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CHAPTER 2

Tumours of the Pleura

Mesothelioma is the most frequent neoplasm affecting the pleu-
ra and remains a major health threat for many years to come.
afiats il ‘ s is firmly established since

look. the worldwide production of asbestos has not dec
significantly.

| ess is known about the cellular and molecular mechanisms
operative in the evolution of asbestos-induced mesothelioma.
Clastogenic effects are well documented, but the sequential
acquisition of genetic alterations which typically form the basis
of tumour development, are still poorly understood. During the
past decade, several studies have identified sequences of the
oncogenic SV40 virus in human mesotheliomas, but it remains
to be shown whether or not SV40 is causally involved in their
etiology

Pathology & Genetics

Tumours of the Lung, Pleura,
Thymus and Heart

Edited by William D. Travis, Elizabeth Brambilla,
H. Konrad Miiller-Hermelink and Curtis C. Harris




Malignant Pleural Mesothelioma(MPM):Epidemiology

Rare, but highly aggressive cancers

Increasing trend during the last 20
years

-USA: peak before 2000; 2433
new cases/yr

-Europe: peak predicted in 2020
UK; 1820 new cases/yr

Western Europe; 2966 new
cases/yr

168.000; expected number of
deaths between 2000-2044.

-Japan: 825 new cases/yr -
)10-14 2015-19 2020-24 2025-298 20808

In the Western countries; more | vest
frequent among males(5:1) and the

risk increases with age.Median age at

diagnosis is 72 yrs in US




4 The Wittenoom

In Australia, t im'ide’ﬁi
at about 700/ a' ygar in 2010
k.o » W
< only knew: hin withrhaving

blue fingernails, blue lips— he
was full of dust’

“He [a mill worker| was like a
spnoewman, all covered with; dust

Department of Anatomical Pathology
Flinders Medical Centre , Adelaide ,South Australia |,




What Causes MM

. Asbestos Exposure

1. 70-80 % cases (50-60 % occupational, 20% paraoccupational,and
environmental)

2. 10% of asbestos workers die of MPM in cohorts

. Natural fibers other than asbestos
Central Anatolia, TR
Biancovilla,Sicily,IT
Zonolite miners&millers, in Libby,MT,US

. SV40 DNA virus (simian virus 40)

1. 6-80% of studied MPM samples showed SV40 DNA sequences
2. Co-carcinogenesis with asbestos was confirmed in animals
3. No in Finland & Turkey

. Genetic susceptibility
. Radiation

Emri S,et al. Anticancer Research. 2000; 20: 891-894.
Yang H et al. Current Treatment Options in Oncology. 2008;9:147-157.




Environmental Exposure and MPM Risk;
Sources:

Living with asbestos workers

Environmental exposure of industrial sources
(asbestos&milles, asbestos processing plants)

Passive exposure in buildings containing

asbhestos

Natural environmental exposure to geological
sources

Domestic usage of asbestos contaminated soill




Environmental Exposure to Naturally
Occuring Asbestos(NOA) and MPM Risk

 An association between environmental exposure
to NOA and mesothelioma has been observed

IN;

— Cyprus

— Greece

— New Caledonia
— Corsica,

— China,

— Italy, and

— US.

. McConnochie,and et al. IARC Sci Publ 1989

. Manda-Stachouli, and et al. Chest 2004.

. Luce D, and et al. Am J epidemiol 2000.

. Ray F,and et al. Rev Mal Respir 1993.

. Luo S, and et al. Occup Environ Med 2003.

. Neri M, and et al. IMIG 2004.

. Pan Xue-lei, and et al. Am J Respir Care Med 2005.




Environmental Mineral Fiber Exposure and
MPM In Turkey.

o Turkey has one of the highest prevalence of endemic
wordlwide.

e This situation can be attributed to the large population of
the country and to the geology, which includes numerous
outcrops of

There is in addition another mineral fiber; which
Is found particularly in three villages located in the
Cappadocian region of Central Anatolia.

1. Baris YI. Asbestos and erionite related chest diseases. Ankara, Semih Ofset Matbaac | k, 1987.
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Asbestos and Zeolite Distribution Map and Endemic MPM Regions in Turke
1.Dogan M. Environmental Geology 2002; 41: 571-578.




