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SUMMARY OF KEYHEMES

1

There are several plausiblen vitro test systems, models, and assay endpoints
currently available with the potential to be used for assessing adverse impacts
of tobaccoproduct exposure in respiratory tissues. These models and assay
endpoints should be further evaluated for their use as hazard assessment tools
in a regulatory arena

Of particular interest are three-dimensional (3D) reconstructed, human,
organotypic tissuemodels ofthe respiratory airway s; these should reduce the
need to extrapolate results across species, thus strengthening the relevancy of
results

Standardization of promising test methods should be a high priority

Relevant reference standards should béeveloped and made easily available
to the research community

Access to information from noninvasive or minimally invasive clinical studies
is needed to bridgethe gapbetweenin vitro andin vivoresults.

Development oftest methods for regulatory purposes is unlikely to be funded
through the traditional grant process; more direct funding programs should be
developed

Close communication should be maintained between regulators and the
research community to be most effi@nt in the development of usefuln vitro
methods to assess relative risk



Page| 7

INTRODUCTORY PRESEMTIONS

Introduction and Overview of Meeting Plan
Erin Hill, IIVS

AEEO x1 OEOEI bh xEEAE EO OEA EEOOO ET A OAOEAON
not-for-profit mission. That is, to bring together stakeholders from a variety of

backgrounds in order to identify promisingin vitro andin silicomethods and then to

standardize and help validate those methods to make them ready for regulatory

application. Drawing on the list of research priorities set forth by the Food and Drug

I AT ET EOOOAQET T80 #A1 OAO I O 41 AAAAT 007 AOGAOON
invited experts from academia, government, and industry will present talks and

posters covering key areas in utilizing models and assays to investigate the effects of

tobacco on human health, such as chronic obstructive pulmonary disease (COPD). The

exchange of infornation is intended to facilitate a better understanding of and forge a

route towards the standardization ofin vitro methods. On the basis of the workshop

discussions, conclusions concerning the readiness of current models for regulatory

application and appoaches to improving models will be drawn and published, thus

advancing sciencebased assessment of tobacco products

Tobacco Product Regulation and Non clinical Science
Hans Rosenfeldt, FD&enter for Tobacco Products

The US Food and Drugdministration (FDA) Center for Tobacco Products@TP was
set upin 2009 whenthe FDAwas authorized to regulate the manufacture, marketing
and distribution of cigarettes and smokelesgobacco products in the Family Smoking

Prevention and Tobacco ControAct. & $! EAO OEA AOOEI OEOU O OAcOI
DOl AOAOOhd xEEAE AOA AAZET AAh ET BPAOORh AO AT U
OEAO AOA,OAIAG &@sddidafian products under theFamily Smoking

Prevention and Tobacco Controfct. The FDA currently regulates cigarettes, cigarette

tobacco, rolkyour-own tobacco, and smokeless tobacco. On April 25, 2014, FDA

published a proposed rule,Tobacco Products Deeméd Be Subject to the Food, Drug &

Cosmetic Act (Deeming¥hiswouldexAT A OEA &$!' 60 OI AAAAT AOOET OE
additional tobacco products, including electronic cigarettes (eigarettes), cigars, pipe

tobacco, nicotine gels, waterpipe (hookah) tobacco, and dissolvablest already

O1 ARO OEA ' CAT AUb O the@@ifitiorDof &xabacéoip®ddu@®@Eéd O | AA O

aim of the Actis to protect public health and make tobacceelated diseasepart of the

5 3 8 O SEeAifid Gids are to prevent young people starting to use tobacco products,

encouraging adults to quit use, and redting the harm and addictiveness of products

for those who continue to use them.

The FDA is using its regulatory authorityto gain understanding of tobaccoproducts,
restrict changesthat might adversely affect public health prohibit claims ofmodified
risk without sufficient supporting data, ensure compliancewith regulation, and
educatethe public. An important aim is to expandthe science base for regulation.

CTP is thenewestcenter at theFDA andhas undergonesubstantial and rapid growth
since its inception Within the CTPR the Division of Nonclinical Science employs
scientistsin areas such as toxicology, pharmacology, and environmental sciente,
review product applications,provide scientific input for guidance and regulation
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documents conductresearch and expandknowledge. Unlike other FDA centers
which have regulations that outline thenon-clinical studiesrequired of the applicant
for clinical studies and product authorization the CTPhas no such regulationsData
from in viva, in vitro, ex vivgandin silicostudies are considered and reviewed to
inform the agencyon scientific decisions

The CTP has issuedrdft guidancethat reflects current thinking on non-clinical

studies. However, bothdraft and final guidancedocumentscontain non-binding
recommendationsx EEAE OADPOAOAT O OEA .mMehkidinkdifdedceA DOOAT
between a draft and final guidance is that theraft guidance carriesan additional

disclaimer indicating that Agency thinking on the subject bthe guidance is not final

Draft guidance includes suggestions afems to address when preparing applications

OEi E1I AO O DOAOGEI 600 ODblbskingOf@raftguidadck s 2énfed 06 Al
agood way to share current thinking with stakeholdersand to bridge the gap to

finalization, which can take a substantial period of timeThe following exampleis

found in the guidance for testing oimodified risk tobacco products(MRTPs)

0&$! OA Asithatiagplicdnts conduct nonclinical studies to address the known
clinical toxicities of tobacco products and evaluate a range of potential toxicities of the
product as compared to other tobacco products on the market. Applicants should
choose appropriatemodels for nonclinical studies that are sufficiently sensitive for the
evaluation of the selectedendpoint and be able to provide support for the model used,
including an explanation of the sensitivity and probative value of the model chosen.
For in vivo animal studies, researchers should administer the test product to animals
by a route representative of human exposure, where feasible. Nonclinical toxicology
studies should use methods that are sufficiently sensitive to assess the actual
differences betweea use of the product and use of other tobacco products, or between
use of the productand no® OA 1T £ O1 AAAAT DPOI ABAOO8S

Hans Rosenfeldt PhD, Toxicology Branch Chieifipted the FDAS €mmitment to the
three Rs(replace, reduce, refinelandthe inclusioni Amod@rnizing toxicologydas one
of the eightpriority areas to address:2 The CTP, therefore,is very interested in
hearing of current assays that could fit into meeting this goal'’hese shouldbe
relevant to humans andaddress known and potential clincal toxicities of tobacco
products.

Disclaimer: The information in these materials is not a formal dissemination of
information by FDA and does not represent agency position or policy.

Key point s:

1 CTP isthe newest center within the FDA and is interested in information
and knowledge on non -clinical methods that could be relevant to tobacco
products

f Draft and final guidance are issued to share & $ ! @u@ent thinking with
stakeholders

1 Modernization of toxicology methods , as well as a commitment to the
three Rs, is a priority for the FDA

1 http://www.fda.gov/forconsumers/consumerupdates/ucm268201.htm
2

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/scienceb
oardtothefoodanddrugadministration/ucm286069.pdf

O

O
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1 CTP, as part of its commitment to modernization of toxicology and the
three Rs, is interested in the investigation into non -animal testing that
would be relevant to tobacco products and their toxicity

Animals $1T 180 31T EAd %l AET ¢C 41 AAAAT %@PAOEI AT OO 11
Joseph Manuppello, PETA International Science Consortium, Ltd

Joseph Manuppell AEOAOOOAA 0%4! 60 ET OAOAOO ET OAI AOGEIT 1
Prevention and Tobacco Control Act and what the related strategy and regulation is
likely to mean for animal testing. PETA would like to see a tiered approach to
regulation introduced that would minimize animal testing use. The FDA guidance to
industry lends itself to such an approach, by requesting the submission of clinical data,
including endpoints based on validated biomarkers and the use of intermediate

clinical endpoints. Crucially, thre Act makes no mention of animal testing. Rather, it
stipulates that manufacturers undertake wellregulated investigations. Even in the

case of MRTPs, which if approved are marketed specifically to reduce harm, animal
testing is not mentioned. Neverthelessthe Institute of Medicine (loM) notes that
despite the difficulty in making laboratory animals use tobacco products as humans do
and notable interspecies differences that can prevent meaningful extrapolation of
data, for MRTPs animal testing might be infmative 2 To temper the use ofn vivo

animal studies, the loM does recommend that they be preceded loyvitro studies and
composition and product standards or limits should be set.

As part of the tiered regulatory approach, PETA suggests that for tyuhew products,
not only should pre-clinical in vitro studies be done first, but also that the data should
be submitted and assessed before any clinical assessments are started -Elirgical in
vitro laboratory tests should also be done of constituents raer than just products.
Assays of particular interest are those for cytotoxicity, genotoxicity, cell apoptosis and
proliferation, oxidative stress, inflammation, mucus productionand endothelial
activation. Only if these assays yield significant findingshould animal or human
studies be considered. Joseph Manuppello noted that for existing products wishing to
make claims of maodified risks, epidemiological assessments will play a much more
prominent role than laboratory studies, and may be supported by prgously reported
research on similar products. Likewise, for investigation of addictive potential, human
research (after adequate preclinical screening) seems the most externally valid
approach, owing to difficulties in modelling some kinds of delivery stems, such as
snus.

