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Mission statement

The mission of the GRIAC is the multidisciplinary study of all aspects of obstructive airway and
pulmonary diseases by interaction between clinicians and basic scientists. The focus of
research is on asthma and COPD, which involves:

1. Epidemiology

2. Genomics

3. Pathophysiology and pathogenesis of allergen-, smoking and other lifestyle factors-,
and environment-induced diseases

4. Assessment, modulation and intervention in disease severity, progression and
remission.

Ad 1) Epidemiological studies on endogenous and environmental risk factors both in general
and patient based populations, from prenatal onwards to old age.

Ad 2) Studies on genes, gene expression and function, and the molecular mechanisms and
the interplay of genetic and environmental factors in disease development, progression,
remission, and severity, as well as disease intervention (pharmaco-genomics).

Ad 3) In vivo studies in man and in animal models using mice and unrestrained guinea pigs.
Investigations include lung function techniques and studies in tissues or cells derived from
airway or lung tissue. Furthermore, in vitro studies assess cellular activation and interaction as
well as signaling pathways in cells and tissue explants (e.g. lymphocyte subsets, epithelial
cells, fibroblasts, intact airway and smooth muscle preparations). Interactions of different cell
types are studied in cells obtained by sputum induction as well as from lung tissue obtained by
bronchoscopy, by surgical biopsy or autopsy.

Ad 4) Disease outcome assessment is being studied with techniques such as exhaled breath
analyses and studies of small airway function. In addition, validated questionnaires on Quality
of Life, drug side effects, hyperresponsiveness and symptoms are being developed for
diagnostic purposes as well as outcome assessment. Interventions can be at the level of cell
cultures, animal models, and clinical studies.

Coordinators:
Prof. dr. W. Timens
Prof. dr. H.M. Boezen

Visiting address:

University Medical Center Groningen
Hanzeplein 1

NL-9713 GZ Groningen

Website: www.griac.nl
Webmaster: Prof.dr. W. Timens

Secretariat:
Dept. of Epidemiology
University Medical Center Groningen
Hanzeplein 1
P.O. Box 30.001
NL-9700 RB Groningen
Phone: 31-50-361 0739
Fax: 31-50-361 4493
Email: w.timens@path.umcg.nl
and h.m.boezen@epi.umcg.nl
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Introduction

Research on asthma and COPD as currently performed within the Groningen Research Institute
for Asthma and COPD (GRIAC) fits within the research of the University Medical Center
Groningen. The institute is part of the governmentally accredited organization GUIDE
(Groningen University Institute for Drug Exploration). Traditionally research on asthma and
COPD in Groningen is performed on the edge between clinical and fundamental research,
arising from a clinical-scientific background. Most research is funded by external support as
given by NWO, Dutch Asthma Foundation, the European Community and industry. The
research conducted in Groningen results from internal discussions within the scientific forum of
researchers on asthma and COPD in Groningen and somewhat broader in the Netherlands. It is
also stimulated by new developments internationally. Most of the members of the board of
GRIAC have an acknowledged international reputation.

Participating departments

There is an intensive collaboration between the researchers of GRIAC, consisting of our
members from different disciplines. The disciplines involved are allergology, lab allergology and
pulmonary diseases, epidemiology, general practice, molecular pharmacology, pathology,
paediatric pulmonology and paediatric allergy, pulmonology and respiratory insufficiency.
Collaboration is based on freedom, equivalence and consensus. There exists extensive
collaboration with Departments of Dermatology, Gastroenterology, Genetics, Haematology,
Medical oncology and Transplantation. Furthermore, collaboration exists with the Department of
Analytical Biochemistry (University Center for Pharmacy).
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Every two weeks GRIAC organises research meetings for the whole institute in which both
internal and external speakers are invited to venture new ideas and to challenge the audience.
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This constitutes also the forum in which different types of research are being presented to all
members of GRIAC. Members of GRIAC patrticipate in very different aspects of asthma and
COPD research, ranging from epidemiology, clinical allergology, pulmonology, pharmacology,
and general practice to basic research in genetics, proteomics, tissue studies, cell cultures and
animal models. Lively discussions always take place. To enhance collaboration and stimulate
new areas of research, GRIAC organises twice yearly a research retreat and monthly
fibrainstorm sessionso on a specific topic
During the GRIAC retreat the members of the Board of directors, scientific staff and post-docs of
GRIAC discuss new developments of research during these days and look into new
collaborations within their research, based on international developments in the field. During
and after the research meeting investigators can discuss their grant proposals with the staff
members, who are expert in a particular field.

Every five years GRIAC organises an internationally well-received symposium aimed at
understanding the differences and similarities between asthma and COPD. In 2009, the eighth

symposium ABronchitis VIIIO was held in June

At every occasion of the defence of a Ph.D. thesis care is taken to also invite a top-researcher
of particular research field. He or she is asked to judge the thesis and participate in the Ph.D.
defence on site, and, in addition, to give a presentation. When these external visitors are
present, workshops for exchange of ideas are always organised for both senior and junior
researchers.

