the FAP+ stromal cell,
would allow an existing immune response to eliminate the tumour.
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Mouse lung draining lymph node subcapsular sinus infected with S. pneumoniae (white) showing the
collagen capsule (blue), LysM+ cells (green) and membrane bound td-Tomato on all other cell types (red).
Image: Amy Sawtell
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Speakers & Abstracts
D6 controls lymphatic endothelial cell
interactions with dendritic cells in both
inflammatory and tumor contexts

Dermal fibroblasts are important producers
of the endogenous inflammation limiting
molecule IL-18 binding protein (BP)

Clive S McKimmie, Oscar Franco, Stefan Rose-John,
Louise Johnson, David Jackson and
Gerard J Graham

Rosella Doble1, Thomas Werfel3, Malte Bachmann2, Heiko
Muehl2, Miriam Wittmann1

Institute of Infection, Immunity and Inflammation,
University of Glasgow
The mechanisms by which inflammatory and homeostatic
chemokines are coordinated within the milieu of an inflamed tissue
are not well understood. The chemokine scavenger D6 is expressed
on lymphatic endothelial cells (LEC) and suppresses inflammatory
chemokine binding to LEC surfaces. Here, we show that D6
expression is highly variable in vivo and can be regulated by growth
factors, cytokines and tumor microenvironments. IL-6 acts as a
particularly potent inducer of LEC D6 expression. Expression of the
virally encoded IL-6homologue from Kaposi Sarcoma-Associated
Herpesvirus (KSHV) is also sufficient to induce a significant upregulation of D6 in both in vitro and in vivo contexts. Concordantly,
Kaposi tumors demonstrate exceptionally high levels of D6
expression. LEC D6 reduces immature DC adhesion in vitro, whilst
siRNA mediated knockdown of LEC D6 leads to a significant rise in
the adhesion of immature DCs that act to displace matured DCs. We
propose that manipulation of D6 expression has the potential to alter
outcomes in both inflammatory and tumor contexts.

Institute of Molecular and Cellular Biology, Faculty of
Biological Sciences, University of Leeds, Leeds, UK
1

Pharmazentrum Frankfurt/ZAFES, University Hospital
Goethe-University Frankfurt, Frankfurt am Main, Germany

2

Devision of Immunodermatology and Allergy Research,
Department of Dermatology, Hannover Medical School,
Hannover, Germany
3

IL-18 is an important mediator involved in chronic inflammatory
conditions such as psoriasis, lupus erythematosus and chronic
eczema. An imbalance between IL-18 and its endogenous antagonist
IL-18 binding protein (BP) may account for increased IL-18 activity in
these conditions.
IL-27 is a cytokine with dual function displaying pro- and antiinflammatory properties. Here we provide evidence for a yet not
described anti-inflammatory mode of action on skin resident cells.
Human keratinocytes and surprisingly also fibroblasts (which do
not produce any IL-18) show a robust, dose-dependent and highly
inducible mRNA expression and secretion of IL-18BP upon IL-27
stimulation. Other IL-12 family members failed to induce IL-18BP. The
production of IL-18BP peaked between 48 - 72 h after stimulation
and was sustained for up to 96 h. Investigation of the signalling
pathway showed that IL-27 activates STAT1 and that a proximal
GAS site at the IL-18BP promoter is of importance for the functional
activity of IL-27.
The data support a significant anti-inflammatory effect of IL-27 on
skin resident cells. An important novel property of IL-27 in skin
pathobiology may be to counter-regulate IL-18 activities by acting
on keratinocytes and importantly also on dermal fibroblasts which
seem to be the main producer cells in the skin compartment. Thus,
the induced expression of endogenous IL-18BP by tissue resident
cells may prove an interesting treatment strategy for chronic
inflammatory skin diseases.
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Human lymph node showing B cells (CD20, green), smooth muscle actin (red), DAPI (blue).
Image: Jane Dalton
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Speakers & Abstracts
Identification of microRNAs involved in
follicular dendritic cell development
S Aungier, N Mabbott, M Clinton
The Roslin Institute, UK
Follicular dendritic cells (FDCs) are stromal cells found in the follicles
of secondary lymphoid organs. Their main function is to trap and

The Yin and Yang of Normal and
Pathological Stroma Development and
Function

retain intact antigen in the form of immune complexes on the
surface of their dendritic processes. This antigen is presented to
B-cells and aids the germinal centre reaction and the maintenance
of memory B-cells. However, in relation to certain diseases such
as TSE diseases and HIV this antigen trapping can be detrimental as

Dr Mark Coles

the FDCs can act as a reservoir of the disease associated antigen.