In 2009, when the Smoking Prevention and Tobacco Control Act was introducéul,

vitro methods were not deemed reliable and were limited to a small number of
cytotoxicity and genotoxicity tests. Since then, however, many advances hdeen

made and this is now clearly not the case. Reliable assays are available to also assess
airzliquid interface exposure, apoptosis, inflammation, cell transformation, and gene
expression. Thus, to support the use of preclinicéh vitro testing, PETA suggests that
the FDA should exercise its authority under the Act to set standards for neamimal
pre-clinical testing of tobacco products, including a standard battery of assays.

3Institute of Medicine of the National Academies. Scientific standards for studies on modified
risk tobacco products. Washigton, DC: National Academies Press, 2012.
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It has been suggested that there is a risk that@garettes will be deemed to need
relevant animal testing because nproducts were marketed in 2007, but PETA
suggests that there are circumstances that deem this unnecessary. For example, if
products have toxicants below certain levelsr use foodgrade flavors (a flavors are
prohibited in given products), etc animal studies should be undertaken only if need is
justified by significant in vitro findings and agreed to when opened to public comment.

Some countries, such as Belgium, Estonia, Germany, Slovakia,thedJK, have already
banned animal testing for tobacco products. Global prohibition, therefore, seems a
reasonable goal for manufacturers. Certainly, some manufacturers already avoid
animal testing wherever possible.

Key points:

1 Since 2009, the availabi lity, breadth, and reliability of in vitro assays has
grown substantially

1 The onus should be on in vitro testing of products an d constituents where
claims of reduced harm are intended

9 For existing products wishing to make new claims, new epidemiological
data and previously published research are more appropriate than new
laboratory testing

1 The FDA should provide a list of standards, including a battery of
standard tests, required for regulation

In Vitro Toxicity Testing of Tobacco Products: a Manufacturer's Perspective
Betsy Bombick, R. J. Reynolds Tobacco Co

Betsy Bombick presented guidance and recommendations amvitro testing, the
Cooperation Centre for Scientific Research Relative to Tobac€@GRESTPexperience,
and ways to move forwad.

A wide range of sampleselated to tobacco productscan be testedn vitro, including
cigarette smoke particulate matter, whole smoke,smokeless tobacco,and tobacco
product constituents. In vitro tests are quicker and less expensive than animatudies
and give mechanistic understandingalthough they have strengths and limitationsand
single assays cannot answer all questiongResults therefore,must be taken inthe
context of existing data and informationFrom a regulatory perspective theuse of
non-clinical studies (in vitro, in vivo, andex vivQ is encouraged: Health Canada
requires annual toxcity testing of cigarettes sold or manufactured in Canadaith
three required toxicology tests Ames bacterialmutagenicity, cytotoxicity in the
Neutral Red Uptake assay, and genotoxicity in the micronucleus ass@jie FDA is less
clear on types of studieghat should be usedor MRTPs and premarket products,

recommending, respectivelynon-A1 ET EAAT OO0 A Birfaton dkih viroOT 1 A AT |

Z A N e, 2

Product Applications, Applications for Premarket Review of New Tobacco Products)

CORESTAfounded in 1956 aims to promote international cooperation in scientific
reseach relative to tobaccoin the areasof agronomy and leaf integrity,
phytopathology and genetics, smoke sciencand product technologyln 2002, the
CORESTAn Vitro Toxicity TaskForce was formedto establisharationale and strategy
for in vitro testing of tobacco smoke and to identify key procedures in line with
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internationally recognized guidelinesbut adapted to take
into account the unique properties of tobacco smoke
Recommendations related to these objectives were
published in 2004 .4 The suwygested battery of tests
comprised a bacterial mutation assay (Ames), a mammalian
cell assay for cytogeatics or mutation (micronucleus,
chromosome aberration, or mouse lymphoma)and a
cytotoxicity assay with appropriate mammalian cells
(Neutral Red Uptale). The defined st itemwas total
particulate matter from mainstream smoke collectedon
Cambridge filter pads and extractedin DMSOThe report
also provided useful background information and
references.

Proficiency trial assays wereperformed to improve study
conduct and methodswith the approved battery of testsin
samples extracted by standardizedpreparation. Protocols
and worksheetswere alsostandardized. The final data
were codedand quality was assessed by guality
assuranceexpert anda statistician. These studies showed
Images from Ames, that Amesis sufficiently sensitive (excellent concordance
micronucleus, and between laboratories), that Neutral Red Uptakeresults
neutral red assays replicated well within a particular cell line, andthat
micronucleus assayresults on tobacco samplesliffer by S9treatment conditions. Of
note, in the neutral red uptake studiesdifferences were noted between results from
the four cell linesused, possiblyat least partially driven by differencesin metabolic
capabilities.

On the basis of these findings, th€ask Force concludedthe following regarding
proficiency trials: objectivesand rationale must be clear before startingcareful
selection ofsamplesis important ; and statistical analysismight be challenging.These
challenges are compounded by variation itaboratory experience and understanding
of strengths and limitation of methods which might make interpretation and
comparison of findingschallenging

In order to effectively testawide range of different products the following
considerationsare necessarybefore starting testing

Products (differences and similarities)

Sample production and preparation (smoking regimen, sample type, and
phase)

Sample storage

Exposure systems (egipment and methods)

Biological testsystems(sensitivity, relevance, strengthsand limitations)
Interpretation and context

Utility and application

=a =

=A =4 =8 -8 A

4CORESTAIhe Rationale and Strategy for Conducting In Vitro Toxicology Testing of Tobacco
http://www.coresta.org/Reports/IVT_TF_Rationale-IVT-Testing-Tob--
Smoke_Report_Jun04.pdf
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Some exciting mew tools are available to improve the quality of researchand further
inform the science such as adverse outcome pathways (AOPs) and systems biology
combination with toxicity methods. In vitro models of disease also hold promise.

Key point s:

1 A wide range of samples from tobacco products can be tested in vitro

1 CORESTA aims to promoteinternational cooperation in scientific
research relative to tobacco and supports in vitro toxicity discussions
and proficiency trials

1 Proficiency studies with standardized sample preparation and protocols
have highlighted the need for planning an d understanding of
methodological strengths and limitations

Considerations for Test Method Validation
Rodger Curren, 1IVS

Validation in some form is generally required by regulatory agencidsefore data from
new test methods are acceptedrhe classic process of validation idemonstration of
the reliability (reproducibility) and relevance (extent to which results cancorrectly
predict outcomes) of a new method for a specific purpose his definition and the
classicsequence of events fromanception to validation (presented below) are
accepted by many international bodies, such as thi@rganization for Economic Ce
operation and Development QECD.

91 Ideasfor new test methodscome from basic researchhut are usually
undirected and the suggestedanethods areare often impractical for routine
use

1 Optimization of methods increases robustess and ensures performance
across multiple laboratories

9 Pre-validation, which is a controlled, smaliscale study of reproducibility and
performance, is conducted

1 Afinal formal validation stageinvolves multi-laboratory blinded assessment of
reliability and relevance

Validation does not need to be done by the agency accepting the test resutist when
it is, individual agencies can apply their own standards of rigor to the procesAs a
result, agenciesmay vary widely in the number of laboratories required for
reproducibility studies, numbers of materials tested, the range of chemistries
assessedandthe types ofqualitative and quantitative endpoints that must be
reported. This highly formal testing istime consumingand very expensive and is
extended by slow review of methods by validation authoritiesEven if a method is
validated, it might take several years tachieve regulatory acceptancelhus the
process of validation is often sevesly criticized for the length of time it takes.In this
presentation, Rodger Curren explored ways in which the process could be improved.