Finally, there are weekly meetings for junior researchers and staff members. At these meetings
there is ample time for discussion on the set-up of research protocols, analyses and
interpretation of results of research, and for preparation and improvements in concepts of
abstracts, and oral and poster presentations at international meetings. These weekly GRIAC
meetings aim to teach the understanding of different aspects of the approach towards research
on asthma and COPD in the various disciplines involved in GRIAC in order to improve the level
of interdisciplinary research. Epidemiology and (genetic) statistical courses are being organised
for participants of GRIAC and others interested as well.

Organisation
Two coordinators lead the Institute. They have the following tasks:

Division coordinator in GUIDE

Contacts with the UMCG

Contacts with the University of Groningen

Policy preparation for KNAW, FMW, UMCG and University of Groningen

Preparing propositions for research development

The coordinators are advised extensively by the Board of GRIAC, consisting of senior members
of the participating departments, who all have their own specific expertise. This board advises in
all aspects of research. The board meets once monthly to exchange ideas and prepare policies.

Research Program

Research projects have to fit within the research program, describing the projects in their mutual
cohesion. The tuning of projects and development into a program is the responsibility of the
coordinators of GRIAC, in exchange with the Scientific Board of the Institute.
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Program description

Research is aimed to stretch from bench to bedside and back with feedback loops. Central to
the research is the goal to translate fundamental findings into the clinical situation and vice
versa, i.e. translational medicine (see figure below).

Translational medical management: From diagnosis to treatment
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Treatment

Clinical research is conducted in
different patient groups in comparison
with normal control volunteers in order
to unravel underlying mechanisms of
the diseases (genetics, aetiology,
pathogenesis, pathophysiology).
Furthermore responses to intervention
(mediated by either medical therapy,
behavioural counselling, rehabilitation
or other treatment modalities) as well
as parameters of progression of
disease are being assessed in relation
to the underlying mechanisms of the
disease.

Questions that are generated, but unanswered by clinical research, are approached using in
vitro cellular systems and in vivo animal models. The other way around, hypotheses generated
from in vitro or in vivo research are translated to the clinical human situation.

To this aim GRIAC focuses on the following main topics related to asthma and COPD:
¢ Identification of risk factors for development, progression and remission of disease
¢ Identification of disease related genes and their functionality
¢ Unravelling the pathophysiology of allergen-, environment- and smoke- induced disease,
in both humans and animal models

e Unravelling

the effects of

disease

related

inflammation on lung function,

hyperresponsiveness and remodelling of large and small airways

¢ Defining new targets for intervention and evaluation of intervention strategies

¢ Development of non-or minor invasive tools to assess severity of disease and (side)
effects of treatment.



Perspective

Asthma and COPD research takes place in a lively and rapidly changing field. New
developments will encompass the functional genomics (including proteomics) of asthma and
COPD.

The population for genetic analyses in asthma and COPD has been greatly expanded, and will
be expanded even further, allowing replication and association studies. A number of
international genome-wide association studies on asthma and COPD, including analysis on
gene-environment interactions are ongoing. Together with the joint effort involving three
prospective birth cohorts in the Netherlands (Universities of Utrecht, Rotterdam, Maastricht and
Groningen) this might lead to identification of novel genes and environmental factors playing a
role in disease onset and progression. Functional studies on gene variations in asthmatic and
healthy individuals have started, both in cells and in animal studies. Integration of longitudinal
epidemiological data with genetics will provide insight into genetic variants as risk factors for the
development, progression or remission of asthma and COPD. Finally, the integration of newly
discovered genes with the results of gene expression in relevant tissues that are available
and/or cell cultures allows further research into functional relevance. It is envisaged that
comparative genomics in animals, cell culture and humans will be initiated.

For both asthma and COPD, we will gain better insight into the intricate interplay between
epithelial cells and fibroblasts on one hand and their interaction with different inflammatory cell
types in the lung and airway smooth muscle cells on the other. With the recognition that the
airway smooth muscle cell is a highly plastic cell governed by complex interactions between
multiple receptor systems and environmental changes, research will remain focussed on
unravelling the interactive mechanisms that determine airway smooth muscle responsiveness
and growth in chronic airways disease. Newly discovered genes will be incorporated into our
studies on in vitro modification of epithelial, smooth muscle and fibroblast cell cultures.

A focus on the background question of why not all smokers develop COPD will remain a priority,
in association with the consequences of smoking cessation and intervention in the progression
of inflammation and remodelling. This knowledge is enhanced by studies regarding the effect of
smoking on allergy development and asthma progression as well as the effects on treatment
response. The former topics will be investigated in animal models and in humans.

We are participating in a 10-year prospective study of smokers at risk for lung cancer. This
provides a unique opportunity for further unravelling of the pathophysiology and pathology of
COPD, by means of clinical, lung function, radiological, and genomic research. Additionally, the
genetic make-up of these subjects will be studied using genome wide screens, and significant
findings will be replicated in a large number of population-based cohorts.

