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Abstract

Asbegtos—lnduced Health Effects

Multiple Mode_s of Actior_n

Anbeatos-containing materiale May releass ashestos fows io he air during product
use damoion work, buliding of homs maitenange, ropak, und ramodeing. Adwea
hwalh tulcomes of asbeckos aru awdent at the molecuiar level {ONA damage, ipir
poroxidaton, ofc) a5 wel a8 al tha tesus and wholw organism lavel (Rbrock,
frisohaloma, and g cahoar. alc). Ab overdew of tha Hacaurs was andactaken &
idently and sxpiors the potantial mades of acion of ashostos-Inducad disease, many of
which invoha rescive oxygen apiciss {ROS). Asbesios-hduced ROS Pproducton
paisnially from chronic Inflammation, surface reactivily, sfe, la assoclaisd with mulipls
modea of ackon In y {ag, Wa axamined
avidence for multple machanisme of ssbesios md how hay may confibute o0 e
overall responas to asheske axposure, and b undersiand how hase mechanisms may
lead w0 the resuling adverse Meafh ouicomas This analyss alo examined e
responee o spacific Aber typad 4x an #id o skicklalng the key delsrminants of fiber
todediogy. The effact of he minwal form is discuscad i lerme of lype and relalive
maghitide of blodogieal responss. Overaf, our anaiyds finds hat chrysctie and
amphibols asbeatos muy coniibuls ko ROS produciion differealialy dolh [n Weme of
Magriude and polntal mechaHsm of respongs. Howavr, thase finding s highlight ke
data gaps In determining how wiffersnt fibers load to wrinbis downaream molcuiar
avenks Tkaly 0 reaylt in sbaskoe-nduced disoase. Thaze imitakons in the avallable
data need % ba 1o furher Ky batwasn fiber pes
(hal lnad to varied healh efiects. Dafining a kodcly sighature profla far parkculer fiber
types using new mahodekegies, paricularly genomics and protsomics, woukl wpply
information on signafng pakways involvad In fiiponse ko asbasis axposire.
Aternalively, thase methsdoiogies may aiso b used io define signature proflies for
parloular s3bagtos-induced ciseass andpoink. Infrmation obleined from entity
pathway based analyess for multple fiber types, krgel Gasusa and adverso healh
endpointa wiald In cefining dalwmirants of xicily of specific fbar typas.

Introduction

+ Aabnsios (5 & known human carcinogen (IARG Group 1) whose mechanism of actan
Is notcomplately kirown,

* The trm ‘ssbastos’ sncompasses mulipe mineral fibar Wpee, including serpaning
Y ) N ramolle, actinolte) famlly members. Thesa
family mombers tiffer in marphalegy as wed ss chemical compodlion, wih ke

tanos of & ffor

¢ Aabesiol sxpose cocurs Mrough ecupation {mining, sk raper) as well as
Hhrough every day aotviliss.

* Mulipls medus of acbion are progosed following ashesioc axpoaure, Including
reacive oxygen and nlrogen specles produciion (ROS/RNS), chronic Inflammaton,
gancixicity, cyloloxiclly and call proMaraton.

* Daisrminani of fiber loscity giay & rat in differant blalogical #ffects of asbeslas, but
dutailed Infortation on thin for all fowr typea is Iacking.

* The of many acbasi dissanes (8 wh a
perslatant infiammaiery response, inlinied diresty o Indiractly by ROS. Lavals of
ROS/RNS wvaries wiih e type of asassios, sithough which charactaricics of the fbers
leadie o e variable respanse Is not yat known,

* Umitad informalion ln avaliabla for adl flow kypes on spacific signalng pathway
Induc ion toilowing expamre,

* New ioxdoily testng melhodologies, paricularly genomics and rolemices, coukl sid
(n answering many of the ramalning quesliena on speciice of ashasias Mode of acton,

s . R * el
Fipure 1. Transmission slectron miomgraphe of b Forme of sabealos: 8. Chiysokie bundies. and b.
Arrphiola flnils. (Images obusinad from USG5 |

 Asbasios SXPQINA May increase tha risk of aabeskosis and piher nonmalignant ung
nd pleural disarsers, In:liding pleural plaqued, pleural Ihickaning, and pleural effusione.