In 1995, ECVAMproposeda pre-validation stage toassess and refie the validation
process and therebyincreaseefficiency5s Three phasesf prevalidation were

5Curren RD, Southee JA, SpielmanH, Liebsch M, Fentem JH, Balls Whe role of prevalidation
in the development validation andacceptance of alternative methods. ATLA995;23:211-217.
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needed tooptimize the test 70
method. In addition, the
protocol can bedeveloped
and put into a format
compliant with the regulatory
ACAT AU O ©ANOE O Ai#
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models can beproposed,and Laboratory 1

suitability for the next phase
of pre-validation can be
confirmed. Fhase llinvolves
protocol transfer, in which a third designatedlaboratory uses therefined protocol and
standard operating procedures taest inter-laboratory transferability ; further
refinement of the protocol ispossibleat this stage If phase Il results are acceptable
pre-validation moves intophase Ill,where a limited number of materials are codedfor
blind testing in a small number oflaboratories (at least two) to confirm validity of the
prediction model or to suggest its further refinement. If necessary, the mieod could
move on to more rigaous validation involving additional coded materials, or the data
obtained during pre-validation could be considered sufficient to establish reliability
and relevance

Inter-laboratory variation of the Draize rabbit eye teads
substantiaP

An efficient validation process can:

9 Direct basic research towards gap existing testing methodologiesand/or

knowledge, identified by stakeholdersthrough workshops or directed

interactions with regulatory bodies, such aCTP

Help move useful methodsquickly into development and optimization

Accomodate the use of humabiomarkers of effect or disease, rather tham or

in addition to? data from animal studies

1 Useapre-validation stageto refine the protocols incompetent laboratories,
including those associated with Government agenciesuch asthe US National
Center forToxicological Researctor National Institute for Environmental
Health Studies

1 Include retrospective evaluation of datag including data from robust prior
studies (perhapsdefined bya regulatory branch, such athe CTB, sothat new
studies do not have tobe conductedunless truly necessary

= =

In determining the value of new test methodsmore than just theindividual predictive
capacity (as assessed during the traditional validation process) should be evaluated.
Testsshould also be consideredas part ofintegrated testing strategies For example,
combining results from several methods of analysj such asQSAR, readhcross,and

6Hartung T, Bremer S, Casati S, Coecke S, Corvi R, Fortaner S, Gribaldo L, Halder M, Hoffmann S,
Roi AJ Prieto P, Sabbioni E, Scott L, Worth 2uang V. A modular approach to the ECVAM
principles on test validity. ATLA2004;32;467-472.
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one or two other complementaryin vitro assaysmight prove to be highly predictive of
subsequent human health effects.

To makeany validation process truly useful, a meaningful standard against which to
evaluate the new test method needs to be established. For many years thddg
standard used in toxicology has been the results obtained from animal testget these
often suffer from reproducibility problems, and their ability to predict how humans
will respond to the same exposure hafequently been called into questionFor
example, although theDraizerabbit eyetest has been viewed as the gold standard for
eye irritation for many years results vary substantially between laloratorie s’8 and
are often not predictive of human response The figure, from Bruner et al.? illustrates
the bestcorrelation relationship that could be expectedetween two separate
laboratories running the Draize test,knowing that the coefficient of variation of this
test isaround 40%. If this isthe highest reproducibility for this animal test, clearly an
in vitro method could not be expected to perfan any better.

In the specific case of validatingn vitro methods for use in estimating the hazard
associated with new tobacco poductsither combustible or non-combustble, it would
clearly be best to validateresults against the human nothe animal response. A
potential way forward to this approachwould be to validate against human
biomarkers that could be obtained in relatively norrinvasive ways during clinical
studies. Biomarkers of exposure, effect, oboth, should be developed and then used as
the gold standards during validation trials with newin vitro methods. This approach
should be especially useful when used witBD humantissue constructsthat closely
resemble the actual human tissues exposed situ. If biomarkers from thein vitro
systems corelate well with the same biomarkes obtained fromindividuals in clinical
studies after exposure to a given tobacco product, then there would be good evidence
that the in vitro method would be predictive d either exposure or disease statéor a
new tobacco product.

In summary, alltest methods to assess tobacco products for regulation need to be
validated. The exact steps to be takerior each test cannotalways be predicted, but
however the validation process ionductedit must take into account all research
agendasto help the likelihood of regulatory acceptancePre-validation performed in
competent laboratories andbased on guidance documents written by teams with good
technical knowledge ofthe assays and which address various outcomesan

streamline the process andnay eliminate the need forthe formal validation studies
currently in place.

Key point s:
9 Stakeholders should collaborate to direct basic research towards gaps in
methodologies
1 Involvement of the CTP in designing research and selecting facilities for
pre -validation testing would be useful

Weil CS, Scala RA. Study of intrand interlaboratory variability in the results of rabbit eye

and skin irritation tests. Toxicol Appl Pharmacol 1971;19:276360.

8Cormier EM, Parker RD, Henson C, Cruse LW, Merritt AK, Bruce RD, Osborne R. Determination
of the intra- and interlaboratory reproducibility of th e low volume eye test and its statistical
relationship to the Draize eye test. Regul Toxicol Pharmacol 1996;23:15661.

9Bruner, LH, Carr, GJ, HarbelJW, Curren, RD. An investigation of new toxicity test method
performance in validation studies: 2. Comparison of three measures of toxicity test

performance. Hum Exp Toxicol 2002;21:31323.
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1 The pre-validation stage should be compulsory, with adequate financial
support provided for these activities

1 Allresearch agendas should be taken into account during the
development of assays for regulation

Adverse Outcome Pathways: A Framework for Organizing Mechanistic
Information to Improve Chemical Assessment
Kristie Sullivan, Physicians Committee for Responsible Medicine

Kristie Sullivan noted thatTox 21 recommended a strategy that included a widenge
of methods of testing. Mapping of toxicity pathways (thought to ba finite number)
was intended tobe a conceptual framework that wouldhelp to predict effects of
chemicals without animal testing. Ultimately it led to AOPs, which are flexible
organizational frameworks that outline linear pathways to adverse outcomgand that
canlink chemical
structures to biological
' response data There are
Blomarker avariety of uses of AOPs
dependent onthe
amount of information
. available. For instance,
they can highlight
research needge.g.
species or genetic
differences and effects

Cellular on toxicity) and be
Cellular effects Adverse helpful in the design of
effects outcome testing strategies and
N frameworks. At the
testing level, they can
N
support for chemical
grouping and

/ help to identify

Organ .

foits _,. promising assays,
provide mechanistic

Example of AOP concept development categorizationand

hazard or risk
assessmentand put assays intdiological context, whichcan remove barriers to
regulatory acceptanceThus,full mechanistic understandingis not necessaryfor an
AOP to be usefl

The OECUDOs heavily involved inthe development of AOB. The Extended Advisory
Group for Molecular Screening (EAGMS@ms to collect information and enable
collaboration, for example with tools such as the AORiki 10 and support regulatory
activities.

Concept developmentan be simpleor complexand can be started without knowing
exactly what the key events areRather, AOPs carbe used to tryto establishlinkages
between key evens (i.e. what happens to link one to the next Awork plan for the

10https://aopkb.org/aopwiki/inex.php/Main_Page
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AOPcan be proposed and submittedor review by expert groupsvia the AOP wiki.
This can lead to thesetting up of workshops and creation ofa main team or latoratory
to research the AOPbutwith contributions from multiple sources (i.e. @rowd-
sourcingdof information).

Key points:

I AOPs are flexible organizational linear frameworks illustrating
pathways to adverse events

I They are useful for highlighting gaps in research and knowledge, for
chemical grouping, providing context for data or methods, and for test -
method development

1 The OECD AOP wiki allows information to be shared and aids
collaboration
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CHRONIC OBSTRUCTIVEULMONARY DISEASEOVERVIEW

Etiology of COPD andIn Vitro Models
Holger Behrsing, IIVS

To start this section of the workshop, Holger Behrsing presented an overview of COPD
Patients with COPD can have one or more symptoms of chronic bronictis (excessive
mucus production, airway wall thickening, epithelial squamous metaplasia, and
leukocyte recruitment), emphysemaairspace enlargement, parenchymal
destruction), or both.The distribution varies from individual to individual , but the
disease ischaracterized by (usually) progressive aflow limitation and chronic
inflammatory response to noxious gaseand particles. The main risk factor is

smoking, butsex, genetics, prexisting airway diseaseetc. and ervironmental factors
alsocontribute to risk. Tobacco smoke exposure changes the lining of the bronchus
and leads to oxidative stressin early stagesbasal cellsbegin tocrowd out columnar
cells, which are ciliated and, therefore,cilia becomereduced in numberand efficiency
and toxic partides are not cleared effectivelylater changes are total displacement of
ciliated columnar cells, which raises the risk of infections and exacerbations of airway
limitation, and an increase in abnormal sgamous cells, which eventually invade the
underlying lung tissue and can become cancerouSmall airways disease which
includes a wide variety of disorders, often includes some form of biochiolitis,
bronchiolar inflammation, and metaplasia of the bronchiolar tissues

Ciga rette smoke » ! ! !! ~Jer
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Various models and assays have been proved fit for purpose for CORBrious
features, such as oxidative stress, inflammatory response, ciliary dysfction, goblet
cell hyperplasia(GCH) and small airway and vascular remodeling, are potential
targets forin vitro testing. Model choices are ell lines of immortalized cells primary
cells, 3D airway tissue culturesand tissue samples for testingx viva These can be
employed in drug development, hazard of exposure assessment, etc, and, therefore,
the suitability of models must be considered

Immortalized cells areeconomic, straightforward to use and results are reproducible
These cell lines can be expanded and are simple to store, although high passage might
be associated with genetic driftHowever,cell lines are frequentlyderived from
cancerous tissue andhus donot represent the physiological state asother modelsdo.

Primary cellsare often moreexpensivebecause they are not immortalizedbut are
more representative ofthe population of interest (although subject to donor
variability), and may not have much cacpacity to bexpanded and stored for future
use(i.e. supply is limited).

3D tissue cultures such as reconstructed airway epithelium, arphysiologically
relevant, represenive of the population of interest, and cell typesand functions not
available intwo-dimensional cell lines might be possible to be assessdfach culture,
however, can take weeks t@omplete, which can be expensive and reproducibility
might vary across donors.