Exacerbations are sometimes life-threatening occurrences in patients with asthma and COPD,
which may affect activities of daily living, increase symptoms, reduce quality of life, and affect
disease outcome. Research will focus on practical and minimal interventions to prevent these
exacerbations, including research on the underlying mechanisms and the associated increase in
symptoms. Finally, side effects of drugs will be assessed by questionnaires, which will help to
further understand the optimal approach to asthma and COPD management.

An area of importance in paediatric asthma is food allergy, which has recently been shown to be
a risk factor for asthma exacerbations requiring ventilation in children. To explore this theme,
the established food-challenge unit is carrying out double-blind placebo-controlled challenges,
and is engaging in a number of studies. Ongoing are studies on the genetics of food allergy and



IgE heterogeneity. A study which will be starting in the near future will examine the effect of anti-
IgE treatment in patients with peanut allergy.

Physical inactivity, obesity, and a low grade systemic inflammation are increasingly recognized
as important risk factors for the induction and clinical expression of asthma and COPD. The
determinants and consequences of physical inactivity in COPD are systematically investigated
in relation with co-morbid disorders. A physical activity enhancement strategy has been
developed in collaboration with the faculty of human movement sciences, which may be used in
the primary, secondary and tertiary echelons of our health care system.

Research in the rehabilitation programme has been recently reinforced with respect to asthma
and COPD, and is expected to increase the input to and output of the GRIAC programme. This
has been expanded by novel invasive techniques such as applying stents in airway walls and
chronic ventilatory support in COPD. As both improve exercise capacity in emphysema this
might lead to a more effective rehabilitation.

Top Institute Pharma has provided the opportunity to better understand the heterogeneity of
COPD. This heterogeneity may encompass both the respiratory system and systemic
inflammatory mechanisms as well as the existing co-morbidities of muscle wasting and fat
changes. It can be foreseen that these collaborative effort can be expanded to a European level
in the European KP7 within the IMI frame. This opens exciting foresights into the understanding
of COPD.

Notwithstanding the fact that understanding of a disease is of prime importance, the
management of the disease as it exists in current patients is of importance. Thus, it is of great
interest that transmural management of COPD is becoming more mature. Collaborative efforts
of lung function departments, general practitioners and pulmonologists in addition to nurse
practitioners help to provide better health care for individuals with respiratory symptoms that
affect their daily life. This ultimately may improve the quality of life of individuals with asthma
and COPD.

AHeal t hy Agingo has been adopted as the main t1l
UMCG.An i mportant | ong term project f i tyedarsuyeyi n wi
on risk factors (obtained by objective physiologic, questionnaire, biologic end genomic markers)

of disease development, COPD being one of the leading themes. This fits very well with the

research agenda of GRIAC, including co-morbidity and systemic manifestations of COPD. We

are and will be actively participating in development of this programme within the UMCG. In

addition, we participate actively in the development of ERIBA, the program on aging in the

UMCG that has important bearings on both fundamental and clinical research developments.



The year in review

All contributions to the scientific work in GRIAC are of importance and are appreciated. It cannot
be stressed enough that all the scientific output and results obtained are only possible due to
the contribution of every single person who works within our research institute. Nevertheless,
without disrespect to the work of members who are not specifically mentioned, we like to
highlight some topics that drew particular attention in 2010.

Highlights

Prof. E.J. Duiverman was appointed member of the Programme Committee Priority Medicine
Children of ZonMW

The UMCG GRIAC Symposia for participants in genetics research on respiratory disease in
Groningen (October 12 and 21, 2010) were extremely well attended.

On June 24, 2010 the first Longpunt café in The Netherlands, where patients with lung diseases
can meet and attend lectures every month, has been opened by Prof. D.S. Postma. She gave a
lecture on the impact of research performed in the Netherlands on patients with obstructive lung
diseases, entitled: Astma en COPD: is er voor de patient wat veranderd door onderzoek in
Nederland?

On March 11 & 12, 2010 a group of 10 investigators from the University of Ghent, Belgium,
visited the GRIAC for a joint meeting. Each group presented their work and collaborations were
discussed.

Investigations to the role of Epac in obstructive lung diseases under supervision of Prof. M.
Schmidt and financed by the Netherlands Asthma Foundation were presented as a highlight in a
promotion pamphlet of this foundation on the occasion of its 50th anniversary.

Dr. B.L. Rottier organized the Pediatric Pulmonology and Allergology Symposium WinterKLAS

Prizes/Awards

On March 6, 2010 Dr. G. Koppelman received the International Klosterfrau Award for Childhood
Asthma.

On April 30, 2010 Prof. J. Zaagsma received a Royal Distinction for his excellent carreer as an
internationally renown pharmacologist. He was decorated as Officer in the Order of Oranje
Nassau.

On May 17, 2010 Dr. R. Gosens received the Ann Woolcock Memorial Award 2010 for
outstanding achievements and future promise in asthma research of the American Thoracic
Society.

Prof. Dr. M. Schmidt was awarded Pharmacy Teacher of the Year (May 2010).

Dr. H. Maarsingh obtained a Travel Award from the American Thoracic Society (May 2010).

Dr. O. Savenije received an AGIKO stipendium of the Dutch Scientific Organization (NWO).