University of York

variety of genes by binding to mRNA, blocking translation into

Lymph nodes are highly organised structures that contain
specialised stromal cell networks that support the normal
homeostasis and function of the immune system. In order to
better understand the molecular mechanisms driving stromal cell
specification we developed an in vitro model of human stromal cell
differentiation from mesenchymal stem cells. Utilising a combination
of factors and cellular interactions we have shown that human MSCs
can be differentiated into mature T and B cell zone stroma forming
lymph node like microenvironments. Stromal cells also form a key
component of pathological conditions including tumours. Analysis
of human prostate tumours shows that high grade tumours express
many of the markers of lymphoid stroma correlating strongly with
the capacity of these cells to promote both immune infiltration and
tumour cell migratory capacity. Interestingly the same set of factors
that promote normal stromal cell specification in lymphoid tissues
can also drive non-reactive stroma to become highly aggressive,
thus the immune response to the tumour may in part be responsible
for driving secondary tumour metastasis.

8

MicroRNAs post-transcriptionally control expression of a wide
protein. This study aims to identify microRNAs and their target genes,
associated with FDC development and function. To do this we have
used blockade of the lymphotoxin receptor (LTR) which rapidly dedifferentiates FDCs for 3-4 weeks before the fusion protein is cleared
and the FDCs start to differentiate again. We have collected tissues at
various time points over a four week period following LTR blockade
and RNA from the spleen samples was used for microRNA profiling
using Exiqon and Affymetrix microarrays. Data from the microRNA
profiles following LTR blockade will be presented. Comparison
of these profiles during FDC de-differentiation will reveal a FDC
microRNA signature. Identification of targets of these microRNAs will
reveal genes that are under tight control mechanisms and therefore
likely to be important during
FDC differentiation.

Speakers & Abstracts
The Role of Medullary Thymic
Microenvironments in
CD4+ T-cell Development
J. Cowan, K. Nakamura, W. Jenkinson, C. Benezech, J.
Caamano, P. Lane, E. Jenkinson, G. Anderson
MRC Centre for Immune Regulation, Medical School
University of Birmingham
T-cell development in the thymus is under the control of
anatomically and functionally distinct stromal cells. The thymic
medulla is thought to provide an important microenvironment that
not only mediates negative selection of potentially autoreactive cells,
but also fosters the continued maturation of newly selected CD4+
and CD8+ thymocytes. Such roles for the thymic medulla correlates
well with a medullary residency time for SP thymocytes of up to
14 days, and the reported blockade in CD4+ thymocytes evident
in RelB-deficient mice that lack medullary thymic epithelial cells
(mTEC). Here we have re-examined the importance of the thymic
medulla, and mTEC in particular, at stages in T-cell development
post-positive selection. Surprisingly, we show that extrathymic
signals are both essential and sufficient to induce the continued
development of newly selected CD4+69+ thymocytes towards naive
CD4+ T-cells. In addition, we show that transplantation of RelBdeficient TEC into WT hosts restores the intrathymic maturation
of SP4 thymocytes in these grafts. Collectively these findings
demonstrate that sustained interactions with mTEC are not required
for CD4+ thymocyte maturation, and instead suggest that additional
RelB-dependent haemopoietic cells are required. Interestingly,
RelB-deficient TEC grafts are colonised by host-derived dendritic
cells (DC), and we are currently investigating the role of these cells
in SP4 maturation. Finally, and in contrast to the requirements of
conventional CD4+ thymocytes, we find that FoxP3+ regulatory
T-cells do not develop within RelB-deficient TEC grafts that lack mTEC
but contain DC. Collectively, our data suggest multiple functions
for the thymus medulla, and that while some aspects of medullary
function are shared with the periphery, such as the provision of
DC-derived signals for conventional CD4+ thymocyte maturation, the
medulla also provides unique mTEC-derived signals required for the
intrathymic emergence of FoxP3+ T-regulatory cells.