Ex vivotissue studies can by doneusing precision-cut lung slices(PCLS) Theseare
more physiologically relevantbut are representative only of the part of theorgan from
which they are cut They might berepresentative ofa population but frequently are
obtained from donors that do not matchwider population criteria (e.g.slices are often
obtained from lungs discarded from transplant owing to certain disease states). A
strength is that theydo enable study of multiple cells typesbut quality is not always
high andmight be variable across donors. Reproducibilityis alsovariable across
donors andis labor intensive to achieve

Important considerations in choice ofin vitro model, therefore, are:

Cost
Reproducibility
Ease of useand accessibility
Interlaboratory transferability
Endpoints modeled
Tissue origin
o If human, how well does it translate to whole body?
o0 If non-human, how well does it extrapolate to humas?
1 Amenable to high throughput

=A =4 =8 =8 -8 A

Upcoming technologies that might improven vitro testing include lung on chip.The

Wyss Institute has createcaOA OAAOQOEET C86 E O Adcredie®éxansioh AEED
and contraction of the airways during breathing to mimicchanges inair and blood

flow.11 RTl International, in collaboration with the University of North Caroling have

11http://wyss.ha rvard.edu/viewpage/404/

OE A
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created a lungon-chip model in which distinct cellular layers are stacked to mini the
structure of airway tissue2

Key points:

I COPD symptoms can vary from individual to individual and are
characterized by (usually) progressive airflow limitation and chronic
inflammatory response to noxious gases and particles
The major etiological factor is smoking
Various in vitro and ex vivo models are available that allow relevant
testing of exposure t o cigarette smoke
I Multiple factors must be taken into account when selecting a model,

cheaper options might be less physiologically relevant, whereas more

expensive options might be time consuming to create or have limited

supply
9 \Variability across donors is an issue that needs to be addressed but

individuality of tissues may more accurately reflect a population
f Emerging technologies OOAE A O OI Otoqd advancétheA E E B 6
relevance of models

= =

Overview of the Clinical Aspects of Chronic Obstructive Pulmonary Disease
(CoPD
Sanjay Sethi, University at Buffalo

Sarjay Sethi provided further clinical information about the features and
epidemiology of COPD This diseaseés the third most prevalent in Canada3 and USA It
is currently the sixth most prevalentglobally andis predicted to reach third by 2020.
Despite improvements in treatment and air quality etg COPDwill remain amajor
problem becauseof ahigh rate of undiagnosed diseaseDespite being preventable and
treatable, the dsease is fregiently not diagnoseduntil progression occurs? early
stagesymptomsare generally not serious andrequently go urrecognized by
physicians? and some patient are reluctant to seek treatment, as it ig Gelf-inflicted 6
disease High concentrations of autoantibodiesare detected, but whether these are
causative is unclearand autoimmune disease elements need to be explored further.
COPDmcurs high health costs, particularlyin relation to exacerbations.Therapies are
mainly symptom driven rather disease modifying but most patientsdo not receive the
recommended treatment(~60% undertreated, and/or ~65% inappropriately
treated). Poorly treated disease is associated witkevereextrapulmonary effects and
important co-morbid conditions.

Initially, there was a lot of confusion about what constitutedCOM. Snall-airways
disease was overlookednd emphasis was on emphysema, buéater it was shown that
what happens in the small airways haa notable contribution. In a healthystate the
airway is held open by alveolar attachments. In patients with COPD, these attachments
are disrupted, which, with mucosal and peribronchial inflammation, fibrosis, and
hypersecretion of mucus within the lumenadds to the imparment of airflow.

Curently, most in vitro models concentrate on airway epithelium, bugiven this

L2http://wwwe.rti.org/newsroom/news.cfm?obj=503D8210 -E344-7120-553A0AD769F494B4
13Gershon AS, Warner L, Cascagnette P, Victor JC, Tdfdtime risk of developing chronic
obstructive pulmonary disease: a longitudinal population stug. Lancet 2011;378:991-996.
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feature of COPX would be very useful to include alveolar macrophagesspecially as
attempts to block precursor pathways have so far been unsuccessful.

Chronic Bronchitis Emphysema

Airflow
Obstruction

Asthma

Spectrum of COPD

Although tobacco smoke is the main risk factomndividual responsesto this and other
particle exposures varysubstantially (e.g. occupational dusts and indoor and outdoor
air pollution) . Lung growth, oxidative stress, female sex, agespiratory infection, low
socioeconomic status, poor nutritionand comorbidities are all wellrecognized
contributing factors and must be taken into accountGenes, however, seem to
contribute little to susceptibility.

Diagnosis seems as though it should be easymptoms + risk factors + positive
spirometry = COPD, but is not that simple owing to variability. Physical examination is
rarely diagnostic and spirometry is essential to confirm suspicionand might help to
differentiate COPDand asthma COPD should beansidered in patients with any
symptoms and a history of exposure to risk factors. Screening might be useful, but as
the recommended intervention would remain smoking cessation, is not
recommended.

Smoking cessatiorreduces therisk of COPD and ithe only modality known to change
the disease course; in some casggery low FEM might lead to seltperpetuating
disease. Lung damage starts eargnd might be more rapid in these stages than later
in the disease courseEven mild disease is associated with exacerbations, airway
limitation, and physical impairment.

COPD is staged anild, moderate, severeand very severe initially based on degree of
airflow limitation (FEV 1), but this presentation hasa high crossoverwith asthma.
Differentiation used to rely on response to bronchodilatos (post-bronchodilator
FEW/FVC <0.70 confirms presence of persistent airflow limitation, and thus COPD)
but symptomology should also be taken into accountAsthma and COPIBhould be
viewed and treatedas separate diseases.
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GOLD Severlty Degree of Airflow Limitation
Stage

Mild FEV, 280% predicted
2 Moderate 50% =sFEV, <80% predicted
3 Severe 30% sFEV, <50% predicted
< \ery severe FEV, <30% predicted

Staging of COPD by degree of airflow limitation

The current management guidénes are to reduce risk,to relieve symptoms and
improve exercisetolerance and healthstatus and prevent disease progression and
exacerbations Where these latter occur, they should be treated adequately teduce
mortality. The use of mn-pharmacologicalmanagementstrategies hasgrown, but
some goals have had more success than otheBmoking cessdion is the first priority ,
and other options areeducation of patients, rehabilitation @lthough this isexpensive
and often not funded), surgery, vaccinatiorand oxygentherapy. Pharmacological
strategy options havealso grown, from just short-acting bronchodilators and steroids,
to long-acting and antrinflammatory drugs, andnumbers ofindividual and
combinations of drugs continue to growTreatment was originally basedon FEM
staging, but correlation between FEYand quality of life is poor.Therefore, the
importance of treating exacerbationshas becomeaecognizedand now included in
treatment planning, althoughimproved guidelinesare needed Discovery of dsease
modifying treatments would alsobe helpful (e.g.anti-inflammatory drugs), as
bronchodilators are reachingtheir capacity of usefulnes®wing to little difference in
outcomes between devicesTreatmentsto reduce symptoms (such asexcessmucus)
andrisk of infections andthose to treatmusculoskeletal and gastrointestinafeatures
would also be useful

Key points:
I COPD is a preventable and treatable disease
1 Improvements are required in treatments to relieve symptoms and
prevent exacerbations
9 Increased clinical and basic research offers hope; e xacerbations might
be aparticularly useful target for model development
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INFLAMMATION AND OXDATIVE STRESS

Impact of Tobacco Smoke on Lung Inflammation and Pro -Resolving Pathways in
Humans, Mouse Models, and In Vitro Models
Richard P. Phipps, University of Rochester

Cigarete smoking is a cause of many inflammationelated pulmonary diseases.
Smoke contains more than 4,500 chemicals with various toxic effects, and smokiag
associated with around 438,000 deaths per year in the USA. The ideal outcome of
inflammation is complete resolution as, unresolved, inflammation becomes chronic
and leads to loss of tissue function. Resolution of inflammation was initially thought to
be a passive process occurring after removal of the stimulus. However, the lipid
mediator switch concept describes an active process that involves specialized pro
resolution lipid mediators (SPMs), which provide balance against the pro
inflammatory pathway and help to maintain or regain homeostasis. For example,
omegab fatty acids .g.in peanuts) can éad to inflammatory products, whereas
omega3 fatty acids (.g.in fish) resolve into SPMs and lead to resolution of
inflammation. In smoking-related diseases two hypotheses are of interest:

1 The normal resolution pathways are dysregulated but may bergeted
therapeutically

i Tobacco toxic effects can be gauged on the basis of dysregulation of resolution
pathways

Studies of exhaled breath condensates(1 mL collected from 10 min breathing)
assessed by mass spectrometry have shown the presence and paitof SPMs, and
reveal dysregulafon. This norrinvasive approach might, therefore, be a useful way to
assess inflammation in COPD patients, where endogenous resolution circuitry has
been altered.
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Resolvin D1 blunts cytokine production by monocyderived macrophages in
cigarette-smokeinduced inflammation

Mouse inhalation models of acute lung injury have been used to investigate whether
pre-treatment with the SMP resolvin D1 (RvD1) alters the inflamm@atory process. After
twice daily exposure to cigardéte smoke for 3 days, neutrophil infiltration was
inhibited and expression of antiinflammatory cytokines (e.g.IL-10) and
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concentration of macrophage cytokine mRNA were notably increased. Pagtatment
3 days after smoke exposure also encouraged resoiom of lung inflammation by a
similar mechanism.