~ Asbestcs hne beor claseified ac 0 known human carcineg en by he LS, Departmant of
Heallt and Human Sarvioes, ha EPA, and i Inkernalional Agency for Research an
Cancer.

* In addifon to king cancer, mesntsioma and laryngaeel cancer, some studiss hawe
suggeatad an Asecciaton babven ashesios exposks and gasrolntesinal and cotoregiml
cancers, A8 wall & an slevatad risk for cangars of the broat Kdnay. ssophagus, and
galibladsler. However, he svdence ic incanclusive. Asberios Skpodirs Is aeo associnted
wih aukoimmiine dissase.

Flgure 2 Asbeslos a:xposue kade b discass Froiugh muliple mechanisma. OF iorest Ia how
Wioso machsnisine overlp and inlemot ko reaul in disouoe,

Determinants of Toxicity

Determinants of Fiber Taxicity: Proposed Impact on
Blojegicat Activity
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Tabh 1. Filber dimension (width and lengh) md olher characteristics such as chemical
componion, surface area, okibillly in physiclogkcal flukds, durabikty, surface charge,
Wnd Eurface reactivily may al play Impartant relea I both the bickogically sanificant
fiber dose end fbar toscity.

Chronic Inflammation

Chronk inflammation from fizer sxposure invoives e profonged relesse of ROS,
CyiniineE ahd growd fackars in e kinga o other targsl tasus.  The unregulated o
persistent ralase of thecs Infiammatory mediaiors may load Iy tusve njury, scarring by
fibrgele and profferation of spihelal and masenchymal goils.

* Longar fibers (*15um} lead i an Incrassed production of ROE dus b "Fystaled
phagosyiosls’, & larm io demribe the frmbilty & fully phagocyioes kng fibacs rasuling
In ah increa: locafneulraphl response leading ko (ncroassed sous damags.

* Small Mbers (<Eum) may remain in place or may ba removed across e bronchiole
o alvaolar membrans and ransporisd te he nterstial and Plewral spaca through the
blood vesss!s or lymphatc system.

Reactive Oxygen Species

* AEDeRios sXPONIS Widde ko
incressad ROS produciion
through various slgnaing
puihways.

* This incransed producion may
ba from direct foer-cel
intaractione, reapicakory burst
and/cr tha chamical composion
of floers,

* Limilsd informasen I avalinbie
on diffrancas In types of ROS
produced by apacific fiber types.

Flgur 3. Synaing patkwaps aolivaied by ROS (Sovarta). Thees pathways are & surrple of those ativatad
Tollowing ROS producon. The imolvement of thase petrways In mulipls celullt eponees adde & tha
Variebiky in rmaponss i ushawior e00sury.

Genotoxicity
Genokoxiey foflowing exposure lo asbastos fibera has baen described as he reault of we
distinct meckanisms, deacribad as diract and ROS/RNS-induced ganokaxicity.

* Dirsct ganotoxiciy:
* tha physcal ilrferance of ritass by Abws.
* oftan resulis In and
mitasie.

dus 1o Intecruption of
* kanger fioers (> 16um) are thought ko play a major role in this form of geticioxiclty.

* ROWRNS-induced genotoxicily;
* ROS/RNS produstion lsading to ONA darmage.
* he amount of ROS/RNS praduged followitg sxposure 1o sabssios wariud ralated lo
the chemical compasition (iran} a5 wel a6 othar phyeical char s arisics {solubilly, slze)
that impact fiber learanc e following sxposra
* ROS/ANS production takes Whe form of hydroxyl radical as wsll as peroxynitrils, both
of which are sitociaied with & OHIG and sngie-srand bess pair demage.

Cytotoxicity & Cellular Proliferation

b - E Tha initinl stages of any

- Mbrotic andfor tumerigank:
rsponae involva
cytoloxicity and
sompansstery calklar
peoifecation. Mukiply
spralng pathways may
ba involvad leading to
sheea encpoints (Figura
4). Agbesios axposure
can lead ko both
Incraamed and decressed
catlular pro¥eration as
obearved in recent
studioa.