Lung tissue modeling: new insights
to immune responses in human
mucosal tissue
Mattias Svensson
Center for Infectious Medicine, F59, Karolinska Institutet,
Karolinska University Hosptial, Huddinge, 141 86
Stockholm, Sweden. mattias.svensson@ki.se
There is considerable interest in establishing and using human three
dimensional (3D) organotypic models to improve the physiological
relevance of human cell based assays. This development is being
driven by increasing awareness of how differently cells can behave
when gown in a mature, stratified structure in which adhesion
molecule-directed signaling is fully developed. Also, the direct
observation of interactions between stratified tissue cells and
immune cells over time using time-lapse microscopy provides
deep insights into many important biological processes including
host-pathogen interactions. In both acute and chronic pulmonary
infections, such as necrotizing pneumonia and tuberculosis,
abnormal inflammatory reactions lead to tissue destruction and
remodelling, often associated with impaired lung function. Here, we
describe the establishment of a novel human 3D lung model with
dendritic cells (DC), which will be used to further our understanding
of human lung physiology and pathology in pulmonary infections.
The tissue model recapitulates key anatomical and functional
features of lung mucosal tissue, including a stratified epithelial cell
layer, deposition of extracellular matrix proteins and the production
of tight- and adherence- junction proteins. Labeling of fixed tissue
model sections and imaging of live tissue models also revealed
that DC distribute in close association with the epithelial layer. We
also observed that the lung tissue model regulates the capacity of
DC to produce the chemokines, CCL17, CCL18 and CCL22, leading to
enhanced production of CCL18 and reduced production of CCL17 and
CCL22. Furthermore, we use this model system to study human hostpathogen (S. aureus and M. tuberculosis) interactions and immune
responses in the lung microenvironment in real time. This novel
technological platform, we believe, provides an important tool to
study mechanisms of immune regulation and pathogenesis present
in live tissue that may be missed in monolayer-based cell cultures.
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3-D reconstruction of prostate cancer cells PC-3 (green) within a 3-D in vitro collagen I matrix
(blue) imaged by 2-photon microscopy.
Image: Matt Lakins
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Development and Function of
Lymph Node Stroma
P Narang1, K Hoorweg2, J Repass3, K Foster4,5,
A Maroof1, J Kwekkeboom2, S Lutter4, A Patel5,
T Makinen4, S Milling6, D Kioussis5, E Richie3,
P Kaye1, T Cupedo2 and M Coles1
Centre for Immunology and Infection,
University of York
1

Department of Haematology, Erasmus University
Medical Centre, Rotterdam, Netherlands

2

3

MD Anderson Cancer Center, Smithville, TX, USA

4

London Research Laboratory, CRUK

5

Molecular Immunology, NIMR, London

Division of Immunology, Infection and Inflammation,
University of Glasgow
6

Lymph Node (LN) development occurs as a result of complex bidirectional signalling between lymphoid tissue inducer (LTi) cells
of haematopoietic origin and lymph node organizer (LNo) cells of
mesenchymal origin. The LNo cells mature into LN stromal cells,
which provide architectural support and a microenvironment for
homeostasis and activation of lymphocytes. Despite their importance,
little is known about the development, organisation, maintenance
and lineage relationships between different LN stromal cell types.
IL-7/IL-7R interactions are important in both the development and
maintenance of stromal cells and lymphocytes in mice. However, the
cells expressing IL-7 in LNs have not been clearly defined. In this study,
we utilised BAC transgenic IL-7Cre reporter mice to characterise LN
stromal cell development and function. IL-7 expression was observed
on Mariginal Reticular Cells (MRCs), Fibroblastic Reticular Cells (FRCs),
and Lymphatic Endothelial Cells (LECs) in both murine and human LNs.
Lineage tracing studies revealed that MRCs develop directly from LNo
cells in the anlagen. Using RORgt-/- chimeras we have shown that
the interactions between MRCs and LTi cells have an essential role in
the maintenance and function of the subcapsular stroma which has
key roles in antigen transport and the initiation of immune responses.
Thus, the interaction between MRCs and LTi cells is not only important
for LN development, but is also essential for homeostasis and
immune response in the adult LN.

Cooperation of innate and acquired
immune system derived signals
induces stromal cell activation in
chronic inflammation and ectopic
lymphoneogenesis
S. Nayar1, T. Cloake1, P. Lane2, M.Coles3, S.Luther4,
C.Buckley1 and F. Barone1
Rheumatology Research Group, MRC Centre for Immune
Regulation, University of Birmingham
1

Immunology, MRC Centre for Immune Regulation,
University of Birmingham.