A mouse model of emphysema was also assessed. Exposure required is long term and
symptoms begin after c. 6 months, but is faster in the female A/J mice sensitive strain.
Some human features of emphysemae mimicked in mice ¢.g.alveolar damage, but

not airflow restriction), and these outcomes were at least partially ameliorated by pre
treatment with RvD1.

In vitro studies have been done to begin addressing the influence of SPMs on human
cells. Primaryhuman cells (macrophages, fibroblasts, and epithelial cells) are
preferable. Macrophages, particularly, are of interest because COPD patients are
highly susceptible to infection and macrophages play an important role in removing
microbes and macrophagesr& also important in resolution of inflammation. In

human monocytederived macrophages, cigarette smoke exposure leads to impaired
phagocytosis and increased production of cytokines, chemokines, GQXnd PGE
production. In cellspre-treated with RvD1, production of the inflammatory cytokine
IL-9 EO Al 01 OAAR x E A ovdvhdhe@ibgkyiokihe s intreasediPreA D O
treatment with RvD1 also reduced cigarette smoke extradhduced inflammatory
responses in fibroblasts, and in airway epithelibcells of the small airways was
associated with reduced production of preinflammatory mediators. Human studies
show variability in responses, which will be important to take into account for
directing responder and nonrresponder studies. Prevention withSPMs might be useful
not only for smokers, but also for inviduals regularly exposed to toxic smoke (eg
military, firefighters) or in circumstances of viral-induced cytokine storm.

Dietary uptake of omega fatty acids feeds into these resolution pathways.

Key points:

9 Local tissue inflammation leads to neutrophil infiltration and pro -
inflammatory mediators, which in turn lead to apoptosis

1 SPMs act via several mechanisms to promote resolution of acute and
chronic inflammation

1 Development of SPM therapeutic a gents might be a useful route for
management of inflammatory lung disease

1 Measurement of changes in SPMs caused by exposure to tobacco
products might serve as an indicator of relative toxicity

Genetic Variants, Inflammation, and the Mucous Secretory Phenotypes
Yohannes Tesfaigzi, Lovelace Respiratory Research Institute

After epithelial injury, inflammation causes proliferation of nongoblet cells that
differentiate into mucus-producing cells (mucouscell hyperplasia[ MCH]) and
differentiation of non-goblet cellsinto mucin-producing goblet cells (mucouscell
metaplasia[MCM]). These changegead to thickening ofthe epithelium. The MCH and
MCM decrease after about 10 days if inflammation does not continue. The Bdiamily
of proteins is central in cardinating this resolution process. Bcl2, which is protective
against apoptosis and Bik, a promotor of apoptosisare expressed in a timely fashion
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to reduce theproliferation of hyperplastic cells. The proportion of Bcl2-positive
mucous cells is increaed in chronic airways diseases, such as cystic fibrosis and
chronic bronchitis. Bik mRNA levels are reduced but those of other B2l family genes
are not. Thus, the hyperplastic goblet cells do not die and MCM and Mé&# not
resolved.

Expression ofBcl-2 is suppressed by p53, which destabilizes B& mRNA Aninverse
relation between Bct2 and p53has beenshown in p53-deficient mice,where Bcl-2
levels remain high and resolution of MCM and MCH is obstructed.

The singlenucleotide polymorphism in TP53modifies Arg72Pro. This change in
amino acid is within the second of five PXXP motifs of the prolirgch domain and
encodes two p53 variants, 72Arg and 72Pro. Airway epithelial cells with the 72Pro
variant have reduced expression of Be and mucus poduction, thereby attenuating
loss in lung function. In irdividuals with TP53Arg72Pro, airway epithelial cells are
also more susceptible to death caused by DN#amaging agents because of reduced
Bcl-2 levels. Overexpression of p53Arg increases and of p5@Rdecreases mucus
production through differential regulation of SPDEF, a transcription factor that drives
the mucous differentiation pathway. Humans with COPD and the p53Arg variant,
therefore, are at increased risk of chronic disease, and pollutants othihan cigarette
smoke are likely to have an additive effect.

Therefore, it is important to consider DNA polymorphisms in human disease. This will
be important for the development of relevantin vitro models.

Key points:
1 The Bcl-2 family of proteins are important in inflammatory lung diseases
1 They have a variety of actions: guardians, effectors, and sensors
1 p53 destabilizes Bcl -2 mRNA and is crucial for resolution of MCM
1 Inindividuals with the TP53 Arg72Pro single -nucleotide polymorphism,

expression of Bcl-2 and mucus production are reduced
1 DNA polymorphisms should be considered in the development of in vitro
models

Overview of Non -Animal Approaches to Address COPD Pathogenesis Associated
with Inhaled Nicotine -Delivering Products
Sherwin Yanlorillard

Smoking the main etiological factor in COPLs animportant exogenous source of
reactive oxygen speciesfOS and upregulatesrelease of endogenous ROS.
Additionally, activated epithelial cells produce inflammatory mediators, suchsaTNF,
GMCSE&, IL-1, and IL-8. Exposure to smoke however,impairs the innate and adaptive
immune responses of the airway epitheliumand the likelihood of infections is
increased.

COPD is multifaceted and, therefore, no single model can produce all the relevant
results. The most frequently used cells types are human sinonasal, lung fibroblast, and
small airway and bronchial epithelial cells. Some readio-use models are also
available, such as fully and pseuddifferentiated epithelial models (basal, gobletand
ciliated cells), human primary epithelial cells cecultured with fibroblasts (shows
interactions of different cells types).
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T lymphocytes, especially CD8eellsand macrophagesare prevalent inflammatory
cells in healthy smokers andn smokers with mild COPD In smokers

with severe COPDCD4 and NFKB are alsooverexpressed Macrophages secrete
proteases MMP2, MMP-9, MMP-12 etc,, which are potent activators of inflammation.
NF-kB is a preinflammatory transcription factor involved in the control of genes for
many inflammatory mediators expressed in COP,2nd is upregulated in macrophages
and airway epithelial cellsof people with this diseaseUp-regulation of N~ " E 1
epithelial and endothelial cells may contribute to the differential prevalence of cell
infiltration

The MAPKserine-thr eonine kinase pathway, which regulates inflammation,is heavily
discussed in relation toCOPDWithin this pathway are three important kinase
pathways that can be targeted separately: ERK, JNK, and p88vitro models have
been used to investigate MAPK pathways and cascad€ggrette smokeactivates5-
HTR2, whch inducesdisrupted MAPK cascadethrough many different types of
cellular eventsin all three pathways The different components of MAPK, however,
have different roles. For example,dargeted inhibition of p38 or the ERK kinase MEK
1/2 suppresseslL-8 releaseafter exposure to cigarette smokehut inhbition of JNK
doesnot. Knockdown of MEK 1 specifically blockcigarette-smoke-induced release of
IL-8.
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Oxidative stress and inflammation indudeyl cigarette smoke

The lung is one of the most vulnerable targets to oxidative damage in the bodiye to
location, anatomy, and function. Oxidantzanti-oxidant imbalance in favor of oxidants
increases oxidative stress in COPD. Increased numbers of neutrophils and
macrophages inthe alveolar space in smokers increases oxidant burdeihe
imbalance is tirther increased byincreased freeFe2+ concentrations (HaberzWeiss
reaction) and lipid peroxidation. Antioxidant defenceis normally mounted by
antioxidants in the respiratory tract lining fluid, such agjlutathione, mucins, uric acid,
ascobic acid, and albuminCigrette smoke reduces antioxidant capacity and actits.
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In the acute phase of COPD, reduced intracellulgiutathione or increased
concentrations of ROS can result in translocation to the nucleus of transcription factor
Nrf2. Activation of this transcription factor induces upregulation of detoxifying genes
and pro-inflammatory cytokines.

Overall, the evidence from bman studies supporsthe hypotheses generated byn
vitro model studiesfor COPD

In e-cigarettesthe aerosolis much less complex than cigrette smoke, including
greatly reducedCO leveldbecauseof non-combustible heating. Studies stuggest that
there is aubstantially less inflammation response (I8 release)to aerosol than to
cigarette smoke Indeed, there are substantially fewer harmful and potentiallyharmful
consituents in aerosol, and either minimal or no nitrosamineReliable, validated
methods, however, areneeded to assess exposure to nicotine.