Visitors

The Intervention Bronchoscopy Programme of the Department of Pulmonology organized by Dr.
D.J. Slebos was attended by:

Dr. Pallav Shah, Royal Brompton Hospital, London, UK

Dr. Suveer Singh, Chelsea and Westminster Hospital, London, UK

Dr. Jouke Annema, LUMC, Leiden, NL

Dr. Bart Kuipers, Isala, Zwolle, NL

Prof. Kurt Tournoy, UZ-Gent, Belgium

Prof. Eric Derom, UZ-Gent, Belgium

Dr. Gaetan Deslee, Reims, University Hospital, France

Dr. Wolfgang Gesierich, Asklepios-Fachkliniken Minchen Gauting, Germany
Dr. Kris Carron, H.-Hartziekenhuis, Roeselare-Menen, Belgium

Lectures:

Prof. A. Bufe, Department of Experimental Pneumology, Ruhr University, Bochum, Germany.
Al mmunol ogi cal Mechani sms of All ergy protection;

Prof. B.N. Lambrecht, Department of Respiratory Diseases, University Hospital Ghent, Belgium.
AEndogenous dangercedilgnalngd, addrmdmraiot.i Apr i | 28, 2|

Prof. F.D. Martinez, Respiratory Sciences Center, University of Arizona, Tucson, Arizona, USA.
iMat ernal determinants of asthma. Symptoms in th

Prof. D. Meyer zu Heringdorf, University of Frankfurt, Institute of Pharmacology and Toxicology,
Klinikum der Goethe-Uni ver si t 2t Fr ankf ur tl;phosphater(Gli)yand SIPSp hi n
metabolizing enzymes: Localization as a key to f

Prof. E.R. Bleecker, Center for Genomics and Personalized Medicine Research, Wake Forest
University School of Medicine, Winston-Sa | e m, NC, USA. A"nAst hma phen
and genomicso June 11, 2010

Prof. D.A. Meyers, Center for Genomics and Personalized Medicine Research, Wake Forest
University School of Medicine, Winston-Sa | e m, NC, USA. AUpdate on GW
11, 2010

Dr. M. Konigshoff, Ludwig-Maximilians-Universitat, Minchen, Germany. fi Wn t /-datenina
signalling in lung epithelial cellso. June 22, 2

Prof. A.J. Halayko, Departments of Physiology & Internal Medicine, University of Manitoba,

Wi nnipeg, Canada. i As s o c-RAGE iaxisn witho dirway imflamm&tibr) 0 A8/ A
hyperresponsiveness and remodelingd, June 25, 20
Prof. K. Racké, Department of Pharmacology & Toxicology, University of Bonn, Germany.

AfiCont ppadrefmocept or expression in human lung fi br
Prof . P. A. Il nsel , Depart ment of -ébpéed recpooslandg y , U

cAMP: New findicgadf mesaengelr®@d HAegust 31, 2010.
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Prof . . Pavord, Depart ment of Pul monol ogy, Gl

speci fic management of severe asthmabo, December
Prof . M. Housl ay, University of Gl asdggaing,andUni t e
compartmentalization of cyclic AMP by G protein-c oupl ed receptorso. Decemb
Prof . R. B. Penn, University of Maryl and, U

compartmentalization of cyclic AMP by G protein-c oupl ed r ecept or28160., Decemb
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Special Topic 1:

The GLUCOLD study
DS Postma, NHT ten Hacken, HAM Kerstjens, W Timens

In 2000 the University Medical Center of Groningen (UMCG) and Leiden (LUMC) started
collaborating in the so called GLUCOLD study (Groningen Leiden Universities Corticosteroids in
Obstructive Lung Disease). The initial multidisciplinary team consisted of 3 research fellows, 4
pulmonary physicians, 2 general practitioners, 3 epidemiologists, 1 pathologist, 1 physiologist, 1
immunologist, and 3 lab technicians. The study was sponsored by NWO, Asthma Foundation
and GlaxoSmithKline. The primary aim of the study was to determine whether long-term inhaled
corticosteroids, with and without long-acting beta-2 agonists, reduce airway inflammation and
improve pulmonary function and hyperresponsiveness in COPD. With a double-blind, parallel,
placebo-controlled, randomized design 4 treatment strategies were compared: a) fluticasone
500 mcg bid for the first six months, followed by placebo, b) fluticasone 500 mcg bid for 30
months, c) fluticasone 500 mcg and salmeterol 50 mcg bid for 30 months, and d) placebo. An
important exclusion criterion was ICS use in the last 6 months, and only 5 had ever received
ICS maintenance therapy. 114 COPD patients were enrolled in the study; patients in the 4 arms
had remarkably comparable characteristics (see table).