Types of Environmental Asbestos
Exposure In Turkey.

Asbestos deposits have been used locally by rural
iInhabitants:
to make a whitewash or stucco for the walls, floors,
and roofs of the houses
as a substitute for baby powder
In pottery using the soil contaminated with
anthophyllite
as an additive in grape-juice

Other types of exposure include:
* to expose to the tailings from chromium mines
« to live In or nearby the open asbestos mines




Types of Asbestos Exposure.

e Interior of house plastered with » Outdoors and floors of the same house
asbestos-containing ‘white soil’. plastered with asbestos-containing ‘white
soil’.

Asbestos exposure starts at birth and can be considered | ifelong




Types of Asbestos Exposure.

e Fiber-rich stucco for roofing known as “  Go6k soil ” or “ Ceren soil ” or Corak in
rural Anatolia(green arrow)




{1}

» General view of one of the tremolite villages; Hach  asan village

Denotes asbestos deposits




*Mineralogical analysis revealed
that besides , Which is
the most prominent asbestos
type found as a contaminant of
white stucco in Turkey,

asbestos and in
certain districts (Mihall ¢¢ k and
Edige) asbestos
also contaminate white stucco.

Tremolite asbestos

Chrysotile asbestos

1. BarisYletal. BrJInd Med 1988; 45:838-840
2. Dogan M, and Emri S. Yerbilimleri 2000; 22: 149-161.




Prevalence of CPP in Rural Areas of Turkey

1.Karakoca Y, Emri S, Cangir AK, and Baris YI. Indoor Built Environ 1997; 6: 100-105.
2.Emri S and Demir AU. Malignant Pleural Mesothelioma in Turkey, 2000-2002. Lung Cancer 2004; 45S:
S17-S20




Prevalence of CPP in Surgical Patients

*The total prevalence of CPP found by thoracotomy
In a group of surgical cases was 5%(1).

*There was no statistically significant difference in
the prevalence of CPP found in all the surgical
cases between the benign diseases and cancers
iIncluding MPM.

1.Karakoca Y, et al. Indoor Built Environ 1997: 6: 100-105.




Map of Turkey showing the sites of the villages from
clinic
Incidence rate of
environmental
malignhant pleural
NESEHGI N ERERS
estimated as 43 per
1,000,000 inhabitants

during the period

between 1990 and 1999
In Southeast of Turkey.

enyi it A, et al. Respiration 2000;67:610-614.




MPM In Turkey; Incidence:

A total of 506 new mesothelioma cases was
reported (464 pleural, 42 peritoneal) for the year
2000 (1).
Female/Male ratio was 213/293 (0.7).
Mean Age, In years and (age range) was:

55.6 for the total (range: 24-88),

55.8 (range: 26-83) for males,

55.5 (range: 24-88) for females.

No history of occupational exposure to either
asbestos or erionite.

1. Emri S, and Demir AU. MPM in Turkey, 2000-2002. 2nd Heilderberg
Thoracic Oncology Symposium, May 10-12, 2002.




Mesothelioma in Turkey-Mineralogical studies:
Bronchoalveolar Lavage fluid (BALF) analysis in resident s from
Asbestos villages.

* Environmental tremolite
exposure can lead to
cumulative fiber
retention comparable to
occupational exposure
to commercial
amphiboles

In Turkish subjects
values above either 1
AB/ml, 3 UF/ml in LM, or
300 fibers/ml in EM
usually indicate an
abnormal lung retention
reflecting a significant
cumulative exposure
from environmental
origin.

1.Dumortier P,et al. Am J Respir Crit
Care Med 1998;158:1815-1824.




So this observation confims that
environmental exposure to mineral fibers
does not necessarily mean low-dose
exposure, essentially associated with

pleural plagues and mesothelioma.




MPM in Cappadocia

* Following initial observations of cases of
malignant pleural mesothelioma in Karain
village of Central Anatolia (1,2).

1. Baris Yi, et al. Kanser 1975; 5: 1-4
2. Baris Yi, et al. Thorax 1978; 33: 181-192.




In the Cappadocia region of Central Anatolia there are three villages,
Karain, Tuzkoy, and Sarihidir , where 50% of deaths are caused by
MPM(1).