Key points:
1 NFKkB is an important factor in the ongoing inflammatory process in
COPD

1 The MAPK pathways are disrupted by exposure to cigarette smoke,
which leads to release of pro -inflammatory cytokines, such as IL -8
I Human studies support the findings of in vitro model studies
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CILIARY DYSFUNCTIONMND ION TRANSPORT

Measuring Airway Surface Liquid Volume and Mucus Transport by Fluorescence
Microscopy
Robert Tarran, University of North Carolina

Epithelial cellsare thefirst point of contact for cigarette smoke.Research in the past

10 years hasshown they regulate immune responses, mainligy mucus and mucin
production. Airway surface liquid (ASL) comprises mucus to trap inhaled particles and
a peii-ciliary liquid layer that that keeps mucus at an optimum distance from the
underlying epithelia for clearance.lon channelsin endothelial cellsare damaged by
exposure to cigarette smokewhich over the long termcan lead to dehydration ofASL

in patients with COPD asis seenin cystic fibrosis soon after birth, and possibly

asthma. Increased Naabsorption increases mucus dehydration, which habeen

shown to causdung disease in mice.

Measurement ofASL heightis straightforward to study,and ASL hydration assays
have provedextremely predictive of the humanin vivo effects ofcystic fibrosis
pharmacology.Additionally, they canbe coupled to other assays, such as viability and
inflammation assays, to investigate effects of chronic smakexposure Cultures
differentiate into basal, gobletand ciliary cells and formthe peri-ciliary liquid and
mucus layers, but keep growing in height. The cultures can sense changed alter
hydration, as inin vivoairways.
Thus ASL height an be tracked
over time in cultures with use of
aninverted confocal
microscope. 3D rendering
software enables comparison of
differencesbetweencultures. As
well as ASL volume depletion
cigarette smoke exposure
correlates with changes in
0¥ e 4. v, ciliary beating, which affectsthe

vg_ ’é&’ speed of clearance.
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‘S . b v, ‘% Cell culturesof primary airway
6+ or alveolar lung cellsare best;
2:|' cell lines can be used if they
1 polarize. Choice ofsubstrate is

key, asthis has anotable effect
on how the cells grow.
Images/culture Fluorescent dextranis mainly

used for labelingbecausethere
Representation of ASL height with automated analysis is awide choiceof products for

different budgets.Mucus can be
labeled with fluorescent latexbeads The size of beads is important, as they will yield
different results. Use 100 nm bead#o aid visualization of theultrastructure and 1 nm
beads to trackspeed ofmovement (e.g.slowing as mucus becomes dehydrated
Effects @an be assessed with inexpensive microscope. Fluorescent bacteria can also be
usedor virusesexpressing GFPThese, however, e living organisms, sowhether
addingthem to the culture alters outcomesand/or whether the culture has potential
effectson the bacteia must beconsidered.

N » o ®
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Use of an inverted confocal microscope is best for assessment of cultures, but upright
scopes with dry or dipping lensexan be used withspinning disc and XZ stack XZ line
scanning b ideal if the galvo stage is used to enable higipeed scanningThe type of
lens greatly influences the quality of imageshe optimum is a bright (high numerical
aperture) lens with a long working distance, particularly for an inverted microscope,
but these can be expensive. Cheaper dry lenses with a good working distance but a
lower numerical aperture are good alternatives. More dye in the ASL might be helpful
if brightness is an issue.

Culturesin media are sterile. Ifthey aretaken out of media sterility might be lost, so

they should only be openedinder a tissue culture hoodASL time courses can run for

2 days and smoke exposure protocols for 2 weeks. Under the hood, the culture may be
transferred to a second plate with Ringer glucose solution imedia. Experiments

should be performed in the second plate, and the culture trasnferred to the original
plate after time points are reached (this works >95% of the time)

ASL height can vary subsintially from culture to culture and, therefore, foranalysis,
five areas per culturewith different numbers of points should be assessed manually
calculate an average height. ImageJ freewatan be used to process misoscopy
images For 7 nm ASL five or six cultures are neededper group to showa 50%
decreasein ASL height Another option to increase output is an automated microscope
that can collect 20 images per culture in around 20 s and can be coupled to the
automated analysis software.

To ensure good resultsgultures with good ion transport grown for 3z5 weeksshould
be used those grownlonger will yield poor images Primary cultures are best During
growth cultures might needto be washedto ensure too much mucugloes not develop,
as this will reduce the qualityof ASL height image$Vhen assessing ASL responses,
multiple features, such as ion transport and tight junctionsAQPs, GPCRic. should
be considered

Key points:

1 Measurement of ASL height is a straightforward way to measure ciliary
function and ion transport , and there is a choice of products to meet
different budget needs

9 Mucus can be labeled with fluorescent latex beads of various sizes to
allow visualization of different features, such as ultrastructure and
speed of movement

9 Use of an inverted confocal microscope is best for assessment of
cultures, but upright scopes with dry or dipping lenses can be used

I To ensure good results, cultures with good ion transport grown for3 75
weeks should be used; those grown longer will yield poor images
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Assessment of Ciliary Dysfu nction in Chronic Obstructive Pulmonary Disease
Research
Samuel Constant, Epithelix

Sam Constant A
presented on
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cilia comprisea )

sychronized beating®notordof the clearancesystem.Each ciliumconsists of>600
proteins organized into complexesthat work as hanomachines. In healthy individuals
the cilia haveinner and outer axonemal dyneinarms which ensure that cilia move in
the same direction In damaged cilia, the inner armsr both setsmight be missing,
leading to abnormal function When arms are missing, movement becomes
asynchronous. In patientswith airways diseases characterized by primary ciliary
dyskinesia,the different frequencies and directionsof beating can be visualized with
light microscopy. Various mechanisms have been suggested for tisgychronization,

but the generally accepted theorys that hydrodynamic coupling forces exist between
adjacent beating cilia.

\

Effective mucociliary clearance (MCC)
is essential for clear respiratory
health. MCGnvolves the beatingcilia
but alsorelies on theproperties of the
mucus.Mucins are secreted as long
strands that interact with globular
protein, to create theviscoelastic
properties that enable particles to be
trapped and transported. The
thickness of the layercan be affected
\ . W ‘ by over- and under-hydration
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are eventually lostdue to ROS interacting with ciliary proteins after exposure to
cigarette smoke, leadingto autophagy of ciliary proteins Gliary beating is also
depressed in COPD patients

3D models of the airway epitheliumj - O A E ThavE i@én@sed tassess cilia
dysfunction in vitro and have a shelf life of about 1 yeatue to slow cell turnover in
the epithelium. Nasajtracheal, andbronchial primary human cellscanundergo airz
liquid differentiation to basal, ciliary, and goblet cells that produce mucuslosely
resembleshost epithelium. Ciliogenesids seenby 21 daysand increases up to 45
days, after whichcell numbers remain stable. To ensure correct mucus thickness is
maintained, the model should be washed at least twice per montfilia beating
frequency can be measuredvith aninverted microscope, highspeed cameraand
high-throughput measurement software. Micrebeadsseeded on to apical surface can
be trackedto calculate the velocity and direction of movementWhen mucus is
dehydrated andviscous, thecilia still beat, but particles are not moved.

Analysis of cilia dysfunction is relevant for COPD researchs MCC and ciliary beating
frequency are informative endpoints of cilia dysfunction 3D airzliquid interface

cultures can also be used to measure chronic effects of airborne xenobiotics on ciliary
function and ciliogenesisNon-destructive methods to measure cilia lengths are still
needed Novel modelsthat better recapitulate the physiology ofthe human airway for

in vitro testing (e.g.3D printing) might also be usefulAnother possibility with the 3D
model is use of genomic, proteomic, metabolomic, lipidomic, and glytamic methods
to identify relevant biomarkers.

Key points:
i Effective MCC is essential for clear respiratory health and requires good
ciliary beating frequency and correct ly hydrated mucus
1 In COPD the cilia become shortened and are eventually lost
1 3D models of the airway epithelium may be used to assess particle
clearance under normal and altered cond itions
1 Assessment of chronic effects of exposure to pollutants is possible

Understanding t he Impact of Tobacco Smoke Exposure on Ciliary Dysfunction
and lon Transport : The Case forln Vitro testing
Gary Phillips, British American Tobacco

Gary Phllips continued the discussion on the use oin vitro models to elucidate
mechanisms that contribute to the development of COPBeveral publications now
advocate the use oin vitro methods for toxicity testing based on arAOPapproach. In
this way, the u® ofin vitro models helps to reduce cos improve human relevance
and provide a degree of predictability because the test are based on a mechanistic
understanding of the toxicity pathway. Todate, such models arehave beendeveloped
and used in variousindustrial settings, either as a consequence of the ban on animal
testing, asis seen in the cosmetic industryor as apart of the 3Rs approachin the
pharmaceutical and chemical industries. In additionin vitro methods that are robust
and acceptable for regulatory purposesre being used in the tobacco industry for the
assessment of the next generation of nicotine delivery and tobaceelated products.
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Studies on MCC have been conducted farore than 40 years andhave cemonstrated
that, as in many disease states, including COPD, the inability of the lung to clear
excessive mucus can lead to airflow impairment, inflammatignand a clinically
important decline in lung function. Impaired clearance can result as a consequencof
many different processesincluding overproduction of mucus, increased numbers of
mucus-secreting cells, decreasg number and function of cilig and inability of the
airway epithelium to maintain adequate hydration of this matrix. Althoughin vitro
models of MCC are being utiied more frequently, in many instances the use of cell
lines might not be not suitable. They often lack the structural and biochemical features
associated with knownin vivo functions of the MCC. Primary cells and tissue model
have helped overcome this problemas they are able to maintain theirin vivo
metabolic competencyin vitro and are structurally similar to those cells found in the
conducting airways.Tissue samples derived from most areas of the respiratory system
(nasal to small airways) can be easily obtained from healthy individuals and those
with various disease stateswhich allows more-relevant studies to be conducted of the
effects ofexposure to smoke toxicans. More-complex in vitro models, such asPCLS
and the lungon-chip system are also gaining prevalance. These models mooéosely
mimic the complex structural and functional aspects of the lunghan cultured models
and have a good shellife, which allows studies to e conductedthat involve chronic
and repeated exposures tosmoke and aerosol.