Patient characteristics at baseline

Placebo, Fluticasone, Fluticasone, Fluticasone P- value
30 months 6 months, 30 months Plus A
placebo 24 months Salmeterol,
30 months
Clinical
Male/female, n/n 20/4 22/4 23/3 22/3 0.94
Age, jr 59 (8) 64 (7) 62 (8) 62 (8) 0.31
Current smoker/ non-smoker, n/n 17/7 14/12 16/10 17/8 0.61
Pack years smoked, number 42 (34-54) 41 (29-57) 44 (31-55) 47 (31-56) 0.62
Lung function
FEV1, % predicted 54.1 (8.3) 56.8 (11) 56.6 (9.9) 55.0 (11) 0.74
FEV, post BD, % predicted 61 (8.3) 65 (8.6) 64 (9.1) 61 (9.4) 0.41
Change in FEV1, % predictedy 7.1(4.5) 7.3 (5.3) 7.1 (4.0) 6.2 (6.3) 0.87
FEV4/IVC post BD, % 47 (9.0) 51 (8.3) 49 (9.0) 46 (8.4) 0.16
PC,, methacholine, mg/ml 0.7 (2.0) 0.7 (3.2) 0.4 (2.4) 0.7 (2.7) 0.64
Kco, % predicted 65 (19) 79 (29) 77 (22) 74 (27) 0.19
Respiratory symptoms and health
status
MRC dyspnea score§ 2.7 (0.8) 2.5 (0.6) 2.6 (0.6) 2.9 (1.0) 0.53
SGRQ total score|| 33.5(18.5) 25.7 (15.2) 32.9 (10.9) 28.1 (13.2) 0.27
CCQ total scoref 1.77 (1.3) 1.16 (0.6) 1.26 (0.6) 1.43 (0.7) 0.35

Val ues are means (SD). AiWwalligtésis betweea groupsl jy sR esv eorfs i Kb iaftesi iitetiation with 208 V
eg salbutamol. § Range: 1 (best) - 5 (worse). || Range 0 (best) -100 (worse). 1 Range 0 (best) tot 6 (worse).

Main results

Fluticasone therapy reduced the cell counts of CD3+ cells, CD4+ cells, CD8+ cells, and mast
cells in airway biopsies, and reduced hyperresponsiveness versus placebo at 6 months; effects
that were maintained after 30 months. Fluticasone for 30 months additively increased eosinophil
counts and percentage of intact epithelium, with accompanying reductions in sputum neutrophil,
macrophage, and lymphocyte counts and improvements in FEV; decline, dyspnea, and quality
of life. Reductions in inflammatory cells correlated significantly with clinical improvements.
Discontinuing fluticasone at 6 months increased the counts of CD3+ cells, mast cells, and
plasma cells and worsened clinical outcome. Adding salmeterol improved the FEV; level. The
GLUCOLD consortium concluded that long-term maintenance therapy with ICS can reduce
inflammation in this group of moderate severe COPD patients who did not use ICS previously.
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This is mirrored by attenuated lung function decline, airway hyperresponsiveness, dyspnea, and
improved quality of life. The next step will be to assess which patients benefit most from ICS.
These results were recently published in the Annals of Internal Medicine (1).

Figure Clinical Outcomes

A. Postbronchodilator FEV,

Adjusted Mean Change From

C. MRC dyspnea score
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100+
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=200+
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D. CCQ total score
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T T T
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Legend to the figure. Adjusted mean change and 95% CI over time during the 4 treatment
strategies. Changes in methacholine PC,, are expressed in doubling doses. CCQ: chronic
COPD questionnaire; MRC: Medical Research Council.

Spin-off from the GLUCOLD study

During the last 10 years approximately 75 posters and 10 articles (1-10) related to the
GLUCOLD study have been published. In Groningen Margot Gosman and in Leiden Therese
Lapperre got their PhD based on the GLUCOLD study, and Jiska Snoeck-Stroband will follow
soon. The GLUCOLD study has had a follow-up study of 5 more years and has been finished
recently and we are awaiting its results. A summary of the GLUCOLD study was published in
the Nederlands Tijdschrift voor Geneeskunde (NTvG), which has led to an interesting and
fruitful discussion with the general practitioners in the Netherlands about the generalisibility of
results. At this moment the results of new analyses of the GLUCOLD data are being used for
preparing new manuscripts about clinical and inflammatory predictors of ICS-response in
COPD, determinants of bronchial hyperresponsiveness in COPD, determinants of the six-
minute walk test etc. Furthermore gene expression arrays on the airway wall biopsies help us to
better unravel the underlying mechanisms and molecular pathways of relative steroid
responsiveness and unresponsiveness in COPD.
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Most importantly, the GLUCOLD study clearly demonstrates that intensive collaboration within
GRIAC, and outside the UMCG with other university centers is inspiring and worthwhile. In the
next future the scientific challenge is to recognize which COPD patients may respond to inhaled
corticosteroids and other anti-inflammatory therapies. Additionally, the underlying cellular and
molecular mechanisms of this responsiveness will have to be pinpointed.
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Special Topic 2:

Epac as a novel regulator of airway smooth muscle function
Sara S.Roscioni, Anouk Oldenburger, Harm Maarsingh, Martina Schmidt

Asthma and chronic obstructive pulmonary disease (COPD) are among the leading causes of
morbidity and mortality worldwide and their prevalence is expected to increase based on WHO
estimates [1]. Chronic inflammation in asthma and COPD is the result of massive infiltration of
the airways and peripheral lung tissue by distinct activated inflammatory cells, which in turn
amplify inflammation by releasing inflammatory mediators such as cytokines and growth factors
[2]. Beside inflammation, cytokines and growth factors affect other cellular functions, such as
contraction and proliferation of structural cells, and thereby contribute to airway remodeling [3].

cAMP-elevating b,-agonists are widely used in the treatment of (exaggerated)
bronchoconstriction in obstructive airway diseases. Until very recently, their bronchodilating
effect has been attributed to the activation of the major cyclicAMP (cAMP) effector protein
kinase A (PKA). The recent discovery of the exchange protein directly activated by cAMP
(Epac) for members of the Ras superfamily ignited a new surge of cAMP-related research [4].