1. Baris YI, et al. Int J Cancer 1987; 39: 10-17.







Tuzkaoy village (population ~ 1,300)




Like many other places in Cappodocia, these villages are ¢ haracterised
by ancient rock dwellings and caves dug in soft volcanic tu ff.

Karain village (population ~ 150)




What Is the cause of MPM
epidemic Iin those villages?




MPM in Cappadocia

* Erionite fibers, which are
formed by bundles of
iIndividual fibrils with a
diameter of approximately
0.5 um, measure 5-6um
In diameter and are 30-
40um long (1).

Three types of erionite
have been described:
erionite-Na, erionite-K,
and erionite-Ca, all are
considered carcinogens

2 5 Fig 1: Erionite bundle. Dogan AU et al, Environ Geochem Health
( - ) 2008, 30:367-381..

. Coombs DS and et al. The Canadian Minerologist 1997; 33: 1571-1606,
. Maltoni C, et al. Environ Res 1982; 29: 238-244.
. Wagner JC, et al. Br J Cancer 1985; 51: 727-730.

. Passaglia E, et al. Am Minrologist 1998; 83: 577-589.
. IARC 1987;42:287.




MPM In Cappadocia







Why Is Erionite so Carcinogenic to the Pleura?

e Erionite, which is
filbrous In nature, has a
hexagonal structure
with an internal
surface of 200 m?/q,
which is 20 times
larger than that of
crocidolite and allows
It to adsorb small
molecules and to have
a high catalytic activity.

Fig 1. Erionite Molecular Structure

1. Coffin DL, et al. IARC Sci Publ 1989; 90:167-172.
2. Dogan UA.Cancer Research 2006.




Types of Erionite Exposure

e EXposure to erionite fibers occurs in the houses
and annexes and, also in the streets of the
villages.

1. Karakoca Y,et al. Indoor Built Environ 1997; 6: 100-105.




MPM In Cappadocia- Fibre Analysis
Studies Iin Zeolite Villages:

he levels of airborne erionite fibers in
erionite villages were extremely low
ranging from 0.005 to 1 fibre.ml-1 before
and after sweeping the floors

1. Simonato L, et al. IARC Scientific Publication N0.90, 1989.




By contrast, extremely low
erionite levels have produced....




Fibre Analysis Studies Iin Zeolite Villages

« Erionite retention is in the
same range as tremolite in the
BALF of tremolite exposed
subjects analysed by TEM.

The geometric mean of lung
tissue fibre content was higher
In patients from zeolite
villages(130x10° fibres.g* dry
lung) than in the pts from
asbestos villages (11x10°
fibre.g-t dry lung).

The environment in tremolite
villages was 8-1020 times
more dustier

Fig. 1: The cumulative curve for concentration of
FBs in the erionite group is compared with the
curves recorded for concentration of ABs in
control and tremolite group.

Dumortier P, et al. Occup Environ Med 2001;58:261-266.
Karakoca VY,et al. Indoor Built Environ 1997; 6: 100-105
Simonato L, et al. iIARC Scientific Publication No.90, 1989.

Pooley FD. Dust and Disease. 1979.
Sebastien P, et al. Lab invest 1981; 44: 420-425.




hese studies clearly suggest higher
potency of erionite in the lung than
that of asbestos !..




MPM In Cappadocia-incidence:

* |t was estimated that a
cumulative dose of 1
fiber/ml-year induces a
pleural mesothelioma
rate of

In the
population exposed to
erionite in erionite
villages (1).

The magnitude of this
risk is much higher than
that of workers exposed
to asbestos fibers(2).

1. Baris YI, et al. Int J Cancer 1987; 39: 10-17.
2. Simonato L, et al. IARC Scientific Publication No.90, 1989.




There are some outstanding
guestions!..




Why such a potent carcinogen would
specifically cause MPM?

sLarge graveyard in one of the Cancer
Villages, >50% of deaths are due to
mesothelioma




Tuzkoy
Karain

m Sarihidir

B Karacaoren

W Yesiloz
Karlik

AT m Boyali
T Il-— | Cokek

1994 1995 1996 1997

e |t should be noted that mesothelioma cases are more prevalen
In the erionite villages compared to the nearby villages. No
mesotheliomas were found in Karlik which is 3 km. away from

Karain and is built the same stones used in Karain. (2).
1. Emri S, et al. Toxicology Letters 2002; 127: 251-257.