Figure & EGF slgnabng petimery (Biocarta). The sidermal growlh fnrker (EGF) paplide Induokh Obfuiar
Preffaration bhmugh the EOF recepicr. Rassaron hes shown o simiar responts 1o dinctbinding asbasics
Foarz. Tho prodibrabive sfivch ure signalnd through severel pathwaye. Gromisk of EGF kaghaling wih, athr
Petirwais nake e EGF tecmalar & junction polt betesn sgnaiing eysleme.

ara thows of the author

rd d vaws ar poliaies of the US EPA.

Variability Amonq Fib__er Types

. ) varss Axhesios fbars:
+ Chirysofla has besn shown B produce lese ROG and  decreassd
magniude of ceuler damege.
*+ Chrysalis yiskds lncreascd kivals of RNS (niiria oxide, paraxyririle)
compared to crocidolie.
* Effect of olhsr veried oharao wriskcs relaing Io agkbility, fbowr apiiting,
wriace charge.

* Long (»10um v short fibera {<Sumj:

* Tha longer flaers have bisn shown o sed ko Incraaesd asupioldy
and chremosomal dbmrations. Thesa fibars are abie ko Inlarsctwi: the
mitolic spindle and alkr okl cycle prograsalon.

= Oncs angulfed by the hacrophage, smalf fibars may remaln in pisce
Or may ba ramavedl acreds tha bronchicle o ahwelar membrane and
Fansparted %o e interstisl and plawral space Hrough tha blood
vesas or lymphakc sysiem.

Toxicity Pathway Analysis

* Exposurs Pat]

‘ Asbeskoa stidies have demonstaisd ncressed eswton of many
signaing pathways folkewlng sxpasue b varicys lypss of anbeskos.

* Signaling ac¥vation resui In spoplosin call prolkwaton, cell cycle
afteraiona and snzyme ac¥vetion.

= ROS produckon scivates & verlely of signaling cancadas (MAPK, NFKB,
ERKY/2, PIGK).

* Diferences In tha magniude and tpa of signaiing response may be
relaied bo foer typa and size

* Dissana Pathways

* Undarsianding of hhe varlac signaing pathways (nvoived in adverss health
andpoints will sld in datermining differatcee in resoonae ko fibers.

* Blomurkars of exposws andior diseass oan be used o Inform moda of
actn analysls.

* Linking todcily pathways for different dissase andpoints tn determinani of
fibor ksxicity will hek: defing verlable responses o all fibar fypee.

Data Gaps and Next Steps

= Furher understanding e veclabilly batwssn different fhiars kypes l1a
necamary f afrifving whit charscterisbics of asbesios result in adverss
haakh affects, ncluding cancer. Questions st 3o e answerad include:

* Are tWiorenca in reaponse refated to scvalion of dMRr st paitways,
o variable magnitude of rasponss of the same patway?

» f3 tharg an additive or aynargietic affect o axposure fo oow (yps of
Bhasl0k Abors ralated (o oiferant aspecta of fber compoaition?

* Toxicoganomics, and oher —omics chnalogies, can be uied io Bk
of fibar loxicity ndpoints.

* Comparafive siuding of various fibar types and target 1ssues should bo
gonhd ko addreas he quesions abova,

¢ Gene profils eignaires for asbmsioe-induced disasse andpoinis 2an
infarm asbesios meds of acton.

* Recent siudies have looked 41 gane exprassion profiles for mssoibeloma
(Row st al 2009) and bsuss with in virc studies of various salhoganie
perliale typss {Donaideen ot al 2006). More atudies Bke his will halp ko
difine e tdicity pathways involved In exposure and dissase related to
asbesios.

* Increasad research Is nesdad kb fully undsrainnd the causal role of

idividual fier charsciriedcs to siucidate the mechaniem of wion of ali
esbeatos fibars and how they lead ko ciffrantsl respans.

* Retaranass avafiable upon request.