In general, airway smooth muscle contraction is directly associated with changes in the
phosphorylation of myosin light chain (MLC), a process increased by Rho and decreased by
Rac. Here we studied the role of Epac in the regulation of airway smooth muscle tone.
Importantly, isometric tension measurements showed that specific activation of Epac led to
relaxation of guinea pig tracheal preparations pre-contracted with methacholine, independently
of PKA (Figure 1). In airway smooth muscle cells, Epac activation reduced methacholine-
induced MLC phosphorylation. Activation of Epac decreased methacholine-induced RhoA
activation, measured by both stress fiber formation and pull-down assay (Figure 1). In contrast,
under identical conditions Epac activation prevented methaholine-induced Racl inhibition
measured by pull-down assay. Epac-driven inhibition of both methacholine-induced muscle
contraction by Toxin B-1470, and MLC phosphorylation by the Racl-inhibitor NSC23766, were
significantly attenuated, pointing to the importance of Racl in Epac-mediated relaxation.
Intriguingly, human airway smooth muscle tissue also expresses Epac, and Epac activation both
relaxed pre-contracted human tracheal preparations and decreased MLC phosphorylation.
Taken together, we demonstrated for the first time that activation of Epac relaxes airway smooth
muscle by decreasing MLC phosphorylation by shifting the balance of RhoA/Racl activation
towards Racl (Figure 1) [5].
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Figure 1. Schematic representation of the role of Epac on airway smooth muscle tone. Activation of Epac
by cAMP shifts the balance between RhoA and Racl towards Racl, thereby leading to the inhibition of
MLC phosphorylation and subsequent relaxation of airway smooth muscle. Epac activation reduced
methacholine-induced contraction of guinea pig trachea, a process insensitive to the PKA inhibitor Rp-8-
CPT-cAMPs (further details, see [5]).

Increased airway smooth muscle (ASM) mass is a main feature of airway remodeling in asthma
and may contribute to airway hyperresponsiveness and decline of lung function. Platelet-derived
growth factor (PDGF) may increase ASM mass by modulating the ASM phenotype in vitro from
a contractile to a proliferative state. Recently, we reported that that activation of the cAMP
effectors PKA and Epac inhibit PDGF-induced responses in bovine ASM, contributing to the
maintenance of a normo-contractile, normo-proliferative phenotype [6]. Importantly, treatment of
human ASM cells and tissue with the PKA activator 6-Bnz-cAMP or the Epac activator 8-pCPT-
2'-O-Me-cAMP strongly inhibited PDGF-induced ASM cell proliferation and prevented the
reduction of contractile proteins in human ASM tissue strips. Moreover, the PDGF-induced
hypocontractility was completely prevented by the two compounds. These findings indicate that
Epac and PKA maintain a normo-contractile, normo-proliferative phenotype of human ASM
(Figure 2) [7].

Collectively, we demonstrate for the first time that Epac relaxes airway smooth muscle tone by
decreasing the phosphorylation of MLC by increasing Racl activation at the cost of RhoA
activation. Likewise, for the first time we show that Epac and PKA maintain a normo-contractile,
normo-proliferative phenotype of ASM. Thus, activation of Epac (partly in concert with PKA)
might be of benefit for the treatment of obstructive airway diseases and/or airway remodeling.
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Figure 2: Schematic representation of the role of Epac in phenotype plasticity. Reduction of the
contraction by PDGF in bovine trachea strips is reversed by activation of Epac (8-pCPT). Epac and PKA
maintain a normo-contractile, normo-proliferative phenotype of bovinde and human ASM. Left, signaling
pathways driven by Epac and/or PKA to modulate phenotype plasticity (further details, see [6,7]).
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Special Topic 3:

Five biopsy studies from a well-characterised asthma cohort
N.H.T. ten Hacken, M.N. Hylkema, W. Timens, D.S. Postma

In the last 10 years, approximately 170 asthmatic subjects were investigated in Beatrixoord and
the UMCG. Most of them participated in earlier studies in Beatrixoord. This patient group
reflected a broad rage of clinical characteristics regarding age, smoking status, corticosteroid
use, and severity of asthma. They all underwent a standard protocol for clinical characterisation
including Phadiatop, blood eosinophils, total IgE, spirometry with reversibility testing, and
hyperresponsiveness to AMP. Additionally, airway inflammation was investigated by induced
sputum (before and after AMP responsiveness testing) and biopsies from the central airways. In
this way a number of clinical phenotypes were investigated in a subpopulation of this cohort.