When reproducing reatlife exposure, how aerosols and particles are collected and
presented toin vitro models need careful considerationTesting of cigarettesmoke has

in the past conceltrated on the particulate phase of the aerosol. However, toxicants
present in the vapour phase are known drivers of COP&nd, therefore appropriate
smoke generation and delivery systems have been developed that allow for more
physiologically accurateand approriate aerosol exposures.

In vitro models offer notable benefits in terms of facilitating repeat exposure studies
with improved relevance and ethics Harmonization of approaches is now needed,
especiallyin the way in which aerosols from all tobaco products and nicotine delivery

devices are generated, charactezed, and delivered toin vitro models.

Key points:

1 In vitro assays are gaining momentum to address concerns related to
ethics and relevance of testing and to meet regulatory requirements

1 Development of primary cell and tissue models has improved the human
relevance of the tests and the ability to address the effects of chronic
exposure to tobacco smoke

1 Many different disease -relevant and tox icological ly specific endpoint s
are being measured, and combination of these endpoints supports
understanding of the effect s of smoke exposure on the lung

1 Harmonization is required between all industrial and academic
laboratories to agree on the approach to generate smoke aerosols and
the in vitr o models required to address specific disease concerns
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GOBLET CELL HYPERPISAA AND MUCUS PRODUTON

In vitro Induction of Airway Goblet Cell Hyperplasia in the EpiAirway Model by
Th2 Cytokines, Viral Exposure, or Cigarette Smoke

Patrick Hayden, MatTelCorporation
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(EpiAirway) and a recently developed alveolar model (EpiAlveolar). The EpiAlveolar
model is a cecultured model of alveolar epithelial cells and pulmonary enddtelial
cells of human origin.Both models are suitable for testing of tobacco products,
pharmaceuticals, airborne chemicals, and pathogen@ultures for both modelsare
grown on microporous membranes so that the apical surface is exposed at thezair
liquid interface to mimic in vivoexposure conditions. A fullthickness version of
EpiAirway incorporates pulmonary fibroblasts in a subepithelial stromal matrix.
Available formats include individual tissues (6, 12, and 24 wells) and high throughput
(24 and 96 wells).

Advantages of the EpiAirway model are a long functional lifespan (>3 months), a
pseudostratified morphology
(basal, ciliated, goblet, and
club cells), functional tight
junctions, beating cilia, mweus
secretion, and expression of
drug-metabolizing enzymes
and transporters. Use of
primary human cells also
avoids potential problems that
are often encaintered with
immortal ized cells lines,
which might have functional
defects orshow changes in
function over time.
Furthermore, the models
avoid problematic inter -
species differences that are
seenwith animal studies or
animal cellsin vitro.

EpiAirway cultures are
typically created from single
donors, and a wide selection
of donorsis available to vary . o :
age, sex, ethnicity, smoking Th2-mediatedGCHn a 3D epithelial airway model
history, and disease status.

Large cell inventories are available for each donor to support lorgerm projects.
These commercial tissue cultures are cost effective and are supported by a large
databaseof use, supported by numeous peer reviewed papers and abstracts in the
literature, and technical support.

oo

The EpiAirway and EpiAlveolar models can be used to mimic systemic exposure by
additions to the medium, or can mimic inhalation exposure of the apical surface at the
airzliquid interface. Thus, the models are relevarfbr general respiratory toxicology,
nanoparticle toxicology, tobaccdoxicology, basic airway researchand lung

permeation, and to assess the effects aferosolexposureand inhaled drug delivery.
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The availablity of numerous donors, includingthose with reported smoking history
and disease conditionssuch as asthma and COPD, allefor evaluation of individual
variablity and research ofairway diseases.

A specific application that was presented in etail at the workshop involved
reproduction of GCH in the EpiAirway model by exposure tohPR cytokines (e.g. IE13
and IL-4), human rhinovirus, and tobacco smokeThe effecton GCHdf azathromycin,
an antibiotic that also has antiinflammatory properties, was also investigated. h2-
induced G® was reproduced by exposure of to 14 or IL-13 for 6 days. Pronounced
changes could be seen ithe number and size ofjoblet cells,accompanied bynotable
changes in gene expression. Azithromycin notably reduced thwduction of Th2-
induced G® and geneexpression changesTo simulate viral exposure, the cultures
were treated with poly(l:C), which induced substantial and unique changes in the full
thickness EpiAirway model, including extensive formation of goblet cedlin the middle
and at the surface of epithelium. Infection with rhinovirus in nondiseased non
smokers, nondiseased smokers, and asthmatic smokers led to sustained upregulation
of MUC5AGt 48 h.The response to rhinovirus exposures was stronger insthmatic
smoker donors thanin non-asthmatic donors.Exposure of EpiAirway cultures to
cigarette smoke showed small but statistically significant differences in GCH induction
betweenexposed tissuesn smokersand controls. Some changes in mucin gene
expression seen were induced by the smoke exposure (eEMUC5AL Azithromycin
had less effect on reducing smokéduced GCH in the fulthickness model than in the
partial -thickness model. Taken together, the restd demonstrate that thein vitro
airway models provide translational data that are highly relevant to assessment of
human clinical airways disease.

Key points:

1 The use of 3Din vitro human airway tissues, including models
representing the tracheal/bronchial  epithelium and alveolar spaces, can
be effectively used for airway toxicological ,disease, and basicresearch
and to assess effects ofinhaled drug delivery, and respiratory infect ion

I GCH can be inducedin vitro by Th2 cytokines, viral exposure , or tobacco
smoke

I GCH can be influenced by co-culture with fibroblasts, individual
variability , pre -existing disease (e.g. asthma), and exposure conditions
(e.g. smoking history)

Measurement of Mucin Secretion for Potential Evaluation of the Toxicity in
Tobacco Products in Human Air zLiquid Interface Airway Models
Xuefei Cao, FDA National Center for Toxicological Research

Batteries ofin vitro tests are recommended by the FDA andORESTA for assessing the
cytotoxicity and genotoxicity of cigarette smoke. However, tests for evaluating specific
disease outcomes, which could be useful for assessing and predicting the health risks
of exposureto cigarette smoke are not included. In péents with COPD, disturbance

of the normal redox state, mucus secretion, extracellulaimatrix remodeling, and

levels ofinflammatory signaling lead to chronic inflammation and airway obstruction.
The pathophysiology of COPD potentially could guide the delopment ofin vitro tests
for assessing disease outcomes of exposukecigarette smoke
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The human airway expresses around 10 mucin genes,with MUC5AC and MUC5B being
the major mucins secreted by airway epithelium. Weltifferentiated human in vitro
airzliquid interface models ofairway tissue possess many of the structural and
physiological characteristics of the human bronchial epithelium, including mucin
production and, thus, may be suitable for investigating the pathological roles of the
mucin proteins in the progression of respiratory diseases. Quantitative measurement
of mucin secretioncould conceivably provide valudle information for risk assessment
on the toxic effects of inhaled toxicants, such asgarette smoke A pilot study was
performed to compare the mucininducing effects of two sets of wholesmoke

solutions prepared with the International Organization for Standardization (ISO) or
Health Canada Intensenachinesmoking regimens. Each set containeivo whole-
smoke solutionsgenerated by machine smokingf 60 sticks of either Marlboro Red
(R60) or Marlboro Silver (S60) cigarettes. The apical surface of tlarzliquid -interface
model was exposed tavhole-smoke solutionsfor 4 h each day for 5 days. Mucus was
collected before tte start of each exposure. After the last treatment, the cultures were
allowed to recover for 2 weeks, during which time mucus was collected at the end of
each week (the apical surface was still washed daily). Secretion of mucin proteins was
measuredwith mucin ELISA assays.