2. Dogan AU. Cappadocian mesothelioma villages.The symposium on nutrition,environment, and cancer. March 31-
April 3, 2002, Ankara, Turkey.




Why the disease Is more frequent
with certain families?

Certain families more susceptible to erionite No MPM occurred in some familes
carcinogenesis

sIndividuals in adjacent houses in the same village seem to have a
very different incidence of mesothelioma, despite si milar exposure,
which suggests that other factors also contribute.




Is there a possible genetic factor
for susceptibility to erionite
carcinogenicity in the erionite
villages?




MPM in Cappadocia- Genetic studies- |

Association between HLA distribution and malignant pleural mesothelioma

Association between HLA distrubution and MPM was investi gated by a
case-control study of 31 MPM pts, and two control groups of 119
Tuzkdy inhabitants and 118 healthy renal donors(1).

HLA-B41, -B58 and —DR16 antigens were significantly = more common
in the malignant pleural mesothelioma patients as com pared to that of
the control groups

We found that HLA-A11,-B27, and —DQ7 antigens were signif  icantly
higher in a selected group of Tuzkdy inhabitants than in the control
groups.

1.Karakoca Y, et al.Int J Tuberc Lung Dis 1998; 2: 1017-1022.




MPM in Cappadocia- Genetic studies-l!
Genetic mapping study

Analysis of a six-
generation extended
pedigree of 526
Individuals showed that
MPM was genetically
transmitted .

It was suggested that
vertical transmission of
MPM occurs probably
In an autosomal
dominant way.

1. Hammady i-Roushdy, et al. Lancet 2001; 357:444-445.




Together these results suggested
that MPM was caused by the
Interaction of erionite with
unknown genetic trait

(geneXenvironment interaction).




Why such a potent carcinogen does not cause
MPM in other parts of the World? Western US
(Intermountain West),Japan, Mexico, New

Zealand, and Tanzania

Answers:

1. Especially for US, all have
been told that these are
sparsely populated areas

2. Another equally plausible
explaniton could be
diagnostic
misclassification?




Ilgren EB and et al, recently reported a mesothelioma cluster in the Southern
part of the State of Zacatecas.This is the first study that came from outside of
Turkey...




Relocation of Sarihidir Village on the other Bank
of Kizilirmak (Red River) might Influence the
MPM Epidemic ?

The village was moved to an erionite free place in 1960 and
built with bricks and cement, therefore reducing, but not
eliminating, erionite exposure.




MPM in Cappadocia- Mortality Studies:
Prospective Study of Mesothelioma Mortality in Turkish Villages with
Exposure to Fibrous Zeolite

|t was found that 119 of 372 deaths (44.5%)
among 891 villagers(over 20 y-old) residing Iin
Karain, Sarihidir, and in Karlik(control village)
were due to MM between 1979-2003(1).

* Villages born cohort age adjusted mortality
rate(no.of deaths per 100,000 people per year)

No of Death(%) ratio to Denmark to World
Karain  82/179(46) } > 485 700

Sarihidir 35/109(32) 200
Karlik 2/184(2) 10

1. Baris Yl, and Grandjean P. J Natl Cancer Inst 2006;98:414-417.




Cohort Study of Sarihidir Village (1970-2001)

Comparison of the three cohorts for the proportions of alive, death due
to malignant mesothelioma and death due to another cause).

Birth groups Median Age Death Cumulative risk of  Proportional
(yr) death mortality %

at entry Total MM Total MM MM/Total

1935-1945 29.7 13 6 0.38 0.18 46.2
1946-1955 18.0 8 3 0.19 0.07 37.5
1956-1965 10.9 2 0 0.07 0 0.0*

* p: 0.002

. 18 of 63 people in the last birth group are from Bostan family and they were
born and raised outside the village of old Sahidir, no MM have developed in

this group.
. We have to follow up the cohort for 20-40 years for a definitive conclusion.