2

3

Centre for Immunology and Infection, University of York

Department of Biochemistry, University of Lausann,
Epalinges, Switzerland

4

Lymphoid feature acquisition is a hallmark of ectopic
lymphoneogenesis. In lymph nodes, gp38+ fibroblastic reticular cells
(FRC) are responsible for lymphoid chemokines/cytokine production
and lymphocyte compartmentalization. Gp38 up-regulation
on stromal cells has been observed in cancer and inflammation,
suggesting that stroma can acquire lymphoid like features in these
conditions, however the mechanisms regulating such up-regulation
are unknown. We designed a novel inducible model of ectopic
lymphoneogenesis, in adenoviral infected murine salivary glands to
evaluate the dynamics of gp38 expression and investigate the signals
regulating stromal cell activation. Flow cytometry on disaggregated
tissue, qRT-PCR and immunofluorescence was performed at different
time points post cannulation (p.c.) in WT and knockout mice (IL4R-/-, IL-22-/-, rag-/-, Lta-/-, LTbR-/-). FACS analysis showed that
in WT mice significant increase in the percentage of FRC (CD45GP38+CD31- cells) occurs at day 2 and day 5 with peak of activation
at day 8pc, by day 15-18pc. full acquisition of lymphoid features with
high levels of LTa, LTb and lymphoid chemokine expression takes
place. This correlates with acquisition of lymphoid features by the
inflammatory aggregates. In absence of IL-22 and IL-4 signals a
severe defect in innate immune system activation was observed with
lack of gp38 up-regulation at day 2, 5 and 8. Day 15 samples showed
a progressive increase of the gp38 component, suggesting that once
critical mass of infiltrating leucocytes is reached, these are able to
provide factors to induce stromal cell activation. RAG, LTa and LTbeta
KO mice showed normal degree of stromal cell activation in the early
phases (2-5 days p.c.) but a dramatic decrease in the number of FRCs
by day 15. This associates with a significant decrease in lymphoid
chemokine/cytokine expression and aggregates disorganization.
These data suggest that while innate immune system derived signals
are able to induce acquisition of lymphoid feature by the stromal
cells, maintenance of this lymphoid phenotype and full maturation
with lymphoid chemokine/cytokine production is only acquired in
presence of infiltrating lymphocyte derived signals.
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Benign prostatic hyperplasia in human prostate tissue showing epithelial cells (cytokeratin, red)
in distinct ducts surrounded by stroma (collagen, green), counterstained with DAPI (blue).
Image: Matt Lakins
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Speakers & Abstracts
Transcriptional profiling of lymph node
stromal subsets reveals novel immune
mediators and the immunologically
relevant identity of the ‘double negative’
stromal subset
Anne L. Fletcher1 Deepali Malhotra1,2, Veronika
Lukacs-Kornek1, Kutlu G. Elpek1, Shannon J. Turley1,3,
Immunological Genome Project Consortium
Department of Cancer Immunology and AIDS, Dana
Farber Cancer Institute, Boston, MA 02115, USA,
1

Division of Medical Sciences, Harvard Medical School,
Boston, MA 02115, USA

Lymph Node Stroma Cells
Professor Reina Mebius
University of York

2

Department of Microbiology and Immunobiology,
Harvard Medical School, Boston, MA 02115, USA.
3

Lymph node stromal cells (LNSCs) closely regulate immunity
and self-tolerance, yet key aspects of their biology remain
poorly illuminated. Comparative transcriptomic analyses of
murine LNSC subsets revealed expression of novel immune
mediators, growth factors and structural components,
with strong induction of antigen presentation genes
following inflammation. We performed in-depth analysis of
poorly-studied gp38-CD31- double negative (DN) stroma,
characterising lineage, localisation, phenotype, and potential
to interact with leukocytes. DNs were mesenchymal cells
distinct from fibroblastic reticular cells, with a unique integrin
expression profile, higher expression of contractile proteins,
and a lack of IL-7 expression. DNs expressed CCL19, CCL21,
CXCL13, CXCL9, CXCL10 and many other immunologically
relevant chemokines, with high levels of Flt3L, BAFF, CSF-1,
TGFb family members and lymphangiogenic growth factors.
In situ, integrin alpha 7 uniquely identified DNs as pericytes in
the cortex and medulla, and we subsequently identified DN
cells from human lymph nodes. Together these data identify
the over-arching characteristics of LNSC subsets.

Reina Mebius completed her Ph.D. at Vrije Universiteit
(Amsterdam), where she studied the process of lymphocyte
migration. She continued research in this area during her
postdoctoral training in the laboratory of Irv Weissman at
Stanford University, returning to Amsterdam in 1995. She
is currently a professor in the Department of Molecular Cell
Biology and Immunology, VU University Medical Center,
Amsterdam.
Her research focuses on the development of the immune
system, with an emphasis on the formation of lymph
nodes. Her lab also studies how the lymphoid stromal
microenvironment supports the maintenance of immune
tolerance and chronic inflammation. She has contributed
seminal work to the field of LTi and lymph node stromal cell
biology and continues to lead this rapidly expanding area of
Immunology.
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A Kupffer cell (green) located in the sinusoidal blood flow of the liver.
Image: Lynette Beattie
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