AMP responsiveness

In 37 mild, steroid naive, non-smoking patients with (n=20) and without (n=17) AMP
responsiveness we demonstrated that AMP-responsive asthmatics were more frequently atopic
and had higher airway wall eosinophil numbers and eosinophil degranulation. More severe
AMP-responsiveness associated with a thicker basement membrane, which in turn correlated
with higher eosinophil numbers. However, adenosine receptor expression in bronchial biopsies
and the number of A2a or A2b receptors were comparable in asthmatics with and without an
AMP-responsive phenotype (Thesis Volbeda).

Remission of Asthma

18 subjects with complete asthma remission, 44 with clinical remission and 103 with current
asthma (64 with, and 39 without inhaled corticosteroids) were compared. Numbers of blood
eosinophils from subjects with complete remission were significantly lower than those from
current asthma. Bronchial EPX immunopositivity was significantly lower in subjects with
complete remission than in both clinical remission and
current asthma (see figure). Basement membrane

P=0.010 : . .

P-0.026 ' thickness was lowest in current asthmatics, caused by

P=0.048 lower basement membrane thickness in those using

" mz . . inhaled corticosteroids (Broekema, AJRCCM 2011;
S 2000 . '. . 183: 310-316). In a sub population of 30 non-smoking
E“ o -y °'. fepet subjects without corticosteroid use 7 subjects with
8 2400- . o’ o .:' complete remission were compared with 23 current
2 Saod ° . o . asthmatics. Subjects with complete asthma remission
E L0l o * ‘:;‘_ o2y showed no AMP-induced sputum eosinophilia in
E 1004 _.:._ —otee o Satee contrast to those with current asthma (Volbeda, Respir

NECT ST '@,’ o~ Res 2010; 11: 106).

Complete Clinical nolCS ICS

Asthma Remission Current Asthma

Fast decline of FEV,

17 subjects with a fast FEV; decline (>30 ml/year), 20 with a slow FEV; decline (<30 ml/year),
and 10 with complete asthma remission (PCy, histamine >32 mg/ml and PC,, AMP >320 mg/ml)
were compared. None of them used inhaled corticosteroids, neither did they smoke. Asthma
subjects with a fast lung function decline had higher sputum eosinophil numbers. Moreover,
FEV, decline correlated significantly with eosinophil numbers and ECP levels in sputum.
Basement membrane thickness correlated with sputum eosinophils, sputum ECP, and airway
wall eosinophil numbers (Broekema, Respir Med 2010; 104: 1254-1262).

18



Smoking in Asthma

66 never-smokers, 46 ex-smokers, and 35 current-smokers with asthma were investigated.

Smokers with asthma had lower FEV; and alveolar and bronchial NO levels than never-

smokers. Smokers had also more goblet cells and mucus-positive epithelium, increased
P=0.01 epithelial thickness, and a higher proliferation rate of intact

" 0,018 ' and basal epithelium than ex-smokers and never-smokers.

S Additionally, smokers had higher number of mast cells and

o
o o
L]

NE 30 . . lower number of eosinophils than never-smokers (see
s 27 e 3: figure). Ex-smokers had similar goblet cell numbers and
2 10 * " . mucus-positive epithelium, epithelial thickness, epithelial
;E,: 1 .- o . proliferation rate and mast cell numbers as never-smokers
a eastsl ® (Broekema, AJRCCM 2009; 180; 1170-1178).
*-éfa ‘.'2-“6 &
4{’&0 Qf”&o gé\ab
\;Qr

Clinical control of Asthma

Control of asthma was assessed over a period of four weeks in 111 asthmatics: 22 totally
controlled, 47 well controlled, and 42 uncontrolled. The
69 subjects with controlled asthma (totally and well

e controlled combined) had a lower median blood
. P=0.014 ) eosinophil number and alveolar NO levels, as well as
3 ) e less severe hyperresponsiveness to AMP than the 42
2 10009, . . subjects with uncontrolled asthma. Biopsies from
E“E . “ —i— subjects with controlled asthma contained fewer
g glooq = - eosinophil granules (see figure) and more intact
2S5 e ol epithelium  than uncontrolled subjects. Finally,
E 10- s controlled asthmatics had better quality of life
& guestionnaire scores than uncontrolled subjects
1 . T . (submitted).
| Total Well . No |
Caontrol No Control
of of
Asthma Asthma

These studies show the heterogeneity of asthma with respect to its severity, control of asthma,
and remission of the disease. Eosinophilic inflammation consistently pops up as an important
determinant.