With whole-smoke solutionsprepared under the ISO smoking regimen, MUC5AC
expression was increased significantly by the R60 and S60 samples, with the amount
of mucin generally dependent upon doses afhole-smoke solutionand the numberof
treatments. The kinetics of MUC5B secretion diffetefrom those of MUCS5AC in that its
induction was delayed until the third treatment, at which point the induction of
MUCS5B was significantly higher thathat in the vehicle-treated control. In general,
mucin induction by R60 was stronger tharthat with S60 onthe basis ofthe lowest
effective dose. Withwhole-smoke solutions preparedwith the samplesobtained

under the Health Canada intense regimehe induction patterns of MUC5AC and
MUCS5B were similar tathose seen withthe ISOwhole-smoke solutions, but the
differences between R60 and S60 were diminishe&urthermore, comparedwith ISO
whole-smoke solutions,the Health Canada intense samplesppeared to be stronger
inducers of MUC5B secretiorsincechanges in MUC5B induction were seen aftene
treatment. During the recovery period, secretion othe two mucin proteins decreased
after 1 week and returned to baseline levels at 2 weeks.

Changedn goblet cell density and morphology also were examined after exposure to
Health Canada intense wholesmoke solutiors. Five daily treatments withthe highest
doses resulted in a significant increase iGCHcompared with the vehicletreated
control. Treatment with the Health Canada intense wholsmoke solutionsalsoled to
morphological changes, such as decreassize and misshapened cells (hypotrophy).
These observations correlated well with those made on mucin induicin. Recovery
following the five daily treatments with whole -smoke solutionsresulted in gradual
loss of GCH hypothrophy, and size alterations.

Caocurrent exposure with N-acetylcysteine significantly decreased MUC5AC
hypersecretioninduced by ISO wholesmoke solutions, which suggess that mucin
induction is a downstream effect of oxidative stress.

In summary, mucin measurement is a sensitive and quantifiabkndpoint for human

in vitro airzliquid interface cultures exposed to wholesmoke solutions The findings
are relevant to the progression of smokingrelated diseases, specifically COPihich
makesthis endpoint potentially useful for evaluating the health impact of exposur¢o
cigarette smoke A major challenge for this measurement is to develaggmoke
exposure regimens, including the appropriate machine smoking protocols, exposure
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doses, and exposure schedules, to better miniit vivo cigarette exposurein humans.
Tousesuch an assay for regulatory testing, standard operating procedures will need
to be established for culture exposure conditions, methods and schedslér mucin
collection, and ELISA assay procedures. Furthermore, donor variation in primary
airway epithelial cells should be taken into account and a sample size should be
establishedto ensure a desired detection sensitivity with minimum donor effects.

Key points:

1 Methods to assess disease outcomes would be useful for evaluating the
health impact of inhaled toxicants, such as cigarette smoke

1 Exposure of human airway air zliquid interface culturesto whole -smoke
solutions resulted in increased levels of mucin secretion

I The levels of mucin protein secretion are consistent with morphological
and density changes in goblet cells

1 Oxidative stress is involved in cigarette -smoke-induced mucin protein
hypersecretion

1 Procedures need to be established for optimizing the sensitivity of
mucin measurements while mitigating donor effects

Combining Systems biology, Computational Approach and Human Organotypic
In Vitro Models Exposed to Whole Cigarette Smoke: an Example of 21st Century
Toxicology Assessment

Carole Mathisand Julia Hoeng, Philip Morris International R&D

Systems toxicologyis an approach intended to decodéhe toxicological blueprint of
active substances that interact with living systems# It is anintegrative approach that
harnesses multidisdplinary expertise to gain a detailed understanding of toxicants.
The systems aspect involves transcriptomics, genomics, proteomiegyd lipidomics.
An important aim is to develop dynamic AOPshat include detailed mechanisms
information, predict adverse outcomesand provide a new paradigm for risk
assessment, and direct research towards safer products and environmental
protection. Methods used are computational models, apical and molecular
measurements.and application of -omics technologies's

Knowing that smoking causes serious disease, but that a proportion of the population
continues to smoke, manufacturers areleveloping MRTPsThe biological impact of
novel products and related disease risks arbeing compared by mechanism with

those ofconventional cigarettes to assesthe differences in effectsfrom conventional
cigarettesand smoking cessationThe approach allows forsystematicgeneration of
experimental data,by measureamnent of responses in tissueshat are contextualized by
molecular measurements in pathway models (mechanismsind outcomes and risks

14Sturla SJ, Boobis AR, Fitzgerald Rilgeng J, Kavlock RJ, Schirmer K, Whelan M, Wilks MF,
Peitsch MC Systems toxicology: from basic research to risk assessment. Chem Res Toxicol
2014;27:314-329

15Hoeng J, Kenney RD, Pratt Daklin F, Sewer A, Thomson TM, Drubin DA, Waters CA, de Graaf
D and Peitsch MCA network-based approach to quantify the impact of biologically active
substances. Drug Discov Toda3012;17:413-418.
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are quantified to compute biological impact factorsMany of theprotocols anddata
will be made publicly available16

To try to establish reliablein vitro systems to support the 3Rs principlework is being
doneto translate findings between other species anchuman experimental systems.
Studies so far have included data fromats and human cellular modelsandthe
scientific community has been askedo help identify which systems are translatable.

T Climatic chamber with an exposure module
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Organotypic nasal and bronchial tissue cultures can be
exposed at the air-liquid interface to whole mainstream
smoke of the 3R4F or aerosol generated from pMRTPs
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In vitro whole smoke exposure experiments

Owing to bans in varous countries on animalkesting for tobaccoproducts,
manufacturers havemoved towardsin vitro assaysfor genotoxicity and cytotoxicity
testing. PETAexpressed a wish thashould the boundariesof non-animal testing
should be pushedurther to test whole-product and whole-systemeffects.As part of
its in vitro program, Philip Morris International is looking for organotypic models
Sampling the bronchial epithelium to identify potential biomarkers of exposure
response and disease has yielded significant insighésd shown that many of the
smoking-related changes in the bronchial epithel are alsopresent innasal and
buccal epithelum. With aclimatic chamber exposure modelwhole-smokeand aerosol
experiments have been performedn nasal and bronchial tissue culturesLinear
correlations were found for nicotine and eight different carbonyls, which isof note
owing to changes in aerosol” A difficult y with this method is understanding how to
achieve reliable exposure.

18http://www.jove.com/video/52325/impact -assessmemnirepeated-exposure-organotypic-3d-
bronchial-nasal

17"Majeed S, Frentzel S, Wagner S, Kuehn D, Leroy P, Guy PA, Knorr A, Hoeng J, Peitsch MC.
Characterization of the VitrocelP 24/48 in vitro aerosol exposure system using mainstream
cigarette smoke.Chem Cent J 201,8:62.
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Of clinical importance is what actually reaches the tissue from smoke and aerosol.
Computational fluid dynamics has been used in an attempt to modeansport and
evolution of aerosolsand computedeposition at the airzliquid interface. Features to
take into account are droplet size, number, and intensity, the required residence time
for the aerosol to reach a uniform particle number concentration in the exposure
system, the stability and physical characteristicsof aerosol in the dilution system and
the influence of operating systems and conditionsMany different substancesare
involved, but the degree of exposure can be measured withe abovesystemand
characterized with gas chromatography time of flight analysisExposure of
organotypic human primary bronchial epithelial cell cultures to cigarette whole smoke
clearly shows doseresponse with 3R4F in terms of inflammatory cytokine release but
also for otherendpoints, such as gene expression, microRNA, MMRelease, and cell
counts and survivalt8

Translation of in vivo smoking exposurebased on a specific gene signatureas
assessed in thousands of insertdased orfour publicly available bronchial datasets
for smokers and norrsmokers. Similar results were obtained with thein vitro
organotypic bronchial epithelial model. Results formicroRNAwere also assessedyut
only one datasetwas available for comparisonHowever, differentially expressed
microRNAs were found after exposure to cigarette smokehat were common tothe in
vivoandin vitro dataset, and wereassociatedwith functions, such asnflammation
and cell cycle processes.

As interest has been expresseith global biological responses the similarities of nasal
and bronchial tissue gene expression changésve been assessed’ here issome
overlap, but nasal tissuA AT 8 O 1 A A A Ot6 gradliEtiCOPDA Gvevér GisA
tissue canbe used toidentify smokers. Culture studies wih bought cultures show
increasesin changeswith increasing exposuretime and dose. Likewise changelsave

been shownin cellular composition.

Transcriptomic studies have also shown striking similarities in responses to cigarette
smoke in the bronchial and nasal tissued.he observation suggests the xenobiotic
responses in the bronchial and nasal epithil cells of smokers were similar to those

18Mathis C, Poussin C, Weisensee D, Gebel S, Hengstermann A, Sewer A, Belcastro V, Xiang Y,
Ansari S, Wagner S, Hoeng J and Peitsch. M@man bronchial epithelial cells exposed in vitro

to cigarette smoke at the aifliquid interface resemble bronchid epithelium from human

smokers. Am J Physidlung Cell Mol PhysioR013;304:L.489-L503.