MPM In Cappadocia- Treatment and Prognosis:

1. Emri S, and et al. Lung Cancer 2001;33: 109-114.

We showed a survival
advantage in patients
with MPM caused by
exposure to asbestos
compared to erionite.

The carcinogenic
properties of erionite
and/or a genetic factor
In the pathogenesis of
erionite induced
mesothelioma may
play a role in its
diverse biologic
behavior.




What should we do to prevent the
people to get diseased?

 Diminish or totally eliminate environmental
exposure through educating villagers to
avold using asbestos contaminated soil for
whitewashing, wall plastering and

relocating the erionite villagers to an
erionite free area.




Fig 1. Photographs show us new village for Tuzkoy inhabitants supported by Turkish Goverment




Screening , early detection and treatment of
patients from high risk regions

e Mean serum SMRP
levels were higher in
MPM compared with lung
cancer (5.67 £ 0.82 nM
[mean * standard error of
the mean vs 1.99 + 0.43
nM, p < 0.001), and stage
| MPM SMRP levels (n =
12; 2.09 £ 0.41 nM) were
significantly higher than
those in asbestos-
exposed individuals (0.99
+ 0.09 nM, p =0.02,

respectively).
Fig 1. Soluble mesothelin-related peptide (SMRP)
levels for groups studied. Bars represent mean +
standard error of the mean. (Adeno =
adenocarcinoma; LCa = lung carcinoma; MPM = Harvey I. Pass and et al. Ann Thorac

malighant pleural mesothelioma.) Surg 2008;85:265-72




ELISA (test 1, 06/13/2006)

mesothelin (nM)

osteopontin (ng/ml)

Control
MM patients (81-88)
(70-80)

Individuals from Turkey (May 2006)
(1-69)

ELISA (test 2, 06/13/2006)

mesothelin (n"M)

osteopontin (ng/ml)

Individuals from Tuzkoy (12 years ago) MM patients
a-72) (73-80)




MPM In Turkey: Conclusions

If we succeed In Identifying putative
mesothelioma susceptibility gene(s) that renders
certain families more susceptible to erionite
carcinogenecity, we can prevent or at least
reduce the incidence of mesothelioma in future
generations.This same gene/s may be the target
of asbestos and SV40 in sporadic MPM cases In
the Western World










Some Characteristics of Environmental

Exposure to Mineral Fibers

Generally low dose exposures

Du

ration and frequency of exposure and

fibre type seldom known
Occupational exposure duration Is

approximately 2000 hrs/year and begins

Wit
EX

N employement

posure duration for a person living in

asbestos contaminated site may be nearly
8700 hrs/year and begins with birth.




Map of Turkey Showing A

Eskisehir cohort :Annual Mesothelioma Incidence

Rate

Average AMIR Ratio to Turkey Ratio to World

Male 114.8 191.3 88.3
(Observed/expected 12/0.228 mSIR=52 .63
Female 159.8 532.7 799.0
(Observed/expected 12/.083) mSIR=143. 9
SIR=Standardized Incidence Ratio

Incidence rate is deaths from mesothelioma/100,000

Metintas S, et al. Chest 2002;123:




Erionite Exposure !..

e Erionite(from the Greek
word”wool”) has been
causally linked to MPM
In Cappadocia (1).

Erionite is a member of
about 40 naturally
occuring zeolite groups
of minerals (2).

1. BarisYi, etal. Int J Cancer 1987; 39: 10-17.

2. Gottardi G and Galli E. Erionites in natural zeolites, 1985. Picture 1: Erom the National Museumn of Natural

History




Erionite Carcinogenesis

 Erionite has 300-800 times more
carcinogenic potency than chrysotile, and
100-500 times more such potency than
crocidolite when given through intrapleural
routes In experimental studies (1).

 Experiments have all been positive with
90% mesothelioma yield.

1. Cartthew P, et al. Hum Exp Toxicol 1992; 11: 530-534.







Treatment

e Malignant pleural
mesothelioma: a disease
unaffected by current
therapeutic maneuvers
Alberts et al. J Clin
Oncol.1988; 6: 527-535




1. We found that MM was prevalent in certain

families and absent in others,

2. When members of mesothelioma families
married into a non-mesothelioma familiy
some of the descendants developed the
disease.

Cancer Res. 2006 May 15;66(10):5063-8.