This work was granted by the asthma foundation (AF 3.2.0038 and AF 3.2.0.49) and one
unrestricted grant of GlaxoSmithKline (SAM 101761).
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Special Topic 4:

Characterization of cell adhesion in airway epithelial cell types using ECIS
Irene H. Heijink™?, Simone M. Brandenburg®, Jacobien A. Noordhoek®, Dirkje S. Postma?, Dirk-
Jan Slebos?, Antoon J.M. van Oosterhout*

!Lab Allergology & Pulmonary Diseases, Department of Pathology & Medical Biology and “Department of
Pulmonology, University Medical Center Groningen, University of Groningen, The Netherlands,

Structural abnormalities in the airway epithelium are thought to play a prominent role in the
development of asthma and COPD. Normally, epithelial barrier function is maintained by
intercellular contact formation in so-called adherens junctions (AJs) and tight junctions (TJs).
Under pathological conditions, disruption of epithelial integrity and/or inefficient epithelial repair
may lead to increased access of environmental insults, e.g. allergens, pollutants and pathogens.
Better characterization of epithelial barrier function and cell adhesion during growth and repair
processes is pivotal to the search for new therapeutic strategies. Moreover, it is of importance to
use a cell line with high translational value. Since different cell lines vary in their capacity to form
cell-cell contacts, we compared adhesive abilities of primary bronchial epithelial cells (PBEC) to
the bronchial epithelial cell lines 16HBE140- and BEAS-2B, the mucoepidermoid carcinoma cell
line NCI-H292, the alveolar type-Il carcinoma cell line A549. We used Electric Cell-Substrate
Impedance Sensing (ECIS), a novel technique that enables accurate, real time monitoring of
epithelial resistance®. Additionally, we studied whether differences between airway epithelial
cells types relate to differences in the expression of cell-cell contact molecules.

We measured epithelial resistance at a low frequency (400 Hz), since this parameter has been
demonstrated to be most sensitive for changes in barrier tightness?, while capacitance at a high
frequency (40 kHz) is more sensitive to changes in cell attachment (and relatively insensitive to
intercellular contact formation)®. We observed a minimal increment in low-frequency resistance
during the initial spreading/attachment of the 16HBE140- cells (Fig. 1A), with a marked increase
once the capacitance stabilized (Fig. 1B), reflecting the establishment of intercellular contacts.
This was paralleled by continuous circumferential localization of both ZO-1 and E-cadherin after
72 hours, whereas junctional expression of these proteins was still fragmented after 24 hours
(Fig. 1C). Our previous findings on reduced low-frequency resistance upon siRNA
downregulation of E-cadherin confirm the involvement of intercellular junctions3. BEAS-2B,
A549 and NCI-H292 cells were less efficient in cell-cell contact formation, as reflected by a ~10-
fold lower resistance than 16HBE140-, although both BEAS-2B (Fig. 2) and A549 (data not
shown) cells established a confluent monolayer more rapidly. PBEC even showed a more rapid
initial decrease in capacitance (Fig. 2). In these cells, the resistance finally increased (especially
after cells were hormone/growth factor-deprived, fig. 2) by a 4-7 fold and was intermediate
between the 16HBE140- cells and other cell lines. Differences in barrier function of the
individual monolayers were paralleled by differential expression of junctional proteins, as
16HBE140- cells displayed highest expression of ZO-1 (Fig. 3A). NCI-H292 and healthy PBEC
expressed intermediate levels of ZO-1, while expression of ZO-1 was lower in asthma and
COPD epithelium. In addition to ZO-1, E-cadherin was highly expressed in 16HBE140- as well
as in NCI-H292, despite the low capacity of NCI-H292 to form intercellular junctions. PBEC also
expressed high levels of E-cadherin, with no striking differences between asthma, COPD and
healthy subjects. BEAS-2B and A549 cells expressed low levels of E-cadherin. Continuous
circumferential localization of ZO-1 and E-cadherin in intercellular junctions was observed for
16HBE140- cells (Fig. 3B). In contrast, expression of ZO-1 and E-cadherin was fragmented in
NCI-H292 cells as well as in BEAS-2B and A549, offering an explanation for the impaired ability
to form a tight barrier. PBEC displayed well-defined continuous junctional expression of both
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Z0-1 and E-cadherin, although membrane expression of E-cadherin was less intensive than in
the 16HBE140- cells, and ZO-1 did not appear to separate each adjacent cell (Fig. 3B).

In conclusion, we confirmed that the ECIS system is a valuable tool to distinguish between
different processes that contribute to changes herein, i.e. cell attachment and formation of
intercellular junctions®. Furthermore, we showed that epithelial cell types display remarkable
phenotypic differences and should accordingly be used to address specific research questions.
16HBE140- cells are most suitable for studies on barrier formation and most representative for
PBEC, although the barrier of PBEC will only become as tight as in 16HBE140- cells when
PBEC are grown under ALI conditions®®. Their resemblance in attachment to BEAS-2B and
A549 cells makes the latter more important for translational research on cell-matrix contacts.

Figure 1. Attachment, growth and cell-cell contact formation characteristics of 16HBE140-
cells. 16HBE140- cells were seeded into collagen-coated ECIS arrays at different
concentrations. A) Resistance and B) capacitance were monitored immediately after
transfection in a time course of 96 hrs at 400 Hz and 40 kHz. To correct for the well-to-well
variance, we normalized resistance and capacitance values to the starting point at the
uncovered electrode. C) Cells were grown for 24 and 72 hours and E-cadherin and ZO-1
were detected by immunofluorescent staining.
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